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1 ( 3)
1.2.2 (PW)
1.1
. [9]
1.1.1 NiCl,-2H
1C1y-2H,0 2%g 50 cm
CaC122H20 Ca(NO3)24H20 MgC126H20 Nast4 (WHC) 25
KCl NH4sNO; KNO; KH,PO, g (24 )
- (ICP- ‘ .
3 500 r/min 45 min
AES) - (CP-MS) Formacs (15 000 r/min) 45 min 0.45 pumol/L
(Skalar Ltd., Breda, the Netherland) 3
(Thermo Fisher Scientific Inc., MA, USA) (ICP-AES) B (ICP-MS)
1;'2 | (Na" K" Ca®* Mg*" S) Ni(PW-Ni)
P 0 2(7) pH Formacs
, Tenem pH (EC) DOC
17 i " CaCl, Ni(CaCL-Ni)  0.01 mol/L
CaCl, 0.01 mol/L CaCl,
1:5 3 500 r/mi
(Lycopersicon esculentum) ) i
1.2 30 min 0.45 pmol/L
1.2.1 pH Ni
8 NiCly(mg/kg ! pH
) pH 5 Ni 5.1~84 (EC)0.54 ~ 9.46 mS/cm DOC 53 ~
2+ +
100 200 400 800 1600 mg/kg pH 7 313 mg/L pH
0 37.5 75 150 300 600 pH 7.3( 1:5)
1200 2400 mg/kg 0.15% (i
2 mm ( )

F 117 M DIRRRREARBAER

Table 1  Properties of soil pore water samples used before being amended with Ni

pH EC DOC Ca K Mg Na S
(mS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

39°55'N, 16°8'E 7.89 0.858 214 294 28.1 50 11.1 42
30°26'N, 06°26'E 7.88 0.976 235 187 2.4 15.8 20 75
38°56'N, 100°27'E  8.29 1.443 302 310 12 99.7 99.4 150
23°10'N, 113°18'E  8.05 1.83 313 390 36 23.2 59.3 210
47°28'N, 126°57'E  7.41 0.543 131 114 0.8 28 20.6 46.5
19°55'N, 111°29'E  6.47 1.081 98.4 60.9 53.6 20 17.6 3.66
30°26'N, 120°25'E ~ 7.32 2.675 280 525 40 923 155 272
26°45'N, 111°52'E  5.11 1.266 79.1 202 17.7 23.1 455 29.1
30°77'N, 120°76'E ~ 7.48 2.502 163 369 8.19 85.7 155 125
42°40'N, 124°88'E  8.15 0.926 226 246 4.4 22.8 15.7 75
39°31'N, 116°44'E 8.3 0.835 143 140 18 21 33.1 24.2
46°03'N, 22°03'E 7.6 9.46 239 322 20 354 1925 690
37°20'N, 116°29'E  8.17 2.192 207 295 32 108 285 120
34°19'N, 108°0'E 8.2 0.845 52.6 176 6.53 13.1 10.1 32.1
38°03'N, 114°26'E  8.25 2.347 235 560 6 72 50.4 255
43°95'N, 87°46'E 8.35 2.021 294 341 40 63.7 433 315
34°47'N, 112°40'E 8.2 0.97 94.3 118 <2 27 55 48
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1.3 0.09 ~ 16.70 mg/kg(179.1 )
ISO 11269-2(1995) 0.77 ~20.40 mg/kg(26.5 )( 2) EC50 ECI0
Ni 650 g( )
3 60% 7 t Ni
( <5 mm) EC50 294
14~16h Ni
(28°C ~367C) 8~10h(16°C ~267C) Ni
60% ~ 70% Ni
21 Rooney Ni
(70°C) 48 h EC50 Ni
14 Ni 54
1.4 Ni Ni
- (log-logistic) Ni 8.7
Ni [10] Ni
Y- () 2 .
14 oA =M) Ni log-logistic
Y (%) X Ni
logio( Ni y Yo M b
M logo(EC10 EC50) 132%
EC10 EC50 95% (Hormesis)
(hormesis) Ni
Ni [11] [1.4]
12
r= k aqgé( be, ) h
1+[ +( )=l n(X/c) DNA
100—k '100-k" a
Y (%) X
Ni a b ¢ d k
10 50 c EC10 ECS50 22
EC10 .
Ni (EC10
EC50 Tablecurve 2D v5.01 . . o
959, EC??) (PH EC K Na Ca
) Mg~ S DOC)
SPSS 19.0(SPSS, Chicago, IL, USA) (3 PW-Ni
P < 0.05 KT Mg™ s >
) 3 2% 71%
2 EC10 EC50
PW-Ni (R%)
2.1 Ni - 0.86 0.84 PW-Ni
1 2 17
Ni(PW-Ni CaCl,-Ni) PW-Ni
Ni PW-Ni CaCl,-Ni
17
Ni PW-Ni EC50
EC10 EC50 0.08 ~ 3.84 mg/L( ( 3
506 ) 1.02 ~ 891 mg/L(8.7 CaCl,-Ni
) 2) CaCl,-Ni EC10 EC50 Ni
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Dose - response curves of PW-Ni concentration for tomato shoot
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Table 2 Toxicity thresholds measured by tomato shoot for PW-Ni (mg/L) and CaCl,-Ni (mg/kg) for 17 Chinese soils

