A IR =244 2009,28(9):1777-1783

Journal of Agro-Environment Science

FREKIERT T BIMNERARES SIS R ELERAR
REMR, £8E, FHEE, 2FF, TLE
(rE O RFE B B S Al X RIBFFE AT, dbst 100081)

i E.ESEIER NSRBI 2o H 2L, e RIS A R TR R K- Cu A Ni
(0.50.,100,200,400.800 .1 6003 200 mg-kg™ )XF T KA EEF RN, I L T F KA KAGHRXT Cu FI Ni 85 35 iUk . 25583 7
AHTRI AN KT Ni X K35 55 1 Cus X Cu RN T &, i 4 T0UFR AR I R AR Y Ay i T AR e e > HH B3R 0] DL 48, 5
HoAtFEARAH EE, iR Cu 1 Ni T3 Y S UG AR A7 o BT AR = CUDFPRLRRS AT T 8, 3X 3 TR bR I USRI BT, 248
AU AR, T B SERTAT UL A S B A L AR 2 . BRI, SRR R AT AT AVESA Cu 8] Ni 2B IR 5 bR o [7)
B, P RE TR AT 45 e W, P Cu XPPIAE TR 10 22 AN 035 T 3 Hh %) Ni X TR E 22 5 3%, Uil Ni 7
A1 A M ) A RSON H

KA Cu; Nis BREAN ; HIET5 Yy oK

FESES:X503.231  XEAERERG A XEHS:1672-2043(2009)09-1777-07

Comparison of Sensitive Endpoints of Maize Growth to the Toxicity of Copper and Nickel Added to Soil
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Abstract: The realistic endpoints are very important in ecological risk assessment of soils contaminated with heavy metals. In the present
study, a field trial was carried out to study the toxicity of Cu and Ni added to soils to maize plant growth and to compare the sensitivity of dif—
ferent assessment endpoints for maize growth to Cu or Ni toxicity with a wide range of Cu or Ni added to soil(0, 50, 100, 200, 400, 800, 1 600,
3 200 mg-kg™). The results showed that Ni is more toxic to maize growth than Cu at the same application rates. Based on the assessment of
the toxicity of copper and nickel to maize plant growth, the sensitivity of endpoints of seedling growth was in the order leaf area>plant height>
seedling emergence rate or leaf number. Leaf area was the most sensitive endpoint of the four evaluated. The endpoints of plant height, grain
yield and straw biomass were sensitive to Cu or Ni toxicity. Seedling emergence rate and leaf number are the least sensitive endpoints. There—
fore, leaf area and plant height can be used as bioindicators of copper— and nickel-contaminated soils. Also, the results about the change
in the toxicity of Cu and Ni with two successive crops indicated that there was no significant difference in Cu toxicity, while a significant de—
crease in Ni toxicity, which indicated a significant aging effect of Ni.
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Figure 1 The dose-response curves of added Cu and Ni for maize growth
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Table 1 Toxicity thresholds for Cu added to soil (EC,yand ECs, in mg-kg™) derived from the field trials.

The ranges given in parentheses are +95% confidence intervals

2007 4F
BRAEEL D
ECy ECs, ECy ECs

R 459(319~660) 2 837(2 401~3 352) 1 032(857~1242) 4 159(3 734~4 632)
s 530(369~762) 1559(1 316~1 847) 441(338~574) 1.939(1 729~2 175)
AR 395(313~500) 1 074(960~1 201) 384(269~548) 1.174(1 000~1 379)
A g 590(366~952) 3437 (2 716~4 349) 877(447~1721) 4290(2 907~6 330)
APRLET 711(472~1 070) 2 074(1 757~2 448) 631(517~769) 1 486(1 376~1 605)
FEFFHL T & 542(287~1 023) 2 345(1 798~3 059) 435(288~657) 1303(1 076~1 577)

T MR PN EUE A 95% 1 B AF X I G, SEUIX DI B (E 2 [ A9 22 583 1 #2255 (P<0.05). T,

Rz 2 EBXREK N EHNSHESE, EBSNOTNE E A SESRELSPHEEXIE

Table 2 Toxicity thresholds for Ni added to soil (EC, and ECs, in mg+-kg™) derived from the field trials.

