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Relationship between Macrofungi Fruiting and Environmental Factors

in Songnisan National Park™

Yong-Woo Park’, Chang-Duck Koo®, Hwa-Yong Lee’, Sung-Ryul Ryu3, Tae-Heon Kim®, Young-Gull Cho*
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ABSTRACT

Mushroom fruiting was investigated in pine and oak dominated forest stands in Songni National Park located
in central Korea for six years from 2003 to 2008, in order to understand the relationship between mushroom
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diversity and the environmental factors, precipitation, temperature, soil moisture and vegetation. The most

frequent fruiting families were those of ectomycorrhizal mushrooms, Tricholomataceae, Amanitaceae,

Russulaceae, Cortinariaceae, and Boletaceae. The frequency of mushroom fruiting varied from 94 to 167

species per year, with July and August having the highest(13~90 species). Mushroom fruiting was positively

correlated to precipitation(r=0.897), using Palmer Drought Severity Index for the long term period and Standard

Precipitation Index for short term period. Soil moisture content also affected mushroom fruiting, with Lactarius

chrysorrheus and Russula virescens fruiting only at soil moisture content higher than 20%. Positive correlation

between mushroom fruiting and temperature was also noted(r=0.77), with optimum rates at 21~25TC.

Tricholoma flayayirens, Amanita gymnopus, Lactarius piperatus, Inocybe asteropora and Xerocomus

chrysenteron were able to fruit at temperatures higher than 25°C. However, Laccaria amethystea, Amanita

virosa and Russula mariae fruited at relatively wide temperature range. The influence of vegetation on

mushroom fruiting was likewise noted, with 38 species, including Suillus bovinus and Boletopsis leucomelas

being specific to pine dominated stands, while 42 species, including Polyporus arcularius and Hericium

erinaceum were specific to oak dominated stands. On the other hand, around 50 species, including Laccaria

laccata and Lycoperdon parlatum, were able to fruit in both types of vegetation. In conclusion, mushroom

fruiting greatly varies with changes in precipitation, soil moisture, temperature and vegetation.

KEY WORDS: ECTOMYCORRHIZAL MUSHROOMS, DOMINANT HOST TREE SPECIES,
PRECIPITATION, DROUGHT INDEX, SOIL MOISTURE, TEMPERATURE

Natlonal Park, 2004).
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Figure 1. Mushroom fruting research sites in Songni National Park
(1: Pinus densiflora dominant site. 2: Quercus variabilis dominant site. 3,4: Pinus densiflora-broad leaf trees

dominant site)
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Table 1. Number of mushroom taxa appeared at the
study sites in Songni National Park during

2003~2008
Class Year 5003 2004 2005 2006 2007 2008
Division 3 3 3 3 3 2
Class 7 5 5 4 5 5
Order 13 6 8 11 12 8
Family 49 27 30 31 40 29
Genus 69 49 60 61 72 51
Species 109 102 167 115 146 94

Table 2. New fruiting species at the study sites in
Songni National Park during 2004 ~ 2008

Year New fruiting species

ol W Al(Lalocera viscosa),

2ol =5 A (Mycena pura),
Stu)$0|(Tricholoma saponaceum),

B X(Armillariella mellea), etc. 49 species
wtof| = E WM Al(Mycena stylobates),

Zhatol FE W K (Mycena amygdalina),

S Al(Tricholoma flayayirens),

$0|(Tricholoma matsutske), etc. 84 species

2004

2005

N =AW XN (Marasmius pulcherripes),
Ao 2EW A (Mycena haematopoda),
2006 RFEEUYSH A (Lyophyllum sykosporum),
872wl 7| Al (Pseudoclitocybe cyathiformis),
etc. 32 species

F QA X (Amanita punctata var. punctata),
o} 3| Ao ¥ Kl (Amanita porphyria),
2007 B3N Al(Amanita esculenta),
S 7| LW Al (Russula fracgilis)
etc. 39 species
3@ R Al(Cantharellus luteocomus),
ut 2 S WAl (Phellinus gilvus),
2l o| W Al(Hericium erinaceum),
etc. 9 species

2008

4924 1022, 2005d@ =of|= 3& 57F 8& 303} 604 167X,
200680 = 38 47F 11E 313} 61 1153, 20073 o=
38 57F 128 403f 724 146%, 2008 0= 28 57 8=
293} 514 9430] YHAIGIS TtH(Table 1).

