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SUMMARY
(9 &8 oFF)

1. Physiological and genetical characteristics of Rhizina undulata
1) Physiological characteristics of E. undulata

Characteristics of the mycelial growth of K. undulata isolates isolated from
various diseased sites and host were examined. Optimum temperature, pH and
medium of E. undulata isolates were 30 C, 475 and PDA medium, with some
differences of growth activity among the isolates. Ascospore of R. undulata was
germinated by heat shock at 40 ~ 70 C. Heat shock above 12 hours at 50C was
inactivated the germination of ascospores. On the other hand, heat shock for 30
hours at 40C increased the germination of ascospores than heat shock for 12
hours at 40C. Ascospores of R. undulata were maintained their germination
activity above 30 days at 4C. From these results, outbreak of rhizina root rot

disease could be forecast by soil temperature.

2) Host rang and host specificity of R. undulata

Mycelial growth of K. undulata on water—-soluble media, twigs and root from
16 tree species were characterized. Mycelial growth was much better on
water—-soluble media extracted from conifers than from hardwoods, as a whole.
Mycelial growth of R. undulata was completely inhibited on water—soluble extract
media from Populus tomentiglandulosa. In twig and root segment test, K. undulata
did not grow well on P. tomentiglandulosa. It suggests that P. tomentiglandulosa
has anti-fungal materials. Inhibitory effects on mycelial growth of R. undulata by
the water-soluble extract from P. tomentiglandulosa were more effective than
those by commercial anti-fungal chemicals. These results can be used to study

the host range and control of R. undulata.

3) Genetic diversity of R.undulata isolates

Genetic diversity of R.undulata isolates isolated from various sites and hosts
was investigated. Phylogenetic tree of the isolates was analysed by random
amplified polymorphic DNA (RAPD) using Operon 10-mer Kit B primer (Operon
Tech.). Genetic homology among 12 Korean isolates of R.undulata was 100%.

Genetic homology of Korean isolates with Japanese isolate PTJ-1 and PT]J-2 was



88% and 83%, respectively. From these results, it is presumed that Korean isolates
of R.undulata was derived from Japan, and have a same genetic characteristics, up

to now.

2. Ecological studies on disease occurrence of Rhizina root rot in fire-burned pine
forests, and relationships of the disease with transplanted pine seedlings and

root symbionts.

1) Disease survey of Rhizina root rot by the degree of damage by fire.
Frequency of fruiting body development of Rhizina undulata was positively

correlated with the degree of fire damage.

2) Mortality and growth of transplanted pine seedlings in restoration of
mycorrhizal association with Tricholoma matsutake in fire-burned pine forests.

Mortality of seedlings transplanted 6 months after fire was 3-4 times higher
than that of seedlings transplanted 15 months after fire, and diameter at root
crown, seedling height, and branch development were also poor.

Comparison in seedling mortality of natural and containerized pine seedlings
transplanted 2 months after fire showed higher mortality of natural seedlings than
containerized seedlings. It means that containerized seedlings are relatively
resistant to Rhizina root rot and the resistance is due to dense formation of

mycorrhzae on the seedling roots.

3) Pathogenicity test of Rhizina undulata.

To confirm the antifungal activity of mycorrhizal fungi against root pathogenic
fungi, Rhizina undulata was inoculated before, simultaneously, and after treatment
of mycorrhizal fungi. Pre-inoculation of R. undulata caused death of inoculated
seedlings with the mortality of 18%, while simultaneous and post-inoculation of F.
undulata caused no death of seedlings, indicating that mycorrhizal fungi play a

role in the protection of seedlings from the infection by the pathogen.

4) Mycorrhizal formation in the roots of containerized pine seedlings.
Mycorrhizal formation on the root of containerized pine seedlings grown in

Gangnung, Hongcheon and Samcheok were monitored until 215 days after seeding.



Mycorrhizal formation rate of pine seedlings from 3 locations was increased upto
98% at 215 days after seeding.

Artificial inoculation of mycorrhizal fungi into the pot soil increased
mycorrhizal formation of pine seedlings regardless of soil sterilization. Trenching
of benomyl increased mycorrhizal formation, but wood vinegar decreased
mycorrhizal formation. Mycorrhizal formation rate depended on the concentration

and frequency of benomyl treatment.

5) Interactions between Rhizina undulata and mycorrhizal fungi.

Culture filtrates of 3 mycorrhizal fungi(Hebeloma cylindrosporum, Pisolithus
tinctorius, and Suillus bovinus) from liquid culture supplemented in culure media
showed that H. cylindrosporum have a strong antifungal activity against ZR.
undulata. In addition, inhibiting activity was more stronger as culture period is
longer.

The maximum inhibition of mycelial growth was 76% on culture media

supplemented with culture filtrates from 3 months culturing H. cylindrosporum.

3. Development of the effective control method for Rhizina root rot

1) Effect of soil amendments for the suppression of disease occurrence

In order to investigate the disease suppression effect by the treatment of soil
improvements, total occurrence of fruit bodies of R. undulata, flora of soil
microorganisms and their density, and soil texture were analysed at the diseased
forests. As results, there was no significant relationship between the occurrence of
R. undulata fruit bodies and the soil improvements. It was supposed that
occurrence of fruiting bodies of R. undulata was related with the density of pine
trees and the level of soil dryness, which were dependant on the coverage ratio of
the herb vegetation occupying the diseased forest floor.

Changes of flora of soil microorganisms and of their density by the treatment
of soil improvements were not confirmed. However, S1 isolate (Sokcho-1) among
the colonies of actinomycetes showed the dominance in its density compared to
other isolates, but S3 (Sokcho-3) showed the stabilization trend in its density with

the passing of time. There was not marked differences in the soil texture and the

_10_



soil pH according to the treatment of soil improvements, but it was supposed that
treatment of wood vinegar could change the chemical characteristics of soil and
give an some effect on the disease development.

Fruit bodies of R. undulata, massively occupied forest soil as a dominant
microorganism at the mountainous fire-burned pine forest stands just after the
forest fire occurred were rapidly decreased in their numbers after one year of
fire-burning. It was suggested that the decrease in the population of R. undulata
at the fire-burned forest soils came from the recovering of many other
soil-microbes, which caused loss of viability of K. undulata in the soil microbic

system.

2) Selection of useful antagonistic microorganisms for the bio—control

There was no significant relationship between the occurrence of fruit bodies
of R. undulata and the treatment of an antagonistic actinomyces of Ta 22 as
5.32x10" cfu/ml. Isolation ratio of a actinomyces Ta 22 was surveyed to be only
15% in soil before treatment, but the density of TaZ22 isolate was rapidly
increased at 24% two months after treatment. The results showed that Ta 22
could be alive for a long time in soil and be used as an efficient antagonistic

microorganism to control Rhizina root rot disease.

3) Survey on the disease spreading at the seashores in the Western coast

in Korea

First damage at the black pine (Pinus thunbergii) seashore forests of Taean
located in the Western coast of Korea was occurred in 2001 and spreaded
outwards in an irregular asymmetric circles year by year during the growing
seasons. Fruit bodies of F. undulata were confirmed to be mainly distributed at
the outer regions which new dead trees were occurred. Therefore it was
suggested that field survey on the fruit bodies must be conducted during the
growing seasons from spring to summer because fruit bodies sometimes did not
occur since the late July. The survey results on disease development pattern
showed that dead trees had been spreading in asymmetric circles with a radius of
above 20m outwards from the first damaged areas for three years. Conclusionally
the pathogen could move above seven meter outward per one year in soil. This
data would be very useful in deciding the proper control range for the effective

control of the disease.

_11_



Density of soil microorganisms at the mountainous forest areas were higher
than those of the diseased seashores at Taean, in which their density increased
with the decrease of the disease. The comparative study on the densities of
Actinomycetes among the microorganisms showed that isolates of Si and S2 were
dominant in the fire-burned mountainous forest areas, but isolates of S1 and S3
dominant in the seashores of Taean. Therefore it was concluded that S2 isolate is
a actinomyces distributed only at the mountainous forest areas. Further
examination on these actinomyces must be done for the verification of direct
and/or indirect roles of these actinomyces in relation with the rapid extinction of

the pathogen at the fire-burned mountainous forest areas.
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¥ 1. FA| Rhizina undulata isolates

7] - A 859
YUA4% (Larix leptolepis) | L= A S4hd B9y 92011
22U (Pinus densifliora) | 739 %= AW 97031 (PDK-1)
” A A 97032 (PDK-2)
,, ZhE oA 97033 (PDK-3)
” FhE A PDG-4
” FHEE AHA dYF 4k ALY 34 (PDS-5)
y ZhE AHA 2YH FE 49 3E (PDS-6)
” FUE AHA Ay 949 4944
” ZEE AHA X7 aFE ST
" AT AHA X1 5H S5 H
” ZEE AHA ST A Asd Agdgd
, AE AT 5 PDW-7
” AE AT ¥ PDW-8
3% (P thunbergi) =9 EHoH PTT-1
, 5 Bl Qb PTT-2
y 5 B PTT-3
, 5 B Qb PTT-4
" - PTJ-1
” SIRCS PTJ-2

L AR A

olFul A o] pH 7} A Aol m A= g3S PDA (Difco Co)wjA S gt A+t

, 607 70CE AAS ul, HCl ¥ KOHZ PDA Wix| 9] pH7l 4 ~ 97} H =5
Z‘é_?} %, 27 8mm<] petri dish o ¢F 25 ml¥ ®F, aglstd o, o7]d wg
PDARIA] Zdell 25TCo|A 53t wikst 7t HE] o] A }Zﬂe 27 5mm<] cork
borerg ©]& 5}0:1 oot JFAde=m sto] 7zt ujx e Tl FAAA 25TolA oF
7UZE ekt & wtAbe] A AR %Zé’é} = };“} Aol mAl= 43
2 PDA HjA }Oﬂ Zh wE ] wAMAE HES F, 5 7 40T A oF 7UIE g3t
Re Ale] Ake] A4 ARFES SA4sAH. 2 :

Aok 7 Ade ¥ suEow A4

FN ol

Hﬂorﬁ
ot

il

ok AdEAe] 41
Z%7F R, undulata A3 EAFE] Wotel] mA = JIFE Abet7] fste | 4 =
2RE AYR ALAE Ao Ao Y4 {¥F HAL 0L, UL FRE
A

2 FAE $, 1 x lem] 27|12 Adsto] PDA wix ] wiFH A el Erfell A 3ol
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[e] — =
sten S o] g3le] #AEETE FH, 60Tl el o= PDAR A 9] &3
o7 I w7 #Azo] o]y r] wjio], PDA ®iX| Ao cellulose membrane
(Cellu -+ SepT4, Membrane Filteration Products, Inc.)& 7+ %] A EAE 814

= %

E FFo 84 FEE°l R undulata AFS] A7 A WA= G

sto] AUFe] T 16%°] FELENEH FET A5 FEE WACNA
A B BEAS A4S S 4 FFY 7HA 2 B E AFH, Kdkste oF 1 x
lem A7]2 A3t b5, 2 | Y3 SF5 400 ml
& 9o 607t autoclavedt §, A=E st FE&EAH FEHS 3T on, o
FZ Ao 15% agars #H7FstaL thA] autoclave 3Fo] petri disholl 53t 13 A1 A
o} of7le] wE PDA HiX|dA wldet R undulata TAYAE 274 5 mme] cork
borerg ©]-&ste] 9o #FH FE= WAl HII 5, 25T oA wjFetdaA 4
TH dFFEE WA AA Y dAF B EFS val A AT

1o
[EURIA

mh HEE 7HA Az

A 9l 16%9 59 e H A A R undulata TAMAIS] A 58S
Atk =, A4 15 7 2cm, 2ol 12cm®] 7zt F9 He 2 HAE AHSA T
EE22 Z Mol aluminium foil® Z¥ A 1A17F autoclavedtil Ao 2 213 t}L o]
55 gl #4138 5mle] PDAMIA S 539 R. undulata 7AMS Wi, 274 25
cm X Zo IBCm«] A Wl A st 25Tl A wjkstHA 2 =F He 9
7hA ol A o] AL GRS S A s

mh SAMALHE F2 2] A%
SAAGE A FE goﬂw Py A oA} 1»}7‘1 W~ leo}O% S
WA A (phloem)9t HH (xylem)E T&319 ol

