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Responses of soil microbial biomass, community structure
and soil enzyme to below-ground carbon change
in the warm-temperate forest ecosystem
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Abstract; This study focuses on the controlling mechanisms of soil microbial community structure and function to the
change of below-ground carbon inputs through root-trenching experiments in a typical forest ecosystem of the subtropical
and temperate transitional zone in China. By combining field investigations and manipulation experiments, phospholipid

fatty acids (PLFAs) and activities of soil extracellular enzymes were studied as indicators of soil microbial community
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structure and functioning. We also studied the response characteristics of soil microbial biomass, community structure
and activities in below-ground carbon inputs. The results showed that soil microbial biomass carbon in root-trenching
plots reduced significantly in an age sequence of Quercus aliena forest (40-year-old, 80-year-old, and >160-year-old).
Integrated over the entire experimental period; the mean difference of soil microbial biomass carbon in root-trenching
plots were reduced between —8.72% and -5.72%, and the highest reduction was in the 80-year-old forests, whereas the
lowest decline was in the 160-year-old forests. The variation of soil microbial biomass nitrogen was similar with the chan-
ges of soil microbial biomass carbon in the forest stands of similar age, but compared with the control plots, it did not
decrease significantly. In addition, compared with the control plots, the soil microbial biomass carbon and nitrogen in all
forest stands increased after trench for 2 to 4 m. The root-trenching can produce different effects on soil microbial commu-
nity structure in all forest stands, the response of microbial communities to the change of below-ground carbon input in
40-year-old forests were higher than the other two age groups. The relative abundances of saprotrophic fungal community
in root-trenching plots was declined sharply in all stands, and it reduced significantly in 80 and 160-year-old forests com-
pared to control. Other communities like bacteria, actinomycete and arbuscular mycorrhizal fungi changed slightly in all
forest stands; the hydrolase activities (i.e. B-1,4-glucosidase and B-1,4-N-acetylglucosaminidase) in root-trenching
plots decreased remarkably in the 40, 80 and 160-year-old stands, but the oxidase activity (i.e. phenol oxidase and per-
oxidase) was not diminish in all plots except 160-year-old stands. The root-trenching treatment had no obvious influence
on soil moisture and soil temperature. By addressing the response characteristics of soil microbial biomass, community
structure and function on the plant root carbon input, this study sheds light on the trends of soil microbial structure and
function change under the context of global climate change. This study shows the need for more accurate prediction trends
of forest soil carbon in the future.

Key words: microbial biomass carbon, microbial biomass nitrogen, microbial community structure, soil enzyme activi-

ty, trenching, chronosequence, warm-temperate forest

36 &

TP N AR R S e I R AR S R G+
A HLBR Y FE BRI, i A A AL B 5 R BT o 1Y 22
S BB I A T A A R R ) T A ok
A BB AL R i 2 ) 9 4 e R 0 TG 532 M R bR 3
AHUBR R AR ENE . R PR R 2 — 1
TR IR R (HVE 24 A8 2R GE S AR AR AR S
FR G AT I A A 22 T AR R A LR A
Ab PR ( The Detritus Input and Removal Treatment,
DIRT) , #R5¢ 3R A e v 4 # LA K Ay
AL P Jo e a8 X AR 28 i A 18 250 R JB 6 14
(Schaefer et al, 2009; Elgersma et al, 2011) , HAbFH
FBAFEBIAYIR (root trenching ) FIFREIH T 194
Bz ( girdling) Wi

FEYIAR Z2 A Y RE A DG G 7 Wi A3 35
I ELA% oA SN IR A T b R 5 W M
AR FR AT A3 A LR AR T A S R A AR T
Hh PRI A Oy 2 - A BIL A 119 d5 B K P ( Kong
& Six, 2010) , HEFRER 1 H P TR0 RO B Y
BAN AR 2R 73 WU 2 A 8 S e ) R 2 AR O
KA 5% ~ 33% MIGE 7 Y AR 22 3 W W) 9 B
ki A+ 3 (Chabbi & Rumpel ,2009) ; 9k 71, #3

