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Dynamics of Soil Microflora and Soil Enzymes around
the Fairy-rings of Tricholoma matsutake'
Tae-Chul Hur* and Hyun Park’
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7P w3 wh, Akl asE 3UA 692 A4S Eobxithrl 8¥Uelw FastEA T 109
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ABSTRACT

We investigated the impacts of the fairy-ring of Tricholoma matsutake on the dynamics of soil microflora
and soil enzyme activities by grouping the soils around the fairy-ring of 7. matsutake into four regions.
The regions were grouped as ‘zone of decayed mycorrhizae’, ‘zone of mycorrhizae for fruiting’, ‘zone of
physiologically active mycorrhizae’ and ‘zone free from mycorrhizal infection’. Soil fungi and actinomycetes
were quite little at the soils around the fairy-ring of 7. matsutake compared to those of general forest soils,
and there were significant differences among the four regions. The soils with the mycelial cluster of 7.
matsulake showed about one third of microbial population compared to those in the zone free from
mycorrhizal infection, which indicated that 7. malsutake took a dominant position within the fairy-ring
of the fungus. We could manifest that T. matsutake showed a distinctive characteristics of mycorrhizal
fungus since the activities of dehydrogenase were significantly different between the zone of
physiologically active mycorrhizae and the zone free from mycorrhizal infection. The dehydrogenase
activity was the highest at the early season of fruiting around the fairy-ring of 7. mafsutake, while the
acid-phosphatase activity increased from March to June followed by a slight decrease on August and
peaked on October. This phenomenon made us infer that the vitality of 7. mafsutake be sustained after
fruiting.
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Fole AML Av|BA nAEY YAEY
X B7stm, ofAztA qlFAfulz} 5#] gho} z}
Aell A AH 3= Aol 2] E3}7] wjFo S0} By
el A8 B Sole AAgE FuA7
e A7t el APz dkHEE F, 1998;
" B, 1999). ol Tricholoma matsutake
(Ito et Imai) Sing.]& 259} FAsE HE3
A AT wHAeR g8 QA FEo
249 533 AAE A e AeE oA
Aoz gl Agolvt FAF o Ho digk Ete] o
A3 golsle Alelelr), waba, Fo) AFAul
£ e Folo FAAM ofFd dF =y
o] AdP=|ojof &r, o] & st G0 FH
2 Az - A BAe disle] ®ul Alxg)
€ A7) 87E 2 o, 2001).

Fo] A " AEA HE AT HEE
Hel4 o]Fo]x£d, Ohara®t Hamada(1970)
e ATH HAFHFTE Foly AT
F¥31x) gedw 2aslgdz, Ogawa(1981)=
AGTE FACE o E 2gn| A Eal $o] FE
o] AARA 2 Ay EAe # nug
v} ole}, -8 vele] % Song# Min(1991)&
Fo] AR 2 v AYA] BEFFFY FAEE|
&k AFel A Mortierella spp. & $AHFo 2 B
R < A ] R el g ) 0 P - R Sl B P
L2 gyt Bon I stEoz g
AeE Zo W) AAFY ¢ Fagcla
gk vl lv), =3, Fole HEA HAlelez
71 8E Bists 5ol A 9z, 718 &
o] woyl 938 folde #Ho] YolAE
Reg HxH u} o) Ogawa, 1975a; 1975b; 7
JIT, 1991).

FHef A 5(1998)2 #r1&9 Halel Fzdo] g

BdeEaisrh SoiAz e AxE AH4E 4
+& AAla 73 PEE delase] ¥
% aolzt glem 718 ko] YesE @
FafsY BAol Frly B1g vt glew, F
279 dEH EQo vy Eof o qlite] s}&
3l 5H & F2 Budte L e g4
Axet A7l Esase BAHE Agsle] £
o] #&9 EHEL FHMWHD)Y & UL Ao
A}, A, o] FHH B Fid o9
AL Fo AT ofA7A] glolA $ol9 A
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AA F43A ) ehte $o] FHFL] B W
Bloll g HH3 o]} -5 Yo},
old], ¥ AF& Fo] THY FHE Fo) @2
o] @3 uel TR, AMYHEE EJAEES
HHste] EFEL A= B YE A
F7b Au & Hstep g el EX] getsle §
o] F&o] EckA vAE J3gE P
Al o] QAlFAE A 24& AT =8
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1. AKX JHg

A7 WdAe AUE FAT B4 =AY &
A AP Fo] LAPH 024 o] YL &
A 2FRol aln] T~8% HAle] wdaAbw e
AAstdn, EREES)E oF 460mell @algdch,
o] A2 F 21A7H(1978~1998)2] HF &=
= 10.4C W&o, HF7a2 1,336m o1
GC13A, 1978~1998).

