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Abstract; The high mobility of heavy metal cadmium in a soil-plant system not only directly affects the plant
growth and development, reduces crop yield and quality, but also seriously endangers human health through the
food chain. Through a large amount of literature investigation, this review took the edible crops and other higher
plants with economic value as the research objects, and systematically summarized the latest progress in the toxic
effects of heavy metal cadmium in recent years, mainly including effects of cadmium on plant growth and develop-
ment, physiology and biochemistry, cell ultrastructure, biomass and yield, and crop quality. This review focused on

the toxic mechanisms of cadmium on the antioxidant and photosynthetic systems of higher plants, and prospected
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the areas that should be focused on in future research.

Keywords: cadmium; higher plants; toxic effects; soil pollution

B Tl Ak T P & Je , NZRAe b = ad i =
AT K H(cadmium, CA)E S5 944, [RIEF AL
AN A = R R rh KRl & Cd feiEA 2y, R
Z T Y & Cd KIESEATHEWE, LAk, 720 7
PIRTF R R = A A & Cd B HERTL, 35 2 1 i
+Heh cd FEBAAMEEFEREY, T Cd 5
YRR TR H B A i LR, Zi5 i+
B R I Cd 5 i AL B Y B e 2 BRL I 4G
N % N e f e e 3, AN Ry Cd
70% HIETAEY, HHAPE AR GE 10 ~30 o 4
YRR ZR TR Cd 38 e 548 1 28 s hr g 1) b 1 4%
ERO IR L 1 Cd V5 Yk & S B YIR N
Cd FUB YIEYIR N Cd Wk E I — & BIE, &%
YRR T A P AR A R C R VR e
O PR A A Y Cd A E] 5 ~ 10 mg-g 7 B,
EREFEMYAT AL FREFV Cd 154+
[ EAE AT ED A2 6 A B
RO, AT T Cd X HESE | TR 2SR A S A AIR A A
WIREPERY, . ESGER T AR EEYELER R

BB AL A0 A R b i A O T T
N JFEENA T Cd MR B RS DL AR
FAFREVERLSI LI, B 7E o 3 G R Cd /3RS
A5 A 25 22 SRR AN SR (I B AR A, B Cd 75
Gt IR 2R B S BOR S RERI PR S 4

1 Cd ¥ EMERKEZEZ 0 ( Effects of cadmium
on plant growth and development)

CA IR AR E 1Y Cd {2 #F A8 ) Fh 5
B R AR AR AR KU T i Cd & S BUE Y A
Py A KK ERZ, EREHRRREE T, Cd
MHEYE K& B B R BRI T0 &(FR 1),
BRARKGE )M A RKGR3) 3 A,
L1 X & s

Cd =23 i K 25 v 0 S M AR
AT SO 1 2 2, DA T 980/ b 1 % i
() BRI RE B, S 2RI RT 1 2 28 3T 52 i 41 i 1)
SR RFERNS Y R AR R X Cd A2
M F K, B 58 (Gynura crepidioides Benth)!"”! |

F1 CAdEEEEDHTFHEZNZE

Table 1 Effects of Cd on seed germination of higher plants
FLHI RS () Cd W WHIEEsie 22 30k
Plant species (Cultivars) Cd concentrations Research conclusions References
B # Gynura crepidioides Benth =10 mg-L™ fEWH Significantly inhibited [17]
JKFE Oryza sativa L. =20 mg-L™' B3 Significantly inhibited [18]
Wit Pisum sativum L. =025 mmol - L™ (28.10 mg-L™") B2 Significantly inhibited [19]
INE <50 mg-L! {2 3F Promoted n
Triticum aestivum L. =150 mg-L™! I Significantly inhibited
2 . eI
=50 mg-L .. s (20]
5P/ Zhongdan No.2 Extremely significantly inhibited
Zea mays L. 41 958 NTES [11]
i =150 mg-L™' o
Tichun 958 Not significantly
RIS 298 maeL T, AR 50%
me-
E2) Jisang No.3 ¢ Significantly inhibited, inhibition rate exceeded 50% 21
Morus alba L. Bl15 1 EEE], I 2T 50%
685 <L~
Luza No.l me Significantly inhibited, inhibition rate exceeded 50%
I Pusa agrani »
. B
Brassica juncea (L.) Pusa bahar - 22]
Significantly inhibited
Czem. et Coss. Pusa bold

T -FRR Tk Cd #BE R,

Note: — means regardless of the Cd concentration.
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Table 2 Effects of Cd on vegetative growth of higher plants

