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Abstract

Soil enzymes are considered to be one of the important components of forest ecosystem, mainly
from microorganisms. Forest soil enzyme activity is used as an index to evaluate soil quality and
soil biological community. The enzyme activity is used as a sensitive indicator reflecting the
function of the soil ecosystem, and it will change rapidly as the soil nutrient status changes. At
the same time, the activity of soil enzymes has great potential, which can carry out unique com-
prehensive biological assessment of soil and evaluate the health of soil organisms. However,
there are relatively few studies on soil enzyme dynamics at different successional stages. This
paper mainly studies the different succession stages, discusses the related soil enzymes in the
early, middle and late succession, for example, the changes of -glucosidase (BG), cellulase (CBH),
N-acetyl-B-glucosidase (NAG), leucine aminopeptidase (LAP), acid phosphatase (AP), alkaline
phosphatase (ALP), etc. to explore the reasons for the changes in order to provide support for the
study of soil enzymes in different successional stages of northern forests.
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1. 518

HAl, BT BEARRERUENRNEENERES RGN T, BIRFREE 7 5 SR 038 & o FE 1
M EGER R AR Z (1], T IR PEVE N VPN ARk L3R S R bR, MRS R AL, R 7+ 35l
T PE 5B BRI AL EE R E S 2SN, AMITESE R B R RRIL T 50 ZFAR[H
IBG[2], X% T IRREE T IEE WU ) A B FE i R, A8 S AN TR R AR KRR
FERIET LI, AR ARRA KA A% IR Pk A R s 2 - 45 [3], R A A RN g
BN 2 IR )RR —[4].

FRAR L IERGE M2 S LR R AR ) AR, RS RAYRE MR N EES 5,
LB IR G CIE— RV RSB, T R 23 I AR A SRS 5 EE AT (AL, DRI G L I s 1 1
G AE A LIBE TR R AR UHES] . LIEREX RS RA T AN G R B R OCEZER, JUH XK
(C) Z&(N). BE(P)SEWIAEIA IS [6], 7 A - el e 58 L3R ) 5 A 6 L ZE A7), did e
SESCRR PR R IS [F) 8 B B B A SCEE(BG CBH. AP. NAG. LAP. ALP), T REERIFSRFIAHA
MUBE AR, A L AEAS I B B A P B AR A A RAHRI[8] [9] [10],  [RIHS £ PRF 7 b A [] v 7=
A AR AR AL, o

Mathew E. Dornbusch [11]££ 2007 £/ 58 &K B, 7E LB N Bt SEae b, E AT A TR = 1)
THEOUT, FEWIRE N SECEIERE 2 25, TR B TR n S 80 g R A pLUR A =
B, AR LIRS RGN Cy Ny P RIFREIEMS 2 T RER S, b s a2 30, Jun
Zeng [12]F1 Agata Novara [13]/# 5256 IER] 71X — 55, Joseph E. Kennelman 38 i S8 UF B [14], 7E527K
RNFZ TP RAEREE, FEESNBET, S HIEa PR & EiRWn, 58K
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BEAT BT ST A4S RARL .

AT U LR 2 AR I B K 7%, AT EA RSB =T, 5 Co Ny PRI 3RS
Ve R AR AR, Ul B SR PR AR BTG R, SR AN R B SR m s M AR A R SRR, AT
AR 25 B GER BRAS AW AL o

2. NEREH B A K

TR A SR LR, AT — EAER A LI 0 4n e A BT E(BEEA), HIME R T TR
IIEIRAE AT DL R AR S R G A BRAR AN FAR TP 1 e AL [15] o - 30E A2 745 2R Gu i 3 20 A
Nz, HhE&EEZHAE ARG LR, X s -FIEE S A LR S (C) . A(N)F
WP AWK AR[16]. BEA & BERE AW R A, AR S i BAE R S il PR & &, KB
TN R RAEMNAEL, EEA 4 RN KL,

TEARFEG W Bh, 8 75 Z 0 MR B-H & M i (BG). ZF4E R M (CBH). N-ZME-p-2 57 %
WHFE(NAG). st R IRAFEICE(LAP) . MR IEREIREF(AP) Tl BEIRAE(ALP), BG FI CBH & 5 (C)fEH
IR, NAG Al LAP £ SR (N)EA A, AP Al ALP & S (P)IEI M L IBF[17], #RAESR
G R BAEIA IR B -

