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Effect of Dicranopteris dichotoma on soil microbial community structure in red

soil erosion area

ZHANG Hao"?, LYU Maokui"*, XIE Jinsheng'* "
1 School of Geographical Science, Fujian Normal University, Fuzhou 350007, China
2 Cultivation Base of State Key Laboratory of Humid Subtropical Mountain Ecology, Fuzhou 350007, China

Abstract ; Soil microorganisms play a key role on soil carbon (C) and nutrient cycling, which can serve as an indicator of
the status of soil quality. Therefore, it is crucial to study the soil microbial community composition to understand the
evolvement in soil quality owing to vegetation restoration. The aim of the study was to investigate the effect of the fern
species Dicranopteris dichotoma on the soil microbial biomass and community structure. The typical sequence of vegetation
restoration ( YO, without measures of ecological restoration; Y13, restoration for 13 years; Y31, restoration for 31 years)
was selected as the research object in Hetian town, Changting county, Fujian province. At each experimental site, the soil
was subjected to three treatments—NRd, not removed D. dichotoma; Rd, removed D. dichotoma; and CK, control. Our
results indicated that soil microbial hiomass carbon ( MBC), microbial biomass nitrogen ( MBN), and total phospholipid

fatty acid( PLFAs) under CK treatment were significantly lower than those under NRd and Rd treatments. Soil MBC and
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total PLFAs decreased significantly ( P<0.05) after Rd treatment for 4 months, indicating that D. dichotoma had a
significant effect on soil microbial biomass. PLFAs of Gram-positive and Gram-negative bacteria, arbuscular mycorrhizal
fungi, fungi, actinomycetes under NRd treatment were significantly lower than those under CK treatment ( except for Y13).
The ratios of soil Gram-positive bacteria to Gram-negative bacteria, cyclopropyl to cyclopropyl precursor, and saturated
straight chain fatty acid to monounsaturated fatty acids were significantly decreased under NRd treatment compared to those
under CK treatment; however, the fungi to bacteria ratio was significantly increased under NRd treatment ( P<0.05),
indicating that the soil microbial biomass and community structure was much more abundant under NRd treatment, and high
microbial activity was also noted. The results of Pearson correlation analysis and Redundancy analysis suggested that the soil
chemical and physical properties were significantly and positive related to the soil microbial biomass and community
structure. Therefore, soil C;N ratio, pH, and N status are key factors that affect the soil microbial community in the red soil

erosion area.
Key Words: red soil erosion area, vegetation restoration, phospholipid fatty acid, soil microbial community structure
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B SR Guo ™ AEF STt K B, - 78 AR Al ae B vl | MBI TR A (40728 A R - S B Ak v 0 e AR 25|
e A YRR 25 A B Ak E M B R G RSt R I, A PR T IR TR /K i ) AT 3845 (pH L
HEFRAYIRBE (C/N 45) 3R ) DK ST A 7 R R o 2 B M 95 T3 U E ek 25 i As g 1

KT AR ik AR S M TR S5 R AR Ak, 76 i R R R b - B KRR 4
T IR MK A e R v - SR W TR 8 25 4 P 7 A 2 DR R 5 K 2 %) B BEAS [ BORE w9 28 A R A K 0O
RS RS, AR, 7E R 5 213912 bt DX 7 Ml e R A ol A o - i W i A fh R B A v FE v A i i s Ak
AT AR TR IR A A 15 HP Bl R v 205 W 1 2 Tk B E R i DR e A 13, e LR AR ot
SR PR T8 L RE 5 M A 5T B /L

N R IR 5 350 R 5 4058 XK L R ™ o Bl 20 B D & K XK R R 5 A A R i TR
15 TR I AP S5 B MR R E TR PRI, X g A A O R A E JEH
S Y A AR R P SRR S A R v AR R M —— S R S P R E R 4
P AR AE LA B 5 | RS 3 S AR Ab 1 DB P R R AT H ATIE I ARTERE . S8 T UL, A SR 35 IO [R) 1k B2 4 PR 1) 5 R A A
(0 4F, 13 4F 31 4F ) NBFFEXT 4, FIFHBENS g 15 % ( phospholipid fatty acid , PLFA ) B340 H7 | # i HL B A [R) K
B HEAT 35 (NR) 2825 H (Rd) SAK T BLHE (CK) T3 MR G50 10 25 5, B e 38 /R 213l X
A B PR S 3o R TP i A T A 0 25 A 7 A ) R A 5 | b sk P 2 A P DG B R 7 IR AT TR 38 I A AR R,
1R MER A 2T ek 5 BRER (LR 224K

