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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 exp osure 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 Cdrisk 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.
B 1 R A AR AR [F) R R KRB 5 /N F PR Cd & xS HE
Fig. 1 Comparison of Cd content inrice and wheat grains collected from the same soil sampling points within rice-wheat rotation
farmland
= 1M IR R NRATRL Cd RFRHHE

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

LA Cd R KPR Cd % FHHL Cd
+1% pH Soil Cd content/(mg'kg™) Grain Cd content/(mg'kg") G%*mfd
. ain
SoilpH g oM PG ROKME BUME BEUE exceeding
Maximum  Minimum Median Maximum Minimum Median rate/%
T4 Cd
VN T7~7.5 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
T4 Cd
L 7~1.5 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

7E: JEIT Web of Science #2817 “alkaline + soil + wheat + grain + cadmium” W SCHR, JLAER IR 76 &5, HAPHE L
WRA25 . MR SRR CA B I PRI CA A I, FPR CAMAF IO P 47561 15 R 7 . 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 fom each
paper for statistics and presentation.

INZERFRL Cd RBURFE SZAR R RS S bbb iR i (P O B 4% o 5T SR 28 & 0
(Bl2), NEWAS CAdIEERL (1.15) BFEHTHE -2 (0.39) FMZHFR (0.60)
FH 24 FTEE Meta 73 #2450, REKBIR R Cd BHERE (4.6) BE ST A
PINEMRZR CAEERRE (1.15), HARER - 2B R (0.100 A/~ (039 11/3,
HZ - RS RE (0.12) UA/ME (0.60) 120%. FiRGEHEFEH, /N i@ AR ES 1)
Hh B Cdfia i i (JUHEZE - MRS B, BTk Cd RflE. mtast—5
WESE-B), M TR, ADNERAWI Cd B 5 Mk e, HAAMR cd #&E%&E T,
INEIRZERGH 40%~45% 1) Cd 1 i 455128 ZFFRPT,
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Table 1, andthe mean values of Cd enrichment/transfer coefficients of different parts of wheat in theliterature were counted.
B 2 Btk 3 N AR BB AL Cd ' B/ Rs R AL
Fig. 2 Cd enrichment/transfer coefficients of different parts of wheat in alkaline soil
FEEFINENE Cd B HR 2@, FHBIU™ K IRE A Cd S8, KE (F

i A EARMEY (GB 2762-2022) g /NEAFRL Cd BREAEN 0.1 mgkg!, S AR,
W AR HE— 2, HEE PR A ZE 512y (CODEX) . BREE . Bk J o (5 #5 Hs 1 [X /)
ZifbrdE (0.2mgkg!) ™A% . RIGEGIN T4 R (EFSA) &, A4k Cd & H vl
ZEANE (PTDD 4 0.36 pgkg!' BW-D'. FEZEAERGHI TR, 18 Cd AR HHH L
KH (pH>7.5) 1, RN/ CAdEE#TNEEE R TKME: Y ThEcdEELT 0~0.3
mg-kg 5 0.3~0.6 mg-kg VEHEN, A H®/NZE Cd AN EIME 78 0.36 5 0.51 pg-kg?
BW-d', #id PTDI [{LLGIE 35.1%F1 71.1%, MIRARKES, REERA H SRS Cd A
X EFIN 2.6%M 3.9%. Bt Bl W G AR K BIP), 2t8E pH>7.5
i, PRI HIRE & Cd SN E AL PTDI (13 Cd BI{EACN 0.41 mgkg!, KT I
ATHE R 8 (pH>7.5) () Cd WKk {E (0.6 mgkg!', GB 15618-2018).
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0 SRR R T A R R R R B R, R AE AR ERAS (CaCOs) EAE
(50~150g-kg"), HHEEETER 0%, HANR S ETmEARIS), SiRE S
Fr AR pH AR REIA Cd AW A E R B ZLH 100, CaCOs KARRETN Ca?* COs> J OH',
Ca” BT 12 (0.99A) 5 Cd (0.97A) #HiE, FERAET TR, HEifigh CaCOs it
G B CACOs Ll s [Fi, Cdtimid [F) g B #AE A S CaCOs b s H 1) Ca? il £,
TR T A Cd [FIBRIR $h 45 A A5 AR08,

