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Spatial Interpolation of Soil Nutrients Content Based on Environmental
Variables Screening and Machine Learning
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Abstract; In order to improve the accuracy of spatial interpolation of soil nutrients in farmland and
accurately grasp the spatial distribution characteristics of soil nutrients, variable screening were performed
by using Pearson correlation coefficient, variance inflation factor and extreme gradient boosting
algorithms. Then, decision tree, random forest, radial basis function and long short-term memory were
used with ordinary Kriging to interpolation the content of soil nutrients in the farmland. The results

showed that the soil organic matter, total nitrogen, available phosphorus, and available potassium
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contents in the study area ranged from 0.226 g/kg to 32.275 g/kg, 0.117 g/kg to 1.272 g/kg,
3. 159 mg/kg to 53. 884 mg/kg, and 81.510 mg/kg to 488. 422 mg/kg, respectively, with moderate
variability. PCC, VIF and XGBoost variable screening all showed that soil organic matter, total nitrogen,
available phosphorus and available potassium had some correlation among them and can be used as
environmental variables for the spatial interpolation of target attributes. XGBoost method can more
effectively screen out the environmental variables that were important to the spatial interpolation results,
and the accuracy of the model built after screening variables based on this method was significantly better
than the accuracy of the model built after screening variables by PCC and VIF. Moreover, the accuracy of
the machine learning model with the synergistic environmental variables was generally better than the
accuracy of the OK model without environmental variables, and the accuracy of the spatial interpolation
model for the same soil nutrient content showed the following order: RF > LSTM > RBF > DT > OK. Using
the RF model to invert soil nutrients in the study area, it was found that the soil organic matter and total
nitrogen higher content was mainly concentrated in the southern and eastern regions of the study area, the
available phosphorus and available potassium lower content in the southeastern and north-central regions.
In summary, the XGBoost variable screening method combined with RF model can better realize the

spatial interpolation of soil nutrients, and can be used as an effective method for the spatial interpolation
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of soil nutrients.
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Fig. 1  Geographical location and sampling points

distribution of study area
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Tab.1 Composition of environment variables

AR 2R =Lz

£ HLJG ( Soil organic matter, SOM) & &

4= & (Total nitrogen, TN) 7 &

A %W (Available phosphorus, AP) 55 &
FHE M HAUE (Available potassium , AK) £ &

-4 pH

+ 43k /3 (Soil salt content,SSC) & &

+ 325 7 (Soil type,ST)

2 Ji# ( Longitude , Long)
{8 ¥

2 J& ( Latitude , Lat)

= 72 ( Digital elevation model, DEM )
B AT 3B (Slope, SLO)

35 1] ( Aspect, ASP)

445 IR ( Annual mean temperature, AMT)
s T AE % 7K & ( Annual rainfall, AR)

AE H% 5 K iR ( Annual maximum temperature, AMAXT)

F AL ( Annual minimum temperature, AMINT )

U9 — fk # # 3§ % ( Normalized difference vegetation

index, NDVI)
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LR E R SAVD

L A A1 9% 18 %1 ( Ratio vegetation index, RVI)

2% B 48 9% 5 %4 ( Difference vegetation index, DVI)
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Tab.2 Descriptive statistical characteristics of

