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Studies on Development of New Substrates and
Improvement of Productivity for Shiitake Cultivation
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SUMMARY

1. Development of New Sawdust Substrates from

Unused Broad-leaved Trees

Studies were made to investigate the possibilities of unused
broad-leaved trees to be resources for the sawdust substrates of
shiitake(Lentinula edodes) cultivation. Eight species of broad-leaved trees
were tested. When the changes of chemical components after incubation of
shiitake mycelia were analysed, cold water extracts were most remarkably
increased among the various extracts from the sawdust cultures of shiitake.
Also, resolution of lignin was observed in the sawdust cultures of
three-month incubation from all of the tree species tested, and the
percentage of resolution was highest in case of Carpinus laxiflora as 31.4%.

The pH values of sawdust cultures of shiitake before and after
incubation were generally lower than those of Quercus mongolica which is
suitable for sawdust cultivation. But, the pH value of culture added by
nutrient(wheat bran) was changed to the suitable value for the growth of
shiitake mycelia.

The minor components of sawdust cultures of shiitake before and
after incubation were analysed, and the result was the percentages of use
were very high in case of Zn and Cu like log—cultivation of shiitake.

The C/N ratio of sawdust cultures, which gives big effects on
vegetative growth and reproductive growth, was investigated. The C/N
ratio of sawdust culture of shiitake added with nutrient(wheat bran) was
60:1~70:1 before incubation. But, after incubation, the C/N ratio was 42:1~
52’1 which is approaching wvalue to the ratio 30:1~40:1 suitable for
fruit-body formation of general mushrooms.

These basic data will give a lot of informations to the development of



new substrates. Sources and additive levels of nutrients were studied for
the cultures(mycelial growth and resolution of media) of various tree
species.

At last, desirable culture media were selected for the various tree
species and media components to produce fruit-bodies whose amount was
over 2% of medium weight. Practical farm cultivation was performed with
selected excellent media, and good results were gained at practical levels.
In future, these broad-leaved tree species will be widely used as practical

resources for the sawdust cultivation of shiitake.

2. Development of sawdust medium wusing a

domestic softwood to grow Lentinula edodes

The Lentinula edodes, a representative edible mushroom, has been
routinely cultivated on a bed log of oriental oak. It is, however, recognized
that a L. edodes mushroom grows poorly on a bed log of softwood such
as Pinus densiflora. The extractives of P. densiflora are known to be
resistant to fungi.

Mycelial growth of L. edodes by pretreatments of softwood was
studied on a sawdust medium. The sawdust used was from the following
softwood species : Larix leptolepis, Pinus densiflora and Pinus koraiensis.
The pretreatment consisted of cold-water (48h), hot-water (3h) and steam
extractions (3h) at a ratio of 500 g : 3000 ml (sawdust : distilled water).
The sawdust medium was a mixture of 76% sawdust , 20% rice bran, 3%
glucose, 0.4% potassium nitrate and 0.6% calcium carbonate.

Following sawdust pretreatments proved most suitable : L. leptolepis
(steam extraction), P. densiflora (hot-water extraction) and P. koraiensis
(hot-water extraction). Mycelial growth on P. koraiensis sawdust increased

in proportion to an increase in hot-water extraction time. Mycelial growth



was optimum on the sawdust extracted for 12 hours, hot-water extraction
beyond this period proved unsuitable. With the exception of P. densiflora at
100 pg/mé, antifungal activity occurred in every sample. Maximum
inhibition of mycelial growth was obtained from following concentration of
hot-water extractives : P. densiflora (10" wg/ml) and P. koraiensis 1o* ne/
m¢). This study has provided useful preliminary information for the
cultivation of L. edodes.

Mycelial growth of L. edodes by supplement nutrition of softwood was
studied on a sawdust medium. The sawdust used was from the following
softwood species : Larix leptolepis, Pinus densiflora and Pinus koraiensis.
The added nutritions consisted of carbon nutritions(sucrose, active carbon,
xylose, glucose, paper pellet), nitrogen nutritions(potassium nitrate,
ammonium chloride, asparagine, glutamic acid) and vegetable oil{rice bran
oil). The sawdust medium was a mixture of 76% sawdust , 20% rice bran,
3% carbon nutrition, 0.4% nitrogen nutrition and 0.6% calcium carbonate.

Following addition of carbon and nitrogen nutritions on the sawdust
medium proved most suitable : L. [leptolepis (glucose, glutamic acid), P.
densiflora (active carbon, asparagine) and P. koraiensis (xylose, glutamic
acid). The highest mycelial growth was obtained from sawdust medium of
optimum condition with 97 % of L. leptolepis, 110 % of P. densiflora and
98 % of P. koraiensis. This study has provided useful preliminary
information for the cultivation of L. edodes.

To separate inhibition compound related to growing L. edodes in the
softwood, we carried out hot water extraction. Hot water extracts were
prepared powder by freeze drying. The powdered extractives were further
treated by a series of organic solvent extractions, to separate the
extractives into portions of rn-hexane soluble, ethyl acetate soluble,
methanol soluble and methanol insoluble.

Inhibitory activities of the extractives on mycelial growth of L.

edodes were examined on a potato dextrose agar (PDA) medium at 25 T



for 10 days. The highest inhibition exhibited by the ethyl acetate soluble
portion among these organic solvents.To clarify the inhibitive compounds
directly from P. densiflora sawdust, organic solvent extractions were done
by n-hexane, ethyl acetate and methanol for the sawdust.

The extractives were fractionated by silica gel column
chromatography and thin layer chromatography, and as a result, inhibitive
compounds were isolated and classified as groups depend on the organic
solvents. The inhibitory activity for the mycelial growth appeared by all
fractions of the solvent extractives. Especially, the highest inhibition on
fungal growth were recognized by each inhibition compounds group I and
0 in ethyl acetate and methanol extractives. The n-hexane extractives
fraction No. I and I showed the greatest inhibition among six fractions
of the extractives. In conclusion, the inhibitory compounds of ethyl acetate,
methanol and n-hexane extractives are supposed containing a relatively
large amount of inhibitory substances.

Finally we have prepared softwood sawdust medium through the
sawdust preparation, addition of nutrient and deleting of inhibition
compounds. The mushroom yield of block medium prepared from the best

results in this research was equal to oak wood block medium

3. Development of Breeding Techniques and

Selection of Excellent Shiitake Strains

Hybridization techniques, i. e., mono—-mono method and di-mon method,
and protoplast fusion technique were attempted to improve shiitake
(Lentinula edodes) strains suitable for sawdust cultivation. Five new hybrid
strains were made by mono-mono method, and thirty one hybrid strains
were made by di-mon method. Generally, the mycelial growth of hybrid
strains from di-mon method is faster than that from mono-mono method.

Thus, di-mon method is more preferable.



Genetic similarity between parent strains and progeny hybrid strains
was investigated. In many cases, they are genetically similar, but some of
them are considerably different.

Selection for excellent strains suitable for sawdust cultivation was
performed with fifty four strains, 1. e., above hybrid strains and collected
strains, Productivity of fruit-body is tested by different media composition
and media shape. In case of brick-shape media, FRI 488 and FRI 486 were
selected as excellent strains in yield and quality, showing fruiting of 353g
and 303g per 2kg-medium, respectively. In case of cylindrical media, FRI
491 and FRI 169 were selected as excellent strains in yield and quality,
showing fruiting of 364g and 280g per 1.75 kg-medium, respectively.

Results of the above experiments can be widely used. First of all,
di-mon method was proved to be -effective technique for the breeding of
new shiitake strains. Thus, the technique can be used in many other
institutes throughout the country. Also, it may be applicable to breeding of
many other kinds of edible mushrooms.

Genetic similarity test will offer basic knowledges to shiitake
researchers about genetics relaled to the parent shiitake strains and
progeny hybrid strains.

Meanwhile, the excellent shiitake strains selected in the experiments
can be used as important materials to provide for registered spawns of
shiitake. Even one excellent spawn can increase considerable amounts of
incomes of both spawn companies and shiitake cultivators. Eventually, it
will greatly help for the big progression of shiitake industries. Thus, the
research works about breeding and development of new strains will last

cotinuously.

4. Development of Disease Management for

Shiitake Cultivation



This study was carried out to find out the effective methods for
controlling the major diseases, which give a severe damage on shiitake
mushroom production. The occurrence of the disease was surveyed to
determine the notorious disease and to estimate the damage. In the first
vear's survey, we found that the green mold fungi cause severe and very
common damages on shiitake mushroom cultivation.

In addition, pathogenicity of causing fungi against various varieties of
shiitake mushroom, which are commonly cultivated throughout Korea.
There were variations in pathogenicity of tested isolates, and the most
pathogenic fungi was T. harzianum. There were wide variations in
resistance or susceptibility of strains of shiitake mushroom, too. Among 24
strains tested, Imhyup 1-Ho, Led65, and Le301 showed relatively resistance
against green mold fungi. In contrast, Sanrim 2-Ho, Sanrim 7-Ho, Imhyup
2-Ho, Nonggi 1-Ho, and Nonggi 2-Ho were susceptible. Ohters show
relatively medium levels of resistance. These information can be efficiently
used for the breeding of green mold disease-resistant varieties of shiitake
mushroom.

To obtain the basic information for developing the integrated disease
management system, physiological and ecological studies were performed on
the pathogenic fungi, ie., Trichoderma harzianum, T. pseudokoningii (T.
citrinoviride), T. atroviride. Optimum temperature for the mycelial growth
of green mold fungi was 25T, and the growth was gradually decreased by
increasing temperature. Sucrose and fructose were better than maltose and
xylose as carbon sources. The best nitrogen source for mycelial growth
was KNOs Green mold fungi could grow at the range of pH 5 - pH 9, but
the best pH was pH 4. Light condition was very important factor for the
sporulation. Continuous light condition or alteration of light and dark(12:12)
showed no differences in sporulation, but sporulation was dramatically
decrease at the 40% level under continuous dark condition. Mycelail growth

and sporulation were possible at 15C, but sporulation was not observed at



357C.

Among screened fungicides, thiabendazole was the most effective with
the 90% inhibition of mycelial growth at the concentration of 10 pug/mé.
Benomyl had the similar efficacy to thiabendazole, but showed inhibition of
shiitake mushroom at the higher concentrations. As a biological control
agent, Tricho—free which is extracts from microbial culture and registered
agent as one of mushroom nutirents. Tricho—free inhibited mycelial growth
and sporulation of green mold fungi completely at the concnetration of 10
ug/ml. Thus, we want to strongly recommend this biological control agent
for the control of green mold fungi.

In addition, control of environments in mushroom cultivation area will
be very helpful for the effective management of the disease caused by
green mold fungi.

First of all, good aeration and drainage are the first requirements for
the evasion from green mold disease. Finally, the most effective
management, which means that the damage can be maintained under the
economically damaged level, can be obtained by the integration of chemical,

biological, and ecological method.

5. Development of Insect Pest Management for

Shiitake Cultivation

The toxicity of thirteen commercial insecticides on oak longicorn
beetle (Moechotypa diphysis) were investigated in terms of insecticidal
activity and residual effect. All experiments were tested at the
recommended concentration of each insecticide. For M. diphysis adults, the
insecticides showed over 90% insecticidal activity were chlorpyrifos—methyl,
fenitrothion, fenthion, benfuracarb, furathiocarb, bifenthrin, A-cyhalothrin,
acetamiprid and endosulfan. And insecticides had 100% residual effect for

21days on M. diphysis adults were fenitrothion, furathiocarb, A-cyhalothrin,



acetamiprid and endosulfan.

The toxicity of benfuracarb and A-cyhalothrin on oak longicorn beetle,
Moechotypa diphysis was investigated in terms of residual effect and
control efficacy in the field. Mycelial growth inhibition of Lentinula edodes
was also investigated in the laboratory. Benfuracarb and MA-cyhalothrin
showed 100% of control values and over 90% residual activities of
benfuracarb and A-cyhalothrin were continued for 15 and 20 days after
treatment, respectively. Benfuracarb and A-cyhalothrin did not affect the
mycelial growth of L. edodes Imhyup 1 strain. These results indicate that
benfuracarb and A-cyhalothrin might be used for the control of M. diphysis
adults in the field.

The toxicities of 13 commercial insecticides on Lycoriella mali were
investigated on their insecticidal activities, mycelial growth of two
Lentinula edodes strains, residual effects and control efficacy. For the
adults, insecticides showing over 95% insecticidal activity were
chlorpyrifos-methyl, fenthion, fenitrothion, benfuracarb, furathiocarb and
deltamethrin. For the larvae, diflubenzuron and cyromazine showed over
90% insecticidal activity. Fenthion, benfuracarb, furathiocarb, deltamethrin,
diflubenzuron and cyromazine did not affect the mycelial growth of L.
edodes strain, Imhyup 1. And deltamethrin, diflubenzuron and cyromazine
did not affect another strain, Sanlim-5. Insecticides showing over 80%
residual effect for 14 days were benfuracarb to the adults and
diflubenzuron and cyromazine to the larvae. In the control efficacy test on
Lycoriella mali under sawdust cultivation shed condition, 90% control
values for the larvae were obtained in 10 days after insecticides treatment
with  furathiocarb, fenthion, benfuracarb, deltamethrin, diflubenzuron and
cyromazine. And for the adults, benfuracarb, fenthion and furathiocarb
showed control values 93.3, 88.9, 86.7%, respectively. These results indicate
that benfuracarb, fenthion, and furathiocarb can be used for the control of

Lycoriella mali in the field. However, further studies are needed on the



effect of insecticides treatment on fruit-body yield and chemical residue in
the mushroom tissues.

Another study has been carried out to investigate the fumigant toxicity,
the contact toxicity and the ovipositional repellency of 25 monoterpenoids
against oak longicorn beetle adults, Moechotypa diphysis. Monoterpenoids
with 100% of fumigant toxicity were 1,8-cineole, fenchone, pulegone and ¥
~terpinene at 20 $/954 mé (air) concentration, pulegone and Y-terpinen at
10 #8/954 m¢ (air) concentration, pulegone at 5 /954 mé (air) concentration.
Most monoterpenoids showed low or no contact toxicity but only pulegone
showed about 70% mortality. Some monoterpenoids with had repellency to
female adults with Y-tube olfactometer were bornylacetate, carvacrol,
18-cineole and menthol at 1gf dose, while citronellol showed attractant
response. Carveol, geraniol and perillyl alcohol of 25 monoterpenoids showed
ovipoistional repellency of 82.1%, 78.3%, 875%, respectively, at the
concentration of 1,000ppm in the laboratory condition. In the field, the result
tested with three monoterpenoids indicated that geraniol was the most
effective at the concentration of 10,000ppm and 1,000ppm, but residual effect

wasn’t found.



CONTENTS

Chapter 1. Overview of Research Project.... e eeseseeseeesreeeeesesenens 31

Chapter 2. Present Status of Technology Development in Domestic

and Foreign COUNTIIES. ..ottt er s sa s teas 37

Chapter 3. Research Methodology and ResultS..........ccooviiiiiceeecivneee e 39

Project 1. Development of New Sawdust Substrates from Unused

Broad-Leaved TreeS. ..ttt 39

1. Materials and MethodS. ..ot st sssses i ssees 39
1) Preparation of hardwWood SaWAUSE ...ooooeveeeeeeeeeeeeeee e eeseene 39
2) Investigation of Medim NULHENTS........ooveeverveeeeeereesieeeeeieeieeeisnnsesesessenns 40
3) Variation of medium nutrients according as an addition before

and after CUMTUIE.......cciiecc ettt 42
4) The effects of medium nutrients addition and the characteristics

of culture at sawdust medium of Shiitake(Lentinula edodes).............. 43
5) Yield of fruit body as the amounts of medium nutrients and the

species of wood at SAWAUSE MEAIUITL.cvivvereeeeeeerr et ee e seeeeerseet s sreneas 44
6) Farming cultivation test of sawdust medium having high

mushroom production by €ach I oot everasnans 44
7) Recycling test of disused log resource after log cultivation of

LentinulQ @AOdES............corierieieieiseresse s s nes s craninens 45
8) The actual condition of mushroom cultivation on sawdust in



2. Results and DiSCUSSION ..ottt st nens 46
1) Analysis of hardwood sawdust medium components before and

AFtEr CUITUTE et 46
2) The pH variation of before and after culture........c.cevvvvivvirseecrereeenns 51

3) Investigation of small amount nutrients at hardwood sawdust

INEAIUIN ettt bbbt bbbttt s e s e 52
4) Investigation of C/N ratio at hardwood sawdust medium........cccoco....... 55
5) Screening of appropriate hardwood sawdust medium nutrients .......... ol
6) The yields of fruit body as existence of medium nutrients................... 65
7) The yields of fruit body as amounts of medium nutrients................... 66

8) Farming cultivation test of sawdust medium having high
mushroom production By €ach tree ....civiveieeieceeeeeieeesre e 72
9) Recycling test of disused log resource after log cultivation of
Lentinula @dOAES ..ottt ettt e 73
10) The actual condition of mushroom cultivation on sawdust in

KOTEA oo ettt sttt e st et b e s n e sassaneeaesareaaean 78

Project II. Development of Sawdust Medium Using a Domestic

Softwood to Grow Lentinuld edodes.........veeeeeceineeveevenireresienns 30
1. Materials and MethodS. ...ttt see s ebesbesneeres 30
1) Wood species and preparation of SAWAUST......cooeeieeieeieceeese st 80

2) Contents of cold water extracts & Fractionation of cold water

extracts By OrganiC SOIVENL......cciiiiiiiieir ettt se e s b eaeeveans 80
3) Pre-treatment of sawdust and separation of extractS.........ooieieeenee. 81
4) Preparation of sawdust medium and Mycelial growth test................. 81
5) Chemical analysis of sawdust MeAIM.......cccooiiveieiiereeirs e 84
6) Element analysis and C/N FatiO. ... iioeiiicieieeesseisessesssesssessensns 34
7) Test of nutrient and AddItIVES......cocueureererrirnreiinere et 85



8) Test of Waste AMIN0 ACIA. i oo eees e teee e rseeereeee st e eesesesen s easns 85
9) Fractionation of hot Water eXtIracCtS....o.ocirercorrieee et eeeeeseesteeese e 36

10) Mycelial growth test of compounds separated by organic

Solvent fraCctionation..... ..ot e e 86

11) Separation of compounds by column chromatography......ecemenne. 36

12) Preparation of block medium and yield test of fruit body.....cccco....... 7

2. ReSults and DiSCUSSION. ittt eae e s sases 37
1) Wood chemical COMPOSITION...........ooovveveveveeeeereceseeeereseeeeesseseeeeeseessereeese e senaes 87

2) Changes of cold water extracts on the extraction time &
Fractionation of cold water extracts by the organic solvents............... 88

3) Mycelial growth on the wood meal medium extracted cold water......90

4) Effects of cold water extracts on the mycelial growth....oooooveoveeeeennn) 91
5) Chemical composition of medium followed fungal growth......ccccceeenn.e. 94
6) Investigation of nutrient for improvement of mycelial growth.............. 97

7) Pre-treatment of sawdust for elimination of inhibition compounds.....99

8) Effects of hot water extracts on the mycelial growth......cccocovivernnne. 101
9) Choice of carbon source and C/N changes of medium.......ccccoeurrneeee. 103
10) Choice of nitrogen source and effects of vegetable oil..........ccooou...... 105

11) Proposition about optimal softwood sawdust & Effects of waste

AMINIO ACI. 1. evieieeiereie et ettt ettt st e et eeeee e e et e st st sse s sasessttsasts st saesesrenseneaes 106

12) Mycilial growth inhibition by the hot water extracts, Compounds

fractionated from hot water extracts and mycelial growth................ 109
13) Effects of organic solvents on the mycelial growth.......coovviovivinin 112
14) Compounds fractionated from pine wood and mycelial growth......... 114

15) Weights changes of block medium and yield day of first fruiting

Project . Development of Breeding Techniques and Selection of

Excellent Shiitake StrainS.....coococieeeeeeceieiie s eese et 122



1. Collection Of ShiltaKe STIaINS....ccoieiecieeeeeeiiieeeet it ser e s seestess s e 122
1) Materials and IMETROAS. ... oo eee et ee e eeee et erenessanesins 122
2) RESUIES ANA DISCUSSION ittt ecrreeeeeeeeeeeeessseeessesseeteressereeeeseseeseneeseessseesasens 122

2. Production of New Strains by Hybridization and Protoplast Fusion....122

1) Materials and MeEthOGS. ...t sessecene 122
2) Results and DiSCUSSION....ccoiiiiieiteteie ettt se et ss st seaes 123
3. Genetic Characteristics of Hybrid Strains.....coiciiseeenieseseeeens 128
1) Materials and MethOdS. ... esssseesseesenes 128
2) Results and DISCUSSION.....oiimiiciiiiereieseeeeeseseeseseeneree s i essseesssssenens 130

