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Monarch birch at Hitsujigaoka experimental forest of Hokkaido Research Center in Sapporo City
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Library using wall pillar structure of glued laminated timber in Kumamoto Prefectural Kuma Technical High School
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A young male Yezo deer photographed by an automatic camera in Yubari City, Hokkaido
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An adult female of grey-faced buzzard Butastur indicus at the clear-cut of cedar plantation
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a@ X (Original article)

IXBEEBEHGICEIFEEHRATAIMOY 1 X3HHEHE

EARR Y SRR B 2O ) Y R RS

Sl I, 1A

wE

v N/NE -

s AT N THRIC BT ZAED T A XM EZIHS ST %728, IFRIEER B X F N T % 55
W D% iR e 2 i LTz, 80 fEALL E i A ThkiZ 1000 m¥ha Riite DM M iEEH LT Wiz, Y
A ARG DIERE T H 2 RS KUY 1 RIERTMEDIRIE TH B EBEEH VT, M DIRREVE
(INEHE) LTS DEEE DBREHARS &, [ URAGVE TS mEmbkidHmik & g U Tz &M

T OZE RIS

Blcmhole, Flo, @M 2 EEOREZEISEWENZ < IERRISE

W2 R LTI, MBOBREIZEDMENZ K HAEN, AL D D3fizRm L Tz, LLEDRER
5., BB LHiO & AF N LTRGBS &EREZAGLTVS EEX SN, KDY 1 IR
YA ZIARFED EOEFID S DN A Tz TD T &S NIAREEME AT A XOREENKE 5>
e Tl RS L OBEMNHEETHS EEA DN,

F—TU—F @A, Yo RS, 28R, B, IE

1.1 T®HIC

FENEDNTHD S B D 50% A 50 (EE R A, A
R RIHEAZ M Z TV 2 (FREFIT 2020), SOOI E L
TR OHEEDN B TR (BR) & FHEMROHEEN &g
RSN, IR W, B W IHREICDOW
TEI A ME, BEEDPEDSNTVS (RS 2019).
LA L, SO E EHOWFERE A E DMt 5 Abk
i D ERFEMBANDENIKARE LTRVEZTH S
(A S 2019), T D728 MEDBIS (/575 < BAREE.
E b > T3 (EEMES R K72 2006), 1
g % @i AN AR U CHEY R EHZTT> T 728
Kk, ETEMATHRORMEZE 525 LHNEETH
%9,
HARDANTHDOZ {1, [H—RHHIC HARDRALDTTH
NZ—HFNTH2Z7D, WLz EZ 208N R (]
I 2016), ZD7z8. N THOMOSREEIIREFADY 1 X
KEEIC K RES NG, Ko, BEROY A ARG
HICBUT M0 L ERMRL, BREREROMDZ
DANTMDNSE ENFEIFHETE 200 &V EEN R
AN E RS 21 OICEETH %,

ANTHRICT I 2 REARAR DY X O R 7 i 1 4
BT 210, MREYA ADHIRENERIN TV,
TOIHB, YA AREENZETEELE LT, Z8%

ER2A) RIS AE6 H 1L H  JEAZEL A4 4511 A 8 H
1) FRIAAR T RIFET ARARE A I FEfE kel
2) ARARES A2 R 2L e S s
3) MREFIT BFZEHEE g

4) FRIERABIZEAT TUNSZAT

5) ARAAER AT SR B PE ST

6) I R K27 Ik Rl A et o & —
7) I R I AR ARBI S FT

* TRMER ISR AR LE DF2% AR

BOY BBV LN, YA RIERFMEE LT IEE
LTk, EERENHNSMNS (Bendel et al. 1989), THh
5 DY A X IEREIEMERIC & LR WVED (LT BT &
MHEEN TS (HH 1983, 1992a, I 2001), B+ X
RNIEMEOIRETH 2 ZRMOGS. MHNICIZAD
M5 & DEZ ZRHHICI DT 20, BHNICIEMiRE &
LICHIE T B LEETNTWS (BIG 2001), Fiz. YA
ZIEHFREDIERETH 2 EEDHES. Mims & BICHERE
DHDHINS T A ZDKZENSTADER (IEDER) D
RED VMG (FE1991) BH 5 — 5. FGHIT
A ZDINEWVFTANDEH (ADEHR) HiEE 5 HH] (FHH
1983) OMERICED ST EEDIEDETLET S LWV I FH
BELIME TN TS (HH 19923, b, FIE 5 1999), T D
X O MRENC & B 752 5 VA XA HTRIEDOZ bIZ, Z DREL
DIRERIC BT B2 N THROE R, FRCHRIC X 20Dl
HEVEDEICEE T Z T TWVWEHEEZ LGNS, LM
U, MRS Z TUINE LSS & DM DIRAE VIS &
755 YA XA OZEL & Z OB DOV TIE 15
THIRMESN TR,

AWFZEOHE, B, BiE. MEoZzhZzhicon
THA XML L TEAIREE EEZHVE T ki
K0, FITHEAF AL E DL 5 S A F A LM
BT ZH A AEOREZHSEMCTET & TH %,

T 305-8687 MU D < IXTHARDH 1, E-mail: mkazuki@affre.go.jp
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k. Mo DRAGVEDOIEEE U TG DEWNIC
HHU, o, AR TR, MR XTIERD K
W72 3 R 7o N AR R O & AMEIS O I BIRAR b i D
AFNIHZRHE LTHO,

2. A & A5k

2.1 AT

AWFEOFRE LI BIRE LT O AFANTHRTH %,
B ORRIBEDOFEMIERIHTH 2 H, B Ll O
IR D S OMERIHTH O, MEEEEL L TRE
INEREMEOEERR EER I NIEATIKRIAR SN
% (HARFMEEZ: 2018), BB LTI IR O IF HESIC
ME L, KEFEE AARBNITND S BEENTZNETRTH
%o 1991 ~ 2020 4 X TOE TR & FRkgiE, Jb
HOERE T 11.6°C & 3075 mm., FHEED J\IE T 12.8°C &
2690 mm TH 3 (&KRIT 2021), A8 EiobEid s &
NT1R2~3HDBEFEENZ WV, X 110 ~ 1810 m F
TOHPATEEANKE L, JBTHENEZ S HAENS,
B L OB R X 92,424 ha THHUERED 89.7% 7% 5
%o PMMMERID 97% XA TH O, ZD S5 B0 55% A
ANIMTHS (HE 2018), HifMERE LTIE. AFLt
JEDPOTNE REKEED 27% Z HH T 5,

22AERE

AFIE TR, BREERICE D ZMBZEE L, 5
~EEE TREZMEHDO AF AT HICEB N T, AFHIHK
ARERE 20 AU FEB XIS ICPEFENL~23mOHES
0w MCXZHEEREM LTz, FEthOEEICHz->T
. B E UTHOoMESIE, MRINORIER E DR
Wk 2R Rk 512 Uiz, £9. 2016 4E 10 ~ 12
HIZ 12 ~ 115 FEAED AF NTHK 21 AP THARFHE R R
iz, TOFETIX. 80 FEEMBA % Em AN Tk 1
AFFDIHTH > fe T8, 2019 4£ 7 ~ 8 FIC 82 ~ 115 4
EAFERN T 16 HFTTHAREZHME Lz, oy
NN D X FRFEA S K UHEEBICELEL TV 2 —Eoft
i (e /F, TATY, dIuy, B3, KL/ F,
X, FOMIBER ) ICOWTRORESER 2557
SO EMES XU EZHE LT, MEEFEICD
WTiE 2016 4F, 2019 FF NI NERAF— LAY ¥y —%H
WT7ay FNOESEERZRIE LTz, BiEicDnT
1% 2016 4E D FH A Tld Vertex Laser (/N7 7)) ZH»
TR EZEJE L, 2019 £ DA Tl 8L EoM
hastg e UTHE Lz, MEEROY A X547k %
& AFDNOBEO S HIZIMEARCZ L, £z, WS
Wi R A R 5D < R F LU O Kot e oD AH 8 LS 0.0
~ 14.0% T 10% KD E DOMF L A ETH - 7z (Fig. SI-
$3)e TDI®, AFDY A ZNIAND AF LIS ORHED
WEIINESVWEEZ SN, Lizhi-> T, FHEHER,
R E, MBS A AR & U T OL BRI
EBE LV M DR EEDE IS DV TR, A FAEHK

