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XU®HIC

LFE& A [Panellus serotinus (Fr.) Kahn. | V3, 2545 MLate fall oyster] &®IFEN, Ak
LIRS LDALICHET A F AR TG EYTRBOEDITHSH. HATIEIMNN S ALHEE £ TIA<
SAELTWS, AW - hE - METIHES L 00 0m EOTFHoI XF T EDEEILER M
WHEAEL, INEDETIHEVWVESTHHRET LY (Fig 1) .

BEAETIZOY AF (HR) 2, EBRTEIXRY, S XFRY, RERTEAIN, HUTF
D EIM A TEXFTF, XFEFX, YFRIIY RERARBRATMTERLENTWD.

B EDOLAFY T FEEKIZKRTREYDHBEICES 1AOEANCELRBICHRETELIENSEM
XOZELTHENTNS, —F, ATLREIIHEILMSO—BTHRBMIITONTVDITBERN.
IND AN RESNHEINDIZEDOITHD, TFPaF IR EQHEKRZMMT 2 EHARE &
TFRAF TR EOBNICKEREZBES L THYEREEEANTNWS (Fie 2). LF5 7
BEHERTELETH LY, FEBRBRINTWAREITRS, LEE®, MBRT, BERSY
P 0 (e ) 7e B ORI A N B AR S OB R EKOERICH DA TN S.
LW UEEYORBHBIZHIINTE ST, B0 E R TWRN.

AR TIE, LF I ORBEE2EAT D20, AEOEESFEZMATLIEEHI HEE
VAV (Trichoderma spp.) itk 28 9 % Ekkd L CUURE LRI R ICEBN WK OER 2
fiof., £ XEEEOEBEHEE LT XERCHEOTEZRAE L.

AMFEORITEARRLOE D FEDITY 0D, RGBT 22 HEE E CKRBZh > - LIEEAE
OBEBMAFEGBAHERNARZREBEBRICHLLI DB EEERT S, RSO RERT K &ML
TERRIZ DWW T, R RSO B2 FE R 0 B TS 2% (BB, A BRI, R 8% (&
RAS) | AMBE—2E GERAYE) KEREHE L L TRYRLBEEZH V. J22ons
RMEFL LS. 3512, WAEADAZEO I ¥ —HEPEIA LESE LR EEHRRICE,
EFHMEOBRESELAO HERERZRERH W, £z, EEEMERBREER P, kel
CoET2/EOEEHICEZAO TN ZEE S 2. BICAEBRORITICE U T, [F 5O KSFERR
B B N BT BB B IS KRR el ok, IR L THERSHEZERT S.

Fig. 1 Wild fruiting bodies of Fig. 2 Mycelial block cultivation
Panellus serotinus . of Panellus serotinus
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EOIDORBRITIE, FEHZ VXL EATOY ) ZLADZDONH 5. MHETEHREDOTRTOEEN
Fl— DB THERHLRNS, MORKEORTOEREOBENTEZITD I &<, ME T
BRI LV TIRFMREOMOMREMSIIEKRINSG'Y . —H%FIL, BHOBETR
FOFEFLUTECE—HEREPMMRARO —HERER S, MIREAST 2 EICL> THD
TZHEALZET . ZORIZIT 1T HORFEERFIZE > TR I NS Mtk 2 d0ORTICEST
XS N5k &N H B0 .

SOZETE 1 HTHEOZDAEOETRFEZRRL, BENROFEREC/Z4MOEN, TNT
NIETOMTOPIIASL. ZOEOZORENIAITTHS. LML, TEOIICL->TiHIET %2
2ELDDL 6T, 2HOEN 1 DORFHPICADZHOHLH D, ZO—D21 IV U THBWY .
WhitehouseZV19494F I RBER DHER I N2 230D ZED 1T DWW TASEME X 245 U2 #E 8, $910%
MIRESY U XL, B mEANT O Y XA, 55%NEEANT Oy ) XA TH- 72D,

LFYTOEMABANIRIEZTOICHZ> T, TEAOINEDEE, BEFHMEREDREIC
BT oMK EEZTO CENLEELWN. AFY TV ICHETOIAFROCERICHETAIMEITIFEALE
B, KON RERN2BETHZ EREL TNBITHRELNY  AETIE, AF I TFEEROE
BIERZHONITDLEDIT RBERZIIUD ETHEFRO R 2MIIL, B R 0Lz
i L7z,

. 1 AFSTORERR
(M EEHBRAE
ERBMERBRYE TREL TS LAF Y i EEKRSPs-26 2 463 L /. BER'Y 0 4 kT 791k
ERA - MR SE BRTHEHAKOSBIA TOR B> 72 MEA N M2ME FIZLT,
NJBORRIH A2 RAFERDOEMETICLTESE, —H20 (D1 > FarR—F—ICHEL,
WEONRIZHT 2% & L.

RO N/ AT ZPDARSHUIC K THINL THE, 5 HM20 (D1 > FaR—F —THiBEIEE
U7z JE2F L 72 2T 0 B T B R 6 2 SLRBEM ST F TSt 2 AL TYI DR D, PDARS i # 4
U7z, SRBL R DI I IRE 2 IR AT B F R E (BRI 20/, 90mEAR b ) MK
OPDAREH E I 2 D 0 B T B 4K 2 £95mm o R T M1, BRI M SR R O Sl iR B & O
Wiz z s S T RO A R E M T THRRL-.

RQIBREEER:
LFT T ORZERITDONWTIL, A5 2 8k LW L TWB 0, BRIED - DEK 3R &
(—BEHERE) O ERSTZ. DR %Table 1127RT.
LFITREIA T Ta EE NG ETREENE, BN SRERICIZAZEL 20,
DIERIIAH S O LW U 28tk TH - 7.



Table 1. All possible pairings of 13 monosporous mycelia isolated from a single fruiting body
of Panellus serotinus

= ! > < I »

1 2 6 7 12 9 3 5 8 10 11 13 4
PO -_ - = = = = 4+ 4+ + 4+ + + +
2 _ e = = = = 4+ 4+ 4+ + 4+ 4+ +
I| 6 - = = = = = 4+ 4+ + + + + +
7 —_ = = = = = 4+ 4+ 4+ + + + +
12 = = e = = =+ 4+ + 4+ 4+ 4+ +
Voo Ea =2 Ba  — = = + 4+ 5 +  F  +
A 3 + + + 4+ 4+ + - - - - - - =
5 + 4+ + + 4+ + - - = = = = =
8 + + + + + 4+ =EF = =52 = = = =
gnyo©o 4+ + + + + + - - - - - = =
11 + 4+ + + + 4+ = = = = = = =
v + + + + + 4+ - - - - - - =
v o4 + + + + + + - - = = = = =

. 2 BFRFEAEZTH
MR EEBRAE
BITE &[RRI A F 2 SR bk SPs-26 2 3 L7z, AF ¥ T OWBA RN SHTFETIBRET
OITE &R AT REECID, EFEMEZ R WTHEL L.
RQEREEE .
MTFRTFEREOEOTEZ2Fig JICRT. BENRO%, H TR TR INMUN T,
a2 IMFEBES TRTMBNICERTT S (Fig 3a). BT LNy FREEIZENENRTOHT
1 EOKMIIE 28 %475 (Fig 3b). ZOAZEZEINC” BT, posto-meiotic-division”
XN HERMICRTEoEEZE DI &/ 5 (Fig 3c). TO%, BWRENZ HWED D b T4
IDEWHOBIZBEUONMAIZ A THTRICED, ThTNORTIC—#, HT 8 IT4HE OB
X5 (Fig 3d).
M2 LI R T 5 &, /MEE R T II AR EE CThREES N, T2 5. BEREROE T3
WV LA BRI N 50 (Fig 3e), 2N S I3FOBETROMRBE L EBHITHELT 5.
BERS U 72 B Rl —EosEE N5 (Fig 3f). ZO—EDO#ITENL, Duncan and
Galbraith? OMWE LY — > CIREM L, 1 ¥ 7 THHERAKTENREINTNSY |



N g )
Fig 3d Fig 3e Fig 3f

Fig. 3. Light microeraphs of basidiospore development in Panellus serotinus.
HCI-Giemsa staining

Fig. 3a. Young basidiospores having single nuclei.

Fig. 3b. Mitotic division.

Figs. 3c, d. The daughter nucleus distal to the basidium remains in the spore, while
the other migrates through the sterigma back into the basidium

Fig. 3e. The badidium containing four nuclei.

Fig 3f. A discharged spore having one nucleus.



.3 FREOHWMEE
() HEEEHBRAE
BB EARE TREL TV AF Y F B AR #RSPs-26 & SPs-62D 2 Z el L 72
EEMETEMBEEEN L, AFY 7 FEEOMME 2R L 72 HEHT, Tsuneda et al. ®
B Nakai and Ushivama®® oHkIc K> THER L.

RQBREER:
FREDO WM EE

Fig A FEAORERBOBER Z2RT. TERIRE ENERBIOTFERBIIKRE ST
5N5. REOWHEIKATSE (Fig 5, ERICH UIFERECECLHE (CwDHD) &I
N2l BRORENA SN D.

RE TR, £35S 2R ZHD 2 A EEOMEN R EINTEDO (Fig 5, 60, ZOHEML
BYSFUERGODBARKL TV HDLEZ LGNS AEOMANRT LI, Knead
LR EEANR T IIDNZ IR B0 DT HN, TN I OMBOLOTH S.

HUE TR VR 1 B LRI R WEDR RS R S h, IR E A Y MROPE TR T
D ENARIPREZL TS (Fie 7).

1 53 Chlh e R Rk v ¥ ; ) "‘. S b r’.“l B \

Fig 4. Section of the cap of a fruiting body. Fig. 5. Pileus surface consisting of
a villose trichodermal layer and
pi leus context of interwoven hyphae.
Upper-most layer of the pileus
context is gelatinized, where
interhyphal spaces are filled with
amorphous material.
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Fig. 6. Tissue of a gelatinized upper-most

Fig. 7. Tissue of the pileus context

layer in the pileus context. proper, consisting of irregularly
interwoven hyphae.

Fig. 8. Pleurocystidia (arrows) scattering Fig. 9 Basidia and basidiospores of
in the hymenium. different developing stages (arrows).



HFRERFORBPURE

HF IS EREOEORER, ARSI, REEEOEALMETHS. HTRT
TR 5 B AR S TN E TOMOB IR AT DWW T Fig 3a—3 1 TRFEEMBEZ H W
7mHETRUE.

L TIRETROER—MIOFR— B TR T OER—RT O RA—K T OB &, BRI
it % ETFHEME CHELLEREEEHE TR

?%EM%%%k@T%ET%M&Z??Yﬁ&&&W%K@ob@&%hﬁ%ﬁ&%%i
U773 (Fig 9) FTHRESINTNS.