Ax A7 1-2kgs oMAlE-& (73, v/v)o] EFEr= oF 3?4_7J 33 %%
slo] B3 Zu 7)o §7]emeA 2 Fexdow

of Adel AFESEAT. o] FEE2 PDA HjA <

A E Az on, A% 5mme PDA wjx] #j<
25C ol A wieFabdA o we] zk F-9jH 9l dA

ey
ey
1
o
it
loty
£

g
k)
N
N
ol
ol
i
ok
>

. undulata TAHAIS HF 5]
S| A%k 2AMA Y 8 F

e
F”m
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b R. undulata total DNA®] &

e Fd4 gddAds A6l sk, R oundulata®l TAMAIEZFE total
DNA* Yoon 519919 w¥? 2 Promegarl2] Wizard Genomic DNA purification
kitg AF&38le] #Z38th Yoon 5(1991)¢ W¥*e WA total DNAY F%2
PDA s Aol A v A 21 AR S R sto] Bapapdol A A dim Wzhste] Wi
3 & 15ml micro tubedl =#H oW, 200402l Homogenization buffer (50mM
Tris-HCI pH 9, 50mM EDTA pH 7.2, 05% SDS, 0.2M sucrose) % 4u09]
Proteinase K(10mg/ml in TE)S #7}3F t}L, vortex mixerE ©]-&3fo] 387+ £33}
31 65C thermo bathell Al 10%3F H&lakdth. o 7]o 200u09] 2.4M K-acetate® &
skl 47T, 15000 rpm e 2 5#7F Al st S dS IFatdth slgd FFe
25119 99.9% ole&& Hrlslo] 5&7F A2olA FA g & 4T A 15000 rpmS
THAl 1023 fA 2kl ks AT, AdE2 4002 TE bufferol] @A
7] 400102 phenol-chloroform-isoamylalcohol(25:24:1) & &3tsl a2 3E7F vortexd &,
4TNA 8000 rpme 2 51t dAEeste] FFdE 3]Fsts AAS 33 eSS
. A gl 1/108i(v/v)e]l 3M Na-acetate(pH 5.2)9F 2581 (v/v)e] 99.9% o &2<
H7bste] 70Tl A 60%1F A A7) & 4TCol A 15000 rpmo 2 1083F Y4l 3
of dabs HAAAG HHAEL 20012] TE buffero]l #Ee & 1409 RNAse A(l
pe/nl in TE)E H7bete] vortex mixer® 3%7F E¢Hata 37Tl A 3087 288tz
24 RNAE &gk &, 200x02] phenol-chloroform-isoamylalcohol(25:24: 1)& %7}
3Fed 3E7F vortexd &, 4ToA 8000 rpme & 5E7F YA sl AE=He 34
st HAES 23] W&l I WA F RNAE AASA . Sl 1/108 (v/v)el 3M
Na-acetate(pH 5.2)¢} 2.5/191(v/v)e] 99.9% ol &t&S H7tste] -70TCoNA 6023 4
AA 7L & 4T A 15000 rpm =2 103 Al el 9J3ke] total DNAE HHAA
o A2 100t TE buffero]l @8kl PCR 3 RAPDO AF-8-331t

ol. PCR % RAPD 4|

R. undulata F A 258 FE3F total DNAS o] 83lo] RAPD #2418 A A3%
t}. PCR reaction mixture®] 42 sample DNA 1x0, Random primer Kit B primer
1x0(5pM), Taq polymerase(Promega Co.) 3 units, 25mM MgCl, 2.5, 10x Tag
buffer 2510, 10mM dNTP 1409 & 25u0%, PCR ¥F3-2 Minicycler(M] Research)&
AFE3F 2, PCR cycling®] Z7A2 94TCo|A 183t denaturation® 35ColA 183+
annealing, 72ColA 2E7F extension®® 43 cycle2 wWHE Agsiglon, A&

denaturation> 94Coll A 3#7F, 28] vk T extensions 72TColA 587 o]t}
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, RAPD € Random primeri= Operon 10-mer Kit B (Operon Tech.) oA 12
AHESFATE (G 2).

CR ZFZAE9 2248 Mupid 21(COSMO BIO CO.)E& Alg3le] 15% agarose
gel(1X TBE buffer)oll A/l 100V 30%83F A7|95S 2ASE S marker= 1 kb
DNA ladder (Promega Co.)& A}&33th. #7195 F ethidium bromide(0.00540/ml,
Bio-Rad)Z 15%3F dAstal 22 S/l 5&83F A3 o2 Gel Documentation
System(Bio-Rad)¢] UPGAMA program & Phylogenetic treeE #Aste] 257+

o fABAE BAAT

o (&

ofN ot

g

X 2 PAPDel| -&A]%t Random primer
Primer No. 5' - 3' sequences Primer No. 5' - 3' sequences
0PB-01 GTTTCGCTCC OPB-11 GTAGACCCGT
03 CATCCCCCTG 13 TTCCCCCGCT
04 GGACTGGAGT 14 TCCGCTCTGG
05 TGCGCCCTTC 15 GGAGGGTGTT
06 TGCTCTGCCC 17 AGGGAACGAG
10 CTGCTGGGAC 20 GGACCCTTAC
3. 23 ¢ nF

X2 E 7€Yg B AFHA BEFA dFE XFEA 20043 09 € HA7A
SHE F 19%9 FTAF BYFE UeEd RAozA, FolAd & F e ueh 2ol
A 715 diFiEe] Avieln 53 Zdx B AE Ao RE s T
257 AuFEA, $gueel R oundulatad] 913 Fo v FFEo] AUFYS
AlARe AL gk Wk, e BioE Ao B dEeA Y Fge EyFE fE
oRRE FEg Aot} ol E WA B R SEHoRe= AU A olH
AU Tl A AW 8 A @] vERgton M R9E REA K&
2D abate] REEAS wAE 4 QIQrh ES Ao weEkAE o] WHE X At
YA A S AAATE FAEE A= AT (19 1)

S, AUF 2 oS ¥ ouk ofyeEl, AHER| o] opd FHA] e YHE 8
ANAE A el AAAE AT F A=, o] ASE AA AAHF
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Al AMAZ AT F9E 9B % 1 FYo 9EE SRR Ade 49 @
sk G oln) wANG A9oF wekos], R AL B He AYHA WA 549
YA RE EAS FASAT B, AR AL o] B W FAF
shbel meR wi sdr] a7 £42 23T 5 AUG (A7 2)

29 2. 4s AARL AdA (92) 2 R WA (LE8F)

U2, pH 2 MRz elA e gye] AR nAE o

7t RelazRy 2o wod FAASY AF 54 v W HH FA AR
P, A% Qg uAAA B39 B 4% 59 R RS

o\
2o

faied

1) PDA wx]ol| A o] T#A}F A EA
29 3 petri HA PDA Al A wF FA 2RYeNA AR S R undulata 2

[ —— g

2 =




Ao AGEAZRE IR Be® R oundulata FAA L] AR S402H, A=

F 2BCoAA oF 17U wl PR W FA} A EH QA2 AR 02 we
T e wded, of W FAAE WAL GHUYAAT Agke] Al urebA
o8 FAARE 24 WAL FEA (1 FPo ANPS FAW S Yo

M, ZIATAAE 247 A (Rhizomorph) & ¥ A48t= A9% ).

17 3. PDA iAol A AAFQ R undulata®) FAVA)

2) &&= 9 pH7L #A} A uXE= 9
2H 4v 24FYT Sdy) AAA A gx Bale] oste wjoa 117 B
Eo A ARERoRA, 159 BEF (27 AF)E BTAA FA Ao

M TR oy, 1 99 RYFSL BE 0TAM HAHe FAAFS Yeh e
2H, 35 CellMc A Ao F23] E3150] 40TolNE QAo Fx = ueo)
73 g2 el (J?J 4-A 2 19 5). wld ¥ixe] pHe A$= pH 4 ~
Aol 718 FEEAAL, pH 64 tha #AF AFo] EFEon, pH

7 olde] d7EA iR )M FAF Aol
R. undulata®] A AFL AAS HNEse=

At =l

A3 2557 Agstel, AnHoz
4¢ dehigd (29 4B 2 a9
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£ O A
ni0 50 | W 97031
- 097032
:KEO 40 m 97033
< W 97034
=< 30 092011
1y o0 |
10 |
0
5 10 15 20 25 30 35 40
25(T)
B
80 maca2s mE s o
70 - R
[ mo2011 397031
6 O mo97033
’E\ 50
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%ﬂ 30
& o0 |
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O L [ ]
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¥ 4 €%(A) 9 pH B)7F R undulata® oA A nx&= 93
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a4

a8 6. pHE R. undulata A8 (F 92011, § : 94934

3) WA zAol A} Aol WA

29 7 % 39 8 & 3% AFHA A4 1A B wFe #AAEEAS 24}
@ Aew ABWA 3% 4L E 39 ek 359 AFWA F PDA WA
iAol Aol A4 Fragod, 1 ge

2 SGM % MMMe| o= AL 4%
°of FEste], Tt HA A= d

[©)
&
o7& dHskA Hskaith
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# 3. PDA, MMM, SGM Hj# 2] %4
Hl A 3 = AU
PDA(Potato Dextrose Agar) Difco PDA 39g
MMM MgSO47H20 0.5g
(Mushroom minimal Media) KHoPO4 460mg
KosHPO4 lg
Dextrose 20g
DS-Asparagine 2g
Timin HCL 12048
Agar 15g
SGM Malt Extract 40g
(Standard Growth Media) Peptone 5g
Dextrose 20g
Agar 15g
magzs macsa Odoe O2xDE
70 - mESISE @AY LY WI201 097031
W97032 W97034 097034

60
50 |

PDA

MMM
bH X

a9 7. 7 QFu R oY R undulata & A A

- 31

SGM




a3 8 MAFTFE R undulata ) TAF A B4 (F 92011, § : 9954

o SEsh AR AL AGEA Wole] wAE A

1) A EA ol 54
R. undulata G XEAHe] Hol 545 FAbst] 918te], b ZAMAIZAE A G A
A= dAndew Ao d4 FFE FAE v, 2403 FEREE AT 51 x
lem®] A7]E ddslo] WA (water agar) H+= PDA wjA]o] wjFzdAle] €rjel =
ATo] MAE Fet=s HH B 124 AXAHY. 2 Adm Zp wjH]gdel] Hekd
SEAF= 30~70 TeollA 3~30 AR AAAZ B, 20T wjF7lel &A
Wz} Aed 2 dofsts 24}
A E A dhobel] W= JEFS EA LA &
2% 98 AU AP AAAMZRE 99 o PDA HHX]*POH e
7 AGEA (%) B oo] AFEAE 40TAA 641 dAHHE & F 2001]/‘1 443k
HFetds el AdzEAz=Fe e wol g (LE8F) &=, R undulata®l A=
& (20~35C)ell M= TopsbA] SFokar, AA7 2o A9 heat shock7} wole]

o =lol=
| 209S 40T =+ AAqT

jus)
O

2
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29 9 AAARNE Gete AGEA (%) L ARl oJste] Bold AFEA
(o.2%)

>Jv

2) Heat shock &% % AJ7to] PG A} dlolo] w] 4

> g A ko] Az wrobel] wX|= JEkS gt Slete], AdEAE 30
T 80TeolA 1 T 12412 BRI F) 25Tl A Wi g stHA 2 owje] Wol {FE 35}
dndeoz #F sttt 1 A3 R oundulata®] AGEAE 30T oA 12417744
HjFato] e whobalA] eFgkot, 40Tol A= 3A7F dAegetds W Wolstr] Al
zZhsto] 1241%F A2 s Aol ol ALHJT 50T F 60T F9+= 1
AlZrel A o] elste] wrolrt AlZE oy, 50T A= 1241 A 7pA T

1=

U
OSL

ll

0 mlo
Ol

O

b7k A%E W, 60T A9 84T ool Aol ofshelA i woln X 2k
o @3, 0T 147 ol el 20| AE wols A skol, in vitro SlH el AdEA W
ofof Mok HA 2% B AIZEE 40T 3A[3kelH, HA &% L A7 70T 1A3F