ik CAWRFELAFT, CaCOs B MR ML (Cd, Ca)COs[EEMAR, XF Cd FILH ik bt
MYy, 2 Cd WETHER, JiRARE L CdCOs JUiEE i T, SFEIFWAMH CaCOs Kt
MK pH FREIO200, wF5R R, Jborhatt Bz sh4s &4 cd G EE 38%~41%,
Vo TR IR 38 (5.7%~16.2%) 21221, X SISO 045 F 6t (XAFS) 4:HTiiFse
(231, 436 il - 356 Cd 1A T REATL 1R 26 P E 48 SR B S BRIR B AL S ANE Y B S %
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B HIRFLEBR RGBS 30, MR N/ N H IS K E 2B E NN =50, s
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A R R B, A LR - BRE R b RE FH T Tk 7E pH 6~7 JoFEIN (it £33
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W, NSRRI I P SRR AR S CAM i (1) ARgRAY R LR AL AR A L 5 A )
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e BAERIET O R R SCIR[S 11 53E I 49T Note: Datafromreanalysis of data from published literature [51].
K 3 /NEFPRE Fe/Zn/Mn/Cu/Ca/M g &5 i 5 /INEFPRE Cd 25 8 (R — TC 2R PE A1 U3 43 BT
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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Cd RUMEENS] . HET Cd V5 ek B AR HE A, BT B0 40 27 [ e A
RSt Iz R, FRRETE . ZEGI IR RN E SRS TR,
BB R 3% pH ) Ca> /Mg FIUTTE - WP BB BRAR Cd A= 90A Rictt:, B HAEm P +
Berb ) S TG XCE BRI (1) A pH 854k 74tk )isd 4 3% pH BRI Cd A &tk
IR ROR ;s (2) KA 5 & s Car B, e H 3R 45 5 M ik le0-o1l,

VT AERIE AR B, SR 2 ST B AR A PRI 38 /N 22 Cd AR 5 T LA LA 1)
RR02031, BSp LI NE Cd BRSCIREIE SRR IR (B 4, AFESEA AR
INFRFRLI PR Cd ACRAFAE R E 2 R SEWEATIE Cd R (91E 74.2%) BER TAE
GRS OME 39.6%). FEASEEAEZE (MY 44.6%) AIAEMRZE (IMH 24.4%). SR,
BT AT DL R B 1 T3 v /NS () 2 A A . A B s B oR, AT HAh Bk
A CONZZRFRL Cd AR Z I <15%), FEEIEEA IR/ NZFFRL Cd BAREE (38.4%) HE
EIT, HIRSE BRI AR R R . SR A 1 X UG R M S KR A e A 75
IS 2 XS0 IE 5 K e O I AT RGEVEAS

N

5 1 1 1 1 1
BEAEEIE R SR &Yk HH o
SiCaMg CM MP BC oM

100

~
(=] W (=} W
T T T T
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(53
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(=]
T

H: HHERIEFE 1 4 SC#R. Note: Data was extracted from literature collected in Table 1.
P 4 AN [FI RS BEAL R RGN ZFFRE Cd AR R IR
Fig. 4 The effect ofdifferent types of passivators on reducing Cd accumulation in wheat grains

FERRPE CA 5 Je Bt 3 rp, B/ AR e K BE G 1A T AR P B 1 AR e, Bl
R FEFE A ER Cd i is ik 20, CE R HIITRY], Mgk, . S
A RPN ZERPRL P Cd SRR 0871 R, o Bt B IE T e N AR A P AR B
25 I MRIFIZEA, MG Cd Mz Re 177, B IE it R R AR KRR
JE EEL T 3 Cd/Zn BEIR LG J pH AR, SO ERABAIEEAERRISE, R A A S R
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LRI BB ST, A B — BT /N Cd AR R4 2R 108 751, R AR () it FH Xof
W NER R Cd A RPE K> Cd [kl S s R0 AR R, (B R85 8 AR 1k
YA (W FeCli FeSOs. Fea(SO4)s« EDTA-NaxFe). Jiti FH & A it 1] 77 2055 Y AH 5176771,

W KBRS I8 (R 2), REMAEE (FFIE 14.6%~65.3%). FE (%
& 7.2%~82.3%) FIERAE (P& 2.8%~33.1%) JREMS FFAHIE 138 b /N kPR Cd &8,
EAY 24 13 Cd A TARYS Gk Pt (1.1~1.4mgkg"), #BEEAEALFR T/ NEFFRL Cd & &
FRZE M2 2IRME 0.1 mgkg! LN, Ft, SFunfrgdineHes. a2 DL
7 Cd BRMEA,  FAE N SRms i M 5 08 265 T 7R 3 — 20 R4t ot

= 2 W T E P E A E TR RN EIRL Cd 2R

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

e 2 +H Cd R PR cagop U bEERGARR
Sk . . S . Compliance rate of 225k
S Soil Cd content/(mg-kg Reduction in grain wh Ref
Trace element Y Cd/% . cat clerences
grain after treatment
£ Mn 1.9~3.7 14.6~65.3 0 [64-65,68,71]
b7 1.1~1.4 11.5~67.0 37.5% [66,78]
¥ Zn
1.8~2.0 7.2~823 0 [69-70,74,79]
Bk Fe 0.5~1.0 2.8~33.1 0 [76,80-81]