AT ORRBRZFIg 10173, A% 7 RIS, 572134 KA T O Bl
@T%éﬁ(ﬁgwn.&ET%KDmT%%K4$®mMﬁ%Wéh(ngnmw.¢ﬁ®
%%ﬁ@%ﬁ@@?ﬁ%mémé(Hgmm.@@?mmﬁmeJMLﬁ%¢%&%Mmmﬁ
A >F—MEET 5 (Fig 10f) . pHIE 1 5 QEFRTFOERBERICOVWTHLEHELT
WD LAFY e BT, HTRTPIIRAL TEERENCR S EREARVM R ZEL, o
FERCEIRER ZET S (Fig 108) . S SICRAT 2 EHWREEVBENRT 28R T S
(Fig. 10h).

Fig 10a Fig 10b

10



Fig. 10c Fig 10d

Fig 10e

11



Fig. 10. Formation and development of basidiospores .

Fig. 10a.
Fig. 10b.
Fig. 10c.
Fig. 10d.
Fig. 10e.
Fig 10f.
Fig 10g.

Fig. 10h.

Basidiole (young basidium without sterigma).

Basidium with sterigmata initials.

Basidium with fully developed sterigmata.

Strigtamat with basidiospore initials.

Sterigmata with developing basidiospores.

Sterigmata with fully developed, allantoid basidiospores.

Mature badidiospores on the sterigmata. The arrow indicates the hilar
appendix.

Basidiospores detached from sterigmata .

12



FUE A¥XSTREBEORACOLOHDHERHFO®RE

#

LFZ T OB, HARE ERRBREPHA SN TS, HEREEICE, R 7oL D ®BoR
Wil & 9 2R &, RE2M AT 585 02BN D 508, REFHTORFITIEIRREICD
WTHr O3, RO A - RBFOMIE, BB ORE - B, FEERECEDSHEE - X&RES1 %
MENTELYY. UL, SRBICET sRmHTEEA ETbR TN,

FESIL ARORBIF T OWTHRZERY | BAMREEE I TEH% & MR THEBENA S
N2 L HFERRRBRESIILBCTH D I &, HBREL TROMMEL TWD Z & FEEFREN
HETORARHREEIRIZOANEL THWD ZEEEZHAL TNDY,

LF I TEFREOBIRNE S F T RTH O, BB TIIRE L L TFEERO 0N S —FITRK
RIDZECEoTEBLTLERY, MRAMBHENAESES. Lied> T LOHRICEVWETRAESE
LN TELRBEVERNTHDEZEZONS. CZ T MEREMTEALEEALTRRNAF
I ORBIGEEMMLT 2720, BEFRUORKITT &7 2.

AHE - IEO TG FTORO THS. £, TFE2MH L TEIM ORI, SKE KERNEZ
RAT 2 RB Uz, Bt omBEE 2R E T 5 & &b, REEHICBIT 2R &R D0, &00, A &
CHARMERE ZHE L T, Rl o it 17 o 72, BB RBEC DOV TH#HE L.

SO, AR E W2 RERBRIC K > TTRAENREZ T 2 & & Hi, Bl oM E &kl
£ (BVE CNBOBEBREZRIE L. X7z, TREOIBIEZ LT SK0H LRI ORI
DWTHRGE L7 RBRICERBE L NVORFEREMA L TREBRE 2175 2.

n. 1 ##
(1) s E %
RN ERBRG CEHRAMERE, TEREONBEHEERLITEK L-LFY 7 [Panellus
serotinus (Pers. :Fr.) Kuhn. | BPAEBEHRSPS-11Z2 FWWz. T0 7 F B0 & Kam O 5% 1Tl
23 CTO0H ks L Tl E L.

II. 2 IZMOEER - RIBE - THEFRE
(1) EBRAE :

T (Fagus crenata Blume) B CRIEXL 0~2. Omm, /N0, 25~ 1. Omn) ZfEA L, SkK%
006 BT0% EThX% L AITABPE, KRaMiRnBI &2 B8R T10:1, 10:2, 10: 312 U2 245
HOBEMZR W 723, fEH L7282 & kim0 100n] 472 0 0 ERITFNENRREKXIT
19. Tg, RIS 0g, Kaddid22. 8 g, GAKRKIIZNENIL 2%, 11. 8% BLN1. 4% Th- 7=,

INBEF vy TAD400g8RE HPPAEIZ400g (EAScm, & & 10cm) 359, &IT RS HE
(120°C, 604») U7z%%, BBk OFEE 2, 1482472 0 15giEfE L /-,

DWT, BERT23ICTIAMEEEL, B0t L U TEHE mAE BLUOSME%s 113
=HHEt (DIK-1130%) Z MW Tl U7z, ek liid, S 5538308 B, 608 H, 3L 900 8
ELT.

TP, HERIE LAEKICIEMR L, 22 3SR L.

13



RBEREEBE:

B AR B & TR0 [ IR Ry (IR AR ALERRY) IS BV B RGO B EK - IR - KA
HOFAERERZTable 2ITRT.

BRI EARBRNDEVWDDIFE, ELRONDOFNERZNHDIZERSRDA, BBH O
BIEED RN L DA EIIHRE T o 7.

WIS KENENWDDIEFEEBWNI EOM, KADDIRIMENE W E, FRENKREWN
HOIF E S WER %R Lz, [HEERE, K0 KaNORMENDIEWIE ERWEZRT A, R
ZOWTIEL N EWHOD LN @M 7z

OH B DIEEICL > THRHERIITND, [AMRIIEF T 5035 > 7208 BEHROEREITE
—EDEANEZ R WEZRRho Tz

EDEZIA YT OBEEREOBBRICBVWTHEMOERBEDRLIME (Z2RE) ZHAL,
BEKTHROSME (HRKL0-62%) B FEEREEEEOMBEZRT &L £/2, Tokimoto

5 I A Y TIEERICBNT, FEEDLFHEAE I LOKAMHE & B HAKENZNEN
MBEERELTWD. FERILAEOD 2826 T 20 THELRBIHEM E IR —HTE
TN, GHBENTEEREEZELATSIEE2RLTVWD. E2AM, AR TIIKMHE & 15
WRAEBEIIZAEOME (r=0.79, n=24 0.0 2’R@DENZ. COF—HOHHBEELT,
RABOSH BT FEEBEUEFICIRRTHINCETEL T, [IEROARARITLS T
A ROMENIEN L )V ICH D0 EHERINS.

—, TERFE AR O RIT23~08%TH 5. BN SR KEZEL Gl BHKRIZ
X 5T9-3%DIr N EHRIND Z ENS, MG KRLEEB L V605D IEM TIEFEEBRO 2D
DIKDSEDRR T TH - REENE V. 202 &1, SRR FOBMTIIFHERARER
MW &, R E TEAREBEENDIEOHBAERL TS ZE (1=0.74, n=24,

P<O. 01) M5 S DINZ S.
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Table 2. Physical properties of sawdust media

Composition of medium Physical properties of medium ( ratio in volume , % )
ssaivzvgu‘fl Sawdust-to—  Moisture Solid ratio Liguid ratio Air ratio

cartets i rice bran ratio  content Day o Day 90? Day 0 Day 90 Day 0 Day 90
55% 50 6.9 26.9 231 68.1 701

101 60% 70 6.2 33.2 311 59.9 62.7

) 65% 71 6.1 40.3 38.6 52,6 55.3

70% 6.0 5.3 50.0 48.8 440 459

55% 7.0 8.7 29.3 255 63.7 65.8

) 60% 75 85 37.2 33.3 55.3 58.2

10-20 102 65% 9.8 75 44.4 44.2 458 483
70% 6.6 6.2 55.3 53.5 38.1 404

55% 8.0 9.7 328 28.6 59.2 61.7

) 60% 9.7 9.7 39.6 36.9 50.7 534

10:3 65% 11.3 7.9 489 478 39.8 443

70% 93 7.8 57.7 58.3 330 339

55% 6.3 6.9 28.6 235 65.2 69.6

101 60% 59 6.6 31.7 299 62.5 63.5

’ 65% 7.4 7.3 38.3 36.5 54.3 56.2

70% 10.2 7.1 471 474 427 456

55% 76 85 31.3 26.3 61.1 65.1

_ ) 60% 6.6 7.7 34.6 334 58.8 59.0
0E2951:0 10:2 65% 71 9.0 414 38.2 515 52.7
70% 10.2 7.7 52.3 50.3 376 420

55% 9.1 9.0 33.2 29.6 577 614

10:3 60% 9.0 9.6 39.6 36.6 51.4 53.8

' 65% 8.1 101 473 438 446 46.0

70% 10.8 9.3 55.3 55.6 33.9 35.1

R Just after inoculation.
2 After 90 days' incubation of Panellus. serotinus (Strain SPs—11) at 23 °C, just before fruiting induction.

1. 3 1FihsR4510,, CO, RERE
(1) EERAE -

I.2. (1) OB TORERBRENS300H, 600 H, 08 E, ROT-EEREAERBE (457 v
NMLRERD ZHBNWT, HBEENOZEREED0,, C0, 1 ZPB-Dansensort-# M Check Mate 0,/
CO, THIE L7z, 7e B, HKIT TAABKIC SR L, oz 3k 0iR L 7=,

RQIEREER:

HEBRICBIT LB DC0, BEOREEIEFie NOWD TH 5. 23CHEZEOTMICIEWIZ X
HRME2COLBED ERANASNED, TOBROEFII/NEI N7 LA L, I0CFTOFEESR
Al (877 MLEEERT) 121300, BRI A Uz, /o P, B D& KBS VLI E 8 L TR
HHTHo .

Ba890H H (THKFEEIE R IR O D0, Bk 00, 2 D FE R ETable3 iz 77
B ORLFE, KODDIFMEBEB KOG KR EER &3 5= LRE NI T 72 £, 4
BN TRAZREDIBEZRNT, AFa2—FT > ML UZHIBEOZD 5 5% KHED /NG S5

15



(L. S.D) ZkD7=.

ZOFER, 0, BRI HEKBNE < 722 Z EFRBITEMN o /2. KN ORME T, #1510:1
E10: 2 TiENAB SN2z, 10:1&£10:3, 10:2&10:313ENA S, RMEDOL W INE &
2 COLMENE < 7zo . N5 DRERIL KPCED DL REIFMNNLF T T HEARKDIFR % (e
Lzl &&RT. Iad, B OKBEOENILDHEEA SN /2. 0, REEZC0, REEBE
DRYOBEMTH > 7.

4.5 m— == MC55%
= 0 = MC60%
ey M C 65%
— = MC70%
g 3
o
c
)
O
)
O 15 |
0
0 30 60 90 Start of
fruiting

Incubation period (days)

Fig. 11a Sawdust particle, 0.25—-1.0mm; Sawdust-to-rice
bran ratio, 10:1

Start of fruiting: MC55%, 115days; MC60%, 113days; MC65%, 118days;
MC70%, 122days.

16



| =0 = MC55%

45
= O = MC60%
ey N M C 6 5%
~ 3
&
o
c
o
o
o
© 15
0

30 60 90 Start of
fruiting

Incubation period (days)

Fig.. 11b Sawdust particle, 0.25—-1.0mm; Sawdust-to-rice
bran ratio, 10:2

Start of fruiting: MC55%, 115days; MC60%, 113days; MC65%, 113days;
MGC70%, 115days.
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‘ — ==MC55% |
= O = MC60%

|

|

ey s N C 6 5%
—0 = MC70% ‘
CF % === — B
AN
S N\
2 .
]
1) ) 3
Q O, @_
:/ L] he
0 30 60 90 Start of
fruiting

Incubation period (days)

Fig. 11c Sawdust particle, 0.25—1.0mm; Sawdust—to-rice
bran ratio, 10:3

Start of fruiting: MC55%, 115days; MC60%, 111days; MC65%, 111days;
MC70%, 111days.

