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The effects of thinning on fungal communities and diversity
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The effects of thinning on fungal communities and diversity
in the Cryptomeria japonica plantation
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Abstract

Propose of this study was to monitor fungal community dynamics after thinning in the
Cryptomeria japonica plantations at Luan-Daworking circle. In this year, 40 permanent
plots and the investigation methods establishment were the maor tasks. During
September to December, we collected 41 mushroom species, 3 Discomycetes, 3 slime
moulds, 3 soil samples, 3 plant samples and 22 root samples from planted forest; 5
mushroom species and other samples from nature forest. Fungi were identified by
morphological characters. DNA of samples were extracted and preserved for analysis as
well.

Key words. Cryptomeria japonica plantations, thinning, fungi
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R AN AR TR TR UEE b S o AR Efrd G o S
AARARES AT FROT SRR HE S R FEFE L hiEr L

FREAFfRFLETET 7 AR D2 EFF (5 3 1997) - B L F btk
PR AR B A S E R T I E A MG RN R 4 i
Bood R OFR AR A R PEFEGERIFA L d o A R OFIRERE Y &
lkﬁwﬁ%ﬁw%’ﬂﬁ’Qﬁﬁﬁﬁﬂ&ﬁﬂiﬁﬁéﬁﬁ’ﬁﬁﬁﬁi%
DD Ff  FE T P AFF s BB N2 FRA g
(human-induced) f=p #X+ 3 (natura disturbances) iz = ﬁacﬁw, s i
& 2 =% (Molinaet al. 2001 )
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BARA G Y 0 AR chfE e & A B R B AT s A o B bt
dEERFAEENES U PR EE A RS S (FUEcF ) 12k
4 ewofc (Boyd et al. 1986, Joneset al. 1991) ; {4~ #54up & # (Marx 1969,

Perrin and Garbaye 1983) 4r# £ 4 (Jones and Hutchinson 1986) ; & & 1 3E%f
foo Bl F flen2 e (Borchers and Perry 1992) ; fiigd T & A chil i FE

f3 (Simard et al. 1997) ; % e % H b fEsg e B e B % (Pery et al.
1989) % o f— IR F B R oM Y gk 2 HF PR R E A P E
A FIREF e Rafi i avhy > 2 v i d 2 A S e R
e (Marschner 1995) - Efdedr it > F1 Ffo i anbl 2 2.8 2 & o %
o AR K Ef]%i’ﬁ Adp7E > FRIES &2 ¥ h2 £ (Read 1998) ; i
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%3 (Smith and Read 1997) - tp Ai® - ¥ - #Hf88 5 BHEINE FE 4
(Molina et al. 1992, Bruns 1995) - # G F 1 E Ffhsp 4 fi 4 ag 4
(ecophysiological capabilities) t 4 R - & F1 FfEIF 7+ ¥ et
BB Fihen® & sk fostHfd s 4 (Grogan et al. 2000) - #f 5 i fE 4 & 38
5 A~
1

ERAAFARAERE B A E R K o S Ft o g ARRB Y iR A fEAR
AR o AT e 2 o REIVE FOERSHEY 0 B R e fos
AR RARR R o

FINE A R4 R x> #ufrfe #3384 M (Bruns 1995) - ¥
R aH - gtk 4 T ERY 2035 BfEE  (Bruns 1995) - @

7 =~ % 50-60 & %A H ¥ Lo (Danielson 1984, Bruns 1995, Visser
1995, Dahlberg et al. 1997) - p # 2 w5 29 F 6,000 BFIIE > ¥ KT
SRR B AR o fele s aER (Taylor 2002) » 2fa® & 5 27
it F_d 3N 4EE gk v (niche differentiation) (Bruns 1995) #73k » @ ¥ 7 4 & -
1 (Monilaet al. 1992) -~ #t# (Deacon et al. 1983, Last et al. 1983, Mason et al.
1983) -~ #fiz3|ie¥napedr (Ford et al. 1980, Mason et al. 1982, Last et al. 1983,
Gibson and Deacon 1988) & £ - & ¥} & 4k e+ 3 (disturbance) (Taylor and
Bruns 1999) 4phf » i FIF ¥ U ER P U A FHAP PN DR F AF 3 R
SR e LR TR A AP AER  H - kA~ B3 AR TR TS iR o
e AT R GIECFES CRRECFETCERAZLR U FAREFMT
T AR PSR e d AT FnfRai oA B Rk BT BT i
B A FRET ARFAE B S HES XA FRRR) FFEG
Bz enh o FI o HARFR T Y AR E ARSI BT

