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Abstract: The composition and structure of the soil microbial community is a key determinant of the growth and
development of the prized edible mycorrhizal fungus Tricholoma matsutake and its shiro. However, little is known about any
differences in the composition and structure of soil microbial communities between shiro and non-shiro soils, and whether

these differences vary among different host forest types. In this study, we used phospholipid fatty acid (PLFA) analysis to
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compare the soil microbial communities of shiro and non-shiro soils in two forests dominated by Quercus semecarpifolia and
Pinus densata in Shangri—La County in northwest Yunnan, China. We found that: 1) fungi (18:2w6,9¢, 18:1w9c, 18:3
wbe (6,9,12) ), gram—negative bacteria (190 cyclo w8c) , gram—positive bacteria (150 iso) , and non-specific PLFAs
(16:0, 17:1 anteiso B, 18:1 wbe, 16:1 wbe, 18:0) were the dominant microbial groups in shiro; 2) the percentage of
fungi and the biomass ratio of fungi to bacteria (F/B) were significantly higher in shiro than in non-shiro soils, but the
percentages of gram—negative bacteria and gram—positive bacteria, and the evenness (J) of total PLFAs were lower in shiro
than in non-shiro soils; 3) soil microbial community structure differed significantly between shiro and non-shiro soils and
between the two forest types, and the difference between shiro and non-shiro soils was greater than the difference between
the two forest types; 4) there was no interaction between shiro and forest type, which indicates that shiro microbial
community characteristics did not differ between host forest types; 5) soil chemical properties differed significantly between
the two forest types; however, no obvious difference was found between shiro and non-shiro soils. Our findings revealed
differences in the composition and structure of shiro and non-shiro soil microbial communities, and that these differences

were consistent across both Quercus semecarpifolia and Pinus densata forests.

Key Words: Tricholoma matsutake ; shiro; soil microbial community; forest type; phospholipid fatty acid (PLFA)

AN AR ( Ectomycorrhiza , ECM) el HIEEE SR 2R BB A eSS RS E
BYL GRS AR E S R G R 2R 5 T R 4 AR A8 LB ( Tricholoma matsutake) , X 44
FAEE, B —FpILF R A ALY ECM FCRR , 2SRRI 7 SR 2 M Py 2L AR I A AR | A48 B A o
¥A( Pinus densiflora) ABENS ( Pinus pumila) . 78 H AR 842 ( Tsuga siebordii ) "', 25 2% f) BRI 77 A ( Pinus
sylvestris ) WK A% (Picea abies) ™, LA Ko A 5 LLUAA ( Pinus densata) 25 B #A ( Pinus yunnanensis ) . {5 LBk
( Quercus semecarpifolia) FICILAE ( Castanopsis orthacantha) 25" ) BB FE0 & B0, A5 B RERL 422 b 3] H
b BHE AR ZR | FEIRI0 A0 T 7= A AR SR BT I 254, 0, S5 3R Prunus speciosa™ ™ MEAEL 1Y
Betula platyphylla var. japonica' ™ DL X BEFIHY Cedrela herrerae''® . X 3850 A WIMA B 15 ALY 09 Z REVE RN
T,

PAEETF LA 4 B B A B TR, R O H A 76 Tl B A B3k 1000 E50/ke' . DL H A
N BB GO IS N TARRE AT T FAR AR 500 S — 2 R . H AT AR 5L AR A O A 1
—FE MBI AE AL 3 R 58 A S TR BR thE02  ge L, — Oy TR TR AT IR A 5 A A 2 E)
FAE G ZFE FHALHI Y 1 AN AT 5 53— 5 T, WP RA BB DA R B VR R AE T AL

