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Abstract

This study surveyed and compared the soil microbiota among stands
and grassland of mid- or high-elevation ecosystem in Taiwan. The
immediate effect of two level thinning intensities on microbial population,
community composition and function was examined in a Cryptomeria
japonica and a Chamaecyparis formosensis forests. The relationships
between soil microorganisms and environmental factors are also
discussed. Result suggested that the counts of microbial population
were significantly different among stand types in some seasons. C.
japonica usually had high counts and low seasonal variation in population.
This might be due to the forest that environmental conditions of C.
japonica forest were uniform, thus the microbial population in the forest
was relatively stable. Therefore, seasonal effects on the population were
minor. Microbial populations of grassland, and forests of spruce,
hemlock and Taiwan red pine of Tatachia had similar seasonal dynamics.
Soil counts were higher in winter and spring than in summer and fall.
Lower counts of microbial population in summer and fall might be due to
the uneven distribution of precipitation in summer and drought soil
caused by higher temperature in summer. The situation is not suitable
for microbial growth. Denaturing gradient gel electrophoresis was used
to analyze community composition of soil bacteria. Stand types showed
different soil bacterial community structure significantly. Community
composition was related with geographic region significantly as well.
Community level physiological profiles were significantly different
between C. japonica and C. formosensis forests, indicating that function
diversity of soil microorganisms was affected by stand types. The
difference of community composition and microbial function among

stands might be caused by the composition of organic matter and root
I



exudates of different plant species which has selective influence on soil
microbial population. Thinning of C. japonica forest significantly
increased its soil bacterial and fungal populations during the first 6
months after thinning and slightly increased its soil cellulolytic microbes
during the first year, but not populations of actinomycetes, nitrogen fixing
microbes and phosphate-solubilizing microbes. Multiple regression
suggested that population of bacteria, fungi and cellulolytic microbes
mostly positively correlated with organic matter content and phosphorus
content. ~Microbial population increased in a short term, because
thinning provided large amount of fresh leaves and roots as rich
substrates initially for the growth of soil microbes. The community
composition of soil bacteria was significantly different among treatments
in the C. japonica research site. This might be due to the possibility that
increased soil nutrient content caused by litter produced by thinning
increased the population of copiotroph bacteria.  The difference,
however, was not significant after 18 months. Because the nutrient
increased by thinning was exhausted, population of copiotroph bacteria
decreased. The major member of the microbial community, therefore,
was replaced by oligotrophic bacteria which were endemic bacteria
species of the soil. In C. formosensis forest, the community composition
of soil bacteria was significantly different between thinning treatments at
the 4™ year after thinning. Forest thinning significantly affected soil
microbial functional diversity. Community level physiological profiles
were significantly different between control and thinning treatments in
both C. japonica and C. formosensis forests. The utilization abilities of
Tween 40, fructose, raffinose and adonitol by soil microorganisms of C.
japonica forest were significantly increased in thinning treatments, and
mostly were positively correlated with soil organic matter content and

negatively correlated with soil water and inorganic nitrogen content.
\Y



The community structures of soil bacteria and microbial function in forest
were influenced by the organic matter content, plant succession and
environmental factors. The main conclusions of this study are 1)
different stand types sustained various microbial community and
community level physiological profiles; 2) seasonal changes were found
in microbial population and community composition of soil bacteria; 3)
microbial population increased in six months after thinning; 4) thinning
significantly affected community composition and functional diversity of
soil microorganisms; 5) The increased soil counts and changes in
community composition of dominant bacteria were both reversible; 6)
The period of the thinning effect on community composition of soil
bacteria was relatively longer than that on the counts increased by

thinning.
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742 (Cryptomerica japonica) £_/5 4 & & g thptfiz - - H 5l
BRI PR o P AL HRA AT (BAEF) W
1891 & > p p A5liedrds > &gk~ & L- Fffe > i prfp4
Pro B2 p AR A FRAE SHFY o AiEa &= 1901
FESIETE I FEH L B R BRREF EAR Y BT R AN
ETE AARIE R R o NE L ER M P AR A A E KT N
TIEEALE O REFREIEDZR LD ARAS BN
iR AR B SEF YRR L riﬁé?ﬁ;é_ﬁ%fr% °
1909 #d Az 3l EMprdik SdhfE 0 A ESDT N A S P o B
I REFBREILEY AR R RS THTF 252 0 1963) -

Priz A TR fifii- 2 L i > AP L ES o R
WFH o HHRE 2 EFRIP oA IR R LS F LA
AT EFHRA o FEZFITFOE o A EE RS HD23%
(B > 1985) o g *k » P45 A+ eh

by

LER G REERe AL Fp

RS eI B TS o A B B IER ORI, A 1
B Fethen AR AT B e e thiE R nB T LY 8 R P
e R4 § R T A SRR AR A 0 R R R
i & 3¢ 4 (Anderson and Holland, 1982) -

MR I S Rl A W R
e S A HRE AL R DGEYF RS 2 o F HHSR - FPHSE
A2Y R AR RS RERIE B BT RZ R ERA L R
% 1 4 & ¥ (Anderson and Holland, 1982) - # A 1 +k*® » +fkA B e
L e BeE o FIM A ER A S AAE £ 7 A4 # (Anderson and

10



Holland, 1982) » 4+ B +R% » 5 4r B)iE Fe bk A & vk A 22 R 0 85 4k
AR ERE > MR 4 E & 2 (Grant et al., 2007) » iE F e F72
W e

RN IR % S ERBERER E 2 AR B B
ez Fei# HR(Eucalyptus marginata) > i ¥ £ § F B R chbkh U Z 3F
w0 A S 4 & R E-cnfE Ak (Gardner, 2001) o v indt & RTiE

AN

TR E B A R B B 3 HRAT eh - +R(Grant and Koch, 1997 ; Grant
and Loneragan, 1999) » +xF je s end £ X PlFrd] ~ A 4 L BE L2
Baok A o TR S MR AR R RO FERES
123 4 B -k % g7k £ (Grant, 2003) 250 B en % F > (Pinus kesiya) #
POSMBEaRSILRd BHE I ERS 5 FEE R o At
£ Fge s 4T B o0 R B ¥k B B (Arunachalam et al., 1996) o
HHG SR BT RBLF L L TG £ P
(Morris and Boerner 1998 ; Thibodeau et al., 2000) o & A &> Ztk 4 &
ARV o L Sl A H RN HE Y S e S
4v 3 B 7 % ek 4 (Chatterjee et al., 2008 ; Janzen, 2006) o & 4§ % & 3
cftA 4 £ o Atkend £ £ 4 F PFRF R Brw 4R (Chatterjee et al.,
2008) e pr v A 4 fi 5 ¢ FABF R LR 0 FT LIRS
FoV iR I g PIOERR R B PR BSR4

4 4§ |2 H A 6 Y % 4 (Girisha et al., 2003) » & f 55 5 T

<

SELFEH YR VAT E { F 5L fE(Girisha et al., 2003 ;
O’Connell, 1997) - 4p £ 3 » Flgn s m B FehhH it Ao 8 5 4
15 ‘;ﬁ{ AR R s b By BALF Y (O’Connell, 1997) o #)
‘IR RFP IR RIS B ANRBERE T R PLR
P BB 7 Atk JF - € R R (Barbhuiya et al., 2004, 2008) 4 %

11



$ 71t i& 5 (Zhuangetal., 2005) > 223 P F0 2 F K3 7K E
(Barbhuiya et al., 2004, 2008 ; Tang et al., 2005) - Chatterjee % * (2008)
P g 0 $4¥$§%%’m¢ﬁﬁﬁii£’%*i%
SYRA G F SR R M L o S R ]S e
FoAn U 4 s PR 2 3 F kA Pt (Mikola et al., 2000
Zhong and Makeschin, 2003) - Thiobodeau % 4 (2000) A gr & 03 Py
# 1/ (Abiesbalsamea) fr it @ & B F 4 R d R T RBER
PR Ta B &ife IEERALRAEDT LGB o p w5k gnid
R fRE F R T AR ORER G - R ALl eE s

FRe " M s R S 0 4 3 3 A4 P % % (Prescott et al., 2000)

AONERB NI M A TR R HRSRE S L B

HHRESEERIZELLARE AL A ERE BFLEEA
/E\fli ’ & gtk lﬁ:ﬁ"j"l‘q"”\ﬂé«f”ﬁ BB FR g *fﬁ" E kA
GopR S T AL £ i e
BrAge R k2 P7 I AN kg2
B R ﬁ et Fe 4 ‘;‘r £ (Grayston and
Rennenberg, 2006) °

B4 A B e R B AR M A TR

B ];-']m’& T A B A g€ ff-%z;,’f};:; Bfox P REL B R

A
|
=
P
P
i
g
|k
QN
|
;‘J\
A

SHE AR Moo B0 A ¥ 1% 9 (Barbhuiya et al., 2004,
2008) - Grayston £2 Renneberg (2006)8L. % | A& /4 cgi i L L
(Fagus sylvatica) <tk » > g 578 i 4 3Ejcd 44 T2 HE |
F - BIe g L S AR Y R SN 2 TR RS

M e &= gl o Hassett v Zak (2005) 3% 41 L35 4k @ ehjics F

|
F_k

12



AHFELFESE A AER DR R M AR S A2
EontR  HABRALIEFRE DT N2 S ARSI ERR

# Z(Chatterjee et al., 2008) -

D AE TSR RN & SRR R st

2 7 o PofHREr 5 15 (Maassen et al., 2006) » 2 it HH R B

PR F ot T A FanF i S RE Blde BN ke

FeAt % +R(Eucalyptus marginata) (Cookson et al., 2008) 7 Ft i L = 18

£ 7 (Grayston and Renneberg, 2006) s & {5 » 2 HEpcd 3% k %

4 72 2% (community level physiological profiles, CLPP) %f ¥ :x % o

Humg? s g2t 4 Fai 2 3 et

(Maassen et al., 2006) ~ 4 3 & FF#H RS ’}# (Houston et al., 1998) %

Bi%a "o 7 2+ (Hannametal., 2006) & &8 ¥ 258 - F L 40 > 4 F

A s BEF T S A e auk g A I TR L

R e Fo 3RS 4 dE 48 ¥(Siira-Pietikdinen et al., 2001) - & it

s

Faro A PR T A 4 ik BREE - REF O H RFIT R
LT B 3 A SRDRE FF R A R
ERRCLARE A

RIp ep REFEFOIEMA T 0 MR o &:m?)}?cﬁx
= 2 % (Yang et al., 2003 ; Yang et al., 2006 ; Cho et al., 2008 ; Lin et al.,
2010b) o 85 4 e7 5 444842 (Tsuga chinensis) ~ 2 17 (Picea Morrisoni-
cola) -~ % . & # (Yushania niitakayamensis)¥? % .1 = (Miscanthus
transmorrisonensis) ¥ i > § RAF FE ]~ B B RAE R F A
A FF FEABMASE 2 BRI P EEOFTSERH U &

¥R ek iw sk (Yang et al., 2003 5 Yang et al., 2006 ; Cho et al.,

13



2008) o i Ay WArpcd PoEF A IR AN e d R 0 2R
TR R R EHER LI g BT ERR Y

é% REOMA S REH IR AT ERF AL AR AT
LET RS SoEEE M2 EBP R T AT S X R
B PR E B RO RS T M

Cho % % (2008)F]* A F]iE 78 &3 7 5 vv e 2 > BT 7 5588 4o

¥R 2Eap: FEF SR %2 F T (Proteobacteria) i 44% £ ik
5 7 F* (Acidobacteria) i+ 33% & B4 2 F#F o Lin % 4 (2010)F7 3 ¥
e B R B AR E AR B anpcd RO R FF - i ?ﬁf'al;’i’}:‘f-&*
7 I* (Firmicutes) 5 4t 4 #5# > % % £ Cho ¥ £ (2008)4p 02 5 # i
FRERIEMAF SHREFI T HERIE T REEHRIEDELAL

BTG AR Tl N R A L ES AHRSEHRVER S {2

MTE;( °
AR LA ‘ﬁ%% B P R R R ﬁ&gi
WA AL A R HE F RS A B E O H L

¢Wﬁ¢?iﬁﬁﬁﬁﬂﬂiwﬁﬁ%£$ﬁﬁ%k’£¢?$§$ﬁv
778 #c(Tsai et al., 2009) - Lin & 4 (2010) &= B # ¥ 3 el ~ L %r
B Rleni %ﬁ (Chamaecyparis formosensis) £ & +p (Chamaecyparis
obtusa)iR £ A7 7 2 A P ER e S5 BT = B 2R a3 R
EARPRELE > LR E LB F o g K o
cAEE F MERIERAF T > SR BBEEAE R
(Yang et al., 2003 ; Yang et al., 2006 ; Cho etal., 2008 ) ¥ ¥ £ g & <
RIRAP A P H R S ﬁ.bi’ %3 9 it (Yang et al., 2003 ; Yang et al.,
2006; Cho et al., 2008 )12 2 7 = = A(Tsai et al., 2009 ; Lin et al., 2010a)
W2 P HRL BT B HFEL A I RIS P2 SRS i