PW-Ni CaCl,-Ni
EC10(mg/L) EC50(mg/L) EC10(mg/kg) EC50(mg/kg)

1.36 (0.87 ~2.13) 5.01 (4.27 ~5.88) 2.65 (1.86 ~3.77) 7.82 (6.83 ~ 8.95)
0.72 (0.63 ~ 0.83) 2.98 (2.85~3.12) 2.41(1.91~3.04) 5.93 (5.53~6.37)
0.90 (0.18 ~ 4.45) 3.15(1.49 ~ 6.64) 1.44 (0.39 ~ 5.35) 3.02 (1.82 ~5.03)
0.08 (0.02 ~ 0.24) 1.30 (0.84 ~2.00) 0.09 (0.01 ~0.61) 1.98 (0.86 ~ 4.56)
0.63 (0.25 ~ 1.62) 1.57 (0.98 ~2.49) 2.61 (1.49 ~4.58) 7.94 (6.12 ~10.29)
3.84 (0.72 ~ 20.36) 8.91 (3.03 ~ 26.23) 16.70 " (15.62 ~ 17.78) 20.40 " (18.72 ~ 22.09)

1.54 (1.05 ~ 2.26)
0.84 (0.43 ~ 1.64)
1.63 (0.69 ~ 3.87)
0.39 (0.05 ~ 2.85)
1.01 (0.580 ~ 1.77)
0.25 (0.01 ~ 4.21)
0.73 (0.17 ~ 3.19)
0.53 (0.17 ~ 1.61)
0.34 (0.13 ~ 0.90)
0.41 (0.21 ~ 0.77)
0.43 (0.02 ~ 9.86)

3.58 (2.94 ~ 4.37)
1.95 (1.45 ~2.63)
4.02 (2.64 ~ 6.11)
2.35 (0.66 ~ 8.31)
3.90 (3.11 ~ 4.88)
4.04 (1.16 ~ 14.09)
7.24 (3.80 ~ 13.79)
1.22 (0.78 ~ 1.93)
1.51 (1.01 ~2.27)
1.02 (0.81 ~ 1.28)
6.09 (1.22 ~ 30.34)

2.68 (1.56 ~ 4.60)
2.09 (1.04 ~ 4.18)
3.23 (1.54 ~ 6.78)
0.85 (0.37 ~ 1.94)
1.17 (0.91 ~ 1.50)
0.42 (0.04 ~ 4.94)
0.60 (0.22 ~ 1.63)
0.33 (0.14 ~ 0.77)
0.57 (0.18 ~ 1.84)
0.34 (0.16 ~ 0.75)
0.4 (0.12 ~ 1.58)

6.23 (4.86 ~ 7.99)
4.85 (3.63 ~ 6.49)
7.50 (5.34 ~ 10.54)
3.63 (2.05 ~ 6.43)
2.59 (2.30 ~2.91)
5.72 (2.11 ~ 15.52)
3.13 (1.90 ~ 5.16)
0.77 (0.50 ~ 1.18)
1.26 (0.90 ~ 1.74)
0.85 (0.65 ~ 1.10)
3.12 (1.58 ~ 6.16)

