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Research overview of effects of heavy metals interactions on crops quality
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ABSTRACT: In the soil crop system, heavy metals absorbed by crops from the soil can enter the human body
through the food chain and accumulate in the human body hundreds of times. Crop is an important part of people’s
production and life, and its production quality will directly affect people’s diet health and social development and
stability. Heavy metals have effects on plant growth, absorption and transport of heavy metals in plants and their
physiology and biochemistry. The toxic effects of heavy metals on crops are often accompanied by single and
interactive forms, the interaction between heavy metals may be synergistic or antagonistic. The current research
found that heavy metals have different effects on different plants, antagonistic effects on the interaction of heavy

metals such as duckweed, broad bean and barley, and synergistic effects on rape. It may depend on plant species,
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environmental conditions, concentration and ratio of exogenous heavy metals. To study the effects of heavy metals on

crop quality and metabolism is of great significance to protect human health. This paper focused on the effects of the

interaction between heavy metals on crop growth and development, physiology and biochemistry, yield, nutritional

quality, amino acid metabolism, carbohydrate metabolism, organic acid metabolism, secondary metabolism, energy

metabolism and other metabolism. According to the crop growth process, not only the effects of a single heavy metal

element on crop growth quality and metabolomics, but also the effects of the interaction between heavy metals on crop

quality and metabolomics were analyzed. The toxic mechanism of heavy metal interaction pollution on crops was

summarized, the paper put forward the prevention and control measures and suggestions of heavy metal pollution, which

had an important supporting role for the scientific formulation of soil heavy metal pollution prevention and control

countermeasures, had a deeper research significance for the screening and cultivation of heavy metal tolerant crops, and

laid a foundation for further research on the tolerance and adaptability of heavy metals in crops.

KEY WORDS: crops; heavy metals; quality; metabolize

0 51 &

EERBIGY M T HETE . FAEMAEYERE, 4
AR T2 B HIEEM RSP ESIRTE
YuRefgiE L B R AR B e Y U E B R, A
RN EE 4 R O R X AR R R . 7EXT A
ARG ENV L R, KRR TAEEEITEEER
HEF4E(Cr). K(Hg). Hi(Cd). B (Pb). i(As)EELIED,

s rb I S A A R b 26 B i A AR R AN R A [,

HRRPERA 5w AR PR AR R, FRE PR T LAY
PR 5T 1 22 St )" H S M A 0T o 4 R ) AR, I
Gb, EAJE B EARN, RefS R B, XA ERIIREE
THERR A R P e SR B AR 5 e X, PR R %
SREGEEGIEY . HEESREEA SR R
IEHHM . SFIINRE, I SBIRMEY N RSy, XAk
VEV B HE B A A 7 A S, S BOVE) LB 10 5T ™ i
KATHN . EE R AE FXHE A K RO A [ 8 —
TG MEA A O I, A A B A A,
SECENTX B G E W E, EIEFFLT, [F—20 5
TR A BEEE AL, AT LM ESE R mes & . KW
I, [Al—ZERICR 5B BRI TR Z 0] 75 5
B . FEAE AR KRR D, A A S A R AR
MR o TR R BRI AT, PRI RR T
A . 5 &K & = (soil and plant analyzer develotrnent,
SPAD){E A1 b-/4 T A= okt 52 21 1 520 o e B —i5 g
MEGHRFMT, HERMMRFE L EERR, K
FERH R R T A R 4 T B VR A R IR
ST BEMBEETIE O, BB, TR AR LA
R, s, WARWBEEH, TR, R
W, TERWEE SR EIERT, EY KA
BRHRAL, AR EF LR T E R R B
SIRBEEEANEY) . TR, 38 W5 4 SR X R i AL

i, B E SRR E A TR, DI NESR G
FTHE ARG, R S < S Y B PR AT
ZIEFAERC U % F R MR A | 2
U AW ARTE SN TR . RO PR B R A ) i 2 7
FIKFRBEFEA R | ARIFFER T | AR T AEYTE
KT G BRI TN R E BN, FEURR
RS GBS R IEDTE, T A A B
PR S8 TRV, AT RE RS WY 145 25 1 T BOBILIAR Y
Wi J37 R JSE 06 B 3B, R TEA Q0 i B e A B A 22 ] ) P
TEBCF o i TG A TR 5 ke 2 B SCBEAE I, AR
FAEVEY) 32 F G R LA i A ok B Ry o 2 AR
P AZ AR DA AR BOR, AT USRI 5 B AR L Y X R
XA A D R U B AR, R 2 f
JE A R R B S h AP BOR 99 T

