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Zinc—-Cadmium Interaction in Soil-Plant Systems Under Different Soil Properties and Phosphorus
Levels
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Abstract: To investigate the effects of soil properties and phosphorus (P) levels on zinc (Zn)—cadmium (Cd) interaction in soil—
plant systems, two pot experiments were conducted. The soil used in experiment 1 was fertile clay with high levels of Zn and P,
while, the soil in experiment 2 was arid sandy soil deficient of Zn and P. The results showed that, in experiment 1, addition of Zn
(2~100 mg-kg™) to soil had no significant effects on Cd concentrations in wheat (Triticum aestivum, L.) seedlings grown in Zn—af—
fluent soils, and only when the added Zn was up to severe contamination, Cd uptake by wheat was inhibited significantly. In ex—
periment 2, however, even low levels of Zn addition (1~10 mg-kg™) had significant effects on Cd uptake by wheat (P<0.001). Ad—
dition of reagent pure P (CaHPO,) also had significant effects on Cd concentrations in shoots and roots of plants. In the past, it was
generally ascribed to Cd impurity in P fertilizer that P fertilizer increased the absorption of Cd in wheat, but according to the
above results, we suggested that P element itself had effects on Cd uptake by plants and Cd transfer from root to shoot.
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Table 1 Basic chemical properties of the soil used in the pot experiment

. B L IE pL g Ly vedi M Zn Mad
L35 pH {8 pe y 1 1 1 1 -1
o mg * kg /mg * kg /mg * kg /mg * kg /mg * kg
S 1 7.7 1.4 80.0 24.1 198.7 176.6 0.1
S 2 8.7 0.37 443 39 36.9 36.9 nd.”
TEnd gRAH
112 157 % 1.2 5 2
W 4 4> Cd(CdCL) ¥ ¥ 0,15,30,50 mg Cd -kg™ 1.2.1 3%

+ 15 4 Zn(ZnSO,) ¥ & 0.2.10,100.1 000 mg Zn -
kg™ 4o, 3 20 AMAEFR AEALEE 3 AT, A5 AR FE L
LR IR B BPAE 200 mg N-kg! + (JRZ) 133 mg
P,0s-kg™! - (BEMRE45) 133 mg K,0-kg' - (FiliR
B o ARFRIE R AR ONR SIS AR T
+ 1 kg, BATRE 3% 15% S /KK 1
1.1.3 M5 57

& /N (Triticum aestivum, L) FH4E 9204 Fh ¥ H
10%#) H,0, WHRE 10 min, F A RAK M J5 25, K 25
O i R R B 1 4 SR o Sl W S A O A S A=< IS
ZF 2~3 em, FATIANET, BEALOR TR 3 k. 4% 3 d BRK
LR IREE 15% ) 3SR, IR REF 18CA A
T . ANEREAER 9 ROk,
1.1.4 H#RS AT

WK B/ NZE ST o3 AR R, &R 53 AR ] 5 1
IKFEGI VR, T T0°CHAR L 48 h, BRI, FREE
S HIRLRIH b ER 53T T I B AEER TP AR B 0.25 ¢
A S mL AEHAR AL (HNOSHCI0,=6:1)160 C'T
THA 8 h, AWM EAKERZE 50 mL, HKTHY
Cd ¥ & H] ICP-OES  (Inductively Coupled Plasma
Optical Emission Spectrometry, Optima 2000 DV, Perkin
Elmer, USA)M%E .
1.1.5 4l 54

A IR A Y ANOVA (6" ed., NAG Lid,
England)%i+ﬁ$ﬁo

K AL AT RERB(0~25 em) , A7 E R Zn S P )
IV A, AR L 1 i 2,
1.2.2 R F

B4 A Zn(ZnS0,) R 0.1.5.10 mg Zn-kg™ +
F1 4 4~ P(CaHPO,) ¥ JZ 0.10,50,100 mg P-kg™ 1,
3L 16 ANALHR, BRALIE 4 A EA A5 AL FRGS N ] — R B
[ Cd(CdCL,) 6 mg Cd-kg™ =, Il L 251 1 20 41
JE 200 mg N -kg™! +(JRE) . 133 mg K,0-kg™ + (HifR
By, ARSI BRI IR AR AR R
kg AR i 15% S KK 1 JE
1.2.3 YR SR MBI

