5536 B 16 1] S &~ £ Eild Vol.36,No.16
2016 4F 8 A ACTA ECOLOGICA SINICA Aug.,2016

DOI: 10.5846/stxb201501200165

AR, JAWEM, R TIHT, DhroP MR A R GTIR A U VE W o iR B S e A= 254, 2016,36(16)
Li Y N, Zhou X M, Zhang N L., Ma K P.The research of mixed litter effects on litter decomposition in terrestrial ecosystems.Acta Ecologica Sinica,2016,36
(16):

it ESREES AR BEARER

FER, AU KR, B AT
ILMUfﬁ{Ejthi wRk2E2ERE, U 136000
2 B B R P 5 TR A S R AR R R R S S S L 100093

E Y R AERE AR 25 R GU IR G PR RE U 8 h B AR AT e ik R0 FC Al o 2 S 7R 0 A AR 2 R e A i 4 53 ]
TSPk 0 S R . HARES RS D MR K2 AT B iD= & A e, AR S URvE e o Akt R
SR T REA TR A5 18 AL A SRR A LA R R I 0 A 5T, 22 BRI R 14 0 Ak SR L S B2 2 O GRS G A, 1X
L6 PR N R XTI UR Y W 0 i A AR s FETEALIRIIE B T AR O OBk AR, MAKA BIR 5 A v 0 W b = T B N 2 R XS
IMREESE i 2 M P SR GBSO, R R S T T, £ B TR YR 5 1 7 W I M A 25 R R R T ) 0 R B R R AR
SRR i B o 8 SRR S AR IS A B, AR I 609 B TR 3 18 5 1 X 0 i 8 3R )R M A 7 I 1) 97 1)
BN o SR 50 S A 22 5 RO IR v R 45 0 MR A o, 20 DI SE R v ot e 4y, SRR A 0 e A B T AT T e 9 97 23
A, 5 ARSI U4 75 40 Ak I PR B TR 45 1 7 0 B R 20 S S I BR s i 0 9 Wy - o B X IS R B2 A R
TR S L B RN, X2 ORI - Sl W) (10 v 2L RN 2 RV AT 838 R0 ), D R 20 i B B 2 B — 5 Bl 5784
TR I 5 s SRR AR W A A7 ) PR PRI, O T A W B A3 S 22 =R g B 0 A S SR 0, DA TR T ol R e RV 9 25 4 % G
IR ETE TR JFAE— 2Dt TR G TS O, XSRS TR - - R SR Bh A il BRI S, RITR 5 7 )
OMEAVE A FUR 28 R 710 1 B8 o kA, B 2l i TR R W 0 i 22 R K T — 20 MO O3 i AR R o e s 2 1t
WA ) 2 R S A — R DR R s ) o0 i SR e R A

SRR A RETE PRI I O0  5 UE  Z2 REE ; Bl s IR

The research of mixed litter effects on litter decomposition in terrestrial
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Abstract; Decomposition is one of the most important ecosystem processes, which plays a critical role in regulating nutrient
cycling and energy flow in terrestrial ecosystems. In terrestrial ecosystems, multiple plant species coexist in a community
with high plant species richness, which may lead to diverse plant litter input and complicated litter chemicals, high
microhabitat heterogeneity, and highly diverse decomposers and their interactions. Mixed soil litters with diverse plant
species usually have more complex mechanism underlying decomposition because of the complementary use of nutrients and
transfer among different species, greatly challenging the assumptions about litter decomposition and biodiversity. We
reviewed the studies on decomposition of mixed-species litter in terms of the impact of plant diversity on litter quality,

decomposing microhabitats, and decomposers and their interactions. We found that the majority of recent studies revealed a
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non-additive effect of mixed litters on mass loss and nutrient dynamics during the duration of decomposition. The occurrence
of some specific plant species might strengthen the non-additive effect because they contained some special compounds.
Different litter types differ in chemical composition and physical properties, and decomposing of high-quality litter by
decomposer organisms eventually leads to a high nutrient availability and allows nutrient transfer to low-quality litter.
Transferred nutrients, in turn, lead to a more rapid decomposition of the low-quality litter and, consequently, of the entire
litter mixture. Litter species identity was an important determinant of abundance and diversity of soil fauna, while litter
mixing had weak or no significant effect on the soil fauna communities; however, it had significant effect on components of
the macrofauna and nematodes and their diversity. Moreover, the effects of mixed litters on decomposers usually depend on
the decomposing time. Some studies showed that litter diversity may induce significant changes in the composition,
diversity, and enzyme activities of decomposers such as soil fauna and microbes, and also modify the interactions among the
decomposers, which may induce further changes in litter decomposition. These results suggest significant effects of mixed
litter on decomposition rate and an important role of decomposers in regulating decomposition of mixed litters, which are
helpful to understand the effects of mixed litter on litter decomposition and nutrient dynamics in the plant-soil-decomposer

system.

Key Words: Biodiversity; litter decomposition; microbial diversity; soil fauna; non-additive effects

PRV Y MARAG TS W B WURE S | S48 1A A RGN th . ARSI o0 R A8 7 A 5 IFE B 0 3R AE Sy o3
(0SS RN R e R IR L A R S RGN RE IO A DLBT AR JRTE P o0 R AR 25 R G Th A R A
F™ R SRR A B AR 2 Rt A Bk AR X U V& 1 43 BRI — SRR i 3k 5] 68GHC, 24 i A BRAE
B 1Y 709 5 I 7% 0 43 kb B VAT O DL AL MR T R R0 B35 4 B A 2E K i A3
ZOUR, JF R R A S R e AR R IR T A RIS T R R G TE B — R A
VeI o e S SR IR 2 SRR A ARAE S R G U HIE YA -F o R i AR A AR 2R M 3R PR v M LA TR
BPIRIE AAEAE  IX PR 5 B4 RAN 2T 0 B o i PRI R e o3 it i e S B A 9 WD B 5 20 B ELAD 3 235
M LA v 00 S £ 0 v S 2B 85 4 - SR sh W AN E R v L e RS R BT ) B e ik B R RN R R B R
NAEALT S 2% , 5L T B — WA I 7 1) O W 58 1 AN REAR S ML PR ST R 9 W e A 25 AR 8 P B8 LS i R B N e
PL, BEFRBETEAWIRA D0k A5 U8 v 1 o Ak ac A v R AR A L B 0 o i e 2 5 AR T
R IALEIAR 2 T )12 560, AT AR BN G 75 0 Wy A 4LSOR 22 R0 55 U8 v ) o il ok — B 2L A 25
FRGEIREIN A5 DI OCHK , LA PR 3 2 ) SCH Ay B