farmland soil nutrients content
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Tab.3 Precision verification of spatial interpolation results of soil nutrients content
. SOM 7 4 TN & AP i AK FhE
fii 128
7;_] LAY RMSE/ MAE/ RMSE/ MAE/ RMSE/ MAE/ RMSE/ MAE/
% R
(g-ks™') (g°kg™") (g-ks™') (g°kg™") (mg-kg™') (mg-kg™") (mg-kg™') (mg-kg™")
DT 0.552 3.579 2.723 0.676  0.137 0. 101 0.205 10.468 8.908 0.331 82.306 66. 355
RF 0.722  2.818 2. 161 0.785 0.112 0. 087 0.300 9.823 8.237 0.455 74.304 60. 796
PCC
RBF  0.657 3.130 2.266 0.735 0.124 0.103 0.272  10.020 8. 118 0.358 80.673 62.383
LSTM 0. 687 2.990 2.314 0.770  0.116 0.092  0.281 9.957 8. 241 0.422  76.510 64. 067
DT 0.571 3.499 2.637 0. 658 0. 141 0.115 0.232  10.287 8.552  0.350 81.159 64.338
RF 0.737 2.739 2.091 0.753 0.120 0. 092 0.326  9.637 7.992 0.490 71.906 59.670
VIF
RBF  0.673 3.054 2.416  0.688 0. 134 0.109  0.301 9.817 8.094  0.381 79.186 64.413
LSTM 0.713 2.865 2.061 0.735 0.124 0.099  0.315 9.719 8. 047 0.476  72.844 60. 114
DT 0.617 3.307 2.481 0.682  0.136 0. 106 0.242 10.218 8.439  0.361 80.454 62.173
RF 0.748 2. 680 2.073 0.802  0.107 0.082  0.413 8.996 7.365 0.540 68.291 56. 100
XGBoost
o0 RBF  0.680 3.021 2.236 0.752  0.120 0.088 0.361 9.384 7.642  0.404 77.711 66. 153
LSTM 0.735 2.749 2.174 0.781 0.113 0.090  0.405 9. 059 7.352  0.509 70.556 55.571
OK 0.523 3.691 2.920 0.399 0.187 0. 146 0.222  10.354 8.294 0.227  95.365 79.711
RF BAL R 1548 Bk, RMSE il MAE $5e/)N K JE 1] FRAIE 22 5% LU BB 2, 3 B2 BE PR 23 A1, Horp SOM. A

&4t F OK DT RBF Al LSTM #  | {5 B £ I 48k R
J& I RF SRR A T e 537 73 BAT A B 09 100 U9 47
2.4 RETEFRSZTESHEE

HET XGBoost F 1k Ui 6 Y A8 5 L 44 £ RF 452 71
X e A S8 T 9 e o W A T 9 SR R A 45 [ A {ED
2 23 1) o A P (1B S ) 4 A B 5% 90 19 23 [ 43 A

TN 75 [a] 43 A FL AR 38— 34, SOM. & 5 A T {H 3 [l
4.112 ~ 27.212 g/kg, TN & 5 1t W {5 75 B N
0.210 ~ 1. 174 g/kg, H72 NPEIL BN AR g 55 00 & &2 2
A B e, S A DB A A R O
DX 2 T S 1) A YT R X3 L 5 AP B A A Vi
4 13.160 ~41. 978 mg/kg, & & smuajia‘zﬁéﬁﬁ
FERIE 5T X H R AR AL T AR 350 7 9 3 1 DX



386 ko AL B ¥ i

2024 4

SOME /(g ke ™)
o 27212

PE R/ (mg kg™
o 41978
131060

Wl
TN &g kg ")
-1.174

A
< UAK & &/ (mg kg
g 447.400

EE 135062

PS5 AT 3R op 5 &k 19 =5 18] 40 A

Fig.5 Spatial distribution of soil nutrients content in farmland

BeR G AR AK B A I R VS R O 135.262 ~
447. 400 mg/ kg, & iR (E DX BE ST X ORER 4
T B AT AR AR T X VA AT XM A T I
5T ) 7 DX 5 i I o MR B 9 5R 20 s [ o
A RFAE , TR AT 5T DXV b 5 D0l v 1 bt A AILIE LT
Bk A F8 A, AR B DX e JEE Y i e AT A A
AE AR H B e AR AR ™ o

2.5 AREHEMSN

TN

3 2o e DG A7 B 2R 2 AR SO U B Al D0 A o o

SD/(mg-kg™")
- 0.553
0153

(c) APEH

2% (Standard deviation, SD ) X £ R i {H A #f & 14 vE
1500 a5 R & 6 B, SOM TN (AP (AK & & il
I o 22 17 S R B 23 591 O 0. 114 g/kg Al
0.761% .0.005 g/kg FI 0.736% .0.312 mg/kg Fi
1.168% 2. 814 mg/kg Fil 0. 883% , H 4% 4> 41 4+,
Ul BAG A e sh A/ SRR . VR BB A (E
AN PEER L BAR, FoAr TN 2 4 9 (B A B R A
PRI AR, 426 72 SOM (AK & &t 1 AP 5t 4 (R 452 7Y
AN E P s . SOM R TN 5 i 7E B 5% X AR Fig &8 %

i £

AN =

7 — w— |71
10 20 40

" SD/(g-keY)
o 0.000
i B 0.002

}N\
e — 1

40

L
(d) AK& &
6 e M A X855 43 4l U A o 2% 0 A &
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