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A male sika deer (Cervus nippon) standing in the evening sun, in Ofunato City, Iwate Prefecture
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Observation deck using fireproof glued laminated timber, Nagasaki pref. hall
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Effects of treeshelters 20 years after installation in Tsushima Island,Nagasaki Prefecture
: Durability and impact on planted trees
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RIDBREAR T4 H—VaAV FTlRTH#HELE
A¥, /%, TYVHOBIFIEES Y
TR EE Y. BR Y. A EE Y. TRl Y, mE .
TR R VL M AT Y

E5

AF, v /F TYRVOIEEICOWT, BT 4V —hv 2=V 74V H—EX 17
mm, 6.3 mm.3.7mm®D T 1 VH—=T 342 F)) AR EH L T RBRZ T /oo B/ FITDOW T
EBICT 4 H—EE 65 mm, 6.7 mm D FIilBiEZFH L, hiIREEIT -7z, N5 ORBAERED
BLURDZ EHHEMTE >0 (1) AF TR T 4 Y H—EE 17 mm. 6.3 mm O FJ i{BR{AD 78I
AERLNEN o1z, (2) &/ FTEINTY > Z%RE 14 kKN'mm® K TR SN2 0 R TIEELL 72 FI
SHERMATIE, T4 U H—EE 17mm & 6.3 mm O FJ :ABRIK T REIC A2 IR SNAD > Tz HiFY >
FIRE 14 KN/mm’ DL E TR ENTZ0EWRTER U FISBATIE. 70 VH—ET 17 mm I HERT 6.3
mm O FJ iABRIADOH TR IZ DT DITMED 5 72, 6.5 mm D FI GAEATIE 17 mm & [FF ORI D
Bo5NTz, 6.5 mm TIIFESMBENEZ 2 & THITRENM ELEEEZONS, £z, INLKD 1 X
HI-ODXEDEE 050mm &5 LT, T4V H—EE 6.5mm. 6.7mm fF@EEIIAE M ELRE,
G AF e /Feb T H—EE 3.7mm O FJ iR FEENMED o720 D) TYY T, 7+
VH—ETOFEIRSNT. 17mm. 6.3 mm. 3.7 mm O FJ iREBADOIT R IIFR%ETH - Tz,

F—U—F T A=V aA b, iTRE, ERA, CLT, MHHEE TIEMEHRM, 53,

U-EMk

1.IILBIC

T4 vA—=YaAr bk (LR, FI &9 %) &, Bl
BE Ty RS H 72 THREZH O 815 0 K FH S KA. Cross
Laminated Timber DT I T D THITICHVLNT VS
FiliTH %, KETI 1960 FRILEDSEHEHD A v X —
TYIHIMT T 27 ¢ Y AH—EIHREL (U5mm DL F), 1§
WP (10mm IO 3K 7zidZF N DT ¢ A —
MFET 2 1RE) FI DRFENED 5 N7z (Marian. J. E.
1968, 1969), HAREANTIZ. 1970 FAHITED 5 FJ Z i
MOBLEICHIHT 2 & ZHNE LIZERFEDED 5
Niz (2 TH 1973, 1976, B - 4 H 1976, 5 1978, YL -
ETH 1982, 1984, 1986, Y7L 1984, (HF) HAFE « A
iz > 22— 1983, 1984, {EER 1984, H 5 1984), T D%,
1985 fEIC FI ZHEiEHIC W 5 T D DT EEAVR E N
ZORRB L OFEEE (Fig. 1) LT, O Ah—7
B 175 FTHB L. @ hAGE (T4 2H—0D
HIHEE LIEHIEOZ) (0.l mm UL ETHBT L, @ T o
VHAREE L €y FOLL B (L Z) 0.15-0.20
UFTthadze. 7530V b ZAH0ISLITTHB T &,
@ T4 A—EE A (B, 2 105 mm A ETH

