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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 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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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 NanJing46, and the wheat
variety is the common wheat variety Yangmai 25.
Bl 1 R AR AR AR A A R AL RAR AR A 5 /N 2R RE Cd 5 XS HE
Fig. 1 Comparison of Cd content in rice and wheat grains collected from the same soil sampling points within rice-wheat rotation
farmland
= 1M IR NEFRL Cd RIEHE

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

THECIEE kL Cd & & *?*%Cd
-4 pH Soil Cd content/(mg-kg™) Grain Cd content/(mgkg") bR
. Grain Cd
Soil pH & KAH /M A B /M FAME  exceeding
Maximum Minimum Median Maximum Minimum Median rate/%
+3% Cd
iBFF 7~7.5 0.28 0.26 0.27 0.20 0.04 0.06 33.3
Soil Cd
below
threshold >7.5 0.57 0.30 0.38 1.05 0.02 0.08 20.0
+3% Cd
kR 7~175 5.00 0.40 1.57 0.29 0.04 0.11 60.0
Soil Cd
above
threshold >7.5 5.75 0.65 2.28 1.21 0.03 0.30 89.2

¥iE: 83T Web of Science 4 Jefid “alkaline + soil + wheat + grain + cadmium” W8Tk, FLAR SOk 76 B, HA R
HR427% . MR SCRRICEIE CA S &, FPRLCAE &, ¥ CARZR I FIEIT S S5 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.

INFEFFRL Cd BAVRFAE SZAR F IS S b b 3 s R X I 4% o BT SRR AR & 43 it
(B 2), NERREN CARFEERE (1.15) EFEHTHM - 2 (0.39) FZEHFRL (0.60)
72 24 X EE Meta 20 AT 45 R0, RAEKIEIRR Cd BHRE R (4.6) BE ST AT
FINER R CABEERE (1.15), (H/KFER - 2R R (0.100 ANE/hFE (039 [1)1/3,
HZE - FrRsB 2% (0.12) UNNE (0.60) 11120%. LiR%SEFENT, /NI AR & 1)
M B CdiFiaid B OUHZZE - FPRIFHE P B, WAL Cd RFAE . B Fti—3
UESZUB], R TR, ANER R Cd 5 mdth ERER, HAEK Cd B#EHMT,
INERRZE R G 40%~45%H) Cd 1] B 5128 BRI,
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T BERIEFER 1, RSN AR Cd W AR/HA AR E#ETSE 1. Note: The data source is the same as
Table 1, and the mean values of Cd enrichment/transfer coefficients of different parts of wheat in the literature were counted.
B 2 Btk 3 N AN RIERAL Y Cd B AR/ R EL
Fig. 2 Cd enrichment/transfer coefficients of different parts of wheat in alkaline soil
JEEIRNZNE Cd TR EE g, FIB AU IRE 52 Cd &, RE (&
i LA ERARAE) (GB 2762-2022) WE/NEZFFRL Cd IREEA 0.1 mgkg!, SHAFIE.
Wb AR — 2, HAE PR AR 4y (CODEXD. BREE . B s S v [ 25 s 1 [X /)
ZIRARE (0.2mgkg') B, (RIERICIN il %4 f5 (EFSAD @i, A4k Cd & H AT
SZARNE (PTDD 4 0.36 pgkg! BW-D'o FEZEAE RGEHTFLRIIE), 1E Cd AR I
KHE (pH>7.5) 1, N/ Cd R FREE AR RE S T/KME: YHECdy 24T 0~03
mg kg5 0.3~0.6 mg-kg EHEI, A HI5/NE CdIRANEIE S 5N 036 5 0.51 ugkg™
BW-d, jtid PTDI fLLHIIE 35.1%A 71.1%, THRAFEARR, fRERA HEMET Cd #A
X RL BN 2.6%F1 3.9%. BE— Ll YR G RN S R IB), 2t3% pH>7.5
ﬁ PREE R B £ Cd SR EAEIE PTDI )38 Cd BIEDCN 0.41 mgkg!, RT3
AT R I (pH>7.5) 1) Cd MBS i {E (0.6 mgkg!, GB 15618-2018).,

