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Effect of Thinning on Environmental Factors and Wild Mushroom
Fruting in Quercus mongolica Forest
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Abstract: In order to determine the effects of thinning on mushroom fruiting, microclimate and air temperature in
Quercus mongolica forests, this study investigated changes in crown density, soil temperature, air temperature and
throughfall in the natural Q. mongolica forest which was thinned by approximately 45% four years ago. The results
showed that crown density was smaller than control by 6% from April to October, The soil temperature and air
temperature in the thinned stands were significantly higher than those of the control by 1~2°C until August and
differences in air and soil temperature. The average daily temperature difference was higher than control by 0.2~
0.7°C until October. Throughfall from July to September in the thinned was approximately 135 mm higher than in
the control. The maximum difference in throughfall per unit time was 3.5 mm/h. Soil moisture in the thinned site
increased by approximately 5% compared with the control and reduced to the normal moisture after 4 days in both
sites. 55 mushroom species were found in the thinned area between July and September. The thinned site contained
10 mycorrhizal mushrooms more than the control and 1 saprophytic mushroom species more than the control.
Shannon-Wiener Index was 3.2, approximately 0.5 higher than the control. Tylopilus neofelleus, etc., occurred in the
thinned site more quickly, but daricus subrutilescens, Clitocybe sp, occurred later. In the thinned site, the dominance
of Tylopilus neofellelus and Armillaria sp. increased approximately 6% and 30% and yield about 1.5 times and 20
times, respectively. In conclusion, thinning in the Q. mongolica forest increased the soil and air temperature, soil

* Corresponding author
E-mail: koocdm@chungbuk.ac.kr
ORCID
Chang Duck Koo (® http://orcid.org/0000-0001-9508-8858



2 R LR B

Bt A107H8 AJ1Z (2018)

moisture, throughfall and the diversity of mushroom species, and advanced the period of occurrence, and increased
dominance and yield of some mycorrhizal mushrooms and Amillaria sp.
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Table 1. Summary of high trees investgated and vegetation table of plant community in reaserch sites.

‘Thin’=thinning, ‘Con’=control

Site No. High .trees mean / m]i)rﬁrl:llflcmni)maximum mean ;F l:ﬁni}rﬁlfrllli&nn;)ximum Thf;:gng
(Q. mongolica)/ha Total High trees 0. mongolica Total High trees 0. mongolica (%)
Thin-1 400(350) 23.4/14-32 23.4/14-32 15.4/11-23 14.4/11-21 50
Thin-2 900(900) 16.4/12-22 16.4/12-22 15.6/11-20 15.6/11-20 38
Thin-3 875(700) 16.4/6-26 17.8/10-26 16.4/6-19 13.7/6-19 46
Con-1 1200(1100) 17.1/8-32 16.8/8-28 14.0/8-20 13.9/8-18
Con-2 1400(1250) 16.1/8-26 16.2/8-26 15.1/8-20 15.2/8-20
Site Thin-1 Thin-2 Thin-3 Con-1 Con-2
Altitude(m) 670 698 708 742 754
Aspect N N N N NE
Slope(®) 20 15 20 15 20
Area(m?2) 20 x 20 20 x 20 20 x 20 20 x 20 20 x 20
Number of species 13 13 18 13 15
Woody plant
Acerpictum subsp.mono S . . 1
T2 . . 1 1
Acer pseudosieboldianum S ) ) )
Betula davurica T2 5 .
Clerodendrum trichotomum S . 2
T1 . 1
Cornus controversa ™ 5
T1 . 2
Fraxinus rhynchophylla T2 . 5 .
S 2 2 2
Fraxinus sieboldiana S 2 2
Kalopanax septemlobus S . 1
Larix kaempferi T1 5 . .
Lespedeza maximowiczii S 2 . 2 . 2
Lindera obtusiloba S 2 2 2 2
Magnolia sieboldii S 1 2
Prunus sargentii T2 . . 1 . .
Quercus mongolica Tl 9 9 9 9 9
Quercus variabilis T1 . 2
Rhododendron mucronulatum S 2
Rhododendron schlippenbachii S 2 2
Rhus trichocarpa S 2
Rubus crataegifolius S 2
Styrax obassia S . 2 . .
Symplocos chinensis S 2 2 2 2
Weigela subsessilis S 2
Herbs
Ainsliaea acerifolia H 2 2 2 2 2
Athyrium niponicum H 2 2 2 2 .
Carex siderosticta H . 4
Dryopteris crassirhizoma H . . 2 .
Hemerocallis fulva H 2 2 . 3 2
Hosta longipes H 2 2 2 . .
Polygonatum odoratum H 2 2 2 2 2
Syneilesis palmata H 2 . 2 2

