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Toxicity and Accumulation of Copper and Nickel in Wheat Plants Cropped on

Alkaline and Acidic Field Soils

HUANG Jin-sun, WEI Dong-pu, GUO Xue-yan, MA Yi-bing

(Key Laboratory of Crop Nutrition and Fertilization, Ministry of Agriculture,Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Field experiments were conducted to study the toxicity of added copper (Cu) and nickel (Ni) in soils to wheat and metal
accumulation in wheat plants. The results showed that the yields of wheat straw and grain were decreased with the increasing
concentration of Cu and Ni added to soils. The added Cu concentrations yielding 10% inhibition of wheat yield (EC10) were 499. 6
mg-kg ™" for alkaline soils ( Dezhou, pH 8.90) , and 55.7 mg-kg ™" for acidic soils ( Qiyang, pH 5.31). The toxicity of Cu or Ni in
acidic soils were significantly higher than that in alkaline soils. With increasing addition of Cu or Ni, the contents of Cu in wheat grains
initially increased and then keep at constant level, while the accumulation of Ni in grains linearly increased. The contents of Cu and Ni
in Qiyang wheat grains were 6. 07-9. 26 mg-kg ™" and 0. 53-31.78 mg-kg ™", and those of in Dezhou were 5. 24-10. 52 mg-kg ™' and
0.16-25.33 mg-kg™'.

These findings showed that Cu is more relevant to ecological risk assessments than to food safety assessments for wheat grown in soils

In both field experimental sites, the contents of Cu in wheat grains meet the national standard for food safety.

that have been contaminated with Cu.

Key words: copper; nickel; wheat; soil contamination; toxicity; accumulation
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1.1 a0 XA

HH [ 55 T 2009 A 7E H AL B 27 B LU AR B
S vl I R A B 5 o AT B B vl (b
45 37.2° A4 116.38°) J@ BR i 7 2 1B 2 T 5
Z S X I 60 4F (1951 ~ 2007 4F M < 4
Jay) ARG BERER W AR 3R 12, 9°C, A RR
4 750 ~ 5 000°C , [ W & 547. 5 mm, JCH5 H 208
d, B IRET A2 592 b, 408 BH K 56 3k i Ak T80 4 A8
FHESCE T E L SR J& T Y v T B b X
EBEHIE SRR 17. 8°C, > 10°C TR S FRIR 2
M5 648°C , TR A 293 d, AR FETH B A1 150 ~
1350 mm'"’.
1.2 it

IRIRTEZK U M X AT, T X TR AR O FEM 2 x 2
m” FIABEH 2 x3 m?, B4 X [R] LA 7K 8 3% 53 9 R
HEATRR S, K e ik SRR 55 B2 A 40 em ), ML | 20
em, #1F 20 em. ZME Cu Ni @R HN5 MM 0, 50,
100, 200, 400, 800, 1600, 3200 mg-kg ", #8BH O .

12.5,25,50, 100, 200, 400, 800 mg-kg ™', Cu, Ni
S35 R CuCl, T NiCl,. 2 58 2150 5500 i 28 2
SRR S 5 G + e AR, R AL PR 2 N
4RI SE AN CHES. R T ARIE 3R Ca Ni
RERSIRS) B LIX 0 ~ 20 em B HIEECE, 23 B A
Cu Ni £RIR5), FRRHIR S 80 s 7. 355 + 1
BEARPEPE T LR 1.

AR Cu  Ni Jiti ABFTE] A 2007 42007 | 2008 4
Ay T I B /N E FOR VR G AR IR Y
/NEETF 2009 4 11 A 12 HAEFRP, &R S ASHEK,
2009 4 11 H 28 H/NAZ . /N2 i Fh 430 Ry 5 %2
22 5 (FEM) FZEE 11 5 (FBFH) . &R0 Xy AT
FEFN INAZ IR SR R HEA T3 Pl /NG 8 45, 4
FG gt TR E 3 ~5 em. JEREE 42 IR 24 1 ) R A7
it 1. E L it FH £ 3 0] o 7 M JIE (N) 225 kg -
hm ™2, # A (P,05) 120 kg+-hm >, £ 8 (K,0) 150
kg-hm > FRFHMEAE (N)90 kg-hm > #EHE (P,0;)
36 kg-hm > 1 JIE (K,0)36 kg-hm 2. AL AR &K,
ARAE A a0 5 , 0 TS Ay A 6 (M ) i S A
(FBEH) . WA AE AR ISR i, 008 43 2 Wit A
JEAEFLE AR A b 50% |, 38 REAE /N2 38715 Wit . /)
T 2010 4F 5 13 HWER, 43000 7 /N 22 A8 1 A
PR %) i N A o R e O S ) LCP-MS
FE Cu., Ni Ay iz,