TR BIZR TR SRS 5 22 % 15, 2023

RKDOBEWMRLT B Ll Uz, &d. Ttk & Stk
ICDWTIEEB LT JEEB & F i D TN E RSO TH
B0, R TRIGEOMIT DA TH BT b, Mo
DM IC RIS 5 5Hli 2175 C LIZTE R o7,

23 TR

2019 FEDBIIFRAEIC BV THIE T 2ARE TR TV
O, MEERE L EOBFRZ M T L IR R ER
(Ogawa et al. 1965) ZHWTHEE LTz, £z, @RI
BHEL L BE DT — X% W T I IARBRMEE GREAH)
(PREFFT 1970) OMBERXDN S HH Uiz, B RHICH >
T I Microsoft Excel il D& #8 7" 11 27 L StemVolume
BEEY (A 5 2010) = W7z,

P IB ZARDY A Atz gk L, Bix
BRSO TL T %720, (kDR EmmEeE. e,
BMEICOWT, ZERBEEEZEE NS 2 DD 1 X9
iRt Z KDl 2O B, ZEMREIEY 7 AR E M
OFEIEE LT, BEEY A IEFREOTEEE UTHWY
Tz ZEMREUIILLTOXTHRHE NS,

EEMRE = = x 100

Rilw

TTTC. x&s@ZNZAEY 1 XDVl & AR
RERT, BRI ETROETHEM Uiz, £EIED
M DIESFEIC BT B HEHRTH O MRS Y A XD
REBAANED B DI NE RIS DR > T2 7
RY . BERLULTOXTHEEENS,

e =L ()

TTTC, i FHOMEEKY A XD, x&sidZznz
PR A XD fE & AR A2 KT, YA A0,
BENADHEDOGE I IEHRILND (M7 N THXEICK
VYA ZDMKICR> T3 ). Era OB IERS
(AR ). IEDMEDGZEEAIRILN D (MR N THXIC
INEWT A ZDMEKRIC > TV ) &75d, M DEE
meo (ERZH) Mo RERICEZZMNCDNT, BV
TIIVAEEIC XD plEizERD, HE L, pEOREHIC
3#57Y 7 B R (R Core Team 2020) 078 77— normtest
Wiz,

AL TIE 40 FERIG DM 72 Fiika bk, 40 ~ 80 4E4:
KO 2 LHK, 80 FAELL EDOMS 7% milik & LTz,
ARWIZE TIESD ORI IE RIS AR DN TV B D,
FRRTE NG BN FBR DM DIRE L — B L TR WGED
FET ZAREMNE Z 5Nz, T T, Mmoo
BRE RizGEi, B0 bad, ZOMGRH L
AR L 2 B2 M DRICEHT BT & & Uiz, fEROfH
(3.1) THRINT B K SIc, HifiZ —EDOHIH (AT
1E3OHFRIBOMICHHT HED) I > My T —
ZTE. IRNTOT—=2ZHOHGE L AT, Mim &
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BIE O THYTIEE b DXV EF 5Nz &n
5. MERIC K ZX 0D FIHEETH % &Kl LTz, i
EVIAREE, FathE. TERESERB KOO MEE
OMBRENET 2720, ThEDBRIS DOV THRIE « JE
BB R 2170, R ETE (AIC, FRi S 2007) I
HOWTKZRE LTz, Ml & SIARBEIE DGR TR, I
FRIEARIGER (1992) DI EIC & & 7% 5 VI AREE DD
BRicHe TRl iny=a+bx 22EI1C, Thz
B UTAREEy = exp (@ + bx) ZHWVTE Uz, Hiime
SRR 7R B G hRER & MM MBI D BIfRIC DV TR, &
AR5 (2012) ZBEIC L THDFRIGI Yy = a (1 - exp (-bx))
ZHWTER LUz, Wy ARG REREE UTREN
v Fr—UveUTHLULTHENIvFr—VU Y
LXEXDEDRNV2DDINTA—RTRDZEMNTE
27, T — 2 BN DR WG E TEHEETTRETH
%o Ml & REER ORI DN T & ) IS

Table 1. AF N LHZ rii A O b5 BEDL

O Eg By Gk

PPN T T
(%F) BEf& (cm) (m) (m¥ha) (A /ha)
Y1 12 165 10.8 288.8 2105 0.72  0.20
Y2 18 204 114 3190 1579 0.65 0.22
Y3 27 356 204 5581 589 058 0.20
Y4 37 315 239 870.0 934 0.82 0.14
M1 41 232 212 5614 1245 0.83 0.13
M2 41 26.6 233 7385 1146 085 0.13
M3 45 358 240 960.9 845 0.78 0.14
M4 47 255 21.0 984.7 1746 0.93 0.11
M5 51 46.6 323  796.5 344 0.62 0.17
M6 51 262 189 6793 1356 081 0.14
M7 51 50.0 31.0 14227 550 0.76 0.14
M8 52 322 265 856.8 796 081 0.3
M9 54 333 283 12210 962 0.89 0.1
M10 54 27.0 248 12576 1608 0.98 0.10
M11 54 369 26.0 501.1 382 056 0.20
M12 55 347 247 6747 622 0.68 0.16
M13 55 323 247 7632 796 0.76  0.14
M14 58 559 349 7464 217 052 019
M15 73 400 219 7798 619 0.63 0.18
M16 77 443 326 1168.2 511 0.76 0.14
o1 82 450 279 956.3 467 066  0.17
02 82 43.7 313 9359 430 0.69 0.15
03 82 45.0 29.6 1133.9 523 0.73  0.15
04 86 348 270 7133 509 0.67 0.16
05 86 36.6 26.0 874.6 608 0.72 0.16
06 90 615 371 926.6 215 053 0.18
o7 94 555 327 6467 196 045 022
08 97 523 344 7761 247 055 0.18
09 97 56.0 388 937.2 231 060 0.17
010 97 61.8 347 9732 231 053 0.19
011 102 447 327 12817 557 0.79  0.13
012 105 669 394 13710 255 0.63 0.16
013 105 525 315 11531 389 0.66 0.16
014 109 56.4 30.7 7029 223 046  0.22
015 112 553 302 596.0 199 042 0.23
016 112 575 341 10244 286 059  0.17
017 115 412 30.7 1395.1 736 0.84 0.12

K2 TPIZETT> eh. ERRER DT AIC DEN DT
MMT/NEL, PIEEDNM LT % EAREE N0,
ERREEZAWTE Lz, Y TEEODORETDIEFLEL
T BHE(E U7 P AR T 3355 (Normalized root mean
square error, NRMSE) %=\ 2, F7z, MlRIC K> THS
NIEETIVEFHALEZ ZFEZONULL ET )V EDHE
AZTEHBEIC K > TRD, TNENORIFO p AL

L7zo NRMSE & p fHOEHICIX, 7Y 7 R (R Core
Team 2020) /% % — ¥ rcompanion @ accuracy B % &
nagelkerke B2 FH U 7z,

AL TIEE T, AF DY A A0kt £ EH%
e BERISELE. M DRAENEZ LT IEIEEL
AR E LT, RABGWVEIC L 55 BHIREE BIE
DOZALZ Ltk & Sk TLER L7, 2 hid, BAEW
BICK > TEIMRRORENRZZ EEZAONSE &N
5. [ CIRAE VL TIHLEMA & mEntkic 51 2 28R
REBEOERNZIIRT 5720 TH 5, WIS D
FEAREER E S KOV ARBEEICHEDE, SR G
AT TR R Ry R T 0 775 L (#lEH 2020) 2 L
TRz RHTITIE—IALAIEE TV (GLM) I K %357
B 2 WO T2 (Crawley 2005), JSBEZEE D704 & LT,
EEREICDOWTIE A <o (V> 7 BIBUSHEEE%L)
. BEICODWTEIER D (V> 7 BBIIEERE ) =
Wiz, 72720, HEHRIC DV T 30 4542 THY 600 A /
ha &iEH OEEEIN ST S LT D REEDMKRT DT
FNTHBH., T2 EMMEEKRT AN LD
EMBE, RITICIEHWY, BF L L THEHNZXKRT 31
LD, LIehi> T, HOHOITIC X 2 Higid H-#n bk
ERBRICDOVT DR To Tz, 5B, GLMICKDIFEN
T2 RFARBUS DWW TAIZE T, TY ) BXU THAR
DRE KRBT S, BB ITERRIFOEAOMEEICH
W9 B, HOEGHTICDOWTE, 7Y —DkaHENTY 7
k R version 4.0.2 7 fiu 7z (R Core Team 2020),

