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ABSTRACT : This study was executed in an attempt to investigate a artificial requisites of fruitbody occurrence.
Environmental requirements on habitat for fruitbody occurrence of collected cultures resulted in leading to 13-
16c and 75% relative humidity, and requiring silt loam of soil texture which had more nutritional substances
than a dry field. Optimal temperature was 25C, medium PDB, and pH 5.0 in cultural conditions. Mannose
required of 5% in ASI 59002, 59003, 59004, but 3% in ASI 59001 was selected as optimum carbon source. The
substrates stimulating sclerotium formation were cotton waste, or cotton waste + oak sawdust (mixture ratio of
8:2), which had 20% additive of wheat barn respectively. Sclerotium was formed well in the substrate adjusted
chemical properties by applying 2% of calcium sulfate. Sclerotium formation was the most effective in the
treatment of peat moss + oak sawdust (mixture ratio of 5:5) + 30% of wheat barn.
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A o

XA (Morchella sp.) < w5734 02 i, A
o (Ascomycotina), X HA (Morchellaceae) 2}, &

HWA (Morchella) %l &3t A&waloln, sh=,
50, 1Y, Y, 35 5 A AlAlel Exsks BiAle R
(Ramsbottom 1953, Brock 1951, Singer 1961), &4 ¢F 8
Fo] ®ar F it

283l FEHAS sk A ARl S8 A4l

LA ﬂz}?r‘%ﬂb— HEHAE APl s
o)L B ARAE MAATIE BE X3do] Aol v
ahod vil-g- 7k A wltoletar A7,

U FHEHA L] A A YA 7] = o] w1]l 48 =~5
Arto], Eofo|i) ol gt Bai= o] 53l AbEo] W x| ef|A] W
o] ¥hAEA qk vk 7| 71to] Zha1, A S (McCubbin 1913,
Moser 1949, Baker & Matkin 1959).

ATk o] BAIS 2180 % o] 83l 29 AE= 16449
Evelyno] At 7 o] AFE o]v] FH AL -2 vgloA]

* Corresponding author <gabriel@rda.go.kr>

Folulsl B Jortel Bl 3 FRE GO s
of W]27HE 0] AlRkE Wolge Wik ol2t 4§02 o]g
 Bjslo] 2k 2318k 9tk (Rolfe & Rolfe 1925).

EUARE APIE Beks A9 o] A 8
N AGEATL G, AAA ] BFE AR, £73
i g3ahdgolr], e sEAAnete] BiiAd
o] glom, && 3 A 749, K78, et
o i AEHO| 1 7| ao] Fom, wul tha B
gl glon, Walg w1, BeAL 2 R
=°] e ‘Tﬁﬂ] gehsit}, 42 vlof gl
- Morchella esculenta, AWy 82 MorelZ 2] 0] A] 4L
(Ramsbottom, 1953, Brock, 1951, Singer, 1961).

e} ok el of MAle] ek B A Wl
Ba1707) kakowl, gl AT AL E) 7 g wARE &
16% 7450] Ba¥ . IARF 1990 o] % ZA|1’dge] 7
31531 wAlo] F7ASHE S0 R A izl shH A IMEO]
T 7 FAREel 2l HAA ) WA o] gk a1 BEgh A ulsE
Fo] ERY, o], Wol, 2, AlFo] HACE AsHe A
Blof|A] FtA o= Q) BAtE o] 714 w52 o) shetet
= Al O‘E}

0]31‘ ]x—l o

-

o2t

it
j}ﬂoﬂ ha
| rSL'ﬁﬂlOi

T of

30 (%

Ast7] Yske] obal ke R eke 2}



10 F=uAleke] A 7(1) 2009

Ql

K

uBiAe) W ST AR B b

Fryte] Er kRS F el 7)ol 3 2 AIFS AT,
ELETE
ot BAEE

& ) 91o) 5 ALt W Alstel A Roputo} Al
2 asolth, Bk 4T Yol watsto] A1ga)
Qa1 A @l AL 5= ATCCH (ASI 59004), 5 =
A3F(ASI 59001), =1l 52333F (ASI 59002, 59003) 271 &
% 4772, PDAMAe] HEL 25C FL710] 7271 )
oFstol AHEISIT.

