P@eF@I 2011,27(32):162-167
Chinese Agricultural Science Bulletin

S| BN A IR A A M B R T RE A IR R I

iﬂ‘{i%l,z 7}%7}7].\ ﬂ];/%”,?if/\lz,{l‘ ilz
Cop R RL 22 58 B 1 3T ST T, B 5T 210008 2 [ B2 a5 AR B, JE 5T 100049)

OB AETRGES AKELTY IR DS N UTR- R EADNG 2 AN & W S DR LD E £7 8-

RS E, Lﬂ}ﬂﬂ_‘}&ﬂ'ié‘ﬂiﬁﬁkiﬂo VA3 & S B Hu(+E)Fe-Eid A AR (-B) AR £, /E}f
KT B EN T AEBEEE B ED DB L ENERBF G m, EREV, LERAEMEELHR

TR AR Ay B M IR 04 58 e S R DS, R )R 04 Sk R A B S SRR AR R R s AL R

3| % PRIE R, $E 35| 7 B AT 0~20 em B R B A MR SR A A AL R R EAR SRR R RIE M A

BAEYEGE B EARREHIRR %, B, A ER T, 89 A AN 0~5 cm A2 5~10 cm &

T B A B £ R s iE At R R R HEE A AT AR T A S UE 0~20 cm R E

TIERAEMBEE B AR,

K#ER :BIOLOG; 71 ft % AF bk s 3| £ KB

FRE %S :X703.1 MERFRED: A WX HS:2011-1132

Effects of Earthworm Activities on the Functional Diversity of
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Abstract: Eco—filter system is a kind of new technology to meet the special request of the wastewater treatment
in urban areas, which influences the factors on the sewage treatment, improve the treat efficiency. An
experiment with utilizing biolog microplate technique was conducted to investigate the effects of earthworm
activities on the metabolic properties and functional diversity of the soil substance microbial in the eco—filter (+
E) and control eco—filter (-E). The results showed that the average metabolic activities of the soil substance
microbial community carbon source was higher in the upper layer than the lower part, the soil microbial
community at all depths was significantly different by the carbon sources utilization. Compared with the control
treatment, there were higher microbial ability of carbon source utilization and the richness, evenness and
superiority of microbial communities were enhanced with earthworm activities. The average metabolic activities
of the soil substance microbial community carbon source were also improved with the presence of earthworms,
and the diverseness were diminished with presence of earthworms. The functional diversity of the soil
substance microbial in the eco-filter was changed by burrowing, feeding, excretion of earthworms’
physiological behaviors.
Key words: BIOLOG:; functional diversity; earthworm; eco—filter

BB TAHE, B, 19854 AR, T8, 5 0 N iR AR Ty /K A B % BRI - s A 4 5 T P 9T o A MLl 210008 YT 5548 1 531l o [ R}
22 Bt d m LIS AT AR A =, Tel: 025-86881286, E-mail: yqwang@issas.ac.cn.

BIAEE AR, U3, 1958 4F A, WFFT B, 2 S 0, 1, 2 A A A 25 3R 5 v 8 R (R AT P A HLE B335 1 5 ), AN TR Y S R L
T A A A R AR R R SR (ST A5 Mk - 210008 V17544 R 5 Tl o R e i i LI E Ui AR AR =, Tel: 025-86881591, E-mail: lzyang@issas.
ac.Cno

YrFs B #3:2011-04-19, {8 E B :2011-06-12.



F KRS « ML) Bl o0k A2 A BRI A ) RE VR D RE 22 FETE K B2 - 163 -

035%

P T BE S FRBE AU (Y5 K A B T T
P o, iz ds] 3k 8 A B 3T A A v I R R R
JREAEL R ) — T S R AR SRS K AL R R, 1% T2
ACIE I 1) A B AR 2 B A ], 0 T VS KL
BRED WIS Sl G ] 38 o SR S R A v K A EE
BRI, 51E T HFCE AT R, 135
T 2B stk BRI 20 A UK, A O 3 T R TR FR
Fabrs Rl HAE A P UG 2R 1) 30 7, 7535 G Bk i
REFE R B S IF DA AR T K Ak B AT S A
20, W] B O AR A T L TR 1) [R] I, 34
W S WA B A DR Vi 5 R (R AR AR T ARAE 0 PR A T e
Py A INGE L7/ BN S U A ko] LB O e e A I A |