1 #MREFE

1.1 A% DXOR 56 b AR 1
IS XA, T AR VG R B 7T VT L A Ry T El [ (116°18'—116°31'E, 25°33'—25°48'N) | i 4k 300—
500m, %X & H I B 28 KU X AR i 1737 mm, Forft 4—6 I K 29 5 4R 1 50% | AE198 %
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1403mm, FHIR 17.5—19.2°C , FH4 TR 260d , SFH) H BEEF 4L 1924.6h, = 10°C FLE A 4100—4650°C , §1]
FH L T 45 2, AP L s E BRSO ], 338 S e 1z 3l B IIE Riy iolDREAE B 5 5 O 158, Bt i e o P A
%=, ﬂﬁ%‘@*ﬁ?}){z( LR M‘M‘) B IRFR IS , A A L EB%*’L&( Pinus massoniana ) WA T AR £ ,
MR FERE DL 753 ( Dicranopteris dichotoma) A, RS EW R K E R X 2 — I R )2k
R AR IR AE

SR N 23 (A8 T 5, 70 2139 S 300 42 ody DR A 4 17T B T FH 08 43 1 8 B2 2 g 4B 1 5 1 R IR B (0
AE) IREE 13 AR 31 AR B A MRS (3R 1) 2SR BEVR S AEBRIF 81 IS 132 1 31a (Y 5 EAR MR D I BE AT
Yoy A2 EIERRIAIT B R N EE AR A S AR B A — 2L

R1 FHERER

Table 1 The basic background characteristics of sample plot

M3 A Stand type

i}rs RIGHHL(YO) W 13 4E(Y13) A 31 4 (Y31)
Without ecological restoration Ecological restoration for 13 years Ecological restoration for 31 years

JA BT 52 Management process TR 2002 4FEJT lEvA 2 1984 4EJF pvA B
fi#4F Dominant species %%FA\+%E ) 55)%1‘2}+%ﬁ . EE'E:*’A"‘%ﬁ '

P. massoniana and D. dichotoma P. massoniana and D. dichotoma P. massoniana and D. dichotoma
SEHF T Average stand height/m 2 7 13.7
44 Average DBH/ cm 3.1 7.4 14
2% Stand density/ (£&/hm?) 1741 3341 1433
W 26 i
E);ér;lgg:norf; D. dichotoma/ % 15 %0 85
Y Slope/(°) 19 8 11

1.2 RIS FIRE SR AEAL #

T 2014 45 8 A Ay FERR MR i 3 Fhab B R BA A 9 (NRd) B BR 28T 75 (Rd) DA S Z i<
FIMR T AR KPS H A B (CK) o FE R3S BRHb PN 358 1R 35 1] RT3 AR — B0, AR 2% AR RL A 30 o, 152 8 3 4>
20mx20m FIFRAEREHD , BN FRIEREHL 2 L 4 > 10mx 10m EARE DT, BENLEEE 1 A4S0 AE 7 VE 1 B 2 08 25 ik
LA WRE LB A0 HE 5 2 ML AR AR R A A ok R i B RS R AR A b S P R 2 1 1
WisE , AT 100m?, FEEEFE LR 4 D H)E B 2014 45 12 H ha), RS (AR Sem) 1440 BEEE
N B 0—10em )2 A9 13 4% S TUREHLZ 55 (15 50) BOREIF IR o BCInT A9 203 i b R AR S0 2 i R
Bk AHPIAR R AT 2mm (FE)E AT i 0.149mm + 30 77 F 250 [ EH48 T T s b v ofn + 3 47
MUBR I AE TR A8 i AR 2mm £ HEG ¥ VR T - 20°C VKA, T el 9 2 9 o RVRE VK 45 400 11
E
1.3 Sk