Lt X ST 2 A S

PIFRIA WA BAxA W BAS 2AA] A5
of Fuplo

1 A
U ZES WA 7] Fo] 3
‘?«

S22, 47188 Tyurin®, &4 Lancaster & &
AT A Al FEls dAv g el osk A A 1Y)
o] A of| Yeht= A Apdaaate] 7] 9 7t A4, &
710l S FHA Rl B keyell whet 71 548 ZAFISITH

2. Wz A

A T A S-S A7) 9lste] PDA (potato
200g, dextrose 20g, Agar 20g/ (), & 5%2] IR & AME-
sto] HAux & Mitetr] 98] AHS-SFTtE YSA (veast
extract 4g, soluble starch 15g, MgS0O,.7H,0 1.5g, KH,PO,
1.0g, Agar 20g/ ), MGA (malt extract 10g, glucose
20g, MgS0,.7H,0 1.5g, KH,PO, 1.0g, Agar 20g/ ),
GPA (glucose 20g, peptone 2g, MgSO,.7H,0 1.0g, KH,PO,
1.0g, Agar 20g/ 0 ), BGA (beef extract 10g, glucose 10g,
MgS0,.7H,0 1.5g, KH,PO, 1.0g, Agar 20g/ (), Czapek
(sucrose 30g, NaNO, 2g, MgS0,.7H,0 0.5g, KCI 0.5g,
K,HPO, 1g, FeSO,.7H,0 10.0mg, Agar 20g/ L) 5 F5H2
Wi S ARg-sto] H 2 ul] Addke]] ARg-shict.

3. mk2= 9 pH

TA L] HA ke 9 pHE Z2AVSH] $15te] At
B HAuA S A 79em AFloll 15mI% F5811 5°C~30C
LWL 671 A st FATE e $ 1047t
M F AARFS A2, pHe 4.0~8.09] W4
= 570 Aol & AHEoto] mjF g 2 2ow
A S-S ARSI

4, dokd At

3 4 Y-S ety flste] &
29 glucose 5 16%= A8t 4 w@Ards s
3L A SRS 7 e E 250ml AR o bl
NS 50ml¥ Tkl 1097 vl ekst § FAHE o] st
AsFEHYHoR AXP=AE 7€) S st H4
294E At 449 Ammonium tartrate 5 17
TS5 At gady} 22 Wy ow AL 7]
%] @] Czapek Hi#| ol 3H3-% Potassium phosphate, Sodium
nitrete, Potassium chloride 2] F-71 8] A 7 R A
g8t} 4 =g Atk

w3 A 55 AT TE X £ 1)
A& AR Slete] el A W gl :
6, 5:5, 6:4, 7:3, 8;2% A 3Tk Akl wjx| A5l
FAo £3ES FEsh]9lE WS 0, 5, 10, 15, 20,
25, 30%= AelstaL, #24E 0,2, 4, 6,8, 10%2 247}
AHelate] A 208 sl

of WE offl mdh ME

o

2. AR A 27

FRHA A A DA ZAS P sk IFE R,
2oFE, AMFE 9 Eug Tt HE APska 7 34
o] kgt M= EvR] E3EE 0, 20, 40, 60, 80%
2 Aglste] 7 S AL JERAE JEEA
100%, Y E12A70+47]230%, Y E A+ (8:2) +
W71230%, YE R+ (6:4) +171230%, JEEA
HEUE(5:5) + B71230%, VB B+ U (4:6) +17]
230%, VB RA+FUF-(2:8) +871230%% 2t AFE
=3t Aelste] 3 FA 9 AAA BAY T o -5 AL
sl HE FRHEEE JERA AJE, AR g A
g W AYEAAIES Eete] HE AHsigion, BE
o] 50, 100, 150mm= 2|8t t}h R MAl ARk
FenAeE=4+1,10+1, 15+1, 25E1°ColA 2097 ]
glato] AAA BAY-S f=sk3lTh



At F x5 (Morchella esculenta) 1 2] Q& A o] 23t 4 11

(Morchella) 20l Z3H= obA4MA 02 FEd £
Fig 1.olx &} ko] 2p A 2F M2 b wo= 312
o, 2k 9] Pl Aunoolrh. Ao mpe

LS & r

P} ggo] Pu) i 209 HFelt G WA, SR
S, BRE 5 FEF chepsheh, AUA AR 271
5—156cmA EolH, 2ke] A7]= 2—6¢cm, o] Hol& 2—8cm,

of 473 1.5-2.5emit o] A2 & A7 4 s A
o], A A E REOZ Fefrd ke £7) Ftl] 21
oAtk zte] ¥ & &
A5 e 7E vk el M= o B vl A
oA o] Thsdt wAl e ® TR oA 7Tl Exshs
Aol (Ower, 1982).