2 Gt Cd IRAF RS S EE RN R

5 S R A RV R B R B R, LS BRRAE MR ER S (CaCOs) H 4R
(50~150 g'kg"), HHEESEENR 0% L, HANURES E W RIS, ERIESES
B pH 2R Cd AW R B 161, CaCOs KRR Caty COs* Iz OH,
Ca BT ¥12 (0.99A) 5 Cd* (0.97A) i, FERAEE TN, il CaCOs b
Y B R CACOs Lyl [FIR, Cd>Hiid [H] & B/ A (54 CaCOs ShA% 1) Ca? 7 1,
AT T A2 AS Cd MIRKIR £h45 G A AR US),

ik CAIRFESAMTT, CaCOsH PRI IR(Cd, Ca)COs[ll ¥, X Cd B H =t
A 2 Cd IRETHER, A RILL CdCos Yl NE, SEIFEAM CaCOs Kifl
AFFFER pH FREN200, SRR, Jbr it T3 iR i 45 &4 Cd i ELRIE 38%~41%,
TE TR (5.7%~162%) 21220, X FLRIRIROR 45 /6Tt (XAFS) A ATiEsk
(231, 5 B A L 3T Cd B [T RR AL IR 55 = 28 S IR BRIR Eh AL UTTE AN R B Bt 45 2
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CaCO; Fr =B M IgPE IR, IR ZERET LRf sk Cd i 2 S btk & .
MUHIRFFE R B, APUFEEL &5 EH SRS ENE, 5 Ca 48 RaN - BE &
& (OM-Ca) 4231, ZE &N CA* B SIEM Y], Pl R s &, W FEC L1
CdZEWA . SR, TEMRBRISED I A VLRER R, OM-Ca 25 m] RAEMEES, 33K
AR AS Cd = Rk 20. 201,

FE R AR L3RS — B e (5.8%~12.7%) WIkER A LYy, FvT it 2 m i A7/
PN Cd B Fe-Cd FLUTTHENLHISZIL Cd BIE &, H pH M3G <358 Cd fEZER A
R & AR e 27, FTATTFEaR B, fERRPEZE LI rp AN NSRS 2 0 . R4
WS BB, T BB DR SRR bR LIRSS A Cd S, dhm R
NFFFRL Cd BRARRS30, EIRESE RGR N 1EREREA IAE BRI LI Cd 1R Rt TR 45
HH (1 LT 2 R

EANUR & BRI S o LI, AV SRR T, Ca2 bl LA L
GEAALE, BREI LA VIR 2R, [N CaCOs A SEHUTNT Cd 1554 W B RN
ZIMEA VTN Cd A TR SEBRoTERI+ 5], BEFTIESE, SMNEESE (Pb. Cu) fEAK
PE g R AT R AN R RIR 2 45 &S LA SR o ieE%, A
ZaAbEE CaCO; & 2 3 I s,

EAEERZ, NERRSUWY kg R @il 2 G RE R sh A R
CaCOs [UIPTTE ~ WEART, HET R 38 08 CAAERRIR L - VAV ST HIWR B — AT . AL,
RBANTNFEIRPREE T CaCOs NMF 1 Cd FEASFALIRE, FEHIB CaCOs 1) - BHLHA -
PRER ) = T0 R FR ) SR A ELAE I ALHI06 24, KA B T IR Bt 358 Cd A=t kb 2
PEIREINAL, T INEMIEAR R T Cd A=A RO Sh A& TR .

3 Btk IR N AR BRI Cd 7 e AR 5 IS AL

VIR SR - L 5 i e R AR HSR I B & TR H R . RAR LA
EEZ W TR IE (-COOH) ¥z (-OH) ERERIA LM AL /EH F= A= 3R i f1 FLfir
AT jd I ] U b IR R CATRERH B T, L B T AT SR B A I S S AR
FAEAR RN AR AR R B2, AR R AR RE 5 HAE R pr R A O, REEY
R AAR & Ll N T 1%, (H/NER AR Cd S EATA KIS 25T FPRi %
TE TR Y, BoRBRAEA (GEBIRED Ay SUEH GREEBEEIRSD X Cd* i
- LS FE R A B AR A Y R DT ek SRR AR B, PO R A R AR T K A A
A 3L R 403 30, T R /N A K E BOLE E R s J i, Hahs
@ CRITBEAE R/ X DTk B miR CdiEE.