ZRA I e A 1o IR RN priming effect)” ik +
)5 AT I A ML o A, T LG o0 e o A8 2R 1 L i
K 50% LA . I, H AR R 7E A Lk
AL RN SR sk AR b VR F A LA B = R8T T
fif, X — H AR VT 2 A A S 5 OC U Y £ AT [R)
(Janssens et al, 2010) . 3 J= 158 V4 b 3wl 34 20 )
0 F S BELORT b TET 'G5 7 400 1) b % | K AR SR R R
R A S50 (AT T F ST b AR R S
S [ERE RN T AT ML B A 0 ) S S (AL g A ml A7
R (Zeller et al, 2008) . 154 al FR &) 4b 3
XoF 3 ) ) H I 7 AL, — S oY e
MR R, )2 3R & B [ K ( Kabzems & Haeus-
sler, 2005) , {FH % 199 4b B X6F - fc 25 5 19 52 AN K
(Frey et al, 2006) ; Wbk, AHPIHE R A HL 2 8L
AWk 1Y B 32 B R ( Kramer et al, 2010) ,{HAL
BT ()R S A [ LA A A ) e ik R A8 Ak 25 S Rk
(Liet al, 2004) . WA, FERAR R AN T 504
Yy e A s i H AR — o AR E A Be e AR
- BRI MR T 25 A FIE M (Subke et al, 2004)
SBT3 o 38 HOTE AAHT — IR Ao 9 DX X — LAY
SMGRURIX AR 5% DX, R 5% I I HT AR A S 1



7 3] JEMPIHAE « B IR AR AR SRR A i PR VR 2R R A XA 3t T BRI i 839

AR SRS AR P B DR A B R
JERGL T AR e A R R A S
HERUAEPIRSCZR I8 70 IR - SRR B AL 0 ) e i
R S AL B SR B RE A K Ay S o o e 00 A SR A
AR5 T AR - R R 1) ] BE AR L B, XA
AT R Al L SRR 128 ) R SR AL AU , ) T 1
T e BR AL P BT ) E kA AR I X SRS
St RA BRI

1 #MrE &k

1.1 AR XHER

ARG X 358 A7 T 0T 7 4 P R A 2R 08 AR B
RA I TR E E R H AR X N (33°35'43" ~
33°20"12" N, 111°46'55"~112°03'32" E) , #F4K 600 ~
1 860 m , b T R B Yk iy ) A By ok 8 X 3k, Js
2 WL R Bl MM, AFE 2R B 15,1 °C AR S4B RN
900 mm, FEM EZEETHEEFEN T H M8 H
(55%~62%) (Liu et al, 1998;Luan et al, 2011) , +
e J b 5 AR T B A A 1 A0 s Y+ (FAO-
UNESCO +353 2K R4 ) , WF5T DX i1 b oy 14 A ¢
3= AL 5 B4 B ( Quercus aliena var. acuteserraia)
M IGHIML ( Q. glandulifera var. brevipetiolata ) & ¥
FZBR(Q. variabilis) BR5E ( You et al, 2014)
1.2 ARFAZE
1.2.1 3KIEA 22 FERE =4 R RIAERE (K2 40 4F
80 AFFIR T 160 4F) 1 8 U5 AR AR 43l A 1 T 3k
5 R AR B A i & T 320 m x 20 m Y
SRR, T 2011 4F 6 A X 20 mx20 m FEHb
ATV MR AL BE(NR) , BARSERAE AL TRy DAtk
UL Huang et al(2014) , PAIASZ AT A Zb B FE b,
PR S B0 RE A A AL BRI [ SRR (CK)
122 £3H#REE AT 2011458 A .10 A,
2012 4F 4 J .6 1 .8 1 .10 HF1 2013 4F 6 H #4171
HERETSR AR H 8 (AR5 em) REFRZ(0~5
em) TIERESL  BARSERAE T I AR R A0 B/ INVRE 7 1Y
Hts 3% 001200 F1 240° 75 [0 BEMLIE L 3 455, &
THEAFEL (3 AN/ IRETT ) RAE ISV AL 1 4 A 5 9
Bl 3% 9 BhiFE AR SR E N — MR A HEA A
VKEE I DRTEAR s [l S2 86 %, F T AR L ah i R Ik |
A kit 2 mm (Y B IEG A -20 C UKAE R AR A
FEAE RN AT A
1.2.3 LERAEDE DT hBEE LGN E LI