ZALA] Bop A Ae] sl A 74y
GAANYEGO 2N, EAL B, FEEAS
15em elelen, B3 ol#ole 30cm ol4te) F3
2AZo] EAst AT, BE: ek AFAe
T2F AT AERe 3725 iy
3, BFrEe g Az ofstg},

A% 39 0%e 25 (Pinus densiflora)
7} AA s, 0% s S F(Quercus variabilis)
£ ¥EY TR AR dded, s
Al Ao 2 APd & (Rhododendron yedoense var.
poukhanense), Z-F(Styrax shiraiana), A7}
W5-(Lindera obtusiloba), Zv ==|%-E(Melam -
pyrum roseum Max.) S°] AHAs 2 9ct,

2. A M 9 EY

1) A4+ A3

AR AAE 9lsbe] 3d2H(1995~1997) =4}
A el Fo] AHAA EANAE 2AFsE o)
T8 e} APds s FAstzm, #
o] B4 oz AR L A} LY}
A W FES ARHEE FAM TR 9AE
ZAbtleh, AR W o] FR(ALA LAY
Y BATHY 23 AF FL oF S0ene] AT,
AR TR " AR HAE 519999
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Wl wat Fo] L FAR FH FIE,
AAA Y, AFRFA D), T8 A
A2 vl 0en 5 A9 el 2zt 5enel 7HA
= F3 7E - AAHA LA, HH A7l Ogawa
(1975b)8] A-7Aze}t Fo] Fape] W w3}
of T8 FENA7L 39&, Tl 7 B4
A AAske A71<l 69, AAA A7 84
@t A Fr]l 10822 s,

2) B 3% A

Efu AR A HAA 0~5cm] ZFES
& AAstdn AR A8E 7tx 9ELD ANEE
Fol @3 5CTE fFAse] YAz ukatgdc),
RE ASE AAF 47 oM 3AHE 3}
AEe AgEdEd, APANA 2mm AE F
A7 BEFAE 20g& 180meS) 0.85% NaCl 4
Aol gol 107742 MG &, vl A WA
o] ZE3}le] wlo}, PDF(Plate Dilution Frequen-
cy assay) W ol 9sle] n|PE9 k& A4
tH(Park, 1994). o1&, 10g2] EFA 88 A=
7194 105°CR 447 AR ¥ F3E ZH 8o
EoF 1gv #-F(fungi)®}t W& F(actinomycetes)
o] & A#slsdct,

HAFF 2AHE HiaMe /5 1LF su-
crose 30g, NaNO; 2g, K:HPO4 1g, MgS0;4 -
THzO 0.5g, KC1 0.5g, FeSO4 0.01g, agar 15g
< /3 Czapek WA & AMSsllz, #f/s 14
9] Z5<ell glucose 10g, peptone 5g, KH:PO4
0.5g, K:HPOs 0.5g, KNO3 0.5g, MgSO; -
TH0 0.5g, Rose bengal 0.03g¢} agar 15g&
Yol B ¥ 0.20im Be) 2 7 streptomycin
Im¢E 715 Rose bengal-streptomycin wj =]
(Martin, 1950) AellA 157F wi<Fgt ¥, colony
£ JebsioiciNeal, 1985 3218 es], 1997).