1 BEEHSmARLRE

X F R P5 PIT 5T f T SE I 3] 1867 4, Ebermayerm KIFe T 2 MEANE R TE D) r= 8 N H A2 4]
Y, FA T U A SR SR G R . TERESS YL HAEEL B 2 AT S e R R AR RS B XS 52
M) ] Y55 400 73 fife T 3 %) B PR T | BRI DR R L K U s A SR oA B R B9/ IR T — 28 IA AT, Tenney #l
Waksman'® 75 1929 4FH2 ) + 504 WY 1450 3 3R 22 31 4 71 RV R AFE 0 . (1) LT MIL=4 180575 (2) 4h &
REFIH MRS 5 (3) 540t BRI E I PR 5 5 (4) SRBE 4% 1R, LR IR Rk 43 . 1930 45, Melin"*' it b
UM RRARIE P55 1) 23k O BIESE rh i A T Bl SR LR 3B A 5 W ) o AR AR, 22 A ATD SR SE DA I8 9 00 0 A 4
FEIGIRZ —, 20t 40 AERTFIG 1 I KR A I WGBS, 41 1943 45 Gustafson” 19 EF-FaE & 18 7%
W fife 20 1 R B R R P TR R R RS i R A0 e AR L R U 9 0 o gt A b A K
B REAS TR VB AR 20 i ek R b A A R 2 TR B RR M B, T TR S R I M R A R, XA
SR — URTE AR A T R TFHREL 8 47 19U T ) 3 Ak S0 , ST U8 Y 400 23 ik O RIT 98 R 22 5 T N 2% A
H 3t e

http ; //www.ecologica.cn



16 FHW SRS RGUR G R Rt i 3

20 22 50 .60 AEACRJE T5 4 73 i 5 0 iy W AN 9 N 25 4 1T ZR 48, 93 07 vk R A3 il A A A AR K
il 1957 4F Bocock I Gilbert' " 7[R AR b A% 42T %ot I 7 40 3 it (40 AR 9 w1 R DDkt e 2 5 11 e e A
B R AE Y S TR A v A BT aVE R o i 25 A AR | b B0 A BT A R H 23 A 25 85 7 LB () LR ) 2 i), B 1k
Y+ SES PR R ik S 56 v e 28 LA 1 )2 TR 9T O i —— 4875 . 1963 4, Olson'
P T R By R R IR R VR M) Sk B 5 0 A I ] B O R X IR e e 57 B AR
HHTH

20 22 70 AR TOF9E 5 2 Se S LA S TSR HLIY A 0 A A 5 bR A e R ) xR 9 )
WG MERA . Fogel Fl Cromack """ $& H EURIAR B R 2 500 20 i s R AL i BB N R, B4R MA TR
BAE i rh A TR AT SRR A 5 A0 i A5 A eI 38 I i DG A W B AE 52 G A LA B o A b A/ P R
FIEFVEA : Almin' VR Ladd "™ S8 A4 H T 20005 438 vpoR 805 PR 9 ) %, 20 4t 90 4R1R LK,
WF9EE B2 MAE R BRI —TF 5 N BTV M 20 itk 1) JBE, A0 80 I | A IR 732 10 X U3 i 4 10 ik 1) 552 i A
TR ER I TI7 1], A SRR E B U BRI T P4 0 o e M A2 3k T 98 o i) i A
5T R TTRE 5 TP o f o B v AR T R A 2 O iR e e &7, B S5 05wk & R A1
FHT= A A3 it A S BB AL A I RV i oA R LR A S AR PR ) A3 Ak I IS D ik R i ) fif
R AR S B PR - DA RSB A S A BRI AR 2R 2 (R T 1 R s (R B AR (HE R S THE R 2R B T
BRI B RNR GO BIRESY , B BNE T AEIR G TR ) o AL B A SCBF A TR G s R R

2 FAEMESHEEXSBIRER R

TERE A EZS R G 1 R A AR R AR 5 T SR RE TS AR LG, B B E ) A 7 b 28 R I
BEFRYBAE Z AL iy, IR S A S T 2R I F2 i o S0 i ik B R E T A
VEFISE & A2, (40 fif R 855 04 4 B0 Ak 2 MR & A= i AT 1 I T 4 of 08 9% 0 o0 i = AR S i Y 2K
( Cunninghamia lanceolata) Fi A ( Phoebe zhennan) FIAFS ( Schima superba) W1 159 5 S Fh 4 AH L, AN
[F) e TR A A 3% 358 pH (B ASTRIREBE 1 T iy, 50 G =0 8 9 40 gt ko - SRR R AL A — 2 1 22 A
FHY . Baish %52 R IWELKE 3 ( Parthenium hysterophorus ) 754 43 i 3k 75 v 72 A B 18 R 24 40 Jo 5% i) + 3% pH
(B L R LA S A IR AR 340 IR G TRTE VRS T WUE M ORI St A o R A 7R
b, AR N PR AR FEAK (Alnus cremastogyne) MAFF ( Liguidambar formosana) WP 54, 43 I UEAT
Bl PIPRIR A A = FIR G R A S0 R MR B ARG MY E S0 RS R w1
AH TR Py R I W Pt 6 A U8 A AR i S i i AR U 7 A B LR S B — Tt A2 R R T )
AL PR AR LY, TSR Yy i B S A HLBRAY LR, BRI RN IR & U8 75 W BE % o 13 U E R
AR = 5 (O RIIR R TR AR K S B, PR T W R 2 R o B IR AR R
75455 TR 52 ) 55 RN R 75 ) O3 i AR B LU ATt 28 25 5 | X 2 S R B AR A LE R R e TP IR VR W) 4 fi
7 A IR Y T

3 REEEYX SRR

3.1 YRR R A v o0 R

REBORAVRVE Y I3 S50, 38 1 TR I v g PR 2 0 00 A Jorc i L 091 By PSP 340 8, A5 20TR 45 A v
W 53 it SR S R AR A o R A R AW 5 S B A T U, IR b 22 RS2 70 6 U 9 10 i 7 R TR A 3K
IO, BIE 45 18] 74 10 14 52 P 70 e o 23R 15 S0 B 7 3 (AR S5 3R B I R80T, TR 080 v 00 144 S22 B o 12 3% v 25
TR i R R B AR AL - R T2 YR IR 4 9 W e o A R SR 0 T 35 D77 T 7 2R AR TR 45 800,
To— B, KRBT 4320 =2 BV b = 5 B T U8 9 0 43 ik 100 S W) Ay TE A0 BB R R 2
JE 2 Wardle S0 AT XUCT M SEAAR Y G RXUT I BEAAEY) B KRR 4 FhOReREL 32 MR

