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SUMMARY

I. Title

Studies on the improvement of Lentinus edodes strains

II. The Importance and objective of the study

This study was carried out to improve the good oak mushroom
strains for increase in income from oak mushroom cultivation and
further to enlarge export of the mushroom.

The objectives of this were as follows.

D Protection of domestic Oak mushroom industry from improper and
illegal foreign-spawns of Oak mushroom by developing new strains
with high quality and productivity for log-cultivation.

@ Improvement of suitable strains for domestic environmental
conditions. @ Establishment of vital and superior spawn cultivation
and Examination of physiological and cultural characteristics of its.

The final objectives of this study were to establish the techniques of
spawn production, to develope new strains, to improve farmer’s profit,
and moreover to promote the national competition of mushroom industry

in the agriculture.

M. The context and extent of the study

To search for new genetic sources of Oak mushroom, we collected
wild and cultivated ones in the country. Breeding was practiced
through selection and crossing. Selected isolates through the breeding

in a vitro were cultivated in saw-dust and logs to investigated mycelial
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growth, spawn running period and yield of fruiting body. Besides, the
selected strains were tested in saw-dust.

Also, as basic research of spawn production the effect of additional
substrates and mixture ratio of secveral agricultural wastes were

investigated.
IV. The Results and suggestions of the study

Section 1. Selection Breeding

To secure the genetic sources for QOak mushroom, we collected 95
strains: 15(W) from domestic, 38(C) from growing mushroom in farms,
28(CH, H) from kept in Forestry Microbiology Center, and from 14
strains(Co) registered. The strains were examined by vegetative
compatibilify into pure and independent strains. That results showed 63
different strains.

We analyzed Isozyme method and Random amplified polymorphic
DNA marker to assess genetic similarity among 63 strains. The used
isozymes were Esterase, Acid phosphatase, and Peroxidase. 63 strains
were divided into 5 groups and subdivided to 10 groups.

In the analysis of Random amplified polymorphic DNA patterns, 63
strains were classified into 5 groups. The amount of genetic variation
was evaluated after polymerase chain reaction amplification with a set
of 20 random 10-mer primers, Among the primers the specific ones of
L. edodes DNA were operon 3, 18, and 19. The suitable temperature
of mycelial growth was at 25°C for 40 percentages of 63 strains. The

highest lignin degradation activity was of 43.8mf. Most of strains
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degraded 25mi. At 15+5C was most frequently observed bumping
action and primodia of Oak mushroom. That results revealed
temperature ranges for low, medium, or high-temperature strains.

We applied the vitro test results local log-cultivation. In 8
cultivation regions, annual mean temperatures were 13C i
Kyungnam-Ulsan, Jeonbuk-Wanju, Jeonnam-Janghung and Jeonnam
-Koksung, 11~12C in Chungbuk-Yongdong, Chungnam-kongju and
Kyungbuk-Sangju, and 10T in Kyonggi-Yoju and Kangwon-Hongchon.
8,000 oak logs were innoculated by a conventional method during March
28 to April 30 in 1997. Innoculated strains were high-temperature ones,
4 medium -temperature ones and 6 low-temperature ones.

The survivable rate of the innoculation in logs was almost 97%,
andthe ratc was not different among rtegions and strains. After 3
months, medium-temperature strains from the south region grew better
than others. The mushroom production of high-temperature strains
was the best with 309.6g and the yield of the strain was the highest in
Chungnam-Kongju with 3279g. The mushroom of H4 strain had a
bigger cap and higher quality than any other strains. H4 was durable
in high humidities and temperatures during summer. H1l strain
produced more mushroom than others but they had shorter stems.
We think that the two strains can be registered as new strains for

mushrocom cultivation.
Section 2. Cross Breeding

Materials for cross breeding were single spores and fruiting bodies

that had been innoculated in 1997 and harvested in spring in 1998.
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That harvested samples were of high quality and quantity.
Monocaryotic strains were isolated from the hyphae of the single spore
that germinated on potato dextrose agar medium. Dicaryotic strains
were isolated from fruiting body tissue. Among the collected mono or
di-caryotic strains, more vital mycelium was selected through its
growth and log degrading rate. [For this experiment 25 isolates were
obtained from high-temperature straines, 16 isolates from mid-tem
-perature ones and 18 isolates from low-temperature ones. Forty
single spores were obtained from 50 mushrooms. Then, the vital 110
monocaryotic strains were selected. From mono-monocaryotic hyphae
mating 27 new isolates(M01 ~M27) were obtained. In addition, from
mono-dicaryotic hyphae mating 18 new isolates(D01~D18) were
collected. The 45 strains from mono-mono mating and mono-di mating
were examined to determine the suitable temperatures for myceial
growth. The activity of myceial growth was highest at 25C. Seven
strains formed very dense hyphae colonies. The 2 strains(M04, M21)
obtained from mono-mono mating and the 4 strains(D01, D03, Dll,
D18) obtained from mono-di mating were excellent. We harvested the
662g with the control strain(Cl) but 525g with MO04 strain from

saw-dust cultivation,

Section 3. Spawn cultivation

This study was for cultivating L. edodes spawn that is like seeds in
crops. To improve the quality of the spawn we searched for the
variable substrates and substrate additives. Among the 18 kinds of

carbon sources, maltose produced the most favorable mycelial growth
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NEEH :

and compactness. Among the 12 kinds of amino acids and 11 kinds of
inorganic nitrogen sources, serine and ammonium nitrate best enhanced
the mycclial extension. Also, the reasonable amounts for mycelial
stimulation in the trace element was the 3.5g/liter of MgSOQ; + 7THZ0,
the 0.02g/liter of FeSO, - 7HZO, the 0.01g/liter of ZnSO4 « 7TH20, and the
100gg/liter of thiamine - HCL

The effect of the addition of agricultural wastes on spawn production
was studied. The treatment of oak saw-dust 80%+wheat bran 20%
was proved to be best for mycelial growth to 95.8mm in test tube.
Besides, the addition of rice bran, non-fat rice bran or wheat bran was
observed that they the compactness of the mycelium was very dense.
The spawn maturity and primodia production were highest when the
mushroom was cultivated in oak saw-dust 80%-+rice bran 202
substrate. Several agricultural wastes, especially rice bran, rice hull,
coconut waste, job’s tear and sugar cane bagasse, were tested as
alternative substrates for spawn culture. The best substrate was sugar
cane bagasse. And, coconut waste 80%+rice bran 20% was a very

good alternative substrate. We conclude that sugar cane bagasse and

coconut waste can be alternative substrates in spawn production.
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A3dFST AT A
1. Isozyme &4

7k Ag R ¥y

FZA TFE MYGA A A (malt extract 5g, yeast extract 10g, glucose Sg,
water 1 liter)& ©]83ta] 25ColA 253t vigstdct. Y F gFAAE o/ &3
o dfsn FH42 2-38 AHsd FAAE FusdA. FulE FAHA
0.1M Tris-HCI buffer(0.IM Tris, 2mM EDTA, pH 7.2)% 7}38t5 2airpgda) Z
& % 4TelA 15000g2 3087 YAEHF IS FFAE FHstd AV ES
AA A

A719% gele 6-26% porosity gradient polyacrylamide gel€ AH83lA3
gel buffer$} tray buffer= 2zt 0.25M Tris-Hcl buffer (pH89)%t 0.125M
Tris-borate buffer (pH 8.9 AH&3tAoh.

A7)gEo] BY gele 1Y AFTEMA KA} Aoz ¥2A Eslerase,
Acid phosphatase, Peroxidase 59 SHE Lol digt FN7| A& o83t A4
3 & W=ogAe BEAMEAYt. Esterase @4% Ado geld 01M Tris-HCI
buffer(pH 7.2)ell 30%7t A5t ev, 448 A (e -naphthyl acetate S0mg, Fast
bule RR salt 85mg, 0.1M Tris-HCI buffer pH 7.2 120mDe] @131 35T2 30&
t GAsgict gMo] R gel® 5% acetic acidg Hol Fo] EXHA7HA B3
3 9t}h.  Acid phosphatase A& gel€ 5% acetate buffer (pH 4.5)¢} 30%7t
AHFE AL A(Fast Gammet GBC salt 70mg, «-naphthyl acid phosphate
80mg, 10% MgClz 6ml, Acetate buffer pH 45 10mDel ¥ 3 35C &4/l 30
B7t QM3 ich.  Peroxidased A& geld FHF4o 1582 AA F 0.03%
H:0; : benzidine soln : F4 71 :1: 48 EgS ol SAolA Fddz 1~
28 B¢ FAsY A,

Ae] ¥ 2ME band9) Rf &€ F3n ol§ ugoz zZt #F39 #4F
T AFE P89 D-matrixE 24332 Var Cluster Analysis Programoll <]
7 FFEY AT EHHAC