E3F 7} A HE fEA 2ARE T2 20040l ofulE
WAl(Lalocera viscosa) 5 49%, 2005 o] Wo| =51
A(Mycena stylobates) 5 845, 200610] Fo]ZIAHA
(Marasmius pulcherripes) 5 28%, 20070 Z-ARHA
(Amanita punctata var. punctata) 5 40%, 20080 =7
WA (Cantharellus luteocomus) 5 90|t Table 2).
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== =
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= WAL BhAo] §lith 2004d = HAl HHAY = 2003 2t
& o 68} 7eo] 10~13%, 8ol s4FoR F7t

ok 20050 = 8ol 90F7HA] St o] % 9ol 563
& ZFasicl 1090 48528 Fasqitt 20061 9] 7
ofli= o] o] Wb} ki Apol7} L Ao, 64 ofF
T 51502 FUlslt) 899 37502 A4Sl o
Al 9] 58F 02 F7IeE & 109 4502 7SIt
20073 8] Aol 7€l 79F 7R F7Fsitt 8dof 49%
O Zaskal 99e 615 0= thA| F7tstt7E 1090 13
FTOR ZFastqlrt 20089 A f-ol= 69of 4F0] LAY
SHR O 8ol 34, 9o 64F 0 & FUlskaL 10€0f 7
Z07 743} thFigure 2).

A HA T 22 6Yof= £0]IK Tricholomataceae)
7} B 4%F0|%31, 7Yol= £0|3KTricholomataceae) 2}
ot Al i Russulaceae) 7} 2+ HH102 0.2 71 Wk
t} 8Yofl= Fd Al (Russulaceae)Q} TEH AT (Boletaceae)
7} 27 B 105, 9502 AP won] 9%lolE 4o/}
(Russulaceae)@} Al (Tricholomataceae)”} B 8
Foz AV B 108ol: TehAlmie 2l
(Cortinariaceae) vt 2502 TAISS cH(Appendix 1).
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Figure 2. Changes in number of mushroom species
occurred at the study sites in Songni
National Park during 2003~2008



A Sl A 661

180

>
y =0.1349x - 69168
R” = 08042

N N =)
S S S

Number of specie

=)
S

80
700 800 900 1000 1100 1200 1300 1400

Rainfall(rmm)

Figure 3. Correlation between rainfall and number of
fruiting species during June~October

80 r
2003 H©2004 E2005

700 |

600 -

12006 E2007 H2008

7
Z
.
.
_

Z|

July August September october

Months

Figure 4. Monthly rainfall change in Boeun-gun during
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Figure 5. PDSI(Palmer Drought Severity Index) change
in Boeun-gun during 2001~2009
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Figure 7. Changes in number of mushroom species
and soil moisture at SSanggok valley site
in 2006

Figure 9. Changes in number of mushroom species
and soil moisture at SSang-gok in 2007
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2 olx= 9YEE 10 E&7AE £0|(Tricholoma
matsutske), UALLYO|H Al (Lepista nuda), 11§44k
WA (dmanita vaginata var. alba), ONZFHHA(dmanita
citrina), =R WX (Lactarius chrysorrheus), w53 HA
(Russula aurata), WA oY 8| (Lactarius hatsutake), AR}
AR Al(Cortinarius traganus), THYEZ WAl (Cortinarius
variecolor), 32N IA W Al (Cortinarius anomalus), ¥t
JEWMA(Suillus luteus), ARG TEHA(Suillus bovinus),
IZFEWAl(Boletopsis leucomelas) 5] WA Tt 18
U EZMAl(Laccaria laccata), AFZ2ZrWAX(Laccaria
amethystea), 7V A ol7|H A (Collybia peronata), A5
A (Russula mariae), G HA Russula cyanoxantha),
W\ AW X (Lactarius volemus) 52 6 95E 9L7IR] JLE3)
WA st S5 9-ARY i A(Amanita virosa)3F &g H Al
o} H|(Amanita subjunquillea) 52 TEEE 9Y7A] L&
5] HHAste] o] 52 WA =o) W97t WAL =St
P A WA e Ao= YEuith(Appendix 1).
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Table 3. Mushroom species fruited according to dominant vegetation types in Songni National Park during
2003~2008