AR PRk (MBC) F&L( MBN ) % B2 2512 #2350
&, Hh MBC = E./K,., MBN = E./K,\;E.= %
ZEAR I BB — A B ZE AR U A BLB; K = 0.38

WA Ky = 0.54,

SR MR T A5 R SR P BN DR D 7R 125 1A 5
FE o LR R A A E EARK S Bossio et al
(1998) fifi R Y i B2 AN T7¥6 . A 19 = 0 AR
Ve BETH R R E AR T R 1k B2 R Tl s i s TR
VE R FR7R te A U MR HEA T IR, BRI 2607
HETEIL You et al(2014)
1.2.4 X3EEGEF MM ANFIEIE I E YA Sh
TEIES P DY i A ) 7 S Al 2 1 R ) B o Y 3
A& , 73 TR AR R, F 455 £ 2 R K el ( B-1, 4-777%
BEHEE) LT [ A i ((N-2 -3 4 W ) 5 4
P, BIA 5 2% B A il ( 19 AL I L 3 SR AR P )
1 p-TEEEZR W ( p-nitrophenol ) K WA B 45 1 H 1
WEPE(BGSEC « 3.2.1.21) F N- Tk~ 25 4 1 il 7%
PE(NAG;EC:3.2.1.30) BRI, By S AL BEE 14 A
AL YIS MR L-DOPA (1-3, 4-dihydroxypheny-
lalanine, Vasy) A Eﬂif) Y8 Ry S o 3 i ) w2 ( Sin-
sabaugh et al, 1993) , F= 2L A i £2 A1 75 76 09 5 i
PEL You et al(2014) .
1.3 HHESHT

KIS 3 B 4: SPSS 17.0( SPSS Inc., Chi-
cago, IL) X BHRHHATH I FNTT 2250 BT (ANOVA) | Ff:
/N 3% 25 516 (LSD) #4725 73 B 3 TE R 56, 22
SREWIKF R P<0.05, 2 s it o B o
Canoco for Windows 4.5 ( Biometris-Plant Research in-
ternational, Wageningen, The Netherlands) % H 3
AT 53 ( Principal Component Analysis, PCA) ¥ 16
SEER AL B T SRR WU R Vs AR AR S R A I
Hfr: Sigma Plot 10.0 5ERL,

2 HERH4M

2.1 EH AR HERIME R A Y ERE R

FEREA S ULER FA B P S5 00 A B AT I 25
M) 322 148 (0~ 5 em) AL A1 7K £ (P>0.05) .
5t A EE, ALY 26 2 3 S K & T (1.5% ~
2.3%) IR TLFAAE (1) o X RE R BEAE 7 )
T E Yy R A S i Y RS R SRR,
KA — et BRAE AR K BE 20 8 4y, T w7 IMEL 8



840 IR - W7

36 &

MITEARAE K R 4 A s K R 6 A
(B 2), FEFTEWEEIAN , 5 REAR L, 235 1)
RZ R RS A R TR A
HAEAR R AR08 19 50 15 BRAK i) 22 R BEER W], AE
80 A A B LG BR AR, Ab B A 2 2 4 R W A
AR B B K, W TR T 8.72% ; FLR 2 FE 40
AEMBLAARAR T 28 TR T 8.45% ; T AE 160 41y
BI B R /N (5.72%) (BHLIK 3] T B &K
F(P < 0.05), A AR AR A REE 55 40 B 9 6L
AR TR I S AR AR DL 350 Ak B S AR ) o R
Al TR K BT R, IR AE - T7.12% ~
—6.00% Z [11] , {H 5% FEAR L1 I 22 S 40 AT 38 3] I
FMIKF(P>0.05) (K 3)

020
god @ 404 8 a a
40-year-old i 9_15
g 518
o
J ~ 0
60 CK NR
40
=
<
=
< 201
ey —=— AT oK
B 0 —A— IFUHETIR NR
£ (b) 80%F 'mﬁ%g s _a
© go{ 80-year-old E 210
oy “S g5
T 60 = 0 cK NR
=
5 40 1 Nw
w
@" 201
~ —=— BRXIME oK
E;ﬂl 0 LA R
020
HE (c) 1605 HS a a
w804 160-year-old EE 0_18
"y
=0

60 CK NR
40 4

—=— BN

—A— FRETAR NR

11-8 11-10 12-4 12-6 12-8 12-10 13-6
#£-H (Year-Month)

B Xk BRI FAE 5 R)2 (0~ 5 em) AU /K BEA
TREASE (2011 45 8 HZE 2013 4E6 H) ¥l «
PRIfEBRZE, n=3; CK. HARXIH; NR. B6WiR, FIF,
Fig. 1 Soil water content (w/w) and temperature change
in 0-5 cm depth of 40, 80 and 160-year-old stands
between control and root trench plotsfrom August 2011
to June 2013 Values are mean + SE, n=3. CK. Control;
NR. Root trench. The same below.