TR Cd 1 R FE T TSR E AR CA B THiTRE /1, % 23 T i
WITF . §BUE i SR REER ) Z LR RG2S, Rt PR LI R g, PMER R
NRiXE Few Mn. Cu. Zn S0 VA RPEN S, @/ Ny FaEIIR (FER.
FAEER . BRI ) S Ek (PR 222 DFOM, #kthZ ferrichrome, AFE4mha 2L
JeTelE NA 56, TEAGHRFRHEg P iR R W RN, g5s 17 HIREAX Cd MR8,

HUEARE FLR B, AHLER - BB Ve - AT TR Y(E pH 6~7 Ju[ElN (Ht 1%
WRERRIRIA D) R ARAS, W ARSI Fed-Ca> RIS 37381, e4t, /)
T ANBRIEAZ A, Eids Ca¥/Mg> R HA & B & T IEsfe e 261, MiEmiR
Wi i R B A A R T Ca> B — A 1Al (30-42,
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EAER PR OgA S 518 AR 2 257, ST FOMSIE T DNZRERIAEH Fe*,
Ca>. Mg¥. CA*{EH™Y) - AL - IR T 2 A RN ER A2 K o Cd TR AFAL R
il AR AL SRR PBHESE . DA AN R T 2 IR SR IR T & 70 et T ik
W E SIS AR 5 431 7K P AL T A7) i A SR8

4 Bt NER &R Cd - E T R R s AR B

TR ) Cd¥ 2R Hh R S 20 i TR 2 -5 4 e — B i) S A R PR JR AR 2 R A &
PR E I, — 043 52 L P ) B 5 e L B 1T G2 B sl St N ke o ) SR HE R
Cd i mT i FAR BT A AL A A AL FE I 0, 30— D 5 A5 A MR 4202 R BIR 1] 2%
JRE43-441 R Ak AR BE 1) Cd2 T ZIP. NRAMP S555 38 7K 52 e 5 15 s ik A\ 2]
YR, AR B MRS IE B T (A1 TaHMA3) X Rk figs 47 -9 R0 L At &
[ I Pt B S i DU £ S S ey e S [ SR 2 eV N TR 2 = 0 R 2 S DU Y T 2 S o)
R, B ) RS A o i A & AR

THEG RS CAP IS IS i S E AR B LB & T2 KRR L AR AL,
DT RAATESRT 28 (RTs) . SR HIZER (ZIPs) K RIRPUIHEA S B4
MiEE 1 (Nramp) SERAEMUS-501, AR DA A 3 5 A e 2008 B0 b (n=68) 11, /NF2Hf
Fi Cd & &5 Fe Zn, Mn 25 o % 2 EE EHX (P<0.01) (K 3). 7EHM:FE %
H, NEEE SRR AR T CA R (1) ARG RS R IR R AR R BB S AL R )
HH 1 Fe T TV /SR DY (2) FZARMRABERE A (MAs) 5 FeX TR 1:1 BRI ES &
YW, 2 YSL (yellow stripe 1-like) %12 85 1 E5 i NARAHM2-3), FTREFEH, YSL X
BB AT Cu/Zn> M2 54 8 - B E 55121359, (HILRE R IARHHE 5 4% i
KSEAMNT, HEt Fe/Fe 78 R %A T C> & filid YSL & [ A7 I R Ia 747 4 13

X LK FE Cd FEIE ML R B, OsLCT1 ARSERIPH & FHEIZRTE B Ca> 45 F T X Ca> %%
T2 T T S AR50 56571, T/ NFEAR B COn B S LR 20 B e Ca i, 5
CA> WIS B 5] A BT A58 R v A B . AR /KABIRIL . #5342 Cd o LRI AL 2
N CA5HAN S BB T (Fe/Fe*. Cu*. Zn*. Mn?>") [KHEI5 354 HAE SR AHL #4345
BB IRANIRTL, B R RS AERS BT Cd WIS A AR AL Tt A e R LB 18 S 43

5000

Fe: y=26.2+19.7x R*=0.122 P<0.01 n=68
Zn: y=12.4+16.9x R*=0.291 P<0.001 n=68
Mn: y=25.8+27.0x R?>=0.120 P<0.01 =68
Cu: y=3.18+0.90x R*=0.013 P=0.176 n=68
Ca: y=377-26.3x R?=-0.014 P=0.825 n=68
Mg: y=758+745x R?=0.191 P<0.001 n=68
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s BAERIET ERR GRS 1B R34 . Note: Data from reanalysis of data from published literature [51].
K 3 /NEFPRL Fe/Zn/Mn/Cu/Ca/Mg & & 5 /NEHFRL Cd & B — o2tk [ml 3 43