PRI ( Shiro ) A& HIAR R L R R 22 1 2 MR 3R IR PRI - 345 A TB I (1 g 4 R a5 4 SR B A e iy
EEIS =4 N g e s A R SN = R/ 70T S VN S b7 A U GAEL 7/ TR Q=57 3% Bl 0/ P2 S
(AT BEFNUR B B AR 1 &2 R AR R . H A4 Ohara 8 NRAAE 1967 -5 R 40 B3 15 7% 19 7 X & B A
H R SR A A0 R R R BRI Y B H R &, Lian' ) Kataoka' ™' Vaario * | Ty kg 45 A 43538 1
JE& 255 ITS (Internal transcribed spacer, ITS ) Z2 25 ME 70 T . PCR-ZE P44 i 45 i H1 3K ( Denaturing gradient gel
electrophoresis , DGGE ) £ R BB A5 I 2 ( Phospholipid fatty acid , PLFA ) A= bR 10 72 55 T Be T 40 0 1 3 1 338 1k
AR RRIEEAT TIRARISE . IRk, i T — AR R 1 e Ji , 5 ik R 20 2 Dy A3 T BIAA B S 1Y
WFFE R0 A At F KT RA T TR I S ) RIS LB AR — B 32 AR AR I Ogawa™® ™
Lian'**, Ohara'®"  Kataoka"* Fl Kim"***" 45 N ABFST , i A UL7E 1 BHE 5 AR I P9 -E D v i o 41
BRIEEZ A, 30 R DA [F) i 2 BRI R P A L 1 30 T A T A 5 AL ISR 8 R R 6T L B, ke = o R PR R TR

ABIFFE LARA BT 5 X 25 19 4 8 DR s FELE L 0 A1 1) g LSRR e LA AR R BIFFE RS 2, R PR g 117
W2 (PLFA) A= Prricik ™ % HURFFSE 1R WA RA A 5 AP I N (0 T 98 R T 008 0 3k W RE TR ARRALE , 43
B 5 HAH DG Y T3 A e T, Y2 [ 8 T I G ARV AR T A [R) AR ) 2 75 A7 S [R) F R o )J
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1 HRBRSHRTE

1.1 WFFE s

TEPERA L B e HLEA 3 LA R 25 LLUAR 23 A1 14 25 T 4 e P 38 A B L A 30 57 el A A R 5 b
A TR A ks B B P 234K 3300m, TR0 W] BRI 223K . AE PSRN 7.3°C 45 P BRIl
H1.9°C AR AR 14.3°C AR E Y REK & 38.5mm , A - AHRHRE R 61% (H E S G 5040 M http
//data.cma.cn/site/index. html F g PR BHE ) o Hrb s ILARARBESE 25 (99°3752.59"E,28°05'38.48"N)
SRR R 3747m,ﬁ$ﬂ‘§$ﬁﬁj‘7%m1§ﬁ( Quercus semecarpifolia) , 255 45.19% ,%ﬂj%fﬁjg 7.71m; P TNE /A%
5T 25.(99°38'28.73" E,28°04" 11.09"N ) “F- 31134k 2 3452m, ZR AR HE B0 4 &5 LS ( Pinus densata ) , 29 15
64.06% , V-3 EEN 6.20m,, PR AR R T 254 1 A HE i
1.2 HEAhRE

THAERETAET 2014 4 8 A FAJSEMN, I R B FA S H 2k 1R BRI . S (s IBORe HAT AU, ZE P AR
BIABE T 54 20mx20m WWEERETT . ol B BT IR BB R T 25m, HA M h =404 3 4
FEES R T 2m WA . ERR IERBUZ S e f 0, B REE 3 AN BRI B2 0—10em Ak
L3, AR IR PR TSR R AR 5 N EEIE R BUZ 0—10em AR 13 SRR LAESEiE 4mm
i, KI5 FHUKAS PR S I3z 1 S 2 AT e — &R 230 T T 33 2 At Bl 5 | 75 — & 3 PR A7 AE - 20°C
UKFE R T SR Y o b

