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B OE. IREATCERERSAMEYEEREFHFBRASRKENXBRRER, BESAE N0 WHREL
RERHNBEEET, IRTHERHAARNEEREZEKRRELE (0~10 cm) HEWEYR (SMB) | RH{LREE T
(DEA) EHLE (N) FEFI N #4LHFAE, 36 5 ok R L TR R IR oAk LU T X i a7 - B R R B, U W E o X
KA A Gw R RN, HEAB N MR NE R TFREY B EGREEK, 18 NS EERR, HAEY N FLIE AR
oo ANTFI CRPFRLTESD) LM IMRBEM L SMB. MINBARNSA N fik, BHRE, REWESEH B L%
SMB.DEA fl -3 N EXAH B EXER BEMMMKE -3 SMB 2 FABE BESEN0 MR ERE THREE KEN
RREAN NO BEN N, N BEHRARBBTRA, ZH A RHERBARIIEHRRKEN TR,
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Variation in soil microbial biomass and denitrification enzyme activity
among different succession stages under secondary forests in Guiyang, China
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HUANG Dai-kuan"? and CHEN Hong-guang">
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2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Soil nutrients distribution and microbial activity are key qualitative index of ecology recovery in Karst
regions. The emission of greenhouse gas N20O is an important factor in global warming. We have studied soil
microbial biomass (SMB), denitrification enzyme activity (DEA) and nitrogen eycling characteristics on surface soil
(0 ~10 cm) at different succession stages of forest, and compared with corn field and Maolan original forest. The
results show that microbial community responses strongly to soil moisture conditions. Increasing soil available
nitrogen is beneficial to the increase of microbial communities. Microbial nitrogen assimilation becomes lower when
soil N converted faster. Human disturbance (fire, agricultural activities) increases or decreases the microbial
biomass and increase the potential gaseous N emission. In general, microbial biomass, denitrification enzyme
activity and soil N pool are significantly different during succession. Microbial biomass tends to increase but
greenhouse gas N20 emission tends to reduce during the recovery of forest vegetation. The forms of gas N emission
changes from N2O to N: which optimizes the nitrogen cycle. Therefore, self-succession is a reliable method of
degraded Karst forest restoration.
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BESTEE 1, B B TR DX A W 3 R B
A (N) UEHEER BT, UEMEFER  AREENE - FRVHEZNH, NOEBE
N AT R AN AN: B ok E X/ - i
# i, HEMAEYRRE RO KA EMEY &

A5 0 I P AL B I 2 R B IR RO,

SRHAEYBEEERHEXERL C /NEH", B
fr, B, TIARBAYRBRR NBAMBELE SEYENSUTHANKHEEXRMKRAERR LS

e MR WAMRATA RS N FARFE
KAAARSNERE, BERBTWENMRS WHREZWENFOXKERENEERNRZ —,
BHRE . BAEYEIR YR EIERE
MEYBRBERMERE Y, LR NFEIRAE
R, BESE N FERET HHNE, &R
WSS =4, BRHREZHEMR, mELRE
B R S AL SRR R AR N2O, FTE g R
WAL Y5 ¥ (DEA) WIS , DEA RER B RFE I #E
an BRSO AL RE ) B RE B MR A SR BT, T B SR

PR st A S0 T 2 BB AR R IR BB B B 2 1 o
WERSBAES NRE Y, RBRESTBROES

N BRI SIS N RE ST EATHR, HF5F
K Br 7% 2 W A IR AR ARAON BT, LSO
H 35 FITT R S ER L2 10 A B A LR SR U A R

AREELES L RBAEYKIER. BRITENS

BRARAES N FE3F %SRRI
BE W1, BRI R BRER B 4R K - B TR RE R AL

1 BF3E X A
YRR P, IERSM R AT R TF 7= 4 N0 T RS
PR A EA R T No, No 25 988 10 5 R4k

AL 106°27/20” ~ 107°03'00"E,, 26°11'00” ~
26°54'20"N, 1 F = B E REARA B, #E | i

Kl RN BB AABEARANENAY EPKRBERENER, B EREKR, IR,
WIRMLFEANWEEART S, BRFHRESRE WK, BIR 506 ~1762 m, MR KB, B
NEHREREE BEERNSBC LB NFANERX FHIEMIFEXREX, FHEF 15.3 C, £HE
ZRBRESRERERYAERVBHESRS, THAH HHE 1200mm, TEEPERF BRHBREL, H
NBE T NFARAERYE, BEEmBESRE
BUMEAETAY L BER N EED NHS -N #