TSNS R 1,

2 HBRESH

2.1 X5 1
2.1.1 A

M 2 WTLLE Y, 7E 0~100 mg-kg™' B Zn W JEE
BN, B3R A W bE Cd MR B FEA% , 50
mg - kg 'Cd W& BE R H AR Wi AN Cd B A A
YY) 50%, 0~100 mg-kg™ 1Y Zn X #3454 G
SR, {H 1000 mg-kg™ A Zn B H 0 2 HIFRAK T
M EARA L R e A e Bk RN R4
W HEZ 3] Zn MHEEFE IR 1, RS, Zn 35
YERZE A T2 A L Cd b 3R [H) 40
AR ZEFATEE . FR Cd50xZnl 000 mg-kg™



5 24 52 o1] A U 1043
A, FRFBA R E Cd Zn W JEAR AL RS Hh &R 2.1.2 ¥ Cd R JE

AL, Cd50xZnl 000 mg-kg™ KEFR AL AR A Pyt i F AR IT Cd W B L BAIR (0.1 mg kg™ 22
FLT Cd0xZn1 000 mg-kg™, ), AKhnCd AL I Cd SRR, R

F2 AE Cd Zn iREKFAEN TIEEGTLNEH ARG EYE

Table 2 Shoot and root biomass (g pot™) of winter wheat plants grown in pot culture with different additions of Cd and Zn

K cd %I?i Zn 4 8/mg ¢ kg -
/mg * kg +: 0 2 10 100 1000

b1 0 2.89+0.11 2.9340.06 3.09+£0.04 2.584+0.04 0.234+0.01
15 2.3440.05 2.40%0.07 2.35+0.05 2.4240.04 0.2440.01
30 1.31+0.03 1.4340.05 1.63£0.03 1.6240.06 0.2440.01
50 1.324+0.06 1.2340.03 1.25+0.07 1.0240.04 0.234+0.02

i

Cd P <0.001

Zn P <0.001

Cd-Zn P <0.001
iy 0 1.13£0.05 1.06£0.05 1.06£0.03 0.9940.05 0.13£+0.01
15 0.924+0.05 0.8240.07 0.84+0.02 0.861+0.01 0.154+0.01
30 0.51%+0.03 0.4940.01 0.54+0.02 0.624+0.02 0.1740.02
50 0.514+0.04 0.51%0.03 0.51£0.04 0.4740.02 0.094+0.01

i

Cd P <0.001

Zn P <0.001

Cd-Zn P <0.001

Kot . A AL I B Cd W RS Cd mg-kg ) WTRIEIT T Ho B3 Cd &, 50 mg-kg'Cd /K
AR PRSP B3R W T, UL 3, IR Zn b SR IIANTET Cd HREEAZ 3 1 000 mg-kg™ Zn BYHRH]
(2,10 mg-kg™) X 3 Cd WP RSEmAN 25 15 HRHB Cd HeE i s T4 3%, F0A Cd i s 350
F130 mg-kg™ 19 Cd 7K~ F ¥ BEAY Zn (100 F1 1 000 TR 2R B0/ FRER Cd ¥ IRBE + 3 Cd K1y

&3 AR Cd.Zn KEKFARBI T EHFM4TZ/NEM EEFRAR Cd KE

Table 3 Concentrations of Cd (mg-kg™) in shoots and roots of winter wheat plants grown in pot culture with different application rates of Zn

