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pH (477 ~ 824) 14

5 1
1.1
Cd 2 14 ( D
Cd (pH<6.5) 8 (6.5 <pH<7.0) 2
(pH=7.0) 4 Cd 0.03 ~ 1.56 mg/kg
Cd
[13,15]
Cd 4 mm
2mm  0.15 mm
Cd Cd cd
F1 MR HIERAKRELMER
Table 1 Properties of tested soil
pH CEC(cmol/kg) SOM(g/kg) (g/kg) (g’kg) Cd (mg/kg)
4.77 14.5 55 349 138 0.17
4.97 13.4 40 192 271 0.14
5.50 9.9 58 243 325 1.56
5.67 16.2 19 357 229 0.12
5.76 7.0 27 236 119 0.15
6.16 15.7 6.0 32 470 0.23
6.16 9.2 14 403 126 0.18
6.48 6.9 44 130 200 0.07
6.69 16.5 33 292 413 0.34
6.77 26.1 32 246 136 0.13
7.28 9.9 81 105 481 0.29
7.47 14.8 39 216 295 0.44
7.49 19.1 6.0 59 214 0.03
8.24 10.9 6.0 254 131 0.09
pH 1:25 0 25 5 10 25 50 100 200mgkg( Cd
- ) 3
(soil organic matter SOM) (cation Cd 0 mg/kg Cd
exchange capacity CEC) (e Cd
[19] [20]
1 Cd 15d
1.2 2
(international organization for ( 0.15mm ) Cd
standardization ISO) 12h
(ISO 11269-1)!'7 (25+2)C
(ISO 11269-2)!"% 1.2.2
1.2.1 14 ( 4mm ) (Hordeum vulgare L.) “Baudin”
Cd Cd CdCL (CdCL2.5H,0 30 C ( <2 mm)
) 8 Cd (945 x 100 mm)
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4 5
60%
5d
5
Cd 3
3
1.2.3 Cd
8§ Cd 05
10 25 50 100 200 500mgkg( Cd )

(9100 x 90 mm)

(Lolium perenne)“Derby” 20
60% 10 30d
( 0.5 cm)
65 C
(Memmert, UNE-500 / UNE-600 )
1.3 Cd
5 ml (HNOy/HCIO, 87/13
ViV ) (SH220 )
(211 5ml (HCI/HNO; 4/1 VIV
) [22]
Cd ICP-MS
(PERKIN-ELMER NexION 300X )
(GBW 07428) (GBW
10015) Cd
103% ~ 109%  91% ~ 108%
14
Excel 2007 SPSS
statistics 20 SigmaPlot 12.5
SD
Cd EC,(effective concentration)
Log-logistic ,
y= Heéjﬁ (1)
y / (%)
Cd
X Cd (mg/kg) yo, b, M
M EC, (mg/kg) x 10
50 M ECy ECso

10% 50% Cd

2
2.1 Cd
Cd Cd
Cd
r>0.995 (P<0.01) Cd
Cd
14 1 (Cd =
1.56 mg/kg) (Cd = 0.34 mg/kg)
(Cd = 0.44 mg/kg) Cd
(GB15618—1995) 14
(P<
0.01) CEC (= -0.616 P<
0.05) Cd 2.5 mg/kg
Cd =5 mg/kg
Cd 200 mg/kg
> 70%
89%( 1) 1 Log-
logistic
cd (R*>0.90, P<0.01)
2.2 Cd
2.2.1 Cd 2
Cd 5 ~25 mg/kg
Cd
Cd 50 ~ 200 mg/kg
Cd 500 mg/kg
92% 41% 33% 34% 14% 9
222 Cd 3
Cd 5 mg/kg
Cd
48%
Cd 25 mg/kg
10
58% Cd 25 ~ 500 mg/kg
Cd
Cd 500 mg/kg
11 40%
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0.2 ~ 5.4 mg/kg 28.9 Pearson pH (r=0.615 P<0.05
( 2 ECso pH (r= pH ECso
0.788 P<0.01) CEC SOM 62.1% ECyy 37.8%
EC]() pH Cd
160
140
wor - TS == ==-
ettt s
100+ E _____ - = ety b
2 & =2
80
\/3 60
< —&- - TG - Wb E
= 407 on AR Co
S o0p Y L —y— GRS
4 N i —A— I
z
ﬁ 160
=
o 1401
EHR( 120+ - %
100} § ? - ? % i\{
80+ 3 A
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60} . i \é
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—-O- - I R T A
201 —w-— S L L —@- - LRSI
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3 BEEZEH FEENENES LIRINERIN Cd B 2 8T 2 800 # 4%
Fig. 3 Relationship between relative aboveground biomass of perennial ryegrass and added Cd concentration of soil
Fz2 FMIEY ECsES LIEE W IERAY Pearson HHX S 7
Table 2 Pearson correlation coefficients between ECsg and soil properties
pH CEC SOM
ECso 0.788(0.001)" -0.092(0.765) -0.179(0.541) -0.273(0.346) 0.098(0.733)
EC)o 0.615°(0.019) ~0.149(0.610) -0.397(0.159) -0.028(0.925) -0.347(0.224)
ECso 0.440(0.116) 0.152(0.604) -0.380(0.181) -0.468(0.092) -0.265(0.361)
ECio -0.142(0.627) -0.368(0.196) -0.080(0.786) -0.203(0.487) -0.300(0.297)
* P<0.05 *ok P<0.01 P
14 Cd
Cd ECs 29.7 ~499.7 mg/kg Cd 100 mg/kg)
169  ECy 4.4 ~200.0 mg/kg 45.4 (P <0.05) k
Pearson ( 2 Cd (4.77=pH=16.48) k
ECs, ECo (P> 0.87 ~3.91 (7.28<pH=8.24) k
0.05) 0.53 ~0.75
2.3.2 Cd Cd Pearson ( 4 k pH
Cd 3( Cd P<0.01 pH 477 ~
8.24 cd pH
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#x3 EEEHMEE cd FE5L1E Cd £ELMUEHE