FHHEHTARSF L AMNBERELTES RN A AL I F ML L 0 T
B FFIFIURNIFHEOLG A KE ARAR Y R
(richness) frzk # 2 = (Bills et al. 1986, Deacon and Fleming 1992, Baar and
Kuyper 1998) ° #Xd > fitr 3 THRIVGE A PEAR L AERes 1 L L 2y d
FADEFE RPN > F o F I ES ERERRL AR FEF 1IN F G5
1995 B R E S BRI fCE RS -
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BEAR LR APIOFANE A 7 4 hE T (Agerer 1987-1996, Goodman
et al. 1996-1998, Ingleby et al. 1990) - fr £ % A e H F 3024 PR £ AE
195 f kAo L FT o

BATF AL M 0 NI AE S0 £ D FAN R L5 RN
WE HexH 5 #7 pu (Gardesand Bruns 1996, Dahlberg et al. 1997, Pritsch et al.
1997, Gehring et al. 1998, Jonsson et al. 1999ab )

ERAGASHEMTOIIR BRI DB FRAEE fSA TR SR
Hiw- 2 H 37 i @b B A4 F i (polymerase chain reaction, PCR) #f
BRI A s ik i Rt e FILEl B 7 RAARE R R
W FET 27 A FRIES B DRSS BRI SRR LT L A
* hE 1R E F#E 2 (Dahlberg et al. 1997, Eberhardt et al. 2000, Gardes et al. 1991,
Gehring et al. 1998, Mahmood et al. 1999) -

d 2 EARE AT 2 EE - 7t ¥ (monophyletic group)  #r1 AR E “;ﬁéﬁ
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(r”?’

AE - PP ST a0 Flt o AF ST o € RBEEI DENA
By F L R § Al (restriction fragment length polymorphism, RFLP) &
A4y pERE rRNA P ahp 3R IR # 45 % (internal transcribed spacer, ITS) = 2
REFHZ > P o h B d A" 3 Fehd - B3 ITSIFITSAB &
h3# <+ 7 4% (Buscot et al. 2000, Chamber et al. 1999, Redecker et al. 2001 )
(Gardes and Bruns 1993, Sdazar et al. 2000) - # g %+ 4 (Gardes and Bruns
1993) ~ 7 A E A/« (Buscot et al. 2000) # £+ 4 (Landeweert et al.
2003) ¢ DNA o iz £ ¥ 4% 6 E hA 194 @ iic? > B G 25%7 1A S S ki
7 # % (Jonsson et al. 1999ab, Rodling et al. 2003) - F1E G @ RIB A3 T
b%'&p];f]% 2 2 DNA 3 P~fr PCR # 3§ 15 e o

Horton and Bruns (2001) =iz &~ 47 IR R HR S HOL + 2 08 2 2 B3R

v
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RIFMG T EEPERER I WAL TITRE > mF ¥ 5 RFLP %3 &2 5 14
%mﬁﬁ’ﬁEEW%m: CALFI I RMOFANE F o RFRIA 2L

F
BELR AR R RN - ~ S FARORL FTREER . AL R
Y FRESNNEREALAPFFF T (Dahlberg et al. 1997, Gardes and



Bruns 1996, Gehring et al. 1998, Jonsson et al. 1999ab) » &+ ¥ i E3EE > 2 4
B g &R o

Dickie % + (2002) ™ k=13 & 4] & & B 5 254 (terminal restriction
fragment length polymorphism, T-RFLP) % & 47 =t 2 R V' ¥ - k& AHE (=
¥rored pine) ch&HAREE A FOFRREF B PAe B EAFI R e
BEEE - d P ATANIBRATEES L ARk FEE  TFET
Bz A KL 184 - EooxF 43 DNA 15 - PCR#3 ITS
B g E 2 Hinfl ~ Haelll = #8342 % 2 7 T-RFLP & 47 > 384 % A R ¥ 12
Dpnll ~ 47 » %% # R > 23x 3 36 AP T-RFLP &3] > 2 ¢ 264841 3R &= = 12
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MIATF 30 2R o RopApM s 78T > FAfrA E2F L3 PR
%~ 17 (Cluster Analysis) ¢ RI# W > G AR EZFA T 5 = A7 kg
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Guidot % 4 (2002) A & 712 Rd 2 MAEE A E 7 (Bordeaux) & * 50
2 2 st (Pinus pinaster) 4 3 ¢ #1127 Hebeloma cylindrosporum 4 i
Haje b P25 T3 2R iA L 25 % F PR 2HE VALY