and Cd
P cd %ii Zn b3 /mg « kg I-
/mg kg~ T 0 2 10 100 1000
Ho b3 0 n.d.* n.d. n.d. n.d. n.d.
15 39.84+2.07 40.1+1.56 39.4+1.60 28.1+0.65 22.54+0.37
30 70.1+2.67 69.8+4.54 64.8+£4.00 543+3.64 37.3+2.72
50 76.4+1.68 77.6+1.17 72.7+£1.85 74.61+6.33 41.5+3.44
i Z5 0T
Cd P <0.001
Zn P <0.001
Cd-Zn P=0.007
5 0 12402 1.7£0.3 0.6%0.1 47408 28+1.7
15 195+1.9 221+15.9 185+1.1 150+5.3 121+44
30 419+ 14 389+8.1 392+6.1 281+5.0 251+13.8
50 579+20.4 666+60.7 479+35.6 495+35.8 282+12.3
i Z5 0T
Cd P <0.001
Zn P <0.001
Cd-Zn P <0.001

e d ARAG
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Figure 1 Growth of wheat seedlings under various treatments of Zn and Cd

THE TR . 76 15 F1 30 mg-kg™ Cd ZKEF,2 110
mg kg™ [ Zn ZEFEXF L) ETARER Cd e 0 1 & 5 0
100 1 1 000 mg-kg™ 4 Zn | 524044 T AR BT Cd
AR, 5 AL, 50 mg-kg™ Cd 7K T, 10~1 000
mg- kg 1Y Zn Y0 ZEREAL T ARES Cd WREE,
2.2 X 2
2.2.1 Y

it P AR T4 AR Rl P(O mg-kg™)
F1 10 mg -kg™ P AL FRAY &) 1 AE <3 25 F 50 1100
mg kg P A0BR, FEAE S I, Rt P AR BRI 2l AT AR
WRE/N, IFAC LR T, T 50 A1 100 mg-kg™ P ALFREY
IR RAF, WL 2, Zn AEIRXTL T A=K B E AN

P A H 2 Sk 8 T it B 3E K OF(P<0.001),
T 3, M 0~5 mg-kg' Zn A0 AP AR Y B Zn ¥
JE T e B HGAN, T7E 10 mg-kg™ Zn AFRR | 41
AR Z B, P-Zn S BAE XS A A
2 FEIR (P<0.001) , JE HZTE R PKE R, 7E 50
1100 mg-keg™ P AL, BRI Zn(10 mg-kg™) B i FEAIR
T Y AR R A
2.2.2 Cd Mk

K 4 AT LA S 238 Cd 3R (10~25 mg -
ke )AL TFHREH Cd (U E (60~120 mg-ke™) , J5# &
HIE ) 6 5447, B Cd 1E/INEZ 41 AR 1) |35
FERS AR, S5l 1 25 R A0, P Zn X Cd 7E4)
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Figure 2 Growth of wheat seedlings under various treatments of P
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Figure 3 Effects of P and Zn supply on biomass of shoots (A) and roots (B) of winter wheat seedlings treated with 6 mg-kg™ of Cd
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Figure 4 Effects of P and Zn supply on Cd concentrations in shoots (A) and roots (B) of winter wheat seedlings treated with 6 mg-kg™ of Cd
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B HORTAR o R R A A B GE i A
IR H 3 HI R AR S RS2 IR, — i, it P 4R
T HE BB Cd MR (P<0.001) , Tt Zn U] B4 ARG 4
1#B Cd MHREE (P<0.001); AHSZ, Bk 10 mg-kg™ Zn
Ah it Zn $E5 TR Cd YR (P<0.001) , Fi A it
Zn 11 69.2 mg kg $2 % 5 mg-kg Zn 1 95.8 mg-
ke o P XTAR A Cd VREERYSZIAL 5 Zn AR, it P RIS
A Cd B (P<0.001) , g5 R P Zn ANMHF
M) /N Gy Cd ISR 22, TG ELEZ IR Cd MAAR [7]
Mo I EBAIERS , HAUN AR