http ; //www.ecologica.cn



4 A E = 36 &

M- VE AT TR S S5 78 70 DA R RN A S IR G E WAL B A 45 A FRR I RN, A 13
AN PRI SO0 A 12 DAL BRERIL AN FNRON, AN R R 3 2 0 08 7 ) S B o3 i i LT SR(ELY
M 20% 2247 RTAJATE Y0 Rl 4L SR B BERFR BUXHE & I P4 9 3 fiy o & s e AR IR i R o A
ANTR) B A B BER TR SR AR A R N 25 FIr 25 5% . 41 Hansen 1 Coleman ™ R I 3 Fh s -4 7 74 0y i 1 55
U BIE G, 7253 AT 9 > IR IRV W 10 43 ik ik R S B (B LU TR = 7% , R BLA E RN 5 P28t 10 4~ H Y
I3t | i R AN S PR H AR 9% , BN 58800 ; T Rustad 1 Cronan ' X 2T AEM (Acer rubrum) Ab3E
FRH (Pinus strobus) MZL K2 (Picea rubens) 3 AW Y& W) 55 L AGIIR G 53 fife 55 30 e BRAE O3 il 26— 48 TR 6 U
o AR I IRIARRONE | T e 73 i 26 —AER BN T IERON. . WATIESE 8 HHR & Y P o0 i A B i
AR AR TR P RE A FE— S BT IR A VR SR R R 1 RN | e A A R R 1 2 R R T T
TEUNR A BT AR R 20 T 25 W Fh Z [R] AR AR, AS [RI Pl 04 T | 6758007 AH AR P AR -, &
FURMARRERERAEE Y I, FEX A RUR A R &) P R A o e AR T IX 40 B RTASIE
)R Z A VAR B AN Pl 2 ORS00 53 ik 238 %) 52 Wl 18 TG AL P00 , L B0 — B 2518, J IR AT e 7
TARG V&P 53 i 52 B0 o il A 35 | T B S RNARAE W 2547 22 TR 3R s i, JHL B 400 2 ) fn g i sl A
TNV BT T AN 2 a7 S b3 o 4 e = o 1) 22 S BE BA i A R 1), BT LATRE & A9 00 03 Ak O 0N A 1 T i —
HRAWSE
3.2 IRG VAR R RO o i AR R R

PATEPIIR G o i A b — Se i ik [a) PR v 23 W0 23l = 06 AU ) b B 2B 0 A A 3 AT 4 Y 5
Wi 2 e R BT LA B R S S S ECR R IR AL o R A R K 22 50 A WFoT R TR A UR ¥ 40 - it
FEPH GO SRR S AR IR VE T B A G . Nilsson 28 A2 %o} el HEARIR & VR T8 90 00 e ARS8 R PR, 5 s
2% ( Empetrum hermaphroditum ) 5 77258 ( Pleurozium schreberi) B & 8 V&) 73 R S5 B EAM L= 4 T 17
RONE , JEHIE AR ZEEE 1 70 fifp o ARk 0 ] | [R5 A (R BRCUH R A8 ( Pinus sylvestris ) F 73 il 38 32 S| 41)
il o Nilsson TAAF= A XA DL A& F T80 22 72 A ) AR = 0o 1 338 v A W 9 3 42, el A T X —
Tk 5 T A PR VE W i 2 BIIIRIVE T . MeArthur 58 M0 XK AR A 25 22 48 ) AR 4 B4 ( Quercus nigra ) i
LA ( Liquidambar styraciflua ) RO A W IE YIS A2 T AU 2518, AT BRI S WA T AHA0 Y
JCRAE 53, DI FPIR G o3BG 128007 o P T 6 YR R 9 0 1) - A R O T B A
FETR) L, W] 4B 5% 1 AN R Rl 0 4 SV 5T, AT TAE Y AN Ak 27 41 73 1) 22 S 0 AT e 52 e L 2 U IR & R T )
IR G IR

4 RRAFEYXSHETEPRIHEHME

JHTE IR o B AR AR M A S R G M AERr AU A - i S 7R AR Z R PR RE T IR A U
KW i R IR0y sh S K A 84k . Gartner il Cardon' ™ 453171 123 MEEWIEY 28, Hrh 76 % B i
FEOCHE R B AR AN, . — Ay, &Y o it # b RS ME IR R DR TR SRR
IR 22 R 35 o S AR R T A DA SR BE TR 43, 08092 A1 B £ I 9 ) 3% 0 R, A3 v I3 i U1 % 400 %) o fit
FSE R, FTE W3R 4y 03 5 i 25 AR SOPvRe L R i e BRAS AR 5 A SR % A M ( Eucalyprus )
I3 JE e R AR R 245 AR Z2 00 53 R AR U T 00 5 LA P PR 5 A 70 A S5 350 Sk S0k S 0 v BT 4t A % 400
XA UA T 0 3 Ak OO 5% Wi LA B [R) 4 b 22 1) 19 35 43 sh A6 . Xiang A1 Bauhus' SR AR A LR IR ( Acacia
mearnsii ) Y875 Y)HE B 10090 K44, 75%REM :25% B, 509 KA - 50% JH ,25% K - 75% HFF1F 100% A T
PR LA TR 5 DR 75 0 o S 3, 2 BT & VR Py h BT 2 R T 2 7 it il SRR AE 08 25 0 vh e o LL 491)
BB . Briones 25 A W5 ke - U8 75 40 20 ) S5 A5 ( Quercus sp) L I ( Fraxinus sp) FIHERS ( Betula
sp) R P YRS ST /0 RS0 5, 13 T Je IR A TRVE 4 T A A B 3 RN | & BB R R 3 0 7 97 T
RO RIS IGR RS 7 — A RE W E SRR SRR, X LR R IR SR E T R N E

http ; //www.ecologica.cn



16 FHW SRS RGUR G R Rt i 5

(ARG P o ) 5 B AT RS e A= 5688 I HLIG N 1 o3 A 25 ] R TR 80, DR & 08 9% 40 o3 f B30 )
IR PR RN LR AR U VR ) o et AR e 20k DG SR s B A ), (AR B Y U
VRV BLAT T 48 R 3R A etk , 5 AR At U 94 40 43 e AR S Al TR 5 R 0 e A o fi s SR i pe >