AT 10 DT, 80 iy HIERES . R IIAL D SO AR )BT BT 2 O IR
it s — IR TR IE PR AR — AR )R R B 20 £ AR S TS T Y IO W R Y 4
453 BRI A S AL 2 B
1.3 B3 e v i e

T A2 o a2 ) 38 1 e id 2mm BT, — &84 R 253 AT AL ( Vario MAX CN, Germany ) Il 2 + 358 4>
T ( Total carbon, TC) Fll4= % ( Total nitrogen, TN) 7% & , H ICP-AES #1430 % 1 3% 4% ( Total phosphorus, TP)
S, A A EE L 0.25mm 5 FURS % B2 2 1T ( PHS- 3C, Shanghai ) 1 2 4 3% pH {E, 052 1 258 1
H B2 5 U RS A AR A el A1 0 R 2 S 0 2 58 A
1.4 IEMEYIREE PLRAS Ul5E

I RIS AL E R PLEA A 9hR1C T . PLFA (42 IGS 2 2% Bossio Ml Scow ™ I Tk,
DU S v R e 4 e A P Pl aR A AE 25 R G M o K 02 5 8 B o S 6 3 52
1.5 Hdkbp

Xt PLFA J5 GG 5006 oE 47 58], 5 A BE Al b PLFA AO4LAL, B A S BEAVEY RS GB . Hd, A
PLFA [ 437 fit (Percent) /R IZFFHE PLFA 7 SR BUHY PLFAs T 19 77 40 807, 854 PLFA 1 24E 1) &
(Biomass ) H AR 19:0 HY SV AH ( Response ) FE 4TI , B4 nmol/ g, 7n B 5 1 i PLFA B &, A2
LI
L, 1% PLFA 1) Response A x RFact %7 1E 2%

A PLEA B/ = 19.0 i Respol:Lse M X RFact B IE R AL
(19:0 MR x SUARD) + 19.0 HYBEE/R BT &
SEPRPR A

R AL (vegan ) #EATEURE 73 o I A= W) Z2REE RO BR, €045 Shannon-Wiener ZFEMEFEE(H) |
Pielou Y2 FE 5 %0 ( Evenness, J) Il PLFAs FJ& (Richness,S) . BARTEARXNT .

(1) Shannon-Wiener ZFEVEFEE(H) 0¥,
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2 Pln P,
ﬁ$5%rﬁm$PuAi%ﬁﬁ%ﬁEEEH“P%ﬁ%zﬁﬁﬁuﬁ%%W
(2) Pielou 5] BEFRH(J) " .
2 PIn P,/InS
mﬁ%‘aéﬁgﬂﬁﬁﬁﬁﬁ%ﬁiﬁﬁi%ﬁ%@m MR A8 A4~ 722 B B B A o A T 1, 43 >R

T I3 A K5 ( Binomial test, £ X H 43 E i), UK R 7 50T (Two—way ANOVA , EF XA &) FARA 7370 K

55 (Poisson test, £1%F 51 PLFAs Z4EME 5] BERN-FBE) SE4 7 R 3%  bRAY R H

LA AR IS S e Wy A i

BEMRE . FHAESE L 507 24301 ( Permutational analysis of variance, PERMANOVA ) 7M1 75 2544 22 5% |

L RGE IR A B OC R i it

HLFE XN 43T ( Canonical correspondence analysis, CCA, CANOCO 4.5 #X

) IS Z A A = I 1

2 HREH

2.1 IR R Y T A AR

R ) B IR  7 3 E AS F B  K

J2e 1 WoR TRTA R TP I B PLFAs K HAC R B39

Kt FrARESTPIEH I T 76 B PLFAs, BNEE S RSB A (40+5) Fl

PR L

P B 63 B PLFAs, HoAr 32211 10 Fh PLFAs 2350 0380 E Y 18:206,9¢(8.49%) .18 1w9c

(7.51%) F1 183 wée (6,9,12)(2.44%) , 35 18.44%; iﬂaﬁi FCBATEBE Y 19:0 cyclo w8c, 15 3.78% ; #61%

B2 FCBHME R AY 150 iso, i 3.51% ; R %@ M ARE: 7

fEiMR 16:0(16.96%) 171 anteiso B(13.77%) .

