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Table 1 Basic properties of soi, earthwomm casts and background soil for pot test

- A B EE A {TERE A4 1 530
(H,0) Organic C Total N Ammonium N Nirate N Total Cu Available Cu
(gkg' ) (gkg (mgkg ') (mgkg ) (mgkg™ ") (mgkg
¥ - Orthic aquisol 8 67 5186 0 536 362 11981 2131 078
1% Earthworm casts 750 30171 11758 16l 68 7148 2155 0 60
Jii - Background soil 738 11189 a6l 8147 3195 19101 ol 58

113
U311 7Y Tk AR R N
il 10% (% ATV 15 4 200 mg kg™ ', K%K E
A g A v e A, L% RS SR I T i
TN Es it R0 T Vo Y-8 R 5, XAE )
MIREVEAT T S B, OS2 56 T LI 9K 200 mg kg !
PERREE a1 B b AT 5 AN GuSQu# SH, 0,
A4 398 Cu V55 IR 23 53k 200,400,600 mg ke !, T
AT 2 A H o
1312 Wit WA EE 500 g,
T3 AEL 4 A Cu 75 447K ~F (0200 400+ 600
mg kg ) RIS Y b BRI 85% (425 @) BEN WKL
RN, FEAIN 15% 51 25( 75 g), LRI 15% 1)
JE AR B v g i ] e R A TR
Jii, MIEHEB A K B AN 28 17K 120 ml, ¥ 35
BB TAE 25¢ BEFA T2 3 d, PRk KL
1 em AR A TR, B4 15 M 5 d SR
B, R 9 AR R AN FloRy PR A2 B0 . BT
ARFE N 3AER ., A E TR ETRE IR,
IREE R 252 3e, Wil 182 3¢, BERIEIE 10 he
BLFR W IR) 5 I PN 25 B T K, JK AR RRAE e K H
[FJRE K B2 1K) 70% , AORAIE SR 32 B IR A K. 45 d
JE R 1k TR
114

T3 pH A MU AR A S A A
R IE SIOCHR [16]; B AW £K) &R
T W 20 D G I O b AT A
JH DTPA. #2257 Wi 23 6 e B2 vk 2 U s vk
AR ) SRR IR IR 43 o e Tk
et - 4 I 2 ) BCR ( Conmunity Bureau of
Reference) 3% S48 B, 2 [ Urel' 1 Rauret! ™™ 3145

B . R AYIAR ZR R AR AL R AR A AR e AL
ARAA AR SR HOT] AR 2 73 B & 48 3 7€ (WinRHIZO
A1600+ , Regent Instruments Incl)
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I SPSS 48 VIR A1 LSD V2 43 #7 Jir s e, JFxd it
RUAR BRI AR B 2 8] BEAT 190U 234 o

2 4 R

[=ni}
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50 A B, 12 B S 0 T R R b A
MR B R A, i LM b A SR T S
F(E 1K 2). B R b, R
1F 200.400.600 mgkg I3 A LY -4k 45 51
BN T 6216% 4617% F17513%, #ik 3] T W E/KF
(p< 0105) . Y34h, iR A& il Henl i+ Ab B, o7 e
b S R 3 S 2 4 R AT A S S 200 mg kg !
I I 0 KA, H BT YK T T s, AL o i3
BN EP S Mt ST e SR b B s BT T ]
PO . U | A PR B TR BT ek
Thi M0 2 BT Bk, (B V5 4k % 600 mg kg !

