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(RE)] MBRELEREH.P AIIEHELRATIKRERKRKERAHARRE LB EER, L IBEYE
HREHTHR . GREERH, ERATIHRBARKRKERAHKEGRELBEAIBR S B TR 31.51% ~
58.24%, HIELH &8 . pHEUR LI C/N.C/PHFRETHREE; EARATHBAXRAKEFTKE
RETIENE EEBRRLS  TERE S IS SO EEEE TR, NSRS
W 8% ~40% ;s AR ATHRERR K EMREH A, LIRIFRIEE TR 51.15% ~54.48% . H X447
AW, TIRMEANRES L IREMEBELEERAHEXE(R= -0.723,2=18), 5+ 2B kL%
BEHEEHX . SAAIKRBRIXAKEKETHRERRIRELREREAL. ERATHKLEEVIRE
RESBEEARATIR LIRSS DIREYE®HTROBEFER.

X@iF EAAIHK RRKEKR TRAEWEHE
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Effects of replacing natural secondary broad-leaved forest with Cunninghamia lanceolata plantation on soil bi-
ological activities. HU Yalin!*2, WANG Silong!, YAN Shaokui' , GAO Hong' (! Huitong Experimental station of
Forest Ecology, Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China;
2Graduate School of Chinese Academy of Sciences, Beijing 100039, China).-Chin. J. Appl . Ecol., 2005, 16
(8):1411~1416.

This paper studied the effects of replacing natural secondary broad-leaved forest with Cunninghamia lanceolata
plantation in the south, central and upstate areas of subtropical China on the changes of soil chemical and biologi-
cal properties. The results showed that after replacing with Cunninghamia lanceolata plantation, the total organ-
ic carbon {(TOC) content in surface soil decreased by 31.51% —~58.24% , and the contents of soil total N and P,
pH value, C/N and C/P also decreased to different degree. Soil microbial amount was less than that under natural
secondary broad-leaved forest, soil urease, invertase, catalase and dehydrogenase activities decreased, while soil
polyphenol oxidase activity increased by 8% ~40% . The respiration rate of Cunninghamia lanceolata soil was
51.15% ~ 54.48% lower than that of natural secondary broad-leaved forest soil. The correlation between soil
—-0.723, n = 18), while those between soil TOC, N, P
and other enzyme activities were positive. It could be concluded that replacing natural secondary broad-leaved for-
est with Cunninghamia lanceolata plantation worsened soil quality, and the loss of soil organic matter in Cun-
ninghamia lanceolata plantation ecosystem might be one of the important factors resulted in the decrease of soil
nutrients and enzyme activities.

TOC and polyphenol oxidase activity was negative (R =

Key words Chinese fir plantation, Natural secondary forest, Soil biological activity.
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Table 1 Natural situation of different sampling stands

2.1

FRMTA TR, REAAN T KA R. I
SN F T R 2 (B T b X A R AR IR AR AR R 3 SRR AR T RE (R R
B R SRR HE AR R B S 2% o I TR S AR . & M K R AR K AR AR
AR E, I~ G0N KR E B AR LR R (Crypto-
carya chinensis) EE ¥ ( Castanopsis chinensis ) H X ; &
2R RBR W 4 B L F K ( Cyclobalanopsis glauca ) 41¥%
(C. hystriz) %A E; M HEEHE X R K E R LK%
( Quercus acutissima) B EM(Q. variabilis ) F R E. &KX
BARAIAY ARARRKE/THHRRRE, 2R R B
AT AL B2 AR A ARG AR BTHY K2R K £ B oAk 1 S IE 53¢
MREERXAKERNHR L RHEREE. MRABAHEER
o, L AR AN, RE Y. SN RIkE RER
1.