AU FE RN [FA Z AR LA AR UOESE TR A TIE YR 2 M EZoc R MR 2 IR R BE T
FOE DL 1 T 0 i B B B 22 AT AR RS YT S S VA VR LRIV 22 B ER, WE R A LR
B T RICE R AR IIE A TR RS B WA BB BOT R MY Frey 557 K
IR AR TT R TR & U8 P W e 7% 3 i R rh PRl ZOTR & 4R (BRI B 15 iR & U ) b
ISR 7 10 Berglund 25 A Xof BRI ARAR AR K I SR TR A U 94 0 40 R ORI X A0 78 13X TR A2
AR AAES C B AN E AR R 3R A RO 2R A R A S SEE0 AR 38 1 AN N A1 9 5 I 50 A
IR G VR AL B J5 1] 220 DL ABAT T Z 18] (AR ELVE T, & 3 DA RGN 2R s ] K 5 ) e B 4 22 i 8 )
S MK [ WO AR P T ) 4% 7% B o R0 I IR B 5% 7% RO B TS — e R E 132 B BRI A B A
TESM i AR oA FUOR ik R REIOR — & AR, Bl 15 VR hyied S8 A W i 1) e 2 i, HOvR e 5 R 75 b R
JR R I o IEA RS

YA RIS PRTE Y 43 A AS TR0, 0 h 2240 VR X e B R i AR B AN [R] o = 2 2 X
LT FETRASHR 4 Fh WM e 7 AT 1 2 AERO BT AP A4S SIS | TR S0 R — AR DU R IR 5 U 75 W0 0 B i
PR BUNAMEIVERT, AR o —ARWIR B T 02 #E4E F s PEZ0AS ( Pinus koraiensis ) R A AR B (Acer mono ) 1R
GO ETBI BT R BRI T ORI R0 5 B TC W5 e, I RT RN AR ) 22 R R A0 A
Yo R v SR BEORIAE T R 4%, 2 BN AR T 2R Z ] AR ELAE FH o3 fff 28 R o0l B B 55 2 7 T
FRENER) AN

5 BREAENNSHEENRIG

5.1 X RSP R
511 IESNYISEREXR G I T ) 22 R A e 1 e HCX 3 ik 1) e

TR Z W 5T R B T W) Z2 R PR T e Sh W iE v o 2 A R O s W U LT 30 R0 T Ao 4 B0 4 e T
KA+ S ) TS AU PR AT 5 00 3 A ) 2R B A BE Rl KT 4+ i sh 2
e Z 1 SIRAAVE YR ZREE R IEARCOCR S i i dh £ & 1 5IR G TR 2R Kk
A SRR SRR 0 X i ARG s 5 R R T AR E YRS YA 2 R INR Y R sh A R R
T8 KAEHS (Pinus taeda) EF W FTLLZE B ( Cornus officinalis ) 1A M A& /- fitad B2 v, 3B W) AR BUZ 45 R
Tl 7 2 43 f st 1) 2.3 4%, I S BOR G JTE Y 19 4 3 08 T 45 SR J0 ffk  s 8% 5 D A i i ok 2 6 3
AR AT R SR S 08 s W R A 0 0 25 R L S W X A [l AV ) 22 R 7=
Wi 157 22 S PR PR A : — 2 IR A VR ) Sy TS W it 1 S D T BRI AN E SR o e T B — VR
Gt AR b L A P DR B U e R AR R T S B IR B = T I, AT T T R U Y R
Wi S Sl ox 4B Sh W ) A A U R s —IRIR A RTE Y T SRS W SRR b T — S U
TEPIEAS R — 5 R A BE B R BRI AL Z 7 BN UL B 193 EE . R, $2 A& W R Z REPE 3 Ak
MY A RO EBE , N IK S 3 5 ) 5 e ny 36 . JF ELeb T e sh W 0 O i e 1k 22 5, 08
SNWSSTENT T AN [R] Wy iy Sl (8 A [) Z2 AR V7K 7 TR 5 8 v ) g e o o AN ], PRI AS [ =F 8 BE R4 A0 1
TRA WY& Y BA AR Y 3 sh Y s AR, 5 DRIR & V& W 40 il s 38 10 22 5, IV W R 2 e N 1 38 5
) 22 ) B4 A A X b R AP v ) 23t 3 e PEVE T
5.1.2 RGREYAE Y BRI T s M

LIS YR AR G R I W o i R b BT —E IR Sh | BEE i B e A A2 A, ARt
AELOTHETT ZRAR ( Quercus wutaishanica) FIMFS ( Pinus tabuliformis ) I8 RAIBFFE & P 38 sh ) Z ek 55 8 7%

http ; //www.ecologica.cn



6 S % 36 &

Yy oy gt 1] 5 B3 IEAR GG R . EAR S SR ARTR S UR 7 0 o e w31 L e sh W ite s LAWG e 1 o8 3 w38 J5
FLSEER S0 E R0 H 1 R el vh /N 1 g i Ko P RERI R 0 7 A A
EE R, 9 DN HRTFIE TR e 6 HALAR, 1A K B - el Wt A iR 45 0 7 0 23 R 4 8, R % 0 1
6—7 A G fif s dmete, 55 KR! 3 S Y RCR A A AR S Sl W B TR 4 U 7 0 it £ S [) By
B R shas /Eﬂc'ﬁﬂ%%ﬁﬁ%’]ﬁﬁ%ﬂ@?ﬁﬁimHﬁ%ﬁ‘%%ﬁ/&f”ﬁ%&’mé’]ﬁﬂf: I HEEH 2 Mk +
S BE AT, S A W R 2 B Wﬁti%ﬁ’%\ﬂwkﬂ PP i 216 55 rp R - S sh ) AR TR - S s W A 1A
Bom B2 FEART ™ ) R, AN [RIR0 0 8 95 R 4 4 e e 5 U1 5 0 rh R - e sl oy 1 A P e, R -
ﬁ]%ﬂﬁ*ﬁi%ﬂ/\ﬁié&ﬁ{ﬁ ) o3 ik 0 s A R AR, O B AR S e A e it T IR vk
WISyt

5.2 XT:E%HIEE%E/JE’ 1| T 2R
ERATE AT SRR ] l
LT LR, R B AW iR
b TSR M 3430 1 A1 5 A \ /
R HLAR G P B o A T e
T I - RITE5 TS (P 1) | |

\ ‘ R 2 O BUEMREEAL  BUEMAE R SR A
REMEY S0 E AR E S BA T EEN rmmne RAER AWM SRR

BT (B B2 P 5 R A . “‘l ARE R
R 03 L R A AT AR PR 45 9% e n
W IR R R e P R S TR 5 s

e LR B SR A AR A AR K R B, AR Bl SR L R

SR B AN A A R s I L o TR TE Y B R T Fig.1 Effects of litter diversity on soil microorganism
BRRIAE, 00 R A T 22 5, S B+ 4R shows synergistic effects; —: 1175 ) shows antagonistic
TR BR AR B 2 ) ,Wﬁf%ﬁ’ﬁﬁﬁ’]ﬁ%% effects