FEWME 5, IR Cd & 2R FM/INEATRL Cd RIS =), Kk, fECd &
EEE N LEEM T, Cd WEBRRIRIENEZ 22 0. EIRIE ST “ AR ER”
THUBOR I =N, P RIAUR HHEAT “alsEr=, ARk Mk BBt AEE. 2f
WFFER I, FELRAEY) (oK. W) RIEAEH Cd AR R E = TAFRL Cd bR RSB
FREME. Bltn, EEE CdisyeR M (H3E cd S84 2.20 mg-kg!, pH{EN 5.36) #, Cd
B2 BRE KRR, HAFSFF Cd S ETE 4.07 mgkg!, MR Cd FEL 0.07
mg kg B2, FRE, M+ Cd SEFEIS 7.23 mg-kg! B, WEEEAD “Hrim 517 BOREFT Cd &
=ik 26.0 mg-kg!, (HHAFRL Cd & 21UN 0.41 mg-kg's BEAh,  Cd M IHEEFF [ ZEFF I R
HREMER, T 2%%E 10%2 8B4, SR, H iR RRSeEl 3% Cd 15 414&
SRR A BRES ., b it 3%, 7575 dad it A A MURER IESE )7 =0, stk
TEVIRR Z% Cd BIIEAL - RS & 2808, AT A AR 3 Cd &, T HUSPRIE B/ %2
A RE K .

6 4iikHRE

B HEE Cd ISy B3E R, NERPRL Cd SR, BERBUGBIRERNRE, 5liE
I BN ZM, FnaaIA T 38 Cd {5 P RS IR .. /NEFFR Cd FREFRuER
i B B e XU 2 B BB 22 QR 9 s bk e b/ N2 AR PR ST Cd I r BO I A2 . AP TR
A S BRI FE 1 2 55, N Cd 5 HAR TR o &= . s TAELRI B 7T A 1
Iag, IR AT R N 22 A A PR R R S Ak B PR K A

D) /NEFRL Cd E5ERe S ak. b AR S o R HEE A I, S5 HeE Eme gE

(pH 7.26~8.55, Cd &&N 0.26~5.75 mg-kg"), 75%LL EMI/NEFRL Cd S&E#iL 0.1
mg-kg', FFH Y1 Cd & BT H R IHEAER, XS /N SRR 24595 25.0%. 7
FAERGH, NEFFRL Cd B4R (0.46) BIEFT/KR (0.12), Hil-Z% cd#EB A
5 (0.39) BEETAKRE (0.10), /MR R Cd A EETTk.

2) EPELEE, ANEEAPRON Cd i RS BTN AR S ) Cd R iR X . TR fe Ak
RH, 3 Cd FEMITHRRKIHEAER, NEEFR Cd 2l PTDI R E 1 L]
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1K 351%F 71.1%, EmTKME. BRGNS R, 1% pH>7.5 B, 2
PTDI HEFE 38 Cd & B BME AN 0.41 mg-kg!, @K T IATHME 2 3% (pH>7.5) dif
Cd XU i 1 AH o

3) B FAE R, N EE R R WA VIR S Bk B AT AL A K AL T A E TR
BEM SRR Br L3RR AR ) B AR SRR . TR K CAAEN PR 1 W B A AT o, {H
FEXHR B 2338 Cd PR TR 25 B A 52 00 (R A SR AOML 73 T LiI S Cd 5 Fe**/Zn?/Mn**/Ca? 25 W UL
iz BARRONAN TRt — BIRANIR T, ITIWTAARER Cd A MRS HE P BOR S R #E 5 41
Cd AR A HOR SR AL R854

4) 278 Cd 5 Guyis il & Ay S (P E R, —H IR 70 PR AR PE 3 R /N RL Cd i
IRBCRA IR . B BB SRR I 2 BRI/ 22 RE Cd RARIRCR B TSR 0. Bk
PEEREA ALY IR RBUAGTR, AH/NZZRFRL CAIAbRZFAT AR . B = 438 v it F B 7o 3R D e A
BHH N AR Cd RRFIZCRBOR TIEICR SR 13 Cd 58, pH SRR, FuE
TEHEE. Hh. BRICIAEE N Cd BRHEARTI TRt — BRI . e HJE Cd 7554t
Hr, 3 Cd IR RS R e R IR N 22 22 4 AR P ) S

2 E Y #k(References)

[1] Ministry of Environmental Protection, Ministry of Land and Resources. Bulletin of national soil pollution survey[J]. Natural
Resources Newsletter, 2014, 8: 26-29. [FAEE{R 45, [E - B35S, 4 [F 133875 JeR B A AR[T]. 5 28 PRSI, 2014, 8:
26-29.]

