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Effects of organic materials containing copper on soil enzyme activity and

microbial community
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Abstract; Composted manure has been used for centuries in Chinese agricultural production, however, only in recent year,
there has been growing concerns over the problem caused by manure amendment, such as the buildup of salt in the soil and
the potential introduction of hazardous trace elements into human diet. The objective of this experiment was to investigate
the influence of Cu containing organic manure on soil enzyme activity and the functional diversity of microbial community. A
pot experiment was conducted by incorporating same quantity of composts with a range of Cu concentrations, which were
produced by composting the raw materials of swine manure and wheat straw spiked with 3 levels of Cu: 0 mg/kg ( control) ,
300 mg/kg (low Cu, referred to L thereafter) and 900 mg/kg (high Cu: H). The resulted soils after the cabbage harvest
were used to investigate the soil enzyme activities and the diversity of microbial community function ( Biolog #). The results
showed that, the soil dehydrogenase activity declined by 64.75% in the low Cu containing compost treated soil and 90.
66% in the high Cu compost treated soil as compared to the control treatment, suggested high Cu concentration in compost
inhibits the soil dehydrogenase activity. The result of Biolog test showed that the average well color development (AWCD)
of the control soil was greater than that of both the L and the H treatments during the process of the Biolog-ECO incubation.
Compared with control treatment, AWCD of L and H treatments at 96 h had dropped by 3.55% and 36.59% , respectively.
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AWCD of H treatment was significantly lower than that of control (P<0.01). The most microorganisms in control soil had
higher ability to use carbon source than those in L and H treatments. The soil microbial community diversity indices had
different responses, the highest Shannon index was observed on L treatment, the highest Simpson index was on H treatment
and the highest Mclntosh index and Mclntosh evenness index on control treatment. The principal component analysis
demonstrated that the significant difference between the three treatments mainly depend on carbohydrate and carboxylic acids
dominated carbon sources. The results indicated that the Cu contained in the composted manure significantly inhibited the

soil enzyme activity and microbial metabolism.

Key Words; Cu contamination ; compost ; dehydrogenase ; Biolog Eco plate

T FE A A = A 2 A AR Y ot (S 30T ™ A ERBE (D, 90, 3R AL A AL R SRR
M B E B B R A MU TR B B A IR AW 7 S, fe Aol A 7 b R 4 5 /R HE
JE Ak 3R B 8 S T AL N R R AL A AG& AR, L H IR (M A TR i AR 9 LA e v R 4R T i
A R N M R E MR G I AT i R A HEAR P D A PR AR R s 4R v AR g, PSR A
PEER, 0 ELXF s AR B, O AR S s b nT R & B A oy S0 3 X, 4R, A ALAE Y
i A=A T — ZR BN A AL, AL 3G A ATUIE v (8 58 20 %o A %) 3 8V FH A AILIE Hh AR AR B B Je R AR AR AR
O AR EEERS %, EERMET S S ENESE RS FELLE & B8 A YU A A 1 &4
JRIFRE , AT SR A T R S AU LR R B 8 5 7890 0 SRR AR 72 (0 75 i AT ALAE R
B E 4 o e, 2 SRR I S 2 M T ) R S A MLAE Cu 75 5138 1454me/ kg, KR M T #8430 BRI [ A &=
K HARSEE B DL IC 4 R e R ARV B, RS At 1 o & 38 rh R 4 B 10 R A T A
55307, 85 R B, S BE A PHEAEARE (Cd |, Cu  Zn BYE R BREE 2008 1.5.100 400 mg/ke) , TR ARG |
A A FEF B RME DA — R o 2R E S B AR, A Cu R R AR R R 69.0% , ZEfR
PSRRI, 5 20 22 90 AEACAH L, Cu AT Zn 7EHE ZEFIXG 3 i 5 S 3G IR ) WA S | e FOHG s 2 SR 1) 1
12 %, HoA AT EXTVEY) N L3 v s A FE 5 B 5 2 B A 92 56 . SRR S A9 iR, ME A ] LA AR 5
ZErb R 4 Jm A RO REARORE 2 0 R R o 0 B 4 XU T N 2 0 i 4 i o) M T o R ) B R 4 e M
RO AR R T AS A AR AT T RIS, 10X A5 ML it R X6 - 98 54 58 i) . JH s X 4 S e A 0 TR 8 1 52 i 4 A
R R, T R — 20X A U it FH A XU A 7 VA, AR Sl i 28R iR S A 48 Cu A HLIE
Xof - A9 TS 1 B SR RV S5 AR RS, A ILAE 1Y) A B FH 4R S ARl
1 #R5HE
1.1 Rk

RGBT FHA HUAE 2t /N2 RS AT 8 BB (GRS A 4 J5 i ) ) (AR M 28 (A IR U] BRI 22 Bk 370 AN 1)
RIS ) MR, R BEREE PR 346. 9g/kg, BRE 4.6 o/ke s /NEFEFFA LIRS 7 394. 3 ¢/kg, &=
R 5.7 o/kg; AWK A 409.7 g/kg, BA S 34.5 g/kg,

BER R H BT AR AT X AR ARS8 2. 0% , #30R & 21. 0 mg/kg, BT & 24. 8 mg/
ke, BALAR S 213, 1 mg/kg, TIEL XA EERT 1 mm FH1E AR,