3G R

AEMD DBE & MG 9 B EHEDIER
AFNTMZ fFf A OB Z Table 11C/R9, #K
WD AW T 12 ~ 37 4 LA T 41 ~ 77 H4E,
AT 82 ~ 115 A ThH o T, —RIITHEE TN B
I EEL 0.8 DLE (2EBAMAHEE S 2 2012) DM OE|
BT WA T 25% (1/4). MR T 44% (7/16). Btk T
6% (1/17) TH D | HLHEM TEEMDEI G R E > 2.
F 7z, ML 15% LU O OEIE (FHH S 2018)
THb &, LT 25% (1/4), HHM T 69% (11/16). &
WK T 24% (4/17) L7520 U3 D ik TR OEI S
Mixb @b - T, P& ER IS E KT 165 ~ 35.6
cm, CHESAAT 23.2 ~ 55.9 cm, AL T 34.8 ~ 66.9 cm
THO, Wi T—EREHFAOEEN DL L DD, &2
e L THimE eIl Tz, FEBEICONT
& ARk OMEm 2R U, ka3 E ik T 10.8 ~ 23.9 m,

3.

—_

| Bulletin of FFPRI, Vol. 22, No. 1, 2023



4 AT

TLEHFA T 18.9 ~ 34.9 m, bk T 26.0 ~ 39.4m TH > 7z,
—77. MO MBI EM T 288.8 ~ 870.0 m*fha, bk
T 501.1 ~ 1422.7 m*ha, & fia #K T 596.0 ~ 1395.1 m*/ha
THO, BESDENREWVE DDOHMI & S iibh Tk
IMTEOFEPFADEELL L Tz, £, HHHICBVTD
[ DMEERT RO A SN, 80 4L EDE A
Tl& 1000 m*ha A& D EEBERBOEZ RT MR DL L H 5
N7z (900 m*/ha LLE DM UL, HEAKT 6/16, 5 En A
T 11/17),

Fig. 1 IChRG &SRR, SR, POl sERE.
ST E OBIRE/RT . YIAREEIX 12 FA R O HEE
1772 7 [ha DIRAED B # i bk D f] IS SIS Bk U 7e 4.
HHMTRRESDENKREVE DDA HEE (40
~ 80 fEA=IF D HE & fiE T 1086 ~ 539 7 /ha). 80 fEAELL [
D SR T UE 380 7K /ha mif (100 FEAERFOHEEME ) T
fEL Tz (Fig. 1a), B &M L & I L T
W&, 80 FALIMET 30 m DL (MRS KA HEEM ) 1</
% & REITHEFTH OMEN & 75> TW 2 (Fig. 1b), IR IR
FRBGRS (1992) 15D < H IR i s = phih & FIl %
&L S RIOR G ORI —5 % BR E BT A 1 ~
SITHIY LTz (Fig. 1b)e “FHIM s E R PR m & &

s ()
PR y = exp(7.71-0.0189x)
g X NRMSE = 0573, P <0 0001
¥ 2]
—r D
il
?I%g i
o
H®
o T T T T T 1
0 20 40 60 80 100 120
iR (&)
o (b)
[Ip]
—~ 2 Fay
g~ o R D
— s s
JiE = - gt S
;'.-E o | e ’:,’,1l:"'_"i_{"_
&y ™ p .;::—,;‘.J” thinas
Bt o] # - y = 35.6 (1 —exp(~0.0256x) )
NRMSE = 0.125, P < 0.0001
= T T T T T 1
0 20 40 60 80 100 120
R (F)

B 0T B OMEAIE AL NG, M & & & ICERN R
B A B S N7z (Fig. 1c)e MO MEEIZ R & & [H
FEDER TH & & BITHINL TV &, HEEOMKD TiE
51 42T 1000 mha Zil 2 5 DE A5 NI, 72720,
fif i & LEXC NRMSE DMK E < bk & @ik T
H % &M MRS IZHT 500 ~ 1400 m¥ha DG TH 5 N,
E5DEDNKED S (Fig. 1d, Table 1),

WD KRESEELCLICEKDIMDT—2DIEED
XOWB R VIR T B, MRkl & 3ohk
MROMNC T B2 DORICEH LT Fig. 1 L[ABEDRY
23R X % Fig. 2 1<RT . WITNOBEFRTE [l D
NRMSE & Fig. 1 DA KD &/NE < RRThREG & 8
B X UM & FEEEREE OB TH TR EOAR
{IE>TWz,

32 U A XDHFFHED L

3.2.10 A AR EDBIE
AFOERDOREERE. Bm. MEOZEFRBIC DOV

T T EICEH LRSS % Table 2 1SR3T, MI&EERD

ZEMREOHPAII WA T 15.9 ~ 28.1, bk T 7.9 ~

30,9, FHMRT 15.0 ~ 43.0 TH o 7z, B DOEBHRET

o (€)
~
£
L g
:ﬁ
(=
g~
2 |
J—_E v =16.6+0.355x
H_ NRMSE =0.191, P < 0.0001
o T T T T T 1
0 20 40 60 80 100 120
Al (5F)
g (d)
—_ E - A
[0} s FiS
Lo
=
o
DA X7y = 1.02% 10°(1—exp(—0.0356x) )
& NRMSE = 0266, P = 0.0002
= T T T T T 1
0 20 40 60 80 100 120
RS (5F)

x Hink @ itEM A SE

Fig. L MR LD AF AN TSI 2 bhiin & () VAL, (b) “FEIRS. () Tl waits,

(d) B AR & DBIfR

(b) IZ 351 2 R IR BLRARIBGES (1992) 125D < Mk Rk Bibirz 29 (L
SHIHE 1~ 5)e MDY TIEE D ORT DML LT, L LIRS
TORRHAE (NRMSE) Z Ve, p a2z s 0e7)L (NULL €7)V) &
DIRIC KB EDTH S (JELRE ).

TR BIZR TR SRS 5 22 % 15, 2023



i AN TR A XA 5

& b U TR KL< . ZDOHIPHIZ AR T 9.7 ~ 23.2,
WA T 3.9 ~ 18.4, ®IiMT 3.7~ 153 Th o7z H
FEOZEBREIM & i U CRb @< Z ORI E
KT 33.9 ~ 76,6, IL#iFKT 14.1 ~ 65.4. H#HALT 31.9
~79.9 ThHoTz,

AFOMEERE, BE, MEOEREZEICOVWTHS T
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Y2 255 21.7 585 0.14 -0.89 * 0.75 *
Y3 159 97 339 0.44 019 0.64 *
Y4 20.7 13.6 445 -0.25 -0.89 * 0.14
M1 154 75 329 -0.25 -1.29 * 0.11
M2 142 86 342 0.28 -0.23 1.03 *
M3 154 96 338 013 -053 * 0.42
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Size distribution characteristics of old-growth Japanese cedar
(Cryptomeria japonica) plantations in Gujo city, Gifu Prefecture, Japan

Kazuki MIYAMOTOY", Masatake G. ARAKI??, Hiromi YAMAGAWA?, Katsuhiro NAKAO?,
Yoshio AWAYA®, Hitoshi WATANABE” and Yoshizumi HISADA"

Abstract

To clarify the size distribution characteristics of trees in old-growth Japanese cedar plantations, we conducted
a multi-point survey in Gujo City, Gifu Prefecture, Japan. The old-growth stands (> 80 years) comprised around
1000 m® stand volume. The relationships between tree crowding indices (relative yield index), indices of size
heterogeneity (coefficient of variation), and size asymmetry (skewness) revealed that the size heterogeneity of
diameter and stem volume was significantly higher in old-growth stands than in mature stands (40—80 years) under
identical crowding conditions. In most of the old-growth stands, the skewness of diameter did not significantly
differ from zero indicating a normal distribution, whereas the skewness of stem volume was significantly positive,
indicating a positively skewed distribution with its tail on the right side. These results suggest that the old-growth
Japanese cedar plantations in Gujo City are characterized by relatively high stand volumes, high size heterogeneity
and high size asymmetry. The results also suggest that individual tree management is important in old-growth
stands with lower tree density and large disparity in tree size.