¥ 4. 2% % Al7ko] R. undulata AFEEAFS] Hlolo] wx]= o3

N2
f‘{ :"> 1123|4567 |89 (101112
[ X | X | X | X[ X|X|X|X]|X]|X]X]|X
4| X|X|O0O|O0O|jO0O|O|lO|O|O|0O]|0O|O
5%({0|j0|j|O|lOjO|O|O|O|O|O|0O]|O
60 O|O|O|O|O0O|O|O|O|X|X]|X]|X
OO X | X X[ X|X|X|X]|X]|X]X]|X
BO [ X | X | X | X[ X|X|X|X|X]|X]|X]|X
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3) Heat shock 2] A|zto] Ard3Ezap wholo] mx]= o g
a9 10—°~ R. undulata 91 A$EAE 40T 2 50T A 3041 7F7HA] heat shock #
gE g 5, 20CuE7Iel & wdFetaA o] of Z} Al dotsS A% A3
A, 40 Coﬂ/ﬂ heat shockE 8t A9 A A|gte] 45 Ho
12N 742 = Hopgoll & ztol& Kol @omA mug e

ol 5 30A17F Aol A= FASHA ool AsES ¢ F AU 2y 5
0Col A heat shockE 3 4-¢ =

Of 9AIZE Ao AR ool ZRAstHA 12A17F AEe] A

AT o] A A, AFEAe] WolE 2% B R ol £k

=
5k O =] = o]
2 gge MAE A2

_ﬁ
m:{o
k
031
oy
3—"
b
rl
=

4 N

100 —-40C
80 g
60 /
40

. d

- L e

< .\.
0 1 ] i S "

3 6 9 12 24 30
YR M2l A2t (hr)

LOotE (%)

13 10. heat shock &% % Al7to] R, undulata A EA}e] wole] mx& J3F

4) 4Tl A 8] A77]zke] A} Wotol] w A= G

I 11e A2 @CO)eA e AF7)3be]l AgEape] wopel] w2 = dFs T4
AIdEA, ATAA dA7IE A AdEAE 40TCAA 2443 heat shock 7+ F
20CE &7 WMgstiA Fohss ASRAS wf, 4TA 10¢3F A3 A EA=
5o7F A3 G LA Hlete] wolgo] FAS st o 1 3 30U 7A€
FAF 713bE ke ol gol= & ®isk §lo] ]

AR

O

_1

AR TolE S FATE & T

=
4
4



o3 5

30
#pe} rote] wA| =

25

NS EX Ml A2t (days)

s Y

20

15

10

a9 11 4CA A9 Aol R undulata A&

S8 %EE WA A e

ki3

=
=

N+

o}
=

E

Hjj 2] of] A 9]

e

1=

X

of 1]

3

=

R. undulata TAFe] A g

N .
TEH FEE0]

VU
_ZT-E
A

— o

JaST

S Mo

N A

w™or

Mo

.

ﬂ =

T
-

o

ﬂr. ~

=

o U

oAk

T u,v_
X

ol

% T

- oy

ﬂro -

= T

~ <

e

T

N

%

gl 8 O

m 8]

a —

A, o

~

Fed wlEH Al el &

85mmol =3

ok
=

Wl Aol A o R undulata® A} A7 A Ao

@A

R. undulata®

L

Ju

ol A

shel tab Aol ) ol o) 4%

S

o ]

=

o

=
T

At

=1
=

g
o
N
o
No
A
e
)

Ar

_35_

undulata® A AS A3



OFFAILER

100

Zyue

th

80

60

LR

AALR

OlEH2IZ

ol
+
ol

]

=
=

cittat

a
)
R4
I
i}
w
<l

IYHR lefe EEx B8+

40

20

T2d F£8A4 F2EENXY R undulata® TAF A

1

Z]

a3y 12,

el
il

~O

o

S
S|

%.
E Zels (PTJ-1

=

0
il

i

o7 AuF EI5 (PDK-1),

[e)

=i
=

E wels (PTT-1)

Fag. 2 Ao

S

& 24}

zel

wjr

A

DR RE Y e

A
_ZT.E
_Z_'
A

o
BR
Ar

BK

w7t 4%

4o

o

K

ol
)

g5zl

=]
AL

-
T

29 13 oA 1

3

Aol A e FAb Aol WA Fi

wke}l ol R, undulata

i

4o

)

_36_

Aol Ao AL Aol



AU dis 489S 2ot
438 284 252 WX

a9 13, &

of\

H e FEm Al Zelite] A B

A

g

mho16 $F 0] b e e ke g are] A 54

]

(1) 2 5% A 9 el Ael FAYY 54

=0
U 9] 16%9 Eo] ¥el 9 4 E ol8dte]l R undulata ) 71F W9
2 7t fFolA e PDK-1 #8159 #AF A% 548 dAsh 19 14 & 25T

A 253 wkelt s wWel 7 FFe ey W A el R undulata ©) Tt
AL BFFFORA, AvkA o R B o oA EAA ] TR el A o] ARG
F R E=A vtk e, gl FA JAGFREAAY dAF Aol st

A WERY R undulata @) TAME ¢ BoE Ao & AEES 4 AU
om ol HYFE T8 7IFE A JdvE R undulata o] WHEAZ 5AES in
vitrol A AASE F A= A7I7F HA(Yh &1, dFEFEEMANA R undulatal
&) e G ds vErd %?%/\P\]‘/}’% L O]Wﬂﬁ?%ﬁiﬂ A5E, o] AgoA

]

il

_1
A=)
ol
=
2
¢
ACh
i O
<
£
Ach
%

_37_



o @A e AgEont, FulstldE 1F EHo] WANA Wkt (17 15).

OFTHAILIE mIHX
meeel

szyLe

esus

2YLe

EEIE

oy

T

ON 0%

-
0 4 0

el & DXl

<Foasicaus
A 2E2RzUS
RLE
(—',Ha

ALIS

a9 15 4 5] e dolA el R undulata®l AV A7

_38_



o2 Zuf Ee5 (PDK-1),

KN
=

T

S
S|

A& dE 25 (PTJ-1)

__‘?_1
FAEe 4 £ AN FA A

=

il

g

=i
=

s =85 (PTT-1)

g

ul
=

o A, 9 16014 wi vpe} o],

A, 457Fe] 7HAANA e FA A

ﬁo

o
N

iz

GFE olsh AR

iz
o

T3

2 B u, 2 R undulata &

o 2

o

o])\

A ek

=
3

2 AoA el wA Aol 7H4

o]

!

o

-

w

)
TR

el

=
)

il

ﬂ

SgS et

=
S

=
no

o+
<

L

120

100

80

60

40

201

0

-

Z]

a9 16, 5 ZhA ol A €]

_39_



KA

o

_

ot

T2
Nhn%ﬁﬂo:w_
lomnwwalmf:?
ﬂoﬂ__o ~ ro_,_muxo
wp zomq;awﬂ,m oL
g ]4{ m% <o o7
u'ﬂafwo%mﬂ‘_zgiﬁ
= W i e N © w T
ﬂA.l ,I»A;‘W_Z—I‘I\Lr‘l_r‘l_l
& N3 oK B D K o ol ©
A T UrTuTeﬂclm#_m]
TL:Hﬂ1gvmﬂAo
or7A&o,A T = ol i
1,11hovﬂrd%%,a)_.ﬂ]|ﬂo oy %i
%%yg%%m@ww L
M ,Jl,Ah - ) -
ﬂ.@ﬁyw,mﬁééﬂ mo.1oo G o 7
%dr o o ,_(u\ﬂm&mﬁ l_umm ar e
@M@ﬂawﬂow 5 X m - . Y v
o 5 ol do o T v X
A;;ﬁﬂdin@.nm;gyi |l S
g D SRR TORT
;_;;JJQ? .| e 57
mmufﬂo@ Nﬁ__ el Mvoza Rt 3 = - ®
XOW%%}@%M%@H = E 8 T
N Nr,l,Aﬂ_. oHoUl ) S ﬂmom
,“_Alo ko) HJ:A!O JH\_,I_I‘_MW:‘._ wu .w ﬂnOOC
i;uﬁﬂoutxﬁob‘_wroua A S =0
o#ﬂodﬂn‘momoga‘ﬁ_lwéo,uldl H S =
ﬁ}mﬁ~r7wﬂ SR ® 3 & YR
ol ' Njo ,.m_l, = 5 ‘W % 0 = U
bf iy O#E :i i.._ O# n_mo ,Ui.._ Hf g E.E o m7
mwwﬁmo_wmﬁﬂ > O A iy 3
a ~ X ;o‘_ ~io s 1;\_ ‘IWVI m Z.E |
A g 5 TR s % A P 5 N “
ﬁrﬂﬂEW%ﬂEﬂnﬁ . KF %o
ovatPioé]Qﬂz,fuwm o < do ATMO
ﬂul‘wl/‘_\lﬂcxﬁ\m‘.ﬁmoﬂu]ﬁlﬂ 7%0 A_I @axﬁ
KOOL:O—AE\OILD‘@I‘FW 50 ]7
31x§ w2 2 g o _
o_amﬂlmMo]L_LzTCUr%@ AEEVOOO%O ~ X
g}ﬂﬂlzvﬂzl BER © © = =
Amﬂ _E)Nr o v iYe = o
Mo%%ﬂ o Mmm
T A MA_I;o
o)) T
= @
. G+
A o) X
M T
B
.ULﬁo
o

- 40 -

2 Ao gl
umini

um foi

ol 7HAEA]

1A 7+

Al autocl

ave



Ll

FeA o] mel auhE b4 A

S|

1ol R, undulata 71TAE

72 5mle] PDARIAE BF3

=
=

™, o] 7HA]

Well 7

ol o] EALAA oA

¥

7+ e

FAT of w, wlx="e] 4

S

10¢

oF
=

tel 25C el A

] 8]

!

o A#

=
]

EE

Foma, erdrAY

eN
2 vl 2480 (13 18).

s ie)
52

2

]

=
;ﬁ

Wow R undulata®] W
o

=]
-

A

198 W, R undulata® A

S

O 2~
—T

2, 4, 89 =

ul
=

A

%oﬂ

o oA, 3y 19 A B ups

bol a4 2

AE

9

=
)

I~ = = (e}
AdTFFEES

o

o)
XO

~

)

o % AA]

==
o

T 7 R Aol A9l R, undulata®)

s 21}

A2

=0 =
===

i

_41_



100
E 80
E
a0 60
K0
20 40
=

0 L L L
x 1 X 8

X X 4
FEE9 5|4 U4 (x)

a9 19, L5 QAN 284 FEER ALG 2UF AN R undulata®)
A A oA wat

100
W 1,000
- 80 910,000
£ 100,000
ai0 60
K0
D40
=
O n IL L=

Captan Thiophan Tachigaren Benomy |

H4ZH s&% (a. 1. ug/ml)

a9 20, Z+E ATAR A8 AYUF VXA A Y R undulata® TAF A oA
a3

_42_



AL B A GER M S i 0 2B E total DNAS 5% % PCR =4

R undulata 8 F3Fe] 478 FA3AE 4317 9] RAPD (Random
amplified polymorphic DNAs)E A A]staL, 9]
AgogA B A9 Z V)F T w2 FITE Y ‘IQF;HX-]] Ho] 55 A

stad shsich.
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(1) &A 225
B Agel FAT R oundulata EEFE E 29 2ol 71F AE B A Yol whbA
A

F 1289 $eFE Awshel Al

M ol

ol

3E1. RAPD 4]l FAIg R undulata w37 55

TTFHs 7] F e e
PDK-1 AU (Pinus densiflora) | 739% AT

PDK-2 ” A gt

PDK-3 y ZEE gt

PDG-4 " dhE S A

PDS-5 ” A% A 99 34
PDS-6 ” BEE AHHA 29 T EY
PDW-7 y AE X U

PDW-8 ” A ST 1EE

PTT-1 &% (P. thunbergii) 5 E Qb

PTT-2 ” ”

PTT-3 ” ”

PTT-4 ” ”

PTJ-1 ” =

PTJ-2 ” A

(2) Total DNAS =

TFAFERE Total DNA9 F&& Yoon 5 (1991) % Promegarlel Wizard
Genomic DNA purification kitE AFg38te] &3+

a2y 212 25T PDA Hj#] o A 10%12} Hlj < &k ;H}Xﬂa dest Z47ho] Wi et
A F&3Fe] 50ule] TEl &E3 & 1% 5ulE Mupid2l (COSMO BIO CO.)E A}

£3to] 1% agarose gel (TBE buffer) o 4 50V 307 71 sl st A% 4
B2 A, Yoons(1991)e] WV o]3}e] —ir%"& DNA X2t} PromegaAl?d Wizard
Genomic DNA purification kitE AF&3te] &3 DNAS & &80 453 ¥

=10 PN
e o 5 Ak
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1 2
M PTT-1 PTT-2 PTT-1 PTT-2

a9 21, R undulata TAPAZFE FE3 total DNAS #7195 &4, M : 1kb
DNA ladder (Promega), Lane 1 : Wizard Genomic DNA purification kit®Z F&3+
DNA, Lane 2 : Yoon &< " (1991)e] ¢Jste] F==3gF DNA.