95%

10% 50%

*

CaClz

Hormesis
(PW-Ni

Ni

EC10 ECS0

CaCl,-Ni)

F3 ETIRBARURMALHER NI SFHEMNTEMNS TEAHRE

Table 3 Simple and multiple linear regressions between soluble Ni toxicity thresholds and soil pore water chemistry from tomato shoot bioassay

R? (n=14)
PW-Ni 1 0.86  EC10=0.20 +0.039* K*~0.000 11S + 0.018 Mg** - 0.006 6Ca*" + 0.95EC-0.005 4Na* - 0.002 3DOC + 0.082 pH
2 0.84  EC10=0.60 +0.036%* K + 0.017*Mg”" — 0.007 7%* Ca’>*+ 1.1* EC — 0.005 7** Na"
3 0.72  EC10=0.51 +0.040%* K — 0.0076**S + 0.013* Mg*"
4 0.84  EC50= —4.8 +0.076K — 0.029S + 0.035 Mg”" — 0.009 4Ca*"+ 3.1EC —0.002 8 Na"+ 0.007 7 DOC + 0.67 pH
5 0.71  EC50=1.7+0.083**K — 0.022%*S + 0.055**Mg**
CaCl,-Ni 6 0.82  EC10=4.2+0.16¥*K"+ 0.024S + 0.070Mg*" - 0.042 Ca® + 4.6EC - 0.033 Na” - 0.008 0DOC - 0.14pH
7 0.74  EC10=1.8+0.14*K - 0.031**Ca*" + 6.0*EC - 0.020*Na"
8 0.74  EC50=11+0.15K"+0.007 3S + 0.077Mg”" — 0.041Ca>" + 4.5EC — 0.032Na’ + 0.003DOC - 0.86pH
* o kk P<0.05  P<0.01
Ni or
PW-Ni CaCl,- 4
[ [ ]
Ni ( 3) Degryse ! CaCl, -~ *
. Z
PW-N1 o 3L e *?®
ch °
CaCl,-Ni CaCl, Ni S
Z
Ca®" DOC z 2T o *
. A e o ®®
Ni-DOC CaCl, Le® .
Ni
CaClz‘Ni PW'Ni O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
5121109 2 7 8176 11133 151416 4
TGRS
2.3 3 11% PW-Ni # CaClL-Ni iRE W LL{EENI BIR KR MNE)
PW-Ni Fig. 3 The ratio of PW-Ni and CaCl,-Ni (due to the largest dosage
-IN1

of added Ni)
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inhibition (EC10 or EC50) obtained from tomato shoot assays
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The Influence of Soil Solution Properties on Soluble Nickel
Toxicity to Tomato Shoot

ZHANG Xiao-qging', WEI Dong-pu’, LI Bo?, MA Yi-bing ", HUANG Zhan-bin'

100083, China;
100081, China)

Abstract: The influence of soil pore water properties on soluble nickel (Ni) phyto-toxicity based on soil pore water and

0.01 mol/L CaCl, extraction was investigated using 17 Chinese soils. Results showed that the effective concentrations of Ni in soil

pore water (PW-Ni) that caused 50% inhibition (EC50) varied widely from 1.02 to 8.91 mg/L, represented 8.7 folds differences

between the maximum and minimum values. Similarly, the EC50 of CaCl,-Ni varied widely from 0.77 to 20.40 mg/L, represented

26.5 folds differences. These results indicated that soil solution properties greatly influenced the toxicity thresholds of soluble Ni

in a wide range of soils. The K*, Mg”" and S were three important factors controlling the influence of PW-Ni toxicity and multiple

regression results showed that they could better predict the toxicity threshold with the coefficient of determination (R?) of 0.71.

When incorporating other parameters (dissolved organic carbon (DOC), pH, electrical conductivity (EC), Ca** and Na") into the

regression models, the R* for EC50 increased to 0.84, which implied that other factors also influenced the PW-Ni toxicity and

these soil pore water chemistry could predict PW-Ni toxicity on tomato shoot.

Key words: Soil, Nickel, Phytotoxicity, Tomato
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