. FHEL BN @ AFAY
Ao o8 the AFTA Ao BYHE 634 ¢F da FHEALEN
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ANEsEX:

& ANE A3 3A 549 ATz Yrolrles AL B F UACh
o] g3t AT $HEE Id FHE <Y 2->F 2

u;cao 0;!3) niam 0,700 0,800 0.500 1.000
.I'-‘a 01 0.0
Co 13 0,910
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Co 02 0,726

Co 05 0.910

Co06  0.940

005 0.721
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lweccs 0,2
.90

0.040

@ 0,7

coL 0.7m

Kol 1,000
cwm 0.5
0,920

0.807
. q ~C00 0,700 ’
1016 0.956
— e
Co 11 0,849 |
r—'——'——-——co o4 0.800
-H1004 0,60
l';—-mm: o.17
1008 0.673
0oL 0.880

1010 0,70
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— Ol 0.980
_—_[L—‘::m o=

Caom 0.750
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NEEX E

K

Esterase, Acid phosphatase, Peroxidase 5 AZ#9 TYH4d d& 2z
8 FAZIAE ol 83te] FASYE W Pyl e FHE S & AN W, ¥
ne] HFEHAE Esterase’t 7HF FEASF Aoz vebycel 2z F954E B
NP3 g 2o

(1) Esterase 43}
6370 FFol disl H71YFE 4AF ¥ Esterase@ NS AAI# 23 o}
o) Jepd ube} zro] 10719) groupe 2 A FFEo] o]Fo Al | group dE
F2 Az FEFFTo) 48 Bolstdn, 228 F 7} 2groupdl £8= Aoz o}
e 7 B 7 ZEHAG. Esterasc ML AR 7195 F4L <ad
2-8>3 3t}

O 1 group : 107
Col, Co5, Co6, Co7, Co9, Col0 Col2, Col3, Col4, C2002
O 2 group : 228F
CoB8, W2001, W2002, WB800l, WB8004, WB8005 w8006, C6003,
C7005, C8001, HI1001, C7006, HI1003, HI1006, HI1007, HIOll, HI012,
H1013, H1015, H1020, CHI1006, As001
QO 3 group : 8¢ F
W1002, WI1003, W8003, C4002, C7002, C7007, HI1021, CH1001
QO 4 group : 125
H1016
Q 5 group : 27F
Co3, Coll
O 6 group : 4TF
Cod, WI1004, H1002, HI1009
O 7 group : 3FF
W1001, WI1005 HI1010
O 8 group : 7T F
H1018, CH1002, CHI1003, CHI1004, CH1005, CHI1007, No0Ol
O 9 group : 4T
Co3, Coll, W8007, HI014
QO 10 group : 28 F
H1004, W1006
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<Y 2-8> Esterased MA| W= %4

(2) Acid phosphatase 2}

Isozyme% Acid phosphatase®] 7% A 518} band’} ¥R 374
9] groupl® FFEAGY. B EL | groupol %317 wl& 9] Acid phosphatase
o) FARLEE FFY AT T8/ oAk 309 groupd oh&a )
<2ty 2-9>9) M= Acid phosphatase@ 4 =Y BaFu Ju},

O | group : 59¢F
Col Co2 Co3 Cod Co5 Cob6 Co7 Co8 Co9 Col0 Coll Col2 Col3
Cold W1001 W1002 WI003 WI1004 WI1006 W200F W2002 WB001 WS8003
WB004 WB005 W8006 WB8007 (C4002 C6003 C7002 C7003 C7005 C7006
C7007 (8001 HI001 HI1002 HI1003 HI006 HI007 H1009 HI1010 H1011
H1012 HI1013 HI015 HI016 HI1017 HI1018 HI1019 CHI1001 CHI1002
CHI1003 CH1004 CHI1005 HI1006 CHI1007 Nqg001 As001



QO 2 group : 175
W1006

O 3 group : 38 F
C2002, H1004, HI1014

st aday. e
== : = £ T

<Y 2-9> Acid phosphatase@ 4 W= %44

(3) Peroxidase 2t

Isozyme%® Peroxidase®l 7% Al 12719 band’t FHEHALH 7749
groupl E FREAJcH AP ¥ | groupdl EHSH U Esterase bandX B A& 3}
" YA e wolx gttt Peroxidase@ ¥ WEFHE <Y 2-10>0 Herd
upo} z},

QO 1 group : 45T F
Col Co2 Cod Co5 Cob6 Co7 CoB8 Co9 Coll Col2 Col3 WI001
WI006 W2001 W8001 W8003 W8004 W8006 W8007 C2002
C4002 C6003 C7002 C7003 C7005 C7006 C7007 C8001 HI1001
H1002 HI1003 HI1006 HI1007 HI009 HI1010 HI1011 HI1013 CH1001
CHI1002 CHI1003 CHI004 CHI1005 HI1006 CH1007 As001

QO 2 group : 20 F
Col0, WI1004
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QO 3 group : 2¥F

H1012

W8005,

O 4 group :

102+

H1015, HI1016, H1020

W1002, W1003, W1005  W2002,

CO14,

H1021, No001
QO 5 group ; 195

H1004
QO 6 group :

h{e
It

1

H1018
O 7 group

e

I

H1014

<Y 2-10> Peroxidase §MA] B= ¥4
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NE2EH

2. Random Amplified Polymorphic DNA(RAPD) &4
7b As 2 3y
ZA FFE MYGHEA A (malt extract 5g, yeast extract 10g, glucose
5g, water 1 liter)3 o] 83t 25ColA 2573t Witk wjF ¥ AAXE
g3t A 2552 2-38 AHso FAMNE FHsAY. DNAFES 9
& lysis buffer(30mM Tri-HCl: pH 7.2, S0mM EDTA: pH 72, 3% sodium
dodecyl sulfate, 1% 2-mercaptoethano)2 olHligt ¥ P87z 4 Ae)
2y e A% DNAEZ dyo™ PCRY HAzAE WAL 20709 primer
= 7} band7} Aol&A U42E primerg: o839 & AKEZE Cluster
analysis& st
(1) PCR 28 % A7¥%F
1~5ng9 DNAZF o $1& 254t solutiondl 1mM MgCl, 0.3M primer,
05 unit® Tag DNA polymerase, 10#M9 dCTP, dGTP, dATP, dTTP, 100mM
KCl, 0.lmM EDTA, ImM DTT, 160uzg/ml BSA, 50% glycerol, 0.19% Triton
X-100& #7152 mineral oil 78tk DNA #%-& 8l thermal cyclers] 9%Cel
M 2% Fo Icycle® AEaA st 94°C, 30 & 45cycle, 40TAA 12, 72TC o
A 28% vpxugte 2 72ColA 587 incubationdty e MH2E AEE 125608
14% agarose geldl A A719FaRcth EBr2 dMsted 289 4ol band 2
o2 AFE FEIHA
(2) €0} Primery A%
1009 golgt A7 IME e Ave 0%F PrimerZ oA 370¢] Primer7}
2olxoz uwgart 159 drIMEe & 2t
OPA-03 : €71 ¥ - 5AGTCAGCCACS'
OPA-18 : 94711 4¥ - 5'AGGTGACCGT3'
OPA-20 : 9714 4¥ - 5'GTTGCGATCC3’

Aurg 3259 PrimerE ol 4% A7YE $4e tg9 <Y 2-11>9
Yetd uwle} 2o,

_18_
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M 2627 28 29 30 31 3233 3436 3738 394 41 42 a3 U M

(%)
—
-

)

Mt 23 4 56 7 8

Operon 18
hﬂ) 2 3 4 5 6 7 8 101116 19 202122242528 30

e v s
e

Operon 19

<1y 2-11> 3FF 9 PrimerE o] 43 DNA A7|Y 54

_19_
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NEEd:  HOLES

(3) RAPD ¥4 iy

4ol3 bands S FAF bandT9 Aol AFE EFAAcHU THLS
Nxi/2(Nx+NY)2 2 Nxve &4 599 32 84 LASHE bands 9 Mol
B Nx+NyE YAI3tA Y= band¥olt}. o]&9 ZIAE NTSYT-pedhe HFE X
2aYez ARE ¥y aFdF FFL /A R FA#AE 1Yoz
Yet At

i

. RAPD 3%
6370 @l dsl RAPDE AA# A3 3A 57 groupe 2 AFEHE T
4 AAdt. Group® TFF R &3 FTFUSE otefo] AR vig}t Zo, S
groupdl = I $ITFS HIOI8 & TFF o] &3 FdA ={ld FFY
15438 EoFden, | groupdlE 22702 b4 €& FFE7F £33 AE ¢
F AUY. WMEFLE BN e FYEE <2¥ 2-12>0] e v}
rig= 3
(1) 1 group : 26T F
Col, Co2, HI1007, Coll, WI1005, WI1006, W8003, C4002, W38004,
C6003, C7003, C7005, C7006, W2001, W2002, W&8006, HI001,
H1002, Co7, HI1020, HI1006, CHI003, WI1004, W8001, C7007,
H1012
(2) 2 group : 15&F
WR8007, CH1001, C8001, HI102], HI013, HI016, HI1014, CHI006,
No001, As001, H1004, CH1002, CHI007, H1015, HI1003