* T1 = canopy(first high trees), T2= understory(second high trees), S= shrub, H=herb.
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H’ = Shannon-Wiener Index, Pi = proportion of total

abundance represented by ith species, InPi = logl0 Pi
(Fomula _2) ................. D = Nl/Nn * 100

D = Dominance value(%), Ni = Number of individuals
of a each species found in an area, Nn = Total of

organisms of all species found in an area
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Figure 1. Crown density changes by thinning and control in
Quercus mongolica forest from April to October. There are
significantly different at the 0.05 probability level according
to T-test. - Error bar = standard error.
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Figure 2. Soil Temperature changes by thinning and control in Quercus mongolica forest.; T-C = Difference in temperature

of Thinnig to Control during July to September.
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significantly difference at the 0.01 probability level according to T-test.
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Figure 3. Daily average temperature change in the Quercus
mongolica forest: Thinning was Higher than the control by
1~2°C until August and the difference decreased from
September.

Soline line = Thinning. Dashed Line = Control,

** = significantly difference at the 0.01 probability level
according to T-test.
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Figure 4. Average daily temperature range by thinning in
Quercus mongolica forest: Thinning was higher than the control
by 0.2~0.7°C from April to October in 2016. There was no
statistically significant difference according to T-test.
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Figure S. Thoughfall in thinned and unthinned Quercus
mongolica forest stands from April to December in 2016.

* = significantly difference at the 0.05 probability level according
to T-test.
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Figure 6. Thoughfall per unit time in thinned and unthinned
Quercus mongolica forest stands from July to September in 2016.
- Enor bar = standard error.
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to September 22 in 2016 by thinning.
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et Eeh et WS B sk tH(Table 6).

Table 2. Total mushrooms occurrence and Shannon-Wiener index from survey site.

Thinning Control
ECM SAP ECM SAP
Number of species 39 16 29 15
Total weight(g) 2168.4 981.5 2040.6 406.7
Shannon-Wiener index 3.08 1.58 291 1.63

ECM = Ectomycorrhizal mushroom.
SAP = Saprophytic Mushroom.

Table 3. Change of monthly mushroom occurrence and Shannon-Wiener index from July to September, 2016 in survey sites.

Thinning Control
Total ECM SAP Total ECM SAP
July 21(2.58) 13(1.76) 8(1.92) 20(1.66) 12(2.26) 8(0.95)
August 18(2.26) 15(2.55) 3(0.33) 192.56) 16(2.3) 3(1.03)
September 24(1.66) 15(1.97) 9(0.79) 12(1.72) 5(0.5) 7(1.05)

Value = The number of species(Shannon-Wiener index)
ECM = Ectomycorrhizal mushroom.
SAP = Saprophytic Mushroom.



LR e EE 21078 A 1S (2018)

Table 4. Change of dominant species of mycorrhizal mushrooms by thinning.

