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i E. [86)] oW BAARERE L EA TR T S ES RSN XA, REARAN
e lan AT IEf AL . [k ] BEHEFAR RN @R ITS 5300, L2055 a0
PR H e S AR B AR, ARABERE R, L EA A RY, BRI R, MR
#) % M4 J7 (Total organic matter, TOM)/R EAM K R B A L it A2 = A 69 W 0 3] R Az b6
(Endoglucanase, EG). AFEAEH(Xylanase, Xyl). KM &L A k4B (Lignin peroxidase, LiP).
4513 R AL B (Manganese peroxidase, MnP)F=BR 4 4% B2 B4 (Acid phosphatase, AP)FH. [4X]
5 # E #5254 Mucor sp.. Pestalotiopsis sp.. Allantophomopsis sp.. Phoma sp.#= Hypocrea sp..
5 A 5l A2 694t TOM R85 K £ 6.63%—15.77%Z. 1], Pestalotiopsis sp. B4 5 & 49 AP B7&
M, B EG 8. Xyl Bafe LiP B 3 #PB475 M4 5. Alantophomopsissp.49 LiP B&i& M & &, F2H
&5 MnP B&7% . Hypocrea sp.oikty EG B, Xyl BaiE Ak, (248> 4 LiP B2 HA 4K 549 AP
BaL. ARSI KA R AP BEiE S TOM M EMEE fiM%, EG 8. Xyl BA AP
Bl 3 AP ERZ A A FIE A, 45AR BG 5 AP 2. (4536 5 A8 A At Landtet A s
fEAER, T&fE4E 7). Pestalotiopsis sp.>Allantophomopsis sp.>Hypocrea sp.>Phoma sp.>Mucor sp..
B % Ko B BB VR R 45 F) % w4t et 4%, Pestalotiopsissp.. Allantophomopsis sp.#= Hypocrea sp.
b E AR A RSB TRIIRR IR EMAR, BRI IMRFARRTLELIEHRAA.
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Enzyme activities on decomposing needle litter of Pinus
armandii by five dominant saprophytic fungi
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Abstract: [Objective] The purpose of this research was to analyze the changes of enzyme activities
and relationships among enzymes on decomposing needle litter of Pinus armandii by saprophytic fungi
and explore fungal decomposition capacities of the litter. [Methods] Basing on morphological
characteristics and sequence alignment analysis of TDNA-ITS region, five dominant strains isolated
from Pinus armandii needle litter from Erlang Mount were identified. These five isolates were used as
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the fungal strains and the needle litter was used as the natural substrate. The fungi abilities to degrade
the needle in terms of the loss in total organic matter (TOM) and the enzyme activities of
endoglucanase (EG), xylanase (Xyl), lignin peroxidase (LiP), manganese peroxidase (MnP) and acid
phosphatase (AP) by fermentation were tested. [Results] The five isolates were identified as Mucor sp.,
Pestalotiopsis sp., Allantophomopsis sp., Phoma sp. and Hypocrea sp., respectively. The loss in TOM
caused by the five fungi was between 6.63%—15.77%. AP activity in the case of Pestalotiopsis sp. was
the highest and the activities of EG, Xyl, LiP were relatively high. LiP activity was the highest in
Allantophomopsis sp., which had high activity of MnP. Whereas EG and Xyl activities were low for
Hypocrea sp. which can secrete LiP and higher AP. The results of correlation analysis showed that AP
activity was negatively correlated with the loss in TOM. Moreover, there was a certain synergy
between EG, Xyl and AP, especially between EG and AP. [Conclusion] In the present study, the five
saprophytic fungi can degrade needle litter of Pinus armandii and the ability from highest to lowest was
as followed: Pestalotiopsis sp., Allantophomopsis sp., Hypocrea sp., Phoma sp., Mucor sp.. Enzyme
activities and enzymes synergy had an influence on decomposition of the needle litter. Pestalotiopsis
sp., Hypocrea sp. and Allantophomopsis sp. were found to not only be capable of producing
lignocelluloses-degrading enzymes but cause higher loss in TOM. These three strains were regarded as
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lignocelluloses-degrading fungi.