3 itig

I 1 LR BN, Cd Zn 7EA/ NS Yyt
DI AERR Cd WeBE AREBIE T R E A HAEH , 16
I Cd BER , BN Zn IR B HEA R A
K, F B Bt F %) R B Zn, - 5EAJE Zn X
KRR, ZEHR S Nan S5O 45 R —
N Zn R—2 MG Cd I, X 0T g5
JT ARG Zn HHEA G, A AUR, FEAR Cd AN FF
SRR B U ik 22—l i e i Rt in
Zn JIBHO BRI, WAIRER 25 SR, FEAR I ) 1 4
AR, RA B E R Zn (100~1 000 mg -kg™) A %f
Cd M ISCRNAR 277 A I A5ONE , TSR 55 1) Zn 7KF
CILIE it T SN Zn BE ST R, R
TEMEEEMRRH, R 100~1000 mg-kg™ f Zn G
AR TR Cd W E RPN R ELIE
XA A A AR R R, P A X 3
) Cd 75 YL 3R LB AT i

T2 E A R PSR & — e
() Cd, P s 2 — oA his P RESEHERE IR Cd 1R
WA T PABH A Cd FrE™, SR, ZEAR RS (1t
5y, FRAT P AL EEET A A =R 4R CaHPO,,
Cd Z= il oo, AT Z AT, 25 SR 50 25 42 1 T/
AR Cd W, T ELXE Cd MK 1) L R )
oz A M, Choudhary 45 10 7F + K556 H DA M
Yang SR K 55 S8 it i SB i Pt & BT A
RIZER X UL Cd R NI aE S P TR A S
A, PITENS Cd MO m AL i AR VE 4 P il BE
i 3k 5 4 pH (E  Zn A R50HE SR 5 i A 4 ot
CARMLI , XA T T4 5 25T

FERSS: 2 v, it/ B Zn BEELXT Cd I
FEAE T WIS, B 10 mg-kg P ALERAL | HABRTE
PSR, il Zn 340 ZEREAR T M AR Cd MR X

5% 1 o Zn-Cd & BEAER IR 45 RARA — 3K,
R 1 H1,0~100 mg-kg™ {9 Zn XF /N LT 1 Cd
W BRI A B 52, A 1000 mg kg™ 1 Zn A
X /INAZ Wy TR Cd R RE R R Y deb g R A0

R FR I, TR 2 50 R R 1A
TR 2 A AT R A - A ORI 4 4 Zn 7
S DAAEER RN 2E 5 0 T FH A A FAEIR
ROEHER L, H Zn B RSw=IEW S (176 mg Zn-
kg ), BRI AR R Zn B, INARY Zn &
5 Zn MHECAR Y N, HE 0T LLZ AT i
H, T et o T IR A Zn K
P o0k IR BURL PIT B, AEIXFERY SRR, i 0~
100 mg-kg™ 1Y Zn XF/NEZ L HAR N T Cd R B2 T
WM, HA 1000 mg-kg™ # Zn /KA B 2Z A 1
INFEGERT Cd PRI, 3k A DIRGE AN Zn
AN —SE X Cd B IS A B G P 00 o 2550 17 e AS e
PR T 1R IR A S A SR O
HPHEV L, H Zn T EE R S RTE A RS
(36.9 mg Zn-kg™ ), XYL A I A A 3 AR AR
A % Zn YW RRERE T AR FAIC, iR Zn JCEB 3R
YA RE, T AR B Zn 1 AT,
ELBARMKTFY Zn #0546 1 REXT 3854 B &
A2 , HIEAE 1~10 mg-kg™ 19 Zn WRIEVEFIAN i
Zn BIREW S BEAIR T/ NG AR I IY Cd VR, FEAR Tt
P KT, 10 mg-kg™ Zn AbER 4 1 e &R Cd W&
SR Zn MR T 36% .,

4 #ig

ANTRV A Bk RN Zn 15 (B XY Zn-Cd 38 B AE
R sgm 2 e R B2, TEIRS Zn PR BT 13551
T, N 100 mg-kg™ LU Zn STREAIARPI) Cd e
ST R, KBTS YK Zn WE A BB
YR Cd ¥R ; MifESR P&k Zn AOVD R HHEA
T,0~10 mg-kg™ Y Zn &b TR G 2E 50 /N A L
Cd WM, ARG 2l P ARIR & RN Dy i
X Cd MG, S P TR AR B OC,

SE .
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