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Prediction model for the accumulation of cadmium in rice in typical paddy fields of south China

XIONG Jie'?, ZHU Qi—hong', HUANG Dao—you'’, ZHU Han—hua', XU Chao', WANG Shuai', WANG Hui'

(1.Key Laboratory of Agro—ecological Processes in Subtropical Region, Institute of Subtropical Agriculture, Chinese Academy of Sciences,
Changsha 410125, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Cadmium (Cd) pollution in paddy soil is an increasingly serious problem in southern China. Establishing a prediction model for
the accumulation of Cd in paddy rice is of great significance to guide the remediation of Cd-contaminated paddy soils and control the risk of
Cd pollution. To construct simulation models of Cd accumulation in paddy rice for southern China, 90 pairs of soil and brown rice samples
were collected from typical paddy fields in Hunan Province. The concentrations of Cd in brown rice, total Cd, CaCl, extractable Cd in soil,
and basic soil properties were determined. Further, the relationships between Cd concentration in rice and soil properties were analyzed us-
ing correlation analysis and stepwise regression. The results indicated that the concentrations of Cd in brown rice were mainly related to the
available Cd content rather than the total Cd content in paddy soils. Moreover, the presence of available iron (Fe), manganese(Mn), and or-
ganic matter in soil, and the varieties of paddy rice also played important roles in Cd accumulation in brown rice. The simulation model of
Cd accumulation in brown rice based on available Cd, Mn, Fe, and organic matter in soils showed high accuracy (P<0.001, R’=0.52) inde-
pendent of rice variety. Furthermore, simulation models based on the above four soil factors could also predict the accumulation of Cd in
conventional rice varieties (P<0.001, R’=0.47) and hybrid rice varieties (P<0.001, R°=0.67).
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A R AR DU KR (REAR S n=11) 55 DY
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DIAEAE HS SRR B RS (901Y) . FAFESRSEE
28 [ RIK RN 25 B 1K VIS T AR 60 CHE R IH
JBSE JE R e, % B R AR
1.2 MEEREFE

SRR B R BOCARLE 73 B AL (Mastersizer
2000) I 5" 4 4 pH A A AL L BH B A0 e i A
BRI A R I R S R
PeAbs ), 1B AR F HCI-HNOs-HC104 (Vi ®
Vuno, : Viao,=15:5:3 ) (\léj ,%i , ?Fé'ilé%%i’iéﬁﬁ HNO;-HCI10,
(Vivos: Voo, =5:1)7H 2, TR 09 A RS K 0.1 mol -
L™ CaCLIZ#2"Y, I i U8 35 5% FH H JBA & 45 g 714
RHEIEIL (ICP-OES, 720ES) Il 5E .
1.3 #HiEsmE5aE

Freundlich WY [ 754 p& 25 nT FH R A0F 5T 4 8 76 13-
W) 25 BT 2 g Cpan]=a+bX1g[C], Ho Cpu
MY P& B, Co h HIER N ERIRIE o f1b
SRy LU 2R, RT3 2 A5 81 E 43 B AR pH A LS A
FH B 722 e i 55 3 B Freundlich 72",

SRR ] Excel 2016, SPSS 21.0 1 Origin 8.0
HEAT AR5 B o A DG 43 BT £ 1] Pearson AH 5G4 46
6, SISO (B 48 pH Ab ) 647 X6 Biofb b 2 7 aF
AT EE ST

2 HRESW

2.1 TESTERITRIER
A 1 A SR AR PR B A0 3R 1 B, AR 1
B L BB i A LTONIBH S A i SR A
et e ROk . A LI LO P R R RO £,
FOV- Y5 50 0.44 mg-kg™, Hovp ik - S PRI o 45t
®1 K TREAERMERESE

Table 1 Properties of the tested soils and Cd concentrations in rice

EiEtan WE PME bRMEZE BME HORME
pH 582 560 080 450  8.00
RIS 1% 1156 12.00 312  2.05 1855
FHLF/g ke 4124 3970 11.67 2130 7450
FHES 72t /emol kg 1429 1495 436 7.7  30.34
A3 Hemg - kg 188.80 18421 86.13 3433  477.05
A8 /mg kg 3438 2437 2781 526 163.11
3 /mg kg™ 490  4.88 292 003 1326
A mg kg 690 575 494 006 36.18
R/ mg - kg™ 0.18 0.17  0.11 0.01 0.47
+ ek /img - kg 044 036 029 0.8 236
K /mg - kg™ 0.11 0.09 0.11 0.01 0.63
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FRUEN(GB 15618—2018) 2 b PR 5 (8 1% LAY
(0.3~0.6 mg-kg) B 454>, A5 1~3 4% (0.6~1.2 mg -
ke B 114N #FR 3R LL B (512 mg-kg ) I 14 F
KA e 5 M 0.63 mg-kg ™, AR M 0.01 mg-
ke, S PR R A TS Yk B H b R RS RN 4% 5 F
KR 0 BB ES R 0.11 mg - kg™, B bR 4 5 K
9.4%(5/53) F110.8%(4/37) , LR &% 5 H HEH
FEEEANTE], 43 38 T 3 A8 55 (112.3%) Fl o 4548 5
(81.9%).
22 BAEETEERMEXXR
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W 5 25 (1 47 R 56 2 2R (P<0.01) 3 5+ B 30 i o
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PRALPE A8 A (A ML BH B 7 sc e it AT 3504k AL
BN R ) SRR & 2 M A O R R A i
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R EER T
2.3 TEAKIRIRRTNEER