Thinning Control
Famil Genus Species
; i vor BV nor DV
AMANITACEAE Amanita w2233 ¥ Al (Amanita excelsa) 3 3.0
O - A3t W Al (Amanita farinosa) 1 0.8
MDAl (Amanita fulva) 2 2.0
2 Al (Amanita hemibapha) 2 2.0
ul-3 B ¥ A (Admanita pantherina) 6 6.0
gato] -t ¥ Al (Amanita spreta) 1 1.0
e 2, a0
(Amanita sychnopyramis f. subannulata)
3 7} A 3B W Al (Amanita virgineoides) 1 0.8
Z QAP ¥ Al (Amanita virosa) 2 1.6 5.0
BOLETACEAE Boletellus ot 15 A (Boletellus elatus) 1 0.8 2 2.0
Boletus JEWAl<(Boletus sp.) 1 0.8
T 1E WAl (Boletus auripes) 5 39
M 1 E- W Xl (Boletus brunneissimus) 1 0.8
At 1 B Al o} A B (Boletus pseudocalopus) 1 0.8
JEW Al oA | (Boletus reticulatus) 1 1.0
21 2] 7 &
Leccinum (I‘%:Jc;zb%noinjEr{:\ntale) ! 0.8 2 2.0
Phylloporus =W AN TEH A (Phylloporus bellus) 5 3.9
Pulveroboletus  ZF L&Al (Pulveroboletus ravenelii) 3 2.3
Retiboletus S| A 715 ¥ Al (Retiboletus  griseus) 3 23 1 1.0
A2 15 W Al (Retiboletus nigerrimus) 1 1.0
Tylopilus o) &8 1 E W Al (Tylopilus chromapes) 2 1.6
A F228r 1EW Al (Tylopilus neofelleus) 19 14.8 11 11.0
Xerocomus AL 2 E W Al (Xerocomus nigromaculatus) 2 1.6
SUILLACEAE Suillus S 15 Al (Suillus grevillei) 1 0.8
CANTHARELLACEAE Cantharellus o 7] & L &) W Al (Cantharellus minor) 5 39
CORTINARIACEAE Cortinarius LA W Al 23(Cortinarius sp.1) 2 1.6
L& W Al 2 (Cortinarius sp.2) 1 0.8
2 W Al(Cortinarius violaceus) 3 2.3 1 1.0
ENTOLOMATACEAE Entoloma ALZE I W Al (Entoloma  rhodopolium) 27 21.1 4.0
N A H A (Entoloma sarcopum) 8.0
GOMPHACEAE Ramaria 2] W Al L(Ramaria sp.) 3 23 20 20.0
=2 (Ramaria flava) 1 0.8
GYROPORACEAE Gyroporus Ed 2 EHAL(Gyroporus sp.) 2 1.6 1 1.0
S EY 2EHA(Gyroporus castaneus) 1 0.8
HYDNAGIACEAE Laccaria A2ZZH Al (Laccaria amethystea) 2.0
ZZYW Al (Laccaria laccata) 2.0
HYGROPHORACEAE  Hygrophorus W W A <5 (Hygrophorus sp.) 2 1.6
ek BT A U s
(Hygrophorus camarophyllus)
INOCYBACEAE Inocybe =G Al (Inocybe lutea) 1 0.8
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Table 4. Continued.

