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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
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provides scientific guidelines for understanding Cd soil-solution chemistry, decreasing 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.

Key words: Plant; Cadmium; Soil chemical behavior; Transporter protein; Transcription factor

# (Cadmium, Cd) VENHPE—FAELTIT  REGHA AT b S B e By E MR

R, (AR — P B R AR I
JRITER o AW S B AR 20 AR R R A KRR
BIAEANREWRY, ARk, BEE TS50
PR K JRE T AR R A A 3 L R AR 2 5 AR AE B R
O], PRI YRR, V2 MR i R A
TEAR & BB AR v i A 5 ) AR
W, XA R ™ A D R 3 R AR
MAAEAE BN, KRBT 2O D RE s . 1
b, HRI Al BEXS B AR, IR R LR AT
B DL, BRARVE iR & R

I HR A DG B
WAV E R AT LHIITR, WILTEHY
RNAFAEL T TR MoT R A E H BrliE . 8
WITOLN, il k. B BAE TNHE T is ik
PEA SR A AT R Ak Hh 22 R ok 1
HNFLROSRIE , AL T A0 N RE R R L R EA
HREAR I S MR ZR 10 25 e % | R iR s B0t
I EE 3 00-Cd A YR AT a 451 [N, 5
LA Mol 30 W) 7 3 A 52 B AR 22 R D R S R T
LA ST . R LB A B R e 12

http://pedologica.issas.ac.cn



6 1] o

LA B TE Y SRR AT RPN B TR AR AR AL 22 2] g 1771

PEAEY) 2 5 W B 1 G R 15 A 1 B s
T, I SR i R 0 TR 2%,
A1 B T A MRV S A R LA, R A
R RHE AL . ASONER ) L2170
AT, RN HYIER LT R PRI
Fem MG HHE  or TIa Ll . LR AR i AR
SAK TR R BIESE, SR A2 e Ae ™ ] fF
gl A PR AR g%

1 AT

L1 SEHESSHESEMERE
TR PN RERE AR, HRE R AR LRI R A5
HEJRELIEPATE | F LR AP

Bt SIOE S A EE VIR (K1), Wt

-

ﬂg

6.2

TRIRERSE
/\j—Cd

Loy

BT e

Herh BRIl s L BRIR NESTEKiR7]
HEAEA. ARG ES . RIESX ML S

FIAE YA RO AR B IR UGE R ™ . 7T 5g 425
TR T R AR T, X IR, B
PIAR RSB IR, R £ ERIED

BRIRELZE 53 . BRER AL 245 5 S A PLRES & 38
S R AR TR AT AN . o, BRIRER 4
B CaCOs FRIRELN W& &, TEMRIEFMT
(pH<6) Z R Cd™ . BRAG Y& MR
ek AALTR IR, TR AT (UK )
ATRERREIL . A HLBES & B S IB RS R T A
L, BN TAPLIR (CANFPETR ) Al REIAR 4
B, WA RS . SR AR Y fl A M O
FasE , WEEEGERRT WSS T, ILFASS5E
B 454 i

N
LR

+HEfrCd

B R et sl

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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WiES ABA, L 4BIS ik, HEATYYS
AtMYB49 fHEAER, #0015 TR S 3+ 1945
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