4. Selection of Excellent Strains by Physiological and Cultural

CRATACTET S ..ottt ettt e e e e st e e e e s tsste et s e b e ae e e e sbesebesabentesanens 134
1) Materials and MethodS. oot eeeeseeeeeeeereeeee e rsresons 134
2) ReSUILS aNd DiSCUSSION. uimiiieeieeeeieeeeeeeeeeeeeeeeessereeesreresessereeernesesnereseseesssssssas 135

Project IV. Development of Disease Management for Shiitake

CUIVALION. 1ttt e st eb e s s s nrcnene 152
1. Disease Survey on Shiitake CultiVvation.......oeivieiiiciiiniseseeiiieisenees 152
1) Materials and Methods. ..ot s s 152
2) Results and DISCUSSION....ciiirmriririeiie i sessstens st easessassse s 152
2. Isolation and Identification of Green Mold Fungi.......coeerinivniererenn. 155
1) Materials and MeEthOAS........covvriierrieiieenieinsisersceenieeeesseseeesesesse e ssesessseans 155
2) Results and DiSCUSSION....mrmeeseeceeni e sessesseseseesssensesssisssns 155
3. Pathogenicity of Green Mold Fungi and Disease Susceptibility/
Resistance of Various Strains of Shiitake.........ccc..... e 158
1) Materials and MethOdS.......cocrerriinienninseneeereesceiseiseeseiseseesessseeessssins 158
2) Results and DISCUSSIOM....iirrrieerirersesseseesensensecsensesenisessssenessessssns 158

4. Studies of Physiological and Ecological Characterisits of Green Mold



1) Materials and MethodS. ...coooeeeeeeeeeeee ettt steeerss e nnaes 164
2) ReSUItS and DISCUSSION....iiirereeereee et e sttt e s rereeeseseesee st e esenaees 164

5. Development of Biological, Chemical and Ecological Management

Strategy for Green Mold FUNGI....o e ere s 169
1) Materials and MeEthOGS. .......coveeeeeeeeeceeeereeee e et st e s e s s essesesens 169
2) RESUILS ANA DISCUSSION v iveeteeeereee oo e eeeeeee et eee e eee s ses s seeeeersesseseeseos 169

Project V. Development of Insect Pest Management for Shiitake

CUIVALION. oo e e 174

1. Investigation of Insect Pest on ShiitaKe........cocoeoeoeeceminnieeenncenenes 174
1) Materials and MethodS. ..o eeesssens 174

2) Results and DISCUSSION........viuririeeeceeeeseee s sssess s sssss st essessane 174

2. Study on the Ovipositional Preference of oak longicorn beetle.............. 176
1) Materials and MethodS. ..o 176

2) Results and DiSCUSSION.........ocivrviereeeeeseeceees e sss e 177

3. Selection of Insecticides for the Control of oak longicorn beetle.......... 180
1) Materials and MethOS.........ovruueeecocesieeeeeeseeesesissseesses s eesescs e eseseens 180

2) Results and DISCUSSION........iiiieiiirieeisies e ssesss st 183

4. Selection of Insecticides for the Control of Lycoriella mali.................... 188
1) Materials and MethOAS........ooiiviveiceiecieniceeee et seseeas 188

2) Results and DISCUSSION........iiiiiiiriiesessies e ssess st ese s sesse s ssseseesines 192

5. Selection of Plant-Derived Bioactive Substances for the Control of

oak longicorn beetle and Lycoriellad mQli...... e 197

1) Materials and MethoAS. ...ooe e oo eeet e eeeeeeerseaerereese s e eesese s 197

2) ReSUItS and DISCUSSION....ooiueecieeeeeereeeiseeeeeee et eeeee e eeressesees s tes s snesenens 200
Chapter 4. Achievement and Contribution to the Related Areas........c........ 214



Chapter 5. Application Plan of Acquired Results

Chapter 6. Science and Technology Information

Countries through the Project.............

Chapter 7. References.......ccomiveeiininnnninreeennes

Collected from Foreign



31

AT AT ITAL] TH R

37

THEE BLBE ettt ettt e

i

A2 A e )

39

A3 ArAEsy e 2 2

.39
39

a
o
K

i

.39
.40

A

42
.43

wr

%

Hj

i

7} 2y 2 ¥3

=
Tt

o Bl o G A

.44

Ty e w7 A AE...

44
15)

3]

of A&E Al

o FeubEhe] B HAAM A

o AR AR A

a7
=3

2 3 v 7}

Fud

At

46

....46
.46

s
™

K

ﬂl

B ujA]

i

o1
D2

-

H

jpxel

o

Hj <ol A1 2} w

1

.H_HH

1

=l

.5b

h TP A A O] C/NE B e,

1

.65

R WA AR nAE

3|
=4

Z

A



.06
73

oAt B A AT 4] ABE A B

73

AV AL B s

\

Gt

i

2p ek

.80
....80

.30

H

1. Ag %

.80
31

iR o] ZA] AR AT e

K

A
‘ao

ot

R
N
-
+

381
.84
85

.34
...80

-

[e]

7 &

]

&

Ao

T
o}. W o}

C

.86

H
G

s
-

W

X

.86
.36

87

9] FAFAA AL F s

e deasvtEaae] o

I

sl

o

87

87
38

Aol oA AR AR

w
H

=K

puil

90
.91
.94
97

99

103

...101

Bl Ao} C/NE& B3k,

}

kel
pal

4
ul
=

=]
iy
=

=

ns
=5

SFzH

!
A B4 gaq 44

Ab A EA AA

=2



105
....106

BT

o} r] 49

)

®
Iy

112

& 7184

114
A17
.120

122
122
122
122
122
122
123

3

K

w0
=

K

puil

wW

K

128
.. 128
...130
134
..134
...135

o
M
K
.
byl

i
]
7K

Y

152
152
..152

AL AN 7T TNt

A4 A

2!

=0

7F Ag g

152
..155
155

....155

0
Ho

K

T

C
r
&
,WO

o
s

K

ﬂ_.ﬂ

.158



ZhAIE B HE R e 158

L BT Z GEEE s 158

4, AT AE, AL Ao 164
TE AR B e 164

U, A D TEE ettt 164

5. AEA, AHA, 334 WA ZIE s 169
Th AR R I e 169

U B D GEZE et 169

A S A FABATIE TN e 174
Lo BT AL ST AT e 174
ThOAIE E B et s 174

Vb B3I D IEZ et 174

2. @EANGEAY ABHEA AT 176
ThoAE T HH ettt e 176

U BIE Z IEEE e e 177

3. @5 AnetE ] ek WA Al A 180
Th AR E HE et 180

L B3I G GEEE s 183

4. gl i3 A Al A s 188
Zh A E E HE ettt bbb 188

U I B ILZ e 192

5. @F/uiets4 9 WA e AHEHEE AL 197
Tho B E M ettt 197

L AT D TLF s 200

A 43 FFSAE F FEEFANY 7T S s 214
N5 ATRLATY FEAZ] et 222



224

A6 AT AL AA A A

230



1

E2
}é]
=
=

& W
st
WA

_]

A
dEoln} e,
ILE

X

-
st

stlom o]

H]

3

i

gree ARe

AZ PFHATL oA
P A2 Aol e

hud

RLA

B AR B P A

T= HA A

=
.

[e]
=1

g i AAAA R
z
i

ol e}l AdEA =
o]¢l o™, Fe, Mg, Na

=1

€]

AT R 317F i (Tokimoto et al, 1982).

1

A7 o) Fo4 A7 A%

4353 g stz 90ddiel Airl=

H

Rl

]

31
=
s

wEgos Ao

=3

S LEER-TIMEEE e
A Aato] A

ANE A 2
auje] 45ERT #7402 e FuE A&t

H7ieax o T

Al gl M= W AU A

.
L.

L
L

<

2

T

T

fu

X}
o
Z o

3l7] $13tdq 5
A7 Cu 785%, Zn 60.9%, Mn 36.7%

F A
S
Zart Qolunt

<]

1.ve]l g AFgxF FiA AR

=

shel 273w o4 w

S

=8

o
3 Avl mdg gAsn Aok 2, it

A 1
AE

4

H]

=

pi

ATFRIE o}F o] Fo A

—

;ﬁo

=

Fea e

A W]

[e]

1.
o
fL

st

2.
=

oW

o
o

o H&(C/NS)E e}

aF
=

=] 74

sto] Af =

5



tol A =& WA

kS

3

HNewe T

ul
=

s A A

A A Aulel o] AREHA R

tel sain

)

4]
T

2. ol g

7

A= Aujo] o F

=
=

A S el A

X
AN

4

k=]
T

EHH

T
T

3 324wy

Fu) o

=

.

W

¢
e

X

—_—

{+
e
o
o}
aH
-

=

ZIthell w14 X8t

gl

LB I

B

o W =A ol go] Zlthe .

ks

a2
=

-
3t

[e]

o a7l wobxol wel

2

4T e Fiol

Rl B
o weba

s3]
=

o

ARSI I}

7:%

i+

=

=

duiAlel s

m

ol
o
ﬂmo
Le]

oF
W
T
®

0%

o

<

No

o

e
=

o %a%t A

K

o}
X

)=

1574 A% 242 F7/hda

7

K

file)

Ko

<

[
=

o2 By

3

57

K3

o]
3. 5N AL 2 $2FF

FoaAle =z Frhe drlA

3|
e

N e

ted stk

3]

)

o

7} 5

1595

ok
27

DA =7

3t

@ A

tdew A 44

A
A



n
%ﬂ.m%%ﬁmﬂ,a ,
SRS R srozaTEey
. = T o 2 %o oK < T E® T
ihgniziaE SEriTxlgdzie’
2 TSk 7@ SRR S A S
= T o ox L ox z S T FoE =
T ook 2P g X o oo W o X w T T = ®
T 2w g oy S i N R
ﬂwﬂﬁxﬂﬂmi_% Ey_nhnﬁaaﬁ%ﬂgioﬁﬂﬂ
oo W _ﬂ o KX R & WY K = B ow o o I s
%imﬂ\g#ﬂﬂ wT Eo 2w o X o E
Hoet R FaririEIriifgE
o of % T R g A = TR A W pﬁ o O ™o "
%ZT7%Eﬂﬂ;T - F T ¥ _ L% K 7 <
4 JL%QM& Mpoa_flo_/%ﬂwﬂymo%
Mﬂ ~ Onm g’ .y — OT _AO ﬂ\_ mo = T XO 1 E:v Y 1: J 01 ,UEH 'AA
2 %o T X . o X e 63 = ® ol
o Ho AT A 1__/l N DT o = . . — A ﬂul o m C3 L.t .Ul
T o = o W o W M I -y
& o G ™~ B R B W= T o= ™ bjo = 2
S Wom % oA B . = % oo s o T % Mo
@ B I | S e B o B0 Mo IS = W o " El N 2y "~
= = A < Eom < - S e D Ew W
= NE < b | T R T 3 ﬂ
%Mﬂ#%Wﬂ%ﬂw@ .l.wozﬁﬁg,w_yﬂﬂwy%%m
o X < ~
Mﬂﬂgﬂ@o%%ﬂuiw ﬂ%%ﬁ%%ﬁ%ﬂﬁmﬁo_aﬂ#
oo o= o= _ T % P o = TN o~ W
g \mv.ﬂ o o oF T oq#o &o ~N == QE
ra - ~ ° o oz W Xjo ) ) of = Mo = = N o=
= ° E W oo T g ® N W o TR Al ) Mo T oL B © o
x o= W . ﬂurﬂmsﬂﬁoﬂ,a_a Pe e LT T
PR R T TR PPl P o E R
R S p ZxT LT He T oM TR
8 3 H o = = ST O 2 A
= =+ ~X -y _,ﬁo ™~ N <X Jﬂ 0 5o o) T Eo = —_ I
4%&&&491%%_% ﬂ%mo%lmoﬁ%ﬁlzﬂm%o
i oo W N P o F M F oo Towm al A
O%Z_oﬂl,@uﬂm i ﬂm_zlﬂg%@q%\gﬂ@
Sl N S A molfoal_i;wif;
) ™~ —_ — Hm oo Sy ch_u,ul = Y
oA A o - < 7z o P T T I
T oM X KT e H‘ﬂ o "o T M- R djo
L A > B N
ol ST ® T o
HQﬂQﬁnﬁAXE
X H T

==

o

o] Aol

=
K3

Bl

=
-7

3}
- 33 —

a2 Bl

3
ar

up
=4

A

&
g vyt F719

[e)

3 A7)
o

e
K-}

5.
A



WA A o] Al

2 ai3AQl

eI

1
LI

3

[e]

al

b

o

e

j
AE

ez AwErte

AA o

a7t 70~80%F

o
4e A

3

3 Fol] <]

1
fu

J Ak 7] Hke] &

= A
T

0
:é.o
I~

Al 2 o

Z

A7}

oke] ATk

oA ol g
°]

¥, AE

o %

3

ST

7 thehel A
2 oozl A9t flon}, Y

[e)
7

A e o] &

=4
[¢]

BN

ol =

=Y
=]

tead 478, HFE3 7

3]

Zo7

3l

A%

A A E A E,

i71ef of

13

=7

sto]

Ag 9

s

AbEIQlow, dF AR StE A

R
ok

Wol HiE A=

ol mek vl& Adzdsd Ao Az

A5 he] &

L
i

3

ATE AAHe=E

z:gl_

o i

=]
H

A

al
=

, Y H

$-e] el 2ESHE

7}A

%

2 AEE A

i EA

f2s

9]

ol
=

AL &

A2 A

L. wol§ FFsF FulA s

N
To
i
XO

o FuHlAN E3FA

o FHHAE FEFA MY

K

=1

o HA WA xA



al
=

A F9dA A

ol g 3

2.

st
S
=
50
‘myo
ajo
X
=
s
[
NEK
o
z *
R
70 5O
o B0
)A
R
H o
2o R
o 0

LR

4

No

3. 5% AL 2 $-FF

Nd

=

NoONKRE
® " H
NN R
ROoTR e

oS R
= = 9%

Mo Mo &

or o W
I

2

o
e
o

w8 5

)

s

i

4. 3 BAZIE N

ﬂo

o

X

it
o)
H
T
,mo
O

~5 TO
=0 ﬁu
el
= Qu._

A

21
%!
o
ko
s
e
_—

o
‘WO

el A s g

o o0 o0 ¢ 0O

5. T3 BAZI= AL

o

o)
O

PR
1o

W



o 7)MEA A

— 36



&2

d}
=

IR R

Ha oy AAA] A= of

L
A

2977 Al

59 7]

4

olo

al i
Ay

FE A gt

et
-

R

ER AR

oL
[6}

19651 thell =

oA =

Q)
=

Aed A7

i, FEA A

w0

o

B gA 77}

=] Aok 93 =

ki

=
=

e, 83t

FAAH A%Hw vt

<} 7

[e]
T

pad

3 A 2

2 ol g FE #

A=

(N
N

gl o
=2 1

Mol g +Eel EuruA)
o} #F9 714 My F 7277 o F4AR

I

1

steh. 55

o‘%-

B

o] =l 27

A 2

HE7=

A2 A
LR RS

z

AFE1~8

, BFFEoEN s7ta5d AA 7]

H71 4l

9. WA o5 =7te AAs

=
sy

Fol o

uH

~
T

S5 9B 5 98 Ues gol wgsFsEd B



A

o] ’]%O]'—ﬂ /\}\}l_—-:

ol

A3d dFs FAVE AL

el e Engse $7, A 2 AN B AT AdHoz
ool 97 ovt, AR FAAME of Robel AT/t LA AW
of dAle ExHe PAWES FHL A WAl

S8 et HE E3E Aol WE AT AAHL

o]0l A7 Mo WAY FAe Adets 29F HF T 3
7 70~80%% AA s A A v gon, dAaTAelA 19879 E
DEFEHFA BEANGEL Ao D PAS FFA AL AT 9 9l
om At FFA 1996)0] s FIdr Eams % ekl A
A AFgol B AT o FoiH

EaWAe FE FE AR RE A 6%0 w3 Ho] Qe (Lee
%, 1999 Kim 5, 1999), 7 % 14guAdels $dFox T S
A dF UF mAse] TAA 2 AAA 242 AR bstel FRggag
s BAel WE FUse 43 JAAS vl 404 egow 4
g AdNNE F A0S Dot (Lee 5, 1999 Kim 5, 1999). 514
woobx S|t Ex FWAuMAG wAstEs WA v YA A7

lo,

L

Z o to rfE
ofN y
B
o,
£
)

10
u
PN
>

=

bt FofFe e MATE, S, €5 AR EL, AT

F7F HauE3 9} (Hussey, 1972; Snetsinger, 1972; Kobayashi & Taketani

AR A FRHAUE flEoz ssian 478 JRET 72 So] 24
Ao, dFAnsES PAE st 371719 FAREAG, AFA
g, F3AE, 719l AYAF Fo] AAld up lont RS ofAAY
o] RuwxE gkgkrh AW B oz SAdqAE AYBYED G4 Eof
o A7t 2AMEN AEH o APHo e FAH) FAYE FHslw
Q= A o)t



7F sAEY &
"ol dgFe] T FRAE WA e fste] A AE
Ut 5 85FY FAES AASA, 19999 499l AV|e THT 23W AF
ol 24 JEdITE TRAIANEG AP EAA EA AT 4 FFE F
AlEo] AAQA, YA oE F1 Ak 23, A FHE Axs7] 96
of A FAEE AAT BEF FHAEZIE ol&dte] FHdAAT
1-2mm= st SHAZ Gt 71A dejz Az

Table 1. List of felled trees in order to make sawdust in this experiment

Cutting
Tree species Knoarean Location Volume
me (m)
. Soheul-yeub, Pochon-gun,
Quercus mongolica MR . 0.36
Kyeonggi—do
Soheul-yeub, Namyangju—gun,
Quercus variabilis SELIR y yangiimg 0.32
Kyeonggi—do
Soheul-yeub, Namyangju-gun,
Castanea crenata EidIEe y yangiu=g 0.33
Kyeonggi—do
. Soheul-yeub, Pochon—gun,
Prunus leveflleana MELUL . 0.35
Kyeonggi—do
Soheul-yeub, Pochon—gun,
Alnus hirsuta M2|ILIR y ¢ 0.35
Kyeonggi~do
Betula latyphylla var. Soheul~yeub, Pochon—gun,
Jola - plabbly =L Y 9 .35
japonica Kyeonggi—do
Soheul-yeub, Namyangju—gun,
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Figure 1. Chemical compositions of each sawdust using this experiment
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Table 2. Chemical compositions of sterilized sawdust medium before inoculation

(unit : %)

Treatment|Cold water| Hot water | Alkali | Alcohol-ben | Klason Ash

Species extract extract |extract| zen extract | lignin S
Q. mongolica 9.47 18.24 37.63 7.54 26.59 12.30
Q. variabilis 12.59 18.82 41.59 8.37 26.88 12.92
C. crenata 11.50 22.80 46.48 7.46 2453 13.04
F. rhynchophylia 14.93 19.81 39.41 11.60 22.43 {251
B. platyphylla 8.97 13.25 36.31 7.37 22.38 | 2.17
C. laxiflora 11.16 15.03 37.73 8.31 2011 | 2.79
A. hirsuta 9.51 13.36 35.28 7.69 27.27 230
P. leveilleana 8.17 13.69 35.91 6.82 21.80 | 2.14
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Table 3. Component contents and fluctuation rates of sawdust media before

and after cultivation (unit : %)
Treatment Cold water Hot water Alkali extract Alcohol-benzen
extract extract extract
Species B A C|B A C|B A Cl|B|A|C
Quercus mongolica| 947 1352 42.8 | 1824 1871 26 |37.63 4247 129|754 |818| 85
Quercus variabilis | 1259 13.04 36 | 1882 1916 1.8 |4159 4172 03 |837]692|-173
Carpinus 1150 1310 139 | 2280 19.14 -16.1|46.48 41.94 9.8 (746|772 | 35
crenata
Fraxinus 1493 1388 -7.0|1981 1998 09 |3941 41.69 58 |11.60| 803 | -30.8
rhvnchophylla
Betula 897 1451 80.2 | 1325 19.02 435 |36.31 45298 247 | 737|882 | 197
platyphylla
Carpinus 11.16 12.33 105 [ 15.03 1721 145 |37.73 4534 202|831 | 7.13 | -14.2
laxiflora
Alnus
: 951 1380 45.1 1336 20.08 50.3 | 35.28 46.87 3291769759 | -1.3
hirsuta
Prunus 817 1472 80.2 {1369 1832 338 (3591 4222 176|682 (867 | 27.1
leveilleana