The ranges given in parentheses are +95% confidence intervals

TEA 2007 4F

Bt ECy ECs ECy ECs
R 650(437~966) 2 381(2 008~2 824) 1342(1 121~1 606) 4 625(4 075~5 249)
PR 627(433~909) 1 883(1 575~2 252) 1 042(817~1 329) 2 844(2 544~3 178)
A 571(470~656) 1217(1 141~1 299) 867(643~1 169) 1495(1 348~1 657)
CIIRG 615(433~873) 2 .096(1 779~2 469) 1 459(818~2 605) 4290(2 884~6 369)
AR T 666(472~941) 1366(1 178~1 584) 1529(1 381~1 692) 2 564(2 456~2 676)
FhFFAL T 372(180~768) 1 685(1298~2 187) 1 861(1 395~2 482) 2 528(2 198~2 908)

{7059 é N NSRS WITE by VA G EAN (o i i AN D
A LI YRR

3 He

PR 22 SCHRARGE , a3 A Cu AT Ni XA 7= A
BE, A A K LA ER, BRI A
HAFP, Baccouch P 5 Ni # S8 E KA &
D R, EEEAAE . Xu SERGE RE R e
Cu MR B (BEIC, KAE = B S FE HC T R o Pl T A AR
S5 R B, SREENE IR EEY
HRHB, Leep™ & Bk B Cu 23 FBUR e 41 i 73 2457
T, AT BOR A 445 1E ; Seregin Z52H5 1, 5 H
M SR AL, BH DA 9 A 42 Ni 5 10 B 7
fEo TR R OK 20 VS FE 0 2 i E B
AUARIE HEsE A Y E KA R S8 AR
/N ZETBVEF T RE

AAFFE A, 24 Cu B¢ Ni U IR B =400 mg- kg™
R, I 5 S I 1 T, b T AR N B Sk BH R T LA
T AU A Cu Ni B E W USRI b, X5
SCHRFRZAE i 25 R — B =, [FHA & BLTE Cu N

TSN 5 T 400 mg-kg™ B, AN F AR 250
AN TR X EEEH T Cu FI NI (Y8R E
WELEEER, R R & Rt 2R, &
kgt Filotheou 5™ A B, 32 Cu BEE M4
% (Oregano ) M- PRI M f o f10 P AR 11 450t R AR i 2%
TR FAPRRIXIE SIS & BN i g R
TS Cu FH B EHC, YN RER B THEZR N
1LY Cu (AR SR IREEG M HL G, i 2 it
e, [FEE Co RS R £, Sk fkrh & A i L
(RFRIELE A SR A 1Y) Fe?t Zn* Mg, i} 42 K
AP0 E P AR AT ORGSR
YOCEVERRZEBE R A £ 24T, i AN
AV , B T 80 A K 1 RE LA D
T BUEARIE /N VEDI0™ S5 IR

A 5T O ER B AEAR R I INAKE TR, 5 Cu
FHLG, Ni X —2E B R R B T R E, Xl fE
A VLIPS T5 R IR A 25—, Cu A1 Ni BRAEPE 5 Y
22 FECAEF Cu FI NI B4 WAl BT PE AR R, 78
Bl 39 1 S InY CuCl, A NiClL, A0l LADTE
Cu(OH),CO;.Cu(OH), 1 NiCO5.Ni(OH), fIF = ik &



1782 FREMEST: : FORA KAEAR NS T HEH MR B 2 T 1O BBURE LU

2009 4£ 9 H

TEHErp IR — 0 B 2 o BT NiCOs Al
Ni(OH), A EEZE K AR Y Cu(OH),CO; Fil Cu( OH ),
VW, T H AERE Cu Al B 9 2 fE F7 e Ni 302,
PHIEAE Cu F1 N AHFI S IR T, 3 A
AIFHIPE Cu HRBEZL/ T Ni VRS . 55—, FOKXT
Cu 1 Ni W ISEZ 68 TN o A4 -3 G
Cu KFHBII L BAERES A — 83 [ b F 65,
M5 Cu A H, Ni U255t 3 b bRy -t %k
2R B eI K, DT RN T B ) 5k

