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Influencing Factors of Cadmium €ontent in Wheat/ (ﬂ}ﬂrain‘; A Meta-analg;gjs' ‘and

Decision Tree Analysis ' f & ¥ ol \ N 4
LIU Na, ZHANG Shagebin, GUO Xin-yu, NING Riti-yan | o/ = R T :
(Col}eée of Resourcg_,.ﬂr;d Environment, Shanxi Agﬂcullura]__,-Unj.V@flsit ,‘T%i_;g-tf '630801 , China) 4 ; 1 i -

Abstract; Rapid urbapﬁétibn i .industrialization, and--"égTicu}fﬁ‘reil i‘ntensi.ﬁca't.ionﬁhave resulted in serious séil problems ' such, as soil acidification and [ cadmium pollution",.-‘l
affecting food securify-and hitan health. Wheat is the second .I:argést food crof;. in China and has a strong acculﬁulalion capéity for cadmium. Understandirig'the influesicing
factors-of cadmium|¢ontent in wheat grain is crucial to realizé tHe'safe pvllduction of wheat. However, a comprehénsi¥e and quantitative analysis of how soil physicoch'é.;nical
prdpenies and‘cultivars afféet wheat cadmium accumulation is la('king“.‘ The 'Meta-angﬂysis and decision tree analysis of 56 related studies published in the past 10 years showed
thavthe; propbrtion jof cadmium cofent in soil and wheat giain exceeﬁing lh_f;.mff;)_r_ygl-' standard was 52.6% and 64. 1%, respeclivejy. Among soil physical and chemical
properties,, pHi orgattic matter, available phosphorus, and'total soil cadmiumeGontent were the important factors affecting the cadmium content in wheat grains. When soil pH
<5.5 and 5,5 < pH<6. 5 "the proportion of cadmium content in wheat grain exceeding the national standard was 99. 4% and 76.2%, respectively. When 20 g+kg ™" <soil
organic mafter content <30 g-kg ™", the proportion of cadmium content in wheat grain exceeding the national standard was the highest (61.0% ). Soil pH=7. 1 and total
cadmium content <1.60 mg-kg ™" was suitable for wheat safety production. There were significant differences in grain cadmium content and cadmium enrichment factors
among different wheat cultivars. Planting wheat cultivars with low cadmium accumulation is an economical and effective measure to decrease cadmium content in wheat grains.
The current study can provide guidance for the safe production of wheat in cadmium-contaminated farmland.

Key words: wheat; cadmium; influence factor; Meta-analysis; decision tree analysis
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Table 1 ~ Basic information of soil and wheat samples for Meta-analysis

WFFE X VAXitINT

ALl
RS

ferhg] JAIEE (n=635) . WAt (n=548) FIHIFEG (n =62)
[N Pl (n =138)
HE

TR R BT

T/ N A KA A R/ AR 39™ KIERAE (n =35) | 6 D FATBIX IR (n = 146 i,

bl (n=141) , KH(n=136) . Wb (n =120) FINZH (n=21)
INAR (n=427) . ZB(n=27)  TLIR(n =94) FIHTIL.(n =30)

Bepl |

1.2 Bt
1.2.1 Meta 73#7

ia FHERZH R Meta 43 BT 5 f0 0F 52 45 DR 3%
IINFERFRLER S B 0 LR /N2 RFRLGR B i BB AR R AL
BB ARXAT

RR = X,/X, x 100% (1)

Kb, X, h/NFERERLR O B A A T KA
#E0.10 mg-kg ™' (GB 2762-2017) BFE S %L, X, M
R A RSB RS, 150 B /N AR i 1 dit AR R
.

S. = /RR(I - RR)/X,

95% CI = RR + 1. 968,

(2)
(3)



4 XUBRAE . /NFERFRLAR & B

Wi PRI Z8 Meta 20 B AN ER SR 20 2267

X, S, AFRHEDR,95% CIA AUV (E Y 95% & 15
DXCJR] , 70 R B R e i e, U B A T 1 000 B
Kao, 45 25 B 30 1995 % CTIX [l AR AL 55 0, I 15 B
LR R X N AP RLAR & A 0 R, 2 P ZH A
35 Z [ 995 % CUR B, ) 357 W9 21 55 A 3%
P
ol e B S Q AR PR, R T RE
PLRNA RS | BR2% JE T BIFFE TR A8 S, % 1 T
WF5E Z [ Y722 S 1.
1.2.2 PR
DR — S Tz RS 526 4%
BAELRAL k2 B ) 25 2 B vy, m) DA ]t
SR Moy AR AR A B R AW ST R
CART ( classification and regression trees ) 5. 81 4 g
T, BT AL e RBGHATRAE S, e e R BUR
/NIRRT 7 () BB A e DGR AR AR D) 70
s HEEE BB 30 3 BPTER A3, TR A JSCH Y
SLITBIASTF1 4, B80S CART 40264 WAL B
80% YR ME A SRR Y I 128 I”‘Jé? 20% E’Jfﬂl?}?j
R (f
<015 “”‘ﬁr
ZIKjCﬂtFE[ Stata 16. 0“metan” ﬁ%}?@ﬁ%ﬁiﬁﬁf
Meta ﬁ’*ﬁ RiEE4.1.2¢ rpart” 1 rpart plot” fﬂr

o

/ =
r" -

AT
PE i
2 BRE545R
2.1 iR ST

TR SR NERRR SR R E N
F.pH, AR, HHEHE FoHE ., WA, A
ASCHHE RN T ASCRR A B 0 A R LR 2. R [R5

PLRB T , FEZE I H OriginPro 9. 1 Hi4E , %4
P M f SPSS Statistics 17. 0 58 K.

