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Abstract: Cadmium contamination poses a significant threat to agricultural production and human health due to
its persistence, toxicity, and potential to accumulate in crops and the food chain. However, there is a need for a

comprehensive review that provides scientific guidelines for understanding Cd soil-solution chemistry, decreasing
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Cd levels in the food chain, and bridging the gap between laboratory research and field applications. This study
conducted an in-depth literature analysis of both laboratory and field research to provide a comprehensive analysis
of the soil chemistry of cadmium, which is crucial for understanding its bioavailability and mobility. The chemical
behavior of Cd in soil is influenced by various factors, such as soil pH, organic matter content, and redox conditions.
These factors determine the speciation of Cd, which in turn affects its uptake by plants and its potential to enter the
food chain. The phytotoxic effects of Cd are manifold, impacting plant growth, physiological functions, and
metabolic processes. Cd can suppress plant growth by inhibiting root and shoot development, reducing chlorophyll
content, and disrupting photosynthesis. It also induces oxidative stress by increasing the production of reactive
oxygen species (ROS), which can damage cellular components such as lipids, proteins, and DNA. The review also
sheds light on the molecular mechanisms underlying plant responses to Cd stress. Two major molecular systems are
highlighted: metal transporter families and regulatory transcription factor families. Metal transporters, including
NRAMP, HMA, ZIP, ABC, and YSL, play essential roles in Cd uptake from the soil, translocation from roots to
shoots, and detoxification within plant cells. These transporters facilitate the movement of Cd through cellular
membranes and into subcellular compartments, such as vacuoles, where it can be sequestered to reduce its toxicity.
On the other hand, transcription factors like WRKY, MYB, bHLH, and NAC regulate the expression of genes
involved in Cd tolerance and detoxification. They activate defense mechanisms that help plants mitigate Cd-induced
oxidative damage and maintain cellular homeostasis. Based on the understanding of these molecular mechanisms,
the review proposes innovative strategies for the sustainable utilization of Cd-contaminated soils. These strategies
integrate molecular design approaches, such as engineering transporters to limit Cd uptake and enhance its
sequestration, with phytoremediation techniques that utilize metal-tolerant plant species. By providing scientific
guidelines for reducing Cd levels in agricultural products and enhancing food safety protocols, this study bridges the
gap between laboratory research and field applications. It offers valuable insights for developing environmentally
sustainable agricultural practices in regions affected by Cd pollution, thereby contributing to global food security
and environmental protection. The proposed approaches not only aim to decrease Cd accumulation in crops but also
seek to improve the overall health and productivity of plants grown in contaminated soils, ensuring safer food
supplies for the growing global population. Furthermore, the review emphasizes the importance of these strategies
in mitigating the adverse effects of Cd contamination on soil fertility and ecosystem health. By reducing Cd levels
in soil and crops, these strategies can help maintain soil fertility, protect biodiversity, and promote the overall health
of ecosystems. The integration of different approaches can lead to the development of more resilient agricultural
systems that can withstand the challenges posed by Cd contamination and other environmental stresses. This
comprehensive review thus provides a foundation for future research and practical applications aimed at addressing
the complex issue of Cd pollution in agricultural environments.
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Fig. 1 Schematic diagram of cadmium chemical behavior in soil
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Fig. 2 Schematic diagram of cadmium uptake and transport mechanisms in plants
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2 R BT R A T Tk DA 7K R A 2 i R B T 0 ) ke 1 i 0 B TR 52 B . [ B
PtoABCG36 4 (15 H 27~ tHARALL A ThEE AN 41 A e 1 11, 2 RE it Rk PloABCG36 1

http://pedologica.issas.ac.cn



+ 1 R
Acta Pedologica Sinica
SR T XTI AMERE 77, 25 S EURAR R IR T AR SZ VST, Ik Ak, FEAR B AN R 4t
Wl HoE i T4 fa i B AtPDRS & H B A 4MHE R RE 100, fEfm I+ g Rk
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MTIC WJRETHEL S, RBHRERREIE, dmfedt PCS A& @i 1 & ok sl
FATE R AR I 32 4 B T BRI SR AR OCIE R 4h, MYB ¥ A Fib vl @il /v &
Y5 BS54 Sl M S ST Z P, BFRERE, AtMYB49 il B854 bHLH3S
A bHLHIOI WA 3T, IEEEHRIL, MEeE 2% 12 51 TRANSPORTERI )Rk, {2
HRIR . WS ABA, i 4B IRiE, HEH™YE AMYB49 HHEAER, #ifLs
NN B BT ISE A, TR #E AR R0, thAb, fEKFE R, Cd Bl B E S OsMYB4S
FER Ik, FLHE R A8 S OsCATA A1 OsCATC Fik, [EAK CAT 35, S804 H v H0,
T FHUEHEN, OsMYB4S #43% Rl AT i ik 1 2 1 W A 25 (R (1) SR I8 FE M CAT v 1
AT K FEXT Cd T 2 1T,