BIOLOG J7 2 2 i 3ok [ s W 522 13k A= 5 AN [ B —
BRI R RE D7, IR R AW BRI S5 ) T30, Tz
I H T 25 5 043 B AN R A4 3R IR A A 0 T A5
HpUO I A G VA i ] A A D T K Ak B R A v e
HRaE . N, 254 A H BIOLOG J7 ik, Bif 93 e 15 v
B0 AEA YR IR E Y Th e 2 FE MR R, LU R
R ] 2E A5 gy K AL BV AL LR SR BB R S K
1 M5 A%

1.1 XEo ) e &,

BN ATV KN TR T 2009 4F 8 HRIR TL 5
BB HREAN . = N5 1 3 b T
2009 4 8 HHEAT /3 b, AKEEFR AR TRECRAE G 24 h A
AT, T AE 1Y Biolog ECO fllfLAR B5 73R8 T 2010 4
7 HRHAT, B AT AH ORI 38 1 i o - 350F 5 BT N 5E B
111 3247 T W5 R B S8R i 7 2, Bl i
7 DA A A vt RN S A A pE T O RO &
“ R AL ZEI RN TN AR O HA FAR A AT
TR TR B /N R G, AR A 1 o . i AT
(A 3575 K B AR TR T =A% 283, fh 383t oK
M5 K G RIRTE 2 5 — P B TR Ry, Wit tH 7K
HEGREG BT A5 uEih . 1%/MR LFRE E 2009 4E 8 Hiz
ITE4, RGBT T E -

TR BEE T ] A A5 P (HE )R G s ) e A
A UEM (-E)1E ko6t B, 34 °% F T T o N T b 1 K
VE R iR FH K
1.1.2 A AEME ASUEMMAAH PVCHR IR, B

(i v KA A S F A T
[ A Pt Nl -

1 RAFEFISKAEBTZNE

ExE M@ 40 cmx100 cm. WAAWNIHE AV NIRRT,
ML T 2 + B RE AR 20~40 mm R 51 7 41 1, J5 1 4
10 cm; & FE 2 : Ki4E 5~7 mm B A0 ALK, J5 4
10 em; B8 B9 25, HURLAR 0.5~1 mm (RRLRD 4L %, J5 44
10 cm; T3E)Z: JEEZ 20 cm.
1.1.3 At 3Ry HIEEDRDE R R E N T 1,
B 2 b 3 B A SRR 4 R AR R B 10:3:1 T
B AR ET 0~20 em A L 45 WL & & 23.38 g/kg, 45
%.16.19 g/kg, 4= 15.34 g/kg, pH 6.23 (-]-2009 4£ 8 H
W) o AARA VGG 7K 1N T Hb i K, 3R 56 35 7]
JKJFh COD 49.9~183.28 mg/L, $445%19.4~64.7 mg/L,
A 25.0~83.7 mg/L, & % 0.26~4.38 mg/L, pH 7.39~
8.21(20094F9 H—20104F 6 HIYi[a], & H Ml 2 O
1.2 XIeAH