PR Al BT NSRBI T AR AR AL R o
1.2 Rt

Pz AN R e 45 R, 5 20 g 90 AFARAR L, A VI R ALY 40 MIEEEAESD Cu 3 &
M 37.6 mg/kg WEINE 488. 1 mg/kg, A7 42. 5% WKLY Cu &ML 500 me/ke, A 10% WFE i Cu & it
1000 mg/kg, Long Cang %" SHT IR 10 A~ EEIRTH 31 A% B0 R & & 200 T REE T, KB
T Cu PR 399, 0 mg/kg, HAREANE ISR E 47 5 & Cu 300 mg/ kg Lh BB, AZIAEAL%E 134
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Wi, DME T e Bad A e A 8 FRE B R A HENE 5 4 T SR A AR SE AR v 1 AR 2
DU R T R AE P 4 B R AR E ) (EX BEAREXS Cu BFRE 22 515K, B L3R 1 ARIETR E 2 1Y Cu &
TR R RN [ 52 A SRR ARG 3 AL B Ab 3R T RESINE 2R Cu (FFR CK ALBE) | T ISR AS &
Fr & E 4R Co SEH 10.35 mg/kg; A3 [ 7EAHUIEHEE RIS I CuSO, FWE, i Cu 7EHERN(T35) thiy & &
300 mg/kg(fRIFR L AL s AL MZS I CuSO, WRAE Cu 7EHERL(T3E) Py & 24 900 mg/kg (AR H 4b
), LIS Cu V5 Y S8 ESIA PLIE,

F1 KMEZRMHERES Cu SENRERE

Table 1 Limited amount of Cu in compost established by European countries

PR 1] KA PUPES A illi) Rl ] G Fii -t
Country Germany Ttaly Spain Belgium Austria Holland Switzerland

HEALH Cu BREE/ (mg/kg)

Limited amount of Cu in compost

100 300 1750 100 400 150 300

FAGRE T 2011 4F 4 H 9 HZE 2011 45 5 H 29 HZEREPEA VU AMABI R A2 B IR PR 27 B (1) 3% 38 B
WHEAT, RIRIR 3 DAEIE, PSR B 22 + kg, LUMH Y T 6 T Bt 2. 5% ny7t JH & FH A ALIE T A HLUIE
I, AP, AP 8 AN TS, HIE SIER S /MR A a4 4, 1 3d Jm SR AR AR b, Hh v s 7 v 8 #K
AL H AR B2
1.3 e 53 H e

/NESEGRIG B A B REALI 3 45, R/ N SRR PR - A A T A Co i A R a1
JId S A P R S A AT
1.3.1  hHeai KA & it

A AR GB/T 17138—1997 (e A R A ] [ 5K bl —— L e B 50 B A0 2E < SO R T
WA RE TR ) W T v, 3B AR 7 >Rl DTPA ( Diethylenetriaminepentaacetic acid ) 32 $27% ( £::DTPA =
1:2),

1.3.2 el SRS PRI E

S ST P S TR S R OGBS v ik FERE S P I A2 AR =R SR S AR (TTC)
RIG 37 °C R53%, D B SR/ T R A 4L (5, 2,3, 5- = B IR (TF) B, B PE T peTF-g7-d™ R,
1.3.3  RUEYIRER KL B I

WS T X 4 5g B AERY 6 15 T 45ml 0. 85% SEALEHTC B W = AT, 35 K 7235 30min (200 1/
min) , FEEE TAES bR 10 5B, FH 0. 85% SALEN T IR A B HOAG B 8 vk B o 107, 6D 13 fiE
YIRIFICT Biolog AE MR (ECO MicroPlate, 3€[E Matrix Technologies Corporation A=) H1 | & fL 150 L,
R ECO B2 A R R4S B T (25 +1) °C FHEMI R % LR 5% 240 h, WIE &% 12 h J ELISA
( Enzyme-linked Immunosorbent Assay , B Ik 6028 W BN 2 ) F2 W A MO 76 590 nm AR EEC 1 IR,

1.4 Hdnabr
1.4.1 RAFLFEEI @ ALK (Average Well Color Development, AWCD ) il i€ 321804 W F| FH PR — B UL 1Y)
e, AWCD MitE ARy .

AWCD = Y (Ci - R) /31
AP, € N UBFLAE 590 nm F AL R N ECO MO IRFL A1 BB S 8 (Y ; Ci-R /NTFE AL, 5
WHE T Ci-R=0"" BRI S AL GBI 8 k% AWCDI = Ci-R ARIHE SCEN i i1 AWCDi 28
3 WHEE V- HMH.
1.4.2  ##7% Shannon 5% (H) "

H =-3% Pi XInPi
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K ,Pi = (Ci-R) / Y (Ci-R) , A MIEHIFLG X IEFL Al WOLREE(E 2 2 58 ME 2 HE,
1.4.3  H#¥% simpson $5 4K
D=1- Y [Ni(Ni—-1)]/[N(N-1)]
K, ni 25 | FLAAEXTIROGAE ( Ci=R) s N ZAHXTOGAELE AT ; simpson $840H 1/D {HFRIR
1.4.4 BEV% Mclntosh $5%1
U= ( Z N

1.4.5 F£Y% Mclntosh 5] )%
D=(N-U)/(N-N/VS)

ASZH R ] BIOLOG ST AR EE 5% 96 h B9 R SE A7 32 AR Z e 500 . B R Excel (V2003) |
SAS(V8. 1)1 SPSS(VI12. 0) A HATE 4347 .
2 ZER5HH
2.1 RIS AR