SHBEBEKR, CRAGHRE, SHEAR -T=4,
WX ERY 495 km®, A AHBEF 18.3 77 hm?, FF
NO; -N WIERAELE, BEMYBRKA R, HE8R HEEERN31.7%. BHEMLRRXER, -
ETHETER. AERER. ENEEhR BUAKIRERENE, FEIGTHEEKERE S
B, AR YRR R EIEEK R RK
RE, KEBHEMESREMEYITH A NKET
HALER (BYLN ¥4k NH? -N) , KA AN
T AL M N F R E B (THL N B kA
BLN) KP4 (i N 5 4u/E ) @B R e T 8y

=, HBFEEE LSRN (Pinus massoniana) . X P
W BRI A N SRS BRI N KRR,

( Ligustrum lucidum) . B¥ 7 ( Mallotus tenuifolius) . =
B8 B ( Itea yunnanensis) . #28 ( Artemisia sp. ) . H

4 ( Lilium brownii. ) JEE ( Arthraxon hispidus) \B& 2
EEBERBRESERROALME, Eid
P [

( Pteridium Scop. ) % . AR T HME
BRI BV ESER AT R EERA,
107°52710” ~ 108°05'40"E, 25°09'21" ~25°20'50"N,
ASERERZIHELSRAEREFEETER TR BREE 430.0~1078.6 m, SFYRAE 15.3 C, 4
MWEHW SR, RTAESRRANL, ARE WREM & 1752 mm, BT * W F X8 ES %
B R B AL ST B0 W A o X A AR K. EESMAKEMB ZE, B E TR g
5, TERERERASHESEMNEERRAN, B R FEASSAEBRER SN, BL
P X AR 28R, RSN IR - SERE, AAHREF DY 13326 h?, ik KM
AR, FRREBRKE TSE TR, B#
WA R M B EE R R MR, HEMAE
RIEEMESELBRRZREMR, S TR

XS SRR A FREERE SRR

W MR SZ AR 3 T AUE 2 7 h®, A &I ARR

500 Z fF, WEEKNEWLA KB (Ginkgo
biloba) . R E MK ( Liriodendron chinense) % , JAREH
BWEHENELEIY,
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M, TR 22 W HTRR IR R AR AR B — 1 TR 2 R o v
st . A RA KLY, HPBHEAFHE, H
ol BEXRH; BT R 0~1afEN, TEHE
J1 % u1 ( Ligustrum lucidum) 28 ( Artemisia sp. )
B2 ( Preridium Scop. ) % ; HEH I 24 10 a By £ 0T
aitk, MTHEBEEBEEER (Aremisia sp. ). BHE
( Lilium brownii. ) . 'K ¥ ( Arthraxon hispidus) % ; ¥
H VEZ 30 a WS RBMAIMK, MFFEEDMEHH
( Mallotus tenuifolius) . 8 Bl ( ltea yunnanensis) .
HEHR (Artemisia sp. ) F; FEH VAL F IR 2 Hrdsith
X, BV R 4t X B SR | R 5 S o S AR AR B,
FERPEE., BHEHEZK, AL THREAN
20° 1L P, 2008 4F 2 A % 32 ke peh3h . 2008 4F
S A SIEELEF M HMBNEIA MR, RE
0~10 cm KJRZ L, HBER N LEER, L
BERABHEFBREVRIBRESHHMR., ALK
TR, LA, R REIET 4 CTRE. 8
MERE=ZREH,

3 Mk SRR

3.1 TEREMENENNE

S EZEBI -UVasowa 3580 & L BB Y
&, 88 S L Jenkinson-Powlson = HE#HK 24 h )5
W, AESBRTMETRE2~3h, #RE 5
TR REELE, REXW LB TIKRTAE
A CTREZSW. RBMYTHT L 10 g W3
B #5100 mL =AM, i 50 mL 0. 5 mol /L
K2SOs, #& % 30 min 514 38, 37 B 7E 280 nm 4L ETF
Wi BOREE ., BAMARRBAHFLE, H8EE
VRSB PRHEGERE o(Ag!) B, a=
(abs &/ G x) — (abs %/ G %), . ; abs {3 UVasom
MREE, c RERTLE,