14
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"

AS \/EZ[;L“E]FJ’/J

-

SE P i AR FL 0 R SRR SR S i R

Bt g 5 b B
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— NI b 43

B 40 (120°52° E, 23928 N) i i 2 LRI R BB 0 4448 & 4
312,000~2,950 m > T 3opp g R w75~91% £ TEFERZ9 5 ?
TR B 5 43~128 > Tt miE R L1l (3% 4 52005 £
£ /1 %+2,800~3,000 mm (Cho et al., 2008) o i & {54k 5 & L=
(Miscanthus transmorrisonensis) ~ 1 i 5 (Yushania niitakayamensis)
¥ ke 4 %2 45(Piceamorrisonicola) ~ - /%*4# 17 (Tsuga chinensis) (3
£ 4 52005) £ 5% - F(Pinustaiwanensis) s % s hikip o o s
Eda ik b L MBS FRE DA, 7 L5 F ARG
(BR27% > 2005) o A2 mME L > B4R R 2RI IR
(Yang et al., 2003, 2006) » % & 4 3E P A 3044 213 3 B % BRI

2 (EE A 2005)

% HRIE Tt s R A4 FRBL N (120°487 - 121°09°E, 23°28” -
23°55’N) - ;234 % & 43 1,250~1,500 = & > 2008 & e i § 22 &35
B A 0w G 3,851 F F & 193°C (P ? B F % BLP|EE http:/ www.cwb.
gov.tw/V6/index.htm) o 3% ® 2 H#rf A 1 fhenfdfi o ffid 78 28 » &
cEE AR R A e R - c H AR A B 40 £ 2 4 -
LA B 4 88 S HEBY W3 2005E8% 87 1261 255
A AT (B )30 2007 & 10 2325 Ry B 7L > gdeh
FedB A m A g 5 2 A~ 25% 50%ER 5 aJE (B - ) o i =
P 1000 R % T B 12 5L @G 689 1 5 25%8 5 R R
EREERR A EE "f 1/4 ¥tk > $® M 7 436~895 & ;
50%Fr B4 F 7 S 418~545 (I A& > B A M) o 12 B T
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HEXE > 513425 25HF Al e > 55 ® MG
BT s wH ) FOT KRR wHE o« FHRE DG
F 3 (block) ™ BB B - #HITH3 BHET FL - BHREH = 21
e BERECFBEELS Z3IAAIL N o TR DAL 20 2 4

bR A ”‘ffv’ﬂl’“*f»ﬁFuiﬁﬁ—E ?x—_ﬁlﬁ: (a,\,_-;—_”@‘

Tt 5 B eI B IR Bt KR A R E R 121
2123 HRFTo A 34 F B 43 1800~2000 2 & > 3 B 20~25°( E £ >
2007)°2008 # chE i § 2 E35F o W 5 2477 2 12.0°C (£ 7 #
% BLP| =E © http//www.cwb.govitw) T R p 1975 & B 4nfi e o %ﬁ
(Chamaecyparis formosensis) » >t +k 4 7 & B F % gn 35 (5% > 3% 2003
EEV BRI AARENEL O FOE f::%g 2R X5 900-1800 % o
2004 EFwF PR RS ITE o X4 2 A S AT £ Rm S

& 0 E T K 825 %ﬁf‘c_%ﬁ v R A5%B BREBE Y BREBE 2B IRT Y
1000 ’]‘%:‘J_’Fﬁ v R 35%B BREBE R A S a0 F OE R
F 1 1800 PRz 4g (Hh % > 2007) o R $R 8 % 5 0 55 B AL 4 1
b S ER BT BB ERRFR R VR S5 e B E(R

S TR E L HEBER
EEEE 4o

B 2007 # 7 7% 3 2008 # 3 7 i2{7- EhE EEEE o A0 AR
B R~ 24 B8 - ERAREZ )R B ERE N E R
frz Bk A B E = BERRE  F BHRBEARIET 50 2
© o F FEIRIEA GHRPZ B2 A A 0 AL(0~10cm) ~ A2 (10

17



~20 cm)# A3 (20~30 cm) ©

A R

SE3 2008 £ 132287 5 AEB 1 EHRTEY ER] B
22020 2% R TF O EBLRRP FFHIF4BE S 10x10
DI HF NI ETRT U SEERL AW E0~]15 DA FEDE S
PLE15~30 A TR o s u4BA I HRASHAERL N R
Feolp PHEE AN TR REHA P EFSRIE  FPE - %
ﬁ~%&£T¢M§$4ﬁ%iﬁT%iﬁiﬁéiﬁ&°

TR R A AR B S Al 3T 2008 & 10 0 B e

BFHRE? O A2 Rm SRR ORE o EBZ BEEH 30 > 0t
B S 2020 2R HEE O EBLHEENZFH S4B H G
1010 28 S HF > LEHEREY L EELRET ) 25 0~15 2
BREE o R uE A BEA I FASHARLEAL I RTOFBER
FOIOBREIEA c A - FenBE P2 ™3 12B A HRAiE
R

* 2 lshle i 4 TR 52008 & 10 7 BRI R A - R
FEPZ BEEHE 30 % 0 o m A 2020 R G R FH 0 TR B
FHRMEFH S4B HF 5 1010 2 R F o NI ERT AR
BeO~15 A A S AuBABEA IR AEHARS ALK
FoFBHRFTFIPREIEEA T L ILTF 12B AL A
o AT o

18



s EEARILE RS

1N

o Fwr gz I EHEAEFHEH100g> Y 2 mm 3T
B MBS A XA o N Tk b4 T
(community-level-physiological-profile, CLPP) 4 47 14 3 & & % 15 3
4oCT iy » ¥ = B R A AT ¥ - 2R AR FF30-20°0C >
T 5 M4 R 5% 7 A (denaturing gradient gel electrophoresis, DGGE)
AT 5 A48 0 RN = = 3 3 DNA ehE B o

B A bR
IR RN RS R S SE

#-10 g 8 & 3 4 »90ml © i FA0.1% K R o @
*ORE IR B R £ 353 okt - B R R 0.1% k3 A
Brerd FrrlfFd eqx BFRHAR kR Ry BiR s
23 > ¥ EFRE X (R 1998) -

B TR RE e RRF S L F A F R
FAR LRSI R FOrEEE c Fr g %f};ﬂ‘ e 500 pl
hd FAHRIR e R FHRIET @ % FO L A K2 R
RETREAR P BEESS HENQSEIOBEHPMEE o 5 B
BRHRHFPIBIERARGEF > I HEKRALYG 3 EFo Ft -
BHFDEFEL O o

A wliE & fq3 & A(Cho etal., 2008)33 & M 7] > 4o 107 ¢
10° iR s Beend MR ITR > B & - ¥ 3 B By BEA
(starch-casein medium)32 % *< 4 Fj(Mackay, 1977) » i * 10° & 10™ i
B A B S o % 3T i3 542 % A(Cho et al., 2008)
BEAIF Y 1072 107 g8 5T 2 kRt AR

19



"4 Mandels-Reese #; % #A(Cho etal., 2008)33 % > #& * 10”2 10™
MRl BE5 - XS 0.1% K% ‘=(congored) » - #icA & A F 4

G2 FUE B FF F)4 & ¥ H P53 & A (Johnson and Curl, 1972)
BARY 1072 10" e 5% 2 eI ERL AL A
FiE B o BAHA Y AT - BB A H R 4T3 % A3 % (Chuang et al.,

2007) 0 & * 10°% 107" s B AT X S kA2 FHERL o
Fle 2 A e A AR Ll ot AR s o

2. ifgg*g:iﬂﬁg_ it $e 25 2E 7 ?J-_;Ef;’%;é":
FEPiE e N 10g 170 iz EE A BGLF

-
B
7 -k % (Giai and Boerner, 2007) - B| &

jur

£ 23 %) Bt irE ]

gk P NP EEGE MG ks FoREE
TEZKF=W-D/W
+ 3E R £ (soil wet weight)

2 3 37 £ (soil dry weight)

=N/0.5C (1- M)

i

I
By
o)

N
)4
e
(w

=
(S
¥
g

N T4 % A} 7% #ik(number of colony)
C : ### Ik & (concentration)
M : 3 3 7 -k & (soil moisture)

T~ FiT K %2 323k (community level physiological profiles, CLPP)

a
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#7% & 54 323 12 Biolog GN2 ## # (GN2 MicroPlate™, Biolog,
i°i£ﬁ%ﬁﬁ@%ﬁ%\

FUECEHETR ad B P E S Ao

Inc., USA)}F 95 Fapk ik (Fid = )iE (7 B

¥

a9\

1.2~ 10 g 7@ 4 3 ~ 3 g =@ 35 7k (glass beads, 3 mm) > 4c » %
7 90ml & F2 IS BoRPUEAHELT o

2,02 140 rpm ik B B F - 0] BE{S > B30 ml e A PRk E R 1Y
700 g =uE R AL 10 A48 0 MUK e EERE o

3PNty fFRLIFR .

4R E D Oeom EISn@ AR A ¢ 0 N N S E g
% GN2 MicroPlate™ + » & i 3% jf 484 % 150 pl -

5.8 25 Tii7F B fI* Microstation ID System(Biolog, USA)

Bl EEEEE B 5% 0 2590nm A& T R TiE o

Ao R AERSEAS T
43 DNA ¥ B2 2
2 PowerSoil™ DNA Isolation Kit (MO BIO Laboratories, Inc., USA)
EFE1EFAMDODNA $F R * I 5 3 F 4T
1. f#B~0.25 g g éF 4 3 > 4c » PowerBead ¢ + ¢ > BfrR T
R AR A o
2. 452 0 pICl BT duf s T8 > Bp I N RTEFIRD
B BIF10 A4 it -
3. 3070 fF* 10 A48 o
4. &+ 1110,000 g s 30 F) 0 RBRIFRAH L I0E D LS ml Hres

?\:Il o
5.4 2250l C2 3R tEBTSH B~ 4 RiaSadso



6. F + & 10,000 91 4 4 > 39 B~ 600 pul +iFi% I §2i% < 1.5ml

7.4~ 200l C3 3 R4 ERF - 5~ 4 /kiss5 Ao

8. 1110,000 g #1445 > B 750 pl i A 3 R K B2
ml g g o HF S8 P i AR

9. 4 » 1200l C4 i3 %S RF SH > #H R LIS o

10. %P~ 675 pl 8 & i% 3 spin filter {5 4~ 10,000 g1 4~ 46 - # 4 %

NS
T

11, #4 5c » 675 pl 5% 5% 3 spin filter 73 3w 10,0009 1 4 45 >
Fi% AR e » FlAp el 5k I ospin filter £ 2 10,000 g &t
12, 4 > 500 pl C5 ;% 7% £ dr.w 12 10,000 g & 30 F5 %Mr‘ Ak e
# =+ 110,000 g 3< 1 4 48 spin filter -] = B > R7e02 ml 3o
B ELRIIERRADCS B
13. 4c >~ 100 pl & fF-k ** spin filter e384 5 F > #-DNA 3 4 > 1
10,000 g 4~ 30 £ © & {2 # % spin filter - DNA 75 +-20
rkda e
57 K4 DNA cnE B8 > & 2 iF beads 2 2 % » =B bm 72
REch SRS > B4 70 8 10 A dReh 38 o 4 0.8%3 % A
(agarose, A H A P PE LG R > 23 - #* 05X TAE
buffer- 2 100V 7 B 7 A 30 4 450 F2: DNA 2 & T 4% 1,000-bp ~
+ £ -t (marker, 4 B3F2 PP HLG G AP o D) P
&+ %] & Ethidium bromide (EtBr, Sigma, USA) %4 ¢ {5 » & UV
kT B AREdE o F Bt 3 DNA %75 30-80 ko
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2. REmpRdgF &
HEAAWUIEY wFHD16SRNA A F > E* 313 341f-GC
(5’-CGC CCG CCG CaL ccecaea eccecarecea cecceca
CCC-CCT ACG GGA GGCAGCAG-3") 2 907r (5°-CCG TCA ATT