TR S R E SRR KR, WE K0.0300 ~ 19.6
mg-kgfl CE{EN 1,00 mg-kg ™" AR FH b+ 4
Aj“ﬁ%ii{éiéﬁﬁ w LR 52. 6% (4% FH M A 45

SY AR B bR GB 15618-2018 ) . JLi 42 /N4
ééﬂz 1910 /\, /N Z2 KRS B YA 0.528
mg-kg_I & /NME KO mg:* kg_] fx K1E N 3.50
mg kg " B FE i 2 4 TR G AR (0. 10 mg ke

GB 2762-2017) FIFE KA 1224 4 5th;£7f64. 1%,
L FF R4 Py 0.10 ~ 1,00, 1.00 £2.00 Fil
>2.00 mg-kg 7! 9 H A B K 44. 5% 15’3%
4.29% . /N APRIBEE SR T O ~ 3, 18390
0. 547 KA BRI FRT 1 H9Hh 2009% .
ARBIFGE L0 pH A5 B 9. 96 ~ 8. 6 ﬁﬂﬁ%ﬂm'
%x%ﬁ%;ﬂjﬁ/\”wa 20.2 g- kg-‘ i 16: 4
cmol kg 7', 271 %

- >~

x2 :I:fﬁiﬂﬂ MR, AR & B R R AT HE HeAS R

lable 243 Descnptlve statistical %ummary of soil p}ayswoehemlc_a}"prnpeme% graln cadmium content, and blo concentration factor

Iﬁﬁ PR A j i +HE Y T ner .-p}-I-“" HHLFRE ¥ i CEC | T R k EER O ajg l_xitﬁ?étlﬁ
/mg-kg /mg-kg /g kg /cmol -kg /mg'kg /mg-kg /mg-kg
¥l 0.528 1.00 0.547 7.35 20.2 16.4 102 37.8 158
LREDA: 0. 209 0. 550 0.241 7.51 19.3 15.5 100 28.6 116
e/ IME 0 0.0300 0 4.96 0.150 6.00 22.6 7. 60 46.1
ON 3.50 19.6 3.18 8. 66 44.6 32.3 253 105 350
brifi2E 0. 631 1.54 0. 687 0.84 7.47 4.56 39.8 23.3 88.8
T A 5L 0. 0642 0.285 0. 107 7.03 15.7 13.2 83.9 20.6 93.5
s AR 0. 862 1.36 0. 498 8.01 24.6 18. 4 120 47.6 211

1)BCF N &4 Z%0, CEC M BHE Fac ik

2.2 /NEFPRIER G RSN E Meta 4307
2.2.1  EFRALPE T /N AR B 1) R )

W 1 (a) B, T4 b 135875 Yo XU A8 15
FrifE(GB 15618-2018) , 4 3255 & 2 ik T 50 %% T X
W BT L BN, /N2 R4 i i B T & 4 [ R A
#E(GB 2762-2017, 0. 10 mg-kg ™) B LI N 17. 3%
(12.3%, 22.2% ) (95% EA5 X0, F ) ; X4+ 4
i AN o v (NN AN o 5 TR = ik i =
58 73. 2% (70. 9%, 75.5% ) .

FHERIR] pH 54 T /N AFRLAR & B AR 1Y
SOVAE AN 1 (b) frs. 13RS pH<5.5.5.5 <pH
<6.5.6.5 <pH<7.5 Fll pH >7. 5 BIBF 5L 50

Bk 170 . 764 , 134 F1350. 131 pH<5.5 i, /)
R AR S bR R A, M 99.4% (98.3%,
101% ), HiRJ& 5.5 < pH<6. 5, /N PRI & 7
FREEN 76. 2% (73.2%,79.2% ). 6.5 < pH<7.5 FI
pH >7.5 B /N AFRLR & S AR R4 8 25. 4%
(18.0%,32.7% ) F1 42. 6% (37. 4% ,47.8% ). Al
pH DX R, /N 22 K7 R o 1L E8 br 2 3 S 9 I 35
F5E.

itk — R N PR R S R R R X+
BEFRIT RO AL | BlAR AL A R R AR )
FTWZH Meta 5387, I ARARIE 2 B, >4+ 38 HLT
i <10 g-kg ' (CAMUBRARELZ ) B, /N2 Fp s i &5



2268 2 S - 44 %
(a) WA hik E ES (95% CI) {b) pH ' ES (95% CI)
: pH=55 5 + 99.4%(98.3%, 101%)
s o ik i T : - 73.2%(70.9%, 75.5%) (n=170) ;
i =1404 : _ '
Rk =1404) ' 5.5<pH=6.5 [ 76.2%(73.2%, 79.2%)
: (n="764) )
i ﬁr._ —— : . o, % 0, 2 0,
SRR | - 17.3%(12.3%, 2229%)| | © . 3[:34?} 8 ; BAK180%, 32.7%)
FRAEAE (n = 226) ! 5
: pH>7.5 —-— 42.6%(37.4%, 47.8%)
5 (n=350) :
fr(n =1 630) 45,3%(—9.60%, 100%)| |&if(n=1418) 61.1%(32.5%, 89.6%)
0 101 0 101
BUREA % R %

n MR R, A R TR RE SRR N, @ R RN AE ,95% CL N 95% B A IX 1], T[]
E1 AELTEFESENpH FET/NEFHESEBIREYRE

Fig. 1

Effect size of the proportion of cadmium content in wheat grain exceeding

the national standard under different soil cadmium contents and pH conditions
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Fig. 2 Effect size of the proportion of cadmium content in wheat grain exceeding the national standard under different soil nutrient conditions
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