Ay fa BB TE S AN T 270 SR 5 A

AR IR 77 AE 25 57 3R Ik v o f A VR 40 B i A 1 2 W i ke A A S W 0 TR DL R A et - B A L
FR AR PSR B R R R IR R 5 22 A L Kubartova %5 A7) S6hy2: w380 HT FRARYE V5 90 20 v ) B
2R R I, 3 24 A )R IREGREY P EE £ 8 E R E S TRAMEY, O HIRG {ﬂ/%%/\ﬁ’q’:
A T AR R Y, — SR IR A RS YA o R b B AN A e A BT R B
PRV DA TR TR A T 2O - e A e e 0 E A A )7 0 T 5 | e aod R P i 2 ) 8 3 R B RS 11
Ak,

Tl A W e A SR A0 TR VR , 40 it A P P TG M R B A R LA SRR AR G R
SR T A 2 AL T SR AT 1 R VR VR ) T AR R R R T T AEHE Aif H 2H 43O 5 R A R R R I A
JES B SORIAR 5t 2R 1 0o S8 AL e 1) SR AL G TR AL AR 7 s 1T R AN L B RO 6 i R AL A KR
JRFE MR WA TmELERT Y Uk, V759 2288 P8 1o 5 i 2k R O 21 R 2 i — 4 5
SRR NG VR 225 JF ELIEVE I IR A VE D 40 REZ S NS X o S 30 FRobioh 25 R A A
#E( Quercus aliena) VI SAUAT TR S %4 (LR 8.2) 43 fif L6 vhESE |, 5 B R o AR LY TR & V8 75 W i
A )RS N 22 T SR A TG P S 4 S VRS PR T ) o M R T A B i R O HL S 2 A 3R 1

PR P A I it 06 P 2t W 3 TE ARG, 55 M S Al T P 2 W 3 AR O . IR SR B VR 1 53 = T A 2 RN 22 ity
[FIVEFH 45

I, /ﬂg%%ﬁé PEF T [ B Al 2 2 A GO B2 A S e, 5 RS S A ) 7 A 1% Tl A 28 R 1 D) %

B A T 28540 RS L S5 T AR AR AR 1 — 2D X TR G PRV 0 3 RN JR e 7 A N R0 R E RN ARAY

http ; //www.ecologica.cn



16 FHW SRS RGUR G R Rt i 7

5.3 X SR YE S HAR R R

Z 5075 53 fifad R v i 38 sh W] DL R AR VIR S
Gy R =2 DAk U R sh ol F2 B2 /N 1 48
P C/NT 0. Tmm) |, LB s A ot g R oo A
Y (0.1—2mm) , &K Ky 2—20mm 1)K A + 1 ) r _l
Y, TEbiASRGE D, DIEAYX R ESFEETYN  — KB > . e —

M TR R PATE Y A R R 3R A Y
FEZ5E  IEY 2R R oA ] -3 5h )
Z I RS BAE P —RE B (1] 2)

S 0 R M 4 e 0 R R |
SoREPESS LB YR T B R I AR R A L)
IREVHTE DI TN 4 T TS AR AR 2 ], AR |
TRE SRR FIRART I8 9% 4 T 4 40 ok B o AR e L c A —

WIEI A GUKERE R gh T MER I VS Y RE A U B2 EtESREAEDSRTEFOM S #E L EHX
FK Sy T i R BT Z i s KR A REZEERRRM
DIBLECE 2 K RS S T Ty o M Fig.2 Effects of species diversity on interactions among soil
oo fauna durning litter decomposition in terrestrial ecosystem

Hh /NS - S B ) 2 IR U s O ) R N O
VEFRRZ M de R, A 52 B RS - 33 50y i 2 s 0 ], 00 e 2R AR A8 Al PR Y 1 338 Bl Wy 4 2 - B AT
S5, T A S A AR Y T A A U TR - S S K R PR TR ) B R ER B A iR AR T
W MLE I HAA: D8 5 085 DB v AR B B E A DG SE R 1 5 R o TN - e S SR ok
TR, UM A K SR T RER ISR o DURUAE S R £k e A 3R A /N - s, 3 ok RN 4 B
FIECEE RSSO T8 9 o R JRL 5 0 DA sh i o £ el B A0 B, 5 3 S e 1 20 P A 2SR
fih /NI - SEEH X R BSOS T A W R T AR, 0 — A R U A ) A3 A R 3R 43 JE B 5 2 o R RE LA 4
R SRR IR, L6 AR V5 ) b 2 B A AR AR L 80g m™ ™! JF AR 2—13 g m ™ a AU MR,
P BRI P A AR BRI, /N - 1 0 4y BB R W A TV 2R 4T R Y 9 A R 3
Jal e 7 HE S AN [ R T 0 0 A 2R RN R o SO A B O R — R A [ B W B R A S A Y R
VAR ORI P A s W TR RV 0 o AN R o J) e e A AR RV E . e st ml D R v ik ik
Firh Y Z 18] (0 28 FAE IR TR S i e AT 52 08 76 W 22 RS A B B3 S

25 L RTIR TR DR Z2 REPEXT A3 i AR BT SRR A IR B A I A D TET Y S 5 SRR R T o3 1
TR BEAR LA W35 28 S | X e 22 S R RE e RS R GE T IR R TR ) o0 e LR AR RSN Y B 205 T, A
HETHIRFSR 25 R E A 60% MIRFSE A IR, TR 5 U8 75 00T JHL 43 i 380 236 1) 5% W A7 1 o) s 671 1) PO RAO0E , — i
IR i IR A TS IR R T3R50 o0 R S AR TR Y, 23 3000 & AR A HUASR ISR 0 R )
FRATICER O 1 26 S IR B 5 0 3 BRAS 8 W Sk | ik O S R P v o i U 9 400, AT 5T S 9 0 9 ) S T
A TR TR AR, 5 EAR ST 5 95 4 53 AR5 A TR 5 U 9 0 B A it S 38 b A () 4y e
TEWNR G o3 5 e A - S S ) B A RIS, X TR & R 95 40 o3 e ) sl 2 sk A% 7 2R e 7, T 5 EL A A A
P B AR AR ; P T V) ZFE PRS- w BRR IR AN E FR Y B, I IR W 1 A A7 PR 7 R R TR AR B 1Y
SEm ) S B TR WU R Vs 2 BB S I R A i — 2 S B AR S G ) 25 5 O EAREI TR G R nY
I3 o EVRTAS[R] 8 0 b Z2 1 A6 B R b 2E 1k, TR U i ) 0 i 38 3 1) 52 W0 i IS R AR T 0 , O 8 — B0y
45, JEL A AT RETE TR A A 7K1 70k 52 B M o i A 58 | - S5 s W) R A 0 2570 22 PR R I s e, G Jo 2 43
R IR AR S A0 RR S0 B I AN A2 7 B b ok P A R Y 22 SR RE W A R T LUTR S VR T 531

http ; //www.ecologica.cn



8 S % 36 &

AR A T THE—LTRABESE . NI, FE TR IR 7 W0 (0 3 i E 5 R AR W A6 B, W58 ad e PR TR 5 0 9

# E RS B 2 S AN ARE G R HCAE, mT LS Sk A 258 e figp e 25 ) 22 A Ak T U 5 0 o it o AR OS2
5 RIS IR ZH R S PRV A B U RS 5 R R TAT S . AR UL f s DR A S R S 2