Fig.11. Time cource changes of CO, concentration in the

cultivation bags of Panellus serotinus using various
sawdust media .

Each bar shows the data of the medium having distinct moisture
content, from 55 to 70%.

After inoculation, culture bags are incubated at 23 °C for 90 days,
then the temperature shifted down to 10 °C for fruiting induction.
Fruiting occurred ca. 35-47 days later.

Similar results were observed in the media which had the sawdust
particle, 1.0-2.0mm (data not shown).

18



Table 3 . O, and CO, concentrations in the bags of sawdust culture of
Panellus serotinus, strain SPs—11, on day 90, just before
fruiting induction

Table 3a. O, concentration

O, concentration(%)

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to—rice bran ratio
C: Moisture 10:3 10:2 10:1 103 10:2 10:1
content of medium
70% 16.64 1728  17.82 1698  17.04  17.62

+0.75 *+040 =*=0.16 +018 017 £0.12

65% 16.98 18.36 18.02 17.46 17.64 18.00
+0.45 +062 *0.51 +035 *=0.21 +0.14

60% 18.26 18.66 18.72 18.70 18.54 18.50
+0.21 +015 =027 +018 *+023 *0.15

95% 19.08 19.24 19.16 19.10 19.26 19.08
+0.10 +010 =017 +006 =014 £0.12

Least Significant Difference at 5%
Size of sawdust particle, 0.21
Sawdust—to-rice bran ratio, 0.30
Moisture content of medium, 0.38

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value
A 0.02 1 0.02 0.12 0.7311
B 471 2 2.35 1490 0.0000 *ok
Cc 65.62 3 21.87 138.44  0.0000 *k
Error 17.85 113 0.16
Total 88.20 119

Test of difference of mean (least-significant—difference method)
Size of sawdust
0.25-1.0 = 1.0-2.0
Sawdust—to-rice bran ratio
10:1 = 10:2
10:1 > 10:3 %k
10:2 > 10:3 *k
Moisture content
of substrate
55% > 60% *x
55% > 65% ¥k
55% > 70% k%
60% > 65% *k
60% > 70% Kk
65% > 70% Kk

*, %% : gignificant at 5% and 1%, respectively.
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Table 3b. CO, concentration

CO, concentration(%)

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
Ui Moisture: 10:3 102 10: 10:3 10:2 10:1
content of medium
70% 3.94 2.98 2.68 342 3.00 2.32
+0.64 +1.09 +0.21 +0.19 +0.64 +0.60
65% 3.54 2.10 2.40 3.14 2.86 2.28
+047 +0.68 +0.70 +0.35 +0.27 +0.46
60% 2.06 1.72 1.68 1.80 1.86 1.84

+0.23 +0.13 £0.30 +0.26 +0.24 +0.22

55% 1.42 1.08 1.04 1.30 1.16 1.36
+0.10 *+.10 +0.16 +0.09 +0.12 +0.12

Least Significant Difference at 5%
Size of sawdust particle, 0.27
Sawdust-to—rice bran ratio, 0.39
Moisture content of medium, 0.50

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom)  S/f F-value P-value
A 0.02 1 0.02 0.07 0.7925
B 8.63 2 432 16.01 0.0000 %k
C 62.72 3 20.91 77.55 0.0000 %ok
Error 3047 113 0.27
Total 101.84 119

Test of difference of mean (least—significant—difference method)

Size of sawdust
0.25-1.0 = 1.0-20

Sawdust—to-rice bran ratio
10:1 = 10:2
10:1 < 10:3 *ok
10:2 < 10:3 *ok

Moisture content
of substrate

55% < 60% %k
55% < 65% *%
55% < 70% Kk
60% < 65% *ok
60% < 70% *k
65% < 70% *

%, %% : significant at 5% and 1%, respectively.
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Table 4 . Effect of medium conditions on mycelial growth and weight—loss
of media in Panellus serotinus (Strain SPs—11) incubation

at 23°C
Table 4a. Myecelial growth speed

Mycelial growth speed (mm) for seven days

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0

B: Sawdust—to-rice bran ratio

C: Moisture
content of 10:3 10:2 10:1 10:3 10:2 10:1
medium
70% 33.24 38.33 54.39 36.24 39.78 58.38
+0.93 +1.47 +3.47 +0.84 +1.17 +1.54
65% 30.42 35.41 52.36 32.92 38.49 57.44
+0.48 +0.87 +258 +1.23 +1.56 +1.01
60% 3457 37.13 48.54 32.67 38.38 50.19
+2.10 +0.70 +1.07 +1.31 +2.34 +2.43
55% 36.43 40.00 46.91 34.16 40.17 50.38

+1.08 +274 £1.53 +222 £132 %281

Least Significant Difference at 5%
Size of sawdust particle, 1.07
Sawdust—to-rice bran ratio, 1.58
Moisture content of medium, 2.03

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value
A 172.45 1 172.45 21.02 0.0000 sk
B 13,332.96 2 6,666.48 81259 0.0000 %k
C 285.46 3 95.15 11.6 0.0000 sk

Error 1,714.63 209 8.20

Total 15,505.49 215

Test of difference of mean (least-significant—difference method)
Size of sawdust

0.25-1.0 > 1.0-2.0 *k
Sawdust—to-rice bran ratio

10:1 > 10:2 *ok

10:1 > 10:3 *k

10:2 > 10:3 %ok

Moisture content
of substrate

55% > 60% *
55% = 65%
55% < 70% *k
60% = 65%
60% < 70% *ok
65% < 70% *ok

%, ¥k : significant at 5% and 1%, respectively.
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Table 4b. Weight-loss of medium

Weight—loss of medium for 90 days

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
C:
Moisture 4 10:2 10:1 10:3 10:2 10:1
content of
medium
70% 18.51 21.16 21,76 6.32 11.86 8.65
+1.69 +1.92 +3.22 +253 +1.84 +2.21
65% 21.73 2044 19.25 6.77 444 8.70
+1.33 +1.18 +2.14 +2.40 +1.36 +1.15
60% 14.71 17.05 23.15 10.45 11.73 10.13
+2.24 +1.91 +237 +1.90 +0.86 +0.63
55% 17.56 16.40 19.21 14.17 14.79 18.40
+0.52 +1.39 +5.52 +1.27 +1.70 +2.00
Least Significant Difference at 5%
Size of sawdust particle, 2.29
Sawdust—-to-rice bran ratio, 3.39
Moisture content of medium, 4.31
Three—way layout analysis of variance
Factor S(Square sum) f{Freedom) S/f F-value P-value
A 1,365.38 1 1,365.38 114.16 0.0000
B 68.67 2 34.34 2.87 0.0520
C 97.32 3 3244 2.71 0.0640
Error 777.41 65 11.96
Total 2,308.78 71
Test of difference of mean (least-significant—difference method)
Size of saw
0.25-10<1.0-2.0 ok
Sawdust—to-rice bran ratio
10:1 = 10:2
10:1 > 10:3 *
10:2 = 10:3
Moisture
content of
substrate
55% = 60%
55% > 65% *k
55% = 70%
60% = 65%
60% = 70%
65% = 70%

*, %k : significant at 5% and 1%, respectively.
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Fig. 12 Effect of temperature on the formation of fruiting body
primordia in Panellus serotinus.

Six strains were used.
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LT EEFEOCMBIMB SN oTeled EHEREND.

Table 5 . Cultivation period and the yield of fruiting
bodies of Panellus. serotinus, Strain SPs-11,
on various sawdust media

Table 5a. Period necessary for fruiting

Period (days) necessary for fruiting "

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to—rice bran ratio
S MOISthE 103 102 101 10:3 102 101
content of medium

70% 36 36 49 36 36 47
+2 +2 +3 +2 +2 +4

65% 34 36 47 36 36 41
+2 +2 +4 +2 +2 +2

60% 34 36 46 36 36 37
+2 +2 +5 +1 =+1 +2

55% 35 42 39 37 37 37
+0 +10 +5 =+1 +1 +2

Least Significant Difference at 5%
Sawdust—to—rice bran ratio, 3.97
Sawdust—to—rice bran ratio, 3.97
Moisture content of medium, 5.04

" The period from fruiting induction to fruiting maturation.

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom)  S/f F-value P-value
A 64.24 1 64.24 404 0.0489 *
B 808.78 2 40439 2540 0.0000 sk
C 82.94 3 27.65 174 0.1686

Error 1,003.03 63 15.92

Total 1,958.99 69

Test of difference of mean (least—significant—difference method)
Size of sawdust
0.25-1.0< 1.0-2.0 *
Sawdust—to-rice bran ratio
10:1 > 10:2 *k
10:1 > 10:3 E 23

10:2 = 10:3
Moisture content
of substrate
55% = 60%
55% = 65%
55% < 70% *
60% = 65%
60% = 70%
65% = 70%

*, %k : significant at 5% and 1%, respectively.
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Table 9b. Stipe number

Stipe number of fruiting bodies{g/dOOg-bag)

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
A MGISEre 10:3 10:2 10:1 103 102  10:1
content of medium
70% 38 16 5 42 24 5
+5 +5 +3 +12 +6 +1
65% 32 13 5 36 23 1
+10 +4 +2 +4 +6 +0
60% 23 17 2 29 23 10
+5 +4 +1 *6 +6 +3
55% 15 10 3 15 15 5
+6 +4 +2 +3 +4 +2

|_east Significant Difference at 5%
Sawdust—to-rice bran ratio, 2.27
Sawdust—to-rice bran ratio, 3.34
Moisture content of medium, 4.23

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value
A 1,597.03 1 1597.03 31.24 0.0000 Kok
B 24,7217.79 2 12,363.89 241.87 0.0000 ok
C 6,049.54 3 2016.51 39.45 0.0000 *ok
Error 15,539.94 304 51.12

Total 47914.30 310

Test of difference of mean (least-significant—difference method)
Size of sawdust
0.25-1.0 > 1.0-20 ok
Sawdust—to-rice bran ratio
10:1 < 10:2 %k
10:1 < 10:3 Fok
102 < 10:3 %%
Moisture content
of substrate
55% < 60% *3k
55% < 65% *k
55% < 70% *3k
60% < 65% *
60% < 70% *3k
65% = 70%

*, ¥k gignificant at 5% and 1%, respectively.
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Table 5¢c. Fresh weight

Fresh weight of fruiting bodies (g/400g—bag)