L7 S Cd ¥ WHrEeEE 27 3CHik
Plant species Cd concentrations Research conclusions References
Jr2¥ Apium graveolens L. =10 mg-L! BEMEI A4 Significantly inhibited seedling growth 23]
wa 5 wmol-L™! (056 mg-L™") BEMRILE A K Significantly promoted seedling growth 2]
Arachis hypogaea L. =200 wmol-L™' (2248 mg-L™") BEMHI SN A K Significantly inhibited seedling growth
s 10 pmol-L7! (1.12 mg-L™") fEHELNTE 4 K Promoted seedling growth 4]
Brassica napus L. =200 pmol-L~" (2248 mg-L™") #14h 1 £ K Inhibited seedling growth
_ o T PES(ROS)HE N, M43 A= DX A 73 230 1 B
3= 150 wmol-L ] '
- Increased reactive oxygen species (ROS) and decreased 27]
Vicia faba L. (1686 mg-L™")
cell division activity of root meristematic zone
Sk A X AMEIX ROS 380, 490 i 240 ff 7 2
- Increased ROS in root elongation and differentiation 28]
Hordeum vulgare L.
zone and inhibited cell division
i 35 pmol -L™! BRI | MR TR R 201
Solanum lycopersicum L. (393 mg-L™") Inhibited root length and decreased nutrient absorption efficiency
S I RIARA R K A3 AT B e 2
b - Significantly inhibited root length and affected the [30]
Winter wheat
absorption of water and mineral elements
T -FR I Cd IR R,
Note: — means regardless of the Cd concentration.
®3 CAdXMBEEMEAERNZMN
Table 3  Effects of Cd on reproductive growth of higher plants
HHIFN Cd & MRS 275 ik
Plant species Cd concentrations Research conclusions References
FRE ¥ Salvia japonica Thunb. 40 mg-L™! P I8/> Decreased inflorescence 31]
# I\ Cucumis sativus L. =20 pmol-L™' (225 mg-L™") FEAEHEIR | M7 7% 4% Delayed flowering, sexual transformation [32]
B S B EIRIAER ] R LR T BAEBR A
=50 mg-kg™! o B . B EX)
Zea mays L. Significantly inhibited pollen aperture development and pollen grain generation
ZiEd » 162 AL RRER R B 54
. 225 mg-kg [34]
Datura stramonium L. Abnormal development of anther, pollen and ovule
e AERPRLSZ BT, AL IR T D Ca®* IR EETH 5
=5 mg-L™! [35]

Brassica napus L.

Damaged pollen grains and increased concentration of Ca®" in cytoplasm

JKFE(Oryza sativa L)' F%i &.(Pisum sativum L.)"
P8 R AE RN BE 0y Cd JPiraa T i 4 2 il
i /N2 (Triticum aestivum L))" 3F Cd 336 6 i 1 3
MR 2 My AR AR i G, S, DL R K (Zea
mays L)' S8 (Morus alba L)V 4|, [6]—FhAa
YIRS A Cd B 32 PE W AA7E 35 22 . TG
W Cd ¥ BE IR, 34 B Mgl 3 I 32 i B (Pusa
bold  Pusa bahar 5 Pusa agrani)/)Fh T8 & (3 1),
AF R 8 & X Cd T 32 22 3K, 7T RE &
AT WA MY A Z5 AN ], DL S 5
RABRIE AL AF- A Py e D Re oAk, i

FKFE K B[R] A B A A, {H O Cd i 3z M A
TES 2500, A RE 5 AN [R] B~ A 40 [ AH DG 1 % 0
EOURIAAE2ZE A L, FoK R E R FAEY A
s FPEIAELE Cd T 32 PR Y 22 5, WT BE T[] i A
[A]AH G A7/ SNP/InDel 3k ik 22 57
1.2 XFE IR R A K R 5 e

Cd X} /3% (Apium graveolens L.)*' £ 4 (Ara-
chis hypogaea L.)" Flili ¥ (Brassica napus L.)"" 41 1i
A A e A, 3 SR I IR i i R (3R 2),
it Cd e O™ =P HIAE Y B A
B R A, A 2 R EOL M B B i 2R HRIR
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FENB7200 A R R A ) B R AR
WE WELEES)E Cd JEARY RS —IE R,
LA AR AR B0 AU iR B K 42 5 i AR ) 1 AR R
O, Cd i i i 5 AR R i v (ROS) LR, i
W, #% 5 ( Vicia faba L.)®" | K 7 (Hordeum vulgare
L)PYERE AR AN M & B S8, 04 A DX i 2
TEPE T B B A AR Sz 4 i 55 Cd 3 ik R T
Zhi(Solanum lycopersicum L.)* 2 /NFZPO &1 ¥
MR B, FEOUR R LR AL, H R TR 5K

OISR T A AR B IR AR
1.3 RARBHAE KA

Cd JBir36E X5 A ) 1) FF 46 R0 A 3ok 2 B A BE
BN, AT AR FH AR ZR 7K 43 R o 38 7 I A A4
PER B B A i B i iy 45 A B R DL RORH DG il 7%
PEAZ B, DT 4 B3 ) 22 52 e 28] - 46 AH OG5
Rk, RV, Cd Wil & 2 BUR 2 5 (Salvia
Japonica Thunb.) 7€ J3* (1) B it ¥ /0P | 35 )R ( Cucumis
sativus LYFFAEIEIR A6 P ) e A8 02 DL R KRB

SR % (Datura stramonium L) A6y 5 ¥k & & 7

HONAE A, Cd A TR b SRR Z B T B
Hh Ca® WREETH R, FTRESE th T Cd ik T AER
20— RIS T Ca® (14 A AR AL S IR 3),

2 Cd a0 £ 18 4 L 45 RS20 ( Effects of cad-
mium on plant physiological and biochemical prop-
erties)

Cd XHAEY) A B A A R P 0 52 i — N A2
AR, Cd e S EBUEY 40N ROS BYFLER i
PR B R SF A K 7 R R L R S,

ISA
w

KNENG I E A i T Em I S, IR

A ERE 1),
2.1 MHUEARFEHI

Cd JHlh3e 375 5 A6 0 40 L 4 Ak D 90O 7 A= RO,
ROS 7= A2 5 BRIEI RSP B TROE A 52 Cd
HHNERZ—, YR B R IR ROS
TR ARG 2 AR A YL (SOD) i AL =
it (CAT) Filid S AL W g (POD) A5 T A AL I 22 48 I 45 D
HAR(GSH) SR MBR(ASA)FAERE RS (K 2),