¥ B : before cultivation, A : after cultivation, C @ rate of increase

B8 250 9ves 2ol g0 B FF 2N FETE 4R
Aogg wistd We FE4RRGE AW o5 AuH FhEe da
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A. hirsuta Q. variabilis

-~ Cold water extract
—®& Hot water extract
—6- Alkdi extract

- =% - Al-Ben. Extract

C. cenata

B. platyphylla

F. hynchophylla

C. laxiflora

P. leveilleana

Figure 2. Fluctuation rates of components classified by tree species of

sawdust media before and after cultivation
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Content of Klason lignin (%

Q. mongolica Q. variabilis ~ C. crenata F. P.leveileana C.laxiflora B datychylla A, hirsuta
rhynchophylla

Tree species

Figure 3. Klason lignin content and decreasing rate of sawdust media
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Table 4. pH changes of each sawdust medium between only sawdust and

sawdust including 20% wheat bran before and after autoclave

80% Sawdust+
O,
. 100% Sawdust 20% wheat bran
Tree species After After After After
.. |Change . |Change
autoclave|cultivation autoclave |cultivation

Q. mongolica 4.50 4,15 2035 543 3.95 2148
Q. variabilis 472 4,08 20.64 5.61 3.96 21,65
C. laxiflora 4.77 4.04 20.73 5.69 4.07 21,62
B. platyphylla 498 3.77 a121 5.75 407 21,68
A. hirsuta 4.85 3.97 20.88 572 4.07 21.65
C. crenata 4.33 3.88 2045 5.44 3.92 2152
P. leveilleana 4777 3.94 2(0.83 5.84 3.95 21.89
F. rhynchophylla| 4.87 3.84 21.03 575 3.97 2178
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Figure 4. Changes of Zn content following raw material, sterilized and

mushroom cultivation of each sawdust
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Figure 5. Changes of Cu content followimg raw material, sterilized and

mushroom cultivation of each sawdust
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Figure 9. C/N rate before and after Lentinula edodes cultivation at 809%

sawdust and 20% wheat bran.
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Figure 10. Mycelial growth of Lentinula edodes at the Quercus mongolica
sawdust cultivation for 35 days
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Figure 11. Decreasing rate of medium weight of Quercus mongolica

sawdust during the Lentinula edodes cultivation for 35 days
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Figure 12. Mycelial growth of Lentinula edodes at the Quercus variabilis

sawdust cultivation for 35 days
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Figure 14. Mycelial growth of Lentinula edodes at the Betula platyphylla

var. japonica sawdust cultivation for 35 days
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Figure 16. Mycelial growth of Lentinula edodes at the Alnus hirsuta

sawdust cultivation for 35 days
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Figure 17. Decreasing rate of medial weight of Alnus hirsuta sawdust

during the Lentinula edodes cultivation for 35 days
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Figure 18. Mycelial growth of Lentinula edodes at the Castanea crenata

sawdust cultivation for 35 days
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Figure 19. Decreasing rate of medial weight of Castanea crenata sawdust

during the Lentinula edodes cultivation for 35 days
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Figure 20. Mycelial growth of Lentinula edodes at the Prunus leveilleana

sawdust cultivation for 35 days
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Figure 21. Decreasing rate of medial weight of Prunus leveilleana sawdust

during the Lentinula edodes cultivation for 35 days
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Figure 22. Mycelial growth of Lentinula edodes at the Carpinus laxiflora

sawdust cultivation for 35 days
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Figure 25. Decreasing rate of medial weight of Fraxinus rhynchophylla

sawdust during the Lentinula edodes cultivation for 35 days
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Table 5. Mushroom productivity of Lentinula edodes between only sawdust
medium and sawdust medium including nutrient additives for
135 days cultivation and 150 days harvesting

(unit : g)

Medium (2 kg)

Sawdust and

Tree species Ii(;l;iin Only sawdust nutrient additives
Total Each Total Each

productivity jweight|productivity |weight
Quercus mongolica A 116™ 10.0 571% 7.7
Quercus variabilis 3 125 73 677 8.8
Castanea crenata IRk 93¢ 114 544" 84
Prunus leveilleana TRV 91° 9.7 512¢ 9.2
Alnus hirsuta Ao 178t 10.7 622" 109
f:ﬁ”jgp‘; lnafcyf htla AU 95¢ 130 | 539 | 107
Carpinus laxiflora A o] L} 156 10.7 663 115
Fraxinus rhynchophylla| S9 Y5 57 38 635 91
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Figure 26. Mushroom productivity of Lentinula edodes by levels of nutrient

additives at the Quercus mongolica sawdust medium
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Figure 27. Mushroom productivity of Lentinula edodes by levels of nutrient

additives at the Quercus variabilis sawdust medium
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Figure 28. Mushroom productivity of Lentinula edodes by levels of nutrient
additives at the Betula platyphylla var. japonica sawdust

medium
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Figure 29. Mushroom productivity of Lentinula edodes by levels of nutrient

additives at the Alnus hirsuta sawdust medium
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Figure 30. Mushroom productivity of Lentinula edodes by levels of nutrient

additives at the Castanea crenata sawdust medium
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additives at the Prunus leveilleana sawdust medium
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Figure 32. Mushroom productivity of Lentinula edodes by levels of nutrient

additives at the Carpinus laxiflora sawdust medium
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Figure 33. Mushroom productivity of Lentinula edodes by levels of nutrient

additives at the Fraxinus rhynchophylla sawdust medium
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Table 6. The use condition of disused logs of Lentinula edodes

cultivation
Region Exper%mental Cu.ltwatlon Usable amount Use condition
site period(year) (%)

Farming 4-5 60 Cattle shed
association

Jangheung |Cultivator 4-6 60-70 Compost
DIStrlb.utlon 5-6 30 Compost
Corporation
F arml.ng' 3.5 50-80 Cattle shed

Yeongdorl association (from 1994)

gdong NS  Forestry 35 50-80 Cattle shed

Co. (from 1994)

. Farming ~ B Cottle shed
Gongju association 47 60-70 Organic fertilizer
Sangju Produ'cer 5 60-70 -

association
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Table 7. Nutrition components of raw log and disused log of Quercus

mongolica. (unit : %)
Moisture| Protein Fat Fiber | Ash Ca P
Raw log 9.74 1.74 0.47 51.28 1.23 0.55 0.03
Bisused logs 10.42 1.74 0.61 4897 1.96 097 0.04

*Disused logs after 5-year cultivation of Lentinula edodes(diameter 10cm)
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Table &. Cultural characteristics of Lentinula edodes sawdust

cultivation without rice bran or wheat bran

. Mycehal
. . Degradation
Medial composition growth
rate(%)

(mm)
Qm. sawdust 100%/(control) 7.9 121
Qm. sawdust 80% + Disused sawdust 20% 7.5 108
Qm. sawdust 50% + Disused sawdust 50% 6.8 104
Qm. sawdust 20% + Disused sawdust 80% 7.0 93
Disused sawdust 100% 6.2 88

¥ Test tube cultivation in 20C for 30 days.

Qm indicates Quercus mongolica sawdust

Table 9. Cultural characteristics of Lentinula edodes sawdust

cultivation including 1096 rice bran

Medial composition Degradation |Mycelial growth
el composito rate(%) (mm)
Qm. sawdust 90% + Rice bran 10% 6.5 106
Qm. sawdust 70% + Disused sawdust 20% + 73 105
Rice bran 10% :
Qm. sawdust 50% + Disused sawdust 40% + 74 110
Rice bran 10% ‘
Qm. sawdust 30% + Disused sawdust 60% + 71 107
Rice bran 10% :
Disused sawdust 90% + Rice bran 10% 76 100

¥ Test tube cultivation in 20C for 30 days.

Qm indicates Quercus mongolica sawdust



Table 10. Cultural characteristics of Lentinula edodes sawdust

cultivation including 20% rice bran

. Mycelial
Medial composition Degradation growth
rate(%6)
(mm)
Qm. sawdust 80% + Disused sawdust 0% + 130 %
Rice bran 20% ‘
Qm. sawdust 60% + Disused sawdust 20% + 73 101
Rice bran 20% .
Qm. sawdust 40% + Disused sawdust 40% -+ 76 13
Rice bran 20% .
Qm. sawdust 20% + Disused sawdust 60% + 6.7 11
Rice bran 20% .
Qm. sawdust 0% + Disused sawdust 80% + 66 110
Rice bran 20% .

# Test tube cultivation in 20C for 30 days.

Qm indicates Quercus mongolica sawdust
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Table 11. Mushroom production of Lentinula edodes sawdust cultivation

using sawdust and disused log sawdust of Quercus mongolica

Fresh weight of mushroom Remark
Medial composition(%) (g/2%kg medium)¥
Salrim 4* Sanjo 5%
Qm 80+Disused log 0 o o
+Additives 625(31.3%) 614(30.7%6) Operating index
Qm 60+Disused log 20 o o for Lentinula
-+ Additives 570(28.5%) 581(29.0%) edodes sawdust
Qm 40+Disused log 40 o o cultivation is
+ Additives 523(26.2%) 521(26.1%) 95-309%
Qm 20+Disused log 60 o o mushroom yield
+ Additives 548(27.4%) 449(22.5%) to medium
Qm O+Disused log 80| 5a305700) | 4g4(24.29) weight
+Additives

% 4 months cultivation in 20-22°C after Salrim 5 inoculation and then
mushroom production for 3 months and half a month
* Disused logs of Salrim 4 and Sanjo 5 cultivars

Qm indicates Quercus mongolica sawdust

Table 12. Fruiting body weight changes of Lentinula edodes according to

the fruiting period of disused log sawdust medium

Fruiting days
15 30 45 60 ™ 90

Medium composition(%)

Qm 80{control)+Rice bran

20+Additives

Qm 60+Disused log 20+Rice
bran 20+Additives

Qm 40+Disused log 40+Rice
bran 20+Additives

Qm 20+Disused log 60+Rice
bran 20+Additives

Disused log 80+Rice bran

20+Additives

13.1g| 9.6g |10.7¢g| 69g | 8.1g | 8.0¢g

104 69 | 82 | 63 | 61 | 40

98 | 61 | 109 | 70 | 66 | 65

97 1 80 | 94 | 82 | 68 | 70

12771 134 | 77 | 70 | 55

* Qm indicates Quercus mongolica sawdust
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Table 13. Cultivation condition of Lentinula edodes sawdust medium made

in China in Korea

Region Cultivar | Size Shape Scale Co§t/ Produ§t1on/
medium medium
Warm
Yongin |temperautre|1.5kg |Cylinderical| 10,000ea |1,250won| 250-300g
(China)
Warm 100g
Dangjin |temperautre|1.5kg |Cylinderical| 18,000ea | 900won (under
(China) production)
Jangheung [temperautre|3.5kg | Cylinderical | 100,000ea | 1,400won ) ’
(China) ner
production)
Low
Yeongju (temperautre|1.5kg |Cylinderical| 50,000ea |1,300won| 600-700g
(China)
Low
Sachon |temperautre|2.2kg | Cylinderical | 50,000ea |1,400won| 800-1,000g
(China)
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Fig. 1. Preparation of powder from soft wood meals by cold water

extraction .
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Fig. 2. Separation scheme of cold water extractives.
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Table. 1. Composition of sawdust medium for Lentinula edodes.

Component Mixing rate, weight %
Sawdust 76.0
Rice bran 20.0
Carbon source 3.0
Nitrogen source 0.4
Calcium carbonate (CaCO3) 0.6
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TAA F3FE& o] €39 growth index® HASFH o, 1 AL ofg3 o)

The dry weight of the mycelium on the test
Growth Index =

The dry weight of the mycelium on control

3) Paper disk o] &3

FEEEE, NE 4% e &3 b, 50 wE AFH, A4 8 mm
9] paper disko]l &2 F clean benchol A AZXAFIHA 2A A5
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A el &8 e 3 FAdFd A4 10 mme FAHES HEFS 1097 2
5CoA wiF & & dAA S 73S A&

Fungi

00000
Q)

Paper disk
Fig.3. Anti-fungal test of cold water extractives on a PDA plate.
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Antifungal activity, % = [ 1 - (fungal growth diameter in the test
petridish / fungal growth diameter in the control petridish)1x100
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Table. 2. Composition of sawdust medium for L. edodes.

Mixing Species
Components rate, Quercus Larix Pinus Pinus
weight % variabilis leptolepis densiflora koraiensis
non-— non— hot water hot water

Sawdust 80.0

treatment treatment extraction extraction

Rice bran 20.0 add add add add
Carbon 3.0® sucrose glucose active xylose
source carbon
Ni i lutami
“mgiﬁ 0.4® KNOs; glutgmw asparagine s a'mlc
source acid acid
Calci
aieium 0.6@ CaCO;  CaCO;  CaCO;  CaCOs
carbonate
(\;Tgetable 3.0@ non non non add

“ Based on the total oven dry weight of sawdust and rice bran

(b) . ey . .
Used waste amino acid instead of nitrogen source

Z2RUE 2 AUF FYHoRRE 2AY d4-3E5E B2 05g 2 FA4l9]
B F718AE AH83sle gdoer FE39t. WA n-hexane &A19 7§
5o} EVFERE FE 3 g, o] EJMREE A ethyl acetate &4 783

o} E7I-45E #3393, ethyl acetate?] E7FEH = A methanol &A=

YA L F, 78T 40T olstel A A, FFI EAE T A

. 47184 RO #AYFAR
4% #7187 H4R2 859 Bage RYEL 6 vYH 5
o2 FAALAEL A

o
oF
&

B APazntEag v o Ede] 24
T84 £9EL YA APE o) 45t BH S 23 BYsgoy, o

o elution -BA%& n-hexane, ethyl acetate, methanolS A& v &= &g}
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Table 3. Chemical composition of wood

Cold water Hot water “colol™benze j o o0 Lignin  Ash

Species extractives extractives ne extractives Content Content
extractives
Larix
6.1 3.1 5.5 24.1 27.0 0.3
leptolepis
Pinus
1.4 2.5 4.1 14.4 29.0 0.4
densifiora
Pinus
4.3 6.5 4.6 18.9 28.1 0.4
koraiensis

Table 4. Carbohydrates composition of wood

Sugar composition{(%)

Species
Rhamnose Arabinose Xylose Mannose Galactose Glucose
Larix leptolepis - 2.4 5.9 16.5 9.6 65.6
Pinus densiflora - 4.7 15.4 16.4 - 63.5
Pinus - 36 7.3 212 - 67.9
koraiensis : ’ ) ’
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Fig. 4. The chages of cold water extractives on the

extraction time fom wood meal
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Table 5. The separation of the cold water extracted powder by organic

solvent

Petroleum ether  Diethyl ether Ethyl acetate

Species solubles solubles solubles Residues
fg;ﬁﬁlepis 1.0 1.4 1.0 96.6
dpizgffl ora 12 3.8 2.5 92.5
P s 0.7 2.7 0.5 96.1

koraiensis

FFEES 74T v BZ gEES cthyl acetate B8 EA=2
= Edee d3tE 92 HeAd A

E}%ith  Ethyl acetate B8&%o| Z3}
5°] Stk Ethyl acetate 7}&%ZE 8] %3} petroleum ether 7}&% 2 diethyl
ether 7}8 7= HAA WFFEEL] 8% o]t E}strt. olgjd ARz Ay
E oo e kil x{—,—x}.J =4 dEd dgE, T eolE SFE Fol

o WEEEE B8 WA Yol FA AR
i

2ol vlge AR T, A 4GS 2AS ARE T 67
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A owEA debden], auRe A4$ #A A% $57 7 =4 UE

Wtk ole@ Ad= E 69 ethyl acetate 718 (petroleum ether 7}4-% %

diethyl ether 7}&¢% E38) Edo =3 A0 #A7 v Addg. =

ethyl acetate 7} 249 o] Zo&+E FAMAA €27 »HAgE AL
o

F5% £ glom, olAL ethyl acetate 71& R FA AA A EA o
X3HY S 7Aoo Eroia F&Hr)



Table 6. Mycelial growth in the medium with cold water extracted wood

meal
Mycelial growth(mm)
Species
12days 18days 24days
Larix leptolepis 39 65 78
Pinus densiflora 29 52 62
Pinus koraiensis 35 61 73
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Fig. 5. Effects of cold water extracted powder on the

growths of L. edodes in a glucose—pepton media
by shaking culture.
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Fig. 6. Effects of cold water extracted solution on
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pepton media.
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Photo 1. Anti-fungal growth test of cold water extractives(original

liquid).

Photo 2. Comparison of fungal growth between liquid and powder

prepared [rom cold water extractives.
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Photo 1. Anti-fungal growth test of cold water extractives(original

liquid).

Luznd

Photo 2. Comparison of fungal growth between liquid and powder

prepared from cold water extractives.



w =l o 3}

=

~

EEE NP E T I

n}

o

After
fungal
culture
24.1

4.4

26.9

56.6

Korean pine
Before
fungal
culture
17.2
2.7
27.2
60.1

AA7A AFo] AR

After
fungal
culture
18.4

4.9

26.9

41.9

i
ATt

o

]_

Red pine

Before
fungal
culture
16.9

3.2
27.8
65.7

e o

b

ki
3.6

After
fungal
culture
16.4
27.4
54.0

Japanese larch
Before
fungal
culture
13.8
2.8
30.5
7.9

A 9} AR A T Byl o] QoA f-7]18A
sawdust

2 g2 33 holocellulose

1

H
H

B
H

Characters
Organic solvent
extractives , %
Inorganic
matters, %
Klason lignin, %
Holocellulose, %

_]

*

Table 7. Chemical composition of medium with cold water extracted

13
=1

e

o)
=

F71&A FEE

LgtARe] Aol

AL o]

2

o,

pad

R
.

kot

oo

=3

of 719 AR HXA

oy

H



o

7 A7) Wi

=
)

FIEAR AER7] Aol FdwA A dadez

s e the
baz, M R EEAAAA 2 - 3%

Z 7

A 1%%

(]
G

—

Hr
4

—

KA

ol
o

s

e

=]
s

B ol fri wiKel 2AA

R

sz

holocellulose T

k3
hid

oSk fAFE &
B ey

7} A ol

w3

1
L

oz Azt

7]

il

R
oo

)

EL

(

&

2] 223} holocelluloseg] ©]

TEEZE dA=s4d g

holocellulose ©}&H8]&°] { &4 veldth

ol

e
e
of

o]

o FFol Aol @] ME

= H
L]

A

oz o

i

oc}:

A A <

=
=

#3519 9

pad

3 AL Yamanakad ol W=,

o] ¥

4

Fo] g4

.
7

/8

o

Fal S

] 3

]

At A A

ok

R4

F AAZ TR 2 o

o] &

At

o
Al
N+
ofy
=

¥

g

)

WA E FHHD 3

8ol vrebl ot

it

A3t

s FqEF2 FdA e A

tel erao,

3]

I~
N

o
Z24&

1.
L

A% WA
o), AL A A

AHE™, o

ZGEA e

e

z
xylose 3aFo] wjok

s

H+AE

1)
AT

ok
O

Bl %] of] 4]

&
T

)



2UHF 9 AE wl Ao M = pentosed] @F <! arabinose$t xylose®] iyl
=

o] dAsA Az dud, olv Y& w©FFEERT W 2 HEE

arahinose®} xylose® AMZE ol €3t AL F # 4 du. 59
arabinose$} xyloser® EAFAE udERe2E FATE @53 ER

TeA Ak
FApF F up=

ot

Well A glucose € mannose T #Fo] F7EE AFE v
F8HEo] "8 glucose ¥ mannose’t A o]&d Aow

F58 F AAT, & FHAA B o, ulx] W] EAste FAAS T
a el

ALY A EL oA (polysaccharide, 80-90%)°] 3, &3] @A TAME +

A AFde glicant 71Rez olFolq la, Jid FAHAAES

manno-protein®. 2 A o] k= Aol ofE FHsta AUtk

Table 8. Carbohydrate composition of medium with cold water extracted

sawdust.
- Growth of Carbohydrate composition, %
Species .
fungi Rhamnose Arabinose Xylose Mannose Galactose Glucose
J Before T 6.0 10.9 212 T 61.9
apanese
larch After T 6.5 99 220 T 61.6
Before T 122 14.3 16.3 T 57.2
Red
pme After T 72 109 214 T 60.5
K Before T 12.9 20.1 133 T 53.6
orean
pine After T 7.8 106 257 T 55.9