. Total
Dominant . . .
. Site Non common species number Common species
Vegetation .
of species
WEFYANMA Marasmius crimisequi  $-AFS QWA Marasmius cohaerens Z2' A Laccaria laccata 27| S A Russula foetens
o) =z =2 H$ 'be
Bl 5 A Mycena osmundicola  E-ZRHAL Calocybe carnea EYAQAO| Coltricia cinnamomea AAFZZYMAl Laccaria amethystea
vj WAl Melanoleuca melaleuca  ¥21FHMA Amanita strobiliformis
5 5L Me 1l At if WAl Clavaria vermicularis U A Collybia confluens
LA Amanita gymnopus B Q7SI A Amanita castanopsidis
T ] AL 7| ~
) DFAZRMA Lactarius subzonarius =232 Al Claculinopsis fusiformis
*Fo\ Al Amanita muscaria AL A Russula nigricans
. HE o 7|M A Collybia butyracea N71 WA Lactarius gerardii
HLR WA Russula albonigra *3| MWW Al Inocybe umbratica TEtel 71 At 24 » Ukl 8
alf x i ¢ i ol i A i sice
Aeme 1WAl Boletus griseus  MFZBTIEWA Tylopilus neofellus A YAl Crepidotus mollis N7 AHA Marasmius siccus
Pinus S;ar;g£4 *UCE IS A Suillus luteus *B} WG E WA Suillus bovinus 146 Wl 2 WAl Lactarius volemus N7 WAL Stereopsis burtianum
. al-1
densiflora Tal-4 S| M A TEW A Leccinum griseum QEARXTEWA Heimiella japonica w27 AAM A Marasmiellus ramealis 5 23E2 WA Lactarius hygrophoroides
B0 71 X X . .
F-2ZWMA Hygrocybe miniata W22 A Lepiota cygnea THEW A Lycoperdon perlatum 2w 7| M A Clitocybe gibba
A 1A Al Cantharellus lut =N A R i
ANEm I A Cantharellus lutescens AW A Ramaria flava WA Inocybe fastigiata HF 2 A Geastrum sessile
* M7 7\ A Hydmellum aurantiacu -3 A Abortiporus biennis
B . S 7| WAl Clitocybe odora FE&v2YH A Inocybe cincinnata
AL A Cylindrobasidium evolvens =% (G A]) Ganoderma lucidum
oo FEM Al Mycena pura 128l Boletus edulis
ZURA WA Clavicorona pyxidata  *&W-&EWA Auriscalpium vulgare ohEERAl M) p s
ko]l 2 2 1 A . ; A of) 2 2 1) 4
AR WA Calostoma japonicum AW Al Rhizopogon rubescens Wkoll =5 H A Mycena stylobates o5 A Mycena haematopoda
IEZ 4+ Hemitrichia surpula *3| LAl Boletopsis leucomelas LB S W A Pulveroboletus ravenelii S8 12| W A Cantharelluscinnabarius
Stulo| Tricholoma saponaceum FHAl Tricholoma flayayirens o) 7|0 A Xeromphalina camphnella  5--AF3 WA Amanita virosa
SHZLAREHA Cyptotrama asprata P|EFHHNA Amanita abrupta S8 WA Boletellus russellii L AloL Y] Amanita subjunquillea
20 Aulo|a A i ¢ AW A FiLs -
2ol A Amanita rubescens *BHAOHANN] Lactarius hatsutake S WAl Hygrocybe cantharellus 15X A Amanita vaginata var. alba
ERESR=22Re PY] ; 20 AW Lactari ic .
BUE71 TN Russula aleutea A Lactarius laeticolorus egtehdl Naematoloma fasciculare NFNHA Amanita citrina
* AU LA A Dermocybe sanguineus 22U 1EWMA Tylopilus eximius
. o - ! s A o iep AL AL Rhodophyllus rhodopolius =30 S ZFM A Amanita hemibapha
Pinus Ssang-3 S EYTEWA Gyroporus castaneus ** 7\ A Naematoloma sublateritium
densiflora-  Tal-3 141 AN A Rhodphyllus crassipes A Al Russula mariae
AL A Rhodphyllus ater o} &7 Al Leucoagaricus rubrotinctus
Quercus  Tal-5 2 112 A Lepiota cristat Ao SIS WA Russul h
3 epiota cristata ussula cyanoxantha
*#*-gl2] Pleurotus ostreatus **U Al Pluteus atricapillus = ” P Trerts 4
A ZYMZZ2W A Aoarici . e gm o Al .
sm b A Pluteus aurantiorugosus 528l 5 Ramaria formosa NAMZEWA Agaricus subrutilescens BEEFMA Russula abloareola
iy A inor 4 i
BUwSEBA Sarcodon scabrosus A48 Clavaria purpurea N7\ Z e A Cantharellus minor  HANFFH A Russula emetica
bk A dleurodiscus tsugae  TEAMA Leotia lubrica Ao LAl Russula rosacea #WK WA Cantharellus civarius
BEFHt Lycogala epidendrum — **0}WE%0| Exidia uvapassa Fw1EWA Boletellus obscurecoccineus
ol W Al Calocera viscosa Sutebg-2 50| Dacrymyces palmatus
MA|ZZWM AL Lacearia vinaceoavellanea w7182 W Al Oudemansiella pudens
VW) A Oudemansiella radicota WAFHHO|W A Lepista nuda
G2 AL Asterophora lycoperdoides BFEETLZFEFH AL Lyophyllum: sykosporum
WA DN H A Amanita spissacea  RZW7|M A Clitocybe cyathiformis
##21 Zy N Alob 8] Amanita longistriata 29241 Amanita punctata var. punctata
ABNHA Amanita phalloides W9rAW A Lactarins  camphoratus
Qo2 AW Al Lactarius hygrophoroides WA Coprinus comatus
ZA| W) =EWA Psathyrella candolliana  QAAMILZMA Cortinarius traganus
** ATAWA Cortinarius hemitrichus — ** ML WA Cortinarius anomalus
Ssang-1 S| HAWA Cortinarius alboviolaceus **UFEA1EWAl Xerocomus chrysenteron
Quercus  Ssang-2 R 155
Tal-2 ** 7 A4 0| 1EW A Leccinum scabrum 7115 A Boletellus elatus