Table 3  Fitted equations of Cd concentration in aboveground of perennial ryegrass and corresponding soil total Cd

pH R’ P
4.77 y=3.91x- 4.01 0.99 <0.01
4.97 y=2.90x - 5.08 0.99 <0.01
5.50 y=142x-0.37 0.99 <0.01
5.67 y=2.88x - 12.04 0.95 <0.05
5.76 y=152x+12.92 0.94 <0.01
6.16 y=1.03x +8.93 0.96 <0.01
6.16 y=139x+12.51 0.96 <0.01
6.48 »=0.87x+12.01 0.82 <0.05
6.69 y=0.61x+2.19 0.93 <0.05
6.77 »=0.60x + 8.23 0.79 <0.05
7.28 »=0.53x+3.49 0.92 <0.05
7.47 y=0.72x + 0.95 0.99 <0.05
7.49 y=0.95x+2.71 0.94 <0.05
8.24 y=0.75x - 1.64 0.98 <0.01

R4 BEEETERY K E5LIEBELMERAE Pearson HXMES

Table 4 Pearson correlation coefficients between & and soil properties

pH CEC SOM
k ~0.803(0.001)" ~0.04(0.892) 0.112(0.703) 0.448(0.108) ~0.302(0.294)
ECs 29.7 ~499.7 mg/kg EC,
3 4.4 ~200.0 mg/kg 14
Cd ECs ECio
Cd ECyo
Cd 5 ~25 mg/kg Cd
Cd
cd (25 ~ 500 mg/kg) cd (30-321 cd
[23] [24] pH [33-35] [36]
[25] cd pH HCs( 95%
12 4.8 mgkg cd ) HC; 62.2%
4% ~ 56% cd Cd pH
Cd Cd [2, 37-38]
(26] 1 pH cd
cd Cd 1.5 ©
cd EC, ECso 7.9
(27] [26] 16.9 EC,o 289 454
Cd ECyo ECs
(28] 23 Cd (29.39) ECso ECyo
ECsg pH pH EC,
[29] 3 cd ECs
ECsy ECy ECsg ECy
ECso 7.8 ~
61.7 mg/kg EC 0.2 ~ 5.4 mg/kg EC, pH
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Cd
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Cd Cd
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pH<6.5 k 0.87~3.91
pH=65 k  0.53~0095
Cd
0.05 ~ 124 pg Cd( xCd
) cd
[23] Cd
Cd
1 cd
>
Cd
2) cd
ECso ECyo pH
Cd
3) cd cd
Cd pH
Cd
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Toxicity Thresholds of Cadmium to Barley and Perennial Ryegrass as
Determined by Root-Elongation and Growth Tests in Soils

WANG Zixuan, CHEN Hongping, LI Ming, YANG Xinping
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The toxicity thresholds of Cd to higher plants in various soils are determined using root-elongation, emergence
and growth of higher plants tests with the aim of providing fundamental data for the revision of soil environmental quality
standards of Cd in soils of China. Fourteen different soils with various properties and barley and perennial ryegrass were selected
in this study, the dose-response curves and the toxicity thresholds were investigated using Log-Logistic distribution models based
on the ISO 11269-1 root-elongation test and on the ISO 11269-2 emergence and growth of higher plants test in soils. Cd
concentrations in shoot of the ryegrass seedlings were also determined in this study. The results indicated that the relative root
elongation (%) of barley significantly decreased with the increase of Cd concentrations (0-200 mg/kg) in soils. The half inhibiting
concentration (ECsy) and the 10% effect concentration (EC() of Cd to the relative root elongation of barley varied significantly
from 7.8 to 61.7 mg/kg and from 0.2 to 5.4 mg/kg among the tested soils, respectively. The values of ECsy and EC,, increased
obviously with rising soil pH. In the test range (0—500 mg/kg Cd) the shoot biomass of perennial ryegrass increased at lower
concentrations (5 mg/kg) and then significantly decreased at higher concentrations (= 25 mg/kg). The ECs, and the EC;, of Cd to
the shoot biomass of perennial ryegrass varied significantly from 29.7 to 499.7 mg/kg and from 4.4 to 200.0 mg/kg among the
tested soils, respectively. There was no correlation between soil factors and the ECsy or ECy of Cd to the shoot biomass of
ryegrass in soils. Lower concentrations of Cd (5-25 mg/kg) promoted seed germination of perennial ryegrass, but when Cd
concentration was more than 50 mg/kg there was slightly inhibition of seed germination and the inhibition peaked when Cd
concentration was 500 mg/kg in five of the studied soils. Soil pH was found to be the major property influencing Cd accumulation
in shoots of ryegrass. In general, Cd sensitiveness of barley is higher than perennial ryegrass which represents hyper-accumulative
ability for Cd, soil pH is the main soil factor affecting Cd toxicity to higher plants in soils. The conclusions of this study could
provide reference for plants breeding on Cd contaminated soil.

Key words: Cadmium, Barley, Perennial ryegrass, Toxicity threshold, Hyper-tolerant grass
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