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[BtBR & 5 S FDFRDEVHRAF CLT ODEAARED
BTV R L MIFIEE I RIFTRE
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A= USRI =20 LSO AN N

s

AFEHNEZOR « SIRAT4 R T 028 (CLT) IZ2WT. IIFKK. o3I F0mE
EHih, NEOZ I FOHMN, T IFORBREEmICE T AN (MWAGM) OBV 7HRE. sl
HREIWCRITTHELZHSMCT B 7HIC, BMEEHRE Mx60, BWKEIE3I T4, 3451,
SESTSA,. 58154, 1T 74D 5k, AEDT I Fo)mzEENTRICH L THETH
m GGRE D . BT m (TR 02 e Lz 10 ) — XDOREAE, 18 105 mm X JEE 30
mm DT IS (FIFELOEIFEELTWiEY) ZRHVTERL, $EHRENTENR Gl 72 ARk
(T. G. H. i) ZHOVTEINZY Y ZRBONER Lk, HANAROIFREICHE L, ZORE,
ROz ERBMCE T2, (1) CLT DENA RO Y > Z%E. s, BEK. 53
DZEe, DTS ABICHT Z|UETEO TS A BOEEITHERSI1F5, (2) IIF0MTV> 7%
B, BRI NS CLT OHEWNAMOBITY > 7R, iFmIzBsXZ#HETRETHS,. (3) CLT
DTN B OERF i v > J1RE80E. BiaflETEIC K O#HET S EHAEETH S, (4) CLT
DR O Y > R TR E OB Y. (5) BRI S0 TS A D515 b i
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HBT 4 A=V aA Y b eBFBLEONE L, RBRAD LETHKT 200 ED > Tz,
F—U—F D EERMNR AF TN # EMRL R

1. 3T BHIC

IR TIFXAT 4T 0 2)N= (CLT) &
1996 FFIC FA YV EA—AFY T THES A, M
Ko BN TIREEMIGHM & L THEESEL RS
. mimE AEE, ERHERYICACERLTY
% (&I 2010), BN TIE 2005 4£I1C CUAP (Common
Understanding of Assessment Procedure, European
Technical Assessments (ETA) 2005) 5%, 2015 GBI
}4% (European committee for standardization 2015) 7Y
HlE & Nlze JLKTIE 2011 4E1C ANSI/APA Bk (APA
— The Engineered Wood Association 2011) A il & &
N, E5IC CLT OMIERRET. M kaer IREIRE. &
{RRE, EWSL R, BIEEPERE 2 #d4# L 72 CLT Handbook
(FPInnovations 2011) MHRE N 25, CLT D KIC
M 7z HENBZ 5N TE T,

HAREMN T, 1990 F2 5 1993 I Efjli E h iz k2
MK FER N 2R DR RIZRIC BT, RIRMEZ WSS
B IRMEEANFIH 9 % 7o & O KW M ORI FE 2 HRY &
LT, EX 20 mm, 33 mm OO XHZHEL IR SN,
TNEZERSAIC3IE,. H5VIE 5 FRERSSE

JERISZAT A28 4E 11 H 2 H JEAESZEE 1 PR 2947 H 19 H
1) ARMFE S WIZERT BAM R IK

2) IR ERMOKBE ST R & > 2 —

3) BRIAKR S BTZCAT MG A IR ZE nR i

4) PREF I RABGHAHA 1 T 3R

et Rl (EARZREER) IS DWT, STEZE MO T,
FRP Z WA IC DOV THE SN G- 2R’
1995), /oo AFHERZHHALEZREEREE LR
f EFHMR LR 0BT, M IEE MR Z KRS 2 A
BRSO ZHKNE LT, JEX 12 mm
BEODERZMEIZE L., MHiEESRZER 5 3K
RS U AF 387 0 28300V N U Z O 8E B
ORFEMNMTHON GEFEANEEAR TR T2 1998,
1999, 2000), & RAREEMELFE (AQFEAE) KBV T
TR 3 8/ 83 )V B RERRBR OBRIE H . 5B% /1%
R OCHE R ] (FEEANEAREE - R > 2 —
1999) WEDHLNZIFH, BEEROKEEE (ERE
FHMESEFEE 6 5 2000) ZINR L7 E H 5, HFIE
JEPERE. M IBESDRFIH D7z DWFE, ~FiEZ e k.
IRERFEICBI T 20128 GiHEH S 2000, 485 2001, 2002,
2005, NE S 2002, )1 E5 2005a, b, 2007) &iEDH SN,
AFREFTHEL, NBICAF, AE8ice /07 h<
VR U3 o a X)L o i mER I OW
TEHADEENTVS (BES 2014),

HAEPNIC BW TR O K 5 1 B0 = BRSNS

* MR ST EAMEIIZE R T 305-8687 KRR D < IEHMOH 1
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CLTZFIHT ST LDV TIE, “ROKIh5
HWEBEZEZ SEER” (EBEFEER) &#410
(20104 6 H30 H) BV T CLT BN ENID%
—DDREEL L, TN, EAENEE L MR
FEOMEE IR & ORI eI D AR Y
FTESH LN (R 2013). ELEEREDORFN (B2 X,
RRMFR A WIZERT 2014) ( MRLRIE T — 2 OB i (1 2 1\
AMEREHIFLATIE A 2015) G THRMERE D MGEE (B Z 1.
ARGEIRBFR NS 2012) EA TV 27 FOHET
i E Nz, 2013 FEIC CLT B3 % & 3 % A AR
DHARRMER BHMKESR 2013) HlEdh, 53
F OEEHERX T, ERERR DB, 8RS
ICBEY B EHEARE N, 2016 4RI CLT MRl HE (H
T25EA 2016a) K UEEE (E 1558 E 2016b). CLT
ZROWIZEEY O — ks (H28@E 20160) 1
B U CRBSEEELICH D S ERDRA - T E Nz,
CLTIRUER (T 3F) ZZOMiESMEZEREE
BEESE LIEMB TS0, mEEZT S5, T
2F0RE, IIFTOMEER. BREKICKX>TZED
HERIEREZ EEZDBND, CLT ZRER EDINE
METICER L CROEZ R0 72 5Ha. CLT i, dh®
FQCT L LTHRHESN S, 20k, T IFDOHERE
AWICFATITE (mAA M) OfREICHT % CLT O
HERMEZHOMNCT 20N H %5, Flaig and Blass
(2014) BEEO®RKZ /)y —AT)V—RZ (Picea
abies) T I F THERE NIz CLT OHEIANT MO HIF R X
KB LT, EXHAAOT I FOMEICHT BELED
fligER R, WMEF M OBHPE VD HF DT I F DK
Bom®, vIal—varvickramazEiTzolk, F
5 (2013) @E2BEICAF (Cryptomeria japonica) 72
HwisEs TS5 A4, 1877754 DM —FHHEK.
PLUEHRE R CLT O N 77 M O il R B (i A il R )
2TV, CLTMBRAOE I AMICiE I NEZS I F 0
FELLTCLT OmEMfEICEHESGL, ZhoDT3IF 0
WEEERE L B S, CLT DN Mgt Z2 B
BRMETETEBHLLTVS, LIMrLENL, T3IFD
FRK 7T 2 F OFRAE I ELZE KR D H AR
HRICE -T2 DT a7z, Tz, FAS (2014)
BEBICAF, MUNBEICe / F (Chamaecyparis
obtusa). WEICAFZHWZS5ES 754D CLT %
ERZERRO HARMBEAZICE DN TER L, CcLT &
BADEEHMICEHEINZT I FHEELLTCLTD
BEMREICHE ST 5 &, S8 Ol mIC R T RE
DEHEWTIFEEETSCLICED., CLTOEAKT
mAAmOmEEEER LTS NECE, 30D
SREPERED S CLT O Al 58 G & B s s it
TEBM, 55987 OEEMNAEIC DV TIEE SITHE
PRETHBH L ZHALMC LT,

T D& S ICEFEMZ MW CLT O A5 1H Ol
FERFEICB LT, 585 794, T 1797028

FHORRIC DWW T ULIME SN TE 5T, RICERE
AR O HAR BRI ST D55 7514 L
MEtENTHAEV, £ TARFKRTIE. T TR,
I FOBESEN. NEDT I FOF DN IND
Py > TR Ol 58 S X T B 2 atd 2
TEEHMNE LT, ERERKRDHARBKRBEICHE-
T.3B3 o4, 3BaS54, 55754, 58
1TS54, TRBTTSADSFEEDT I FERDOAF
CLT Z/EBI L. W5 m Oy iR (e sl ELER)
LTz,

2. Gkl N U A8 A5 14
2.1 EBR IR DIER

BRI L —FT 4 VRV VEAVWTAF SISO
HiFy > 7 HRBEOET AHOEEEZIE L, WEE
NIz v > T %R (Ew) 716.0 ~ 9.0 kKN/mm* D <
ST EELRERROHARBMEKICE T 5 08 EER
M60A, 2.5~ 6.0 kN/mm° D F X F7% M30A & L TK
ST, BEEMX S LIS IS 2RERIT ¢ 2 H—
VaAY b (T4 VH—EE 150 mm) IKX>T7HT
MEL 2%, 18105 mm XJEX 30 mm I Bz, 7=
THREHOEAANCIE., KEEDTF—AV YT X—
REEEER (XSt A — A% 3H MK200, il
{EFI H-30) ZHuViz,

T THELREAFI IS ZHVT, Fig. 1IKRT
CLT /3 )V 2 E BRI U Tz, RIS RIS M60A D=
2. NEICM30A DT I FEHVZELZENIKDOH
AEMIBICEIT S Mx60 & L, BRI, 3837
FA ORIV D JEE 90 mm X EHi 1995 mm X £
6030 mm), 384 754 (SIS JEE 120
mm X %3 2110 mm X £34 6030 mm).5 &5 751 (X
FOUSTHE D JEE 150 mm X 34 2310 mm X £34 6030
mm). SHE7 754 OIF)UFE D JEE 210 mm X
2625 mm X £ 6030 mm)., 77 TS5 A4 ORI
~PE D EE 210 mm X 2625 mm X £ 6030 mm)
D5HERE L. WNEDT I FDJ5mEELTEICHR L
TAT Gl . A U TERSm (5591
F) @2 h5mE Uizt 10 ) — XD CLT /8% L%
ZThEn 3K #ETERKXSICTFER L7z, CLT
INHIV ORGSR D [ERETE I, 383 T4 KT 3
475412 DVTIX 0.6 N'mm’, ZDMOFERICD
WTIE 0.8 N/mm® & U, [EAFRFRENEFERERKIC K 57 40
e Ll IIFTORERECIIKESTF—AY Y
73— bR EESER (7 TEKRSHE 3]
AUX160, BE{LHI AUHLI6) ZH Wi, B, 73IF0D
MmO (RHEE) Eirbah o,

% CLT 83U 5, BT DR S 1333 )V~HED
¥ EC A AmE GRBAOE X) 300 mm, 451 G
BIADEZ) 6030 mm OFRAZ 2 (AYIDH L, %
U —ZIZDWTE 6 DB A Z BN LTz 5V —

B ORISR 55 16 % 4 2, 2017]



JERERLE T X RS CLT N R I M E g 52 215

<|<|< <|<|<|< a|la|s|<|< <|l<|<|<]|<|<]|< <|lg|<|<|<]|<]|<
o|lo|o o|jlo|o]| o [} ol o) o} Nl [l o) fo} jo} Jo} o) N (o) ol fo) o} Jo} ok N
O|lmn|wo Oln|m|o Oln|mm|on|O Ol mn|n]|O|O Oolnllmm|on|on|O
S|1S|= = =1 D D g = =3 Y Y Dl Y b= =3 Y =3 Y Y
= | = = | | = = | = | = = = | = | = = = | = | = | =
3-3-Ma 3-4-Ma 5-5-Ma 5-7-Ma 7-7-Ma
outer layer in longitudinal direction (Major, Ma)

<|<|< <|l<|<|< <|lg|<|<]|< <|l<|<|<]|<|<]|< <|lg|<|<|<]|<]|<
=1k=1k=] =1k=1k=1k= Sla|s|o|o =1k=1k=1 k=1 =1 k=1 k=) cl|lo|o|s|s|olo
O|lmn|O O|lmn|on|w Oln|on|mn|wO jloinNnmnlmn|wO|wO Olnionfmm|mn|on|wO
= = g S S g ) 3 Y Y Il Y ) I Y 3 Il Y
1 =1 1L == 1 1L =1=91 1L 1L =1=191 1L =1=1=91
3-3-Mi 3-4-Mi 5-5-Mi 5-7-Mi 7-7-Mi

outer layer in transverse direction (Minor, Mi)

Fig. 1. CLT 733 )L DJEREIR
Layups of the CLT panels
Abbreviations for the type of CLT, refer to Table 1
= ! layer in longitudinal direction
L layer in transverse direction

Table 1. CLTaASAD 1%
Dimensions of CLT specimens

Abbreviated Layup Direction of ~ Thickness Beam Depth Length

name outer layers (mm) (mm) (mm)
3-3-Ma  3-layer 3-ply Major 90 300 6030
3-3-Mi Minor
3-4-Ma  3-layer 4-ply Major 120 300 6030
3-4-Mi Minor
5-5-Ma  S-layer 5-ply Major 150 300 6030
5-5-Mi Minor
5-7-Ma  5-layer 7-ply Major 210 300 6030
5-7-Mi Minor
7-7-Ma  7-layer 7-ply Major 210 300 6030
7-7-Mi Minor

“Major” corresponds to the general direction of the grain, wherein the
outer layer is in longitudinal direction of the CLT.

“Minor” corresponds to the general direction of the grain, wherein the
outer layer is in transverse direction of the CLT.

R DRBAR DL % Table 11C/RT, 6. FalBiik
D E RO OYID H UALEIX S 2 F ORI O
FiFRe L,

2.2 FERIESRR

MeMRENE (MEIE NHAREE - RMETitz > 22—
2011) I K O ABRKDOHE MY > TR (B %Z.
Timoshenko @ 7z 1 H 5 1< J& D < Goens-Hearmon [d]
i X 2P b A IRENE (T G H. i) (WEREA
HAFEE « AMFdfitz > 22— 2011 &0, &lBRIAD
IS oEEmICETAm (RN DY > 7
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R (Ew) & AWFHIEGRE (G . R UREHICHE
ZJgm (s ) oMY > 7% (E.) L8l
R (G BRD Iz, mlERICB T, HiRA
FEEEE T — VU & # (FFT) 2> /8L —% (X
/N HIZREL CF-4500) & WTR®, HEREHTE
KDOWTIE 1 ROFIRFA R Z, T. G. H.IEICDNT
1~ 9 ROMIRFAWE D S B, BHEEICHR] T 72 )E
BZRNTEY VT RE. wEgEzRkdiz, 272
U. 3374 NUG3E4 T A D556k m o0 bk
HIZOWTIE, T. G. HLIEEI X B HTICBNT, mot
FHETORIREREBDOHRDNNETH > 727280, En &
G, EH LEh-oTz,

2.3 mAEIFEER

P R ER O BERE % Fig. 212, FERDBEF D — 4
% Fig. 31T T, Bk, BARKAEMN 200 kN DFEK
DR AR (MRS R i LG T ) ZHWVWT. 3
HEMANMESFRNTEE Lz, 2ARVIERBRAD
BHE 300 mm D 18 5D 5400 mm & U, 7 BB pt [ B e
& 1800 mm & U7z, ABRAEODMAIE MR 150 mm, X
FOWEE 180 mm TH o Fzo AN VHRED zH I
. BAEOEINUCEIOHRRICL T VT IVELE X
oL, dBkomiln cznNTNENM Rtk
WU SR8 T4 SDP-200D & % W& CDP-100) D
WETFZ LT Y7 LD S8 THE L 2,
BT OFY > 7% (B &, RAMED 10 ~
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1800 mm l F l F

Beam Depth
300mm

Thickness
150mm

Cross-section

a e

5400 mm
Side surface

5-layer 5-ply CLT in the major strength direction (5-5-Ma)

Top surface

Y

1800 mm iL F

l

300mm

Beam Depth

Thickness
150mm

Cross-section

R —

5400 mm
Side surface

5-layer 5-ply CLT in the minor strength direction (5-5-Mi)

Fig. 2. CLT i{BADm AT iR (55 75 1 D)

In-plane bending test of the CLT specimens (Examples of S-layer 5-ply CLT specimens)

Abbreviations for the type of CLT, refer to Table 1

7-layer 7-ply CLT in the major strength direction
(7-7-Ma)

Fig. 3. CLT a5 A DNt ek ER Ok 1 DBl

o .6,
0

T Fiber direction of outer layer |

S [

-ply CLT in the minor strength direction

5-layer 7
(5-7-Mi)