VRS X T < 1) B2 IR A2 R M/ 1 T A
GBI 7 X EE A DU X e E A
Bam =z, SEmVEYIR I RELL S, R IR A AN I B0 3 A
KA, BONRAEYIRTRM RS, W 5 REY E R R
a5, W TR LA RO RN, Nz SRR E
BRI A WA Al . 7 A BN . R E AR
KB 2388 0o f QR A2 A Gt 1o 4 LK R 3463 )
A T E )

08 B < T P el 5 R A 410 ) o 5 28 114 1
P, ERE AR, HISOLEITR, M. K
TR AR ELEIRIE, AR TE . R R
B ZRIE I, B AR, &
RRACHS . RERAS . MHOSAE . HERE, EESRIEH
&, AR R AR R TP SRR . BT IR A B A S
R ERN, MATER S S RFEEK. EESERIENT,
i AR BRI A B A PR oKL
BHEMR. EEREOMEAT, EOR ZE PR,
AIHLER | Sl 45 2 R AR S i E R0 40 (Mo)



5 20 3]

/MR B R AR XY i R A QI S A i 7997

SRR, MR AARRE | DI PEE S . A Ay . A
VRN S A e G AR i 2 T B AR R T
INZEME R SE SRR AN IR BN, p-N AR | L- 2 AR
L-FR RN LA IV &5 B0 o AW 2 aed B AR Y
FEEWAF . Rl a7 A A PR R R R ] S
HTERIE S, BRI BRI sk, 145/ X i i
BT AL

H R AR AT LA 22 R 16 AR R IE R
HADUEE R T 1 B, R T 4 R 75 1k 10 O H T
Gre N T EE BRIV T B RS R e E, P
A ZR G0 T 4 SR PR T LA kA PR . B TSR,
RAEYRN S BT R, eSS EREENS
SRR A . AR AU AR5 2 AU iR
U, AR T BRI TR P a R A
PR . BESE P SO L AL, XTOFFE e & s iR 2
Rl ik BAT 2R S

1 EERERMEYRRINENE

11 EEREAMEYEKLENEMN
EYMEREFA-EHEESRNZS Y, HAE
ARk EdRPaEEE - ERNEGRE, RENES
J& 2 il AR YR R WO e B R a8 B AL S AR
YA K R b TESE AR s, —E4at
T sz, Wik, Fa w0 R AR A K7 A AR A
FEIEM S . Pb/Cd S HAE KRS . RRIA . R
S AR L ARSRBOR 23 SOBCR A AR [ R L 5 A
PEHE KRR 2R A BRI, HAR R R AT L G 1E .

BRI IR, B Cd/Zn B4 Ab HRVR BE AT

SEAE T B 13 7 08 B e 2 4 R0 B B S R
BB, AR AR A S R EEE A
[l BE Cd/Zn 524 1 38 b SIS [ 1) SiE K, JFC o fif i 1]
SEIGNN o Ay S kR AN [ X A W B R i A A R 2 5
BRARH LR, SRIBAE (P N AR TR
K, Rz, ORISR, SSRGS —E M E,
PR AW B3~ s SRR R R I, AT DL RELAS W AR AL 2K
FIBTRY 7™ A= o e IR () b RS, 32 RE BELAS 1 490 A2 4 L JE A
MR R A, (R R R M SR B BRI A, f kI
MA I, (S PEMIAR R A LE KA MR . R Y
oA RS AL Tt AR, AR E G )R 2
TP TR R — BN B85 WA 2 i
SE, BIRER WA RN . LR G R SR AR
BETREE. SEEMEEE B AET F . R
ZuxX—HBL, ERRERAPHHARNEWD, H
IR, EhE AR R DU RIS IR 5T
FTUR SR | 58 v JEE AN I 18 O % <5 Js i P A4 1) S D