(G E PO b i R O p AL
Fig | Effect of earthworm casts on shoot dry2weight
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Fig 2 Effect of earthwomm casts on root dry2 weight
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Fig 3 Effects of earthworm casts on root. s characters(al Length; bl Surface area; ¢l Volume; dl Number of tips)

212

Bl 4a 45 5L, 5] 36 b B () PR AZ B M A
W) S T LA B, 5 R AR L, a5l 3 A 2
4 > Cu IR EE I 1906 20 990 O 2617% « 7516% «
3912% 1 3312%, # ikt % 2 25 5 K (p <

B I\ 8|2 With earthworm casts
80 - @ JiIAJR With background soil

g

5 w60t /

B = : i

) § 40 | : IS

e — &

= 5 20F

= 2

a8 ° o0 . . s
200 400 600

-k 3EkR ¥k B Soil Cu concentration (mg kg™)

01001) o F T~ 5] 3 4b 211 B 57 B b |30 2= 4 £
R P 38 Y g s AR, T DA ]2 Ak B ) M
A SR AR AR B T R AR, HAE AR ik
JE AL PR IN 3535 BB 8 35 K (p< 01001) (40 &l Sa
FiR)

1200
900
600

300 |

HRAR TR B Root copper
concentration (mg kg™)

Hi AT

0

0 200 400 600
4 3E4R vk B Soil Cu concentration (mg kg™

P4 | SE0T M2 B b (a) AL T FB AR B (b) (R 52 1

Fig 4 Effects of earthworm casts on Cu concentration in shoots (a) and roots (b)
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Figl5 Effeds of eathworm casts on Cu accumulation in shoots (a) and roots (b)

51 F AN [ 2 ] 34k BRIV RS BN
BVAC FBE B 2 AT 0 i L 4 B T 4b) , 4 S TR EE B E 11
TR 23 A 5013% 2117% 2913% i1 2018%, #5
B T 2 S (p< 01001) o X R )| 2%
FIFARZR T Cu i FEGE . RS AR Hh
AR LR AR AR, A RERR(E 2),
DA P 26 A R R Ji = Kb A 55 5 e BE I R 1
i ERUEZE AR 5b), i HL A B R A 2R
AR 400 mg kg ' IHASIE KAHE, S0 R
213 pH

Wk 2 B, AEJC P B 22 B REG v, i) 24k

2

B Y5 10 pH WS 1 AR E ) pH, {H S AR
b E12% g 7 A = ) o O (10 e o 1< B 28 R
Yot e 051 AEE 1) pH WA T A BRI pH, {H ]
FER AR RIS KT PR Pkl S5 5 A hi 2
FZ R (1) 1358 pH A, R ILFP i 28 A2 HR 50 1
i) pH B SRAR T AT FIAE IR0 K pH o 51 20 3%
AbF ) S AE PR T A S, JL pH K R BRI T
JE K. WIE 200 mg kg 'Y YLK R, ] 6 Ak PR
(191 31 pH 76 PR R 22 50 )5 R B T 0132, 3k 14K
B3 75K F(p< 01001), 1y J5iH AL B R T
0116, N2 E/KT-(p< 0105) -

pH D

Table2 Effects of eathworm casts and ryegrass on soil pH

13 pH Soil pH

g e

Soil copper IR JR - With badground soil In A5 2 With earthworm casts

concentration ATl 22 B i R B ATl 22 B i R B

(mgkg Without ryegrass With ryegrass Without ryegrass With ryegass
0 8107? 0107 ab 8 03? 0113 ab 811120107 a 8 00? 0105 c
200 8100? 0106 be 71842 0105 de 8105? 01 11 ab 71732 0104 de
400 7170? 005 efg 7160? 0103 ghi 7175?0106 de 757? 0104 hi
600 71632 0009 fghi 7157? 0102 hi 7167? 01 04 efgh 754? 0103 i

1) RPN FRR R Z T B (p< 0005) Different letters in the table indicate significance in difference at p< 01 05
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HIF BQR 34 82 5 B3 73 At Jo Fof i 3 22 s M ol
FELARZE WA AF B g Je B3R AR L & (3 3 By,
BI1 N WA A, e A B 2 oy WML T 2, B2 BRAR
AL A, R o R IRIE 25 B3 AT WL, K0
HER I RS, BeJa i ) L-F A RER I EZS)
R G A IR 3 ATLUA Y, AP B A2, 513
ALPE IR AT A0S 71 70 S RS T s AR PR, {H
BATIER BT RS AAS FIAT HLES 575 )
LIRS A M, 5] 26 A PR IN T X P AT & BT