)
elg ko] §747 o] £48 913 RAPDE A Alsk7|o 9AA, A< PCR %
}F PCRell v]x]+= 938 RNase 27} PCRol "] A+
PCR +Z%& 9] "3, Random Primer? %7} PCReol| WX +&=
of #ste] EA ettt &, PCROl AH&3F primers= Operon 10-mer Kit B
(Operon Tech.) Fel4 No. 178 AH&33 T

T Ay, 38 2204 BiE bk}l o] 7zF RElF2RE 2%9 PCR productsE A&
& = AAen, total DNAS] 2 2ule] DNAE 718t S w(lane 2)7F PCR 5%
APEA FE7F 7P Eokom duldlMe g AES HE S m%‘lﬁ}(lane 4). =

gk, total DNAE RNase®2 A #3tS 7 $-(lane 6)7F & stA &%e

_l
—~
—
ja]
13
@

Bt} £Z 59 F=7F =32, Random Primer?] H%+ 10pM< UH, == ’1‘}%
o] =7t 7 wokvh @, ®EFo wAF 001, 0.1, Img o 2 HE, AFe wpe} 2
= o R ZH7} total DNAE F53% o, PCR 5% 4t=& &A% 23, 247 o
& oA FomFH FE3% total DNA 7He] PCR 5% 4H=9] Aol AT + ¢l
Aok wE A, 7 Fo Ao 12mgRFEH FE3 DNAES 2 Ao ALE35HS
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M 1 2 3 4 5 6

-
e
™
-
—
-
-

/7 8 9 10 11

a3y 22. Total DNA % Primer® %X, RNase A # 7} PCRo| "X+ 93
lane 1 : 1ul®] total DNAE A}&3% PCRe % A&
lane 2 : 2ul®] total DNAS A}43 PCRY 5% 1H&
lane 3 : 3ul®] total DNAE A}&3 PCRY TF A&
lane 4 @ 4ul®] total DNAE AF§-38 PCRe| T% A&
lane 5 : RNaseZ A& &4 %<& total DNAE AM&-3 PCRY % A&
lane 6 : RNaseE & 3g total DNAE A}-43 PCRY FZ k&
lane 7 : 25pM<2] Random PrimerE A}83 PCRe9 % Al&E
lane 8 : 5pM¢] Random Primer& A}-&3 PCRe T% A&
lane 9 : 10pM9] Random PrimerE AF&3 PCRe S AtE
lane 10 : 20pM¢9] Random PrimerE A}-&3F PCRE F% 2H&E
lane 11 : 30pM9] Random PrimerE A}-&3F PCRO F3% &
o] o] Axfo] w3l FH3 HZH o PCR We @& thS3 gow RAPDEA]
s Pyoz Axa,
<PCR mixture (25ul/l reaction) condition>

Total DNA 2 ul

10x Taq pol. buffer 2.5 ul

256mM MgCl, stock 25 ul

10mM stock dNTP 1 ul

125pM decamer primer(OPERON Tech. KIT B) 2 ul

5unit/ul Taq pol.(Promega Co) 05 ul

dd water 14.5ul
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YF23E F33 total DNAS] RAPD #4

M

oh 149 AR N ST

(1) RAPD (Random amplified polymorphic DNAs) -& primer?| screening

RAPD®l AF83 primer?] screenings HA o2 PTT-1 &5 U=z
OPERON Tech. KIT B¢ % 20%¢] random primer (10-oligomer)S & A]3}°] PCR
= AAs

a2 Ay, a9 23904 B ukel 2ol F 14% 2 primerol Al PCR products”} 7
ZHQom 1 FolA 1F o]4e] PCR products’t #HZE% primer OPB-01, 03, 04,
06, 10, 11, 13, 14, 15, 17 % 20°] % 12%<& RAPDE primer2 A3t

M 1 2 3 4 5 M 6 7 8 8 10 11 12 13 14 15 16 17 18 19 20

13 23. random primer 205 & A3 R undulata PTT-175 total DNA2] RAPD
2. M : 1kb DNA ladder (Promega), Lane 1-20 : OPERON Tech. KIT B<]
primer No (OPB) 1720.

(2) PAPD &4

Random Primers OPB-01%-E x4 o= A83te] RAPDE AAlg %, 1 A3}
= Mupid21(COSMO BIO CO.)E A}g3te] 1.5% agarose gel(TBE buffer)oll A 50V
307607 A7) 5ol oste] A g A F 50 AFS] PCR TF AHEo]l HEHU
o, primer OPB- No. 1, 3, 4, 5, 10, 11, 13, 14, 15, 204 & B& FA] &85 3F
o] RAPDOl =Fol7} gllevi (2 24 - A, B, C, D, F, G, H, 1, J, ¥ L), OPB-6 %
175 AHE38EA S "ol & Hdl 2859 d2 22851 strain®] RAPDol| #feo]l& &<l
g 4 QK™ 24 - E %K) B3, A RSl = vhAgke] RAPDS] zte] 7}
2178 =] At
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M 12 3456789 1011121314

E F
M {12 3 45 67 8910 111213 14 M 12 345 678 91011121314

4 56 7 8 9 101112 13 14

:FiF!FFﬁ#.

LR Y 8.

g B L4 5

—— e

3 4 567 .8 910 111213 14
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K L
2 345 67 8 910111213 14 12 34 56 7 8091011121314

29 24. OPB- No. 1 (A), 3 (B), 4 (C), 5 (D), 6 (E), 10 (F), 11 (G), 13 (H), 14 (D),
15 (]), 17 (K), 20 (L) (OPERON Tech. KIT B)Z primer® A+&3F R. undulata
#2329 RAPD £4. M, 1 kb DNA ladder (Promega Co.); lane 1, PDK-1; lane 2,
PDK-2; lane 3, PDK-3; lane 4, PDG-4; lane 5, PTT-1; lane 6, PTT-2; lane 7,
PTT-3; lane 8, PTT-4; lane 9, PDS-5; lane 10, PDS-6; lane 11, PDW-7; lane 12,
PDW-8; lane 13, PT]-1; lane 114, PT]J-2.

Ab 140 AR EAH S o] F1% o &4
RAPD Z3E Gel-Doc 2000 (Bio-Rad Co.)¢] UPGAMA program< ©]-&3}¢]
Al$t 14% 9 R. undulata 3FE 7+2] phylogenetic treedl] 9] FA4
wA kAT 1 AR, a7l 259 Zo] iy R FES Avy 9 sFe] VFe
Fola, Xgztel FEF toll= 100%9 FEdS HERUol U FEFES 4
A= WHol|F7F WA EA & 2 e
o

a2, s 2EFER

¢
e
=

2
oo SN mr o o

o
R
lo
off
e
ot
(o
N
2
At
o,
ftlo
P
rr
oY
o
J
ro
L)
32

S wetal PTI- 4 PTJ-2 Apolol A% 3474
% & glolrh. olel @ AR e Aol wske] Tl A

Foz wad @7 A QA% L
= oFRA ge AT = A% AAbslel F3 glom, 9B ReFq
PIJ 1 PTJ2 06 A8 454 wos Fu kaTe 9 Lare PI) 19
4ol wrhe Ao, FUY R unduaw’t QEORE F4HAL H5Hol ¥

Aoleta 4w

E o

wolh Ay
24 ggol

1"—r—‘
ox X2 o
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0.7 0.8 0.9 1.0

PTJ-2

PTJ-1

PDK-1,2,3
PDG-4
PTT-1,2,3,4
PDS-5.6
PODW-7,8

a9 25. RAPD 4% 7|22 3 R undulata 855 2] phylogenetic tree
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AR I L R R IR R R S E
) 2 AQE A Aol 20004 AReE A (A, AE, A, £3)
2) 2 g 2

1) FGAE AEAARER, F, AR PR, ALy
of AAA WAHE 2 AF, A4 5L 24

ojlfFel =AM =Y HE uARE B AF A}

ol 5
D 2Aga a4, A5, 8, e 72t 378 2ARE (F 127) 24
AR &

@ 44§78 DAbe 2 AF 24}

20008 49 ZA% 4H, 47, B, 14 A ofFR BANA BAG 2
of Absh oldel Folzk WAHY AL FolReAtele] AFOT FolWAY
of 2U% §71HE ol A5k Abglo] 2001GRE] 20047k oF 20005He] 2
$/188 AHoE sl FaRT vk T HRUA Y

of st AR ST AU WS A o] weAstol of Wao o
JRAE 71N sk FeHAOnE o4 §rlme] HE R APl WAL
e mAbstel FolRUs §7IHe JslE AT F Ax o4 AYE Auss

NNx2AEE Agstaxt Y= A

of Olﬂl

E,}/n

o &71He F¥: AuF &7]HE 20009 49H5E AuE f7]He dubE Al
el 8ol dHE AT

o 7| oA el Ml 20000 AHEHA AA|Fol A Absl o] de FolukAlo] @ol
HAE AU AAGHAAl 2EWH &stE] b 278-1 G2AF AREE) T A A v
YAt A A} H&Oﬂ%& a4

o &7]He| o] &7|HE 200000l TFste] FET Fol 2zto] HAHA A¥= A
s} 6719 %2000 10€)el v A= 4bsk 15709 920019 7€)l s AX el
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2y £(Pinus species)oll b= FHEO A= Ege] oo A4H
435 ge e doR A Ao o] e ke

£ AtA W)

o} oo [ 1 X
2 HopE ox

g
o,

gL < 3
I Qe HFx2IAE AEA] AU (Pinus densiflora) 249
3]

—L
nAE dFE A LA B AP = R AL Wk o7 &

o AU FH AL AYUF FAE RUHAE § AFEY 9Fste] A gl
A 65U st HelolE MERA HulEgolES 2li(viviv)E @3 At
R OHEA Bkl "X EFEMES0 mh)el o4 F F 25T, 50%(RH) Bl 2, &
Wf(12:12 AIZHE #AEstHA] FRAT A4 E 45U FFASE potT 100mA 5
F4E #A53519 L, 35 HF o2 339 Z A Hoagland’'s nutrient solutions *] 2|3}
o s THA

ool MY B HF HITHoR AEF dIdES 4Fem HEuAl

(Pisolithus  tinctorius), AZW A (Hebeloma -cylindrosporum), <A (Rhizopogon
rubescens), 2B 1EBAl(Suillus bovinus)o]il °]E<S PDB(Potato Dextrose
Broth)ell H&ste]l 25T, 125 rpm®] &ufg7lel A 904 F wst & 83k dAA
£ blendingdto] Axg AEAS 2 pot T 5g/100meH 3 F3HATt.

o Wl W EHxofo] AFAE: Wy HxHE QAT T JFT F 259 8F
AR F 1677HA AFEtRa, wxdel A¥eEe 13 Al 25mg¥
10mg/100m¢, Z% 4L Iméet 0.1 ml/100mle A stF . A sk F2= A A
el F(Fig.l), F8st] AT FHA AFAQA 54U YAH #49 #9
TAE ZAFSE aL(Fig.2), Aok Alskito] s7F 9 i, 2474 & 435k ]

wsel e,

D e Bxejo] At ot AR ey EAk el v

(1) Bzojo] abf @RI PR ST FAYI VI 3G
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(2) BzoT AUT oA

Ao Byl FAFE 4F 9 F(mycorrhizal fungi), Eei2H A (Pisolithus
tinctorius), ¢BI A (Rhizopogon rubescens), 3+Aav|S2EW X (Suillus bovinus), A2
WA (Hebeloma cylindrosporum)®@} 2] A Ve 8 &9 1t (Rhizina undulata)®] o 3}
Bxde wE e mFufAolA Aol A oA H FX a3E SHSHA
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Table 1. Frequency of fruiting body development of Rhizina undulata, degree of

fire damage, and understory vegetations in 20 fire—damaged pine forest stands

, _ Degree” Frequency”
Site Locations ] Orienta Understory .
of fire ] slope .5 of fruiting
surveyed -tion vegetation .
damage bodies
Toseong | M W 40 Q, R, Rh, L ++
Toseong I S W 20 Q, R, Rh, L +H+
Toseong Il S E 25 Q R, L +++
Toseong IV N N 20 Q, R, Rh, L
Kosung
Toseong V S W 10 QR ++
Toseong VI M N 10 Q R, L +++
Geojin S N 20 Q R e+
Jookwang M EN 5 QL 4
Inhyun S EN 10 R ++
Gangnung
Sacheon M SW 10 QR ++
Geonduk | M WS 25 QL ++
Geonduk 1 S WN 40 QL +++
Geonduk I L SE 52 QL +
Geonduk IV N SW 38 QL
Samcheok
Geonduk V S S 40 Q R ++
Wonduk | S S 20 QP ++
Wonduk I L WS 40 QL +
Wonduk Il S S 15 QL ++
Nagok S w 40 R ++
Uljin
Gumseong S NW 10 R ++

b Degree of fire damage; S: severe, M: moderate, L: light, N: no damages.