(3) 3 group : 112F
Co3, Co5, Cob, Co8 Col0, Col4, WIORZ, WIOO3, W05 Cr0z C2002,

(4) 4 growp : 10FF

Cod4, WIQ0L, HIO009, HI011, CHI004, HIO0I0, Co9, Col2, Col3, CHIO®
) 5 growp : 18F

H1018
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i Leve
Co 1 1. 000
Cot2 0,93
w1 o.Em
Coll 1.000
WS 1.000
w1008 1,00
W 1,000
acm  0.5m
oot 0.e5¢
ceom 1000 | 18
g e ec] 1.000
oo 1,000
CT008 0. 760 RAPD 1
2 im
0.7
0.800
K100 1,000
WOQR 0,609
Coor  1.000
elied 1. 000
H1006 0.1 1b
g 0,50
0.910
01 0.5
o001 1.000
moa 0,729
= _(::m it KN
016 0.840
mols  0.9% RAPD 2
1,600
0.912
. 0.6
0,10
0,910
oo | ®
0,408
o.4815 |RAPD S
1,000
1.000
1,000
1,000
Co 10 1,000
Com .00 |30
MooT  1.00 RAPD 3
viom 1,000
=05 1,000
cxm 0,570
cog 0,884 | 3D
Cont 1,000
oot 1,60
oo 1,000
oL 1.0 | 4a
5 0.0 RAPD 4
40010 0.810
J Co1z 0620
1,000
. . fSaos L] 4
H | [} Level

H ! H H ] H
0. 400 0.500 0.600 0,700 0. 800 0, 300 1,000

<Y 2-12> RAPDEA A 9% $3x
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ANEEX H

A 4d A BY A
1. &9 wjF

WA = Potato (dried) 4g, Dextrose 20g, Agar 15g $& &Egste HAnjsti=
Y ZAFL TAsA AMEstAY. wiAIA o 39gE& D.WI1000mEd] &A1 A
Ag zASHFos, ZAY WAL 121T, L2kg/emol N 158 DdAHE F 7t
2479 48§ Petri-dish (2Z0mm)ol wix]8F 20me4 & EF3 F d¥d) o]
stk FFE YA nlE wigsE FALE A% 5Smm cork-borerE o] 83t
o AHY F wfA FEo 13Y 43 HF ¥ F Incubatordl A vlFLE 20T,
25T, 28CFwatd T/ AAA], §uid 54& dEdA. FA e AN E
LEdE vuEYe W <F 2-2>9 & 2HE i

o

<X 2-2> P.D.A vWiAGAN WG FAAZFEE v

g 20C 25T 28T
T At ¥ 1
20743 (com) a4 [ H8(%) | 55 [H& %) | TFT | v &%)
96 ~ 130 1 1 - - 3 4
131 - 170 1 2 1 2 3 5 i
170 ~ 210 3 5 4 6 5 8
211 ~ 250 21 33 5 8 12 19
251 ~ 29.0 29 46 14 22 16 25
29.1 ~ 330 8 1.3 14 2 | 2 33
331 ~ 372 - - 25 40 3 5
A 63 100 63 100 63 100

EE 25CoAM wigd TFY FAIF Aozl 331~372mmz W& OB
40%, 28CHl% < 29.1-33.0mmoll A 33%, 20CHlYL 25.1~29.0mm 46%E o]
25CulgFo] TAL ¢ Aol AY YA Ueb,

AL 2REAHLS TA AE(a)oM Ao 22/ TF, BFol 26/ FF,
24 16718 Yo A2 AUl 27T/ #F, BEol 27/ OF, 4T ¢F=
97 @F, TAHEES ¥4 1670 TF, 84 474 FF2 JElgrh dAe A
9 XYE, $EF ] oo wel FALY Ao Aol E Mol = @giot
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<2y 2-13>
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FHT Yl Bl

SEY TANY S4E 2Abes) A3 FeIAA FAE
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2. BA R3YxA (B4 84 EA4xA

<& 2-3>9 WX 242 Zo] Ligninase activity mediag @iz zA %
¥ vig wFAE 63/ ZF9 TAE A% 5mm cork-borer2 HHE I ujx|
T4 gA¥n 25C &7 vy

<X 2-3> Ligninase activity media Z4

Composition (per liter) Composition-Stock mineral solution
KH204 0.60g CaCl22H:0 7.4g
MgSO047H20 0.50g Ferric citrate 1.2g
K2HPOq 0.40g ZnSOJ7H:0 07g -
(NHJ); tartrate 0.22g MnS0s4H:0 05¢ |
Sorbose 40.00g CoCl:6H,0 0.1g
poly R-478 dye (sigma)  0.20g Thiamine HCI 10.0mg
Agar (oxid No3) 15.00g Distilled water 1 liter
Stock mineral solution  10.00m¢

gdad ZaHEE ZAS7] Y8 Ligninase activity WX|Z3ol FAHFE @&
A7 Lignine EMEAS A4Astd WA 249 poly-R-478dye (AHoIA 3
A bEE Yoy WM E YA AL ojfsd AU Y 2-14>.

2 AEE Fst9 637 Fo did gad EHES 2AE B <FE 2-4>9)
Yetd vkl go] clearing zoned Aol 2% Ligninase ¥4 X7t vhdatAl o}
Elst3l, #F3 £A7 2&R3ARH 2eAn w4 ¢8F2 Hu L S

438mm*7tA] Jelygton) g 2ol #F7 25mm’ AR FAAYS ¥y}

_24_
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<# 2-4> 1A} Lignin clearing Zone (25T, 16Y)

(29 : mmd)
v gud & FNEFF FFE
43 ~ 98 W1006
W8004 2
120~ 185 W2002, W8005 CHI1004, C7003, HI1001, HI1011,
No001, Co? 8

186~ 245 | W1002, W1003, w2001, W8001, W8003, CHI1001,| 19
CH1002, CH1006, C4002, C7002, C7005, C7007,
H1012, H1014 Co2, Co3, Co6, Co8, Coll

246~ 305 | WI1001, W1004, w8007, w8006, CHI1003, CH1007,| 15
C6003, C7006, H1002, H1004, H1006, H1007, HIO018,

Col0, Col4 11
306~ 365 | W1005, CHI1005, C8001, H1003, H1009, H1013, ColO,

Cod Co9, Col2, Col3 6
36.6~ 425 | C2002, H1010, H1016, H1017, H1019, CoS 2

426~ 481 H1015, As001

NEEX

=
J
o
OR
=
o
2
1
ro
e
4
o
il
A



A=

A5dFg Au) 2

1. ¥3% viA Mg

FHANIE S A4 FA49 AdAzA A FEE FALFG @
YEE4E zAEAY FgeiAE AT Sy nge FAnNER 412 &
¥ F S Aslste F£ESF) 6%7 HEE zAHgY. z2AE wyA=
2AmmAI G o] ZYsA FAF T 121CAM 45233 nadFate Algstg.

ZAY wjAel ZAadduAN vle] WeHE FAE A7 Smm cork-borer
2 A3 PFHAd. FFUZ HF S ¥ £ 25T 27U wFAI AN A
FAG EEENE AT, FA AFAE 1Y HE FA BSL Egz E
& YrAtHY 2-15).