T; trace, below 0.19%

FEHen vy, AEHNE o, F4}9 A dYR(FAYTE mannose,



xylose, glucosed 7FsAdol A33 = o]8d WA Ao J4d H

7 AGA olHF FHE Akse] AEs nE o) By dvtn BUHh

= ﬁ*VEXJOl 2asAg 2
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g 73 82 WeAdd SR dAokd ¢ e 9
S 3 #aste] sucrose, B8, xylose, glucose, HAE A2 H7bste] E1
TAbe] S AES Aol

a9 7o 7 g@ade mE xudAbe] A Zolg vebdth

k9 (carbon source)

100 .
B Sucrose [ Active carbon M Xylose Glucose [ Paper pellet

80 |-

60 |

Fungal growth length, mm
N
()

Japanese larch Red pine Korean pine
Fig. 7. Effect of carbon source on the fungal growth in the

cold water extracted sawdust medium for Lentinus

edodes.
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Fig. 8. Effect of carbon source on the weight loss in the
cold water extracted sawdust medium for Lentinus
edodes.
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softwood sawdust medium of L. leptolepis, P. densiflora and

P koraiensis (10 days incubation at the 257).
* Control; non-extraction, Cold water; cold water extraction, Hot water; hot
water extraction, Steam; steam extraction
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Fig. 10. Effect of hot water extraction time for mycelial growth of L
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Table 9. Antifungal activity of acquired hot water extractives f{rom

softwood in the PDA medium

Antifungal  activity,

Species %

100 ppm 1,000 ppm 10,000 ppm
Pinus densiflora N.D. 6.7 324
Pinus koraiensis 4.8 20.7 48.3

Notes; N.D. : Not detected
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Fig. 11. Effect of mycelial growth inhibition of L  edodes in the

Potato-Dextrose-Agar(PDA) plate medium by hot water extractives
of P koraiensis (10 days incubation at the 25T).
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3ok, ©AYE vAle AgduyA] Ao ojfHE Fad Jgden
HAH o FASEE 1-6%FER ¥84 Add. 29 12 A5 g8 8¢
i zlel] ol ZE g4 9 FFHFE 24 H7E o, Fdvixe T3
g Ued Aolth old Yg$ FYe AAE A %3, 24§ 2 3t
Ui @A d 592 AHesidh

25

[aSucrosc [ Active carbon [ Xylose [Glucose .Pap:rpel!e‘.l

Ratio of weight loss, %

L. leptolepis P. densiflora P. koraiensis

Fig. 12. Effect of carbon nutritions for mycelial growth of L edodes in the
softwood sawdust medium of L [eptolepis, P. densiflora and P.
koraiensis (132 days incubation at the 25°C).
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FEs T3 maA HAo gax9e =24 Ydegr  Sgdare
glucose, 2uFoM = B, FAME xylose7t 7HE HA 9] ghahde
2 gaHglen, o FFe wel Ao wadde] v vEues AL
2t eFvitk 1] BekA 249 B4EE 24 X

E 109 HAYE JAF Fixe] FHA vAYE FAst Al

5]
A 150 U Bk AFA F BuhiAe] AaEAY ONES BAF Ado]

EHAY FHRLAEL o 15%E UElgon, $£Ed we 2 xpo)E=
ARk AT PaZAo YoM wae T At FElstA JEwte
ot C/NE&& #AMAE Ar 10-15%7F 2

o]
AR
S2EAT ol AMde RRFAL AR ALdRTY dade] o 2 g

2 olgdrhE AE 23% + AUk o)A FuuA AwA FrAny
v oRade osd A5l A, aefsol dks AN U AFEch

Table 10. Change of element content and C/N ratio in the sawdust

medium.

Carbon Fungi  Medium Element content, % ¢y

nutrition ~ growth  yield, % c H N O ratio

Species

Before 100.0 445 45 0.7 493 650
Larix leptolepis Glucose

After 849 378 3.6 0.7 428 540

Active Before 1000 476 45 06 473 793

Pinus densiflora

carbon After 858 38.1 3.7 0.6 434 635

Before 1000 454 47 0.7 492 649
Pinus koraiensis Xylose

After 843 381 3.6 0.7 419 544
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Fig. 13. Effect of nitrogen nutritions for mycelial growth of L edodes in the

softwood sawdust medium of L [eptolepis, P. densifiora and P.

koraiensis (11 days incubation at the 25T).
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Fig. 14. Effect of vegetable oil for mycelial growth of L edodes in the

softwood sawdust medium of L /eprolepis, P. densiflora and P,
koraiensis (11 days incubation at the 25T).
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Table 11. Optimal condition of softwood sawdust medium for fungal growth of

L . edodes.
Species Pretreatment Carb on Nitrogen VegeFable
nutrition nutrition oil
Larix leptolepis - Glucose Glutamic acid -
Pinus densiflora Hot wa;erh(c):l)](;ractlon, Active carbon Asparagine -
. ., Hot water extraction, . . Rice bran
Pinus koraiensis 12 hour Xylose Glutamic acid oil

olg HA WAZ 39 BIFAE AFANASH, FARETES 29 149
vebdlith ¥ 1565 GgEe] #ohd #3uUE
AFolAM =28 Ads SdilAGA e A AFFE 9
ojt},
Fodate] A v A= dAHYEH]
go] IR wlE IGdF 80%, 2uF 2 AUF 55-60% FEolAUTh
g B AFeM =& AXEY, 999, HMES o8t AT M4
& Bl E AR &l F3d wlE 9EE 2 sdFe A
100%° =eagden, AuUFE 100%E st a2iv 2 AFdA A
A Adg FEmA 2ARE FUF FReiAd H A vE R 3
WAl A Beg WS WEsta o, AAAHA) Bikel oA A
E&FIT AR Folglth
gog o) wiAE o] &3t A MAESUAA HEPe] Fu ook
AAR 2 2840 BE ¢ Y& Aol olF VxR dt9 F H&E 7}

sete)e g
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Mycelial growth rate, %

Fig. 15. Comparison of control condition(non pretreatment and common
nutrients) and optimal condition in the mycelial growth of L edodes
in the softwood sawdust medium of L. leptolepis, P densifiora and
P koraiensis (11 days incubation at the 257C).
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Fig. 16. Optimal additive condition of waste amino acid as a nitrogen
source or active substance on the sawdust media.
* Nitrogen source @ @. variagbilis and P. koraiensis — 0.05%
L. leptolepis and P. densiflora — 0.01%
Active substance : Sawdust of all species - 0.05%
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Fig. 17. Effect of mycelial growth inhibition of L. edodes in the PDA plate
medium by hot water extractives of P. densiflora.

(10 days incubation at the 25C)
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Hot water extractive
powder 0.5g(100%)

+——— n-Hexane

Soluble fraction Insoluble fraction
0.041g(8.2%) 0.459¢(91.8%)
<+— Ethyl acetate

Soluble fraction Insoluble fraction
0.053g(10.6%) 0.406g(81.2%)

4—— Methanol

Soluble fraction Insoluble fraction
0.160g(32%) 0.246g(49.2%)

Fig. 18. Fractionation procedures for hot water extractives from PF.

densiflora sawdust.

n-hexane 7F&% 82%, ethyl acetate 78+ 10.6%, methanol 7FH&& 32%

2231 methanol 7188 492%7F Aol o, d¢-FEELd EA3%s &

AL §AFTAH E&42 R d#o] 24 veEdd. a2vF 5% ¢
T3% B2 n-hexane 7}&%, ethyl acetate 7F&%, methanol 71-8% 1%

3 methanol E-&%5 PDAWIAo] &3eh vhs, FAF AAEE A5 19
19 WrEFH T
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Fig. 19. Effect of mycelial growth inhibition of L. edodes in the PDA plate
medium by solvent extraction from hot water extractives of P.
densiflora (1000ppm, 10 days incubation at the 25T).

HS ! n-Hexane soluble fraction, ES : Ethyl acetate soluble fraction

MS : Methanol soluble fraction, MIS : Methanol insoluble fraction
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n-hexane, ethyl acetate, methanol® &A2 FE&F A =z }5F %
AYUF 59 2£528 PDAMR Y 0.1% (1000ppm)9 ¥z 33 oS
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Fig. 20. Fungal growth inhibition ratio of sawdust extractives by solvent

in the PDA medium(1000ppm, 10 days incubation at the 25T).

7 Ao douA] Fxx, AUF Fel 7 &4 FE2ES dAF AN
6% = 713 E& AHul &S B3R oM, ethyl
acetateo] A ¢F 39% AE9 A v & methanol FEENAT o 33% A=

v oA Ased Bu

4

3T e ZF 84 FEEY A ARAH HES 10% HTem A

NS

$2L n-hexane FEEA

n-hexane F&EJA X1 A AFAES AsAl7]I=
ﬂ‘ﬂ%é ] 2o AL 9 & = JdAY. oI AIs T3 FAF A
O h Ny .
598 pn-hexane, ethyl acetate, methanol®] &AlZ2 23 FZ&3]

=3
o
P53 44 FEES 00124% (125ppm), 0.025% (250ppm), 0.05% (500ppm),
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0.075% (750ppm) % 0.1% (1,000ppm)e 5= £AE 3IWA7l S, PDA
Hix]ol) &b &jAlA wiAE FASe] 109%Fe Fu A AZES A

AT o) ZRE 2AE MANA XE 12¢] AAE et

Table 12. Fungal growth inhibition ratio of solvent extractives acquired
from P. desiflora in the PDA medium(10 days incubation at the
25C).

Fungal growth inhibition ratio, %

Extractives, ppm

n-Hexane Ethyl acetate Methanol
125 36.5 27.0 252
250 41.2 383 357
500 431 38.3 37.2
750 454 385 41.6
1000 46.1 39.6 44.6
&9 n-hexane FEEol thE F7Hx] &40 w8 & A AT A

A&s Hebth 53 125 ppme FEM 365%2 AH&S JEhU,
250 ppm oAM= FEA mWE JAELS A T WU gUor
level-off =t o]l8}dt HAL ethyl acetated A= TLEA Vel 1
Huy Hgg FEEAME FEEFEA w2 FAY AFA a7 o

A WEksieh

UE BY 84 FEIEES 539 0o, HUsA gYaznEndy s
% [e]

=5 2Y%3er, B89 FEEL Z 284 w2 A8,
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UV light (254nm) % 10% H:S504 &2 TLCel <3 #91-& et &4 F
FEEY AHE¥EL methanol FEEO 713 BE YER FH5HALH,
ethyl acetate, n-hexane®] &4 SAHE &7 3gE 71 HA YeEldd.
N4 n-hexane FE &9 ¥8ZA AR M= £ FEE F 4] 7%
22 n-hexane FE&2 w8 ZAH}E A7} &9l n-hexane! ethyl acetate =
1:1& AHE3te] TLCAIA &1 Z#E vehf o

Photo 3. Confirmation of n-hexane soluble fractions by column chromatography.

A UV light, B : 10% H;804 Column : & 60mm, silica gel 60 2000g
TLC plate : silica gel 60 F254, 0.5mm (MERCK)
Dissolvent of n-Hexane soluble fraction was n-Hexane: Ethyl acetate=1:1

o] n-hexane F#&F&-2 methanol#} ethyl acetate &4 Bt} F¥o] # =
oo, 6719 REYEAL 58 & Itk 19 212 n-hexaned 67] L H&
Aol i3k F3 FAF LS JERHRUTE o] EHES PDA giA A 0.1%
(1000ppm)&2 ¥ FALEZANE g1s Ay 29} 39 £ ENA 7 =
& of 35% " && YERRAH

TR =
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Fig. 21. Effect of flaction extractives for fungal growth of L. edodes on
PDA medium at 25C for 10days. (extractives : 1000ppm)
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Fig. 22. Inhibition effects of each fraction of extractives (1000 ppm) from
P. densiflora on mycelial growth of L. edodes on PDA medium at
25C for 10days.

M1 : group of two (No. 1,2) inhibitory compounds
MI: group of two (No. 3,4) inhibitory compounds
EI: group of two (No. 1,2) inhibitory compounds
EO: group of three (No. 3,4,5) inhibitory compounds
HII: inhibitory compound of the No. 2

HII: inhibitory compound of the No. 3
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Fig. 23. Effect of optimum nutritions for mycelial growth of L. edodes

in the softwood sawdust medium.(Dark 60 days from inoculation
and light 30 days from dark 60 days incubation at the 257C)
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AE FAMNA 22N LA o] & d Aow dddn. 9 24& 4
T FHEACA Hx dAaE wAle BAAZE YERAIY.

Q. variabilis

L. leptolepis >—|—4
P. densiflora b—i——<
P. koraiensis ’—ﬂ——"

0 50 100 150 200

First yield date of fruiting body, days

Fig. 24. Investigation of first production period for fruiting body of L.
edodes from the 300g block medium cultivations. (After an
incubation of 90 days)
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Sz weE.

- 119 -



250

200

—

W

<
-

—
(o
(=1

Fresh weight of fruiting body, g
W
[en]

Q. variabilis L. leptolepis P. densiflora P. koraiensis

Fig. 25. Fresh weights of fruiting bodies harvested from the 300g block

medium cultivations (harvesting period of 120 days).
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Fig. 1. Mono-mono method for hybridization of shiitake

strains to make new superior strains
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I'ig. 2. Confrontation cultures were made between a hybrid strain(11)
and its parent strain(P). Arrow indicates the zone-line
formation showing the hybrid strain is independent of the

parent strain

€ AE 23}, mono-mono(13 @ A-18FAhatu Yol €8] Table 154
#+o] FRI 397 & NM2& @5 /g Azxsdd. ngdFe d#A: @vA
7 A3} clamp connectione] #&x 1, wFFole] x|k 73} x| M o)
ARoeN RiFes bE SdFF Yol Qs AHFig. 2).
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Table 1. Hybrid strains produced by Mono-mono mating method

. Hybrid strains Temperature types
Mating of strains ) )

produced of hybrid strains
FRI 151x178 FRI 397 Y6
FRI 163x178 FRI 398 Low
FRI 150x152 FRI 399 Low
FRI 152x178 FRI 400 Low
FRI 152x179 FRI 401 Low

2) Di-mon au*y ol |3t A FA=

Di-mon(28] 7 A-13dAh) A & Fig. 3014 E& vle} zho] 3wl A
Foll Al Mz g F59 28 FALSY 1HFALE HESH, 20 FA7 19FALE
AN 27 A ez ZaEe] A4 28 FAE e A= W ol

Fig. 3. Di-mon method for hybridization of shiitake

strains to make new superior strains
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285t AFQl FRI 483 & Aate] abg5se] 19
TAHATF A o) B2 47}A] 7} 91€)¢) FRI 533, 534, 535 2 5369 Di-mon(23] &
Ab-18] T AL L H] R o] 013}1 th&-o] Table 2¢F o] 22709 2@ FueA o
A 23} 51 ek Fo 7AtE FnA A4 23 clamp connection®]

=

2um, waRsel ARG A5 A0 GLOLA BITHE dE 59
2
ne

%
ofy
kI
flo
ox
=]
k]
EY
N
il
ol

Table 2. Hybrid strains of mid and high temperature type

produced by di-mon mating method

Hybrid strains ) )
Mating of strains

produced

FRI 537 FRI 483 x 533
FRI 538 FRI 483 x 534
FRI 539 FRI 483 x 535
FRI 540 FRI 483 x 536
FRI 541 FRI 486 x 533
FRI 542 FRI 486 x 534
FRI 543 FRI 486 x 535
FRI 544 FRI 488 x 533
FRI 545 FRI 488 x 534
FRI 546 FRI 488 x 535
FRI 547 FRI 483 x 536
FRI 548 FRI 490 x 533
FRI 549 FRI 490 x 534
FRI 550 FRI 490 x 535
FRI 551 FRI 490 x 536
FRI 552 FRI 491 x 533
FRI 553 FRI 491 x 534
FRI 554 FRI 491 x 535
FRI 555 FRI 491 x 536
FRI 556 FRI 496 x 533
FRI 557 FRI 496 x 534
FRI 558 FRI 496 x 536
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28l F A0l FRI 478 5 3709 A4 EawF3EZ 34319 2559
18} FRI 534 % 470 @59 di-mon(@8FA-18FAh el ol 28] o
] Table 3% #Zo] 9719 M2y FAXA FFE AXIIA S
A= @A A7 A3 clamp connectiono] #AE L HAt

Ash A el Aoz EidFoE v SHETYC] FAHUH

Table 3. Hybrid strains of mid and low temperature type

produced by di-mon mating method

Hybrid strains . .
Mating of strains

produced

FRI 616 FRI 478 x 534
FRI 617 FRI 478 = 535
FRI 618 FRI 484 x 534
FRI 619 FRI 484 x 535
FRI 620 FRI 484 x 536
FRI 621 FRI 485 x 534
FRI 622 FRI 485 x 535
FRI 623 FRI 485 x 536
FRI 624 FRI 494 x 534

wujg e AzE wFTFF FAE ] mono—mono il
o s vhE Ao wAME A HlF dAR d wE Aow A
ol R} g Ao AYzw

o},

— 127 -



3) 4 AAE3IY
oA nud FrHA AFHAAUYEVIHE AHSEE TG
2 d¥= gS3 2
7 IAE AR §4%3% A849
0.1% Chitinase, 2% Cellulase, 0.1% Zymolyase®| Z3-2 ¢4d82A <+
&0] T3 ol & £¥E Aol & Aoz i
W) 2xE AEd g4y 4447
Cellulase 50mg, Novozyme 50mg, B-Glucuronidase Smg/ ¢ &) ZFHo = 2

AP AYA 44%107/m0 £ 4FAAE 2L F Yol ¥S FEE R

3 7 FHAHol 22FPE di-mon WH]HO)
O

AFFTE] FAH BEAYRA
7t Az 4 9y
B Ao AMES ANEe Zassl FAAF 6709 2T F(FRI 405, 484,
488, 490, 491, 496)} o5 R#FE wujAZ) 15709 AAFFE AHEE]
AH FABAE B4 A H(Table 1).

Table 1. The shiitake strains used in RAPD analysis

Parents Progenies
FRI 488 X 405 FRI 544 FRI 546 FRI 547
FRI 490 X 405 FRI 548 FRI 549 FRI 550
FRI 491 X 405 FRI 553 FRI 554 FRI 555
FRI 496 X 405 FRI 618 FRI 619 FRI 620

FEaA TFAA dHEFZ=AL Y8 A8 dF52 Rotary shakeroA 30¢

B
Fodgdfora o). At dAMAE FHEES filter paperz EEd T



THTZ AHeA . Genomic DNAE F&317] Ao ZRTFAAE 75Tl A
A AxA F FAA 1gs AAAA(-196T)E HIbsto]l whsfaizidh
Genomic DNA®] F& WH& CTAB FEWHE AHEsdon, Algd 3m
CTAB extraction £ 25 M NaCl, 05% PVP-10, 1% Cetavion
(hexadecyltrimethyl-ammonium bromide), 0.5 M Tris-HCI (pH 8.0), 0.25 M
EDTA (pH 80) 5& #7ksto] o] &3tk #A A7 FE2 &AM 2% &
gtel S 640 P-mercaptoethanolS 718t 65C 2] water batholl Al 40% &
b T D AS AV GdT EFE AEE SEF 12,000pmo2 94
B 3lo] FEAe F35d, 22 42 cholroform isoamylalchol (24 @ )&
Orpme 2 Y82 stk AZE tubedl FESHE A
Aste -20C 9 Isopropanold &H7}slel -20CelA 24A17F Genomic DNAE
HAAZD F 5EFQ 12000rpmez2 I E st A et A E Genomic DNAE
1504 TER &e3t9dvt.

PCRo| 93 DNAZZS 93 A3t random primere OperonAle)
10-base oligonucleotide primer kitE AF-83}thH(Table 2). PCR $%& # 3l
05 10mM dNTPs(dATP, dGTP, dTTP, dCTP), 25uf 25mM MgCl2, 2.5u¢
10X Buffer, 0.5 unit Taq Polymerase $°] &+9 10442 premix& FHI8HS
i, bul primer, 5% Genomic DNAE #7138t 2002 reaxtion mixtureE 0.2
me PCR tubeo] Wi PCR TE712 FTEZAIZAT PCR TFEL2 94TA
1% 7t denaturation, 36 Col A 127} annealing, 72 Col A 283t extension %
0.7 45 cycle¥ ¢t HHEE )T},

PCR #ZAI5 2 TAB buffer £ %0 1.2% agarose®} 10mg/ml EtBr& #
7beted AX7F o A7E TS AANSe Bl AlFla, UV transilluminatorol A
AR &9t PCR $%4H2E 100bp DNA ladderg Ab&3tol 244
DNA¢t =71E H@sgth. PCR o
UPGMA 4§ 3 ZaF

}1_4‘
N
L
>
AT
]
3
A
offf
%
—
oo
8

olN
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Table 2. Sequences of primers (Operon Technologies Inc.)