PR sl i A OKOF 2 5 Ak - M) (Eisena
foetida), PP a5 4y 7.96 g/LCHEMs] i i/ -3 AA R
1.3 X7k
1.3.1 KBkt F201046 HAEK S 61477 0.3 m¥/(m’-d)
CUEAT 34N H I, 75 M ] A= 25 g8 vt RO B AR 25 98t 2 4
AbFE Y, i BEME AR TEAT R0, 73 0 5050 SR AR 3 A3 VR FE
(I JFRE 1 (0~5 em 5~10 cm 10~20 cm). 6 NFE A
b2y SIARAC A 1#(+E, 0~5 cm), 2#(+E, 5~10 cm), 3#(+
E, 10~20 cm), 4#(-E, 0~5 cm), 5#(-E, 5~10 cm), 6#(-E,
10~20 cm). [A]IF, 72 AR DB ERE FURAEKFE . L
FEARAE T, BRI 0 v] WL 3B W) AR P ik A4, TR
Tk 2 mm J8 M, WA AT o R U ) IR
BT UK FIE 250 =, BT 4CRIUKEE N ERAF, R
Ji 48 h N i2E47 Biolog 737
1.3.2 M€ 77 L3 pH R KRR, m(1):v0K)=
2.5:1; B3 AE e R T A8 Jk s e R A
AN - B DL 3k A LTI 2 SR EE AR R
BR-AM NG o KFE pH SR H FLAR % s COD il 5 & H
AR TR B AV s NHL'-NL TN, TP 3 45 bR 5% ] ff 2%
Skalar 23 ] SA-4000 2 i 5 3 M A% o e Bl AR Wi ik
Thfe 2 BETE BT 5T N FH Biolog 5 1E1: YRR Bk U 24
T5.00 g T Ch F K 4 B8O B i HFE, In AR
BN 45 mL K R 1942 B 7K (0.85%NaCl) — £ e il
W CER AT KD, %3 180 r/min 3% 30 min J B i
B S min, 7 TAEG IR J5 16 T R 1~
19 mL 20K B IR AR B 3R K R CEBR AT K 3D, AT .
fL 150 pL, BEAE 1 BB AR A 3 0K, B BT
Biolog ECO fllfLA Hr, & T 25 C M IE L 1E F%, 43 il
T-24.48.72.96.120.144.168.192 h 7£ 590 nm ] 52 %
Y6 (OD)H -



- 164 - PBLZF @R http://www.casb.org.cn

133 F ¥ & 3 B & & b & (average well color
development, AWCD) % % # M 48 # it &£

()P 3 B AL B8 AR A 22 (AWCD)™ s T A K
H: AWCD=[Z(C-R))/31. I rf: CoAE 31 A4 e AL
(IR GAEL s R g 0ot BEFL IR AR

(2)Shannon ¥5 ZU(H)"" . 1] LARAE 13 rh i A= 4
s FE R A : H=-Z (PInP). b PR
i LA W GAE (C-R) 55 A 31 LA RO AR S A ) B

(3)Simpson FE (D). F T P45 35 R i E W)
BEVRAR R, WA N D=1-2(P)*s KPR
FLITARRT S AR 5 BEAN SPASOAH R W AELR AR 2

(4)MclIntosh FRE(U)"e JEFETHEIE I £ g2
) E 525 (1) 2 FEVEFREL, S LI i A e v 38—,
U=2n?, N mo 28 i LA RO A
1.3.4 Gt 24 F o 4 #r . H SPSS(Version13.0
for Windows)# - [] Data Reduction F£ /3, LSD £ 46 %
FH DPS12.0 7347, 2 &I W ] Excel 2003 %A}
2 BERE55H
2.1 AWCD B A RS M7

AWCDAE /=B AR X AN [T RRDGAR G 117 e A
L, FLARAE R S T AR ARG 1, SLE 2
AWCDAH 5 3R A= e v e R B — B i i A=
Wi B R RAT O, I 2 050, £ 0~24 h N, %
Aab BRAS A R 0T i s TR R P B BRI B A R A
TIN5 24~48 b [) 454 B A U H 0 AN [ B 1) R
A ) T S I L AT 56 s 48 h 2 5 L A 5 7R 45 0
(192 hy, 5 Ab BE G A P V4 X6 AN [7) 2 B i 1) 1) FH A
FE B I ()1 T 2208, A8 Py BT . AR BENh 3
ANZKCOT AT LK i ] A B 2 1 AR BT L, 45 3%

—a— +E 0-5cm —e— +E5-10cm —a— +E 10-20cm
—a—-E0-5cm

12

—o—-E5-10cm —a—-E 10-20cm

1

IS4
©

T (uweD )
o o
N (o))

©
N

o

0 24 48 72 9 120 144 168 192

Irf /h

E2 FRIERBAWCDET L%

B < U515 ) 12 B I8 25 B v 6 T A A %) R R e 1 )
FAREEE(AWCD E I 7)) 17 7 A2 25 8 i R A4 i T A 1
L TR S Pl ] F) AR FIA S A (AR B, 2RIk Ik
Tt 2 0~5 om (1356 5B A 0 AE T 6 B 5 1A R R
S d=I