NADPH ZHfiflE Cell membrane
°deffe NI B %%
. Membrane osmotic - %, 7
A EA adjustment 0/ %, 4
e Ca-bind't\g protein AP synthesi OO,'}é
BE  uEnm A
= g Phyosynthesis SURY, AT
B F T Apoptosis
#fSeed AN — i)l 23
0 e ~ " ~ Nuclqus
" 2 WDreg > DNA damage \
N PS H \ PS‘SIO'I{ a % \
______ 0
I s TR AN V%
L ,:OO/ 2 e ey I Lipid |
SHO74py A:/ﬁﬁ{}%(%ﬁ" _peroxidation |
P» Piae? E ih ? N E I o
0 7 \‘Hzol | ASAGSH | 2,
w —= L_9de_. MR /
NADPH Membrane damage
- oxidase
HiRoot VY
B0y~ 0 o,
e wmad :
P fi&#F Activation
1 i) Repressiong
1 CdxEEEYEREELFENTMm

AsA FRPIIN MR ; GSH F/R A MEH K ; MDA /R TH % ; Pro F/R IR ; TFs R kR 75
NADPH 3271 i 5 LA e g AR 1208 — AT R R o

Fig. 1

Effects of Cd on physiology and biochemistry of higher plants

Note: ROS stands for reactive oxygen species; SOD stands for superoxide dismutase; CAT stands for catalase; GPX stands for glutathione peroxidase;

APX stands for ascorbate peroxidase; AsA stands for ascorbic acid; GSH stands for glutathione; MDA stands for malondialdehyde;

Pro stands for proline; TFs stands for transcription factors; NADPH stands for reduced nicotinamide adenine dinucleotide phosphate.
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Antioxidant enzyme system

AP
X SOD CAT
#‘k GPX

ATALIAALIIAALALAALILLALLY

'''''

> 1.1.\1.“\\.1.1.\“1.“\“'.‘.‘_:

BRI RO '
AsA-GSH cycle

GSSG
R 7

MDHA DHA

2 Cd X ESEMmnaLREHZm
11 : SOD 7w A AL YBAL R ; CAT i S AL S ; GPX Fan 4 e H ki S (b Wy ; APX SRR fdR R ALY ; AsA SR BUIR IR ;
MDHA 7R S SRR ; MDHAR 7R S ST IR LRI 58S s DHA SRR S5 TR IR ; DHAR s I BTN I FRIE R ; GSH SR B H K
GSSG /R FAL T HEH Ik ; GR 37 2 It H U Ji il s NADPH 35755 10 i TR AR P R 24 A1 R AR ; NADP 2/ AR M ns R RR TR .
Fig. 2 Effects of Cd on antioxidative defense system of higher plants

Note: SOD stands for superoxide dismutase; CAT stands for catalase; GPX stands for glutathione peroxidase; APX stands for ascorbate peroxidase;

AsA stands for ascorbic acid; MDHA stands for monodehydroascorbic acid; MDHAR stands for monodehydroascorbate reductase; DHA stands for

didehydroascorbic acid; DHAR stands for dehydroascorbate reductase; GSH stands for glutathione; GSSG stands for oxidized glutathione; GR stands

for glutathione reductase; NADPH stands for reduced nicotinamide adenine dinucleotide phosphate;

NADP stands for nicotinamide adenine dinucleotide phosphate.

WHETEOT, —E W Cd Wi i FE b A
BrAALBEG YRR 1 Cd — Bl g — 2@ W E P
ATt T P O A ) L e R RO T B
5% K MK ZE (Polygonum hydropiper L.)® ) SOD 7
M KRS CAT 16 MRl Cd Vi B 38 n 522 Se 14 )5 B
AR, S H R, — 5 TH AT B = VR Cd AR AR
I, SHCE ARG 42 8 25 B 00 sl e P i), s Hoss
(] 28548 T ST 5 53— J7 1D, 7T A ROS 1197 4= i ik
HIEBRAE 1, S BTSN R, MK 5 (Glycine max
L)“E R Cd Bpit T, H SOD | CAT i ML) &
Fw JRRTET Cd 2 AH G KRR i ik, A
= F ( Trifolium repens L) # K (Quercus robur
L™ AR, CAT i& P Bl Cd e R 2 F
Rkt R PRIANE CAT H 3 PR 10 26 3k 78 76 5%
I 1 BEAR, AT B 5 ik i A 4 R R CAT 1%
PEA G, AN, [Rl—Fh A [] M 1] ) AF ik e A AL il
ISR 22 5% RS 5 U247 (Populus deltoides %
nigra)ff Cd Ab¥EJ5 , MERK SOD V& M AR fbAS i 25, T
HERR SOD T 1 i 25 T Rk HC 5L A AT R 2 e ok 5 2L
THAER LY SOD il B4 F i 5, /s Cd X i
PRI 2 VTS ™

Y KEITER S ARG 3432 Cd a5

Wi, T S AR =8 2 — GSH fEAR Y I X Cd ikl
it R i E mEAE M, —J7 i GSH AlJE S
Cd 256 AP B & K, A5 200 Jf o3 1) B8 7 F- 15 5 55
—J71f ,GSH 7] LAl i3 AsA-GSH T 5 Cd 755
FEAE ) ROS, REMMR Y GSH & &kl Cd k%
0 2 Sk e, LA 7 R R AR 1, HL
AR S AR HLEI 2L, BD Y Cd &
AR f 5 B i, GSH A R 56 B4 il 75 P 3% 2%, GSH
i N, “FK(Bechmeria nivea (L.) Gaud)™' M
(Citrus sinensis L)*7E Cd Wi )5, Hrb F ) AsA-
GSH i 42 # 4% B 8 38 15, AsA B Bt &0 Bt 36 1L iR
(DHA)YE B 3 i, W13 5 AsA-GSH i3 A% Cd
XoF 4 114 25 800
2.2 PRI A G 5