THANUERA RIS 208 50d (3SR DI XA RBUR SER 2 s, R 2 FTLUE W, SHA
HUAEA A 38 4 B A 8508 & & 44 Ty n i A% 81 900mg/ kg A9 AT MLAE A £ 8 250 5 &34 1 9. 00mg/
kg, WS B v it FH AT HLAE , W0 3% 22 8—9a Ji, 4 MR A8 N [ L T[]+ 18 24 455 I £ A 1 ( GB15618—
1995) , HHE R AT B A AR IE,
2.2 LRI F2 TELAREZRSE

H H‘ ’iﬁﬁ%#ﬁﬂﬂ’w\]ﬁ@ ’ HE#%EE%ME%%*%@% Table 2 The content of total Cu and available Cu in the soil
A, NI LT, 120 B 2 1 S A W T i i 42 It (k) O (mgke) A A L (k)

57 BRSO B R S Co comen ol Cu Avilable Ca
et T A N ARAEAE T 1035(00 252424 1 3850.07 c
ﬁ,iﬁ%ﬂ}‘é%ﬁh*ﬂ&ﬁﬂﬁ%ﬁﬁ?ﬁii%iﬂiH@Z%o 300.00(L) 28.59+5.43 ab 2.09+0.04 b

900.00( H) 34.24+1.35 a 3.9240.11 a
[R]— %1 FR R [R) -l e /R A B |) 25 53 8. 35 (P<0..05)

XA A A AR A 5 ) ) DR 0048 55 i 5 & i
P 5 S U AR Dy A A R AR
HPRESBURIZE A TR Z—"", I Biolog B — i Sz ke + 39 fal A= 1 A A6 i, DR i 32 480 0 2 T G Al
M1 T A Y, CK A B A Bt 06 15 14 (16. 5148, 84) peTF-g™-d™" | L AL H AL BEAM51H9 (5. 82+2.85) |
(1.5420.77) pgTF-g '+ d™", CK Ab B4 it 0BT 1 L L

AL BRI H ALY 64.75% 90.66% o CKALBLAGME ~ . z: a

SMATHER H AR 10.70 i, AT 0 AL Mg TF (

T Cu IOATHUIL 35 S0 T LB SR A, B G2

XS (00 RBLIL T A2 T 40 P i 22 ‘ b

PR — SR IR L 5 DR ER) 5 : b
O P T SRS SIS = i
T o R S D00 R W b O camommghe
PO £ ORI, 5 PR R T

2.3 ELIS A REI AL (AWCD) 1 & Cu BHUIER LK SEE R

—leﬂj)%’ﬁ@. @E 'Hﬁ % ( AWCD) % fiHj’% :ti%ffﬁ /:—E%{ﬁ Fig. 1  The influence of organic fertilizer with Cu on soil
N . dehydrogenase activities
) M iy oK AT Ho_ A b4 [16]
e RN R RN — E%ﬁafy/ S TF RIAE R, B 2,35 SR ORI A

AWCD 7E B AR R i B b 7 I e 22 0 e i B
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AWCD 7E 24 h Z AR/, ULHATE 24 h Z B IEFEA AR BRI ; 55 5% 24 h J5 AWCD 30 1 B g A28 4k, B ke i
I BB IE B R B AT, e CK ARS8 L AFEAG AWCD FHEs et H A BE ) AWCD T dete | i Ho7e &4
BB CK ZALHE AWCD R4 RT L AR, L AAFRE) AWCD IR H 4B, ECO M & 72—96h A,
Tl A= WX VR A R PSS AR R e L B OD fEAYAS (bR TR e, IR LR B 96h (9 AWCD #E47 05 224007, &5 R 3%
B, L AL BRAT H ABEES 3% 96h 1) AWCD {H20 5 R T 3.55% 36.59% ,CK ARG & & F H B (F=9. 11,P
<0.01),

20 ot/ me/kg)
—@— 10.35

—=&—300.00

20 900,00

05

A A
Average well color development

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

0
0 12 14 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240
It Time/h

E2 AREAIE AWCD BEiEsatiEp T

Fig.2 AWCD changes with incubation time in different treatments

2.4 HIEBUEYIREE DIREZAEIER AT

Magurran'"* 35 i Shannon $55052 BV P Fh 42 5 BE R 42 K, Simpson 48504 22 S 1 V% 50 DL 4 4
fh, Atlas 35 H1 McIntosh F8 BN 2 REIE W Ah I — PR E R 0 R 3 WTIE I, & Cu AN RS Y fh 42
i HE Kt T DL IR BN R RV W A 2 — M IR AR, CK AR B L 2L BE B Melntosh 540 & MclIntosh
PSRBT H AR,

K3 TEBEMBEEDESHEE

Table 3 Diversity and evenness indices for soil microbial communities

iyl Shannon $§%( Simpson 541 MecIntosh 54X MeclIntosh 445 B
Treatments Shannon index Simpson index Meclntosh index MclIntosh evenness
CK 3.11%0. 12a 45.50+8.72a 7.9320.40a 0.973£0.005a
L 3.16+0.08a 52.58+8.28a 7.5220.48a 0.964£0. 008ab
H 2.99+0. 14a 73.03+24.65a 5.46+0.83b 0.955+0.011b

[1) — 3] Hh AN ) - R R AL B R) 22 5 1 % (P<0..05)