Key words : old-growth plantation forest, size structure, coefficient of variation, skewness, relative yield index
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A semisolid plate method to isolate mycelia maintaining chlamydospore

formation in Tricholoma bakamatsutake

Hitoshi MURATA"Y", Noritaka NAKAMURA", Akira OHTA? and Hiroyuki ICHIDA®

Key words: mutants, mushroom, matsutake

Introduction change their mycelial morphology in the course of mycelial

Tricholoma bakamatsutake is an ectomycorrhizal transplantation to agar media, generally from “slow-growing
agaricomycete with fruiting bodies resembling those of brown” to “fast-growing white” mycelia, the latter being
Tricholoma matsutake, the prized mushroom known as phenotypically stable on agar media, and do not become the

matsutake, in Fagaceae forests (Ogawa 1978, Yamada et al. brown ones in general. Brown mycelia display numerous

2014, Herrera et al. 2022). Certain T. bakamatsutake isolates chlamydospores generated asexually from hyphae (Fig. 1; Kiies

Fig. 1. Trichloma bakamatsutake hyphae and chlamydospores observed under a light microscope. A.
Brown mycelia of SF-Tf08 with numerous chlamydospores. These brown mycelia were regenerated
from the white mycelia using MMN+V8+0.3% SeaKem® GTG agarose™. B. White mycelia of SF-
Tf08 without chlamydospores. C. Brown mycelia of SF-Tf09. D. Chlamydospores present in fast
growing hyphal sector area of SF-Tf09.
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2000). In this study, we developed an agar culture method that
allows for distinguishing brown and white mycelial colonies in
a single white mycelium of T. bakamatsutake. This approach
allowed for reisolating strains with the original phenotype, i.e.,
slow-growing brown mycelia, from spontaneously occurring
variants, the fast-growing white mycelia, of T. bakamatsutake.

Materials and methods

We used T. bakamatsutake strains SF-Tf05, SF-Tf08, and
SF-Tf09 as described previously (Murata et al. 2013a, b).
Unless stated otherwise, these fungal strains were cultured
in the MMN+V8 liquid medium or on MMN+V8 containing
1.5% agar at 23°C (Murata et al. 1999). Semisolid agar
plates to differentiate the original strains from phenotypic
T. bakamatsutake variants were made of the following

Fig. 2. Trichloma bakamatsutake mycelial
morphology grown in the
MMN+V8+1.5% agar slants.

Fig. 3. Trichloma bakamatsutake SF-Tf08
mycelial morphology. A. SF-Tf08 strain
grown in the MMN+V8+1.5% agar
plate. B. SF-Tf08 strain grown in the
MMN+V8+0.3% SeaKem® GTG agarose™
plate. Note the appearance of brown
(yellow arrows) and white (white arrows)
colonies. C-D. Strain SF-Tf08 reisolated
from the MMN+V8+0.3% SeaKem® GTG
agarose™ plate; stable growth of brown
(C) and white (D) mycelia.

TR BIZR TR SRS 5 22 % 15, 2023

components: MMN+V8 medium or the half-strength version of
the medium, and 0.3% SeaKem® GTG agarose™.

T. bakamatsutake variants were isolated as follows. The
mycelia were cultured in MMN+V8+0.3% SeaKem® GTG
agarose” medium at 23°C until reaching a decent size, i.e.,
a diameter of 15 mm. The mycelia were then cut into pieces
with a sterile surgical scalpel (Feather No. 21) and observable
mycelial pieces were removed from the agar medium. The
medium was then supplemented with fresh MMN+V8+0.3%
SeaKem® GTG agarose™ to fill the agar plate and incubated
further at 23°C until mycelial colonies appeared.

The DNA analysis-based taxon identification was performed
using an rRNA gene internal transcribed spacer region (ITS1-
5.8S-1TS2) as described previously (Gardes and Bruns 1993,
Murata et al. 2013a, Aoki et al. 2022).

Results and discussion

T. bakamatsutake SF-Tf05 grew in the form of fully brown
mycelia, exhibiting the same apparent colony morphology as
that of the first fruiting body isolate in the MMN+VS§ agar. In
contrast, SF-TF08 and SF-Tf09 grew as white mycelia and
brown mycelia with white aerial hyphae, which had originally
grown in the form of totally brown mycelia (Fig. 2, 3A,
4A). T. bakamatsutake SF-Tf08 formed white mycelia with
uniform appearance and has never formed brown mycelia
either on MMN+V8+1.5% agar slants or plates (Fig. 2, 3A).
Therefore, the original strain SF-Tf08 exhibiting brown
colony morphology isolated from the fruiting body of SF-

Fig. 4. Trichloma bakamatsutake SF-Tf09
mycelial morphology. A. SF-Tf09
strain grown in the MMN+V8+1.5%
agar plate. B. SF-Tf09 strain grown in
the MMN+V8+0.3% SeaKem® GTG
agarose™ plate. Note the appearance
of brown (yellow arrows) and white
(white arrows) colonies. C-D. Growth of
strain SF-Tf09 in the MMN+V8+0.3%
SeaKem® GTG agarose™ plate.
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Tf08 has no longer exists (Fig. 2). However, when culturing
MMN+V8+0.3% SeaKem® GTG agarose™ as described in the
materials and methods section, SF-Tf08 generated various
mycelial colonies that appeared to grow from chlamydospores
(Fig. 3B). Both brown and white mycelia isolated from
MMN+V8+0.3% SeaKem® GTG agarose™ stably grew on the
standard MMN+V8 with 1.5% agar with seldom generating
variants (Fig. 3C, D).

Microscopic observations did not allow for detecting
any chlamydospores in the white mycelia unlike the brown
ones (Fig. 1). However, based on variant isolation from T.
bakamatsutake SF-Tf08 mycelia using MMN+V8+0.3%
SeaKem® GTG agarose™, a small number of chlamydospores
could have potentially scattered in the white mycelia, giving
rise to both brown and white mycelial colonies. Notably, the
hyphae of T. bakamatsutake SF-Tf08 with brown mycelial
colony are quite thicker than that with white mycelial colony

Fig. 5. Trichloma bakamatsutake SF-Tf08 hyphae observed
under a light microscope showing that hyphae of
white mycelia are thinner than those of brown ones.
A. Hyphae of white mycelia. B. Hyphae of brown
myecelia.

Fig. 6. Trichloma bakamatsutake SF-
Tf05 mycelial morphology on the
MMN+V8+0.3% SeaKem® GTG agarose™
plate. Note that brown colonies dominate
the population, in which a few darker
brown and white colonies appeared.

(Fig. 5).

When T. bakamatsutake SF-Tf05 was cultured on the
MMN+V8+0.3% SeaKem® GTG agarose™ plate, the brown
mycelial colonies predominantly appeared with a few white
colonies (Fig. 6). T. bakamatsutake SF-Tf09 exhibited the
same trend as SF-T08 by culturing MMN+V8+0.3% SeaKem®
GTG agarose™ (Fig. 4B-D). DNA analysis confirmed that all
representing isolates with the above-described traits were T.
bakamatsutake.

When isolating mycelial colonies in 0.3% SeaKem®
GTG agarosew, the various observed T. bakamatsutake
morphological phenotypes could be attributed to an agar plate
with pure agar that loosely solidified the medium, allowing the
fungus to better form chlamydospores that spread that medium.
The described protocol is thus useful in isolating variants from
T. bakamatsutake strains and reisolating the original isolate
from a subculture that changed its phenotypic trait. Henceforth,
the semisolid agar culture method may be useful in reisolating
T. bakamatsutake strains from the single mycelial colony that
might behave differently among the population in association
with host plants and substrate cultivation for fruiting. In
fact, we are currently examining the difference between T.
bakamatsutake strains exhibiting brown mycelial colonies
and those exhibiting white ones on agar plate culture in terms
of mycorrhiza synthesis and spawn cultivation for fruiting.
Furthermore, we isolated and characterized Tricholoma
matsutake mutants generated by irradiation mutagenesis
(Murata et al. 2019, 2021). The agar plate screening system
could also be useful in such analyses.
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Fig. 2. sl RHRIUAR
Sampling of an outer layer of Egonoki (Styrax japonicus) on June 27, 2012 in Kyoto

2a: FARHRHOR DR O B BE & 0K 2 $REUNTIE (2d)s 2b: 3R 1 (2¢) B X UKL 2 (2d) OFFHUTIE, 2¢: 3R L0 [if4F
HIC Y AR R EFEZZ T TRICHE L E b NSk TR LB RO, BREREEFOES : 7 mm,
2d: GRL 20 & AR B FERI G I WRIB AR TR B FEw ) &Rk OBE. FURMREAD /2 FIZEREIC K D i pe
PRI U 72880y (o ). SRR O : 10 mm,

2a: Bark-stripped stem of the sampling tree and one of the sampling positions (2d: Sam-ple-2).

