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Difference of bending performance by loading directions using sugi
fingerjointed laminae for Cross Laminated Timber

Junko OGISO", Hirofumi IDO”, Hirofumi NAGAO?", Masaki HARADA?,
Hideo KATO?, Atsushi MIYATAKE” and Yasushi HIRAMATSU”

Abstract

In accordance with the “Japanese Agricultural Standard for Cross Laminated Timber,” the bending Young’s
modulus of laminae and the bending strength of finger-jointed laminae are graded by a bending test in a flat-wise
direction. When a Cross Laminated Timber (CLT) was loaded in an out-of-plane direction, laminae in the CLT are
loaded in a flat-wise direction and this direction matches with the direction of the bending test for the laminae. In
contrast, when a CLT was loaded in an in-plane direction, laminae in the CLT are loaded in an edge-wise direction
and this direction does not match with the direction of the bending test for the laminae. This study assessed the
improvement in the accuracy of in-plane bending strength of CLT and compared the bending strength in flat- and
edge-wise directions. The results showed that the average of Young’s modulus of sugi finger-jointed laminae in the
edge-wise direction was 7% higher than that in the flat-wise direction, while the average of the bending strength
of sugi finger-jointed laminae in the flat-wise direction was 20% higher than that in the edge-wise direction. Using
bending Young’s modulus and bending strength of laminae in the flat-wise direction, an equation for bending
Young’s modulus and bending strength of CLTs was derived and verified. Consequently, the estimated value of
bending Young’s modulus and bending strength was well fitted with that of the measured value, and this estimation
was also validated.

Key words : Cross laminated timber, sugi, finger-jointed lamina, loading direction, in-plane, bending
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HEATFVIER I N AHHER L TROONZ LI REMICOEZ KT OORELREDEN
ol UENS, WITNOTHEEHEETHS 1 ~20 7 ABRIEL Tz, UEELER R
BB L CE R LTz R i,

F—U—FAEHEERRE L RSN EE, LEREEIRE A, S L. YBREED R, At

65

T3 AR b 7 K 3R

1.1 C®»IC

2011 3 A 11 HOHALH 5 R SFEPEMHIEN 5 5 4F
ENRE L, COMIFEIC XS KRBT, F/HRED
5 T RIS TORTHRFEERR 140 km I BV T,
B SR DIRIK B TH MY 3,660 ha i & KAt (CRIE
7 AR PE IR IS 4R B g B SR O B AR IC BT 2
22 2012) 0 HIZE &R MIGATZEGNERFIC K-
TSI TERAM - B 52 ORI -0 1 5 5 SRR A%
T, WMADFRE L. EEMZRRL T2
DAL ER, FTE, FCFOEREWHFZW - -
(BRARER G WIS 2011, thA 5 2012, BB 2012, FEFFT
2015a) T A5 DB M HE - T2 BRI D
FBHEICIZ, RD2DONEBZLENTWVS, 1D,
FRBA SR DTG 2 MR B D £ < DS SEERIC 7 8
L. ZN5 R OHERYI TR S N 2 T & b HiE»
g7z EicH RAKMA I AE D > 2l 95 1D
. ZOHTI/KDFZETHIARDRER D DT ISR
ToTHo, HEDIR A KB KEFAICHT 251
Mg oiztzh, EENTWS (F 2015, K F 2015,
A 2015)

JERISZA R 28 4F 6 H 3 H ISz - ER 28 4F 9 H 29 H
1) BRMHR T2 AT SR L ST

2) BRI A WS AT v BRI AESR

3) EIBRERKEESER S > B — AT

4) MK E B RS oA CAR RS B R A AR B

MRIF & 2011 4E 5 D S 2B E S THEK T N
To THHARRKESITERZ WSSOI T % M
S ERAME L. 2012 42 HiZ T5RICET i
FSMDOBFAEIZDNT] ZID F & (FbH 5K
RIS % % B SO FAIC B9 % Mt e 2012).
S%OWRE MO B ED 2R U, [HJ#Hc
. BB EMROEIH - HAEIKH D -ETANEHIE
ELT, BRO@BELGRKE DD DEEEE DMK,
BHOME 2 R#ET 2 N T OGRS, R
UK. B DB B AEE RAE RIS DWW T EAM
ENANEZAENT. KT 20152), IIBEIRFED
R SEMIEIH - HAEDBIE TR, TORZHE R
T, WRRAZBEL, BREN100FRKETEDHE
Z/NH (2000) ICHECTEE L, HFAKAMANS 24 m
FEERAEEUTAEBEREERKL, 7ax Y HOM
WA FEMmENTVS (B 2015, K F 2015), e
IR OMRHEIR - BAEBGICBO Tk, 2E5H
MERBmEMICE. BEMS 10 ~30kmBEN/z
i 5B L 72 Tl AL TWa, 1L
. Ok RS B L8 pH, EAURE S, B K,

* MR EIIZEITRALSI T T 020-0123 AT T RJg |8 = 92-25
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HEE A &% & O I E R AE A 1L T AT AL A
HO(FKEFIT 2015b) I RENTHEZH LTS L
DTHD (FHE 2015, #F F 2015),

UL U5 HERBYIIICH T U b B AR
., 2o zEzHAVTERLZEICBN T, EK
%, REMIDRT B &, JEEICE AL T, 5
WK EHEL R0, HIRICKEE O BRET ZHY]
MG ENTWS (JH% 2015, # F 2015, KH 2015, #
I 2015), HIREADQKEE O BRET 2 K
ELT, —fRic, OBIERRRICE T 2 EEEITICX
LESEICERA U LEANANOEEKE DK (ERI
5 1984) %, @I EDORENIC X 2 ki1 D57 E
CABROBHFEEDICKERKT S EHEI I XN (LE) O
R (LY 2 2002, i 2015) WEZ 5N 5,
TOLEKBEONECZIRETEMAKR Lz 70y
mMOERICHERE 2 5 2 2 gEENERER éh%(@%
2015, | 2015), ZDko, HILHAKEHERIE
M%@%?@\@iﬁﬁﬁ®mﬁibﬁiﬁﬁ®&%
TR ENHREEOW R ZHNE LT, U
VIS= R=PFRZXT IV 2Ny FANRNw I RT b
DZVWEBEEHT SO LEBENY TV A SO T,
FNEFNOBHGOIEEICDDLEIHE L2 L T
o VwIS—R—PIZDOVTIEE L EARTEL T

2014/9/158%5

BIECER I

@d)
5 km

MZMERL T LI XD, BEENOMREED I
N, WREZZWICTAZ LRI LIEEDHREL D
% (i 2015, /9 1= 2015), LA LD S, BLRTIE
BRERHE TV AN O LBEEE S MAICED XK D RR
oL, HEYHEHEORBICESFLHLTWVSD
MERBEATHD O, FHEZ i T U 72 &7 & K T
Fric B 28 N HIREEZICE U TE ek
DAREARTIRNTH B,

Z T T, RWETIE. KBEODRETZELAIC
%Uéi%@ﬁ‘ﬁ@%%t AT B T
% 1PN O - HERE B TE 20 AR WS M E T R RO R 2 H 1
E LT, EYIRANOMREN SEMIEIH - B4 FSER 3 (5
Fra TRCHAEBET A vZ2REL. BN THE AG
&2 BEENEEZS A T MEICHET T
f192& &Lz, RXTIE, TORBICK->THEDS
Nr+HEEE T —2%2H0T, EEAO#EO DI
U 7o b D38 WSS b AR O e R o3 AR 1S S
T BRI 2 ZRoTHICHE L. Z OBk Z R L
Too Elo, BERFICEKEINIELEY 9 A MK 3K
MEORENOBEZBFIT 272D, HhiFO7EME
FEELBICOWTIHMELZD T, ZN5 O % H
H9 5,

2014/9/15#& %

c) BERTX |

Hglﬁéu%lk£§74/
Studying sites and lines in the present study.