2.5 AW A EERARIEE SUEE BT

TP AR A [FIBR IR T BE 1 B B BE R BIOLOG fRISHE £ 183 . 52 5535 96 h I Py vt
31 A —Rr IR A AR AE T (AWCD ) , 75 2IE W e AR e SO RS (18 3) . AAIEL 3 AT LA 31 Rl
A 16 FERIE Y AWCD: ([ X/MRFZR N CK>L>H, A 8 FhERIEAY AWCD: K/NIF I A L>CK>H,
I, CK AbBEAT L Ak 38 A S A= Wy %5 31 Al R 0 A AR B G K H O Ab 3, 78 CK b B AR 48 2 &1 5% b
AWCD: =1.0 ARRIEAT 20 Fl(BEZE 6 B B2 1| Fh RIS 5 Pl Z LM DS 3 Bl R G2 3 A, A2 2 Fh) |
7 VIR IR ALY 64.52% L ALFRAT 15 Fh(HEZS 6 B RIS 3 Bl & SEMRE 3 B, AWML 3 Fl) , i RLBR I A1
48.39% ;H ALFRAT 10 P (WEZS 4 P RIRS 1 B, EILTRIS 3 B, REWZE 2 B, e 1 A, o B IEEL
32.26% ,ARIFR SR H AWCD: =2. 0 BYBRIE CK ZbFRAG 5 Ff, 2051 i -80  D-H 28  N- £ Bk -D-#i %
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e LRGSR IR A L- KA BER , Horh, D-H 880 AWCD: 5k, 2. 89, L &AL A 4 #2351k D-2F4E — k% . D-
HEEBE N-OEIE-D-A A A L- KA BEREZER , 1 H AP —Fp | b L- KRB .

35
Cufy i/ (mg/kg)
@ 10.35

3.0 - & 300.00
2 0 900.00
O
E 25t % -
< - 5 _ Z
¥ §
§ 20 £ ol L
2 N Rneldl N T ?
2 sy N T |
= i : 5 : 5
iy 8 : ‘ P :
&= 104 § :
& ¥
& 3

0.5 2

1 1 1 E s E 1@ Bl 1) B L LBt L) R[] B

0 L] £ XA N 3 ot el X fd bt el & el 1 = i FA i
A2 A3 A4 Bl B2 B3 B4 Cl1 C2 C3 C4 DI D2D3 D4 EI E2 E3 E4 F1 F2 F3 F4 Gl G2 G3 G4 Hl H2 H3 H4
RJE Carbon sources

B3 fEmAEHssEiE
Fig. 3 Metabolic fingerprint of carbon level physiological profiles

2.6 THAYIRETE DIRE AT A

XFHE 9% 96 h BRI T A W BETE D RE LA (PCA ) 45 SRR 4 A HE7E 31 sk U P A9 3 AR
32 FER R AATE B RS T 2 5 (B 4),31 A E A F AR S A0 07 22 5Tl R 4 51k 32.37% |
21.53% 13.27% 11.90% .8.54% , BAT7 Z DTHRHIR B 87. 60% , N HEHUAT D) SR AR PR — i 5 A% H 4l A48 55
BYHT 2 A FE RS PCL AT PC2 (FHAEFRH 10.03 6. 68 ) KM E Wi ik DhRe 2 AEvE . f Il 4 A] 0L PS4k 2R
16 R AR 2R P 0 A 22 520 1 ., Ho PCL KR CK ALFEAN L ACRE S5 H AEFRAR (9 X 43 JF, CK AL FE AN L
AR FREERE 5 A3 A TE PCL R IESS , H AFRS A FE PCL A R, Jr 224001 2, R4 1 90 REGR 5| I 3 2%
S(F =7.79, P<0. 05) . %% PCA WAHSCHERERE: , rT 0% PC1 BTk oK Ak I (R ) i 52 41>0.5) 3 16
Pl FOABER FR RS 0000 7 25% , EIEFRZE 7 19% , T ULE4 I PC1 Y = B M BERRR IR, LRk 2 B FE R
25, %) PC2 TTRR R BRIEAT 5 i,
3 it 5%it 3.0 Cufr it/ (mg/ke)

RN HUIE K 3 & 3 b F 48 & AT T > #1035

S

P 2.0 = 300.00
DI A A T E e RIS R 2 i £900.00
ML R T 4 o e AR S A A R e AT AR = 05

Val -

X R AT A LRBCE R 20 s 10 Bigsd 00 15T

HORIEGE HIEAT AR . B A LI i P M T b3 21 53%

FIA V{1 L 4 P RS S ARAT A BE e SR B R
iigﬁﬁ%i%i%{k%ﬁmﬂg%{%ﬁu ’%%ET:I:ZI:% Fig. 4 Loadings of principal component analysis after

ROV EIM LR, W HOFSA LS, 7T gg h cutting

B AR - o TR 4 R AR5 B 2

T R 15 41X R 200G B RREE 6 F IR PEIF 15 T 4 o o2 J1 6 A7 LG B 0BT | 26 R
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SERFRIT, H TR A B R X - SR S e R R Z AR RN, B S N IR IR R
FHIE 259 B ) I A ] | 25 SRR, 7E 0—50 mg/kg Ab B - 18 J5 SR IS T B H IS K SEFE 100
mg/ kg I} H B — BTG | TTAS SR = AN Ab BEK P I B PR ) BT 0 S5 A T o 45 R — 3