JERIREAY - A3 45 H 31 H O JRASZE B3 EI H 27 H
1) BRI T WEZEAT # RIS S

2) HmEHat

3) ARAEREWETET AMINL « RpIEWE7 s

4) ARER W ZERT RS H T A s

5) HUEB KA B 52T

52k, 7Y bIAA1R2Zmm U LETHB L, &
WET2EDTHsTeeaIniz () HAREE « &AM
Fiflitz > 2 —71= THEZRES: 1985), HIE. ENTIE, &
FERBAMICH WS N B LM T I F O TEE I
T4V H—ET 124~ 25 mm (BFME) O F)HMEH &
NTVBED, T4 HA—ETZEILIFELTST EICK
D, T THREREDOSR b O b, Il TREOWE T 3RV F—
DOHIR. 1y Z—=1ctpB o= 7 a X SO, 5
B EORBAIETES, £, EvFaIhEL
TBHZETHhARKRICELZBHNNNE 5% (HIT
1984) DT, #HEEROFE 2R LTAA—THICLEL
TEEREENZIMA ST e TERIEDN, T4V H—EZX
WEWEIMAA—THZFBICN T TE S, Bif
TEREDELND EEZLND (JIL - BH 1984), REH
(CERS 2021) IZBW TR, ETOEWT + A—& LT,
T4 VH—EE 3.5 mm OAF FIMEFERL, ZOfhT,
SR DR ZITV, ZTORRELTTIA v H—EX 16
mm O XF FJ ¢ & [AFEOME 2G5 72Dk, FI DFIK
KT 38R (T U H—EE, AA—TERLE. €
F. MIRE T EKERE) OB 2TV, FI OEE I OR

* RMER WL EAEMEIZEEE T 305-8687 RIKIR D IETHMADH |
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Fig. 1. 74 V=Y aA v FOBIRESE

Geometric parameters of a finger joint

L: 7 4 > J/j—E X Finger length, p : ¥ F Finger
pitch, ¢, @ JEiE/E X Tip thickness, ¢, @ JEEARIE Valley
width, b : fR7T/EE Bottom thickness, tana : A 771—
T EREE Slope

LERZ2BENDH B EZHEMC U,
ZTTCAMETIE, 74 Y H—EX 15 mm (AFHMHE)
DF] LAREOESHEZAE L. AEOMENMELNDS
X FIDERDEHEZII OV TR EITV, T4V
A—EE6~Tmm (2FHE). EvF 1.7mm. AH—
THERLE V10 L FICAMZIN T TER X557 0 2 H—
Ty B—TfFL, OTDT 4V H—Hy Z—="FHNT
MILZET AV H—EE63mmDAF, b/ F, VYR
Y FJ iRBRIAA D TSR EERF I 2 AR, PR 5 & U CHER
CERS 2021) ERCT ¢ A=Ay Z—ZHVTIL
oo 74 YH—EX 17 mm, 3.7 mm O FJ # O i F s
Rtz Nz, 74 U H—EZTIE. FIEOMNAGDIREE
TR LS AT, LEEOMICERELZ, THlck /F
WKOWTIE, @74 VAH—REE63mmichTLizT 1
H—=HwZ—=—LRCAYyZ—Z2HVT, 74 VH—EZT
6.5 mm O FJ ik BRIAZEBI L, Z Ol FsR R 2 X
72 ED, ORBRIERI LT 4 V=T Z—THNT T 4
YAH—EE 6.7 mm O FIilBRAZER L, thiF 35217 -
Teo BB, ARICETZT7 40 VH—RE, EvFEHDF)
DOREHEOERX, Hy Z—OHNDOTETIR AL, L
ENTMOSETH S,