[2] Wang Y, Gao P P, Shang Y M, et al. Trade-offs of reproductive growth and Cd remobilization regulated Cd accumulation in
wheat grains (Triticum aestivum L.)[J]. Journal of Hazardous Materials, 2024, 476: 135166.

[3]1 Dong CH, Zhang L C, Zhang Q, et al. 7iller Number1 encodes an ankyrin repeat protein that controls tillering in bread wheat[J].
Nature Communications, 2023, 14: 836.

[4] Batis C, Sotres-Alvarez D, Gordon-Larsen P, et al. Longitudinal analysis of dietary patterns in Chinese adults from 1991 to
2009[J]. British Journal of Nutrition, 2014, 111(8): 1441-1451.

[SILiY T,Fan GP, Gao Y, et al. Wheat tends to accumulate higher levels of cadmium in the grains thanrice under a wide range
of soil pH and Cd concentrations: A field study on rice-wheat rotation farmland[J]. Environmental Pollution, 2025, 367:
125574.

[6] LiZ M, Liang Y, Hu H W, et al. Speciation, transportation, and pathways of cadmium in soil-rice systems: A review on the
environmental implications and remediation approaches for food safety[J]. Environment Intemational, 2021, 156: 106749.

[7] Puschenreiter M, Gruber B, Wenzel W W, et al. Phytosiderophore-induced mobilization and uptake of Cd, Cu, Fe, Ni, Pb and
Zn by wheat plants grown on metal-enriched soils[J]. Environmental and Experimental Botany,2017, 138: 67-76.

[8] Lin Q Q, Wang Y L, Yang X H, et al. Effect of low-molecular-weight organic acids on hematite dissolution promoted by
desferrioxamine B[J]. Environmental Science and P ollution Research, 2018, 25(1): 163-173.

[9] Yan BE, Nguyen C, Pokrovsky O S, et al. Cadmium allocationto grains in durum wheat exposed to low Cd concentrations in
hydroponics[J]. Ecotoxicology and Environmental Safety, 2019, 184: 109592.

[10] Li X F, Zhou D M. A meta-analysis on phenotypic variation in cadmium accumulation of rice and wheat: Implications for
food cadmium risk control[J]. Pedosphere, 2019, 29(5): 545-553.

[11]HarrisN S, Taylor GJ. Cadmium uptake and partitioning in durum wheat during grain filling[J]. BMC Plant Biology, 2013,
13:103.

[12] Chan D Y, Hale B A. Differential accumulation of Cd in durum wheat cultivars: Uptake and retranslocation as sources of
variation[J]. Journal of Experimental Botany, 2004, 55(408): 2571-2579.

[13] Yan BF, Nguyen C, Pokrovsky O S, et al. Contribution ofremobilization to the loading of cadmium in durum wheat grains:
Impact ofpost-anthesis nitrogen supply[J]. Plant and Soil, 2018, 424(1): 591-606.

http://pedologica.issas.ac.cn



4 3 5 R
Acta Pedologica Sinica

[14] Qiao J J, Li Q, Zhao Y, et al. Study on the CaCOj3 content characteristics in conterminous region of Beijing, Tianjin and
Hebei[J]. Geography and Geo-Information Science, 2009, 25(6): 56-59. [ FrHEIE, 250, MXME, 25, UM PHEX LR
PR RS 0 2 AT R[], MR 5 R A B R} 2, 20009, 25(6): 56-59.]

[15] TaoL,MaD H, Zhang C Z, et al. Distribution characteristics of calcium forms and their relations with organic carbon content
in calcareous soil aggregates[J]. Soils, 2021, 53(4): 715-722. [P, DR 5%, ik M, 5. 1 2K P 35 [ SR ik i SRR
KL GHEHS RIS R[)]. 11, 2021, 53(4): 715-722.]

[16] HuangF, Wei X M, ZhuT B, et al. Insights into distribution of soil available heavy metals in Karst area and its influencing
factors in Guilin, southwest China[J]. Forests, 2021, 12(5): 609.

[17] McBride M B. Chemisorption of Cd®* on calcite surfaces[J]. Soil Science Society of America Journal, 1980,44(1): 26-28.
[18] Mandell GK, Rock P A, Fink W H, et al. Lattice energies of calcite-structure metal carbonates I11. Theoretical excess energies
for solid solutions (Ca, M)CO; [M=Cd, Mn, orFe][J]. Journal of Physics and Chemistry of Solids, 1999,60(5): 651-661.
[19] Papadopoulos P, Rowell D L. The reactions of cadmium with calcium carbonate surfaces[J]. European Journal of Soil Science,

1988, 39(1): 23-36.