2.2 KRR A DBEEZ A RA) R S AR 2R

RAIE GRS AR RV R R FH 22 FEVE R R
TEFE 72 hAE A BUORE 1) 25, X Biolog It 3 15 4 s 13t
AT PR AR I 5, S0 3 o a0 BT o FRE T ) i
FR R 2 > 123 (PC1/PC2) H B 52 5T R R4 52.45% .
KT 24N o 153 50 5 B, SRAEAS [ 55 o1l Ak ) 4
TR IR AR IE (UL 3) s o, 55 PCT A PC2 AH DG 88
KIBIFE AR 1 TR, Hod 5 PCT AR M 3 1 B U5
H 9T, 11 5 PC2 A MR Kt Jsi A 2 Bl e 7EPCL |
Ab BEAG7) 2 e d] A 2t 1) 3 NS T KT AR
JEHLIA 3 AN T2, BT ] A 245 908 S R e B YR A L-
RAWEHEIR  L-2RFE 2R  L-22 B PR U5 i A K
Fooxf AR A UE U £E PC2 I, 7500 E Rk A5 1) 45 Ky
S, BT 10~20 em 3852 KT 0~5 em % 5~10 cm
(A 5T )2 o
2.3 KR B A RAHER 09 £ o7

Biolog-ECO #% 1% 47 31 fLAk Ui, % I Insam S5 1)
WG 73 28925, 4 31 FLARIE 73 e 6 K (4T R A1) 10
PR ST PR IR 6 Ph A R IR 2 Pl A 2 Py 250
DL 72 (/655 B b AL A Rsiy VEAN S04 W0 BE TS 6 A [
BRI IR R RE, 45 R Wk 2.

S5 A0 6 B, BT A A IAERE TR EE 72 h
TS AS IR A6 B8t 1R R P, ¥ 52 00l 2 v 2 S
(P<<0.05). AT 5, b2 BB AR P 0 0 Bl 2R N 2
SER AU R 8 v T 2 0T 7y TR R R TR 1 A et

4 -
A
A A a
2 L
Sol ° va
[e)] o
o  +E 0-5cm o
ch ) e +E 5-10cm
r a +E 10-20cm
o -E 0-5cm
4 | o-E5-100m o
» -E 10-20cm a
_6 |
-8 6 -4 -2 0 2 4
I 71 (33.05%)

B3 72 h EH DS HTEFEH T



T REAE < M| i sl ek 2 A pE B A M RETE D 2 REVE R I - 165 -
F1 TSP S5EF 1 EF 2R MR KR (R<0.70)
TR 1 LIPS T2 LIPS
TR L-RA TR -0.89679 EZ 1/ 135 40 -0.86531
AIER L-RIE N R 0.712779 KA a-D-FLHk -0.85307
AL L-#2 3% 0.79391
2R i 80 -0.90377
g2 2] a- IR RS 0.71233
LAllrEN 2R HR -0.82542
KA LR BRI 0.70545
AR D-H # g 0.841182
WKL - 1-BE TR L 0.819304
VE B S AN [A) T RER R 28 LSD K46 22 S0 1 35 7K1 (P<0.05), Rl
Fz2 FREBIBEET2 hEBKIHEZEE (AR ERIE SKitER
LbFE KR etk 59 ZEY) Wy IR AR
+E 0~5 cm 1.008b 0.799bc 1.549b 0.640b 1.060c 1.221b
+E 5~10 cm 1.122b 1.604a 1.400b 0.703ab 1.021¢ 1.021¢
+E 10~20 cm 0.902b 0.673bc 1.415b 0.813ab 1.221b 1.060c
-E 0~5 cm 1.938a 0.900b 1.520b 0.370c 0.750d 1.365a
-E 5~10 cm 1.160b 0.219d 1.463b 0.626b 1.212b 1.212b
-E 10~20 cm 0.633¢c 0.538¢ 1.876a 0.920a 1.365a 0.750d

B e Wi AR AR SO R IR IR RS A
PR, 2 AR PN B R 2 RV S WA %
B R AR 3 N AR 52 TR 5 R s ) A
T2 S5 2 T L S 25 1 22 S, T A ] A4 285 i s AN A )
&AL &) GRIR KA E W) 3 KA B R R
LRI B ER.
2.4 R AEMBEE SR S AR IR BOLE S AT