2.74 VA=Y 347 FOERODBERDIRFT

T4 vH=YaA>rhr (FI) OBIREBEICEL T,
Selbo (1963). Rao et al. (2012) 137 « ' H—IIRDREHE
(74 VAT, AA—7EME, €vF, BHEX)
(Fig. D ICBT 2 ME1 21TV, FIMOsEZH LT ¥ 57
DITIF TR EEAMEDIRETHH, T4V H—DES
HORAW NI, T4V H—DWTTDED (v b&
vaY)DiEEV HICMABNE LI T4 VY H—EX
Y FERBEIERMEICT A ENEETHSE LTV,
AW TIEMEHERMAS S I N TS T ¢
YH—EZT 15 mm (NFME) O FI EFEIFEO5[EE D 5EEN
Bonsdks, 74 H—EE 15 mm (2FME) D FITE

RaEBEC, HEEEIRKEL. MOEIIHT S %y b
Yo aryOENEL, TV H—EIHRKDENF]
BRI LT, 74 Y H—EX, EvF, XAAh—T7ER
e EREE LW e BEOKRMN BT T, T4 Y H—
RBE 2 LGA, BEnEZRKEL TRy F
EINELTR20ENRD B, iz, Ah—T7EFILEFE
D SREEDBREIH S M U7z BEHED SRR (7% « 55% 1957)
DFERD S A —THEMIE 110 FET BT & & Lz,
TN OB OFER, 7 4 VI —J1y Z—D8LE, At
DOIMTHEE., FIONMABREEEEL, 74V H—EET%
6 ~7mm (WNFME). v F%& 1.7mm, XH—TEFLL
ZI0 L TOBIRICAMEMTTEEX5% 7« 2V H—
Jiw B—E U, TOF Tl T#HEINTMOAKRD
Wi (1 mm X 1 mm) 72O DRAA—T7 MmOk (B3
EAmE &, AAh—7EBED i hE T Eh b,
AN—THOEX T4V AH—EEZELCELTEHEL
7emE. T4V H—EEN6mmDEE, 7.1 mm’ £74% 0.
T4 VH—EET 15 mm. €Y F 3.8 mm D F] DFN#EE
HiFE 7.9 mm® D 90% TH 5,

. BRI B U T 1k

3.1 UERDIESE

B \Z. R & (Cryptomeria japonica), & / F
(Chamaecyparis obtusa), T <Y (Picea jezoensis) D
Otz Hvic, AF0 S (IE 125 XFE 33 XEE
4000 mm), BT/ FOEHR (IF 125 X JFE 35 X E
& 4000 mm) &, HEHAXTL—T 1 I ANVT
ETAMOMFY > 7RO EEZWE L, Table 11
MY KTV —=T5H5F LI, YRV EH (I 125

Table 1. O ZEROMF Y TR K B T NV—T

Group of lumber by bending Young's moduli

T YN—F  E, O
. Range of £
am
Species Group (kN/mm?)
AF Egm05 50=E, <60
sugi (Cryptomeria japonica) Egm08 8.0 = E, <9.0
Egml0  100=E <110
v/ F Egmll  110=E <125
hinoki (Chamaecyparis obtusa) Egml2.5 125= E, < 14.0
Egml4 14.0 = E,

VY
ezomatsu (Picea jezoensis)

By MRS L—F ¢ v IRy VR ANTHE LD &
WO EE OISV > F RO FIaE
Average of bending Young's moduli of lumber measured
by grading machine

TRARE S BT TER S 55 21 % 1 5, 2022
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AF sugi (Cryptomeria japonica)

T YA RE DR S T TREE M O5RERE 3

840
840

29
29

120
120

10
10

—_— e —

&/ 3 hinoki (Chamaecyparis obtusa)
TV ezomatsu (Picea jezoensis)
&/ 3 hinoki (Chamaecyparis obtusa)
TV ezomatsu (Picea jezoensis)

AF sugi (Cryptomeria japonica)
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840
850
850

29
29
29

120
58
58

10

12
12

t /& hinoki (Chamaecyparis obtusa)

1.3
0.50
0.50

1.7
1.7
1.6

6.5

No. 2

FJ-6.5
FJ-6.5-0.50
FJ-6.7-0.50

6.5

No. 2

t /3 hinoki (Chamaecyparis obtusa)

