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Figure I Location of soil sampling sites in A town
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Table 1 Input factors of BP neural network for predicting Cd content in edible part of crops
Ar i A7 Hp A i A5 B

X +HECd & mg/kg X + 4 zZn i mg/kg

x; +3pH H - X7 55l T IE m

x FHES 5224 it (CEC) cmol/kg X 5 X B S m

Xs THEE LS B (SOM) % Xo 5 R4 FH Hb I S m

X5 SRR % X0 EREME KRB £ m

R2 YHHEBEGARTFELIECIZER

BEERMEMARABH CAEE

BIRERE J1 K/

Table 2 The explanatory power of interaction between the input factors and the soil Cd content on Cd content of edible parts of crops in Y city

AR b X X3 X4 Xs Xo X Xs Xo Xio
INEE 0.810 0.818 0.839 0.879 0.853 0.754 0.897 0.932 0.758
K Fed 0.649 0.849 0.912 0.669 0.896 0.593 0.852 0.890 0.663
Tk 0.591 0.783 0.409 0.496 0.824 0.786 0.810 0.716 0.684
i d 0.966 0.962 0.531 0.964 0.958 0.365 0.369 0.535 0.523
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Figure 2 Spatial distribution of input factors of prediction model in A town
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Figure 3 Schematic of the structure of BP neural network
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Table 4 Excessive degree of the Cd in edible part of crops

HPREE E bR
I E<]1 EN N
II I<E<2 kbR
I 2<E<3 R B
\% 3<E<S5 o R AR
\ E>5 AR

Arh gl E S H IS 2 A SRR, R Cd BRI
A1 25 IR, Jovk ik B 1 2 ) 5 T 4R

4 PP VE YRR T 25 R AN 1 S, 1T DU B
FEXTVEY) Cd 5 e 4 i X[ Fy 0000 352 2 4 K eI
DX R 9900 5 o, v) e S RO AR ER A OC  FE R AR
AR VEY Cd & EBARMFEA T &7 LUK, 8 B
FEAEE o3 A AN 57, 8N 2R 25 AT e, IR
BRI T 45 B AR 12 Cd & 1 X ] g5 222
32 52 xEVIAEXS o

VAR T A 78 22 R Z2 o AR #E L R
X6 LW R 32 A TN o 22 T ml A AR vl
By Cd& iy LR PTG . AR
FRUEE B 507 25, R PRI, LUARTA] R 5345
| AR AR ARG 6 4 45 2] 4 Fh VR Y 1 Z2 5 [n] T A5 A5
(£ 6, W55 2420 5U) , I THRRS BV 845 (2 7, DL
%5242001), R T AI1F, 5 BP L WK ALRIAR LE,
Z It Y R* 4K ,RMSE \MAR fIIMRE 45 K,
22 70 A1 YA T 0 A 38 S8 AN G0 BP At 28 i 45 A5
3.3 TS5 T HHE

W AR T80 i A I 2Rl 10 BP 25 R0 2%

&S5 BPHEM KIS ARFIIE AR EITNIER

Table 5 Results of accuracy evaluation indexes of train and test samples of BP neural network

R’ RMSE MAE MRE
plERS SEE S plER S Kt gl Kt LA/ % AR/ %
INAE 0.998* 0.979%* 0.010 0.132 0.008 0.087 12.231 27.084
KT 0.993%* 0.969%* 0.021 0.129 0.008 0.082 8.995 22.998
AT 0.969%* 0.916%* 0.009 0.038 0.007 0.029 19.413 27.517
B 0.961%* 0.546* 0.331 0.429 0.240 0.258 134.060 83.530

o R RTE 0.05.0.01 KOF | 2
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Figure 4 Correlation analysis of prediction results of test set of BP neural network
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Figure 5 Predicted values and measured values of Cd content of crops edible part in test set of BP neural network model in study area
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Table 6 Multivariate regression equations of Cd content in edible parts of 4 crops and factors
oy AR
INZZ 1gCdi1=1.0001g x,-2.2671g x,—0.8751g x;-0.4271g x,—0.1691gxs+0.1231g x,+0.0471g x:+0.1691g x5—0.2231g x;+0.0411g x,0+3.491
K 1gCdoks=1.0591g x,-2.5391g x,—0.6631g x;—1.816lg x,~0.7301g x5—0.8151g x¢1+0.2001g x,—0.1741g x5—0.1531g x5+0.3121g x,+7.699
PiEe 1gCdaisn=0.4101g x,—0.1741g x,—1.3741g x;+0.7611g x:+0.6291g x5—0.6041g xs—0.1541g x,+0.0501g x5~0.1371g xo+0.0131g x,,+2.304
i 1gCd5=0.5411g x,+2.2821g x,—1.5981g x:—0.0941g x,~1.1991g x5-0.5631g x.—0.1651g x,—0.1211g x5—0.0801g x,—0.5351g x1,+6.429
*7 % EVAREHARIIGIEHAREEITNIER
Table 7 Results of accuracy evaluation indexes of train and test samples of multiple regression
R’ RMSE MAE MRE
Ji S e S jiL S DR S AR GOETE S L% 5 90 4E /%
N 0.756** 0.854** 0.200 0.177 0.081 0.106 43.774 59.649
K 0.519** 0.783%*%* 0.304 0.229 0.151 0.144 116.162 52.261
B s 0.507*%* 0.915%* 0.035 0.114 0.023 0.062 45.636 28.354
B3k 0.128%* 0.552%* 1.498 0.450 0.448 0.262 132.524 120.077

o R RTE 0.05.0.01 K B3
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Figure 6 Evaluation results of predicted Cd pollution for edible parts of crops in A town
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Figure 7 Zoning of suitable planting for crops in A town
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Prediction of crop Cd content and zoning of safety
planting based on BP neural network

HOU Yixuan', ZHAO Huafu'?, WU Kening'?, LI Kai'

(1. School of Land Science and Technology, China University of Geosciences (Beijing), Beijing 100083, China;
2. Key Laboratory of Land Regulation Ministry of Land and Resources, Beijing 100035, China)

Abstract: In order to predict the heavy metal content of crops and realize the safe utilization of
heavy metal contaminated agricultural land, 10 factors including soil Cd content, soil pH value, soil
organic matter, cation exchange capacity, distance to mining land, and distance to traffic lines etc.
which affect Cd content in crops were selected by GeoDetector model, being used as input factors.
The Cd content in edible parts of crops was used as output factor. The BP neural network prediction
models of Cd content in edible parts of wheat, rice, rapeseed, and vegetables were established
respectively. The pollution of crop planting was predicted and analyzed. The safety zones of
planting was categorized. The results illustrate that: (1) The BP neural network exhibit a good
predictive effect, which has a nice applicability to the prediction of Cd content of edible parts of
crops. The prediction accuracy of BP neural network models was better than that of the multiple
regression prediction models according to the accuracy evaluation indexes. (2) Due to the low
prediction accuracy of vegetables prediction model, the support for prediction and management
partitions was limited. Only the prediction results of Cd content in edible parts of wheat, rice, and
rapeseed were evaluated. The crop pollution prediction distribution map and distribution
characteristics were obtained. (3) With the goal of safe use of agricultural land, the three crops in
the study area were re-allocated based on the evaluation results, which was divided into four crop
suitable planting safety zones. The findings of this study can provide ideas and basis for safe utilization of
contaminated agricultural land and crop planting adjustment, which is of both theoretical and
practical significance.

Key words: Cd content of crops; BP neural network; prediction models; heavy metal pollution;
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