ML BR T Omg kg U AL ER AL, g U Ak B
()22 SRk 3 B 2% K (p< 0105) o [A] I 5] 28 Ak 73
WD TR I H 7 =

XOF TR TR S A g g 3R sl 3 Ab L
A AbER B WA S T A S S AT LSS A A
o R 7O AR, A BE AL BRI IA B W3 KP
(p< 0105), fH2 B Wl 2D T kAl A8 A0 A 10 5 i, 7
200,400 mg kg WL AbBEIN 1A F 3K SF(p< 0105) .
BT RE S, 5P SRR, 5] Ak BRI
Bl 255w T Ak
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Table3 Effects of earthworm casts and ryegrass on fractions of soil Cu
HITEZ Qu fraction
A AR BRELAA S AL GS B
Copper Exchangeable Cu( % ) FMn oxide2Cu( % ) OVRCu( %) Residual Cu(% )
conentration AT PPN E S A A PPN SRS N PPN N JIPN G
(mg kg 1) With With With Wih With With Wih With
background eart hworm background earthworm background earthworm badkground earthworm
sail casts soil casts soil casts soil casts
0 NR 1387?0159 131547 2162g 101732 0142gh 121447 2133fg 3215012 S134a 291607 6l 66ab 441632 418bc 421 75? 7185¢
WR 15197 4126fg 171652 3137¢f  10160? 31 16h A36? 1120f 271582 253b 281257 2150b  48197? 4192a 471 30? 2172ab
200 NR 1995? 1179¢ 181372 01 9¢ 271302 1128b 300 &7? 1163 21437 1120c 301782 4 05ab 281567? 3152f  23102? 2155h
WR 18897 1109¢ 241712 1 69cd 241647 01 8c 211672 1157e 221222 01 58de 281142 1108b 331532 01 9de 251477 2114fg
400 NR 26497 0158cd 261067 Ol 6lcd 241292 1128cd 28 622 1102b 1717627 2 75¢f 2210127 00 Bed 301062 11 74ef 231317 1198h
WR 27167 5196¢c 321857 ll4lab 251142 01 77c  22050? 0l44de 141632 01 32g 191142 Ol S2de 2715972 31 69fg 251507 1143fg
600 NR 2842? 1105¢  27132? 01 8cd 221702 236de 251452 0192c 121937 00 69gh 171872 11 60ef 34185? 1113d  29141? 1186ef
WR 311327 1121b 341972 1110a  22103? 0132e 211927 0128e 111252 00 18h 1518372 01 58fg 351392 1137d 271287 1112fg

0105; NRI AFifE B2 5 Without ryegrass; WRI Fid B 3 5 With ryegas

EE AN Foft RN o A 8 2 e IR P 2 5%

kg I, B

R

VE: AE B AT AR 7 RER R 25 7 B35 (p< 0105)Different letters fol bwing figures in the same column idicate significance in difference at p<

54 6015% I 6118% , 13 HH vk 22 1

i, ORIV B S AR TR AS B ) .
eI ] A (P e 7R Vo A AL A BN 2
F-(p< 0105) , 1y Jit b 0 3G i ot WA 38 21 12 357K
o TN, FREZ BRI D T RS S,
T LG]S4 #1920 e bU J - AR BRI BH 2 . DR,
S R M D> AL B i, (R ]S AP
SR LA BRI 2 AN B . TR A A A
AN R IE B W 2R .