18:1 w6c(6.85%) .16:1 w6e(4.75% ) F118.0(3.16% ) ,/\5 45.49%

F1 ATREYEYRIEHBEEERER
Table 1 Phospholipid fatty acids( PLFAs) used as microbial indicators

WA 21 Microbial groups

WeAE A WilRLE WhRic PLFA biomarker

TR Actinomyceles[% 36]
WAL ELT AMFL%)
HE Fungi[35'37]

B2 [T M GNBL3S-37. 39-40]

éEEI;H ﬁlﬁ CPBDS 37, 41]

E /AN L F/B ratio

B2 IR B TR/ 22 TG B M T

GNB/GPB ratio

AEAr AL IR R
Unspecific PLFAs

16:0 10—methyl, 17:0 10—methyl, 18:0 10-methyl, TBSA, 19:0 10—methyl
16:1 w5c
18:2 w6,9¢c, 18:1 w9c, 18:3 w6,9,12¢

12.0 20H, 15:1 w6c, 15:0 30H, 16:1 w9c, 16:1 w7c alcohol, 16:1 wllc, 16:0 20H, 16:1 20H, 17:1
w8¢, 17:0 cyclo, 18:0 20H, 18:1 wSc, 19:0 cyclo w8¢, 20:1 w9c

13:0 iso, 14:0 iso, 15:0 iso, 15:0 anteiso, 16:0 iso, 16:0 anteiso, 170 iso, 17:0 anteiso, 18:0 iso

(18:2 w6,9¢c, 18:1 w9c, 18:3 w6,9,12¢)/(12:0 20H, 15:1 wbc, 16:1 09¢c, 16:1 w7c alcohol, 16:1
wlle, 16:0 20H, 16:1 20H, 17:1 w8c, 17:0 cyclo, 18.:0 20H, 18:1 w5c, 19:0 cyclo w8c, 20:1 w9c, 13;
0 iso, 14:0 iso, 15:0 anteiso,15:0 iso, 160 iso, 160 anteiso, 17:0 iso, 170 anteiso)

(12:0 20H, 15:1 wéc, 16:1 09¢c, 16:1 w7c alcohol, 16:1 wllc, 16:0 20H, 16:1 20H, 17:1 w8c, 170
cyclo, 18:0 20H, 18:1 w5c, 19:0 cyclo w8c, 20:1 w9¢)/(13:0 iso, 14:0 iso, 15:0 iso, 15:0 anteiso, 160
iso, 160 anteiso, 17:0 iso, 170 anteiso)

10:0 20H, 10:0 30H, 11.0 iso 30H, 12.0, 12.0 iso, 12:0 30H, 12:1 at 11-12, 13.0, 13.0 anteiso, 13:0
20H, 13:0 30H, 14.0, 14.0is0 30H, 14.1 w5¢, 15:0, 15:0 20H, 15:1is0 G, 15;1 iso F, 15.0 iso 30H,
15:1 anteiso A, 15:1 8¢, 16:0, 16:1 iso G, 16:1 iso H, 16:0 30H, 16:1 w6c, 17:0, 17.0 20H, 17;1 iso
wS5c, 17:1 anteiso A, 171 anteiso B, 17:1 anteiso ®9¢, 17:1 w7¢, 17:0 iso 30H, 18.0, 18:0 30H, 18.1
20H, 18:1 wbc, 18:1 w7¢ 11-methyl, 19.:0, 19:0 iso, 19:0 anteiso, 19:1 w9¢, 19:1 wbc, 20:0, 20.1
w7c¢, unknown 10.928