[20] Pearson AR, Hartland A, Frisia S, et al. Formation ofcalcite in the presence of dissolved organic matter: Partitioning, fabrics
and fluorescence[J]. Chemical Geology, 2020, 539: 119492.

[21] Yong Y'Y, Yang T T, Wang Y L, et al. Mercapto—palygorskite decreases the Cd uptake of wheat by changing Fe and Mn fraction
in Cd contaminated alkaline soil[J]. Geoderma, 2024,441: 116751.

[22]LiB,Zhu HH, ZhuQ H, et al. Improving liming mode for remediation of Cd-contaminated acidic paddy soils: Identifying
the optimal soil pH, model and efficacies[J]. Ecotoxicology and Environmental Safety,2024, 272: 116038.

[23] Zhao X L, Takahashi Y, WuW §; et al. Speciation of Znand Cd in sierozem soil, northwest China: Bulk EXAFSand micro
synchrotron X-ray fluorescence[J]. Environmental Science: Processes & Impacts, 2023, 25(5): 954-963.

[24] Wei N,Gu XY, Wen Y B, et al. Geochemical speciation and activation risks of Cd, Ni, and Zn in soils with naturally high
backgroundin karst regions of southwestern China[J]. Journal of Hazardous Materials, 2025, 486: 137100.

[25]1ShiZ Q, AllenH E, Di Toro DM, et al. Predicting PblI adsorption onsoils: The roles of soil organic matter, cation competition
andiron (hydr)oxides[J]. Environmental Chemistry, 2013, 10(6): 465-474.

[26] Rowley M C, Grand S, Verrecchia E P. Calcium-mediated stabilisation of soil organic carbon[J]. Biogeochemistry, 2018,
137(1):27-49.

[27] Liu L, Wang X M, Zhu M Q, et al. The speciation of Cd in Cd-Fe coprecipitates: Does Cd substitute for Fe in goethite
structure?[J]. ACS Earth and Space Chemistry, 2019, 3(10): 2225-2236.

[28] Liang X F, Li N, He L Z, et al. Inhibition of Cd accumulation in winter wheat (7riticum aestivum L.) grown in alkaline soil
using mercapto-modified attapulgite[J]. Science of the Total Environment, 2019, 688: 818-826.

[29] Zhang Y,XuY M, Liang X F, et al. Rhizosphere effect enhanced the immobilization efficiency of mercapto-palygorskite for
Cd in alkaline soil: Mechanism from the perspective of microorganism[J]. Journal of Soil Science and Plant Nutrition, 2024,
24(4):7713-7728.

[30]LuT, Wang W H, LiuL H, et al. Remediation of cadmium-polluted weakly alkalinedryland soils using iron and manganese
oxides for immobilized wheat uptake[J]. Journal of Cleaner Production, 2022, 365: 132794.

[31] He J. The adsorption and desorption of several calcareous soils with different content calcium carbonate on exogenous
pollutants[D]. Shenyang: Shenyang Agricultural University, 2012. [ %45, AN [FIBRERES & A7 A M1 XTI MIR TS5 4k
P AV [D]. PERH: TERH AR L K22, 201 2.]

[32] Kahle H. Response ofroots of trees to heavy metals[J]. Environmental and Experimental Botany, 1993, 33(1): 99-119.

[33] ZhangF C. Nutrient transport mechanism of soil-root system and its numerical simulation[D]. Yangling, Shaanxi: Northwest
A & F University,2001. [ & (. 138- IR G IR0 TR L BERIUD]. Beri ik LR BRI, 2001.]

[34] Huang P X. Response and mechanism on different wheat varieties to lead and cadmium[D]. Yangzhou, Jiangsu: Yangzhou
University, 2007. [3&¥E75. A [E/NE AT Cdy Pb [ MATHLEE 78 [D]. L7542 M: M K 2,2007.]

http://pedologica.issas.ac.cn



4 3 5 R
Acta Pedologica Sinica

[35] Jungk A O. Dynamics of nutrient movement at the soil-root interface//Plant roots: The hidden half[M]. New York: Verlag
Marcel DekkerlInc., 1991.

[36] Barber SA. Soil nutrient bioavailability: Amechanisticapproach[M].2nd ed. New York: John Wiley and Sons Inc. 1995.

[37] Reichard P U, Kretzschmar R, Kraemer SM. Dissolution mechanisms of goethite in the presence of siderophores and organic
acids[J]. Geochimica et Cosmochimica Acta, 2007, 71(23): 5635-5650.