2.2 B AR N TR A M B R SR R
2012 458 H , XX BRAAL FE) K2 +3E(0~5

em) B S AETTBE NG R T IR I S, I % B B BCE A AR
FMERY 23 FBERR NS W R T T 4B (PCA)
WEFT 25 BB A BRAE 7 1 H A I RE VR 454 5
YRR EE, 38 %A T I R AR S (B 4) (BAERULAR
U 0 B0 AT AR e 1 P R EE AN T

FE 40 B ARARR  Ab FRAE DT RO BRI B
YIRS S5 R RRIE RE B 2 A 1 R S Al 2 B
O3 FF b BRF X REARE Ty (0 Tl 2 W T v 45 0 1) 25 Sk
3 A HRE T N AR B (B Spa) (LAK ey
19 = OFRAHXT 43 Lo A5 % BEAH L 25 0 3D | e 3%
AL PRBE B LR 2 IR E TR 5 . fE
80 AN 160 47 B 4 ARAR L, 55 — 3 nli A il BB AR 41
O Ah RN HERE 7 9 Sl A 0 A % AL DX 0 T, 5 0
HEHH LL 80 475 14 AR Mk F10 Ak B J7 A 5 2% 1 BH 1 4
PERARR 23 L B 2 T (] 5:b) T 160 488 A
BRMRAL S T3 1) JES A TR A AR X B 43 bbb 2 B IR
( &l 5 :C) o
2.3 ZiA A BT RS E R R

ARFFFT R, BEIHAL FRS 3 N AF il B B0 15 AR
M) B-HIE BB GPE TR I R (K 6:a,
b, ), FEREASULI F I P 50A A B B -4 A b
it 76 4 S A B T R, TR M 80 AR B
IR TP SR R, 35 T T 44.43% , 1117 40 4F1Y
B/ HW R E T T 22.55% (1K 8:a) ;N-Z Bt-#
AP AL R S B~/ 4 W Tl 0% PR A AL (I
6:al, bl,cl) , 7ERAIIJEIA Y, HIg PEAE 40 .80
F1 160 AFE LR BRAR L 20 51 32 2 R FE T 51.92% |
34.16% 1 40.47% (18] 8:b) . 1574 4b 39 648 Ak i 776
PR B4 M AFDG A8/ | S LN T T 1 S it 0 2
BRI R (H2ERARE, Ay
it T PR 0 IR R RS EBR T AE 160 4F Y B 145 1k
AR 2 R Z A, T8 AR PS4 0 B ) B0 147 AR AR
H AR AL YRR B B K (B 8ic,d) .

3 Wb E®%

3.1 B4R TR AE Y A SRR

MR ZAE Myt 35 G4 F 740 02 1) - S8 A 1) B
HE I HERIER, S B T H LA
Y AR AR ) R A R, R E
A BRI & BEFE K ( Toth et al, 2007), AKX ATEA
PEBR (DOC) 7 & L 1 B8 D (1 B4 (Chen et al,
2010) , DXk AT BE R KU T + e b o A K AT