Keywords: Fungal decomposition, Pinus armandii, Lingo-cellulase, Xylanase, Acid phosphatase
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FH -2 21 4 22 (R RATR I 22 2L R R B Xy D)™
AR R 25 WA 1 8 2 LA R TR 285 S AL B (LAP)
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1.1 HREXIE

B INFATS SR BV E B T RILMg, e E Rk
2 AN SN o VR AT B R, SRR RN
I HAT AR 5 R TR 141, 1-11, 2-17, 3-13,
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AR T A 11 4 T 55 5 5 v Pk B T 22 5 4 |
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DNA F-20 °C fRfF&H . RECLHE#E 5[4 ITS1
MITS4, HF 40 R - 1TS1: 5'-TCCGTAGGTGAAC
CTGCGG-3' (19 bp); ITS4: 5-TCCTCCGCTTATT
GATATGC-3' (20 bp). KALEMARA 50 pL, Hr
ITS1 5[4 100 pmol/L 2 uL, ITS4 5[4 100 umol/L
2 uL, ddH,O 19 uL, DNA #if 2 uL, 2xTaq PCR
Master mix 25 pL. JZ W A2 A : 95 °C 5 min; 95 °C
1 min, 50 °C 1 min, 72 °C 1 min, 35 PME¥; 72 °C
5 min, SUVZILE, P34 1% MG
PRSI oK PCR F=i% 2 AE T AW U AR AR R
FABRAEIY, B )75 BLAST 273
RFEEFS), 5 GenBank EIEJE T E G KM
tDNA-ITS JEHHA TR LA b, DhbSi Bl
PRYEAE
1.3 LEZEY S BRI
1.3.1 AR ARIAAE SR B U BB, DL
AR 2R B o ) o ANEFBTRE 1-2 em 4t
B, ZEMKIEVE 3K, FE 72 °C Mt 48 h, HETRY%EF
AR MR FR IR . B AR (150 mL)H 3 A
1.000 g JIEY, FH 5.0 mL AR 755 (KH,PO,
1.0 g, MgS0,0.2 g, KC10.2g, NaNO32.0 g, Mk}
02 g, 7EMK 1000 mL)EIEIEY), 1x10° Pa i
FERTE 30 min'®, BHIE . R &M T A
iR 4 A EHAN 8 mm LB R, MW
H 25 °C FR;i5% 4-5 d 1Y PDA EMh 26 2246 KIE
FRIBIIREL . TR A R ZE 3T, (RFF 90%
MRE, 25 °C B53%, XTERAIAREREACIE, BRI
55 RE—WKIRE, ZJ5% 5 d BUFE—IK, 56 60 K
B — U .
1.3.2  BEEREREL: mBUERHEEI A 10 mL 1
B RR 5N 2% 4R (50 mmol/L, pH 6.0), & T 25 °C
TEFEHEIR 180 r/min &7% 20 min, KRS RAHT
2 fE 1 E PRI AR R, RIS T 4 °C R URES.OAL
10 000%g 5.0 10 min. B35 BAE A #H BERC R i
TEVE, BB IRITUEY 58— IR g ik i — [F]
M2 IEH(72 °C).
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W1 mL B#&, A 5.5 mmol/L [ is IR RERR —
HH(PNPP) 1 mL, #RJ5HHA 0.1 mol/L HAc-NaAc %%
M (pH 5.0) 1 mL, 7£ 37 °C /K% 60 min 5 3 mL
0.5 mol/L NaOH ¢ |- ) v o VAR MHigAE Xt iR, 78
F 400 nm ELAMEANINHHYEEE . & X 1 mL i
WA B0 7E A 1 nmol XF-RSFEEY A 1 NETE 7B
£ 1U,
1.5 HIELIES R

i MEGA 5.1 fERGE KBRS, HH SPSS
19.0 XFS2sE G A 1411081, >KH Pearson #H5¢
Pk R E053 B Bl T AR Ak 5 B 0 1 O R S
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5 BEEIFRIY tDNA-ITS PCR #3845 R, 4"

Bl 2, FEM R Excel 2007 #HI1E, 1EE R

Origin 8.5,
B4R B2 500 bpo MIFPZERFEH, 1-1, 1-11, 2-17.
2 GRS50H )

3-13. 4-6 MY M Bl 581, 548, 513, 505
1555 bp. AR E 5RO RBIE R T I
WERRGKER, HTRELTRRZSIA 2),
it BLAST Luxt, 1-1 bk S B8 SRS
755 5 A R o 1-1 TR Mucor sp. (HQ829165.1)
RER A —, —ahhik 98%, SIEAFYE LR