e, A AHIHEWM ARG R —ENEE. 48
SV Rl 1 S e e A BRI R, U 455 A1 B % ol
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(<100 mg/kg). Cd (<1 mg/kg)AbFREH T H s i K,
VR EE Pb (=1000 mg/kg). Cd (=10 mg/kg) & B0 1 3 i
RO, MK Rk B AR RS BN B R
4 JE IR B R Ry MR ZEAR A B T LS 13 R
Fom TR R R2EH . K E . KR, IE
B 5 4 J W IR AR K BE S Wi Bk, b & 2R SR i g /N
HEEBMWEESHELWAED S HBEENHE AR
WMMMAEREE, REEFMFHABZERW, BAE
SRS ZMELSRBERMERSEY S K ETHZEE
AR K225, HR w B A1 b 35 3 4 )@ Al 28 N 3 AR
b, Tk —LHR5E .

1.2 E£ERERAMEMFEMRRAEN

YEYr Xt 4 R B Wl B 2R A IR RS, 1R
X E 4 R WU AT BRI E SR S R Z,
VEPkERL . 25, ME RO D 2 . St i ge &
B, KAERFSEH Cd 15 13 (Se) Fl pH 5 B A A6 ¢
Fo RO W], SRR R T AR A N X HEY
PR A TR AR, AR AR R R A R n] S UK R
WMOE =, EERER T ER e, Dok
FEM B, Hre B R A e — U b, T E SR
SYLH Cd LR SRR, & SEEYReR R
FHBAR, B BRI AR R R i B
ROy ey, EAJEMSA T, Cd. Pb. As, Hg, Cr B4R
X /INGZ B TR FR N B A BB e R, IF HAE Y ROk 4K
W2 Z BIFE, B ARXHEY) TR0 8 2577 A R {HUE =
B M AN SRR A AN (R RIS B 4 J Filh i b /N 22 7= a2 i
VEFIHIK S} Hg<Cd<As<Pb<Cr. i+ 5545 Moy e 4w
WE AR, RIF R ALYE RN IR], KRG AY 7= A B
0 2 2 B, R A TR 4 SR AR N R
AN TRl 7 4 A R /N2 P i A R i e T, AR BT
FEL PN, 4 A PG /N2 7 A R R, T o VAR S 4
B, 4@ AR XN P R A R seah, A
R, TR <10 mg/kg B, Cd A XA K B0
BN, B RRAR A Cd B Je Cd B R Ak RE + 5K 43 A 18
kg ey sk AP S R, Cu/Zn AbHRTR
FRF AL (CK), 6B = R 1 o IRV B Cd i R 1 XX
IRBEL G R0 APBB. MR AR AR, &
W Cd e S WA K FE br A i 34 B SRR AR, BURR
TR 40y VT RS 3 R T AR P 435 2 VR Y ) 5 R AR A T
RPN RS e E T B —
ATV 7B 25 P e 4 T 6 T REA B R B R R A A
—E a5, Hid Cd JuE S X HVEY) Al 2 R T R T A I,



7998 B dn 2 4 R R I A 4R

12

REAS IR V) H R PR L OB R 1Y) 5 1, P51 R AR
PR S B MRS b THAAR DL, A0 R XA b S BRI
BB, SARTERAEIR . RNETR LSRN E R &

Pb UCER 2 HARRWEY) P i B EEVER & i, DR SRR,

TEA L2 U Cd TS B RUE AR I SO B
AEVIREE, PEEIM RO R . AR ESE
TGS, PETEREOK A B, SO G R T e P A
PV AR RR S RV FE 1 T 4 S 2 S XA 7 A
ah AR RS R, HE I R R e 2, HAVE R T