% MR H1 Biolog MR 72 h e i Kl
VI T AE W) B 7% 1) Shannon Simpson Al McIntosh
FEHG THRAE R R 3. R 3 Fh 2 FEMEREESE B
W T 5 AR W B T e 2 R VR AN R0 i
Magurran"*45 i, Shannon $i5 8052 B & ) M =5 BE
UK, Simpson FRHUR 2 [ bk T #E h R DL A,

&3 T2 h B EREEMBE RS 1

AbER Shannonfi%{  Simpson#5%({  MclIntosh 5%}
+E 0~5 cm 3.261a 23.752a 31.734a
+E 5~10 cm 3.152ab 20.632b 15.707b

+E 10~20 cm 3.178ab 20.108b 16.442b
-E 0~5cm 2.944b 16.110c 9.517¢
-E 5~10 cm 2.940b 14.736¢ 4.234d
-E 10~20 cm 2.446¢ 7.086d 3.519d

Mclntosh" FEEUUE T & P 1) — 1k 1)

TCVeH A ] 5 75, & Tk A= W) B ETR FR A AN )
IR 2 MR T ARA IR 34, 3R 2 3838 2 3 AR
B, BRAN S ESL, 0~5 cm 5 10~20 em 2 7] 25 5 b
F(P<0.05). i il A= 2 vk i B o0) HEA BORH LG A, i
| Ak B ) 5 TGk A ) U 4 20/ 0~5 em FIT10~20 cm
FEJE b, ¥ 08 2 T R R AR b s &b 3 e, 0~
5 ecm F1 5~10 em 5E 52 0] 22 AN 2% . Shannon $5 44
A ZE 5, F WIS TE S0 1 UM AR YRR 1 R
A7 W S S, i sl A0 B () Simpson $5 505 6 ECE %K
VTR [RIRE H S 2 S, U W ] 3 A 45 2
JETE R T rh SR Se RSP R AR o ) Ah HE R
Mclntosh 5 5 5 0 2 1] R RE AT 42 3 22 5%, Ul B e
Ui5| ()3 100 i S AR ) i 38— PR AT I s
3 &ig

COAN ) A B 1 2B 25 98t 3 AN VR T 2 10 - 3l Ak
WA FH IR 2 AR PR PR AR I AR LU AR b
2 0~5 em 2 T 10~20 cm; AN [FR 2 M E W RE
X 31 BRI R W O =4 T 40 7

(2D it Pl s, A= 2 vt 1 1 33 A 2 s 1
TEVEYIRh 5 i 34— P R 3 79 3] B S5 M 184 75
WSS BN T, W] A= A58 F 0~5 cm A1 5~10 cm



- 166 - PBLZF @R http://www.casb.org.cn

24 LRI E R SR AA R

AR LLG R, 2 7 2k — 20 [ B 55 BE fff e )
T BTN A 25 Y I T ST G AR A A 2 T R
A Z 09T T-BL, i PCR-DGGE 5, PLFA T-E .
4 it
4.1 B3R SRR AR 6 =8 £ 5

BIOLOG fi i Al " 3IME AWCD v LA ) e AE )
TR V& 6T FL— DU IR R AR R ), e BRI T AR AT R B s
AN A A= o B R A ER A (] R . ARBF S,
TCAVe Pl 5] 5 15, P8I 525 2 SR A A M T
BIOLOG i 5 1) i A W G AB (AW CD) ) 2 B 4 B+
VR () 38 0T 982> 5 2% BH Bt I 0T 2 3R 2 T AR
WIREER IR R o o pl T BRI 11 AR i
J5 ¥B3% Hs  pH B 55 J7 T ) SR # AT mT Re 5 | S Tl AE )
X s JE A9 S B A FH R 7 10 250 DAL b ELAAR 3 s A
HR A [R5 52 b SR P Ak A e 5 R ) 22 S 1 D R 3
5 R KGR T ] B8 002 I B B AR A 3 T A
B oG AR A DR R A b K g K
KT IR 2, EN TR H K b AR B ¢
ENOEEPINCE S F & AV SR SR R
G ) JECHIA P AR A O A8 1 5 [RJIS, ABEARE it BRI ok
W, P b AR R a1 o R AR A 2 )2 B
SR A w1, e F R SO AR A I R R )
HEVE AR A 7, R &5 S 7E Salomo 55 M K& XS ¥ X
SR N TR HB BT 9T A L. A I, BIOLOG
B YR P (1) 32 B 23 0 BT 26 B 2 AN A 3R (R B AR
TEANTA] 2 O] 5, IXARI AR B — B 5t 51
SRR 2 5 b 6 JSBRUEA) 22 53 2 i 45
9, (R U BT AN [ 5 J0 22 0 A [R) S e st R R FH 2 5«
PR Ry b 3 58 o R A 7K Bl R 2 PSRBT
B AT (LRI, D8 5355 22 ) FH (P08 2 0 28 1
I AR R B s W T )2 A WL AR S W
&, HAL T30 2k PRARIRARAS
42 a3 E AT IR M ar RA) R 6 7R

