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Evaluation of cadmium accumulation in rice using a Cubist multivariate mixed regression model
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Abstract: To provide technical support for ensuring the quality and safety of agricultural products, the influences of soil environmental fac—
tors on the accumulation of cadmium(Cd) in rice under different conditions were studied. Based on the base date and soil parameters deter—
mined for the Hunan Province, a Cubist multivariate mixed linear regression model of Cd for soil-rice systems was built. The results suggest—
ed that among the 23 soil parameters evaluated the soil environmental factors of Ca, Fe, S, Cd, Cl, and pH had a significant influence on the

enrichment of Cd and were therefore incorporated into the Cubist model. The Ca concentration (calculated using CaO concentration ) had
significant correlation with pH when the Ca content of the soil was less than 1%. In addition, S was significantly correlated with the soil or—

ganic matter(SOM ) value. The influence of soil pH on the Cd concentration in rice differed among different thresholds. The Cubist mixed

linear regression model overcame the shortcomings of multivariate regression, which can only be used to construct a single model. The Cu—

bist model can effectively screen and characterize the effect of environmental factors on Cd accumulation in rice. Hence, it is an effective

method for constructing a soil-rice Cd transport model.

Keywords: rice; cadmium; Cubist

WA HA:2017-12-21  RFIB#:2018-03-29

PEZ R XMER(1993—) , 2o 3L T RIS, L0 5E A=, E TR fE 3 K XU A 5T . E-mail : 18722057617@163.com

*EEMER B EA  E-mail:yujiezhao@126.com

EEWE : [H 5 HE A TR H (2016YFDO800301-01 ) 3 4% 7 il JTT ik 42 43 PR R 7~ XU - 1 R & T (GIFP2017012 ) 5 5t M1 45 i R4 & 35
([2013]6024)

Project supported : The National Key Research and Development Program(2016YFD0800301-01); The Special Fund for Key Program of Environmental
Factors Risk Assessment of Agro—products Quality Safety (GJFP2017012);The Special Fund for Key Program of Science and Technology of
Guizhou Province, China([2013]6024)



1060

RAIMERF 2R R AR

F 52 TR (Cd) T5 e fi 3 ™ B [ 4K
T4 Cd 5 YA AR ARG P AR fe L i HL b 23
i E W HE G AR B, o T KRR S Wl Cd 1Y
RAEY) A Cd 75 9™ B G H T HE 4, AR
fa R IR TE XU, 4 2014 48] 1 FEEAR PR OR
PR AT 1A E S JeR L IE A A4 o, Fe
THE MR RN 16.1%, Hrh Cd iR E N
7.0% ,AETCHLTG G is Yt Ry ™9, (AR SCHIFSE
WERY, HEFELE Cd 5K Cd SREZEIE
RSN . BB AN AR, 1A
FEBR T AR 7 it BB 4 155 DU AEAR 22 1 X XA % B ]
FE 4% Cd 5K Cd Z M RIE R, b 13
I X ROK & 4R Cd 1Y 52 2 - 80 55 ot o
N P e 2 ) [ B —H01 I KA FH 358 Cd 57
K Cd Z [a] A7 IR Y Y T 2 il 2 oot
BRIy B BRI A B R S S I
pH A HLET(SOM) | FH 2 44 5t (CEC) |, 123 Fe/Mn
A e g B T, Z2 0Tl I VA -
K Cd A& RY 0 e B 78 T 0 A7 3055 18 1 S R 45
PR FAEA R 25 T R RER IR Cd 520 BE 1 Y 22 531
T A5 R A 2 P A 2% 1 - 4% pH  SOM 45 /b & PR 5
+ WA Z A A PR G RO 4 Cd 2

¥, H Rule Quest 23 6] T & 1) Cubist 1R G
LA 0] 05T PR SRR SR AT SR 1R A [l U 7 VA T ik
X3 A 728 S A [v) i S A2 0 DR A% B 52 ) RE ) A7 E 2
SE ) . Cubist #5881 2 —Ffai A B9 5L HL 0 #Y
oI ABE A, AU DGR — > 22 L [l ) A5
R, KON 5 A Y B DC PE 58 35 1 B — AR R R 1 A
&, T T T BB FOIRG B2V, Cubist AE2Y F & B
DLk, 8z 0 T i AR 4 28 BT
S [ R TR Cubist W T 3 -FF K Cd 1%
o R A A e D LA o ABIESEAE R L E AL
PEBTHEA T Z 280 il b, SR Cubist FARN
T HE-FK Cd BRI, DL A A K ot ot 222 4 Tl
R 15 Gt PG 52 BR T IR 1 e S bR S

I HE S

L1 HEmRE

AW FE IR bl 2R A A 31 W R A A AE AR Cd
TSR B 6 AN IX B, SRFERFE Y 2016 4 10 AT
)RR o SRAEHR PR AR L PR K A AT
RIRE L 140 X SRAEXCALFERK Cd g L op AR
FIHEIX o ICFRAE R LR KSR ERR DL , B3