Fig.1. Microscopic observation and occurrence of Morchella esculenta

a. Occurrence of nature

b. Occurrence form soil in framed greenhouse

c. Fruitbody cutted lengthways d. Ascus and Ascospores(x400)

FHMA L] A A S v oz 723 A3} Table 290
A9} o] ApFEALS] H7]= 17.6—20.9%9.4—10.7/m=
el ol -2 Hgsta MAvE glon |, Ao A7)+
113.5-114.2x9.3-10.3meEH 07 A3, prdete] 8-

Tablel. Microscopic observation of ascocarps of M. esculenta

bR WSkl itk SARE 40.0-45.2X5.8—
6.4m= A2l dojrtt AAY ghom Auto] gity, o u]
BAIE A7 7.5%15.1mo)v w#ALeF dARALo]= ol 2
o] Qlom Auto] Q)= F-lel A A2 A A Ch

M. esculenta (ASI 59003)

Characteristics
Cup color brown or grayish brown
Stem color whitish or cream
Ascospore size (¢gm) X 100 17.6~20.9%x9.4~10.7

Ascus size (um) X 40
Paraphyces (¢m) X 40

inner cell of stipe (¢m) X 25

113.5~114.2%9.3~10.3
40.0~45.2%5.8~6.4
7.5~15.1

Fig.2& S EMA L] A Aol A 491U5H 4
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ZpA A WA L7} 8 5-20CekaL §F A 3= tha xfo 7} 9l
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Fig. 2. Temperature changes surround habitat

* Occurrence of ascocarps : Apr. 21day

S Ulef| A A4l Bk shE FRM Al 2alA) g gk
B b2 Ui} a9l 23S AR A3} Table 2
9} o] SR 5= 135TC, S5 76%, 4 =1
538 F2oluf k-8 -] S B Fylo] o] K

= X w2 At 283 EGRAE sHeauE
7} sand 72.7%, silt 21.0%, clay 6.3%% silty loam %94
S92 Bk sand Q] HIEO] 76.3% % - F-H

Table 2. Soil textures and Environmental conditions on habitat

o} =11, silte) clays 18.2%, 5.5% 2 o} sandy loam©] 3l
o} 78]aL Table 3.0/ 9k o] srEMAl pAEA] B
oA EoF 78 Al thRTE W QRS FAISH] A
st A7 pHe tl2 18 B¢k vlste] o) wpibagx] &
FHTh= sgton, §7]153% 9 nFgdas i Eqolt
u|REAYA] EQFH T} BEAYR] Eoke) A 9kt o]y et A=
Schmidt (1983) ] B.a1gk -8} LA 8k= 73 3Fo] T,

Environment conditions

Particle distribution (%)

Locations
Tem.(C) Hum. (%) Lig. (Lux) Sand Silt Clay Tex.
. silty
Inside of greenhouse 135 75.8 538 72.7 21.0 6.3
loam
Outside of 148 68.7 846 76.3 182 55 sandy
greenhouse loam
Table 3. Analysis on chemical properties of M. esculenta. habitat soil
- pH EC OM PX0O° Ext. cations (cmol+/kg)
oils
(5:1) (ds/m) (%) (mg/kg) Ca K Mg
Producible soil 7.0 0.35 10.0 160 13.2 2.3 5.4
Unproducible soil 7.7 0.47 8.0 290 11.7 2.9 3.0
A I
verase vaLe 60-65 <20  2-3  300-500  50-60  05-08  15-20

of Korea soil

Ll = A €M

HHHA - HAuAE AEE] 18k Table 4¢]
A9} 2ol Crapek 9] 555 Aglsto] AMIS AN 4
7} PDB #jj ] ofl 4] ASI 59001+ 187mg/10days, ASI 59002

= 347mg/10days, ASI 59003+ 340mg/10daysz &4
T2 x| B Uk A gRo] Wkt 18] 11 final pHE Czapek
o} PDB vl ] of| A= tha S 1 2] v ol A= pH7}
R YolX]= AgkolQltt, - dAMNY HA e &



ARGt =5 (Morchella esculenta) A 2] Q1g- Al o] 33k A+ 13
Al TF B 25C7F 7P =980 fEE 2= ASI 59002+ I8 R AR AL EH 9= 5-35C7HA]

439mg/10days, ASI 59004+ 415mg/10days, ASI 59003 Zo] Bl o} 59} 35 Cof| A= dAME o] 53] AZ=3Fth
+ 390mg/10days, ASI 59001 259mg/10days =]t} (Table 5).