CCTTTR AGT TT -3°) (F* #74 = L4 = & & =) (Li et al., 2009)3% 3
V3-V5 %% > “7j& PCR &4 i~ DGGE 4 17 - 1345 Li % 4 (2009)
DGGE 4 47 2 t%’;j@m?ﬁ 16STRNA R F1 2 %3¢ $ L » 2% 87 V3-V5
BrAcH @ R RFOIEITR > E S PR AT o & 100 pl
PCR ¥ J&*® % 513+ 100 nM > 1.5 mM MgCl, > 4 U Taqg DNA Polymerase
(MBI Fermentas, USA) » 100 nM dNTPs (4 i+ # 2 H» F 5035 A

-

? o e )2 10 B AR O DNA4 ul e & g & if 2407 - DNA
£ 04°C T Hho H - BUEIRIEY 542 (55 BER 1 A4 55°C
TEIFMAE ] A4E072°C TaEN ] A 4E0IEH 35 Tﬁ?ﬁfﬁ’&%é & 72°C
TR ORI Ak B 1.2% 3 A B 5SulPCR A4 012 100V T
JRF 30 A 480 AEin PCR A 4+ 2 B 4% 100-bp A + B 4&# (marker,
A EEFASFPERFF AT 58 A os 3 400 8 EtBr
¢ s UV BT RIpIE o

3. PCR & 4 ik S5(FpH k)
#-70 L PCR & 4~ > 40 » = B4 95%:FpH 210 ul 7 » 12 14,000
g R - A dmo EH L FRE O B ARAEFSR T 4 r 20
I # F kw3t #330-200C < k% 450 PCR A 47 24 /] PGB fT
FHH R T AL YT

4. RN R AT A

# % 6% [ % fie"% (acrylamide, Bio-Rad Laboratories, USA) %
23



Ry SE T fjc,% (urea, Bio-Rad Laboratories, USA)¥  figt« (formaide,
Invitrogen, USA) i & it 5 124 » % 1247 & # K] 30-50% & {7 & i o
PCR A 4 £ 60°C ™ » 17 100 R4 T R 7 12 -] PF T A& o %48 & EtBr
A4 15 A ATs 0 IS Zokd 30 Ak 5t UV kT Ripzskko @
Quantity One "} %8 4 47 #ir #2 (Bio-Rad Laboratories, USA) 1% 2. DGGE

l'+ :r% i ’ ,f‘:‘;‘_“‘ }"f 54 l'+:r!i? %C;ﬁ%\ffﬂ’%\'ﬂ:’xi*&} 19 fu;‘l'&\’f"/r °

e G aPE -

d TR pitaycd %8 # % SAS St B (SAS
Institute Inc., 2004) 4 47 » & #Ip 224 b4 F > PG HEE TSP & F
WAkt E_o ¥ A T oonlicdp 1 % R i~ 47 (analysis of variance,
ANOVA) & RIHEAL 22 5 5 BJZ R £ B > 12 Duncan’s multiple range test
A AR R ER LR FHAAT A BRI R A
-1 = N E %% R fies 17 (Kruskal-Wallis rank sum test):E {7 #&

Z_> & % Wilcoxonrank sumtest:i& 7o @ v fi » T 2L R o

DGGE ¥ Biolog #c5 /4 Primer v5 4t3* #it #8 (Clarke and Warwick,
2001)%4 7 » 3+ 5 $% * & ¢ Bray-Curtis 48 #2 & > 2 non-metric multi-
dimensional scaling (MDS) 2D [] 2} & 71 & & B ehlm 3% o & 3%
R a4 TR R L R 0 I * 4R 0 & 4 47 (analysis of similarity, ANOSIM)
el LR o ApiR A 4702 Global Bl ry ew LR EFHF
B i (pairwise) s B iR EF AR o HP REALZ 2T LR

s BB K A0~ 2B EARL AT R L RARL

35 DGGE % F &3 % & 24 123 o0 Shannon % % PE

(Shannon and Weaver, 1949)¢2 3% 7 & s 4 32 23 ¢ average well color

development (AWCD)(Garland and Mills, 1991) = Shannon % & {4 #&c
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R S EErE SRRV SRS S R S TR
Fo—3 = N E %R s 7(K-W test)it 7 ¥ 2o DGGE i ¥ #ice?
AWCD #3535 ¥ A % H 515 %2 s 4746 a5 gl
FE3HFLD BB EAFAEPIRY -1 - LS B R rie
A

Bt R 2R RS Tl BRI R AR
(multiple-regression) ™ i # RI¥T i 2 4 53 £ 0% R TR F ok

BFF o BBEFF I IRIKF -pHE - FHFIE 25 &

WE G R R AP AR AP AT
IEEFFREGEDP 0 AP L8y B EES GRS AT A
CIEREUTRY ¥ L URERS T PRy RN
1% R S 40kl i Af it (multiple-regression) > 2 & R $Hc 2 4+ %3
RRAMFORATT c HRRFS D 2ok pHE 4
FZE 2% “APF AP TR AP 2TFORPP R
A F By) - ARA AT o 1€ * iR I 3§ 2 (stepwise) P iE TE)E%)?. B %
Be o E P AIC B B (e3¢ (model) ¥ 5 i JF 03] £ £ATR 7 - &
A GF AT 0 45 T R B F (p<0.05)eF] S o F (kdi(coeffieient) 5
BE o AT ERE(ARS SRR F ) D APM o Rl
BRI AR c AR LB OA TR T HEERT LR FAL
P A AT RS Ay SRR I B

FREHAN A N EBRE AN PRSP R
AR EPE<OOSALZ L B R F oMW AR A 477 = e b enfff
By Rt EFLE A3 P50 iRd N Adc] ol B

PE<0.05> FIrRX ETA A enp <012 EZBHEFE -
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i
o

- AP R LM F g

AR AR S L P RO F SRR 2 BT R
#1212 - ErfeiriihamE s E RS = B sHE
(FZ) gahah i A F - RBFEZ B LH®ID) 4
R i

“ZF

o

7 EALAR 2 R FF L F SRS T R AT M
Flci s 543 FRF SEBU - ZVE - ERHREAT ST &K
Fm il ik ReoFp Rkt TRE 513 FRE -

LR et Mwm R F 5 F 7 1.9+1.1x107 CFU/g dry
soil (ANOVA, p<0.001) » 485+ Fjdicd < 1.7£1.1x10° o 445k e fe 5
ek F F 1.1£1.0x10" CFU/g dry soil » 2 4+ = » ¥ ' e
B % 0.7+1.0x10° CFU/g dry soil (ANOVA, p<0.01)- * % > = 25
BBt BopFlc EHRAARAREFLR cFHA T PR
Flca P &% > = 30 3 hToF i » 7.8£3.4x10~1.9+
1.1x10° CFU/g dry soil » & & ~ 4t ~ 24582 = £ 1 8 wFliceh
it £ 4 * 10°~10" CFU/g dry soil °

*;z@\ﬁ

BAFEHIPE T R PR Az BB AT E Y hl M Fk
BERE > T % 7.9+53%x10° CFU/g dry soil (Kruskal-Wallis test,
p<0.05) > * % 6.8+3.9x10° CFU/g dry soil (ANOVA, p<0.001) » % %
6.3+4.1x10° CFU/g dry soil (ANOVA, p<0.001) » ¥ & ~ 24, ~ = £
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B AT R E FEc et T 0B R 4.943.8x10°~5.8+4.5%10°
CFU/g dry soil » Z 47 +k ] #ic28 F = M (ANOVA, p<0.001) » & % x4 7
Hod S [ 4t 2.941.7%10°~6.8+5.5x10° CFU/g dry soil ©

i

7]
TRED P ANE SS9 X RARTEF
Bb Mo A FER BUHRAENE S TER - 248 Edra
BRERK 4 A ERF PR BT RGBT A g i
PRk 8 o § & I HhenE ek $ 8.0+8.5x10* CFU/g dry soil » 2
5+ & 14 1.2£0.5x10° CFU/g dry soil (ANOVA, p<0.001) « # % P45 45

1@\- E\'
3

B Fj#ich % 1.8+1.4x10° CFU/g dry soil » & J # % 2.144.5%10°
CFU/g dry soil (ANOVA, p<0.001) = % % prdfits e B F#kc 1.8£1.3x10°
CFU/g dry soil » % ¥ & *t 2 & w & +:4p (ANOVA, p<0.05) - % % 451~
HEfEos 3w e ik - Eh AR L LB AEHF
T A At TR E BTG R DT Fc e

BEF A fRE
¥R ZH8 - Ehhesiiad AR el 3 Ele o

FRESGU AAETFARES 208 ERR A TP REkE TE

ARSI F S RN IR E L REE S Xk S ER R
{4 thehgh % A % i 2.5£1.4x10° CFU/g dry soil (ANOVA,
p<0.001) > BEF B>+ ¥ *hHkdp2 ¥ > A 5 4 10°~10" CFU/g
dry soil © # & cdfits Hegh B E A 7 F#ic 2.9+1.6 x10° CFU/g dry soil »
WENET R ZPE-ERRRREM tH LR Y 2 o A
WEXRORAFLAERAEL FFART 2HF 81 fEh 3

2.2+1.5x10° CFU/g dry soil » #r45 4k H = 1.6+1.7x10° CFU/g dry soil >
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R ek 4 [ 6.6£8.9x10° CFU/g dry soil © % & priirs thengh a2
& % Ffick § 2.2+1.4x10° CFU/g dry soil » = # 4 e 4
2.8+4.0x10° CFU/gdry soil » v % Z ka4 & f2 F#ic T Biiip

aE¥FLE o

HE 7
T RE FEc A E B i K & 2.0:1.8x10% CFU/g dry
soil = + 4P HF HEAMN 3 TR K2 PFTEPA T S

F§ F#cT 9 1.551.2x10° CFU/g dry soil ; = #4r % T &3 >
FeE B PR S A EEBRR o F T T Ee L %
EF Al W R B R o B B L LB TR REF o A
FMHZ2153 BB HHEF Fk 1.5£2.0x10° CFU/g dry soil » ¥ f s
i 8 2.041.9x10* CFU/g dry soil (ANOVA, p<0.001) - * % pF = ¥ 4>e
F§ Fj#ci B 7.944.7x10° CFU/g dry soil » 4517t F#ics i< 2.2+1.6
x10° CFU/g dry soil (ANOVA, p<0.001) - B4 % > FF gt %
it F R FHRERS o

VB R A

FREBUNRDZHARLEL ZEM F TE53 5 ZHUHAET
FlBcd 0 et RF S S BRI RS FERK T F
2.3+1.2x10° CFU/g dry soil » # % 3.5x10° CFU/g dry soil * * % % %
1.1£1.2x10° CFU/g dry soil ; #r3HRip B F#c T T 5 5 5. F o
T 3 el ks Ak ok B 3.0£2.7x10° CFU/g dry soil » = # to e ®
B0 88 2.3£1.2x10° CFU/g dry soil ; # % F¥aBi1i+kF 5B 03 B
#c 1.843.5x10° CFU/g dry soil» = # +» Fficiz A & 140 £ § 3.5£3.6x10°

CFU/gdrysoil ; * F 82 - FR 3 piAlics § 0 A ) 5 rds
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1.3+0.9x10° CFU/g dry soil = ¥ > 1.1£1.2x10° CFU/g dry soil * ¥ & #
fiedi i€ 3.244.3x10°CFU/g dry soil » fe gt = Zerdkip BF L B # 7 &g

¥ o % F et BE F 0p ) #k 3.0£2.6x10° CFU/g dry
soil(ANOVA, p<0.05) -

:‘lkﬁw?ii%@ﬁﬁﬁ%ﬁi“@

PRSI B D EPRTRE A2 LA TR 3
AR R A GRG0l A LR E - AR Y B e AEE 2 (R
AN BREAS A EARNE o AET LS PEHY (A-)
(Global R=0.738, p<0.001)» %= f4n B 4 2" chim B3 55 i & % 40}
BELR(<O.1) ©F g EBU R T RE - gL 2
LR AR pfgth o 2 it AEE e S LR AEHTF

F#-MDS B, ¢~ iR REEEE S~ < R LB A SR ek 18
B AR (R ~) 0 RIARR A 45 % % 7 4p ) £ B B ¥ (Global R=0.726,
p<0.001) > * pairwise test 55 % &1 = B3 LT gpt B 2 3w AF R
B3 ¥ 42 (p<0.001 in each pair)(% = ) °

RLY AR R A e 23 J e Shannon § 4R 2.4 #e(2
Z) NEZ AR R R S AR 0 B EBHR o 11‘%
I HREER N e AR RLBEY o

SRR R et T2 LR

Wi s R Jrﬁtv}% L1 AR E A R s A 1 HeEk R
* > MDS B2 887 2 A RBR Y £ kBB ATAGR A BB
b= AZ(B] ) o A 00R A Hidn i R D HRE ERAUR I G
¥ 1 $ (Global R=0.302, p<0.001) -
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DI R SRR el [ 3 - - O