7H JOMV A - 2l AR L SR A e AR i 4 R R 1 XS A TS i D W 841
(a) 404 (a1) 40%F
1000 4 40-year—old 40-year-old L 150
800 A F 120
600 A W F 90
5 400 4 P60 g
%] 2]
& 2001 _a— mmum o —=— BN o r30 g
== —a— TR NR —a— MR NR Z
2 0 Py 0 ¥
- (b) 80%F (b1) 80% .
N 1000 - 80-year-old 80—year—old 150 2
o =
w 800 F120 w
] E
© 600 1 r90 =
Tw o
3 400 - F 60 _§
.2 200 1 30 .©
= =
BT o s 160 ° &
[l c) 160 1) 160
§10004{ 160-year-old (C1go—yejf¥o|d - 150 fﬁ
H
= 800 F120 |
600 - - 90
400 F 60
200 A r 30
11-8 11-10 12-4 12-6 12-8 12-10 13-6 11-8 11-10 12-4 12-6 12-8 12-10 13-6
£~ A (Year—Month)
Bl 2 XPHERARBERE T R)Z 1 (0~ 5 em) B IR MR A A9 AE 4L (2011 4F 8 A3 2013 4F 6 /)
Fig. 2 Soil microbial biomass carbon and nitrogen changed in 0—5 c¢m depth of 40, 80 and 160-year-old
stands between control and root trench plots from August 2011 to June 2013
0 0
RS 21 2 »E
R g R o
i g -41 -4 |m g
¥ £ 5%
™, 767 -6 #
a2 =
I = —81 * -8 I ©
£ 1 i
#H 5101 1044
2 .2
=124 * -2 =
-14 T T T T T T -14
405 804 1604F 405 804 16045
40-year 80-year 160—-year 40-year 80-year 160-year
—old —-old —-old —-old —-old —old

BRI 0 AT P AL, e 9590 BP0 Ak B 114 - 3
A=Wy A ] fE M B 2 el /D B B4 (Subke et
al, 2004) , TEAHIFFE 1A WL 1] , 3587 Ak B AR

K3 AR PRAETS ol W B B R R R F- 24 22

VX RAE DT ) 1 S Wk B R R v S R 07 3R

Fig. 3 Effects of root trench(NR) on percentage changed in microbial biomass C and N of 40, 80 and 160-year-old

stands

Error bars indicate + SE, n=3. * P<0.05, using paired Student’s ¢ tests for differences from zero.

7 1) SR MR R AE 40 80 F 160 AF 1y 458 145 A Ak
rh) i E b R T R R AR R A AT B
X IR ARMA S R 58 R Y A KRB A



842 IR - W7

36 &

3—2 -1 0 1 2 3
m 404F-CK @ 80K i
O 404-NR O 8O%E-NR
N 2| A 1604E-CK 12
s A 160E-NR
[ =T
zf 11
2 0 :
0
H wﬂ%
ilpné—1 1-1
1 -2
-3 -3

-2 - 0 1 2
SE—EM T PCA 1

B 4 XFREFIALEEREE R )ZE 13 (0~5 em) T WIRETS
LRI T RN n =3, 20124E 8 1
Fig. 4 Principal Component Analysis (PCA) of soil microbial
community at 0=5 c¢m soil depth of 40, 80 and 160-year-old
stands between control and root trench plots
Error bars indicate + SE, n=3. August 2012.

SRR 5 A WA= W A B B D AEL s
DFEFETEAN [R) AR (0 B G BRAK b X A TR 3 5 1
IR, X — BRI A S5 RA— B AT TS &
MR R 5 T RUE Y R Y B R RSB KA
WIS A2 Ak, 3XAT g5 e Ab 3 B ) e A %
(Frey et al, 2006) , A AF 5% ) 45 SR Al — 26 K #1056
Y25 AL (Toth et al, 2007) ., BLAk, AHF5E % HE
BV WARAL IR 2 S A 84 S H S A AR 84
BRAR AR AL BRAE T %) L eV il i S 7 o IS
TG, i n] B 5 5V Ab FL S B AR R AT
G SR A IR W A R B AR A ()3 P
A K, X AR A — S5 P AR 3] T S
(Chen et al, 2010) ,
3.2 JH AL B X IR A M B TR S AR R i

FE IR Z AT D3 e i 4 3tk /A R
BGUOPREERS ) H S A W AE W E 34 T BB o
B A H80ER BT AAR [R] T A L S U e 2
¥4 ( Jonasson et al, 2004; Matsushima et al, 2007)
A5 38 3 5 ) Ak B R AR R A AT Rl ) e A
B fE , IR VRIS S TR B A B 14 S A
J5 3 AR A BUA AR AR SR Z TSR RUE DI RE TR 1 Kk
A S AR Ak 3 R WY 2 DX Bl BRRAE 28 R 48 1Y 1 T
ARV SR T BE B 52 R W R I P R B S
124585 Butler et al(2003) A1 Brant et al (2006) %
BUAR Z8 K 53 000 A i A 0 B 48 T 2 1 35 PR i DL