? Understory vegetation; Q: Quercus spp., R: Robinia spp., Rh: Rhododendron
spp., P: Populus spp., L: Lespedeza spp.

» Frequency of fruiting body development of Rhizina undulata; +++:. abundant, ++:

very often, +: few, - no development of fruiting bodies.
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Table 2. Plotting of survey sites for the investigation of the effects of Rhizina
root rot on containerized pine seedlings transplanted in fire-burned

Matsutake-produced pine forests
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19,

Table 3. The plant flora(vegetation) in fire-burned pine forests, where Matsutake

mushroom was produced before fire outbreak

Location Classification Total # of species
Kosung  19(family) 35(genus) 39(species) 5(varieties) 44
Gangnung 22, 37, 42, 7 49
Donghae 12, 17, 19, 1 20
Samcheok 1, 28, 33, 6 39

Investigation was done during June 20-22, 2002.

2) 47l §7189 ALE W G 24
4, AE, A A A ARWAF AR 2o ol gow
al

Abell A A9 o] FolRdzd Al AAE v 7119
d

W2 37 A dH
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Table 4. Mortality and growth of containerized pine seedlings transplanted in

Matsutake—produced pine forests after forest fire

Site Kosung Gangnung Samcheok
1 2 3 1 2 3 1 2 3
Growth
18SE 24N 14S 23S 28N 22S  30SE  32S  40E
Good 50 58 44 55 1 48 52 26 41
Bad 0 3 11 1 5 3 6 3 3
Dead 2 2 1 8 0 5 9 11 3

52 63 56 64 46 56 67 40 47

transplanted date: 2001.10, surveyed date: 2003. 5. 22

Kosung: San 86, Injung—Ri, Jukwang-Myun, Kosung-Gun (two times of fire at '96
and '01)

Gangnung: 123-2, Nodong-Ri, Sacheon—-Myun, Gangnung

Samcheok: 140, Yongwha—Ri, Keunduk-Myun, Samcheok

ksl 67]Y Foll o]AF &71HE o4 9Y Fo HF wALEo] 2%E thA =%
L 3070E Foll = AbEo] 32%E YERO oF 10% F7FstR e, Abst 15719 Fo
o]21dt &71H= o] 1570Y T IAE o] 8%E uER O 4ks 3 A upEe g2

ol AAATE WA A7lo] o] 4% SRS Aol elAbe g ire] A
A7t A mEa ars 15AUFel o 4% ARk 34y B Ao vey
(Table 5). o] Az Atshol s elAhpe a2 gol A 24e

Aol o] 43 WEHY IAES o UehdAu A3 2-3do] Ay Fol HEE of
Ao o] Walel o el s Ade U & Avke 9T mish o AL
Ash AR ey

LM e gl glof
Eputeh, mhebd 2]
g A28 SaAE 8]
HE A 1549 o Fo] ol 45k Aol MFA Lt FolRANA] Aol FolF

PR

L =
FYRAL st B Fol 2ol FHo| FAHE s F 14 o2 o4
A7E &7l Aol Bastnm o) 4w §UIRdAe Fol#e FyelNE AYA

_58_



oz Helste] PN S T el T AnsheUA Folite FHEL A
DA G Qe AAe] o447 2 Ee Washs AT Fbgew Wased
ek

Table 5. Mortality and growth of containerized pine seedlings transplanted in

Matsutake-produced pine forests after forest fire

Degree of .
. Severe Light
fire damage
Replication 1 2 3 1 2 3
transplanted
car 2000 2001 2000 2001 2000 2001 2000 2001 2000 2001 2000 2001
y!
Good 11 12 9 15 6 12 7 14 13 5 4 14
Bad 4 2 3 0 3 0 1 0 2 15 5 1
Dead 5 6 3 0 6 2 7 0 5 0 6 9
Total 20 20 15 15 15 14 15 14 20 20 15 15

fire outbreak date: April 10, 2000.

transplanted date of containerized pine seedlings: 1st — October 4, 2000(6 months
after fire), 2nd - June 10, 2001(15 months after fire).

age of seedlings: one year old seedling (Ist planting), two year old seedling (2nd

planting).

3) &715e AAR e o]AF uALSE HN(EHE)

SR AARE ol4F F, 2570€E Foll aAbES W Ay §7|HE AN
o] 0%<1dl Hste] AAH= 31.7%°] ¥ HE IAMES UERITH AHET s A=
Ha2e ezt 43 Aol AAE AR A Al AAE HYEEY A}
&o] 2w ol = dEtEth (Table 6). AHEIA 4570 § B & o4 2574€ &
QD 8¢ AL Abel oty AtEdla] AT 3 AT A ESFol A g A vt 5
o] AR A7 TAEAT o] Aol ot BrIH= AR Hske] A e
el AddE Hetde Aoz gdsglon &5 Fodgite e AN F
olFdxyE fste] Fadzel EHstoln AR AA S JSE AA B2
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Table 6. Comparison in seedling mortality of containerized and natural pine

seedlings transplanted in fire damaged pine forests

Degree of fire

Severe Light ;
damage g Mortality
Replication 1 2 3 1 2 3 (%)
Containerized
0/10 0/10 0/10 0/10 0/10 0/10 0

seedling
Natural seedling 2/10 2/10 2/10 3/10 7/10 3/10 31.7

Mortality(%) 20 43.3

transplanted site: San 93-1, Onjeong-Ri, Choyang-Dong, Sokcho.

transplanted date: June 11, 2004 (2 months after fire).

surveyed date: August 28, 2004 (2.5 months after transplanting)

Containerized and natural pine seedlings are one and three year old seedling,

respectively.

Fig. 2. Fruiting bodies of Rhizina undulata produced on the surface of burned pine
forest soil in April 11, 2004. (2004. 8. 28. Choyang-Dong, Sokcho)

Fruiting bodies were produced in both ’'severely’ and 'lightly’ damaged forests.
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Table 7. 4385 AH2AHE7IR)

Treatment Height Fresh weight Dry weight <974 #<34&
AR A AL A AR AsHE (mm) %
PSS 3¢ 1 17.32 17.24 3.82 2.09 0.73 0.69 3 34
2 15.35 26.83 4.39 3 1.65 0.89 3.3 26
3 14.4 25.42 3.19 2.27 1.39 0.85 2.9 32
4 19.09 15.09 3.25 1.38 1.32 0.45 2.1 30
5 21.86 22.08 5.52 2.54 2.37 0.88 3.6 42
6 16.72 15.25 2.47 1.93 0.91 0.56 3.1 16
o 17.46 20.32  3.77 2.2 1.4 0.72 3 30
PSN 3% 1 20.85 28.96 5.69 4.1 2.66 1.38 4.3 28
2 21.68 21.52 4.53 4.59 2.06 1.4 4 20
3 1991 20.66 3.79 3.37 1.74 0.82 2.7 50
4 22.47 22.27 3.49 2.64 1.59 0.84 28
5 2262 19.8 5.51 5.54 2.37 1.58 4 34
6 19.25 17.11 4.39 4.71 2.32 1.38 3.5 44
U 21.13  21.72  4.57 4.16 2.12 1.23 3.58 34
PSS & 1 17.32 17.24 3.82 2.09 0.73 0.69 3 34
2 15.35 26.83 4.39 3 1.65 0.89 3.3 26
3 14.4 25.42 3.19 2.27 1.39 0.85 2.9 32
4 19.09 15.09 3.25 1.38 1.32 0.45 2.1 30
5 21.86 22.08 5.52 2.54 2.37 0.88 3.6 42
6 16.72 15.25 2.47 1.93 0.91 0.56 3.1 16
" 17.46 20.32 3.77 2.2 1.4 0.72 3 30
PSN al& 1 20.85 28.96 5.69 4.11 2.66 1.38 4.3 28
2 21.68 21.52 4.53 4.59 2.06 1.4 4 20
3 1991 20.66 3.79 3.37 1.74 0.82 2.7 50
4 22.47 22.27 3.49 2.64 1.59 0.84 28
5 22,62 19.8 5.51 5.54 2.37 1.58 4 34
6 19.25 17.11 4.39 4.71 2.32 1.38 3.5 44
"W 21.13  21.72 457  4.16 2.12 1.23  3.58 34
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Treatment Height Fresh weight Dry weight <974 #<3X4&

AFE A AL A AR AsHE (mm) %
PSS & 1 9.63 15.37 0.5 0.56 0.2 0.13 1.7 2
2 6.47 17.32 0.14 0.18 0.11 0.06 1 20
3 7.47 1294 0.19 0.17  0.07 0.07 1.1 0
4 8.14 17.32 0.24 0.27 0.17 0.08 1.3 4

5 8.37 12.49 0.26 0.17 0.1 0.07 1.1 12

H 8.02 15.09 0.27 0.27 0.13 0.08 1.24 7.6

PSN Z& 1 10.25 28.27 1.29 1.06 0.55 0.31 2.2 26
2 10.72 26.24 1.3 1.31 0.52 0.41 2.1 14

3 10.89 22.46 1.07 1.13 0.43 0.38 2.3 32

4 13.45 30.11 0.99 1.31 0.48 0.41 2.4 58

5 1221 31.79 0.98 1.31 0.45 0.42 2 40
6 10.78 22.36 1.22 1.05 0.48 0.26 1.9 6

Ho 11.38 26.87 1.14 1.2 0.49 0.37 2.15 29.33

PSS & 1 9.55 19.51 0.37 041 0.13 0.12 1.1 24
2 10.77 18.36 0.67 0.47 0.28 0.09 1.4 16

3 8.38 21.19 0.45 0.37 0.21 0.11 1.2 40
4 1193 19.78 0.74 0.57 0.35 0.21 1.6 4
5 8.57 16.53 0.23 0.24 0.06 0.05 1 2

Hd 9.84 19.07 0.49 0.41 0.2 0.12 1.26 17.2

PSN al& 1 12.33 17.93 1.63 0.73 0.71 0.27 2.2 28
2 14.61 20.06 1.71 0.76 0.68 0.28 1.8 38

3 1497 20.18 2.66 2.16 1.07 0.65 2.6 28

4 17.93 15.11 3.81 1.79 1.51 0.59 3.1 34

5 15.82 15.18 1.74 1.15 0.74 0.33 2.5 14

6 17.04 20.78 3.63 1.64 1.69 0.54 2.8 38

" 15.45 18.21  2.53 1.37 1.07 0.44 2.5 30

PSS: sterilized soil

PSN: non-sterilized soil

Pine seedlings were dead by the pre-inoculation of root pathogens within 6 days
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after inoculation, except F. undulata which required 9-12 days. Among root
pathogens tested, F. oxysporum was the most pathogenic with the mortality

of 44% (Table 8).

Table 8. Seedling mortality of pine by different inoculation methods of root

pathogens
Inoculation Rhizoctonia Fusarium Rhizina
R.solani2) R.undulata(2)
methods solani1) oxysporum | undulata(1)
Before" 3/25% 3/25 11/25 5/25 4/25
Simultaneous 0/25 0/25 0/25 0/25 0/25
After 0/25 0/25 0/25 0/25 0/25

¥ Number of dead seedlings/total number of inoculated seedlings.