6.7

No. 4

XEE 33 XEX 3600 mm) &, HiFv I REkicks s
=TT rbkho i,

3274 H—Hy Z—0DfEE

FERIC I Table 212779 No. 1 ~ No. 4 D 4 fHfHD 7 «
VH—=HhyZ— (Il (KR B2 ZH L
FNFENDI Y Z—DHNDOE I EE 2 MR IZIEH
WUTHsB, LIEN->T, IMLENTARMDT ¢ 2 H—D
EEIRBIR BUIF, AT ) &, 740 H—ESN
EWVWEE, €y FIERELAD, BOWIESE, €y Fidh
&%, F7z, Table 2 D No. 2 DHw Z—%FH\iz
TOXSIC FA—DAY Z—Z2HVIGAETE T 2V H—
EXEWHBT 5 LHAHETH S,

3.3 FJ EBRIADIER
331 74 H—RET 17 mm, 6.3 mm, 3.7 mm DAF,
E/F. TV F)HEBREDIER

AF, b /F IRV OERNDEEX 435 mm O
ZYJOH U, Table 2 1S/RENZ 3D T 0 > H—H
Z—No. 1~ No.3ZHAWVT. ZNF Nl F ik FI-
17, FJ-6.3, FI-3.7 ZF8IL 7z, AF, B/ FIIDOVTIE
Table 1 ISR L7 =T kic, WLCUERISYIDH
LieME T ZIZTHEL, ZYSVICDWTRFELCOE
W50 UME L Z7ZTHE LTz, O HROME
DEHIC KD, RERABUE, AFITOVTRETIV—T,
F] DFEFEICDE 8 ~ 124K & / FITDV IR/ I ILV—T .
FJ OFEHICDE 5~ 11k, TV VICDOWVWTIE FI OFF
HICDE 18~ TH > T,

T4 YH=OYHIINTISIE T « =T (B K
SEBIERT C64-KDL) Z Vv, O ZMRDIEIIC T « > A —
FAIRDEHENZ X5 I Uiz, IMLRDT ¢ > H—H
2 — D AEEIE 3500 rpm, A4 DK D HE X 9.0 m/min &
Lice TOEED 1 MDD DED mIE 1.3 mm/knife T
HoTeo EEFNCILIIVY ) —IVERBTE () A—
71 DF-40) %W, RIS T3 AT RED RS
TETHESNDIMSTOMDT ¢ Vii—lcFAmar7T o
T®A (WE®RA) Ui, BRI T4 o H—YaA Y
F LA (B %118k LT FACLS) 7 Wy, Table 2 1T
IR EREE M S INZ . ERERERT 10 BTz THEE
Ufzo TERRR 715, IRER 20 °C. MHGHEE 55 ~ 60% D
BENTH I OAMBELUE, 4liz 7 L—F—ThT
L. 8120 XJEE 29 X EE# 840 mm I FiF7z,

33274 H—EE65mm DL/ FJ HERKDIER
Table 1 DY > JHRED 7 )V—"T Egml4 Dt /) F O &
WS EE 435 mm OMZY]D H L, Table 2 IZ/REN S
FBR{A FI-6.3 DIFEUC W28 D LU T ¢ Y H—H
Z—No. 2 ZfiHL T, 74 H—EX65mm, ¥vF
1.7 mm @ FJ ik (LUR, FI-6.5 &9 %) Z{EH LTz,
T4 VA= DIMLEM. SIS Table 2 DEBO TH



%o JEHHE T4, RER 20 °C. HIXHERE 55 ~ 60% D=
TR 1 D HBEE LTzt 4 ik L—F—ThHILL T,
E 120 X 2 & 29 X E X 840 mm ik LiF7z,
333EEBMAES8 MM, 74 Y H—K T 65 mm, 6.7
mm Dk / F F) EHERERD/ESR