Table 4. Effect of artificial media on mycelial growth and three isolates of M. esculenta

(mg/10days)
ASI 59001 ASI 59002 ASI 59003
media Mycelial Final Mycelial Final Mycelial Final

growth pH growth pH growth pH

YSB(5.4)+ 52 5.6 231 5.7 127 5.8
MGB(4.2) 9 43 25 45 35 45
GPB(5.1) 8 5.0 19 44 13 48
BGB(6.1) 27 6.0 70 48 43 59
PDB(4.9) 187 6.2 347 6.9 340 6.7
Czapek (4.5) 168 79 191 7.8 150 75

*( ) initial pH

Table 5. Effect of temperature on mycelial growth for four isolates of M. esculenta respectively
(mg/50ml/10days, Czapek media’)

ASI 59001 ASI 59002 ASI 59003 ASI 59004
Temp.
(C) . Final . Final . . . .
Mycelial growth oH Mycelial growth oH Mycelial growth Final pH Mycelial growth Final pH

5 14 5.4 11 5.2 19 5.3 22 5.2
10 22 5.3 31 5.2 38 5.2 42 5.2
15 167 5.9 132 6.6 140 6.8 138 6.4
20 187 6.7 258 6.9 221 7.2 246 7.0
25 259 6.8 439 7.4 390 7.3 415 7.2
30 62 5.2 137 5.8 187 6.0 178 6.0
35 5 5.3 19 5.3 27 5.3 29 5.4

* Czapek media : Mannose 10g, Potassium phosphate dibasic 1g, Potassium chloride 0.5g, Sodium nitrate 2g, MgSO,.7H,O 0.5g,
FeSO, 0.0 g/1,000m!

AR QD Czapek WA o A48 F71H) DA = Fig. 5049} o] FA] 5 B HA7HAIE d71skA &
@] Potassium phosphate, Patassium chloride ¥ Sodium S | 2T A Ao 7Y ko Hylefo] =)k
nitrate A& 7 FEEE APt HAMS HA DS TH TAMESE oA A AR S Kol 7R AF
ZAFRE A 3} Fig. 30114 2} 2] Potassium phosphatex= &4 B4 o= Ao] Frha Abm It ot FRMA 1 V)
T 25 1% FolA] dARYo] 71 #9kot 1 o) A1 2] pH 2ol et AP S5 A 23 Fig. 691
o] ¥ 53] FFaskE FA1E Bk A1} 2do] pH 5.0014 dARESo] 71 £S5kt

Fig. 404+ Sodium nitrate’7} 34 @5 25 2% F-5=°I o]zl A1} E RWol FRHA HFH 7| A4o xr
A Ao 718 £k A "ol ST SS A of] whef FARYSS 2w xfol 7 QUAIRE - ‘%k% A9
2 v gHashs 3ol 2lvk 18] 3l Potassium chloride < o8] etk Azt v, 53] pHe Eieol w o
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Fig 3. Effect of mycelial growth of M. esculenta on potassium phosphate dilutions
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Fig 4. Effect of mycelial growth of M. esculenta on sodium nitrate dilutions
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Fig 5. Effect of mycelial growth of M. esculenta on potassium chloride dilutions
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Fig 6. Effect of mycelial growth of M. esculenta on pH
* Millipore filter unit : 0.22un
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Ay} ddel Mannoseol| A w#ARES0] 718 £9k1 71 o}
So] AFFFel dextrin ©)th FE pHH 3= Mannosel}
dextrin o|A+&= %7] pH 6.05.t} 7.0 0|40 7 =73l Th.