3.2 THEXEHLNIE
+ 3% NH: -N &R E - 46 eEkme™,

NO; -N HX KMz, -85 Ny LERM
B RS FILL 10 d FEFEBIE (NHS -N +NOs -
N)#l NO; -N gy & %£mx,

3.3 RWHAEEENNE

RIBZHRMENEC, BS g B+ BABARA,
HEZEMS 5 min JFFTEA 99. 99% He S A1 C:H, (TR
EREP CH, KEKSEKXT 10 kPa), MA
5 mL % ¥ (1 mmol /L #%j%%, 1 mmol/L KNOs, 1 g/L
GEE), 30CTL 125 /min WEHEY I
7%, 30 min # 60 min - FHMBMM S 54k 5 mL BB
HMESHERR Y WS T FRBEE N0
BB 2118 . HP 6890 GC 47 N.O, Rl g8 %
ECD, 4y #7#: 4 porapak Q, A N Ar-CH., H IR
50 °C, R #8368 B > 320 C,

3.4 ZitsHR

F1FH SPSS 13.0 #4384 (Chicago, IL,
USA) fE B 3 # 47 One-Way ANOVA J7 4> #r Hil
Pearson #2243 #7 .

4 GRFaWH

4.1 TERENEWENER

W R X AR AR B RE DAY’
WELERME 1R, FEHFAKK SMB HERR
(0.099 A g™) s G KUK T BAAARFIEM , 3 (E 5
B 0.033 A g ' F0.024 A g ' L STAKRIE Kb
B, WE PR 0.018 A g ' M0.014 A g, R R
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Fig. 1 Soil microbial biomass at different succession stages
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WiEZREBE(p <0.05),
4.2 THERHABEENER

B2 4 W T 1B A b 1 R WS AL R IS K
-0 B o o T 2 T, L AR R B A R R L
oK, B 907. 28 ng NO-N/ (g - h) s Hik
BRI AR, BIE 53 31K 561. 27 ng N2O-N/
(g - h) M1 410.39 ng N;O-N/(g - h), EX#MTR
ABK o A2 OB AR, ¥ 1H 5 B 167. 60 ng N.O-N/
(g - h)#1 138.70 ng N.O-N/(g - h) , FEH KAEHEMK
MuI B P MR, N.O HEBCR B 5E 1 i fa B
MBS, EEPHSMBMPHEREER (p<
0.05), BR&piphsh, EXMERERKNERAD
EBEERANEBEER(p <0.05),
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Fig. 2 Soil denitrification enzyme activity at different succession stages
B R R A PR AR (TR AE 25 B
B, LRETS B, il &K ES T RRE,

B AE S NEFE RS BEREZERED 0.05 K,

4.3 TEHREV N EMN NELEZMNLR

AL+ is NH N S8, NO; NS &
MEEE HAERE TABEESNEAEED

# 1 ffR .+ 3 NHY -N ¥{E7E 0. 67 ~4.50 mg/kg
Z I R (2. 27 mg/kg) & T WAEZR (> 3. 56
mg/kg) , E K H B AK (0. 67 mg/kg) , B HEH A £ 7
BE(p<0.05), - HNO; -N BHTE 0.41~19.15
mg/kg Z 18], FEIR BN T U A BRbK , AR IR O D 26 2%
B> Ek > BEMK > Lotk > BN BEE
MFITNO; -N S EZ#H B LSD B/ B EERK
RULHHE NO;s -NEZRBE(p<0.05),

FRHEHERS LA ARE L BEBER, 5K
0.397 mg N/ (kg - d)#1 0.393 mg N/ (kg - d) ; £
A, % 0. 188 mg N/ (kg - d), B M B 1% (0. 067
mg N/ (kg - d)), SR H HRAE(-0.237 mg
N/ (kg - d)) o BR¥EMSP & B + MRS AL R Y B
FE, IR B R AR E R B K, 5 R HEMA
(-1.643 mg N/ (kg - d)) H kb, E K (-0.039
mg N/ (kg - d) AR EME 42—, KEFEKA
EHTASZ—JRBHFA DR E KRS N
AL R B, H A SHE R R B > DR
> Eokih L STAKRIBE A N B LR EfH,
B i e THEMN