BKR A BT 5515 %3 5, 2016]
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2. A XUk

2.1 SAERDBE

HENE R Z Fig.1 1. SO Z Table 1 1C7/R
UTzo FHEMCEF TN, KFHED 7z BT K
HE oL T BT 5 TS 4 2 8
T2 OB 2 E KR AL G TR K R R A R
PRES AR 87 PRBE ¥ B SEMRAL & 3 X3S HvR 1L T3
GRiz 8 TIX) (Jb#%38°13.5°, HAE 140°59.3") IC#RT
L7z (Fig.la), o, WHICHT 2 KM A%+
N D -+ B O SR 0 AR 1S I E T R 7% B9 % 72 8
Okt A, 27V kN RNy ZERT EHW
Fe Rt TALFEX & U C A R A4 Hh 1 3 H N 5 AR
FK 89 MRBE B FEBA SR BOHIX (A 10 o) (Jk
4 38°9.2°, Hif% 140°56.8°) . YV w/S—R—¥7ZH
Wz RhE TALERIX & U C [Al U 44 BT 364 N 5 b
AR89 MRBE R KM TUMX (402 TX) (k
4 38°0.1°, Hif% 140°56.8°) 1T, BEH T IV L RE¥E
MY 7Y A4S 20 U TALEEX & U C A R B
WY &5 FH i oD R AR 52 B MR LB XS a1l L
(EH 5 TIX) (Jb#i38°0.6°, HkE 140°54.9°) 1T E
L7z (Fig.1b, ¢, d)o #HhlE TABENCEIL Tl&. A7)V b
Ny REONy TR TR, BHEEE T2 B A T

MOEELTVWKIZBBLAENSHHE L, U w/S—FK
—FIZDNTIEY w/S—D T L— R DIEA 90 cm T
HBDT, FHEERTNMOBICINNA S X S5 Hiliii
EET 5 LU THHERIBRMN 720720 50 em [k & 75 % &
ISEFEUTHIRE L WEHRMEIRSE, A5, &1
Lo 7R (HHE T3 XK1 DWW T Bk 52 7 R
I3, RiE8 LXK T201343 A, #H 2 TX T 2014 4
3H. %#EC10 TKT201543 H, B S TR T 2014
FAATH- Tz WINOREIE, M O
(T &S0 1976) TEARALICHHEINS, LoD
MR TR 8 T.X CTld F I E IR AR A 5 BREL L 2.
fe i~ T D E AR F T2 X IEE R O E RS HERE Y GRE
HAE T 1972), #H 2, 10 T, BE#H 5 TXTE
VEEEEAT, (Lol S 5 FRHL U 72 5 ~ Hhog 1 oD i i
F B O ERHERY) (RFRET 1972) TH
., Bk, —Mic MU &MEENTWS, A
ZORERH T R TICEHB VT, LT RE ez
I TR HKMZAL TIRE LD, W NoR
THILURIC KAt RET. Lizlzd, ARV T
BHEBRICEEEREA, KREORHEITNEE
ADBND, HEMORET 72 Fig2 IR LTz, st 8 TIX,
SHL 2 TR RS 58 s IS EIE SR D ARM T T %

Table 1. FERMOBE S X O HIBEHAGBROME S 1 > ORETTIE. PHERRE
Sammary of study sites and study designs.
BEEmE~
RAEHE Rt ERER BEERETER" BERILIE HEH AT HHEA ITREASBROBES/VR MREZE BAHRBEER HEIEEAO
BB
5 EIIR KHET - “ 200 mESMV%EIXK,
FRSTR KT - AT 201343R Eis yavy 013%FSA 4 D54 %25 emERT, 20154117138 3278
[ R ILbo Nk " 13.25 mRIAVEIE, 5
BMIOTR  FWRERS- LT 2015%3A INoby THIY 2015%F68 511 05 mE25 emBIFT. 2015%4A38 147 AR
I 1050 mRS/VE1K,
ZE2TR sﬁ%ﬁ%ﬁ- 2014437 YyrS—R—t SO 2014558 559.00 mES0 cmRIFET, 2015%2A38 1078
X5124.00 mE25 cmBIFRT.
EEWSTE  BURAET- WA 2014548 mEMTSY+YIUA5  oawy  coumsg S0 METLEIE 2015%118128 2078

FAvER%E25 oméilfR T,

REEAETEAICE. HHEERELEIRICELTR, FERCLIORTETEEAL R TEAZRL,

¥, ‘\;;»‘.\ Lo
L‘!§¢a b e

(c) BER2 LK 201542828188
Fig. 2. ArERHIAEL

. (b) &H1I0T X : i
2015547308 § R N

BEECUTHE Q015535 18H)

(d) E¥ST X 201551151260 8%

The berms along the coast in the damaged forest areas.
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MR EICHE Uz (Fig.2a, o) TiiE 8 TR CIIHHE T
MrEnhTwiznc s dbd, BRICEEDNS L
FLHICKBEODPRELRLT WV, HEH10 TK, HH S
TXEAMF v TOEERIEHEIN TV (Fig.2b, d)s
INHOREMIZ, Jax Y, 7 AV ED
A ENTW3S (Table 1),

22 BT EBICHB AT ENMERES LUSBEO—
ARIRF DT

IKIBEODNFRAET HEBHEDE LB X UHHE T2 /i
L7z TWNICBT 5 HHEO R 2R E 22T 5
reHic, FHELTWAWRES TKNE, A7)V kY
N7y bRy ZERTIC K> THHRE N4 E 10 T
KNI HBWWT L HEWNE F A Z 1T, Guidelines for soil
description (FAO 2006) IC¥#E U T, W% #H 7z
#i U7z, HEWmAHA T, BPiziTy, TElmo
REMEZHERL TV 5, BT HEO—RIEMEDHTIC
g 27D, CARAXTERIAME (KEMEL T3
400 ml &) W TAHEELEO 7 Z /@01 2 & 1 EEREL
U7co smis 8 L Otk B 32 BENEDN - &
2A JEE. B AR URNE BRI R 2 v o 7o BRIEX
U7 A aL B o 7 abtkliE, i - /NS (1976) i
UTC. —ME2 Mo, SRR, mEREICK S
FLERAE R AT, RIEEB D HTIc it L 7e, i 8 TXD
TEWITIC B % C5 I, 400 ml 7 P& T EUR D
B AR > 72D T, 100 ml O LFFE CKe
{EI2E) TAMELLEa 7 2RI L, AfE, LR,
SRR, FREREEIKE DO AWE Lz, T HICTIES
TXOLTHERmICHT % 2C BIX., HEIREN DR
DWW THEKEIN Tz E, MEOHMZ=NSHMHN

1 HI

5% 70cm

INTYRIE 60cm

(@) RTILE2 N YRR NYIR

#E AR 30~50cm

(c) BREATSY

N, BB EK R D R H R AT e b
400 ml A CTalRHIRI L 728 DD, ArEE. LR
. AR, REEEKEOHORE L Uiz, £z,
TSI AN (BB NEEEmOKBE L REIC KL
FETHEOEMICOVWTRET 572, EEREHRT
ORG LD 72 & SRk 7> (KifR 0.02 mm A D B
73) DIEERICDWT HEH (1975) ICHE U THIE L 7,
BoNEEREMAT L, B IEEREICKBEE O REET
RN ZME LU, BB NMESHICDOWVWTIE. B
HokO L & ks 2720, RO HILE LT o0~
30 cm FEOHIFAD 5 W2 FREL L THFTICHE L 7z,

23 TEBERAES K UBLTARD T IZEFE D H DO
AW TIE, RE Ao L R o T 28 b &
BrNch DL XIS U TIEA D 2> THUET %
fedic. ERNAXTEEAG (XA 0727 /70—
RS JE L D H-100SE, ERJII 5 1984) %
WTC., A4 Y Iy MEIC K > THEE 2 JlE
U, SR T2 L& iconT, EFHEEEL
TOLEWEE O MR ZHE UTes BT TR
ZRIMEE LT, EA/N (2008) IcHEL, SHE (em/
drop) ZHW/z, TDOsfikid. ER)IIALEEAG
KBV T2kg DEFEZ 50 cm DFHINEE RSz L
TO—FBH D OE AGHEHOER 20 mm O I—
OrBERAOEARE (cm) TH2 (EAJI 2008), S
NS VEEHNTIERTHEZ R LTS, E
DINALEAGHC LKA |MENE (BE) OFEGIE. H
Kig P 2GR LU ZR AR (2000) DEHEIC
LT, DIFOSsBETERB U - B (S <0.7 cm/
drop), L (0.7<Sfl<1.0), HiE->7z (1.0<S{H <

it

3

A 2 e
RO T
SOCRTE" = (HAlEsq cm). < % S

( s N—R—

HEHEIZE30~50cm

(d) BREAYIVAS

Fig. 3. fEAGEAEE ORI T LISV (EERME s AR EER)

Machinery used for tikkages in berms.