Wi | E - 3 B AR T A KR g AL
JEURN LR A ARTE D), 1112 5 3 3G WU 20 i 57
I3 TPV A R 50 0, () 300 3 A 7 e 1 s HEIE S A
PG B IR B AL SN AR PR, 1T o
SRS E DB AR S e R AR,
0 W 5] Ak S A L, 2 ook s i A6 759 38 5 45 K VIR B 1)
AP s V- 32 R HE TH &, H BIOLOG Bk A
B IR L REME SRS . X5 — e oy (R 45 Bk
A% : Winding 253 £ BIOLOG J7 077 & W1 , ke
U] ¥7% By 280 - S AR W U ) R s TR AR

2007 A3 1 95 A I ST T W 1 BN R AT VR I /)
X (1) 0~20 cm 38 5k A= W) A U S5 A A8 A, 45 H
U513 1) fie A1 3F 38 A A A R v ok U R P S P T
Wo ARG TR H IF) Ul 5] Eisena foetida)J& T )= F,
LB U fE S B A N R B AR 1 R 40 /N
FEE, IR 52 Wil (R X R AT R A0 45 & J2 LR HLA
R} R Ak T 14K, I TT B A ) T L S R AR R LA
TR ER) 23 A AR T 5 338 T A G A P R v e st S R P v
AT 22 A PR 5 208 0, [RV N 38 i A= v A i 4
B R A T AR . Sen P 2008 4 IR 5] F T HENE
ARG 45 SRR I, M is 7 FH 10~40 O FE TP A E D V%
) Shannon 2 - PEFEHC N . [F]IN, 4 5] JEH 0~5 cm
HI5~10 om K& 502 1) el R 285 SRR B AR I Hb X 45,
FWIX 2 2 2 (A A A AR A e o m) 3 i
rh 4 b 01, 38 S ] PR 3 2 AR A B T Y i
T B TE TE RT B b ] R AR
AT 0 R R R R ) 1 3R TR 4 I 0 A ™Y Jégou S5RUIE
it PChRIdTEIE R T 1E 200 22 R s/ H 543 4518,
TR PP ) 55 Py J2 R as] 0 48 7 s 32 S B0 R P LE
S R 0 TN = A I e S 11 oo 17 o
IS

S 30k

(1] ZEZ0R, B 5 A, 4 1 UM g] A= 25 Dt Ak B AR v RLAROR) A0
VoK LRE B TE[I]. 0 B 25 7K $E7K,2009,25(04):35-38.

(2] AR, A BT, A5 e ROHE D AR G A BRI M DR AR A
75 /K[ K AP A, 2006,32(06):61-64.

[3]  Z[HIY M a5 7K A= b AL ER D). A [ 25 7K HE K, 1997,13(2):40-42.

[4] SINHA, R. K., BHARAMBE, G., CHAUDHARI, U. Sewage
treatment by vermifiltration with synchronous treatment of sludge
by earthworms: a low-cost sustainable technology over
conventional systems with potential for decentralization[J].The
Environmentalist,2008,28(4):409-420.

[5] GARG, V., KAUSHIK, DILBAGHI, N. Vermiconversion of
wastewater sludge from textile mill mixed with anaerobically
digested biogas plant slurry employing Eisenia foetida[J].
Ecotoxicology and environmental safety,2006,65(3):412-419.