A PR (SOC) Al 32 % (TN) KK FICE 53811 ( Vario EL Max CN, Elementar, Germany )l %€ ;
TR YR (MBC) FE Y EOR FH A5 2R 2 00 5, TV A AL ( DOC) SR 25 B8 F /K I 4 vk $2 e
TR, A LR 43 HT X (TOC-V CPH, Shimadzu, Japan) FHLIE

A YRR I 2 BCR FHBERR R TR ( PLEA ) 3 A3k, BRI P 107 1R 1) 4 L AT PR B A0 3R R IBUAE > T 16¢
TR HAEE 1 AR SmL #8222 P . 6mL =S H %  12mL I BE 4% 2h J5 250> (4000 % /min, 10min) ,
A% FRHWR B0 S A I A 12mL =B 12ml BERRGE v, IR B0 B 2
THI, A IEPR A LIS, BRI N #EE —R W N2 AR, AT R T A A R S B AR, in
I FEOR (10 1,v/v) T 0.2mol/L A A AL BV TR A 7 2 A R R 3 AR T AR R P I . B — 1 PR I IR P I ok
KL (Agilent 6890 N, E[F) , M3 &A1 45 B 1 (8] 45 & MIDIL fU4E 91 51 2 48 (MIDI Inc., Newark,
DE ) KT
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A2 T B BE RS MR bR S e B4 AR IR WL , AR5 5% Frostegird A, Tunlid A, Baath E %774
SEHHLE, SRR 2,

K2 RETEMEMTENERRITEY

Table 2 PLFAs used in the analysis of microbial communities

A2 Microbial group IR R i RRARIC Phospolipid fatty acid signature

HE FPHPE AN Gram-positive bacteria (GP) i14:0,i15:0, al5:0, i16:0, i17:0, al7:0

122 [CHIPEZHTA Gram-negative bacteria (GN) 16:109¢,16:1w7c,cyl7:0, 18:1w7c, 18:1wSc, cyl9:0w8c
A EARE T Arbuscular mycorrhizal fungi (VAM) 16: lo5c

WL H Actinomycetes ( ACT) 10Me16:0, 10Mel7:0, 10Mel8:0

FLB Fungi 18:1w9¢, 18:206,9¢

1.4 FE AP

FF A B GE T 3 H FIAE T A HE Excel2013 [ SPSS19.0  Orange9.0 S84 F AT, >R FH 18 3 5 &2 0l &5
FAR R T 25001, IR H CANOCOS.0 BRA4HEAT TUAY 3 R b R A9k Pk A2 3o A v R A W e 435 ) A A R A A
HAm A,

2 HBROH

2.1 HERUEY Y ERE

YO .Y13,Y31 Eh R AP FEAT 56 i 1233 MBC 4352 AR N B 2.34 4% .1.97 £5.2.70 £%5 (P<0.05) , Z:B%
I 4ANAJE, Y0 1 MBC BRI W (EA)) 10 2 & AR R #h, Y13 1 Y31 1 MBC FEARIT & 1)3/\%5
MRS BRHLTY 1.32 15 .2.06 £ (P<0.05) , T3 MBN 1728 {b#ash 5 MBC B4 —%, Y0 Y13 Y31 H Mkt
B i b - 45 MBN 3 Bl 2 AR T BRHBIY 2.41 £% 2.23 1% 1.57 1% (P<0.05) , £FRT2H 4 > H )5, Y0 13 MBN 5%
AR (B4 AR R #Rt, Y13 A1 Y31 £ MBN E%F&{Eﬁ C AR N MK (P<0.05) . 7550, Bl
AR ZAERR BN, A A b B, 3 MBC Fl MBN 2 &1 52 B35 1 hn i #a34 ( P<0.05) .