EJRIb RSP G R OU R LB AR R R I 52 0 5

FO R, B Z B R, R REAE, AN
ISR, BARHS AR R e

1.3 ESREREIEEEHKIRm
HLEEAHILE, WAEYEREERDER, B
TE g AR A2 b v, Ao . Bevs M
WM . REAE . AT L AR REIEEPSCY, 55 b
YEPIRR R, SR 38 o R is S B0 B304, AT XS AE
YR AA T A R . EEEBERAT, YA KA
Z RN, 6 HARREL, SR A, AR,
2% M — R A B AL v rh e SO S, FE Cd
i 7 mg/kg LUFAS, AERBEEISIMAZEIE AR | ot
GHE . XGRSV S EEA S, B Cd W
3G NS T 5 FEAIG, VRV ANILIE] (Y CO, Bl Cd MR BE
FIBEIAEREALE S, BE Cd YWRIE RS a A 1R
FHSBEAC B R B, (RS & Cd fEH T W] LA ss i S
B ALEETE R, EAJR Cd WER SIS RBOKFM F A
Ak W) 1 Ak 1§ (superoxide dismutase, SOD)V& P FeAlk; [RIET,
Fem 5 o 975 ¥ (malondialdehyde, MDA )Y JiE 23 AN Wi FF
o MR RBH, BEE Cd & & A Rl 3G hn, ™55 52 i KA
TR RMEE L REMWANERET, R alkmiyE
SERIMERIN R . S LRIE, 4R VR AN BRI S W
R K, SRR EE RN NS, S8
IR R AT BT W], KB4 T 4 s Jn B X HEY
PR RS, AR, EMRNmES R SRS
J&, YEWnid | AL & (catalase activity, CAT)i& M . i3 &1k
Y (peroxidase, POD){E % . SOD {64 & FREHa%, ),
7 B B2 (proline, Pro) & (TN S BHIMIE XA,
ik ARSI HE g KW, ANEIFAEIS Cu. Zn 45 4b B jE]
SPAD A5 ST a FEmta s, R Cu. Zn ALFLA F
TREMGRETE, EEWHFZELZHER, Cu. Zn L
100 mg/kg AbHRLEVE N 5 WAL i MR, 2R A3
/N, T 100 mg/kg AFITYERE/NE i R 4 R RS E 1k,
EEAR Cu. Zn i Al LUAESE/INGZ FH0T 240 i (9 g BSad 4 fk
ERFE R EYRERRE . TR, SMmA A
WA EHEVINIRR, ELENEEREXEY WAL

PREERAE, AN TR E 0 Ty SRR A S XA A PR A A
AT A BELAS AR T, A ) 2k 4 i TR Al 2 X A ) A
HA AL fE bR A, HoE i M 22 e B3, SORA AT
2 AIFEH AR
14 ESERERAMMEUEFRERHNTE

4 B X VE ) (975 Qe R 0 R I T 14, AR
R GIR A FEAE PR R, FRL, 2K PRy E LR
R/ TRER, HAVEAESREREEAZ, EYFR
R R BRI A TR FHOCHT TSR,
P AR I SRR, VEM R S0 4w R
R AR, EaJE SR E B AEPTSE Cd 75 SR
WG & Ay A it FEeh, & Cd AR R STE M 2 &, T
EHEARYS . CufeM AP & B . [FRF, i
TRV AL, EATE R, AFZERE AR
FAE XA S AR TR . R, REASE R EORS TR A
R ORI SR Ak BBAR B G . As TEVEYIS5 1Y
) AANR], HAER - R AR e o As A,
Pb fEAEMIIE S B35, 2O A e Rl B IR AR o Pb BE
XV B LB TR 5 fi 7 AR, R R Cd
R SR S R UINSG, “HEERIECR . &
) Cr AEHT 2 ma AR YrkpR: oML B A 2 R i RLDE
k. BER SRR, HREG R RN, P
RORARAR | /R AE, X FIE S B TEE AN T 4R |
Fa AR KR

2 ESRERXMEMREIE I

21 EERFERIMEMEEEREKHHF I
EEBREAT, ARMRS 5N, §Tiis. A
fRdE. BRI LSRR, R EEEREMT,
WER . HER ., SRR, FERIE IR RE AR
WA T . AR . TR S A DT IRV
AT, Z51E0E S Ik BT A AR P i &
B FEMECIICHTERIE Po. Zn SCEAF S SEAEY
RAIRAEZ B, h TR, H AR InnE
TG R AR R IS, DT o AR < SRR R AR 1 i
Fo GG, AHARRE 1 A A Ak o 2 B A S AR 1Y
ARAETAR AL o K IT14 SRR RERS (AR W A N i Ak 35 I,
JEFFEI AR BB, Wl LN SR IE R4 &
PIRTCORDS, 4 A T 4 1 A a1 A 9 S R
SRR 5 AT RES RN G RRA T o AERIERT 4™ LR B Y
Rl S A, e R A9 A P2 S WA P L L AN
Wit fe ftaE . Cd S MIEM AR & i, SERAA
PR o IR BERE N, 4R Pb RERHVEY 40 2R 1
A FIBHAFE A, I N R . N @R KA G R
ERTE  AMEH IO — R R A TR AL RE B/ TRk,