A BHE ot £ FHRE FRWE 3.9 i 3 1]
Forest Longitude/ Elevation Soil types Annual temperature Annual rainfall Site Stand age Aspect
types Latitude (m) (mm) preparation (yr)
ITERAREMN  109°38'/24°17 115 FREIHE 20.9 1700 - - #*
GA Latosolic red soil East
IHEEBRATLIR 109°36°/24°19° 94 PRI 20.9 1700 PR 15 #it
GB Latosolic red soil Mass soil preparation Northeast
W RABIWEN  109°36'/26°50° 422 O 19.6 1200 - - i}
HA Red soil Southwest
MEEARAIH 109°36'/26°51 521 4T 19.6 1200 2B 21 Fy-]
HB Red soil Overall soil preparation Southeast
FERREENR 113°567/31°50° 335 HixiH 15.1 1109 - - kS
HA Yellow-brown soil East
FELAALN 113°577/31°49 446 iR 15.1 1109 AR 12 ]
HB Yellow-brown soil Strip soil preparation South

* G:J" T Guangxi; N: ¥ 8 Hunan; H: 8§ Henan. A: KR 4 B HHK Natural secondary broad-leaved forests; B: #2AK A LZE#K Chinese fir planta-

tions. F [ The same below.

2.2 WRFE

2.2.1 BEEAE: ESMMHREREECER 3 # 10 m
X 10 m BIEE, ERREF MIRIBTEE I 5 M RES, AL
(HERSm)BO0~10cmERLE, BHAEMESR —1
dEe, HAMEIEE 3 AN LA 2R TIETE 2004 £ 3 A
FARBFEEANEAER, B— B ER AR R
IdARE LERTERAEWELRE, — 2 4 CRER
B ATERSEY M T WP RBENN, 5 —HSEZR
TR G2, AT iR R0 L RS E R 2

2.2.2 W RAEEAFH High TOC I L€ 1.1
HHR(TOC) ; M BFKERE L LR S EAHBE-
AR anME T ELBE;1 mol- L™ KCl BHHWIBIR(L:
B=1:2), BEIIRETHE pH. S8 2 @ E L HRES
(Urease) {45 ; W F B b a3 I & £ B & 1L E§ (Polyphenol
oxidase) & ¥£;3, 5- “TE FE K 5 8L Ho 4 3 M & FE HE B8 (In-
verase) EYE;2,3,5-SEEMNE M EAI L BB EHERE
(Dehydrogenase) {&#E; B A B e S € L 48§
(Catalase) &1 T HMEAF N HEEAKEFRE EHFHAD
TRZEFEES . RN E RN 2 L RS RIR .

2.2.3 BT BUEA SPSS 10.0 KA EATA I, BB
F SigmPlot 8.02 2.

3 BER5H4

3.1 RE+XEHSTWL

EARANLIHRBARRKE AR EREEE L
BIESESRBEKGE2). SRAKER ML, 7
BN HE2EGTEEHE AR ATIHAEREL
BE AN E D AT B 58.24%. 36.58%
31.51%, LI E RS 5 T F 42.81%.28.18% I
32.48%, T3 L BER 551 T M 34.78% .25.00 % I
21.33% , ZER KT B EEKF(P<0.05). 1S,
HHERELIE C/N.C/P LERKHY, FEHEX
AIHEELEENBRE L EL B EBAREKE
BEER EAP, AR C/N KERE
E(P<0.05), MHMP NI X KM H]ER
BARE RELBC/PE;EWMMBESREMR
H Y BBk b B] 2 R A B B E K (P<0.05), T
MEEHARMABERAERE CEARAIKREREL
¥ pH HIK, TR NGE.

AR TEAENREERETRAERETNK
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HEAMBBE ZRERGL BHERSHEER
WEEHA T A LR KR E LD D283] R A
TARBAR KSR A W PR e LA LR & B8 B
PFEERBTFERAIKRIBETSRZREFTND R
WARRD, LR MEAERALIKREE SR REG
FEA R L B o SR S A . 5 R AR K AE I AR A
E, ERAIHAB ERMB THREDEIR
&Man{

TEEVRER I EES MR, FHhL
BEYURGENE - WA R E v, s K3
BERS Y] L AENE RSN EME, BOA
R NWFERE, MKRKA 655 WLEP i
HERENREGE EAAIHKSELIRIRE
HEKES B L REVRER, #mHIIREBARA
TITHERRE L EFG &R R T EER .