Examples of in-plane bending test of the CLT specimens

Abbreviations for the type of CLT, refer to Table 1

40% OFFHICB T B MEE LA VRRED DI L
OB BRSD, mAMED SHITRE (0, ZEH
UZeo F7z. iBRIA D fa ] _EER P oRic X232 1000
mm DA FEBEEEZE LT, ZOHRDOMANZEN
AN (RSN ESET TR CDP-10) T
WEL, RARED 10 ~ 40% OHIFHIC I B HEL
FARTZNL & DRGNS EDO TV > TR (Eqen) %
KDz, T, lBRFOME, fzb&, MM I
U T ARER RS GTRZRIEE  TDS-303)

ZHWT 1 R CIER U7, Wik, B ot
MHEEHAICK 30mm OMZYO L, RIZETE
IKRZ RO T, Tt JFBUHERER, AR IC &
% B2 R B B I3 AR A O kg 7z v 7z,

24CLTOEAABDOEHIFOIF V> J R #iF
BEDHETE

CLT /S VLB Lz 2 F Moy +D

W|ET =T a AT I FOREN (FW) F

B ORISR 55 16 % 4 2, 2017]



JEREER & T 2 FEEhY CLT NI SRS IC N E 3 2

A O HIF R OFE R, M60A T 2 F D RN OV
VOREL PR E I FNF N 7.09 kKN/mm®, 38.4 N/
mm’, M30A T X FORNFOMF Y > FHRE. i
WMEIXZFNFN 5.58 kN/mm*. 31.1 N/mm® TH -7z G
MARETIZEANE D 2015), TN 5 OfEZ VT BER (GF
5 2013, 2014) EEUCK (X1, KX2) KD, CLT
DREMFOMTY > TR mFmE zHE Lz, Z
DR, T4 2 H—=aA> T IFDFW HHICHT
ZHEY (EW) SO BT OfhF Y > Z @0 Ol
P58 E DL (Ke-cagen Kis-eage) 1 8 140mm X JEE 38 mm (206
M) DAFT 42— aA> bMDFW 5. EW
Ji O ph U ERER A S (A ERM 5 A & A 22 2011)
EHBEICLT, TNFN0.95, 0.80 & Lz, ROFHE
EfH & FEERMEZ Lt U 7,

(CLT kB IA D B> v > J %50 = (CLT
AR R DR T IR O ZEFR DS 2 F D FW 51D
R OF v > J RO E) X (@l 5 1m0
HERDT 2 F OEWHEIC 5D B EE) X Keegge

&H
(CLT FABR A D il 1F 58 &) = (CLT 3 BR A D 5 il /5
M DXERDS I F 0O FW RO ELF 8 E Oy
fif) X (GERER A M DFKER DT I FOEWmEIC &
D BENE) X Ki-eage (H2)
T T T Keewe=0.95, Ko wtee=0.80 TH 5,
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3R BE
3.1 FEREA RIS R

FABR IR D % Ky O I 3 EA B D 45 SR 72 Table 2 1SR
I, il ORBAEIC B VLTI, BE. BHREIEIC
XBY U FEE (Eo). T.G. H. B X BmEA IO
Y > T HREC (Ea) AN TR OEIFY > 7 FE (B
MmN T O AW RE (G . TS T DE AW
FMERE (Gl &, 33 T IAMKD G, BZRVT,
ITARTOHEHADEDOIE S DERZ/ NS oz FNFN
DJBREKD CLTICEB VT En & EQXIZIFEFRUCMETH -
2o =T ELlE En XD BEWHEE RS T2, HED S
STOMEERNEL ., BEENECIC VT EHVEE
LTW3EEZONS, Guld G, XD BEL . BRI
WKEBEITHEORONGEN T, HRRIC G, & JER
RICKBE2EHEOROSNIEN > T,

S8l 75 A OFRBRIKIC B VTR, BIE, En Eun Eion
Gun G 58S TTAMKD Gus 5STE T 75 A KK
DG EDFNT, TRXTOHEHDMEDIIE S D EIZ/N
Eholze ZNENDEHKD CLT ICBWT, @il
1] Dk Bk & FREIC Ern & Ea (ZIZIERCMTH - 2o
ELWEEa XDV o7 HESIFHEZSH
FIHLTERLTREEINTED, Z2ELOTho
etz bbb, G &l m ORI LT,
FERERD CLT I TORENREL, FcsE7 794
HERR D G IS LER TRV & 725 T2 Gy I3RS
] DFRER AR & [RIFEE T - Tz,

Table 2. CLTRASRAD JEMEERAER T & T i NIt U A8 SR D T-E il

Average of non-destructive tests and in-plane bending tests for CLT specimens

Non-destructive Test Bending Test
Type of CLT p (kg/m’) £+ (kN/mm? In-plane Out-of-plane In-plane MC (%)
o (Nmm) - mm?) Gop (/M) o (RN Goy (N Fag ((N/mint) Ees (KN/min’) g, (N/mnr’)
3-3-Ma 417 5.92 5.71 0.828 7.90 0.275 5.34 5.69 23.0 12.0
221 (5.09) (5.35) (3.17) (3.83) (21.70) (4.75) (6.35) 17.3) (5.73)
3-4-Ma 411 452 435 0.818 7.07 0.196 4.08 4.40 16.5 12.0
(1.39) (4.22) (3.53) (5.33) (5.35) (9.93) (4.20) (4.57) (3.61) (2.80)
5-5-Ma 413 4.67 4.65 0.863 6.58 0.250 4.27 4.52 19.8 11.8
(1.98) (4.66) (2.61) (3.91) (6.69) (3.58) (3.02) (3.30) (11.8) (6.82)
5-7-Ma 414 5.74 5.60 0.838 7.13 0.305 523 5.58 21.4 11.8
(2.19) (1.67) (1.94) (3.22) (3.60) (3.91) (2.33) (1.15) (6.37) (2.79)
7-7-Ma 407 433 4.17 0.837 5.63 0.263 3.82 3.95 16.1 11.0
(1.01) (3.92) (3.22) (2.58) (4.60) (2.35) (4.15) 4.91) 9.11) (2.67)
3-3-Mi 416 2.46 242 0.732 - - 2.22 2.32 10.8 12.0
(1.07) (6.54) (4.83) (6.05) (5.19) (7.94) (14.6) (4.89)
3-4-Mi 412 3.39 3.22 0.968 3.01 3.16 13.6 11.3
(1.45) (5.62) (6.74) (11.0) - - (6.54) (6.31) (12.5) (2.22)
5-5-Mi 406 2.69 2.60 0.882 1.55 0.172 242 2.48 11.7 12.0
(1.41) (4.53) (6.58) (16.80) (4.38) (7.00) (5.69) (6.19) (7.31) 2.11)
5-5-Mi 412 2.14 2.15 0.562 0.720 0.250 1.85 1.94 8.60 11.5
(1.17) (6.72) (4.05) 9.12) (3.68) (17.40) (2.47) (3.28) (5.63) (3.35)
7-7-Mi 407 2.92 2.82 0.786 2.01 0.213 2.52 2.61 12.8 11.5
(0.75) (4.58) (5.19) (3.20) (5.65) (11.70) (6.86) (7.77) (9.69) (4.06)

Values in bracket shows the coefficient of variation, in %. Abbreviations for the type of CLT, refer to Table 1.

o density at the test, Ex Young's modulus determined by using the longitudinal vibration method, E.4 true in-plane bending Young's modulus
determined by T. G. H. method, G, in-plane shear modulus determined by T. G. H. method, E¢, true out-of-plane bending Young's modulus
determined by T. G. H. method, G, out-of-plane shear modulus determined by T. G. H. method, E.., apparent bending Young's modulus determined
by static in-plane bending test, Ey.cn true Young's modulus determined by static in-plane bending test, 0 y4 in-plane bending strength, M/C moisture content

determined by using the oven-dry method
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The numerical values in the graph are ratios of the major strength direction in the crosssection. Abbreviations for the type

of CLT, refer to Table 1.

E.+ apparent bending Young's modulus determined by static in-plane bending test, 0., in-plane bending strength
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Effects of layup and grade of lumber on bending Young’s
modulus and bending strength of sugi (Cryptomeria japonica)
cross laminated timber under in-plane loading

Yasushi HIRAMATSU", Atsushi MIYATAKE", Takashi TAMAKI”, Kenta SHINDO",
Hirofumi IDO”, Hirofumi NAGAO?, Masaki HARADA® and Junko OGISO”

Abstract

Recently, in Japan, cross laminated timber (CLT) has been attracting attention as a structural material. Based
on this, more test data are required on CLT consisting of Japanese wood species. CLT consists of several layers of
lumber that are laminated by the gluing of longitudinal and transverse layers; therefore, their strength properties are
influenced by the load direction, the direction of lumber, the grade of lumber, and layups. In this study, we prepared
CLT specimens (symmetrical composition, 3-layer 3-ply, 3-layer 4-ply, 5-layer 5-ply, 5-layer 7-ply, and 7-layer 7-ply
layups, and the Mx60 strength grade according to the Japanese Agricultural Standard for CLT) consisting of sugi
(Cryptomeria japonica) finger jointed lumber (width 105 mm and thickness 30 mm), and conducted the bending
tests under in-plane loading. The results were as follows: (1) Layers loaded parallel to the grain are mainly effective
for the bending Young's modulus and bending strength of CLT panels under in-plane loading. (2) Bending Young’
s modulus and bending strength of CLT panels under in-plane loading can be estimated from those of lumber and
number of layers loaded parallel to the grain. (3) Bending Young’'s modulus of CLT panels under in-plane loading can
be measured by dynamic testing. (4) Bending Young's modulus and bending strength of CLT panels under in-plane
loading are strongly correlated. (5) Finger joints in lumber in the longitudinal direction on the tension side between
loading points play a significant role in specimen failure.

Key words: cross laminated timber, sugi, in-plane, bending, layup, grade
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MERELITONc AT BBHAIMICETEMEE S UTEFDORE

P AGE Y B s R R YL A R YL T R

wE

R 90 FEAEIRFIC AREUT 64% . MHET 53% DFEERIKAFHEME NizA FRO X F i A LHRICBW
T, TOBRIN4FELEEFTOMDBLUCEEDOREERETLL, BRDKEICRIELIZREL AEORE
DIXEDEZE S TERTDOWTHAE Uiz, BRETOLAREEIX 458 AR/ha, IR 0.55 TR
MERTH D, BIEERIT45.0% TH o7z, BRICK DT AKREEIL 167 A/ha, INEIEE 0.27 NEKT
L7z, BMRIBICHHE LU ZMEE R, BERE#EER 0.15m/E T, BKEiBTEbSEh >, WE
ERDREREIZEMRATD 0.2lecm/FEN S 0.43cm/FICHEAN Uz, BUREZE O MR EHE X 8.20m”/
ha/%E T RURERTD 8.55 m/ha/SEN S HE DK R Liah o7z, HEER L ERKERE L OBBRTIE.
RXRTIC A B NI EDHBENRKBIC A S NE L Ko 1208, MK 20 EBICIEETALONS XS5k
Teo AR RS 5 40 00 i v W T R A B T U BT 90 2803, RURBRIC — T I i D BN AR LD 5N,
BEaEEL TOSEEORTRRTAZADEODRENERTH -T2, —J. BT MRS EERO
WEBIBLNED T, LT eh b, KPNEWRETEHINTEZAFEmALIHRICHB N T,
BEORRZITS> TFOBEDD TRWVWERETERL CHEMRMAMEZ D T ML, KEMDER

225

WS AHImmEM 2T BBANE L, —DOEIRKICADESLEZENS,

F—U—F 1 A&, @A T, SRERA, KE. T XRE RS

1.1 T®»IC

T E O F R A THDZ 3% O IE AREM I I
EREN, 40 ~60 FZRTHIFAZMAZ DDH % M,
AMMAE DL T RRBE I A D FRICK BMERED
i, MEMFEORD R EICIDHERMEZ SN,
FE R AR HE R MRS 2l 2 T b Ef T LT % (B
F2002), Fiz. KR¥PE 150 FEx0 UL 200 EITHRT
LTARBEAREEZD T TBEMKMELHERIN T
%o NIMZENERIANEITS 5 L. kO FEHH -
—F KA TR E LD N7 58 5 B X S0 I
TREZRN—-AICL-EMMERRIIZDOF E TIHE
M2 WL EDEEEZENS, i 80 FLLE
EWVo FeEmim N T2 By E T 2 Bk R %
WIS B7zicid, ZOEEL L THEBRATHOKE
FHZHOMNMCT A EHNEETH S,

A LMOREICEL T, EEiBithot=%
U > T RAKBEIAR D EER RIS K B BERRE D AT A
HHEN, ELIIRAFIZDODVWTEL DHENDZ (FFF
5 1987, WA 1992, FEAT 5 1992a, b, BlIE 5 1999, kX
I 5 2000, FHH 5 2002, TN - 3 2003, 71H 2005,
Masaki et al. 2006, P& 5 2008, Nisizono et al. 2008, 1F
A5 2013,2015), TNEDHFIHSIE, HEEANTHKT

JRRESZA PR 29 4E 2 A 14 0 JEAEZE D P29 £ 8 H 7T H
1) 7€ FRFR S BTZEAT U= 2P

2) FRMFR A BT ZEHT R A RERTF 2% RE K

3) THEIR MR STt > 2 — R 2T

HARTE Ty

5) JUNKZERZEBE 20 FR ¢

* E-mail: sugitahisasi@gmail.com

BEAOBEZBRENMEKREZEZ SN TELL EICHF L.
MOBMATEBWMEKEREZHERL TV T &N
oM ENDDH %, Tz, BRI KR 55 % 5%
MU TEREAOKEZIEL. REREEARZIDBRWNT
Mo OB X2 EERREFXTH O, MHNE
AT Y 2 —)VIE DWW TIE, EEE W ELRE TRk Z
L THL T ENRERD D BB M AL E 0] §E 7% & s
ANTMZIEKTZ5 A TENTHSZ ENRHMEINT
W3 (AR5 2009,

LA LEDNS, EC A > Th 5 HEHEE Nz
DRI DTG LI Zeid D, lsic & &%
W E R E RO EME T L TEREO MDA T
EhVwT e JFR51987) H 5 ZORRZEERHT %
RARE 5 2, HEEICRE D EZ i@t U CaHii L
Te i (BB 5 1999, IEARS 2011) &H T H LAEW,
& ITVIARBE R R X B % OISR 72 im0
RICODOVTREMBEHADRTIELAEHFTETNATL
TV, ZOZRITHKERESPERORIIC K > TEE
BEEZOENDEZDT, WAVLAREHEFIZOWTHREFTT
ZRENDH D, AL ZREEREDEEDESE
EREOTHREPELMCT ST 2IE., SN THRDEK
ET7MNZT 5B THO, HEOY X (HH
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1992, TN 2005) R ERE (GH - AH 1993). A
Rmmd (IR - 2 2006, Masaki et al. 2006, &4 5
2015) DB DV TSN TV A D, @i A -
Th SREE MR EM S NG S I DV TRET L 72t
FIEHENZ, TDXK D HRKEZORERMEE. (X
HIDY 150 & 5ITiE 200 4 & WV o B EARIHEEICD
WTEZADIATBEILEDBDLEEZ LN S,

Z TTARMIZEIE., MiE 90 42 AR IR RS AN e &
N, TNLORBABE TEHINTVWEETFROXF
BB ATHRICEBONT, 114 E4F TOMD B XTI
DREZEMEHT LTz, £ <IT, 1D 90FE LWV S Eimid
1T NS N TR LR RIS TR, 2) kI
EBEZREDREEDEEE 25T HRFIC DWW THALL,
ZHICHE DNV T 3) EE A IHROMEZEIC I % 8 ER
OGO TG L T2,

2. A

FEMIE, AT RERTENOS T RERZIEIN
BRI 4 MRIED/INETH B, AL EJIRV O FREH 7%
WAICHIE L, FEEE 210 m. BBOROFHE T,
JUT/INRDIEIT U TN 2 KT 2 55, g4
JETdH BN, RSy FHRaF Lo HYcE <
BbhTwas, HEE EEEREALBL,THH.,
R ClEMEEABLBEAALNS (1L 1983),
IR BT ERiE S (BEE 210m) OKSRENER
& B e, EEHRIE 8.2°C, EF/KRIE 1060mm T
BB, REETEIZ, JBTA Y ¥ akEEC I NG
27cm TH 5,

FHEMITIE 1902 RO AF AN LT, HHNIT 2R
BEBEBEOEEGEMNRTH - H. 1913 FITRM & F 2
EROBEBHRICHA T NIz, REBRIEITFETH 2D,
1975 LR IERUED T DN G 272 X5 TH B, 1992
F1~3H8 (90 F4RE) ICBREDOREMNERE N, [
5 AICAF TAPEK SN TAT - ZAFEFHRNIE
RE N7z, 2007 F (16 FEE) KBFBAFFARDKE
B, FHERE. FEREERE. FNEN 666 A/ha,
9.7m, 10.1cm TH o7z (EH5 2014), T DI D
EUIER 5 (1992b) FH-AH (1993)  ZH5 (2014)
ICididE N T3

3. fiik
3.1 IHEAE
PRI ITIE, 1989 1T 30m X 40m O[EE T 1w
FAVERE 4. 1990 410 H (89 44, MK 1 4F )