Ao mjx

I

rr

oJ 3k

[}

Thinning Control
Family Genus Species NOF D. V. NOF D. V.
(%) (%)
RUSSULACEAE Lactarius =AW Al (Lactarius chrysorrheus) 5 39 2 2.0
N 71 B A (Lactarius gerardii) 1 0.8
FHAH A (Lactarius subzonarius) 2 1.6 2 2.0
LA AW Al (Lactarius uvidus) 2 1.6
A AW Xl (Lactarius violascens) 1 1.0
Russula EH LG HA (Russula alboareolata) 2 1.6 6 6.0
A2 Al (Russula albonigra) 1 1.0
A I Al (Russula bella) 6 4.7 7 7.0
A 2 H Al (Russula cyanoxantha) 1 0.8
3 Al (Russula emetica) 4 3.1
BRI Al (Russula omiensis) 1 0.8
S Al (Russula senecis) 4 3.1
= B A (Russula xerampelina) 2 1.6
STROPHARIACEAE Stropharia 32 =W Al 2x(Stropharia sp.) 1 1.0
THELEPHORACEAE Thelephora AL A H Al (Thelephora palmata) 2 2.0
TRICHOLOMATACEAE Tricholoma oW Al 2(Tricholoma sp.) 1 1.0
Total 128 100 100 100
NOF = Number of fruting.; D.V. = Dominance value.
Table 5. Change of dominant species of saprophytic mushrooms by thinning.
. . Thinning Control
Family Genus Species NOF D.V.(%) NOF D.V.(%)
AGARICACEAE Agaricus FE W Al L (Agaricus sp.) 2 1.4
EFEW Al (Agaricus silvaticus) 3 2.1
S| FE W Al (Agaricus arvensis) 3 2.1
FE W Al(dgaricus campestris) 2 1.4
M ZE W Al (Agaricus subrutilescens) 1 0.5 4 2.8
AGARICACEAE Cystoderma ) W Al <(Cystoderma sp.) 1 0.5
231 W Al (Cystoderma  amiantinum) 1 0.7
Lycoperdon W5 Al (Lycoperdon perlatum) 1 0.7
Macrolepiota S A (Macrolepiota procera) 1 0.7
FOMITOPSIDACEAE Laetiporus 52T ot 2l W Al (Laetiporus miniatus) 1 0.7
GLOEOPHYLLACEAE Gloeophyllum Z N Al (Gloeophyllum sepiarium) 29 14.4
HYMENOCHAETACEAE Phellinus ul 22 S W Al (Phellinus  gilvus) 7 3.5
MARASMIACEAE Gymnopus Z2of| 7] W Al <(Gymnopus sp.) 2 1.0
Marasmius Zo| Z G AWM A (Marasmius pulcherripes) 6 3.0
Rhodocollybia H ] A Z W Al (Rhodocollybia butyracea) 17 8.5 23 16.1
MYCENACEAE Mycena NS H A L(Mycena sp.) 1 0.5
2N FF W A (Mycena pura) 9 4.5
Panellus E 2 W Al (Panellus stipticus) 1 0.5
PHALLACEAE Mutinus W A (Mutinus  caninus) 1 0.7
PHYSALACRIACEAE Armillaria WU Al S(drmillaria sp.) 115 57.2 32 224
POLYPORACEAE Trametes TELHWH Al (Trametes versicolor) 3 1.5
PSATHYRELLACEAE Psathyrella e =S W Al(Psathyrella piluliformis) 3 1.5 1 0.7
TAPINELLACEAE Pseudomerulius = - Al (Pseudomerulius curtisii) 1 0.5
TRICHOLOMATACEAE  Clitocybe Zrw)] 7) W Al <x(Clitocybe sp.) 2 1 2 1.4
Collybia Yol 71 Al (Collybia confluens) 3 1.5 66 46.2
Total 201 100 143 100

NOF = Number of fruting.; D.V. = Dominance value.
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Table 6. Change of occurrence days and weight of mushroom species by thinning.

A107H A1 (2018)