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
C: Moisture. 10:3 102 10:1 103 102 101
content of medium
70% 71.65 56.68 2048 60.19 62.94 32.84
+8.35 +7.26 +8.23 +14.27 =11.61 +4.42
65% 68.43 45.99 21.55 68.70 52.76 11.69
+17.37 +7.69 +477 +900 +599 422
60% 53.28 35.60 13.33 38.00 35.83 33.50
+6.81 +4.75 +5.14 +6.79 =*510 =511
55% 24 91 20.51 17.58 23.06 24.98 16.23
+9.64 +5.30 +7.14 +518 +298 *5.07
Least Significant Difference at 5%
Sawdust-to-rice bran ratio, 3.77
Sawdust—to-rice bran ratio, 5.53
Moisture content of medium, 7.02
Three—way layout analysis of variance
Factor S(Square sum) f(Freedom) S/f F-value P-value
A 3.63 1 3.63 0.03 08725
B 37,034.00 2 18,517.00 131.71 0.0000 *%
C 47,184.00 3 15,728.00 111.87 0.0000 *k
Error 42,738.00 304 141.00
Total 126,961.00 310

Test of difference of mean (least—significant—difference method)
Size of sawdust
0.25-1.0 = 1.0-20

Sawdust—to-rice bran ratio
10:1 < 10:2 %%
101 < 10:3  *x
102 < 10:3  **

Moisture content
of substrate

55% < 60% %ok
55% < 65% %k
55% < 70% Kok
60% < 65% *k
60% < 70% kk
65% = 70%

* %% : significant at 5% and 1%, respectively.
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Table 6 . Moisture content of fruiting bodies of Panellus serotinus
(Strain SPs—11) produced on various media

Moisture content of fruiting bodies ( % )

A: Size of sawdust particle (mm)

1.0-2.0 0.25-1.0
B: Sawdust-to-rice bran ratio
SaliofStus 10:3 10:2 10:1 10:3 10:2 10:1
content of medium

70% 89.8 84.1 86.4 89.7 876 86.6
+1.0 +49 +28 +0.8 +4.3 +3.0

65% 87.8 805 87.9 830 83.3 83.2
+0.6 +45 +4.2 +4.1 +2.1 +22

60% 80.2 773 88.0 77.2 81.3 723
+2.7 +56 +3.2 +50 +6.1 +76

55% 70.0 816 83.7 78.4 723 751
+4.4 +44 +1.0 +4.1 +1.8 +49

Least Significant Difference at 5%
Size of sawdust particle, 0.03
Sawdust—to-rice bran ratio, 0.04
Moisture content of medium, 0.05

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value
A 0.02 1 0.02 518 0.0247 *
B 0.01 2 0.00 123 0.2973
C 0.20 3 0.07 2245 0.0000 *ok
Error 0.34 113 0.00
Total 0.57 119

Test of difference of mean (least-significant—difference method)
Size of sawdust
0.25-1.0<1.0-20 *

Sawdust-to-rice bran ratio

10:1 = 10:2

10:1 = 10:3

10:2 = 10:3

Moisture content
of substrate

55% = 60%

55% < 65% **k
55% < 70% *k
60% < 65% sk
60% < 70% *k
65% < 70% *

* 4% : significant at 5% and 1%, respectively.
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Table 7. Effect of incubation period on the fruiting period and
the yield of fruiting bodies in Panellus serotinus,
strain SPs—-11

Table 7a. Fresh weight

Fresh weight of fruiting bodies (g/1200g)
A: Incubation period
B: Species of wood 85 days 90 days 95 days 100 days 105 days

F. crenata 238.58 276.04 261.34 244.01 252.63
+36.13 +2863 +6260 +61.04 +43.91

Q. acutissima 21542 170.3 241.58 213.15 243.33
+49.85 +2712 +2383 *+5796 *£21.28

Least Significant Difference at 5%
Incubation period, 59.16
Species of wood, 26.67

See Tables 4 for explanation.

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value

A 10,313.01 4 257825 1.18 0.3228

B 29,341.38 1 29,341.38 1348  0.0004 **
Error 198,018.63 91 2,176.03
Total 237,673.02 96

Test of difference of mean (least-significant—difference method)
Species of sawdust
F. crenata > Q. serrata *k

Incubation condition
85 days = 90 days
85 days = 95 days
85 days = 100 days

85 days = 105 days
90 days = 95 days

90 days = 100 days
90 days = 105 days
95 days = 100 days
95 days = 105 days

100 days = 105 days

*, %% : significant at 5% and 1%, respectively.
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Table 7b. Stipe number

Stipe number of fruiting bodies

A: Incubation period

B: Species of wood 85 days 90 days 95 days 100 days 105 days
F. crenata 204 178 172 152 175
+31 +19 +41 +38 +30
Q. acutissima 196 156 193 137 141
+46 +25 +19 +37 +12
Least Significant Difference at 5%
Incubation period, 41.24
Species of wood, 18.569
Three—way layout analysis of variance
Factor S(Square sum) f(Freedom) S/f F-value P-value
A 36,750.22 4 9,187.56 8.69  0.0000
B 2.946.66 1 2,946.66 279 0.0984
Error 96,197.63 91 1,057.12
Total 135,894.50 96

Test of difference of mean (least—significant—difference method)

Species of sawdust
F. crenata = Q. serrata

Incubation condition

85 days > 90 days %k
85 days = 95 days

85 days > 100 days k%
85 days > 105 days *k
90 days = 95 days

90 days > 100 days *
90 days = 105 days

95 days > 100 days %k
95 days > 105 days *

100 days = 105 days

x, %% : significant at 5% and 1%, respectively.
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Table 7c. Period necessary for fruiting

Period (days) necessary for fruiting”

A: Incubation period

B: Species of wood 85 days 90 days 95 days 100 days 105 days

F. crenata 40 38 35 33 28
+9 +9 +=13 +7 +7

Q. acutissima 51 54 41 34 32
+5 +7 +7 +5 +2

Least Significant Difference at 5%
Incubation period, 28.68
Species of wood, 12.46

" From the fruiting treatment (shift down of temperature to 10 °C)
to the maturation of fruiting bodies

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value
A 797.50 4 199.38 236 0.1038
B 296.45 1 29645 351 0.0822

Error 1,183.80 14 84.56

Total 2.271.75 19

Test of difference of mean (least—significant—difference method)
Species of sawdust
F. crenata = Q. serrata

Incubation condition
85 days = 90 days
85 days = 95 days
85 days = 100 days
85 days > 105 days %
90 days = 95 days
90 days = 100 days

90 days > 105 days *
95 days = 100 days
95 days = 105 days

100 days = 105 days

%, %% : significant at 5% and 1%, respectively.
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II. 10 KE#HF v FICKHHIZHER
() FH&EEHBRAE:
TR BMERBE ThFL TS LFY T B AREKIEK (SPs-48,54, 71, 73) 2 FDH# L
HOEME & UTH L.

DAY TEKEERE L THBENZMTHREINTWSREHM Ty TOMAZR S0, 75
EIREDILER T v 7 (A - 7 XF - AF SMBEBEOMDN 5% ( K-2,K-13 K-15) Z2HWT,
THERERERBRZIToZ. LTy 7 (B8 EREEZARLTIN:ITEAL, GKEZEYITH
BLUIEZ MW 215008 MPPRIZI20085 9, MEASKEE (120, 6020) L7k, Toik
ELLEBPMEEYZ, IRE 0K 10gEL 7.

BT COMETTIOHM TIT W, ZORIERE10C, MHxtEEI0%, MEE20luxDFEAEEITE L
To. TEBRFEEEZER UIZSP SRR FEO L2 +3XFIThy FUTTEEDFEAZ SR,
FEEZBHRINEET TOHRZLEL .

X, PHEMICE L e TEAZHIE LERZHET L1, R Im LZ2FREH &
L. TofRzdElr.

RIEREER
JREERE Ty I K 2 BEABRORE R Z (Fig 14) IR 7. BRI E BN EIISPs-T30VF BT/ ©
Zino e BRI ER T SRR BLE TOERITEETH > k. JREMTF v 7 TIIK-2 £K-15
A% T KI3WRBES ZTOEIERTH o .
ER A - R IR T, R TOREKT TS NREF TH - 7208 SPs-T33K-151cB T T F
EFEQIEDN D > Tz, HRICK D E MO BIRNEDRR S N & SV RERT v 7 O % A
WAlEE 2T D TH 2.
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Fig 14 Comparison of the fruiting body yield among different strains of
Panellus serotinus and different materials for substrate .

Strains of Panellus serotinus : SPs-48, SPs-54, SPs-71, SPs-73 .

Materials for substrate : Mixed wood chips (powders) of several broadleaves
trees such as Castanoposis. sieboldii . Querus serrata , and Querus acutissima
(K-2, K-13, K-15), and sawdust of Fagus crenata .

Size of wood chips : K-2=1.0~8. Omm , K-13=8. 1~10. Omm , K-15=5. 0~8. Omm

Size of £ crenata sawdust: 0.1~0.6mm=35%, 0.6~2. 4mm=59% , 2. 5~4. Omm=6%
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BIE AFS7ICHBIFSMNATFIIHTBHERKDRIR

# E

Trichoderma@idi e N7 0MEEEE (LK, MU aAFILT ERE) I3Z20ZHOEARRE TRH K
EQREVWEEHELTASNDY, EFSRAFOFHEREPICOY = (FFHOF5 %) %
WAETHRY)AFINTIREDEROBEREENECD ZEaRB LTz (Fig 15) . D ZOHEKA
BEIzBIF2 N aFNOBERIIIAZ IR TF AT THREINTEY, TFHI AP TIEHLAL
FH RS CENEORNE LS TWS, 2, ABSICL0FZEHO N AT OBTP
EROEMITERIIC BIAPINTHD, MEOBERIMAKENTHE I LEHERIN TS,
WO T, W27 U RECBWTY A M) AT E2ERTLEOREDH LY.

BEZOZO M) AFNIICHTHRATEOREDOFEE L T, EREEE B Z FIH
U8 i o A Z v F 2 aM 5859z onTHEINTWS. £z, EiLofHE
OREZDZICONTIE, REKXAWMEHEOREYE FESRFEINTED, 157 Tidminitk
BB XN TWAEY, LAL, AFF 7 BTN aF I icBEd 2 REa<mE s
TR,

BRAMKEDE L TOLFY T OREE, BRBEICMA THRARBOEYRBEALNLGN, FIZ
FEABRE T AT RBIC M) OFNRICXDRERFEENRSINDG. LFF TFBREOEML
ETEANBEOLENMAOLZDIE M) aAFIVIRMEEKROBTRVLETH LI MG, K
Wiz EF L.

Fig. 15 Invasion of 7richoderma to the cultivation bag of Pane/lus serotinus
through the medium of ticks.

. 14#

(1) Bk
AFEZHFIZOVWTHE, EEEMERBB CHRAEL TWAS LTS FHARKIZIEEZ, MU
FNIEOWTIIHENRITRIED Trichoderna harzianum TMIC-60622,
Trichoderma polysporum ™MIC-60146, Trichoderma viride TMIC-316017% L3 L 7=,
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(2) iEHhiARK
LFFTO Y aFIRIAEORECHEHRBEEDNEICHWS /20, T (Fagus
crenatd), 3F T (Querus serrata) 5\ & XF (Querus acutissima) B3 RIEKI 0~2.0
mn, RIFE/NO. 25~1. Omm) &RBEEFNFNERIETIONE10:3ICEAL, SKEREZSXBICHEL
FeB 2 e U, Z ORI 14 g % il D ABRE (MA18mn, £ X 200mm) 12 1% 2 40mmZ2 13 T
120mmEICHE D, mEARKILE (120" C, 60200 L.