2.1 BEMHIESZEE

WA, itk 5 AR ERR, 950
Bk 1-1, 1-11, 2-17, 3-13., 4-6 (& 1), 5 ¥RETE
PDA LRETEESILE 1. Hkk 1-1 W% e ss
J Mucor sp.. 1-11, 2-17., 3-13 J% 4-6 FkkTs 245

BT HARMATEE —3%, B 1-1 FERRYE N Mucor sp..
F1 5 HRETSHHE
Table 1 The characteristics of five fungi
R
1-1 1-11 2-17 3-13 4-6
Strains
2oL RE (T WERAE, A6 EEACHE, h% EEREE, hgx mERREERE, B mERE, B%eE
Morphological /R 2 kik,  sef, UEWZME &, hRERE;  GABN, ok, Bk, ERIEHG
characteristies  myg ek, Wike 2 RS, FLRPRAEGE WERLNR, BE —EH RV, H0R
&y KM, AL, 2R O RERZLER; %, REPRR, T AR Rimwi
AEW, WL GPRAERK. WM BiERNEZEZ) B AREZ, AR FEY, WLREE
Tk, MY ARBREEZ, Rk OBJUR, UERZ  BNOAERTEE, b K. AREZOE,
PR MBS T KB LR Ak, st AT, R REB L5

1 5 HREHRAE PDA 1557 E FMETERES UL 1-1 HE R
Figure 1 Morphologies of five fungi on PDA and microstructure of 1-1 isolate
TE: AL BOBIE 1-1 MHEVE SR METH; C-F 7052 Ritk 1-11, 2-17. 3-13 & 4-7.
Note: A: The colony of 1-1; B: The microstructure of 1-1; C—F: The colonies of 1-11, 2-17, 3-13 and 4-7 respectively.
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Phoma sp. (HQ130716.1)
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100 Mucor sp. (JQ676211.1)
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—
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Mucor sp. (JQ676212.1)

B2 sHERSHMESGMNRGZLZEN
Figure 2 Phylogenetic Neighbor-Joining tree based on ITS sequence of five fungi

wtk 1-11 5882 MR TR AR
FHARL P (99%-100%) , 5 Pestalosphaeria uviicola
(JF923829.1) . Pestalosphaeria
(IN943625.1) . Pestalotiopsis microspora
(AY924292.1) ., Pestalotiopsis neglecta (JX854541.1) .
Pestalotiopsis vismiae (JX305715.1). Pestalotiopsis
pallidotheae (JQ676182.1)Fh—k, 45 v 5N
100%. LA 2-%5E K DNA FA150HT, K 1-11 18
FRYE N Pestalotiopsis sp. .

Bt 2-17 5 Allantophomopsis lycopodina
(ABO41243. D)TE—A437 b, —EEfEh 100%,
ZERAERE R 89%, ZIBA-YE K DNA J¥4145)
Mr, ¥ 2-17 %5 &y Allantophomopsis sp.. 3-13 &k
Y5 GenBank %55, KF128801.1, AY513965.1 %%

heterocornis
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JURNZE 155 8 (Phoma sp.)FE[Rl— 4332 1, RIfEEN
100%, #H% % Phoma sp.; bk 4-6 5 PR &
JEA R S HARIE(=99%), TEE2A%E & DNA
FESV AT, H4 4-6 %538k Hypocrea sp.
23 RBENHRTOMKRER %k

5 FhECEE M RE T HY TOM it 2 R i ik
A—F (& 3), B IR EA AN W 0, 3055 1 B
AR ENERE ., HE 3 TH, 60 d W,
Pestalotiopsis sp. 5| & &1 M i #1k R o, B
15.77%; H¥KJE Allantophomopsissp., & 13.33%;
Hypocrea sp.. Phoma sp.. Mucor sp. FHXJ42Ik, 43
PR 11.17%. 9.51%. 6.63%. XFHRZETIf) TOM
Fr i P e A/ U I N, 7T RE A i i K TR
TE
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18 —-CK

—— Mucor sp.
16— Pestalotiopsis sp.
—o— Allantophomopsis sp.
14+ — Phoma sp.
—o— Hypocrea sp.

