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ABSTRACT

Background and Objectives: The assessment of soil fertility in salt-affected soils on a large
spatial scale has been constrained by limitations in time, manpower, and budget for soil analysis.
The application of spatial interpolation modeling, coupled with digital mapping, for evaluating
soil fertility emerges as a crucial tool for swiftly forecasting and monitoring the spatial soil fertility
of salt-affected soils. This information can be utilized as data for the effective management of
salt-affected soils. However, there persists a lack of development of a precise and accurate
model. This study seeks to investigate spatial interpolation using the Random Forest (RF) model
to predict properties, and distribution, and assess the fertility level of salt-affected soils of Typic
Natraqualfs in Muang Pere subdistrict, Ban Phai district, Khon Kaen province.

Methodology: Soil samples were collected from 100 locations with Typic Natraqualfs in Muang
Pere subdistrict, Ban Phai district, Khon Kaen province. The samples were taken from a dept of
0-30 cm and analyzed for organic matter content, available phosphorus and potassium, cation
exchange capacity, base saturation percentage, and electrical conductivity of a saturated soil
extract. These parameters, along with predicted variables obtained from the Digital Elevation
Model (DEM) and Landsat 8’s satellite image data, were input into the spatial interpolation
model to predict the spatial distribution of soil properties.

Main Results: The RF model accurately predicted the spatial distribution of soil properties with
coefficients of determination (R* = 0.41-0.82). However, notable prediction errors were observed
for available phosphorous, available potassium, and electrical conductivity. The model’s
assessment of soil fertility at a depth of 0-30 cm revealed that the Typic Natraqualfs subgroup
in the studied area exhibited low to moderate fertility levels.

Conclusions: The RF model demonstrates an accuracy level that can be utilized for the
preliminary prediction of the spatial distribution of soil properties and effective assessment of
soil fertility in salt-affected soils.

Keywords: Salt-affected soils, digital soil mapping, spatial interpolation, soil fertility
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Figure 1 The studied area and 100 sampling sites
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Figure 2 Methodology used in this study
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Table 1 Spectral band of the Landsat-8 satellite images analyzed: description of the calculated

spectral indices

Image bands Band ratio Remarks
Salinity index 1 V B4 x B3
Salinity index 2 Vv B4 x B2
Salinity index 3 B4’ x B3’
B5 x B6 — B6”
Salinity index 4 e —
B5
B2
Salinity index 5 —
B4
B5
Salinity index 6 Bd x —
B3
B5 x B4

Soil adjusted vegetation index (SAVI)

(B5 + B4 +0.5) x 1.5

Exponential relationship with EC_
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Table 1 Cont.

Image bands Band ratio Remarks
Vegetation soil salinity index (VSSI) 2(B3) - 5(B4 + B5) Exponential relationship with EC_
Normalized difference salinity index B4 - B5

- Exponential relationship with EC
(NDSI) B4 + B5 ¢
Normalized difference vegetation index B5 - B4

R — Exponential relationship with EC
(NDV) B5 + B4 e

B3 -B4

Salinity ratio (SR)
B2 + B4

Brightness index (BI) VB3® + B4” + B5®

Source: Gorji et al. (2019)

Table 2 Criteria for soil fertility assessment by rating score method

Range OM (g kg™) BS (%) CEC (cmol kg®)  Avail. P (mg kg™)  Avail. K (mg kg™)
Low <1.5(1) <35 (1) <10 (1) <10 (1) <60 (1)
Medium 1.5-3.5(2) 35-75(2) 10-20 (2) 10-25 (2) 60-90 (2)
High >3.5(3) >75 (3) >20 (3) >25 (3) >90 (3)

The total score of the soil properties is <7, the soil has a low fertility level. If the score is 8-12,
the soil has a moderate fertility level. If the score is >13, the soil has a high fertility level. OM
= organic matter, BS = base saturation, CEC = cation exchange capacity, Avail. P = available
phosphorus, Avail. K = available potassium.

Source: Soil Survey Division (1980)
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vosfeya Tuvaivsinaveanesaniduusslon
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uenloaau uazanaazauBufLLa fnisnse  (Outliers) snviusnfesasammduiiva audiiu
Medvasteyauvuund laensnszaneresdn  Alid1desizaliiinunduiniign fe Usuim
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Y
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Figure 3 Box plot of distribution of soil properties in the study area: (A) organic matter (OM),

(B) available phosphorus (Avail. P), (C) available potassium (Avail. K), (D) cation exchange

capacity (CEQ), (E) base saturation percentage (%BS), (F) electrical conductivity of a

saturated soil extract (ECe).
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Table 3 Descriptive statistics of soil properties based on training and test dataset in the study

area

Training dataset

Validate dataset

Soil properties

Min Med Mean Max Min Med Mean Max
OM (g kg'l) 0.34 1.10 1.17 2.96 0.55 1.07 1.25 3.03
Avail. P (mg kg™) 1.79 4.69 7.45 4293 1.82 4.63 11.99 125.76
Avail. K (mg kg’i) 11.59 43.16 54.96 294.78 9.22 35.77 64.56 369.13
CEC (cmol kg'l) 3.75 9.90 11.60 35.25 6.50 12.00 14.60 27.50
%BS (%) 52.41 76.42 79.29 100.00 52.92 90.45 85.78 100.00
ECe (dSm™ 0.51 3.95 7.13 76.85 0.74 3.39 9.14 110.00

OM = organic matter, Avail. P = available phosphorus, Avail. K = available potassium,