AR AR 50 ARZATKAR, AN LA K REAR PR £ R 4R 1
kg 247, TR R 0~20 em, ARBR - A R A J5 71 (] 52
B, gt AT, KBk B ik P R AR A B
iz v B R R L 2 mm JE O 5 BOR A 2
575 1) -3 200 g, 3 20 H JE Jebii s B 50 ¢
K 4 pH B, HAR 150 ¢ 443 & 50 g, 3 100
He e, FFRNE 4R 2R X 468
TR A A TR S SRl . RORFESL R
Je B koK e R MmN A e 1, FEHZEEAK sk
Wi , WG J5 FH B A AL 2588 , SR 5 PR A e K, il
BRE KRR, DUkt 40 B e Efi4
1.2 LZES

AHFFE BRI RE 4 e H A BAL S HUb , 6 R i fE
PR BE I (i X SR BRE TG A 1 K 4
KAE4: IR T O i A S HGR 60 101, LU AT RE I
KA R R T HeH pH A LT I E 43 51K
FHEA T SRR 2, BAAS W R AR A2
G3MT T ) K AR A B ) (58 = 5O, DOC ]
F TOC 43 Hr ™, +EhE 4R Cd 2Rk —
i 1 fif 1 (k HNOs (HF A1 HCI1O0, (R F EE S 10:4:1),
FEAAE S Cd SRR (M HNO; F HC10, /R FH LA 10:
1) f# , i 1ICP-MS 5!, +- 4 4 J8@ As Hg RAIMK
HNO; T, 18 IR T26ME As Hg 15517, 5k
FH PANalytical /A w] X 4% A8 15 10 2 HoAth o0 2%
i, XA SR EpsilonS. S RGINSF-4 7R AT AR X
T ZEARERT 10%,
1.3 A EENT

Cubist 5% 18U J2 — B % 2 A8 1t 43 28 [ H e SRR
B, FARE— AN ORI Bh B A, R T A
e R GNL AR T R £t 25 (a1l 43 A T4~
TF-2S[8], 43 B0 T2 [ ESC 0 AR, DA /& A B
Cubist FLIU A #7525 [ AR AR 2L, 1R b Xof
A AR (A 25 S48 2 D 5 R B e w1 34
T AN/ I A TRk R Bk 43 g L
FLAARAETRY I 07 FH 7 =T 2 6 AH Gl B B,
1.4 BIESH

ASCHETILL R 3.2.2 Fr #2740 Cubist 0.2.1
THRA S PRI R ; SPSS 22.0 HH1 T8 H AR PE S
TR B Z 0 R A3 M A

2 #REWR

2.1 TEBEASEMAMSITT SN
AL, FATA 60 24> LIERIESE b i



XUHER % T Cubist ZICIRA FIRRK R4 Cd BIREERFS 1061
23 MR O RIS PRI RS R L 1, BRI YIS 5 5

WATGE 34T, 2 SHRG I EE R UL 1. 4550 %M, R
FEIX 1338 pH (EYEFY 4.81~8.22, 7 i i BE (S -3
BT 7 MgETHR, B/ g , (HA
H B RAEIX 438 pH SEBUARIE , P8ISR AE X 4 1k
RIEA B 225, WF5T X 138 SOM & &1L Fl oy
1.55%~8.54% , Y{ & 4.42% , 13BN i . K%k
Pt as R R, B 11 Cd B (IR T i A
#E)(GB 15618—1995)2 e brifE(E FL i M E4h, Hith
4 /a4 )8 & W Cu.Zn Pb Ni As Hg .Cr #4b
FARIG YA A B S EFRREO , A 23 5 e
B
22 TIEE-fEK CdEMETEAER

TS8R A GritBot 43 H7 9 2 bR B4 5 (™, A%
BRI th ORI T A S B, DRI AR i e S
Rk 133 A~ SR e B0 43 R 5 N E50H0 S 36 Uk 250 P
28, FLr B TR DA AT BEAT LA 20 A4~ 35
BAREAT A Cubist BIRI L 2, 2% K745 F ok )2
RERIBTRR UL 3. ARBITIAT K Cd(R_Cd)f5 i 55

PRAIMEAERTK Cd & BRI RAFry—2:. 59l
A IEL S TRNE AR e A O R By 0.97 , 7E7E
K Cd F /T 0.6 mg-kg™ I h 0.81, B4 46l
{H 5 WA B A, Zeth o R e RECh
0.86, Ui A Cubist A1 FEELSE iz e+ 8 PR~ XA oK I
W Cd #y52 .
% 3 RUL RN 23 S EESHCP LA 6 ANk
B 7 W E SRR Cd WIS AR AR, AT 4 24
AT Cubist #RIZ8 . H pH ., CaO Fe,05.S % 4 4~
SRS B 3 RCHE 250, T AR TR R s
AR EEMMA, T Cd FEXIFKREE Cd B
M), {EL AT SR B G S B R 453 2 AT
ATE D e i B TR X PR,
Cd 2RI IR AT R 4R Cd iEORBE R R i H 2
WA
2 3R], AR HIE-FTK Cd (S5
AT AFEI, FEP R 1 KR 3 4 PSR
2, HATRER B AT S B 81.4%, TERLN 1