Fig. 3 One-way linear regression analysis of Fe/Zn/Mn/Cu/Ca/Mg content in wheat grain versus Cd content in wheat grain

5 ik BN Cd BB B R AR

INFERFRL Cd 1 AR R T AR RS it IR B R ISR, S FREEE Cd 1
PO B oTERAE DO A RS, PRk, /N 22 AR R Cd RIS B L [y b b B 38 2 PR AR /N 22 F P Rr
Cd BRRREZEYLH . UET Cd V5 R H 2R AR, JE T80 140 2 [ BRI
R SR VLR 2 R A TBRFAR, ZHm LIRS E SRS TR,
BLEE R I pH K& Ca/Mg> M FITTIE - W8N BRI Cd A=A 2k, EILAEmPE +
Berb g BRI G RR ] (1) AR pH §546 78l 4 3% pH PR Cd A &
FIRA R (2) KA 51 & 3 Caz B8, e A 45 5 1 i Ak 10611,

IR, SR 2 S5 B A A B AR PE 3N Cd BRAR T B AT
RR2-031, L N Cd RFUCEREAR M AR B (B 40, A[RIZEBEL XS
INZRFRLIPE Cd RURAFE R E 2 5 MAEBEANRE Cd AR GYME 74.2%) BEMNT1E
SR (FME 39.6%) EEFSEEALE (MH 44.6%) YIRS (FMH 24.4%). 2R1M,
BEACTE AT CLOR B AR PE R N2 e AR . IR AR o, AR T HAb Btk
H CNEFFRL Cd IEbR I <15%), FRIEBEZEA BRI/ NEAFRL Cd 1EAR % (38.4%) HIE
E1TE, (AR ARFMIAE RN R . S I 2 I X G o v 5 K PR R e e e =5
T 2 X IR UE 5 K B O I AT RGPEAG

1N

5 1 1 1 1 1
REESEENE ALY SN &Yl AN
SiCaMg CM MP BC oM

~
W
T

f=}
T

(o8
T

f=}
T

(o4
T

3
¢t CdEE Cd reduction ratg/%

f=}
T

TE: HURRUEAZE 1 3CHk. Note: Data was extracted from literature collected in Table 1.
B 4 AN [FI R SEBEAL R BRI Z R Cd AR I RCR
Fig. 4 The effect of different types of passivators on reducing Cd accumulation in wheat grains

FERRIE CATT Y IBRIE Lo, 070 DA O 2R RENS A T AR B o 2 (X ZE 0 204, B
R FETUEHAHI DR Cd IR izl Ao, S RE TR, Mmek. . #HIE
A AR /NZE PRI ) Cd RBLELOH 871, IR, 1 B I AR HE AT e /N e fk = AR B
25 In*MRNEZE A, Mg CA* iFIRE 7], A EE L A it A R R AR KRS
JZ_EHHT 3Erh Cd/Zn BEJR HE K pH 26 AF4) . R AR AT AR AL RRSE,  fi HI b A SR 4
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AR K BN SR, A HE— PRI /NEE Cd R RLER08 75, B AR iy it FH T
/N EZARER Cd A8 K ddb Cd b B sz RO BURSOR (BN 58 AR 1L
2JEAS (Wl FeCls. FeSOs. Fea(SO4)3» EDTA-NaxFe). JifiFH & K it F 5 s\ A 276771,

R O REIE Gt ot (GR 20, RERAHEE (BFIE 14.6%~653%). BEAE ([%
& 7.2%~82.3%) FIERNE (F&IE 2.8%~33.1%) HIREUS BRARAIE T35 b /N kPR Cd & &,
B4 24 3% Cd 4b TARTS YK P (1.1~14mgkg!), #/-FEREALEE AT /N R Cd & &
PR ZE B R L ARE 0.1 mgkg! DL Bk, XT i dEitee. . BRAOR LR N
F Cd RREAR, ALt FH SR 0 HER M5 0 2 A 7 T 75— 28 R 7