TOMJF 4515 %
Loss in TOM (%)
=

Fi TR IR

Incubation time (d)

El3 $tIH7E 5 MEEMERZIETS TOM REHKR
Figure 3 Loss in TOM during the decomposition of needle
litter by five fungi

2.4 FHRBERFAUHREMEGEHETL

B TE S AT it ik R eh A W) B 20 A 1 N
VI SRR TS AN R (& 4)o P90 RBE BRI 1K
/N . Pestalotiopsis sp. > Allantophomopsis sp. >
Hypocrea sp.>Mucor sp.>Phoma sp.. 5 FlEI7ES
20 KIRFNEME, 56 40 KAF H—IRIRFER, =
P T BEAG I 3] /0 B ()3 Sk, AT RE A2 i
KR e 2B — e AR J5, DAL 2 55350 10
PRI AR TR R

—-—CK ——Allantophomopsis sp.
0.12 r —Mucor sp. ——Phoma sp.
—=—Pestalotiopsis sp. ——Hypocrea sp.
0.10
0.08
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0.04

PRI SRR 1
EG activity (U/mL)

0.02

0.00 + °
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e i

Incubation time (d)

El4 STHERAMRIESDATEREREEEN
Figure 4 EG activities during the decomposition of litter
by five fungi

FLTE T fE v, SRR AR SR
WEREE A JR], Allantophomopsis sp.j™ £ [ A B4
it % M Jmr . HR 43 Gl & Pestalotiopsis sp. .
Hypocrea sp.. Mucor sp.. Phomasp.. 5 FlEHHEL
PRI . S5—IRTESS 20 KAA, 5 “IRIGMEH
WA 40 R A4 . Bg Pestalotiopsis sp. fil
Allantophomopsis sp.gl, HA BRI RS —KIE(E
KT IRIEH (A 5).

2.5 AREREFBEREEETL

5 FPECEEH, Mucor sp. £l Phoma sp. ok 72 A2 A it
Zit ALY, Pestalotiopsis sp.7E4S 40 K H Ik
{E, 9 5.161 31U, FHJSRESIZEHIENE, 55 60 K%
K% 0.301 1 TU; Allantophomopsis sp.7E55 45 Kik
FII&(H 4.838 7 IU; Hypocrea sp. 7E55 25 KI5 T
P, AR 40 RIS 5.967 7 U
(&l 6),

B Allantophomopsis sp.#l, HAx 4 R %A
#] MnP. Allantophomopsis sp.7E45 20 KHIZS 40 K
HERIE(E , 73510 10.939 8 TU il 11.428 6 IU, 7EJ5
1, WG TRE(E 7).

2.6 ERM4HERERAP)IIENL

TE R ot B v, 5 0 TR BR R 1 B R I T

P & i & . Pestalotiopsis sp. > Hypocrea sp. >

L ——CK
——Mucor sp.
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Figure 5 Xyl activities during the decomposition of litter
by five fungi
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Figure 6 LiP activities during the decomposition of litter
by three fungi
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Figure 7 MnP activities during the decomposition of litter
by Allantophomosis sp.

Allantophomopsis sp.>Phoma sp.>Mucor sp.. 5 FkE
P H BB R UG {1, Pestal otiopsis sp. Fl Hypocrea sp.
PIRRTR K K FHAR 3 bho 7ERA R RD,
Mucor sp. 1) B P B IR GG PR Je (1%, 16 P31 FRl 49 78
0.5-1.0 IU (& 8).
2.7 BEEFEMXMARERES TOM RREHKFEEX
5

FEET I REAR R R AR v, A BT R R S G
F LA R T AR L8] 1) O 28 349 52 L TR Tl 2R 110 5 1) (%
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2). Mucor sp.53ih i EG BEEPES Xyl (r=0.854%%)
FLAP (r=0.750**)fA7EM i 2 Y IEAHOC G R, 431l
) Xyl BEEEAEE S AP 38 IEAHSE(r=0.701%),
TOM [zt i 2 22 5 JURI B 1 22 (B A7 AE— 2 i £
FAOG, (HARSCHEAR B2 ; Pestalotiopsis sp.73 WA
EG % AR S Xyl (r=0.929%* )M i 2 1EAHE,
5 AP B IEAK(r=0.617%), TOM 5 EG il Xyl
il 16 AR A AEAE — 2 IR DG, RAHDCHEA 3
Allantophomopsis sp.5 [ TOM Jii & i 2k %5 43
WA Xyl 5 AR AR i 2 E ARG (r=0.703%), 5 EG
IEAHSG, H 5 A 3 PG 2 A B E N AAHDE, %
STUAHY EG BEISPEAEfL S AP R 3 IEAH G
(r=0.777**), LiP Fil MnP #5448 fb 5 H A R4
— B R IEFSE I F s Phoma sp. TOM Jift 1§61 2 R AR
b5 EG (r=—0.712%*)F1 Xyl (r=—0.922**)[iff & I\ %
BEMTAHLKLR, W EG BREMHZLS AP
W 2 E A 5 (r=0.714**); Hypocrea sp.73 i EG
filg 15 M5 Xyl (r=0.809**)# W E M %, 5 AP
(r=0.687*)f 2 IEAHIC . 455 RM, WARIT UL AP
G PE S TOM BTt kR MAAME; EG MiGTES
Xyl B & HEAFAE—E B IEAHE KR, H EG A1 Xyl
PRI IS RS AP BEIAAAE—E IEAHDCC R, HF
A2 EG 5 AP, IEAHXRZE, 3 PG4 EME
s RBTRBEMRRGZ ] S 55 AP Z 8] — & Y 3 [F]
YEM .