2.2 TIEBEIRIENIER byl

FIH PLFA S8R 7EAS [P A2 A7 B ) 5 JRR A A 48 2 rp R R W 38 T 42 b 362 E W R R 1) s PR
BEIWRR , FLrh e B 18 FhVE R ik + e W 2B A AR AR TR , L 43 A H0 F EL SRR TR (140,150,150,
i16:0,i17:0, al7;0,10Mel6:0,10Mel7;0,10Mel8:0) PR IEAR I AR (cyl17:0) AR FIAE AR (16 1wSc,
16:109¢,16:1w7¢,18;:1w7c, 18:1w5c, 18:109¢) UK B FPEIIIR (18:2w6,9¢) , Hih 41 PLFA FriE%)
12 Bl , ELTH PLFA bR 2 Ff , KR AR ELTH PLFA AR 1 B i PLFA A 3 Fh(F2) .

YO Y13 Fl Y31 By FEAAARe 8T o il i IR 5 2 5 i ( PLFAs) 3 2 AR T #H 1Y 4.89 £% .1.36 1% .2.58
(B 2) , EBRTEH 4 D5, Y0 13 PLFAs 1 B FRAC (HA AR #-401Y 3.05 1%, Y13 F1 Y31 R H] &
ST AT BB AT 1.36 1% .2.29 % (P<0.05) . Bl & A AR S A FR B35 m , 338 PLFAs % &35 5 B 3
FIEH(P<0.05) , F W H IR & I T | IR YR Y i 2 |
2.3 LIEEMUEYRER S S AR

YO M1 Y31 B EAMRTSHAE 55 b+ 3 GP 1) PLFAs 20 B2 AR B LAY 2.85 £% .1.67 £i%, GN 11 PLFAs 43l
TR 2.44 £% 2,75 1% (] 3) ,ACT %) PLFAs 43 FZ AN B 2.46 £i5.2.09 £ (P<0.05) ,1fii Y13 5
FEAMR TSR T b 43 GP GN ACT R #FI) PLEAs SAKT BRHBIFARTE BB I8 25 57, 33X nT e -5 MR o 1E AL Tk
SEWPHARIH MR8 KA OG5 Y13 A1 Y31 B RN H 78 55 123 Fungi 19 PLFAs 73 I & AR BR#1u Y 1.67
5 2.29 3 (P<0.05) , YO bR AR 35 1o+ 58 Fungi 19 PLFAs 5825 S8R B2, Y0 Y13 Y31 D)2
FARRTEHZE 35 1o 13 VAM (19 PLFAs 43102 BRI 3.91 % .1.71 £%5.2.76 £%(P<0.05) , K Hhif 3B L bR
TH AN, BRSO PLFAs AR f0 IR 35 31 35 K {F B 25 A8 gl B2 AR B 4 38 i, 36k
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Fig.3 Soil microbial group

GP, F % [GBH P, Gram-positive bacteria; GN, 5 2% [G B ¥4 T , Gram-negative bacteria; Fungi, ¥
mycorrhizal fungi; ACT , JHZ i , Actinomycetes

2.4 HIEHCEYITEE S S REPE U AR

B4, Fungi; VAM, A ME T8 HR B B#T, Arbuscular

Rz IRV R IR (2 4) , GP/GN {H . sat/mono 2] 5 soil C/N( + 3R A FL{E) .DOC MBC MBN UL &
TN NH; # i & A C, 5 pH A1 NO; A & W 35 1 1IEAH XM (P<0.01) ;cy/pre fHA5 soil C/N 1 MBC # it &
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FAASE(P<0.01) , 55 Pinus C/N( R IAFE MR A L {H) .DOC MBN &2 [EAHE(P<0.05), 5 NO; % i #
IEAHZE(P<0.01) 511 F/B VAM ACT 5 - 38 B AL 1 B AH OGP 1IE 47 AH R, 55 soil C/N DOC \MBC. % {8 35 1F #H %
P, 5 MBN Fl TN .3 1EAHX, 5 pH(P<0.01) Fll NO;( P<0.05) & 7 FH X (P<0.05) ,

#3 TEMEYBIRIRIBRIREYILE
Table 3 The ratio of PLFA biomarkers in soil

RIAHH 13 4 AL 31 4F
Ab e Without measures of ecological restoration Restoration for 13 years Restoration for 31 years
Treatment
NRd Rd CK NRd Rd CK NRd Rd CK