W7 Al Lepiota clypeolaria Z 9 Paxillus atrotomento
W7WAWM A Pluteus aurantiorugosus =AW Al Pluteus leoninus

*xZ2WH WA Polyporus arcularius AR AL Prerula multifida

B 7}Eolu WAl Merulius corium ke Eaelo] Hericium erinaceum
A -RZdo| Hericium ramosum ZWEMA Lycoperdon pyriforme
=M 2| UM A Scleroderma citriunm AL AL Pseudocolus schellenbergiae
ZFE3 WA Cyathus stercoreus FEXXMA Cyathus stiatus
2 Al Tarzetta catinus SR Al Helvella lacunosa

=<+ Chlorosplenium aeruginosum A7V s WAl Xylaria carpophila
5%3}2 Cordyceps militaris

= Pinus densiflora or conifer host, **

No mark is both

conifer and broad-leaved tree, or etc. host

Quercus or broad-leaved tree host



SearREEele) WA B8 B 665
5 8%o0] WAISICk Table 3), Selih YT B4 LA A g e Al

Aprot Be4o AU HAZL g A3, B3, 85 A Hglth QuHHOR RS 8%l SRR o]
o 37 ZAEAAE B 1417 BAFo] wasEOn, of AR SHol g 2757 7] R Fojh. £

714k 9hASE 2.8 Shu|4o|(Tricholoma saponaceum), &
WA (Tricholoma  flayayirens), N4 A (Naematoloma
sublateritium) 5 34%0|c}t. E3F AW Aol v|(Russula
pseudidelica), TRYRAMA(Russula laeticolorus) 5 AFTS
7152 sh= 3%0] 2 st on AU Al(Naematoloma
sublateritium), =E}Z|(Pleurotus ostreatus), ©FnlEE0|
5 YU5E 715 ohe 650 Wl

(Exidia uvapassa) 5 EQT5

%tHTable 3).