TAPEE L <& 2-5>0 Yebd ulg} R, HF TA} Ho] 6agos AR
A7b AL FF4E HW 246 ~ 266mm WA= 40 FF, 267 ~
28mmE A E 67 ZF, 289 ~3llmmE Y= 2074 FF, 312 ~ 3.33mm*
fell= 2270 5, 334 ~ 355mmEAcle 8/ FF, 356 ~ 368mmEYd= 3
A BFE2 dFL ES YA Fo] HF 1.06mmE byt

* 7 = & . J e &H Sy (LE
| a s AR A e =

<Y 2-15> FHMAAN ) FARY 24}

_26_



NEEAX

O

<E 2-5> FyhiAAMY F3d FAAY
\ ?
@At Eaas & 4 =
4_"2}(1%1\

de

246 ~ 266 4 W1006, W8001, W8005, CH1006
267 ~ 283 6 W2002, W8004, CH1007, H1003, No001, Co2
289 ~ 311 20 Wi002, W1003, W1005, w2001, CH1003, CHI1005,

C4002 C8001, H1001, H1002, H1006, H1010, H1012,
H1013, H1016, As00L, Col Co9, Coll, Cold
312 ~ 333 W1004, W8003, w8006, W1001, CH1001 CH1002,

22 C6003, C7003, C7005, C7006 H1007, H1011, H1014,
H1015, H1018, Co3, Cod. Cob, Co7. Co8. Col0, Col2
334 ~ 356 8 i W8007, CHI1004, C2002, C7002, C7007, H1004
HI1017, Co5
' 356 ~ 388 3 | H1009, H1019, Col3
[ %) 63

2. A A A Hol

QI-Eupx]Goll A A WS FE3E7] At FuaelS dAsde. 2
AAYEE FEst] A wiAs FUTE FyAE AHEsdd. dixRE §@
# o £1W/WIY Bl &R F EYT F FEE 65%2 st AL
o A€ WA 500CC FF felgd 1R23E7 HEE A8, 121TAAN
S¥T ATty Agstdnh. HFTHL Ao ol g
AT 217 5mm cork-borer2 A3 sl A} g8t}

FFE WA 25T wddolA 50d3 ol F SAAE sl 9493
g 2 H HAE K] Y3y 25, §5, 3T 5 AU LA
N AddhH e x2AdsAD, LENYE FATTY AT dUdHnz wo) 2x
W AY S 670 Groupl® UFo] YolEAQS zAs A

WolEA g ZAE s <FE 2-6>¢) UERA uls} o] 10£5CTe WL g
M §71843 AYA Yo MR ¥e HNE4E ¥ Fon |5+
5T B €718 % AL, A4AH PHPo] FEex: FF L £ + A

olg Fa 10£5CAN 71 L AN/} YR FFEL AL EFo)g
Azhe ], 15£5T oA e AdA ol 24 FF, 2025T9 WX AU

o

Az
N
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ol Y FFL2 AlsdH(ad 2-16)
a3+ F Co5, Co8, Cof, Coldx ¥ ¥ A4 ¥39 WMelmz 10z5T
o] MEZAHYA ANLA FAYL A AT Fo] o7l FEHAAG. HAY A E
FE AR E T24 539 224 FF9 vido U =¥ wAg Zud
A AAA 9] go] R EAFHe Fuwde v Ao Jetwd

<E 2-6> FHuiAY DSEY R AN Dol

CER 10T(5~15) 15C(10~20) 20T15~25)
oF RS [ €718 | Al | A | S71848 | Al A ) | S71 84| Al | x14H)
W1001 + ++4 ) + )
W1002 + ++ o) , +
WI1003 ++ ++ . + o
W1004 ++ + [¢] | + o)
w1005 + + o + o
W1006 + ++ i o +
w2001 + ++ o + ‘ o + o
w2002 +++ +4 | o] 44+
w8001 |+ + .
WS8003 ++ ++ o . I o]
W8004 + ++ o) R o
W8005 ++ + o l +
W8006 +++ ++ o) +++ ]
W8007 ++ o + +
C2002 ++ . Lo
C4002 + | o ++ o +
C6003 ++ ) ++ ‘o +
C7002 ++ ,+ Lo e
C7003 + it o + i +
C7005 + + o +
C7006 +++ +4 0 + o ' 1
C7007 1+4 ++4 [5) 4+ +
C8001 + ++4 o 4+ o
H1001 + 5 ++ ¢ O +
H1002 ++ e o ++ o) ; +
H1003 ++ +++ o +4+ o
H1004 4+ 4 o ++ o bt
H1006 ++ +++ o ++
H1007 ++ ++ o +
H1009 + ++ o ] [¢) +
H1010 ++ ++ [o] +++ [¢)
- 28 -
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(A%)

R a4 A 10C(5~15) 15°C(10~20) 20T(15~%)

F24 ARG G71-RA | Al | AR AN S71RA [ A1 QA R A 871 R | Al | AR A
H1011 + & o +

H1012 + bE o +++ o) + o]
H1013 ++ +++ o) ++ o +

H1014 +++ ++ o +++ o
H1015 + t++ ] +4+

H1016 + ++4 o) ++

H1017 +++ ++ o +

H1018 t++ +++ o ++ [s} +

H1019 ++ (3 o ++ [e] +

CH1001| +++ ++ o + )
CH1002 33 + o +

CH1003| + + o ++

CHI004 | ++ +

CH1005; + ++ o + o
CHI006 ! ++ ++ o +

CH1007 ++ (X o +

No001 Ft + [¢] F+ o] +

As001 +++ ++ ] ++

Col +++ 4+ [o] +++ o +++

Co2 + +4+ o) + o +

Co3 +++ + o +

Cod ++ + o 4t

Cob ++ ++ o ++ [¢] +

Cob ++ ++ o + o
Co? tt+ rE o +

Co8 + (X3 (o) ++ +

Co9 +++ ++ o] +++ [o] ++ o)
Col0 + ++ (0] ++ o +

Coll +++ ++ ++ o] e+t o
Col2 ++ t+ o + o
Col3 e+ ++ o + o
Col4 +++ ++ (o] 4 [¢] ++ o
R e LI, ++ @ Bet + . o

_29_

NEEd B0 E3 HEH &

it
e
iy
O
o
10



<23 2-16> FuhAAA S WL

_30_



NEEX .

OB

A6d AEAu AA

L A4 Qv &7 xA}

Fi LEA FF9 AYu AZFUAANYE Fotd AABAY T R
g Artde] 28 FAAPE 7R TFE ALE) Y8l AHEz e
A, T4, AL UFE 2 FFEAW. AT 224 Qo dia) 4 9
719873 S $AM57] et 1913 R E 19559 7A 537te) B 7B FAE %
At sexAig 3 - A o2 FHo] A= NYBRALZM X, FE,
BFE, dRAZ, At 58 2AEA,

TEE XL A54uig 71 Y pAE Re 71FAAR B9 FFTE
2EA, R&AdolHn ¥ ¢F Fu YAL X0 Uzdsick. 2274 Ao &
5 &AM ¥ 43 FRAYQA ArIE ARE FAHEGEE §9 FEr)ee A
o) 98TR 74 ¥atar, A &ol 124C2 7M1 Eton, tyEo] 10CoA 1
2CAbolol §-Z3tn Yt Y AR APdRE §

220 115TE 7b¢ $ka, Az 142CT2 7M1 %o, uit&o] 12CHAN
14CTAtolol B-¥ste] FxA)ube] vlsle] QdHF7) 0] 2CARE AR ZA
Wk H AL A4Vl £ 4+ AL WAL g & Y 7|z
Zolx| 3, offF Hnr|Zo] 2o AR n2A, FEA WAL F£AY F
Qe 717l dolAEg Ay TEREE AV LAzt AN sz
B2 Aojo} & Zelr}

&z HEL 6% 75%AMl2 vk Y Aoz FAEAY,
F54r WA FAold Wl wAyz AHE @] Yt AEEe F=7}
ow ofFgl uitPAdAME 3 el vAe Mol YwAnz @
AL 71dist7)7h ole & Aolth, A S BHAY ANHH 54
olztz] ¥rth B YA zolv FH ANFPAE Tl sy B o
F& 2] W XA YA E 4 nejdtdol & Aolrt
U9 <3 2-T>eMe 2, & delx vl Aaw 2 FA, QA7
ol g% A ArP, AL, HUALE Fo dsA AT Ao4d A
g HelFa gl

mo
fio )i\

FHA G| &

a

. O
L O

S oi W o
@
Lo

oft
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<E 2-7> AY 7194938 ('91~'95 HTF)

F8 €= (C) S5 | B4g gz |"aes

A4y gzes| HAn | g4 | %) | (mm) (hr) (T)
ZUE | 3 109 | 1638 58 72.1 1215.1 1757.2 | 40727
2] 99 | 174 40 730 | 12658 | 20092 | 38523
AF 105 | 171 5.8 725 i 11947 | 20311 | 42263
A7 | A8 1.1 | 161 6.2 746 | 1089.1 | 23189 | 40386
E 124 | 1711 85 660 | 13116 | 20222 | 45143
%4 108 | 173 5.2 75.1 12860 | 21306 | 42143
FEE | Be 103 | 17.1 4.4 743 | 10084 | 22495 | 4031.0
5 112 | 176 58 765 i 12149 | 21814 | 40515
AF 103 | 17.1 44 71.8 | 12069 | 23055 | 43520
A A 98 | 166 38 738 | 12548 | 1861.7 | 39427
x|l 116 | 185 6.6 685 i 10655 | 21892 | 42398
A 127 | 184 7.7 680 | 11409 | 22665 | 4554.8