. 2 AFHTRUVCMIIAFNIOEARBEEDRE L IZREMH
(1) A&

TORELZHAEOBVPHER (LFF712EHK MIaFIVT3HEK 2, I.1.2045
FCEMAER U 72m OEBREIC 1 AL 03 g B/ L& FriCie S/ VR D #1323 CRRET -
TIHHETY, BROMENEE T HHERITHENS MAEBETOTEM (LFFTrOHE), H
HNI2HENSTHHETOSABM (MY aFNAIOES) 00— RKEZERBREE L.

B, BWEHRICOIIEEBL, TOLEEZLYZEKOHEESE L.

(2) BREEE

BUYREHIZBITALFITERY) AT ROBERBEE EERELGEOBBREZRE LR A
FETIIFERONED X OB B 7288 E O 2 Bk (SPs-7, SPs-48) 2, ~UaF)L<id
T. harziamml B ZE2ZNENREZELTHY, BE (3R , PXM ok (2 | B
KOKMERNE (28 OBRMUZ D CAINEEOEMERE L. HRHET - Y2 =& T
SWAMTHEEDIE, RNIEBEERIIIERNOBEEEREER B I/ o7 (Table 8). LF%
TO%HE, BEETENRD SN, WIKSPs-TIZ 7 XFT, HitkSPs-4813 7 F TH EIT BIf/n
RERLUZ. BOMORBIEEKE B/NRRKEDDBERRCRERSMELE XBEORMETIE, B
B0 128M0: 3K D BFRECHEENKREN S M) aFIIbvicBnwTid, BETIEIa2r5 T
ROBEISHEL, BOHORBIIKRENEDIVRIE TH 7= KEOHRMETIENRD 5N
.

LFEYTERM)OATIINTETIIERFEICH B MRAENRR2 ZENHENE o7 &
NS OHRIL, LFFTFOERMPRIIIFE TN AT I OERMEIZIIR@E M, &%
VERIER0. 25— 1. Omm CRBEARMBEL0: IO M) 27 NI LB MEBEOMHCEH N TH S Z &
(k) 2R LTz, F/z, EBRORIFICBNTIE, EHBICAMNET2E0 HOEREZ i
WEEIEL EBMEFREEOTHICENTH Y, B RORIITIKOTH 2.

TrE0H RIER0. 25~ 1. 0mm) EKIEE 2103 TRA LIBT3 RENO M) aFIL<
SEHk (T harzianum T. viride T polysporum BIOLFH 7 2 Hikk (SPs-T7, SPs-48) D
REEEHREM L ZFig 161C/RT. . harzianum3 28 C THROLBIMHFEL, KW TLC 18 CD
WETHo/z. I virideld23 (THRBELHEEL, KWTISC 28 COETH D, 28 CTIEMRIC
HEEMEN 272 T polysporum32d CTEHROBLHEL, KNWTISC, 28 COIETH- 7.

T polysporum® 28° CTIIR R ENWE KN o2, —HLAFITIL2 DOFKE H23C TRIf/
HEZRLED, REROZERIILBEO/NS Moz,
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Table 8. Effect of medium conditions on mycelial growth rates
of Panellus serotinus and Trichoderma harzianum

at 23°C
Table 8a. Panellus strain SPs—7

Mycelial growth rate (mm) for seven days

A: Size of sawdust (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
C: Species of wood 10:3 10:1 10:3 10:1
F. crenata 4.51 6.14 517 6.60
+0.08 +0.19 +0.06 +0.08
Q. serrata 483 5.74 5.04 6.55
+0.16 +0.12 +0.10 +0.15
@. acutissima 489 6.25 5.25 6.83
+0.16 +0.14 +0.11 +0.09

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value
A 59.63 1 59.63 478
B 55.26 1 55.26 443
C 240.40 2 120.2 9.63

AXB 36.75 1 36.75 2.94

AXC 106.76 2 53.38 4.28

BXxC 21545 2 107.72 8.63

AXBXC 39.47 2 19.73 1.58
Error 449.40 36 12.48
Total 1203.13 47

Test of difference of mean (least—significant—difference method)
Size of sawdust

0.25-1.0> 1.0-20 *ok
Sawdust-to-rice bran ratio
10:1 > 10:3 ok
Species of sawdust
F. crenata > Q. serrata *
F. crenata < Q. acutissima %ok
Q. serrata < Q. acutissima %k

*, %% : significant at 5% and 1%, respectively.
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P-value

0.0354
0.0424
0.0004
0.0948
0.0216
0.0009
0.2198

k%

*xk



Table 8b. Panellus strain SPs—48

Mycelial growth rate (mm) for seven days
A: Size of sawdust (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to—rice bran ratio
C: Species of wood 10:3 10:1 10:3 10:1
F. crenata 479 5.50 479 5.70
+0.28 +0.40 +0.13 +0.15
Q. serrata 4.69 522 4.86 515
+0.17 +0.21 +0.20 +0.35
@. acutissima 446 5.26 4,61 5.48
+0.23 +0.39 +0.24 +0.46

Three—way layout analysis of variance

Factor S(Square sum) f(Freedom) S/f F-value P-value
A 15.76 1 15.76 6.05 00188 x
B 67.69 1 67.69 26.00 0.0000 *kx*
C 41.57 2 20.79 7.98 0.0014  *x
AXB 5.01 1 5.01 1.92 0.1742
AXC 454 2 2.27 0.87 0.4268
BxC 20.09 2 10.05 3.86 0.0303 *
AXBXC 23.57 2 11.79 453 0.0176 x*
Error 93.75 36 2.60
Total 271.98 47

Test of difference of mean (least—significant—difference method)

Size of sawdust

0.25-1.0 > 1.0-2.0 *
Sawdust—to-rice bran ratio
10:1 > 10:3 %
Species of sawdust
F. crenata > Q. serrata %k
F. crenata > Q. acutissima %%

Q. serrata = @. acutissima

¥ *x%x : significant at 5% and 1%, respectively.
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Table 8c. T. harzianum

Mycelial growth rate (mm) for five days

A: Size of sawdust (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
C: Species of wood 10:3 10:1 10:3 10:1
F. crenata 5.72 6.27 5.59 5.86
+0.08 +0.10 +0.30 +0.12
Q. serrata 7.10 7.09 6.70 6.82
+0.03 +0.34 +0.13 +0.23
Q. acutissima 7.30 6.32 6.21 6.15
+0.19 +0.19 +0.07 +0.16
Three—way layout analysis of variance
Factor S(Square sum) f(Freedom) S/f F-value P-value
A 2.56 1 2.56 60.06 0.0000 **
B 0.01 1 0.01 0.12 0.7325
C 11.54 2 5717 135.22 0.0000 k%
AXB 0.25 1 0.25 579 0.0200
AXxXC 0.38 2 0.19 444 00170 =*
BxC 2.2 2 1.10 25.81 0.0000  *x*
AXBXC 0.93 2 0.47 10.90 0.0001 **
Error 2.05 48 0.04
Total 19.91 47

Test of difference of mean (least—significant—difference method)

Size of sawdust

0.25-10<1.0-20
Sawdust—to-rice bran ratio
10:1 = 10:3
Species of sawdust
F. crenata < Q. serrata

F. crenata < Q. acutissima
Q. serrata > Q. acutissima

%, %k : significant at 5% and 1%, respectively.

*k

*k
*kk
*k
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Mycelial growth®

@@= T harzianum
= 7 viride
w=ty== 7 polysporum
== SPs-7

| ey SPs-48

, , \

18°C 23°C 28°C

Incubation temperature

Fig. 16. Comparison of mycelial growth rates among three species of
Trichoderma and P. serotinus strains.

Condition of sawdust medium:

Species of sawdust, F. crenata; Sawdust size, 0.25-1.0;
Sawdust—-to-rice bran tario, 10:3.

Incubation temperature: 23°C.

® Trichoderma: for five days
P. serotinus (SPs—7 and SPs—48): for seven days

43



. 3 HBBHERICKS P ITFILTHYE (BER THEE) ORTE
M. 1. 205K TLFY 7 (1216K) Z223 CTISHMEELE. DWT, LAFFrZzHEmLL
BOEEZ 1(mBHEEWRD, TOWPCTOLFY LR —5UTEE LR T. harzianun® B9
MEEDZEIOm /25 XD L, WEEEMIE2, 51& k0T 3RERREE (18°C, 23°C, 28°
() THREL.
1) AF4 70 bYaFITHHE (BRER) SIEHRG
(1) HBRAE:

KU AF N YEREBABBICAFY T E M) ATITOERRNEZEARTLEEHIC, MU
OFITEEZSBEANS S HED2HM, I0HHETHO7HM, BLX MHHEXTOIIHM
OR)ATFNWIIE2BREEERE L. 28, SEBRIEICINEEML .

R EREEE:

BAETHLFYTIUEEDO M) ATt Z2RHET 20 E LT, AF5 7 2 Hk
SPs—7, SPs-48) & T harzianum1l ¥ ZERWWT, MU aFIL<itE BER) KBXIFIEESR
HoORBELZREL /-

BEHHRRIZ D W TIE, ZICEEE MO E RN BEBIC XD EERE T LR,
EikE BABRMEOZ VDD, BUEKOKENRKREVNSONENETNAERICK) ITFINTE
ERENKENST (Table 9). —F4, BRMOBREOEEILFY FOEKICK > Thizo /.
¥z, OB T, SPs-Tid 73, KEKXK, KAONFEMI:3OMAEHED, SPs-48TE Y
XF, KR KANFEMRICIOHUAGHENE LI BERNKRED o .
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Table 9. Damages of Panellus serotinus caused by Trichoderma
harzianum on various sawdust media at 23 C

Table 9a. Panellus strain SPs—7

Damaged length (mm) for 11days’ interaction

A: Size of sawdust (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
C: Species of wood 10:3 10:1 10:3 10:1
F. crenata 15.81 3.68 5.06 1.56
+7.85 +220 +5.64 +0.65
Q. serrata 119 3.19 0.44 3.19
+0.78 +1.56 +0.32 +298
Q. acutissima 2.31 0.75 1.88 1.44
+1.15 +0.18 +0.52 +0.21
Three—way layout analysis of variance
Factor S(Square sum) f(Freedom) S/f F-value P-value
A 59.63 1 59.63 478 0.0354 «x
B 55.26 1 55.26 443 0.0424 x
C 24040 2 120.2 9.63 0.0004 *x*
AXB 36.75 1 36.75 2.94 0.0948
AXC 106.76 2 53.38 428 0.0216 =*
BXC 21545 2 107.72 8.63 0.0009 *x*
AXBXC 39.47 2 19.73 1.58 0.2198
Error 449.40 36 12.48
Total 1203.13 47

Test of difference of mean (least—significant—difference method)

Size of sawdust
0.25-1.0<1.0-20
Sawdust—to-rice bran ratio
10:1 < 10:3

Species of sawdust

F. crenata > Q.serrata

F. crenata > Q.acutissima

Q.serrata = Q.acutissima

¥ %* : significant at 5% and 1%, respectively.