BKR A BT 5515 %3 5, 2016]
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1.5), (k5 (1.5<SH<4.0), KT E (4.0<S fif),
S i 1.0 cm/drop LA FHY 10 em WL EFiW 72856, =R
AV & Il &, S 4.0 em/drop K D K E W
BRI EDLRINETOBRIND 2 (BRI - JHE R
2015),

PHET A VOREF. M8 TRICDWTIE, &+t
WO RO R 2B T 50 2mEDT A
YO~QDEZAREFRELE (Figla), Tz, BTG
BRICHHEE TZRE L2402, 10 TR, B S TKIC
BLTE, ISR LNy FOY A4 X (EP%
&) (Fig3a), V) S— P ITVALF - SS59DT L
— ROMBELHHEE (Fig.3b,c, d) ZEEL. 10 ~
ISmEDTA U EZFTNETNIAFRE LR, TDLET,
BB A O TRE LN OB L) H S - g o i
DARE—HENEZENS LS. 25 em F721d 50 cm [
b T (442, 10 T.IXO —#BTIE % 1 5 150 cm [ @
DA RERS ). TIEEERK 100 cm [T 2 X T,
TR L A 2 WE T B EAGRER 2 9 L7z (Fig.1b,
e, d)o B AGERIZ, FWIES TIXA 20154 11 A 13 H.
2 TG 2 A3 H, %10 TRAFFE4 A3
H.EH 5 TRAEAE 11 12 HICFEfE L7z (Table 1),
W& NBRTE NS 35 1) B T HERE 0D 73 1 2 LR IS HE R
LT, il - (LT 2728, SHFHETA VBT B E

0

Depth (cm)

Lhe @ Lhe®

FRESTIX M THEL
0 0

AINAXEBEEARBOMRICOVWTE SHZ HWE
HMEMRTE LUz, T—2DR{EICIX. OriginPro 8.57
(OriginLab Corp. 2010) ZH W\ /zo AV 7 TR, &
REEEICBENT x,y,2) V=7 — T —RICH
U T =781 & BRIE Al A IS K o TEFE MR 72
L. SHREFNZAL—Y VT T 5T LT, LM
JEDFMHARK ZERK LTV 5 (OriginLab Corp. 2010),
Agm CREE L. BEOMERRIKFICHENTVS
LD L UT L OFMIRKIER 21T > 2o

3.k

3 BEEFVHIER I NIAMER T DRBERE
WD TIEEE DT

M8 TRICHRELE3RDFAET A v O~BIcH
WTHENM U7z LHE RGBSR SER LKL O
TH SN 2 Figd IR LTz WITNOHFES 1~
BT H, S HDERE Wi 7 7 A4 XL U 7= @i
ZRULl, kbbb, HEEREH (0~10cm %) T
&S i > 1.0 cm/drop ZoR L, [HiE o7z ~ TS H ]
FEBWESAERLTWELDOD, ZDO RD 10 ~
40 cm ETIX S < 1.0 cm/drop T, V] T HEH I
fil, THIC10~20cmFECHBNTIE, SIE<0.5cm/
drop Z /9, TEKE] LieEROLE, 35b bk

S-value
(cm/drop)

X:¥=0.9:100

ed0e0o0
1 (m)

line®

Fig. 4. AR 1D SnE Wi PN O 1R /) A1
X il N O RUSEAGERE T 2R 9

Vertical distribution of soil hardness in non-tilled berm.
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MWEHELZ, TOFRD60~80 cmiE (4@ T
80 ~ 100 cm ) k. S{H > 1.0 cm/drop TdH % [ i
Eole) HENERICHEEL TOWID, ZDT 80 cm
DIBCIE U Sl < 0.7 em/drop Z-9 TEIRE ) L7z
TENEIRCHFEEL TV B, 914 2@), Ko
FRD S, Rk 8 TXKOFHE TR T oK+ TIE, -
e 10em DIRIC LEISINE W I LN i L, Z
NI 100 em PRI E THRHHEICHFEL T 5 T LA
Eheii-ote, THLEmME. O~BD 3 KDFHE
FAVTHMETH> T eh 5, BIWEHICIBT 5
(TS LietE)., ME o gomE s mhiElc
WS RADRALIEHDEDD, ik 8 TXICHEBWTIE,
RE 8 em DIETIE &M Miwv] ~ TEF) Lzt
FENILLS LT3 R I N,

32 KBFEUARET ZARMERTO T EHEmO MK
& —REBFHFFE

JILY,E\: 8 Il:@:ttﬁﬂfﬁﬁnﬁﬁa‘fcuio”'%)w?ﬁ[ﬁﬁ&%
Table 2 1T, —ME LR 7 — &% 7% Table 3. hifEMH
B HT DG & Fig 5 IR Uiz, I Nz to+t
MHIBEEW+ETHO (Table2), BETLERLIZED
1T 7 BIREN T, KO O3 ENIM LI i
0.2 mm A ) ORFERD THEREN TV (Figs),
ML D LR TR S BRER U 72 f ok O i o ki 1%

R E T 2 LN KESEEZZ T ENHASENE
o iz (Fig.5).

TEEmHOBEN S, TEERICB N T EMED
%é%%%ﬁ%ﬁ MRS ENah o Tz, C2
KBV THKEO HEMERICERE N, ThidmK
I X B BAURE & 2 OBKUEREE T © HEMAEY D&+
R mi L OAMF v T S S NI B EE R 25
g 2 BIC AREEAT LTS T 2 B h ok ko
BITKISICER Lz 7 I Abic kb & H 57z (Table
2)o BLEOLEWEIIR~T TR (LhX
BEE G AT 15 ~24 mm) %ZR L, ERJIA L8
HAGHI BT 2R L AEOHERNBIRE NIz, — .
FKEIC LJEh S LELZ I L T THWTH S & LEigm
fi <. BT WIEIRERD T E AR E Nz (Table
2), WAHSKOEROEFEEIIWmNICED SNEDN -
Teo —H T, BIERIFITERE L ENED > TR
R FEAR > KA FEA: U Te gl KM SEAR 2 W2 (e U Tk
UTe ARMF v T HERFEHICEA LTV 2 B0
MNICBIE E Nz (Table 2), & D HIR I BEE &
NIeAMF Yy TTFOLEEO~5 ecm ETIE, HBIKD
MaEh Ao N, ZOBIKME S OBRICIE F D
BICK2BHENERICEKE N TV (Table 2), T
DOREEIFERETIC X 2B IEM B OB EE L OIE &
HEREN D, B NI HABRIZZ MR B 7 O B B AR A 13

Table 2. Jife 8 TIXORRSEMRE T GEMEZ 13 7 HARBHLD) 1ICH1) 2 LW 4R & Wrim 5=

Descriptions and photos of soil profile in non-tilled berm at Arahama 8 district

<:ti§ﬁfﬁﬁ0)#§¥>

B BR/BE HEOLE
(cm)
L 12 BRBELERDO VR FvTEER
Ci 0~ B8 ITAWVEBENOYR4/I), FEEWL., B, BFH/IAEHY., 1 E

OHREIE, B0 1547, IFETLERSHY . FLERE™,
RREEKEEICH T BAROFRISEVNHABRTRBIERE (o
SRR mm) SERRESHY. REL. VIRFVTHY. RELLED

JilEENAgED. B
BEL, BOT0, TTR5R(23.87, FLEAL., FLIEE"1, ]

BRITTFRANEHE
25 BEA)—JIRE(2.5GY 4/1), EEW+

Q
l

BL. REMEDBRITTRAEHE

l

C3

BEDBRISTRAHE
Ca

l

TR BB

&
l

HY . REMEDEFTRRIBAB

2A ~100 E&T5YR1.7/1)EL 8. BGL BELL, BFOTV, B
(15.2" . IRRFLIEHY . FLIRE"2 HEIEZARHY . WK KK

MRS, REGLEDER TR AIBAR
2C 100+~

(7.49, KO VIEERHY

60 #BE(10YR 4/4), BER L. 8. BH/IHBZL. #BELL. BT |
DI, BR(17.5%, [ERAFLIEHY ., FLIEE"2 -/ hIRZ L. &

93 REIREB(2.5Y 4/4) FEMN L, B, ol BELL, BITOT
LY, B2(20.2), [T Y . FLIRE™2 REL. RBELEDBR

98 EEAY—TJIRE(5GY 4/1) BB . B, L. #B&ELL. BT
PFUY, B(16.29., EREIFLESHY . FLRE"2, IR R GRK) )

RERER(2.5Y5/2), L, B~%. EL. BELL. B (LLD)

e

<=Iﬁ0)$i‘§@(:$ﬁib—

“Wep R BE R AT EAIE L= D D F 9 E

THBELE, ETORESOEROBAKEEZRKRL., BUEEHZYICHHD
HIEEEDEIE (%) B R THIELERRT 5. FLIREL: 2%, FLIEE2: 2~5%, FLIE &S
3. 5~15%, FLEEEE4: 15~40% (Guidelines for soil description (FAO 2006)3 ) . :

REH: EHENETMERRTE BREBHKEK FIX
#BEE:38°13'29”, 2 :14059'16", 125 :4 m asl.

i ERRE BETHREITH, STHRKEY250 mZERELR
HEH: 201454 A28H, AEE MFE=
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M HBUG O A B LR R N OB IER) RO AT 71

Table 3. it 8 LIX ORI TIC I % T HEO— 2R

Soil physical characteristics of non-tilled berm at Arahama 8 district.