Y TInoculation methods. Before: inoculation of root pathogens before ECM fungi,

Simultaneous: inoculation of both root pathogens and ECM fungi at the same time,

After: inoculation of root pathogens after ECM fungi.

Fig. 3. Inoculated pine seedlings in the pots placed in clean growth room.
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Fig.4. Seedling growth of red pine (left) treated with R. solani(1) before,

simultaneous, and after Suillus bovinus, (right) treated with Rhizina undulata(1)
before ECM fungi.

gHd GQTE FARTE A/ EE B
< F7} 88.3% <t 83.3%% YEM

Table 9. The rates of ectomycorrhizal formation on containerized pine seedlings
from three different locations by time

days after seeding

170 200 215
Locations
Samcheok 68.3 (41/60) 86.7 (52/60) 97.6 (83/85)
Gangnung 88.3 (53/60) 95.0 (57/60) 97.6 (81/83)
Hongcheon 83.3 (50/60) 96.7 (58/60) 98.8 (82/83)
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O R.soani(1)

B R.sdlani(2)

O F.owsporum
0O Rundliata(?)
B Rundtiata®)

Mycorrhizal formation(No./Root)

O - NDNWPHs oo ©©

Before

Simultaneous

Inoculation methods

After

Fig. 6. Mycorrhizal formation of red pine seedlings by the inoculation of both root
pathogens and ECM fungi in combinations of before,

treatment of ECM fungi.

simultaneous,

and after

H: Hebeloma cylindrosporum, P: Pisolithus tinctorius, R: Rhizopogon rubescens,

No: No mycorrhizal fungi
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Fig. 8. Trenching effect of benomyl on ectomycorrhizal formation (left) and dry

weight (right) of pine seedlings grown in sterilized and non-sterilized soils.

YEXI A5 s
30.0 0.140
250 0.120

0.100
0.080

15.0 0.060
0.040
100
0.020
50 0.000
Control  Control ~ A-2 A2 A8 A8 B2 B-2 B-8 B-8
0.0

U@ uEd =@ vl 9@ uEgd =@ uEEd 9@ uEd
Control: F24{2|7 A:25mg/100ml, B:10mg/100ml, %A} : Xi2| 24 3

Contral  Control A2 A2 A8 A8 B2 B2 B8 B8
TR ouEE  BE uER ¥R osEE  ¥E 4R BE WP

Contol: F2Af2IF AT /100m, BO. i/ 100m, %A+ %2 2121 7

XA (Hebeloma oylindrosporum)-X|&+ O X124l (Hebeloma oylindrosporum)-X|5H

EARE(Hebdoma L EC tinctorius)

. O 2 (Rnizopogon rubescences)-Al&t Bl 2 (Rhizopogon rubescences)-XI5t
O Le5(Rrizopogon rubesoences) @& 2HA(Sullus bovinus)

= s 1A (Suillus & Ok 1A (Suillus 15t

‘ W =Z2H e A (Pisolithus 1 O =2eHs A (Pisolithu

Fig. 9. Trenching effect of wood vinegar on ectomycorrhizal formation (left) and

dry weight (right) of pine seedlings grown in sterilized and non-sterilized soils.
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Fig.1. Mycelial growth of Pisolithus tinctorius on PDA
supplemented with oak wood vinegar at different
concentrations

Fig.2. Mycelial growth of Rhizopogon rubescens on PDA
supplemented with oak wood vinegar at different
concentrations

~ 35
£ g’
£ 25 D6 days =z 4
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£ 1 E?2
s ]
> 0.5 S1
JN E
0
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Fig.3. Mycelial growth of Suillus bovinus on PDA Fig.4. Mycelial growth of Hebeloma cylindrosporum on
supplemented with oak wood vinegar at different PDA supplemented with oak wood vinegar at
concentrations different concentrations

Fig. 10. Mycelial growth of mycorrhizal fungi on PDA supplemented with oak
wood vinegar at different concentrations (0 ~ 10°ug/m). (1) Pisolithus tinctorius,

(2) Rhizopogon rubescens, (3) Suillus bovinus, and (4) Hebeloma cylindrosporum.
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Fig.1ll. pH changes by pre- and

pH value
S = N W R N

L2 3 4.5 6 7 8 9 10 post-autoclaving at different concentrations

Concentrations(x1000 ug/ml) of oak wood Vinegar.
Fig.5. pH changes by pre- and post-autoclaving at
different concentrations of oak wood vinegar

Hxdo A A 10008 Aol M= Aol Thesit 1008 Aol M= Aol &
Azl AAEJ B = 1009 4 (10,0001g/me) ol A1 10008] 2 (1,000pg/me) Akolo] Fx&
oAl ofE] FER A et o] AgEs AN 2, RuEAl, Sanda
WA, AW A ZHZE 4000, 3000, 50004g/me o] & moll A ARG o] AT o A

1.2
o1 R
g < 06
£ 0.8 E 0.5
g 06 & 04
= E 03
E 0.4 § 02
= 0.2 Z 01

ALULLLILIL

1 2 1 2 3 4 5 6
Concentrations(x1000 ug/ml) Concentrations(x1000 ug/ml)
Fig.6. Mycelial growth of Pisolithus tinctorius

on PDA supplemented with oak wood vinegar
at different concentrations

Fig.8. Mycelial growth of Suillus bovinus on
PDA supplemented with oak wood vinegar at
different concentrations
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1.8
=~ 16 . . .
H 1 Fig. 12. Mycelial growth of mycorrhizal
£ . .
:“,; fungi on PDA supplemented with oak wood
2 0.6 . . . 3~
g o vinegar at different concentrations (1x10

y 6 . . . .

0 10°%ug/ml). (1)  Pisolithus  tinctorius, (2)

1 2 3 4 5 6
Concentrations(x1000 ug/ml) Rhizopogon rubescens, and (3) Hebeloma

Fig.7. Mycelial growth of Hebeloma
cylindrosporum on PDA supplemented with Cylindrosporum.
oak wood vinegar at different concentrations

(2) Wido] v ej At et} AR SRt e] FAR O MA= 9F

WmEe WA A5 25 ppmel A ARE A, RAEmA, FavaEmae) @A
LS 72 100%, 12%, 30% A8t th (Table 10).

Table 10. Mycelial growth of ectomycorrhizal fungi on PDA supplemented with

benomyl at different concentrations

Benomyl concentrations(ug/ml)

Ectomycorrhizal fungi

0 5 25 50

A2 WAl (Hebeloma cylindrosporum) 7.42 2.01 0.80 0.80
EHUW A (Pisolithus tinctorius) 4.96 4.87 4.35 3.57

SFan I EWMA (Suillus bovinus) 4.35 4.05 3.15 2.1

Agar disc (8 mm) was inoculated, and mycelial growth was measured at 18 days

after inoculation.

T3 we® wjx] H7bE= 5 ppmell A Sl AV SRt 2v (B Qb )] o
AR 7S 100% Al Skl (Table 11).

Table 11. Mycelial growth of Rhizina undulata on PDA supplemented with
benomyl at different concentrations

Benomyl concentrations(ug/ml)
Rhizina undulata

0 5 25 50
Tae-An (B, @) 8.20 0.6 0.6 0.6
Japan (4) 8.70 0.6 0.6 0.6




Agar disc (6 mm) was inoculated, and mycelial growth was measured at 3 days

after inoculation.

2) T WAL E o] AR W] FAY ] M A I

FEE 3ERAWA, BARWA, FENGTRUAES QA detaA i oo
123709 Ao Faetel wAel Arkesa WeWAT 3F 5wl AN LA
A (Fusarium)® 1% A3, Adu]sle] FAE Mg, 53 dARels e
ol FAgel JARNE Urhiglon wdrite] 245 MmN Bt

(Table 12).

Table 12. Mycelial growth of root pathogenic fungi on media supplemented with

culture filtrates of ectomycorrhizal fungi

Root pathogens Rhizoctonia Fusarium

Culturing . Rhizina undulata
od solani oxysporu
PEMOC EcM fungi 115 124 m Japan Tae-An
AW Al 4.15 3.50 2.58 5.88 2.98
T Al 7.94 4.98 3.38 8.40 7.55
1 month _
gandasE 8.40 6.08 3.28 8.40 7.85
CNT 8.40 5.74 3.26 8.40 7.83
Az A 6.16 3.49 2.68 5.39 2.65
ke Al 8.40 4.87 3.08 8.40 8.07
2 month B}
gandasE 8.40 5.84 3.34 8.40 8.40
CNT 8.40 5.85 3.35 8.40 7.56
Az A 4.45 2.86 2.06 3.31 1.86
ke Al 8.40 5.02 3.15 8.40 7.45
3 month )
Shand s 8.40 5.84 3.23 8.40 8.40
CNT 8.40 5.74 3.35 8.40 7.76

Mycelial growth was measured at 2 days after inoculation.

St Fusarium® 7o+ A3t 359 T vl o] B IAHA A g}

Yet it (Fig. 13). (Sporulation of F. oxysporum was greatly reduced by

i 1R

culture filtrates of
all ECM fungi tested.)
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100
80
60 [
40
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0 ‘ ‘
Hebeloma  Pisolithus Suillus No ECM
Media containing culture filtrates of ECM fungi

Sporulation(x10000)

Fig. 13. Sporulation of F. oxysporum on media containing culture filtrates of ECM

fungi.

F. oxysporum conidia incubated for 3 days into holes in cultures of Rhizopogon
rubescens on PDA medium in Petri plates showed inhibited germination, abnormal

swelling, and many cytoplasmic inclusions (Fig. 14).

Fig. 14. Light microscopy of normal(left) and abnormal(right) spores of F.

oxysporum from fungal cultures on PDA medium in Petri plates.

AR e AAAE AW £ FAAQ004 8 28) AP AYEAE
FHe F, od OB oF mabmel W AFAmA U @e @x
A5 9l
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A 3 A AR YA S gyA el A7 e
1. A5 2 94

7 B o7 HEA qAEd 7

D A4
9 AT vES 59 4F 112-41A 2 =357 A 12-12(20029 AFHE-A])
29 3H b FH18(20039 AFEA])
A ExA] 2dE 2AE AF 93(2004F AHEA])

2) ESANHEA Ag : AEA ] ZATE A Fo ofge} e FFoR EY
A =
- AEAE T - A2 (FDA3]) 6.25kgS T B TH(25kg/100m)
- BxAXE T 5002 8| A e HxA(FS)S 10081 EHE ¥ (400 ¢ /100m’)
- E+E AT 0 £ bkgd WEla, 508 HZ2A(FY) 1008 HE R
3) A7 O
71 s g Al AR A dAEE 2A)
AU SR AAA 2AE A
W) EYHAE AL
EGNGEA A AE2 Zo] 4~5me EYS EGIot(tbem)ZE 44 oNA 1
AR AH EFg5e] SHAANAY. dx" ESL 2 4o 10mesh® AE % 1g&
sto] Hitgo @AS A Sk, 100wE At vAd=E FFE W E7I(PDA, NA, ISP
Mxdel 2 A=k wjde At 2 WM+ 28~30T, T30l 25TolA wj g3

colonys ALt WEWMES ZAPSATE AR wj A A EE ool 2

QA

==

=
o T

NA(Nutrient Agar)¥]A] : Beef extract bg, Peptone 10g, NaCl bg, Agar 15g, DW 17.
ISP(International Streptomyces Project) I BJA] : Yeast extract 4g, Malt extract
10g, Dextrose 4g, Agar 20g, DW 12.
o)) EA
EGNEA AeHdER 075em Zole] EYS EYIoMbemxH5em)ZE 419
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2) BN o g a4 g3 £8(2002)
A3, £ 2 5 5o EYNEA Abgel ofgh gAY A S A g
W5 Pty skl =g AT vEW 20029 49 14U AHEDAA]) Aol A
TE FANE wA(™ Dstar A3 A Tells A S (YA 3])E 25ke/100m’,
AT e 2(IEEHS 20kg/100m’, FZ2AA ] Foll= 2N (Y 508 HS
1002 /100m 4 A28ttt olw] EF/NFAZ AE3E 2439 2 SEve AHE
dol EA, EGE 9 RAg S 7iehsle] bAsigon, £ Hxdo] Alge
EGNZFAR AT A Jeko 7 sk w3 Zx o] 3 Aujgs “1)"dol
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3 2. AMA el Ao A7 Bt A A G