5 20 3]

/MR B R AR XY i R A QI S A i 7999

A 2R . 2R LA Iz BR AL, B8 2 = i ) i
P, TEARWEE CAWha T fE#E A BE T IRG B, ik B AR Xy L
MHIPY, T4 B A ) SRR A S, PR, &
&)@ Cu. Zn FXXHEAERT, YR & B8RS A
AR, EARm 2R A XY AR
B LA R AR B R 0, R A, s BRI Y
P 32 5 M R, 5 R AR — 8 PR B, 244K, axdk
FUEES A — B WREE T A T .
22 EEREAXEMELENHNZD

A B AEY A B HL T, BEARIUNEY
H B R RE T, ¥ JAZ IR . SR BRI . IR
B AR, Ak, RSB EE. FEES
FISLE JE P B UIASC . T AAEF AT AR E Y A 4
tbo BFFRFRIBEASAC AT DA SR AL A IR e R i A W A K R
B, AR BRI DX S8 A (A AR B B T P S O
A EMRERE B EE . B RPI AR, Rl R A
PRI A . RN R RLBESERRAT b
F Pb WS SR, sV AR s R AR B A
IRBER ISR, MR AR A Y Po gGE, s AERE
Ji7m A T 2Bk 24 P M Bk — B R IE IS, R R R
WEO W2 80 T3, 518 T R R RAES &R Po /EH
T RE R AR RS SRR R HLER A G,
Ht e s mEsE ARG, Hh, AT TEfE R S
JE AT XEY B B AT . 4R AR . PRI A
AR B A DO, 34 Wt 5 AR A B £ Qg
LA KRS R He XU IS, BB FLAZERL R R
T B S PR B e e, e
B 0 R AR, L RO B AR an N S
B, SRR TR R N, FO A 2 R . B
B, B4R Pb/Zn 58 HAE (B RRE CI S
FEAIR, IR & =4 LR 4 . EA B
JHRENE 5| R AEY i B L N HLA, 33Xt 2 2 4 S XA
ZARIH Y = A S ) EE B SRR 22—, XA 0 5 i A
WS EY E SR T2 A OC . EA R A, WE
YVIMBEE ., {5 SMERRAESZELE, RPRS
AL, B A2 B
2.3 ERIERFHEDENEE S H AR

HESEBEAT, EURFTWRENT K. ¥
IR . APERR . AR . BRSNS FRA LR, Y
RESENRBGERIEASEN, SEDPEENESE
KA, WO ESRAEEMAEE, 1% cd &>
5 mg/kg W, UM 35 - #1535 5 (gas chromatography
-tandem mass spectrometry, GC-MS/MS)/ ¥ & HH, 32 A
T K &Iy P PR I R R R R
R FTHITER . SERRAEWE R H = RBIGAEED L