REMERE R BUIE YRI5 53 AR A RN 2 2L, R TR S 0 R T 0 it o DRV P s il B st A 35 R G A )

SRR — B BN T R IE B 0 i Sz B Rh Z R PR R IR 5, SRR AR T BE A il i 2R 25 R G0 3R o AR R R
RS RGEINREMBITE I N

Bt gt R A BEAR Y IE T R R IT AR A SRS S R R 4G T I S
£ % ik ( References) ;

[ 1] ERAE. FMIAHKETIRLEE. A5 R, 1989, 6(2) : 82-89.

[ 2] Swift M J, Heal O W, Anderson J] M. Decomposition in Terrestrial Ecosystems. California; University of California Press, 1979.

[ 3] Raich ] W, Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegetation and climate. Tellus B, 1992, 44
(2): 81-99.

[4] Jang YF, Yin X Q, Wang F B. The influence of litter mixing on decomposition and soil fauna assemblages in a Pinus koraiensis mixed broad-
leaved forest of the Changbai Mountains, China. European Journal of Soil Biology, 2013, 55: 28-39.

[ 5] Schlesinger W H, Bernhardt E S. Biogeochemistry: An Analysis of Global Change. New York: Academic Press, 2013.

[ 6] McCann K S. The diversity-stability debate. Nature, 2000, 405(6783) . 228-233.

[ 7] Ebermayer E. Die Gesammte Lehre Der Waldstreu Mit Riicksicht Auf Die Chemische Statik Des Waldbaues: Unter Zugrundlegung Der in Den
Konigl. Staatsforsten Bayerns Angestellten Untersuchungen Bearbeitet. Berlin Heidelberg: Springer-Verlag, 1876.

[ 8] Tenney F G, Waksman S A. Composition of natural organic materials and their decomposition in the soil; IV. The nature and rapidity of

decomposition of the various organic complexes in different plant materials, under aerobic conditions. Soil Science, 1929, 28(1) : 55-55.

Melin E. Biological decomposition of some types of litter from North American forests. Ecology, 1930, 11(1): 72-101.

Gustafson F G. Decomposition of the leaves of some forest trees under field conditions. Plant Physiology, 1943, 18(4) : 704-707.

Bocock K L, Gilbert O J] W. The disappearance of leaf litter under different woodland conditions. Plant and Soil, 1957, 9(2) . 179-185.

Olson J S. Energy storage and the balance of producers and decomposers in ecological systems. Ecology, 1963, 44(2): 322-331.

[13] Fogel R, Cromack Jr K. Effect of habitat and substrate quality on Douglas fir litter decomposition in western Oregon. Canadian Journal of Botany,
1977, 55(12) : 1632-1640.

[14] Almin K E, Eriksson K E. Enzymic degradation of polymers: I. Viscometric method for the determination of enzymic activity. Biochimica et
Biophysica Acta ( BBA) -Enzymology, 1967, 139(2) . 238-247.

[15] LaddJ N, Butler J] H A. Short-term assays of soil proteolytic enzyme activities using proteins and dipeptide derivatives as substrates. Soil Biology and
Biochemistry, 1972, 4(1): 19-30.

[16] Vestgarden L S. Carbon and nitrogen turnover in the early stage of Scots pine ( Pinus sylvestris L.) needle litter decomposition ; effects of internal and
external nitrogen. Soil Biology & Biochemistry, 2001, 33(4/5) : 465-474.

[17] Kondo R, limori T, Imamura H, Nishida T. Polymerization of DHP and depolymerization of DHP-glucoside by lignin oxidizing enzymes. Journal of
Biotechnology, 1990, 13(2/3) : 181-188.

[18] Berg B, McClaugherty C, De Santo A V, Johnson D. Humus buildup in boreal forests; effects of litter fall and its N concentration. Canadian Journal
of Forest Research, 2001, 31(6) . 988-998.

[19] Wardle D A, Nilsson M C, Zackrisson O, Gallet C. Determinants of litter mixing effects in a Swedish boreal forest. Soil Biology and Biochemistry,
2003, 35(6) : 827-835.

[20] Héttenschwiler S, Tiunov A V, Scheu S. Biodiversity and litter decomposition in terrestrial ecosystems. Annual Review of Ecology, Evolution, and
Systematics, 2005, 36: 191-218.

[21] FRIFAE, 38857, ARRLAr, WONER. RS BRI IR A o ot TSV R S, AR, 2006, 37(2) : 258-262.

[22] Batish D R, Singh H P, Pandher J K, Arora V, Kohli R K. Phytotoxic effect of Parthenium residues on the selected soil properties and growth of
chickpea and radish. Weed Biology and Management, 2002, 2(2) : 73-78.

(23] WA, WL, 35, T/NE. 8712 00 I8 WA VR B+ SRR PERSE . 22255748, 2005, 25(10) : 2662-2668.

[24] Anderson T H, Domsch K H. The metabolic quotient for CO,( ¢CO,) as a specific activity parameter to assess the effects of environmental

http ; //www.ecologica.cn



16 HM SR A SR GRS AR Y T TR 9

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]
[49]

[50]
[51]
[52]

conditions, such as pH, on the microbial biomass of forest soils. Soil Biology and Biochemistry, 1993, 25(3) . 393-395.

Conn C, Dighton J. Litter quality influences on decomposition, ectomycorrhizal community structure and mycorrhizal root surface acid phosphatase
activity. Soil Biology and Biochemistry, 2000, 32(4) . 489-496.

Salamanca E F, Kaneko N, Katagiri S. Effects of leaf litter mixtures on the decomposition of Quercus serrata and Pinus densiflora using field and
laboratory microcosm methods. Ecological Engineering, 1998, 10(1) . 53-73.

Wardle D A, Bonner K I, Nicholson K S. Biodiversity and plant litter; experimental evidence which does not support the view that enhanced species
richness improves ecosystem function. Oikos, 1997, 79(2) . 247-258.