—-CK

701 —Mucor sp.
—=—Pestalotiopsis sp.
——Allantophomopsis sp.
—=Phoma sp.
—=—Hypocrea sp.

PR T B R 1k
AP activity (U/mL)
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Figure 8 AP activities during the decomposition of litter
by five fungi
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x2 SHEFMEMS TOM REMARENELRY

Table 2 Correlation coefficient between the loss in TOM and enzyme activities in the five fungi

siii . Ijﬁis TOM EG Xyl LiP MnP AP
Mucor sp. TOM 1 —0.539 —0.519 - - —0.535
EG - 1 0.854" - - 0.750"
Xyl - - 1 - - 0.701"
AP - - - - - 1
Pestalotiopsis sp. TOM 1 0.205 0316 —0.240 - —0.220
EG - 1 0.929™ 0.501 - 0.617"
Xyl - - 1 0.514 - 0.459
LiP - - - 1 - 0.413
AP - - - - - 1
Allantophomopsis sp. TOM 1 0.032 0.703" —0.070 —0.410 —0.020
EG - 1 0.323 0.415 0.565 0.777"
Xyl - - 1 0.187 0.012 0.190
LiP - - - 1 0.091 0.418
MnP - - - - 1 0.477
AP - - - - - 1
Phoma sp. TOM 1 —0.712 -0.922" - - —0.520
EG - 1 0.523 - - 0.714"
Xyl - - 1 - - 0.358
AP - - - - - 1
Hypocrea sp. TOM 1 —0.260 —0.380 0.372 - —0.250
EG - 1 0.809" 0.276 - 0.687"
Xyl - - 1 0.096 - 0.483
LiP - - - 1 - 0.503
AP - - - - - 1

Note: *: P<0.05; **: P<0.01.

3 e

XA 5 FhEL T TR S EE A rDNA-ITS
FP A 8o M, 5 B ELE B E S8 Mucor sp. .
Pestalotiopsis sp.. Allantophomopsis sp.. Phoma sp.
1 Hypocrea sp.. & Mucor sp. WG 148, HA
4 PPN FRERE ], 7660 d N, S RIS ERE R
ERREN 6.63%-15.77%. WK, KT HENT
JAVE VIR RE A T2 IBESE (R 3). IR

VEE LR 0 BB e BT A — A S e 2,
. L
kumaunicum, L. sichuanense #1 L. erlangshanense
5 MHEGESE 60 d NG EEALIIFAST I BT 451 2R 87
8.5%11.8%Z AP, —fRABIL T, HHF R4

T 7%, Collybia dryophila &% Trametes
versicolor XJ ¥ 12 1) B fi# & J 2 = T Trichoderma
viride™l, 7 12 JAIN,

Lophodermium conigenum | L. pinastri

Gymnopus sp.. Rhodocollybia
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Table 3 Weight loss of litter decomposed by fungi