F1 TEEREBEHER

Table 1  Physical and chemical properties of soils

Mo + 3% TRIEH 5HE/mg kg ™! pH" eCECY oc» CaCO;  Fe HALYY Bk K/
o 2 Cu Ni (1:5) /cmol'kg’l /% /% /mg'kgf1 k>

e Wt 24.6 20.2 8.90 8.33 0. 69 6. 17 644 18/18/64

AR 29.4 22.3 5.31 7.47 0. 87 0. 09 1146 46/35/19

1) B3 pH FEK £ HOH 12 SEUAIE IR 2] 5 2) AR ES T a0t , AR phAR-BRAR M AE T 5 3) FLEBR S oMU Z 223548 1245 4) #i
FRER R LA R 5) <2 pm/2 ~20 wm/20 pm ~2 mm, 38 R g 27
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A
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K,y HAERRA S 55 o 0 TSP E NG Cu 8
Ni B ; v, M AR BRA AW B o N
EC50 XI5 (1ogEC50) , EC50 &8 i ik i 4 4 &
AT WA (AR 50% X 7 )+ HE Cu Ni W BE; b A
RN R R R R

AR Ca Ni (B INR JE  BERLA S 4L
3 e 5% 22 R M SE R

BARSIT R SPSS K AFTERL, B MK P <

y:

0. 05 i, FHEAPR 28 75 22 704 14 o /N Sk 38 1k 22 S ke it
frisss.

2 HERS5HH

2.1 HIEANE Cu A1 Ni XF/NZE B350 56 & Al
BEPER(E

INFERFRLRIFS FF B TS 3 Ca N B
S 22 R P 7R A O 2R UL 1.k 7R i il 2
THEARE] Cu A1 Ni PP R W3R 2. NI 1 (a) |
1(c), 1(d)H T LAA H, 4B BH /N2 KRR FF 1)+
FRHAHMIE Ca NI 30 AH R R A, 7 /N 22 1
THFESME Cu F3E I FEAC, 750 158 Ni 3 i
XE/ANZERFRLRAEFE M T EHEE A &R [ K1
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4 1 POHRPNAGE . P ) L SRR SR A /N A v i RAR B A ST
1200 1200
(a) MW 1:-Cu (b) e L-Ni
900 @ ki 900 % ééﬁéﬁﬁa
A R . [11A4d ]
g 600 & 600 |
300 300 +
(] il Il il '] il (} [ i e i adaul i sdiaual sasaul ibnaaul e
0.1 10 1000 10 000 0.1 1 10 1000 10 000
I MCufy il tik/me-kg™! NGB ik Amg-kg ™!
500
(c) FEFHELHE-Cu 500 F (d) 4B PHELAE-Ni
400 +
400
300 - e
Eu "ED 300
h;; 200 F ‘?
i 200 F
100 100
oF or
0.1 - Il“| T 10 T ‘|(](} I l] I(;U[} 0.1 1 10 100 1 000
HCuf il it/me-kg™! PR INi R ik mg-kg !
1 MEEMESLTE Cu, Ni FEHIFE- 2
Fig. 1  Dose-response curves of added Cu and Ni for biomass of wheat
*2 2 hHEELEES Cu Ni HFHERE /mg kg ™!
Table 2 Toxicity thresholds derived from the field trial in two field experimental sites/mg-kg ™!
(R LERA FERF
o WO : : : :
=3 EC10 EC50 EC90 EC10 EC50 EC90
C 499. 6 1160. 4 2695.3 323.2 997.1 3076.3
TN ! (370 ~674) (1023.9~1315.0) (1971.7~3684.6) (243.9~428.1) (891.4~1115.3) (2386.1~3966.1)
Ni — — — — — —
C 55.7 77.1 106. 8 19.5 57.4 168.3
I b (33.3~93.3) (59.3 ~100) (84.5~134.9) (10.1~37.8) (43.9~75.0) (101.9 ~278.0)
1
Ni 41.0 45.9 51.3 27.4 41.7 63.6
! (9.35~179.8) (24.1~87.3) (42.1~62.5) (16.9 ~44.4) (34.8~50.1) (48.2~84.0)

1) EC10, EC50 F1 ECO0 43 5|45 i /N F A5 FOFE T AE M- 5% BRI 2L 10% +50% F1190% 1% 7 149 T3P i Cu 3% Ni OES I, 455 9 B9 50U
95% W BEEIX M, FRl; 2) “—” F/m 1 45 Ni A5 VE B 0 i3 LA 15 2.

(b) 1. 7E/INZZ A= 0[], 400 3 56 05 8 i 1 600
3200 mg-kg ™' Cu ZbEE/INX AR H PR 2 4 o 2
FEAR, WA K LB AP FIRS AR X 1 8 AR A5
98 /N AR BH A 56 A5 78 i 400, 800 mg-kg ™' ¥ Cu  Ni
ANFRANEA R, R R 2 AR AR BE. M 2
FTLAE /N2 FERL = B /D 10% X 1 [ AR Cu
WeEE(EC10) 43 31k 499. 6 mg-kg ™' (ffH] ) F1 55.7
mg-kg " (ABFH) , 48 BH AN Ni X /N 22 FF k7 119
EC10 } 41.0 mg-kg ™', A0 FH -4 A/MIE Ni 5 F
100 mg-kg ™ 'Hf/NAZ A ERFE T, AN Ni XA /N 22

A ) e A S R .