*xk
X%k
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Table 9b. Panellus strain SPs—48

Damaged length (mm) for 11days' interaction

A: Size of sawdust (mm)

1.0-2.0 0.25-1.0
B: Sawdust—to-rice bran ratio
C: Species of wood 10:3 10:1 10:3 10:1
F. crenata 244 0.63 1.88 0.31
+0.37 +0.57 +0.13 +0.27
Q. serrata 2.75 2.25 2.44 0.44
+0.25 +1.79 +0.21 +1.32
Q. acutissima 7.88 113 3.38 1.75
+3.92 +045 +140 +0.64
Three—way layout analysis of variance
Factor S(Square sum) f(Freedom) S/f F-value P-value
A 15.76 1 15.76 6.05 0.0188 *
B 67.69 1 67.69 26.00 0.0000 %
C 4157 2 20.79 7.98 0.0014 xxk
AXB 5.01 1 5.01 1.92 0.1742
AXC 454 2 2.27 0.87 0.4268
BxC 20.09 2 10.05 3.86 0.0303 *
AXBXC 23.57 2 11.79 453 00176 *
Error 93.75 36 2.60
Total 271.98 47

Test of difference of mean (least-significant—difference method)

Size of sawdust
0.25-1.0< 1.0-2.0
Sawdust—to-rice bran ratio
10:1 < 10:3

Species of sawdust

F. crenata = Q.serrata

F. crenata < Q.acutissima

Q.serrata < Q.acutissima

%, %% : significant at 5% and 1%, respectively.
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2) AFXST1I218%0 MY aFN Tt (BER HEE) L&
() EBRAE:

AZTORN) AT MEE O A EY T T, M) aFIVERER 4 EROBIRIC
BWT R 5 BeBE OMftEE 2 kb /2. MiHEE 5 - A#&&ﬁﬁ%@ﬁﬁﬁﬁ<faé~@@@%
BRI Z AL 2%, N OTF N YEBENIBICERLTWF A1 7. EE4: LF5
7%%@%U37»7_iDﬁ%@ﬁﬁﬁﬂme$ﬁ®%if&%éM6ﬂ,%;T%@m
BB B IR 2R L2, MU aTITAICEORT LD KBRAICRKEL TV Y1 T
M3« AFFIRESOEEN GERED S 10mAMOFT) CBAOHBRETTRER
RIS ETEDED N IATNIORBAZMIEL, TOXFOREBEMET 55 1 7. Witk
B2 AFFTEBIN) TN L OBEEOEREN SN0 ES (10mmEL_E50mE RO
) ETREINDD, TITRROEHERERERL, TOEEORBEHTFT 251
MHEE 1 AFF BB RERERRT 2 &<, BER2AMNI M) aAFIIRICBEEIND
y17.

RQBEREEE:

M. 20&RE25FA, MIATHUIREESEBBHE LS, UL bERORIEITL NS
FERMEELT, KHHRME:3, KRB/ (0.25~1 0nn) OTF Bk BEELISCER
ELZ COFRBTIZBWT, LFF T RIEKIIHTE M) aF NN YORERZLBREL
(Fig. 17).

M) OFNROBRERIILFY FOEKB TRERLEZRL, B/MEZ-2. 50mn, HAMEI
84. 08umTH o 7=. EWHRSPs-61°SPs-T6Z250 1 0 BHRIIBEENADMHEERD, LAFY T
WHRUIFNANCEALZ. ) aFIIb<idbiEEyay ¥ OiEsE® Y 245ELTED T
HERETHEZEZONDD, VAT TEREINTNWSXIDIZN, W AFY ri3HEEY
BZEEEL TR OATIVYOEAZEBEHRL TNWEZEHEZ BEH%.

M) IFIN <t EZRET 2 HkEL TR, 1% 7 Tt E23EMCRE L 2ERND 5
ZEMS, MY TD l\ D aF )Vt R E TR WS N7z 5 BERE (Fig 18) Ot E o ¢4t
FELFZTIVERICER LY. Z0HEEZFig 191077, MMEES R RVWY 1 T &L
TSPs-27, 61, 75, 71, 90 5 &k (BAEDL%) NHER SN, WHEE 4 131958k (16%) | MWk
3VX20TA K (16%) , bt B 2 1324564k (20%) |, WtPkAE 1135354k (44%) T, MU aFILitERN
FNEKOBI G E N 2.

M) aFNRIZLDLFY TREEITISBEMBEMOLFY TD MY HT)l/Vﬂﬁﬂif{Ftrjbiﬁ
A OB H -7z (Table 10) .

INLORRID, AFFTOEKICI > TN ATNMEOBRIICERND B 2 &N
HmERo T Fiz, WHEHESPS-6IBLUSPs-1HIIREBEB IUOMMEE TEHIZTHRWIEZ7R L,
MEAKIZ DY 3TV littEd s8N 2 E 03 5 M in o 72

47



Number of strains

80
70
60
50
40
30
20
10

Damage (mm) after fourteen days interaction at 23°C

Fig.17. Damages of 121 different strains of Panellus serotinus caused by
T. harzianum.

See Fig. 16 for culture medium.
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Fig. 18. Various types of colony interactions between Pane//us serotinus strains and
antagonistic fungi 7richoderma species. Numerals show relative competition
degrees of Panel/lus serotinus . 1: very weak, 2: weak,

3: medium, 4: strong, 5: very strong .
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Fig 19. Competitive abilities of 121 different strains of Panellus serotinus
against the attack of Trichoderma harzianam.

See Fig. 16. for culture condition.

Degree of competitive ability

1: very weak, 2: weak, 3: medium, 4: strong, 5: very strong
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Table 10. Correlation coefficients among properties of Panellus serotinus in 121 different strains

Mycelial Wood-decaying Damaged length caused
growth rate ability by T. harzianum
Mycelial % *
growth rate - 017 -0.15
Wood-decaying *
ability 017 = -0.10
Damaged length caused *
by 7. harzianum -0.15 -0.10 =
Degree of * sk
competitive ability 0.12 0.06 -0.63

*l

.
(1)

(2)

*k: significant at 5% and 1%, respectively.

4 AFYUBERIVIBHROBAMRES KUHEHELR
HERAE:

JREL T S B 53 (RLER0. 25~ 2. Omm) 6. 3 g 1T # 40k (AR KL 000 iCTEA BT VE20A2. 4g &)Y
B oLl Tg M) 211 Tl LU 282 flnz (GKR5%) . ZnzH 2 TV (N
40mm, = X 60nm) 1218 g ik, MERSIE (120" C, 604 L7z, FHPDAKHL (Difco) TH;#%
LicLF 7 TERmE (1218 %, IXYE0R2gERL.

#1323 CRER T TOIAMIT o /2. K53 B O 2 100°C TR R L TG ER 2w L,
REERFOMEERICN T H2WOEEMBIHEE Uz, 28, SEKRICOIIEEBL, Ty
% RD7z.

EREEE .

LAFZ T OERMEE, MBHENN) AT EDRETINERTET S0, K
£20. 25-1mmD T B EKEE Z 103 TREM UM ZHWT, AF Y FBAEKRIIFEED
FARMEEZMAELZ (Fig 20). MARHEEIIHKM TRELRZENH O, SPs-6, 21, 36ENE
HFC, BB OSPs-61452. SnmTH - /. iz B, BIKMIESPs-53D15. InmTH - /=.

DEIZ, B0 25-2und T F BRI EN R EHM U 2B E R WT, 12180 MIEH 1%
HBFHE L7z (Fig 21) . MBFIERERBEE ERBRICERM TRESEHL, 14 15 EDOE
FEEZRLEDONTHEKD - BREMHEIZKPs-20022. 2%, SEMIIKPs-1700. 8% TH - /=.

Figs. 1T~210F — ¥ 2 b LI ZB IR EZA, LFFZO N aAF) TNttt E
AR REEAFBRIEOHANSD - 7 (Table 10). > ¥ 7 BN THIFIFZFEHKOFERIES
NTHOY | BREROIEELEKII N ATt bmnZ &EnEZ NS,

Fiz, LAFYTOERMEE EMEHEREOMHBENH - /-
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Fig. 20. Mycelial growth rates of 121 different strains of

Panellus serotinus.

See Fig. 16 for culture medium.
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Number of strains

70
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Wood—-decaying ability®

Fig.21. Wood-decaying abilities of 121 different strains of
Panellus serotinus.

See Fig. 16 for culture condition.

N Weight loss of the sawdust medium after 63 days’.
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M. 5 BXRZMEICEIFS YTl (FEE) ORE
(1) HBRAE:

PDARG M (Difco) 20mlZ9emBED Y ¥ —LIZHEL, v — L O LFF T HE#RE (121HHK)
ZHEMBUZ CTLBAMESRL, AFYFOEENTZ Iy —LVEMZHLRL TS, AFS
SEEO LI rR—F (5.0 ) TABKWEZ N aAFIWVIERE (T. harzianum 1 #
W) ZHEELA CTHEREOEIRAKAZI0AMEIRL, BBl ToOmEENEICEC TS
BeBE TR L7z, 723, SMBR I E IREEmL .

REREEER:
MU aAFIVHHEE OB E Z2EE1LT 5720, BREH ETOMEDREEZBRF L. B2
T O EREEREE S &I, WHEE 10 SHEHEE 5 OEKMNFZIEREIC/R DL D122
6 HkkEEY, BREWETOLFY YO M) ATIVITIEEZERE L.

TR E BN ETo M) aFIEEOHBES I ZETomEl A, LAFFTTOR
KigH Fco R aF) )L <mtEERBSABE TCoORMEE EHBE LW ERHL MRS

(Table 11). FHEOZENIA4Z 7O MY ATFINIMEERECEVWTHRDENTHE DY,
BOBMBETOMEEZRETD2DITBPHEMZRNVWSLEND 5.