T YR IR A S R G P R A R O, RV A A AT o AT ) ) O B R S
Biolog J7 i) 12 W T IS0 A W B 0 LA 7 e W 6 T A 0 7 52 M PN DL S IR B A8 2 RURPF A 55 05
[, £F Biolog MBFFT I ANl A 15 Y RRAiE 2 3 BOR R W Sk MR 25 AR IBEE 1 . Bruce 5 A T4
TSR B (LR ERR) & SHEUEY SR HEAATE U R IFRERRIRBUE M B 2 e, A0
Biolog 25 %, 7F Biolog-ECO #itii B FEH , AWCD {H ) K/ 7 — BRI A CK>L>H, 28] CK ZbFE Y+
S YR AN P i T L ARFHRT HAR B 38 5 A W R VR AR SRS AT LUE Y CK AR B A )
X RS Re YS ) R FHRE 1 318 F L ARSHRT H 2038 H AL 38 shannon UL T CK 403, 3R B & 4 A HLIE e
R D AR 2R 1 | X SRR SR 0 NI SE 25 5 — 3, T BIOLOG A I €675 Ak P B 2 A vl ¥ Y
R EE 1) - 33 AN [F] B A i v M o | 1, o n] BB i Tl A A s 0 R/ INVEE A5 RS I TR, 2R PR 4
X544 MLACAT ASTR] B4 e 7, L AL PRAY Shannon $8 50 H% 5 , H AL FEAY Simpson 7550k 5 , CK ZLFRAY Mclntosh 5
B Melntosh HJ4) e, SCAEEP 9 TR AR Cu™ | Cd™ B G4 B X A )i AEASE 2 1 39 = o
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9a Jii , LHERF AT & L EIREE R R ITARUE (GB15618—1995 ) o PR AEA MY A 77 i | 7 780 i i A5 LAES
AR G R 0 i MERRPEAS A AL At XU, LAge A HLIE A& B H

References :

[ 1] Zhou DM, Hao X Z, Wang Y J, Dong Y H, Cang L. Copper and Zn uptake by radish and pakchoi as affected by application of livestock and
poultry manures. Chemosphere, 2005, 59(2) : 167-175.

[2] WuQQ, Ma]JW, Jiang LN, Jing Y, Qiang W, Wang J M, Yu Q G, Sun W C, Fu J R. Effect of poultry and household garbage manure on the
growth of Amaranth tricolor L. and heavy metal accumulation in soils. Journal of Agro-Environment Science, 2010, 29(7) : 1302-1309.

[3] BaoY Y, Zhou Q X, Lou Y L, Yan L, Guan L Z. Change patterns of different carbon-containing compounds in dairy manure during its aerobic
composting and assessment of composting maturity. Chinese Journal of Ecology, 2010, 29(11) : 2111-2116.

[4] RenSR, Shao Y C, Wang Z X. Analyze on heavy metals content of merchandise compost produced by animal wastes. Journal of Agro-Environment
Science, 2005, 24 (supplement) ; 216-218.

[5] LuwRL, LiST, Wang X B, Wang M. Contents of heavy metal in commercial organic fertilizers and organic wastes. Journal of Agro-Environment
Science, 2005, 24(2) : 392-397.

[6] LiST, LiuR L, Shan H. Nutrient contents in main animal manures in China. Journal of Agro-Environment Science, 2009, 28 (1) : 179-184.

[ 7] Zheng GD, Chen T B, Gao D, Luo W, Li Y X. Influence of high temperature aerobic composting treatment on the form of heavy metals in pig
manure. China Environmental Science, 2005, 25(1) : 6-9.

[ 8] CangL, Wang Y J, Zhou D M, Dong Y H. Heavy metals pollution in poultry and livestock feeds and manures under intensive farming in Jiangsu
Province, China. Journal of Environmental Sciences, 2004, 16(3) . 371-374.

[ 9] Brinton W F. Compost Quality Standard & Guidelines. Final Report. New York State Association of Recyclers: Woods End Research Laboratory

http ; //www. ecologica. cn



12 4] PRI 25 o 5 A LT - Sl 0 ol A W A A O ) R 3919

[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]
(28]

[29]

Inc, 2000.

Guan S Y. Soil Enzymes and Its Methodology. Beijing: Agricultural Publishing House, 1986 243-277.

Selmants P C, Hart S C, Boyle S I, Stark J] M. Red alder (Alnus rubra) alters community-level soil microbial function in conifer forests of the
Pacific Northwest, USA. Soil Biology and Biochemistry, 2005, 37(10) : 1860- 1868.

Yang Y H, Yao J, Hua X M. Effect of pesticide pollution against functional microbial diversity in soil. Journal of Microbiology, 2000, 20(2) : 23-
25.

Frankenberger W T, Dick W A. Relationships between enzyme activities and microbial growth and activity indices in soil. Soil Sciences Society of
America Journal, 1983, 47(5) : 945-951.

Yang Z X, Liu S Q. Effect of compound pollution of heavy metals on soil enzymic activities. Acta Scientiae Circumstantiae, 2001, 21(1) ; 60-63.
Long J, Huang C Y, Teng Y, Yao H Y. Preliminary study on soil microbes and soil biochemical activities in mining wasteland. Acta Ecologica
Sinica, 2003, 23(3) : 496-503.

Xu H Q, Xiao R L, Zou D S, Song T Q, Luo W, Li S H. Effect of long-term fertilization on functional diversity of soil microbial community of the
tea plantation. Acta Ecologica Sinica, 2007, 27(8) : 3355-3361.

Li S H, Liu K X, Liao Z W. Method for simplification of characteristic carbon sources for Biolog analysis of soil microbial community and its
application. Scientia Agricultura Sinica, 2010, 43(3) . 523-528.

Magurran A E. Ecological Diversity and its Measurement. Princeton: Princeton University Press, 1988 141-162.

Guo X L, GuJ, Gao H, Qin Q J, Zhang W J, Li H L, Chen S N, Liu J, Zhang H B, Chen L, Shao L. Effect of heavy metal Cu on microbial
community metabolic profiles and hydrolytic enzyme activities in composting. Journal of Agro-Environment Science, 2011, 30(2) : 375-382.
Teng Y, Huang C Y, Long J, Liu F. Enzyme activities in soils contaminated by abandoned copper tailings. Chinese Journal of Applied Ecology,
2003, 14(11): 1976-1980.