A B\ E=AFS| 02 11. 05 03. 7. 21 &7
24 3] 20 5 25

%= 14 7 21
CEXE) 16 12 28
=R 21 8 29

X EYnAE dxdis *
Wol E%S PDA, NA, IPSHiA| oA “AZAH oz Al7|E EYnPE e
AVst Axte= w03, 1Y 29 2ot

¥ 3 EWMEA Y A5 EYVHE YA (E9]  x10°cfu/g soil)

A Bk Bacteria Fungi Actinomyces

AA 161 | 81 | 11/4 ] 6/1 | 81 | 11/4 | 6/1 | 8/1 | 11/4

A 122 |22 3 16.30 | 12.10 | 35,58 | 0.66 | 0.20 | 0.50 | 0.00 | 0.00 | 1.50
= 6.30 | 4.60 | 27.00 | 0.00 | 0.00 | 0.50 | 0.00 | 0.00 | 1.00

Bz 560 | 1.20 | 1883 | 0.66 | 0.00 | 0.50 | 0.00 | 0.00 | 0.50

A 17.00 | 12.20 | 38.18 | 0.66 | 0.50 | 3.00 | 0.33 | 0.10 | 3.50

A2ZALT |22 3] 20.00 | 15.60 | 14.00 | 6.60 | 4.00 | 0.50 | 0.00 | 0.00 | 2.00
= 10.00 | 520 |37.73 | 10.00 | 820 | 050 | 0.00 | 0.00 | 2.00

2z 13.30 | 890 | 2523 | 0.00 | 0.20 | 0.50 | 0.00 | 0.00 | 2.00

A g 20.00 | 15.80 | 45.85| 0.00 | 0.60 | 5.00 | 0.00 | 0.20 | 2.50

A 32T | A2 3 18.15 | 14.00 | 44.25| 3.63 | 2.00 | 1.50 | 0.00 | 0.00 | 2.50
= 815 | 4.60 | 19.80 | 5.00 | 3.00 | 1.00 | 0.00 | 0.10 | 3.50

Bz 945 | 450 |40.88| 0.33 | 0.10 | 0.50 | 0.00 | 0.00 | 0.50

Rk 1850 | 12.00 | 51.70 | 0.33 | 0.20 | 650 | 0.16 | 0.30 | 4.50

AEEAS R oF 1/]9o] AW 69 FT£H, EFT LS ATEEE 56~
20.0x10°cfu/g soil F3olAth. ES/NZA A
A
2

o] WHite] WrEWHE ¥
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[e] =
=54

wzol Al g7 oA

0.36
0.61
0.38
0.31
0.42
0.32
0.33
0.34

Mg’

Ca’
0.68
0.59
0.62
0.41
0.62
0.38
0.60
0.33

9ko] 2 (cmol /Kg)

Na'
0.14
0.14
0.13
0.13
0.13
0.14
0.14
0.14

K
0.40
0.27
0.33
0.26
0.40
0.34
0.38
0.33

CE.C
0.M(%) |T-N(%)| (mg/Kg) | (cmol /Kg)
11.29
10.71
12.17
11.07
13.86
11.51
12.25

10.71

13.98
2.92
8.36
2.65
8.38
3.83
9.20
2.66
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0.12
0.11
0.12
0.13
0.15
0.11
0.13

3.52
3.17
2.90
3.37
3.24
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3.13
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3l

(pH)
4.89
492
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4.68
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114
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16.00

mAs 62
B4 3 1
0% 68
[mESRAE|
mSEY 6g

BEXH 11g
mex2l 62
oexX2 1

o, 24T AEHA e AMEAT Qold EdADA A

2] del 64+
Al gkA] S7de]l Ak 1149, oF 1do] A 2003 7€ol] A8 bemF-o EFS &
Mgk A}, # 5llM B mpel o] EYUNEAl ARGl oF Bt ARk A
Tpop of 2T woFtAl EolA= Aol F W= AT AWME S oHE S
= 243, £ B2 5x99 Age] oF EFAENSE AHA Agor AEsls
b eSS mokxivta stk Hx e AMSE frlEd dEAe] S =
T Aor EAH B 552 Ql Wste] AA Vs Aem FA T
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E 5 AMEAT oM EFAFA Abgel oI% EFRY vla

AE | F1E | AEA |FEQQAH CEO | 34 %ol (cmol+/Kg)

A2 | A7

(DH) 0.M(%) | T-N(%%) (mg/Kg) (cer1+/Kg) K+ Na+ | Ca2+ Mg2+

02. 6. | 5.06 | 3.52 0.136 3.48 1122 | 047 | 015 | 043 | 0.32

22 3] 11. | 5.00 | 2.63 0.123 1.22 1122 | 031 | 014 | 055 | 0.53

03. 7. | 517 | 372 0.127 2.81 1122 | 037 | 0.09 | 093 | 0.84

02. 6. | 478 | 2.32 0.108 5.37 1166 | 044 | 013 | 0.57 | 0.38

= 11. | 486 | 2.46 0.104 1.56 12776 | 031 | 0.13 | 046 | 041

03. 7. 1480 | 3.16 0.133 1.72 1188 | 0.33 | 0.09 | 047 | 0.50

02. 6. | 484 | 3.59 0.164 4.38 1364 | 0.36 | 0.15 | 0.58 | 0.34

HExd 11. | 483 | 3.71 0.144 2.00 1540 | 033 | 0.14 | 0.30 | 0.28

03. 7. 149 | 523 0.198 6.04 1254 | 0.36 | 0.10 | 0.36 | 0.46

02. 6. | 489 | 254 0.114 711 1188 | 042 | 0.15 | 0.68 | 0.29

A g 11. | 480 | 2.89 0.104 2.24 1188 | 035 | 0.14 | 046 | 0.44

03. 7. | 498 | 455 0.164 7.16 1166 | 027 | 008 | 0.73 | 0.52
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golxo] FAglo] nlsle] 64.3%,
AR o ol e Ae ddd
T AHYE AR BEdHzy s
o2 FeE

F 6. EFANFA Aol o7 A7

1(2000d) 2]
e MR ARARY =2 FFE A2

e AdA T

=A== FA e vlgte] 90.5%¢] A &HT}

Zaor AFEX S AU A}

B 3140 /‘1

ZAT | A g 8/5 | 9/23 | 10/24 | &7 B a
sda | 0 | 6 | 4 | 10 [T FEA N 20 242G
2M 3= Ao HA4 &%5(9.23)
ES 4 0 5
122 2 0 0 0 |EFd=x, sedd UE =5
Sr2 9 1| 0 | 1 |[E¥ax, a3 9As
AL} = =214 R Z A O Al vkA
SRl I B R IRC A S b
Eaa k) 0 0 1 1 |AE2$E EAF-E(9.23)
= 0 1 0 1 |AE2$E EAF-E(9.23)
2XAM | Hxo 8 9 0 17 |&UFFdel] JsHow A HA
E+Exd 0 0 0 A2 BEAM-E(9.23)
A 0 0 2 WNEd42 EAHFE(9.23)
4) EGNAA ogk WA &3 -9 (2004%)

003 AT A4 ABE AFEeE A9 EFe] faslel G
Agel 94 2@ f3 Zzo EFAed 9@ aHE 2y fete, 2004 2
29EA ALE 24 2FE &4 2 0lA 56mA ] 2ATE AHY F
of EFNFAE Admst 59T o 59 49 A

GEREEEEEPEREE RS R
2ATE GRS FoRA AR 105 JEe] AR A A3
stom, A vt B gty #APES S SXAATE HoE dHA o
B2 (Sato T) AW AU REHES AR st FE AU
T, OMRAIUE, AR U iR Y] AR MOl A Hol wEE Qo) o]fje Jheh
W, Hu, AER, AR, Al e, aabe] Sol #EEAT
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E 7. EGNFA Aol % shymesteln el 4aA wy

e A A A ) g SHEA
7.92 | 811 | 827 | =wae T EE®)

FEESE 0 21 99 120 6(2)/(2) 90

1 % 0 83 83 7(1)/(1) 60

z| =z 33 6 40 7(1)/0 90

A zrmza | 2 | 156 | 52 230 6(1)/0 75

T A 74 144 218 6(3)/0 80
FEEEE 62 | 107 174 73)/(1) 80

2 ES 34 52 | 105 191 6(1)/1 50

=] =zq 16 12 | 141 169 72)/(1) 60

N T 20 o3 126 5(1)/0 60

7 [ w47 4 32 44 4/0 50

A 243 0 2 0 2 5/(1) 80

3 ES 0 3 3 7(3)/2(1) 50

z| mzq 0 14 13 27 6(3)/(2) 70

A emza [ 0 0 0 0 4(2)/2(1) 90
e 7 7 10 24 41)/(2) 70

© AUFES 6@/08 ZATU6] 6259 AUl Qe 1 F 37FE wALE,
/gl A 2T R Qo e 2UFESE BAT A9

AHEEA 2 ok FE AP A7 B T] Al EFsklom 3afe] A XA =AEE A
He= % 7 2 AllRAF Ol FAEe vuste Hxd s AAS|IAEER
A A gAY o] Ao, sy HxdEge 93y AAATNE 2T HoE

A
Hukh Ee AR A E YA A A By 2 ot
BAeH FAUTE SHRELE 4T BE AUH $3A49 A%gw

o

Frzel ofste] AAABAe] Ae Aom FARUG EH A3EATE AwA o
2 wAge] FelsA Axstel Aol oJF FFAe] BaEAol BB

W) EGuAE o
EFMNFA (23], = b Az d Fo] EgnAY

5 15 E ZAEIAY. BEYe 5 1 PDA, NA, IPSH|A =
Abg3te]l @A Aol o]ste] AIZ|ER A, HFo], WA WEFE A 4