IR - (REGAESTTDON, BHEESKERDSHE X
nTws (FHH5 19920, 55-6#1993)0 HARHE
TiMEER (IR, BREeT2), #e. f e Ox
THEROETDEE) b\(ﬁﬂi?—fh 34k (ko
62%) IZDWVWTI 4 HHOBREENIE SN (F
H - A 1993), REFAETIEIIEIEAY A A0S

AR 8 ADFEE SN, @ 0.2m, 1.2m. ZHLLEE
2m BEICRIE NI DWT 5 4E T &I ETR BT
Mrbohiz (A5 1992b),

MRS 16 FE1% D 2007 8k (106 FF42) I 2 DFH

H7ay baERETLL, AF EAROBER, BE. KBNS
ZHUORE L, BREOMEGIAF—IV AT vy —
BERTEOMEINN—T v 7 AMEHWz, D%,
2011 4E (MK 20 £, 110 4E4) & 2015 4F (RIfK 24
Ffg, 114 F4) IKEREZRIT- T2, BHE¥EE 2013
(R 22 &, 112 F4) IR DONT 475m
DHEZRIT> T2 FRICDWTI 2007 4 (16 4£4)
BRU 2015 F (4 ) IcEZEBEZHE LT,

il A 0> 22 [ A i i 02 D < A T3t 5 D 55 %88 7 et
THoIc, Ty FNOBAKRMERZIER L, 7
oy MAEETE, oy MDA, S 1om DIAIC
fiEd B EEKICDOWVTIE, MEZHE L., 2007 FLIR

7 BEEOREEITo T,

3.2 fRHT
3.2.1 MOEE/NTA—2DEH
HARBMEZ., 5&. 2F, g5HitsoxXF (AT

W) OMEZR RIFTEHEER 1970) I K D RDiz, 5
i Uz R O A . wiflel O & i E 2 v T
KTz, HIRTOHE & 75 FIRMREKFESR (1983)  bAi -
HIATIS I U7e M WG /S5 A — X HEED EEIT AT
AR FHRTINE TR ORF L - 385 2007) %
Mz, I, KRB 7 A F 8 EEM (b
B 1979) ZHWV, VARAKE FERTHEBEICKD
KDz,
kD H 2 WE & z DR ER (IR, KE
W) GZIid. LTFOXTERL Tz,
GZ()=(Z(t+n)—2())/n
Z fEHE (m)., BEED (em). B KNS K
R ba (m») HZWVIFEAR®BME v (m)
bR (E) . n BERMRR ()
WA B Wit A B4 (m*/ha) 38 X MO EMAE v (m’/
ha) . ZN 5 DKEHE GBA (m*/ha/fE) BX T GV (m¥
ha/fE) &M BMBEKER GRV IZLLFORIC X DK

B,
BA=(Zba)/S
v=_(3v)/S

GBA(t) = (BA(t+n) —BA(t)) /n
GV =Wi+n) —v())/m
GRV(D=WGu+n)/v())'""—1
S 7wy bk (=0.12ha)
MEHT O R E &, PR 5 (1992b) O 4 i fil A
DFEFRICHE DN THEAA 8 RZ MG, REIE (1990
. 89, MK 1 4Rl HEIHhDIES 10ET L
ORI TE Uz, BIKEGOKEREIZ, 7oy
FADTRTOfEE (n=20) ZRRIHEAHET—Z

B ORISR 55 16 % 4 2, 2017]
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EHNTHEHE L,

WEOMHHBEEOREE LTHEGAEREE A,
1990 FEB K U 2013 FEITH T S Ty F NOREIKD
4 J7 O SER T B B LT R D ki e A
mEZ&F L, 7oy FOmME (0.12ha) THRLUTE
HUTzo 1990 FFITREHE EREDHIE S kb o T fEKIC
DT, ZOROWET— 2 M LB ERE T
M EREoERERRXE RN T, YEOERERAL
TR R ZHEE LTz,

R LmfE KMF (m®) Z35HH - £ (1991) O
XD 1990 £ & 2013 FEICDWTEH LTz, 2013 EDE
HICER U Cid, MR R 2011 FEOMEZ AWz,

KMF=4/3+ na (CL+ a*/4)"’
a =CR/CL*’
CR : B¢ (m). CL: BHEE (m)

3.2.2 AR R E D RZE DT

EEEREEERE L U T, SEAED S i E O i fE ik
FTOHBOFEEERD I, T HIC, Sk L i
MEELTOERVWELURD S B TRLEVEDETOD
Bt Oz RD T2,

RIS RIE 3 AR B DR EIC DOV TIX. Masaki
et al. (2006) . HA S (2015) D FIEICTE 5 o THATL 2,
¥, MEAZPLETEHEd (m) OMEOREN
T, UTO200BMERZMAT LICEN L, &
B O FEERFO T ROBERIE, 106 FF4E L 114 FED
HPEMDOFEEE U TRD Tz,

BAy - ERDXGA X D K E DR A O i &
EEEE (m?)
BAr : § T OMMEF ORISR HA S (n®)

F7z, BALICBIE# LT, ZOMEICH U T T DR
fliZe & 158 B4, BT Tz,

BA,’ i BA,=0 D B, BA’=0, B4, >0 O B, B4,
=1

BEOXENHEHFORKZTITEDLIIIEDS
MRS 27, HEtd7Z Sm D5 10m £ T 1m
TEEETE, ZTNZTNIZDWVT 89 FE. 106 F2E.
10 FEREOZFE IR ERD, dick &5 HTE
B L i v W R R T & DR DR EREL R® D& L E
Mt Ule, ERBOAFKEICOVTIE., EIEA(L
%€ (Thomas and Weiner 1989) IC X D #iaf L7z, BAL
DWW T RHT S D E 1A D BB 3 E 7 [ E LTl
B URLCEERA, BA DWW TIEMER BT L
THREHREZEEE A Tz, MITEEIE 2000 [F1& Uiz,

KNT, MR ORI ORI 5 & Wik A Rk &
WIS B RE T EROLALZ N T 572, Mis
90 ~ 106 %, 107 ~ 110 4E, 111 ~ 114 £ D 3 DD I
RIS DU T A5 A A D B v W 1 ot i = 3 1S Gha (m*/4F)
FIGEEHE L, HEERD (cm) &HSAIEE (B4,
BA, %% \W3 B4y ZEAZERETHLUTD4DD—

|BuHeﬁnofFFPRL\bL16jNoA,2017

BALMRIE ET IV EME LTz, I0BEZEUTIER SIS HE
5 EIE L. 4 DDETIVD S BT H HIEFEE 5 M
PERBDPRRKOEDZREETIVE UTEAT,

D €5 : Gba (1) ~D ()

BAL EFIV : Gha()~D () *BA.(t, d)

BA. €TV 1 Gha(t) ~D(t) % BA. (¢, d)

BAr BTV @ Gha(t) ~D(t) * BA (¢, d)
BARBEROD ANS T LICED DETIVELXRT
TN EDRENEINLZONZFMT % 2D,
BER DS (2015) DOFFEIC KX D IEIEAILKREZRIT>Tp
[z =a s O

4. HR
4.1 MO LANIVORERB

BRSO E Fig. 119, RKnTO#H
fiflkld 3 THo 72, BRARDB ENRAEARK D &
RN oz (p=0.052, t#E) 7z, BRI LE
AREEBEIE 263m D 5 273m ANl 7z, 20D
%, HINTAY 3 DR EREMRR K D IR EZRL
THIMI A 2 1ICED &, 114 LRSI EEAR RS
30.8m (RAME 37.6m) L ->7z,

MO RERAE D HERS 7 Fig. 2 1TRd . RIMR 1 ERGITIE,
A 458 A/ha, FHIE L 40.1cm. P HHE 768.2m°/
ha, UEEE#0.55. FHIR TR 14.5m, FHEHEE
11.8m, PR ER 45.0% ., P LR 2.2m TH o
Teo BTFREEMROIE TR (100 FELH) OHif:
W2 Dffietigd 2 &, AT ETE <. FHEE,
Mo MR, IR EEUI RS TH - fzo BIKIC K b A%
13 167 A/ha, B3 #1755 1E 364.4 m/ha, IR LB 0.27.
B AR 34.6% 2750, MRBIIARET 64%., #
BT S3%ICE LTz, BXRKOBERDHMNEERDZN
LD BEARINPRICH > Tz (p=0.0004, t FE)
72, FHERE 463cm NEHEML, FHBEED
12.3m, FEREER 45.8%., PR 2.5m N
ml7z. MokhEELERI 2.17ha/ha TH - 7z,

W w £
(=} w o
L L

w

ERAREHEE (m)
& & 8 &

w

o

80 90 100 110 120
i ()

Fig. 1. FJEACT-EIR S OHER

HIRR 1A T I R PR R SRR D BT SR AR 2 ik = ith

fo A TFIRMEERESS (1983) ICX %,
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Fig. 2. MR OHER

TR 100 FERIADRESEIC I 2 FFEE (Hhiigk
2) BRT, ATREEMRATFHIGETEE OR
I« 3855 2007) 12X %,

MRAD 5 24 % (114 F£28) F TICHHE LU @A
FollHbNEho>7 (Fig. 2), WEHEIZHITH
WKHEEIN UM, 24 FEETE 032 W0 SRV LARIVAE
LTV, BEREEARE & BIIKFL T, 604
ALIREIE 010 ~ 0.20m/ FERREICA D, KB DX
D2 T IFIEMA CREZHER U (Fig. 3), BiEk
EHE X 90 ~ 106 £ ERFIC 0.16m/ . 107 ~ 114 4F
AERFIC 0.13m/ 45, 90 ~ 114 FAEBF DT 0.15m/ 4F
THo Tz (Table 1), MK 24 FRIIFHMNLIZE D

o
~

fél ik

!

SRACETTT

2029 30-39 40-49 50-59 60-69 70-79 80-89 90-106 107-114
i (8

Fig. 3. KR8 DOHERS 25 9 HIO X
BT PER 5 (1992b) DEFMEAT T — 21Tk
DEMEK (n=8)s
RIS AR T — 2D EER (n=20),

HEMEEE (m/F)
e e o o o°
] W - w (=2}

o
i

[=]

Table 1. FHFEKEEEDHER

kg ¥
bR (4E) RIMKETY  90-106 107-114
k% (F) Bil-16  17-24
SEEREREERE (m/4E) 0.13? 0.16 0.13
TPHIERRERE (cm/4F) 0217? 0.43 0.44
A i v e v K S - 058 0.65
(m’/ha/4F) ) ’
MO MTEREEE  (m’/ha/E) 8.55 7.98 8.64
MOMBERESR (%/A4E) 1.13 ¥ 1.88 1.63

D PR 5 (1992b) DEERATT— 2 (n=8)IC KB

2) FRER80-89 (MIfK11-2 ERD) L [BRIL &V 1 A% 2 % Tz 8/ ME
D2 Kz (n=6)

3) PiE8s-89 (fXKe-2 i)

4) BARAET—X =201 k3

M2 ARHE U, AT EIEBRER 14.9m, 24
#%155m CIEELALEEL LD >z (Fig. 2). BED
B > TREEB K UBEERAM L, Pk
EEIEK 16 1% 14.6m, 24 F1% 153m &K D, F
IR E R 16 1% 48.3%. 24 1% 49.6% &7z 5 Tz,
AR, BhE AR, WoE R 22 £
ICZFNFN3.4m, 61.4%, 3.64ha/ha ICHEMML 7z,

ERREHEEIMBE L BIET L, BXATD 80 ~
89 EAEMFICIE FEMED 0.21cm/ FEE TR T L72AS,
REBERIEICHAN U 720 90 ~ 106 EAERFIC 0.43cm/ 4,
107 ~ 114 #£ERFIC 0.44em/ FEE R L, X% EE L
T—EDHEEEMEZRLUK (Fig. 4, Table 1), X
BOMSMERERE X, 90 ~ 106 F£E4:FF 7.98 m’/ha/
£, 107 ~ 114 £ HF 8.64 m’/ha/fE, 90 ~ 114 £ D
YT 8.20m ha/fETH D . MEIEERIE 90 ~ 106 4
EEF 1.9 %/4E, 107 ~ 114 4B 1.6 %/4E, 90 ~ 114
FEEEBLTI8B/AFETH o7 (Table 1), 24 FHD
W T MHEIZBIRERD 1.56 &% 0, RKATO
75% F THEE L7z (Fig. 2),
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Fig. 4. TR REEEOHER 277 3 T IFIX
BHRATIE VAR 5 (1992b) DF i fFENT 7 — 2 1Sk
DEER (n=8),
MR HARE T — 2D EER (1=20),

42 EELANIVOmKREHEY A X EDBERK

MM TE SR & R R & OBIRIE. RIKATICIE A
BEHEN D o T2, BIIROFER 90 ~ 106 F4 IR
WCIEDMHBEMNHR S NIz, UL L. 107 44 DU & AH
MHENZLZoTz (Fig. 5). =B, HEME 85
REBE & DI VI NOMB TE BT - T2

0.4 -

60-69
R?=0.104
020 o0 ® p=0437
o
0+ T T T T
20 30 40 50 60 70 20
0.6
o 70-79
04 4 R?=0.029
o p=0.689
021 ¢
e0®e °
¥ o . . ; . : .
‘é- 20 30 40 50 60 70 20
J; 0.4
g, ° 80-89 1. _y0s
Uk e °, ® o p=0.559
#® °
WE ° v
w20 30 40 50 60 70 80
0.4 -
90-106
°® ° R?=0311
0.2 e °° g e o
_ =0.011
...~. L p=00
1] ¥ T T T T |
20 30 a0 50 60 70 20
04 -
107-114 .
02 4 R2=0010 o4 H
_ e ®® @
p=0.702 [T
0 . —® o — % .
20 30 40 50 60 70 80
HEESE (cm)

Fig. 5. PR OWI i 5% & i i & D Bi%
Wk - RSN, FAL @ oAUk
RIEETIEPEAT S (1992b) DFEERENT 77— 2 I Kk
d % ﬂfbﬁ (n - 8) o
R B IEARTHE T — 2 I EDEER (1=20),
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(p>0.05),
WEEREBE/ T A —ZOBIERE & OBIGR T,
et B 1 R AR O TE R DR WA IZ & R D N
MREOVEPDH S NN, B, BERmiET
FEBICHEERIEOHBEMNEL, BHERETIEB LA
BB M (R=—0.482) Z/RL7z (Fig. 6),
WEER L ERREEE & OBRIE. ik 80 F£E T
BEEGAHBEDN G- T, MRERTD 80 ~ 89 4RI
o CIEOMHBMNH SNz, H8ERKZICIZHHEE D
bhiz{ixolh, MK 21 % (111 F4) DUIBRICH
UIEDOMHBENA LB 5Nz (Fig. 7)o

B E R & R & WAk B & O BIfRIE. 70
~ 79 LD Z R E, MK, BEOVwINTE
BHE R IEOHMAZR L (Fig. 8). HHEERE & HARM
R EE & ORI & OGNS - Tz,

04 -
4 °
E 0.3 A ] /gx
# 02 T
E L ] .= ®- - °
FF 0.1 A “,f e® .
W g 'S
B ® R?=0.468
B 1] o p=0.0009
0.2 L . : : .
30 40 50 60 70
HEEE (cm)
F 0.08
‘-é. L ]
=~ 0.06
& .
:E 0.04 ° ® °
fil ®
@ °
# 0.02 | R?=0.232
g p=0273
0 , . . r . ,
30 35 40 45 50 55 60
HEERE (m)
— 3 -
2’5 7 | R?=0.352 °
E p=0.160
6
B
§ 41 [ °®
' 3 e®
= 2 4 g *
e
| 11
E : : : : , .
30 35 40 45 50 55 60
HAEEE (cm)
Fig. 6. WMt & ki, Kbel 8. BhetXmiRto B m
I DR

TG HARNZ . BEEEDY 90-110 44, Bk 215 & 5
RN 90-112 4,
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04 -
L ] — 2=
02 ] o®® ° 60-69 R*=0.075
® ®e p=0.511
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° 70-79
0.4 - R?=0.212
0244 e © ® o p=0.252
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0.4 -
° e 80-89 r*=0.608
02 4 o8 p=0.022
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Fig. 7. PRERIOI i 1% & Rk Ed s & o BifR
FLBNC DUV Fig. 5 #50H,

43 EER LNV DR & EiEiE & D8R

HIE ORI EREGE /ST A —2 L ERKEEE & OB%
T, HEkherEe, HEhdER, HEMdREB X
UEERmEO VI NE, EoMMict BHRERMH
BidZaEh->7% (p>0.05), FEBrmEnkE#EE & DM
TH., WHEkErReHEEREREEOHMICEH
BEEMHEZRES A>T, HEMEE. WHeEihdRm
. 90 ~ 106 FAERFICHE TR Eh oz, 111 ~
14 FEERICE> TEBICARBMHBENA SN (Fig.
9),

4.4 @BELANIVDRER & FREIEHE DBER

B R B B & O HHE K £ TOREBED I 5.6
+1.3m. BHEDBEE L TOARWVWELIAD S BEEITN
EDE TOHRBEOEIEIX 8.410.6m Th o7z,

FRBE 41 & ©75 5 S48 5 & W s Wi R pk B g
L DOPERBDZEAL % Fig. 10 ISR F . BAL Tld, W
NOMMITE d=9m TRERBORKICEE > Tz, 90

it
0.004
60-69 £:- 0536
0.002 [ 0
o p=0.039
04 . . . .
20 30 40 50 60 70 80

0.004 -

® 70-79 g2-0368

0.002 o ® o p=0.111
0+ %o . . . )
20 30 40 50 60 70 80

0.004 -

— e o 80-89 pi-0.729

0002 1 _e-% p=0.007
T ol e-e% .

