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Abstract: TheCd" adoiption - demption in il and the content of Cd’ * in roots and fruitswere stud-
ied by treamentwith the earthwom and effective microorganisns (EM ), using the orchard browvn ils and
potted three-year-old gople trees (M alus danestica Borkh ) asmaterials The reaults showed that the adomp-
tion ratio of the Cd’ " in the ils reduced and the demption ratio of Cd ™ enhanced as the @il Cd* concen-
tration increasing A ccording  theL angnuir equation, the adption strength and the maximum buffering car
pacity (MBC) of the il Cd " decreased after the il was treated with the earthwom and BM. The earth-
woim and BM reduced the admption ratio of the il for Cd” and increased Cd* demption ratio in the il
of higher Cd* concentration And the BM had more obvious effect compared with earthwom.  In the root and
fruit, Cd content increased with Cd’ * concentration increasing in the il The earthwom and BM significantly
promoted the uptake of Cd* in the ot and the accumulation of Cd’ ™ in the fruit, and the effectwasmore re-
markable when the Cd’* concentration was higher in the il
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, , , (Basker et al , 1992;
Edwvards, 2004) (effective microorganisns, BM) ,
, ( , 2003) BM,
, (Baker et al , 1992; , 2003),
, Cu Zn Hg Cr Pb Cd
93.55% 100%, Cd 1.3 ( , 1998; , 2002)
3 , BV cd” —
(o i
1
1.1
2006 9 2007 10
3 (M alus damestica‘ W inter Red Fruit’ ) ,
‘ " (M. hupenhensis Rhed ) 30 an, 30 an ‘ 6 ;
(Bm) , pH  3.25+0.04,
(1.20 £0.20) x10 cfu- mL ', (4.00 +0.80) x10°

(2.40+0.36) x10°cfu- mL ',
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, , 105 , 70 , , 5
1.4 cd”
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1.5 cd”’
., O0.1mol- L™" NaNO, 120
, , 25 2 h, , Cd” cd” cd”
1.6
3B /T17141 ,
Duncan's L angnuir SPSSI5. 0 ,
M icrooft Excel 2003
2
2.1 BV cd”
2.5 100mg- kg’ , (o i , Bv ,
cd” ( 1), cd” 50 mg- kg ' ,
cd”
, cd” 50mg- kg ' Cd* ,
Cd” 100mg- kg ' (o BV ,
Cd” 15mg- kg ', cd”
1 BV Ccad?*
Table1l The effectsof earthwormsand BM on Cd?* adsorption ratio in the il 1%
. . A B c D
2+Cd2 ~Img kg™) 48 h 9% h
Cd™" content in il Eartwoms 48 h Eartwoms 96 h BEM Control
2.5 99.00 a (a) 99.12 a (a) 98.60 a (a) 99.08 ab (a)
5 99.38 a (a) 99.36 a (a) 98.74 a (b) 99. 12 a (ab)
10 97.16 b (ab) 96. 85 ¢ (bc) 96. 63 bc (c) 97.38 cd (a)
15 098.23 ab (ab) 97.85 b (ab) 97.11 b (b) 98.53 abc (a)
20 97.69 b (a) 97.67 b (a) 96. 30 be (b) 97.81 bed (a)
25 97.04 b (a) 97.22 be (a) 95.47 ¢ (b) 97.22 d (a)
50 93.20 ¢ (a) 93.40 d (a) 90.60 d (b) 93.60 e (a)
100 81.35d (b) 81.50 e (b) 79.80 e (c) 83.00 f (a)
( ) P <0.05

Note V alues folloved by different letters indicate significantly differences at P <0. 05 level in columns (ows).
in the bracket The sane below.