24 BF R MF G pA] REBEP 0 LIS 2P fipFIA G 160K F R

Fo- AR 2k 10 22 2t g 'i“ffﬁ%“frﬁ?«': §HEA s K
DNA i& 7 ip] o B %M > ¥ T MaF SR R II 23 FHIRDEE BT 0 A
W 50 o A g et Y TR L PIE S AT e

Landeweert % % (2003) i B34 L # 2% Svartberget 4 +k4= 3 =b %37 = 1 3 gL
IR R AR SRR 6 % > ARERE B F RS ol
EANe ko AN EF A (O 03 24) “ARE (Ek 318 24)
itk (B 183504 ) 2 RN C A (234024 ) »d 2 fht k@
L7 B ] 2 S Hehd B E (1 RARH) o d BHL Y A4
ML >0 B2 EIBBARTN L BNE  E LAk b A
DNA % B~ #A{512 PCR 43 ITS P is#-2 27575 (cloning) 34 > o
12 B3EHAY » X BHAEHE 30 BEAIR (clone) f35 » 4715 » = jEF 318



BA] e BRER DY @ aRE 5 A DR E FIE FPA AR
FR@SA ARG AES S 20 B OTU- &4 3 d 2FR S b o Fps 23 3
eI i ERE 0§ F o § Cpak R o pH s TR dbaniEg S (ALY R
RAF B F R PTG BEE FARSS T T RS AT 08 R
A s K 2 Y bl4eF R F Hebdloma & Suillus Ffgit s mte B ohd & » 4
# ¢ £ %% : Cortinarius - Dermocybe - Tylospora v Laccaria f R4 5 M. &= E

B R RS B kY 0 TREDG PR SE A LR R PR
DEEE AT G B EE L DI AP o RE R DR S E IR ST R T

frgm o = K2 B 2P 0 bl4ed 22 DNA ¢ {7 3]0 Dermocybe ) 3R &k 2
SEL{r E2 K > fefrte O & chE1I IR 5 Lactarius teik 2 ch E2 & H13R > fe fr e
Bl%ﬁmﬂﬂmoﬁﬁ:&%ﬁ%%ék—@%%mﬁi’@{iﬁﬁﬁﬁ
DNA 2 Ak A w 2bfe - B kR > T 22 BB % o

Landeweert % % (2005) ¥ § F 3 &3 &3 2 MAOFAPRE Y 7 2 EF L
FEFAREFZ AR o B PER AT - B EREFR (scots p
Fooot Fthd & 1994 ERREEA > & h 1998 £ L RIEFIET WSS
(Schmidt, 1999) = & 15T = 2 & g i p > B 61k 2 F| 3 & 2 chjith > %
WooORERESFZRNIE (26 24 FR 1004 ) B0 2Ly 2
7 Mwﬁwﬁ%*ffe#ﬂ%w o BB-50 5 ¥ 2 L& K 03 &K el d 0 134
BB SORARAA SRR Y AR o - 50 Wl g E R IL 2 05 B2 A B E B
DNA £ » 12 PCR #3 ITS * & > £ % & %424 & 5% T4 (Denaturing gradient
gel electrophoresis, DGGE) &7~ 47 » %% #F R #75 $h~ 7 £3 14 & band>
¢ 110 band ffEdr it afod Y s ho B 3B band B R T A2 K -
3R2 6@ 14 B band P § 8 B 5 AR > B 7 B o

E *pfl 714= Rhizopogon ~ Cortinarius ~ Clavulina ~ Cryptococcus {= Lactarius % 4p
5 L
v
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o THFMIRS o d EF R fr2 2 23 DNA - fa 4472 2 A1k ¥ a0 ie
ERA IR BF AR R A d 23 DNA S rorg@aEp R A 2
BRI R o

Valentine & ¢+ (2004) % B % K (southern Oregon) ¢ Whetstone Savanna
FFHEPN DL ERABRESE 9 Ha (Quercus garryana © Oregon white oak )



ek 4 F1Y (ectomycorrhizas) % it o & i d 54 2R~ 2w o3 F AT
B2 0AE 25 AAEI EEEd e B E 8 B - X
20 #4160 B 4 % o & 5B~ 700 B *F 19  DNA - PCR #3 ITS 7 £ 15 >
2 Hinfl ~ Tagl = Alul = &' 341p5 2% (F% > B8 RIRARVE T UFIEE P &£ %
YAt T 9B FIE F