A4k 11.8 | 176 7.2 725 i 10455 | 22410 | 43211
B 118 | 183 64 718 | 12069 | 23055 | 43520
TA 112 | 182 5.3 71.1 10709 | 21987 | 3853.2
HoGE | A 130 | 184 8.3 705 11796 | 22667 | 46089
Bz 133 | 189 9.2 69.7 | 10980 | 23053 | 46838
3% 128 | 19.0 73 719 | 11159 | 23088 | 44636
Ay | g 141 | 198 9.2 63.1 } 918.0 23052 | 4863.3
Ak 123 | 189 7.4 688 : 13070 | 22957 | 43016
A A) 142 | 189 | 100 728 1482.1 23037 | 47775
7 115 | 174 6.0 642 | 10889 | 22100 | 42609

- 32 -
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N FEREE AR A3 G¥Age 2t FRAW vst As F
HEE7 2CAHARE =2, V2 d4F Hurjee A FHAY 2CAE @
Aoy #ASAE U, JRL AAME AT vl di2 I AHd] HIJYF FFS
Adstes o H 2% X E7 doh

2 AFgNE Ay AFEFL SYste O FRE F2 74 AHE= o4
%8 wol Awste e 71§ ZAEAT 2AHE 3 <& 2-8>0 vEhd uig
o] ZRA o)A A Ao 60%AEt 22 FFolen, 2 Wl A
24, &4 o2 AulFe) BE Rog ZAEJUG. W GF-ARAAE
HEA EFol HT 50%A %= AMslol A4 FFE M wel AWse Re=
z2AER o0, Ao we} Aol RAAT n2AH FLAo) NS vE2 A
Ho Qe der vegth A9¥ AFEEe] £Xe oA Hx #HaAAT &
% 9go] thig Aol ohdil, 8] vte] Ffe FaAMAL AYH £, TAA
o}, AzkAl, BHekxdl 5 Auige] PAAYA MM E JF& e 2
ZAEAC dEEo ABAYLE Fe FRAPeIAR FdHoer 12y IF
ol Aulzh ge d olRe o] Bm, XYY APY £ T AYHY J¥eo=
AY Aol AP Agde & 71 WEY Rez FASAT

2 AH st AEFEe) HFuEe o <& 2-8> vEhd ulg @k

_.l-

A

T

<E 2-8> 7z Ad ¥ AEFY FFuE ('91-'963H )

= +J=‘ 2FEZ (%)
n) I

A9 O~ | ned [ Fed [ AeA 2|
7 7 63 12 25 100
74 9 61 9 30 100
z 8 62 16 22 100
% g 45 11 4 100
A8 32 42 26 100
A 17 12 7 100
A8 49 20 31 100
A 27 29 44 100
= 11 39 50 100
I 41 21 38 100

= 33 =



NEEH :

2. A AA AF

AYAE S AN ALy T2 ds AAHE EF AL dao] Ad
AANGE AN QuAAAE ARsAct AMAdARE AFEH AT
A2 gEdM @ RA vz vt go| PR Y= L HAgAeH,
Azzg LE7t 7H vEstn Adse AddA § 2L AAsA

AYg D <FE 2-9>0] ey vl 2k AR AAe AFzAL 4
Aud AYF7| o] HaH & ROTE AL AFYF AYHE, IF
4 5 4Rz AYFErIL] 13CUYTt. AR Fr)Lo) Be RozE A7l
Z ZYEH $ F RolAed QWFI|Lel 0THAA. 2 v FEAE,
2d3F ARAFE 5 M RE AUT/NLo] FVRAEY 71LL woly gM2
11CAM 12T Weial AT '

e

¥

<E 2-9> AujdaA ¢ ddx JG

gaxg | 42 5 &
A7WF | 9@ A AFF AF§ 47 A 10-234

AA¥H | AeA | 29 3T Yooe) 3608

289% | Z9E | 2% 9T 95¢ A4 664-21

F9FF | owd | &9 FFA AFW 0§l 40084

Av4x | AW | A% 434 AW PR 1884

Aged | 2R | Ad e4A 232 A45Y 72580

AR | ded | A% A7) HAT AREF SYAPT D 506%
AER4 | %% | AY FIYE HIY wé

AYRE | 4R | AP AFT w4§ P2 2789

YEANAALE 4§ FAZo2E FaAu AFoz Fridra Adisde v
o) wel YRR Sl AEse Agagen, dlAEE AH ded 2F
E /M3 AL A R ANF AL Y3t 48 JFAYE AR A
F717be 1997, 3. 28 ~ 4. 309 ¢ FUF 800082 AFHFANR. AHE
F5e 184 F2 22 8 EF, F24 4 BF A28 6 FF9 4¥FTS
AdAuizte] @8y Yoz FFHUHNIE 2-17, 2-18).

=
o
=2
13
]
5]
4
0
]
i



& e et
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FRa Y

17> 9%

g
RYFTE o8¢ VF
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T AN AdY HEEFTS HYgd Aol o s1TxUL WA 1
dAste] dHTE7ILo] ¥ AF AA7I Lo ¥ £& Roe ALAEFH F
EHEFTE UFE HFTAAn, AFTI| 0] ¥ dF Hmrj o) wmA YL

O]

Adole F2 ney EFS BIHE S J1E2Vo) BE EFE MU Y
Fotdch 2 Aeld YTEF L AFFFLS <E 2-10>0) vhebd uhs} B

<E 2-10> Aujdadxd HFud

T4 e A 12 |(dsEaAs | 52
415 | 29 392 $28 2oy | e | nexs 400
428 | 27194% ¢ A58 4AG | AW | ned s 2244 | 360
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FENJAF | FH | 9% | T (47 22 [ ¢F |34 2% |9y
Hl | 322 | 325 | 329 | 319 | 332 | 328 325.83
H2 | 317 | 309 | 315 | 318 | 321 | 343 320.50

I H3| 289 | 295 [ 301 | 290 | 294 | 288 292.83
H4 | 343 | 339 | 354 | 357 | 355 | 338 347.66|
2(H5| 277 | 28 | 278 | 369 | 270 | 266 290.83
x| HE | 250 | 245 | 250 | 347 | 249 | 256 266.33
H7 [ 322 | 318 | 319 | 311 | 328 | 321 319.83
H8 | 312 [ 344 | 322 | 322 | 309 | 329 323.00

3 & [304.00[307.501308.751329.12| 307.25  308.50 310.85

[ M1 287 302 | 311 | 306 | 323 |305.80
M2 | 254 277 | 281 | 291 | 299 |280.40
e Ma| 267 286 | 291 | 300 | 305 |289.80
a1M3 ] 296 316 | 317 | 321 | 327 |315.40
° (g 7(276.00 295.25/300.00 [304.50 | 313.50 | 297.85
Ll | 233 253 | 276 | 266 | 279 |261.40]
x| L2 | 254 257 | 269 | 303 | 296 |275.80]
L3 | 238 242 | 247 | 273 | 254 |250.80
214 | 221 235 | 258 | 251 | 262 |245.40
| L5 | 288 282 | 287 | 303 | 294 |290.80
°[ L6 | 228 251 | 273 | 264 | 278 |258.80
3 |243.66 253.33|268.33 | 276.66 | 277.16 | 263.82
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o] Primerg& ~H8-3td delue e $F4E ZAEAE d 2 FelA Operon
03, 18, 19¢) A% 59| Primer7t E18) F48AM | fo)g Eo| Primerdol w3
Ack.

63/ TFoll A 228 FANGE AR A 25TAlA widd TAR
A Aoz}t 331~37.2mme] Yol AA FF9 40%7F EEEHO G 3@ A
o2 yelgton) 28ColME 29.1-330mm ¥ 33%y TF7F THHUZ, 2
0TI A= 25.1~29.0mm HH ol 46%2] @F7F EE= ] AU TAHIAo] BF
Aoz eyt

TFel disf gfad EadE A% 23 A% ¢5EL § < As
438mm°7kx] vpebton), oi¥Ee) FF7 BmmiAFT Y 2lad B& B
oA g e FANE S-S ZAE A HT dA €Kl 62FLE AR
A7 oA 312 ~ 33B3mm¥ HolE 2270 #FR M @2 7l TEEHA
I, FFEN EK AFA Fo] HF 1.06mm=z e
Tyl Aol A e Ro]EAd-E AL AT 1015TY ¥ XA 71843

JEH

_45_

JH 20l

0
53]
]
e
1
O
o
it



QA B4do] AP we WESFE 8o Fow, 1525T A, 8714
A4 9 AQA, A GHo] FeAE AL ¥ 4 UV ol Fa 10+
5CAN §71 R AAAZ HASHE FFESS ALY EFolg ARHW, 1525T
A9 ALl FH EF 20x5C WeHHA AUA wolx TLA
¥3032 Agdrt. dZFF F Co5 Co8, Co9, Cold: UI%E A&A EZ9
Wilelez 10£5Ce HEHIA LA FAHS AP A3 & Fo} Wo|7l #E
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A 34 A A2 AE

13 FARZYe] FufjollM e 2770 @Fet dol2 Fulld] o ke 18
A F % 45709 vl SHE DFEA A HAAANE 7] HE J2dlL P
o2 ZA/AYA oMo vty FAAY 2 TAERE &4%E F 7
23 AAYE At

AR A ol e} FARE 2 FAREE A2 AsiA wiAzAd L
potato (dried) 4g, Dextrose 20g, Agar 15g9 &3 Fal& 39g-& D.W1000meo}
Z8lAA 2 WX A Petri-dish (RA7A%0mm)el wx1-&3F 20mAE &5 F
L2kg/em®l A 1582 DPATF stk FEstolA WA Fo) FATFTE 1A
A zhzh % 3 F Incubatorol M WY &E 20T, 25T, 28C &8t TAY 4
FA, A 5L zASAo(ag 3-4).