GNB. 2% [P Gram—negative bacteria; GPB . 2% TG P Gram—positive bacteria; AMF . MAF M B Arbuscular mycorrhizal fungi;F/
FL /4 & L Ratio of fungal to bacterial PLFAs; GNB/GPB. #i 2% [G 9] 1%/ FH 1 I Lt Ratio of Gram-negative bacterial to Gram-positive

bacterial PLFAs

2.2 WYENIBRE X S A P v 2 A R T
NS T E WIS AU A R R A TR AR L (8] 1) 22 57 (35 2) , U TR IR 2 SR R B, e A= W 9
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H 5o AR R A 2 RE A EAN R R BE T 37 B YR 05 ), R AT - S A O AR A 1 5 e (SR BLAE A A1)
R AT

R PN LR A0 B RN (P < 0.001) , # >4 [GFAYE TR (GNB, P < 0.05) % [C MR (GPB, P <
0.01) [ E o & = B FRAK, BN, B & 20 & s 7E = LUARAR I R 12.0320.25 3908 19.98+3.38 , 76 & LLIFA M
P 13.92+0.39 34N % 16.89+1.02, B 3 PR B R AR BL B (AME) (95 43 & midl b  HAR B3 (P >
0.05) , WIENHE/ MEEY R (F/B) BE R TIERTE(P < 0.01) . SERUL, B IEIFA S + M A
&L PLFAs ZFEE (Shannon 2 A PEF8 80) A =F B M & U W 2R BEI) PLFAs 1 (H B N LR 9 8
PLFAs ¥J%5) B ( Pielou 2957 BE48%0) W BX TAERE T (P < 0.05) .

BR T B A AMF (AP i BROBIG Jor R AE L 00 WIS AU A8 bR 2 A 3 AR 5 I
A HAEH . ARBIXT ELR AT AMF A=) 052 i R BN . ECTR I AMF A= 76 i LUARAR Y 19 3 28 8 T Ll
M(P <0.05),

®2 EREMEREXBEEANIEMEVESSE EYVEMSHEENZT

Table 2 Effects of shiro, forest type and their interactions on soil microbial percent, biomass and diversity ( mean+SE, n=5)

R LLRAR Q. semecarpifolia G ILFAMK P. densata MRS Significance test
A5 Variables il E(3Ep o JET - AR l'zfiifgxfffliﬂ
Shire Non- Shire Non- Shire Forest Shiro x
Shiro Shiro type Forest type

B FUH Fungi 19.980+3.382  12.034+0.247  16.886+1.023  13.920+0.388 ~ # = = ns ns
Percent/ % H22 [RHIMER GNB 10.384+1.112  13.278+0.168  8.184=1.160  11.526+0.224 ns ns
#22 [UIHPER GPB 10.356+2.209  14.870+0.230  10.338+1.276  13.768=0.618 % ns ns

AT Actinomycetes 3.318+1.366  4.808+0.799  2.790+0.952  4.624+0.677 ns ns ns

M EL A AMF 1.040£0.275  1.984+0.048  0.674+0.073  1.328+0.128 ns ns ns

JEHE A PLFAS 54.500+1.310  53.024+0.815  61.110£2.099  54.256+1.237 ns ns ns

L &4 PLFAs Total PLFAs 33.373+8.344  33.57125.806 21.222+3.654 27.558+1.757 ns ns ns
Biomass/(nmol/g)  FUH Fungi 5.983+0.814  4.047£0.640  3.5140.430  3.880+0.274 ns * ns
#522 [CHIHER GNB 3.684x1.171  4.564+0.832  1.897+0.583  3.218+0.254 ns ns ns