Cu XTPIFE EOKBFFE 2R AR E M Ni X5 7
TR ECo T ECs, #B 25, A Ni 764 K1+
B ARV B i . Ma SESIRFIR 25 SR | 435
pH & FZ M I E] 3 Cu APt i B 8 220 A
. Daoust FFFFFE 45 AR, XF pH o 7.5 1Y
BHUT I, Cu (1 REERERT B I FEA, (X T P
Fr R 8, Cu B REEERERT R AR K . A5
Cu MM F A GELRALE, XnfEEH T 1%
() pH >4 8.9, JEFIEA ML & ALY 13, 4 Cu
AN 3, KEB L Cu(OH),CO5 AT Cu(OH), 1Y
A 458 L U0VE A #53 Cu LA B4 T8 i B2
e, PGS Cu BSNS54 )5, ) & AR Pk
AL WG A AR R S, 2RI AN i S
PITEIEZE 18 T PR 20 A i A 1l e B0, ke X P 41
fili Cu T8 E B TR BUEE A W5, i I ik
PRAURIRSE 3 Cu AR, B BT Cu B
SRS AN K o DAL A KA K U ) PRI RRT K IR T 458 5 4
AIEITFAZ X AR I A Cu X B K B
EXEFAHEW T —NEH . 5 Cu KRR, R
Ni X268 —FE TR F I B IRAK . Oorts ZEPIRAFF 5T
SRR W AR W AR NI 1 N
(R B AR T R AIG, 5 oM 4 @ A Ee , ekt £
b Ni (T S BRI, PRI Ni (A e
AR LA 2 R RN A R R T 4 2 P A 2 A9 N S22 3] 4 38
R Ni S PAE FOK B A 25 T RE Y S A

FE TR Mk TR AT DL kR
FEFFTEE 6 IEMabr, i AUZ Co M Ni 3% I
FRURRIFE B |, T HH B RS AR A |, 31X 5 SR Y
BRSPS R S JE BT
Wrdgbrat, F35Erh Cu 1 Ni BRI AT BERLARAL . 1
PR R — BN U AR, Bk A5 20 0 2 B
SRR B RRS FE T EAS 2 A0 5 M B B RET , BERA
IR0 25 AR TT LU T b 2 75 sk = 1 A
P, REAEAR KRR BE I 4 S URS DA (4 ], PR b AR F

FERY LR AR E B R SR aE 3o

SEHR:
[1] hifgae, b, o878, 5. oM T ZR=e bel 13984 A A5 JeIk il
BT MBS AR AR, 2000, 17(3): 165-166.

MA Hai-yan, NI Wu-zhong, LONG Xin—xian, et al. Investigation on the
vegetable farm soils polluted by zine, copper and lead in suburb of
Hangzhou(J]. Journal of Environment and Health, 2000, 17(3) :165-166.

(2] BAIEZE, TEA:, #E AL, A5 SR 5 T Je R SO ER AR K
HIsZILT]. Al FREELRAr, 2002, 21(2) : 119-121.

SHAN Zheng—jun, WANG Lian—sheng, CAl Dao—ji, et al. Pollution of
copper in orchard soil and it’s effects on plant growth[]]. A gro—Environ—
ment Protection, 2002, 21(2):119-121.

[3] Loland J ¢, Singh B R. Copper contamination of soil and vegetation in
coffee orchards after long—term use of Cu fungicides|J]. Nutrient Cycling
in Agroecosystems, 2004, 69(3):203-211.

[4] Pietrzak U, McPhail D C. Copper accumulation, distribution and frac—
tionation in vineyard soils of Victoria, AustralialJ]. Geoderma, 2004, 122
(2-4):151-166.

514 T, 5k 8, SIASAR. SR IR MR RS B LR A I A T
W0 PR BERRAESA4R, 1992, 18(2):200-202.

SHI Long, ZHANG Juan, HU Meng—-lin. A survey and evaluation of the
present situation of environmental nickel in a nickel smeltery[]]. Journal
of Norman Bethune University of Medical Science, 1992, 18(2):200-202.

(6] B 5, BRlhat, 2 ok, A%, SRl 30T (1) L4 7 43 AR A AIE
SEAATS RPN —— LR 4 Bl B[] HEEE ST, 2006, 25
(5):843-852.

LIAO Xiao-yong, CHEN Tong-bin, WU Bin, et al. Mining urban soil
pollution; concentrations and patterns of heavy metals in the soils of
Jinchang, China[J]. Geographical Research, 2006, 25(5) . 843-852.