AY dPe <X 3-3> U upeh Z2op NYGLEEE A AASEE
B 25Cel M A A%e] 714 ¢35 Aoz yeiyt,

<adg 3-4> =Y ARG

_53_

O
2
o
2
(il
o
5%
ol
O
o
Sl



NEEH

<E 3-3> PD.A WiA4AN WI2=d FAEFEE v

HFeE 20T 25T 28T
7 A W2
0% 3] () FRs| N8| 225 MS00)| S| H1206)
9.0 ol 1 2 - - 3 7
91 ~ 130 1 2 1 2 3 7
131 ~ 170 3 7 4 9 5 11
171 ~ 210 | 14 31 4 9 15 33
211 ~ 250 | 19 42 11 2 17 38
251 ~ 290 5 12 2 45 ] 2
29.1 ~ 330 2 4 9 1 2
331 o4 - - 1 2 E 5
2 45 | 100 45 | 100 45 | 100

X 25CoA wige FAIA Zolst 251~290mmed TF7F 20T T2 45%
2 A% n glon, 28TMYL 21.1-250mmolA 38%, 20C ¢ 21.1~25.0mm
429%% Bo} 25CAN Y wlFo] FAL B Aol A FEaA GERRT

FAF B ENL FA Ad(y )y BeMel 127 FF, B¥ 157 TF,
Qe 18/% A1 NLEE NPo| 7/ FF. BFol /M FF, YA T¥=
137 #F, FAREE A 167 &F, TYA 294 TF2 deEgoh
Fate] e, NUE, BT xlolst FAY AAAANE WRE 4 FIETHA7E

Aoz =AEYATL AANY L Y3 $AFF Mol YoAME T A%
swer ol ALE Fo AMEAE ;elste] Awsiynt. FAb A%l +
SN WA FAY Awo] AR, TAY ALEs & FFRE 1YW IALD
o mujolA] Ae® M4, M2l § 27Fet vho]@ ivle] o3t =bgoiz DOl
D03, D11, DI8 $° $4% Aoz waye] FUANdANYE 215t

b m

ol

A 43 F% AW Ad
1. §% WA w¥

FUT FYNAE FHY NGl BAIF B5CE 27U WFAIIA
FAte AAA G YHEAEL ZABYC. FA AFAE 19 BT T EEE

e
o
£
e
£
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-
OF
o
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EdZ 3 Urdd & SE2EFH FAL AFAQ Aol 8L H
#HN BSEFS 3TF TYst 4Pt <E 3-4>M RE uis} o] of
Z3HC Dol P FA %ol M AN BF{FE TF FoAME M4
9 D03 52 TAHIFe) 43 Ao Yeigon, g aFIFEL DISE A
o8 Yojx] FFEHo ¥AMIEL By 5 Rog yepyrh

<E 3-4> RAFF) FuMAM e #FY FANY

NO. |C1:iC2|{C3|M04;M21|DOL|DO3|DI1l |DI8| H=

347 : 324 1 298 | 301 | 261 | 237 | 288 | 254 | 1.56

<29 3-5> uFFF] FwiAdAg AFY FANG

A 2 FYWAE olgsta A Awz AP 20} ) &

NEBEXM:ED ES N0 2 A7/ s8R



NEEH: B

N
O

OB

A3 25kgd] FHuiAlE A, A4F, $4F FHAAM FEE FAFHA NYF
o AAEl(2Y 3-6)dlA wigE T cfA] 30¥97 Wi (2@ 3-NF ulXE LA
Aadsidet. wAMAS WA 13 YAE FEdn o 15Uz FLIVE
7EA ¥ 2x SANEE s Wgoz 43] EAAYE dAsA e, 43 87
o] WA AR FAFAT T iz A2 Yo x| s3I AASA
(2g 3-8).

SutAu) 49 A3 dREEA C 1 #FF7F 15C(10-200 604 24X #E
M 662g°] AAE Y] b we QARG ZHn mul&Fo o MUd FF F
Al M04 F37F 525g9 BiAlo] Aatse] k3 Y3 Ao Yegr, 2
HE ST o FEP HAFAolE AR A oiMR 15TAM BN
A d9e W HY 22 vAe] BasEE Ao elRAT dRFFY C 2
ZFE 10C6G-15T)6AM 7HE &L wAo] A ATHE 3-5).

-y
-

<E 3-5> WA ¢854 % v JAF

=8, X9 uAl APAEk(g/2.5kg R A)

ZAetd Zh ]

EAYL == 10C(5~15) 15C(10-~-20) 20T (15~25)
. @y |82 e A A
C1 2 |+++7] 582 | 158 | 662 | 162 | 436 | 148
C2 45 | ++ 552 |121| 33 | 124 | 12 115
C3 8 | 436 | 118| 465 | 121 | 453 12.8
M04 45 | ++ ar 124 525 | 126 56 12.3
M21 52 * 205 |105| 245 9.8 177 105
DOI 48 * 128 |112] 13 105 102 | 106
D03 47 | 315 |109| 337 95 242 10.3
D11 54 - 89 8.0 65 9.1 66 8.8
D18 62 E - - - - - -
Taer D W8, 4+ BU, +: NS
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<2y 3-8> FviA oA 9 ALY

As5d g

A2 Ztx] 2 QA AEAGLAA 97dE FTE AT Qe F
A= HAYZAA S4Y WANA FFA 5 AT FIYHol ¢4
AN @ GEAE £AHS AFARS AHSHFAT

TWEEL Y5t 38 AANE A 58 vRHA T2 AT
1670, A&Aol 1870 =, 7] AAMolM 507 Lo SEAE LIt wl
FAYL T A gHo] $5F 110719 18 FAF TFE ALY + AR

FAAH L FSAHL ZAE] AEE 19 FALE AN A2 AF
22 AR vEA EeE B Ao 110749 13 FARY HuNEE
S8 18 AR ZuAE AR}n 2l YA A3} 277H(MOL-M2N Y A
2¢ IFFFE T F ANt

EF 18 FASE AANZAGN € 28FAASt F3IE dASE o
o] &(Di-mon) Rl & o] 43te] 28 FArS 18 FAR}YS] WuljE AN 2T
Foto) gAlvige $3 18/H(DO1-DI8)Y M2 ZATFFE A& + ANUTH
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18 FAzre] muls} cho)2muiy & olgated MFA Iu) FAHE 4H5EFH
e sy FAabel AREEE BE 25TAN FAY) Aol s Fxd Aoz
Uehstt, Tl USEALS AR Ay Mue J2 YoM @ Yoz
tetstsl debon, #Ale) AYEE BW UEV & Ao TEF, B¥ol 25

< Zio) 13708 YElyt

ARG AY A FAe] 4Fo] S5 UAM vl FAke] 4do] Zst:,
TAY AREZ & FFEE 1HTAREY ZudjN Add MM, M2l & 28
9} tjol® mujol 9t vrEolA DOL, D03, D11, DI8 & 6F5F7F ¢ A
o2 eyt

FLANEAANEE LAIsH7) Aol AR Fihg 38 F JGE 2
2 M04, D03 & thxTe FEZFFH FAIA HxT Aoz YEyn, o
2 4% F FolA DI8E A v #F 59 FARIAE vlEdy 43 Ao
2 Yvebd,

WAEFe s Mge FFe tE F¢AAu 449 B dxEFACL T
F7 15T(10-20T)el ) 282 U& u 662g°] ABirsel 73 e ANFE
B95, WugRFe o Mud FF FdAME M4 TF7F 525g9 WMol AJAt
sjo] /b4 G5 Aog Jeiygo 2EWE BAMNIAZ o FFY SAF
Aol E ZANG A diAZ 15T 2AMY Y e o 7 B Mo J4
S Aoz JepAg dxEFY C 2 FF= 10TG-15T)64 714 B2
Aol At A
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A14d A