3 1w

SR A K AT B T 2R, AR e v
LI B 7E 200 mg kg BN TSR 2 B () Ay
T 1, T 2) U6 3 A B 1 RV % i {1 AR
WL, X5 R S — B . (ERE
VIRFEE ()18 o0, 4 % B8 52 B0 () A K 7= A 40 L L %45
23X RPN T4 T 25 WA RR AR SR 40 i 22
Sy BB i, 4 B R, DL A b 4
200 B S R R A L AR VK 200 mg
kg '3k B RS T [, (R 49 20 ) 36 Kb B ]
L T RO BRI I8 A 248 (24 4 v e vk P
400 mg kg ', 5] 4k BRI A FE 43 45 % T
TR T 610% A1 2414%), Ut I N\ 1512 AE 9 224
Ve ) M A W 5 5, ELLE Sk 75 e WK FEE 600 mg

FH A PR 1, T L R0 43 i 58 BUE AR, ) b b 517
BRI T R L, B 2), IR O HTE R
RN B8l MR ZE 10 2

M 4a M1 5a BIRT LU Y, 75 4 ASUPE b 3
e, ] SN S 1 I T S Bk R A
FE, b AR B B, St T Ak i R
FUR (& 4b) o 0F T Hu R 36, il 280 i N B35 AR T
FRAR AT B (B Sby , 1B il T AE W s S i, ] 36
VISHIRS I DN W OSSN TS AS =8 o N TR T S N DA
o Hre] DA, SR AR A LE, 5] 2 I AMY
et TR AR AR, AR HE T G A
FEdh b3 (32 i, AEF5H b3 A R i, fesk al
S RG] T4 SR A AL PR o

TEAN TR R R R 56 v, R B| 38 A B )
G JE G e R0 pH HPLE L AL pH g, R
BB ) B AR W = KO 5 IR N
R HEAb H) 5 G ) T A AR 43 R A
TR AR (), {HAR B AT IR B 2 2 KO I
Ui5| 3 Ab B 1 - 1 pHL v (1) i BRI T g S W13 A — T
Sk S I T ) pH( 2 1) o W] 26 4k B A+ 35 4
AL AT B Rk i S8 A S R LG B 2, 1 R 1
AbFR B B 2 (MR BRIV A, R W 0| 3540 BTG AL 1 45
JE IR ¥y B A B K

X} b B 2 SR, ] 2 A B ) - 3 pHL
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43 %

S

AT T A, (P2 VAT TR 2 25 5 KT, i) 3%
RO f - 39 FT A e AR A S T A B, B A
A T L A9 0 S5 25 A0 T b A B A 30 v ek pi
I

I AN B S A S SR i 1
pH % HT 255 ey LUAS AT 460, ik B A Bk 56 (1075
Yt pH WY SR T AR BB 2 08, T L
b T PR A o K 2, Bl B
6 ) 5 e - 5 A7 S 7 LA ) TIT R0 S AT AR LG
G e S S AT LGS 2 AS A o R 2 01 36 4
P ZE A B 200 mg kg T AD BRI, R BB A
B -8 T AR AR T 4 B A8 2 A R
i) 1136 157, 15 3E ekl UL AR AL 45 25 4 2
A BB A BRI 1 0170 15 F0 0191 £, 2 W 46
IR 40 R, U136 8 4R o T4 B A 1 AR A
e, i LK 2 00 20 P B e S T 5 1
AL TR A o

HEZRTE AR FE o, A ER 855 o R % 430
ARGy, RIS U 1) 2B KA 5 o 43 v oK B LA
CEEAR R4 W A R B RS T AL
W, W FL IR EIR . R 3 SRR RGO IR 2%, &
N T ek H R B, MR b TR s L, 9k
AR L 3% pH A R . AR 53 IR BRER
SRR BT o pH (1) s BB s 1 4 SR e L)
R RS h T A 52 . Mench %5 % 9 e
HEZR 2 W30 o A AR R B AL B I Zn L Cd %5 4
(A AT L) AT S0 B 2 40 5T
ok T4 RIS A0 AE FH, R LA LI g S ek
Herh T4 8 Pb.Zn Cd. Cu FL A 53R [ 340 28 w2
gt SR SO R K, K T AI/INE R B B 055 o e
A S B AR AR 1, HE AT A R PR
pH s 2, i T b E4 R4 k%
B L M AT AE, pH. 10 08 2 L3 b 4 I 47
O A0 AR, WA TR A G P R A,
B 5 AE T4 R R G D T B AR
Do P13 e, ) 6 b B S M T AR A Ik
Ko, R S22 05 3 0 AR R0 A KT S B
(b 2, 0136 7 B 2 R A AR K 1R
IF, S S A R ) 8 43 A T T DR R 3 A
L2 BN FE AR 5 T R LRI S S B 1
~F3E 1 pHL B VL PRI, R R VR IS pH
WA S 15, 33X 2 N 8136 A 2 K R TR 1k
HZR S I 2 IV E( 3 2) .