4.4 Pearson HX ST

HTHEAGTHBREVENBERPHEARL
BEENREAER, ALESMTENSLHNE.N
HACHBEZ BRI R AR 2 ATH, LB EY
YRS+ BY M NOs N &8 SEhERE %
BEABYERBEMXXR, HXRE S K
0.965.0.650 #1 0.701(p < 0.01), i 55 B+ A 1k 3
R ENTHERERBRRMERXR, XA
Bk 3] -0.958 #1 -0.813(p < 0.01) ; AL BE TS
HHEAERMSTKEBERABBIGHUMHEIRR,H
KEBAHHK 0.692 F1 0.643(p <0.01),

Ty NO; -N 5 mihiE % N L

x1 TRARENRLIWMEN NER NHEEELE (FHE+S.E.)

Table 1 Comparison of soil nitrogen pool and nitrogen transformation at different succession stages (mean +S.E. )

I NH/-N NOs -N RAL S WAL R BN
(mg/kg) (mg/kg) (mg N/ (kg - d)) (mg N/ (kg - d)) (mg N/ (kg - d))
EX# 0.67 £0.02a 4.24 £0.04a 0.188 = 0. 000 -0.039 £0. 003 -0.204 £0. 004
M 3.56 +0.02b 0.41 £0. 18b 0. 067 = 0. 002 0. 009 + 0. 008 0. 076 £ 0. 007
2 HUAR 4.50 £0.01c 0.95£0.33¢ 0.397 £ 0. 002 -0.057 +0.029 0.340 +0. 031
LEMM 4.37+0.02d 1.20 £0.20d -0.237 £ 0. 001 -0.102+0.019 -0.339:0.018
BB 2.27+0.0le 19.15 £ 0. 03e 0.393 + 0. 002 -1.643 £0. 002 - 1.250 £ 0. 004
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Table 2 Pearson correlation analysis of soil microbial biomass, denitrification enzyme activity and nitrogen transformation

mH SMB DEA NH{-N NO; -N HiEHR BELEE B NTIEE  SKE
SMB 1 0.343 -0.276 0.650* -0.958"" -0.813** 0.701°*
DEA 1 0.368 0.692°* -0.100 0.187 0.643°*
NH;-N 1 -0.439 -0.281 0. 460 0. 405 0. 449
NOs5-N 0. 508 -0.999°" -0.922** 0.533*
AR ig 1 -0.500 -0.138 0.471
LR 1 0.927*" -0.505
¥ Ny s 1 -0.374
HKE 1

H: “x «TRTBERERED 0.01 KT+ "TRRBEWERKE0.05 KF,

REBNAHERR, HXREEX -0.999
-0.922(p<0.01), H 5 KEBHFAERFWIEMRX
P (r=0.533, p <0.05) ; AL B IFNE: N 7 (b3
FEAFERHEERRXIXR(r=0.927,p <0.01),

5 3 #®

5.1 RN IRBENENENTERR

WE 307 4 b DX M B UK R 0 R TR B B - 4 SMB =
FRE (B1), Bk LEESENKER EFAE
o ESMBEBESE ARTR . TEEKESE N
AU E R ER R R W TR ik X 5K SMB I EHE
HE. Pt EmkAem L3 SMB & 2% T IR 165
e, RABENESHREE THEYHENE
Ko KB G HBH MBI L5 SMB & T &
FIH L oIk, 1T RS KRR R4 DB R S AEY
FET EMLEE N 9 L3R S R R B N AR
g % ; EKk#h 4 SMB BT Ak, REIA
T CRBE RT3l ) X 1258 SMB A B E &,
WRREERNEDMEYEKEKR, BEPHE
KEAR T EBER K, Pearson K3 HT8 i +
SMB 5+ S K BREMX (R2), MAEWREXN
T KRR AR RN o BESh 138 SMB 5 1 3
NO; -N ML # 5 N 5 LR FI 2R B E
EREXKR, RUNFLBABNKEMEHT
MAEYRENIEK, H1% N RKELBR, SMB &
N AEY) N RGLE RTRAE, BN B UE R £

