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Abstract: Wheat, serving as a staple food for one-third of the global population, has long been overlooked in terms of its grain
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cadmium (Cd) accumulation capacity and the resulting dietary exposure risks. By integrating analyses of global literature and our
recent research findings, this study preliminarily clarified that wheat grown in contaminated alkaline soils exhibited high Cd
accumulation capacity with elevated risks of exceeding food safety thresholds. In rice-wheat rotation farmland systems, the Cd
enrichment factor of wheat grains at the same sampling points was significantly higher than that of rice. Remarkably, wheat grains
exceeded China’s food safety standard in alkaline soils even when the Cd contents remained below the national risk screening
threshold. Elevated soil pH levels induced a pronounced increase in wheat's contribution to adult daily dietary cadmium intake,
while concurrently reducing rice’s contribution, demonstrating that alkaline soil conditions amplify Cd exposure risks specifically
through wheat-derived dietary pathways. The article further discussed the Cd speciation in alkaline soils and their influencing
factors, analyzed the mechanisms related to Cd migration and its chemical binding forms at the root-soil interface, and explored
the interaction effects between Cd and trace elements during uptake and translocation by wheat. In order to develop wheat-safe
production technologies adapted to the characteristics of alkaline Cd-contaminated soils, future research should strengthen

investigations into the molecular mechanisms of Cd interface processes in the wheat rhizosphere and Cd-trace elements

interactions on uptake and translocation by roots.

Key words: Wheat; Cadmium; Alkaline soil; Rhizosphere; Safe utilization of polluted farmland
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2y 1.5 £ KRR Cd EEREAUE 0.17, Phifl
0.13 ), EWIMEXT LN (£ 1), 44 pH
H 7.26~8.55 i (3 Cd &4 0.26~5.75 mgkg ),
INFERFRL Cd A BYEREIN 0.02~1.21 mgkg ', 75%L E
fR/NERERE Cd ST 0.1 mgkg !, Hi 14.6%1)/)
FHPhE Cd F8AE 0.1~0.2 mgkg ' Z ],

(2) H3E Cd RNHARE /N AFRL Cd BRI
o fETIE Cd SAEIRIIEL T, /NEEFRL Cd
TrE¥E (0.095 mgkg ") K& i{E (0.082 mgkg ")
B TKR 45 0.13 mgkg ™, TP{H 0.075 mg'kg ),

HHPRR (28.3%) N/KFER 40 £5 (KFEHPRR
0.7%) Pl gk—r e k2B (F£ 1), 4mitE

1.4

I K#F Rice
1.2+ B /\FE Wheat
1.0F
0.81

FPRICd &t
Grain Cd content/(mg-kg™)
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Data were derived from a reanalysis of data from published articles [5].
The Cd contents of rice and wheat grains were summarized in soil
samples with soil pH >7 or soil Cd content below the corresponding
Cd risk screening values. In the study area, the rice variety is the

Japonica rice variety NanlJing46, and the wheat variety is the

common wheat variety Yangmai 25.

B R SRR AR [R] s SR AR KA S /A2 FPRL Cd
BT
Fig. 1 Comparison of Cd content in rice and wheat grains collected

from the same soil sampling points within rice-wheat rotation
farmland

F1 WMELEPNERFA Cd RIREHE

Table 1 Characteristics of Cd accumulation in wheat grain in alkaline soil

3 cd & ki Cd
3% pH Soil Cd content/ ( mg'kg ') Grain Cd content/ ( mgkg™") ¥R Cd BIFRR
Soil pH HRAA e/ MA G A SN I/ME i Grain Cd exceeding rate/%
Maximum  Minimum Median Maximum Minimum Median
T8 cd NlEbR 7~75 0.28 0.26 0.27 0.20 0.04 0.06 333
Soil Cd below
>7.5 0.57 0.30 0.38 1.05 0.02 0.08 20.0
threshold
+ 8 Cd #Bix 7~17.5 5.00 0.40 1.57 0.29 0.04 0.11 60.0
Soil Cd above
>7.5 5.75 0.65 2.28 1.21 0.03 0.30 89.2
threshold