Zhang L, Ye Z Q, Li T Q, Yang X E. Studies on soil microbial activity in areas contaminated by tailings from Pb, Zn mine. Journal of Soil and
Water Conservation, 2006, 20(3) : 136-140.

Zhang H W, Zhang Q R, Zhou Q X, Zhang C G. Combined effects of acute toxicity of acetochlor and copper on soil microbial population and
biological characteristics in maize-wheat-soybean agroecosystem. Journal of Agro-Environment Science, 2003, 22(2) : 129-133.

JiaY B, Rui C, JiTW, Huang L'Y, Chen J, Luo C L. Study on copper pollution index of soil microbe and enzymes. Guangdong Trace Elements
Science, 2009, 16(3) . 44-47.

Moffett B F, Nicholson F A, Uwakwe N C, Chambers B J, Harris J] A, Hill T C J. Zinc contamination decreases the bacterial diversity of
agricultural soil. FEMS Microbiology Ecology, 2003, 43(1): 13-19.

Xie W J, Zhou J M, Wang H Y. Influence of Cu**, Cd** and Cypermethrin on microbial functional diversity in different fertilization soils. Chinese
Journal of Environmental Science, 2008, 29(10) : 2919-2924.

Wei Z Q, Wang H, Hu H Y, Li F S. Characteristics of microbial community metabolism in sediments of the Hai River-Bohai Bay area. Acta
Scientiae Circumstantiae, 2008, 28(5) : 1007- 1013.

Yang Y G, Paterson E, Campbell C. Study on microbial toxicity of heavy metal copper. Chinese Journal of Soil Science, 2002, 33(2) : 137-141.
Smit E, Leeflang P, Wernars K. Detection of shifts in microbial community structure and diversity in soil caused by copper contamination using
amplified ribosomal DNA restriction analysis. FEMS microbiology Ecology, 1997, 23(3) : 249-261.

Zhu'Y J, Zheng Y M, He J Z, Li L H, Zhang L. Risk assessment of pig manure Cu-contamination of black soil in Northeast China. Chinese
Journal of Applied Ecology, 2008, 19(12) : 2751-2756.

S 3k

(2]

[3]

[6]
[7]
[10]

ST, DM, N, MR, TR, R, aTITM, INT A, AR, XA MUIERT S K R+ T A TR B R . A
BB 24 | 2010, 29(7) ; 1302-1309.

BT, SRR, BSEOR, BIN, SRR, WA A AU N AR R OR R B P B AR AR AE DL B G, AR AR 2010, 29
(11): 2111-2116.

fRiEE, FRER, TIEFE. RIS S8R A= ME A VR E S8 & R0, R IREER#4], 2005, 24 (34T)) .216-218.

ot , 2, EFAR, T FIE RS A VU HLE S 5 48 19 & BRI S 0. RO IR R F 224, 2005, 24(2) .

392-397.

AT, XIS, Beal. FREFEEH G R IR Em BT. AR FRBER 23], 2009, 28(1) : 179-184.

RERE, PR, B, Dk, 2HE. PR EREICAA ISR E &AM R, PERRERE, 2005, 25(1) : 6-9.

RPN, IR R AT ST, dbaT. Rl A, 1986 243-277.

http ; //www. ecologica. cn



3920 A E = 324

[12]
[14]
[15]
[16]

[17]
[19]

[20]
[21]
[22]

[23]
[25]

[26]
[27]
[29]

WokAe, WelE, femets. 2575 Yxt LA Y DI RE SRR EISE . 225K, 2000, 20(2) : 23-25, 47-47.

R, XIMPK. E4JE Cd.Zn Pb B A T5HX LIRRHE MY . FEERL22%4R , 2001, 21(1) : 60-63.

JefiE, FEH, BN, BARLRL. B XE T A Y S L AR, AR, 2003, 23(3) ¢ 496-503.

AR, HiEAK, 4Bk, RIFE, B30, dRmbde. KA X AS I 4 AR RIS T R 2 AR bk B R . AR AR 2E AR, 2007, 27(8) .
3355-3361.

ZEfEAe, XIATAL, B, RRAERRIR R fL 38U E Y Biolog I E MO T vk KN M. AL 2010, 43(3) : 523-528.

FRESE, A, EE L BIEA, SR, e, BRI NIV, TREETE ) BRB, BREE. EEAJE Cu X HEARR R A PR T AR AR A il
TEPERIREI. Ol FREERIE243R , 2011, 30(2) : 375-382.

R, HE T, Jefd, AR, XJ7. MRS YL X RS Y. A AR, 2003, 14(11) : 1976-1980.

K MR, AR, A k. YRR IS e R IR IR PEESE. K R OREEAEA, 2006, 20(3) ¢ 136-140.

HEC, skfd, R R, SRR 2 BB T A B A AR S R G RE W A B RN, AR IR B R 2R
2003, 22(2) : 129-133.

HEM, Wi, BRZE, BEx, B, DEK. LHURT5 MY R EEFIRARESE. TR MEITERE, 2009, 16(3) : 44-47.
WCE, R, T B Cu | Cd¥ G FUAE B XA [ it AR AR 2 + et A My T e 2 REVERGSE . SRBE R4, 2008, 29(10) .
2919-2924.