2 24 2 wYe) daRAe oed 2ok A4sldN Fus I
71e, BA)E APE NE2 BT EYNY £ FL WolA BT el BRAE
7 HEE zdstn E¥o) 928 WAE TLEWNG 2ot £713 WA
o PP87le] 700g°] HEES weth wxFAe] By ML WAe) §FFY
2 ¥ oblE @ o8 WAE A@buie] Y2 £718 A8 YolFol gt
o)A YRE1kg/or SYHD 0B AFE ANTY. AFo By wAe
WA S} AF) AYP LEr HET WIIT Agsic] QA 7
A BANY F, FRANA vle) wgsld Folal £ FFo2 FYIAEY
2T FYEFTo) B4 PEE FFU AT BY wiNE LEx Ay
@ FEANE XE PN HILEE 20T, FE= 0%AEN NES 2
stel 409 HWER WYst FFol BHYT

el 4dYn LAY AW A HHAE $5¢ ol Yolw
HAAO oM F& 4TE 29 4+ At S 59 en Qs
geo] Holux 2ol al 2do) Hx Fe FFL ALgats Aol Ao 4
Mot RFE BAZ Ak WA Avol QoA Aste) AWE e FFo) B
Zsthd BFE FAE Aol $3 Foivt LAYIS Jldse A% e oo,

g AgAE BN Aty H8e de FE) WPEE AN

Astel FTuNYl Wad Auz)de] AL HF AYH YL Frhso] 7
el @S Eol7l g NEE ANAA,

o rulo ox

A2d Faug

1. & Ax

7t WA = A

WAEZ7I F3 JLA(LIE, 24 5)F HDH ¥EE Ya gHd)
EJAY F 2€ 9oIX E5E0] 65%FE HA =AY FHe v F
Fol wat g d E19) Agdle FUTRY FY¢E olg e 454
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NEEN .

WekEAolu FWeIA AW WFEAL e dFE FUldME ok wd
4Aoln B AFME B AJAdN FEE Axde o2 JdE wEY)
A& AHgste SFEolu ARV YF WeEE FASD APz FUE

EUENS AR, Tt dE AdE sA @tk WAL FEEFE
B £OR F FHol &ridAlelR Ervt WAE AEE 65%2 Kk,
wix|Al 2 F il $EEAZE ol g8t FEE AN 2AYgE UE Q

Zhe] 8E ¥ REFSHAC

SERE P EX

ol 9 WAE Ex FFugel 2ot UdAe FZzIE7)
(1200l 2 & & 7ho dAE o AFPLE H2 AFTY0l FUAA 8
% g2 OXE ¥ WoblE shach

o, WAt

MAE Svinie] 1 BE BYE AL T F71E MM YolFo] 47}
shipe) Qreel 0Tkg/crAE SRS ® W EEE Dol AFvivish wAUe) F
NE AASL WIEEE @R YU FIM YREL%kg/or SYHY 608D
g AL

=
)
-3

2}, WAzt
BFo) BUNAS WAYRe) L FF AYY L=V} HNES WENE
Abgke} @halzbol Al WztAFch

o, $2AE _
2agee) 2N Zug FFOZ FYNMAER FRF FHol ¥4
g% WEadch

u}, ]}
P&Eo] B WXE LxxAo /5T FZAHUE ZE WP wMYLE
20C $ET0%Z vl
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A 3d JId A

En@A A%s7] AsME ZlE 4ud 242 ol YYYez Bauol
Yosts YaQe Ul YT UMY Fa FHYROR LAY 9F49,
A4A3 dAgE olRdae) £rRR S RasT watd olF JUY L
olgdart EnFAb 0t Fue Foppr) A 4¥ol AYSIUL,

1. @44

Z1BuR e <E 4-1>9) ParkWAE o] &3J3ct. 24 W& ammonium nitrate
2 33, stachg AA ¥ ¥4:9YE salicin, lactose, glycerol, D-ribose,
D-mannose, arabinose, cellobiose, D-maltose, D-xylose, adonitol, D-fructose,
D-galactose, D-glucose, mannitol, sucrose, D-sorbitol, dextrin, starch®} 18%-&
2}z 100mMA A7bstd 3 AFEE phosphate bufferi: o] &&ta pH 452 =&

gow 20Uz WY F FAAE L FALEE IYHAT

<X 4-1> Parkui=) 9] u] A x4

B 2] A] ok A EgE@g)
Starch 150
CaCOs 0.314
Arginine 3.484
Ammonium tartrate 3.06
KHzPO4 8.766
KoHPO4 1.584
MgSOQs - TH0O 15
FeS04 + TH20 0.02
ZnSQ4 » TH20 0.03
MnSQOq - TH20 0.02
Agar 20.0
Water 1 liter

% 1829 ©4AYE 7|Eu]A)o] 100mMY #HMEE FAAG ¥ TAZEE
ERAY AFdEs <ay 4-1>0M vBE= ulg zHo] Maltose, Xylose, Fructose,

Glucose H7FA ¢439ow 1 F Malose?t 7F3 43 FAAY R dAY
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E Sl
301 13
E 0
£ ifle
ot gl B
z 2%
S 209 [HlAllE
(o)) G
- Sl et
= alfl i
© I ENEN NI
g 101
= &
B || EX
0 —‘; ¥ ¥ -‘:. L] - L - L]
Ma Xy Fr GI St MnDec Ce Mt Sa Ar La So SuGyGa Ri AdCo

Carbon Sources

<19 4-1> g2 9 AnEs
Ma:Maltose, Xy:Xylose, FriFructose, Gl:Glucose, St:Starch,
Mn:Mannose, De:Dexirine, Ce:Cellobiose, Mt:Mannitol,
Sa:Salicin, Ar:Arablnose, La:Lactose, SuiSucrose,
Gy:Glycerol Ga:Galactose, Ri:Ribose,  Ad:Adonitol,
Co:Control

2. 71 444

12%9) #7124498 20mM¥ #7718 A} Serine, Glutamic acid, Leucinedl
N AR 2 FARET 45 dgow 1% SerinedlM M S dAAR
2 FALEE JERRATHIEY 4-2),



30 7

L )
£
E s
E ""33
z ki
o 2%
ros ‘_'11;?
o Ay
© §at
° o
o ¥ i i e
> Pip B ke w
s 2L i) | (Gl
i 11 A
4y x| |
', a3 H ﬁh { R
= G P 0 B P B Rt 3 A Sleoy 8 0 8 bt ,\:'l

T

0 2 Vs s Vg S 2 i : ; -
Ser Glu Leu Asp Arg Ala Gly Asn PheCont
Amino acids

<Y 4-2> §71349 INEaH

3. 771 444

712 v zjol] €A YL glucoseZ 33l arginine® ammonium tartrate® A|AH £
AA92 ammonium acetate, ammonium oxalate, ammonium phosphate,
ammonium molybdate, ammonium bicarbonate, ammonium nitrate, ammonium
sulfate, ammonium tartrate, sodium nitrate, potassium nitrate, urea®] 11%9 #
71RBALE 4 20mM H7rsHl o A== phosphate bufferE o] 83so pH 45
2 AT 109 WY £ I € FALEE SR8

10%9 2713d49E& 242 20mM #7H8 23 Amonium nitrate, Amonium
tatrate, Ammonium phosphatedl] LE§ FAAA L BP9 Ammonium
nitratedl Al 7}3 S48 TA AZ L 2K (2 Y 4-3).



50 1
E
E
£
L
2
o]
j .
o)
o
) i
(8] H
> TN
=
0 . = :{'!;\. \7
Ap As Pn Sn Aa Ao Ab AmCont
Nitrogen sources
<1¥ 4-3> F71249 JlAH
An:Ammonium nitrate, At:tAmmonium tartrate,
Ap:Ammonium phosphale, As:Ammonium sulfate,
Pn:Potassium nitrate, Sn:Sodium nitrate,
Aa:Ammonium acelate, Ao:Ammonium oxylale,
Ab:Ammonium bicarbonate, Am:Ammonium
molybdate, Cont:Control
4. #7145

7l ujxlo] MgSQOq 0-4.0g/ 2 9] ¥E=Z MnSQs4 ZnSQ4 FeSOs 0-0.1g/2 4 &
£2 Arbeto] FAMAL WZste Wt

FARE vEY A3 MgSOTHOE 35¢/ NN FAHE] NS ekl
k7t
MnSOTH0E 0.08g/ £ AlA A} Aol HUlAE BAH2E 4-4, 4-5, 4-6, 4-7).