ﬂﬁ%%ﬁﬁﬁﬁﬁ—\:E’Kﬂaﬁﬁﬁﬁﬁagi%ﬂ%

2 pREOESERCRL) B AT E S A0T

sm;ﬁ

ritkom B (s X & p o 5 AdR i % w AR F B il
FAmBUus 2B IR USS - ET PP AT AT LR .
2008 £ % % A iR end 3w ] F R B 4 2 3.9x10°~2.3x10
CFU/g dry soil > 25%2% 50%g: 5 # % e72 Hwm AEAE F 3 4l
# % (ANOVA, p<0.01) » 50%#x 5 # % 2 # chim i s 1.420.3x10’
CFU/g dry soil » 25%#s 5 & % 1.2£0.4x10" CFU/g dry soil » $74] & #&
% 7.843.5%x10° CFU/g dry soil » fe & 4 22 T & 1 ¥ el B dic £ B

F B % 22008 & & % 4 [ 4 >t 3.2x10°~5.5x10’CFU/g dry soil» 2008
£ F#F A 41x10°~3.4x10" CFU/g dry soil » &% § & Fgn 5 2%
BB e s P HEF o aa Tl FHRATHEFREHERD
mEF AT G R e R R B o B R - £ 5> 2009 £ & ¥
1 R & chim F# 4 T 2.3%10°~1.6x10° CFU/g dry soil » g5 5 2 I

BAHF - ZOMEEREFHET > FTIEOT Do -

’}‘;;4,51\?‘]'

TRF MBS EY R TR G B HIARFAEEE R
BF R 22008 & 4 F 1 HOCRE AR R AT 1.9%10°~1.5%10°
CFU/g dry soil * % % # [ /i ** 2.1x10°~1.7x10° CFU/g dry soil » § %
# [ 11 % 1.2x10°~3.0x10° CFU/g dry soil » g2 5 15 % = & > 2009 & §
% 1 R FF N T 1.2x10°~2.9x10°CFU/g dry soil B - § 3 1 3%
IR F R E LS F o
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B AR Fethan S 2 BRAARKEAFF R LA Rk
B it PALE > Lok R (plot I~5and 12) 4 3%
RE F#kr F T 5 1.2£0.6x10° CFU/g dry soil » % ** 4 & B ehik
(plot 6~11) » #* & L 4R F#cT 42 6.243.9x10° CFU/g dry soil(# -+

— ) o

5 5]
BERBE S - EDREET o mB AR BN SRR
E ﬁﬂﬁtf?%r’g 4] 2 (ANOVA, p<0.05) > g3 fe % 4 B 2 11 {s

hE &R0 & *"ff:"]ﬁxﬁ R EAF AR 22008 £ 4 K AT
5.8x10*~4.6x10° CFU/g dry soil & #65 & 5 5 1% % 2 7 Fj#c % >t 2241
foo e TE AN FE R E(ANOVA, p=0.07) - % 2 2 FF ¥ 3
3Tk 2 (ANOVA, p<0.01) * % % §# B 4 ** 1.5x10°~3.4x10° CFU/g
dry soil B » gt 5 4% % B B F#A ¥ % 2T 4241 2(ANOVA, p<0.05) » 2
K450 3 BT P F (ANOVA,p<0.05)» £ 2 3T k1 o 4 %

7 F F# St 1.1~6.3x10°CFU/gdry soil F » gr s 8 %= & % %
2.2x10*~3.4x10°CFU/g dry soil » % % 2.2x10°~8.7x10° CFU/g dry
soil » § ¥ # [l 4 %t 6.5x10°~2.6x10°CFU/g dry soil > iz w B % &
IHEFE AT B IE R E Ak EREF AR -

HE 7

frdshan 52 2 K Y AT FFRCRE N F R 0 2008 £ % £
# [ 11 %% 3.4x10°~6.1 x10° CFU/g dry soil » % % 6.7 x10°~2.3x10’
CFU/g dry soil » & % 3.7 x10°~2.3 x10’ CFU/g dry soil - 2009 # § %
8.1x10°~1.1 x10'CFU/g dry soil * % X chH § FE#ks > 1 T4 §

Fend EHE AL AT LR > 2008 & T F FFES T 2009 & o
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FRESITSERT > 2R AY FREkaEFTE -

3:&

AR
p

]

B F A A Y R B BB A0 100~
10° CFU/g dry soil - % B s 7 % &r > s 52 2 R 850 3 B A
BB A 2 B E 2 2008 # % % F 4> 1.1x10%~3.3x10° CFU/g dry
soil » % % 2.7x10*~8.4x10° CFU/g dry soil » & % 2.8x10°~2.1x10°

CFU/g dry soil - 2009 & & % 4.6x10°~1.7x10°CFU/g dry soil > % %3

B A B

EXS W ed
Priifkam B e 5 - EP P FA LRSS TR MR F AR AR
ARAREFE N ERFT  LLEB AT Sy ER AR
RIS I 0 2008 £ £ F R AF A FECR B 4 2.0x10°~
4.9x10°CFU/g dry soil * % % 3.6x10*~6.6x10°CFU/g dry soil » & %
4.1x10*~4.8x10° CFU/g dry soil » # ¥ 5 5t % & fi2 [ fj#icd < > 7]
i % 1.1x10*~6.3x10* CFU/g dry soil B - g8 {5 % = & > 2009 & %
ke 4 % F F 8k 2.2x10*~3.4x10° CFU/g dry soil » % % 2.2x10°

~8.7x10° CFU/g dry soil > & % 2.5x10°~1.5x10°CFU/g dry soil o + 2%

—mbe

PALEEY I RENRAF L BRARNKOPEEAEE L
22008 £ L F e P AFIR AL LG RF PR E L REFEk

EANEE P R
HwE s RS AAE A BHARRS I BB
(mutiple-regression) 4 7 (& 2 ) » g% 87 o F A #cE 2 EY G opE

(coefficient=1.32x107, p<0.05) ~ -k ;% {#%(coefficient=3.14x107,
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p<0.001) ~ + # = v £ (coefficient=1.96x107, p<0.01)% * 3 ;&R
(coefficient=3.57x107, p<0.05)% R ¥ L 4p M » w2 4 Fak 4 B ¥ £ 4p
B (coefficient=-3.08x10", p<0.05) » 4F it §F #3% 7 R* =0.807 > Adjusted
R*=0.665 - & FFj#cer 3 8 F 7 £ (coefficient=1.92x10°, p<0.001) ~ 4
&% fs & 1 (coefficient=1.20x10°, p<0.05)F AT ¥ & 49 b > 47 7 HC5
i i fFHC 49 R =0.801 > Adjusted R® =0.713 « 4k ‘@ % 4 fi2 527 3
3# pH(coefficient=3.73x10°, p<0.001)~73 # % 7z € (c:oefﬁc:ient=2.80><105 ,
p<0.01) ~ } »<@i(coefficient=1.86x10°, p<0.01) ~ -k i 2%
(coefficient=1.59x10°, p<0.05) ~ fi& {+ 4% #5 fi* (coefficient=,1.82x10°
p<0.05) ~ # ¥ (coefﬁcient=1.64><105, p<0.05) ~ * ;& (coefficient=
1.81x10°, p<0.05) % i 4 B > R?=0.865 > Adjusted R* =0.707 -
2 B EEE B
AP A AR B e F - 2 E 2 R wFPR B RBHT A
B2 (B L = ) & % %857 2008 & 10 * (Global R=0.374, p<0.001)~2009
# 1 7 (Global R=0.779, p<0.001)¥2 2009 # 3 * (Global R=10.557,
p<0.001):h 2 3 ‘m B 58 = B0 5 AL 0t £ B % B¢ % (p<0.001,
in each pair) (% 7 ) > MDS B3} } 1o BdZ etk & & p H R - 42(F
L =)o 2 22009 & 8 % ¥2 2009 & 10 * ik A PR BT A
AR BRI FFE I e Bl e ¥ L £ (Global R=
0.028, p>0.05 in Aug-09 ;: Global R=0.008, p>0.05 in Oct-09) > MDS
B2t e A A RB S AL E a ER L - (B =)o
Qﬁ%i&hﬁAJ%ﬁﬁﬁﬁmﬁﬁiﬁﬁﬁﬁ%ﬁﬁaﬁ
MR ARFR ) B5MT ARG A fen 5B AJL thin FH
B H e F ¥ £ £ (Global R=0.486, p<0.05) (% = ~ B+ 1) 4
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BB Fr ) A w8 35%(R=778, p<0.1) ~ 45%(R=963, p<0.1)#x 5 A2
AP ERF > 35% 45%3 B R S chmp R e B EF LR
(R=-0.167, p>0.05) ©

IR BT AR F Be(F - )& H 9 éh Shannon § 144, i
FET AR THER(E N B s H - ~ 2 & 5> 2008 F 10 * ek A
Mt BeFpnd @ RS gl F LR 8
ANOVA, p<0.001 ; Shannon 45 # : K-W test, p<0.001) » 50%#r & a2
5 B R R S B R F B T 25% 8 AI(p<0.05) » e 50%g: 5
ol syt e LB ARE 22009 & 1" BA LS AT S M
BT - EApi o g AJTRY £ B A F(IES #ic 1 ANOVA,
p<0.05 ; Shannon 5 # : K-W test, p<0.01) » I 4 12 50%3x & a2 £ %
Pl be B B F 30 25%s5 5 AL (p<0.05) > eirdlie s @ S Ban s
R A R AR F 2009 &3 AP A S AT LR
¥ (%% #ic 1 ANOVA, p<0.05 ; Shannon 4p #ic : K-W test, p<0.05) » 25%
BB RIL R T 0 5 B R & 50%sn 5 AR A F B iRl e
(p<0.05) > 2009 & 8 * 222009 & 10 * $h * L S AT S KL A M
FAR p S BTl eif Ikl B SR G = ST

Fritayid -

SRS B B L E

WMEEE SO LIRS LR S FRERSEL G TR

[e]

o AR B A R BEE S AT A B AN A 45 o Bk 8
6> "HIRMDS B frRBRERESLAFR L) 2%
#] %2 (Global R= 0.693, p<0.001) ~ 25% #: i (Global R= 0.653, p<0.001)

& §_50%35 5 A2 (Global R= 0.735, p<0.001) sk & » % b % & ¢
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BwpHReh 1 EEFLEGEL -+ -)  FHgaa R
Ry e FEE A7 B R SR R F £ R (p<0.001) -
N B EERE e B B

ARARE RS fiSe REr B B gl ot pEE A B2 L
HIRHFLE O BRAMDSRBA L L Lk A FT P (R
SN e RAFERE B % - £ 2008 £ 10 F 22
PR i ®m - & 2009 & 8V fhAEREA AR HDEIEFALR
(Global R=0.065, p<0.01 in Oct 2008 ; Global R=0.069, p<0.01 in Aug
2009) (% Lz )eEB i d - EoIrFle R H OERA K2 T E 50%
PSR E LR K F(P<0.01) 0 25%2 50%F S AL T L R ERITH Y
(p=0.052) > ¥4l %e 5 % 2 25%Fr B e B A R 7 2 P A o g 318 % =
£ 25%n B R B B A A 123 A B 50%5 B ad2 (p<0.01)
1R e % (P<0.05)F B F A B (Friithd Bk FEE R B
WL T ) BB E &S T Ly 43k ikt P
A a2 BT 7 R 3 el £ R & ¥ (Global R=0.342,
p<0.01) (% - = ~Bl+ 14 ¥4 2tk % & W& 35%5r 3 (p<0.01)fr 45%
PR RJL(p<0.05)F ZE2HF S AR AL A F LR (‘f‘a;fﬁ
A A TR A TR LR ) o

¥riZ R = %ﬁ A fhn 555 B & 4] AWCD £ Shannon # it
5 ¥ EREE BEFLR - HEA 52 235 AWCD £ Shannon $
Phdcapriikams e s - #(E L) BB JZRF EFLE
(AWCD : p<0.01, Shannon index : p<0.05) > 12 50%Fc S & ¥ 5§ » 2
A 25%Fn B edT o e 25%Fn B B AR L R AR F o R (S % =

& T 3ok B 22 Shannon § Hhitdpdic( e ) A S AJZR LR K
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% (AWCD : p<0.01, Shannon index : p<0.05) » AWCD 12 25%g: i & %
BB HSH 50%F 5 EIE 0 e 50%Er B irdle L B2 EE
Shannon % % {+dp 8t 25%n B AR F B ® > Al B F B M o B B 1S
e T Ly 4 Ho gl e h AWCD B ¥ R 3T 35%00 5 £ 45%