2[R GPB 4.031+1.820  4.849+0.820  2.254+0.592  3.871x0.314 ns ns ns

AT Actinomycetes 1.469£0.920  1.693x0.483  0.738+0.396  1.321+0.251 ns ns ns

MR AMF 0.408+0.198  0.657+0.107  0.148+0.036  0.370+0.058 ns * ns

T4 PLFAs 18.305+4.008  17.986+3.114  13.058=1.751  15.122+0.676 ns ns ns

F/B 1.120£0.286  0.435:0.013  1.019£0.205  0.550£0.023 = * ns ns

GNB/GPB 1.085£0.158  0.937:0.019  0.829+0.099  0.832+0.012 ns ns ns

200 8 PLFAs ZEEM:(H) 2.910£0.078  3.026£0.019  2.834+0.086  2.962+0.040 ns ns ns
Diversity K PLFAs #1518 (1) 0.785:0.011  0.817+0.006  0.783+0.014  0.804+0.005 ns ns
SPLFAs FH(S) 41.000+3.332  40.600+0.927  37.400+2.064  40.000+1.517 ns ns ns

U Fungi £ 3.000£0.000  3.000+0.000  3.000£0.000  2.800+0.179 ns ns ns

B2 [RPIPEE GNB % 8.200£0.716  7.600+0.492  6.800£0.581  7.600+0.224 ns ns ns

S [P GPB F 5 6.600£0.492  7.000+0.000  6.200£0.179  6.600+0.224 ns ns ns

W4T Actinomycetes “FJ# 2.400£0.224  2.800+0.179  2.200£0.179  2.600+0.224 ns ns ns

MR AMF £ 1.000£0.000  1.000£0.000  1.000+0.000  1.000+0.000 ns ns ns

JEHERM: PLFAs F 5 19.800+2.102  19.200+0.716  18.200+1.252  19.200+1.252 ns ns ns

ms: P> 005, % P<005, ** P<001, *** P<0001;a; FH UMK b RAALHEMT se: RITHAMiKE
2.3 BIEFIARBIN; + I A W RIS 45 K6 ) 5 i

WidIESHE T 20 KB (3 3), B AR 52 R E Y IR 250, P E Y (R =
0.263,P < 0.01) (MR THRAEI(R*=0.173,P < 0.05) B2 (B P 3 19 38 TAE FH 0 G0 M RE T 45 7 1 5% i)
ANBEP > 0.05),
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£3 EREMEREIBERAMTEREMEEENNIFSH S T ZE (PERMANOVA) 17

Table 3 Result of PERMANOVA test about the effects of shiro, forest type and their interactions on soil microbial community structure

AFHE Variables Df Sq F.Model R? P
FiJ¥% Shiro 1.000 0.212 7.574 0.263 0.004 **
MRA! Forest type 1.000 0.140 4.975 0.173 0.015*
BRI Shiro x Forest type 1.000 0.007 0.249 0.009 0.869

* P <0.05, " P<0.01

2.4 WUEWIREK AT S ETE OMREIA A M B OC AR

XA ity T B R e 2 1 40 Pl i B 7 R 144 7 ML X6 13 43 A)T ( Canonical correspondence analysis, CCA) ,
R IR TE RIS A T2 AR bR W AEA AR B b5 R IR Y R S5 A ARG (I 1) o Rk
—2 B TR X 28+ SR SRR AR T AR SCHR (R 4) , RS LR 20 (P < 0.001) (2R (P <
0.05) &#E(P < 0.001) FFRA L (P < 0.001) &3 = T ILASAR, T pH [ B Z AR T LLARAR (P < 0.05) , Xf
TRGEMAER S, LI AR e R =R (K 4) .

x4 EREMBEREZHEERNTEEFEREZME

Table 4 Effects of shiro, forest type and their interactions on soil chemical properties (mean+SE, n=5)