E 20 30 40 50 60 70 80
# o008 , 077
ﬁ 0.006 90-106 ° ..

0.004 e e ® -F e R=0476
E o> "e p<0.001
w0002 o
B o : : : : :

& 20 30 40 50 60 70 80
g R

€ %7 107-110 °

| 0.006 °

0.004 - - oo, o8

et

0.002 X . . ®

0 : : : . :
20 30 40 50 60 70 80
0.01
o008 { 111-114 @ °.
0.006 ee-g ©
e ®
0.004 R=0719 @@ 9.%"®
0.002 - p<0.001 ..-e
L]
o4 , . . . .
20 30 40 50 60 70 80
HEEE (cm)
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NLBINS DV T Fig. 5 #5HH,

~ 106 FFED d=9m B K T 111 ~ 114 F4E D d=8m
TiE p<0.05DLNIVTHERER ST, 111 ~ 114
FETREEREDIIALNEL To e (HIEALHK
o TNFNOHMICBVWTHERELHEENELOD
B TREGRBNRK LR S dDMEICET S B4 L
1 W I R A U & DR % Fig. 11 1C/RT, BAL=0,
DEOMGARAG XD & REZEMAEDEES ~9m D
FWICTELE LR WERIE B4 >0 Ok L b L HEIC
fmEmWrmEERERENED >z (90 ~ 106 4£4 : p=
0.0003 ; 107 ~ 110 4 : p=0.0004 ; 111 ~ 114 4
p=0.0002, t }E) o BAL>0 DEEKDZENTIENTID
W T FREAMHBEEA SN -7z (90 ~ 106 4F4
p=0.132; 107 ~ 110 44 1 p=0.647 ; 111 ~ 114 4 ¢
p=0.130)c —J7. BArICDWVW TR EDHIMTE 4IC
MO 5 TRERBMELS, AETE AL -7 (Fig.
10), B, FRZEDEVTEI LGS TLRRE
FHTH oz,

Fo s W T R K B e IR AR L 9 B — bR
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Fig. 11.
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Table 2. —fRILFYIEE 7V THRINE MR & FIhEREGT A UE R EL

Pk D &)L BA. ET /U BA,' BTl BA: £/
E S L 7 E S L 7 ] P A E] FH 44 7
2R PUERE dm) BE PUERE p dm) A% PEERE p dm) A YEERER p
90-106 D 0.447 9 D+B4. 0498  0.119 D*BA;' 0.686 0014 8 D+BAr 0422 0.732
107-110 D 0.190 8 D+BAL 0316 0.067 D+BA4,' 0487 0008 7 D+Bdr 0321  0.069
111-114 D 0.704 9 D+B4. 0690 0.654 D*BA' 0752 0101 8 D+BAy  0.695  0.727

%T}I/IN’C H S A B AUE SR IR R & 75 B d 72 4R
D BTV E DRERERDEDp il FEIEAILHE)
Tf‘ﬁ REETIV (E7)VHTHHERBEEARE R RR

TIVORITICE D, ZNZFhoMIcEET VICEWY
THHERBEFHRERBDRA LR > 728 D% Table
20E1”F, WINOHMTE BAL ETIVHAREBET IV
WKHIRE N, ZD 5 590~ 106 F£4£ & 107 ~ 110 £F
EIRFIE D BTV K D EEICH S TR S E RN
ol 111 ~ 14 EARRICRERE TR R ko T,
—J. BAr ET VX, 90 ~ 106 FER & 111 ~ 114 4
ARFITIE D ET IV K D H RS APEREME L |
107 ~ 110 FEERFICE D ET IV E D @V EE R LD
BiRETR Aok (p>0.05),

5.8 %%
51 MO DHEZBICKIFTRERKDOMNER

AR DI REE ST A — 2 &, RIKHETD 89 4F
AR RE T E?%Eﬁﬁk%@f&%ﬂMi@#%
ZITH5BEOEEEICIZIEARLTED (Fig. 2). F
ﬁ@?ﬁ#%%%kébfwﬁoﬁﬁﬁﬁﬁ EAH
ftzBiEdTHE. MEOKREZMERT 2 DICHE xR
%%$®h@k&%&%zahf%b\mz@\%®
EIERIKTE 30% BV E, 50 ~60%%7HIEET D
WEELWL (A 2006), 40% 7z HIEE Lz (T4
2009). HEH5WVIFA0% LT TRIEABEE T+ L X
X—THEEAR T F X MENZEES 2013) &> Bk
HERBEZNRENT VS, RIFFEDOFREM D OF I H6
HERFICNLDHEZBATCEY., BXEX~ZHIE
T OEfEIELTVWEEEZENS,

90 LRI T b N RMRIE. HEKERD DA
BT64%, MBET 3% 2R L TINEHEZ 027 %
TRFEDT, @EXIDBIEZNTHEEDEDTH
%, TOMR, ERREIXBLEICIHR R IEERh R
Ao, KEREBRIREOEZOELDOTEHEL TS
XETD 0.21em/FED 5 0.43ecm/ENE G LT (Fig. 4.
Table 1), 100 FEAEDL O A FH i N THOERKE
HWEORABRHE LTIE., BREREOD 127 ~ 232 fF4D
T 027 ~0.37cm/&FE (FTN 2005), =ZHIE T 168 ~
180 FAEWFIC 0.37cm/4F (FHMH 1992) &\ 5 {H AV &
ENTEHEL, REHOMKBOEIZINSBHROME
ERZ ERRKEDDIETH %, ERIHICA>TH S
i E NTRUEORRICOVTIE, BFEROAFAT
T 145 FAERHCITDNIZMEK (IR S 1999) ., &%

BIEDZXFANTHT 100 FEEL KT 160 FAEEHIIT
bhk%&(%ﬁ-ﬁﬁzmnxﬁiﬁ®7tva
THT o4 FEAERIfTD NI RIR (EARS 2011)
WTHREREOWENRE XN, mWAIMT%oT
EHROREREMNRZE 5T ENREINTY
%, 1F L. BFOT7 A YMOHEMD X S Bk
5 (NEEE 0.9, BHEEER 20 ~40%) Tid., KA
ZEOHINCEET 2 ICERERENAR T2 T, B
WIHEEDTIRED E 5 DRI THh B e ENTWVE (IE
K5 2011), RFEFITIE, BRICK 2 KEMRAER RN
PEICALN, EEAERKED 20 FLL LML T
%, Tk, MERKITOBMEEENEG THNkER
Motz b, MUKV E S TREICHEL TRy
CENEELTWEEEZDONS,

BERER. 60 FAELIFIZZ DRBERKZRETS
0.10 ~ 0.20m/4E &, (ZIFEF CIRE O R ERE 2R L
TWiz (Fig. 3)o 100 FAELL ED X F N TR DK & K
BliZDOW Tk, REEBEEHO 228 4D T EHFMH
FORENHERINTE O, RENNE WA TN
ICE 59 0.05~0.06m TIEIF—ETHBH. KEH
KEZRMATIE 124 FHEMD 0.16m/FED 5 228 F4EM
D 0.10m/EF THERIC > TRAWKIERLTWS (UT
N - F32003), TN LT 5 & ARIFFED HHIIZ
100 ~ 130 EAE DM & L TIRIZIEREFETH 5, MK
MR EREICRIFTHEICDOWVTIE., REMER RN
BEREEICHTZELETREVC ERNERINTNS
(ZHE1982), & HICIFIKIC & 0 fmE R EDIIH S
TEALWE TN GRES 1989, M5 2009), K
DIRENEFHNFEEZDOETHEL BN, KTFDOEAW
EELVWCENEMEINTVS (IEARS 2013), AW
TOHFBEMDITB O THRIC X 2B EKEFID RS
Nizho7zT & (Table 1) . ThHEOHE EITHER
HEMZERLTWS, BRI E~ LI, ApFgt
90 FEEDEmHHICITb MR ERSE LTED,
TDE S EREHEMGHER DBV X > THEREI

MIFTRMROE BN R BN EZ 5N, £
HELR NEBEBA TNz ORKRTh 53 TICEE
RKTCHTZEDDBNEGFERERSTZTEEBBRLT
WahE LNV,

FIA LM CRIBERHOMENMET L TEEDH

JE 55 16 % 4 5, 2017
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MAARFTERWY (FFR51987) &E3NTER, L
LA TR, BERZBICHEOMN EONEEAERT
LI TENBEO L Laho—)i T, BEhHHE
ROENSRERE R Lzl FhE ERIZEIK
BLESIHEMU TR S0%IELY (Fig. 2). ik
AR, BMKEZ O 2.1m A 5 (L 22 % D 3.4m
NERESHRL, BIEXRMED 1.68 fF5ITHML 7.
AEHNE. EEHRD TEBEKRZRICBEDOILRNHA & O
ENBTELZRLTWVS, TOMTIEEXTTD S Rt
ERMNWE L, —EROERIHERINTVET
EDNZFOHKRZL L LEEEEZBNS, FAEHIEDOR
& 20m DL D R FE A TR T, B LA EE O
5~10%DHIFHICH O . IR ILBEMNMENIE E Z DED
K& BT ML, HEZE LTI EESBEDOK
10%E722XIICEMTZTENRERINTVS (3
HH 2004), ARHEFITIEZ, COfBEERBEoB &
RIMR 1 AERGD 7.8%. RIMK 22 EBD 11.1%THO. M
RBEOEIHMHEOESHATHKICE T2 BEEEBR T
W5,

M OMBREICDOWVWTIE, RERTHS L EKE
B 1.1 %/4E, RIRBICE 1.6 ~1.9%/4FE LD, [H
fRic X 2 BRI RN AL D SN, £z KE
HETEH, BERERD 8.55m"ha/fE (FEA 5 1992b).
MRE D 7.98 ~ 8.64m’/ha/fF & MRIC & D MO HE
WL IS E DD 5 THRIERDKIEZ K EMRIEIC
X OB E S ZIFR CMZR Uiz (Table 1), & i A
FATHROMDMEREEEOWEFHHF & LT, &
T 80 4EAEFIC 10.3 m’/ha/4E (PEAS 5 1992a), FKH
D 94 ~ 95 FELE DI T 16 ~ 27 mY/ha/FE (K{ES
2000), TR T 122 ~ 126 F4EBIC 11.1 mYha/FE (P}
5 1987). AT T 143 ~ 153 E4ERFIC 103 ~ 11.9
m’/ha/fE (I 5 1999), = E L T 168 ~ 180 F L i
IZ 6.0 m*/ha/4F (FHH1 1992), BRIED 127 ~ 177 £
DMT 16 ~ 19 m*/ha/4E ., 232 LD T 12 m*/ha/4E (T
N 2005) EWVWHEAREETNTEO, 100 FA4L EIC
25 TH 10 m*ha/Fhitk. H2VIEZENLL EOHEMN
Zw (1N 2005), AREHIOMHEIE, ThdOBEHE T
N3 E, PRNEONZOHMICETENT NS,

MR LMD OMBREREDOBFRICDOVWTIE, M
KEH D % & 0 KT UL, MR EE R ERIC
Mb S THEBKK & KETWD, ZTNZBX % 8E
DO TRETTZZENEMEINTEY., ZOMIH
WEHMBEMRETA0%FEEEINTVS UNMES 1967,
IR - B 1979, RIS 1986, 2GR 1987, %t 1991),
AWFFE T, TORBMEZIBZ % 8@ ORKD IS
ice b 5T, MO MBE R EEEDRKN NS H
FOMPLTELT, IR CHEHIN TV AmEY
DORERIM FAZFNFEMBICAESHBEVIEAENH S
TEMNRMEINS, 2720, Eimic IS NizmE
MRIEHF R DIZND T, 5% E SICHESREH Z 80
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U, MERREEEIC KIE T REIC DWW TRIMERIC &
LZEROBDVEEICEHLT, EOXSBEMHTT
IREDHEFRF, RESNZDZHEIT 5 0EDH %,

S52MERICKBHEDIESDEEL S LIEER
521 fiEY 1 XDHE

Z D AF Hln N T CTHEKDOE R & e
DEFLDOMICIXIEOHBENALN, HEEICE>ThH
— IR DERRENY A REN TR T & ARG
nTwa (A 1992, 71N 2005, Bl 2001, ElR - &
¥ 2006, Masaki et al. 2006, = A5 2015), ZDFRK &
LT, KRGk EMuRE, BdEgnkEld, &
EEIPZVWIERBITFENTWVS (ITH 2005), A
FICBOTEIEER L BEERKEEEDOBICIZIEDMH
MNA SN, OB EHE KM IEREN T,
T ERKE R D 10 FRE & KNS 20 FLIED 2 DD
HEOHRTH- Tz (Fig. Do MURFIOREEHA G -T2
HMNCZ OEmDEN, o8RO FEMIC X > THMK
L7z&2ICARZTIENS, DD, Bl LD
HE R E ORI TN TEEFHTHD ., &K
FHTHREZZZEHDALNTZDIEE D THEEDRIK
MMibNiC ERFEREEZ NS, TDANZAL
DO EDEF, MKICK D BBERDEEIN. HSHREEE
BREELULAERENDICEZ DT, @EY 1L XD
WREDERIFEDN R > b FEoN %, &
5V e DOREEMIE. EEABKTIR/NMERTE KR
BEOARVICHEBINTHREMEEEI N ENFEL
722 THB, HIR (1987) W21 EET— vk
v R Tirb KRB DWW T, Rl K E%
DERE, HENCZ D 4 FHOERE & > TEHR TR
T2 & MK (R 0%) DE5EX (15%).
HERX (31%) 2L THERKK (50%) X TR
EZ@EsEMEE D, MKEMET L LEICZEDL
oL c < olcx U, @siErKX (78%) &
FrSZ TN CEAREOERZ PRI LI X S &
ERICEZCEEREL TV, DD, HEHEED
W E CRBMEROMENE L IcHEEESRENIEZ
ERESKRELEDD, ZNzBA ClEE R BRIC
2% YA XMREENFHL HDZ T EEZERL TV S,
IR (1987) . TREBEAREERK T TICHEI
NzBTVWBOT, BmElfKicz->Tes 2Nl ki
BRE LRV, INERTREMERKRICE>TES
R MBI HZRDTEA 9, ZOMRKRE, WE L HRE
EDOMTRABRDBERZRS T 0ENZND, IEAR
DREIZHEE DIF 5 R E VO Tl E KX D K
E#HEMERICHOILDET —EICKDS] ERERLTY
. AEHITEH, TOXIBAHNZ XL THEREH
WELHEFEOHBEZARHARICLIZEEZ 5N, HR
HI/NE DA T & REDHEZ RN, i - 2P E
THTHERZHEDP L, AKBALBORVERKEEZT
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CEeNTEREEZLOND, ERBOMINZEET S
EEZLNBBRERECBERmEOBEMA LT LE
KR DOERICIE LTSI Tk, B lEo
BEIZTLANMEDEDDIFE S BREWVEADHR SN
fzz & (Fig.6) L . BEHLEBEKTHZ LEZOND,
—J7. HWAEE R & B O b R K EE R (Fig.
8) BXUMBRE T & DORIICIZML#% 2@ L T
ERIEOHBENA SNz, TOMD T, REFHEAR
DT T =25, BUKAORSIC BT EER M
FREDOMICHEOMBRENA LD ENT VS (RS
1992b), E£E & MAEREEE & OIEDMHBIE o X F
EEMALIMRTEIREENTVDE (FFRS 1987, L -
XA 2007 RS A XD EHLRRE TH B ED R A M
EL, SESMABEPERLE L TOREREZHRTET S
7z, MURIFIC T T2 DEREZHFEFHFL TV KE
IRAERE. RIRIRIC & B i RDHER: - (R Nz
EDEEZLNS,