BB edZ(p<0.01) (£ + 7 ) =5 35% B > e faim B a2l &

A ¥ A & 5 Shannon % fki3dpdicy A grd] e g (p<0.05) - & fer &
R ERRaRFLR(ELT)
1~ FHBF)FERRFI 2 B

SR A G EEm S - B S ARk ERE Tl
oo i % B ot & Tween 40 ~ Adonitol ~ L-fructose ¥ D-raffinose ¥ &
1 B HEA F (p<0.001) - #itw AR S IRE F|S (PP 5 A
FAEG)EEAFRFAIT(F L2 ) Tweend0 X B2 2K FEHF
£ 4p B (coefficient=-0.888, p<0.05) » f= 5 ¥ & (coefficient=0.875,
p=0.063) ~ 4 H & (coefficient=0.417, p=0.079)F i 4p Bf ¥ HiThE ¥ -
LaEsF ey A AN o R R R F ??,E*“’Eﬁ’h—;\mR =0.665 £

Adjusted R? =0.474 - Adonitol ¥x & & £ 7 7k & (coefficient=-1.618,
p<0.01) ~ & #% ¥ (coefficient=-0.562, p<0.05)7 4 % f 4p B > 25 B F
(coefficient=1.177, p<0.05)~ 3% ¥ (coefficient=1.013, p<0.05)7F % ¥ & 4p
B 212 FTRREEG DR RE e 52 ATY o AF i fF S 1 R?=(0.881 ¢
Adjusted R*=0.781 - L-fructose v & i& &2 4 TE 3 FoL AP
(coefficient=0.625, p<0.05)> 22 & ¥ % & & ¥ { 49 M (coefficient=-0.483,
p<0.05) > &% % 7 & 4p B (coefticient=0.696, p=0.079) % 3 7 -k 5 5 §

=

48 B (coefficient=-0.776, p=0.060) » H Bf T ¥ » B2 § P 1 o
M e A OBTF o 47 RS ¢h RT=0.892 £ Adjusted R*=0.802 -
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D-raffinose v & B &7 5 % 5 & & ¥ i 4p M (coefficient=2.615,
p<0.05) » £ 7 -k F (coefficient=-1.758, p<0.05) ~ & ¥ % (coefficient=
-1.153,p<0.05) 5 B8 ¥ f 4P M > B2 pH~ 4 H§ 5 T ApR > 222 AL

TR ARM O B Gy AR AT FHOY 9 R =0.8000 Adjusted R’
=0.560 -

i Y3k (8 135 33 -4 15+ 0 Biolog AR Bicdy i (7 A oo vk k

B2 02 §F5F 5 B0 3 F sehwkii s o-cyclodextrin ~ Acetic acid
Formic acid ~ a-hydroxybutyric acid ~ a-ketobutyric acid ~ a-ketovaleric
acid ~ Bromosuccinic acid ~ L-alaninamide ~ glycyl-L-aspartic acid ~
glycyl-L-glutamic acid £ 2,3-butanediol ° = % i& | 3+ 0.5 fFaf 5 33 F
&k 3 0 Dextrin ~ Glycogen ~ I-erythritol ~ a-D-lactose ~ Lactulose ~
D-psicose ~ Succinic acid mono-methyl ester ~ Itaconic acid ~ Malonic
acid ~ Propionic acid ~ Succinic acid ~ Succinamic acid ~ Glucuronamide ~
D-alanine ~ L-leucine ~ L-ornithine ~ L-threonine ~ D,L-camitine ~ Inosine -
Uridine ~ Thymidine ~ Phenylethyl-amine ~ putrescine ~ 2-amino ethanol ~
D,L-a-glycerol phosphate ~ a-D-glucose-1-phosphate o &%= g ik 4 %] 2_
3R E 4 (polymer) » ik 2 I8F £ - fEAF 5 60% 5 4 fam ok it & 4
(carbohydrate) » f&a-K i* & 4= f855 1 14% 5 7 #8. %6 f Carboxylic acid
b2 A RE e 29% 5 7 #8v= Ak fa(amino acid) 5 ik Pk B A R 5 35%
1 #& fig %7 (ester) ; 3 #4fE =(amide) ; 3 f&"=4f (amine) °
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“«J» 7

- BB ERRIERAFEFE DTSR

AFETHERLE 4 S THEE L RS EHEF LT Rl
BERERE (BT ) 2RETITT ML Y > 0517 FF afes
Bitdth 52 Fad gt P2 FEF L T8N E
(Diaz-Ravina et al., 1995) » Z @1 "% 3 L X R cfpic 2 $ 2 & & E
FlokEE * % 8% % F(Lipson and Schmidt, 2004) o W $ = 3= 2. §
o BEEE AR A F B R 0 R FA AR R A A3 2,000-3,000
D2 HERRPL A A43~128°Co B F LT hiRF HhE R
%1 6.7~13,8°C 4pi7(Diaz-Ravifia et al., 1995)° j # L "% 3 o 5 £ %
LA 30-6~6°C B v f F MOATEIE A 0 27330 3,500 m B EEIE A 4PiT o
& FL7 B ¥ kw2 1 ¢ (Diaz-Raviha et al., 1995) » lfiﬁ SO SR 4
iﬁ?”i{'&’%iﬁ%iﬁﬁﬁ ’%‘?ﬁiiﬁ”— EPE RS ERAS RS RG
dEMA A AT oA F A Fikd 54 7 E % (Diaz-Ravina et
d@%ﬂoggﬁéégﬁ@’ﬁﬁﬂiﬁi’iéﬁﬁﬁjﬂ’ﬁ
%@ia,iﬁﬁ&ﬁﬁ,aggﬁgéﬁﬁﬁgaéi F i
GIIELE RAR O FIPL AT A Z K DRF BT I Y

RS

(Diaz-Ravina et al., 1995)% F¢ -

BB RERAAE R T RAPIT R AR A% T B

AR ERREATIE TEFEFEERT IR PO E S

$EoE2FALRD FEEREF 0.5C SRR

22% 3 w2 B F T 2R 0 A2WE 50% (Allison and Treseder, 2008)«
Wi 2R AT EFTERTHEED X A0 £ 49 ‘"’ﬁ

18& 10 &3 » ¢ £k EA w4 204056 F 5 (s~ ) T ~

\“:\'
<%
/“'
"M
*TV
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FHEERADCREZRIESIEGEF OROKISFER 5 RIS
e MO IR ¥ el el SERRE LR S E A Y e i -
B R gt T e &R E7 ¥ (Yanget al, 2003 5 Yang
etal., 2006 ; Choetal.,2008)> E A 7 %% 72 F > ¥ i iEd £ 4~ Fn

i % - FR i%r:'uﬂ" ar g B

S~ B AERSEL S A ERpZ B
AELBEEA B e i EER G BT LB (R -
Fl= o bldefridhd e GERS R F SN Y R W F
LR EIFT Y T B iEL R v (Grayston et al., 1998 ; Han et
al., 2007) 2« # F +k4p e84k (Myers et al., 2001) » H]4e+ & ~ 25K »

FE X % (Festucaarundinacea)® g £ ¢ F & jir (Rosa Chinensis)

(Han et al., 2007) ; #& 4% (Sugar maple, Acer saccharum) - H(oak,
Quercusspp.) &= BFt R & th(Myers et al., 2001) » + 3E fic 4 7 B B
BRI SR AR AT REFE I EIFTT BRI
PR AR LA A AR B P ERAS LR
¥ -

e PR ES AT, AL PR R &
BEFRARPFLIBEIPER DY £ LR BLE Y M 973
BiRe 2 HEFWF LSRN Tl Faffdga 7 977
(Quideau et al., 2001) o 34 4 &5 3 Fped o B 5 4F fe e 3 B % >
FRMASLFHF RO RLZAELAAL G ERASIFIEATIG R
% 1% % (Bais et al., 2006) > H 5 48 3~ 19 B & ib 5 4150 4 3 i -
éF 1% 1¥ % (Grayston et al., 1998) o ]t » < Fl{g 4 fEag R 5 -

B AR S F et Rt FER S HEE A S R (Myers etal,,
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2001) -

Z iR wEAERR R T S g R L R F
FE AT AR 2 e F R R R Ay KRR
70 kop AR AP SR iﬂ:@mff?]%i%&%ﬁ#a‘ﬁ ER(E- ~ B 0 A0
AAARRE Y e AERESEF AR TG 2 bt o w3
el RO ERETRCZDUEBYIE A DL AR E S
PSR B R EF o
ZUHE BRI e B A RRE R S R o S

Lo fde 32 B ARAT —E'—"ﬁ APl F iFz & 4piTend WigEET @Ak

11

—\

-~

B IR T cnd fEikAp > 2 2w R FEE e ApiT o

CERPEB LT R B eFAERES P RS B E R R
BB HE A H RS 2 U B AEE G AR (R - W
= L F g Ed N ERRE X RiE2 J’K); THe N B 6 B TR o BB
e B B 1993 E ¥ B 4 HRV B (SR E > 2005) 0 L= o F
BN (8 ek SR g JE(FR 82 0 2005) - Smith £ 4 (2008)4F # e 35 1
PR BT AN AP pER P IR % A 7.2 (ribosomal intergenic
spacer analysis, RISA) » 4 7 &tk 2 i d 3B 2 > ;vr; ;}% dr s 4k
NRIZ N e T 0 B2 M AE RS 00 A LRV R Rk
H2EFREFLE -

NS SEE U SELTEE

IEEBEEY TR §F REMA P2 R DU F]S o TS

PP BELS RN I FMA A ENER YA KR AT 0 2 B
R SRS S £ GO SRS
A2 ARy E YR ARERE L 2 RS RA T e £
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SRESGIEY B FMAF T h R ARG PA L M
EAE BT Nl

Ohashi % 4 (1999)% Ftfri +hen 518 % — ~ = & 3 et e § 3
dvo et B JEHE IRt F 7 234 B B Y e 3 (Chapin
etal., 2002) » Fx B e JL A o FIIReEeR ¢ b 5 FPLpE 51 4 e ex
LEV S ER RIS ERAES § R S S s ) S Lo S Ph
G 3 e R (PORB R - AR AR 2 T R R KL P
IERE 13 AR R LS R S R
B R EHAF AL BB e et £ 3 AR
PR R e AE R g o AN E (s EE B onde

BB S P P2 TR R AR N A A
W &£ 2 ¢ oendR(Grady and Hat, 2006 ; Hannam et al., 2006 ; Maassen

etal., 2000) > g > ¥t 2 I pc S S 2 FE A FE R PRETEE

\mL

WA {8 % - & il £ ¥ A 4R(Grayston and Rennenberg, 2006) > 1§
BIFIEMA LT EH S e AP ARB L ERB L FRE B
RIRArPA R end B e 2 B A R E W A (B ) 0 W e i e
Bt A g AR B Y pow AR o O B B SR TR
B A FARERIT

R AP TR Lm0 pEEE eyt £ > 8
B AL ATEREARAMOY R LEFRPN AR M ATESEY 2 S
A # (Girisha et al.,, 2003) » &7 * & 4 ikc A o & fBFI% > F 2 R
Bom AR b (50 R P B A R A chd B S B s
AR R PR ES I EE MY Y RN T
-Gk Bgpdle 2 By EESLE -
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I mBEHN I R wRERERELES
BEFAEBHI Ao E5R I R waER SR ¥ L
BEEET Rtz HhEms e TR ERESE LY
% o & § & [2(copiotroph)eiim F =M 4 5 M o § Er B A A hRTHE
g s 2 ERFIEE L R G R FEFE S 4o (Fierer et al.,
2007) » g 2 Eenlm f;%]%i%{‘é’}% o FritkEn i - £ XS BRI R
PHAEBMIT A ZEROBHIFw@mEE aRFLRE(ET
BlLZ) "o Flamd s 8RR L5 0 5 AL oFEE Y
0 A w4 R 2 B & 1 (oligotrophic)m 7] 5 A cnlm FHER 0 i
NI BRI e R A EFLR -
SRR M FREE N X EW L) B R AR
SHEF{E@S2) ritkm s R Rm s X 28 2 FEY R
Flafpdletpis b apm S gl el e F wpE RS HEL L

FOPARARAEIROEASITER YR B AL R

& 2R Ag

"

B R R R PR A %
WAF T N SRy S FERS RO RN ks
2.4 o faMHRER 3 T & {8 (Maassen et al., 2006) ¢ Scots pine F > = &