Cd Wit ™, ROS 1EH T A= W B Ag it & A 2ot 4
IR, B ) Z — TN [ (MDA), MDA 1
FUR X A = A — 2 AR P 0 75 VR, R 5
AR R BT R A2 W ia )RR B Cd W
Fhin , AR/ S 42 87 FT H AR 1607 i i
MDA ¥ B 78 35 95 0 R Y B LAY S
Amirjani®™ e/ NEBFFE SIS0, Cd AL FR)S 1K)
A K (Vicia faba L)% 1 i #Y | + & (Solanum tu-
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berosum L)HZEP i MDA & B th g F 45, A
1% (Pro ) 7£ 2 L 12 325 18 1 v ke 2 A Y, A0 3 o 3 14
S ORI B AL SR T AR I T A, A e i
TG ORI N B 28 Pro 22 i il 53 i
XY ERY . Fansh it & |~ (Raphanus sati-
vus L)PVRIZSH B ) Pro & 4Bl Cd ¥ B 18 i
miE LFER4).
2.3 PG EEH RS

SeAVERIRE — A5 A I, R A
KERSBR T YRR W EZRIE, St G EHE
AR 7 A py A T i A 4
UG A H g A H = 2D R 2 AR 2 450
SO HUC(PS TR PS 1)55 15 22 45 44 %) 78 4 @ i LA
JE AT —BAICAZ M 2 O RS A AR T BR 2P
BRI A B Y ) BRI E s 8™ .

Cd XFHYOCEAE s a4 5 54 2 A7
TA A SE A, 5 [R] 422 52 ) 5 T < (1) Cd 23 I 2 30 i AR
5 Fe™ iR JE R M fff Fe® S fb iR A%, 1M Fe® 24
KRB AR Rk i =208 3 R I 530
) B S A R E ) Bk 2R e AR AR S L
HIARY) Fi—NPBR IR 19 1E 5 &, & FEOLA @
RO mIEAL, R R B PS T h kiR
H 2 Bk 5 20 NADPH & i 32 B, 5200 J5 22K
[P BT 0 5 ) 5 o (2) Cd. RE T2 5 410 A R 0 il 7R
G Ve B ) A R B = T 52 e S 2 A e
THDOEEEAA R, R WA RO R o
I(PS 1Y D1 2 F1CEEEBI 20 ~30 min)Hi 4 & 1)
PR JE e R IR AAE DGR R 1A PS TIH 1%

157 B E I AR L (3)Cd JHhia T AR
AL B s i AR, 2 S AR B O
BRI CO, HZ , BRAREEIA N AR,

Cd XS AR B 452 5 Cd Wk B2 RN bk 30 47 22
BFIRIA G, 76 W A BT E] Cd e T, ik
SR AR A SRR LT 7 A B 5 R BB kY
KA A/ NER FNE MR, B TR SE A e R 7E
ARG e B A 0] Cd e, gl &
TFALb4E 1 T 22 B5gm , ASCRI SRS
Fr B BER N I AR 3B B I 7 2558 Cd X i 24
SeAVERM B (F 3),

(1) 2R FE o

P A 5 T A iy e [) ik A 1 56 A2 31 Cd kA
S0, Ahammed S5 [ 0F 58 0, Cd 1 Se i KOG
B B AL RS T U A kA SR R PR RO
G AT, AR EERCRE, K
JE R AT BE SR B 18 B 5 T AR S | Cd i 2k
I 5 D10 4152 i 5 ot v il 30 I 3 R A G 1 55 IR, B
J5 PRI W S AR I A F, Krupa 56
AIRFFE AR, Cd Wil F PS I e Ak sl R AR nT
fit 5 /R CHE R (Calvin cycle) Fpid J5 ik #2 %F ATP
F1 NADPH F| 32 FRA ¢,

Q) FFEIRTE

IR PR LE R R Cd 38 1 & A el s
Moussa I El-Gamal®'#F 57 & 1L, Cd il 2 S 5824
PR ML TR L PR, 3 S AR e, SR
& EESEAHIC, 40 PS LA R A1K Cytb/f,
PS I il ATP £ s fil A X & PR T 32 B, 1545

£4 Cdxt5Z4EY MDA 1 Pro S EHSIE
Table 4 Effects of Cd on the content of MDA and Pro in higher plants

W) FhE Cd R WFFEEEIE E= BTN
) ) MDA/Pro .
Plant species Cd concentrations Research conclusions References
wE 50 wmol-L™! BEE
MDA [49]
Vicia faba L. 562 mg-L']) Significantly increased
o BT
. . 3 mg-kg™! MDA . . [47]
Triticum aestivum L. Significantly increased
+5 BEHE
25 mg-kg™! MDA o ) [50]
Solanum tuberosum L. Significantly increased
Fh 100 wmol-L~! BETHE
) Pro . . [52]
Solanum lycopersicum L. (1124 mg-L™") Significantly increased
# BETE
) 6 mg-L! Pro o ) [53]
Raphanus sativus L. Significantly increased
EQIIPS REE
30 mg-kg™! Pro [54]

Mengshan tea

Significantly increased
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T'hylakoid membrane