2b: Sampling positions of Sample-1 (2c) and Sample-2 (2d).

2c: Sample-1 were punched (7 mm in diameter) out around the boundary between the intact bark (right) and the "regenerated bark”
which seems to have been regenerated after bark-stripping in the previous year (left).

2d: Sample-2 was punched (10 mm in diameter) out around the boundary between the intact bark (left) and the "bark-stripping
surface” seemingly soon after bark-stripping by sika deer (right). The "bark-stripping surface" is supposed to be covered with
translucent material with whitish color and a light green tinge, considering a fresh peeled surface ( » ) in the upper left of the
sampling trace is almost pure white.
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Micrographs of xylem side of separated Sample-1-A in
Cross section
3a: Hetifg, 3b: 3a LA —HIFOMICH. 3c: Mo T¥4%,
P& 3a DR & A —HHEF, Vi EE EER
3a: Ordinary light micrograph. The outermost layer on the
separated xylem-side of Sample-1-A is a developing-xylem-
tissue with a wider primary-wall-zone (range of double-
headed arrow) and without a cambial zone.
3b: Polarized-light micrograph of the same field as 3a showing
bright xylem elements with secondary wall development and
a dark primary wall zone (range of double-headed arrow).
3c: Phase-contrast micrograph including the same frame as
3a showing extremely thin-walled xylem elements in the
primary wall zone (range of double-headed arrow).
V: Vessel.
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I TEEE DM IS AN 5 RS BCA U Te e Y - 7z i
7214 (Fig. 4c) TBIZATREZR —REEH TH B —REET
DN, “REHBICBEE LT, PR FEIED 2 ~ 3 #
fafE . EALC K> T 5~ 6 ML D7 L@ FE D Al ER
N o7z, RIT 2~ 4 HlfafE OB IR /il &
ZN5 LRI L THHMMOBEREN R /MM (RER
FIRAVE ) ORIlEAH O T OHINEDNERE T &E X
5N%. EHICZDRTMTIIBNENPPREER, —

4a
i
#
X
|
4c
Ca
#E
i
¥

100 pm

Fig. 4. ik} 1-B: sk URt O R B SR T T by
Micrographs of bark side of separated Sample-1-B in
Cross section
da: Fet1ff, 4b: da L [F— BB O RICG. 4c (AiH G,
Ca: TERE T
4a: Ordinary light micrograph. The innermost surface on the
separated bark-side of Sample-1-B was a rather wider layer
of thin-walled-cells, presumably composed of a cambial
zone and a developing phloem.
4b: Polarized-light micrograph of the same field as 4a, showing
weakly birefringent phloem elements including some
elements with secondary wall development and a dark
primary wall zone (range of double-headed arrow).
4c: Phase-contrast micrograph, showing thin-walled phloem
elements and developing phloem and xylem elements in the
primary wall zone with a cambial zone between them (range
of double-headed arrow).
Ca: cambial zone.

TR BIZR TR SRS 5 22 % 15, 2023

JEEH D 7~ 10 MINUEDH O . BN E SITARERM
DM IENL < Fi < EALE H O MR 23L& o —
TEEFOEEERLGINTVWE b HoTe, =d/
FTO. ABMNERBTIR, BB AR e
D—JEEH THWrE N, TR RTIEARTBHNC el Lz
TLZRLTVS,

32. MR EE@mMOAIER (FEH2)

IR BB & 75D ELER AT 2 2 B (Fig. 2d)
W, RO ZE T REHOE TEDN TV S HEICR
ZTzo WHIEEMEERZ L — X TERE LSRR, T REFY
BRI SBRIC AR —1IC 010 S 5 Ffinie LD R E B
W7 KSR OAVCHERE S 2 T W TE T, LML,
YIF DY MBI TR RAREHS M TIE R, 22
VT R T D FIRERE O X 5 My EE D fifa O 5% % &
BT E A oTee —7, alRHEREUT AN AT HI L L7z
EHOARIM O EEmE TEUR 2 8REF ) OfF RICR A
T3 &S ICEEADFENDT (Fig. 2d » ). ZOMEIEH
RIS O I LA 2 FriEARE & W U T (Fig. 2d 348} 2
PGS ). At LWz TlcAatTtd - T,

AR 2 (I AEIEORER ) TlE. AR O R Y ) R
DOARMEAEE, P TR ENFIFE— T (Fig. 5a).
fRYEIR T ZREESNE (S, J8 ) MIHREICIHS B E
(Fig. 5b). T REEMFERENT Wz, ZOFMINE - RBEE
BRA T ARHRHERE I RIS D > TIRAICHEL 2> T
WTC., TORNBTIE. 2~ 3 J&OARMHEREZ 821
THREOBTRHKT, S, BOANMEIE TR X hiz,
EEBERO REDONEMEL A TH Tz ThHD
TRBEHERRGRARIC B B ARFHIAEIE. FIAE S (Fig. 5¢) T
Ronz Xoic, FEED#LUEREZR > Tz,

ZN 5 O REEHERGEFRIC B B ARREREDO SN, Rz
AFEmICH LT, RFOEINTHELHETEHS <RV
DJE MBS TR SN, Mo T s X O
BTk, M THRED —XBED F 0 LLREH/INME O A
1~2 8, NI 4 BHEILETE Tz (Fig. 50) — I DEE
WETIE. SVE OIMUR Y OMIEEED B & TV B Rk
ICRZ T2, 3.1 TANAWNRHEZIC K 28K & AREBO 77
HOBEFE R TR UK 51, DBk DIE REH D AER
M—RBERHTH D L 2ERT B L. HEEETIE, #
W77 B THA7 U e R MR O—RBER £ TH Z DI
EAEDPEERL TR EERBLTVS,

F 7z, Fig. 2b ISR L7z K D ICRARE 1 &bk} 2 1 7] — 48
WO RN U T30 ©H - 7=hY, Fig. 5 & Fig. 7 DLt
BCIHB MR K SIS YEEOARTIE R R, G 1-A (5
BEAHR ) ICHENT, YERLICHIE B H 22T T2ilRl 2 (#
FEEEMAT) THLMIHEN> Tz, DT &IFEF 2
TUE. TR TG ENHA D LI A ]y 53 T opl e &
N, ZOHOAREB LA TOMBIEEE KA R LIz T &
TR LTV,
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33. IEDFFEBERICBE LEEOMER i GEH
1-B)

Fig. 6a (X7l 1-B (7@ A6 Ky ) O AR & (4 ie!
EOERZZOARAOMYIF OREOBETH S, BBEORY:
. FURHRER IS AR I RTE O F Y B F %ISR L
e BN (AR ) TH O, HimicBHRode
R Rz D 5k O U To /NI 75 285 B O R Rz AR AN L
5N%,

PAER R (X, AR IR D BT & - THAREIC N &
P DX YT 5 N TV Tz (Fig. 6). AR OHICIE, BO
WCROEINEZNEYTREIN, FLIRFET. FLH
TIEHE S HAZMEOEAEH O (Fig. 6b and 6¢). T N
IVIEREREEZBNS, ZONANCIE 2 ~ 3 Hifd
OV I EEND O, SHMICE. FLIRFET, P

5 HEREE

\Y

I=>
A Bl Ok 1 OSHEN G
Eﬁm ﬁ; Ap: wmmlﬂzom-”m

5c HEEEE

Fig. 2. 3UEF 1 oA 1 OBEES, 2a : Yetafh, 2b: 2ak i ‘MW)WOWAL 2¢ : M RERLH OB AR
LV HEEESR

S0 um
I
Fig. 5. ad k¥ 2: F X FHZM & VR T FH RO A 115 Y)
B
Micrographs of Sample-2, soon after bark-stripping,
in cross section
5a: Heft{%, 5b: 5a & [A—MHEFOMIEE. 5c: Ik BT
FHONAEGR, V: EEER
5a: Ordinary light micrograph. The current year growth ring
(arrow: growth ring boundary) in Sample-2 was apparently
narrower than that in Sample-1-A (compare with Fig. 5a and
Fig. 7a).
5b: Polarized-light micrograph of the same field as 5a.
5c: Phase-contrast micrograph showing that the outermost part
of Sample-2 was composed of developing xylem elements in
1 to 2-cell-layers with primary walls.
V: Vessel.