Itwas horizontal canparion

2 , L angnuir [Y =X, xkxc/ (kxc+1)] Cd*
, r 0.97, L angnuir

, 48 h ( A) 9% h ( B) (%)

( D) 2.6% 1.8%, Bv , 38%

L angmuir k — , cd” D S

cd” (MBC =X, xk), k MBC , cd”
2 , MBC : > 48 h > 96 h > AV
: cd’ , , BM
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Cd®*  Langnuir’

Table2 Parametersand correlation coefficients of adsorption of Cd?* in different tested woilswith regect to L angmuir equation”

/(mg- kg )
Code Treament X k MBC r
A 48 h Eartwoms48 h  1745.9 0.471 827.3 0.976" "
B 96 h Eartwoms96 h ~ 1761.0 0. 465 818.9 0.979" "
C 1795.6 0.296 531.5 0.978" "
D Control 1792.5 0. 482 864. 0 0.973" "
* Langmuir Y (mg kg'') =X, xkxc/ (kxc+1); * * P <0.01
* Langnuir equation: Abption quantity Y (mg- kg™') =X, xkxc/ (kxc+1); * * indicate significantly correlation at P <0. 01
level
2.2 Cd”’
BEM (
, 2005)
3 1 L
Cd”* 100mg- kgt , A ( 48h) B ( 96 h) cd”
-1
BV 5 100mg- kg cd”
3 Bm (ofv i
Table3 Effects of earthwormsand EM added on desorption ratio of Cd?* i the mils 1%
. R B C D
Cd2+Cd2 . /(Tg kg™ 48 h 9% h
content In i Earthvoms48 h Eartwoms 96 h BEM Control
2.5 0.85 e (b) 1.17 ef (a) 0.89d (b) 0.85 e (b)
5 0.89 e (b) 0.97 f (ab) 1.02d (a) 1.0l e (a)
10 1.73 de (b) 1. 86 def (b) 2.19 cd (a) 1. 69 de (b)
15 1.64 de (c) 2.17 de (b) 2.62 cd (a) 1.96 de (b)
20 2.55d (c) 2.58 cd (c) 4.13 cd (a) 3.12 cd (b)
25 4.08 ¢ (bc) 3.65c¢ (c) 5.67 ¢ (a) 4.32 ¢ (b)
50 13.35 b (b) 12.48 b (b) 16.00 b (a) 13.10 b (b)
100 21.51 a (ah) 21.10 a (b) 24.94 a (a) 14.94 a (d)
2.3 cd”
dg+ § 600 o it 48 h Earthworms 48 h
1 C ! ~ & 500 & il 96 h Earthworms 96 h
W2 a— HRMAEMRE EM
<
. w400 | —®— X Control A
(o 500mg- kg ' , £ & on
w8 300
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B o 200
=Y cd’ cd’ Es \
5 100 | 7
|- )
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4 SN & /(mg-kg™)
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BM ,
Fig 1 Relationship of adsorption and desorption of cadm ium
Cd ,

n il treated by earthworm sand BEM
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5mg- kg' =Y Cd , BM
; Cd ;
15mg- kg ' BV , cd
Bv )
4 BEM Cd
Table4 Effectsof earthwormsand BM on the content of Cd i apple sroot and fruit
cd* / /(mg- kg'') Cd content
-1
gn%enr o C)dz" added © il Treament Main oot Fruit
0 Earthwoms 0.032 d 0.023 e
BV 0.034 d 0.025 e
Control 0.029 d 0.019 e
5 Eartwoms 0.763 ¢ 0.563 cd
=\ 0.713 ¢ 0.688 b
Control 0.688 ¢ 0.532d
15 Earttwoms 1.688 a 0.738 b
BV 1.113 b 0.900 a
Control 0.775 ¢ 0. 600 c
3
Cd” : , , : ;
, ) ( , 2003) ,
(2.5 25mg- kg''), , cd”
EM : Cd” : :
, 50
mg- kg’ , , ,
: =Y : Cd” :
— , - COOH
- NH, (Lavelle et al , 1983) ,
: cd’ Bm
, , -COOH -OH -NH,
-H (Strandberg et al , 1981)
; M
Cd'” :
Cd” cd” Cd”
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