) ) July 10 July 19 August 5 |September 22
Family Genus Species - - - -
Thin Con | Thin Con | Thin Con | Thin Con
2y Z 2] Al
AGARICACEAE Agaricus (Z/‘—lgir“i‘ca’; “'ng n}ftilescens) 85g | 0.7g 48.8g
= O A}l A
AMANITACEAE Amanita (—Avn;%}itz EVHi?)SS\) 12.7g 37.8¢
A=Al
BOLETACEAE Boletellus (Boletellusclatus) 19.3g 39.9g
. HAAA0] 1B A
i=] = =2 AN
Leccinum (Leccinum extremiorientale) 118.7¢ 24.6¢
: S| I EH A
Retiboletus (Retiboletus griscus) 97.7g 35.1g
=2 A =1
Tylopilus ?}]}E‘ﬁirﬁ}sﬁiﬁﬁm 613.4g 221.8g 332.3g
L IL;(%\;HH
CORTINARIACEAE  Cortinarius PR . 214g l4g
(Cortinarius violaceus)
SEZE Q] o s Al
ENTOLOMATACEAE Entoloma (Entoloma thodopolium) 5.9¢g 85.6g llg
GOMPHACEAE Ramaria 2] ¥ Al 43(Ramaria sp.) 219.6g 62.2g
= =R PN
GYROPORACEAE  Gyroporus (%j};f(fu? 5y 159 5.68
. HEHZHA
MARASMIACEAE Rhodocollybia (Rhodocollybia butyracea) 52¢g 44g | 10.1g 36g 17.7g  1.3g
2 2w A
(Rhodocollybia maculata) 15¢  33.2g
i BN
PHYSALACRIACEAE  Armillaria (05 L}?n:ji?s}) 757g  31.9g
2 2] 1= By A
PSATHYRELLACEAE  Psathyrella &iﬁi r‘ag‘ﬁﬂﬁhfoms) 2¢ llg
: A HA
RUSSULACEAE Lactarius (Lactarius chrysorrheus) 4.6g  8.6g
AR A
[e] ~
(Lactarius subzonarius) 3lg 23¢
S 4]
Russula (Russula alboareolata) 3lg 658 6.3z 180g
EEIESIIaO :ja/:ae) 6lg 72 41-5¢
TRICHOLOMATACEAE Clitocybe a7 6z | 188
y (Clitocybe sp.) g 8
I 2 2% 2ol Al w2t 5l s we
of meshs Fapo] tha] FolEo] EFLEs} oA M
0|7 |2t LY SHAHS} o} Zr4sHA| vk (Prevost 2008) H o170l A} TR =

F

1B

2

|o
ot o WU

Aol A oF 45%9] $robu| 7| & Fdto] 3
Ferl 1~15C, WA= 02~0.7C7HA] A
Eobled olAL ATy WA AU, YHS
HoNA &7 E oS o Bkt 1~2T7t
Z7}E= oFANT) vl A A x]3}9tH(Bhatti et al.,, 2000;

0

O

Hwang and Son, 2002). o|= &olH| 7|7} A& TS 4
Noto] AU =gdhs Fds WorAA g Zlo] ddle

nurhll-ﬂ;;:m

& 4 ek

7l 20| =&
21 AgH= 0

A+ 2ot A4

T BAPHO R ShFolu 5

of ohi]7] 3

FA4e) o] WA ¢

&Aoo 8 Bk wrl A 8x]E o}

3HH, Hursh(1948)%=

S eyl 9

Aol mlste] ofFHo= 12~19C 4

£ Ao

3~LIC7 R o o st

FABEOY AR

2% Aol GFith ol oF 65% ol W2 AEE

Hi o=



AR OIA o717t et AHdH Al el miXl= g 11

o o3 WAE SEFT B P2 Yo A%
olet Azt

AT 439 o] tato] vjsh o 29ws
oF 6% U FoJEI shFolut 3o Fa wekshA] ¢

e oA YSRGS el 4
B guns} 248 798 ATl Ul QU] 4
aocre AT, o2 Age) BA AZURAS] 4
L7} 90~95%0|H ¢ 9 & o] 3,734 mmY
o) 5B TE 71.9%0] AR 2683 mm, 5115
= 11.5%°] sigst= 430 mm= U 2] 16%0]] i EsH=
621 mm7} $=3of| 2|5to] k= Ith(Jin and Son, 2007).
EOFo] SRS A9 fiRE 79 ofax FEEY]
ujgo] 790 Agige o] 4RIl YA A
A& 4334 H e HollA 23%2] 71 o]F A5
of Sold s fUHE ol FoEe o)z
0]3}o] REW(Relative Extractable Water) 7}o| o 2510
H]3lo] Zt] 0.4 o]AF E=olX tH(Breda et al., 1995). Kang
et al.(2014) 5= AL o)A Lol 7o) o|5lo] EoF
HeFo] 7~8Y 7] W= oF 3%, 11¥ A7] U&= 6%
oVt o sobzetan e
A@Pe) Edspe daiel vstel A4H0z