T4V H—EE6~7mm (WNFMHE) DFIICDOWVT,
T« VH—DBIRE KT YA L& OB 20\ % 7
®IT, Table 1 ISRENTY VTR E0D 7 )V—T Egml4 O
E/FOERIIKZ, EE 1000 mm ICYIWiL, T HIC
& 60 mm ICHEHRE L7k, ZTNH6Z2T a1 > POV
Bk (ND & 2 FEEO FT BRI IS 00 T2o FTERBR
PRDOVEBNT X Table 2 D 2 FFHD T + > H— 71 22— No.
2 & No. 4z, ZNZ N F AR IK FI-6.5-0.50. FI-
6.7-0.50 Z{ERI U7z, L& N7z FT DJEIRIE Table 2 D &
BOTHB, sB. FIEkiE LidOEE 1000 mm OT
EWZEE 500 mm I YW L7294, 7o CTHES U CEBLL 72,
T4 VA—OYHIINTICIE 7 ¢ ATk (B KF
BEHT C64-KDL) Z WV, U EROIEMEIC 7 « ¥ H—1F
KOBND K5I L Ul InLRED T ¢ A —Hy Z—
DA FEEE 3500 rpm & L, 3£ D &Y 0.50 mm/knife & 7%
B E MDD M 3.5 m/min ICFIFE LTz, Fid3.3.1
I CIETHEERIOBA, [EiiziT-o . JERIT I
120 MPa & L7z, £7o. REENTDDD S TEBRETT ¢
YH=VaA Y MENSEERINTAICEAM L, 2D
BBEHMITHRICE(EDAOSNGTNWS END, T g U H—
TaAY IR TRIEHAEGENT NS EHW L, ERERE
7% 33.1, 332 &0 EENsHE Lz, EESIcELY
W/ —)VREE ((BK) 4 —3 74 DF-40) ZHW\ iz, #
2QHMZERHOIRNENTELE LR, 4HE T L —F—
THIIU T, I§ 58 XJEE 29 X E&H) 850 mm ({1 LT,
IR 20°C, FHGHEE 65% OZENIC 1 ERERHE Lz,

3.4 FJ ERBRIR, NJ SXBRIAD RIS 5L ER

Ak BRA D # T FABRIC IX KRB 50 kN O JT HERLER
() BEESERT AG-5000B) Z W T, 3% /754
ARG THEM U /2o BMAD T Ty MY A X510
HhFRkBR & U, SCm BRI B IA DIE X D 21 %D 609
mm, 7a H A A 203 mm & U7z, FI AV s
Ric, £z, FIDOBIRNENSmEMN ST EEFD) &
N5 XIGRRAZERE Uz, MBS IE 5 mm/min & L
Too XRMEHRO FEBD SEERIAIC 2 A& (IE 58 mm O FJ
FRERA T & O NI RRER A Z O 2 il BRI DD Tk 1 A)
DZEAiEE (B REGAIZRIFZEAT CDP-50) DE 172 #2
il & T, IAEFO Tz b A EERIE LTz,

R ARARTE D 10 ~ 40% OHIPAIC I51F % faf 8 & S H
RDI=pIHmOFE E DRGNS BT odirv 7
R RS, RAMEN LTRSS BRI LUl Fiz,
RAMED 10% & 40% O E & TzbHAREDHZFEATR
ERRD y WO (REOE) &, fiff—7zbimd %k

RS AR y O (RFEOE) DERAMED 1% I
MY 2L BN 7z S 2 LEFIREREE L (KE DS
2010a, b), IAMBEICHT BENEZ KD,

BB OME, 2bARIEIFHOTAHER (R Al
ERWEFEAT TDS-303) % FHWC 1 FRIBE CUER LTz, &R
BRKBEZEEROE 50 5 B E 7 AICHI 30 mm DM ZE]0 HY
L. BWETEKRERD I,