THEE DM & AR IC JERE DRI Z N ZE N OAIIE DXL
LT BIEN SEFROM 2K L THE 0., IV I
WeEZOND, VI EENS )V T B E THORE
THb,

JEE & O NSNS R Tdb B, TSR 2 KRk 3~ 2 Al
IXTEEETH 2 D IABHIC G T N (Fig. 4a and 6b). {RYE%
TH% < A% “RBEZF5> Tz (Fig. 4b and 6¢).
B IE & DI EEEDENTHE eI T BT &
M T &7z (Fig. 4a and 6b), ZDHNJE TIX, HEBEENZIEF
g—T, MBI (EEBIAINE ) & EA TR OM
Ho (BREEESR ). ZHUCkHET 2 B3I/ MEOMME (11
i) OEFIPDELSETE Tz, ZOREUNK T b2 &
BIHER EEZ SN, JEREICTERETH DI L
INE L REERRRDEBUE H - Tz

W DSV I, BEEIC KB TIERICERED A 7 L
LA F (Fig. 6a, » ) AMEHEEICHUE I % fE i 2 B IR B2
ELUT, #ERATMICRRG[EMEET N, DRREOTOR
[EEEDMMMAMN LD & HEIREBLH L TV, mifERICE
RE NN TH BRI HeEN S %,

SR R 3R B2 K O SMATT, FERIIID A DMFIES %, 4t
B DOJE X IR & IZIFER CRETH - 7o WIS
FALLL 72/ DS B B e b, IRYESR T % W /&
BT £ o TR D U B BE S L T Wiz (Fig. 6b and
6C)e T DIE & A L DOMNEANE FZ THaklh & 7z AEREAE D
fifa e Bonih, WEgE T2 < AR 2HEh 2 < H
U, NEIE EZALDHEVWDD >z, ZTITEAY
L LA RHBBIRE Niah - Te. FIEERICEINCHRR
MEEEIN, ZORSERMIRO—ENS5AZ7 L LA BN
Hobd Baiic. FENEINICHEL TRt hizl &
MR E NS,

R R DIRAVEICIE, IBEOICREI N, BNTV SN
EENNE—ZHROEND O, EEAHICR 5N 5 #
EBOIMEEZ DS HI R ERICHE O U 723 T 2 DiRD A
(A it D ey E I EE LTV 7z (Fig. 6a 4500 ).

Fig. 6a DI R O TH O, NI O E
EFRIkDOMEESN N SN, BERETRKFEOAZ L LA F
IVEUE LTz (Fig. 6a, » )o FMET R DAL IZ—FIC
JA R V5L > TS, SR NI I Rz I3 E S s o
Too TR LIERRE L E 2 DN HARBE (Fig. 6b) 12 1
ORI RPICIERENTWIC L EEEBT S &, S
B 2R e UTHIE L B0 RSN 5,

34 BIFEFRAEBICIER SRR BEDREN R 1-A)

R 1-A (77 BEARER ) DFETFEICIEE NIRRT (Fig. 7a)
. FTE Y W) D AR L B AR iR O 13 2 O iE I,
RRKETHAZ M T TEMEH O A DL D - 7=
(Fig. 7Tb and 7¢)o ZD 5 B L{HDOZRAMMIIE, DKL L
Tl 7 I AR A U A & RS U 7o BRI AT L 724t
BaRFEt. ZOIKFREC IS G ML & AR/ MEO B
BELLDYBITHHE L C W /2 (Fig. 7b and 7c, » ), AR D
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IV ZHPERED X ST R A B0, /NN TRATNTH
2o

ROEAL (Fig. 7d) Tld. BEH: 9 2 U RAIIEE & [F T
Ptk &5 X OMIUEEZ RO 1 b . WHBRT
WEARMEAERED S, Jg & [ASF D5 & Z/R L Wz (Fig. 7d
and 7e, ¥¢ )o ZOMWIHITEIRIZEATNIEZFi > TV T,
BEHZ 9 2 UL & ORI ERR THRE I G > 7oh,
JEPHD 4 HOARMHED 5 B, FEJEM D 3 {8 D ARMLHED
BT AME DAL 5 ATV, T ORERIEEE & fllfiukE
EROMINNE, 7137 (Pinus kesiya) o524 fHkIC B
RENT, SRER T REHE B2 Pl & N RoEE &
JEHITHMLLL TV B (Fujii and Sugawa 1985, Sugawa and
Fujii 1985), & HICZ DI FEN 5 2R M T T
RREEET, OB TIEOPHLIIAZZ NS
TREERE (S, ) DI T 4 T IVEAE DR E N
EHERNE N B ARHIHE DS EERR 7T ML TR 2 AR DS st ©
X7z (Fig. 7f),

3.5, ERBERTE] OAMEBELZHE

I3/ FDOARMIZ, BEHD/NE (ELE 50 ~ 100 um)
TSRS < 1F I —IC BUE 5 % SR 7 Bf LM
ThHO., NNEOABRESLZ R DR AT & L
T, ORHEETORRETHORNBETIIHE L RZ S

6a

AFEDOREBETRICHE LIBK

6b

B >

> >

200 pm

RN BE 72 K5 Dl 77 [ AR AS 1~ 2 Miie i T BRI
it U CHIAS % s IR 7 W U Wi i 73 Rk o
M7 AR E HHRNC R DR E N T WS (Fig. 7a, f)o T
OERA T I/ FOARMBER AR 2, HEEFRIC
B 2 BAE T - TV B ATREMED S &N TV 2 R (L
N, B EARRE) & OME S E PN TR,
RS L TRBNDZD1E, Vav T eF v ynNF
(Akashi and Nakashizuka 1999), t" =¥ K7 &>/ (Enkianthus
campanulatus) ( Bix_E 5 2021), = X (Cornus controversa)
(7K / ILOKEY)ES 2010). kF- 277 (Eucommia ulmoides) (Li
and Cui 1988) Z L T lime tree (Tilia sp.) (Strobbe et al. 2002)
DIRHER 6 MTH D, N5 ORI HME U 7o AR
PSR . HRRER TSI D [ HABEARM AT —
ZN—=R |, THAREAM T —2N—=Z ], TnsideWood |
B XU Itoh et al. (2022 onwards) IZHEDE, MLz, &
ST, HIEAREER « HIBZRAK - RGP HREHEN
e ENTRE (LUR, BEAFREE ) & L THRESNTYL
SR 2 HE T AR ZBETIHRNDT, £
NS NREOILLEER 13 fie 2 J§ Z R Z 7z (Table
1), 4~ X X J& (Viburnum spp.) (Akashi and Nakashizuka
1999) « FF /1< R (Sorbus commixta) (3 5 2008) «+ <
> 7 (Hamamelis japonica) ( % H 5 2008) « ./ U 7 Y
F (Hydrangea paniculata) ( BI#R - {5 1992) - 7 m €Y

~
A

6b
) &
> > i B
I ) @ @
: Ik )
: = ®
: g g
> .
E ! i
: Ad: A

ZE‘ 100 pm

R 100 um

Fig. 6. il 1-B: BifE DR A HBIHE L7 L DN 2 OAR Ty

Micrographs of bark side of separated Sample-1-B in cross section showing the regenerated bark after the previous

year's bark-stripping and the boundary to intact bark.

6a: FAER K2 & Z DA D I A R A B/ INHARIR BSA A DR D Ly DR, 6b: 6a DESIHEK, 6c: 6b & [Al—HIEF

DG, »: A7 L LA R

6a: Ordinary light micrograph of the regenerated bark and the overhanging part of wound-healing tissue from intact bark on the
right end. The regenerated bark consisted of an inner bark and an outer bark isolated by the periderm (arrow). Depending on the
difference in staining concentration, the inner bark is further divided into an inner layer and an outer layer where large sclereids

( » ) are scattered, characterized by very thick walls.