o

TTL“—C_‘
BIOLT EOE] AR 4U7kF o LelA Doyt
SRS AU ABEC| 48 FHE A3 Zolet T 4 9)
th. B8, follV|2 ZolE o) F4 Favt M 2
A0z A2 & 4 gtk EP4E 20| AotH4S
Qo] FEMUAL W e ek Wejoly $E2
ol e]2 i F42jo] A2t Chung et al, 2003). TS
o, FP4E EPE Foto] EPSES SAZ 0% A

7171 wZel AR 5o A o] E45 =i A7
o ool gotA A o} olEeA AHEs 2ol ool
Bobn = s mopol B4g B9 e 19 4
AofA 4=u o] E3dl7|%= $th(Kozlowski et al.,
1991). webA Al@to| A= AAE L 2 Bt 27 18
ome] 2 WRoh ol Bjs) ha 500 & ol 49
7 who] o] Se] FAFe Bstel WAL mopi ek
= " AE Aot Az

HotH|7|of HA 2y #Hat
*l%‘%LOﬂHL ji& o8 Wil A T v
AFol S7HEAL o= WAl FEHAIA Y
e}ttt Simon et al. (2010)% EZagoA 7hd AZ Al
dheko] © AojF ot sHo] A TEE 12\7A] 2
Ak Z718HT oleld dare F2A BAelA FE
HA] A YepgThal 51901, David et al.(2006)= 504
a

A]
ol

oA L] Al A ] 8 Al F(Chanterelle)

>
o2
o

O

¥ 1E
o e

g0l Tt WA A
Foliz gjx7o} 7o) 2L 4202
W A9 fARE ATFE Hof ek
wiste] WAl 4t AETel dxol
3}l Shannon-Wiener R|5=7} ¢ Z}ol=]
Aol $HE} e 5] wste] 3
Zro] 2ol A =|= Shannon-Wiener A]
,_l?_l- Z1 © Z(Manuel, 2008) A] & Lo A
FIEWH A (Tylopilus neofelleus)®] A=
0 S el vistel A7) ol
d=, 9t 54T SAuTH: F & A7 Hel
Shannon-Wiener A|<=7} &obxlttal %L T Ut} ol E F
o) %oll7|7} S50 WS geiAA Bk AL
58 4= Itk Bradley and Stev(1996)°] 23} 80~
10094 2R ZAU(Pinus contorta) Q5|4 <olH]
7] 208 % Suillus 153} Lactarius 7152 WHAY=FS o
2uch EsA 290U Hygrophorus 5L
A= Qchal 319937 Shaw et al.(2003)%= 123 L34
E(Pinus sylvestris) ZHA |4 50% <&otH|7] & San|t
TEWA(Suillus bovinus), Zu7\HA(Gomphidius roseus),
AUF-2A WA ol A 8|(Cortinarius semisanguineus) 2] Ay
e Z/HETR ST B ATME ABTolA
A G20 15 Al(Tylopilus  neofelleus)®} E L A<
(Armillaria sp.), A& MR L(Ramaria sp.)2] HAFS =
7Yt ey HurolHE W Al(Rhodocollybia  maculata)Tt
2 Al(Russula mariae) 52 734 TE o8 s
AnsEyE Hohislk 54 $50 BAE T4
A HaAA A& W ‘ﬂ**«] Holo| = FoFS FrhaL