K peE FigE" =R P = PN} L 2

B vk AR FH  BABKRE CPE SaR @AM EAR B wE o Do E BASRE REESAR
(ml/min)  (ml/min)  (ml/min) (mm/h)  (Mg/m®)  (vol%) (vol%) (vol%) (vol%) (vol%) (vol%) (vol%) (vol%)  (wt%) (vol%)
Ci 2456 225 235 113.0 162 379 305 74 621 323 56 39.4 -15 203 320
C2 36.7 328 34.7 166.6 160 401 303 98 599 326 75 405 -03 210 326
Co(FRBERS) 34 3.0 32 15.2 162 399 312 87 601 315 84 408 -09 200 315
Csk 5.0 46 48 23.0 150 443 271 172 557 320 123 38.7 56 219 320
CcsF 354 30.8 331 158.9 149 444 282 162 556 328 116 47.2 -28 226 328
Ca 51.8 46.9 494 2371 137 490 284 206 510 302 188 493 -03 226 302
Cs™ nd** n.d. nd. nd. 136 495 nd. nd. 505 75 419 n.d. nd. 232 301
20" n.d. n.d. nd. nd. 137 485 n.d. nd 515 96 388 nd. n.d. 7.1 95

"BIKEDT—2IE. BKREBFRS D HREISDBRDBKELLVZFDFEHE TR,

T Atable|ZH TR LR E (LTI, MTLIR. HTLIR) ORIEE, FRHEEERAICLDAIEEERLL,

CsfBIE. BEMNEL WK IO IR H o112, 100 mIABFERRL. BHEE. AIKE. =HEK. RIBEKEOHIEL .

“not determined (REHAI) .

TCREIE. HELEDHEDW TH =D T, 400 mIAEDBED KA D, BHARNEL TLES 0., fKNE FKERBRNTAAZ . BRE. FLIKE. MR,
BESKBOAEREL ., =, BEAELABOYWIEME ST ASRRHTERLTLVEL,

Composition of Soil Particle (%)

RENEN>Te — /T BLERICEENS MK 0 50 100
75 F MRS (K 0.02 mm K 05 EHER 5 | B
B L72AE SR IR\ DR IE O A TR 70 O 7 BUE D
B OKANDIREZEL 0.0 ~ 1.0wt%, KANDZED
D 0.9 ~85wt%) T &, JKICTIRIEL &I IEMR
Ko D ECEERNKIBICIENT 2 EHAHENE RS T
(Table 4), & HIIKANDREDN T WA TN TR
HURF ISR KD EERITIZEALEHO DAL NED 5
T2E DM, IKANDRBEICK > TOTNORE D L H
IO DHER S NIz, B L, Bl U7z Mk i o D5
MBLHENS L, MLOREEE (0~42%) ICBLT
WEKITIRE LI RIEZ E EHEIC I ENE D - T 100 2C
(Table 4) I Coarse sand (<2 mm¢, > 0.2 mm¢)
O — AR EICBI U Tl WKAVEE Firssang 20,9 mitng = 002 Hivi)

bhlzC2Eos> b, HKaEEL TV BB L - (<0.02 mmg, > 0.002 mm4)
ZOTEICNET S C3 8 L, BALEKRENZ B Clay (<0.002 mm¢;

NZN15, BRUT 23 mmh THO. BKENED - ‘ ‘ \ \
7o (Table 3)o ZAREEIZ, Cl~ C4JHT 1.5 Mg/m® £ Fig. 5. it 8 LIXOREH ORI T & ORI
VRO IR BRI R D B L+ F D ez & O

Depth (cm)

FofEzZRL, FFicCl, C2E T 1.6 Mg/m® DL | & L7
ZLLEM o7z (Table 3), BLOEfLEEIZ 38 ~ 50 Soil profile of particle size compositions in berm at

Arahana 8 district.

Table 4. 5iift 8 X ORI TIC B 2 £ L O I K TR O EE™

Dispersibility of fine soil particles in topsoils in non-tilled berm at Arahama 8 district.

TEESE” KAHE™ SERE"

o RERE . e DRNDRER DAK~DEEFEY ) K~DZEEL bIK~DRERY

& b L MRS MBS ML MEEST HE mEms® Bt @Ese® Bt
(em) (wi%) (wi%) (wik) (wi%) (wi%) (wi%) (wik) (%) (%) O]
C 0~2 40 9.0 13.0 09 00 85 09 73 00 655 105
2~6 48 8.7 135 00 00 58 00 00 00 427 00
6 2.0 3.0 5.0 10 00 48 10 192 00 962 321
6~11 29 10 39 00 00 09 00 00 00 242 00
11 6.9 4.0 10.9 00 00 68 1.0 00 00 626 246
Ca 20 39 6.8 10.6 00 00 67 29 00 00 627 422
30 438 57 10.5 10 00 58 00 9.1 0.0 548 0.0

IABEDBIEIZOVNTIE, BHE (1975) [Z#LT,

CRESETE. BEEKRKLE Ry IL—FTOMBEST) % BF HLE159%1TV. —MREGREL TRELE,

BKABIZEALT., <a)/k~DEEEL> TIXABZHI0 gl23EEE/K1000 mIEMZ . BHICF TI0MWRIRELI-LDOEAEL =, <b)K~DZEHY >
TIFRTBRDa)DFIE R, —BRMEL. TOHREIC—BREERZLTREL,

MOBEL, RN BLEEHABEI00ELIEED . KOHENEE (%) THRL=,

AR L HZ0.02mm U T DMELERE T ERHET=EDELT=. KD BOMM A S BICIT. ML ABREL-REDLEDESD,
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vol% DHIFHICH > 7=h  HIFLER T U O ALBR R IE
I DI ot R, Cl. Cc2 @ T MALERED
10vol% LR THH, FHFLL KM o7z (Table 3)s T9
U7z fLBRA R 2 B & U, B oo = AR R I E A %
M350vol% LLETH D, HENKICHEE->TWVWBE L
MRENT (Table 3), RAB/KEIFE C3 E LEBZRV
TIFFELBEICIEHL 7z, RNEKEIE~ AT A
ERLULTVWED, WIhdFEEafhrofzms Lk,
RNAKENZ DD e AT AEZRLIZDE,
FUKALPIC K> TR L BN Uz L2 LTz
MEREHRINT, FICABENS ., HENFELL
BICGEE 2TV Cl ~ C4 BIZDWT, hERIEI X
> TYER L 7z pF — K7 R 2 Fig. 6 IC/RT . FEPEE
MALERIC 3\ CHALBR & TN 2 LR O W5 JE X pF 2.7
IFRTHZH. MEREIC IO RS SN pF 2.7 LUF
ICAH YT B ALBR R 7 ~ 14voln EEB I Nz, F
7oo EHKICHMT S pF 1.8 LUT (AAR AR 2
TEEERE AT - WIELETE S, 2004) OFLERFEIE 5 ~
12vol% L EH I NIz, pF I8 LAF, BXU 2.7 LRI
4T 2LBREIE. FFlCCl, C2BT. ThZNhs.e,
5.4vol%., X T 10.6. 7.2vol% ZR L, FLLIEKHh >
7z (Fig.6).