5.2.2 BEEEDNhR

MiE R, B, SaRmiEe v o oG
EENCEERZRKML, KEICHEFRTZ/IT7A—4%
THBEELZLNTVS, L ICHERmRZITSEES
LEEGBEGND D, REREHBEND S LIRS
INTVS W 1985, 1990), AMDICHBNTE, &
H - AH (1993) HRKiERT (89 4K ICkiE &
M EMBREDOMICERMNZBEGEND S L Z2WE L
THED., GMicE> T ZDOBBENIALNS T EHR
TNTWVB, LHMLAENL, ssEMKRICIEINED
INT A =2 L s B AERE & OBREHEERINR
L7z EidmHBE TR <, & <1290 ~ 106 FFAICiF WV
FTIWRT A=A EFREEHBEZRE D>z (Fig. 9),
ZORNIEERKXOMSIDBETHE LEZ LN
Bh, FEAHTH S, GLDODOAEEHE LT, —
KM ZICTREE LTS R OEERENEEATEZ0
FEREL, MEMENNSA—2WnT LEEERR
KLU THWEh2TzT e HEZDND, B{Rk% 20 F7Z
R U7z 111 FEAELRIC e E R & I e e 2 A
WNEEEMEEZRT LS ICE>% (Fig. 9) DX, G
A OEERNEIN L THRMEIE T A —2 LEER
EOBABRDBHBIC R s TzlzdhE Lk,

5.2.3 AEBEHRFOMR

DIE#EMm LU TERAKB TGOV £ A0 e &
El, EBEAR L OEAKEBS DR E MEDOKREICE
BrRFITHERNE LTEETHS (A - X 2002,
BRI « B 2006, Masaki et al. 2006, Inoue et al. 2008,
EARD 2015), BRI, Szl o TEEANS
BARZWHEET AL IGEHERORELRARNLDHGE
BZFBHZ-HANEEDE, KyREDZRBHE D
EOICKREBARDLE/NEGEARNLELEERZZIT S

MAMHEE D ENDH S (Weiner 1990), Masaki et
al. (2006) WIRKHE D ZAF N THICBN T, #iHDIE
e UT BA &2, BEOEEL LT B4 ZH VTR
K S 25 8m OFIPH N TOBSNEE N L. i
HNCIE — 5 M54 & A5 A B354 O i 5 DY 0 B 72 Je
FETH, XKOEHD 61 ~ 73 4510k B & RIT M E
GHERNETTRL, BEETREELLDHELARL
Nigh-okT EZWMELTVS, BAS (2015) &
HIEO ZFMICHB N T, L~ 65 FAEICIT PR S ~
10m #5 & OO 35 A HiPH T — 77 M4 & BT A 354 O
WITHHEZ NIF U, 65~ 75 tFAEICIT BTN E S
DEENREZICRD, 15 ~91EFICEDZLEEBLLD
MBEAHAENELGE2TEZREL TS,

AW DORER T, — AN EHFHOERETH S
BA, & & Wi fE R R g & ORI B R BRA B &
o (Fig. 10), Mfk%ZE L T BA ZHAAAT
ETIIVHDREBETIVICEIREN T, MK 20 FEE TR
DETINEDEFRICKEEIN TV (Table 2), ¥
FhBRER LU d DI 8 ~ 9m FEET (Fig. 10).
B EBREDERE L TOEWELARD S 5 TR
WEDXTOHRBEDOTHES4mICHY L TH D K
DT AFHNHE SR L K> TWVWE T ERZRLT
W3, BAL=0 DD BAL>0 DA K O E K EH
EhEhotz bid, ZOHEHPHDEHI THRAKDOY AR
& BEFEEE D S IE X N TV R WERO K EME
HEINZTEZBERLTWS, 722U, MK 20 F1%LL
(1213 BA, AR T LI KB ETIVORENHE
T %L 7Z>THO., — /T MMNHS O EDHE T
B GE>TERMHEALAALNS, WEMKIE, HEOD
INEAR DR EZ X B TER —EKE OB %
ZRHBRICT 5 LAKRIC, KEOBEBRDLNTE L
ICREABARD S DAIFEEZF TORWVWERARDORES
REXEZ AEICHEERA L, RN T EER & E R
E L OMBEZEEEE (Fig. 7). — KBS0 H %
DOFEREZHMWICE R TR ZICE-REEZ SN,

—Ji. RITIEBES DIEEET H % BAr & 4 & imi
BN EFHE L ORMICIE—H L THKZBEFRIAA LN
Mo 7 (Fig. 10, Table 2), 58E XA KP 2 57 % &K
DHEEBEMLIECENEZSNSH, BN ST
TIKZDXIBHENDHEO o nfENEL H S,
AW OFERIZ. Masaki et al. (2006). =AS (2015)
WS Uz, i — 77 mpisi g & W05 M4 o
Wi OFERR LN, Z ORI AT AN &
VIFTBHEVINE—VEEFRES>TWVWS, TDDH
MOBMED BRI K S E DN, RIKERED LN
KX2EDEDh, FHZHERLL CTHMET 20END
2o

53 B AIMOMRICSIT BRERIOBMMNE
BAMAMERIC X O REMAEEZTT S ILDITIEREZ
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FREEZRENH D, ZOHICIFEVWEETEH
LDz DEERZHRT I2L0END B, &/
F NTAHARTIE, bR 50 4E 4 F TIT 500 ~ 1000 As/ha
MRCHBERE R TETIE, ZOBICHKE &
LTLEEMOANTIMEERT ST ENARETH ST
EMEREN TS (BWARS 2009) AFATHTE,
WR#ER 70 ~ 80 FEE F TIT 400 ~ 700 A/ha 2 ¥ TH#
JEMET L7z Mapic BT, 51T 100 FEDKEIC
200 A/ha FEEICE TWAD TR K 5 MoV EA T
MELTHEMTEDEVIMMHERT Y 2 — VB IERE
NTWV3 (FHE2008), KWIIAEBEICTSZDHICIE
MR EMELEET 2HENH O, FHMETEHL
Mk Z#OIRL TS (G - TN 1999) B, #EE®
ANF O BR THE AR R #2551, SRR
BEREZ—-GICETERZDICHENETETH S,
272 LR EICEE R MR IEM o MBEREEREZH Z -
TETEEZENH S BHIR 1987),

AR TITONEERKTIE,. b THREDM
Rz2T> I B D BT OMFE K R 1S HY S
WK R LA o7z (Table 1), KL LD KEIC
BOWTH, BRZRICFERE 2mm 7% DOEZKED 20
FELLEF#HLTED (Fig. 4). CTOMREOERIBENE
MERBEMOEEEENE T L (BAR 1995, & - 17
N2007) ZEZ e, MEMNCEBEGERZE 25
LiceEZDND, UAREEDN 167 K/ha, INELLEL 0.3
FEEVOBMIKELZD, T TCICEKRIFOAEE X
NEIABETEERZE L LI LIlkbizd), 5%
SCILHEEEROEEDICREZNMT 208XV EE R
5Nz, ULz ehb, EilmAFNTHROKEZE X 7
Va—)b& LT, 100 FFAERTRIC—EMERKEI TV,
FOBRETDD TEVEE THRIF 150 4. & 5ICid 200
FEV-oBEMRIAMEZH T T Lid. REMICK
PM AR D AT @ EM 2T 285 6
—DDBERGICEVEZ EEZOSND, KFEEMDIX
ZOAEENERIET S T eV TE 2B THO, 5
BEEWIMICE=2) VI 2T R ENEENS,
Tel2 Uy AWM 58 AR A 5 B R AR B
ETEHINZEDTHD, T AEEEOHZL
TNBBEEREEDN S TFHITHZ T LICHET S
REND A S, B, 1RO DOE &+
EEEEMINEVEF RS 2 VI ERIGEL 2
MWW ZDODH B, 5 Uitk EREAMALT
SHBTEEEZDE, EDXDEEHEDER ALK
ZEDERBET, LM EOREOMKTHEELZK TS
TNXBERKAMENTRER DD, & SICHHZ B
L THFHT 208D %,

MR
AT OMAL G & 755 7= A Ei A T RO
Bt A RE LT T — 2 2B LT EE S tE T
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KPR OWLHE HELICEIMBELZRT S, Ak
WA OB AR IR T2 KA
NEVEZEW, 2HOEFHEGITIEELR - WY &xa R
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Stand and individual growth in an old Cryptomeria japonica
plantation after intensive thinning

Hisashi SUGITA"", Takuya KAJIMOTO?, Shigeki FUKUSHIMA”,
Toshihiko TAKAHASHI and Shigejiro YOSHIDA®

Abstract

Stand- and individual-level growth responses after intensive thinning were investigated in a 114-year-old
Cryptomeria japonica plantation in Iwate Prefecture, focusing on the effects of relatively late thinning (when the
stand was 90-year-old) on growth, and on factors causing variation in individual diameter growth. Before this late
thinning, stem density, the relative yield index, and the crown length ratio (crown/height) were 458 trees ha™, 0.55,
and 0.45, respectively, indicating that the stand was not crowded. The thinning removed 64 % and 53 % of trees in
terms of number and volume, respectively, and reduced stem density and the relative yield index to 167 trees ha™
and 0.27. The mean annual height growth rate after the thinning was almost the same as the value before the thinning.
The mean annual diameter growth rate was 0.21 cm year” before the thinning, and increased to 0.43 cm year " after
the thinning. The stand-level stem volume growth rate after the thinning was 8.20 m’ ha™ year', which was not
greatly lower than the pre-thinning value, 8.55 m® ha" year'. The diameter growth rate at the individual level before
the thinning was found to correlate significantly with the initial diameter size at the beginning of each census period.
However, this correlation became unclear after the thinning, and then re-emerged at 20 years after the thinning.
Analysis using a neighborhood inter-tree competition model recognized effects of one-sided competition on diameter
growth after the thinning, while the effects of two-sided competition were not observed. These results suggest that,
in a well-managed old C. japonica plantation, intensive thinning at a relatively late growth stage (ca. 100 years) to
keep the stand at extremely low density may be a good option for producing large-sized and high quality timber in the
future when a hyper-long rotation is applied (e.g., >150 years).

Key words: Cryptomeria japonica, old plantation, intensive late-thinning, growth, size-dependence, neighborhood
competition
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DIFCi, #mikzE g e Uk 53 > ZEHi O
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IKHRE XN, NEHEER 2,000ha D5 BEAEMKD B X
Z8Ez 5o B, 1968 4 (HEF143) ICHEFH 100
Fasda U TEHRRNRICEES Nz LImA T,
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%, T, BRIC X 2 AE g EOHFMEZHETE S
foic, EAEMNOEEICIE U TEE > EARMEEICH
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INF Y ZAFRAIER OB Z L Hh S HiiA S DT
BWied, SRS EOHBNEITZE LICNAZ
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Table 5. B{H IR0 D2 D RIS
No. 1 2 3 4 5 6 7 8 9 10 11 12 13
2 0.739
3 0710 0495
4 0052  0.109 0.718
5 0179 0325 0.225 0.022*
6 0057  0.107 0.861 0.627  0.075
7 0.002™* 0.004"*  0.036" 0.013"  0.004" 0.032"
8  0.405 0.660  0.820  0.405 0.108 0.107  0.003**
9 0883 0.767 0497 0219  0.635 0.150  0.006™* 0.923
10 0319 0644 0232 0712 0.538 0.634  0.047° 0624  0.118
11 0564 0739 058  0.705 0.329 0317  0.030% 0564 0293 0.218
12 0.025% 0106  0.923 0.593 0.068 0.763 0.012%  0.135 0.082 0971 0.792
13 0177  0.608 0.776 1.000  0.101 0.601 0.023* 0346  0.063 0.166  0.705 0.705
14 0.057 0100 0477 0206  0.118 0.608  0.083 0.190  0.070  0.053 0.257  0.603 0.206
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A study on assessing the governance of urban forests:
A case study of nopporo national forest

Kazushige YAMAKI""

Abstract

Establishing forest governance through stakeholders’ participation and collaboration is becoming an important
issue for realizing sustainable management of urban forests that receive diverse demands. This study examined
a method for assessing governance to ensure better governance in urban forests. First, the paper discussed the
concept of governance of forests and then examined methods to assess the present condition of governance. Next,
Nopporo National Forest was assessed using 14 indicators available to assess governance that were extracted from a
questionnaire survey distributed to citizen groups that are involved in a forest regeneration activity and other forest
related management and conservation activities as a case. It was found that the governance condition was not highly
evaluated as a whole, and financial support, in particular, was lowly evaluated. Moreover, evaluations were different
between the citizen groups that had different relationships with the National Forest Office. The study indicated that
governance evaluations of stakeholders differ by their relational differences with the forest, which suggests the
necessity of conducting a more comprehensive assessment that involves diverse stakeholders.

Key words: forest, governance, assessment, citizen, Nopporo National Forest

Received 9 June 2017, Accepted 19 September 2017
1) Department of Forest Management, Forestry and Forest Products Research Institute (FFPRI)
* Department of Forest Management, FFPRI, 1 Matsunosato, Tsukuba, Ibaraki 305-8687, Japan; e-mail: yamaki@ffpri.affrc.go.jp

BMFR A BT EiRS 25 16 % 4 5, 2017



[RRMFS S WA 28 & | (Bulletin of FFPRI) Vol.16 No.4 (No0.444) 249 - 256 December 2017 249

%2 #R (Short communication)

BEBXMBERRTERTNBIOFHICLS
FERE &EKIEDEAL

R Bk T SRR Y ok g

w5

HHAREXRBOMESSHMELEEECERENEETEBRE L O—E T, KBED OREDE
TOMEINMEE D, REEENEMENTNS, RAHZETIE., SHELIRTH OB ICE TS 27
WUy BN TR TIC K ZEMOMB L ZOFRHEICDOWTHLMNCT B8, BT KRT
WEEZHE Lz, BERESNXHEEAGTZHWT., B/KEZEREMEIC K 0 IFHEEIRED K+ %
bl ., @RKMETAE Uz, TORE, X 2B OMEOE T EBKEONEZHERL 2,
GRS 3 A, 6 hAKKERZ, 0~ 10 cm OREE THEIL L FEKEOKTFAED SNIZH, 10 cm

DRO BT RS I ORIRD R L T,

F—U—F BN L WREMEA KD

1. 3 U®IC

BHARRES THK Ui SO A IR L T,
HIRICH U THRIED LI WHHEZIER T % 72, i
FAKL B — 8 O MR & A AR L 72 LA E N T
W3 (PREFFF 2013, (A 2015), LA L. Bto—
THIERMEICKEE O DRH SN, HEEADEEREFH
BREINZEENE U (FE 2015,

FERECHER I N AR B TIIROMERZE R EN
LERTVEHEHINTVS (ERJIIS 1984, E
B12008, EARJI - ¥R 2015), ThZEFEGET 3D
DFEO—DL LTHEMNET NS, EHiEE, &
HWIEE 40 ~ 60 cm DL OO Z &2 (H 2
AR 2009) , TR LHEEORIEMIC BT S
HEMERD DKL 2T UFEH Tk, ME» S
10 FERRE U 72 7 1y DR R DO F8E DS s 2 5271 L 7%
Mo TfE K DEMLULEFRDIZS TRIEFTH-HC
EMETN TS R - &6 2007, DL EOHE
M5, BERICKDER I NIZELIEREE DT 0D,
Gd 2 TRIODEFTREBE L TOBEENRES
Ns&EZ6N%,

ilE/RMERETH, RLRmOKEE D OekE
EmEANICEREN BN EEOmREHNE LT,
UV )S— R—=HP =0y 7Ry ZHWTERLOENZ
RIELT W5, 72720, BLTOHELNS 3 ~4hHRKE
WUTHHEDBERND 2 &R HLDNHEEET 5, Z
Dz, GRtzIT-o ek, BEEDPEZRZVS B
M Z IRV TEBICHERT D Vo T T. AT

JRRRSENS AR 29 6 H 15 H  JURsest Pk 29 42 8 H 29 H
1) ARMFEATIZEAT BRI - UL

2) [EEERMOKEEDT St > 2 —

3) BRIAFR BT ZEAT BRI SEMTZEn i

Va—IVOHKMEC TS (P 2015), EREZO
BlLicBaMER0EeEREET L., Al AEERE
DEFTDI8, BB 2 FEHOR RO F 7%
AT BT ENRETH D, KRBT, BLicklT25
KX DD B DORER & Z DRk DN T
NS 6 M AMDZELICDWTIHENMCT B,

2. WFFE )ik

2.1 AEM

2 IR A I O B AMRE A A 89 HRBEICH B |
MRS E N EEAE 10 TRICHEE L (Fig. Do
FHEHTIZITRRD 55 450 m. B5IEED 549300 m (F
EWNBRICNET %, 7 A X AEMT THEL (FAEH
MORFEANK 2 km) DFEFFKEIT 1159.6 mm, F 15
Sl 12.4°C (2003 ~ 2010 4F) TH B (KHRIT 2016),
MRS S 10 ~ 30 km BN 72 B S E L
el o B A S RIS Nz E N RO LIS T
Ho., 2014 IR Uz, BT Rk S
24mEEREINZCLIcE>TWDS (K E2015),
7z, Bih T B X5 B LW A 2 S L 7z B
FEET1m) KBTI, BRaoOMERNTH % iR
NENZ TR —ELARh o7, EHMEEIZ 201543
A 10~23 HicHE Nz, FEIEATIVEYNT Y
RNy 7R (KOMATSU 8 pC200 N7 v R RE
0.8m) ICX D irbh, TROREIEH S EHEEDH
ADONBEBLENS Ny hOKESTHBHE 70
em FEE THEM SNz AT IV 2Ty RN Yy