32,

O,
v
N
ML

Hom R
rd

ol
% g

A

o S

(e
2

e

—LI

iy

o

O,

fr de
2

O

U

X @
i g
) Jlm

ooz 4y fe
gz o= 1o o Jo
L
:: A
L Y
ﬂm
Ll‘
fli >”
ol
ﬂ

J{m

a4 9tk o8 ¥ st u A@TelAe] F o
PR FoRE &Aoo F7hE oz oS

AL wske] 237 HyEH oz
HA] B 27 LeRd o] 7]
Fo} 4 BAE e FRAuAe] 54 vEolet 3
a4 k. Lin et al.(2015)0f] &JstH AT Crypromeria
Japonica) A A- A Ko7 = 2/ AR F5
A chopgah BAFS o FaAZTha shgon

O| R AU (Cryptomeria japonica)®t 3 Al U=
HAlo] WAl 7] diitel A og FiFol § 2A
Epd Zolgt skelt o]ef g 2 AFA9F & Fhu
oAM= sATA 0 e LA Aol E} ’5‘}1 o]
S wtAR ARolA FE AHUA ST B
Fe Hol W7] wjiZeol 7|54EY] ¥k ]%94 A
of AFH o2 FIFE v|X]A HrkNam et al., 2001;
James and John, 2005; Nehls, 2008; Smith and read,
2008). TAHAR] FolE = S AAA TS 9

of ﬂl{

o



12 it LR RHER it

7t 7zﬂ+ AEHA HW 5o R oA HGe L%
ok #EOI *JHOM et 53], A7]17F A=l A

“s%k “*71] ﬂ“ﬂ o] Al7]19] AAA S flsliA=
B3l Eop4aEo] Fo| W4z o|tk(Koo, 2000). E3H
Fernado et al.(2012)%= A wWAlQl :Lgtﬂ X(Boletus
edulis)T} WA L(Lactarius) @] AHAA| =2 Hdlof A4k
ARF w71 2l goloz xu;o}oq S

2= gFo] A AT A WAl Fasitt
sholtk. %, fohlZl= Qlgk 7|54 2ol wstet 2%
°2 wolzl ok} 7o) LEL BEAMA Hrje
Aol Aol o AUH S AT 2

F

o

e

-1)&[&12&1:1_1&@

o F

:?

AX
Aol A Eol M A& (Tricholoma sp.), U7+
W Al (Russula mariae), A7 0| 1EW A (Leccinum
extremiorientale), A|5-20r 15 Al(Tylopilus neofelleus)
& tjztof Blste] o]& Al7]of WAYSIITE Jang and
Kim(2012)-> A4l W2 Fof wef gt 25, il &
L, A iof gk Ht= Ao tEd 53], +24
HALQL SFe Ay}, TEAY 9 EA Ao A= 2
mewd G Yol Uiken et ey 4 o
RS Foll7]2 Qlste] A4 40 olal H
wol w4 917] Y43 2pa) Aol sor

A A AU Tyl et ol
ZIthLynne et al., 2014). £
om WA Fo AFAA

A El ch(Barroetavena et al., 2008; Moore et al., 2009

S 7)FAER R RS T At B4

~—

(Querejeta et al., 2003) EF4Ho] HEY &= Al7Ho]
2 9 @& 5\‘0}‘51]71 Ao A HARY] = F7F
H fEsks Aol O]“ 9do] A WAl I e

oS o %7}/‘] = Zolzt gzt

folulz Astel 74 2 vk e vse
U2 A E(dmillaria sp) 0.2 SHE= 30% o)A, 1A
F2 700 g o] F7FekAh o= WAl AA9 A A
e EAof osto] vepd dAolet & 4= it B
WS A B B o] BAY TAEAES
Wl wo] Sl 7157 i R A7 ok
o F5Fsto] MAlS WAAIXITHKoo et al., 2017). e}
Al op| 7| &2 QIste] Z15E| 7] 7} ha - 400~ 8257 71A]