1. Jld Web of Science £ & X4t “alkaline + soil + wheat + grain + cadmium” WS SCHR, FEAERSCHL 76 &, HoiP A Rcik
42 o NBERNE SCTP RT3 Cd & it  FPRL Cd & i FPRL Cd AR 9 P ¥(E #1758 1 5 7R . Note:: Literature was collected through

a Web of Science search with the keywords “alkaline + soil + wheat + grain + cadmium”, and a total of 76 papers were searched, of which 42

were valid. The average values of soil Cd content, grain Cd content, and grain Cd exceedance rate were extracted from each paper for

statistics and presentation.
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7% 2800 E 474811 - Note: The data source is the same as
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Fig.2 Cd enrichment/transfer coefficients of different parts of
wheat in alkaline soil
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[ 3 /NFEHPRL Fe/Zn/Mn/Cu/Ca/Mg &1 5 /N2 ¥k Cd
A 1) — TR H 3 By
Fig. 3 One-way linear regression analysis of Fe/Zn/Mn/Cu/Ca/Mg
content in wheat grain versus Cd content in wheat grain
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K4 TR R BRI B/ N AR PR Cd FR R AYCR
Fig. 4 The effect of different types of passivators on
reducing Cd accumulation in wheat grains
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i EA S K E R IE A, AP R T
Hil /N Cd BABURALRIS T3 B A Ay it FF S 8 470
FMRPR Cd A RE Bl /b Cd 1) 3 A s 2B
U R, (AHAON SEAEAIE S (4 FeCls,
FeSO4. Fe, (SO, ) 5. EDTA-Na,Fe ). Jiti A& M Jifi
7 DA 77,

R4 E & LB GE T b (% 2), K&
FHARAEC FEIE 14.6%~65.3% ). FEAEC KR 7.2%~
82.3% ) FIEKHE ( FEIE 2.8%~33.1% ) HREMS %
Bl ME e /N2 kPR Cd i, HA Y 5 Cd
I TFARIS Yk i (1.1~1.4 mgkg'), #BIr5E
FIE A 38 AT 7 /N FE R R Cd & R AR 2 0 2 4 FR
i 0.1 mgkg ' VAR o B, 56 dn ] 4 o i FH 4
B BRIEEIDLEENE Cd Z2RBEAR, HAEE
FH 5 WS 0 HEBA PR 58 &0 A i — P R
SoR .

F2 WELEDEAMETRERNETR Cd RRMHR

Table 2 Effects of trace elements application on reducing Cd accumulation in wheat grain in alkaline soil

TR +3 cd &

IVEEVERAN 2 RN e S

FPRLE Cd BUR

Compliance rate of wheat 7% Uk References
Trace element Soil Cd content/ ( mg-kg™") Reduction in grain Cd/%
grain after treatment
i Mn 1.9~3.7 14.6~65.3 0 [64-65, 68, 71]
N 1.1~1.4 11.5~67.0 37.5% [66, 78]

B Zn

1.8~2.0 7.2~82.3 0 [69-70, 74, 79]
£k Fe 0.5~1.0 2.8~33.1 0 [76, 80-81]

TEREME T3, RHER Cd IR/ N A
Fi Cd RBUG G R, L, 18 Cd & i i
LI, Cd ISR RS R RN 2 A e 7 B G
Bt MEFRMESAT AR BRI ST,
BEXP R B AT 4™, AREER” ARG
ML AEE . CAPITEERY, FREY (nEok,
M) RIFEAT Cd LR mmFFRL Cd B AR XS
BARBIFEE. B0, fEHE Cd gk (11 Cd