No, Primer sequences No, Primer sequences No. Primer sequences No. Primer sequences
OPA-01| CAGGCCCTTC |OPA-11| CAATCGCCGT |OPB-01 { GTTTCGCTCC | OPB-11 | GTAGACCCGT
OPA-02| TGCCGAGCTG | OPA-12| TGCGCGATAG | OPB-02 | TGATCCCTIGG [ OPB-12| CCTTGACGCA
OPA-03] AGTCAGCCAC | OPA-13 | CAGCACCCAC {OPB-03 | CATCCCCCTG |OPB-13| TTCCCCCGCT
OPA-04] AATCGGGCTG | OPA-14 | TCTGTGCTGG | OPB-04 | GGACTGGAGT | OPB-14 | TCCGCTCTGG
OPA-05] AGGGGTCTTG | OPA-15| TTCCGAACCC |OPB-05{ TGCGCCCTTC |OPB-15 | GGAGGGTGTT
OPA-06| GGTCCCTGAC | OPA-16 | AGCCAGCGAA | OPB-06 | TGCTCTGCCC | OPB-16 | TTTGCCCGGA
OPA-07| GAAACGGGTG | OPA-17| GACCGCTTGT [ OPB-07 | GGTGACGCAG | OPB-17 | AGGGAACGAG
OPA-08| GTGACGTAGG | OPA-18 | AGGTGACCGT | OPB-08 | GTCCACACGG { OPB-18 | CCACAGCAGT
OPA-09} GGGTAACGCC | OPA-19{ CAAACGTCGG | OPB-09 { TGGGGGACTC | OPB-19 | ACCCCCGAAG
OPA-10} GTGATCGCAG | OPA-20 | GTTGCGATCC |OPB-10 | CTGCTGGGAC | OPB-20 | GGACCCTTAC

4o dd g ug

CATB WHo2 H1 Genomic DNAE &% Z1 013 ~1.20pg/uLe]
= DNAE 2<¢ & Ik Genomic DNAS FEF ¥ 40709 Primerg
o] &ste] DNAE FFAZl 23, OPA primerd A= OPA-01, OPA-02,

OPA-04, OPA-05,
OPA-18, OPA-19¢] 127}, OPB primerol A &

OPA-08, OPA-10, OPA-11, OPA-12, OPA-13, OPA-16,

OPB-01, OPB-06, OPB-10,

OPB-11, OPB-129] 57194 DNA<2] F%o] a¥3 o g dojytti(Fig. 1~3).
A3 primerdl A E1el BFA Wiz Hol:E ZEALES] (0.50-0.75kb,
0.75-1.0kh Z7|AA FE&Hoz #ZHAA(Fig. 1). Primerol weh 2 #53

of Fed HA 59} Aol &
deoz e

o
L

T

.

=
T

PAt (Fig. 2).
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- BAndb AT S RAR AT BAD AN ERE B4 SEE 401 45 556557550 496 516 619 520 484 408 ¢

Fig. 1. RAPD profiles in mycelia of shiitake strains with primer OPA-02

-  And g ; AN TATABESA D49 50400 551 BRA ShE s b

Fig. 2. RAPD profiles in mycelia of shiitake strains with primer OPB-1

Fig. 3. RAPD profiles in mycelia of shiitake strains with primer OPA-12
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Fig. 4. UPGMA dendrogram derived from the RARD profiles of genomic
DNA in the 21 samples of shiitake strains. Genetic similarities were
obtained by random amplified polymorphec DNA analysis with 20

primers.

Table. 2. Genetic similarities between parents and their progenies.

groupl group?2 group3 group4 groupd

parent 488405 490405 491 1405 496 405 484:405

544| 31 1 30 |548| 60 ; 31 |553{ 50 | 54 [6566] 25 22 |618| - | 19

progeny|546| - | 451549| 39 | 42 |554| 35 : 25 |557| 71 1 291619 | - | 56

547| 33 * 47 |1550| 48 | 26 |555| 30 | 29 |558| 57 36 620 | - & 32
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4. FnATo AR, A SEQAF S T $FEFT AL
7h Ag 2 3y
1) A gu Ao o g §Fdg A
AT HAATH BE}L v AFTF4 =P HFF FRI 478
s A 2670 FFl dEte] 2kge] AMAE FibiAZUFERRTIE &
iAol HFshe] 22°C, 60~70%2] wjFAo A oF 3~47147ke] ¢ - Huj A
S iRl AR A S T AAA ] 54 AAES 2AEA T

2) AFFAN o FAF A

AT HRATH RAFA agiFs FJTFF FRI 169 5
287 #5E TA dFE AMEsHATH

A o] xAde] e wWe] I S FAsty] A Fw A4
WA B v]Ee] wiA T 27k Wi E A ARgetdnh. A A
9 68% (A ZYF F¢S 1-2mmi2-3mm:3-5mm = 1:1:1 H] & ]
20%, WAZH0%, A511%, A¥E1% ¥&Z & HoF T FEFZFS
Z43 HA7Z 10cm, Z°] °F 40cm® PPEA (FA Aol filter7t F2dE
gg NS Ao 1,750g A 2ol 5 wix & WEQG. 7|9 ujA
T Y BB(ARRAT U WEem 3, WA 19%, AE 3% HE=
FHE F AT YT HHoR I9FY mAE THEAT

PPEAd] 22 wiAE 121CNA 90%3r ngddstdet. FTH4HFTS
WA 228 of 20C7HA] "Holm=d thg Foidd wiAE SEwal AT ¢
Aoz wA ¥ 47dE A2 "o E%‘% AE7E olgstdd &
A ok 10~15g A FZFstAch wiAEFE FxAEe] Hel e dPET
4 HAGATA A (RE 22T, 5 40-50%)°1A60-7043F ¢Hui <, 20-30
A Huj g F FrHEAAME sk

BN % sbd, A, &8 FAAA dA FrHAAANE HAAEGAT. A
B Ao doda A Hode HlEaf2elAM 1957E
647tx] HE EFAd A HAEALG S ST QAL iR 2=
al A&7l Ystd A7 LHEA(SATO, Sigma-IDE A vl AL
STANAS AZAH T L BEHE FFE IR WAl A 4
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L < S T B
1) Atz Al o] o -Fds A
AR A A A g T F7E FE o] AulsstdA AEEFAA o
g AR 4 HW" F&set. 33 #8729 A}, Table 194 B
uko} o] FAlTFFES FRI 483, 486, 488, 490, 491, 496 5] Azt FH
Fuete FHTTE UEyTE o]F FRI 4833 FRI 486 5°¢] 2kgviAl= 2
Z} 3533} 303g2e] AAARE Ko $oaFE AlsET

Table 1. Fruit-body yields of promising shiitake strains

selected for brick-shaped sawdust media

Strains Productivity Avg. wt. of
per medium fruit-body
FRI 483 220g/2kg 22g
FRI 486 303g/2kg 19¢
FRI 488 353g/2kg 10g
FRI 490 258g/2kg 16g
FRI 491 254g/2kg 17g
FRI 496 280g/2kg 14¢g

2) A AA o FAFT AL

TTRAETCl BY F o 37fE] wlgE AXWUA FREAIZE s
o HUrhFig. 1~2). 4o & wAE A AuAR HAA 5ok HAE
E79E ot 3-54Fe dHolrt Hi 5-7UFA A= AAAVE HAok
(Fig. 3~6).
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WAE AR &7150 A Mol A BT 29 2047 A
A W] 257 Hat % 5TAER fAHU7E FEA de HAe #3842
9 28¥0lE 227 5-13TC(BT 97), 5% 70-95% A% om, 29 2195H 2
4 27479 HE £5F F 7C, 5 3 4 0% BAEHT o] A
of WAle] ¥AIEE uwix]= FRI 169, 483, 486, 488, 490, 491, 496 % eolw, FRI
208, 5272 W Aol wAFA] gkttt 237 WAool LG AH<S 4€ 23¥ 7
of AuiAb Wi 2x+ He 15T, F5€ 70-9%5% A= HAeY, olwe
FRI 2087 ¢l HEd WAE A ZE wjxoA wAe] A

AR AL E4FE ARt B AFIAG RS A% A
BS 5 iAWY FEFF AVE Adstae A Qe 23X &% HA
7F oF 10T, % HAE oF 16% AE =AU

A9l Aatekg 3 A3 (Table 2), 7424 wiA A= FRI 169
% 9/ #F7 8 Row Yehdrh o|% FRI 4913 FRI 1699 44|

T 27t 364kg T 280kgS B UM ST E ARHY. Ay

o= %Eﬁﬂ FaFIMAY WA Adgrvie B4 AT BE A5
AR EAS B3 5 Addm B IR b Fagke] A
T o] F oAt

71E 9] wjx]o| A& FRI 488¢] Ajibako] 7b Bl dF3te] Ao
Apol7b o] Wi},

l-

N
[F%]

it
o
2
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Fig. 1. Early stage of mycelial growth in cylindrical sawdust

media after spawn inoculation of shiitake strains

Fig. 2. Mature stage of cylindrical sawdust media after

ca. 3 months from spawn inoculation
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Fig. 3. Pipe-vinyl house for practical sawdust-cultivation of

shiitake strains tested

Fig. 4. Inside view of pipe-vinyl house for sawdust-cultivation
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Fig. 5. Primordia formation of shiitake on cylindrical 1.75kg-sawdust

medium inoculated with FRI 169 strain

Fig. 6. Fruit-body formatiom of shiitake strain FRI 169 on

cylindrical 1.75kg-sawdust media
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Table 2. Fruit-body yields of promising shiitake strains tested at a

Chinese style sawdust medium and a conventional sawdust

medium

Strains Chinese medium Conventional medium

Fruiting(g) '  Quantity * Fruiting(g) Quantity
FRI 169 280.2 13.0 51.6 1.6
FRI 208 107.1 1.9 79.0 3.0
FRI 483 161.2 6.7 211.0 8.8
FRI 486 221.7 8.7 220.0 18.0
FRI 488 139.8 5.0 291.0 10.7
FRI 490 264.0 145 NT ? NT
FRI 491 364.3 14.2 NT NT
FRI 496 224.3 9.8 NT NT
FRI 527 156.0 6.2 67.0 2.8

R Average amount of fresh fruit-body harvested from sawdust media
? The average number of fruit-body per sawdust medium

¥ Not tested

Ag vl ws] B (Table 3), FRI 208 ¥WiA| oA A4te
H S 2 vtehvim, FRI 496 wi=]ol A Aabd BA S ol
e FFEA W duidow s "ol s #dd F Utk

712 WA E A wixet FAEE Zd3e @RUEH, FRI 208
HiZ] ol A= AL dhAjo] ®x] gkok: FRI 486 Wi x|l A A4td wAle FHo
OE FTEY 9 F34nh

NEel WA AN WA BF2P FAY FAPAE P B

#Fre WA E
_]

pond
)
N
-l
o3l
o

g 7

.

—_
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Mol AR ARAlE 438 Aol e B, R A A gl
A A7 WAk 7)Ee] WA ofg S H% 4 Ua FRI 169

=3
U FRI 527 22 ZA9-dE 71&9 wixng AZ4A42 wxfA] #HA Aol

1-2718 Ax wsgic),

rir

Table 3. Fruit-body quality of promising shiitake strains tested at a

Chinese style medium and a conventional medium

Media? Strains Fresh wt.(g) Pileus(mm) Stipe(mm)
(FRI)  of fruit-body Diameter Thickness Length Diameter
169 30.6+22.1 68.0+21.6 211+ 67  29.7+104 11.4+ 43
208 39.9+12.3 70.0+144 265+ 26 4477 65 174+ 2.7
483 29.3%22.0 64.3+22.6 197+ 84 459+ 7.2 12.0+ 3.7
486 35.0115.8 68.2+14.9 231+ 46  39.1z% 98 12.3%+ 2.0
I 488 32.0+10.8 71.8+ 85 229+ 37  399% 69 127+ 2.2
490 28.2+19.0 62.5+17.3 178+ 32 354+ 85 11.7+ 1.9
491 336186 69.3+13.3 21.3+ 37  38.3%148 134+ 46
496 21.9+116 59.8+12.7 201+ 41 366% 8.2 12.5¢ 4.0
527 279%122 65.1+14.2 267+ 40 433+ 82 151+ 25
169 280+ 64 69.2+ 8.6 277+ 60  435% 41 184+ 0.9
208 30.0+ 3.0 56.3+ 5.3 333+ 33 518+ 58 26.1+ 21
1 483 30.7+14.6 61.5+16.8 239+ 41 438+ 88 16.5+ 5.6

486 41.6+22.1 724+18.3 287+ 54  435t106 17.0% 46
488 25.5+135 56.6+14.7 241+ 48  40.2+ 93 146+ 3.7
527 255+ 78 60.0+ 9.6 264+ 55 409+ 538 15.3+ 3.0

Y 1: Chinese style medium, II : Conventional medium
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Fig. 7. Monthly productivity of FRI 169 by a Chinese style sawdust media
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@ FRI 208
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of 54 &xo FFHo dedH, WAL A7 2R 11-2TET
135~20C) % Fd 15T olstellAE BAlwAgo] A e AR Hol o
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Fig. 9. Monthly productivity of FRI 208 by a Chir{ése style sawdust media
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Fig. 10. Fruiting temperature of FRI 208 tested by a Chinese style

sawdust cultivation from January to June
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@ FRI 483

HAE 249 2397 H 69 17977 2o, 39 5¥o& EAo] gl
il

ok BAEA A7 LR YE -1~28T(HT 3~200)8 535 FoA
HAEAY 229 8~20T ek FARE Zdtolw, 49 WALl FJIF
Ag nge) B o] A7le HELxl 10~18T7F viAldge] H4d
oz Azpt(Fig. 11, 12).
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Fig. 11.Monthly productivity of FRI 483 by a Chinese style sawdust media
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Fig. 12. Fruiting temperature of FRI 483 tested by a Chinese style

sawdust cultivation from January to June
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@ FRI 486 ,
B 29 239U %E 5€15U7A Ao njd gEaAeR AU
WAL A71e 2EY¥eE -3~23C(HF 3~18C)E ol S ZdA
gl 18~28THRTE ¥ 24 By Aolu B iAo HFAoR o
o] M 297 4499 =& neld i ogs A@PT 2EEHAs
18C, #1L% 23CE 9A &€& Aoz AL (Fig. 13, 14).
J1EY XA E 39 293 69 1797hA wj@ 2ol #AHUTD
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Fig. 13. Monthly productivity of ’FRI 486 byaéhmese style sawdust media
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Fig. 14, Fruiting temperature of FRI 486 tested by a Chinese style

sawdust cultivation from January to June
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® FRI 488

HAE 249 23U5EH 69 14974 LA g o 39S AYstas wjd A
ek WAL A7l LeWYE -1~23C(HAF 3~190)2 T3 FoA ¥
g 14~22CHRTE 22 2RoA HAEY HAEEo] & dof Hla) &
del 299 49 F 499 Hv)2vHE nH T 10~23CT(EH T 13~18T)=
Fo &AM SE9 FAEAY B A AE 491tk 2490 A TR0l
ofzt o Botthe RE fFosiord A Zoh(Fig. 15, 16).
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Fig. 15. Monthly productivity of FRI 4838 by a Chinese style sawdust media
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Fig. 16. Fruiting temperature of FRI 488 tested by a Chinese style

sawdust cultivation from January to June
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® FRI 490

HALS 29 23R H 69 1727HA 598 A9dsta wjg ST AL
A71e] 2EWSE -3~23C(HE 3~200)2 F7 FoA W3 14~26THG
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Fig. 17. Monthly productivity of FRI 490 by a Chinese Styler sawdust media
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Fig. 18. Fruiting temperature of FRI Z1“90 tested by a Chinese style

sawdust cultivation from January to June
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@ FRI 491

HAL 249 2045 H 69 17474 wi Ao g S HATA A
19 2= E -3~23C(HF 3~200)2 S FolA 93 18~28T ¢+
Ax7F wol MoAe AFE ATh HE e FFE vlE 6 B
o) Botal 4~699] Htr|2o] 14~20T A% HE 5 JA= 7] 23
SR ¥g = dAR B AFdAE Hdv|Ee] 3~9T 2€9

o
HALA ] FFEojdrtes H& Fosierd A ZohFig. 19, 20).
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Fig. 19. Monthly productivity of FRI 491 by a Chinese style sawdust media
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Fig. 20. Fruiting temperature of FRI 491 tested by a Chinese style

sawdust cultivation from January to June
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FRI 496

HA 29 2097 H 69 14¥7HA oY #AAHoR 2AYY. 5 F
Ay 2EWHE 18~28C 2 FRI 4913 #o] Fneygon REFsun

JATE B A E HALA A7 2 rt -1~23C(EHT 3~200)%

o HASAE AH27]2 290] 4911} “‘%Q(Flg 21, 22).
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Fig. 21. Monthly productivity of FRI 496 by a Chinese style sawdust media
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©@ FRI 527
WAL 39 289 %H 69 179U7kA] v rRA o2 FARE WAL A

719l LEHAE 1~26THT 7~220)2 tiF &9 HAL Ho 15T delA
A Sl v (Fig. 23, 24).
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Fig. 23. Monthly productivity of FRI 527 by a Chinese style sawdust media
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mushrooms

Table 1. Check list of disease survey on shiitake mushroom cultivation logs and
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2T EH M (Stereum sp.) - =3 71 9} Z= W X (Inonotus xeranticus) — &%

o) (Trichoderma sp.) - &3
Fig.1. Major fungal diseases in shiitake

mushroom cultivation areas
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b As R By
D =435
EaER A7) w2 R F4E AASS

2) A

=
AAA FoezAEH WATS Fejste] WAl Bastdas d@n7

y = %
o Hdde dud EAL A WSy 5EAS AT 2, F4E ded ¥
AR FEFHO(Trichoderma spp.), TIrBWA(Diatrype stigma), HESHA

(Hypoxylon truncatum), 7S489 A 2 (Stemonitis sp.), 15w A (Coriolus versicolor),
71 9} =W A (Inonotus xeranticus), X v A (Schizophyllum commune) & ©] At}

Teg MAF FAA g 2 NE Qe Aom =AY FEFF| YATFE

RElste] wigstEA @wAE ojgste] e 5 g S o3 FAH% 2,
3 9 <EAYA A, BT FEFFo] 47FE FHAAM BT 57t
Trichoderma pseudokoningii (T. citrinoviride) 2, ¢HEol A ®eld 5% T. harzianum,
T atroviride 1, 12 FARF U T pseudokoningiic ¥ JMe IXE FAIoH
FzAE AdFoeg wy gAY vl T harzionumsS A2 589 IAE JAH3IHEI £
AgAgLe RAZ WA, T, atrovirides RS HM9 ZAE A FA3e 54E& A

Y It (Fig.2, Table 2, Fig.3)
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Fig.2. Colony morphology of 4 isolates of Trichoderma spp. isolated from the infected
wood logs or Shiitake mushrooms. A: T. pseudokoningii, B: T. harzianum, C: T.
atroviride 1, D: T. atroviride 1I.

Table 2. Identification of 4 green mold isolates from Shiitake mushroom cultivation
areas in Chunchon and Andong '

Isolate no. Isolation area Cultural characteristics Identification

light green spores Trichoderma pseudokoningii

99100(A) Chunchon relatively early sporulation

medium changed yellow (Lcitrinoviride)

dard .
99106(B) Andong ~ar green spores . Trichoderma harzianum
relatively early sporulation

dark ..
99107(C-I) Andong .ar green spores . Trichoderma atroviride 1
relatively late sporulation

99108(C-11) Andong dark green spores b oderma atroviride 11
relatively late sporulation
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A B C
Fig. 3. Microscopic observations of conidiophores and conidia produced by three
different Trichoderma species prevalent on shiitake mushroom cultivation area
in Chunchon and Andong.

A: T, citrinoviride (T. pseudokoningii), Condiophores are hyaline, smooth walled,
arising mostly from the substratum to form irregularly shaped tufts, main
branches long and relatively straight. Conidia small, 2.8-35x1.8-2.4 gm, dilute
green, smooth walled, ellipsoidal, apex broadly rounded.

B: T. harzianum, Conidiophores are hyaline, smmoth walled, main axis 2.9-4.2 gm in
width, primary branches arising nearly at right angles, or bent slightly toward the
apex. Conidia green, smooth, 2.8-3.5x2.3-3.1, subglobose to ovate, rarely ellipsoidal.