% (Badth et al., 1995) » 3 3 ficd 2 F ﬁ%et B ¥ o

BB T ARG Btk Bk R o RS A PER S 4
BoLiE- REFFST v R ARG ﬁﬁ. %= resilience (Allison and
Martiny, 2008) : £ + ¥ F 2 -5 = A58k & SRR BT £
s>k (Maassen et al., 2006)£2 ¢ & = &
1995) chi ikt FHR e § HF LR B HRESHET A5 B
{EFRFA v RAR o

AR S S HN B FERS R N

{s scots pine (Baath et al.,
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% o v Z {Z(white spruce)tk ~ ¥7 1§ tk(trembling aspen)= -2 £ /7 & %
BeBad @uRm 45 EL  RIPERSELTHFE
(Hannam et al., 2006) o ¥ s¢ 3% +RAp 03 e 2 FEHR X D H 18k
FohBhwe v A APEFRL

W RRER A 0 R e ?),?f BRI A SN N
BE R EFFER B FORERRREL > T HE SR
na’f‘{*«f"ﬁ?f\pﬁ PR ERTAFE AP AR &
Lo R H ARG AFEE RSB HR B R E R e ¥
RS SR  AFERSET MFLE AL A
—EXRGA S wERHER SRR eaF L R(LT)-

2R 2 A P ER SR SRR v RSET A
S PEFFEEEFERT M3 P2 S FEREET
“74 % (Myers etal.,, 2001) » % o ¥R 510 Todp b or S5 3 dpF - d 30
#1484 1 (Onofri et al., 2007)12 2 FFE/ 2 3 £% (+k » 2003) » F]pt
APHEREREEOF BEFER IR o EFRRF R RS OER
B~ 2 & { & copF i 7 w 4R (Chapin et al., 2002 ; Allison and
Martiny, 2008) °

BB R R a5 R K S P RGeS R

FOTR R M P ER BT

o A X # F(Hannam et al,, 2006 - #¥ R B H-¥ i :< %¥Maassen et al.,

- AN G T R 5

"

2006 » & K b & ks 4B B EEE 3 % % (Hannam et al,,
2006 o AFTFACIARER B (S 0 RUEP R P D AR RAGE FEER
EAH o AR EFE S BTV WA o

SR AR Ban pdg I B Rk PR

((Béath et al., 1995 : Chatterjee et al., 2008 ; Smith et al., 2008) > ¥ 3 -
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RARE S S A PR R e B AR B AL R A
% (Hannam et al., 2006) o ¥ L 3@ & 42 & i 'y B /55 » 30 1 Bk
APERFHEORT RS EERL L FR A Ty B é/]?%“ ’
YRR EFRERE ’f#.((Bﬁﬁth et al., 1995 ; Chatterjee et al., 2008 ;
Smith et al., 2008):Z #c -+ & (Chatterjee et al., 2008) °

PR ARGy B 2T Rk B IREL B A
HREEH T B o 2 i 5 42 (ecosystem process) » b 4o £ F 4 2
WREFEIEFEZENE > B PR éﬁ.#ﬁ i# (Carney and Matson,
2005 ; Waldrop et al., 2000) - 4 #> sc R H RS H > 7 it & 5 Pk
4 i % iE 42 (Allison and Martiny 2008) » &€ sic 4 4= 4 & gk b o R ¥
EF TR FEELY S MR R A2 B kS k2 W Fo

AT P RYA B AT wFERSE NHEE RS
AT EEOR P S R 2 R R T A A T ER
il 5 R R g 0B B RN G R RIE]EE BT 2 i

HEL W2 PE tr o d BSOS AL - Ko b4t i 4f

By E o S e e ot hilt s EFLR(L L
) ERPEHFRBHTLAALAFY wFAFERES LR IHF(RI) -

RUEPRBHMILAFREEY S DHATHERE T (Kirketal,
2004) o 3 5E R ot TR TIPS BT 5 SHCE P AT HE PRRE
FoAe o SRRV T AL R F PR E R aukd g (Hadwin et
al., 2005) o fe P * 35S A 0 0 Gy TIPS HRaR 5 0 L e AR
FORE O FE A 2 R R R P T A o A G R

A

g

¥

PHms i i- 2 IR wEHRSREE SR RE
PO SRR BT A R B R e AR R
ME -HERSIEEZSERpNe sRIMEEF B AP PFHL
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BAFHair R LS PBLLiEG 2 E o

B REAEA SRR R B
VLEGE R 2 JESE E 0 ehet i § 4R M4y Bi(Shannon index) £
average well color development (AWCD)% % % Flar & 255> 2 7 %
AR 2 e oo WKL B R R A § it dn cr AWCD 3 >t i34
(L) e teR Al e g e s RgL(R LT ) AN E
PSR T AR S R T LA M o
AE LA R AR 0 TR R SRS R SR & (1000 1/
BB TR AR A R R (T 32 922 /2 T) 0 Bt g e B 9
FART AR AE AR 2 A ERITE Ao RS o SR A SR B R E G
41 7};@_%@3{% P REBRTET BAEAMRSER 27T HAGRE
2007) - R EES SRR e S B SR BEF T
PR T WA IR P AR TFIR TR E S A
ﬂﬁﬁmﬁiﬂ’%ﬁﬁﬁﬁﬁ’ﬁﬁﬁﬁﬁ%iﬁ%ﬁd2ﬁﬁ%’
RpridBise 448 A% WA 4 18 & T oA P AR
PREBSERB BRI R EF RS et B A B (3]
S ALY A P SRS B o d A B

4

MAERA R S REREER S REPEERTT M2

“Iml"\

F % 4p i Biolog BRI * % 1% 1435 #(Shannon index) ¥ AWCD fri-
#1454 5 3 & 4p M (He et al.,, 2008; Liu et al., 2008) -

I ey g s g = 4 Bl 4 fag @ & (Hertenberger et al.,
2002) » 434 e $1T 2 A FE R GG @& (7% (Grayston et al.,
1998) » ¥ 3k 7 I fdfe 4 (Grayston et al., 1998 ; Han et al., 2007) % 2_7
I & +k(Myers et al., 2001) 5724 3 fied = FH R 4G 17 b o Flutfudr
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FEHRMEE e R T2 WA BB 2 A FERERIR
* ch§ fk {4 (He et al, 2008 ; Liu et al., 2008) ° kx4 th A 5t 5 4% % £ T
By SRR MRS URATH AR R T AR RE ST YR G
WRBRS R RF IR R AT Y bR
BRFE 2 EARATR BN A SRR R E AWCD
BEF e ) SR A SRR P AjEy P RIER S
FAEr B adT > Flt# i SR E AWCD B (%17 )-

SN A B EE B RE TSR G

FlrggieFadr 2 2P NE 2T EME PORERT 5 P ERE
FF Rk wE L AOREE S BEARK A RE T TR
PR KRB MR R F AP (R ) e 3 WL EL T
Fl* 2 Sk 52 £ 24 FF > FRFEkE R AR -
He dRAEGaE A A FES YT #Wﬁ*g TAAM IR Y T
AT IEIANRLE A RALI R BET BT AR
—‘F_li’ o

mE >~ B FRE S RE L R RS E e 7 -k & (water content) ~ 3§
(total N) ~ & 1% % (inorganic N) ~ £ ik # (sulfate) ~ B-"%A § § ¥ H f¥
(B-glucosaminidase)i= 1+ ~ = 4 AFifafgfs (arylsulfatase) =it~ &
fi# (dehydrogenase) /S eip 7 B (L) o

R R TR L L TR R R Y
PARBM (2 ) B2 AP A P2 AR w Flcnll Tie 5917
ol ag LEXRATY 2B wFARKS KL L TRTL 4
B 42+ > 4p B 43 0.27(Cho et al., 2008) = Lipson £ Schmidt (2004)
ERLERSFE TR AL TRE I B ey fAM -
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FEMA A TR R R EERIE (40 2009) 0 R F B

~

fRimPe W B B e o Bmre N A B 27 5B T § (Witt et
»ﬁ’@ﬁﬁ%ﬂﬂ“fm>'Lﬁdﬁﬁf | Pk et £ AT B &
A FE OGNS TR B AT - TR AR
g}g%‘u °

Bt RS N PR R RS T B FS L S

al,2000) o & FUEFEZRIE T AP RHRPEIPRA S aL T

(Bonkowski and Roy, 2005) » ]t & & 72 + f 2 3 ¢ (KR Dl ] ]
TREEE & ¥ T
FRARL 2 LE
A2 R AT REF SR OEAGE 0 1993) 0 R B A E T AR
P R TR T AR A ETH AT R

GRF IR ARS A L TR Bl o7 B F & S iy

L FEIE LFNGHEY o

4~
N
&
<
o

7]
#F(Bacillusspp.) » & * T {532 % ;2

(=i
&
=
-

~af
&4
“‘d‘

AN TR RS 2 E T RS AP
Friithd M AFRRAL D B Lo o L a7 Fa ik
REHEEF AR And A FAEs A e BB - ) Tl g
ZkF3 M 2008 FA eI EZREF L 38£10% A vl %
% 3248% (4 2009) > <R FF w Fit S > ASCRERE T mE ]
#a 4 (Alexander, 1977) » Flpt A o M xR AR B o 2 HnmF -~ E
FloBaZ LR FF REABFRN? 28 B8 Rl e

gl apP LR

1 iR BB S S 2 R

¢ B R AR R AR EOTE B L R A ALY R B
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APAFEEFEa T -FRERENRTBLE-FTAAEER
F o0 A A 44 TR T % 18% (Smith et al., 2008) - #% % 2 45 (Picea
abies)&trd B o= & > 2 3EE A2 FE % < (Pietikdinen and Fritze,
1995) - 3= ¥ +»(Pinus contorta)+k '# i 14 45 & » 4 ¥ pr4 $ PLFA &%

¥ & ¥ '# 1 (Chatterjee et al., 2008)° fic 2 4 H & o™ "5 ¥ iy &2 % 15

A

s ﬂz%fﬂ*} » 3 3k 4 (E % (soil erosion) 3 4e 0 % & #opcd fe g
FEERE A A2 k] ~ 4 (Barbhuiya et al., 2004, 2008) o # 35
e BB AGADERIpY > 2L A4~ B (Sayoketal,
1993) -

PR A P A TR 2 Aoy BRI Ahrer 3 (e 2 Ek
242 FE a7 % (Grady and Hat, 2006 ; Hannam et al., 2006 ;
Maassen et al., 2006 > £ §¥_#% B (Grayston and Rennenberg, 2006  ° &t
By B F ) PR Bl - Wik 8§ 3 ol
AR AR o 384 TE R X TIHT BRI R B0 T A R R
Bk a0 P g W AR edf £ K (interception) » ¥ i FE ok 2 10
~50% (Chapin et al., 2002) ; = ~ 5 5 F 75~ i FE 5 2 4
Ho B EEATIRA G =~ F HAAF RS RS l,t,»};
W 2 BRI EER TP R SRR 2 A A
BRI AT E

LA ER L ke 28 7 (Smith et al., 2008) > & A I 4 e
F‘E%”ﬁiéﬁ‘p B A EEY ’%%”ﬁ%?’%%%%ir‘ﬁti#ﬁ?i%fi\?%’” ’
< e 2 BARE G ff 0 v AT > RIS P TR

18% « AFT 5 #gn 5 4R T 2UA SOHPL A N X MAKE T L HT

MR AT R REAMBER AN T REAL B0
£* (Franceetal., 1998 - T # 4t icilc2 2 L AF > » A5k w
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1 A T R F2 -

Lo~ A P AT E 2 RA BRIV R

Tk 2 ot Mg 38 & (culture dependent) ) 4 47 jic 4 B R
BEROF o d N EIFHE > g G FRBYE TR
B AMA TE % (Kirketal,2004) - &7 ik - 2825 71
T PR S e R I EeHS e E—][%‘]gt

R LB A AN FEI G ¥ A2 LR R &AL
<~ & &3 PE F(Kirk et al,, 2004) 82 5 355 99%pc 2 + & Z 4B %
41 %k (Torsvik and @vreds 2002 ; Kirk et al., 2004) » & 1%% ¥ % i
BT BERERR g o T ek e S
B IS AR A e -

HERBADRFFRYEBRIRAFPEROENA R LT ",ﬁ% 7ok
AL PERSE S R A G FERIEURY o § R
PoioB 3 2RTHT > w2 EFKRIPFPER~E2 ff‘l_%ﬁiﬁﬂ?ﬂ
(Zak et al., 1994 ; Kirk et al., 2004) - ie & ;* ¥ kifc? + A0 R B
SWAT R FRT R AL P AT RET BRI 5 R
erq. (Garland and Mills, 1991) o

R R T AR 2582 £ (culture independent) e 2 40 A 47
FEROWA I FE T AP IRAKAFDRL - 2T PCR
fas 477 % o pRERILF § PCR ehif £ (Wintzingerode et al., 1997; Kirk
etal., 2004) - PCR * 41 * 951 F 22 4 DNA 7k Jq 1 (homology)
& iE #7 1 B 7 ¥ (Wintzingerode et al., 1997 ; Kirk et al., 2004) o - ¢ >
A7 ¥ 5 16S IRNA A F14# . #c (multiple copies) > & FI4£ B 7 >
FolFay "HFAR RPUHFABHI AL IR UR-f
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MRS EEF (Kirk etal, 2004) o » R AP =8 FiEF
? AN DRSPS AR AR A KR SR
AT R A B ALY B e B | e ek A A
PRHF L@pERATFLG 3 REE Ibekwe ¥ 4 (2001) ™ Biolog
GUERITAP R 2 AR AN LAF PR R A IR F 2 S Py
Rlod @ 3 AP BRa%E > 2~ 48> Biolog & /2
RPHFRBHITAZERE ) LREF T s 22 rp gk
4P MEE 2355 B4 B TR Biolog @ % EE G T K st R
fe kPR S ASE S 45 MR R e fii 4 $ 5 ¥ (Hadwin et al., 2005) » F
i%ﬁm VREE T LT FEER B REDRR )RR
TARFRNBERoAFERE" > 2 2 F LA B(Kirk et al,,

2004) > 7 H g R F) o

. gr;?c
AT ARLE B A S R R TR S A
PEHISHEE S LR SR A E R B B E X R ol
A FERRH FRMESP A B pdp o L HR
- K3 %*ﬂdf 4@ 14?;\374»1.¢~4i§44r'4 ¥ 2 "Km,gzr;z 0
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Table 1. Comparison of community structure of soil bacteria among
grassland and forests of spruce, hemlock, Taiwan red pine, red
cypress, Japanese cedar and broadleaf forest.