3) Bt §49 ¥4

254 & A(dehydrogenase)?] &4 &AL 2,
3, 5-triphenyl tetrazolium chroride(TTC)2l #
7lell ols} A= triphenyl formazan(TPF)E &
A b & Alg-3tg cH(Tabatabai, 1982; 3¢l
H %, 1999). E4E 20g9 0.2g9] CaCOsE
34 ¥, EFAE 6g& BE FES WS
o Y& ¥, 3% TTC 44 Imt 8} 745 2.5m
Z Hrlsle A A2 thg 37T d&7)ellA] 24
7y ufekstgdch, wlokE Eofel 10mes] ww&S

HYa 2~38% E£E & 4L g AESo]
(Whatman No. 42)& %3 100mt #W&Eelsz
2 4y &7z g2 100w WaEgaz9]
FE7A AE F, 3FEE97 A FR= 247
2 5nmolAd F4=E 24, vl YA,

Q1A b8 8 & 4x(acid-phosphatase)t= FHE
%F 1g-& 50mee] wiokH ol W 0.2me¢] toluened
718 ¥, 1m¢2] 0.025M p-nitrophenyl phosp-
hate(p-NPP)2} 4m{2] modified universal buffer
(pH 6.5)% ¥ 9% F U8l 37C9 &
271l A) 1A 7 53t wlokstedc), wiokdt A8l 4md
2] 0.5M NaOH$} 1mé¢] 0.5M CaChE 4o &
Ae F AFFR A¥M 29 p-nitrophenol
< BF5499 8 400nmolA FREES A,
8] A A a3l ok (Tabatabai, 1982).

4) A ¥4
2418 RE 2lgE ANOVASE o]&3le] AA
W, ¥4 zpel& A, 2+ A2t Aolr) Al
A 7Sl 5% FFl 4 Duncan's multiple
range test® %3te] HF7ke] Aelg Hal, 2
3} shgich. EofAss} alARRbe] AMREA S AA
g o ARBAE A3 HSAS, 1985).
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1. TE WS OE S20AEAel W

dubd o Fgol(fungi= AHHELY F71E
& Aoz Eizte AEels dlAdg &3t
of dast BAE 2ov EUIAEL] Tl 7]
k(AL F, 1991). vt Folddhe
71 Ballde] AL vIdSEGAA F *H**El

I dlm, o] FEF-o} Fo] FAF FIo] A
A sta olw FHL vAE4S T8 G E
°J"]"§€"J'— By 7-] oz x.:z.;]r,}.

Eojul A 53 g o3 25 ES
Rejel g ofg- v BEoF F AE¥E ] A7
I AbE EOREE H vl EL] Hols) oAl
o] ®r}, 53] I vty Held Fee ¥
AEaet AAA AT avF-e Ao
71 gl (Fud 5, 1999) Aelyle Anvie)
A FARA e Fo|F8HF= ESIAE
of fste] S5 AehH < A H(niche)E 2T
clz $23t}. Table 1 $o] @39 ddo] o}
€ Fgols AT HY FHE RdFa vt
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Table 1. Microbial populations around the fairy-ring of T¥icholoma matsutake at the experimental sites
by season of 1998(n=64, mean=standard error, unit : c.f.u. x10%/g soil).

*

Zone

Season 1 2 3 4
March®* 49.0631.21° 130.55+112.85°  61.44+29.60®  508.82+225.95°
June® 38.78+17.16®  10.45+ 2.75°  14.58+ 4.47° 72.39+ 22.35°
Fungi  August® 125.27+87.96  122.37% 78.70  68.90+22.36 366.23+146.77
October® 31.37% 6.09  51.39* 5.62  58.03t44.24 44.09+ 19.75
Average 61.12423.37°  78.69% 33.39°  50.74t14.06° - 247.88+ 79.04°
March® 9.84+ 0.39  20.80*+ 14.48  10.00+ 0.46 47.45% 17.46
. June® 4.35% 0.70 2.17+ (.84 3.80% 1.70 5.90+ 2.04
rﬁ;ﬁ‘;s August™ 8.42+ 2.86  16.08t 6.8  18.85%16.31 18.25+ 8.06
October” 10.98+ 1.75 4.28+ 1.37 5.22+ 1.03 7.5+ 2.21
Average 8.40t 1.26  10.82% 4.13 9.47% 4.05 19.79 6.98

*1: zone of decayed mycorrhizae, 2 : zone of mycorrhizae for fruiting,
3 : zone of physiologically active mycorthizae, 4 : zone free from mycorrhizal infection

** The same letters above each value indicate that the values were not significantly different within
the row at the 5% level. However, the letter in the column of 'season' indicates the differences

among four seasons.