6b: Partial enlargement of 6a, but developing zone (broken line) is not clearly visible.
6¢: Polarized-light micrograph of the same field as 6b. The elements in the outer bark are conspicuously brighter than those in the

inner bark.
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(Lindera umbellata) ({//4#7 5 2018) - 7w U 7 A€ FF
(llex geniculata) ( BAAR - {/:7#% 1992, Akashi and Nakashizuka
1999, £ 5 2008) + 7 ¥ / X A& (Cornus macrophylla)
(% 5 2018) « J1F 2~ F ./ F (Lindera erythrocarpa) ( 77
B 5 2018) « 7 713 (Quercus glauca) ({i[% 5 2018) « X
71/ X (Gamblea innovans) ({f[#f 5 2018) - L1 N /Y
1) 735 (Euonymus macropterus) ( BIAR < fEE 1992) « 71
7@ (Acer spp.) (BEAR - £k 1992, S£H 5 2008) + 7 F X
% (Fraxinus lanuginosa) ( P91R - {iifk 1992, Z5H 5 2008) -
A K ¥ A (Castanopsis sieboldii subsp. sieboldii) ( 7] & 5
2018) * ¥ & 7 )L (Rhus ambigua) ( BAAR « 7% 1992), £
R PR L. NVREE OBMILM IR T, IR D
LI (3 HEMEIRLAT ) F IR M Ak 2 KD & & hvtt
WURME LTHEHE NS, —/. BT,
BREOBIE G X 7ot e iAol & @ U 72Kz 5 -
TV,

PRFERIR~ TR OIS TR DR Z R DAM T,

78. 500 um
=
FHR
7b
Q %@ﬁ
7b 7d
A
A
50 pm 50 pm
A
A
w

TR AEE & BfRE < BRTmic b L
it UCHEEE L TR BUE S NICHEH TIITERE & H
OB ZEM L TVWD EEZ DT ENTE D, KR
HMEHICBOTE, B O sl i Rl e N 1
T HEMEZHE L TVBETTHD,

4.8 %%

41 1EE@MEETDOAHIVA (Surface callus) DFEEITL D
EEDBE

BREIC K o TR DRI & T2 kR D R 12 oD P 7
o T OWFZEHS (B S 2021) TH . —RINICIEZ

OFNUTHER T, HEZZT TORWEFOEKED
MU, #ERMNEE-> TEESN S LBl T
W5, BERE (% 2011) Ich, TRAREOGE, - - -
Bz22 b & O RETEINC X 43 (%%%ii\%l) »

ZVEFEE S T I K> THEIT %, - —RICHME
IETIE. MIEBTEFRIE U, FrEH D 25 Hﬂ%“‘ﬂ%%
I XSITEROHLTL %, - < SMECTE L 72550
REE DML 5755 1)L A (callus) fﬁﬂ%‘é‘ib‘ﬁﬁﬁiéﬂ
B0 NIVAILKXONGNSRTOEND &, AKORERRE
ENSRBHMPEREINEESICKED « « « | &b
TNTWVB, LML, RIRICBI 23/ FORHER
EIBOBAMBIBIE TIE, A S DR Rz MK S PR R Rz D
SO/ NI B DTH D (Fig. 6). BIETE A 1X34 K2
BHEOEYEH A 5N 2/NHIRG REHEENERE N
M (Fig. 7). BHHDZES X5 IHEO L TL 2844
SOV G R I NI o Teizd, —REEIARE

Fig. 7. adfl 1-A (STBIEARTR ) AR Yy
Micrographs of xylem side of separated Sample-1-A in
Cross section.

Ta I AV E 35 K OHTE E TR BRI O R lg, Tb: 7a DI
YRR, FEHE LTI OE (» ). 7d: 7Ta DL,
2 U T- R (S ). 7cand 7e: TNZFN 7b & 7d
DA—HBFORIEG. 7F 7Ta DIFHILKR. Te DU HED
S T RBEDOARIHERE, RC5R.

7a: Ordinary light micrograph of growth rings of the current and
the previous years (arrow: growth ring boundary) showing
the locations of abnormal tissues locating approximately in
the same relative position within the annual growth ring.

7b: Partial enlargement of 7a. Axial parenchyma cell slightly
expanded and deformed ( » ) is apparently fusing with a ray
parenchyma cell and shows dense, small simple pits in the
horizontal wall, and forming part of traumatic parenchyma.

7c and 7e: Polarized-light micrographs of the same field as 7b

and 7d, respectively.

7d: Partial enlargement of 7a. Deformed thin-walled cell ( 5 ).

7e: Deformed thin-walled cell ( ¥¢ ) shows one narrow distinct
bright layer indicating the S, layer.

7f: Partial enlargement of 7a. A cluster of fibers with anomalous
secondary walls having rather bright S, layer in polarized
light indicating a rather flat-helixed microfibrillar orientation,
near by the deformed thin-walled cell (5% ) in 7e.
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P15 IR CIIE E O A Z B T E R0,

R D MG I IS U Te A BRI K 25 FAHRR DT Bk
WAR LB RE O A BRI DWW T, Larson (1994) A%,
Larix decidua & Picea abies (D555 i 7 FEAINC BEA B
%217z Bangerter (1983) O AEm X 25 I H L TRD K H I
LT3, §7abb, MEICKBEFDEREL D
FERE B & ORI ORI EN., IR BRI 5
Mg 2 U TR INCHRR U, 1ERMila » H T
INVARKIZE T S5, D%, IV ARKEOHT
i il sk DRl O HENHE U, JERED
HAET 5, 5T, FEEAEIME DR OB
DIEHSE &dERi U, SMEOHROANEHER L, RN
Bt BFEE LT EFIERER LS T %,

LU, FEEES U IEARER Ly D Bk Y 5 2 7 52
FRWIREETH NI, BIARIC K SHRWT, EFEHEE
TDAIVA (surface callus) DIEKE D &5 BIGH 200
FERTH SHSN TS (Strobbe et al. 2002), T DIRODH
Rk DI E L 2 X 7z Strobbe 5 (2002) (. 6 H i< Tilia
sp. DRFEZ (10 em?) ZHIF L, BREAOR) TF L U BETH
L. 1~ 16 B1ZICH 1 om A O/ N EURZ BRI L | [E5E -
W LUT, JBE 6 um DU B BEMBI IR Uiz, %
OFEHR, HEL % DA Z ISR NI HREE LT Tz hi

4

Jive— |

R

LRSI U, R > To— REET OAES
AR ( FIT AR DAL ) ORI 2T AV AW
RENT Wz, FOBITHDN T, —REER OAREH
Rl Hokd 2 IV ADNT TIEENEE LTz 8 ERL
TW5%, F7-. Liand Cui (1988) i, Rz HlyTmic 1 ~
2 m 252K Uz b F 2 (Eucommia ulmoides) Tld,
B U 7o RBERER (RRIC. G R E NS ) 5
VAR U, Z DOTEB (ARG ) ISR DI KE A7
fkdaZzmBLTWVS, lRES (2021) &, =Kk>Y
11 DH B E TR O AHE XN TE KO/
PEETLZYSY RIX VOB E, HEEBEDKRD
8 HICAHRI Z I L., HIE BEFHORmATICIE, Al
RIS, MM OEAER, THE SN T
Mkt U7z il 24t ., GF R ZTE K L CE R
BIEIERMNME O TZAS R, @E ORI b iz &K
E LTW3, BED (2021) O [HI & Nz A0 &
fhEE - - - B2z f Lic/NMETEA O LM 75 i
LTHED « « - HEINRIEREINMETHE &
HEPTE S, LOBSIEREERIT, BELEAKTDOH
JUA (surface callus) HH THEAUBMEA T % 51 Tld Strobbe
5 (2002) X T Li and Cui (1988) &HmL TW3, 7272
L. BT REOEALE D 71V A DAV )T DR E L4 T

Table 1. Rz H/E kiRl s K THREMMERF RS R D AR AR

Wood anatomical features of bark-regenerating species and some deer-favorite tree species