C: T, atroviride. Conidiophores are hyaline, smooth walled, main branches long.
Conidia smooth walled, greenish, subglobose, rarely globose or ovoid,
3.1-4.1x2.8-3.4 um in size.
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Table 3. List of various strains of Lentinula edodes used in the experiment

Temperature conditions

Culture Collection # Strains . L/S?
for fruiting

1 Sanrim 1-Ho L L
2 Sanrim 2-Ho H L
3 Sanrim 3-Ho L L
4 Sanrim 4-Ho H L
5 Sanrim 5-Ho H S
6 Sanrim 6-Ho H S
7 Sanrim 7-Ho H L
8 Sanrim §-Ho M L
38 Imhyup 1-Ho H L
39 Imhyup 1-Ho mutant L
40 Imhyup 2-Ho L
41 Imhyup 5-Ho L
42 Imhyup 6-Ho M L
43 Imhyup 7-Ho H L
44 Nonggi 1-Ho
45 Nonggi 2-Ho
46 Pyogo
47 Le357
48 Nonggi 3-Ho H L/S
49 Geobukdeung
50 Le465
51 Bio-shiitake
52 Le301
53 Neolentinus lepideus

1)"_[‘emperature conditions for mushroom production. L: low, M: medium, H: high

temperature.

“L/S: L: strain for log cultivation, S: strain for sawdust cultivation.
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Table 4. Resistance and susceptiblity of Lentinula edodes strains against Trichoderma

species
Strains Resistant(R) Intermediate(I) Susceptible(S)
1,3,4,5,8,38,39,41,42 43,
T. pseudokoningii 52,53 2,6,7,40,44,49,51
45,46,47,48,50
1,2,3,4,5,8,39,41,42,43,
T. harzianum 38,50,52,53 6,7,40,44,49 51
45,46,47,48
T. atroviride 1 38,39,41,43,50,52,53 1,2,34,5,8,42,46,47,48  6,7,40,44,45,49 51
T. atroviride 11 39,43,46,50,52,53 1,3,4,5,8,38,41,42,47,48 2,6,7,40,44,45,49,51

Fig. 4. Variations in pathogenicity of 4 isolates (A-D) of Trichoderma

species against a strain of Lentinula edodes (51).
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Fig. 5. Differential responses of various strains (8, 48, 51, 52)
of Lentinula edodes to T. atroviride 11 (D).

Table 5. Frequency of survival isolates and relative comparison of Trichoderma species
in pathgenicity by trans-culturing of dual-cultured isolates of Lentinula
edodes with Trichoderma species

Distance(cm) from L. edodes agar plug in dual-culture

Strains \
1 2 3
T. pseudokoningii 2 (8) 9) (1)=*
T. harzianum all varieties of L. edodes trans-cultured were not restored.”
T. atroviride 1 (2) (12) 6) (4)
T. atroviride 11 9 (6) (7 (D (2)

* The numbers in parenthesis indicate the number of varieties of L. edodes re-grown
after trans-culturing.
WAl varieties of L. edodes were dead by dual-culturing with 7. harzianum.
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Table 6. Disease severity of Trichoderma species on culture block of each variety of L.

edodes
Resistance/Susceptibility Resistant(R) Intermediate(I) Susceptible(S)
Treatment Varieties 38 50 1 3 40 44
T. harzianum (S) 50 67 100 83 80 90
T. atroviride 1 (W) 47 20 40 40 0 0
Untreated 0 0 0 0 0 0

Each figure indicate the mean of three replicates.
Disease severity was determined 3 weeks after inoculation and expressed by the
relative area of the invaded part of the surface of the inoculated blocks.

Fig. 6. Inoculation of green mold on sawdust culture. (left) untreated, (right) inoculated.
Fig. 7. Re-isolation of Trichoderma species from the inner part of sawdust blocks.
(left) untreated, (right) inoculated.
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4. @A ALY, A8 x4}

7b Als 2 3y

1) X #F
FEFFo|FNA Bdol 71 A% Ao AWH Trichoderma harzianum 5
& A&ttt
2) FETZol #AAZ WA= 5, pH, @49y, A4A 47
7h) A3 PDBHIA o] cork borer® Agret W] FAIZRZIS HES g
i k2 5(10, 15, 20, 25, 30, 35)) 4 wjekstdAA TFAF BF H(fresh weight) 2
& (dry weight) &4 ¥ 13 o

W) 7hek 4 Wwow HEFAS HFFEn ohAd pH (3,4, 5,6, 7, 8, 92
Z 25CoA wjdsta FAF A= F(fresh weight) 2 AZ ZH(dry weight) £ 4
H] oL sk ATk,

h g EFel we AT HS wasty] §stel WB(E A E5A
o2 A Y(asparagine 1%)S H7star #@ihYe T3 F(glucose, xylose,
fructose), °]@F( sucrose, maltose), T3 F(starch, cellulose(carboxymethyl
cellulose - CMCO)E 10% (100g/2)9 s =2 H7lste] wixE Az & HEd
S HFslar dAY A F H(fresh weight) 2 Z(dry weight) &4 ¥ 23}l

b dade] FFHe mE AT FS vasty] fste] WB(EFHHADA &5 4
02 ©2(glucose 10%)S H71eta FAAYL KNOs, (NHy):SOQs, urea,

peptone, asparagine 5% H7ste] wiAE AR F JFTIS HEskar A
A Z % (fresh weight) @ A% F(dry weight) =74 8] u s} t}.

F%o] #59 AP vAE= B9 IF

FEFRolE XARE Fole] Bol HAstH AulAbdlA AxtEEg A
FS ZAMSE7] 915ke] PDAGLAE A2 PDB(A A uj =)ol BETAS
(15, 25, 35)9} FxACGEH, &, 4 o 12A wd)g AsHM o

A
%8 HaemacytometerZ® Ab-£3lo] &34 vl w3 o

=

%

oft Fel

FEFFO] dFT BCTAM FAMREe] 7 S8k 30T, BTe 245 A4
[e)

==e]

2% sucrose, fructose & xylose, maltose 5 HU} 2 o] &
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6‘}%‘;31, a2 KNOsE 71 & o] &8kt pHaolM BHe] 713 =3t
AME AFo] A2 FZegiont pH3e A= Aol
2eld AP FE 25T BAHANM M B A5 FAsAn B/
olg 124178 wulz A3 2ANAE ZA olrt gk aEy A E 23
°& AT 15T oA FAYE 3 2AFAY ol 7Hest e
u 35CoAME T4 A St
D W Fxrt AR A= 9%
FEFFolE 25T FAEFF) Mg Bk, 30, BTR 257t Foldss o
A ERo] Hab sl 3BT E 25Tl wigte] oF 1/3¢Fd =3 H.(Fig.8)
& ol A FQ A= 43
FERAMAGeNA FEggole] YL F2 AL ARk A v e ¥
AFAAE dASE ¥ 2 2 AAE A AT F Yok 15CAA S LAFFL

2
5Cel Mo BAFe vaiy 9T FxAsAAE o 1/65F HERLH, §48 2%
A

]
) ga 99 FHRI dAAR A= 4F
gd2d FoNA sucrose’t TAREFE g F3EkA sE A, fructose, glucose,
maltose, xylose2] &0 2 FARAY A gL v H)(Fig9)
4) 299 FTH7F ARG A= 9F
Aa9Y FollME peptoneo] ThE Ao wste €53 TAAEE FZoA A
31, KNOs, (NH4)2SO4, urea, asparagine 5 < A= H]5=38t 4 th.(Fig.10)
5) pH7} FAMAZ o] v =
pH4ol A TAME G o] 7Hd 4583 pHS-9Ato]= pHASE A Apol& Holx &
Skoh pH3C A= FAME G ol 12852 A28 Ak (Fig.11)
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Fig. 8. Effect of temeprature on mycelial growth of Trichoderma harzianum.

(Left) fresh weight, (Right) dry weight.
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Fig. 9. Effect of carbon sources on mycelial growth of Trichoderma harzianum.

(Left) fresh weight, (Right) dry weight.
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Fig. 11. Effect of pH on mycelial

growth of Trichoderma harzianum.

(Left) fresh weight, (Right) dry weight.
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Fig. 12. Effect of temperature and light condition on sporulation of
Trichoderma harzianum.

L: light, D: dark, L/D: alteration of light and dark (12:12h)
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5. AEA, WA, 34 WA= AR

5% 0] FAIFA (T A) vl P A
o]l HAE 9&te] AFRE 31 9+ thiabendazole, benomyl, prochloraz % 3%
o HAAAE APRS FEFFo] 47 F Hi TF 24FFY TAAY 2 ZAFAA
TR e dEFS T HEtq FAE sEHEE HUME WA wjgd Fo TAARE
2 ZAPAE A A= vastgrh
2) FE34%o] HAFA(ALEA) vaAA
AYEAZE 5F ALHT Y= F YA (Trichofree I, Trichofree II, Key Green-721,
Bz, 2UF BExd)o F2FFo|BF 45 didt AR AdAEHE 2
3 TERE iAo Hubetar FEFFo] JEFAE HEok] wig

=
=
Shn FeggedTe FAATAA L 2AYY A8 24 wuwgch

=

1) 2330 FAGA(FFA) nuzly

T Al 2kA] FoA FrpA](thiabendazole):™ 25ug/mbe] A s oA FEFFo] 45
29 FAEAEE oF 90%, benomyld 95% AAIAAT, S0ug/mle] AT FEol A
thiabendazole2 T3 TAPA o] e S v A HA 2o} benomyl 60%7 =9
AA &S e

IS
22 benomyld & FEE XA Bade AAS AdAAIE= 4
H$E st HARARA ] B J3FS nxA 2 ReFE AZEH thiabendazoleo] &3}
A9 WAl Al =z FHHACH

%3 thiabendazole® benomyl ¥3] FE2FFo]e IXNFAP L £ HEZ Al A
o2 vErged], ol ATE T oA Hdre EAPAAE JdAANA HAdLEY F2

I AgS = a3 ReZ Az (Table 73 8, Fig. 13)

2) FEF%o| BAFA(DIA) v AA

HAGIFAZ SEH EFmzg-12 10 p/me FToA FAREH ZAFES
100% A8t} FEF%0] LAE Y3t AFA 22 ApLo] 7Hsdt AEH HAA
2 AzZbEc (Table 9, 10, 11, 12, Fig.14¢} 15)
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Table 7. Comparison of three fungicides in inhibitory effects on mycelial growth of

Trichoderma species

Fungicides thiabendazole benomyl prochloraz

Isolates \ Conc.(ug/me) 01 06 1 25 01 05 1 25 10 50 100

T. pseudokoningii 0 267 588 945 0 0 356 9.1 100 100 100
T. harzianum 0 192 66, 933 0 0 576 8.2 400 765 765
T. atroviride 1 0 161 435 82.7 0 279 773 980 588 741 729
T. atroviride 11 0 149 447 785 0 255 761 976 471 753 91.8

Each figure indicate the mean inhibition rate of three replicates measured 3 days after
inoculation.

Table 8. Inhibition rate of thiabendazole and benomyl for the sporulation of
Trichoderma species

Fungicides thiabendazole benomyl
Isolates \ Conc. 0.1 1 10 50 0.1 1 10 50
T. pseudokoningii 59.0 492 815 998 6.0 7.2 710 993
1. harzianum 842 902 809 908 175 0 63.3 965
T. atroviride 1 627 889 966 100 969 8.1 100 100
T. atroviride 11 875 87 100 100 653 92 100 100

- 170 -



Fig. 13. Inhibiton in mycelial growth of 2 isolates of 7Trichoderma spp. on PDA

supplemented with benomyl(left) and thiabendazole(right).
B: T. harzianum, D: T. atroviride 1I.

Table 9. Comparison of mushroom fertilizers and disinfectant in inhibitory effects on
mycelial growth of Trichoderma species

Fungicides Trichofree 1 Trichofree 11 Biospot
Isolates \ Cone.(ug/mf) 10 100 250 500 10 100 250 500 10 100 250 500
T. pseudokoningii 100 100 100 100 100 100 100 100 0 0 0 0
T. harzianum 100 100 100 100 0 358 100 100 O 0 0 O
T. atroviride 1 100 100 100 100 159 100 100 100 O O O O
T. atroviride 11 100 100 100 100 O 100 100 100 O O O O

Each figure indicate the mean inhibition rate of three replicates measured 6 days after

inoculation.

— 5 =



Table 10. Comparison of mushroom fertilizers and disinfectant in the spore formation

of Trichoderma species

Fungicides Trichofree 1 Trichofree 11 Biospot
Isolates \ Conc.{pg/ml) 10 100 250 500 10 100 250 500 10 100 250 500
T. pseudokoningii 0O 0 0 O 0 0 0 o0 46 41 44 69

45 1.8 56 62 70 45

0 0 0 0
0 0 25 0 0 O 49 46 41 39
0O 0 04 0 0 O 20 17 18 16

T. harzianum

0 0
T. atroviride 1 0 0
T. atroviride 11 0 0

Each figure indicate the average amount of spores(x107) formed on three plates
measured 20 days after inoculation.

Table 11. Comparison of clear zone formation by mushroom fertilizers and wood

vinegers

Key Green Wood vinegar
Isolates Trichofree I  Trichofree II -

=721 Oak Pine
T. pseudokoningii 8.50 3.80 1.47 0 0
T. harzianum 8.50 1.75 1.42 0 0
T. atroviride 1 8.50 3.70 1.25 0 0
T. atroviride 11 8.50 2.02 0 0 0

Each figure indicate the radial length of clear zone 6 days after inoculation

Table 12. Inhibition rate of mushroom fertilizers and wood vinegers for the sporulation
of Trichoderma species

Key Green Wood vinegar
Isolates Trichofree 1 Trichofree 11 -
-721 Oak  Pine
T. pseudokoningii 100 21.7 3.3 0 0
T. harzianum 100 7.3 2.4 0 0]
T. atroviride 1 100 0 83 0 0
T. atroviride 11 100 0 0 0 0

Each figure indicate the mean inhibition rate of three replicates measured 14 days after
inoculation.
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Fig. 14. Effects of mushroom nutrients and wood vineger on spore germination
and mycelila growth of T. pseudokoningii.
pine vineger, oak vineger, Key Green-721
Trichofree I, Trichofree I, untreated.

Fig. 15. Inhibitory effects of Trichofree I on spore germination and mycelial
growth of Trichoderma sp.
T. pseudokoningii, T. harzianum,
T. atroviride U, T. atroviride 1.
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Table 1. Insect pests of bed logs in Lentinula edodes

Korean name Scientific name Parts damaged
gd578st s A Moechotypa diphysis epiderm, cambium
ZotEN s Leontium viride heartwood
ag2EZAEESEL Plagionotus christophi "
HEgEE7] Hypogastrura communis carpophore
HA 2] F Fungivora sp. "

FU R4 Mallambyx raddei heartwood
ZFAYFAGAIStEL Mesosa hirsuta 4
Futolsts A& Glenea relicta g

Gz steEa Lamia gottschei "
A& Eidophelus imitans cambium
Fol & Xyleborus lewisi "

S sl Sipalus hypocrita "

2) ZaAMZ(RE) AF
Eawslel AAAE Zhet L Y= E2 Table 29449 o] 2F5F<=

3l
WA T 7 Bkom A5EuAste st SRFeIh BE/FE A4 F
=
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Table 2. Pests of carpophore in Lentinus edodes

Korean name Scientific name Parts damaged
dEEETF Morulina gigantea carpophore
Cla=wdi s Philonthus sp. "
SFHH A Dacne japonica "
HiEE7| Hvypogastrura communis "

WA 32 5 Fungivora sp. "
AauAlate Lycoriella mali g
2] ] A1 ) Scaphidium amurense 4
kil= £ Philomycus confusa "
F =g Armadilldium vulgare "
H 59} F Megaselia sp. "
R R=R =g Achorutes armatus "
ZhEw A Dacne fungorum "

2. @7t Ae] AaHAs] AT

gL

7h Aw 2wy
1) A} A
& Ak AFEE YRS 19999 1€ Fo Wald o= 1.2m HolojH,

A& 6~20em3Ath o] AELE 39 T Eu AugedM dd1E, A
47, F=F 2008 T &7MA H3 FTHoR HEFHJY HFT GA AE5
TEHEFS FE7IT2R 0~3B%At HAF 5 A5y 128, 34
o128, AZE RE, FHUF 0Foz AN £F TE glo] ¥
% 5 ®

Z, o 60cn ol AU V1% A2l s,

a

¥

=

2) &9 AJA3ZAY xA

19999 6"zl 2 A A5 dste] 5 AH, It dFA e
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o} Brza Alole] =)o R dRAHS A7 BL BT S aen
AA ol e AdFFY FE FAEAT T
e ARFEg g 2Regoen A g og¥E AJF FHY

HE WA e o & $3E s gloh

[ L

1 22U =394 59 Y599 T4
ZRAYTF 4y BAE 74:15mEA UE 3 $£EF(HSE 2.020.3mm,

A7 1.1+03m, =% 1.3:05mm B9 3~79v FAL G Fig. 1). R X1
AL &3 AlEGA Q] AlFe ule Fad Aow ddEd s FAE
FRTE 3.7206m, AE7E 48+04m=E 7 TR, AEE 3.9+0.3mm,

fl
!

EF2e 36:04mtHFig. 1. ZIHPAAL 95307k Rt R,
B 3 AN BF Sz 8§ FA,

9.0

B Outer bark|

3.0

Thickness{mm)

Quercus species

Fig. 1. Thickness of outer bark and inner bark (secondary phloem
tissues) of Quercus species. A: Q. variabilis, B: @ acutissima,
C: @ mongolica, D' Q. serrata.
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L £ 5% AFeuTyg gl wstel 27
gk =

Table 3). 283 FFYTFoAE A FA H3td §5& AU

— M

Table 3. Ovipositional behavior of Moechotypa diphysis on oak mushroom
cultivation logs by Quercus(Q.) species

Properties Q. variabilis @ cutissima . mongolica . serrata
Shape of oviposi- wide oval nax'rrow nar_‘row nal"row
tional holes (mm) fusiform fusiform fusiform

(8-12x6-8) (7-9x2-5) (6-9x1.5-35) (5-9x1-3)
Infection rate(%)" 9 91 100 67
Number of holes 3/1-37% 14/1-70 20/2-85 3/1-10
/infected log
Actual rate of )
oviposition (%) 15 33 o6
Hatch rate(%)” 0 25 35 -
Eggs/hole 1-5 1-2 1-2 1-2

Yhumber of infected logs/number of investigated logs.

2)mean/range

3ﬁoercentage of egg-present holes/investigated ovipositional holes.
“not investigated.

Yhatch rate until the investigation date, 3rd June.

- 178 —



A= UATH(Fig. 2).

15

.
]

@)

Number of logs

1~10 1M1~ 21~30 31~40 41~ 5~ >80
Nurrber of ovipositional holes per log

Fig 2. Number of logs by the class of ovipositional holes per Quercus
mongolica log. The holes drilled by Moechotypa diphysis.

3) 95 AAH A& A #A
d¥ At ELE A4l 6en WTHY ES HIdrh SARE EIAu)
ARoZEE= F2 AA 6-1dem W7 Fo] o], o]&d A5 Ao

6- , ©°]
6-16cm H ol e oH FAtME A wE o] FHF AF HEA o]
el Zatk(Fig. 3). & A4 Aag49te] 4ABAE r=02224 10%
frelaFol Al fedel slich
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2 g 20 | —/‘,._r: *% .-
[ J
.oo:.
. °, 0.
0 5 10 15 20

Log diameter (cm)

Fig. 3. Realtionship between log diameter of Quercus mongolica and
Number of ovipositional holes per 120cm—long log. r=0.22.