GP/GN  1.74+0.40Aa  1.68+0.09Aa  1.53x0.17Aa  0.85:0.06Bb  0.92+0.08Bb  1.28+0.05Aa  0.98:0.15Bb  1.45:0.14Bb 1.6020.15Aa
F/B  0.194#0.06Ca  0.1940.01Ca  0.29%0.07Aa  0.69%0.13Aa  0.4740.02Ab  0.35£0.05Ab  0.380.06Ba  0.400.03Ba  0.33+0.05Aa
cy/pre  1.58+0.16Ah  2.92+0.76Aa  2.65:0.44Aa  1.27+0.19Ba  1.44+0.25Ba  1.324¢0.25Ba  1.04x0.06Bb  1.43+0.35Ba 1.99+0.06Ca
sat/mono  1.67+0.58Aa  1.97:0.6Aa  2.14£0.25Aa  0.70:0.08Bb  0.90£0.05Bb  1.240.15Ba  0.72£0.09Bb  0.87+0.02Bb 1.29+0.32Ba

GP/GN , 3522 [G P 5 2 22 OB B A LA, Gram—positive bacteria/ Gram—negative bacteria; F/B , ELE 5 474 4 LA, the ratio of soil Gram—positive bacteria to

Gram-negative bacteria;cy/pre, (cyl7:0+cy19:008¢)/(16:loTc+18: 1a7c) [ LA, the ratios of cyclopropyl to cyclopropyl precursor; sat/mono , {11 ELHE i i B2/ S AN

FAR ARG LEAE , the ratios of saturated straight chain fatty acid to monounsaturated fatty acids

A3 S AN TR 52 AR BIR B FEAA AR - 382 02 Wl A s 7 B b i ) R - SR B M A8 T TC AR 43T, 25 SR
78,10 NFREE R F (soil C/N, Pinus C/N Dicra C/N (= H %M A L {H) .pH.DOC MBC ,MBN TN NO; .
NH} ) I [F R T YO S R AMK T 3B G A= W Vs 45 A0 722 S 1) 88.73% , Hirh 28 — F i3 (Axisl) B 778 1)
68.56% , 55 — M4 (Axis2) i RE T 728 519 20.17% (8] 4a) 510 DI F T 2L [ R T Y13 D AR - 21
I RE VR ZE R S S0 86.89% , Hir o — M4 (Axis]) fi R T 28 5 AY 78.10% , 55 — F M4 ( Axis2) fit e 1 7%
510 8.79% (&l 4b) ;10 NIREE R FALRIAERE T Y31 5 AR e A YRI5 2540 28 5 1) 84.049% , Hoh & —
FRT (Axisl) R T AR S0 71.27% , 55— F M (Axis2) B T 78 510 12.77% (1 4¢) , YO Ty AR 1 4
A A Pinus C/N Hl pH 5 Axis1 52 1 35 IEAHOCTE , £ 25 & TN [soil C/N Dicra C/N 5 Axisl & 3 ik
MBC Fl MBN 5 Axis2 2 8 fAHC; Y13 SRR IER SR pH 5 Axis1 2 02 FEAH G, #A8R TN,
soil C/N Dicra C/N MBC F1 MBN 5 Axis1 % 8 2 1 XM, Pinus C/N 5 Axis2 2 W2 FUAHCH: ; Y31 BBk
A SRS A pH 5 Axis] 12 0 3 1F 0, # A8 % TN MBC \MBN 5 Axis1 & 2 # 7 ¢, Dicra C/N  Pinus
C/N .soil C/N . DOC 5 Axis2 5 i 3 1F X,

®4 TENERTEDEBEMBERNRIREWAXES N (n=27)

Table 4 Pearson’s correlation between soil microbial community structure and soil properties (n=27)

L R T S A
GP/GN -0.612"" -0.201 -0.018 0.513** -0.528**  -0.758**  -0.686"" 0.639 "~ 0.550 "~ -0.494
F/B 0.584 "~ 0.333 0.506 -0.503 ** 0.691 "~ 0.905 ** 0.559" 0.450 " -0.449 " 0.156