- B HARE (T 5 0 blde s B0 S B4 (clearcutting) ® € ' M2
FREFDSHRENZ FSERERT L > @ 2 d 05 (Thinning) 424
Pl kR~ EAEORAE Y €:c¥ > Luoma £ 4 (2004) Flpt4aip] o gn s EAII0

E 3

FHA L P ERA A e T RE (hypogeous)
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AESFFH S FREGHEHAESRSR R F S R g 4
s 4p B o Amaranthus % %t 2004 & 4 L7 3 1 B 2 FARE FHF F MW
AADRE > U ELE T LS ERTHER (Douglasfir) i > fE gy
frR el Vo B EHET 6 BEBEENDRRL S ANBE T AT FARR
(15% ~ 40% ~ 75%% 100%) =% » § 7 (green-tree retention) = ;% » w2 R &
(aggregated ) o~ 4z (dispersed) = &7 7 = 3% (15%fr 40%:rgs & F H ) vt
AFANFFMAANE S AR - B L SRR EY > PRRE R 7 FirgER 6
EAGKR R (2 2% kB0 2R ) BANIHRIFH LT IIHNE
(truffles) PIA A 25 B 4T3 2 hRl o INFROFLENE - BEFR
LRBPESTE AREFEF A8 7228 > @R A 225 20 2 B > 100%F %
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EFRET T 34% BB RERIH 4T 20% 5 T5%A hF 2 N E FAAET
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BAEP) T %1 40% 5 40%A 0 N E FAAECT R T T2% 0 B R T
748% ; 15%D g 5 N E FAETE T 90% 0 b S ER] T 1 65%
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(=) Fx%> 283k
1l #FE=

WEHATEFAGHREEPR R BRI T AT o A I ) PER
AT (oLt Ezv) 2P A - 2 Ea i E R RHRER 222
RSB A LR 5% RS E 50% Y RE S E R g S RY = A
| ABEE-ER 2P Lo BREHREF PR 2 THEF RBRIARRR
% (FA%5 linetransect » sA#/2 ) A Afr T2 4 v (FHETR o

2 ¥ P WA BHEE
TP hsr i kA 2 AT 0 AT R A A G AT

®AZ ;{ﬁgga.»":;}gé \}?vﬁiﬁ?ﬂ;}l’ ESC ey x]};fém-g*ﬁg’%ﬁ ARTIANE ks e
BB R RRRA R GRE RS B

FEEEFF AW SRR RSG50 25 2 FR
Wrd %z FTHPRBRELEFAHLEI B > RSERKLHIE
HEFHRETIB - N HRER S > T FEEEFLL AE g Fe R
y’%%i§@§ﬁ4?%m SHCE R 0 2 (S B R L AL R R R

HIE

FE¥H 27 AR AF RTINS Liv %R E

3. A RgE
(1) £ % >

%+ Dolye fv Doyle (1990) 1= ;2 5 P-4 2 fid» tk & DNA o B~juf» £ #
ol BUESTHcR dpe g (eppendorf) ¢ e 2R £ RIF) 0 A B (pestle) A
Bris o 5B DNA o hfie B e # ¢ 4o » © 5 65°C S #7500 PICTAB % B ffr
;% (1.4 M NaCl, 100 mM Tris-HCI, pH 8.0, 20 mM EDTA, 2% PVP-40 [w/v], 20 mM
cetyl trimethyl ammonium bromide [CTAB] ) ¢ » ** 65°C 4c 44 10 4~ 45 > £ 4 » ¥
#8 ## «5 dichloromethane/isoamyl alcohol (24:1) > #=% R &1 > m & A4 B & ik
£ 3w (centrifuge 5415c, Eppendorf, Germany ) 14,000 rpm dt.w = & 45 B~ 1)
F iR Ao~ 06 BRI R P AR (isopropanol ) ik DNA > =5 R &5 > £
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14,000 rpm &g = A48 o EHE- G R o Bk b 4~ 500 pl wash buffer (76%
ethanol, 10 mM ammonium acetate) it » # % = A 4815 » £ 2 14,000 rpm 3w =
A4 T R AR RARS o iR g F 0 DNAE TR R T o
§of6 0 M 20l & kA B R T -20°C o

%?i§§ﬁﬁi A A g aits > 0 T0% FpE A G S 60 o)
Fﬁijifb% DNA-—,—B’"/%]}'}/\ -ZOOC%'H o