LR AL BT

Chloroplast stroma

PS8
Thylakoid lumen

Calvin cycle

3 CdWMEEEYLEIERNFM
T SR T Sk BRI 0 SRR AR A  PS TR E R &L 11 LHC I RR DR G4 11 ; OEC i U = A i ; PQ 3R B (AR ;
Cytf FR 2 PC FR IR Z,PS 1 FAOLRSE 1 ;LHC | FRAileE 41K 1 ;Fd FR kR EHE 11 ; FNR 275 NADP £ J5fiff ;
ADP 78 "B IR T ; ATP 3278 MR A% = BERR ; (1)Cd %R R SCHRER IR 320 5 (2)Cd X 28 B UK BB (150 5 3)ROS XL A BRI 5
@#)Cd %F PS I AU5E N ;(5)Cd X PS T (320,
Fig. 3 Effects of Cd on photosynthesis of higher plants

Note: The green flat arrow indicates inhibition; the red solid arrow indicates promotion; PS Il stands for photosystem II; LHCII stands for

light-harvesting complex Il ; OEC stands for photosynthetic oxygen-evolving complex; PQ stands for plastoquinone; Cytf stands for cytochrome;

PC stands for plastocyanin; PS | stands for photosystem [ ; LHC I stands for light-harvesting complex [ ; Fd stands for ferredoxin; FNR stands

for NADP reductase; ADP stands for adenosine diphosphate; ATP stands for adenosine triphosphate; (1) The influence of Cd on Calvin cycle;

(2) The influence of Cd on thylakoid membrane stacking; (3) The influence of ROS on photosynthetic pigment; (4) The influence of Cd on PS1I;
(5) The influence of Cd on PS I .

BTG ] B A H - e A 3 R R R AIR

GtamER

RPN AR &2 Cd e 52 0w i %
i, Y A I W ZE o, A 3 A
R, O RS RACHE Cd B sz H,
W Cd 2 T4 340 Ji ity 25 b ) AR 1R A7 A5, 4100 1l
2R AW A B DG TG PR, @Cd Ml N hiA b
fitin SOD Fl CAT A5 3% 4 B AIK™ | 3 b - S 4k v
ROS & &, HARW IO G 0 R £ 2 38
MOLEREGLHC I =R LK ;G Cd™
SRR T Mg™ s iE PO A5 1 U BE
MR R EIIN cd b TR R & K
B W AR £ SCHRIE 32, Kapoor 25 iy WF 58 R H, 0.6
mmol *+ L™ Cd i} T, Ir 3 S -4 3R % it 4 B2
2675 mg-g PR E 13.38 mg-g™', HPM4E a

(Chl a)# 5l 16.78 mg-g ' F#AIKE 7.1 mg-g™", Mkt
2% p(Chl b & N 754 mg-g™' B FHFRKZE 2.24
mg-g'. An FUHI R LM, 4 5 mg-kg' Cd 5
J& ARAEM A Chl a,Chl b FIZEBE N & &85
FEAR T 29% 30% Fl1 31% , A4RSETIWRoEA & BLAE
WIFIERAK 4= 5 2 R Pyt R A 2 Cd il aa
il , HLR 4425 Chl a Al Chl b & BBl Cd k)1
T & A

@)PS I v Hcs

PS I 52 7 o i Pt 23 B Cd iy ad 1 52 3 & 2%
i, O A P B AT T PS 1 B 5 % 5
Cd szt HIFERET PSR OB &%
PN - R AR 52 AR I Cd ek H s, Cd i ia
fifi HoH A5 0 R AZ PR I X S8k PS T S o 0 2k
T AN ed™ Srve 4 PS T A S A AR
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HAMR(OEC) T Mn,Ca #£ I+ Ca 454 7 o5, it Ok
B IR R R, IS H,0 Ty A Rty PS 1T &
Boas kT B 7 1 PS I L T2 AR 214 Q,
2 Cd Wil , FEARH TN Q, F Q, M FT,
A, BiTAR Cd e ™ PS I R i e D12 1 e s
Wit 2 Rl G2 B, PS T S B HhoD A B o, 1%
i HCRIREAL, DL R S8 Cd rE R PSTTHET
b Sz BH el 3R W BRAR, SRR SR 5T
KRG HM RO ROR(F,/F,) G2 K R AL
(qP) R HL, T-£ 136 3 R (ETR)HIBE Cd e & T v 1 ik %
BEAR, AE 08 . & SRS LR 34 PS T R iz
HL - 3o TR RAIR, , 6 ORE 00 7 v Dl 2% A T IR i i)
JEREANREA R LG AL S T IO SORE L, Bl 4 v
JEH2A VK (NPQ)RE I FE R FDERE . Qu SIS
RIAE Cd i F E R4 M i NPQ S &1 hn 1T
589% , Ml 73— 5% e 0I5 HL R 48 55 58 K I 7 28 60
mg-L™' Cd AbFRJE , H NPQ {H I N T 66.9% ™,

(5)PS T J i He

PS ML A ThRENR 32 Cd B sgm, RS K
BB TR PS AR H A UK, (HAT5 A /D Ho
Yl 16 PS TAH XS 3 5 22 Cd sz m™ ) 5
PS IIHAL, Cd 25 i &R MIK PS Ml R B AR LHC 1
HIRE A Z & i, fUHOG R RBCR IR, [FIRT,
PS LA JFMI L F bRt 25 P Cd ik 177 32 3 ], 3 B
PS TEEIANALFRORFEL, Wodala 2™ [HFFT %1
Cd A 2% PS DAL DL ARG R SR
FALBRE A, A, Cd il T 2 AR -
FEA ) ROS 4 B %GE PS [ EERAIAHE Y Fe-S
Huly, BRI SRS B NADPH /= 5™,