Nilsson M C, Wardle D A, Dahlberg A. Effects of plant litter species composition and diversity on the boreal forest plant-soil system. Oikos, 1999,
86(1): 16-26.

Ashton E C, Hogarth P J, Ormond R. Breakdown of mangrove leaf litter in a managed mangrove forest in Peninsular Malaysia. Hydrobiologia,
1999, 413 77-88.

Blair ] M, Parmelee R W, Beare M H. Decay rates, nitrogen fluxes, and decomposer communiies of single-and mixed-species foliar litter. Ecology,
1990, 71(5) : 1976-1985.

Delaney M T, Fernandez 1 J, Simmons J A, Briggs R D. Red Maple and White Pine Litter Quality: Initial Changes with Decomposition. Maine
Agricultural and Forest Experiment Station Technical Bulletin 162, 1996.

Hansen R A. Red oak litter promotes a microarthropod functional group that accelerates its decomposition. Plant and Soil, 1999, 209(1) . 37-45.
Gartner T B, Cardon Z G. Decomposition dynamics in mixed-species leaf litter. Oikos, 2004, 104(2) ; 230-246.

Hector A, Loreau M, Schmid B, Beierkuhnlein C, Caldeira M, Diemer M,. Biodiversity manipulation experiments: studies replicated at multiple
sites // Loreau M, Naeem S, Inchausti P, eds. Biodiversity and Ecosystem Functioning: Synthesis and Perspectives. Oxford, UK. Oxford
University Press, 2002; 36-46.

Hansen R A, Coleman D C. Litter complexity and composition are determinants of the diversity and species composition of oribatid mites ( Acari:
Oribatida) in litterbags. Applied Soil Ecology, 1998, 9(1/3) . 17-23.

Rustad L E, Cronan C S. Element loss and retention during litter decay in a red spruce stand in Maine. Canadian Journal of Forest Research, 1988,
18(7) : 947-953.

Knops J] M, Wedin D, Tilman D. Biodiversity and decomposition in experimental grassland ecosystems. Oecologia, 2001, 126(3) ; 429-433.
Lecerf A, Risnoveanu G, Popescu C, Gessner M O, Chauvet E. Decomposition of diverse litter mixtures in streams. Ecology, 2007, 88( 1) :
219-227.

Rustad L E. Element dynamics along a decay continuum in a red spruce ecosystem in Maine, USA. Ecology, 1994, 75(4) . 867-879.

Mudrick D A, Hoosein M, Hicks Jr R R, Townsend E C. Decomposition of leaf litter in an Appalachian forest: effects of leaf species, aspect, slope
position and time. Forest Ecology and Management, 1994, 68(2/3) . 231-250.

Prescott C E, Zabek L M, Staley C L, Kabzems R. Decomposition of broadleaf and needle litter in forests of British Columbia: influences of litter
type, forest type, and litter mixtures. Canadian Journal of Forest Research, 2000, 30(11) : 1742-1750.

Einhellig F A, Rasmussen J A, Hejl A M, Souza I F. Effects of root exudate sorgoleone on photosynthesis. Journal of Chemical Ecology, 1993, 19
(2): 369-375.

Xiang W, Bauhus J. Does the addition of litter from N-fixing Acacia mearnsii accelerate leaf decomposition of Eucalyptus globulus?. Australian
Journal of Botany, 2007, 55(5) . 576-583.

Briones M J I, Ineson P. Decomposition of eucalyptus leaves in litter mixtures. Soil Biology and Biochemistry, 1996, 28(10/11) . 1381-1388.
Lummer D, Scheu S, Butenschoen O. Connecting litter quality, microbial community and nitrogen transfer mechanisms in decomposing litter
mixtures. Oikos, 2012, 121(10) ; 1649-1655.

Schimel J P, Hittenschwiler S. Nitrogen transfer between decomposing leaves of different N status. Soil Biology and Biochemistry, 2007, 39(7) .
1428-1436.

Tlalka M, Bebber D P, Darrah P R, Watkinson S C, Fricker M D. Emergence of self-organised oscillatory domains in fungal mycelia. Fungal
Genetics and Biology, 2007, 44(11) . 1085-1095.

Tiunov A V. Particle size alters litter diversity effects on decomposition. Soil Biology and Biochemistry, 2009, 41(1) : 176-178.

Frey S D, Six J, Elliott E T. Reciprocal transfer of carbon and nitrogen by decomposer fungi at the soil-litter interface. Soil Biology and
Biochemistry, 2003, 35(7) : 1001-1004.

Berglund S L., Agren G I, Ekblad A. Carbon and nitrogen transfer in leaf litter mixtures. Soil Biology and Biochemistry, 2013, 57 341-348.
Hofrichter M. Review: lignin conversion by manganese peroxidase (MnP). Enzyme and Microbial Technology, 2002, 30(4) : 454-466.

g KA B R AR R o S SRS D] KA RIS, 2013,

http ; //www.ecologica.cn



10 SR 36 6
[53] Sayer E J. Using experimental manipulation to assess the roles of leaf litter in the functioning of forest ecosystems. Biological Reviews, 2006, 81

[54]
[55]

[56]

[57]

[58]
[59]
[60]

[61
[62
[63
[64

[ I}

[65]
[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79

[80

[81
[82

[ R}

(1):1-31.

Wardle D A, Zackrisson O. Effects of species and functional group loss on island ecosystem properties. Nature, 2005, 435(7043) . 806-810.
Wardle D A, Yeates G W, Barker G M, Bonner K I. The influence of plant litter diversity on decomposer abundance and diversity. Soil Biology and
Biochemistry, 2006, 38(5) : 1052-1062.

Yan S K, Singh A N, Fu S L, Liao C H, Wang S L, Li Y L, Cui Y, Hu L L. A soil fauna index for assessing soil quality. Soil Biology and
Biochemistry, 2012, 47 158-165.

Kaneko N, Salamanca E. Mixed leaf litter effects on decomposition rates and soil microarthropod communities in an oak-pine stand in Japan.
Ecological Research, 1999, 14(2) . 131-138.

Crossley Jr D A, Hoglund M P. A litter-bag method for the study of microarthropods inhabiting leaf litter. Ecology, 1962, 43(3) . 571-573.
Lussenhop J. Mechanisms of microarthropod-microbial interactions in soil. Advances in Ecological Research, 1992, 23 1-33.

M, BTN, SRIE, TEE, AF2E, T SRR 1RSI 45 MOLAE T P o0 P 8 4k ARl B2 0158, 2006, 19
(3): 331-336.

B EA ,TTE, WIS, RARE. ME-REI A TR YO0 i SO LS RS B, DA AE AR, 2011, 22(4) ; 851-856.
Mtk 5'{@%5&, XA, Tede. ﬁélﬂiﬂ:&ﬁ]%ﬁ%ﬁfé R TEA A P S AR rh B £k BhEdkak, 2005, 40(3) : 60-66.