2R A L2 R D AR MR RIS N R BB 7 R

RN AR R E«“mpﬂ%ﬂ?m% TR A A T A S 5 A
R LT
Hie 4 i

s
t% ,;79\_1‘%&%,\,?]3\ » e l—x‘fﬂ}% iz DNA P> L %

(4) 2%
BRI E B B A 0 B R E T 4> # % UltraClean
Soil DNA Kit (Mo Bio Labs, USA) i DNA % B~ o B 055 3 1.0 5.t 3 4
~ 2 %2 ¢ glass bead solution tube # (F 23 Z-KE L3 > ¥ L% tube ¥ i
beads {r solution B~ » #-3 3 ¥ » fSdp o= > P E95 10O TF > R
i ¥ solution v ) > BF 5 s > 4~ 60 pl Sl solution = 200 pl IRS
solution » >3 2 10 4 > £ 2 10,000 rpm &« 30 5 > B~y 450 pl +iFix o
4e » 250 pl 7 S2 solution » £ & F 5 §)4 s /kis 54 48 > 1 10,000 rpm s 1 4
4 > P~ b Fi 500 pl o 4~ 900 pl 57 S3 solution » & F 545t 0 B~ 700 pl % ik
4v 3 gpin filter » 10,000 rpm < 1 4 48 {8 F]H-4s i o L BT 0 650ul 7% % e
I spin filter » 10,000 rpm &g 1 4 4518 H 4<% » 4~ 300 pl = 4 solution »
10,000 rpm &t 30 F) 18 @A o | 0 R B e - 24818 > B0 spinfilter 3
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e ITS5/ITS4  ITSIF/ITS4B GenBank - $f % %
¥4

050913Nm1 —

050913NmM2 —

050913Nm3 —

050913Nm4 —

050913NmM5 —

050913Pm1 —

050913Pm2 —

050913Pm3 —

050913Pm4 —

050913Pm5 —

050913Pm6 —

050913Pm?7 —

051001APmM3 — + Hcim &M

051001APM4 — + SRR

051001APmM5 + (624/626, 99%) AY 450345 Pleurotus ostreatus
051001APmM6 + Hoim x

051001APmM7 — —

051001APmM8 - + BSU65602 Basidiomycete from a bamboo
051001APmM10 — —

051001APmM11 + LFUB533 Lepiota flammeotincta
051001APmM12 — + BreiE ~ 1

051001APM13 + AF325667 Callistosporium xanthophullum
051001BPm1 — + BeiE ~ 1

051001BPmM3 + Hoim x

051001BPm8 — + AY 176350 Cystolepiota seminuda
051001BPm10 + + B =

051001BPm13 — + B =

051001BPm14 — + B =

051001BPm15 — + RGN

051001BPm16 — —

051001BPm18 — —

051001BPm19 — + HoiE s s
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%2 S 541304 A PCR 54 & %

P & 5L

ITS5/ITSA

ITSIF/ITSAB

Booster PCR

4 42
050913NS1-1
050913NS1-2
050913NS1-3
050913NS2-1
050913NS2-2
050913PS1-1
050913PS1-2
050913PS2-1
050913PS2-2
050913PS3-1
050913PS3-2
050913PS3-3
0510281N
0510281M
0510282N
0510282M-1
0510282M-2
0510282M-3
0510283N
0510283M
0510284N
0510284M
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FIGURE 8.35 Thesc figures show how an adaptive sampling is carried out. The upper panels illustrate
adaptive cluster sampling to estimate the number of point objects in a study region of 400 units. An initial
random sample of 10 units is shown on the left. Adjacent neighboring units are added to the sample when-
ever one or more of the objects of the population is observed in a selected unit. The resulting sample is shown
on the right. (Both upper panels from S.K. Thompson, “Adaptive cluster sampling,” 1990, Journal of the
American Statistical Association 85: 1050-1059. With permission from the American Statistical Association.)
The lower left panel illustrates adaptive cluster sampling with initial random selection of five strip plots. The
final sample obtained is indicated with the heavy line. The lower right panel illustrates adaptive cluster sam-
pling with initial random selection of two systematic samples. The final sample obtained is indicated with the
heavy line. (Both lower panels from S.K. Thompson, “Adaptive cluster sampling: Designs with primary and
secondary units,” 1991, Biometrics 47: 1103-1115. With permission from the Biometric Sociery.)
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