[7]11SO 11269-1. International Organization for Standardization (ISO ). Soil
quality —Determination of the effects of pollutants on soil flora. Part 1:
method for the measurement of inhibition of root growth[S]. 1993.

[8] ISO 11269-2 (2™ edition ). Soil quality —Determination of the effects of
pollutants on soil flora—Part 2:Effects of chemicals on the emergence
and growth of higher plants[S]. 2005.

[9] OECD. (Organization for Economic Cooperation and Development ).
Guideline for the testing of chemicals: terrestrial plant test 208 ; seedling
emergence and seedling growth test (draft document)[S]. Paris, France.
2003.

[10] USEPA. Ecological Effects Test Guidelines. OPPTS 850. 4230. Early

Seedling Growth Toxicity Test[S]. EPA 712-C-96-347. 1996.

[11] USEPA. Greene J C, Bartels G L., Warren Hicks W J. Protocols for short—
term toxicity screening of hazardous waste sites. EPA/600/3 -88/029.
1998.

[12] R AL, T3t H3b ST B o it e 5 R 2R ). AR S iy
%, 2006, 1(1):1-11.

ZHOU Qi-xing, WANG Mei-e. Researching advancement and prospect
of soil ecotoxicology[J]. Asian Journal of Ecotoxicology, 2006, 1(1):1-
11.



5 28 45 9 ] AR

B ¥ 4 1783

[13] Rooney C P, Zhao F J, McGrath S P. Phytotoxicity of nickel in a range
of European soils: influence of soil properties, Ni solubility and specia—
tion[J]. Environmental Pollution, 2007, 145(2):596-605.

[14] RET7, G 2, W, . e x Herp /N Fh 1 R 2R SR
A R ZS TR ). N ARSI, 2002, 13(4):459-462.
SONG Yu—fang, ZHOU Qi —xing, XU Hua—xia, et al. Eco—toxicity of
heavy metals on the inhibition of seed germination and root elongation
of wheat in soils[J]. Chinese Journal of Applied Ecology, 2002, 13(4 ).
459-462.

[15) 20 5a, TR Wi, SRae B, 45, F By - 3¢ |- 7 4 J 1 e X T i

M A I 5 PERON ). 2B ASRERIAA4R, 2008, 3(1):81-86.
NA Ming-liang, XU Ming-gang, ZHANG Jian—xin, et al. Inhibition ef—
fects of Cu, Zn and Pb on root elongation of tomato in three typical con—
taminated soils of China[l]. Asian Journal of Ecotoxicology, 2008, 3
(1):81-86.

[16] Rooney C, Zhao F J, McGrath S P. Soil factors controlling the expres—
sion of copper toxicity to plants in a wide range of European soils[J].
Environmental Toxicology and Chemistry, 2006, 25(3):726-732.

[17] Kapustka L A, Eskew D, Yocum J M. Plant toxicity testing to derive e—
cological soil screening levels for cobalt and nickel[J]. Environmental
Toxicology and Chemistry, 2006, 25(3) :865-874.

[18] Rayment G E, Higginson I R. lIon—exchange properties. In Australian
laboratory handbook of soil and water chemical methods[M]. Inkata,
Melbourne, VIC, Australia, 1992:137-194.

[19] Pleysier J L, Juo A S R. A single—extraction method using silver—thiourea
for measuring exchangeable cations and effective CEC in soils with
variable charges[J]. Soil Science, 1980, 129:205-211.

[201 2% O, b SCEe, XUARTS, 4. VU 205 2 2 1 1308 E s D R
DRDRIRHFELT). e, 157,

LI Bo, MA Yi-bing, LIU Ji—fang, et al. Major soil factors controlling
copper toxicity to tomato in a wide range of Chinese soils and the pred—
icable models[J]. A cta Pedologica Sinica, in press.

[21] 485, A4 BN 5 7 R S AR AR )], b =
2, 2005, 21(6): 150-155.

FENG Dong—xia, SHI Sheng—jin. Research on night measurement meth—
ods of leaf area[J]. Chinese Agricultural Science Bulletin, 2005,21(6):
150-155.

[22] Haanstra L, Doelman P, Voshaar J H O. The use of sigmoidal dose res—
ponse curves in soil ecotoxicological research[]]. Plant Soil, 1985, 84
(2):293-297.