30+t Fine pore

»
o oy

25}
Coarse pore
20+
Mg S 4
Q 15+ K2 GCravitational
10+r
05+
0.0 s s ! . . A
0.25 0.30 0.35 0.40 0.45
Volumetric water content of soil
(cm3 cm'S)
—{_}-Ci
C2
C3 upper

Cs3 lower
C4
Fig. 6. it 8 LXDEE D pF- 7k il
Soil water contene characteristic curves in berm at
Arahama 8 district

33REBEHEIAZER LERIOREMERICES TS
TEEEDH

MR MO EEREE L TR L ZER L%, X
TV Ny R T U wR—=F—¥% ¥
KXUBER TSI T VAT %AV T % £
U 72 5% L O SriE Wi NI 380 % L HER# S 70 15 7% Fig. 7
KR Lz, BARBOMENS, BHE TZEML 7z
FThoOEtIcBNTE, WEAN TS i< 1.0 cm/drop A
10 cm KA L OJE X T, A1 5 i Hifi 9 2 & T DMELE
LTWaAHEFMEZA b Nz, BE10 TXD 11 ~ 13 m
HIsSDHEE 10 ~ 50 cm I THHN S S i< 0.7 cm/drop
s LTz TS S8 &. AM Ty T h i sgm i i
TINTWEFTICHY L, BHEARM THEfZ R L T
W5 (Fig. 7a), 7z, %l 2 TX, HHE S TXOKL
MICiE, SfE< 1.0 em/drop Z79 . MIWERIRD THEL |
~ T FmhRRS 5z (Fig. 7b,¢)s THIE, U
WIR=RY TV A SDT L— K5 > FEEFR L 2B
EEZLND, FO—JFT, WINOPHE T TR L
KBWTE, LEHEANON R D OEEA & % &
W TSH] CHESN, ATV NNy U Y
N—, BERTSY, YTV AT EDTL—RIck
STHEEWImHADREERT N, WL U210
mEN, T, WIFNOFHL T TEATIC BV T
&, HiEThS 1 ~20 7 HERBLTWZICE D
M5, EWIEWEHOZ L OFZMN TS &HE
TN, FTNHFAEHMIFICBOTCEFHRIN TV S
THEADNT, Tz, FEETFUIHTER T NIZER
I L CREL TV AR X REMICO S KEED
DIFEELRDENIRM > Tz, HHHE TIC X % K]
VERE . RS BN T NS 350 B R 0 A D BE T
(Fig. 1) H#HHA T, ZTNZTH. ATV NN Ty b
ANy 7K T T70em, U w/S— R—=4"T60cm, B
¥HTIO e TV ATOMHMHTSS cm FEE L HEE X
Nz, TTTHE S NIz KA X SR DN
7w hEBXUTL— ROHIE (Fig. 3) & RIS
LWz,

ATV E Ny ANy T RVIC KB HHE LT
. BHEEDE T I N2 EAT O L ABOIEIE2m T S
fE> 1.0 cm/drop £ 75 0 . HHEE X N7z L 2R a3
ICHEENTWVD Z e ER SN (Fig. 7a), —
H RKMFy TONREE G & x> THHEE TR FE
FieoliflE T A 11 ~13mHifHod 10 ~ 60 cm
RICHT 2 T HEIEIE S fE< 0.5 cm/drop TH o Tzo &
SIS I NELENICE S < 1.0 cm/drop Z 7
FTEAABHE TN, A7)V sy FTHHLENE
hole BN E-> T b e, 508’ HE
L TIAC & > THE UTe BRI MNEE L TV 5 FEEN
ez cE i (Fig. 7a)o BIZIX, 9423 ~4milliio
EE 40 cm RHEE 70 em O [TV | ~ TEES ] o7 0
wIBE, N7y FTHRLUENGM L EEZD

BKR A BT 5515 %3 5, 2016]
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0 (a) R ILb i yb v iRy (BEI10TRK)

Depth (cm)

Depth (cm)

#ER

Line
G REAISI+YIVA5 (EESIR)

»

Depth (cm)

80

80

Line

Fig. 7. S RRHEL T T2 0D+ oD e Wi PN oD + 381 75 A1
X il R DR sl EAGRBRE T 27179

. :

S-value
(cmfdrop)

05 | B

07 ¥zgm-=
10¥z2-3
1532225

S-value
(cm/drop)

0.5 | ElfE

07 AMA
1073533

1.540==0=
20

40¥------
6.0

10. | sy

X:¥=1.1:100

S-value
(cmidrop)

05 | B

07 Y=
Ly

1)

2ol

30 gioh

403

Vertical distribution of soil hardness in berm tilled by various machhinary.
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Table 5. #HY 10 TIXORERFRt (RS UTLHEME 3 7 H) I % Ll & Wim 5 e

Descriptions and photos of soil profile in tilled berm at Natori 10 district

< TEHEOKRF>

B BEFE HEoiis

(cm)
A0 ;L i
Ci 0~ 2HBENOYRS/S).WEEL, B, BH/IHAEZL., ERBIC EEF

EERREEE . R~ JEBICRTOTL., #(10.8). ERETLIES
Y, ALIEE"3 REL. RELAEDBERIEFBHA

20 E#BE(I0YR5/6). Wt (~FEE L), B, Bin/h - gz
L. JEBICHELHRIREE. BIOF 0, B(20.07), EREFLEH
Y, LR B, kHY. REELEOBRIITHEREHZE

50 IZRWVEBE(I0YR 4/6), L. . FEf/IAEZL. #E4aL.
Brodi, B(21.47), [8RFLEHY . FLIRE B, RkHY.

C2

l

l

Co-1

REMEDBRIETHRANBE
Cs3

l

l

Cs4

Ce ~130+ BAEBE(10YR6/6). Fb L

60 BAtE~HE1BE(7.5~10YR5/6), RbEIEE L, B, Bih/ A
ZL.FRICHELRREE. FRBITRFOTU. (14456 I8
FLIRbHY . FLIEER"2 Bl REBELOBRIETHRAHIA ;

80 BA#§(7.5Y 5/6), FhEIEE L . B, EBH/NEHEZ LROHEER
25YR5/3 ), #iEAL., EEICHITOTU, B(18.0%. AT
fgHhY., FLigE"2 REL, REMLEOBRTEREHZE

Cs ~ 110 BA#EE&(75YR 5/8). Bt . if. ML, &G L., IEBITRITOT

LY, BR(16.4%), FLIEAL, FLIEER™ | RBALED B R FIHH L

L EL S, B(15.67)

"W EEE TSEIRIE L= 0 D FHIE

THBREREL, ETORESSOEMOBRABEEKRL., BAEEH-VIZEDHS
IEEBEDEIE (%) ZB R THIETLEEERT D, FLIREET: <2%, FLIRZEE2: 2~5%,
FLIgER3: 5~15%, FLEEER4: 15~40% (Guidelines for soil description (FAO 2006)

2],

FEM: EHELRH THER FEFEHEMK AREI0IRX
4B 38°09'18”, $ZFE:140°56'49”, 2 :3 m asl.

A EEEZE BRI THEITH, 5Tﬁ4:U3oo m A BEER
SAEH 20157898, AEE NHFEZ

’h ZOM®D50~60cmED RSN ICHET S
k. LEioRBEHEREI NS, Tay 7R 18l
DORICBZLRDOILERA R T 211k, THEFAEO
WKER LIZfEY I T o, HEICHET 5 2
Ktz (Table 5)o U w/S— RF—HIZXZPT T, YV
wIS—D T L— RED 90 cm T. FEHOHREIEEDY 60 cm
THHT b, PHEGHRNERE TELTWE XKD
THELSNED, —TTL—ROMREA 90 cm & Lt
BHENZ E, 7L—FRiR (BEE) $10em THBC
Eh 5, R EEETMOBICTAAS X 5 EEF %
5 LAEELTETZRE L T e 5> M E R S NI
NN THIRICE 2 B TDEZ 5Nz (Fig. 7b),
BEMT ST LY TV AT &2 LTk
U DI FIRICHERR K 720 E Tz, BEM OB T
b5 e SHHEEDENELENE DD TIEIT R THE
WEP D EFR E NI, — ) TRBEH FRE 0~20
cm) (IO TIEICHARTHEZSHMSE N & E> T
(Fig. 7¢) o

4. EZ%
ATEBEEBERTTHRI EOBES
RO EIHICH 2D, MBI T, InFEED

i SR RE D HE LR 72 X 2 BRI B . TR B i B bR
MBI U TERLHE UTOSER IEEARE RIDBA
1k BhJEL WAENfE. iR E) iIchnAx, #kicd
SHEBRBNRE LR LT, EIB, BEIEEEINT
WB (B HREEE 2014), T OWEFEROEH,
A, B U2 TE 5720 A HipE TP
BIHT A bZRHARLLTHEDSENTWVS, LML