Pairwise test R statistic p-value

Spruce Hemlock 0.185 0.2
Spruce Grassland 0.444 0.1*
Spruce Taiwan red pine 0.926 0.1*
Spruce Broadleaf forest 0.852 0.1*
Spruce Red cedar 1 0.1*
Spruce Japanese cedar 1 0.1%
Hemlock Grassland 0.296 0.1%*
Hemlock Taiwan red pine 0.759 0.1*
Hemlock Broadleaf forest 0.704 0.1*
Hemlock Red cedar 1 0.1%*
Hemlock Japanese cedar 1 0.1*

Grassland Taiwan red pine 0.241 0.2
Grassland Broadleaf forest 0.630 0.1%*
Grassland Red cedar 0.778 0.1%*
Grassland Japanese cedar 0.704 0.1%
Taiwan red pine Broadleaf forest 1 0.1*
Taiwan red pine Red cedar 1 0.1%*
Taiwan red pine Japanese cedar 1 0.1*

Broadleaf forest Red cedar 0.444 0.2

(FTF)
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Broadleaf forest Japanese cedar 0.704 0.1*
Red cedar Japanese cedar 1 0.1*
Global 0.738 0.00 1 ***

R statistic : an index of difference between groups
Global : a comparison among all groups

* . bacterial community structure significantly different at p<0.1, due to samll sample

size of each pair

**% : bacterial community structure significantly different at p<0.001
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Table 2. Comparison of community structures of soil bacterial among
Tatachia, Da-Sueh Shan and Renlun.

Pairwise test R statistic p-value
Tatachia Da-Sueh Shan 0.799 0.001 ***
Tatachia Renlun 0.619 0.002 **
Da-Sueh Shan Renlun 0.673 0.012 *
Global 0.726 0.001 ***

R statistic : an index of difference between groups
Global : a comparison among all groups

*,** and *** : significantly different at p<0.05, p<0.01 and p<0.001, respectively
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Table 3. Comparision of DGGE band numbers and Shannon diversity
index caculated from DGGE band number among spruce,
hemlock, Taiwan red pine, red cypress and Japanese cedar,

broadleaf forests and grassland.

Stand types Number ofbands Shannon index
Spruce 21.33 + 2.89 3.05 £ 0.14
Hemlock 20.33 + 1.53 3.01 £ 0.07
Grassland 18.33 £ 1.15 291 + 0.06
Taiwanred pine 17.33 £ 2.89 2.84 + 0.18
Broadleaf forest 17.00 £ 3.00 2.82 + 0.18
Red cypress 15.33 £ 2.52 2.72 + 0.16
Japanese cedar 19.33 + 1.53 2.96 £ 0.08

Means and standard deviations were presented
Band number and Shannon diversity index were not significantly different among 6
stand types and a grassland after analyzed with ANOVA and Kruskal-Wallis

rank sum test, respectively
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Table 4. The relationships between population of bacteria, fungi and
cellulyotic microbes of Cryptomerica japonica plantation
obtained from plate count method and environmental factors.
Environmental factors with high contribution to the variance
were choosed in regression model and significant levels were

presented.
Env1rqnmental Bacteria Fungi qululy’uc
variables microbes

Water content 0.206 0.081 0.202
pH f 0.216 0.001 ***
Organic matter 0.198 <0.001] *** 0.006 **
Total N 0.054 0.339
Inorganic N 0.068 0.175 0.055
Available P 0.034* 0.092 0.002 **
Water soluble P 0.001 ** 0.032 *
Sulfate 0.258
Cellulase 0.041* 0.008 **
3-glucosaminidase 0.068
Acid phosphatase 0.035*
Arysulfatase 0.061 0.125
Dehydrogenase
Microbial biomass C 0.034 *
Microbial biomass N 0.117 0.028 *
Soil respiration 0.014*
Soil temperature 0.059 0.041*
Soil moisture 0.039* 0.209

Data of soil properties and enzyme acitivies was provided by Prof. Chao-Ming Lai
(unpulbished data) and data of soil respiration was provied by Prof. Yau-Lun Kuo
(unpulbished data).

p values and its significant levels were presented.

* ) **and *** : significantly different at p<0.05, p<0.01 and p<0.001, respectively

7. Blank was indicated the environmental factor was not selectived by statistical

software in the regression model
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Table 5. Comparsion of community structures of soil bacterial among two thinning treatments and control plots of
Cryptomerica japonica plantation of Renlun during Octobor 2008 to Octobor 2009.

Oct-08 Jan-09 Mar-09 Aug-09 Oct-09
Pairwise test
R statistic  p-value R statistic  p-value R statistic  p-value R statistic p-value R statistic p-value
Control  25% 0.695  0.001 *** 0.465 0.001 *** 0.566  0.001 *** 0.049  0.152 -0.082  0.969
Control  50% 0.762  0.001 *** 0.655  0.001 *** 0.615 0.001 *** -0.008  0.461 0.016  0.341
25% 50% 0.622  0.001 *** 0.730  0.001 *** 0.506 0.001 *** -0.064  0.123 0.034  0.235
Global 0.672  0.001 *** 0.588  0.001 *** 0.557 0.001 *** 0.028  0.189 -0.008  0.540

R statistic : an index of difference between groups
Global : a comparison among all groups

*#% 1 significantly different at p<0.001
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Table 6. Comparison of community structure of soil bacterial among two

thinning treatments and control plots of Chamaecyparis
formosensis plantation of Da-Sueh Shan.

Pairwise test R statistic p-value
Control 35% 0.778 0.100 S
Control 45% 0.963 0.100 S
35% 45% -0.167 0.900

Global 0.486 0.032

R statistic : an index of difference between groups
Global : a comparison among all groups
" : significantly different at p<0.05

" significantly different at p<0.1, due to small sample size of each pair
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Table 7. Comparsion of DGGE band numbers of soil bacterial among two thinning treatments and control plots of
Cryptomerica japonica plantation of Renlun during Octobor 2008 to Octobor 2009.

Treatment Oct-08 Jan-09 Mar-09 Aug-09 Oct-09

Control 25.33 + 3.52% 21.92 + 3.15%® 16.42 + 2.31° 21.83 + 1.85¢2 16.92 + 2.47
25%thinning  19-58 + 2.07° 20.92 + 2.02b 18.75 + 1.822 19.67 + 2.67° 17.00 + 2.30
50%thinning ~ 26.75 + 2.14° 23.83 + 1.642 18.17 + 2.042 19.92 + 2.64%® 16.08 + 3.06

*: Different letters of the same column represented the difference was siginficant at Duncan’s mutiple ranges test or Wilcoxon Rank Sum test

(p<0.05); column without letters suggested no difference among treatments
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Table 8. Comparsion of Shannon diversity indexes calculated from DGGE band numbers of soil bacteria among two
thinning treatments and control plots of Cryptomerica japonica plantation of Renlun during Octobor 2008 to

Octobor 2009.
Treatment Oct-08 Jan-09 Mar-09 Aug-09 Oct-09
Control 322+ 0.15%*  3.08 £ 0.14® 2.79 £ 0.15°  3.08 £ 0.08® 2.82 £ 0.15
25%thinning ~ 2.97 £ 0.11° 3.04 £ 0.10° 293 £ 0.10° 2.97 + 0.14° 2.82 + 0.14
50%thinning  3.28 £ 0.08°  3.17 = 0.07° 289 + 0.12* 298 + 0.13° 276 = 0.22

*: Different letters in the same column represented siginficant difference at p<0.05 in Wilcoxon Rank Sum test;

column with no letters suggested no difference among treatments
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Table 9. Comparison of community structure of soil bacterial among 5
survey seasons of unthinned Cryptomerica japonica plantation of

Renlun.

Pairwise test R statistic p-value
Oct-08 Jan-09 0.943 0.001 ***
Oct-08 Mar-09 0.889 0.001 ***
Oct-08 Aug-09 0.535 0.001 **x*
Oct-08 Oct-09 0.677 0.001 ***
Jan-09 Mar-09 0.720 0.001 ***
Jan-09 Aug-09 0.766 0.001 ***
Jan-09 Oct-09 0.621 0.001 **x*
Mar-09 Aug-09 0.790 0.001 ***
Mar-09 Oct-09 0.671 0.001 ***
Aug-09 Oct-09 0.494 0.001 **x*

Global 0.693 0.001 ***

R statistic : an index of difference between groups
Global : a comparison among all groups

*#% 1 significantly different at p<0.001
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Table 10. Comparison of community structure of soil bacterial among 5

survey seasons of 25% thinned Cryptomerica japonica
plantation of Renlun.

Pairwise test R statistic p-value
Oct-08 Jan-09 0.920 0.001 ***
Oct-08 Mar-09 0.782 0.001 ***
Oct-08 Aug-09 0.593 0.00] **x*
Oct-08 Oct-09 0.695 0.001 ***
Jan-09 Mar-09 0.512 0.001 ***
Jan-09 Aug-09 0.809 0.001 ***
Jan-09 Oct-09 0.719 0.001 *#*x*
Mar-09 Aug-09 0.674 0.001 ***
Mar-09 Oct-09 0.444 0.001 ***
Aug-09 Oct-09 0.399 0.001 ***

Global 0.653 0.001 ***

R statistic : an index of difference between groups
Global : a comparison among all groups

*#% 1 significantly different at p<0.001

85



L s A BIRE PR 50%r B AJEHR R T F 3 M EAE T B
2o bR o

Table 11. Comparison of community structure of soil bacterial among 5
survey seasons of 50% thinned Cryptomerica japonica
plantation of Renlun.

Pairwise test R statistic p-value
Oct-08 Jan-09 0.791 0.001 **x*
Oct-08 Mar-09 0.921 0.001 ***
Oct-08 Aug-09 0.868 0.001 ***
Oct-08 Oct-09 0.745 0.001 **x*
Jan-09 Mar-09 0.650 0.001 ***
Jan-09 Aug-09 0.737 0.001 ***
Jan-09 Oct-09 0.736 0.001 ***
Mar-09 Aug-09 0.829 0.001 ***
Mar-09 Oct-09 0.605 0.001 ***
Aug-09 Oct-09 0.537 0.001 ***

Global 0.735 0.001 ***

R statistic : an index of difference between groups
Global : a comparison among all groups

**% . significantly different at p<0.001
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Table 12. Community level physiological profiles of soil microrganisms
in 1* and 2™ year after thinning in Cryptomerica japonica
plantation of Renlun were compared among control and two
thinning treatments.

Oct-08 Aug-09
Pairwise test
R statistic p-value R statistic p-value
Control 25% 0.019 0.179 0.117 0.003 **
Control 50% 0.123 0.002 ** 0.031 0.136
25% 50% 0.054 0.052 0.053 0.038 *
Global 0.065 0.005 ** 0.069 0.003 **

R statistic : an index of difference between groups

Global : a comparison among all groups

* and ** : significantly different at p<0.05 and p<0.01, respectively
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Table 13. Community level physiological profiles of soil microrganisms
of Chamaecyparis formosensis plantation of Da-Sueh Shan
were compared among control and two thinning treatments.