3.2 1THMABEMEERESTL

EARNIARBACR R W & B - #k 5 R 2 384
B EERERSGE). M. BE SR AR
FHZHMERATIHKEELIBABERES KR RKAE
WA AR AE B, 4> BIREAK T 59.03%. 88.25% H
76.85% , EE B B4 5| T 72.17%.43.15% F1
28.33% M4, HEREMABERENTILEAR, 5
KRWANRMEE, ERAN T KBS DB EEH
ERETHREE.

T HEMAEMERR I BAESERPTRAEEEE
YER . ENTRER w45 B A% 4 5 % I8 T ROE 1 L 5%

SEF DR RAMEIR, REEETREDE

T2 EPARAIHRBRARAXRRESHHLRIESBITL

fy Ak (20220 AR AN TARBUR R SRR A i iR S
RELREEMERRB LD, RULZ AN T RE
BTRE.

TR BHEANZEHER(WMRE
Sl L IBBIREE G L RARIES) W . K
HEDH AR EL W R EYBE BEEWN
REHEMEERED SN SRAE B AL R Ak H
REE, AT AR R W e R T R R B R E R
BRMGESEART L BMAEDERFEERD R
g EAMREN 2 RN M E SR RS
EHEARAIRGRAKEFTAAEL, RELE
MEDBERECURBESHUEEEREZAA
IHRAEFED S HEEERRRAEE KT, L8
FoRME. T EFHEEDTRAEEFRYRELS AL
WO RAL TS
3.2 mAEMEETR

T-PEH0 M R <[] R B {5 PH = Huk2 RN AR
BRAXAREETKE, ZEELER B ELE,
Hi - EBEEN B ETRGER 4. 3NMFRMEE
ARANLFRE T HRIRES IS5 RARIK A WA H 4 51 B
T 55.56% .32.50% F1 63.83% , ZREFIRE
FIKTF(P<0.01). GRAMAME, EAREHKEE L
HEEBEELEETR IANRNAMRERE L8
FEREEE S B TRET 78.42%.78.56% 1 51.02%, 2
RHEIMR B EHEKF(P<0.01). BERAILMT
SHEABIEES B TRET 33.33%.27.78%
38.10%, ) VO M0 A1 BE 2 B P Ho Ak 3% 2 3T
SN EBEEEREE(P<0.05), WA EERE
ARAIMMRARKERMEERBEDREEKF
(P<0.01). ERAXEMKRME, ERXRAIKRERE L

Table 2 Change of soil nutrition after Chinese fir plantations replacing natural secondary broad-leaved forests

AE HHLBR s X WAL 1735424 pH
Forest types TOC Total N Total P C/N C/P (KCh)
(g-kg™") (g-kg™) (gkg™")

ITRRBRKENK GA 45.95+6.86 3.13£0.12 0.46£0.04 14.63+1.61 100.43£8,74 3.80+0.06
ITEEARALMK GB 19.19+1.39" " 1.79+£0.38% " 0.30+£0,02"" 10.90+1.46" 63.69+9.28""  3.50%+0.06""
WBRARKERK NA 29.99+6.32 2.20£0.09 0.24+0,02 13.55+1.25 131.61 £ 11.60 3.900.15
MEEARALK NB 19.02+0,78" 1.58+£0.22" " 0.18%0.01™" 12.14£2.36 99.85+7.65" 3.60+0.10" .
T RRKEK HA 48.30%4.15 4.71+£0.22 0.75+0.06 10.36+0.80 72.12+22.42 5.40%£0,12
FEEARATLH HB 33.08+4.16" " 3.1840.16" 0.59+0.047" 10.30+0.42 64.50+2.53 4,10+0.06" "

AR R AN LRSS 315 33 KR ARIK & MK A L B Comparing Chinese fir plantations with natural secondary broad-leaved forests in differ-

ent regions. * P<0.05, * * P<0.01. F[[ The same below.