HIRGEE O —F, BARIICIEBA M D% %&&@
Hin g w5 M < AH SRR LS HiT 7K A8 O B TS R I K

STHIBZOEDOMNRE LT LUE - 2, #iEIic X

S THUBTE R U2 Tk, Hi R kOB EERET S
THICELLTE T 20ENH S, T 5 LEH
TiE., WEEEMOEEREE L TE L T 2R L,
RAD R ENTV S (KRBT 20152), T DB EMBD
MRS L, WA, B, L. MEH L., Bk
EDEENSHKEN, BT RT v IOy TRy,
TIWE—=PHEENHNEND, TOXDELANE A
MOBREINTEBFERBIZ, AODEFICE->T,
HE D [ 03 7Kl U B 7 & DD TAS B 7z - e
RELRB N2 (BRI 1985, AW TiHHE
e Ui 8 TREMIN Tldied ., 4H BN
14 S A 1.0 em/drop LA ORE W+ & A - HE i I TS

BKR A BT 5515 %3 5, 2016]
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HICfEE LTz (Fig. 4)o HITIX 10 ~ 30 cm DEHFEE . B
KU Line . @I 1 80 cm LAEIC 0.7 em/drop LA N D[
1 LT EIRICFEET 5 2 L BRI Nz (Fig
4, TOXS7% THEK) LizE (2. c3E EiBicH
W) TiE. LRI U THLBRE DR @ & R
U (Table 3.Fig. 6) . iB/KIRE & R NMEHANIC & > 7z (Table
3o BRI (1985) X, T5 LEHEOEKIE., K
BMED 7V F—Y THEOIR LM S N =@ TH S
NHZBERE LT3, £72, 80 ~ 100 cm HEDHEHIC
AoNTMEREE, E L~ O EED MR D R
BICBT 2 EEEOBSERN 5, #HIED D 100 cm
HETOBEKTE VPRI 20) KT Tirbhiz
CLERBLTED, SEERICET 5 ZORORE T
HRMICBNT, ZOHE [FEE) LIZEMEREN
b DbEZSNS, UL S LXICBI S
BT OBEKARE T EOFEIX., MoEDIlcks
gL of/ME, Z L TZ ORI L7z Al b
PRI NIz, TOX S LHERICH T % 4EH
WO TEYIEO LRI, 2B —2T Y DOEHR
SRR EB BRIV TER I NTEL (FA
1985, %48 « 40 1985, 1987), S HEID X 5 7 KHA
RIERIC K o Tl S NI EFRBICK T 5 LYy E
. BRARDIFRAEEDWES., EEICHEEZHEZ25L
DTHBHT o, FERBERLTOMTICBNTIE
WEZOEDEMOEO T NEIICHEL, Bt L
WCIEEBKZRETICNY VRO b TELTERE
O L EITH ZTICT 2L, BWEEROMLFICT
KEMZ B REND %,

B, WKICIRE L LE T, BE R Na 14>
MImEnzc &T, LEAOK RO A > W»
Na A4V eRd 2 T oML d<kxD (H-
I 1991), ZNSN TFEEIANEBEL THERT S T
&T. LEIBROBRE D ZFSI L, LEOBE KR
EULLETETHZTENMBENTWVS (Donald 2003),
ATt S ORI 8 TIX Tk, B PIC ik K7 Chi
££0.02 mm RO DR +) OBBEMIBIRE N
otz BB E EC B X U Na SR I3
TEEAREE 25 LN)VIcE L (F—2RRNE).
i D BED I E D NafJ gz, ZDkod
Naffhiic XK O LML < kozT kic ks H
EEORBEBKEEFERTIEEVWEEZONE, 2
L. DT E L RO EEZ 100% & L, Th7z
HHE L LTk g B MR 7 D 2 BUR IXIRIERICE
WT 25 ~96% T mWaHEMEZ/R U7 (Table 4), T
DFERIZ, MAKEEDRAICE > THELANDO LK 7D
DEEDSRFERE E LI A LR L, Z
D EFHV LR O EUED S LR A DK TR E <
WELTVWAAREENH BT ERLTWVS, KIFIC
B UTAMZE TR mzE T MRS, K
SRELT, BEEMIBIZKEED DFAICIE Na

|Bulletin of FFPRI, Vol.15, No.3, 2016

i ALK 59 L B RENIC K D 708U T Mk i 0 2 1
BALRZ D72 T ENHKTH B ATREMEARE L LT
Wolze . MDD I EE & O Pl a8 i &
JEIC BT 2 LR FOMMAERIEZ S > EREHNICIE X
5N5 K5l BRI, A, o2 S LTk L
T2 EMRELERD LEZITVS,

42 HBICKZETERNRIHABRLIANDO LIEEERESD
FBITRFZTHREZDENE

AHERBEICBY 2 I EE e b, thEma
DIKE D OFAIE, EEIC KD LHOWMH - &H.
Thbb, LREGORAD &, Fhic kS BHEE D
Hhn, THIKEKEMELS IR ETE K5 %L
BOFAIICERLTWSEDEEZ 5Nz (Table 3),
KoT, TNEOMMITIE HBOYBBENEA L &
B. DED. KX O OMIHICIE., HHEOFLERFE DY
MPBHOERICK D, EHEZBE L. KO E0iEK
HZHERT D7D DFEENENTH 5, IIEHRKREE
P, SHEOREPLE LR O LHEOEEICEHLY
To ATIVE YAy PNy TR0 wii— R—
P, HEIVIFEEABEMZERL T, WiHHDEE -
TeAGERE IO LTHE T 2R L (Fig. 3). 4
BHEIBOIKE E O ORI DA M ORI Z X > T
% (#2015, K E2015),

THEMEORBEEX. Ihbb, EERBO T
WRELTITObN R TICE, —fICS @i, R
REHND 5 (FH 288 & AR Bkt - S gl
HEREIEE 1999), EWHHIEEM NS 7 RICT 2y F
AV 2T TITbN 2 DT, BHEFEE 30 ~ 50
em FRFE & LB O L B, AW TIX. BEMAT
TR TIATZHAVTHE LAY T 5, HE#kE
B Lz FE 2L T 7oy ZIRo+E8ic LTt
WAL ZIE D, BKEREZNET S DT, AW
TEATIVENT Y PNy TRIRY w)S—F—
PIC K BB LAY T S, BEHE. FEHICK-T
Hik7z Kh7 oy 7RO Iz il < 3 21E¥¢ %
S, T X O RIROREE 2L L, £i-£E
ETNEO oG ED B T R HNE UTH
ENBEDTH B,

RKUFFETIE, AT IV 2Ny RNy RV
wIS— R—¥, BERTI9BXUCYIVALITEZTN
FRICHWEHE TUEICE Y, wInogkts, &
Wbt DNy b BXCT L— RHRNATEEEICEBWNT
EASEDHRENT, MEShh-o72C & 2R
7z (Fig. Do ATIVE VNI MlE. Ny 7R TDT
— LJESEIC LD S B8y - DAV H IR
K-> THO, HHOWmLABOENICAEE SN
TWh, 10 TRICBT B ATV N7y bR
Ny ZRTIC K BB T, RBHERE AT GRE S 1
V11~ 13 mHi) EFROVTEHEIHKI 70 cm ETORHKL
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W DM AR E Nz (Fig. 7a)o ARBHELE T T,
MEfE ) Uz BEAY 10 ~ 60 cm #EIC 50 cm DJE X T
FELTWA Z EMMEZRIKIZT & (Fig. 72) 5. #
#EIC K BB Towfid, ik 8 LXK &MRIC, B tid
RO RIS BWT TV R—T R &l & B ity UIE
ENE SNz EDFHEHESI NIz, F72 80 em LIBET
W, BHEE T, RHHEE T E 12 S 8 1.0 cm/drop 12
EThsT L (Fig. 7a) hH, HIHLIC X 28E)EE k-
JEEICDOARBREEIND D EHREINE, HDHVIL,
HFHL10 TRICEBT 280 LEKICB W TR, REBT
(& — (Bl DB LA K O ;A ~E I B % L O BIE D
100 cm DEIICEZIZEDEX TirbNizizd, [H
fi) LTREDERENT, —/7. R TEBIEDHE < |
B2 a5 OEEEZRML Iy, HERmIZHBY
TUE K D HERE R O S W AV T Wi i RN 7o AT RE
MEREZENTZ, ThEoDT eh 5, HH10 TIXIC
BOTEATIVE Ny TR EZHOWIERICK ST
HMOYHE LRI 60 ~70cmETH S &N
MR TE Tz, V= R—=%&, 7))V R—P&%HIcY
ARDT7 2y FAY M REFLIZEDT, HEHREI
BT OLLEHMRICH NS, S 2 TKTHWS
Nz v NN—= R —PIC K ZHHE T & %GB (60 ~ 70 cm
%) FTCHEHENTE (Fig7h). U v =D T L—FR
MO X 55> IR LOBIRIEN & R TE
(Fig.7b) M. THFHAER Y SR ACRE T2 E
B2 (2000) OHIREMEICHS LEbE S L. S 0.7 cm/
drop LR 5 ecm BL B, &% 1.0 em/drop BA R AY 10
em L EOLEAHEENICEIRE > TEET 2D
Tl ehb, AHEMEE L TEMEO RN LA
ThreE26N%, COTLEhD, HELTHHIET
5T LT, BH 2 TRICE T ZEHONEIE. VU wis
—DT7 L—FhmWIEEECELTE o TthsdT L
MWRENTz, HH S TRORBEH TS UBRUGY T Y
ATICKBHETEEEAD 50 ~60 cm KX TS
MLIE>TWVB T EMNERE N (Fig. 70). TV
ATOMPE LT, TEERENS 50 cm HE Tl SHE
>2.0 2 U TR EESFMOBANEI N, TD
BRI Y72 B 50 ~ 60 cm FEOEITIE, S HE
>2.0 Z/” 9, FLERE 10 cm 2 OB IRFLER A L &
NTVaE>FTEHAINE (Fig. 7c; HlZ I, 1.5,
2.5, 6.5, 7.5 mHEHZ ED 50 ~ 60 cm D), H
s TRTIREER TS+ TV A IO
WU, EAT BT A > T51 T LM ENEMRZRE L
fec &b, BB OB IRILBRIGKE S ST T v %
TEMHEREIN, TNHERBROREAZR-TLn
HMENZ, LLEO, YTVATOMBN KA L
BEEIZS50~60cmEERLNT, TTTICXB)
B3 0~20 cm IS S S E 4.0 DLE O gz MR
ERLTWVWS LEHTED SNz (Fig. 70). xS
FIILEST20em EOERIVFE R INT, Kk