2295, FeSOMH0E  002g/L94  ZnSOTH0E  0.01g/ £ 9l A



40

10 1

Mycelial growth(mm)

1  RERes 1

0 1 1 1
0 05 10 15 20 25 3.0 35 4.0

Concentrations of MgSO, 7H.O(g/liter)

<219 4-4> MgSO0; 7TH:0 }7t&E%

50
40 |

30 ;
¢

20

Mycelial growth(mm)

10

o 1 i Il 1 1 1 1 1 1

0 0.010.020.030.040,050.060.070.080.09 0.1
Concentrations of MnSO, 7H,0(g/liter)

<29 4-5> MnSOs 7TH:0 A7tax}
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50
T 40
E
p = !
z 30
=
o
T 20
©
o
= 10
0 1 1 1 1 L 1 1 1 1
0 0.010,020.030.040.050,060.070.08 0.09 0.1
Concentrations of ZnSO; 7H.0(g/liter)
<21¥Y 4-6> ZnSOs TH:O A7t A
50
E 40
E r
z -
g 30°F Y
) T
: . 11y 1+
T 20y |1 | I |
= v
S
= 101
o 1 1 I 1 1 1 [] 1 1

0 0.010.020.030.040.050.060.070.080.09 0.1
Concentrations of FeSO, 7H.0(g/liter)

<Y 4-7> FeSO4 TH:0 A7} &%
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5. Thiamine HCI

Thiamine HClIX& 0, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1,000ug/ ¢
2 ZAF F 718 wiAd Hrhete] TA S ¥lusiHd.

TAL AR v A3 100ue/ 2 8 FEANM TAL Aol HAE BA.

50
T 40
E i
5 [
; 30 ES
2 L
o
% 207
©
4
= 10
0 L L L 1 1 1 i 'l 1

0 01 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Concentrations of Thiamine-HCl{mg/liter)

<1 4-8> Thiamine HCl I’} & 7}

A4d A7MA A

1. #7712 N3

AU FEY 100%, BT 80%+ A0 420%, A HFER 80%+8 217209,
US g+ g1%, BUFEU+EE5%, BUTEU80%+27]1&20%, FUTE
80%+A V1 2 20%+ ¥1%, FHFFH80%+ B 220%+4%1% T 871A Y A2
ERS F, FERLL 65%2 2HSGAGY. Aze] 71AE Al Y B(24X 250mm)el
LE FFEE AUEE FAHA R, olg wiAg AT 121C, 308 2¢44T
stk wiAE FE3 A3 FUTUS), AR AN At FFHA 15U
AAANN EndAY HHE cork borer(@8mm)Z 2714 HFstAch 281 2
3TY F271dA wgsaA 2t YAYF Altde] FARE R FALEE
£33, FT FEE, ALAY FYFEE 7)EFAHaY 4-9).

=
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)
it
e
1
o
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OB

<Y 4-9> H71 A BE F3 FALR

<E 4-2> H771A) 02 X5 FAEA v

t Z'-_ls};‘%,‘_?'- 7&}‘} Ag ZJ' 'E.L/‘]’ %&‘#QE A]ﬂiﬂ %7]_ .
EEE @l e A |95 | w2 | 94 | 29
1100 870 | 3 s o x 7
B4+ A0 420% 69.4 5 +4+ o) o 2
B9+ 7320% 65.2 7 4+ o o 4
S+ 271-&200% | 95.8 1 ++ o o 1
S+ 4 "% 894 2 + o X 6
B+ 85% 738 4 + o X 8
Fil+ A u) 3209+
A0 67.8 6 ++4 o o 3
B €2 7320%+
A} o 63.5 8 +++ o o 5
- 69 -
Mo 2et 17/ B =




717180 wE Fande FAAZAE AW P FRFTY FARY It
T8N, AIAA 91g, Ao, €A, Ay wiule € A9 AA
Hgo] @2 EngAbe] ARE FJuulnddg. AT EU80%+ 272202690 A
TG0l 95.8mm 2 7HE AR $3den B AYFEU+ER%
o} 984mm, F}HFF100% S 87.0mmA R, TARERANE A3, €A%, 2
7128 ¥ AT vig SR FEAESES QA FPdME FuF
it RS b Hel oA ol @A HIEHUAY g FEHA Gt
AT EU80%+L71-820%0°) M $58A HrHAR FUFEE80%+Av %
20% % EA BIHE AR (R 4-2)

2.9 Au AL

F7b BAEQ 0B, 27, €%, ARsse aaverg oj4E FEUUYY
7beA g Yot mz stk A& 7)AE £V AE FW00%,
e §U80% + vl7320%, $7100%, F780% + 017320%, AHFF4100%, A
F480%+0) Z420%, 2 REH00%, T RE80% + 01A20%, &FH100%, &Fu
809% + P17320%9 71AE EFT F, B¢ Hrlstd FEFHR) 65%7F HEE
stk A dT(Ae] 200mm, WA 25mm)ol 2zt 70 FAE F UFUEF &
42 oplE wrEo] RYAT/E 121T, 6087 AFsAnh. zH 2 x|
HAujde EAA FAN BREA4mm)E 244 HF F 23C #2704 )
Fato] 20 Y FAIYY 4 FAREE A

FoNY 712 Ende TAARE A FAE <E 4-oN BE v
g} ol AAFESF 100%H FAEE R UES $48 4L By, avy
80% + Ul 20%oA 71E FUE Fyrun $Fach ol FF AZRA Fu
FEHT e £ Adtke shsAHe MASY FAT <2y 4-1000ME FF
w7l Ende FANY 54 2dFRn Tk
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NEEH

<E 4-3> FFUY 7134 2579 @A 4%

71 A o @AY R HAmm) | TA ALE &9
F L} 1058 +28 ++ 4
LS RS 1073 £09 +++ 3
o A 842 *£13 ++
A+ 7} 658 29 +++ 10
Ay 1230 * 138 vt 1
AL+ 0} 7t 1028 +35 b S
A ag 928 £58 + 7
Fav+u] % 1135 =26 e 2
& 5 101.8 £56.0 ++ 6
& Fuben) 7} 768 t25 +++ 9

".'.tn
IR ]|

<Y 4-10> FTuY 71AE Euge] oA A%
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NEEX:

FH
k=
GiH

As54d g <

¥ dFdMe v AAuA AR Q8 Fe T 2L Eol7] Ao
FouU g o Auirlde NHE A9 AEt JYUE AUslo FAle 2
H4E ¥0)7] AT A¥L dAsdo

% 18%9 844 T TANY 9 258 £3F B Maltosert 7HE 4%
TAEE R TALEE B9 FRAYG #7124 Y FAAME Serineol 7t ¢4
FAR, 1039 F7124d FAME Ammonium nimatedl A 713 $53 FA 4
AE BAch FUIdRAA FAEEE HZE FA MgSOTH:0E 35¢/ £ oA
FeS047TH:0<= 0.02/ 2 94 ZnSO47TH0E 0.01g/ 291X MnSO47H20%E 0.08g/ ¢ o)
A A Aol HUXE Hicl Thiamine HCl 23 100¢g/ ¢ &) F XA FA
Aol HdlE By

FauG] Au712E A7) A AgA e FUR 3
2020 A FALAY ol 958mm= HA FALA Al Aoy, FALED
dMe Ani, @A, 271&¢ ¥ AT W $58d ¥
SE% AYA FHAMNE FUFFU 80%+A71E 20%°] 7t $FotA
BAHAD FUFER 80%+ B0 A20%E A Hrrsdo}.

E7F FAEQ oA, A, £54, AgFSe aavag o3 FAuY A
d 2G4 ARTS 10%0XN TAEYE R FALENN 4 4HE Bya, 2
At 8096 + 017 20%91A 71E FUF FLHEG SFsgn ol FT Az
Al e ARE o848 & UAthe M5 E A FAo
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NEEH :

5% HaFd

w2 M4, 1988, ELaiAlR SAAY. d¥AEARR DA 157-253

by W74, 1989 EuFAS SAAYE. d¥ANEA R A 1139-155

wrel 2 &x)d, "AS, 1992, FavAle A D sjANMY. FZFEIA
20:77-82

B o) R4 1A 3], vrg3k 1986 A7IGFo) A3 AWM AT 4.
=7+ 8hs] 2| 14:93-99

w2 £AH, HAL, 1992 FavAe ggAz % 7|ANE. FIF T A
20:77-82

F3¥9. 285, nEdF. 1991 T FHASIHANY. $971€dT4 A EE
2:410-418

&73), 1986 K39 2 AW AN} FALYE L AAA) FAH TR
@ AT, AT HASN S 1 15-28

ole. #3t8 F&F 1987. THEASY H7|FEUE ol &% FnT

o] Y7t
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