RS, EATEES 2 S HLER A& N =R IR (tricarboxylic
acid cycle, TAOTE, & T4 BEEIA, MEWES WA
PR AR B OCH IR, BRI TR B Lo
GRS R, S EESEXEYNEEEE N,
S LR FH A €3 - R BB T3 5 (liquid. chromatography -
tandem mass spectrometry, LC-MS/MS)*f Cd Jifri8 T XUHRE
R 7 FAEPLRRET TS, MESBERT EEES
SIRERR . IrERSEMNS), HERRLHXER, H
BRI AN 232 KR, s72F 0 Cd fEfBER
X AT R RS LR 7 A B A, AH R T AR aE R R A Y
TEH o 2% AR AG I A MR R A I R, R
Cd ERMAWIINI, 430 f IR & e E s>, RE
FTRGE . ZHAO SMFINHF T £ W, Cu kb3 T /Kb
Bl S AR, HOMk B A i s TR AR R
W, AEEBEAT, EYRASSWAENR, ZEEY
Xt Cd BRZ T3, 76 Cd MERTR, —S/EMmRE RGN
PR IR I SRR ) A3 I B S B K T . R A
REW, MERESFEIILE Cd SEmMFE . HEHIEEL,
MR A PR A I3, e eV R B Po /EFTT, 4%
BREAR 25 MRl PP ARG PR, 5 Pb # A, FR(K Pb i,
SRR EVTVR B, A8 A RIAEE R, A R4 I R,
T EHAE P VEF iR W1 R . FPETR AN AR . FF: Rl
E Po RIS, EYARRISERER NS Bz 1
i, HoAAE HLER SIS I A ML S Y N E 4R
HHEERERR, (EFYHPWAENRSELSE KA RN,
B ESENEENEE ., YESRESE - ENA
ATRE T I HH M A MLIR, #5748 & 8 K& WA Pl
5% WU VAY S I 1
24 EEERATHMEMRE KB IRND
EMIRAERS - R Mg Z | SRER, 4iNERE
K, OFEFERIE, ®WWZE, RIERLEL. B2, Wk, §
KBS RO B, AIAAIA .
R BAWAEYE . E—DLNPEA 8T A
AT AU B SR R R A U A AR e
AR, (HEHES AR T 2 Eg R A
FHRD HEIEERMA, BN Cd xF 3 EE Z A
HERY R MIIER, EFREMNCdERET, MEFEHREN
A AB BA IR . AL RSB S RA, REE Cd
TR, O, A E AR T, FEE Cd
YERTF, WA= P Aag B B2, dnle s, H Rk —
Bl FR 2R e B T L2 5, FR AR Cd fEFXHEDIAR R
Fesew B AR A FLRE L, EAR RAE Cd fERTTR "4
— LT BT, X ) R VR AR K B RN, AL AT T ik
— R,



8000 1% A T R A

12

2.5 ESRFERAMEYEERHENEE

4 AR AT AU AR e R A, SO STA
N, TSR SR EYDLE AR, A R
A LR AR, IORFEAR TR B, LA
THENBE T, B R B A R T A
REW, EEEE CAERT, EYRReRANI AL 1T
e, FLRR &R RIRE BN, AR MARERAM AW, &
KA AB BB KR, IR S R—2E TR FEYr
RE H A7 — i W PR Y L g ™ R R e gy, o
& )& I REEAE IR R RE AU ELHEE .
2.6 ECRIEMMMENEMBRISHIR D

TEE BT MEWIGH A =i h, FEEZ
PG, BRUAESIZESL, A HLEE . M. 2
HIRCUIEE 4 Jm Po R A ML KRR 4 1A A A
AT TAEORHIESE, A B HLEELEAE Y A b ) Z2 Rh Qg
TR EN AR T, WA R X4 5 R A TR
PEERPT A A 2R T 0 8 3 A0 A R 3R 3
WA, BS 5 M MIEE A R S R, BFER, Cd 1]
TMEME SR RIE, AR TERRAR, BRI
eIt . B mIERIDSEY " R REH, JE e 32 20
WO SR AT MOL AP BT, mkE Cu fET &
WA T e 5 i, mTRE T ERAEAT N A b BT B R 2 — A
AR T, ARG PR R ER, X AR A R
YER, FEARAEE CufE AT, AN Ay & kS H g
M NI He o VERD AR 2 IR SR 5T, A I E SR
XA O RIS 18 AR 5 58 42, VR 2 U i ML R 5
U

3 (FMIEERIFRBREHEEMEIN

TEARANE M E & R AR TS YeBiif p, B L BRAAE
WANEHREE RN ESE, A8 R ESR
5 P RE ST, PRUEATTRENZ 2 822 S i A D)™
O, AL Bk A AR T SRR R Oy, R R
SR IG B ME AT SRR ddn, R EEWETE S
PG S HOR, AT HA B 4 R W AR R T Y,
R LR ESR A ESOAE, DORRIA NG R
LHIGRE H . BARREEN T

(DBt 207 of Baeioh ik | kg &L
s

Mt 32 2R PR S (BRARES . A1) |
ALY SOE TR BRI, S AR E, P
Hm YRR

G)AYfiits: FABEY | ShP Ak~ R A I
GRIVEYMEE . AL E A EE B o, R

W R, ETREMEE SRS Y a4, il fg
HERER.

OHEDBEHEAR: AAESEEREHYBERES
JBI5 U IR TEY N AR R R . B, A
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