71 8] eaol A= e kA o] go] 53] Axst
Aol o, 53] thdHF<l Arabinose?} Riboset: B4
o A3 o] §akx| F3Iich. 1E|a Aol 7H &
SFE MannoseE Fig 8. o4 ¢} o] 7zt FLH @ 2]}
HAA 5 ES AR A3 AST 59002, 59003, 59004 =
5% Foll A 7 £k ASI 59001 7 3% FollA
TAMo] 718 &9kt A4 TFE S HAx

< Table 704 2} 7Fo] tlzF-e vlate] Hal| A A2+
o] wtARSo] 53] Azxst AR Kol HHMAL ZAe
& I o] g8k G ek Al ETh

T A4 FolME f71H B3 dadeAs iz
T8} TAPESo] BlSgt AEjo] XNk i 11l o] 88k A
28 Fie tha Zpo|7) Sl Ao ® Azt o] gk A4
Iz Hol FHHAS 8-S wo] o] &3, AAgS 11
ThA] o] &3}A] ¢k9ktt. Brock(1951)9] K= Aoz
strech®} maltose, 24AHU O Z L—cysteine®] =t}al $F X
L9k ZFe] 7} 9l o™, Kaul(1978)-2 starch®} glucose”}F &
thar stod 2 Al 2] Afeli= thiato]7) QST o] 2 gt o]
fr el sk A2 21 Afolear A st

Table 6. Effect of mycelial growth of M. esculenta on various carbohydrates

(mg/50ml /10days)
ASI 59001 ASI 59002 ASI 59003 ASI 59004
Carbon - - - -
sources l\gﬁiﬁl Final pH I\;ﬁf}tﬁl Final pH I\g;iltﬁl Final pH l\ggsﬁl Final pH
Glucose 42 6.6 50 7.0 35 6.3 80 7.4
Fructose 20 4.5 29 5.8 44 5.9 26 6.5
Mannose 168 7.9 191 7.8 150 7.5 121 7.6
Galactose 37 6.8 42 6.7 74 7.0 27 6.4
Xylose 44 7.2 38 6.9 50 6.8 52 6.8
Arabinose 8 5.1 10 5.1 15 5.1 1 5.3
Ribose 9 5.9 13 5.7 12 5.8 7 5.9
Maltose 34 6.8 26 6.6 26 6.5 35 6.7
Sucrose 56 74 31 6.6 55 7.2 48 7.1
Lactose 17 6.5 29 6.5 14 6.3 17 6.3
Cellobiose 45 6.8 45 6.8 27 6.6 38 6.7
Inulin 29 7.2 28 7.0 21 7.1 78 7.7
Dextrin 118 7.2 95 7.0 52 6.6 71 7.1
Raffinose 56 6.9 68 7.2 44 7.1 77 7.3
Mannitol 33 7.0 31 6.6 66 7.3 41 6.7
Control 10 6.1 8 6.3 12 6.2 13 6.1




16 = AlEks] A 7(1) 2009

350

A A (mg/50m1/102

0 5 10 15 20 25 30

Mannose & & (g/500ml)

Fig 8. Effect of mycelial growth of M. esculenta on mannose dilutions

Table 7. Effect of mycelial growth of M. esculenta on various nitrogen sources

(mg/50ml /10days)
Ni ASI 59001 ASI 59002 ASI 59003 ASI 59004
itrogen

sources hg“ry;f}tﬁl Final pH “gryg\f}tﬁl Final pH l\gryg\f}tlﬁl Final pH hgry;f}tﬁl Final pH
NH,CI 4 4.3 21 4.2 2 4.2 4 4.0
(NH,) ,SO, 2 3.7 13 3.9 3 4.3 7 35
(NH,)HPO, 9 3.2 14 52 5 5.4 9 3.8
(NH,)H,PO, 3 5.1 16 54 3 5.3 5 5.3
(NH,),C,0,  4H,0 3 6.9 18 6.8 6 7.0 6 6.8
(NH,) ,C,H,0O4 2 5.1 20 5.1 3 5.0 10 5.1
NH,NO, 3 4.0 14 4.3 3 3.7 7 3.6
KNO, 11 6.1 16 6.1 4 6.1 14 6.3
NaNO, 4 55 17 6.4 5 5.9 9 5.3
NaNO, 1 6.2 14 6.6 2 6.3 11 6.9
Ca(NO,), - 4H,0 9 6.3 17 6.3 4 6.6 16 6.7
Urea 4 7.0 12 7.3 2 7.1 13 75
Casamino Acid 16 4.8 16 4.6 10 4.5 20 4.3
Alanine 9 5.3 16 5.0 3 5.1 10 55
Asparagine 17 5.6 61 6.3 6 4.6 16 4.7
Glutamine 14 6.0 18 5.7 11 59 16 5.9
Serine 9 4.6 22 4.9 11 5.4 16 4.3
Control 15 49 25 5.1 8 5.3 21 5.3