4. FR B
4.1 HIFEERIER
41T T4 AHA—ET 17 mm. 63 mm, 3.7 mm DAF,
E/F. TV F)RBREOIFEERER

AF, v /F, TYVIZDWVT, Table 2 IZREND
3D T 4 > H—71v Z—No. 1 ~ No. 3 &R T/ER
L7740 Y H—EET 17mm,. 63 mm. 3.7 mm D FJ illiE
& (FJ-17.FJ-6.3.FJ-3.7) O FiREAE 5% Table 3 ~ 51,
iy v > 7R L i E OBIR% Fig. 2 ~ 412, fafE
L lebRHBOMEE Fig. 5~ 712, FI iABRIADOBEE D IR
AEDHIZ Photo 1 ~ 3 1C/RT o KHEILARRIC 35\ THRIFERI D
FERZ RS 5,

4.1.1.1 ZAF F) &= BRIK

A F FI SR IA FI-17.FJ-6.3.FJ-3.7 DTV > Z5RE0X.
Egm05, Egm08 7 )V—7& &Iz, 74V H—DEXICH
DOOEITRMEETH >z, TR EIE. Egm05. Egmo08 i
TIW—TICEBNT, FI-17 & FI-6.3 TRAMRETH >,
—73. FI-3.7 OEFEIEZENS K0 &K<, FI-17 Dl
FaRE O FEE & O Ll Egm05 T 0.82, Egm08 T 0.75
TdH o7z (Table 3. Fig. 2), FJFlBR{IAD HH T T80 & 113 4%
EROMEENEET H L EZLBNSD, FI-63 DFJ-17IC
Wg B AT DOLEA 0.83 TH S DI LT, FI-3.71
DWVWTIEZ DA DTRED 052 L /NS Wz, Tk
ReLUTESENDPAEL, MTFBEIMEIN-72EEZD
N5, PR P S 2021) Tld, ARTHHALIET ¢~
H—HvZ—No. 1, No.3 LRUCAY Z—"H, 7«
VH—EEN160mm BT 3S5mm DT 4 VH—T a4
Y RAF T IF (FI-16, FI-3.5) OFRERZITV. FI-
3.5 D FI-16 IZx 9 258 E D LEAY Egm05, Egm08 TZ
NZNO075, 078 THoeME LN, TNHIEAM
TOREFAREDMTH > Tz,

RAMERFD 7z B & (Table 3. Fig. 5) 1&.Egm05 Tl
FI-17 & FI-6.3 IZABETH >, FI3T7I1EZN5 X0
E/NE L FI-171E09 % Held 0.75 TdH o 720 Egm08 Tl
FI-171Z%49° % FJ-6.3 DLl 0.85,F1-3.7 TIXZ DL 0.65
T®H > Teo AMEITHT B HLHBIBRE T EDOEIE (Table 3)
&, FJ-17 & FI-6.3 1 Egm05 TZ N Z 1 65.6%. 64.0%.
Egm08 TZ NZ 1 71.9%. 69.2% & [AFRE TH > = h,
FJ-3.7 l& Egm05 T 74.3%. Egm08 T 87.4% T&H > 1zo Ff
Egm08 CIXLLFIREZBZ 5 & RS & < N U
jeeEZb6N%, BERICIEHIF S FI-16, FI-3.5 1 BT,

(TN

5
oy
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FI-17 BT FI-3.7 DI 5 M, AMEKOIZDHARITR
RRELZD, AMEITHT 2 IR EOH &
RRNEL o, ZOHERELTE, RCHY 22—
TIMTULEBETE 74 VH—REIEELHBISC L
Ty T4 Y H—DRIEEDNE L G270, KDES
MABDEL, BENEEREL LI ENEZILN
2o

FI ikBR A DOIEEDIREE (Photo 1) &, FI-17, FJ-6.3 I
DT, Egm05, Egm08 & &7 4 > HH—DBITTD
BWHENTETH O, WL ODPDRBIKATT « > H—DIT
TOIE L FIN TOREWIENELE LT DDA SN
7zo FI-3.712DW T, Egm05, Egm08 & &1CT o >~ H—

