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Screening for factors affecting rice uptake of cadmium based on spatial clustering and random forests

GUO Xin-lei'?, ZHAO Yu-jie", LIU Xiao—wei'’, ZHOU Qi-wen', WANG Xia—hui’, LI Zhi—tao’, ZHU Zhi—-wei’, ZHANG Tie—liang',
WANG Zu-guang', ZHANG Fan', SUN Yang’

(1.Key Laboratory for Environmental Factors Control of Agro—Products Quality Safety, Ministry of Agriculture and Rural Affairs, Tianjin
300191, China; 2. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 3.Chinese
Academy of Environmental Planning, Beijing 100012, China; 4.China National Rice Research Institute, Hangzhou 310006, China)
Abstract : Understanding the main soil-related factors affecting the accumulation of Cd in rice samples is key to regulating rice Cd concen-
trations. Regression predictions based on point data often do not reflect regional differences, and most of the main controlling factors show
clustering and spatial differences. Based on this principle, a county in Hunan Province was selected as an example and spatial clustering
was used to screen hotspots for various soil factors. Soil samples screened in the hotspots were analyzed using multi—parameter detection
and the main controlling factors affecting the accumulation of Cd in rice samples were determined through random forest regression. There

was up to a 10 fold difference between the Cd enrichment coefficients of rice samples in the high—high and high—low clustering areas, and

WiEEHA:2019-01-23  RAAH:2019-05-13

VEZ T SHE (1993—) , 55 LR L A B 90 AR WA IR BRI Z S A 5T . E-mail: guoxinleil 7341@163.com

HEEEE B EAR  E-mail :yujiezhao@126.com; XIGE A E-mail : xwliu2006@163.com

BEEUHE : [ E 05T H (2016YFD0800307-4) 5 [H R S #1455 F (2015BADO6B03-1) 5 [ 54 7 i Ji ik 2 4 RUR: 34l R 3
(GJFP2019012)

Project supported : The National Key R&D Program of China(2016YFD0800307-4) ; The National Key Technology Research and Development Program of
the Ministry of Science and Technology of China(2015BAD06B03-1) ; The Major Program for National Agro—Products Risk Assessment for Qual-
ity Safety of Ministry of Agriculture, China(GJFP2019012)



SRR 2 LT VB 5 BHLAE A O ROK B SR A K 5 1795

up to a 17 fold difference between the low—low and low—high clustering areas. In the study area, the critical factors affecting Cd accumula-

tion in rice samples were Ca, pH, and Mn, followed by Fe and Si, and then Zn, DOC, Cl, K, P, Mg, S, Cd, Na, and Cu with a gradually de-

creasing degree of influence; the influence of SOM was lowest. Regulating the Ca concentration in the soil had a significant impact on soil

pH values and subsequently on the uptake of Cd by rice. With an increase in Fe and Mn concentrations in the soil, the rice Cd concentra-

tions decreased exponentially. The Si concentration in the soil was negatively correlated with soil pH values and Fe concentration, and posi-

tively correlated with Cd concentration in rice. Organic matter had no significant effect on Cd accumulation in rice. This study confirmed

that the combination of bivariate spatial clustering and random forest regression can effectively determine the main factors of soils control -

ling Cd accumulation in rice samples. Such studies can provide fundamental support for the remediation and control of Cd accumulation in

rice and hotspot screening of pollution sources.

Keywords:rice; cadmium; spatial cluster; random forest; correlation analysis
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Table 1 The average value and standard deviation of soil Cd and

rice Cd content in five regions

K B cfll/ ERS c§/ EARRE FRAEE
Class mg-kg mg-kg Enrichment Sample
Soil Cd Rice Cd factor volume/X}
- 1.006+0.334 0.602+0.355 0.598+0.116 297
fi—fk  0.429:0.074  0.045:0.022  0.106+0.026 344
fli-%  0.512+0.094 092620314  1.809+0.237 403
| MRR=EEEESFE -k 144320325 0.090£0.039  0.0620.011 105
Figure 1 Spatial autocorrelation in the study area ARE  0757:0.208  0.273x0.080  0.360+0.006 1035
R2 TEBUSEONER
Table 2 Soil physical and chemical parameter analysis
H{E 28 Physical and chemical parameters  YJ{H Mean — H{E Median e/IME Minimum W KAE Maximum & Skewness 14 Kurtosis
pH 6.73 6.39 4.81 8.22 -0.03 -1.73
SOM/% 4.40 4.30 1.55 8.54 0.61 1.05
DOC/mg kg™ 16.01 14.85 3.70 43.51 0.82 0.89
Cd/mg-kg™ 0.79 0.54 0.25 3.90 2.21 6.17
S/mg kg™ 559.96 511.63 255.05 197222 2.90 12.10
Cl/mg kg 63.25 59.13 0.50 222.39 1.12 1.39
P/mg-kg™ 912.37 883.59 408.78 2081.71 0.62 0.80
Mn/mg-kg™ 698.43 557.82 81.86 3884.39 2.66 10.30
Cu/mg-kg™! 22.36 19.93 5.08 52.17 0.68 -0.30
Zn/mg-kg! 82.75 75.92 26.74 218.42 1.31 2.83
Si/% 67.36 69.97 49.81 78.67 -0.35 -1.30
K/% 2.06 1.93 1.05 2.99 0.18 -1.12
Mg/% 1.30 0.89 0.45 3.03 1.06 -0.65
Cal% 1.83 0.65 0.28 8.23 1.05 0.09
Na/% 0.49 0.33 0.09 1.30 0.96 -0.75
Fe/% 5.96 5.86 1.38 9.55 -0.45 0.98
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