ENTHRTHD, KEOHEEMZTIVICK-T
Mt EIn AR INS (Fig. 7¢) 72,
THERIRS NS X5 (HLAEE AT R Gk -
SRR ESE 1999) DT, HICHENEZOIIB AL
BRHEE 2 LICHELZTNE RS RV,
ENS, EBERBLE L TROENDHRLEHIC
EXBMN, 50~90 ecmFEZ NG E LIYBBELL
LT, IiEHMEIRENEEL THWB AT IV s NT
w RNy ZRTRD v R—=R—=% HBWVITEER
WM ZTER L T, EFRBOKEE D HED
RIS REAR T DO FIAL 2K B DI, SR THB T &
BHOh o7z, £z, WITNO#HE T &, il T
EIhH1~20 7 HZRBL TV iRICE MDD LT,
WENMENTH DT EMNHERI N, FE TORhES
FHLTWwWaZ EBHGMNE RS T,

5.8bvIC

BH AR SR TR U 7o R B SR 9 %
HWIH - BAEHEEE, TR 2347 HICBUFIC X O RE
It THAAKRERSD S OBEEORATEH | 1IHD
WTHDHENT WS, T DOKEN T U S
—EDHRP W EOBRPIN R 2RI L 722 & PRI N
el behE 2. WA SR D B (X IS K9 B N
—F VI MiRZHAGDE R TZ2EK#E] O—>D
ELTNMEMIENT VS, ZTD, HEEE KD
BAIIE, #aih 5 B U7z #re Z it 3 5 T
F T U T MDY & O 2 SR8 7 8 AR oD ¥ 152 5 Mk
ELTOMRREMADENT VS,

AFEICE D, BEFEOPCERENEET RS
BLICBUTZKEE D OREFKNMEHHEEI N, 51
ZOTEYMHELEEE LTOMETOREMEN RSN
2o TOMFIE, EFERMBE L TOR LT 2MES FHE
ZHAMMIC X DHERICT Z2HMRDO—5LE2LDTH
D, BFICK S THHARERD S OEIO AR
BXRU THHARKERICHRZD BRSSO EAEICET
DR MEFCBI 2 5%OFBEDOGEHICIEZ %
TEMHHEICEDEDEEZLNDS, EHIC, KEFT
DEFRHEEDIREICELEILS 2755,

A EE

ARWPFED BT P AR DI $EDHICH T D FEILHE
FERIFEIE NI SIS AL ST T IRIC
AWIRICE T 2l fERE, ZEAPE LBV TEZKR
BBTWNE, i, AXAE AR, FARK
REWRTIV—TE BEEBRICEBYZ IS,
CTHREZTHO ., ARORMICH D WILHHKE
MR 3 X OGRS BB AR D £2 . B ST 1
SERRG BB SRR A RIS AR B R E T T
HIEWTz, ThEDRICRSIEHDEZERT %,

AWEFEIE, ARSI EE & TF2 1S
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Evaluation of the berms built on the Restoration of the Mega-Tsunami-
Damaged Coastal Forests
—Comparison with the effects of soil-scratching as a soil physical correction
method among the various types of machinery.

Kenji ONO"", Akihiro IMAYA””, Kiyomi TAKANASHI” and Tomoki SAKAMOTO"

Abstract

To restore coastal forests heavily damaged by the tsunami following the Great East Japan Earthquake of March
2011, the Forestry Agency of Japan has been building berms along the coast in the damaged areas. These berms
use sand (loamy sand) brought from adjacent hill areas as a growth base in which the seedlings of domestic tree
species are planted. However, in these growth bases, soil surfaces are often covered with water because bulldozing
and other heavy machinery has caused compaction of the soil, leaving it susceptible to submersion. The submersion
of soils in water is problematic because of the potential for these conditions to interfere with the restoration of
coastal forests. The aims of this research are to elucidate the cause of water stagnation in berms, and to evaluate the
efficacy of countermeasures to combat water stagnation in these soils. Soils in berms at reforestation areas in Sendai
are generally quite hard and dense, having no (massive) structure where the entire soil horizon appears cemented
and very low water permeability. Some profiles have gley horizons in topsoil, caused by the reduction of Fe*" under
anaerobic conditions. We compared the effects of countermeasures on berms in these areas among the several
types of tillage carried out using following machinery; the backhoe with a skelton-bucket, ripper-dozer, and plow/
subsoiler. Soil hardness on berms decreased in all cases, although the passage times after execution of tillage were
different (1- to 20-months). These findings indicate that the tillage for berms as a growth base were quite effective
countermeasure at the depth of cultivated-soils and that the effects of them were kept up for at least 20-months.

Key words : berm building, restoration of damaged coastal forests, vertical distribution of soil hardness, soil-scratching,
physical correction effect, the tsunami following the Great East Japan Earthquake of March 2011
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Observation of egg incubation by a founding queen of the hornet
Vespa analis (Hymenoptera, Vespidae) with thermography

Shun’ichi MAKINO "

Key words: social wasp, embryo nest, thermoregulation, heat production, pre-emergence stage

Social wasps, particularly of the subfamily Vespinae (hornets
and yellow jackets), often cause sting incidents among people
engaged in forestry or recreation activities in the forests. However,
vespine wasps are important predators of insects, including forest
or agricultural pests (Edwards 1980, Matsuura and Yamane 1990).
Therefore, information on their biologies is indispensable to assess
their negative and positive effects on ecosystem services.

Nests of temperate vespine species are initiated in the spring
by single mated queens (founding queens). It takes 30-50 days
from nest initiation to the emergence of the first batch of workers
in the Japanese species (Matsuura and Yamane 1990). This period,
known as “pre-emergence stage,” is critical for the reproductive
success of the founding queen, because approximately 50% of the
initiated nests are abandoned or destroyed during this stage for
various reasons (Matsuura and Yamane 1990). Therefore, it would
be advantageous to the founding queen if she could shorten the
duration of the pre-emergence stage by accelerating the hatching
of eggs that produce workers.