FHAT, TR, BORME, RRE, WIS RN ARG LB Y o i B b RS RS SIS, AR, 2013, 33(1) ¢ 159-167.
Irmler U. Changes in the fauna and its contribution to mass loss and N release during leaf litter decomposition in two deciduous forests.
Pedobiologia, 2000, 44(2) . 105-118.

JERETE, LA, . BRI E R I RCE Y . AR, 2010, 29(9) : 1827-1835.

Frey S D, Elliott E T, Paustian K. Bacterial and fungal abundance and biomass in conventional and no-tillage agroecosystems along two climatic
gradients. Soil Biology and Biochemistry, 1999, 31(4) : 573-585.

Guggenberger G, Frey S D, Six J, Paustian K, Elliott E T. Bacterial and fungal cell-wall residues in conventional and no-tillage agroecosystems.
Soil Science Society of America Journal, 1999, 63(5): 1188-1198.

Holland E A, Coleman D C. Litter placement effects on microbial and organic matter dynamics in an agroecosystem. Ecology, 1987, 68(2):
425-433.

McMahon S K, Williams M A, Bottomley P J, Myrold D D. Dynamics of microbial communities during decomposition of carbon-13 labeled ryegrass
fractions in soil. Soil Science Society of America Journal, 2005, 69(4) : 1238-1247.

Six J, Feller C, Denef K, Ogle S M, de Moraes Sa J C, Albrecht A. Soil organic matter, biota and aggregation in temperate and tropical soils-
Effects of no-tillage. Agronomie, 2002, 22(7/8) . 755-775.

SERTE, BRGNS WEIESR, WA, RN, TR, B, TR SEACIDRIIE F AR R DX SR A Rk A X bk e 9 4 4 B
R REFHAEZS 2R, 2015, 26(3) ; 715-722.

Kubartova A, Ranger J, Berthelin J, Beguiristain T. Diversity and decomposing ability of saprophytic fungi from temperate forest litter. Microbial
Ecology, 2009, 58(1) : 98-107.

Malosso E, English 1., Hopkins D W, O’Donnell A G. Use of '*C-labelled plant materials and ergosterol, PLFA and NLFA analyses to investigate
organic matter decomposition in Antarctic soil. Soil Biology & Biochemistry, 2004, 36(1): 165-175.

XUMGSC, BEmiZE, w3CR, R, ARLLER, ATRI, D55, ZR0E 1L XN TR AR 7 2 Xk AR ) AL B SE.  H A AR,
2008, 19(4) : 704-710.

Aon M A, Cabello M N, Sarena D E, Colaneri A C, Franco M G, Burgos J L, Cortassa S. I. Spatio-temporal patterns of soil microbial and
enzymatic activities in an agricultural soil. Applied Soil Ecology, 2001, 18(3) : 239-254.

Andersson M, Kjgller A, Struwe S. Microbial enzyme activities in leaf litter, humus and mineral soil layers of European forests. Soil Biology and
Biochemistry, 2004, 36(10) : 1527-1537.

Dari K, Béchet M, Blondeau R. Isolation of soil Streptomyces strains capable of degrading humic acids and analysis of their peroxidase activity.
FEMS Microbiology Ecology, 1995, 16(2) : 115-122.

Magnuson T S, Crawford D. Comparison of extracellular peroxidase-and esterase-deficient mutants of Streptomyces viridosporus T7A. Applied and
Environmental Microbiology, 1992, 58(3) . 1070-1072.

Sariaslani F' S, Dalton H. Microbial enzymes for oxidation of organic molecules. Critical Reviews in Biotechnology, 1989, 9(3) . 171-257.
BITH), FIFiE. ZRARH IR SR, Ml B, 2004, 40(2) @ 152-159.

Bandick A K, Dick R P. Field management effects on soil enzyme activities. Soil Biology and Biochemistry, 1999, 31(11) : 1471-1479.

Dilly O, Munch J C. Microbial biomass content, basal respiration and enzyme activities during the course of decomposition of leaf litter in a black

http ; //www.ecologica.cn



16 HM SR A SR GRS AR Y T TR 11

[83]

[84]
[85]

[86]
[87]

[88]

[89]

[90]

alder (Alnus glutinosa (L.) Gaertn.) forest. Soil Biology & Biochemistry, 1996, 28(8) : 1073-1081.

RS, BAEE, PHEIC, BICHE, REME, T OB DR AR E Y o i B i R S RS S, BRI 2014, 35
(3): 1151-1158.

WrRikdk, MM, BRIHEZ, skal, JBT9%6. LHEt A Mrme sk 4t xh Ui vE Wy AL L AL e . 382431, 2011, 48(3) : 603-611.

Tarafdar J] C, Meena S C, Kathju S. Influence of straw size on activity and biomass of soil microorganisms during decomposition. European Journal of
Soil Biology, 2001, 37(3): 157-160.

Witkamp M, Olson J S. Breakdown of confined and nonconfined oak litter. Oikos, 1963, 14(2) . 138-147.

Hendrix P F, Parmelee R W, Crossley D, Coleman D C, Odum E P, Groffman P M. Detritus food webs in conventional and no-tillage
agroecosystems. BioScience, 1986, 36(6) : 374-380.

Lavelle P, Bignell D, Lepage M, Wolters W, Roger P, Ineson P, Heal O W, Dhillion S. Soil function in a changing world: the role of invertebrate
ecosystem engineers. European Journal of Soil Biology, 1997, 33(4) : 159-193.

Anderson R, Coleman D, Cole C. Effects of saprotrophic grazing on net mineralization // Clark F E, Rosswall T. Terrestrial Nitrogen Cycles.
Stockholm; Ecological Bulletins ( Sweden) , 1981.

Newbold T, Hudson L N, Hill S L, Contu S, Lysenko I, Senior R A, Borger L, Bennett D J, Choimes A, Collen B, Day J, De Palma A, Difaz S,
Echeverria-Londoiio S, Edgar M J, Feldman A, Garon M, Harrison M L, Alhusseini T, Ingram D J, Ttescu Y, Kattge J, Kemp V, Kirkpatrick L,
Kleyer M, Correia D L, Martin C D, Meiri S, Novosolov M, Pan Y, Phillips H R, Purves D W, Robinson A, Simpson J, Tuck S L, Weiher E,
White H J, Ewers R M, Mace G M, Scharlemann J P, Purvis A. Global effects of land use on local terrestrial biodiversity. Nature, 2015, 520
(7545) ; 45-50.

http ; //www.ecologica.cn