Ch ZoSin o XA 28 9 EBHFY S0 MSERAIA Aol g A%

Table 8& 54F AR 9 9] 459) S Helstel  or] A% PR Agkk. Lol fri= A ARl wet 7

P W NS AN A T ATl B4 AME Y] Aol AR Ak o2 el R it
5 B BAPE0] 1 BT, FAGL ASIB0001,  AMISo] WE AL By A2 w2 1
59002, 59004 =7} wt3o] /3= o™, ASI 59003 ¥ 7] wEolekal AE H T

Fi= o] B heleh 1 thgol WA, FUTE,
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Table 8. Selection of substrate stimulating sclerotium formation on M. esculenta

Cotton waste Rice straw Poplar sawdust Pine sawdust Oak sawdust
Strains Mycelial scleroium Mycelial scleroium  Mycelial scleroium Mycelial scleroium  Mycelial — scleroium
growth form. growth form. growth form. growth form. growth form

59001 130 + 100 - 83 - 65 - 75 -
59002 128 + 100 - 82 - 53 - 82 -
59003 129 - 110 - 36 - 61 - 103 -
59004 130 + 117 - 83 - 63 - 112 -
* Mycelial growth : 3X20cm tube(mm/19days)

HHXB] s 2] S8 w=ol ‘E%t HH T} =0l o] AA &34 2:8, 3:7 A FrollA FAMYST} A o]

T gAPESo] whE Fhoby s SR AEd FsaEisith
L} Table 90141 ¢} 2Fo] o &4} ]“d°ﬂ FprEnt

Table 9. Effects of mycelial growth and sclerotium formation of M. esculenta depending on substrates and mixing ratio between

oak and cotton

(mm/16days)
Mix. ASI 59001 ASI 59002 ASI 59003 ASI 59004
r(%;j)o Mycelial Sclerotium Mycelial Sclerotium Mycelial Sclerotium Mycelial Sclerotium
growth form. growth form. growth form. growth form.
Oak 51 - 49 - 44 - 55 -
Cotton 30 - 75 +++ 75 + 87 ++++
2:8 74 +++ 70 +++ 74 ++ 85 +++
37 75 ++ 69 ++ 69 ++ 84 ++++
4:6 65 - 62 - 62 - 74 +++
5:5 68 - 63 - 66 - 74 +
6:4 65 - 55 - 53 - 68 +
73 67 - 59 - 56 - 68 ++
8:2 56 - 56 - 48 - 71 +
gk el dWs A TS A S-S oF AP FU 283 wAPYSo] Ak o ® Zhas
rasE Aol om ASI 59004 = %% -84 shal wAPE =} el Ado] Trkeke 21 WY S
78] A Aol o] G AR HA] Hdo] A B AR W AR wEoletarl s m H7EA <] %5

EgASS FHYIYE Axsch

Table 10> << ASI 59002, 59004
FEE S, WA 2 A e AW 2:8
@ B9 WS ALgee] A7k el B e
PR S B A A 18 £
o FIBFR ALK S a5l ATl oLt RALE

ENNUN

%l—oﬂ)q —TTLEHS:] A] o] £

43 52 15-20% 21 AFRE

Table 11:& Al wix| o] Eelds 2dshy] flsto] it
450,24, 6,8, 10%% A2|st A3} b9 w27t

TS A AP R
HNPA] L 290X 7 FgEo 492 ol 7

& A ekghrt e AR A B Y

Ashe A gol9ln
73 tsé] }\é
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Table 10. Effect of mycelial growth and sclerotium formation of M. esculenta on mixing ratio of wheat barn

(mm/16days)
ASI 59002 ASI 59004
Mixting
ratio (%) Mycelial Mycelial Sclerotium Mycelial Mycelial Sclerotium
growth density form. growth density form.
0 90 + + 119 + ++
5 75 ++ + 87 ++ ++++
10 69 ++ ++ 81 +++ ++++
15 60 +++ +++ 79 +++ ++++
20 55 ++++ ++++ 74 +++ ++++
25 52 ++++ +++ 73 ++++ +++
30 45 ++++ +++ 72 ++++ +++

* Mycelial density : + : thin, ++ : thick, +++ : compact, ++++ ! quite compact

** Sclerotium formation : - : no, + : poor, ++ : good, +++ : compact

Table 11. Effect of mycelial growth and sclerotium formation of M. esculenta depending on mixing ratio of calcium sulfate