3. @FAAugtEAc did FAkAl A

7 Als 2 ey
1) % A2AY
7H A" EF
AMAE S S5 AR st 52 (Moechotypa diphysis, Fig. 4)& 19993 8¢
SH AAAGd 3N SEAUA AN HAE5E APt Al o] &5
.
) AE oA
Aol A" ZFAE AREL e #7IA 4% (chlorpyrifos-
methyl 25% EC, fenitrothion 50% EC, fenthion 50% EC, flupyrazofos 10%
EC), 7}utvl o] EA| 3% (benfuracarb 30% EC, furathiocarb 10% EC, methomyl
24.19% SC), H#lx=Fol=A 3% (bifenthrin 2% WP, deltamethrin 1% EC, A
-cyhalothrin 1% EC), WeuUzE xo)=4 2F(acetamiprid 8% WP,
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imidacloprid 10% WP), #7199 244 1%&(endosulfan 35% EC) & EF 13F0]
ek,

o) 384 14

HFEAN G0 dE 24584 AL FUFES (BT 665 x 13cm)
2 FHEEQ ofodd 303t AT F SAd, F3E UEFlAWE7(@
9 x 15ecm)ell B3 A% L omiely HEFRIon HE LR F AFEs =
AbStETh BE AP E qutEoldor sgen, AEzde &k 25~28C, %
7] 16L : 8D, AH&F%E 50~60%= &%t

2h) BFEA A}

FEA ZAIRHL 25848 AAF 22 W2 Yoy, IA
Hel & 3 6, 9 14, 21¢44d] A5E 5viely HESHL LBAL F AlFES
ZASAT. RE AYL 4utEoldo R g

Fig. 4. Damage of oak mushroom bed logs by M. diphyvsis(A), Eggs(B),
larva(C) and adults(D).
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2) WA kA A EAY
HAE EF
g% 78] 85 2 (Moechotypa diphysis)® 20013 4~5¥0) &5 HYT
A AEAuA A A FE Ao Al o] &8t

) AE oA

ol Al AR AFA AWAPAA  dwd Fhupd o] EA Y
benfuracarb 30% EC)9t 3 g A2 o] =A]9 A-cyhalothrin(1% EC) % 2% &
AR o #TAXo R ALgslr I F71944<¢ endosulfan (35% EC)E
HE kA& A st

ol

o) XFoA el Hayd 2 FASH N

5 x Zo] 120em)e FHAFEE 3
Mg 2 opAE ST EFete]l SEUItud opdel WASAT Al A
% 5, 10, 15, 2044
100 x A= 100cm) <tell 91 45 20vke]d HEE F 544 AerE =
Abteh A EY Alfe dad A 22 e sdsgon, 45
of eFAlA e 117 Fol "FANEEA 5
5AdA S 10U Aol AE+E At WAIZFE Fakh RE AlEE 3WHE

2 3t

of 9E 5AAS AFgon hE FHA(E] 80 x 7R

@) ofAle] Xn@AAgel WAL I =Ab
A e ARB@LSA8mol 8zl AH4E B A (v A E=19) %
oR YTE a, 121CAN 1A B ngFy| Aol A

KN
g

o
%

I

A

A% o

1

AF52 A% Aered FAS [1mly Qe o) B
Abel e Az A dib] 176%(FF7]F, 64%)e FETFAA 7HE & A
ge 2 (Koo &, 1999), 8g2l HitulAlol 14mlLe & Ho] Bodty 1Ims
A7vetol AlEsAx@Buis FReAd F5-€), 4Fe MmlE VEoE &
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of 3438tk 1lmLel A7 Al # &9 Fyhwixel] TiF 2vE As
golsln, PDAMIRIN A wjdsl ETHAHYE 53)5 7TmY cork borer? 4
ool Al FbuiAlel AFsAtE FEado]l HFH AlFHS 26T
incubatorel|l g3, Al kA H Ao Hole 10¢€ F 1AZE AR
Aolg FAsta, 12HFH 139 F 23 dAMEE Z2olE 48R H (Koo T,
1999; 4 &, 2000). TAMBGFLE 2354 FAMAZ L o125 dAA A <)
2 3R, #AE JdAlE (%) (1-A T TAMRZF/ WA Y F
AHB A< 100 4 o2 Fetdth 4 A 10vE e &l

A AREL e 13F EF3AE FHs=epm= st EF A stE A
HFo e HFAS MDY A Table 4% 2ok AF) helA 90%0] 4

=89S Yehd AE2AE= #7164 9 chlorpyrifos-methyl, fenitrothion,
fenthion, “FHlvle]EAl2]  benfuracarb, furathiocarb, @2 o]=74 <]
bifenthrin, A-cyhalothrin, W2 Uz ¥ o= A 2] acetamiprid, L2]3L 329
A F7192049 endosulfano] el 1 9] FAEL AF A A= A
o= eyt

Fig. 5= 95 7Hst=4& AFd 2%F"o|l U= chlorpyrifos-methyl®?] 9
Fo AFAY FEAE FUFbA FHF=(epm)E A3 219 A 7HA
ZALeE Astolt}, F7]1A A9 fenitrothion, 7HEElo] E A9 benfurcarb, 3 # 2
Zol=A 9 A-cyhalothrin, U2 Uz E o] = Ao acetamiprid, 28] 3. F<F
Al F719aA Y endosulfand 219 A7FA 100%9] *HE4-E Hepsieh 2
%] fenthion, furathiocarb, bifenthrin, deltamethrin< #EAL JAFHAY a3
7h "olAlE Ao R vEyTh

TEA ] g AFAe Ay F 427N < AS HsA &ole

WA EE Bol7] wZol ARSFHAA Aol & & gk

S

Al

A

A9l o)

of

-~ 183 —



g iR JEAde] Ao AREHE opy] ATk 373 B S A
= FARo] A7) Wi AEAZIA dFE F Adrh Gz FAHFSY
FAMEe HaAg w8 u, acetamiprid, fenitrothion, furathiocarb, A
-cyhalothrin 4% %A= endosulfan W22 2 "©F7AHsE4 WA o]&d

T UL AcE Bz}

Table 4. Toxicity of insecticides to adults of oak longicorn beetle (M.
diphysis) under laboratory conditions

AT?(%) Field rate % Mortality
Common name

&formulation (ppm) (Mean+£SD)

Organophosphates

Chlorpyrifos—-methyl 25 EC 3125 93.3x 94
Fenitrothion 50 EC 500 93.4 89
Fenthion 50 EC 500 100+ 0.0
Flupyrazofos 10 EC 100 40.0+ 16.3
Carbamates

Benfurcarb 30 EC 300 100+ 0.0
Furathiocarb 10 EC 100 975+ 4.3
Methomyl 24.1 SC 241 53.3+ 149
Pyrethroids

Bifenthrin 2 WP 20 93.3¢ 94
Deltamethrin 1 EC 10 8.0+ 16.5

A-cyhalothrin 1 EC 10 100+ 0.0
Neonicotinoids

Acetamiprid 8 WP 40 100+ 0.0
Imidacloprid 10 WP 50 875+ 4.3
Other

Endosulfan 35 EC 5775 100+ 0.0

Y Active ingredient
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O Clorpyrifosmetid. A Feritrothion <O Fenthion A Furathiocarb & Deltamethrin
O Benfuracab O Biferthrin X Fndosuifn O Lambda-cytwlothrin X Acctaniprid
w * # w ® .

2
2

Mortality(%o
& 3
Mortality(%9
s 8

<]
=]

3 6 9 14 21 3 6 9 14 21
Days after treatment Days after treatment

Fig. 5. Residual effects of insecticides to adult of M. diphysis.

2) A %A AN
7h a2 dAESH
AgFAE dFrulslsae ZaAd Ag A3 (Fig. 6) benfuracarb”t

159 A 7k4] Z22]51 A-cyhalothrin® 204 A 7bA] 90%¢] el 43 8A4E e
th g 2 ofAl] endosulfane 58 A9 71.2% N A 204 A 9] 63.9%9 AHF
oz YoM, F ARG JFAe] "olAe AR yvEHo #H F
(200002 HAHdA dFAuSEAR AF gig 105 dFA a4 ZAH
Al acetamiprid, benfurcarb, endosulfan, fenitrothion, A-cyhalothrin % 5% 9|
214 A 744 100262 AF 24 S eSS Raustidth & A A o] 53F
of AzAz FANA AFFHE AES Y, benfuracarb®} A-cyhalothrin
o= Ert wekeh

Table 5% benfuracarb$t A-cyhalothrin®] BF AR 5l5 40 e HA R
7t A= AZR/ME FAFE AFo|t}. Benfuracarb®t A-cyhalothring # &
gt 549 104K WAV 42 100% 2 vl & 9FA Q1 endosulfan} .t} =
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drh A dRbsrtl e R u A HAE oA
F7194A49 A Q3 A(endosulfan) A S Ao o]
benfuracarb$} A-cyhalothrin® A e AR AR} EAo] vrol o A A=A
ojge] 7ted Aoz FZtEvH(Tomlin, 2000).

W) Al EaFdAA G WX g

Benfuracarb®t A-cvhalothrin®] Z2d =9} 8] 2FF oA H
AP Ol M XE AgE A A THTable 6). 0% 59 Wl Fs
HAEE dg 159 H3HA benfuracarb, A~ cyhalothrin, endosulfana 3%
ATFAPYGES 10%0)8t = At o] At A (20002 el 13
T ASAV RadAHEE 159 A5E) AR PAE 4F%E 2AEGE

3

o], o]l AW FARZE d¥1so WA benfuracarb, fenthion,

>'_>L

o #

-
ik

o]-r =3
K

2

Kl

furathiocarb, deltamethrin, cyromazine, diflubenzurone}, #5350 thsiA =
deltamethrin, cyromazine, diflubenzuron®|%ith. £3] ¢ 53+ UE 139
Hlste] dFAlel g #AFEAol Eol EFF Zhel Aolrt AL, Satosh
Asawa(1995)F Z 1B A5 fenitrothionS 1000wl & 3t #F A A3k 14
Tl A AAA A RE FokRFHF 2AIA EA(trace)te] YERROR

off

2 AR FAY AEF AREE 1A 006ppmel AR &S wastyn o
AstE vFelR W & AN mIALAG) o] okl RREAE A

FRAT, FAAY F 2 o) F3 Bl S Wl A I A

ol el AxE F¢siR W, benfuracarb$ A-cyhalothrine] ZE A3 HHA|

]
A7t $5sm TR Geo] Hol dFAuSEL FA o §d
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Table 5. Control effects of insecticides to adults of M. diphysis under field
conditions

Control values (%)

AT(%) & Recommended
con.

Insecticide formulation (ppm) n SDAT” 10DAT
Carbamate

Benfurcarb 30 EC 300 60 100£(0)  100+0(0)
Pyrethroid

A-cyhalothrin 1 EC 10 60 100+0(0) 100£0(0)
Organochloride

Endosulfan 35 EC 5775 57  79.3+4.3(12) 85.3+55(9)
Control - - 60 00 0+0

Y Active ingredient
b)Days after treatment
“Number of survived adults

Table 6. Effects of insecticides on the mycelial growth of Lentinula edodes
in a sawdust medium

Mycelial Myecelial growth
Insecticide (C;)?)Irlrcl) growth(cm) inhibition (%)
Lentinula edodes Imhyup 1
Benfuracarb 600 7.0+0.4 32465 a”
300 5.4£0.3 1.6+36 a
A-cyhalothrin 20 6.7£1.7 93+6.7 a
10 5.2+0.5 41465 a
Endosulfan 700 7.2x0.1 6.1+44 a
350 5510.2 0.0£0.0 a
Control - 5.5+0.1 -

“Mean followed by the same letters are not significantly different at =5%,
by Duncan’s multiple range test [SAS Institute, 1991].
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Fig. 7. Larva and adult of Lycoriella mali.

Fig. 8. Bioassay methods of Lentinula edodes mycelium
grown in a sawdust medium.
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Table 7. Insecticides used in the study of toxicity

Common name Trade name Alag%) Recommended
formulation  €°"¢ (ppm)

Organophosphates

Chlorpyrifos—methyl Reldan 20EC 3125

Fenitrothion Sumithion 50EC 200

Fenthion Lebaycid 50EC 500

Flupyazofos 10EC 100
Carbamates

Benfuracarb Oncol 30EC 300

Furathiocarb Deltanet 10EC 10

Methomyl Lannate 24.15C 214
Pyrethroids

Bifenthrin Talstar ZWP 20

Deltamethrin Deltrain 1EC 10

A-cyhalothrin Halothrin 1EC 10
Neonicotinoids

Acetamiprid Mospilan WP 40

Imidacloprid Cornido 10WP 20
Insect Growth Regulators

Diflubenzuron Dimilin 25WP 400

Cyromazine Trigard THWP 375
Organochlorines

Endosulfan Thiolix 35EC 5775

Y Active ingredient.
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L R ) T

1) °kA A

74 A FHFEE (ppm)telA AFEF AFAH AFdH AT A
%ol 3l A chlorpyrifos-methyl, fenitrothion, methomyl, endosulfan®] 100%
o] AEE&S R, fenthion, benfuracarb, furathiocarb, deltamethrino] 2z}
975, 975, 975, 95%9 AF&E velsdoh IGRAI AR diflubenzuron®
cyromazine JF@WMA Y AZFol disiE a7t oy, 35 i)

Ae A7 92.3%, 90.3%9 AFH S B IoHTable 8).

2) ZaA

GAlE NegduAate)e AEA 2AMAT AgZEo disiA = chlorpyrifos-
methyl¥ endosulfane] ¢kl A8 & 14U A 77 90%0] 49 AgAdS e
o fenitrothion¥} benfuracarb:® 6L A 71A| =& A&8E S Bgoy 9UA
FH= 237 dojdt. IGRA A diflubenzuron® cyromazine A 3o
Hal A E7F R oy, FEol i E 14U A7EA) 80%ol 49 HEaAd S
b AvH(Fig. 9).

3) dAMA v A= 9

A FHFEAAN FaMA Y FAAAF A& (Table 92 97 15
o 2+ 5% whslA  fenthion, benfuracarb, furathiocarb, deltamethrin, A
—cyhalothrin, acetamiprid, endosulfan, diflubenzuron, cyromazine©] E B4l FA}
7F skl A Ao How, tREe Ao il Ad 557 ¥ 1
SEY A4S BEdEd E3] chlorpyrifos ~methyl® fenitrothiondl A 58
g 2ol & Wlth

ASA Y wFsRdd B FAAAY A& (Table 992 AA A o
2 FHsLA Brd =2 S BYor, tanA £ 98 159 A
55 BT disiA A& o] HAD A= deltamethrin, diflubenzuron, cyromazine
o]l T2 2 benfuracarb, endosulfans 0.2 ZALE At}
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4) ¥ZANY
du A 45833 daAdol da FAEEA o] H2 oA
2 Mutate] RAETHE 2AS A= Fig. 99 2l AEAd daiAd FA

AAEo] Y 1B o ZFFFoAd AH 558 o] &stRen, 35 o
341 fenthion, benfuracarb, furathiocarb, deltamethrin, A-cyhalothrin,
diflubenzuron, cyromazine®] 90% ©]4, L#lal A3 W3 = benfuracarb,
fenthion, furathiocarb”} Z+2F 93.3, 88.9, 86.7%<] WA7IE UErA T}, o]Ate]
A3} A benfuracarb®} furathiocarb® @MW Az WAd o]&E +

2 Aow Az,
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Table 8. Toxicity of insecticides to adults or Larvae of L. mali under
laboratory conditions

Common name n % Mortality (Mean+SD)
Organophosphates
Chlorpyrifos—methyl 42 100+0.0 a"”
Fenitrothion 46 100+0.0 a
Fenthion 50 97.5+2.5 ab
Flupyazofos 47 775156 d
Carbamates
Benfuracarh 45 97.5+2.5 ab
Furathiocarb 45 97.5+2.5 ab
Methomyl 40 100+0.0 a
Pyrethroids
Bifenthrin 46 60.0+10.6 e
Deltamethrin 44 95.0+ 3.1 abc
A-cyhalothrin 50 825% 46 cd
Neonicotinoids
Acetamiprid 43 85.0+ 3.5 bed
Imidacloprid 47 85.0% 6.1 bed
Insect Growth Regulators
Diflubenzuron  (adult) 41 16.3+11.3f
(larva) 43 92.3+ 2.5abc
Cyromazine (adult) 40 50+ 50f
(larva) 49 90.3¢ 35a-d
Organochlorines
Endosulfan 48 100+ 0.0 a
Control 50 3.3 3.3f

YMean followed by the same letters are not significantly different at
=5%, by Duncan’s multiple range test [SAS Institute, 1991].
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Fig. 9. Residual effects of insecticides to adult (A, B, D) and larva (C) of
Lycoriella mali.
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Table 9. Effects of insecticides on the growth of Lentinula edodes
mycelium grown in a sawdust medium

Mycelial growth (% inhibition)

Concentration
Insecticide Lentinula edodes strains
{(ppm)
Lymhyup 1 Sanlim 5
Organophosphates
Chlorpyrifos-methyl 500 456%27.2 100£0.0
250 18.8+£16.4 100+£0.0
Fenitrothion 1,000 12.3£5.6 44.2+27.1
500 1.4+0.7 47.2+10.8
Fenthion 800 491254 100+0.0
400 13.6£10.4 82.4+28.9
Carbamates
Benfuracarb 600 3.2+65 26.5125.5
300 1.6+3.6 33.4+28.1
Furathiocarh 200 34+53 49.8+14.7
100 0.8+4.5 20.5+19.1
Pyrethroids
Bifenthrin 40 50.4+25.0 80.0+23.8
20 0.1+1.7 195+11.0
Deltamethrin 20 9.3+5.7 10.9+4.9
10 0.1+45 11.449.1
A-cyhalothrin 20 12.3+12.4 22.9+12.2
10 41465 29.4+19.1
Neonicotinoids
Acetamiprid 80 10.6£5.3 29.3+12.1
40 0.0+0.0 27.0+11.3
Insect Growth Regulators
Diflubenzuron 800 3.7+2.3 9.5+47
400 0.0£0.0 1.5+1.8
Cyromazine 150 2.5+3.3 8.9+3.9
75 0.0+0.0 1.7+1.2
Organochlorines
Endosulfan 1,155 6.1+4.4 37.3£174
5775 0.0+0.0 11.0+£8.3
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5. @579

T2 9 AR g3 Agded Ad

—?-L"

7F Az R 3y
Q578854 XY
7H AN3d 2%
dF AN ELE 200219 5~6¥9] F5
AR skl Al o] &3ttt
) A EA
Monoterpenoide Al#H T & FFS Tt A ol &3t
Citronellol (95%), eugenol (99%), geraniol (98%), safrole (97%), B-myrcene
(90%)=  Sigma°lA Y33, bomylacetate (97%), camphor (96%),
carvacrol (98%), carveol (97%), carvone (98%), 1.8-cineole (99%), citral

rl\g
=
=)
o,
e

(o]
)
22
=2
>
o,
of
tlo

(95%), citronellic acid (98%), P-cymene (99%), fenchone (98%), isosafrole
(97%), limonene (97%), linalool (97%6), menthol(99%), menthone (90%), a-pinene
(98%), B-pinene (999%), pulegone (85%), perillyl alcohol (96%), ¥-terpinene
(97%) Aldricholl Al 9133t}

) 554 A9

gF A8 8549 g3 monoterpenoidd] EFEAL AE T 48 A%
d FUFEREET 055x13cm)S TR A8 o2 E71(99x15cm)o L,
AEL dA vy FJF:e9d. Ao AF23F monoterpencidE YA OE
filter paper(®.5cm/2)dll YA (5, 10, 20pL/954m8E71)e] A& A3t A
T¥otad &) wherel 3l monoterpenoid’t §7] ¥roz HEsH= AL 9
71 98 AEHIH@Iem)E T2 22 AHEstart M 3, 6, 12, 2443t

NE5E 2NN, RE NS Y ogow dur AY 2AL

ol

L2

rfo

% 25~28C, #F7] 16L : 8D, FUERE 50~60%=2 SRtk A3 T4
Tukey's studentized range test (SAS Institute, 1991)Z ©]&3} %o}

) 5543 AY

HEEZ=A ANPL monoterpenoidE o gH&o £31AA 100 ppm<] triton
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X-100 AR g £3ate] A Fo oghEd AAZHTE A
Hl&o] 25 757} HEE ZAS 34 (10,000 ppm)dl A2 F 471¥E A=
# (2002 2¢ BA) FHFEHEE 05.5x13cm)o] FE3 AEF 3
HAAT & F738te], 5P E 871(@9x15ecm)oll B3, AES svhEH HE
FE AT & EFoz Q3 JEqe H8sH)
A8l o] 23 & AELHUH@Iem)E TR AL
HEAHFEA(100 ppm2] triton X-100)9 v]&©] 25 : 757}
o HE=d Jago] Atk BE AFL 4550
2 3o, AL E554 Ay 2A Aok A 242 Tukey's

studentized range test (SAS Institute, 1991)& o] &3} %t}
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o,
o

) FZHAE ol & V1S A
FAAE o] &% 71FHWSAHL Y-tube olfactometer (ID 6cm; stem
24cm; arm 22cm angle to the stem 70°%)elA HASGT AP ALEH
monoterpenoid® HF7H|st54L AAH AFo whgo Ho

=
WA AR Aol g FAzEAdA APaden], 4FL &40
e

L.+ F7)E activated charcoal, silica gel blue® o3&t AAF F7|7F &
EEE o FE am DR AAZFO monoterpenocidE 7 3
(0.25, 1, 5ub) filter paperE %1, thE 22 3 g9 filter papers: =
. Steme] Wadel WEAMBEL 4 HES ¥, 4RV armel @
ol HEe 4R HES w8 Aew A 3 s dsjA 30vtE)
A A@stF o, Fdo] 3t 245 Fo}7] 98] Y-tube olfactometer?] ¢
AE wrEnit M2 oupie] FUv g2 FAE A@sty] Aol Y-tube
olfactometers N ¥H&3 FHFEZ M, 100CAA AoJx 247k o] AXA