B WRKY #1 MYB #5k K 7-4b, HARKA % F T4 NAC fil bHLH tH2 5
TN 52 o AINAC102 1] LU 33 20 BB A DCIBRRE 25 1 WAKL 11 BRI ERIE, 17 1 4 i B
RIRHIRE AR, Wl RIR SR G, TS S B 52 108, AtANACO004 38 i 3 58
1T i B [ s M IRV B A7 AR A T [ R 0 i S5 7 2k AU e T R R AR
R, Mimfes@mpitEe, fERKZ 9, bHLH KiE&E I GmORG3 1] LA mEk 120K, Rk
WEEEIE AR, NI HE K S48 T 32 1E0 . AtbHLH104. AtbHLH38 Al AtbHLH39 AJ A
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BEREAFAE SR IREG2. MTP3+ HMA3 Fl NAS4 (132K, M B iy R 0% 4R AT i 52 1471
FERRIETS , AN PTEA B PR Z B0, i s Tl R R R R R
fieidt GSH. PCS Wi & 1, XL aeis S E 456, BAURMEETE. RN, R
TIEWIE LA RGO RIER I RIE, R PT e B RS, B R E S B A1,
YERF R AR A B A8 JET T, AR e 8 B Ll ) 4R B

4 g5 REE

KL RS T DR s J i 85 ) oS8 o T, $8R T ia 8 (o ZIP.
NRAMP. HMA. YSL. ABC) S5#3%[HF (1 WRKY. MYB. bHLH. NAC) 7EV#=HA
SR OER . T RS R, BN S M T KRR B i R R
1) HFGmEH AN : 8 CRISPR-Cas9 R /KFEH 1) OsNRAMPS R, 7] 53 FEIK
R o &, [FR AR 8. 78 TR 3 8 0.7 mg-kg! Al 8.6 mg-kg! YK H Rl
WA H, Tang 55 U200 IR A8 R IR R85 & B A2 2 20 S B IR T 97.8%~98.3% Al
60.1%~62.1%, 7 HIFFZEALT 0.05 mg-kg! 1 0.12 mg-kg! () , (KT E [E K Frifk GB
2762-2022 #EN 0.2 mg-kg! B & . ZEARIHERPIRHE . 2) KiEsEamd
TR« I SR R B B B K OsHMA3 IRERG ft b, AR AR R E U RIRE 1) 43% 7545,
AR PIE B IR AE T B A, AERRRERK TS S E, REgMZen, 3)
MBRMEMPMEE N AR REYET SRS S BRI RIS A N SpHMA3
B ERAR I X BRALAE /1. 7E 10 pumol L #RALFE T, H LR RETTIAZ) 1 000 mg-kg!

(F&E) , A REIA 800mg-kg! (FH) , BREFAEMIETL 30%~50%, EH T+
FES R IREMEE, iR RIS EERAL T TR, Bl s
FEARERRIE, Wb 7D RIS R EE RS, BRS T RX AR ),
WD T RFRIH ERAR B s[RI, sy DR R 428 9 it e R DR RN L 481k R e b o 1 R 00 4 11 e
BEAE IFNPUAAGEE T, SRfR T 4RI IE S BUN A 540 RS R A

BT AR ENLHI RN AT 5 B BRI TR, AR 7 75 B LA 5 [m) LAHEBN 4
RO EER AR D ERGwEEOR K H &R 5 A4AS22Wh. 248T7 CRISPR
FARZ R T 9050 =I5, 5B 44 H PR % N IE OsHMA3 5% OsNRAMPS Yl & Fh
RS E o (RIS, 55 M B A v ERTEE A XS B b - S i 2 A sz e, T DR ek R G
FARIESEZBR AN AP P ) e 4 R Sa k. 2) ZIEFBEFTMER . —HHEL S QTL
ENGIERGARA, BRERIEE (0 OsHMA3. CALD) See/MideRRE, BE“iE-
EE TR . U5, LUK, R OsNRAMPS 3 R A] FRAGAR 2% CA2 AR, I8
b CAAEZEMAFRLF AR 2R, SEmKAE X B N 2P TRk OsHMA3 F:H Be e 3 n il
HAEAEHRINRE 7T, DRI FIATFE R s . XM R R iR R s S, A E T
AR R B Em KA. 3) AR ZESHAEL Y. TikiE (HERERE R
T3 g S B AR AE (GB 15618-2018) ) Al (V5 4t XS H A S , SR
EMMMEE G HIEFRREEKT 03 mgkg!, FEVPEBEHYGSAL B ) RT5 4R

T T MU S ARG, R B gz M\ 358 348 51 () A i 2B R 12,
ERE 2 SRR LA ST %, RN R AE ST R KR
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