M 2 B AT LUE H ZEAR B 3 Cu XF /A2
FERLAIRS FF 19 EC50 435120 77.1 mg-kg ™' Fil 57. 4
mg-kg ™', Ni X /N 22 A7 R ARG #F 19 ECS0 43 50
45.9 mg-kg ' F141.7 mg-kg ™" ARBH 3 F Cu O
PEEE B 5 T Ni, ROIEARPH R 4h ) 5 Cu AH
Pl A RIS A NG /N2 R B0 T o A 3 . 7E AR
A Cu X /INZZ FFARL NS FE 9 ECS0 43514
1160.4 mg-kg ' F1997. 1 mg-kg ™", Ni Xf/NE A
FEATEME, P LAE Y AR BHAE S, A 3 P Ni Y
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BRI RN T Co WEEME. AR50, 13 pH
it Ni B A5 0 2 35 = T Cu bk AR I
H A3 pH {E# 0, &AL E X Ni A 2 1 5 i sk
K. Oorts Z Y HF ST & B, pH Ry 7. 6 BRI +
ezt 15 S AR A, Al N RSB HREYT
13.4 wmol- L™ "FF&HN 1.2 pumol - L', IR X 91% .
PR, A3 A ) 38285 2 a SFRI A AR AE T
pH B M 3% b Ni B9 FE T e W AiE B T aX

FFEN A b AR B 389 Cu Ni A F1E i
FREE. FEAR B -, AN Cu WS 3 400
mg-kg ' FHUNE 100% FET; N R INT
Cu 7 IKF3 200 mg-kg ™", WA XF/NE P2 100%
BEE. N 2 Al LUE Y FEAR B 3 Cu XA RE
MRS FF 1 EC50 20 %1~ 77.1 mg-kg™' Fl 57.4
mg-kg ™" 1M ZEFE M 8 A EC50 4351 1 160. 4
mg-kg ' F1997. 1 mg-kg ™" fEM + 38 oY 1 R G
R TARBHLLE, 2 Fh L i 4w w0 B (E 1 22
ST LA R A b R 22 573X 5 Weng 257 Al
Li 250 (mF o 45 R — 80, EE RN AR pH 2k
A4 B AR A il i 5 e 4 SR 5 AR W 25 A
ORI 4 A AR s M pH (E IR, AR
— PR KE S BT A FEAH RS, TR IE # 5

25
(a) FEMH1-Cu »=0.004 4x + 5.269
R*=0.993
201 o ¥fHL0-800
T, = 74 8003 200
2| emFF
iy 15
E
=
& ot ¥ * -
o] ¥ =-0.000 6x + 10.516
R>=0.581
3 v =0.004 6x + 6,041
R2=0.576
0 . . .
(1] 1 000 2000 3000 4 000
T HECuiR It mg kg ™!
28 F (o) - .
2 b O FFRL
Tep 20 F
ol *
?E" 16 y=0.077 2x+2.418
= R?=0.955
€t
o
R -
y=0.018 Tx + 5.465
4 R2=0.865
O ' s L 1
0 50 100 150 200 250
FHECuiF iit/mg-ke ™!

FHAEWEE G A W EY B pH B
iy 45 mI RE LATTCIE I A a5 S AORE 7 £ I o
S B O 2R 225 1k, AR WA P R AR ER
WAHRETR I Ca® B FA B X &4 | LA M iEE
P ARBRgE R AR RIS I Y Cu 74T BHAT 1 Xt
INZZ I EEPE RN P Y 15 ~ 17 4% Ni FEFE M
THEP RN O, /N AR 3 g Ni (0 E
PELE 1(b) FIE 1(d) ]. Li 22580 50 s ok
AR 3 56, A9 A5 B 1 30 R0 AS PH AT 32 Cu 1Y
EC50 735174 399 mg-kg ™' #183. 1 mg-kg ™', Wi ¥ &
PEAHZE 2 5 A%, 38 2 X 52 56 2 A [R) 6 1 45 5 L
BRI, AR5 I ] 3 Cu 1035 ME A0 e R
I RE S Cu B Z R A R 22 ). AT I A )
AT, O BN = rf Ca 128 Ak B ] B
KFARBHLT 5,2 Fp L 8rp Co B2 S H AR
.
2.2 Cu I Ni 7E/NZ2Hh bR A SRARA A

M & 2(a) ATLAE AN b 2458 Cu
I FE 0 ~ 800 mg-kg ™' Z 0], /NEZ¥FRLH Cu AY
Fr RN, SRS 5. 24 ~7. 58 mg-kg ',
MR AE 800 ~3 200 mg-kg ™' Z A, /)N 22 ¥4
i Cu I BB B RRTE 10. 35 ~10. 52 mg-kg ™' 75
BN, S8l TRE, Cu ZER AT i & I N

50
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