#3 BAAIKRARBXREAH KL REENRAHHBRNTL

Table 3 Change of soil bacterial and fungal numbers after Chinese fir plantations replacing natural secondary broad-leaved forests '

TRBERE NP Iy =¥ N MERR MEEX P RR P A

Soil microbial number WEHK GA AL# GB KEK NA AL# NB WHEHK HA AI# HB
4018 Bacteria( 10°CFU-g~ 1) 8.47+£1.18 3.47+£0.48" " 25.02+1.29 2.94+0.83" 18.66£5.61 4,32+1,46"
H P Fungi(10°CFU-g~ 1) 3.45+0.88 0.96+0.13""* 3.36+0.08 1,91+0.05"" 1.804+0.22 1.29+0.14"
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S EIEESTH THET 25.85%.62.50%
83.89% ;B VP M PG S bk it 2 7k B E vEKF
(P<0.05) 40, Hh B A X E R ALHEKRRE 1B
Fif BRI 15 R ARIK A W rEARAH B 22 Rk AR B3 0K
F(P<0.01). BERALIKEER - HZ B EBEE
HEIMER, M HEEZEARAIKRERRKE
ARAEL 45U 0 40% 8% F1 18.18% . | Pa# M 42
AANIHEXE T LB EIBEEES RRKAENH
b REBR EEFEKFE(P<0.01), M HEFH I #
REREEEFKFE(P<0.05).

TR EE S LB, WML RER
W LA LB ENZEHER
(MEEEYBREE RR, LIS FIRE, b R
SRR, FRIESAR) S 12255] ARk A THERARR
KEKGEHRER L BEEHEREK, FETRERA
TITHERTIEE VLR S R, B4t IR
KRB E YRR, F5 L EHEDR
ST M, AT T LEEEA EHE . 2R ATA
TR EBEEETAS, MR T LESH
FALEIE S LI EE SR B AR
EYET S, USRI TR R BRI A, BF
R B, S SR AE T 2 B bR H A AR 4 & 7= AR AT
ZHZBMESYRY. EARANTIH L EHTHERE
TR SEERYR, FE T SR EEEEENE M.

THEMAMRNARELEBEBNSS TR
fy, L IEEEIE AR T RAE LA EE A L. 1
BEETEGVERRE TEFRSEFRPREEEEH,
TP DR REEX L IEEE B EFE W, H
I, HIEES R HERE N R B AT (L R PR  HETR
FE RS RE S EE (R R EK R, E A
B, ENRANEREFRNEEXRE, MLEEERS
543 C RIER, I HEBUEYRItaE R RO
FEA S RSB S B AL B R LB ST
RS, B M55 L meERAsm & RIe» 2k
ANTARBAC R SRR A vtk 5 SR EG | e EE 1k

F4 EARATHRBRARRNERHH LB ST
Table 4 Ch

FHEBEBEBmEEREK, REZRALIKARERE
T AR R E R, RE L IEAEYIEERK.
BB EALBEEEA IR HAZ AR A LAk 5T fE
MERZHBAEYR, HEEEAEEMR, EES
FRREE.

TR BRR CO, RETBAMEENES
R HETERET SNy 2 EE
VMR PRIERARTIBEMRY 3 A FEP .
ARAIAHREARRKE R G RZE L EFE CO,
BREHERK(E4). SRAREREARER, 2
AANIHREERE CO, BERESHNTHET
54.48% .53.42%F1 51.15% , Z R A TR B E K
F(P<0.01). XPIHER B FREARAN LMK BHMA
VR EERE RS R ARV RE TSI
BH . EARALIKRERLBEIFER CO, BRI
EHEARAIHKEZR L BEMEEEE T
3.4 MHMRBIELENBRE L ELE 28+
BEEE IR R A S0

HESTRAAMEZLRELIANBRELES
A EBURSF L IERBEES A RTFOHEXE. +
BENBRSTELA . 28 LIEREEEE. L EE
PEBEIEE T Ak EEE TS T L R A R S RS
W EEEFMX(P<0.05). HHERLELS R
NBRERETBEMEMBEHEERMEI(R= -
0.723,P<0.05).