[EE73 i e Kok Aot ] RIS SHELHR
Taxa TOM (%) Incubation (d) Substrate Reference
HTE Collybia dryophila 13.80 90 Abies Osono 22!
Basidiomycetes 15 metes versicolor 12.00 90 Abies Osono %
Gymnopus sp. 38.00 84 Quercus petraea Valagkova 2261
Rhodocollybia butyracea 32.00 84 Quercus petraea Valaskova &2
Hypholoma fasciculare 23.00 84 Quercus petraea Val4skova &2
TR Lophoder mium conigenum 9.93 60 Pinus armandii e
A e L. pinastri 11.80 60 Pinus armandii eI
L. kumaunicum 11.00 60 Pinus armandii A a2
L. sichuanense 11.06 60 Pinus armandii A 2]
L. erlangshanense 8.50 60 Pinus armandii 1975 2]
Alternaria sp. 17.03 45 Pinus sylvestris Rt 2]
Penicillium sp. 13.00 45 Pinus sylvestris Rt 2]
Pestalotiopsis sp. 13.00 45 Pinus sylvestris SRAF R a2
Trichoderma viride 3.20 90 Abies Osono 22!
Pestalotiopsis neglecta 5.10 90 Larix leptolepis Osono 227
Pestalotiopsis sp. 22.80 45 Pinus massoniana A7 2
Xylaria allantoidea 29.60 84 Dipterocarpus Osono 2£281
Pestal otiopsis neglecta 7.40 90 Betula Osono 2

butyracea % Hypholoma fasciculare 3 F1& 4= 111
SR ABEM BRI 510 38%. 32%H1 23%;
90 d 1, Pestalotiopsis neglecta X HEA KR RE 11755
F XV AN AR A>T T L, TSR BT
fiff ] PR RE T e TR ET I RE T o FERDHN ELIA
XPEF I A AR AR LU AR, R AR RS H Alternaria sp. |
Penicillium sp.#il Pestalotiopsis sp. 3 -2 4351
O FRAETANTENT 45 d, R PR R O R AE
13%-17%"4(3% 3). TEFRMAEBRGH, WAEDs
AV Z R E T 58, 23R 7& Y] #|
MYECHPLET . EFRVBOMERE R . 1B
P R, ARG, B R AETE Y R
IR ZE R .

5 B ECTR DO AR LA PR AT — 22 1 43 fif e

http://journals.im.ac.cn/wswxtbcn

F1, BRI EG B Xyl B AP BEAH . 22 8] 17
TEEVER] . Pestalotiopsis sp. 23 EG s 14
., H EG 5 Xyl i, LiP fiff . AP B2 IR fFAE
[E1EH] ; Allantophomopsis sp.BE 43 I T AR X 45 e
() MnP B A1 Xyl f§, H BG 54 4 Rz [ 47
FEVMRIVE . BRNEIIET T TOM B i R85
EG BHE K Xyl BEEAFEIEAC . AR B
() 0 b B A () B I IR 2 Pestalotiopsis sp. 5
Allantophomopsis sp. Ji 1 & % 5 | 2 Ji e 45 2 % s 1
HAL 5K . Hypocrea sp.2rhHY EG i, Xyl
B PEAR, {HAE2E LiP B HATE = 1 AP B,

DR I 5 | A 1 o e 481 2k L F Mucor sp.. Phoma
Sp.o TEAEAFRIRRESEH, ECDE 430 A PR IR I ]
MR DU L A K i R EHLES , SN
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AT R BE S A 5, 5 MBI AP
fitg 1% M S 5T TOM Jo s 4 2k S8 A7 AE — 2 1) Al
K, FIRERTEREMRII RS, REEMRE I ALY
=z AR k3 i AP i, Phoma sp. I Mucor sp.
ARAM ] LiP & MnP [§i%, Pestalotiopsis sp.7l
Hypocrea sp. &K% MnP FHE . X A] GER A ixX b
PRASRE ™ A5 M N (R, AT T RE 20 W8 1 TG PR AR
A, ARSI ) i R AN 55 o FERR SRS 9 Xyl i . MnP
it 2 AP METEME T o] BBt T R 2210 A ARk
LA A RS LA 0 1 e R A o

RS/ TENT D ORI bR i s bk 2 R =N )
SR PRI . RTER YR R R A ELEA A
A% M OBE 2K B B T . Pedtalotiopsis sp. .
Allantophomopsis sp.Fll Hypocrea sp.fE;= AR 2f
YR BT RED R S R BTERSE, R 3
PR TE AT MR A BT 41 4t 22 %A% FL I .- Lophodermium
pinastri (Rhytismatales)tJa T-1H 2500 A ELE G
EARFANEH, HEEREmagER, Na4EREmA
W, 1 Pestalotiopsis neglecta®?”’ . Trichoderma
virid®, iR TR S R, A REXS
THNFIRRE T IR SS S, PEGE, B mxTEr et
(R RE 4855, BIREET BT R AR/,
Umbelopsis ramanniana . Mortierella alpina®! #il
Mucor hiemalis®, 4<3cH Mucor sp. i AETE[RIFELY
THOL, XL R REZ AT RS TR
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