3 IR R R0 ( Effects of cadmium on
cell ultrastructure)

FEMRHREE Cd M8 T, 4B ) AT 38 axk 240 R BELF |
£ L S 235 5 A R DX B 1k 55 O XA Cd i &g
OO EY Cd v B R I A B 2 X AR 4 At i
MG i B, PRI AR, Cd b 2 R BUY
S EORE i B 40 BE AR IR RUANAE (Impatiens
balsamina L.)"™ M- F 41 A J5 5 A 0200 it 55 i 4 1
PN P 23 (1 AR (Amygdalus persica L)MRAR
21 iy e b AR 28 e L L RUZ BT 2R D I 4 22
(Pogonatherum crinitum (Thunb.) Kunth)®™ 4 % ( Nic-
otiana tabacum L.)"™ 4 Jitd M- SRAA 57 353 8500 3L AN
HEAFmAibE | M & Cd W BT, 40 32 45

B N2 W AL B — 2P i), 28 5 b {4
SRR AN A AZ S AN 28 B S O . A, Cd e
WA T Fn AR AN Y e R AR A 24
ISR E AR S), AL L, Cd XA 4 41 A ) B
FAE R Rl IR e oA — %) 440 i 2% BB 5 44 i 2
Xof LR A AN LS R #A R R R B i 3, FOR
R A0HEXT Cd I 32 5 B A7 7E 25 5%, R e ¢
FTHH B FE AR A A TR

4 CdXEYEMEFN=Z /N ( Effects of cad-
mium on plant biomass and yield )
4.1 XAEYAE Py 5

T HEH 4R Cd 1 BUAE P 40 B PN A DG AR AR Ak
RPFRZETL, AOGA B AR AR 8 SR O A ]
HERE ) TR AR R Y B A RE D, S U A Y=
BEREAR, MREnSNE Cd i, /MR (Primula forbe-
sii Franch.)™  E[1 £ 7+ ¢ (Brassica juncea)™ 4= ¥ & 748
IR AR R i BGR  ii/INAZ P KA R
(Fragaria X ananassa Duch.)™ %5 /E ¥ Y bt Cd Wk &
HEKNT i REAR(FR 6), ARIEYIXT Cd 10 URFR B
FEAE2ES AT e AR N BE R F Rk TN I R KT
EZRA R (HEERMNT ,Cd &S EHEY Y%,
4.2 XY R S

— GO R Cd SREY AR, A
— B MBI PR B MR B o v s I R AE ) 52 B R
JE S EBAEYR . KRB Cd B =i,
BB R TR TR R AR Cd S
B AR, 2 5 A A A A T P 0 A
MeA K. T 4h, NPT H # (Dioscorea esculenta
(Lour.) Burkill)®™ FZE®) =B % Cd ¥k & 18 i
Wb TIHSEAE 30 mg-kg ™' Cd HRIEAN B , HE
JUFAAZRZ , 2 B S X — e W B Cd hie HA
fiif 32 PEPUER 7)

5 Cd XEWE FMmBRAIZ M ( Effects of cadmium
on crop nutritional quality)
FHAS T A A AL RZ A, Cd B30 XHVE 78 97 o
SN AR SCARIE R . AEE SR AL BT R BN LT
4 A5 (DM E ARV RPRL P Z LR A 1 B3 A
Q)i KR BB KAL G W) 7 5 B)MORHE Y Y i
TR ik S i s () 25 A O
5.1 XREAEYIFFRLE LA 5 5 R B 50
Cd 775 4% 132 v AR K 0 1 0 803 18 TR A [
W2 BN, BOH A N RE G Y 2 5L R AL
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Dl e s A ﬁi%ﬂ@@zﬁﬁ@ﬁ%ﬁ JuH & T
RILTRAG AR (Lys) 1) 2, S TPEAG TR Y8 37 5 5 1)
HESEPR, Cd LiﬂFE’JE?KﬁQEEM%‘FﬁEP 2 FhE
25 Lys EW A U Bf— R A E RIS (AK) A
TR M E R 4 i (DHDPS) 1 RGN, Lys & i
B2 e ER AR, Cd AbBEAH Lys &

WA W 284k, T RE 2 BT AK X Lys S i 41 il E1<J
B UMK IS T AK FI DHDPS W 3 L 3% M 14 1%

NPT SR, Cd W i /N A E R R 5 B, Herp
Lys JU 3P TR Cd a il /N4 Lys &
ARSI, 8 B FEA L R R, Cd
38 i SRR AR A o S O IV B 1 B
KR, NPT FORUORE R b A B A R
Cd ¥ J3£ B 350 56 T i BREARS T 305 S
(Nelumbo nucifera Gaertn.)""" 1 (%) 25 1 5T & &b Cd
eI ERTE JE 2 SR