TEVRR L EF oW EME, B L Ep
AU RAEE N L8P NP FH L RS
EROBNE L EPMEEE R LS HER-EE &N
FRTEES], LA YRE B EmEs— &
BERR. Rk, 2 EBS5 I EREVIRORE
AT b R2, e L IEFE VR AR E L
BEAVBRS T EEA &8N L EEEHEMHX
RN, FHRERZ L EE VRS LAk R
BrExs &R R IEEEE.

of soil biological activity after Chinese fir plantations replacing natural secondary broad-leaved forests

e i T T

dEER

REms EHMELR Rt LT o

Forest Urease Invertase Catalase Dehydrogenase Polyphenol Soil respiration
types (NH;-N mg-g " 'soil) (Glucose mg g™ 'soil) (0.1 mol-L ™! (H* plog ™ 'sail) oxidase (C0O,-C pgrg ™ 'sail)
KMnO, ml-g ™ 'soil) (Gallic acidic
mg+ g~ soil)
TITHERARKEMNK GA 0.36+0.03 36.29+0.74 0.18+0.02 0.12+0.01 188.49+19.41 0.39+0.02
TTEEARALMK GB 0.16+0.00"" 7.83+£0.98"" 0.12+0.00" 0.20+0.01"" 139.77+4.53" 0.18+£0.00" "
BB RARKENK NA 0.40+0.03 43.47+0.68 0.18+0.02 0.23+0.01 375.02£41.05 0.69+0.04
HBEEARALNK NB 0.27+0.01** 9.32+0.18" " 0.13+0.02°" 0.25+0.01" 140.62+14.68 "  0.32+0.03" "
T RBRKEK HA 0.47+0.05 23.15+0.33 0.21+0.01 0.18£0.00 1337.60 £35.57 0.89+0.07
FBEARATHK HB 0.17+0.04" " 11.34+1.36"" 0.13+0.01" 0.22+0.01" 215.51+6.06""  0.44+0.05" "
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Table 5 Correlation between soil total organic carbon{TOC) and soil total N, total P and soil enzyme activities
o 5% BREEIE E FEER ST i EACEEE IR B L B EALEE AT
Total N Total P Urease Invertase Catalase Dehydrogenae Polyphenol oxidase
activity activity activity activity activity

&ﬁiﬁﬂ‘ﬁ*%ﬁ 0.877 0.784 0.705 0.519 0.811 0.620 ~0.723
Pearson correlation
R B ik 0,000 0.000 0.001 0.027 0.000 0.006 0.001

Sig. (2-tailed)
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KEHREERP, BEZEARSHK BIRKE
FETSRAR SEBERE RS HL . S EEH S8 E
R NREBSZAANLKLER
%[5,15.18, 19'21’23'33],ﬁﬁjﬂ:ifmﬁ*)\lﬁ%{:%ﬁ
EFEANMBESRRE. §E, #F—FIRFREZAA
THIEENRE TR A RS BMIIRE S R KA
HefP MR @ A2 AR AN TR L3R HL R R F R LAY A7

K EAMTHEARANLIH L ERR R
i, FI TR FESEZARATARLERE, LKA
AT LR

EF XM

1 Badiane NNY, Chotte JL, Pate E, ez al .2001. Use of soil enzyme
activities to monitor soil quality in natural and improved fallows in
semi-arid tropical regions. Appl Soil Ecol, 18(3);229~238