2.1. RERIHIEXE

B- I A E T 2 5 AR AR h A7 AR S5 P B-381 W RO AR R A B i 2 TR A 2 E N
WA LR, A SRR RS T I B R TR, NAHEURI C 1R EHETE(IN BG)
Xt AR RE (K IR VAL TE R C MRS VERS /I [18]. £FL4ER B OO R0 A B-1, A-XES (I GIHE )
TUARMIZEZHE, ekl IR EBURAL 742 01 7 IIR[19] . R4 HAN W S5 A 7E 2010 “ERYBT FC R BLLT
YR T] AN 3 b AP AR R A 0 i, SRR iR 3R T 0 — Mo RO& AR [20], R RAE LRI I EESHL

2.2, BEPHIEXES

N- 2. P -2 22 ] 4 B PR (NJAG) & — ol A PR 2 IR RO ) A i A 3 S K A N- £ B 2 - - 2 ] 2
(NAG)BRIE (I [21], 1P R EY i, BT 3 A MUBEAS RER ) ELRRWSCRI T, AT RN
Bli A5 ARG R Bl o) o R VE BRI (AP) A2 — Rt AT MUBE AL & MK I e A N AN R FE S IR T WU () 1 »
M AR M R I R KA s T P ) (R EL B S AL LR O 0 R A S LA W 2k [22], RAVEAN
SRR AEVACTT ) SRR, R, BEE. GRS EAM PH B2,

2.3. BERHAHEXES

SRR AN (LAP) E ZL 45 Al 2 (et 82 A SR 22 ik 0 9 SE IR RN R R (23], H 3 A=W 7 il
SHRMAETRGHE N B E VIS, SRR (ALP)Z — ekt A WL L & VK g F N A RIS
FITCHLBERORE,  [FI X LE T LBE T RA,  DRIE AP I ALP (RBEE TR 8 1 FAE TP Al i B
LR Z 5[ 24] -

3. FRIREHBHNELER

MR, AR X AN [F] -0 A 5] 10 0 S 4B Rk 32 1) AATTHI RV [25] o Fh iR TR AR 14 AR I I
R LR W B A 2 —, R R AE RS A B S A AN T 52 BR ) B M X [26], 7
AT L RE T, IREREVE 2 2 B AR R IR, TSR0 PR 2 A A R B BT R AN
A4, Xk LIRS TR AT B AN SN o I IR PP AA e B R VP A AR s B i R v R AR AR AR, TR
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JUHEEE S LA IS 1 ELA I SR AN AT BER [27], Py AFRATTE % R Y LA 2 1e) A IS 18] (ORI FE 78, B
BraEAT, BEVEMI 2R R LR B AR T 0, AR IZAT I I, Bk A ia T 2k, W)
P LR E N, IFEATE T AUE 28] 1E R IR M T R R i R, A E iz
B, FEA A E R DB R T AR R AT A HURRCOR Sz 4555k (C) 5 [29]

3.1 FRIREBHERPIRAVRNEN

HUR ALl Kuznetsova [30]S2 5622 W, 828 & FEAT + 38 rh (V5 Pz Wit b, 163808 IR v 4
FRVTRR AP e, R IO ) 2 S - e 5 e AR 5 ) - S T R 2 A o 8 b S DR e T 088 s A
PSS AG R E . SRV S, HUR LS E RN . B BT T AR R A B AR
WA EKF S, BT TRESRENESMKE, WHEKESRANKEEEENE L, Man
CHENG [31]457E 2015 4Fillid Sttt TERTMAR B I Ry, E3 b A B A SRR 8 K
[ 3R BT R, 35K A T B R O MRS B, et e {1 L 8t LA o e
JE AR s it A 0 S b S BRI B, AT S8 T 3R HLBR & B RN . Lilit Movsesyan
[32]3 it B FLAE BT b S IR ST 1AL T AR SS 5, BG A1 CBH i MEBAR I I AE KT, 3%
TP AN EE 0 SRR MR AR R 95 0 o LA, 4 0 ) 25 0 T RT3 2 6 18 K AR RS B M«

3.2. ARIREBMERPREYRENTN

HR¥E Yushu Tang [33155 MR FLIER],  H3EERE R AT DR R A IEYE, 5 HBEREMINAER A S
KEAFY) PR ERET, SN HIREETE, 0 B AR aEss, HirEnRiEss
TR A AL, BEE T (AT AR R IEA S, X7 e i TR A R o R LR
PARAE S B WG58, T HOKD A RIT R & B AT AR A4, MRS 1 3 b i R E e v
TR o XTALTT ARMIE B [BA]ILREBEAT WETE, 45 RAR W], BB A HEAT Se e MR IZ M 2, TR b o
e blr, BAMESRGZRWGTRE, HRPNEEYRE R RE, k% L b EY
e, PRIE SR BEEVEIZ AT IO TR E .