(mm/15days)
) ASI 59002 ASI 59004
Calcium
sulfate (%) Mycelial Mycelial Sclerotium Mycelial Mycelial Sclerotium
growth density form. growth density form.
0 104 + + 113 + +
2 89 ++++ +++ 98 ++++ +++
4 72 +++ + 87 ++ +
6 40 ++ - 55 ++ -
8 33 ++ — 34 ++ -
10 15 ++ — 22 ++ —
* Mycelial density @ + @ thin, ++ : thick, +++ : compact, ++++ : quite compact
** Sclerotium formation : - : no, + @ poor, ++ : good, +++ : compact
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Table 12. Effect of mycelial growth and sclerotium formation of M. esculenta on soil textures

(mm/12days)
Clay loam Sandy loam Peat Peat moss
Strains Mycelial Sclerotium  Mycelial ~ Sclerotium  Mycelial  Sclerotium Mycelial Sclerotium
growth form. growth form. growth form. growth form.
59001 55 - 69 - 72 ++ 75 +
59002 65 + 78 + 83 +++ 86 +++
59003 70 + 79 ++ 79 +++ 74 +++
59004 82 + 86 + 90 ++ 82 ++
* mixting ratios of soil : 20%(v/v)
** Sclerotium formation : - : no, + : poor, ++ : good, +++ : compact
Table 13. Effect of mycelial growth and sclerotium formation of M. esculenta on mixing ratio of peat moss
(mm/12days)
Mixting ratio (%)
. Cont. 20 40 60 80
Strains
My-celial My-celial Mycelial Mycelial My-celial
growth Sk growth SF growth SF growth SF growth SF
ASI59001 70 ++ 56 ++ 64 ++ 78 +++ 80 +++
ASI59002 75 ++ 64 ++ 72 ++ 82 +++ 90 +++
ASI59003 76 ++ 60 ++ 70 ++ 75 +++ 83 +++
ASI59004 87 + 75 + 75 + 88 + 96 +

* SF(Sclerotium formation) - ; no, + ; poor, ++ ; good, +++ ; compact

Table 14. Effect of sclerotium formation of M. esculenta on mixing ratio between oak and peat moss

(mm/12days)
ASI 59001 ASI 59002 ASI 59003 ASI 59004
Treatment* : : : :
Mycelial SRk Mycelial SF Mycelial SF Mycelial SF
growth growth growth growth
1 0 - 0 - 0 - 0 -
2 47 - 60 + 66 - 66 -
3 51 - 59 ++ 65 - 56 -
4 59 - 66 +++ 62 - 65 +
5 64 - 72 ++++ 67 - 78 +++
6 62 - 69 +++ 73 - 54 ++
7 45 + 56 ++ 74 + 52 ++

* 1; Peat moss 100%, 2; Peat moss+wheat bran 30%, 3; Peat moss+Oak sawdust(8:2)+wheat bran30%, 4; Peat moss+Oak
sawdust(6:4)+wheat bran30%, 5; Peat moss+Oak sawdust(5:5)+wheat bran30%, 6; Peat moss+Oak sawdust (4:6)+wheat bran30%, 7;
Peat moss+Oak sawdust(2:8)+wheat bran30%

** SF(Sclerotium formation) - ; no, +; poor, ++ ; good, +++ ; compact
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Fig 9. Effect of sclerotium formation of M. esculenta(ASI 59002) on mixing ratio of peat moss
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Table 15. Effect of primodia formation of M. esculenta on different kinds of casing soils

ASI 59002 ASI 59004
casing soll spawn run primodia spawn run primodia
periods (days) formation (60days) periods (days) formation (60days)
Peat moss 4 - 4 -
Clay loam 4 - 4 -
Sandy loam 5 - 5 -
Clay+Sandy 4 - 4 —
Table 16. Effect of fruitbody formation of M. esculenta on different kinds of casing soil
Hight ASI 59002 ASI 59004
of casing Spawn run primodia spawn run primodia
(mm) periods (days) formation (60days) periods (days) formation (60days)
50 5 - 4 -
100 7 - 7 -
150 8 - 9 -
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Table 17. Occurrence of fruitbody depending on temperature after completion of mycelial growth

ASI 59002

ASI 59004

Temperature
() Light

(100—200Lux)

Temp.
(12—-157)

Light
(100—200Lux)

Temp.
(12—-157)

* incubation temperature : 25C /35days,
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