[23] Baccouch S, Chaoui A, El Ferjani E. Nickel toxicity: effects on growth
and metabolism of maize[J]. Journal of Plant Nutrition, 1998, 21(3):
577-588.

[24] Ouzounidou G, Moushakas M, Karataglis S. Responses of maize (Zea
mays L.) plants to copper stress: growth, mineral content and ultrastruc—
ture of roots[J]. Environmental Experimental Botany, 1995,35(2):167-
176.

[25] Ewais E A. Effects of cadmium, nickel and lead on growth, chlorophyll
content and proteins of weeds[J]. Biology Plant, 1997,39(3), 403-410.

[26] Xu J K, Yang L. X, Wang Z Q, et al. Toxicity of copper on rice growth

and accumulation of copper in rice grain in copper contaminated soil[J].

Chemosphere, 2006, 62(4) :602-607.

[27] Leep N W Copper. Effect of heavy metal pollution on plants. Vol I Ef—
fects of trace metal on plant function|M]. London and New Jersy: Ap—
plied Science Publishers, 1981:111-143.

[28] Seregin I V, Kozhevnikova A D, Kazyumina E M, et al. Nickel toxicity
and distribution in maize roots|J]. Russian Journal of Plant Physiology,
2003, 50(5):711-717.

[29] Filotheou H P, Bosabalidis A M, Karataglis S. Effects of copper toxicity
on leaves of Oregano ( Origanum vulgare subsp. hirtum)[J]. Annals of
Botany, 2001, 88(2):207-214.

[30] Vassilev A, Lidon F, Ramalho J C, et al. Effect of excess Cu on growth
and photosynthesis of barley plants. Implication with a screening test
for Cu tolerance[J]. Journal of Central European Agriculture, 2003, 4
(3):225-235.

[B1] FAR, X S Cu (As Pe HIZ A5 Jerd/INZZ A AR A bR 5
WALT. A AR 24T, 12(5) . T73-T776.

WANG Y B, LIU D Y. Effect of Cu, As and their combination pollution
on eco—physiological index of wheat [J]. Chinese Journal of Applied
Ecology, 2001, 12(5) : 773-776.

[32] McBride M B. Reactions controlling heavy metal solubility in soils[J].
Advances in Soil Science, 1989, 10: 1-56.

[33] An Y J. Assessment of comparative toxicities of lead and copper using
plant assay[J]. Chemosphere, 2006, 62(8):1359-1365.

[34] Page V, Weisskopf L, Feller U. Heavy metals in white lupin:uptake,
root—to—shoot transfer and redistribution within the plant[J]. New Phy—
tologist, 2006, 171(2):329-341.

[35] Ma Y B, Lombi E, Oliver I W, et al. Long—term aging of copper added
to soils[J]. Environmental Science Technology, 2006, 40(20):6310~-
6317.

[36] Ma Y B, Lombi E, Oliver I W, et al. Short—term natural attenuation of
copper in soils: effects of time, temperature, and soil characteristics[J].
Environmental Toxicology and Chemistry, 2006, 25(3 ) : 652-658.

[37] Daoust C M, Bastien C, Deschénes L. Influence of soil properties and
aging on the toxicity of copper on compost worm and barley[]]. Journal of
Environmental Quality, 2006, 35(2) :558-567.

[38] Oorts K, Ghesquiere U, Smolders E. Leaching and aging decrease nick—
el toxicity to soil microbial processes in soils freshly spiked with nickel
chloride[J]. Environmental Toxicology and Chemistry, 2007, 26(6 ) :
1130-1138.

[39] Barrow N J. Effects of time and temperature on the sorption of cadmi-
um, zine, cobalt, and nickel by a soil[J]. Australia Journal of Soil Research,
1998, 36:941-950.

[40] Bruemmer G W, Gerth ], Tiller K G. Reaction-kinetics of the adsorp—
tion and desorption of nickel, zinc and cadmium by goethite. 1. Ad-
sorption and diffusion of metals|[J]. Journal of Soil Science, 1988, 39
37-52.

[417Ali N A, Ater M, Sunahara G 1, et al. Phytotoxicity and bioaccumulation
of copper and chromium using barley ( Hordeum vulgare L. ) in spiked
artifical and natural forest soils[]J]. Ecotoxicology and Environmental

Safety, 2004, 57(3):363-374.