x5 CdXEEEMEREENZIT
Table 5 Effects of Cd on ultrastructure of higher plants

GERZ RS HAGE WHFEEEIE 27 3CHik
Plant species Tissues and organs Research conclusions References
Fr - 2H L 200 MO RE PRAASERYT | BE AN0 1 811
Apium graveolens L. Leaf cells Fuzzy, underfilled inner cell wall
FK Zea mays L. T2 Leaf cells 2 i BEAZ . Deformed cell wall [82]
RUAlHE -2 i IR AN , e BB 1 3]
Impatiens balsamina L. Leaf cells Destruction of cell membrane, changing of membrane permeability
- o AR RS RUZR I
Amygdalus persica L. Root tip cells Decreased numberA of mltoc-h0n<-ir1a and cristae, and disappeared [84]
mitochondrial bilayer membrane
IS e ST R HE TR AL |
Eia A SRBEALIASTE | BE B H B A 2 (5 e
Pogonatherum crinitum Shrinked chloroplasts, broken outer membrane, disorderly [85]
(Thunb.) Kunth Germ cells arranged grana, twisted and deformed thylakoids, and a large number
of black particles appeared in the stroma
R0 NG R e AU 23 NS R VB W6 vy e U | B g D TR
SR B 441 fifg Deformed chloroplasts, loosed grana lamellae of thylakoid, and a 861
Nicotiana tabacum L. Leaf cells large number of osmiophilic granules and a small amount of starch
granules appeared in chloroplasts
"L M3 ZUAm A 25 BT Y R AR U]
Vicia faba L. Root meristem cells Loss of mitotic activity, aberrant chromosomes
- o P IARETERE R ST FRR LT k03 A AN 2, R He Ak
Increased chromosome stickiness, heterogenous distribution 871
Solanum lycopersicum Root cells
and polarization of spindle fibers
x6 CdNEHEEMEYMENZIN
Table 6 Effects of Cd on biomass of higher plants
THFNA Cd ¥R e Z:7% Sk
Plant species Cd concentrations Research conclusions References
INRF <5 mg-kg! IR Significantly increased
Primula forbesii Franch. 150 mg-kg™' I Z &L Significantly reduced (88]
ERREST R <110 mg-kg™! 4TI Increased
Brassica juncea =150 mg-kg™!' I FR#IC Significantly reduced (89
/NE Triticum aestivum L. =20 mg-kg™! I F &K Significantly reduced [90]
IKFE Oryza sativa L. =45 pmol-L™' (5.06 mg-L™") AR Significantly reduced [91]

W%; Fragaria X ananassa Duch. =80 mg-L™!

I FR#IC Significantly reduced [92]
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x7 CAdXMBEEYMTENZI
Table 7 Effects of Cd on yield of higher plants
e s Cd ¥R ¥ R Z:7% 3k
Plant species Cd concentrations Research conclusions References
1 mg-L™! 7T Slightly increased yield
KT AR A RSO EOR T R R A1 [93-94]
Oryza sativa L. 5 mg-L™! Inhibited panicle length, reduced effective panicle
number and thousand-grain weight
N ) BRI i T
- . 20 mg-kg™ . . . [90]
Triticum aestivum L. Decreased effective panicle number and yield
‘H2 Dioscorea esculenta (Lour.) Burkill 20 mg-kg™! 771 F % Decreased yield [95]
H%§ Fragaria x ananassa Duch. 80 mg-L™! Wi R %, Pe e 54 Decreased fruit weight and yield [92]
3% Brassica napus L. 30 mg-kg™! FEE AR Z N Unaffected yield [96]

5.2 XERSERRK G & RN

Cd JHir 25 52 W A5 49 R SR 52 v mT 3 1 W S TE Ay
P, DT 52 M G 1 EORT B RPY AFSE R B, Cd
JAF 581 (Lactuca sativa L)™ H 25 o 1) 25 26 4
SRR B2/ g, HEY 5
EUCT REME B R BE Cd VR T R Bk B Y
. EEN R RTER & O B AR TR
R ZE T v (8 G 9 B 58 0] 32 o o U i AR
HHYERD T e Cd e BE Y3 I 2 S T R R Y
{HARE A B2 AN, Cd Bl B 2 AR T /N A
L S TE R RS R TE A B i, ELUMME MR B TE R
i R R EH A Ve b o R A S
TEMT B LA SZ 52 O e Ah AR P b E H A A (R
/N TR R IR A R YR B, i = Wk Cd
S PEARTE R T (RVA) j i (E, 38 0 I D08, DA T
FAEY TR,
5.3 XHHEHEYIRR IR & it 5 5 i it i 52 e

YEY v B 107 R (%) 20 AN 5 2 BRI AR B 1) i
FLFVE TR, A6 A= W g B 7 2 rh (%) 3 R AT i 2
(O/L) LU AR &AL Tt A7 i i b, HE A8 e 1) LU AE 7T A
FEARACA: B it A7 o R] i R By A8 o, R 9T R B,
Cd il B3 T AL 15 A XB023 X 2 S 4EAE
f PO JH PR 5 i, BEAIGEL O/L fH, S B ] it £7
[ REAIRI BRI R — Fh B B SR IR 2Y
W8 B BN RN AR 195 2 , AE A s R B b 9 B
WRAR, AR AR & A R AR IR A2 5 BZ ) o
(R, B Cd Ab 2RV BE i TF =i, B9 4L (Anemone
vitifolia Buch.) B R FFIH AR A R 2 e o 35 R IR
bR THRITR & 1 A8 4k, — SEyipRHE Y 0 5 T
3325 AN ORI G AR v A B I B

Cd W FE () T i 22 SE T S B AR A R 3 Tif Cd A 28
i YRR S S 4 9l 5 o D) A0 SRR R AT D
Cd XA [FIVED (1) 5% ma AL ) A e 22 01 AE R AT &5
Cd el SEAEY 5 T T R,