HEEER
s 4 B (um) FAHH%
common name botanical name porosity vessel axial parenchyma
diameter
g Vav7y Clethra barbinervis Bl <50 ERIR
R 2ASS Stewartia pseudocamellia AL 50 ~ 100 FFERLIR
& g I AF Cornus controversa p MLYE 50 ~100 da T N
£ 2 lime tree Tilia sp. HALFE 50 ~ 100 TR
s hFav Eucommia ulmoides HALME <50 FHERR
% Zé), To/F Styrax japonicus Sl 50 ~ 100 PENHR
£ Yo RoRY Enkianthus campanulat p FEHLIE nb IR
E panulatus SR-D (HGLHE) < 50 PenmIk
AR AR Viburnum spp. Bl <50 TEHERLIR
FFATR Sorbus commixta HHLE <50 da JEHERLIR
<UYY Hamamelis japonica HELE <50 LN
YAPYNES Hydrangea paniculata WL <50 Fiti P BUE
A=E Lindera umbellata D ®HLHE <50 P e
8 7UUYURAERSE llexgeniculata WAL <50 b PeERR
- g IX/IXF Cornus macrophylla AL 50 ~ 100 TR
e HIUF/F Lindera erythrocarpa BHLPE 50 ~ 100 d-c TN B~ A 3K
%5 7oAY Quercus glauca HALE 100 ~ 200 nb e arik
WS &) /YR Gamblea innovans SR EEILIE <50 OO T
§ v )N/ 1N Euonymus macropterus BELE <50 rare EbDTH
HIFIE Acer spp. D witme  <s0 s, Ap-like F bands %&%ﬁ b%’"ﬁ%ﬁ
TARE Fraxinus lanuginosa B 100 ~ 200 a-c ﬁgé%
ARIA Castanopsis sieboldii subsp. sieboldii RO BHLME 100 ~ 200 nb Pk
VS I Rhus ambigua ERALIE > 200 Vs JEPEIR

D: diffuse porous, SR: semi-ring porous, R: ring porous

d: diffuse, da: diffuse-in-aggregates, nb; narrow band, sp: scanty paratracheal, c: confluent, Ap-like F bands: parenchyma-like fibre

bands, a: aliform, vs: vasicentric

Foy
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HBETBHET, TNNHIVADNI & T % Liand Cui
(1988) ¥ K U Strobbe 5 (2002) & id¥7x 3,

42 R BEREDDOKE

Strobbe 5 (2002) D 15 E i £ 1Ak T D 1)V A (surface
callus) I X A EEHAE DR TIX, HEERICTET
ZHE - REL TV 5, BURFIEZICIZIZICHE D ORI
ZEAETEZ T2 TEH, (HHAD TREEN L
TN (Liand Cui 1988), LA L., ¥ HIC K BHEEBER
W NANREEMENCEI D ST, BRERHET S
BIFENY % %, Strobbe 5 (2002) HHAS TS % 200 4ERTH 5 A1
ENTWVREEmEATDHIVA (surface callus) DIEK
E[ARRIC NBNWE T - Tz 8 b s,

AWMZROTI / FORE T, 6 A 27 HOERHURICH
BEESME RV &R Uik 2 o4 R by #HT
fE T BRI RO U EEHOABTH -
Too WERL CEMEZHETZILHED F 27 TR,
HIZ 72 5 RIENHL 1% 24 FEREILINICTERE NS T &
MRS ENTWA (Liand Cui 1988), T/ F DK TE .
HEEHOERIC, HEBHENDOKIET, REBH O RN
RIMICFH L U 7e—REEH OIS 5 77 & N7z
OYEIC X D HHICHE S NI LI NG, 5%D
M- AEICKD, EOREMEDNED XK S GHIFEICH
KT ZHODHSNTIES T 2T %,

4.3. FERB DBERICTR B EEHEBDEDS

EEHR 2R TD IV A (surface callus) DSARE ML D
—REEFOHICHE L T, Z DAV ARICIERE D B
T % L DIREHZHEZ L7 Strobbe 5 (2002) (&, {5ERFIC
BHEDARE & H AR ORNCIZE & A& DOFIflah - KEE
R OISR BB O . HIRE LTHD .,
T DR M DOFLH) % £ o TR S FRF O AR b
DONEICH 2 Ll LT3, B L5 (2021) & [AFRIC,
Rtz SR U T2 SR D AR T2 ORISR B A 5
MOGHEEZF T &) ZRd 5 TEEZMM OF
RS L T3,

AWFED T I/ F DD BFHRITHL 2 4
0L (UK 1-A D BEARTER ) OBISTIE. AIHFEICIEK
ENTAREBITIE BRI HRRIC i 3 2 5 Tk 2
B TE AR o, RATCIX. 2 LI ZMiaie, 2
& U 7 dREMIIL Z U C B /e REE 2 R D ARREHERE D R
HENTz, TS OB - M. N ORI
MEMZEFR CTH O, alf 1-A (HEARE ) DFEED K
BINCO A KB HEBEZZT T OHEIAIEL
AU, mTEO R EFICHIG U G EHMOEY TH
LAHEMENEZ NS, L L. NEEOTMEED 5 7%
2NV AE L IZEEFMME NS HEEHKRE E8 T
%o Flz. HEBEFRHSAKRE AT D > THITIEER KL
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Anatomy of bark and xylem of Egonoki (Styrax japonicus)
suffering from bark-stripping by sika deer

Tomoyuki FUJIIY"

Abstract

Bark-stripping by sika deer has often been reported to lead to high tree mortality. Only few species were
reported to survive heavy bark-stripping. Here | report on bark recovery in Egonoki (Styrax japonicus), and discuss
anatomical features related to successful bark recovery. The regenerated outer layer of a stem after bark-stripping
in the previous year was investigated. The regenerated bark consisted of an inner bark and an outer bark segmented
by a periderm. The innermost surface on the separated bark-side sample was a rather wider layer of thin-walled-
cells, presumably composed of cambial zone and developing phloem. The outermost layer on the separated xylem-
side was a developing-xylem-tissue with a wider primary-wall-zone but no apparent cambium remaining. Traumatic
tissue was observed only as small traces in the previous-year’s growth ring. In contrast, primary-wall-developing
xylem elements were only in 1 to 2-cell-layers remaining on the outermost surface of the stem soon after bark-
stripping, and was covered with a translucent substance. Interestingly, wood anatomical features common to tree
species that can survive heavy bark-stripping by deer are “apotracheal axial parenchyma in tangential to oblique
lines or in narrow bands” and “diffuse-porosity with narrow-diameter vessels”. Cambium can be regenerated within
a surface callus formed over the entire wound area for some species. Although traumatic parenchyma zone was
not formed in Egonoki, wound cambium may regenerate similarly. The fact that axial parenchyma cells can form a
more-or-less continuous tangential plane just like a cambium leads to the speculation that cells differentiating into
axial parenchyma cells under the covering substance can be reprogrammed (dedifferentiated) into meristematic
cells, comparable to cambial initials, by the stimulation of bark-stripping.

Key words : regenerated bark, axial parenchyma, cambium, surface callus
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Developing a pollen gun for artificial crossing in forest tree breeding

Koji MATSUNAGAY"

Abstract

A large-scale artificial crossing utilizing a large number of lines is conducted for forest tree breeding. It is
essential to efficiently perform all procedures in artificial crossing including bagging, pollen collection, and
injection of pollen during flowering in the target tree species. A pollen gun is an instrument utilized for artificial
crossing. However, the discontinuation of production by manufacturers has made it difficult to obtain the pollen
gun in recent years. Thus, a pollen gun was constructed using commercially available materials in this study. To
improve work efficiency, the new pollen gun was constructed using a plastic centrifuge tube for pollen storage that
could be directly attached to the gun. It was 0.6—7.7 g heavier than the conventional gun, but the amount of pollen
that could be stored was 1.9-2.8 times greater; moreover, the amount of pollen ejected was 1.4-2.7 times more than
the conventional gun. The results suggest that this pollen gun is effective for usage in artificial crossing. The newly
developed pollen gun is expected to improve work efficiency as it is easy to fill and refill it with pollen.

Key words : pollen, work efficiency, Pinus thunbergii, storage
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Observation of Japanese scops-owls and a grey-faced buzzard
in a Japanese cedar plantation at an establishment stage

Yuichi YAMAURA"', Masayuki SENZAKI?, Kazuhiro KAWAMURA? and Tatsuya OTANI”

Abstract

We installed infrared automatic cameras in a Japanese cedar plantation of six-year-old and obtained the
photographs of Japanese scops-owls Otus semitorques and a grey-faced buzzard Butastur indicus. Photographs were
taken during April to June and individuals seemed to visit this site for foraging. Plantations at an establishment
stage are likely to serve hunting areas not only for diurnal raptors but also for nocturnal raptors.

Key words : clear-cut, open-area, raptor
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