* RRPRER AT RSB - O SE L T 305-8687 KD < IETHIHRDH 1



250 =S fth

BERTORR LK)

W5 EAR

BERTORRFEX)
Bl < Bl

Fig. 1. it fiiiE
The location of research site

MZZVUw B AS>TWOT, flhix -BIEIED 2 i
K> TWVW5, HRNEHZEOBM T, WHHEXE.
HERmICTERZMME Ny FTRIBEINT VS,
Be T HEM D KEE (I 50 cm, E X 30 cm) A
JEH & B EME ORI (42 20 m) 1 1 ADE|E TIERE
Nic, TOEEDSD, /NNy 7 FY (HITACHI
ZX-120 0.5m’) HVIKEEZ F 72 S THET LIz, 2015 4
6 Alc 7 v~y (Pinus thunbergii). 7 71 < (Pinus
densiflora) H 1ha H7z D 5000 AD%EE THIAL X Nz,
WRBD 6 H NI~ 7 AhAIICHh T THpIE (HARWE
M (2016) I KUK, EFRYEE I IE AN O mE % 55
DTN OFERE, coENICHRINEZIa<
VIR EDORRARZ TS 2DICEENDG) HikEE
Nizo 2D, NMOTBIARDED, 72y F AV
FEO 7NNy 7R (KUBOTA 8 R ARFE)
DVERIOIE & PATICETT U,

2.2 BRI WmEAE

FH 10 LXK 72 BP5IC kil 9 2 FE 2 B A Tridt
W1 T D, At AT (L%, X, bR & ER)
TREEWIEHE 21T 72 (Fig. Do s T (2015
F3H6 HItKDAH), Ei% (4 H3 HILX. 4 H8 Hd
X). 3A% (6 H30HMXDOA), 6 A% O A
28~29H) IZfTo 7, WEWmMAE T, HE Im
ORILZ T, Wi OB RN ZZikE. NED
M AR A O IEELELRE (400 mL R P, A=100
cm’. h=4 cm) 7 2. 10. 20. 30. 50. 70. 90 cm D
REXD 1T OEI Uz, 72720, X 20 cm D

WTIEERHE R K 0 SRR Z BllG U Tz DRBERT O TR
E2cem & 90 cm IZ DWW T 100 mL £ M E (A=
19.6 cm’. h=5.1 cm) ZHWVT 13D, EHEZOD
JERDEEE 70, 90 cm I DWW TIX 100 mL &%
AWT 2l DAL 7z, W E L CTHBRDHFHEZ.,
b5 A B % Tz DI S Nz o 2351 (DU, %
X & &R TEITo e (LXK DOEFHE R DI IX D
X 70, 90 cm & 100 mL FEFIfE T 2 9 DEREO .

2.3 MEMDORIE

RELU =M (0=80) IZDWT, WH « /NG
(1979) i€ > T—MWEEZNE Uiz, SR O
BEERTHEREENTVWEDOT, GRPELDEIE
AT 20l 2.65 2 ThI TOLLEE H7x Uiz, BIFIE
IKIREDWPE I IEEAKNLE (100 mL M RRRHIZEIK AL
) 7. MRBEBRROPEITIEERNRE Wiz, Rifks
Frid Xy MEICTIrn, BB\ ke ko 1%
ZRGE LT, HAERY 2 (20000 Tld. MHEEEO
FEokMED TR, TRR] OBRIZDOWVT 107 em s =
36 mmh' ZHEICLTEBD, RiFFETE T DHEUEIC
o Tz,

2ABEEDRIE

WEOREICIE, ERNKXEEEAG (XA o7
7 /7)) —BIH-100SE) ZHWiz, ERNALLEE
ALz o s CEEEDOWENTE S T L.
HENARDOBOMELEHE DT ENT NS T LICH
WD O, RO (FE LA TR 2009,
H AR 22 2000 75 &) ° TIEEE O (HEHS
1991, {11 - 38 2002, fafF5 2013 7% &) WAL FIF &
NTV3, ER/NALEEEAGHC X AWEREIZSNE
(SfH) &MENS. 1% (2 kg DFEZ 50 cm D E
MHETR) Bz OEAE (cmdrop’) TRENS (UL
F, STHOHALIZEIKT B), SHEHLA/NSWVEML, S
ENAKRZEVERSNVWT L EEKT S, SHE 1 LUFD
10 cm DL EFE W25 6. OB A KEE & HErE i, S
fH 4Ll EOGEBRZIRERLFHNRTOEINDH S &
ENTWVDE (EANI - HiR 2015),

BEJE O HE W EMT (201542 H3 HIEK. 3H 6
HEX)., B GH2H). 3»A% (6 H30H~7
H2H) .6 A% (10 H1~2H) Ko7 (Fig. Do
RILSEVEFTET 10 m BEOHREZEK, JtKX
CZENZFN I ARTORE L. 1T 2 m MR,
%lE 025 m PR CTHE 1 m ETHE Lz, &I, KFE
PR RIRR ORI 22 s (0m) & L TFRRL 2 (Fig.
1 T, RO LMD ER[TH %), LXK DOKT-FHEE
8.25~10.75 m I EICAMF v IHEENTHD,
EHENTVEY, B#rE 3 ~4ahARE L ZHE,
FX DOHRIFROKT-FREER 7.6 m 8B X T, JLR D
FROIKEEREER 2.2 m HEIC 1 KT DOHHRICERT S

B ORISR 55 16 % 4 2, 2017]



R SR AT T S NI T O T 251

FITANC B IE D R E & Nc, T O, B LW aH & o
A ALAE (0 m AN) THEEANALEBEAGICXD
h g 72 e LTz,

3. AR MU B

3.1 AEHDE T D—AREN

EEWHOBENRIME LT, LEMEDOHEIT X
<o B®E 1T mUNTREWRE, BIMTHZ LB
NOWMBIE > Teo GERERTO L8 IZ 2RISR T
Hotel, BEIHZRIEEBEPHETE 2, WIMEICS
EFNTVAH Q mmIE) ORBEEERIEI3.0%
(R/N01%B~ERAK 10.7%) THolz, EMBRRITR
35 ~50%. FHBEIBRRIE 5 ~30% DHPFICH > 7z, ¥
et 2015FE3He HIERDHA), F#tER 4 H3
HAEK. 4 A 8 HEX) ICERINE N7z 30K O b B A Bk
IR D S TR 80%. Lk 10%., Kl
10%DERLT, LHEIHELTH >/, HHEEZD
53hH. 60 HBBLTE VIV ERMTOEERN
BRI BN U 7= T IdRRD S e h o Tz,

3.2 FH IR DB ORMEXKFREK

VR A R Ut R X 0D BB K AR A D R 18 70 17 7% Fig.
22 I/RT . BIFERARENE —EBIC RN I K 2 22 51
MALNTED, THIFRREZ(RICKZEDTIEEL,
BREEATIC KB DKM LD THB EEZ
SNz, RGO IR X O B FIE K REUT R S 10 ~
30 cm DRV & FUDICIEIE 36 mm h' LR TH -
7o FRICHEE 10,20 cm OFEHI AR T 36 mm h' LA N T,

a) AFNE KRB (mm hr) (R RR)
1 10 100 1000

0 O'e Ah e

10 @0 OA— Ak ® FHAI(LK)

20 +OA LA

o MR (LK)

RHES
30 | RAE R
AXEBX(FERX)
40 RHE®
Sl e o h o a o |sEEER
& 3y A%k
60 ORBR (LK)
67 Atk
0 4+— 000 ——AQA—A——
AXERX(FRX)
80 67 Atk

90

:

100

B/MA (1.3 mm b)) & FEREICFELZ, 50 em KD
HEOBORANEKREIZ 3 ~23l mmh' EIES5DEN
HHENT,

R O BARE IR I O $RTE 7341 % Fig. 2b IC/RT,
FHHEB O DHEE 10 cm OFEHE (8 mm h') Z[R
i, HE 50 em K DRV TlE, HEHIEZ. 3 H
H. 6 »ARGE L THEMEKFREEIE 36 mm h' DI L&
Biflm@EkMz R Uz, 7220, BE10~50cm D
BIRB KRB ERER.., 3 M HE. 6 I H % L RERIFE
BICEWVE R T 2K >0 LT, 6
MHBOREEE (FEE 2 cm) DB KGREIZFEX K
CItX & ZNZFN 43, 38 mm h'' &, FEHHERE (457,
258 mm h'). HEH 3 P HE (FEXODOH 187 mm h™') I
EEXRTEFL TV, EHEZOENE D (50 ~90
em) DFARGEKBZRENE 21 ~ 321 mm h' T, BRERRE
R RDENEN oz, BB, HHEZOILX D
PEE 10 cm OFKE CRIFNEKBED 8 mm h' LK, -
eHiE LT, EHtogEzanizmu s 550
ZRRELU 7o, RS, R oMMz 9 BICE
DENTEHNSRMUIZRENEZ SN,

3.3 BB KAREIC R IT I R DOINR & 5k
TEHEEG B O IRIX DX 50 em DA I BIR1E KR EL
3~231mmh' &, HAGERZZ (20000 OFFEIC K
%5 TRE], TR BRELTOIED, TR O xiE
KOBEFDHEE 10~ 30 cm & 17 K 16 3K ThE
LB KIREA 36 mm h' K THo7, ThbDT e
W, FEHETORE LG IICHEE 10 ~ 30 cm OHIPH T

b)  EEARS (mm et HHER
1 10 100 1000
0 L L ,

10 @

® FHEH (LX)
20— @O Nh—

30 ° ON 4 AFHERFER)
40
2 A3 B#%(MRX)
= A O A ——
At
B
60 o6 A& (1K)

04— AOA
A6 A&R(ERX)

80

90

‘

100

Fig. 2. BIRIE/KERBOIEI M (a) THITRTHIRX, (b) HEPHEZ

The vertical variation in saturated hydraulic conductivities (a) before deep tillage and control plot, (b) after deep tillage

RS BERIEKEREL 36 mm b 2 7RS

Dotted lines represent 36 mm h™ in saturated hydraulic conductivity

|Bulletin of FFPRI, Vol.16, No.4, 2017



252 =S fth

BN TRR | THBTEWRE N, R, F
& 10 ~ 30 cm Tid 15 F R 14 30K TRIRLE K FR L
36 mmh' LU ED TR Tholz, TDXIITHEMEZD
BRI R OB KO REZEL TR b,
FRIOEDNED 5Nz,

6 h A%, MERKRUCIERELERERE GEE2cm) O
BIKEDIKTHAHENTZ, —H T, HE 10~ 50 cm
TREHN S 6 " HORNICEKIEDE FEED NG,
M ORIAEKEBIE 36 mmh' L ETH->T72 LLEX D,
6 MAME L CEmEREZ R, fAEKEEICE
U THEMOMBENHER SN T VB T L R TE T,

3.4 FHEIROBRT OB ES

T R O IR DR+ oD S [ED S E /07 % Fig. 3
T, TR O T, E 10~ 50 cm I
M T SEIKIFIE1.0LLN T, BE 10, 20, 30, 40,
50,60 cm I 5 STEDFY (n=18) IZFNZN 0.5,
0.5. 0.5, 0.7. 0.7, 0.9 &, ZEE 10 ~30 cm ICHBWVT
BANER LTz, 70 cm DUAED Sl 0.4 ~ 3.3 OFEFHIC
HoT. SHDFYE (n=18) FHEE 70, 80, 90, 100
em TENZFNL1.0, 1.2, 1.3, 1.5&, 1.0 ZBZ T\,

FHEZDD 6 M ARHBKE TOD S HDOZE{L%Z Fig.
4a LU 4b IT/RT, HEE 10~ 50 cm D S fHIZZEHTIC
FIFF 1O R TH 7o, EHERITIEKIBAN 1.0
A Tz (Fig. 4a, 4b), 7z72L. JtX (Fig. 4a)
WKHBEWT, RICYy RFy THEEN, FEH SNk
Mozl Th 5. KFHHES 25 ~10.75 m TIFIEZ
0~70ecm {S5WVETSMIOLUTER>T WS, STH
4.0 ZBTH . NS 3INA, 6 hALRHT S
EDONT, MREUCIERK EBIcDERL Ro Tz, BEHE
%, 3MHAB, 6MHBROMKDO SHORKIZZNE
1.40.1, 40.7, 372 TH-o7zH, SME 10.0 L EDOHE
EEGIEAER. 3 D A%, 6 H A%DIEIC 31 [, 11 [,
10 A & DL 7o 7z, FIRRICIER D S EO AT G
Ei%. 3 H%K. 6 PHBRDIRICZNZH 18.9, 8.4, 7.1
EETF U, JERD Sl 10.0 DL oo R B3 A
BICAEB-T2DD, 3hAK, 6 DA% TIEOMT
Holz,

Fig. 51C Sl L B /KRB OBRZRYT, Thid
LA CHRIE TN (S ) DORGHE & B+ Wi
A DI E N7z MEZ AV THRE & N7z fafns
KRB O RZRIEE THISEE B DT, Bkl
X OE# AT, MK, FEHER. EH 3 A%, FHt
6 HABDTXRTOHEIDT—% (n=72) ZRLTK,
7elZl, EE2em i DWVWTHEEAGFOHETZO
WEIELRG IR NN SR L, £z, dt
KOEH 6 » HBOHEE 70 cm D SIHICDWT, HE
543 cm N5 703 cm EFTIHBTEALRZESD, STHE
3160 ThH-o7ze LML, HEE 703 cm M5 72.2 cm
FTSMI9. X 722cm M5 743 cm F T S ffiE 2.1

AR - RYAIRURER

Sfi(cm drop?)
0 1 2 3 4
0 L
10
20 —EBHAE1(3m)
—— AT (5m)
30 -
— FHRI(7m)
40 1 — FHHHI(9m)
L)
B¢ — RHEHRNBE)
60 -
— 30 A (REBE)
70 - 3 A(REBE)
—6M A (RHERX)
80 -
90 -
100 -
LR-FHARCHEE  sicm drop)
0 1 2 3 4
0 |
10
—— R (-2.5m)
20
—— R#AI1(-0.5m)
30 4 —— RHEI(1.5m)
— RHHI(3.5m)
40
:E: —— RHAI(5.5m)
g 20 1 — RHERHER)
60 - — 3 A (RHEE)
35 A (R X)
70
—6h A (HREX)
80 -
90
100 -

Fig. 3. URHHT M ORHIRX DR+ S D Ehiti oy i
The vertical variation of the S-value in the
embankment before deep tillage and control plot

FEIMANOAE (AL : m) I FIRROE KD S DR
e Rd

Number (unit: m) in the parenthesis shows the distance
from the starting point of the measuring line

TholclbzERETSH L. MEADRIEE 68 ~ 72
em ZRET B SHHIZE - /NS VAEESELD B, TD
2o, TNEARDLSEN L, BB, ACHEEICT—
ZNERD B GEIEMNTEZR L 2, BRIEKGR
Bz, SE=05 (n=15) TiE3~8 mmh', 05<

B ORISR 55 16 % 4 2, 2017]



R ST 2 TIER E NI DT 253

2 X BBE

(m) 0.8

3IMAE
R
&
(m)

6 MRk
3
&
(m)

b) X
FHER 00
0.2

®
x
(m)

3NAR
R
&
(m)

6 MA%
3
&
(m)

BEfl— KFEEEE (m)

FuTHBEINIE. REH
>

.31E§1

L i<siE=4

SfE>4

—iafl

Fig. 4. YEHHEED S e I R6HE E TO SIADIRFIZAIL a) JLX. b) HIX
The temporal variation of the S-value for six months after deep tillage a)North plot, b)South plot

__ 1000 -

I ]

i 1 o000 S

g -d@i)oo © °o
= 100 .8 &

E 8s 8

g ]Df&o

% E% o]

o @

N

0 5'5134 56 7 8 910
S{E(cm drop™?)
Fig. 5. S {fi & BIfLE/KIRE DO BItR

The relationship between the S-value and saturated
hydraulic conductivity

|Bulletin of FFPRI, Vol.16, No.4, 2017

SHE=<1.0n=18)TlF2~231mmh' 1.0 <SHE=2.0
(n=19) T 8~32l mmh', STE>2.0 (n=20) T
342~374mmh' THo7 SE=0.5, 05 <S1H
=10, 1.0<S{H= 2.0, S{H> 2.0 DFHEFHIC BT
FUFBE K IRE 36 mm h' LU R ERTEEIX, ZhTh
87%. 50%. 32%. 0% TdHHD. SHEHMANETNIFE, &
WEIALE KR 2 R S O E SN L Tz, KL
DX S ITRIRIT S E/NE W & BIRTEKRE DR
HAMNRD SN, S 2.0 ETHNIE, BEREK
REIE 38 mm h' DL EZRE Ulze &3, SAHAY 1.0 DL
TTH> TEBEKEDRVHIEND > T2, ThicD
W T E D JIE 5 A & P TR O BRI e Y — B L
TWEWT &, MEORIURE AR ICBRE DN TE T
LE-FHORMENEZ BN S,