A107H A1 (2018)

S7FeHA EHHA S slde] 5 4
21 50 Hlo] WAL AR 271 B Aol B,
zgro A ARl EASEY] wfo] FuHE A
Hhgo] §lxl= Fskoyt TR E 7oA WA sk
Ao v]|3le] AJASL HX At ok, BuR
So sl#ARe ohuseloppe g e U
UgoRE B LA dow FelAt n}
QA AFREE & AR o E 712 Q= HAl9]
= 3}th(Shearer, 1992; Sung et al., 1995). Hg]X 21
22X 2] WU Al (Amillaria)w-2 Alol3}7] ¢sle] 7t
7}

IN tE |0 N oo ok Ml

sk el Al E‘“—b]'—rtﬂ (Amlllarla)-—rF,] Ak
57 FSHAIRE 1= 919k hEs A F7
2 3 o] ol —:‘*’5‘], %1‘3301 = %I—E—Oﬂfﬂ a
arp Ak weps HopHr]ls B AlY Akt
B WA adE FAO ¥ 4 ok 2eu F

U e Al (Amillaria) 2] ol wleba] AJ7to] ol u}
2t At gastAy o R dEE vl BF

= 7] HH—EOH(Rlchard 2003; Hood and Kimberlsey, 2009)
A Hgol= wr} A1 Beko] glojo 3 Holck

Soh|717F W w75 2
H AL 2o U]i]% P Yot fIsto] oF 45%9]
do] ATt Ao B2, H7|25,

A“’]’EJ—JF—?— 9 EQEEFY WIkE XARSHITH 1
A3} SPEAEe 4URE 10874 o] Hlskol
oF 6% oA ez Aty BEgEe thr] k= 8
d 7HA] 2T H]""‘H 1~27C o4 =9k 9 o]
L Apolrt 4 FoISAt. ABTAN W HE
N B Hlo}oi 1047129k 02~0.7C 7}
] O] SR E = Zfol7} glolet 79 ~99 F &
W s a2 Altoll A oF 135 mm & EoiTh
YA SBETSFE 2T wrt Ho) 35 mwh B
Shth. mop EaFe 249A dmTel s oF 5% ol
Z7F FAAL - ol A o2 HI|7HA| 4971l ¢
LA $om|7] A oA 7-9€e] A A T
Ssgoz el s T4 WA 105 o wsky
4 HAS 15 o g3tth Al@tellAl Shanon-Wiener
A4 328 TETHT} 0571 Eou, 99 FLAuA
sy %] o Bkt 5 Heleld & 195 Al
o] TEHOoT Uy o}od 01,]_ _1_01-31]7] x]doﬂ;ﬂ: q.]z
TFol| vl A|FL2UTEWAl(Tylopilus neofelleus) S°] T
ke SRS L, AW Al(Agaricus subrutilescens),

Z-e) 71 8] 512 Clitocybe sp.)-> ol 4] ©f whe] WhAys}

N
2 ol
Mo

52 L mo |o K
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Atk EZL tizatol Blste] A|lFAUtLEWAl(Dylopilus
neofelleus)2 A7} oF 6%, WAYTFo] oF 15871 =
7Vskiar, B Al S (millaria sp.)S AT} 2F 30%,
waero] of 209 F7tol Ftslsie. ARH O ML
U4 Gop|7]e Egkul 7|9 L5 & o)1 4
R RGOS STen WA B
TS STHAFAL, Y
(Amillaria sp)2] W77 % ool el Wy
= S7HAETE ey Soh l JB‘}O% H3tE o=
45T wAATe] K} 2
HHAE ==sb7] SleiA= ¥st —E %1%4 TZ9F 2
el aear WAl Ty ol ekt wAaiE ol o
A7 mUEgol Bag Aole AzHL

o)

o] =22 20159 FEOstal sha AT A AR
AN R R &%%94 AblRet7| S AR (S121313
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