One possible way for the founding queen to accelerate
the hatching of eggs is to produce heat and warm the eggs.
The founding queens of Vespa simillima and Dolichovespula
maculata have been demonstrated to produce heat by studies in
which temperatures inside pre-emergence nests were measured
with thermistor thermometers (Makino and Yamane 1980, Stein
and Fell 1994). Furthermore, Makino and Yamane (1980) found
that temperatures of cell walls, to which the eggs were attached,
increased by 2.5-4.0°C when a V. simillima founding queen coiled
herself around the pedicel of the comb (Fig. 1). This behavior, or
“curling” (Makino and Yamane 1980), has been recorded among

Envelope sheet

Fig. 1. A nest of Vespa analis in the pre-emergence stage. The
founding queen is curling herself in the roof of comb.
Envelope is partly removed to show the interior.

various vespine species. The above observations strongly suggest
that vespine founding queens incubate eggs by transmitting the
heat that they produce. However, it remains unclear whether the
eggs are really warmed, because the eggs are so small and fragile
to measure their temperatures using a contact thermometer. In
addition, the body parts responsible for heat production remain
to be determined in vespine queens, although the mesosoma that
contains strong flight muscles is the most probable heat source as
demonstrated in bumblebee queens that also produce heat in early
nests (Heinrich 1972).

Thermography would show the heat distribution in the nest
including the eggs and the founding queen without using a contact
thermometer. Therefore, using thermography, 1 observed the
temperatures of the body surfaces of the founding queen and how
those of the cell walls and eggs changed with her behavior in a
pre-emergence nest (i.e., the nest before worker emergence) of the
hornet V. analis.

I selected an early pre-emergence nest for the thermographic
observation in the arboretum of Hokkaido Research Center,
Forestry and Forest Products Research Institute (HRC, FFPRI:
43.0°N, 141.4°E), in Sapporo, Japan, in June 2013. Pre-emergence
nests of V. analis are composed of a single small comb and a
single envelope sheet which is flask-shaped when completed
(Matsuura and Yamane 1990). The nest used for the study was
made on a twig of shrub at a height of 60 cm above the ground
covered with short herbaceous plants; the envelope sheet was
still incomplete so that the comb was visible through the large
opening (entrance). The thermographic images of the founding

Fig. 2. Thermographic image of the founding queen of Vespa
analis walking on the comb.
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Fig. 3. Sequential thermographic images of the comb (19:58—
20:02, June 21). Numbers in the images show elapsed
time in seconds from the beginning of the curling
behavior of the queen. Air temperature was 12.6 °C at
20:00.

queen and nest were obtained on June 20 (19:00-20:00), 21
(19:50-20:10), and 22 (16:00-18:00) with Thermoshot F30 (NEC
Avio). The thermographic camera was placed under the nest, and
images inside the nests were taken through the nest entrance that
opened downward. Surface temperatures of cells, eggs, and the
founding queen were determined from the obtained images using
the software “NS9200LT" that came with the camera. The nest had
21 cells on June 20 and 21, and 22 cells on June 22; all immatures
in the nest were eggs on June 20 and 21, while first instar larvae
appeared in the central three cells on June 22. Air temperatures at
a height of 1.5 m above the ground were also recorded every hour
by a meteorological observation system near the arboretum.
Temperatures of the body surfaces of the founding queen
constructing the nest envelope or walking on the comb were
highest on the mesosoma (Fig. 2): 30.8-35.4°C (air temperatures:
13.7-14.1°C) and 28.3-34.1°C (air temperatures: 12.5-15.0°C) on
June 20 and 22, respectively. While the temperatures of the head
and metasoma were also higher than air temperatures, they were
always lower than those of the mesosoma by approximately
6-10°C. This demonstrates that the mesosoma is the primary
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Fig. 4. Changes in the temperature of a point on a cell wall in
the center of comb read from thermographic images
(June 20). Air temperature was 14.1°C at 19:00
and 13.7°C at 20:00. Solid and open circles show
temperatures when the queen was performing curling
behavior and those when she was walking or staying on
the comb, respectively.
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Fig. 5. Changes in the surface temperature of an egg in a central
cell read from thermographic images (June 21). Air
temperature was 12.6°C at 20:00. Solid and open circles
are as in Fig. 4.

source of heat as expected.

Sequential images in Fig. 3 show how the temperatures of
cell walls changed with the behavior of the founding queen.
Temperatures of the cell walls of central cells, but not of peripheral
ones, immediately began to rise when the founding queen moved
to the roof of the comb and curled herself around the pedicel. Fig.
4 shows the changes in the temperature of a cell wall in the central
part of the comb; it began to rise when the queen moved from the
undersurface of the comb to its roof and was maintained between
28°C and 29°C, while she was performing “curling,” whereas it
soon declined when she quit the behavior and descended from the
comb roof. Temperatures of the egg surface also increased when
the queen performed “curling” (Fig. 5).

These observations with thermography clearly demonstrate
that the founding queen of V. analis warms eggs, at least those
in the central cells, by transmitting the heat produced in the
mesosoma in the early stage of nesting. Further study is warranted
to understand to what extent the incubation period of eggs is
shortened by this behavior.

I thank Hirofumi Hirakawa and Katsuhiko Sayama of HRC,
FFPRI for their help in the study.
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1920 ~ 1929 fEICHEARTT OV HINT 9 AADNERED I FF > YTV FF 2] DERI N,
CTOHAERDO—HIE, 1929 FEICEIFT KR NHILbYZ 7 FF v HEH) L3N TH, 8
1E CIE BB AL LN ST O H LRI Z TN 5, BiE. Y7 FF V3R BIR%E T
MM LIz ZZ SN TN, 1969 FIC 1 AEPHER I N, LML, TOMfEEEFERICHR
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WITNDRME., EBROBRAREDERIN, 2L OV I FF 3 rHILELICRE TN TV,
T, EHEHOI KRB X ORENNIE., NRHR) & MR FHEOLUED, THEMER] 38 k->T
Wiz, SHBIGEIGMTZEmL., SREOBMEBIUCBAEMICERLTWEhE LN WEKDOZE
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It JUIN SR

1. ZC®»IC
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RV A e B BERZ DI — &, IR RICHBIAE
Nnizyimic B4 9% 7 F ) > (Gardenia jasminoides)
DYIOIEITIR T > TV /NEBREDIEZ HIC LT, BHA
FEELEHEDONERZAENE LGN E DN E
WIZE, 10 I B K SBIHEHE ORI /\EBE D 9 i
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1929, &k 5 2013), TO/NEKEDTFF2iE [T
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. U Ty oy FFv D) eLTnakEnie (R
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HIEEH ORI R = T F 2 %D 2 mi A 1949 (FF]
24) AEIT Asai (1929) WFER U F CHATCT/AEK E
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— AN AR o L ERIC K D, B4
TR LIZEALNT NS (FERBEHEEREZ 1960,
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ETIE, Y I7FFONEEMICER LTV S 0E LN
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G ZOMRICIE, BED 2m ZBZGZWIEEI, 7
Z ¥ (Quercus glauca). FF X/ F (llex chinensis)
v Y A F (Eurya japonica). ¥ ¥ ¥ % ~ R (Vaccinium
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Provenance and flowering characteristics of surviving
“Tatsuda-yama Yae-kuchinashi”, Gardenia jasminoides form. ovalifolia,
trees found around Mt. Tatsuda-yama, Kumamoto city,
southwestern Japan

Hiroshi MIYAZAKI ", Seiichi KANETANI *", Atsushi KAWARABATA ",
Jun MATSUNAGA ? and Michio MATSUNAGA

Abstract

In the 1920’s, nine Japanese Double Gardenia, Gardenia jasminoides form. ovalifolia, trees were discovered at
Tatsuda-yama in Kumamato Prefecture. In 1929, a section of the species habitat was designated a Japanese Natural
Monument, the ‘Natural Habitat of Tatsuda-yama Yae-kuchinashi (Double Gardenia)’. However, after World War
11, Double Gardenia was considered to have become extinct due to cutting and illegal collecting. Subsequently,
in 1969, one Double Gardenia was found in the Monument area, part of the experimental forest of the Kyushu
Research Center, Forestry and Forest Products Research Institute, but it disappeared within a few years. However,
three Double Gardenia clones, “Asai”, “Nishioka”, and “Haishou-in”, derived from the original population were
conserved. With the goal being to conserve genetic resources of the Double Gardenia, this report assesses the
current status and distribution of the three clones by field surveys, consultation with experts and the literature,
while morphological characteristics of the three Double Gardenia clones are also examined. Several distributions
were confirmed with most having likely been planted around Mt. Tatsuda-yama. The “Haishou-in” was found to
differ from the other two morphologically similar clones in terms of petal characteristics and flowering period.
Further research will use genetic analysis to search for individuals that may be remnants of the original natural
population and to clarify the relationships between each clone which will inform their conservation management
into the future.

Key words :Mt. Tatsuda-yama, Gardenia jasminoides form. ovalifolia, ex situ conservation, Japanese Natural Monument,
Kyushu Research Center Forestry and Forest Products Research Institute
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