[38] Sadrarhami A, Grove J H, Zeinali H. The microbial siderophore desferrioxamine B inhibits Fe and Zn uptake in three spring
wheat genotypes grown in Fe-deficient nutrient solution[J]. Journalof Plant Nutrition, 202 1, 44(15): 2299-2309.

[39] Ritschel T, Totsche K U. Reductive transformation of birnessite by low-molecular-weight organic acids[J]. Chemosphere,
2023,325:138414.

[40] Rothwell K A, ThomasArrigo L K, Kaegi R, et al. Lowmolecular weight organic acids stabilise siderite against oxidation and
influence the composition of iron (oxyhydr)oxide oxidation products[J]. Environmental Science: Processes & Impacts, 2025,
27(1):133-145.

[41] Hu S W, Zheng L R, Zhang H Y, et al. Sequestration of labile organic matter by secondary Fe minerals from
chemodenitrification: Insight into mineral protection mechanisms[J]. Environmental Science & Technology, 2024, 58(25):
11003-11015.

[42]HuSW, Zhen L R, Liu SH, et al. Synchronous sequestration of cadmium and fulvic acid by secondary minerals from Fe(Il)-
catalyzed ferrihydrite transformation[J]. Geochimica et Cosmochimica Acta, 2022, 334: 83-98.

[43] Liu Y K, LuM, Tao Q, et al. A comparative study of root cadmium radial transport in seedlings of two wheat ( Tiiticum
aestivum L.) genotypes differing in grain cadmium accumulation[J]. Environmental P ollution, 2020,266: 115235.

[44] ZhangD Z, ZhouH, Shao L L, et al. Root characteristics critical for cadmium tolerance and reduced accumulation in wheat
(Triticum aestivum L.)[J]. Journal of Environmental Management, 2022, 305: 114365.

[45] Suzuki M, Urabe A, Sasaki S, et al. Development of a mugineic acid family phytosiderophoreanalog as an iron fertilizer{J].
Nature Communications, 2021, 12: 1558.

[46] Connolly EL, FettJ P, Guerinot M L. Expression of the IRT 1 metal transporter is controlled by metals at the levels of transcript
and proteinaccumulation[J]. Plant Cell, 2002, 14(6): 1347-1357.

[47] Ishimaru Y, Takahashi R, Bashir K, et al. Characterizing therole of rice NRAMPS in manganese, iron and cadmium transport[J].
Scientific Reports,2012,2:286.

[48] Pottier M, Oomen R, Picco C, et al. Identification of mutations allowing Natural Resistance Associated Macrophage P roteins
(NRAMP) to discriminate against cadmium[J]. The Plant Journal, 2015, 83(4): 625-637.

[49]LiL Z, TuC, Peijnenburg W J GM, et al. Characteristics of cadmium uptake and membrane transport inroots of intact wheat
(Triticum aestivum L.) seedlings[J]. Environmental Pollution, 2017,221: 351-358.

[50] Abedi T, Mojiri A. Cadmium uptake by wheat (7riticum aestivum L.): An overview[J]. Plants, 2020,9(4): 500.

[511YiQ S, Wang, Yi C, et al. Agronomic and ionomics indicators of high-yield, mineral-dense, and low-Cd grains of wheat
(Triticum aestivum L.) cultivars[J]. Ecotoxicology and Environmental Safety, 2023, 261: 115120.

[52] Curie C, Cassin G, Couch D, et al. Metal movement within the plant: Contribution ofnicotianamine and yellow stripe 1-like
transporters[J]. Annals of Botany, 2009, 103(1): 1-11.

[53] Oburger E, Gruber B, Schindlegger Y, et al. Root exudation of phytosiderophores from soil-grown wheat[J]. New Phytologist,
2014,203(4): 1161-1174.

[54] Cakmak S, Giiliit K'Y, Marschner H, et al. Efect of zincand iron deficiency on phytoslderophore release in wheat genotypes
differingin zinc efficiency[J]. Journal of Plant Nutrition, 1994, 17(1): 1-17.

[55] Chaignon V, Di MaltaD, Hinsinger P. Fe-deficiency increases Cu acquisition by wheat cropped in a Cu-contaminated vineyard
soil[J]. NewPhytologist, 2002, 154(1): 121-130.

[56] Uraguchi S, Kamiya T, Sakamoto T, et al. Low-affinity cation transporter (OsLCT1) regulates cadmium transport into rice
grains[J]. Proceedings of the National Academy of Sciences of the United States of America,2011, 108(52): 20959-20964.

http://pedologica.issas.ac.cn



+ 3 Rk
Acta Pedologica Sinica

[57] Uraguchi S, Kamiya T, Clemens S, et al. Characterization of OsLCT, a cadmium transporter from indica rice (Oryza sativa)[J].
Physiologia Plantarum, 2014, 151(3): 339-347.