2 Bandick AK, Dick RP. 1999. Field management effects on soil en-
zyme activities. Soi! Biol Biochem,31(11):1471~1479

3 Bardgett RD. 1999. Plant species and nitrogen effects on soil biolog-
ical properties of temperate upland grasslands. Func Ecol, 13: 650
~660

4 David AW . 2002. Communities and Ecosystems: Linking the Above-
ground and Belowground Components. New Jersey: Princeton University
Press. 56~ 104

5 Ding G-J(THZA), Zhou Z-X(JAH ), Yan R-F(P{E), et al.
1997.Study on the effect of soil preparation on growth and eco-
nomic benefits of Chinese fir. For Res (# LB %), 10(2): 118
~124(in Chinese)

6 Espeland EM, Wetzel RG. 2001. Complexation, stabilization, and
UV photolysis of extracellular and surface-bound glucosidase and al-
kaline phosphatase: Implications for biofilm microbiota. Microbiol
Ecol,42(4):572~585

7 Fisk MC, Ruether KF, Yavitt JB.2003. Microbial activity and func-
tional composition among northern peatland ecosystems. Soil! Biol
Biochem , 35(4) ;591 ~ 602

8 Frankenberger WT, Bingham FT. 1984 . Influence of salinity on soil
enzyme activities. Soil Sci Soc Am J,46:1173~1177

9 Glaser B, Turrién MB, Solomon D, et al . 2000. Soil organic matter
quantity and quality in mountain soils of the Alay Range, Kyrgzia,
affected by land use change. Biol Fert Soils,31:407~413

10 Guan S-Y(3FATH). 1986. Soil Enzyme and Study Method. Bei-
jing: Agricultural Press. (in Chinese)

11 Granston SJ, Wang S, Campbell CD, et a/. 1998. Selective influence
of plant species on microbial diversity in the rhizosphere. Soi! Biol
Biochem , 30(3) 369~ 378

12 Grierson PF, Adams MA. 2000. Plant species affect acid phos-
phatase, ergosterol and microbial P in a Jarrah ( Eucalvptus
marginata Donn ex Sm.) forest in south-western Australia. Soil
Biol Biochem ,32(13):1817~ 1827

13 Jimenez MP, Horra AM, Pruzzo L, et al . 2002. Soil quality: A new
index based on microbiological and biochemical parameters. Biol
Fert Soils,35:302~306

14 Knoepp JD, Coleman DC, Crossley DA, et al. 2000. Biological in-
dices of quality: An ecosystem case study of their use. For Ecol
Man, 138(1~3):357~ 368

15 Liao L-P(B#F), Chen C-Y(BRAEE), Zhang ]-W K ER), et
al.1995. Turnover of fine roots in pure and mixed Cunninghamia
lanceolata and Michelia macclurie forests. Chin J Appl Ecol (R F
HEBH¥M), 6(1):7~ 10(in Chinese)

16 Liao L-P(BH| ), Wang S-L(IEB 1), Gao H(FE #t), et al.
2000. Foliar litter decomposition of Chinese fir and main broad-
leaved plantation species in subtropics. Chin J Appl Ecol (% FH 4 75
238, 11(supp. ) : 141~ 145(in Chinese)

17 Liao L-P(BEFIT), Yu X-J(F/NE), Huang Z-Q(E EEE), et al .



1416 F R OE & ¥ # 16 #
2000. Effect of fertilization on fine-root and biomass growth of Chi- 2000. Accumulation of organic carbon and changes of soil structure
nese fir sapling planted on different soils of successive rotations. in ecological restoration processes of degraded Cunninghamia
Chin J Appl Ecol (R A% MM), 11(supp. ):159~162(in Chi- lanceolata plantation soil. Chin J Appl Ecol (B RIS E# M), 11
nese) (supp. ) :191~196(in Chinese)