AH 43 H7 2¢ B - 84 5 o R 43 - ek 1 o
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VB Freundlich J7 2 2 37 R K0 AR 2 i A Y (5%
3)o SAUET - HEA RGN S A L, AR AR
BRAA FLBT A R A LA J7 R I, A DG R B (r) A
0.60 £2& = £ 0.72, H 3435 B # i 3 /K ~F (P<0.001, n=
90) , AL HY R B PEAS B4 5 . E g AL 1|1 A A AT
PVE T R A SR & AU A SR
BILJT A 7 1) [ DB 7R (1) A DG 2R e R (r,=0.72) , 15 )

R2 BARAESTEERMBEXXREG)

Table 2 Correlation between rice Cd concentrations and soil properties (1)

o pH Fki AP FHE T AR ARG A8 ARG AR 1k FeK S
pH 1
Foki 0.109 1
AL 0.205 0.015 1
PHE Al 0264  0.216% 0.287%* 1
BREE  -0.620%%  0.165 -0.141 -0.075 1
AR -0.120  0.337%* -0.043 0.071 0.371%% 1
AR -0.486%%  -0.159 0.089 -0.224%  0.425%%  0.236% 1
HAEE -0.078  -0.165 0.203 -0.177% 0.156 0.020 0.555% 1
AR 0553 -0.115 -0.111 -0.023  0.420%%  0.264%  0.513%* 0.197 1
THERS 0.280%F  0.064 0.450%* 0.291%%  -0.267%  -0.054 -0.042 0.113 0.209* 1
FKHE  -0.297+% -0.283%  -0.166 -0.121 0.017  -0.110 0.288* 0.154 0.618%* 0.158 1
T IR PO.05 IR F KT+ 30R P<0.01 B9 B H K-
Note: * indicates significant correlations at P<0.05 level and ** indicates significant correlations at P<0.01 level.
R3 BAREIEERNESEAFTRE
Table 3 Stepwise regression equations of rice Cd concentrations and soil properties
9 Ty r P SE
1 1g(Cd.i.)==0.61+0.591g( CaCl.~Cd) 0.60 <0.001 0.34
2 1g(Cd..)=0.06+0.66lg( CaCl,~Cd )~0.431g( A~Mn) 0.68 <0.001 0.32
3 1g(Cd,i..)=1.16+0.841g(CaCl,-Cd)-0.351g( A-Mn)-0.48lg(A-Fe) 0.70 <0.001 0.31
4 lg(Cd,..)=2.15+0.831g(CaCl,-Cd )-0.34lg(A—Mn)—0.52lg( A-Fe )-0.581g(OM) 0.72 <0.001 0.30

T - Cde HREKSR 5 i 5 CaCl=Cd 9 0.1 mol - L™ CaClo B IR LA G 2 k5 A-Min Jy LA G 56 3 5 A-Fe L3RRGS & B 0M

AU MR R A PO SE MARifERZE. T IFl.

Note : Cd.. is rice Cd concentrations ; CaCl,—Cd is available Cd extracted by 0.1 mol - L' CaCl,; A—=Mn is available Mn; A=Fe is available Fe; OM is or-

ganic matter;r is correlation coefficient; P is probability ; SE is standard error. The same below.
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lg (Cd,..) =2.15+0.83 1g (CaCl,-Cd) - 0.34 1g (A-
Mn)-0.52 1g( A-Fe)-0.58 Ig(OM) (R*=0.52, P<0.001)
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0.04.0.06 F110.05, AJ WL 4~ 3384 &40 & i IE 52 I Fe oK
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W H RS RN 24 S A B R OK AR 7 1 5 1 AL 3
FREAT A 24T, ARG K A o i o AR i, 385 4L
AR 8 AW AR A YL B AR i, sy [l
EJTRE(FS) o B BRI 2% 58 et 1) e >R 19 00 A6 72
K F) T HL 5 E K (P<0.001) , ok i ZBU(RY) 4y
511K 0.47 F10.67 , 347 1T A -t 0000 % K 5 114 WAL S L 3R

x4 BAREESTEERNEEF@IAFE
Table 4 Single factor regression equations between rice Cd

concentrations and soil properties

Hii ' Oy R P SE
5 lg(Cd,..)=-0.61+0.591g(CaCl.-Cd) 036 <0.05 0.34
6 lg(Cd,..)=—0.78-0.251g( A=Mn) 0.04 >0.05 042
7 lg(Cd.)==2.11+0.441g(A-Fe) 0.06 <0.05 0.42
8 1g(Cd...)=0.10-0.781g(OM ) 0.05 <0.05 042

TE ROV UE R B T

Note : R*is coefficient of determination. The same below.
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Table 5 Prediction equations of Cd concentrations in different variety types of rice

n AP Ty R P SE
R lg(Cd,..)=1.58+0.74 1g( CaCl,~Cd)~0.43 1g( A~Mn)~0.28 lg( A~Fe)-0.52 1g(OM) 0.47 <0.001 0.34
A4 AE TR lg(Cd..)=2.96+1.05 lg( CaCl,-Cd)=0.23 Ig( A=Mn)~0.88 Ig( A=Fe)-0.57 1g(OM) 0.67 <0.001 0.24

SMARE S lg(Cd..)=2.15+0.83 lg( CaCL~Cd)~0.34 1g(A=Mn)-0.52 Ig( A=Fe)-0.58 1g(OM ) 0.52 <0.001 0.30
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Figure 1 Relationship between the measured and predicted rice

Cd in lg-transformed formats
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