[58] Tavarez M, Macri A, Sankaran R P. Cadmium and zinc partitioning and accumulation during grain filling in two near isogenic
lines of durum wheat[J]. Plant Physiology and Biochemistry, 2015, 97: 461-469.

[59] FenglJ Y, Nie X X, Liu B, et al. Efficiency of in situ passivation remediation in cadmium-contaminated farmland soil and its
mechanism: Areview[J]. Journal of Agricultural Resources and Environment, 2021, 38(5): 764-777. [{%4z, 3587 /2, X,
SRS YA I JE AT BEAAS SRR KM BRI TR [J]. A0 3R IR S I8, 2021, 38(5): 764-777.]

[60] ZhangL H, BaiJJ, Tian R Y, et al. Cadmium remediation strategies in alkalinearable soils in northem China: Current status
and challenges[J]. Acta Pedologica Sinica, 2024, 61(2): 348-360. [k J1i%, FIAS, HF 2=, 4. rp B b 5 Bl it A 13584
VYA PR SH6R[T]. 1 3E24R, 2024,61(2): 348-360.]

[61] Adebowale K O, Unuabonah I E, Olu-Owolabi B 1. The effect of some operating variables on the adsorption of lead and
cadmium ions on kaolinite clay[J]. Journal of Hazardous Materials,2006, 134(1/2/3): 130-139.

[62] Wang Y L, Xu Y M, Liang X F, et al. Effects of mercapto-palygorskite on Cd distribution in soil aggregates and Cd
accumulation by wheat in Cd contaminated alkaline soil[J]. Chemosphere, 2021,271: 129590.

[63] HuangQ Q, Di X R, Liu Z J, et al. Mercapto-palygorskite efficiently immobilizes cadmium in alkaline soil and reduces its
accumulation in wheat plants: A field study[J]. Ecotoxicology and Environmental Safety, 2023, 266: 115559.

[64] WangY L, XuY M, Liang X F, et al. Soil addition of MnSO4 reduces wheat Cd accumulation by simultaneously increasing
labile Mn and decreasing labile Cd concentrations in calcareous soil: A two-year pot study[J]. Chemosphere, 2023, 317:
137900.

[65] Huang Q Q, Wang Y L, Qin X, et al. Soil application of manganese sulfate effectively reduces Cd bioavailability in Cd
contaminated soil and Cd translocation and accumulation in wheat[J]. Science ofthe Total Environment,2022, 814: 152765.

[66] Zhou J, Zhang C, Du B Y, et al. Effects of zinc application on cadmium (Cd) accumulation and plant growth through
modulation of the antioxidant system and translocation of Cd in low- and high-Cd wheat cultivars[J]. Environmental Pollution,
2020,265: 115045.

[67]MaWY,LiYL,Ge CH, et al. Effect of genotype on cadmium and trace element accumulation in wheat from weakly alkaline
cadmium-contaminated soil[J]. Bulletin of Environmental Contamination and Toxicology, 2024,113:9.

[68] Wang W H, Lu T, Liu L H, et al. Zeolite-supported manganese oxides decrease the Cd uptake of wheat plants in Cd-
contaminated weakly alkalinearable soils[J]. Journal of Hazardous Materials, 2021, 419: 126464.

[69] ZhouZ, Zhang B, LiuH T, et al. Zinc effects on cadmium toxicity in two wheat varieties (Zriticum aestivum L.) differing n
grain cadmium accumulation[J]. Ecotoxicology and Environmental Safety,2019, 183: 109562.

[70] Yao C, Zhou T Y, Fan G P, et al. Effects of different zinc fertilizers on soil cadmium availability and cadmium uptake and
transport in wheat[J]. Journal of Agro-Environment Science, 2024, 43(1): 19-29. [ k¥, & K32, 87 3%, 5. AN F A+
B A AU /N FE R RN 12 IS M ], A IRET R 4R, 2024, 43(1): 19-29.]

[71] Yao C,ZhouTY, YiC, et al. Effects of manganese fertilizer on rhizosphere soil manganeseavailability and cadmium uptake
andtransport by wheat[J]. Journal of Agro-Environment Science, 2022, 41(9): 1955-1965. [ W7, Ji K52, 58, 5. iR
HE o R B b B A Ak B/ 22 SRR S (R il [ J]. AV FRBER 2% 254, 2022,41(9): 1955-1965.]

[72] Sarwar N, Saifullah, Malhi SS, et al. Role of mineral nutrition in minimizing cadmium accumulation by plants[J]. Journal of
the Science of Foodand Agriculture, 2010, 90(6): 925-937.