Al

= 54
=)

&1 RERTEBUSHHEAERITER

Table 1 Descriptive statistics of soil physical and chemical parameters in the sampling area

LR HE T e/IME YN (IS Wi
pH 6.67 6.49 4.81 8.22 -0.093 -1.738
SOM/% 442 431 1.55 8.54 0.635 1.095
DOC/mg kg™ 15.51 14.65 3.70 43.51 0.848 1.044
Cd/mg-kg™! 0.79 0.48 0.25 3.90 2.341 6.922
S/mg-kg™ 561.93 511.87 255.05 1972.22 3.053 13.677
Cl/mg-kg™ 68.22 61.63 0.50 222.39 1.180 1.602
P/mg-kg™ 966.15 965.83 408.78 2 081.71 0.584 0.855
Cr/mg-kg™ 95.54 95.09 62.53 173.46 1.018 1.790
Mn/mg-kg™ 805.25 723.29 81.47 3 884.39 2.614 9.983
Ni/mg-kg™ 30.85 29.82 9.41 90.88 1.562 4.058
Cu/mg-kg™! 23.61 21.22 5.08 52.17 0.692 -0.327
Zn/mg-kg™ 85.32 81.24 26.74 218.42 1.323 2.815
Se/mg-kg™ 0.20 0.18 0.01 0.60 1.039 1.814
As/mg-kg™ 20.98 15.56 7.98 85.48 2.275 7.057
Hg/mg kg™ 0.21 0.18 0.01 0.76 1.517 3.014
Pb/mg-kg™ 46.00 32.68 13.11 320.69 4.219 24.444
Si0y/% 65.80 66.51 49.81 78.67 -0.316 -1.326
ALOY% 14.63 14.63 10.22 21.62 0.534 0.627
Ky0/% 2.07 1.95 1.05 2.99 0.161 -1.125
MgO/% 1.43 0.96 0.52 3.03 1.058 -0.651
Ca0/% 2.31 1.16 0.28 16.88 2.676 13.416
Na,0/% 0.55 0.34 0.10 1.30 0.962 -0.760
Fe,04/% 6.17 6.07 1.38 9.55 -0.141 -0.074
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Table 2 The Cubist model of Cd transfer
Ll HI AR K Cd P img kg Hrdbdd
1 pH>6.97 R_Cd=0.144-0.016pH+0.014Cd 0.04 55
2 $<519.917 mg-kg" R_Cd=-0.692-0.894Ca0+0.195Fe.0, 0.16 3
Ca0=<0.451%
Fe0,>5.804%
3 pH<6.97 R_Cd=1.234-0.199pH+0.045Fe,0, 0.26 27
€a0>0.451%
4 €a0<0.451% R_Cd=-0.148+0.000 365 0.35 10
Fe0:>4.908%
Fe,0,<5.804%
5 $>519.917 mg-kg R_Cd=-6.607-7.651Ca0+1.667Fe.0, 0.54 4
€a0<0.451%
Fe0,>5.804%
6 pH<5.42% R_Cd=-2.062+0.867pH~0.461Fe,0; 0.55 6
Fe,0,<4.908%
7 pH>5.42 R_Cd=2.207+6.893Ca0-0.023C1-0.67Fe,0+ 156 8
Ca0=<0.451% 0.045pH+0.000 143
Fe,0,<4.908%
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Figure 1 The relationship between the observed value and predicted value of rice Cd in Cubist model
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Table 3 Condition and model contribution of different factors

A A TR % TERY GTHR/ %o
pH 85 85
Ca0 47 13
Fe,0; 27 43
S 6 16
cd 48
cl 7

o, DL 8 pH RIS, 24 pH>6.97 B, B 1 48 4k
T i, Bk Cd & 52 pH M 135 Cd &
HOR0  pH THE K Cd & R 13 od &4
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KCd ¥ 5 0.04 mg -k, BUE 145 pH [EE
7, WIRE K Cd & 3k ) 1 a2 4 [ 585 1 (GB
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kg™ A 23 K — AR, (HIX AR B h BEAC AN A
T, AT UUAE ) P B - SRR KR, SEASAAFAE Cd
PRI

TERLI 3 Fh 7R A8 2 8 pH Ak T v e B2 7K
Ff, REK Cd F sz pH K Fe & 5 52 00 A R I
o ABFFEESR P HTAs KR, L4 Ca 55148 pH 7E
Ca(Lh CaO 31) & S=AKT 190}, A 25 M O, 4521
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Figure 2 The scatter diagram of the soil calcium and pH
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Figure 4 Differences of the enrichment factor in different soil pH in different research districts
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Figure 5 The scatter diagram of the soil Fe and rice Cd
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