AX Ap&stdvh 43 48 binominal sign test(Zar, 1996)& °}-&3+ %t

i
o2
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g5 AH &4 938 monoterpenoid®] AErrlE AlEe A& A] ofza
AR 26x4 2 30xE o] 30cm)A FPd AT FUFELS A 4l
(2002 2499 el #A%E ARG ARt AAREHAA AdEE Y2
A7 sdstA ok FUFED gEAs PSS HESPAHAA A
B FAshA adow, AKHA ofmd A= sgEe] Agd Fy
FEDR FAEe FUFERS A oA HEAM e GH HFe] F
M Aezsto A Arge dagsg AT S33E AgsEa T4
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A EFAN Y @3] A3
A5 NP FRUGE el obibe] AFAA AFFOFR 100xA
100x3 0] R0cm)S A X3HaL, 1,000, 10,000ppme. 2 814 3FES T3

e
4

pRd FUFAREEA] 15420 120em)% TAYS FIEREE WL,

2) WA Ay
H AN 2%

Al ol &g WAREE A AFA I4Y Tyl AT A4
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i

o

o] Algo] Al4d BAL 2APAGAE FaFWol(horse— radish)
Lot o AWM AU E g ye] FEAHARFE
= =

Az Pagt FARA((F) Hloto]A])

o

h) X9

(1) 2zA
AT F3FE AEHYA50x15m)l, HF& 4402 ZHaaE 7]
o & F IANELE FHE 10pFE 160p7hA Hgstz DA oL

=
1847 F AEEE AT,

(2) T3FN3H
AFA AR B4 A =g AulAl 132m TR FAER
48g¥} 96gE AT F 4BAZF F ALF &S ARG

[ < B U =

1) 5 7Anst=4 Alg
7hH F554
5 A gt e A A FEol d3F monoterpenocide] FEEAHL AU o)A 238
FoH(Table 10). 7z FAle] g FF3FH L 3AF 2ol 2 vehllh 20u4/954
(&7 FEAN RE] FFELS 4NIAA AFE] 0~40%F LE
W21} cineole, fenchone, pulegone, Y-terpinene& 24X 7Fol o] 100%9] 2%
S RYvh o] 4712 monoterpencidE o] &3t 20, 10, 514/954mb(F7])<)
TEE AT, 747t 3,6, 12, 248 EF LR A% AZFES FA}
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st cH(Fig. 10). 20p£/954me(F71)E A8 S W= 494 25 124]3k0]
Well 90%e) el EFES BAYL, 10u/954n(F7NE A2l s wele
pulegone®] 6A]ZFA F-E Y-terpinenea 3AIZFAI B Z+Z} 100%9) A EES
ek 5u0/9%54m(F7)E A @& wWelE pulegonetto] 1241 ZHAFE 100%
o HFES YEHHL ZF A wxol wEt FT54 A Ao)rt AL
™, pulegone©] 5u0/954ml(F7))7FA) 9] FEANA 100%2] FFES HA T
44 i 7P &3 $548 AR Yepgth

Ngoh et al(1998)2 o]ZwlH o] i3+ 9F 2] monoterpenoid 5 sarfrole3}
isosarfrole®] £ &7} =1, Roger® Hamraoui(1995)= 73Hd-Fultv| o
93] A4 13% 9 monoterpenoid 5 linaloole] 7F4 =¢tthz B w8t v} Ricest
Coats(1994)2 AABEEAANIT. castaneum)d] 3 FFEFAANAT FAH+
7194 #F A0 DDVPe vl m3dle] pulegone? LCsyzkol © A el
fenchone< DDVP$®} A8 [LCx@S ERTH &9}t =3 Prates ef al
(1998)2 7FF/WFE(R. dominica)ol W3l 1,8-cineole®] FF &7 Holwt
o™, Kim¥ Ahn(2001)& (+)- fenchonee] A3ts)%< *é_}ﬂ}?ulsa} guhru)
a2 ddddel daiA 100%e] FEEAS Bt Badgich

i

ol\

W) AE554

dFAEa 4F A HEF5E AP A 2FHE Table 119
el ol 30709 monoterpenoidell thal] 10,000ppmol Al 70%¢] AHE=ES H <l
pulegone®] 7+ EA JEwzm, o 9 tiREe FAEL Aol AAY
ob AnstA vl 28 Y pulegones FEEA AlFoA 5u9 AL <k

FoMT HFEo) A YeEhigE AL B uﬂ(Table 10, 3554 NS
FPA FEHE A 49 AR A2 S 1A F 9L Aol

Azt

Ngoh ef al. (1998)2 o]&ntgo] g3 9% 2] monoterpenoid % eugenol©)
7HE e 3EF5S JeEldan, Kim3 Ahn (2001)& (+)-fenchoneo] 2Hu}f
Al eh Fupytulel] disfa e HESHOl U BiustAt T Lee et dl
(1997)2 34% <] monoterpenmdoﬂ 3t western corn rootworm(% AR & &)

A, gerelgdle YA, Ashde FRAYNA FFBYS 24D
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A3, western corn rootworm®| ™ 3lA carveol® perillaldehyde, 7 ¥}o]-§-<f
of talA carvomenthenol®} terpinon-4-ol, {3tald] thalA citronellic acid,
thymoleo] 2z} tz kAol wlaste] gAdo] wpAwt, £ 4FLHE e
W2, Ngoh et al.(1998) ol utfo] wigt 9% 2] monoterpenoid% eugenol
o] 7% % HE5S Uveaudva »usgdnt © Harwood et al.(1990)
2 AMuytel Aol AdFAE Y monoterpenoidE A 8l dte] FE e AF
¥ %413 Z3 menthone, a-pinene, pulegoneo] &7} i Hugwap gl
ot 2oy B Aol AFA A Zo] W =¥o)A monoterpenoid 3EE
o] & %0l gAY, obF A Reow wRugwl Urh(Keita et al, 2000;
Rice and Coats, 1994; Tiberi et al, 1999).

) FAAE o] &3 V| HE

25709l monoterpencidE  ©| &3] HEAR|GIEL IR FTA g
Y-tube olfactormeteroll A 33 Zz}uk2-2  bornylacetate, carvacrol,
1,8-cineole, mentholo] 1p09] oF=Fel A 7bz} 70.0, 66.7, 67.9, 74.1%% FA |
e 7199k-3-& 243, ¥k citronellol2 69.2%9 #<Q1WHE-S XS tH(Table
12). 18l Fo4(P<00D)°] AUMH 5 SFEE FHLE 10u0, 1ul, 0.25409
T FANES ﬂ7}6‘}°ﬂE}(Table 13). BE sFEN i3 025 =
Feldol e, 1us A3 = o4 (P<0.05)°) AT 10mE A
2@ wo|= 1,8-cinecle, mentholS 27+ 69.0(P<0.06), 75.0(P<0.01)%2] 7|

+& B oy, bornylacetate®} carvacrolel A& Z1Fv Fednkgo g
Fodo] 1Tt Citronellol 1utl A 69.2 (P=0.038)%%= &S RIUA
2 10l A 741(P<0.0D%9 7]19nke-& Bt oleldt AAAY FEd
upet F2pRkg-o] Aol AT A AEVE Fasio

T B A% ] 8-cineoled "HFAH =L W8] ]HureS HYo
v, Ngoh et al(1998)= oldugekEo] dist FZ4Al(linear track
olfactometer) & ©]&€3% 9% 9 monoterpenoid® 713888 safrolec] 7H4 $-
T8 Aoz yvepygth 3 Byers et ql(1985)L a-pinene®|] AUFF
(Tomicus piniperda)°] W3iA Aol vtz B matgth a8 d¥ Ay
StEdd dsAE o SFHESL WA FUTh o] AL monoterpenoid
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7b i Fol tisiA SolatA #HEE £ e AS AL

) 37 v 2y

MonoterpenoidE 10,000ppme] L& 3to] FpFo] XE3e o €5
Avstesr 4 S did A#EVIFHERE RUATHTable 14). 2571
monoterpenoid oA 80%°]e A#riFadnE H FHFEL carveol
(97.6%), citronellol(84.0%),  geraniol(84.8%), linalool(88.2%),  perillyl
alcohol(87.8%), pulegone(84.6%)°o.2 JEIN o™, E3| 6 338 EF 1E9
F8(P<O0DE  RAT Ad7IFEe]  80%ol¥Y  FAFEs AR
10,000ppm3% 1,000ppmell A zkzt 2719 & 3+8 ®oktH(Table 15). & 3t
Eol dis] 10,000ppmel A= Table 14014 EAFRd A vpitxeg w2
A#ATdEgsE B9, 1,000ppmol A= carveol, perillyl alcohole] Z+Z 821,
87.5%% tha &L AV aHtE HAT Geraniol 78.3%9 A&
By carveol®} perillyl alcohol®th A UElstovy FAelEy A28 Aol
A %9 FoA(P=0.005)& 1Gc}t. Tiberi et al. (1999)2 Thaumetopoea
pityocampa (AFdbe )|l A limonened At&7|¥ &7t 9vta B a3)
A, 53 2UFed AAHE (S)-(-)- limoneneRB v} (R)-(+)-limonene®]
dazlgEgsyt v 2 AR Bausigvh ¥ A A= limenone©]
@ JdEE FA gE Aoz et Keita et al (2000)2 O.
basilicum (basil)®] essential oilS ©]&3te FutFwlate]  Callosobruchus
maculatus®l 3 AEFE AL A3 087HE FA o] 557Het Hlalste
F@7IRasd doid Z Aolzt dfon, basile] FAELE FE GAET
9} linalool, methyl chavicol, 1,8-cineol F°]™, o} Age] ANz 3F

3} 3+ 5 (carveol, geraniol, perillyl alcohol) T3+ ¢3S0}

L DI B R R o S R

ANAAANA A7 &7 -3 carveol, perillyl alcohol, geraniol
& 7HA A ok EGAE S FAF A Fig. 1134 Zvh d9zdsdaqA Z4
7 10,000ppm3t 1,000ppme2 A e ste] ddE4E ARG 24, 10,000ppmel
T 33 E BF 3dAdE FAHEH A EAaeld d@Eae Aoyt &

v
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AstA HERstth Carveole A2 HellA] 3870, A HellA 14709 AdFS
7 ZAME R oW, geraniol& FA o)A 3470, A Eo M= 6747 ZAE
a1, perillyl alcohols ¥A B HA A 247, g Bl A= 5749 a7t FAF
HAA 2Py 6dARE S @A 2sr)dEansr "elxew, perillyl
alcohol¥te] 86U el FAH T Fo)A 3071, HeFAAE 16712 thh ASFHFF
z2Fol & H Atk 1,000ppmol A = geraniolgto] 3U o] FA & 4178, A
6749 AdTs Aolg B AdHErHaRs B & AN, o SqFEE
BTG Zo)7 AvistAY FADERG MR ABFTF ¥ go
ALE Atk

Roger®} Hamraoui(1995)+% carvacrol, linalool, eugenol, thymol, terpineol
o ZAYZ vt vl (Acanthoscelides obtectus)dll thal Aetd A7 v
Husdeh dozel HAZE vehd A Ada B AN FEH S &
Ak ABAL A7 o] FojHer & Aoz AZHTL

o
ﬂ![ﬂ

r[o A

vt

BN
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Table 10. Fumigant toxicity of monoterpenoids against Moechotypa
diphysis adults at 24 h after filterpaper application in 954mé
fumigation chamber

% Mortalityb)

Monoterpenoid n® Conc.(xl)
(MeantSD)

Bornyl acetate 20 20 200 c
Camphor 20 20 0x0 d
Carvacrol 20 20 0+0 d
Carveol 20 20 0x0 d
Carvone 20 20 40«0 b
1,8-Cineole 20 20 100£0 a
Citral 20 20 0+0 d
Citronellic acid 20 20 0x0 d
Citronellol 20 20 00 d
Eugenol 20 20 00 d
Fenchone 20 20 1000 a
Geraniol 20 20 0x0 d
Isosafrole 20 20 10115 cd
Limonene 20 20 40+£16.3 b
Linalool 20 20 0£0 d
Menthol 20 20 00 d
Menthone 20 20 0x0 d
P-cymene 20 20 25+10.0 be
Perillyl alcohol 20 20 0x0 d
Pulegone 20 20 1000 a
Y-Terpinene 20 20 1000 a
Safrole 20 20 0£0 d
a-Pinene 20 20 0+0 d
B-myrcene 20 20 0+0 d
B-Pinene 20 20 10£11.6 cd
Control 20 - 0+0 d

EiNumber of insects tested.
Means followed by the same letter are not significantly different

P=0.05 by Tukey's studentized range test (SAS Institute, 1991).
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Table 11. Contact toxicity of monoterpenoids against M. diphysis adults
at 48 h after oak log-dip application

9% Mortalityb)

a)

Monoterpenoid n Conc.(ppm)

(Mean+SD)
Bornyl acetate 20 10,000 0+0 d
Camphor 20 10,000 0£0 d
Carvacrol 20 10,000 0+0 d
Carveol 20 10,000 0+0 d
Carvone 20 10,000 35+129 b
1,8-Cineole 20 10,000 0+0 d
Citral 20 10,000 0+0 d
Citronellic acid 20 10,000 0+0 d
Citronellol 25 10,000 375+¥96 b
Eugenol 20 10,000 0+0 d
Fenchone 20 10,000 00 d
Geraniol 23 10,000 Z25+H8 ¢
Isosafrole 20 10,000 0£0 d
Limonene 20 10,000 00 d
Linalool 20 10,000 0x0 d
Menthol 20 10,000 20+0 c
Menthone 20 10,000 0+0 d
P-cymene 20 10,000 0=0 d
Perillyl alcohol 20 10,000 0+0 d
Pulegone 20 10,000 70+116 a
v-Terpinene 20 10,000 0£0 d
Safrole 20 10,000 0+0 d
a-Pinene 20 10,000 0+0 d
B-myrcene 20 10,000 0+0 d
B-Pinene 20 10,000 0+0 d
Control 20 - 0+0 d

“Number of insects tested.
"Means followed by the same letter are not significantly different
P=0.05 by Tukey's studentized range test (SAS Institute, 1991).
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Table 12. Repellency of monoterpenoids against M. diphysis females

using a Y-tube olfactometer

Conec. No. of insects in
Monoterpenoid  (uf/filter Sample Control ~ No %  Sign-test”
paper) side(S) side(C) choice

Bornyl acetate 1 9 21 0 700  P<0.05
Camphor 1 11 12 7 52.2 ns”
Carvacrol 1 10 20 0 66.7  P<0.05
Carveol 1 17 10 3 37.0 ns
Carvone 1 12 11 7 47.8 ns
1,8-Cineole 1 9 19 2 679 P<0.05
Citral 1 13 11 6 48.8 ns
Citronellic acid 1 14 16 0 53.3 ns
Citronellol 1 18 8 4 308  P<0.05
Eugenol 1 10 12 8 545 ns
Fenchone 1 10 13 7 56.5 ns
Geraniol 1 9 17 4 65.4 ns
Isosafrole 1 12 15 3 55.6 ns
Limonene 1 15 9 6 375 ns
Linalool 1 13 11 6 458 ns
Menthol 1 7 20 3 74.1 P<0.01
Menthone 1 15 12 3 44.4 ns
p-cymene 1 16 10 4 385 ns
Perillyl alcohol 1 18 11 1 379 ns
Pulegone 1 12 12 6 50.0 ns
v-Terpinene 1 6 19 5 76.0 ns
Safrole 1 14 11 5 44.0 ns
a-Pinene 1 11 11 8 50.0 ns
B-myrcene 1 18 9 3 33.3 ns
B-Pinene 1 15 11 4 423 ns

“Repellency (%)=C / S+C x 100
b)Signiﬁcant differences were analysed by binominal sign test (Zar, 1996).
ns : not siginificant.

c)
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Table 13. Repellency of five monoterpenoids against M. diphysis females
using a Y-tube olfactometer

Conc. No. of insects in

Monoterpenoid (gd/filter Sample Control No 9 Sign—testb

)

paper) side(S)  (C) choice

10 15 11 4 42.3 ns*
Bornylacetate 1 9 20 1 69.0 P<0.05
0.25 12 13 5 52.0 ns
10 9 16 5 64.0 ns
Carvacrol 1 9 21 0 70.0 P<0.05
0.25 13 14 3 519 ns
10 9 20 1 69.0 P<0.05
1,8-Cineole 1 8 18 4 69.2 P<0.05
0.25 12 14 4 53.8 ns
10 7 20 3 74.1 P<0.01
Citronellol 1 18 8 4 30.8 P<0.05
0.25 15 13 2 46.4 ns
10 7 21 2 75.0 P<0.01
Menthol 1 3 20 2 714 P<0.01
0.25 13 16 1 55.2 ns

“Repellency (%)=C / S+C x 100
PSignificant differences were analysed by binominal sign test (Zar, 1996).
“ns : not siginificant.
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Table 14. Ovipositional repellency of monoterpenoids against M. diphysis
females in the two-choice condition

No. of ovipositional

Conc.

Monoterpenoids (opm) _ Trea te}iml%sn troated 9% Sign-test”
log (T) log (U)

Bornylacetate 10,000 8 4 33.3 ns”
Camphor 10,000 9 12 57.1 ns
Carvacrol 10,000 12 21 63.6 ns
Carveol 10,000 1 40 97.6 P<0.01
Carvone 10,000 11 18 62.1 ns
1,83-Cineole 10,000 4 1 20.0 ns
Citral 10,000 2 4 66.7 ns
Citronellic acid 10,000 7 11 61.1 ns
Citronellol 10,000 8 42 84.0 P<0.01
Eugenol 10,000 2 2 50.0 ns
Fenchone 10,000 6 6 50.0 ns
Geraniol 10,000 5 28 84.8 P<0.01
Isosafrole 10,000 11 16 59.3 ns
Limonene 10,000 12 17 58.6 ns
Linalool 10,000 8 60 88.2 P<0M
Menthol 10,000 6 11 64.7 ns
Menthone 10,000 4 5 55.6 ns
P-cymene 10,000 2 2 50.0 ns
Perillyl alcohol 10,000 9 65 87.8 P<0.01
Pulegone 10,000 8 44 84.6 P<0.01
v-Terpinene 10,000 2 2 50.0 ns
Safrole 10,000 8 13 61.9 ns
a-Pinene 10,000 9 11 55.0 ns
f-myrcene 10,000 11 5 313 ns
B-Pinene 10,000 6 7 53.8 ns

a)Ovipositional repellency (%)=U / T+U x 100
b)Signiﬁcant differences were analysed by binominal sign test (Zar, 1996).
“ns : not siginificant.
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Table 15. Ovipositional repellency of six monoterpenoids against M.
diphysis females in the two—choice condition

No. of oviposition

Conc. hole

. o a) . _ b)
Monoterpenoids (opm) Treatod Unireated Sign-test
log (T) log (U)

10,000 0 11 100 P<0.01
Carveol

1,000 5 23 2.1 P<0.01

10,000 0 13 100 P<0.01
Citronellol

1,000 16 21 56.8 n.s”

10,000 0 10 100 P<0.01
Geraniol .

1,000 5 18 78.3 P<0.01

10,000 3 60 38.2 P<0.01
Linalool

1,000 15 23 60.5 n.s

10,000 3 41 337 P<0.01
Pulegone

1,000 34 23 40.4 n.s

10,000 9 72 83.9 P<0.01
Perillyl alcohol

1,000 3 21 875 P<0.01

J0vipositional repellency (26)=U / T+U x 100
h)Sigm"fi(:ant differences were analysed by binominal sign test (Zar, 1996).
“n.s : Not siginificant.
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2) WAt AY

7 ANAA

FnFyol 2T AAANARY 4F 2 AEol 9F FUAH
A% AZ3 S0 42BHL Bgon §3 Hu YA HEBH
A ZAE A

Table 16. Insecticidal activity of horse radish oil against Phorodonta

flavipes
Treated no. Conc. (¢f) Mortality (%)
adult larva
1 10 215 15
2 20 716 25
3 40 100 60
4 80 100 100
5 160 100 100
6 - 0 0
) ¥3A9

el A AQuiatel X ARG A T i xFAES & 23, A4
Zo) gk AEFHE 50%, 5% AEEHE BHIo} FFd g AF
= v Ee Aoz ZAE U H(Table 17).

kol

Table 17. Insecticidal activity of horse radish oil against Phorodonta
flavipes in the field

Mortality (%)

Treated material Conc.
larva adult
horse radish 48g/132m’ 25 50
ol %g/132m 40 .
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