254 =S fth

35 EEICRET ZFHORE &R

BT 70 cm AFEIC BV TIE S04 ~33 &,
BT & LR 5 D W BT DNRTE L TV e b, %
HETOB OB E 10 ~50 cm 2T T SIEIZIF & A
E1O0UTTHO., BORANKE & FIMTE N BSFEE
WKETTHEN VT EAURE NIz, Fig. 2a BX U Fig.
3K D, BRIBEKZRED 36 mm h' LUF & {RWERRT
HE GFEE 10 ~30cm) & SED 1.0 KDz g
RE RE 10 ~50cm) EMBER—EHL TV,

GHHEZD S > 4.0 D73 (Fig. 4a T 4b) HH
FIEI LT, I B X ZHEE60~90cm ETHAT
WbEHhHNB, 272U, ®MIX (Fig. 4b) DK FH
0~3mf{PETIES>4.0%ERTEIHEIEST
W3 OKFEHE O m TH 40 cm. KEHEE 1.5 m T
50 cm)o CAUEIIAR OKFEEEE O ~ 1 m) DEFEICH;
EMDSD O TRICEEENTE A>Tz L #E
EEND, NI LT, OB LREL D
{ZE>TWVB T EME, FEHHITE L 72 LB OmRIC
RN H B LD BN,

FEGHE T, ZROZNDSHZ LENDSE> 4.0
DERZIFIER, MK & & ICHEE%, 30hH, 6 hAE
BT BICONTHA L, STHORAMDAZE S H
(100 DL 1) OHBEFHEMT L, TDOXK STk
ISR IR I RE SN TE TV, mEH (0~
10 cm #) IZDWT, SHE> 4.0 DERDIE 3 M HKICIE
faNUTze 6 M ARRERE S TIE S fE> 4.0 DY
WL, STEHI1OUTOHILEDOND KDk > T,
T 5, RERGEIC > THIRM DAL T 2 {H
MNRASNTZ, 6 PABORER (FEE 2 cm) THIA
BKBEOETRASNEC LM TH S (Fig.
2b). B LJL (1998), PEA « BXF (1999) THIENS
NTWVB LS, THITHMHEERICK D ELOLID
U, B L 7=k ek + BBz Ha £ b S8 72
TENERELTEZOND, HIEOKEE, HRbH
TR OHEEEST ORK - I 1995, FIERS 2015) AfF
EHICKXBHEE GRA - HH 1975, KES 1999) & &
DOEKNOAREMEE RATICE A 5N b,

— )T, BETHNEDOEWEE 10 cm & D BEWEHIFH Tl
HHZ S 1O TOHINHEAEINEEDD, 6 0
ARBRICBNTE KIS GFEHE 6 A% Ol RIE Z2 52
fii U7z 70 i 5L O %€ & 10, 20, 30, 40, 50, 60, 70,
80, 90, 100 cm D 688 ;DS H 85%) & SHA 1.0 &
A2 Tz, S E OGN 8 NE IS R TS g
DEOVEDIWNESE DD, etk UTHER LK
RBRIIMIEINZEEZ BN,

DEXD, K2 MR EIL,. RES
ERIE, 6 hARBLTEMHEINTVWS T L ETH#
RTET, BHRRICREEIEBLLI 280D, 2N
KO TFHOBRLEIRZRTHBRehb, flzdars
FHERONHEETH > TERBEKOEEH 10 ~ 15 cm

THHT b, SHEOMBARDERDMEICHEI
EUEWeEEZDBNS, COC EE. EH O T
BT LEERRHICODDEZRER RV EZIRL
TWb,

4. ¥

BAANOFEMOMTIE, B Th-o e hEzimL.
Btz L, BKkEZM LEE 5T & 2R
Teo DD 3MA. 6 MABRT ZICON. REE (0
~ 10 cm %) THBL & ZEKEKTOENNED SN
oo TO—HTHEHLE 6 MABTEHELNBIIRS
MWIRREZ MR LT Wi, DL EDRSED 5. EF O
REIeMAMKH LTV EEZ DN, Gtz I
L7+, RATRICRERRRICKE E O WE T 2 HE
Frid® 20, B X D BANECTWEZD, HED
BADBHZIC R >TERZODLTWVD, BADIEKET N
TEDHEADHERANEELZD T B LT, WKkDOHFE
M IN\ORZBIRESNBZAEENEZ NS, 5%,
WHIRTE L7 K S ICHRFEENER . WEKROFAEN
HRICEATVANEET 2725, MW ARDIEZRDFE
BRI ZEBRL T T EVNERTH %,

o R

AREFFEDOZFITICER LT, MBI SRILARME R B K
CIIEHSHEHEZICZRBIEHO CREE VR E,
Y O KR B HEFET AL S O /NP B AL A
MR F — LB, FEER MR E. ARHEZR
FEEMEBICBIRHEICZ KR IZ VIR0,
DLEDHICHELS EHOZZRL T, AFFEIE MR
BMEFEE NS T Y 2 7 b TEWEEICET
BT THOFKEROMRIH L HBRORESE] &>
Tirbniz,

5 Sk

BER  fBo-FEE M -FEA @-i4cR W= (015)
IN=ARAR « T F T =R AT LIS X B KA
5 D W 7KFE A —H i A MR D S5 —. b5 AR
7%, 63, 53-56.

BRI FH= (2008) THEZWOIECDONT. ) —
T A, 416,18-21.

ERINl F= %R RmIE (015) REdiEHAAREEAED
FRUNC A T AR AR E BGARR O HGH. H AR L .22
256, 41 (2), 336-340

B/l H=-mM #eoNE W= S22 (1984)
HE R Bt O WA SR O P EE L T I O BRI D
W T — i HGE R M 2 I U C—. SRS, 48,
104-122.

A1)l eljb (1998) CAEH A - il Hf B,
2001) BREETIEY) P MR EAO TIEY 2 0
. MR 22, 322pp.

BMFR A BT EiRS 25 16 % 4 5, 2017



R SR AT T S NI T O T 255

P R (2015) B L7215 W RE SEMRIE IH T35 & A
A E TOFIE. imLFse R i AL, 54, 83-89.

W 5he/NS RER (1979) BRBEHIE LIV —ARbA e —
L7 AR, 190pp.

WO OB BE (2002) MR EICE T B HEE
ARBRIC X BSHDOZELIC DOV T—ATHFE 70
Y RORR AT BENDIGH—. HARR 222258, 48
(3), 121-128.

AN Bt - E Z2RK (1995) EpE o -E O
BRI R A RIS B 59 2 B Ofit. T oY)
M, 72, 13-17.

L&T (2016)° ME DK G T — X ME, http://www.data.
jma.go.jp/obd/stats/etrn/index.php, (ZHf 2016-02-03).

HEAEE TR (2009) WOEMR R R~ = 27V
WET 2 ik, BARRMEE > 2 — |, 202pp.

W thE - SR Y- BBl 3EE (1991 BHIREERR
HicEH 2 7 A F04E L8N (1) —hE%
T LR —. HARIE LAEEE, 16 (3), 11-17.

A = - BHE HE (1975 BEIC X B HEOER
ERERDAEFIRBEIS DWW T, JEEHERE, 39, 34-42.

ML s (2015) B2 S WREARESEMIEIH TH
A E TOFIE DAL T 225, 41(2), 341-343.

IR OBRL - @RS 2z (2007) HEFRELHICE T B
iR & U C okt iEOFi—7 <y 10 440

|Bulletin of FFPRI, Vol.16, No.4, 2017

WRFGE—. TEEHRMAIEE > X —IHZERE, 2, 1-6.

HA W EMKES (2016)° i # F 58 &7, http//jsctjp/
glossary/index.html, (Z& 2017-08-03).

HAGERYZZ (2000) FRALHIEIC T 2 WA~
—a 7). ¥ RRT =T, 63 (3), 224-241.

PERS e BUE R (1999) Lo am o RIERGORRE
CISH (Fo12) —auaA RhbRELOBEKEE
RE— RETAEAREE 67 (3), 277-284.

KE G- W ER-fWE Bk (1999) BAEE
NEIC 3503 2 #EB /KB DIERL. HE, 20, 541-550.

MREFFT (2013)“ K 24 4R bk - HREAE,
http://www.rinya.maff.go.jp/j/kikaku/hakusyo/24hakusyo
hall/all.html, (2 2016-02-22).

A e (2015) HERIC K B iEREMROHE &R
A TELTZ T HHEH. HARETERE, 41 (2), 334-
335.

A 2 -8 BT - RNHE OB (2013) #HR
HiIC 350F % ERTEL A 0] D - BERE RS 4 A & 5 25 0 L HiF)
M, ERTFEBXUCREORFVE L OG- 2
Mt DFX 2 i & U T—. HARMRME T35,
39 (3), 412-421.



256

The variation of hardness and permeability by deep tillage on
embankment in the coastal forest restoration project

Yoshiki SHINOMIYA"", Akihiro IMAYA® and Tomoki SAKAMOTO”

Abstract

After the Great East Japan Earthquake, an embankment was built along the coast as a planting base by the
Coastal Forest Restoration Project. It is feared that a rain pool and the hardness in a part of embankment inhibits the
growth of planted trees. Thus, deep tillage has been conducted on the embankment. The effect of deep tillage and its
sustainability were investigated in Natori city, Miyagi Prefecture, Japan. Deep tillage was carried out by an excavator
with a skeleton bucket. Hardness and permeability were measured by a Hasegawa-type soil penetrometer and the
constant level method, respectively. This deep tillage softened the embankment and increased its permeability. After
3 to 6 months, the embankment became hard again at a depth of 0-10 cm. In contrast, the embankment remained soft
below 10 cm deep, indicating that the effects of deep tillage were sustained at that depth for 6 months.

Key words: deep tillage, embankment, coastal forest restoration, compaction
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Social wasps collected with Malaise traps
in Japanese cedar (Cryptomeria japonica)
plantations (Hymenoptera, Vespidae)

Shun’ichi MAKINO"*, Hisatomo TAKI” and Hiroshi MAKIHARA”

Abstract

Social wasps, which are important agents of ecosystem services (as predators) and disservices (as stinging pests),
were collected with Malaise traps in Japanese cedar (Cryptomeria japonica) plantations in three regions of Japan
(Tohoku, Shikoku, and Kyushu). Each region had 12 study stands that were categorized into the following four
types based on the type of management: 1) unthinned, old-age stands (78-102 y; OA); 2) unthinned stands (41-51
y; UT); 3) stands thinned 2—4 y before the study (3650 y) with felled logs left on forest floors (TL) and 4) stands
similar to 3, but felled logs were removed (TR). A total of 350 individuals of 13 species (nine of Vespinae and four
of Polistinae) were collected in the three regions. For Vespinae, Vespa simillima and Vespula shidai predominated in
every region, making up 38-55% and 32-52% of all vespine wasps collected, respectively. Generalized linear model
(GLM) analyses, in which the type of management was used as the fixed factor and regions as the blocking factor,
showed that the type of management did not affect the number of species but did affect abundance of V. simillima and
V1. shidai: OA, UT and TR had larger catches over TL in the former, and OA and UT had larger catches over TL and
TR in the latter. We discussed the possible reasons why these wasps did not respond positively to thinning, which was
different from the results reported for other groups of insects.
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Key words: hornet, yellowjacket, paper wasp, Cryptomeria japonica, plantation, thinning

1. Introduction

Social wasps are important agents of ecosystem services
and disservices from the viewpoint of forest management. On
the one hand, these wasps play roles as predators of various
forest pests (Matsuura and Yamane 1990), but on the other hand
stings have been serious problems among forest workers. A total
of 32,341 sting accidents including six deaths occurred between
1986 and 2004 in national forests in Japan (Matsuura et al.
2005). We need to learn the abundance and species composition
of social wasps in various forests as basic information to
correctly access their roles because those variables are expected
to change with type or management condition of the forests.

Some studies have collected social wasps using Malaise
traps or attractant traps in forests in Japan. Most of these studies
focused on monitoring in broad-leaved forests (e.g., Maeto and
Makihara 1999, Totok et al. 2002, Yamauchi and Watanabe
2013). However, over 40% of the forested area in Japan is
occupied by man-made plantations (Forest Agency 2017)
and nearly half (44%) of the plantations are coniferous stands
of Japanese cedar (Cryptomeria japonica) or hinoki cypress

(Chamaecyparis obtusa). Because plantations generally require

Received 2 July 2017, Accepted 29 August 2017

more intensive and frequent management than natural forests,
more information on social wasps in those forests is needed so
that their ecosystem services and disservices can be quantified.
Here, we report species composition of social wasps
(hornets, yellowjackets, and paper wasps) based on collections
using Malaise traps in Japanese cedar plantations in three
different geological regions in Japan (Tohoku, Shikoku, and
Kyushu). Thinning is an important procedure to produce quality
logs of Japanese cedar and is known to affect abundance and
assemblages of various forest insects (Taki et al. 2010), as
well as stand age (Makino et al. 2007). However, responces
of social wasps to the thinning of Japanese cedar plantations
have scarcely been studied (Maleque et al. 2007a). Therefore,
we collected specimens with Malaise traps in thinned and
unthinned stands (40-50 y), and in old stands (80-100 y) to
compare the abundance and assemblages of social wasps among

them.

2. Materials and methods
Social wasps were collected by H. M. in 12 monoculture

stands of Japanese cedar in each of three regions in Japan, that
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is, Tohoku (Yamagata Prefecture), Shikoku (Kochi Prefecture),
and Kyushu (Kumamoto and Miyazaki Prefectures) in 2009
(Appendix Table 1). The 12 stands were grouped into the
following four categories, each with three replicates, according
to management type: 1) unthinned, old-age stands (OA: 78-102
y), 2) unthinned stands (UT: 41-51 y), 3) stands thinned 2—4 y
before the study with felled logs left on forest floors (TL: 36-50
y), and 4) stands similar to 3, but felled logs were removed from
the stand (TR). We used two Malaise traps with a collection
bottle (Golden Owl Publishers, Lexington, MD, USA: 180 cm
long, 120 cm wide, 200 cm high) at each stand, separated by
approximately 50 m. The traps were set in mid-May in Tohoku,
and mid-March in Shikoku and Kyushu, depending on the flight
season of the social wasps and were removed in mid-October
from all sites. Trapped insects were collected at intervals of
2-4 weeks: the total number of collections was five, eight, and
seven in Tohoku, Shikoku, and Kyushu, respectively.

We analyzed the number of species as a randomized block
design where the management type was a fixed factor and the
regions were treated as the block. We used generalized linear
models (GLMs) with a Poisson error distribution in R 3.3.2. (R
Development Core Team 2017). We compared a model with
the fixed factor and a model without the fixed factor, using the
values of Akaike’s information criterion (AIC) to examine the
effect of management type. We also analyzed the numbers of
individuals of predominant species of social wasps. Similar to
the analysis of the number of species, we used a randomized
block design where management type was a fixed factor and
regions were treated as the block. We conducted GLMs with
a Poisson error distribution and compared the models with the
AIC values. We performed post-hoc analyses to examine the
effects of the four management types (OS, UT, TL, and TR)
when the effect of management was detected. GLMs were
prepared for all combinations of the four management types
and compared with the AIC values. For example, a part of the
model variations was as follows: (OS UT TL TR): null model;
(OS) (UT) (TL) (TR): all four types were included; (OS) (UT
TL TR), (UT) (OS TL TR), (TL) (OS UT TR), and (TR) (OS

UT TL): three of the four classes were combined; and so on.

3. Results

A total of 350 social wasps belonging to nine species in
the subfamily Vespinae and four in the subfamily Polistinae
were collected at the study sites (Table 1, Appendix Table 2).
For Vespinae, Vespa simillima accounted for 47% of the total
catch at all sites combined, followed by Vespula shidai (41%).
These two species were predominant in all regions, accounting
for 79% (Tohoku), 97% (Shikoku), and 87% (Kyushu) of
vespine specimens collected in respective regions. Catches

of other vespines (Vespa analis, V. crabro, V. mandarinia, V.

Table 1. Numbers of social wasps collected with Malaise
traps in Japanese cedar (Cryptomeria japonica)
plantations in three regions of Japan.

Species Region
Tohoku Shikoku Kyushu Total

Vespinae

Vespa simillima 23 40 57 120

Vespa ducalis 0 1 4 5

Vespa analis 0 1 3

Vespa crabro 0 0 1 1

Vespa mandarinia 0 0 1 1

Vespula shidai 25 46 33 104

Vespula flaviceps 1 0 4 5

Vespula rufa 7 1 0 8

Dolichovespula media 5 0 0 5
Polistinae

Parapolybia crocea 3 18 52 73

Parapolybia varia 2 6 8 16

Polistes nipponensis 1 0 4 5

Polistes rothneyi 0 0 3 3
Total 67 113 170 350

Data are pooled for 12 study stands in each region.

ducalis, Dolichovespula media, Vespula rufa, and VI. flaviceps)
were much smaller than the two predominant species, and
some did not occur at one or two regions. For Polistinae,
Parapolybia crocea accounted for 74% of the total catch at
all sites combined, followed by Parapolybia varia (16%). P.
crocea was most abundant at Kyushu, followed by Shikoku,
while only a few individuals were collected at Tohoku. Catches
of the genus Polistes were much smaller compared with those
of Parapolybia, and all Polistes specimens (P. nipponensis
and P. rothneyi) were collected in Kyushu, except a single P,
nipponensis at Tohoku.