ol MAGY Z ¥-9]¥H WelE nw FI
ARt HF 247.88+79.04(c.f.ux 102
P 2ok os A A 4R (HE 78.69+33.39),
#3 ERR(FF 61.12+23.37) 2 VAT
(3F 50.74+14.06)9) +2.2 vehdeH(Table 1).
T3 3N Jelles T AAAH R
Fdol 47+ HF 508.82+225.95(c.f.ux10)E
7H weten EAdFEyel @& E3r Ay
o}, FAAEFRY FFo] MAeE FF 50.74+
14.06(c.f.ux10)= Song¥ Mm (199D A7
Bae) vyt X5 JeEllidd, d3e] 94
3] *EZJ%}% ANZ AAR = Yollx FFo] A
Ag= 399 vl=g A ehidA]e Ax
2 °£ 39xc) 2 e EE. AAA @A
Z271@€ )= YR} FPolY £ FF F
7hetela obA] HAFZ|(1082)de AAH e
£71 Eo1E9 0,

HhA %(actmomycetes)w TAHA B2 83l
ANEZA, EHFHLE FAAE A }
T3] 9 E"JJJr Aol gl AT 5AE
7HA A HelAql E3HErb An® FAAEY] A
ol FAF Fo] (0.3~1.0mA 2 A A}
AAdoled, Edye F7184 & 311‘4°l
b A2bR (keratin) 22 BAlAB-S Basle
A Q&g 3 Eofe] JANE ZA sl d

2oal

A

N
ol

lo rlr e

slevd Frankia spp.< TFHA4LTAE 39 &
oJ:_,] sc]-xgg.;é_].g_ Ag/k].g}yl = q‘}r,]—( J__Aa]

Fgo]8] At whAsR R Fek Az ]’é—r«]
HAFFe S71 FF 19.7916.98(c.f.u.><102)i
7H wokAE, AAA A E 10.8214.13),
34 T8509.47+4.05), FHE3(8.40+1.26)
T 1 Aelzt AA el EAIHA Fart |
olA] Go] F3ho] FAE WA wrAdFe o] o
=3 vlwA 2w 7|7 fA IAEEFHA gE Ao
2 qAZc. ", AAZE FFo)dAg v}
AR 2 397 89 gl WAdF £ weke
o 647 10¥%9] TR F7F vy Ay
t}(Table 1).

WA gelvt Fgeld] £} A wsheel A4
A gL Fol Fo] ol wAx] BF R
Al vldte] HA ebd AL, Fold- zlale]
ARFE & mg] FAEHLE o o2 g E
o] A3A] E3EE F2E =wErtE Ogawa
(1991)21 ol 2o} 2vtFrl vie FAEAC] o
E Fg3ot wAdgY HAlE Aeste ehatabg
(allelopathy) & 247} qltks & Rice(1995)8] 4
ol o= Ax o] UE FAYE Jelit}, A
T, 84 EY s AT WgAdel £
¢3+=r}E Ohara®} Hamada(1970)2] ®wmel:s o
2] $AFEYol % Folute] ol} o} B Fdo|F

ri
o]ﬂ
—
= 8
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2 AER7 AL S Y & et
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droise] BAEE ¥4 F8Y, AAUA
WA B FREF R A FH AR
o) A= of 3u) o] ¥ £XE el
(Figure 1). &, %ol d#e] A== AL
Song# Min(199D)9] 1A 3} A AL AAFY
Ay oz v AES 7t A 1 g4 uie-
@$2 BEFegA, f71E B fHse 04
€ ¥Fo] I3 vigd Aoz Az,

o

10
= q
2 %000 <
£

0w n
2 - ‘7 \

00

) \l.
20 f :
000 : —
' MARCH™ JUNEM meust oCTCRER"
[~ zone of decayed mycomhizae®

La- zone of mycontizae for fruting®
=& zone of physiologically active mycorthizae
¢ zone of roots free from myconhizal ifectior

Figure 1. Dehydrogenase activity in soil around
the fairy ring of Tricholoma matsutake
by season. Bars represent standard
errors and the same letters beside each
bar indicate that the values were not
significantly different at the 5% level.