S 220mgkg !, pH N 5.36) H, CdiFEEZR
FTE T KFERTh, HASAT Cd & AT 35 4.07 mgkg
AR Cd & 812 0.07 mgkg "B, [FkE, 414
Cd sk 7.23 mgkg ' B, JHEEMAF Wik 517
HFEFF Cd S8l ik 26.0 mgkg™', HHFFRL Cd &
LA 0.41 mgkgs oM, Cd AHSAF I FKF i
HIFER R WA, (U T 2%E 10%Z [[]1F44 4%
M, HEMKERF RS L Cd 5B R

http://pedologica.issas.ac.cn



1002 + b1

=

63 %

AN IR X E 39, 7 3 it
A IR AL A T7 0, ImAEAR AN Cd 1Y
AR MSORE 5 R0, DT A R R L 4 Cd &5 &,
il HUS ek B /INAZ 22 A 1 7 Y B 25K

6 Zig5EH#

% P Cd iE gk bE £ 3, N kPR Cd
T BERBUGERR RS, SIRMEERE
ABEAEEZA, FIRIAT EHE Cd 5 YL RS i i
B, /NZERPRL Cd B o R £ 2% 58 UG 22 [R] 11
BheE R ;. BlrE /N R BR A Cd 1Y)
Bl it A2 . WA TS 2 5 Ak S IR ShbL il F 52 1 S i
INZEXT Cd 5 HABMEE TR I . iz BAENLE
WFFEALA R NaR , 3OK R R R RN G ™
FAR SR F LA -

1) /NZFPRL Cd & AEREiom . AR = . 8
BIE AT BL, S9eE s - (pH7.26~
8.55, Cd A 0.26~5.75 mgkg '), 75%LL Ay
INFERPRL Cd F i 0.1 mgkg ', JFH M+ Cd
BT HRUBG i e (B, X6 R A /N2 F P B A
1535 25.0%. FEZIAERG T, /INERFL Cd FHER
% (0.46) B & T/KRE (0.12), HAR - 25 Cd %%
BARE (039) BEHTAR (0.10), XF/NEFR
FM cd BA EE TR

2) M, NEERPRLN Cd Y BBUSEL
HoR AR &R Cd ZEBEAR., BERIEARET,
+ 3 Cd & AR T H KBS i e (T, /N AR Cd %
#& ot PTDI HEFAE Y LBk 35.1%F 71.1%, it
mT KRG, SYIRG AR N R, 2+ 5
pH>7.5 B, i /& PTDI (AR 14 Cd & & BE
$90.41 mg-kg ', FEAR T BUAT A 4 4 4 ( pH>7.5 )
H) Cd XU i 2 1

3) BlPERAE £, NEEE AR R I LR
SBEAREAE KFT O H E C R, JETTR AR
bR+ SRR 0 Y AR R R L B AR R Cd 7E
W) 1 W R AR AT R, (HHEXTAR PR -4 Cd 1Y
o2& 5% A 5% ) B A CBOW 4y FHLHI & Cd 5
Fe''/Zn*"/Mn*"/Ca™ % i) W WL 5% 32 B A 500 AP 75 F
—HRAIRGT, INHCIEEARER Cd A &CH RS e 4
BEHAR BAGHEFEHT Cd WA O A it AT 4 A $ 43k 2
WA

4) FZ&= Cd 15 YAl e Ay SRS xR, 14
A B R AR B - s b N kR Cd B R IRBCRA
B BT ARV fb R S S e 2 A BRI/ N PR Cd B
MIRCR B TG 3E 01 . REASEENE RN A= 9 e 2
BAL), (H/NERPRL Cd iRARBRAT AR . B 1 4
Hhite i T R DR ARG /NZ KPR Cd SRR
BORBURFimc RS, B Cd &, pH 5B
REERL KEHER AR . B PR REE/NE Cd B
AR T — B TRA G . b, B Cd 55
T, L Cd RBE B BRI NE A
) A
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