R L2307, I B B 4% i

ATRE AN S0 S BT P i T 4, 2 o (et A
AR BI(HE 5 45 MIHE B 5200 AR R J41 IR B
BE( KRR 2R PR BRI 1 pHL 8 I AR B A LR ) oK 2
50 T R A A A AT I K Fr R
340 W e T HE T A T 4 A A
A, TRPE T4 MM R4S M b Sk K 4), 1
S ATRE 2 (1) B3 o £ B L S Bk
Y1, TERCE RN I B, 7= A KR
WIRE KT A 254 T W A A . (2) B3k
A A 5 e P T R IR L SR 2, A Sk
I, — S5 T HLE AT REAE S T4 I W I 1 T
J, (EHERL 20 4 i SR UYL R 3
8 A5 % /I SR A ST e A T 4 U
TEHE—B I, (3) 13 P A s A R A
EIMIR, t a5 A D (R BT SR 1
1) S0 S0 AR A A 10 RS 20, T LARUIE P 5
IRF, 400 4 et 48 (2 R M| S 0E T A
P () It A E T4 AR 254 M b 30 it

4 4 ik

FERAT G Gt ) TRAZ ARG, WIEEHLL R

D) fem T BE R R, B et T R
B AR A

2) BN T FRAE R R AR AN R AR
(B D T 1S AR AL, e Bk TR AL FAE M
S s

3) e B A ERAR (AR S (IR AR 23
WP ) 1T SRR AR S B 5, B T S A 1)
WA AR5 3 i 5 T R X (OB AL o
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EFFECT OF EARTHWORM CASTS ON COPPER UPTAKE BY RYEGRASS
IN COPPER POLLUTED SOIL

Lin Shufen LiHuixin Hu Feng
(Colege d Rssources and Environmental Sciences, Nanjing Agricultural Thiversity, Naging 210095, China)

Abstract A pot experiment was conducted to examine effects of earthworm ( Pheretima sp. ) casts on copper uptake by
ryegrass ( Ldium multiflorum) . The experiment had three levels (200, 400 and 600 Cu mg kg™ ') of Cui contamination of the
soil (Orthic aquisol ) prepared by adding CuSO# 5H,O, two treatments of soil amendments, earthwom casts (15% ) and baclk2
ground soil (15% ) and two treatments of plantation, with ryegrass and without ryegrass. Results show tha eathworm casts sig2
nificantly increased biomass of shoots and roots (p< 0. 001), and length, surface area, volume and number of tips of the root
system, and the effect was the highest when Cu content of the soil was 200 mg kg '. It also increased copper concentration and
accumulation in shoots (p< 0.05), but decreased copper concentration in roots. That means earthworm casts can pronote cof2
per transportation from roots to shoots and copper accumulation in shoots. In addition, analysis of soil pH and Cu fractions ( BCR
sequential extraction) show that plantation of ryegrass decreased soil pH and increased content of exchangeable Cu, and these e
fects could be strengthened by addition of earthworm casts. It could be inferred that earthworm casts pramote copper uptake of
ryegrass mainly by stimulating growth and activity of the roots, which in turn affects the rhizosphere environment and enhances
bioavailability of copper.

Key words Earthwomn cast; Heavy metal copper; Ryegrass; Root; pH; BCR sequential extraction