[6] HAWKINS, C. L., SHIPITALO, M.J., RUTLEDGE, E.M., et al.
Earthworm populations in septic system filter fields and potential
effects on wastewater renovation[J].Applied soil ecology,2008,40
(1):195-200.

(7] R PIVEE b A L SR R R A LT e R I R s ST
[J]. N1 5 PR B A 024 41%,2003,01:105-109.

[8] i, S B PR TH7, 55 M R V2 B AL 0 Th B 2L A 1) 43 A1 5 1 7K i
BRI T E AR 27,2008,28(7):656-660.

[91 B X N T M5 7K R S R BRI Ak 2 R PR AR
KAER T[T A FREE R4, 2008,27(6):2401-2406.

[10] KAISER, S., GUCKERT, J.,, GLEDHILL, D. Comparison of



F KRS « ML) Bl o0k A2 A BRI A ) RE VR D RE 22 FETE K B2 .

167 -

(1]

[12]

[13]

[14]

[15]

[16]

[17]

activated sludge microbial communities using biolog microplates[J].
Water Science and Technology,1998,37(4/5):57-63.
SALOMO, S., MUNCH, C., ROSKE, L

metabolic diversity of microbial communities in four different filter

Evaluation of the

layers of a constructed wetland with vertical flow by Biolog (TM)
analysis[J]. Water research,2009,43(18):4569-4578.

4 BRBH & 2, 77 6 18, %5 BIOLOG 76 T 3B A W B VK D RE 2 R
PEWFFC A B R FH[I]. 145824 41,2004,41(3):456-46 1.

CHOI, K. H., DOBBS, F. C. Comparison of two kinds of Biolog
microplates (GN and ECO) in their ability to distinguish among
aquatic microbial
Methods,1999,36(3):203-213.

FANG, C., RADOSEVICH, M.,

Characterization of rhizosphere microbial community structure in

communities[J].Journal of Microbiological

FUHRMANN, J. .

five similar grass species using FAME and BIOLOG analyses[J].
Soil Biology and Biochemistry,2001,33(4/5):679-682.

GARLAND, J. L., MILLS, A. L. Classification and characterization
of heterotrophic microbial communities on the basis of patterns of
community-level sole-carbon-source utilization[J].Applied and
Environmental Microbiology,1991,57(8):2351.

WINDING, A., RNN, R., HENDRIKSEN, N. B. Bacteria and
protozoa in soil microhabitats as affected by earthworms[J].Biology
and fertility of soils,1997,24(2):133-140.

INSAM, H., RANGGER, A. A new set of substrates proposed for

community characterization in environmental samples[M].I in:

[18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

[26]

Insam H, Rangger A (eds) Microbial communities. New York:
Springer, Berlin Heidelberg,1997:259-260.

MAGURRAN, A. E. Ecological diversity and its measurement[M].
Princeton, N. J.: Princeton University Press, 1988:51-52.

SRR, T A R A A I M R R 3 A AR T
(IR o B PR S5 1 42,2003,23(4):422-426.

KX, 35 M) 2 Jo T A4, 258 e 0 N T O il A A AR
WEFPERIDIREZ FEPEDFTE (0] K AL B AR, 2007,33(6):18-21.
EDWARDS, C. A.. The importance of earthworms as key
representatives of the soil fauna[M].Earthworm Ecology. CRC
Press: LLC, 2004:3-9.

TR0, R/ 2, 0 o, A R Bt P P M ) oA P - 3 A A=
PREE I I 0] K AR RF 22 4],2007,21(2):100-103.

EDWARDS, C. A., Bohlen, J. The biology and ecology of
earthworms[M].3rd Edition. Publ. Chapmen & Hall London,1996.
SEN, B., CHANDRA, T. Do earthworms affect dynamics of
functional response and genetic structure of microbial community
in a lab-scale composting system?[J].Bioresource technology,2009,
100(2):804-811.

LEE, K. E. Earthworms: their ecology and relationships with soils
and land use[M].Sydney Australia: Academic Press, 1985:186-196.
JEGOU, D., CLUZEAU, D., HALLAIRE, V., et al. Burrowing
activity of the earthworms Lumbricus terrestris and Aporrectodea
giardi and consequences on C transfers in soil[J].European journal
of soil biology,2000,36(1):27-34.