s
a



Hie B8 % Y 404 R wkeh gk BEY 1D AT W 105, #%8
2 ogdare) dEs 10FEeId e, B EA Al od Fd avs
A ergrth aev EFAGA Aol elste] Al 2 FBole] Wi gzl Hat
o obzh e WEE et v e BRE aiaAY okt wolxe 4
AE UER AT
® 8 ENFA A2 A5 EduAE WS (e ¢ cfu/g soil)
9] Al T#(x10°) #%0](x10") B A (<10
5/4 | /22 | 8/21 | 5/4 | 7/22 | 8/21 | 54 | 7/22 | 8/27
11243 | 470 | 625 | 462 | 207 | 473 | 320 | 098 | 235 | 3.72
| % |610 ] 818 | 380 | 393 | 457 | 397 | 123 | 157 | 358
; Bzl | 425 | 683 | 622 | 1.85 | 453 | 408 | 1.27 | 3.0 | 377
£+5%| 185 | 597 | 413 | 155 | 558 | 350 | 062 | 2.32 | 3.08
Tl EAR | 573 [ 902 [ 713 | 220 [ 685 [ 703 [ 147 | 142 | 362
o| 2431 | 363 | 508 | 418 | 345 | 6.07 | 530 | 070 | 1.77 | 2.35
| % [365]68 | 600|353 | 7.83 | 648 | 062 | 1.72 | 3.78
; Bxol| 207 | 358 | 280 | 532 | 695 | 640 | 1.02 | 192 | 2.30
F+i%| 227 | 405 | 395 | 442 | 743 | 602 | 088 | 2.05 | 250
T A [ 373 | 865 | 768 | 477 | 752 | 632 | 097 | 210 | 363
3| 248 | 440 | 718 | 625 | 305 | 543 | 350 | 1.88 | 338 | 515
2| % | 550 | 752 | 642 | 330 | 738 | 575 | 168 | 318 | 527
ool | 503 | 028 | 530 | 302 | 582 | 435 | 125 | 240 | 280
£+4%| 485 | 680 | 512 | 185 | 552 | 497 | 09 | 257 | 437
T FAR | 372 | 952 | 567 | 345 | 818 | 668 | 147 | 2.25 | 368
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£ 9. BENEA A AR AV S-AdvE
(9] %)
HMel |®%g| St | s2 | S3 | sS4 | S5 | S6 | S7 | S8 | S9|si0]Sil|Sl2
58 | 54.0 | 143 | 0.0 | 95 | 48 |1.6|00[63[48]| 16| 3200
A3 |78 | 526|211 05 | 89 | 26 [3.7]1.6]1.6[32]| 21 ] 21|00
8% | 498 | 269 | 08 | 7.9 | 36 [28|16[1.2]24[ 16| 1.6 ] 0.0
58 [36.9 |205| 49 | 82 | 74 |57|08[83[33|57|25]08
E= 78 [ 423|214 ] 42 | 83 | 6.0 |48 |12 |24 ]24| 48| 18] 06
82 | 51.0 [ 262 | 23 | 7.0 [ 84 [30[10[1.0[1.0[ 27 [ 10] 03
58 | 451 | 206 | 20 | 9.8 | 69 |1.0]29[89[20] 292900
Sx% |78 | 518|231 21 | 7.7 | 46 [15[21[381[1.0[ 15[ 1500
8% |48.8 |27.7 | 1.7 | 7.4 [ 41 |24 |21 ]25[12][ 12 ] 12]00
58 | 456 |19.3 | 1.8 | 123 ] 7.0 |35/0.0[53]0.0] 35| 18] 0.0
£+2x%| 78 | 564|231 26 | 51 | 51 [1.9]06[1.9]00] 1.9 | 1.3 ] 0.0
8% | 53.4 271 25 | 83 |82 [14]07[11][04][11]07]00
58 [51.8]19.3] 09 | 7.0 | 26 |1.8|1.8[44[35] 263509
Sxel | 7% 538 |21.2| 1.9 | 58 | 26 [26[13[1.9[38] 133206
8% | 49.2 | 289 | 1.6 | 6.1 | 28 [20[16|1.6[2.4| 08 | 24 | 0.4
EYNFA Aol o3 Wy A aAE Fetr] flete] Hdde AdA 2y
& EGUAEY] 2 g EQWs sor TR AT WAdde] AAA
DG Al whEt EGNEA AFEoE of7h v WAYES YEhZY, 2
Aol S HEHHAE Got BFS AAtaL e 2UFUE, s JERd <
g EgAxrt AAA B A dFE FE Ao ddHAT
EGHAE dUEe EdNEA Aedz Fid dEwEe #EEHA agow,
At e] colony oA Sl 7HE w8 +A&E YEhANL, S35 Al sl et
BE7b =2 Ao E e Brg Wiyl B Ao e Urg sl
EGgrgEe] tgstE = RS FolT ¢ USITh EgEA ] A= 189 A
ol 3l = 4] ApEo] EF

poy
o
b
el
ey
A,
32
i

A g ke Ae] A
=
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X =
WEA Ao A FaEElE vAES Rhizina undulata®t W) 2] vl &ako] TARAY S
3 A

A, % 109 2ol Alxt 209, WA 8o B wde 4ol 9l
= EYHE Rhizoctinia solani TG-1, Fusarium solani f.sp.
pisi, Pythium ultimumol= A9 Z&da3E el A &g 2 HAdFogt Eols}

A A 24e vehlo] AR e Al E87ts ol & AL
= AE A (2d 6).

—B26

—FR. undulata

a9 6. B267 9] R. undulata vAF87¢ A & ¥

_90_



¥ 10. AHER A AEE A AES Rhizina undulatad o 24

AT ARG A &(%) AT AR S A & (%)
B2 53 B37 37
B3 53 B38 62
B4 48 B39 59
B5 52 B40 56
B6 58 B41 64
B7 62 B42 65

B18 50 Al 32
B21 58 A2 56
B23 58 A3 43
B26 83 A5 34
B27 36 Al10 51
B29 58 All 44
B34 42 Al2 61
B36 57 Al3 61
B: Bacteria A Actinomycetes

a) TAY A& (%)
- QETe BARFB-AY T FAYFP/AET A FX100

S 20034, 3ot ly =
(Ta 3, 8, 17, 22), F¥9% 3d AEAY
MR G A 7 a3 =Y B26+
0}04 A A3t (Rhizina undulata)¥+2] o ] 8} %S
S PDA HiA] 7}e-dHo] X AFska 71?5Ln]1\ zo
22 AR A3, ® 113 o] wietel A e Ta22 WAl (1E 7)9]
]

ox!
ot
!
Ru)
r O
=2
>
ﬂN
oo"
;
HU
2
H‘.
i)
o,
N

‘§r AA A
M Y AFdadE B i%ﬂ‘i’%‘oﬂ/ﬂ Akl Agin| B vste] st Wl
Al A Ak AgnAEo] AFEAF A YERRH

¥ 11. 23 AE2 Rhizina undulatal 3 AS5AX &3
Strain A A A= (mm) Strain A A A g (mm)
Ta 3 5.80 Ha 3 4.77
Ta 8 6.43 Ha 5 5.60
Ta 17 8.13 Ha 9 B.27
Ta 22 9.30 B-26 3.13
Ha 1 5.07

¥ T: Taean region, a: Actinomyces(*}4 ), b: Bacteria(®Hg] ] o})
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) Aadge s A E Y AL

T A AER AdE Ta 2297 HAwAQ ISP I #iA(ISP II,
PDB, &§Hl# = KHPOs 10% &9 ImL, NaNOs; 10% &<} 1mL, KCl 10% &9
ImL, MgSO, 10% &9 1mL, 84 A% 10g, Sucrose 1g/L FolA Aub)o A -
Hj kA7 2 gt S 2ALE A AISEATE 28Tl 72413 e RS HFEIoeR I
of 100u¥ HFska 3, 5, 7, 10 ,159 B FS dAldelste] wigol s A%
o fAEE = 8000rpm 20 YASHa 1 o dS oAl millipore filter(0.45um)E &
FAIA o zzsk v AR = AR ZF s do] S penicillin cupell 18040 21(13],
23])sto] A At (Rhizina undulata: 8&%], )2} ti X <F(H 2] A 2] 40mm)o =
AAAYE A A3 wjdA Qe de AAEHRE HolA Fo} TAE A
WA EHE ZASHA T

B HxA AHET Al Ta 22 WAt

¥ 12. 20 AE Ta 22 XAEEgY A To] WA A whAy
o A A EAYZFOR) Ao &= 2] 4
A
7.92 | 8 11 | 8 27 |Fwam| =7+ | A=E00)
A A 0 0 11 11 7(2)/0 40
1AL
A2 0 74 144 218 6(3)/0 80
A AL 11 20 45 76| 41)/2(2) 30
DF AT
7 2 4 8 32 44 4/0 50
A AL 0 0 0 0 4/3(1) 90
3247
e 7 7 10 24 4(1)/(2) 70

¢ 2UFES 7208 26 7159
/Eel SAE 2AT R 9 9 2FESE AT A9,

=

2yt A3 AE Ta 22(83)9 EYU dE=WES motslr] §3te Az A+
o MAFFO $HES AU 29 8olA KB ulel o] Ta22¢ ¥R A
A 15% A& Ta22(S3)w= 204 Foll 24%= FA8 dsstel AHHo= %
Sl AESIL Y= Aoz BAFA oM vbE 40%9F 18%E At S1 2 S29]
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50

40
R 30 ms
ofu w7
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10 f
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S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 812

% 8 A¥MAE Taz2e AX A5 W Hewls

= l:— 7” ﬁ'ié}ﬁii} UJrE]-/\i TaZZ—E EE*‘E 5 LR Sl %‘
Aste wAEors duk AxE TAE EF UelA 1 A AEHse] By
Aol e Ao BoHel YARNE A2 5 UL Ao FAHAYG

S AR o] WAl g 2AE
Al 28 FFA A A ReH ST R undulata® TAAEE BEA A
o= Aoz THHEA 3% 84) 25YUAA Y HS 402 /25m 2 2004 & AbE-HE
of o Wyt AdA BAFS AR A3, F 1339 2o
EAREZE] e HE g e ALAFS 4T v At sS4
Y FE¢ ol TWHo AL Aow FAIUU I EUNAAE

BAQ AHA 2FE

E 13 QAR F HE Fo AR AT

. AL A wEAY = () b =214
A
7.22 | 811 | 8 27 |FwA= x| 9E8(%)

S =]

L2 '«ﬁA}»Al 3 0 0 0 0 7(3)/2(1) 40
3] 7] 0 74 144 218 6(3)/0 80
AP % 24 1

92 AL } 13 55 57 36 4(2)/4(1) 30
4 g 4 8 32 44 4/0 50
HAALA ] 18 13 11 42 4

e } | (1)/3(1) 90
LA g 7 7 10 24 4(1)/4(3) 70
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A, AT A2 N aAES FuHAE 91~
A AFRLE AL AT fert Aol A% U

200158 oz > 2 el )
Aetar ATk WA AMA = F2 OAAME QIAA A wAEI glo] WAL
o wARE olm] ool Fista = Aoz ATHIA

E3 it EGREAE A AT, Fs AR-A o] Folzl R EFORA &
Fol 719 e AHoldon, EXNEE Hit pH 5282 A4S el HE. 14)

o & =] 3} A1
=) o 6 1o 1| TR 2 84
2H =21 H ( 0) T ‘I‘I‘7]E Z(_—]_év\« ?l/\\l' CEC Oo]:O]RQ:(CInOl*/Kg)

OM | T-N | (mg/ |(cmol’/ (mS/
(%) | (%) | Kg) Kg) cm)
523 026 | 0.018 | 34.31 3.08 [032]0.14]0.64| 0521 0.02
5.33| 0.10 | 0.015 | 16.89 286 [019]0.12]058]0.331]0.02
5441 049 | 0.021 | 6.95 3.08 |013]0.11]0.31]0.1210.01
547 0.33 | 0.021 | 9.59 286 [0.2410.11]0.69]0.69 | 0.02
5791 092 | 0.009 | 6.04 264 |016]0.11]0.23]0.1210.01
463 0.39 | 0.086 | 17.47 528 10241011]0.76 052 | 0.04

557| 034 | 0.018 | 8.32 286 022012070 | 0.37 | 0.02
4.80] 0.70 | 0.037 | 1225 | 3.74 |0.19]0.11 ] 0.43 | 0.53 | 0.02

EC

K' | Na' |Ca2" [Mg2'

(2N RPN RONRORRON NN RN RO
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T T T T T T T T T T T

Bl WA F 4Ahe] R2AFE AASE 2002 6€FEH A 23]o] A AA
ol 5el 7¢9 st ol FE W AAsy] Hel 1~3€el, FaEe] A A
T B AHE At aAMER gdEE gAY e 2 oW IHANEES
mwm&ﬂQQ'14%Eﬂﬂﬁﬂ5%%?ZQEQ‘“ﬁﬂﬁidﬂiE%@ﬂiwﬂﬂ
9 e =Aslo] Xkt o A A dhAse 2002Wdd = 7€ 30¥, 20034

7Y 2799 A E Axfo|t}

X = Hkel o], 2001 Hzx Fsrr A 3 ¥ FH E
Fee s A BATY TAE FEo] EmolA FRolu dUdE AREo B
A7 B ~ol g Fai7t 53 Ao AaEdon v o r Ak
w3k gpdgs gAYl AP A= AARE ] Ao JFAom WAEaL AL
v 79 sheell AEA e AR o] BEE bSOl AA A AAA Bz
ARZE o] FojAof 3 Roz AZbETE 3dztel] A WA WA S B EapE
g FALE o] FHA HRUAARTY Fow AL FAkstHA dEE FAH

Sato 5(1974), Hagner(1962), Gremmen(1971)%52 sfjetgolA dzF APL =7}

W7 3~5mz SHHEnhn s, B R AT LAHES 347 A

21y o W 20mo]
o SaEga o ggom yelwe] AUAZE RESFL 9lo] Mol sk we
ol iz W Tmol el FAAFe]l FaIMeR Aow WUHAT wH AYHow ¢
Qo7 QA 2RIt BxelA ok Aol g Aol e Hgow ur y
e AP gt Aor FHHUL
F 15, A o] o7 A7 AR

20024 2003 20044

A | 2001 2z | AL = AL o2 |FIALAHLF
(7.30) [(03.1.7)] (7.29) | (04.3.17)| (7.27)

A 7 6 3 32 1 1 50
B 5} 7 3 8 1 0 24
C 3 1 0 12 1 3 20
D 4 13 1 16 0 5) 39
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