18 Lin K-M(#FF8), Hong W(¥t ), Yu X-T(RIH K), er al. 28 Wu W-D(RBFZR), Zhang T-LGKBE#K), Sun B(Fh  $#), et al.
2001 . Decomposition interaction of mixed litter between Chinese fir 2000. Degradation and control of soil organic matter and nutrient
and various accompanying plant species. Chin J Appl Ecol (FLF% pool under artificial Chinese fir forest. Acta Pedol Sin( L3 ),
M), 12(3):321 ~325(in Chinese) 37(1):41~49(in Chinese)

19 Ma X-Q(E#K), Yang Y-S(HER) . Lin K-MHIFH), et al. 29  Yan X-S(JZJBF). 1988. Study Method of Soil Enzyme. Beijing:
1997. Effect of different ground clearance on Chinese fir plantation Agricultural Press. (in Chinese)
ecosystem. Acta Ecol Sin((E & ¥ 1]), 17(2):176 ~ 183 (in Chi- 30 Yang Y-S(HER), Qu R-H(E{ZHE), Yu X-T(AIHR), et al.
nese) 1999. Study on soil microbes and biochemical activity in the contin-

20 Meril P, Strmmer RS, Fritze H. 2002. Soil microbial activity and uous plantations of Cunninghamia lanceolatal . Chin Biodiver (£
community structure along a primary succession transect on the WL EEYE), 7(1): 1~7(in Chinese)
land-uplift coast in western Finland. Soil Biol Biochem,34(11); 31 Yang Y-S(%EBE), Yang L-ZOHEM), Yu X-T(BIHFR), et al.
1647~ 1654 1996. Change in composition and properties of soil humus following

21 Montagnini F. 2000. Accumulat.ion in abov&g‘round biom‘ass .and replacement of broad-leaved forest by Chinese fir plantation. J Fu-
soil s.torage of mineral nutrients in pure and mixed plantation in a jian Coll For (BEEMEEBI2), 16(2) :97~ 100(in Chinese)
humid tropical lo.wland. For Ecol Man, 134(1~3) :.257.~ 279 32 YiZG(HERD, Yi W-M(BU5R). 2003, Proceeding of studies

22 Pescual JA, Garcia C, Hemandez. T, etal. 2090 " Soil microbial ac- on soil respiration of forest ecosystem. Ecol Environ (EZ& 3 8),
tivity as a biomarker of degradation and remediation processes. Soil 12(3):361 ~365(in Chinese)

Biol Biochem, 32(13) 1877 ~ 1883 , , 33 Ying J-H(R&1E), He CMUTFB), Fan SH(ELHE), et al.

23  Sanchez FG, Carter EA, Klepac JF.2003. Enhancing the soil organ- i ) i
ic matter pool through biomass incorporation. Biom Bioe, 24:337 ~ 2001. Eff.ec ts of sxte. managex:nem cin son'le Sml, properties of a sec-
349 ond-rotation plantation of Chinese fir. Soil Environ (135 ¥5%),

24 Santo AVD, Rutigliano FA, Berg B, et al.?2002. Fungal mycelium 1‘,’(30)‘201*203(’" Chinese) ) o .
and decomposition of needle litter in three contrasting coniferous 34 Z.lml.'nerman.n S, Frey 3'2002' Soil respiration anfi m?crob.xal proper-
forests. Acta Oecol, 23 :247 ~259 ties in an acid forest soil: Effects of wood ash. Soil Biol Biochem , 34

25 Shackle VJ, Freeman C, Reynolds B. 2000. Carbon supply and the (11):1727~1737
regulation of enzyme activity in constructed wetlands. Soil Biol
Biochem ,32(13):1935~1940

26 Shan X-Z(BFHH), Wei Y-QUBHR), Yan HJ(FRIR), et al. YEEEIST WA, B,1979 4, MEHRE. TEAFL
1998. Influence of organic matter content on soil hydrodynamic pa- EHEYERTR, KE R XL H . E-mail: huyalin001 @ hot-
rameters. Acta Pedol Sin (1 3821%),35(1):1~9(in Chinese) mail. com

27 Wang SL(ERE), Liao L-P(BH¥), Yu X-J(F/HNE), et al.