=2 WM TIEPERMETREE/NEITFR Cd BIRAMR

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

TR LR CAHE spRipE carop  TORRAATRLR PR
” . e .o ) Compliance rate of 2R
BN Soil Cd content/(mg-kg Reduction in grain
1 o wheat References
Trace element ) Cd/% .
grain after treatment
£ Mn 1.9~3.7 14.6~65.3 0 [64-65, 68, 71]
. 1.1~14 11.5~67.0 37.5% [66, 78]
¥ 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]

ERRVE T, IS Cd & BN AR Cd BROCEERI ZR D), Btk, 78 Cd &
BRI LIEZEM T, Cd MEBRRRENE 22 . ERE AT A dER”
THOECR I SR, BRI AT “adErs, R KR RAIUNEE., OfF
WFERE, FEECRAEY) (nToK, k) RIVHAEFT Cd AR R E S mFFRL Cd AR KU U
FEE . Bilhn, EEE Cdisyefsm (3% Cd &8N 2.20 mg-kg!, pHIEN 5.36) 1, Cd
B RZRE FKFEF A, HFEH Cd F20E 4.07 mgkg!, MFFRiH Cd &&EL 0.07
mg-kg'82, [FEIRE, M43 Cd EEEIE 7.23 mgkg B, MM W 517 ORSFT Cd &
A 26.0 mg-kg!, HIFFRL Cd &N 0.41 mg-kg's BEAh,  Cd MM SR ) K 1)
R RMEL, NAT 2%% 10%2 [A]83-84, SR1, HATKEERAT R R SL I 3% Cd 15 4&
FSERANBONEBRES, xt b re 3%, 57 i R A LR IR D7 2, 5k
TEPIRR RN Cd BIIEAL - ISR G 2808, NI A K HIE Cd & &, HSPUA RN %
AR REER

6 b E5REYE

By PR Cd iSRRI E R, ANERPRL Cd FE. EERBUERR R R R, 5
I B 2 e AN 2, T3 ISR BAT 13 Cd J5 Qe RS IR E . /NEERFRL Cd BREFRUER
Ji £ % % RS, 2 8] BB G IRE 7 s B g rh /N AR PR AL Cd A P 2 . AP TR %%
A B IRFN L BIE I 0 S 55, /N Cd 5 H AR T B R, iz BAENLHIBE S A 1
Iag, IR A K A R N 2 A A P R B B AR -

D) /NEFFRL Cd EARe . AR AR = B EEE TR I, SSm I sl g

(pH 7.26~8.55, Cd & &N 0.26~5.75 mg-kg!), 75%LL EHI/NEFFRL Cd & &t 0.1
mg-kg!, JFH 1% Cd & R AT H AR IEILEN, RN HPRL AR R ATIE 25.0%. F5
FRAERGH, WNEFPRL Cd EHE A (0.46) HERT/AKR (0.12), HIR - 25 cd A
(039 BERETAKRE (0.10), X/NEFR R Cd BATHEETTHR.

2) B, ANFERPRIG Cd [ BRSBTS AR Cd B FE .. AR fE
K, L3 Cd SEMT AR THEMER, NFFRL Cd B iE E# i PTDI 8 1 L
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15 35.1%M 71.1%, @ TKE. BRGNS HTRE, 2t pH>7.5 B, W2
PTDI #EFEAE ) 3% Cd S BN 0.41 mg-kg!, (KT IATHM: S 3% (pH>7.5) Hff)
Cd RS i -

3) BPERE LY, ANEEER R WE RS SRS AE KL HBRME TR,
BETT AR PR IR P AR R R L TRk e Cd TER PR TH W B AR AT v, R
FOXF AR B 358 Cd TR A5 B A 52 (1P AH SO 20 F-HL f Cd 5 Fe'/Zn> /Mn?*/Ca? S5 W 1L
HIB HAR RSN Tt — IR NIRTE, AR ARFR Cd A RS HE R HoR RS HERS Bt
Cd RIS AL Tl AR AR SR AL EE 1 S 4%

4) FZE CATg PPt AR S e, - R H A PR AR 3 b N R PRL Cd S
PIRCRA R AL SRR A B AR/ N PR Cd BRI AR TR ). i
FLBERTANAE MR BT, AE/NEERERL CAIAFR R AT AR Bl 148 it F s oo R T e A
BHIENERRL Cd RRRECRBUL TR R & . T Cd & &, pH 50K 281, Kk
M B Hi BRI Cd RBMEARFE R —DIRA . B, HE Cd st
W, R Cd MIRE R B A OB /N 2 A AR P R DG
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