S LIERAR Q. semecarpifolia = LA P. densata XL 2 225381 Two-way anova
ZE&E Variables E A E S AR e
Shiro Non-Shiro Shiro Non-Shiro Shiro Forest type  Shiro X Forest type
pH 4.532+0.327  4.476+£0.332  4.944+0.117 5.236+0.109 ns * ns
4R Total carbon/ (g/kg) 51.412+11.177 57.592+9.962  15.500+1.851  22.144+3.374 ns e ns
4% Total nitrogen/ (g/kg) 1.770+0.467 2.282+0.423 0.930+0.158 1.206+0.182 ns * ns
4T Total phosphorus/ (g/kg)  0.576+0.043 0.634+0.046 0.372+0.045 0.430+0.049 ns ® ko ns
AL (C/N) 29.998+1.140  25.544+0.698 17.438+1.671 18.621+1.266 ns ® ok *

ns: P> 0.05, * P<0.05, " P<0.01, " P <0.001

3 e

SR TR N SR WU R I A SO 5 AR DR LG FR R R A LR e B I A B R, fR
TR RN TR BAEEE L, 15 AR T SMEZE B 2 W Fp - AR E R
i EEE R IRAS (Pinus densiflora) #2221 A8 ( Pinus pumila) ¥k =42 ( Picea glehnii) ¥k 8K+ ( Tsuga
sieboldii ) Mk 21 AR BIFTE R FRATTIA IR 2 1T 3 PR 100 Bl 2 O B A A B 1 il (G S T 25 S 3
HEARXS AT ez R e b BRA T FRATRAA B R YR A PR TR R AR R R D AR IR T
FCH P LUBRAR A 00 TR B IR DRV R E , 04 35 1 LI ARIHEA T X B 34T, b L R A

WFE F BRI A E IIARARIY B AT AME (1928 ) 285 T LA AR (38 2) , PR AR TR T A= W i
TEASH AR 0 2 25 (3R 3 181 1) H s LU BRoMRRN 2 LU BR8] G S o A D R I8 R A 1 22 RO TR 3, LA,
S H L T0 )7 22 53 W LR W TR BT T e A W VR S5 R4 (02 i R T ARAL (3R 3) , LR (R AS P2 A= 52 HAR
L5 L RTIR WG AR ST S P AR [ P 5 T R G A U R O R PE SR AS AR DL, B AT e, SR T i A
S AE I B AU, ARSI Y R FTR A ISR AR 2 o

PAE T B FE M RUZE YR RRIE . SAERYEA L, TR N BRSO, AT RE E R A EA S
ESAIBERTIE . TCI R IR 53, i © 0 A RIF 5 45 SR 35 2% B B 0 P A v s /0 25 7 AR5 B EDIE
TIZM AL, & B GPB Fl GNB 7ERSEH AV E 0 & 3 R, s H R, B RTA7e R T e vk A e . 10k,
FRAE IS AN H - S S0 28 B A R A 23 40 W e Mk e 4 480 fL T8 ( pyranose oxidase ) 7 AE 13 AL A,
TR B0 B ST AR 22 A% T8 Rhizoctonia solani WA o ARWFSE - SEHURE I ()44 2t 230, S SR AE 7 A0 2%
PRI E T fe st AL A, 7T RE A B GPB A GNB W0 i RN Hvk, Park 28 AP ARA TR T
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R TT IR A FRARIME AR B Piloderma W 223 AR m Pd(Shiro)
LA (G SRR HES AL (0 B PCR B 7 e
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WP, A A S R AR A
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FZREPEAERFAROE , (E T I A A& 2 40 1] R RO 5 =k Z;ilsoiliiz::::: :::::::(mdeme analysis of soil microbial PLFAS
PSR A T A8k, 3X AR Ak 1) 45 S (4545 24 43 Ta] A A X Qs: FELLBEH 0. semecarpifolias Pd: FUHH P. densata; Shiros
FrE 2SR B SR A AR R LA S AN A Y A P35 Non-Shiro: JEHHH; TC. £k Total carbon; TN: 4% Total
N4k b B YE N BT LGN 4R LE ) R R, 3R nitrogen; TP. 4B Total phosphorus; C/N. B % I Ratio of total
N F/B E%ibﬂ( %= 2). carbon to total nitrogen
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Shiro & TC
C/N

CCA2 (15.17%)
°
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