5.2 FRARENBRIBSENREBESR
N:0 J2& H CO. ¥ 7E 1R % 2R & 200 ~ 300 £5 19

RESK, HENRANIERRE, B4 MO R
JR R No BB, 55 — 304> W B #: 2L N0 T A HEH 22,
REWELESKERE, LEESHERE, KWk
TERIHR, FUARRRF Y RBAEBTFAHIRE
U THITRABBREARTE, EAEHESEKT
&, N ¥ {418 (3% 1), M DEA [V TR 455
P, B R AERISREL, ARAT N0 B7=4 , B
TN BAARRSHEN NO HEABHANED, &
WAkt 3% SMB KT HAKAEM, L3 DEA HER
(B 2), NO; -N RUFHFEMLS RmILEA, 1K
WML KT X ET L N0 LY, SB113%
FRHIHESRS L N.O ERAAE P RER K. SRM
#k 145 SMB B T H A AEAHK, {5 DEA HIXTEE, %
RO MU RAHRIEEFEY E, IMREHEE
R R R LR, RHERR SR 5K
M, BRIGZAR 8 NO; -N K8, MifbE
R, MAEYBER K, DEA B &, FLMBRILERE
RAEPBRMEBAERSES, BHEBREKTE
AT =4 N, EULEG A LEY N, B N &
BARS,BHR N WA REFEMER B NO; N H
FEH K DEA RUPIRBEARER L LESS
NRENEERRL, EKkH 18 SMB ES AT &
&, BRI N BUEY FALERBDN, &R R
BESBRBRIES; FXM L8 NHS N &8
A EREBA, Bt NH: R RESE N RLH
FEHRE. NEAMNESTERBRA R HBRX R
DL NH: BBCH 3=, BHRI, RFEEEH B -8
SENBRREALZRBEL, BHERKKEZH
N0 MADER N, Jik, KA B EEEAHNTHL
BESHE N0 WHB, - ENEFRIE, 2%
B KB BRAESREREN RS R,
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5.3 REMRERGEHFHLIHETHNANGORE

BEE IR W E M e, £ NO; -N5N
B (NHs -N +NOs -N) Z#iBRR (1), ARHEEH
BERBE, WENLKTREAHRK, KEHFK
MY AR NSRIE T EIER, L RmE R
B, BEIWEAERSR, TSN AL
FOREREK; FEHALEK NHS N FB .HER
HR CRAFEFALETH AN, LESEN
WMARERBE, HR 1 TAETEHRA NH -N &
BYMET NO; N B, AEAFMEHEREE, &
HLN B . N O R 2 e sk o R AR 2
HEMPWER ., AP (AR BR8]
SeF A NH -NAERFRSRE; BHHARGETRKS
ARV E N UURE (B FHMRK PRI T NOs W
B ) MEREREREFAKE EMEYHRR
AHREFRNERD, RN B NRNEER
U B AR R b itk R L

5.4 MAEMENT U - AHERKXE

PEAE Y R TR N SRR ML SA N fik
BTl N 9 bR 2 i P e . Xt LB
5N# 4 - AERNIREN, MEFESEN
MXHE, BN RBAERBR, MED N FE
RBAK, UNTHERAINE, RZHFR, BEA L5
NH -N B F R T DR Lotk (K 1), TR
MY BRERED, BEAEAT LEENRRRER
RO AEAER, Ny L#EENFEEALL R
ERWMA NSRS NBD, kA LET L =E N T
N BHEYERFEARR, BREMNIE LR
R LB HAME, RGP EMRK—FSNO; -N
Wi R RS, R D ERMAR T K
BN CERBERE, MERAEENS NT L
BB AAEREMEEXER (F2), WHARMKER
FIEMAA N FK AT 68 Ao + 38 4 5 4k 3 R
BNTAERRHRAENERIRRE, LIRS
AR HHETY LEREAEE, B 1L
FMBED A RIST BN D BnA, R +H
AT RERE B T AW NN /E AR Y
Az K 3R] BR AR B OSB3 B K 3+ 3 NOs -N S B #
5, M3 NO; -N 5HEAER & Ny hERE
MAAHR LA (K 2), 8 NO; -N SRWHER EKith
G HALEREAS N ERREAAENTE
A .
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