Management type did not affect the number of species.
The AIC value of the model with the effect of management was
138.1, whereas the model without the effect of management had
a lower AIC value of 134.2 (Fig. 1). We selected two species, V.
simillima and VI. shidai, for the analysis of management type on
the number of individuals because they were predominant in all
regions. Management type affected the numbers of individuals
of both species. The lowest AIC values (216.4 and 224.0) were
obtained from the models of (OA UT TR) (TL) and (OA UT)
(TL) (TR) in V. simillima and VI. shidai, respectively, and the
AIC values of the models without the effect of management of

these species were 219.2 and 259.8, respectively.

4. Discussion
This study shows that V. simillima and VI. shidai are
predominant social wasps in Japanese cedar plantations in
various parts of Japan. Maeto and Makihara (1999) also
showed that 69% of social wasps collected with Malaise traps
in a C. japonica stand (57 y old) were VI. shidai, followed by

VI. flaviceps and V. simillima in northern Kanto, central Japan.
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Fig. 1. Total number of individual of Vespa simillima (white
columns) and Vespula shidai (black columns) in 36
stands of four different management types.

OA: old-age stands; UT: unthinned stands; TR: thinned
stands deprived of felled trees; TL: thinned stands with
felled trees left on stand floor.

The predominance of V. simillima and VI. shidai or VI. flaviceps
in Malaise trap samples has also been reported in natural
deciduous forests in Kanto (Maeto and Makihara 1999, Totok et
al. 2002).

V. simillima and the two Vespula species have some
biological characteristics in common, such as large colony size,
long nesting season, and wide ranges of prey (Matsuura and
Yamane 1990). Their omnivorous habit may contribute to their
dominance in Japanese forests over other vespine species (Totok
et al. 2002), especially in coniferous plantations where diversity
and abundance of prey may be suboptimal compared with
natural forests.

Paper wasps of the genus Polistes usually nest on small
plants, preferring open and sunny sites to closed and shaded
ones (Matsuura et al. 2005). In contrast, Parapolybia species
nest in more shaded locations, and preferentially nest on the
undersides of leaves on the forest floor (Matsuura et al. 2005).
This may explain the numerical dominance of Parapolybia over
Polistes species in this study of coniferous plantations.

The management type of stand did not affect the number
of species of social wasps, but it influenced the number of
individuals of the two predominant species V. simillima and
VI. shidai. GLM analyses showed that thinned stands (TL in

|Bulletin of FFPRI, Vol.16, No.4, 2017

V. simillima; TL and TR in V1. shidai) formed different groups
from the OA and UT stands. In both species, OA and UT
showed larger catches than TR or TL, though the largest catch
in Tohoku was obtained in TR stands (Fig. 1).

The results of the GLM analysis do not agree with what
is expected from the previous studies which indicate that
thinning of Japanese cedar stands increases species richness
and/or abundance of various hymenopterans (Maleque et al.
2007a, Taki et al. 2010). One of the possible reasons of the
positive effect of thinning may be an increase in the abundance
of understory vegetation triggered by thinning, which provides
food and/or habitat for insects (Maleque et al. 2007a,b).
However, it has also been reported that the extent to which
thinning affects insect diversity or abundance varies among
taxa. Indeed, Maleque et al. (2007a) showed that vespid wasps
in thinned and unthinned stands do not change in abundance,
whereas bees and some parasitic wasps respond positively to
thinning. The numerical response of vespine wasps to thinning
may be weak among insects; landscape structures surrounding
the study stands may be important, because vespine workers
often make foraging flights over 1 km from their nests (Matsuura
and Yamane 1990).

Our results are based on GLMs in which the regions
were treated as blocks. This was because we focused our
analysis on how thinning of C. japonica plantations affects the
abundance of social wasps of particular species by setting aside
regional effects. However, the three regions showed different
distributions in the abundance of wasps among the stands of
different management types. It is possible that the effect of
management type differed from region to region. We emphasize
the need for a more thorough study of plantations in various
parts of Japan

On the other hand, the lower catches in thinned stands (TL
and TR) than in unthinned (UN) or old-age (OA) stands may
be an artifact resulting from a characteristic of the trap. Our
Malaise traps were set on the ground surface and captured only
those insects that fly low. The thinning of coniferous stands
often increases biomass and abundance of understory plants
(Maleque et al. 2007a,b); flourishing vegetation on the stand
floor could be obstacles for insects flying near the ground,
thus making their catches smaller than the actual abundance.
Although this hypothesis has not been tested, the characteristics
of the trap are an important factor in a biodiversity study, and
we must be careful when interpreting results obtained using

various types of traps.
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Appendix Table 1. Characteristics of the study stands

Social wasps in Japanese cedar plantations

Stand# Region Age ?ﬁ;‘ AIEIILL;de Ma?;i:inem Latitude(N) Longitude (E)
1 Tohoku 42 5.1 410 TL 38° 54" 49.27" 140° 24" 30.39”
2 Tohoku 40 6.9 250 TL 38° 52" 48.94” 140° 09" 14.81”
3 Tohoku 36 3.1 300 TL 38° 58’ 54.74" 140° 13" 58.74"
4 Tohoku 42 2.5 400 TR 38° 59" 43.96” 140° 18’ 52.43"
5 Tohoku 40 4.7 250 TR 38° 58’ 51.75" 140° 18" 00.06”
6 Tohoku 42 24 240 TR 38° 55 59.54” 140° 18" 10.28”
7 Tohoku 42 8.7 440 UT 38° 59’ 38.22" 140° 18" 48.46"
8 Tohoku 42 5.5 250 UT 38° 53" 23.65” 140° 08" 19.27”
9 Tohoku 44 32 360 UT 38° 53" 07.08” 140° 24" 12.97”
10 Tohoku 78 43.4 300 OA 38° 59" 01.22" 140° 20" 18.61”
11 Tohoku 80 6.8 390 OA 38° 56’ 48.55” 140° 22" 24.11”
12 Tohoku 90 3.9 350 OA 38° 52" 23.19” 140° 24’ 30.88"
13 Shikoku 44 8.3 600 TL 33° 31" 51.74" 133° 59' 48.49"
14 Shikoku 44 11.7 500 TL 33° 31" 23.60" 133° 59' 55.90"
15 Shikoku 45 16.4 350 TL 33°29' 44.33" 134° 05' 13.46"
16 Shikoku 50 85.8 650 TR 33° 38" 59.86" 134° 08' 25.68"
17 Shikoku 50 52.8 650 TR 33° 36' 21.34" 134° 02' 18.43"
18 Shikoku 50 21.4 200 TR 33° 31' 56.02" 134° 15" 39.47"
19 Shikoku 41 43 500 UT 33° 38" 14.96" 134° 06' 13.52"
20 Shikoku 40 42.0 650 UT 33°39" 17.80" 134° 08' 42.60"
21 Shikoku 44 31.8 550 UT 33°36' 16.54" 134° 05' 25.88"
22 Shikoku 85 21.6 600 0OA 33° 39" 11.80" 134° 05" 17.20"
23 Shikoku 85 1.4 700 OA 33° 38'27.80" 134° 05' 16.40"
24 Shikoku 97 67.8 700 OA 33°32' 11.73" 134° 01 15.28"
25 Kyushu 44 12.8 900 TL 32° 28" 48.12" 130° 46’ 33.53"
26 Kyushu 45 12.7 850 TL 32° 28" 23.02" 130° 44" 30.79”
27 Kyushu 46 9.8 640 TL 32° 09" 04.24" 130° 42" 02.48"
28 Kyushu 50 21.1 250 TR 32° 10" 14.61" 130° 46" 38.15”
29 Kyushu 40 17.2 510 TR 32° 08" 09.27” 130° 46’ 25.85”
30 Kyushu 46 11.8 730 TR 32° 06" 07.51” 130° 45" 01.41”
31 Kyushu 47 11.9 610 UT 32° 07" 11.18" 130° 48" 19.20”
32 Kyushu 51 14.0 650 UT 32° 06" 00.52" 130° 48" 22.99”
33 Kyushu 51 7.9 620 UT 32° 04" 35.53" 130° 42" 48.37"
34 Kyushu 86 3.4 500 OA 32° 08" 19.72" 130° 38" 26.83"
35 Kyushu 92 16.4 700 OA 31° 56" 45.93” 130° 55" 25.44"
36 Kyushu 102 5.9 370 0A 31° 49" 53.68” 131° 12" 35.63"

*OA: old-age stands; UT: unthinned stands; TR: thinned stands deprived of felled trees; TL: thinned stands with felled trees left on

stand floor.

|Bulletin of FFPRI, Vol.16, No.4, 2017

261



262

MAKINO, S.et al.

Appendix Table 2. Numbers of social wasps collected with Malaise traps at the study stands

Vespa Vespa Vespa Vespa Vespa Vespula Vespula Vespula  Dolichovespula - Parapolybia Parapolybia  Polistes Polistes
Stand#  simillima ducalis analis crabro  mandarinia  shidai Aaviceps rufa media crocea varia nipponensis  rothneyi ~ Total
Q W Q W O W Q W QO W Q W QO W Q W Q W F M F M F M F M
1 1 1 3 5
2 1 1
3 0
4 1 2 1 4 8
5 2 2 9 1 1 1 16
6 2 1 1 2 6
7 3 1 1 1 6
8 1 1
9 2 1 1 4
10 1 1
11 2 1 1 1 1 3 2 11
12 1 1 3 2 1 8
13 1 1 2 4
14 1 1 6 8
15 2 1 3
16 5 1 1 7
17 2 2 3 7
18 1 1
19 1 2 11 1 2 17
20 5 13 9 8 4 1 40
21 3 1 2 1 1 8
22 1 2 1 2 6
23 1 1 1 1 1 5
24 2 2 2 1 7
25 2 1 4 7
26 1 1 2 4
27 3 8 1 7 4 1 24
28 1 1 1 2 2 1 8
29 2 8 1 1 12
30 1 10 1 2 1 15
31 1 6 2 9
32 7 7
33 1 9 1 10 2 3 26
34 1 9 1 6 2 3 1 23
35 1 6 2 12 1 1 2 25
36 3 1 6 10
Total 40 80 1 4 1 3 0 1 0 1 32 72 1 4 1 7 2 3 71 2 16 0 5 0 3 0 350
Q. W, F, and M stand for queen, worker, female (worker or queen), and male, respectively.
ARMFESDIZEATI i 55 16 & 4 5, 2017
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RL—A LTy TEHAVERERTTo Tz, TNS 2D IRERTEDRKRS 4 173V — (%3 H5)
WK bNnie, 1) MEKOEZRM (78-102 4 ; 0A MKED). 2) MR (41-51 44 ; UT). 3)
FEND 2-4 EFICH D B TRIK 2T Ty (36 -50 44 : TL) . 4) [ U IR ZTT > T2k
(TR), fiEE NI A VD NFREE 138 (RXANFHB of, 7 FANNFllifl 4 ), 350
AR TH o7z AZXANFHFCEVTIEWTNOHETE F 4 0 XX AINF Vespa simillima & >
R0 A X AINF Vespula shidai DS TH O, SHI O A TR HER O Z N ZF N 38-55%. 32-
52% 72 T, BT EREEER, AR Ty 7 Ul—BIUREET IVICK DT LIz& T A,
EHGERZHEBICREE B R ko1, BHHETHZFAQRAXANFEIZ IO AR AINFD
RIS B E R G52z, TRDBEFABAXANFTIEOA, UT BXU THIZHBW TERAED TL
EDEREL, YEIZORAXANFTIEUT £ 0OAICHEWT, TL & TR & » &K DKEN > T,
WEICREESNEEREOZ LB, REMEATEEARDN DD > O DWW T RERRIK
Teigam L7z,

F—U—F 1 AXANFH, FORAXANFH, 7 FHNFHE, A5 AT, K
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2) MK A HIZEHT ARPAE RBFFE A8
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F—TU—F  AF, MEARE. AT aESE. BH

AF (Cryptomeria japonica D. Don) 3 FHE D EHix
EHEEDO—DTH 5, LA LIRE. ALIDK30%H A
FAEWHEZFERE L TR 0 . JERTREGR O K80 H 27531
HEiEoTWV53, SHBBAFEEHNT S5 2T, HHIC
X ZAER A FE BN D 72 8D DRI B ARAI R &
LTHRENTE O, BRI ER Y > 2 —
T, AFODEMRmERIEY (HEERED DR
HifToTWab, R, B~ Rtz 68a Lk
B A FOERI. BREOHERIC K 53 EMmZREE
VRV EH S, FPROEFIENEEZRIKESES 52T
BT L% GERE2010), MARBR®Y Y X—ElEE
% (DUF, BAEESE LT 5) TRIEEMAFREE
LT 2007 fEic TRAF=FEAR () 15 LT, =&
TRV H) ) ZRF U, S HIHTERM ERN 165
MEZEAR AR EE RSB FZNT A TRET %
QCLF, HEEARRANTOE WD) TeZHERA L (M5
2013), ZEARRIIMIEM AT T9E) O, ELIRTHR
INEEDER OB AT EE NE5 kT OR
RIFRE DT RGN REE T ZRE L Qe R
JFD 5 2009, 757% 2010, BEH 5 2014), 1 HOHMEETIC
ThLE N BB TR TH S (Taira et al. 1999),

BN ERS TIE. —EARE BN 16 BEHVTER
M TEORREED TVE, LhL, BHEEME
RABARBIETREMAD DT 2 HKRTHZ T e 5,
Bl IR HEEARRRAN T DR DR ETT> TV B, HERIC
3. OANTREZAW5FiE @B~ —H—OF A,
DIZONEZEND, OTIE., HEERRRMA & R A
ERLTHELNS F KRR EENZ D ER
ETBHENPHOENTER (Fig 1la), LM LT DJHE
BRENEEICZ S DHENIHPRETH S, —/,. QI EM
FEROHEICE T By —)V a3 LR E N DA,
SHRRRZ R E L WEBIC B W TEIE~Y— A —DFIH
WFEEL U,

(a) On—going method for (b) Detecting method using

detecling helerozygous lrees self-pollination
BT O~F o ik R AR B LT3R ik

o /L & o" heterozygous %:
~ - tree

AIFSME F (4a)

male - sterile tree| heterozygous tree

FiEfER (22) A FEEK (49) B
RA A% £44%
Aa aa AA Aa aa

Fig. 1. MEPEARRRNT O flifADERRICFIN T 5 LIHKFRD
i
Breeding designs for finding heterozygous male-
sterile tree.

BT DER)T1E (2) & BaZFIH] U7 RR )51 (b)
On-going method (a) and (b) self-pollination method

HEEARRANT ik (4a) ITH UERZHES®5 T & T,
EWZAEZH T B0k (44, da) EARRRMAK (aa) D9
W MBI NS TS (Fig 1b), RS AE
HIEE &5 T & TAREL R OMENATRE L & X T,
Z T TCAIRE TIEH Uz A fe~T a itk (4a) b
5 HMFEREEH L. ThERWTHBEERHE LIzANT
TERER OB 2 MGt Uz,

ETNVE UTHERT 2 EARE D 2T 0B THRE
I3 EVEHT B 728, 2008 4F 3 HIZ =EARRZ B
& UTHERE (D83 5. flimE 5 5. M 155, LWIhn
& 44 (FEM 5 2013)) DfEMZEM Sz, BFoN
FrEH L. KRHTED 10 ~ 15 fAEERERENICH B L
Teo BISRZMRITS 128, 2011 £ 7 A FAIE 8 A FAJIC,
INEDONTAFRISH L, XLV VigHl (100ppm) %
TEH U UIEE & METEDBTEAE 21T o T2, 2012 4F 1 A
52 AT, HEEEMEHEN R TBE LTekic /oo o8 (R
BlASORB L LTHRD ZHh. [[4E 10 I B5EfE7%
18720 E—FKRBNOEEEAL STE L2561, KRS
LICE DT, TNSOFET7% 2013 4 4 A AR
U. B4 4 AR Z Uz, IREHICHESE 7 A BAICIAN

self = pollination

Trial of efficient method for screening Cryptomeria japonica trees heterozygous for male-sterile gene by segregation of male-sterile seedlings derived

from self-pollinated progeny.

Yoshie KAWAI"*, Masahiro KUBOTA", Keita ENDOH? and Keiya ISODA”
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Segregation ratio between sterile and normal seedlings
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Male flower of sterile (a) and normal (b) seedling
derived from the self-pollinated seeds of C. japonica.
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