HRBTARMRES KRB R IbE W ANEM P L (TP F LAY 2 — K S R
HL, ANFTREAEARFE AR R) AV 1 A AR AR AL, BRATTRR B SRR FE L T A EL A A i
B .

4. TIREETEMEX A RURE M BRI

TIEEHEVE R Z B Z M E RO TI AR EMEERGERE . Ko pH 58) [35] [36]. AEMRIRGEA
TIEPAHUR ISR CEMRREALUREE) [37]BL RN R (KR AR, JCHZ AR R [38]fE4:
BARYZPIWIR G BUEARM S PP B A, 208 T BANESRGRIMTAEI, 10 LR EEE VAR
NVERG HIRIhREM HESHL, WU SR R B AR R 2 . AT E R AT A
B 5 0 0 M AR s S R b B iy i R AR A

4.1 TIREGEMNRE AR RERANTR

Wallenstein et al. [39]55 0B 7T M 458 . EARCE WL SNIEARD W) L3RI, B-781 0 W EF BB 7E
EYEATERGE T RR, EEANHPERM, XRS50 7 AR A R L ZEnh iR B Uk . 2
S AR I 0T IR AV B I RO AR, BEAR VR B IR, IR E R BRI M) AR )RR AR,
T4 Z M (CBH)/E T334 2 (0~10 cm)i& & T 10~20 em HE T, XEH T HELET SHNEHIM S E
i, RN TAERRIS S I . SR BARE REAE MR R IEA S, Ui g m
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53R A I FVE

KATIA [40]55 5% 2 R4 S HEAT W 7E A I, BEAE M) 2 FEVE (38 n, HIRBEEA S 51K A(BG.
CBH) B ) — el ih 11 2 25 48, 3K AT BE 2 K9 2 FEVE IS N RS RRAR T A A W s e A s
P, AR H SRR MR R IR BN, SRR WA AP AE 1 97 73 PR B A M P 4R . C. Tabard
(4155 IE AL BT FC U H7 SRR DX A Gt 098, A5 L B~/ 2 R A 5 O P AT JER 0 B 7K A = B AT 3 ) A
[FITASAG, A BT S B0 1 S i A i B ATl P R B L R (IR OB 1, A AL & AR BA A H R
AP 12, D50 36 8 00 - 3 v R L B S A P 1) LR 3, RIS A B il 1 52 i
2R T RIS, AN IR AR .

Yao S I BREA A AN R R GEHEAT I SO, AERRE 3R, AP 4ERBE(CBH)A B ATHE
HHE(BG)EVERUR, X T REA PRI Bl 398 v i 4 P52 1) T 3 PRy S o ) 17 7K AR PR 2 T PR 1
THRANUBRI i, P ECLAERNE R IR AR R, (RIS A B RE 8 - 2T 4 S Mg (CBH) A 3-8 4 4t g

TS 200675 47
TR B AT A S R g, B3RP RS S EAEYE) S FEAR IR, & RN O - 38 b

MIEERZR, EARLEXN, BHETES R R SRR MLt A A —E R R, DI
PSR 20 AR A R o 8 8 T 31 A7 A P 2 AL 1 75 3 — 2B T

4.2. TIREGEMFREPRERIERNTR

J. Sardanas [42]5538 i3 A 78 AR AL W AT S AR M b LIRS PR S I AS H 250, BRI N T g
BTSSR FRAC 7 L3R NHA+REE, T 53800 7 LIRh pgmht &, X3 A s A+ 2
Xof e SRV 14 1) SR 2 TR s ) IR B e BOK = AN R LI AL S EME R RN, Marfa T
(43145 H T 5 2 AU EE 8, CIGHAT T 5 A BUB M LU S A5 AR B ) AU I B8 5 Fernando 25 [44]7F 2011
AR X B BIEAR A RAIIBE ORI, R HEAR LI, BRIEREER I (AP) 1 & B
i, BEHIEAR I B PR () R IEREVE Y, th TAEvE B ar i, MMMEEEHES R —, 15
PR DIEAC S P AR AR T, BEE RSB L, S A LR S AR, S
B L AR

Hu FISEEGR B, AN EEASS RO LIRS A — e s, 3 HAFE L ZEMZ B b W
(BEE It i T A =, R AT RE, EARAERT TR, IR ZThEEYN S BN S8Rk E Tt
PIAALE S BN, B LR 2 0 LR TR R E, TR AR L e, A AR
KETHE . MARYE M.T. Domi Noguez SZH6 3R BHER M- i FR I (AP) A N- £ 1k - -2 2 1 4 4 1 1
(NAG)TEMEZ T 5t A (PH B AT A LT & &) 52 e K T RE A K & s [45] . (R B A, #EAT]
DA 5 L2 0 s (R S i . SR B AT IIAE LG, BERA tH ISR T a0 i 35 20 FOAH DGR Va1, 1K
7 M R46], S RGUEMHX 1) LI E RS BEEER .