Table 11. Comparison of competitive abilities of 26 different Panellus strains
between sawdust and PDA mediums

Competitive ability against 7. harzianum (mean and standard error)

on the sawdust mediuma) 2.97 = 140
on PDA media® 253 + 0.63
Correlation coefficient between the two media 0.18 b)

2 Five levels, see Fig. 18

2 no significant

.6 FPUIAFNIIBOAXY TRERLLE
(1) BB AE:
I harzianum W39 % 5 BBEOMEREMIIIRBICR KD LFY FEKIEREZEY,
M)aFI 3MICL 2 EERENRERFEZTTO L.
REFEREEER:
N aFNT 3FIck A ERRENREEMEZIT oM EZ (Table 12) R T. 2RIZ
T polysporum& T virideDEEEIIES, LAFF7rNHIC M) ATFIMITEATLHENE
Motz 2308 CTIRT harzianumMMbd 28O M) AT XD BERICHWVWEERERL
7 18 CloBWT, T harzianumE T virideVd T polysporundk DV REEVDABITE NS T2, T
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harzianum& T, virideD7EIRD SN0 72, 28CTL polysporume T, virideDRBEEDN/NE
WO, ZO2HRHKOFERMENBCTELLARTHDZEDNEBRL TS EZZ 5N,
FAFNT 3FOBBRERNOLFY Fr SEKIZHT 22FBEOMBESMMTEITo 2
(Table 13). SEO MU AT NI OLFI T REKRIIHNT H2BERIE, BEL2TOHMEETED
MENRD 5 N7
PAbd v, REREEXMEOEMICKERFEERIZIT, HEBOREKKREOREEREILLY
(TCIToTnWBZENG, LAFFTO M) ATFTIVTBITH T 25RMEFEKOZEKRIL, T
harzianumz M523 CROTMEOBRE DA EITZIEXI NI ENHSE NI T2

Table 12. Damages of Panellus serotinus strains caused by three Trichoderma species
at different temperatures

Damaged length of Panellus (mm/11days) caused by Trichoderma B

Trichoderma i Incubation tnemperature ]
species 18 C 23C 28C

T. harzianum 3.94+7.16 4471407 2.90+=14.80

T. polysporum -1.1x252 -3.57+3.66 -3.88+2.43
T. viride 47%+11.80 -0.67+11.30 -5.43+5.21

2 Mean and standard error of 20 different strains of Panellus serotinus.

Table 13. Correlation coefficients of damaged length of Panellus serotinus among the attacks by
three Trichoderma species at different incubation temperatures

1. harzianum 1. polysporum 7. viride
18°C 23°C 28°C 18°C 23°C 28°C 18°C 23°C 28°C

18°C . - — 0.59%% 0.48%
T. harzianum  23°C - - - 0.49% 0.83%*

28°C - - - 0.49% 0.89%x

18°C 0.59%x — — - 0.17
T. polysporum 23°C 0.49% 0.65%x*
28°C 0.49x — — — 0.66%%

18°C 0.48% 0.17 - - -
T. viride 23°C 0.83%% 0.65%*
28°C 0.89x%* 0.66%x*

20 different P. serotinus strains were used.
*, %% Significant at 5% and 1%, respectively.
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. 7 BELEMIAFITARRELAF S TRBOBREGE L FRERLERES

(1) HERF &

THBYEREEZARILTIOSICERMLU-HZ HAWTERY O S ETALAFIY ¥ 223CT
OHRIREZEL7Z. DWT, I0COREBIIB LU TRARBMEZITY, FORWHEOTFEREONE

EWRBEME Ul LFS MR U7z 2 MR O TR 1RO,

L7z,
RQERER:

BEHRICDE 3 RIEFEM

RER, WHEERRTLEL TRmEZR U2 LF 5 THERSPs-6135 K USPs-T5 D a8 45
ZTable 14 1279 MEKISAE B RS TEAMLIZANT 2 BREBEICH DTV S HK
SPs-48 & L T, WARAMEREBIUTFERNZEIRAEETHD, EALNNOREZEGLT
W7z, SPs-618B K OSPs-ToD THEAD BRITHEA - AJERTH D,

2, BNELS THBEMNICIHER TH- &

HLNDLZOT, SRBREINSOREICIMOFAALTHEZ N,

SPs-48 & ik U TH kA A

IHNHORKLE MY OAFTIVEIMIED LAF5
WKL, AF 5 T o EREMEAEBSOMITC, MtEE RFKRERORERA L TARER

Table 14. Panellus serotinus strains selected as strongly resistant to 7richoderma spp

Strongly resistant strains

Previously selected strain

SPs—-61 SPs-75 SPs-48
Damaged length by 7. harzianam (mm) -2.50 -2.17 36.17
+1.50 +0.76 +2.67
Damaged length by T. viride (mm) -8.45 -5.25 16.4
*+1.15 +2.19 x5.79
Damaged length v 7. polysporum (mm) -6.25 -7.35 2.75
+0.85 +1.07 +1.86
Degree of competitive ability 5 5 1
Mycelial growth rate (mm/7days) 43.75 37.75 38.33
+1.94 +1.47 +2.14
Wood-decaying ability (%) 10.9% 17.3% 14.7%
+22 *1.2 +1.3
Fruiting body vyield in the 76.4¢ 74.0g 71.6¢
first flush (g/400g-bag) +3.29 +2.89 +2.67
Morphology of fruiting bodies” Thick cap, light color Thick cap, light color Thin cap, deep color

Culture medium: Fagus crenata sawdust, 0.25-1.0mm in diameter; sawdust-to-rice bran ratio, 10:3.

Culture temperature: 23°C.

Strain SPs—48: selected previously by its fruiting body productivity.

9Strains SPs—61and SPs-75 are superior to SPs—48.
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. 8 FRENRELURKICEND AF Y TEBHOBRK
TEARBNEOEWKERLZR DT, /7, AFEICIIEAEZLETHIHEKNH DI 056, BRICTEN
R DBRE #2175 /-,
(1) HE & HBRAx:
FEEENERBRYS TREL TS LTy Sy HARKIIFEEZMHHL .
TFBPMERONEFRILTI0: RS L, S/KERZE55ICHE L iz A We. 2N 2PP
RIT400e35 0, BIEAKWE (120C, 605)) L7z, TORBLLZIIEKROBIHERY Z, 1484
TZORhgERE L.
FZEII23CORE T TIOE BT W, TORIBEINC, MXHEEI, BMELuxDFERICE L /-
TRENBEHEHTAHEEDIZ, TEEFRZERLZBHERICOWT, EAOFEZPIIEITO
SR BET o7 OANOBBRFICA —T > b =AY - TERZZLETFEAZABLTDHS
W, <R, PN, FFNENIIBEBTRREZTMLTHS5 0%, RBENFTHEETDEKD
A& UTEEFLE.
RQFEREER:

TERANBOEKMEZRZFIg 22I2R U7z, FREZE2FE LD RHEENISHEEA SR,
RN 0 OFHNETTA9e, mARKINRITEHKPs-25D828 TH o 7z

TERAEZHK LRI RMICONWTREKRR 2T o iR %Table 1512779, FEHEI3E#K
NS OIXI6EHR (17%), 0N B OIX26E#E (28%), A Z KU H D51 Bk (55%) T,
BEENELS RN EVNIRRTH - /7.

HW®KZE 2 bDNIEKR (20%) Holz. AFF TITEKRICE > TEEH S0 B - b7 )L
—NNENZ ENHERINTNSEY . NS HAOHLERIIONT, HAKEBRIT 2R 0OE
ESBEEL THZN.

PLEDORERRNS, NRERBKZHDODE TERAKORKZH AL (Fig 23). AKkZE %<z
WIREE] THEEEL, W Z], RPFEVNEL H<RNEIEL, ROKKX (FREHEOHE (1~3)
XHBEANB - RATEAR THREMEZ2ER L. DWT, 7B TOTEAINEE LR TERL
T IBNBEELETHARZER L. TOHREZ S S WEN—E L NIV ETIEN LA
S5ALD 5K ZER L /2. 5 B 5 WERIZINELS. 0g/BUFTOBEKRLIVABICEZINTH -
7z.

AL S RO R B U2 (Table 16) . 72 & XX SPs-11HIINE D HKAE %, SPs-97
WEHADOHLBNTZBKERLZ. CNSHEKRIIEAREOFNERELTERTESEEZ5
N5 TR CNSBEFEREREEE LATEEEDLERL THE/Z 0.
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Fruiting body vyield ( g )

Fruiting body vields ( fresh weight, g/400g—-bag )
of 121 different strains of Panellus serotinus.
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Tasty index
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Fruiting body vyield in fresh weight ( g )

Fig .23. Scattering graph of tasty index and fruiting

body vield for evaluation of Panellus strains.

Tasty index: 1, bitter; 2, a little bitter: 3, non—bitter
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Table 15. Taste properties of fruiting bodies of
Panellus serotinus in 93 different strains

, ) ) Non—bitter
Bitter Little bitter
Non—sweet Sweet
MOmMOSIaE 16 26 32 19
strains
Ratio 17.2% 28.0% 34.4% 20.4%

Table 16. Panellus serotinus strains selected for fruiting body productivity and tasty index

A: Panellus serotinus strains

B: Properties SPs—6 SPs—11 SPs—-16 SPs—17 SPs—-97
Fruiting body vield 68.64 76.52 74.05 71.36 68.61
(g/400g-bag) +10.50 +1.37 +3.43 +1.24 +18.41
Stipe number of 22 30 37 33 49
fruiting bodies (per
400g-bag) +2.83 +3.54 +9.90 +10.61 +22.63
Fruiting period 47 52 47 46 40
(days) +0.00 +1.41 +2.83 +1.41 +0.00
Tasty index 3.00 2.67 2.86 3.00 3.00
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BEEE

LFITFOEBBEITICATREEANEIEE LT, REFROMR, BT HERKRERRBRICET
LR OTERR A K VT REDOWMEEE I DWTHE Uiz, ZORE, B &FEU < kO hl R
THHILEWHRTHEEDI WFRTOEREZDOEDITERAL, A5 T ERAKTHL &
WH o7z, Fo, FEAOHHIEETIE, BTRICWEI Ay EARICAROETFRRH D, LF5 7
MEEDO A o F—HMORMTEMTEIE FEEADERETDIE S F U BEBR L TNWS I L5 %
oMU, 2OETT U EOFENRENHBIZHITEZ EIZDRNPoTWE EEZ LN, LF
T DEROERIZH o TS EHERINDS. (E ] 5)

LFZ 73— O TSN TONTWAN, KR E I CD &I 2/ kSR
HFIZDONTIE TR INTBS T, EFALANRITEL TWS EEFT0HEN. AR TR+
EERDPER LU HENATENZRIRIEH L ERAL, ERAREOEANLZZLIZDOWTRG L 2.

FOREF, TREFEBREEIZIOCOHFE TH 0, R iplids. 0fHEich 2 2 &EZHE NI
Uz, FEREFBERBIIZKENR  KONBRMBNZWEBMIZEL W &, BlE KRNE2d &
RELETFEEROEGKELRE L R2ENEZRD. FEEONREFEEZ20DbE2 &, 7480
3 ORIEEQ. 25-1. Omm, BAVITH T L KR NIRME10:3, F/KEOHTO M R & HBr Lz, 2P,
I)FFrETRTEFREBTCCOL,ORIEE FICENMNM D ETFEAEBRNEEIND Z E0WE
INTNDD, AFF TFOERBE BT FRAEFRE LR DR HSNOC0, B &R o K H
RIITFEEOREZHET AL ANNTIIIENZ EZ2BD . T, FTEERORENBESL &, ZDER
HORENY FTHHAZEALTNLOT, FEEREPICTENOCOIREN EHT2RNITEN.