[73] Salah S A, Barrington S F. Effect of soil fertility and transpiration rate on young wheat plants (7riticum aestivum) CdZn
uptake and yield[J]. Agricultural Water Management, 2006, 82(1/2): 177-192.

[74]NiuS, WangT Q, Yang Y, et al. Effect of zinc fertilizer application on cadmium accumulation in wheat grain and its application
risk[J]. Environmental Science, 2023, 44(2): 984-990. [ 2-1il, £ K 5%, ¥FH, 25 HIA) e FH AT X6k /IN22 b ik SRR IR K
Jiti RS [J]. AR 27, 2023,44(2): 984-990.]

[75] UsmanM, Zia-Ur-Rehman M, Rizwan M, et al. Effect of soil texture and zinc oxide nanoparticles on growth and accumulation

http://pedologica.issas.ac.cn



+ 3 Rk
Acta Pedologica Sinica

of cadmium by wheat: Alife cycle study[J]. Environmental Research,2023,216: 114397.

[76] Yao Q, Yang Y'Y, Chen J, etal. Soil application of FeCl; and Fe,(SO4)3 reduced grain cadmium concentration in Polish wheat
(Triticum polonicum L.)[J]. BMC Plant Biology, 2024,24(1): 930.

[77] Yao Q,Li W P,LiuY, et al. FeCls and Fe»(SO4); differentially reduce Cd uptake and accumulation in Polish wheat (Zriticum
polonicum L.)seedlings by exporting Cd from roots and limiting Cd binding in theroot cell walls[J]. Environmental Pollution,
2023,317:120762.

[78] Li C, Li G X, Wang Y, et al. Supplementing two wheat genotypes with ZnSO4 and ZnO nanoparticles showed differential
mitigation of Cd phytotoxicity by reducing Cd absorption, preserving root cellular ultrastructure, and regulating metal-
transporter gene expression[J]. Plant Physiology and Biochemistry, 2024,206: 108199.

[79]LiGX, Duan R, Liang X R, et al. Zinc oxide nanoparticles and nano-hydroxyapatite enhanced Cd immobilization, activated
antioxidant activity, improved wheat growth, and minimized dietary health risks in soil-wheat system[J]. Journal of
Environmental Chemical Engineering, 2024, 12(5): 113574.

[80]LuT, Wang W H, LiuL H, et al. Remediation of cadmium-polluted weakly alkalinedryland soils using iron and manganese
oxides for immobilized wheat uptake[J]. Journal of Cleaner Production, 2022, 365: 132794.

[817LuT, WangL, HuJ W, et al. Enhanced reduction of Cd uptake by wheat plants using iron and manganese oxides combined
with citratein Cd-contaminated weakly alkalinearable soils[J]. Environmental Research, 2024,257: 119392.

[82] Deng T, WuJ L, Lu W §; et al. Differences in cadmium accumulation and translocation in different Zea mays cultivars[J].
Journal of Agro-Environment Science, 2019, 38(6): 1265-1271. [ X345, S5, j5 4ER%, 25, R ) oK Ffixeh -+ 3k 2 45 A1
FEIB W 25 S [T]. AR ER 22244, 2019,38(6): 1265-1271.]

[83] Fei W X, Rong S B, Chu M G, et al. Advances in phytoremediation of soil polluted by heavy metals such as cadmium by
oilseed rape planting[J]. Journal of Anhui Agricultural Sciences,2018, 46(35): 19-22, 93. [ Fk 4EHT, A 8, ¥1HAE, 25, JiEE
Tl 2 52 o 4 B8 4 4500 G- ERTF AU FRR[ 7). 2 Ul AL, 2018,46(35):19-22,93.]

[84] Fei W X, Rong S B, Chu M G, et al. Enrichment difference of heavy metal cadmium and cuprum by Brassica napus L. in
contaminated farmland soil[J]. Journal of Anhui Agricultural Sciences, 2019,47(10): 74-78. [ # 4E35, e AAMA, V1M, &5 H
TR SR Ao A% T - 49 < JeRAR 5 ) ' R R T[], BRI, 2019, 47(10): 74-78 ]

[85]ZhaoFJ, Zhao X Y, Tao Y M, et al. Strawremoval has a limited effect on decreasing cadmium concentration in soil[J]. Journal
of Agro-Environment Science, 2021,40(4): 693-699. [IRA A As, BX 2 52, M AR, 5. FEFFAE Bt B 13850 & Sy
PRI AL FRETRL 244, 2021, 40(4): 693-699.]

(RfEHRE: F» )

http://pedologica.issas.ac.cn