Bakom, FE, SIUVE, R, - BTS2 D TURR Y U M AR RRAE. BRI AR, 2008, 28(5) : 1007-1013.
G, Paterson E, Campbell C. 4:J& Cu A9 HIERUAEYREMERTSE. 1@, 2002, 33(2) : 137-141.

RO, AR, BRAIE, ZEEN, KT, MR ARG A 05 G RS PR, AR A2, 2008, 19(12) ¢ 2751-2756.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.12 June,2012( Semimonthly )
CONTENTS

Temporal and spatial dynamic changes and landscape pattern response of Hemeroby in Dayang estuary of Liaoning Province,
CRIENA e oeeerernenensenenenanenensenemeeenreeeneneaeneerenensaenseeenensanenes SUN Yongguang, ZHAO Dongzhi, WU Tao,et al (3645)
Distribution characteristics of plant communities and soil organic matter and main nutrients in the Poyang Lake Nanji Wetland «-+----+
....................................................................................... ZHANG Quanjun, YU Xiubo, QIAN Jianxin, et al (3656)
Evaluation and construction of wetland ecological network in Qingdao City «----------- FU Qiang, SONG Jun, MAO Feng,et al (3670)
Driving forces analysis for ecosystem health status of littoral zone with dikes: a case study of Lake Taihu -e--seeeeeeeeeemeniianiinnn.
....................................................................................... YE Chun, LI Chunhua, WANG Qiuguang, et al (3681)
The concentrations distribution and composition of nitrogen and phosphor in stormwater runoff from green roofs ««-eeeeeeeeeeeeieeeinnene.
.................................................................................... WANG Shumin, HE Qiang, ZHANG Junhua, et al (3691)
Effects of slope gradient on the community structures and diversities of soil fauna ««««+-eceeereeeereneniiiiii
............................................................................................. HE Xianjin, WU Pengfei, CUI Liwei, et al (3701)
Investigation of populations of parasitic wasps parasitizing Carposina sasakii Matsumura ( Lepidoptera: Carposinidae) in jujube
orchards in China, with respect to the wasp-host relationship «+------- YAO Yanxia, ZHAO Wenxia, CHANG Jupu,et al (3714)
Assessment of ardeidae waterfowl habitat suitability based on a binary logistic regression model =~ «+e+eeeeereereerriiniiiii .
............................................................................................. ZOU Lili, CHEN Xiaoxiang, HE Ying,et al (3722)
Combined effects of temperature, salinity and pH on the clearance rate of juveniles of Pinctada martensii (Dunker) «-eeeeeeeeeeeeeenens
............................................................................................. ZHU Xiaowen, WANG Hui, LIU Jin, et al (3729)
Soil nutrient dynamics and loss risks in a chicken-forage mulberry-medicinal plant intercropping system ««+seeeeeeeceeeeeiriiiiiiiian.
................................................................................. ZHAO Liping, YANG Guiming, ZHAO Tongke, et al (3737)
Soil particle size distribution and its relationship with soil organic carbons under different land uses in the middle of Heihe river ------
.......................................................................................... ZHANG Junhua, LI Guodong, NAN Zhongren (3745)
Effects of DEM resolution and watershed subdivision on hydrological simulation in the Xingzihe watershed «-«-+-eeeveeeeeeeniiiieie.e.
.......................................................................................... QIU Linjing, ZHENG Fenli, YIN Runsheng (3754)
Impacts of grid sizes on urban heat island pattern analysis +«-eeeeeeeeeeees GUO Guanhua,CHEN Yingbiao, WEI Jianbing, et al (3764 )
Landscape connectivity analysis for the forest landscape restoration: a case study of Gongyi City «+«+eseerererrerseeiiniii...
............................................................................................. CHEN Jie, LIANG Guofu, DING Shengyan (3773)
Carbon footprint analysis on urban energy use: a case study of Xiamen, China — «+-oeeeeesssrerreeamiimmi
....................................................................................... LIN Jianyi, MENG Fanxin, CUI Shenghui, et al (3782)
The ecological footprint of alpine pastures at the village-level: a case study of Hezuo in Gannan Autonomous Prefecture, China «-----
............................................................................................................... WANG Lucang, GAO Jing (3795)
The ecosystem health assessment of the littoral zone of Lake Tathu — «-+--cv---- LI Chunhua, YE Chun, ZHAO Xiaofeng, et al (3806 )
The biomass of Bashania fargesii in giant pandas habitat in Qinling MOUNtaing «««««««+=+ssseeeesssmmmresiiniireiiiir e
.............................................................................. DANG Kunliang, CHEN Junxian, SUN Feixiang, et al (3816)
Effects of salinity on seed germination and seedling growth in halophyte Limonium aureum (L. ) Hill «ooeeeevererriienii.,
................................................................................................ YOU Jia, WANG Wenrui, LU Jin, et al (3825)
Liana-host tree associations in the tropical montane primary forest and post-harvest forest of Bawangling, Hainan Island, China ------
................................................................................................... LIU Jinxian, TAO Jianping, HE Zeet al (3834)
The response of photosynthetic characters and biomass allocation of P. bournei young trees to different light regimes --«-e-erereeeenenes
.................................................................................... WANG Zhenxing, ZHU Jinmao, WANG Jian,et al (3841)
Genetic variation among populations of the endangered Sinocalycanthus chinensis based on morphological traits and ISSR profiles -----+
...................................................................................................... JIN Zexin, GU Jingjing, LI Junmin (3849)
Growth response to climate in Chinese pine as a function of tree diameter «««««««++ssseeresssmmmmreeiiiii i
.............................................................................. JIANG Qingbiao, ZHAO Xiuhai, GAO Lushuang, et al (3859)
Age structure and spatial distribution of the rare and endangered plant Alcimandra cathcartii = <+« «-«+ssereeeereenemmieiaiia
........................................................................ YUAN Chunming, MENG Guangtao, FANG Xiangjing, et al (3866)
The water consumption and water use efficiency of the seedlings of Eucalyptus grandis and other five tree species in Sichuan
P HU Hongling, ZHANG Jian, WAN Xueqin, et al (3873)
Effects of leaf litter of Cinnamomum septentirionale on growth and resistance physiology of Brassica rapa in the decomposition
process of litter — «eeeeeeessneeitiiiiii HUANG Weiwei, HU Tingxing, ZHANG Niannian, et al (3883)
Water transport velocity and efficiency in Quercus variabilis detected with deuterium tracer and thermal dissipation technique — «--------
.................................................................................... SUN Shoujia, MENG Ping, ZHANG Jinsong, et al (3892)
The saxicolous moss’s features of absorbing water and its structural adaptability in the heterogeneous environment with rock
AESEITIFICALION « v e=rrrrrrerermenenrenenennnneneenenernenennenenennenenne ZHANG Xiangiang, ZENG Jianjun, CHEN Jinwu, et al (3902)
Effects of organic materials containing copper on soil enzyme activity and microbial community =~ «-eeesserereereeeeiiiii
...................................................................................................... CHEN Lin, GU Jie,GAO Hua,et al (3912)
Comparison of floral morphology and pollination characteristics between the sexes in Eurya obtusifolia «+««««++sesoeeereceeieseiineiienie.
....................................................................................... WANG Qian, DENG Hongping, DING Bo,et al (3921)
Climatic suitability of potential spring maize cultivation distribution in China «+«+eeeeeeeeeeeeees HE Qijin, ZHOU Guangsheng (3931)
Effects of uniconazole dry seed dressing on nitrogen accumulation and translocation and kernel protein quality in wheat ------eeeeeeeeee
.................................................................................... FAN Gaoqiong, YANG Ennian, ZHENG Ting, et al (3940)
Review and Monograph
International comparison and policy recommendation on the development model of industrial symbiosis in China «+«+eeeeereeeereeaeeanns
...................................................................................................... SHI Lei, LIU Guoguo, GUO Siping (3950)
Scientific Note
The Change of landscape pattern in Zhenlai Xian, Jilin Province in recent ten years —«eeeeeeeeeseeeseeniii.
................................................................................. ZHANG Guokun, LU Jinghua, SONG Kaishan, et al (3958)
F()Otpl'il’lt analysis of turbulent flux over a poplar plantation in Northern China cceeceeerreerrermiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiciiiiiiiiieenes
.................................................................................... JIN Ying, ZHANG Zhigiang, FANG Xianrui, et al (3966)