Pairwise test R statistic p-value
Control 35% 0.617 0.002 **
Control 45% 0.393 0.015 *
35% 45% 0.056 0.260
Global 0.342 0.004 **

R statistic : an index of difference between groups

Global : a comparison among all groups

* and ** : significantly different at p<0.05 and p<0.01, respectively
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Table 14. AWCDs and Shannon diversity indexes caculated from
community level physiological profiles of soil microrganisms in
1" and 2™ year after thinning in Cryptomerica japonica
plantation of Renlun were compared among control and two
thinning treatments.

Oct-08 Aug-09
Treatment
AWCD H' AWCD H'
Control 0.42+0.19°*  4.09+0.17° 0.50+0.14° 4.15+0.05°
25% thinning 0.48+0.15° 4.14+0.10° 0.61+0.11° 4.22+0.09°
50% thinning 0.5840.16" 4.21+0.12° 0.54+0.14° 4.17+0.08%

* . Different letters in the same column represented siginficant difference at p<0.05 in

Duncan’s mutiple ranges test or Wilcoxon Rank Sum test
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Table 15. AWCDs and Shannon diversity indexes caculated from
community level physiological profiles of soil microrganisms of

Chamaecyparis formosensis plantation of Da-Sueh Shan were
compared among control and two thinning treatments.

Treatment H' AWCD

Control 4.06 = (0.28* 0.42%0.262
35% thinning 3.66 = 0.32b 0.09 = 0.06°
45% thinning 3.73 £ 0.15b 0.14 £ 0.06°

* : Different letters in the same column represented siginficant difference at p<0.05 in

Duncan’s mutiple ranges test or Wilcoxon Rank Sum test
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Table 16. The relationships between utilization of 4 carbon species by soil
bacterial community of Cryptomerica japonica plantation of
Renlun and environmental factors were analyzed with
multiple-regression. Environmental factors with high
contribution to the variance were choosed in regression model
and significant levels were presented.

A5 A9 B3 C4

Tween 40 Adonitol L-fructose D-raffinose
Water content 0.027* 0.004 ** 0.060 0.047 *
pH T 0.241
Oraganic matter 0.063 0.035* 0.138 0.031*
Total N 0.016* 0.079
Inorganic N 0.275 0.017* 0.030* 0.027 *
Microbial biomass C 0.080 0.226 0.332
Microbial biomass N 0.025* 0.148

Data of soil properties and enzyme acitivies were provied by Prof. Chao-Ming Lai
(unpulbished data).

p values and its significant levels were presented
* and ** : significantly different at p<0.05 and p<0.01, respectively

™. Blank was indicated the environmental factor was not selectived by statistical

software in the regression model
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Fig. 1. Twelve 1-ha plots with control and two thinning intensities
distributed in the Cryptomerica japonica plantation of Renlun (A).

Cutting areas within 1-ha plot of two thinning treatments were
shown (B).
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Fig. 2. Plots of 35% thinning, 45% thinning treatments and control
distributed in a Chamaecyparis formosensis plantation of Da-Sueh
Shan.
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Fig. 3. The locations of grassland and spruce, hemlock and Taiwan red
pine forests in Tatachia.
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Fig. 4. Twelve sampling sites in the 1-ha Cryptomerica japonica
plantation plot of Renlun.
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Fig. 5. Seasonal variations of populations of bacteria, actinomyces, fungi,
cellulolytic microbe, N-fixing microbe and P-solubilizing microbe
in grassland, hemlock, spruce, Taiwan red pine and Japanese cedar
forest soils (Soil plate counts of the Japanese cedar in fall were not
determined). Bars showed means and standard deviations.
Different letters above bars represented significantly different
between stand types. Bars without letter represented the
difference was not significant.
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Fig. 6. Denaturing gradient gel electrophoresis (DGGE) fingerprinting of
soil bacteria of grassland, hemlock, spruce, Taiwan red pine,
Japanese cedar, red cypress and broadleaf forests.
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Fig. 7. Multidimensional scaling of genetic diversity of soil bacterial
community of spruce, hemlock, Taiwan red pine, broadleaf, red
cypress and Japanese cedar forests, and grassland based on DGGE
profiles.
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Fig. 8. Multidimensional scaling of genetic diversity of soil bacterial
community of Tatachia, Da-Sueh Shan and Renlun based on
DGGE profiles.
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Fig. 9. Multidimensional scaling of community level physiological
profiles of soil microorganisms of Japanese cedar and red cypress
plantations.
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Fig. 10. Counts of soil bacteria, actinomycetes and fungi among two
thinning treatments and control in a Cryptomerica japonica
plantation of Renlun from Jan-08 to Aug-09. Different letters
above bars represented significantly different between stand types.
Bars without letter represented the difference was not significant.
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Fig. 11. Population of soil actinomycetes which survey in Jan-08 (A), Apr-08 (B), Aug-08 (C) and Aug-09 (D) of east and
north aspect in Cryptomerica japonica plantation of Renlun.
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Fig. 12. Denaturing gradient gel electrophoresis (DGGE) fingerprinting
of soil bateria of two thinning treatments and control of
Cryptomeria japonica plantation of Renlun.
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Fig. 13. Multidimensional scaling of soil baterial communities of two
thinning treatments and control of Cryptomeria japonica
plantation of Renlun based on DGGE profiles in Oct-08 (A),
Jan-09 (B), Mar-09 (C), Aug-09 (D) and Oct-09 (E).
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Fig. 14. Denaturing gradient gel electrophoresis (DGGE) fingerprinting
of soil bateria of two thinning treatments and control of
Chamaecyparis formosensis plantation of Da-Sueh Shan.
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Fig. 15. Multidimensional scaling of soil baterial communities under two
thinning treatments and control of Chamaecyparis formosensis
plantation of Da-Sueh Shan based on DGGE profiles.
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Fig. 16. Multidimensional scaling of seasonal variation of soil bacterial
communities under unthinned (A), 25% thinning (B) and 50%

thinning (C) plots of Cryptomeria japonica plantation of Renlun
based on DGGE profiles.
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Fig. 17. Multidimensional scaling of soil microorganisms under two
thinning treatments and control in the first year after thinning in
Cryptomerica japonica plantation of Renlun based on CLPP.
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Fig. 18. Multidimensional scaling of soil microorganisms under two
thinning treatments and control in the second year after thinning
in Cryptomerica japonica plantation of Renlun based on CLPP.
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Fig. 19. Multidimensional scaling of soil microorganisms under two
thinning treatments and control in the fourth year after thinning in
Chamaecyparis formosensis plantation of Da-Sueh Shan based on
CLPP.
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Appendix 1. Medium preparation

1. ¥ %% %3 % #& (Nutrient agar) (Cho et al., 2008)

2 p 3 1P (beef extract, Difco, USA) 3 g
#-v 1 (peptone, Difco, USA) 5 g
A% (agar) 15 g

VAR D - A MR e BB RS 121CR F 1S 4 480 pH
B6.8+0.1> FRAAALIFTHN SOC G »EFRABET > TIET K

I
'_-;’:.‘] °
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2. W -fEF-9 A "3k & A (Sarch-casein medium) (Mackay, 1977)

#k #» (starch, Shimakyu’s Pure Chemicals,

10 g
Japan)
A sdn (KNO,) 2 g
% v 40 (NaCl) 2 g

= JKEipads (MgSO, - 7TH,0, Sigma, USA) 0.5 g

fiz. 39 (casein) 0.3 g
A3 (agar) 15 g

¥ ¢ %7 "= (cycloheximide, Sigma, USA) 100 mg

CUF ARk T - 22 RAE o pH 0 KOH & & 6.8+0.1 > se#73
fRis 0 121CRF 1S Ao B & 4 ErD 6 SSC o 4o R ok
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3 it "3 £ & (Rosebengal agar) (Cho et al., 2008)

4 % # (glucose, Shimakyu’s Pure

10 g
Chemicals, Japan)
-0 " (peptone, Difco, USA) 5 g
i d = 49 (KHPO,) 1 g

= KErpadE (MgSO, - TH,0, Sigma, USA) 0986 ¢
3z iz (rose Bengal, Matheson, USA) 0.033 g
A3 (agar) 15 g

CUEAERA L - 2SO RMA 0 Y 4 & (HCHB A pH 5 5.0+0.1 o
EB RS 2ICRE IS A4 FrARArTH 50C 5~ &

Fr g o RETRA -
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4. Mandels-Reese medium (Cho et al., 2008)

# v A g (carboxymethyl cellulose,

10 g
Sigma, USA)
Pk % (urea) 0.3 g
v " (peptone, Difco, USA) 1 g
Fifsds (NHe),SOy) 14 ¢
Bifs - & 47 (KHLPO,) 2 g
% v 4F (CaCl, - 2H,0) 046 g
Frifkdt (MgSO, - TH)O) 0.3 g
Frpads (FeSO, - 7TH,0) 5 mg
Fifi4dE (MnSO4 - HyO) 1.6 mg
Fifk 4 (ZnSO, - TH0) 1.4 mg
% 1t 4 (CoCl, - 6H,0) 2 mg
A% (agar) 15 g

WFEA KA D - 2R 0 2 KOH K pH &3 7.0+0.1 > 4c %
R 12ICRE 1S 2 FR A& RLIrE Y S0C » nkF R4 4

> R T HRaZHis G fHrEaRRE A 0 TR THEE
/ i E:]F'
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5. #% 4 & % A& (Nitrogen free mannitol agar) (Johnson and

Curl, 1972)
+ #% f% (mannitol, Sigma, USA) 10 g
% v 4% (MgCl, - 6H,0) 427 g
[ f& 4t (calcium propionate, CcH¢O4Ca - 132
. g
H,0)
Bif4a4% (magnesium phosphate,
027 ¢
(Mg(H2PO4)2) - SH,0)
A% (agar) 15 g

MEARA D - AR BB RE N 12ITCTRF LIS 24 BB

RAAL Y 50C B> AR AT 0 FETRA -
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6. FAELAT BB A # IR £ & (Ca-Pamended sucrose-basal salt

medium) (Chuang et al., 2007)

& #& (sucrose, Sigma, USA) 10 g
Bifa st (Caz(PO,),) 3 g
A pades (NH4NO;) 0.27 g
% it47 (KCI) 0.2 g

= kEipads (MgSO, - TH,0, Sigma, USA) 0.1 g

Az 46 14 (yeast extract, Difco, USA) 0.1 g
R J:Tf: L4 pg H b fi g (Tween 80, 05 %
Sigma, USA)

A% (agar) 15 g
48k % (streptomycin, Sigma, USA) 100 mg

UEARAE D - 2SR BB R 121CHE F 1S S8 B
EALAIH S5 R FEREAR £59 0 WA RS ER
4100 pg/ml > )~ BER AT ¢ 0 R TR -
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Appendix 2. Antibiotic preparation

1. &= Iy %% (cycloheximide)

Aot BeniFpE R 232 0.5g e TR > F AT FAKFISOmL
3L E0.2 um g Y (0.2 um Sup0r®Membrane, Pall, USA) & {7 =

FiE R 0 7R & FoTke L3 (10 mg/ ml)

2. 4&ik % (streptomycin)

WA KSOmLR 2% % 0.5 g 4B E 6 o 11dt 0.2 pmehg i (0.2
pm Supor®Membrane, Pall, USA) & {77 FiEip (7 3| & F Uik %%
7% (10 mg / ml) -

ik F Pl R BT 4C T R st & A Sedli

Fa 38 B st L ke TR o3t - B AR o
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Appendix 3. Ninety-five carbon species on Biolog GN2 MicroPlate
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Appendix 4. Average levels of utilization of 95 carbon species by soil

microorganism in the 1* year after thinning of Cryptomerica
japonica plantation of Renlun were presented according to
control and two thinning treatments. The X asixes represent
carbon species on GN2 Microplate. The Y asixes represent

the light absorbance of carbon species.
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Appendix 5. Average levels of utilization of 95 carbon species by soil
microorganism in the 2™ year after thinning of Cryptomerica
japonica plantation of Renlun were presented according to
control and two thinning treatments. The X asixes

represent carbon species on GN2 Microplate. The Y asixes
represent the light absorbance of carbon species.
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Appendix 6. Average levels of utilization of 95 carbon species by soil
microorganism in the 4™ year after thinning of
Chamaecyparis formosensis plantation of Da-Sueh Shan
were presented according to control and two thinning
treatments. The X asixes represent carbon species on GN2
Microplate. The Y asixes represent the light absorbance of
carbon species.
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Appendix 7. Accmulated precipitations of 10 days before sampling in
Tatachia area.
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