VAM 0.563 "~ 0.301 -0.327 -0.417"* 0.274 0.510 " 0.724 0.810**  -0.728"" 0.758 **
ACT 0.426 " 0.372 -0.339 -0.337 0.118 0.360 0.481 " 0.653*  -0.685"" 0.601 "~
cy/pre -0.669 "~ -0.463 " 0.117 0.073 -0.404 " -0.500*"  -0.441" -0.272 0.652 ™" -0.092

sat/mono -0.728** -0.422* -0.179 0.517** -0.538*  -0.735""  -0.680""  -0.667 " 0.784 " -0.455*

#x FORMUL B (P<0.01) | * Fm A (P<0.05)

3 e

AR W A e R R S A 57 L SR AR T A TR 22 T RR O R A AR AR
T XA R SIS AR R A A T G, R 22 5 3, AR x5 RS 1 M A Wy A o R T 4
FIIANTR , WFE B, T FRGVE W DR LR 43 2 S AR o3 B 208 ) A S P L3 LR R A
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Fig.4 Redundancy analysis on the soil microbial phospholipid fatty acids of Y0,Y13,Y31
Soil C/N, +3Efik & H., the ratio of soil carbon to nitrogen; Pinus C/N, b FEAA I 74 - [ 5% &L EL, the ratio of P. massoniana leaf litter carbon to
nitrogen ; Dicra C/N , #: 375 (8% 2 1L, the ratio of D. dichotoma leaf litter carbon to nitrogen

WIRERIATEYZ IR BRI R B E B A O BN BRI 08 pHL, A SRR 48 s 37 0 B mT )
FIE I BA R T R BRI R AR . S A RFFEIESS, i T DA R RO o, T R AAMR R 3R L
e O BB Z LA HLBR A L AR 220 R U R Rt 13 MBC \MBN | £ PLFAs
P AR TR 2o A e (18] 2, 181 3) IR W O U E Wy A W R 2O SR BRI L, v
a8, PR VE W A RO AR D R O H S b A e AR R | BEAE AR R AR AR i
R IETEHY , 7] 7 H Rt TG AT LB, D Tl A i Bl B At R P PRI 0 S FE B 5 1) S o A
TR 2 T ELBEA AR BRI 10, -8 B i bR 0 ] 8 0 2 A A i R R ) A
QORI ARCR 5308 55 A TR Y PLFAs 1 10 385 TR BRI (181 3) (KR 13 4R 19 T FABOMK
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Tt HE S S AN PLEAs A X ATRE SRR 13 4R 5 BAMMRIEAL TR E AR, AR
B E TR AR R 32 327 R A 1) S AV TR EUAR N e A S A e A IRGTIESE , R
WERE AR 7 FR A 3 0 1) LU (B AN 1HL RE A8 45 47 Z0) T 4 18 5% 4 e 3EIR 00, T L AT DA R AE 4 338 5 A= W i v 445 4 A2
R AR KM A R 6 5 A, TR R A T S A AR AL IR 4 - R A W BT A5 A 0 SR it
R, AT LI AT B F/B B E T AR T #R3, GP/GN [ sat/mono Fl cy/pre i3 = Tt HAT W
H1(P<0.05) , 8154 4 N AJA,F/B GP/GN (sat/mono Hl cy/pre A ZH HEIT KT b Al # 3 (R [R) 1K 52 4F
PR A R AR A W 2T LA AR A A T8 31 i 3 /KO (H SR 34— 30 | I R G AR B b 552 40 Jilh a4
FEHE T b TR SE T I w R A TR A TR R R W AR i R TR S5 A TR R PR R, A,
AR KL, GP/GN (sat/mono Fl cy/pre Bl & VK E AF FRAIE INMIREAR , 171 F/B ST, JHAE 22 305 55 Hh AR
BRI A Wi, 3R BRI A2 A R A 3 n , - B3 o s IR0 B Jed 2 2 | 3 5 4 W 0 M 3 i AR AT i v 5 A 5
—id B B EEER,