BEA& U B AT, B AR TR S AR L, AR S AT S, S5
Z AR BB VAR A5 3 74 S, DR R I LS AT R R A (R B P B e B R, 4R
X 5 BEFRATEAT R 1 U 5 R B R N IR

4.3. TIREEMRRE FRERERBNAR

Yuging Geng [47]5E R FUHE KR8 B R I RE W R B, BEAE /KR IR BRI, ol A PR g P M 2%
B, AKX N, S BRI 1 2 T 2 b MK R K T T, T
NOs-N il AR AL IR 5 R [48] . FEA HIRBRHICER(N J03) IR B R IR Berh i R B 5 e 1
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N- -2 B 2 I, TN e 2 B 2 B K VA sl [49], X Ui B R IEA ML 105 3840 4k N-3R
HUBEA 5. A4 Bangguo Yan S5HfF FL R B, FEREREIKSE TE B AR rh, B S R T S e T
BriA. A T E R, RN R AR S T 45%, J5DE AT AR R S S I R oA
IR BEARRT TS AR A S, RS R R R A R E KA S S R TS, ULEAERE T
REH g C NL PR DR SL[50].

David J. Burke 2@t Ak 77 FE T ARHEA T SR I, AAE TR AR (AM) BRI ANBE T84k, A4l B R b AH
IR T B A OC SR FHE A 8 LR B, p {E 40 1 9-0.315 H1-0.458, Atk 5 HE M3k B 4 38 B ksl 2
BAN). #EP)RFEMK, SZHEAMAN AR EIEIREIFHC RS p H v 0490, 583 EMHK[51].
XA YL T IR T S A MUR IR BRI G, XA 07 fR Rk ok Z G iR [52], & B kAT,
N-3REL B (LAP) AT P-3K B (ALP)IE MEIZ T8 hn[52] [53], JHIEYIR /) i RiZwise n, wReR T 1%
P B AR 3 B B e Ja 35 T R, T HE B TE K O R T RR A R T A AR TR AR B 1D, KR
J5 LA P 22K BE 4 05 5 B AN BEE T R BRI A DG, B I TR AN T 2B, B0 1R R 22 K BV 38 ke g
FE, BT HEEIKE .

Bing Wang [54125:0F 70 T 8 + i JFUE BHE M G i 3 BT AR, IR BFHEAR S R b X 4k 5 3
Bipth, oAb X PR BIE L BRI CASCE TR S MR RE, 7 SRS T T, R R B (ALP) S T 3,
[FII IR R, PKE LI A UR & B BAR . X 0T 662 T 3 A s A AR I B S 1 v, A B
For A UK, AT k2> 1358 (A HLA[55]

5. ZRESRE

T IEREE VAT O IR R A R s BT IR KW 77, $R 4L 1 th /b B A S A R SRR 1 158
YRR ISR G TR R, AERANES RGP Y BRI RER A A B AR B IE . 2R
AR R T, AR IR SR ARARERESE) RO R (B K = S B B K
PRGSO AR . AR REAT RO R T, AR ARREE R SRR AT, IR R AN
AU S BRAWARIR), HIEPH) C-. N-o P-HSCEERIEIE SANUR IS A BE MR AR
TR B AR - SRR A AT TUAE VA A BORMAE S RS N RE R BT B, A B R AE
TIEF TR IEA R LD AR B AN, A PP ARAR 3 (1 F 2 A

HtH AT UK, KT R RGBT SRS B, T8 T80T ARARAS [R5 B i Be
TIREE B A D, BN B TR S, TR BB A 0 K R e R
B DRGNS, X BRAES 5 TSP E DU LA & 1) e BB rE+,
SR A 5 A R B i B Tl AR A LA (RN AN [RIIE TE 3t i 2 T AR A IR 2% 2) AR bR L st e
FERANEE P HERMRES RGTH Co N P SEA N IR R LU AL & 2421 3) 4
BRI AT R, ERNEBEES, 2R 1 e i A0 I 7 10 (S AR AL BRATIHES
Jev BRI F 2% 18 22 Ao PR 3R A58 EL AR s SRR PR R R0, ]I 82 Sy AN e 38 8 B BOX A K S it 7
AR, ATRESE A ] LA
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