CEC = cation exchange capacity, %8BS = base saturation percentage, EC_= electrical conductivity

of a saturated soil extract, Min = minimum, Med = median, Max = maximum.

nsadauwnufinisnszaneautiaunazunui
AUANANYTAIVDIAY
Avduuszandandusiusvosyadoya
dmsunisHalagswUsYINuY
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ASAA LLaxéhLLUsﬁwuwﬁlﬁmﬂﬁﬁaaﬂa DEM ey
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(Table 4) WU AALUIVIUIENIATUANTN
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Y
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'
a
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Uselevil (Figure 4B) HA1 RMSE = 22.76 wag R’
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fiA RMSE = 67.99 uay R® = 0.67 WHUTIALY
wanwasuuanlesou (Figure 4D) A1 RMSE =
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(Figure 4E) fiA1 RMSE = 14.01 way R* = 0.41 uaz
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Aananduagluneigs (R*= 0.64-0.78) (Jiang
et al, 2016; Ku et al, 2019; Rezayati et al,
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Table 4 Pearson correlations between soil properties and predicted variables

Predicted variables oM Avail. P Avail. K CEC %BS ECe
DEM -0.44%* 0.00 -0.24* -0.04 0.34 0.01
Slope 0.37** 0.05 0.25% 0.00 0.01 0.02
Aspect 0.03 -0.09 0.15 0.21 -0.01 0.05
cnbl -0.43%* 0.00 -0.23% -0.03 0.40** 0.01
cnd -0.30** 0.02 -0.21 -0.31** 0.08 -0.03
conv -0.05 -0.05 0.08 -0.01 0.06 0.13
Hillshade -0.44%* 0.01 -0.22* -0.03 0.12 0.00
(sfactor -0.15 0.10 0.07 -0.16 -0.02 0.06
Plan curvature 0.40%* 0.01 0.23* 0.02 -0.03 0.01
rsp -0.23* -0.03 -0.24% -0.20 0.07 -0.08
tca -0.25* -0.07 -0.16 -0.06 0.00 0.32%*
twi -0.21 -0.17 -0.25% -0.07 -0.01 -0.02
Valley 0.14 0.12 0.08 0.04 -0.02 0.03
Blue -0.45%* 0.27% 0.25% -0.25% 0.27* 0.24*
Green -0.43** 0.16 0.16 -0.25% 0.26* 0.15
Red -0.43%* 0.08 0.06 -0.30** 0.23* 0.07
NIR -0.49%* 0.08 -0.14 -0.41%* 0.32%* 0.11
SWIR1 -0.49%* -0.07 -0.14 -0.36** 0.22 0.02
SWIR2 -0.44%* -0.06 -0.11 -0.33%* 0.24* 0.03
Salinity index 1 -0.43%* 0.11 0.10 -0.29* 0.24* 0.10
Salinity index 2 -0.45%* 0.13 0.11 -0.29* 0.25% 0.11
Salinity index 3 -0.43** 0.11 0.09 -0.29*% 0.24* 0.10
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Table 4 Cont.

Predicted variables oM Avail. P Avail. K CEC %BS EC,
Salinity index 4 0.42** 0.17 0.05 0.26* -0.16 -0.05
Salinity index 5 0.42** 0.15 0.06 0.31** -0.12 0.00
Salinity index 6 -0.49%* 0.04 -0.13 -0.40** 0.25* 0.06
SAVI -0.43%* 0.03 -0.30** -0.25* 0.16 0.09
VSSI 0.47** -0.08 0.09 0.40** -0.29* -0.09
NDSI -0.14 0.01 0.20 -0.11 0.11 0.01
NDVI -0.15 0.05 -0.27* -0.08 0.05 0.05
SR 0.42** 0.09 0.09 0.34** -0.10 0.02
BI -0.47%* 0.09 -0.07 -0.39** 0.30** 0.11

** * Statistically significant at P < 0.01 and P < 0.05, respectively. OM = organic matter,
Avail. P = available phosphorus, Avail. K = available potassium, CEC = cation exchange capacity,
%BS = base saturation percentage, EC_ = electrical conductivity of a saturated soil extract.

(A) (B) ©)

Avail. P Map Avail. K Map

Value Value

High : 2.60 High: 18.0 — High : 200.3
10.0 60.0
Low : 0.58 - Low:3.1 - Low:22.9
(D) (E)
%BS Map
Value
High:23.3 — High: 99.2
75.0
- Low: 6.4 - Low: 61.5

Figure 4 Soil properties distribution map in the study area: (A) soil organic matter, (B) available
phosphorous, (C) available potassium, (D) cation exchange capacity, (E) base saturation
percentage, and (F) electrical conductivity of a saturated soil extract.
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Table 5 The error values of soil properties distribution prediction by Random Forest methods

Soil properties RMSE R®

OM (g kg™ 0.51 0.51

Avail. P (mg kg™) 22.76 0.66

Avail. K (mg kg™) 67.99 0.67

CEC (cmol kg™) 5.86 0.45

%BS (%) 14.01 0.41
EC_(dSm™) 19.50 0.82
OM = organic matter, Avail. P = available phosphorus, Avail. K = available potassium,

CEC = cation exchange capacity, %8BS = base saturation percentage, EC = electrical conductivity

of a saturated soil extract.
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Figure 5 Soil fertility map of Typic Natraqualfs in Muang Pere subdistrict, Ban Pai district, Khon Kaen

produced by the data from Random Forest model
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