5.4 XSRS EL R R

TIEE R Cd Y — S BB h 2
H Cd g H S 250 1) i i 5 2558, O BRI
JR 2 FECd 7E ARFR R, TP KA 10 ~30 a
1) Cd exF AR i Rr etk e . DIREIEZE &
4R ARV RRE(CA<02 mg-kg YN BFH  HiTE
NN TR 6 M R I E 4R Cd B,
& P [ (Astragalus membranaeus) 85 57% , Hk
FENRWEAR (Isatis tinctoria L.)FI i ¥ (Rehmannia gluti-
nosa (Gaetn.) Libosch.), 73 H#E AR 26.5% F1 17% . 1M
F}2:(Salvia miltiorrhiza Bge.) 1. 4£( Carthamus tincto-
rius LYY Cd & & A B H, 78 Cd & & 25 ~ 100
mg-kg ' R IS WA R Cd F i
43514 8.83 mg-kg™ Fl 7.76 mg-kg " L1 4E %
Cd & E ik 1486 ~2772 mg-kg ',

J3—J7 M, Cd 2x T4 b 2504 i rp o A AL
YRR &R HE s e B rh 2 A B 2580 S W B, R
J& — £ (Panaxnotoginseng (Burkill) F. H. Chen ex C.
H) F 2GR, MR ANS B T 2 A e
BERAACHT ) . ANRREE Cd AR FXT 1 B Je
SR AR A AN R AR B 5 e, SR AR
R B EFINHIVE Y 28 Cd AN S BB 45 16 (Chrys-
anthemum indicum L.)"P{GPE R S A6 T BVBE A &
TR, R Cd 15 Y SR IR 45 18 25 6 b
P MRS E (Ligusticum chuanxiong Hort.) £
BT ERAL , Fo2 HIS A B 5 I BRR 1125 8
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FEEA I EEZE Cd Ab 5 2 AR 1 1 Z5 AR 2
ANTRIR AR 5 Sk, JLrh BT B AR 1125 v
AN ER RSB AR T 36% . 25.85% Fil
10.60% "™, BLAh, Cd il T F+2(Salvia miltiorrhiza
Bunge)iR RIRHE S S B0 &P — &S F
SAEPHS R i 38 W 2 R, Hov oK s R
TR AP G Sl RS TN R A G (PALL ) 1 s 2
PR S AL B (TAT) TG PE 1 5 PR R 42
Cd ZREARZGH 1A 8525 F Loy B8R (i HC 24 5t I
TR, SR AR RIS YU Cd ARSI A
i (Artemisia annua L) & & B, HRERFZET Cd
RENSIS ¥ 465 MAPK LR | 1fif MAPK 2% Eki& 45 0T
RETE Cd M e A8 A AR =4 B 1 h R 25 20
fbh Cd (G SR BN AN I VE R, AT 8 R A
BRI RL D Rk IR DAY, Cd 3t

6 FEEE(Prospects)

Har, Ax+EESE Cd MY EK AT 40
PR s A A B A A A DA B A 7 2 0 o o 4
J7 T R 2 U B K e (AT K i B2
[ FRR AR IR DT, FEA LT 4 N2 H A1)
A Ko

(DO T, A A K AR A Ak o 13z
21 i R Tl F P A A R 5 L PR 3R R AP AT R 1Y
M, TRAMSEE 4SS Cd Bl T AH O3 N 3R
ik JER UL R 4 2 B s dH 2 B A B2 27 AR
WHEH 22 AN A2 A 7 Bl i R G A - E 9 Ty
T, N DI PR B B 1 T A 2 31 AN a5 i A 4 A= B
A AR AR B Y P28 SC R KA B T RTIRA T
fiff B 4 )8 Cd X AE A B RE T A0 B H A HILL

QFEM)ZTH, BAiMtRZRETESE Cd
Xo ELIAEL ) 0 B T N, T X R TR A
B RGK- RN R FEARRT 8D BARRET
ARIF R PAEYI ARG T HAE, Cd Jie T
R IR RE S Cd X Ji] [ A ) 2 35 4L
JOL, DEFARIE N 25 SR 2 A F 7 vh ey i LA
Ko BE DX A S DI RE A5 PR Cd W38 T 325 i e
e i B S s i — 2T

G)FFIa])Z T, BEAA B Cd 36 XA 4 7% 3 2500
AORIFSE 22 6 rh T 3 S 6, T s ) RUBE T B HF A
R ESZRR R AR D, A MY TE
Kbt B T e S X Cd Wi itk s — R 51 5
TBLH Y A e 2 AR AR T D WOR T
B B EMT A R AR ST

@)z )2 T, R R R A B 2 R TR X
IR A R AZ B RS MR R SR SRR R
LIRS R S E 2 SRR, I AN 4
TIEIAS ] DX 35k 4% 7 4 S AT B i, S [) X Ol 32
H H At 5 4 J8 An4TT(Pb) R (Hg) Al (Cr) 55 7 e A3 4
KRS BEXT Cd 13 F AR A A R 2 B2 (% B
[F) S AsPUARON AB 5 ZE i — IR AMESE . LA, AN ]
DX 3o A S A R A A R 2 5, H IR
EFEYIRR bR BAE R AR Cd X E AR R
JE A 225, P, RN R X3 Cd i T, 358
A S5 REIAR PR USROG &R KA B 384T
AR RS T AR Cd X 0 35 3000

it RO R A IR FASKREFRMAEEFT LR
Y B R & LIS,

EIAEE B M 28 1990—), % 4, #tF, T2 A F &
A A B FRE,

HEERIEEB N MAEAST—), B, SR IRF, £
BHRTARENNRFTREEREASEE,
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