RS A A7t 22 RAREE A-1(57%), %
-2(84%), E-2(83%) 2 & FollA e =3l A
SAA7E =0k & 1557] wAlFo] WAL o] A}

To ATk TSt F-2 ot B A (Calocera viscosa), 5
1A (Oudemansiella pudens), 71&3 ¥ A o}x| 1]

(Amanita longistriata), AP X (Amanita vaginata), U=
AT EWA (Xerocomus chrysenteron) 5 & 42Fo0|n 1
F ARSI} BUSTS /17 e £ FUTNA
(Polyporus arcularius), =55 oW Al(Hericium erinaceum)
5 9Zo|tt st ZZWAX(Laccaria laccata), EHHA
(Inocybe  fastigiata), *=HELTEWHA(Pulveroboletus
ravenelii), =AY H X (Amanita virosa) 5 50%2 371
5 BE FeAoR WAgstelth(Table 3).

L
1 A7I9 A ey Hat
Sel FUBY W ZALIA TR HAFE 96
F175F02 sjuiet Watsigla 1 Waks B Holg)
oh 23 HANALS LEE wek skt 53], 697

Yol = 13~80%, 8o 36~90%, 90| 26~64%F0 2 dfju}
o} =itk HARAYLS 7]1FEo]d(Newton and Haight,
1998), 7]3-%71(Ohenoja, 1993) 9 ¢J& A&, 7| HEA,
OA|7] %, AR IR, QIEEE, IAMES] oF 5 A B4

(Crites and Dale, 1998; Gustafsson ef al., 1992; Hyvarinen
et al., 1992; Selva, 1994; Soderstrom, 1998) 5 274 ¥H3}of

JYL e R0 FeiA gtk ofF FAUSH: AT
2ol W2 A3} YEAY, YHUE, Y2 5 1A A
5 chosieh wAle) Mol sjuict E& Wz Wstait
L AL eaE wskel 2L Bl 2 adlEe] Jare
Wity @ 4 gk

2. 24T HA LM B

ol ek Ao Fufeh 2 2ol Hol=d| A&
Ak A 2K Thelephoraclae) & WA S-S A 2A]of
o] 4T, HF & 47 & Folehol el Apg
FollA Wol ARt} duiHow 52 &
Aj9al] weke Ao sl 2 oa
o2 A QJthPark, 1997). 121} 8o
b ok 2005d 3t 7HE AR 20061 of A
Z Aol e AL 257 w2 A7)l
5ol WAl AHAA Aol FFE =71
Az,
Ak T A FreE2 MR O R 79
Pomz, 1 g wAY e HIlskqth YRAb
YU A% 7P B Fo| WD S 6-880) 75
gro] 714 w2 3% 1 (Deogkyusan National Park, 2008),
Ao g oA E 6~8Y 9] Zapefo] B2 dfjofl= 250
o] WAlellot A& sfolli 60-1500) 0] WAl
(Seolaksan National Park, 2008), €2]Ab =3-Zl o419
AL AT 22 kS Bolth e B34 S
o A$-6, 7, 890] ool Bkort WAFRE o 4
B 497} et oA Wolde] HEH LR Y ut
EoFo|| o) WEXA £317] ujE© Z(Bukhansan National
Park, 2007), <=4 E 2] 7| 7bol| whel Al WAdo] 3k
ok o 4 3tk

7170 it R4 = 90 7HE 2| 4x(Palmer Drought
Severity Index)®@} ¥ 57} 4=X|<4>(Standardized Precipitation
Index)E a4 & 5 AUATE A7 5ol HEHE
ok 4= 9= T 72X 4x(Palmer Drought Severity Indexo]]
w2 20034 THE B 4ol YA Tu A
1 HES] 7HE AR wal Bl ARt o)A 1
A\ke] ano] ANHLRE Srlsgont A)HeE
= TEFESAEHE lolA WAL I o] Al A Ko
Zo} Teit 22 o 89S 79 B8] Z<eeo] o 300m
Holot WAl e o Wkt of uel mhuixs: 2
AR w2 SRR 89 /7 7ol g 47
Hom grasiol WAl Aol Bkt B 4 Stk

¥ 57F4 A 4(Standardized Precipitation Index)= T
REFS AT 4= Q7] diZel @717t
o we v AL o33 4 itk 2008
Qe FEAEAGTE -1 HEe] FHEA7IE | A
ARo0] EEALAGT] e
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2APIZE FOk BOpAEake B WA W vl

ol EoollA] wAysk AE
J oltk. B3lo] qlojH EoF SEe
3 T4 EAle] WAl S wisle] gtk A o

29
30.5% Xt} o Woprh o)A Fo] FARY] tiattge] B
& o] o]-&H7] fzelthKoo et al., 2007). A<+
A B3l ool A% Gl A9AT, BAPE = 20
Bt EFTETS 43%2 A7 §le 29 16.4%E T}
2 AtHLee et al., 2005). Weta] EoF gito] F-E5FA] 3t
oz EFll o= WY dAPE 482 o]85kA] X3
AT < gl FAje] ARe] How vk AAAe) W
of FEFE Fol YAEFY FaE olojxA H= Ao|tt