(EBZ|RY2012 F£4EITRE

(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if
B BT PE R R | 40 WD R B R AR A 252 K JR 7 1) B (I8 75 S P SO 5 P AT 41 AR 25 2 BEE 7
T AN G BB R BT ROT R =0 4 5F

(A2

)y k2 A, K 16 FF4,280 1T, B N E M 70 Jo/ M, e4F 2 B 1680 T,

R & A .82-7  EISMIR R AL :M670  ARiETI*S . ISSN 1000-0933  CN 11-2031/Q
2[5 MR SRy X PTOT B, A AT e S G I R 3K, W KRB AR BB | & S5 Be A 1B

TEAEITI

B 100085 JL R IE X XGEH 18 5 H

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEMEME Ll

A
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHRE XIKRE Bl ¥

2

3_!\_‘

Ji

£ x5 2 R ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) ( Semimonthly, Started in 1981
(EF—:)EJFJ ]981 54:3 Hﬁuﬁ]) Emimon y, arted 1in
¥32% 12 (201246 A) Vol. 32 No. 12 (June, 2012)
9 35 <§5i§%*&>gﬁiﬁﬁﬁ Edited by Editorial board of

H
SHIR &

ol

iT M
E & 1T

ERE

WA

Hiuhil ; AL 5O VE X AU B 18 5
MR L 4 5 - 100085

B35 (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
NS

hEB AR D2

h E R B SRR L
Hiuhik AL HOEEVE X AUE % 18 5
S X 4 5 - 100085

4 4 2 K a
Motk - AL RURE AR AT 16 5
I B 2B : 1R00717
JEITALARER R

4 4 2 K a
ik AR B HARILE 16 5

I L 2% - 100717

LI : (010) 64034563

E-mail ; journal @ cspg. net

4 [ 45 HiL HI )

o [ PR 1B 5 5 2 A )
ik - b wt 399 {546

MR w65 - 100044

AU TR 75 8013 %5

Editor-in-chief
Supervised by
Sponsored by

Published by

Printed by

Distributed by

Domestic
Foreign

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
Science Press

Add:16 Donghuangchenggen North Street,

Beijing 100717, China

Beijing Bei Lin Printing House,

Beijing 100083, China A

_ ) M AN
Science Press M ——
Add:16 Donghuangchenggen North g

Street, Beijing 100717 , China |
Tel: (010)64034563 S =
E-mail ; journal @ cspg. net O ==
All Local Post Offices in China ‘;

China International Book Trading (%]

] ) ) —
Corporation -

Add:P. O. Box 399 Beijing 100044 , China

9771000093125

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 70.00 T



	01.pdf
	fm.pdf
	zm.pdf

	stxb201110141515.pdf
	02.pdf
	ym.pdf
	12fd.pdf