Fol o# FH B Fpaus] BHYL T
el £ AAMNA 2714l 3Ll v|ste] 64
of GolAtizt Fo] WAzl 8¥elE a2 F
Zbatdeizb ol AT ol ohA] A vhelt
o Wb, Fol o] Y RellAe 39FE 8
7] A F7Ascst 104 ol Fell dotAle &
Aol vebwtet, ol Ade] WMol wha} Fo)
T o] A& FelMe draise]
Aol dolxl Wi, L= W FEX] FopA
of wet ok & fr1E el 5] A
2 gAe] wehAL AAstE Ao, =¥, d%
AN FpiiL YL T 50.47%
10.12 wg TPF/g soil24 3 FHo nlsjA
2~4u FA veh o] 47} FE FHel wls}
o f71E Hao A B0l A BWES
84 et siek(Figure 1.

Z BeWa, Qi sleRHase] gAEE
43 AN/ HTF 262.85+22.86 wg p-
nitrophenol/g soilZ 7} Egten, ¥4 Fi8
(343 230.47+29.15), dSE3H (4 143.86¢
19.47), A A A R(HF 123.43+15.64)9) +
0 2 olgcKFigure 2). ¢]+ Nannipieri $(1979)
o] AR HlE ] B xS Eofellr ¥
Ao 2 AAsle wlAEY AXse Falo] g}
32 Bl Re] A4E TEFe §F] BF bk
Hol vehluz Folrl Al Eald rjdste @2
9] Ag-g 3 W3 EA 2 FEFY ¥Y
o] £L o} A7|d] FA et Aoz nalr},

Rastin $(1988)> QlAb7leRalite A
7} AEAY 9gE won o8¢ M Fdm
Bug vl Qo). B A7 3YelA 698 7
$£2 Folyrlr}l ¥ LE 3] FAastE F4
F Exed, AAALA F2iqd 10924 o] 2
7tete 1A L A EE Bo] Rastin $(1988)
o] FAE i th2A Jelgn, ol $olr)
wHAE e Aubdel QAbrbeRdase 24
o] yrolFtir} 4ozl AR F 4] Eelxve
RozAM, Fo|7t AEFEFQ 2vFel T
glerng AAANE JArI7 Ad Folx g7
FAE At Ale] ol #EE AL Yrln
U&& AAHcHFigure 2).

8
an
2 5 T 1
K]
§, %W . A
£ =
£ 0 T P
- v N i
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gw ! ;
0
0 — .
varcH JUE avaust CCTCRER
—g—20ne of decayed mycorhizaed

-8~ zone of mycorhizae for fruting®
4~ zone of physlologicaly active mycorthizag®
—zone of roots free from mycorrfizal infection®

Figure 2. Acid-phosphatase activity in soil a-
round the fairy ring of Tricholoma
matsutake by the season. Bars repre-
sent standard error and the same lett -
ers beside each bar indicate that the
values were not significantly different
at the 5% level.



772

3. Egaf

Fol d&el A Y& W EFAHAE I
sty H3 shtel WHlez ey EI EY
Ere AEE FA3 & A, $olTy &
Ho] A% FEd4E A7 & WATHA 57
AEE & 5 Aok =8, Feldd AFRE)
M FAETR AR 69 2& 2 52
o] W4 FHolx B3R EGUAPEY $7}
AdH ez HA vepd AL BH, Folde] o
& #F AT RIE A2 A A A4
A& HEIL S FEY 4 U
Heaias AdAQ Hile 78 Y] £
Aoz AztEe 39dA ZFo 7 44 64
2 ZA4E 3% ARAARAE A3 oh 2 FEe
Me ztaPort AAA dRER7)d YTl
ot F7heke, AAA HAFI o kAl FA
ehgte}, b, b EdfEse 643 1094
Wt A dehdA Folde] #Hel ¢ W o
A dveive 348 detldA, o] 7@
FoolgledlA 238 o FA delvda gleiA o
2 TTY Aol FE3) HHAA 424 £4
HAEE AAgiet, &, AAdo] Wt whet §
ojgeolut thE FH, mv WATF #Fo] %
AlAT e, Fol T8N FH ghobs
Al e vt ase] 84& FA5d
Fo] Y FHE FHIE PHHce
Exel 245 E Y Fo] THY Y 34
o] o wgA g Ao A,

T, &4 FERe Bk AAA WA 7
g BRFRT Folde Yo 13, FH AHA
ARz = kg Aol wEA EF oYL 7t
wohe A& HE83 &A% + dden Feld
A& AL AfA= Sl 8HE =4
FrAlstdof StER Fo] FEe] vojt Y E
o w7t e FRFE oA HAF 4
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