2y S PARGHH Sl(dmanita virosa)Y} Zo] B4
0] 10% olJolrl 45402 AsHs o] Y Hnie]
71 b H A (Russula virescens)T} 70| 20%0]AF S-2|& 49
ot WA= Fol Jlor®, Fof wef Bl o
e E oE A G 5 Al B3 A 24 F
WA A G 2R olEhwd] G v]HA
B 2geE Y olFo] WETHKim er al., 2008).
webd A7 250 REel BB AelolN el Era
o] ZAAZF 15°H 2 v A uhgh A A Hoh HEkrt
w2 ofof whah w4l WA HILE F AoR AYZE QY.

4, 22 HA Ldnel A

2 Hstel A B B M= 2Tt B2 E
HAES7E 718k, 2025 TARO| o] oA 71 W
TEo| Bkl on, 2o wtat YAYstE T IRl
2= HAAEA ] WAl A4 ARl Qo2 FAPE 5
9] A5 theolle 258 o] grow of ujjo]
= AHEA7E EAE 4= Qck(Park, 1997). AH¢1A S 2 ofH
SO AAAZE WA AI71Y REE I Fo] AT 4
QL ewaly 3 2= 9t} Lee ef al(1996)2 oA ]
A3t 2052 WAL HHLE= 25~30TCE YEGEOH o]
= AHA ARHAIY 2= FARRE WG, BE ARE
250] Holo & L] Aozt Aste] 20T o]5tet 3

STl EECIAE A% Eo] B20] THasiich o1
of E3 BN dRe A RE e w2 255 A8
L Ao orejr 9lom folH LS 20-23T(Ogawa,
1978) WE7FEtH A4 22~257C(Ohta, 1994)0] 4 2[4 9|
WS BT slo] 1 A7 ATfe} wm A
F Al MALS dLgofA 220 S Hol=d| %
A1} L Al (Admanita hemibapha)®| 73-9- 28°CH-

oAl 22 8] S HRlrkal sFof(Seo, 2008) E-o]H AL
&3 Qg AS R =2 2EA WA= AS &
o= Qloh &2 AollA 7P aL2Al 7 of A MAl 2
SOILEH A (Dlopilus eximius)©] 1o 7Hg A2A]7] 9]
A dEASE WAL T 71| Al (OQudemansiella radicota)
I} A=EWA(Boletopsis leucomelas)©)tt. E3H 714
A(Laccaria laccata), W\ AWA(Lactarius volemus) -
A &R0 7 dAste] 2= W2 AL o 4= ok
o|& B3l oS uf WAL Fuich AAA A o] L=
7F vhEn, 2% #Msks WA A FUEE st
AlZItkaL & 4= qlch

o FAYech(Park, 1997). 34wl = tgdt 72
7155 olgake wAlo] Qe o] B4 7|Fue MEs
L HAE Itk Lee ef al(1987) At 127) $E(2UY,
PICheU R, SR, FUUR, JRAZR, AR, o
RPAILRR, PR, 2, e, AZR, A
29 SRolA] wAT SERANA B TR
(Russula)T}- Zoj ¥ A< (Amanita), 21 A<5(Lactarius), &
249l (Laccaria) 52 71FHSAVE WAL, RIAlE
(Chroogomphus), &#Al<(Rhizopogon), H| T IEH AL
(Suillus), =}7lHA<(Gomphidius)-S AU o At vF
At} 7|7H9E Ekew, 7t epaulslel 7179
= 9T stk 2 dqtolM: mdaERAL
(Suillus) & 2U77F EA 5k ARl AR BHAY s}
9] A FARE AE Bolch A ThE HA
Y T AE & AqtelAe 2 Aol W] oY
Fou v A5 ostd Ao wet HAet= £
= o274 yelgtiLee et al, 1987; Kim, 2006; Lee,
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