HIRS A 7 RGO MBS U GEEMREIN TS THEOLEMEZREG LTV S D
WT, AFFTEHE L TOMEZRE L. BRICK > TEAFY FE I FEEM TR e TH
5 ENMRBEN, 2O EXBMEET BRI ROD, TIROJRERF v T X D2 EAREIE
EHSHDOTHS. (BB

HEHILFY T OMBBREZBORIPT, Y2l N ETH NI aATINTICLLHIKDHERZE
BRRL, TOHEZHOYZDIZ L. HIIHARICEI S INEARE T A TRtk N) aF
NRICEDKRERBENRZRINDG. AFIVTRIEOERLE FEANBORENEAD D121,
N aF )N T EmtEEROERPILATH 5.

FIT, AFITERNIATNEDHIMERZBELZORMEOBPREMTHEL, LF5 70
M) aAFREOREZEICDOVWTHRHIN Lz, AFF 70 b)) aF I ~EERLFY 7 OFRMH
EELEEREOHBEND D, WARAMEOHBZEKII N a7 ) vittEb BB d oz, 5
FIREIIMERER OEBRICIEREREEZ KIS Aho 200 M) aF i oRE ICI3ERE
EORRH T, ZEOEKBREOKEERETHD W (IWMIETHDEEZ SN, Fie, I harzianum
IR WIE 2 RS LW F & T ERILT polysporum™ T, viridelZ & WIHE 2R 3 HAED 5 iz
Flo, AFEZ T EM)ATFNREEHIFL THEETZ2EE LFYFOERE# ETCo M) aT v
MEEL B TOMEEEMBE LN Enn, EEOREE, BB EZ R WS Z &
DN ETHD I ENPHS NI T,

Pl &ENS, BRMEEMET harzianunz M n523 CROMMERBREITD 2k, £<
OBRYAFIVIMEICH U THIMEZRT LAF Y TEERNRIKTESL ZENHS NIz 72, AFE
ERAWTRIBEOLFY FEEEREL, MY 3TN REIE & FEESNEEZ0E T OFEKEL
TSPs-61, SPs-Th/x Xz L7z, PUITNTIRHLTIEEAEDZNWIELMEZFE /- WE
BR64%H 0, IZEFR CRETRE L2 A I T OMENLSRETH L I EIHKRTEE LFF T
O MY aAFII L TEY, BEEROBERNNKETHD ZEEZRLTNSD.

ZDOZOBRIIEHMEICKREREEZGZ 5N, AFY rOHAFEKRICIE TH®RER D H0ONE
BB —h LAFFTIEHE - BTN -INENIENBEEINTHRY, FORTHI>h—J)
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ERLAO—AMSNERNBWREE 2T 252 L9 ->TWEY, ZOREEL TiroARE
TUE, B L 72 O3Bk P 3 ok 21 U 75\ b O %5 LB UHERR X 11, T 0 THIRE B U 7e BibkA 1 978
RO 5. THRMIURIC bR E I EREE R 250, R E AKE bICENZHKE L THM
MERK L UL, TREQIUR BB IT R 27V 2 TITH N TENA B LR
BEENTHE ST, SROIMICLLFEIBETHS.  (BINE)

LESTICHLTE, SAMEBRESN TS REIRZL, AREE LD ET 2 RMPEICHT D
WEDWMITE. TOX S 2B T HRFETHARMGETE LS ) r—2 a HEER MO E
DINTHNRTHRN I EHHRE SN TH Y, EFEEBOFHNOHROBUHTES,

PEORREBE RIS, LFS T ORMBREEHET S & &bz, BRMBOME IR TH

FaEDTITEZ .
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] B

LF5 Y (Panellus serotinus (Fr.) Kihn) BENZBRAZOIELTHSNDD, EHNGR
REBEETODOBERMMCHEERICET HHFIIIE S AERE SN TR, AR T, AF
FTORBEZERLT S0, AWOBEFEEMHAT L EEHI, KEF N AT

(Trichoderma spp.) WIEZF T OWMKEDORKZEI o/, Tz, KEBTHEOEABEMEL T, %
ALRCHEOITEIZFE L 2.

1. AERESRERORHE

LFZTOMTIROBTHEMSBR, BOTHOBKBS IO TERE (—ER 1K) HEDZ
BB 2 FRTE U7 iR, AW 2 EFEHOARRZA L . ARRRIT 2WEATOY Y TLATH
L5 EZHR L. HFRTOEBREEDITHEI S A Y TOBREERBEONY —2 &R U2, HIE,
BT TR SN2y TEEHFIRFABEIE, 1 ROAMRIREZRT, 200 1O
TRTFICEEO, tho 1 #iIHErE~NRo 2.

2. WESH

7 J (Fagus crenata Blume) B2 CRIFEK 1. 0~2. 0mnd % Wid/h 0. 256~1. 0mm) 12 KN ER
R T10:1,10:2 B2 WX 10:3 ITRFIL, EARRE %NS 0% ETO 4 BEREICHRE L 24 8
DEMZRE L /2. INSHHICAF Y TEARGREZEREL, 23CT 90 AR EE, 1I0CTrEEZSR
TR TEEONRITZKENE  KLDRMENEL WEMIZ %< G KBNS W EFRE
L7 TREOEKBOR S RDMBEMAH o7z, #iwE LT, T BN ORI/, KbMEMmE 10:3,
TKEBR GHRDEEH R TH U, EARBEME L2 REES (1, 200g) THEK 280g/H[0 IR % %
U7z, 758, TEAFEEOBRBEIX I0CHERTH -7/, £z, TEAZL S KETIEMICH
5 FREEFEAUREFOBRBANO COPERE LEMOGMERIL FNEN 3. 1¥BL 6% THD, T
FERBRZHET 2HE TIIENWE BN/ BB IA MERO 20, MK 1 ¥ HBEROT v 7

(BREOREBMMOBEY) ITOWTEAMZRBRLZE A, BRICE > TIRAF I 7 E LT
OFANRETH D Z L2z,

3. MUaFI T EEORK

LAFZTERM)ATNTEOREFEREZEA OEXLEOBIHREMTHET 2L b1, M) aF
IWRBRIMED LAF & rEKEOEK ZTo /2. LAFF 7O MY aAF)ILHHETRIE 0. 25-1. Onm, K
DEIA/N (100 1) OEEHLD 5 AR PE 1. 0-2. Omm, KBERANZR K (10:3) ORI » il &, B4
BICE> TR /2. ZOHADO—2ELT, AF ¥ 7 E MY AT ETHERBEICHE LA4EE
REFVRIZD, LFFTICH U LR TTIERLAFY 70BN 720, MU IAFIIC#E L 8
BUEIBREENBL D ENEZ SN,

I harzianum, T polysporum, BXO T viride ® 3FEDO KDY AF)N KT D LFF 7 Ol
HEICZEOHBEANGLZENS, 1O N ATV IZHNSERKICLS TEEWZ N aF)L
SN VERR BRI TE D ZENAS N ERo7=. T harzianum ZRAVWSHREICL D, REEHT
PIEL 121 BEO LAFYTEEROZMNS, U aF I Bt & FERSINEZ STk L
T SPs-61 % SPs-T5 ZiBL L72. 2B, BB ETOLAFY 7O N AT EETER B E
EEIXIEOMBEZRLUZZN, MBEFESIN PDA B ETo MY a57)L <tk M Lo
e .

LFY T OTEENRIITIRKERHKBZRND O, BEEO B DN 565g (4008847~ 0D) Zi#k
ZODDbDETHRDENZ. £z, AFITFOBFEFERICITIERZRUL2HDO02<  HBE0NDHILS
2, AEPBEMRP EREZE 2N O IFEES D, ZORMTHIKOD 250N HED 51,
HAELSWNEE SR OEREEBBERK T2 ZENTE, 2N SIITEoBTEME & LTHE
ThH5.
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Abstract

Panellus serotinus (Fr.) Kiihn. , mukitake in Japanese, is known as a tasty edilble mushroom in Japan.
Its biological nature and the practical method of cultivation have not been studied sufficiently so far. This
study focused on the culture conditions and strain selections of P. serotinus to develop practical cultivation
method of the mushroom.

1. Life cycle and nuclear behavior of P. serotinus

Analysis of mating pattern and ultrastructural observation of basidiocarps showed that this fungus has a
typicél life cycle of Hymenomycetes with bipolar mating system. The nuclear behavior during basidiospore
formation was examined. After meiosis occurred in the basidia, each of the resultant four haploid nuclei
migrated into a basidiospore and there divided mitotically. The daughter nucleus proximal to the basidium
migrated from each spore back into the basidium so that the mature basidium bore four uninucleate

basidiospores and then four residual nuclei in basidium degenerated.

2. Culture conditions

In order to test the fruiting body production of P. serotinus, various sawdust-rice bran media were prepared
as the size of sawdust particle of Fagus crenata (0.25-1.0mm and 1.0-2.0mm indiameter) ,the sawdust-to-rice
bran ratio  (10:1 to 10:3) , and the moisture contents (55-70%) . It was determined that the optimum
temperature for fruiting of P. serotinus was at 10 “C when the spawn running was performed for 90 days at
23°C. Higher moisture content and higher rice bran content of the media tended to increase the fruiting
body yield, and higher moisture content of the media produced watery fruiting bodies. It appeared that the
medium composed with smaller sawdust particle, 10:3 of sawdust-to-rice bran ratio, and 65% of moisture
content was suitable for the cultivation of this mushroom. The CO; content and the air ratio against the
medium volume in the plastic bag at 90 days of the mycelium incubation (the timing of fruiting treatment)
was 3.1-3.3% and 34-46%, respectively.

3. Selection of strains resistant to Trichoderma spp.

Trichoderma spp. such as T. harzianum, and T. polysporum often attack and kill P. serotinus mycelium in
bedlogs and in sawdust culture. Interactions between P. serotinus and Trichoderma spp. were observed on
various types of sawdust media, and P. serotinus strains resistant to Trichoderma spp. were selected. The
degree of damage to P. serotinus caused by Trichoderma spp. varied with medium parameters, e.g., smaller
sawdust particles (0.25-1.0 mm in diameter) and a lower addition of rice bran (sawdust-to-rice bran ratio,
10:1) increased the resistance of P. serotinus against Trichoderma more than larger sawdust particles
(1.0-2.0mm) and a higher addition of rice bran (10:3) . The mycelial growth rate of P. serotinus on those
media tended to positively affect their resistance, and the faster growth of Trichoderma mycelium made its
pathogenicity strong. To select a strain of P. serotinus universally resistant to Trichoderma spp., the use of
one Trichoderma spp. was sufficient. This is because the degrees of damage to P. serotinus by T.
harzianum, T. polysporum, and T. viride were positively correlated. Of the 121 different strains of P.
serotinus collected throughout Japan, SPs-61 and SPs-75 were selected as strongly resistant strains using an
isolate of 7. harzianum as a test fungus. The two strains also showed high harvest property. The
resistance of Panellus strains to Trichoderma on the sawdust medium correlated positively with their
mycelial growth rate but not with their wood-decaying ability and with their resistance to Trichoderma spp.
on PDA medium.
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Fruiting body yield of this mushroom showed wide variation among strains. Comparison of the taste of
fruiting bodies of these strains revealed that 51 strains showed no bitter and 13 strains tasted sweet. The
selected strains will be useful for breeding of excellent mukitake strains which have rich harvest and nice

taste in addition to anti-Trichoderma properties.
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