FERESZ MR L3 TP AN [RI SRR U E ) 3 A — 2L

ABIFE 3 2k 5 VR AR A B PP A R A b T ik
A TS I RE V& S R s ) 7R s i A b
8 v sk sl R T R P AR e RT fE 2 R ie)  SE fRL
HUREE SR E S R EENRZ —, Bk, B
ALFR S5, 38 i YRR (9] 40 DOC 1 MBC) 7%
A ( Zeller et al, 2008; Kaiser et al, 2010), iX
R T UL WA A 36 R B R L T
S 1) P 3 3 B 58 P Bl A A S, 2 T ) - 3
AR A R T B 23 A RS SRy 5 L IR AL PR - e v
8] T RCE B AT BRI N, A AT R I 2 BRAR AR
J& YT A IE PRI EDCR | R BN R A
J7BYA B X 4L &5 ( Dannenmann et al, 2009;
Kaiser et al, 2010) , 1M =438 Hh 20 A% nl A1) FH 4 o vl 68
ST R T R E R S5 R A U I N R 2
—(Huang et al, 2014) , AHFFEH, BAR W7 AR AL 2
Jo IR AN |k RN DA TR AR L TR A Vi 1 A X
T3 FUAEAS [R) A7 0% 18 5008 R bR Hp 33 8k A2 W X A
b AFLES A FLT (182006, 9¢) IYAHNS H 43 HL 20T B
W14 7F 40 4FF 160 AR A B BRAR T T REAR BE 35 1
FKF X AT g5 W AR A BRASE 5 A 48 v R R R
PESE A ] 4 58 bR A B Y A KA OC (Huang et
al, 2014;You et al, 2014) ,{HIR T — L IIIE,
3.3 EA A EE X + AR R RN

+ IR NS P ( Extracellular enzymes activity )
TE—E R EE FREAE A T3 Gk W) D) RE A USSR A,
TEA AL 31 F Ry B A= 9 0 AR A S A o P e
T8 7 97 78 % 2L ff) {8 ( Sinsabaugh et al, 2008)
T ERG— R S PR R (1) KA, — B
he A AR C N R P S I Sy FLER A %
B 28RS Ty 5 (2) A AL, 7T AR A — 28 00 &
BAR A a5 2 Z2m s (. RBR) |, ik
Wt A7 8 MR A 4 1L 4 75 A9 BB & ( Cusack et al,
2011) o #R5> T-SEWGER 1 by AR W A AR AR A AR
R0 1) e R R A R A= R s 7 A, BRI HE T A
Ry B O T W0 PR R R R A, RN A
PR BOSENE (R I H A R B B e 7 A Y
MIAMEERIE AT REAF A 25 57 W 525 LR
BB AL A0 K Afp T TG 1 (T B-AR0 % W I ) A3 G, T
JE& A LR R RN 2 5 S DL A Y S A
P (B AL B A AL W) A OC (You et al,
2014) o PR, TSGR WA v B9 2H BURFE L AT B
SR T IR T B R R —, AW, B



7 3] JEMPIHAE « B IR AR AR SRR A i PR VR 2R R A XA 3t T BRI i 843

80 1 (a) 40%
40-year—old
60 A 2 b a a
a _<’|i_ | | —— —— I ]
CK NR CK NR
40 1 JEEEHE Sap Fungi MR R A AMF
a
a a 2
20 -
a a
= 0 . | .
s CK NR
R g | © 80F 8
< 80-year-old
E 5 4 a a a a
_%_Es_' 60 a 1 —=— 1 —
& o N CK NR CK NR
B3 40 B EH Sap Fungi M EIREE AMF
o 2 g a
m © b a
oo O
# 5 20 a a
Q
@
g 0 — 1
5 g | (@ 160% 12
° 160-year-old 8
& 4 a b a a
60 a 0 | —| I |
- = oK NR K NR
40 B HE Sap Fungi M ERE R AMF
a
a a 2
20 a a
0 : : _ _ - _ _ [ _ |
CK NR CK NR CcK NR CK NR
SR EZRPAMAE B KRBt )iésd]

Total bacteria

El 5 XTHRFIALERAYZRIZE (0~5 em) HERA WIREE BERG B W B AH X B 43 it (mol% )

Gram-positive bacteria

Gram—negative bacteria Actinomycetes

IRELAPRHEDR n=3,

Fig. 5 Relative abundances (mol% ) of the microbial community PLFA at 0-5 cm of 40, 80 and
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