FIERFSE B, GP [ B BA R A 4n B | i EL ] LATE st 7, X} RRBE 30 fE B | i GN X3R5 ra
BYIE N RE 1422 , R T BR B Al S Qs 1) 7 78 55 1 38 B 5K GP/GN _sat/mono \cy/pre[m . BHHE
PR AR T SRR SR T KT8 I A B2 o280, PRI A1 TR AS ) o o P ik 5L A AN [R) Pl 2, A 376 B v 3 P e U
— HB A B T AR, I8 4 LR S U S 4 I DR 3 7, 25T TR PO R R R o T B, X eF 4 K |
RIFRRER T REYI AR, F/B E# R RS S R GulRa e 07 SR, 1 07 55 i
PE RGN EMEY), LS FEMARER ARRREFSSTREGY, I H I pH 8K, B U4 B R I%
PROET KA AR A 1R PR R R N LR T S BB T A B R TR T B
VAM F & S E FAR R AU A R AFAE DS R 2R 50 A5 IR R 20 i 1) 22 35 B s i o i 2
A TP W SR PR R A MR WY R X4 VAM $R AL TR AR AR TE IR BT T S B
HA ST L VAM /) PLFAs ZEHR & TN, 300 4 A, HIERUE M4 2R R A A R
FEARAR R R v 3 i b 22 SRR B 0 /KO 3K AT RE R O B e 3R B FUR 2SR 1 rh b R A, BEAR
1M AT A DL A 1 SR R AT A TR AR R AR R o W SO R B S Bl R
FBRALI PSR AE LA 9 2 T 35 B AIG, (H 22 BR v 3 4 S B LA AT 2 E 4 58 b A W i B AR TR
Bl , IR FF IR P25 TR E A ) et 7 i TR 2 A A58 AS It Tt B o v 35 S BRI TRl A 86, & T A P T
A= Wy i S A5 R 23 8 B AR R BRI IR B

AHFFE TCAY 53 & R 10 A~72E H (Soil C/N Pinus C/N Dicra C/N pH . DOC MBC ,MBN TN NO; .NH ) J&
[ i o R AR - S A W VR 4540 849% L) AR S iX 5 1F Z W98 — 3, - B AR R T (pH - HE b
SOC ,soil C/N FI TN £ i ) Xt il b My BEE 25 s mi |3z iR 20 ey | pHL i 245 20 60 728 59 A e 1
FAY Axis] 500 R A IE AR JC M, HAASZ TN Ml soil C/N(Y31 Y soil C/N 5 Axis2 BB IEMHE) 5
Axis] SEER I TR DG, U B 3 PR A 4 5 b 4 R UK T soil C/N A pH & 52 M+ 3ERIUE Wy E v AR L i 3=
PR R, FIRIAHIE T 45 A, R W R R B AR R TR 1) L (B 55 soil C/N pH TN B Z I A A
FHOG R B AR, WA BT AP, 138 C/N pH Fl 3850 2K ] e 2 8 5 3 08 W A 0y e RV 45
PR EBAZS T BLFRAT AT IS o R 1 36 b soil C/N IR /K 3 8 TR T 4, pH
T AR R B (BRI RS ) R soil C/N pH Fl-HHER F KRR PR 5 55 T it
YA )RR S5 R ) B AR T

4 it

TEHAE B R T SRR, IR YA Y B SRR AR AR . NFVRE R R A
MR T2 35 1 1 3% MBC \MBN F15. PLFAs I 25 5 TAK T #1 (P<0.05) , 215 H 4 N H A, 13 MBC
MBN Fll PLFAs Y [ T, 3¢ B 75 1 5 v] 4E 55 38 U E WA Wi ST S Al L, 5 35 7 55 b 1 33
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GP .GN Fungi ACT &8 I 4855 (P<0.05) , GP/GN ,sat/mono Fl cy/pre W B 43K (P<0.05) , AR R #l
PP T T SRR A A PEAS QAR B AR | 37 53 00 ) M ] TR R 5 15 F/B ORI VAM 1 5 22
AHB A S L W s AR R IR TS T RIS RS E , R LR AR E 1 S5 5 AH
KA FTRNTUA 3 M7 ¢ B A 3B B B 5 S W A= W i S PR A5 H G R 5 0, vl LA 3% C/N  pH AR K
IR AR TSR T S Y R i AR SR ) R AR SN T
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