DIRTCTOMIENETH > 7eo /ey FI37 TR FE

FTARTCOREMAT Fifi GEEOED. EBm (EHEED &8
W LT 2 DIichoh iz,

41.1.2 & /% FJ sBRiK
v /& FJ ikBR1A FI-17. FI-6.3. FJ-3.7 OhiF v > 7%

BIZNZENDIIN—=T 1B T T4V H—DEXICH
DOOFTRBETH >z FUTTIV—THNTHITFEE D
V72 L9 % & Egml0, Egmll, Egml2.5 Cid FI-17
& FI-63 XFAREE TH > 2o Egmld Tid FI-6.3 I FI-17
IEERTRREMN o 7z (Table 4, Fig. 3)o TDENEL
72D FI-17 LRIEOMPIRE 21925 - IcEREI NS
MEICH L THEENPARE LTV lickb EEZD
N3, 74 A—DOYHIINTLRED 1 NHTzD DiED &M
KEWEZE, T VB ORINDETC BT &, 5
i, AH—THOHEWNRELRB L, T2 0H—
EX6mmD7 ¢ VH—=IZDWTIEED A 1.0 mm/knife
EOERELAEDB LT 4 VAT DRIFTH RSN
TEDPMEETN TS (FEARS 2018, Fujimoto et al. 2019),
Egm14 IC DWW, DRI R A A —THOME DM
EFITo TOWRVA, TNEDOREIC XD FEEHBEOA
EREE N OREME CTefzdic, FI-17 L RIZE D)5
ENEENENSTEEEZALNS, | AHTzDDIED
BZ/NE LT T4 Y H—TZ{Td> T &Ic kD, bk

Table 3. A FJ idlflk (FJ-17, FJ-6.3, F3-3.7) OHhiF ik a
Results of bending test of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

Ratio of

. P, to Def. at
Species Group FJ n p E, a, P, max?mum maximum MC
load load
(kg/m?) (KN/mm?) (N/mm?) N) (%) (mm) (%)
AF EgmO05 FJ-17 8 Avg. 429 5.22 33.4 3610 65.6 20.2 11.8
sugi Min. 381 3.65 28.0 2960 56.7 16.6 10.9
(Cryptomeria Max. 487 5.73 38.4 4109 73.5 24.6 13.8
Japonica) S.D. 337 0.688 3.45 363.8 5.55 3.23 1.04
C.V.(%) 7.87 13.2 10.3 10.08 8.45 16.0 8.75
FJ-6.3 10 Avg. 411 5.48 333 3430 64.0 19.0 12.6
Min. 337 427 24.9 2327 54.0 12.5 10.9
Max. 461 6.22 41.4 4144 82.1 25.5 14.7
S.D. 40.9 0.621 597 515.2 9.25 4.01 1.39
C.V.(%) 9.94 11.3 17.9 15.02 14.4 21.0 11.1
FJ-3.7 12 Avg. 424 5.28 27.3 3305 74.3 15.1 12.0
Min. 351 3.86 19.9 2348 55.7 11.4 10.7
Max. 492 5.87 35.0 4663 100 19.8 13.5
S.D. 51.2 0.584 4.34 641.3 15.4 2.55 0.987
C.V.(%) 12.1 11.1 15.9 19.40 20.7 16.8 8.23
Egm08 FJ-17 8 Avg. 426 7.97 43.7 5144 71.9 17.0 11.8
Min. 373 5.76 343 3922 56.4 12.3 10.1
Max. 494 9.11 53.0 6175 82.7 22.8 13.0
S.D. 43.6 1.00 6.98 725.5 8.70 3.54 1.07
C.V.(%) 10.2 12.5 16.0 14.10 12.1 20.7 9.12
FJ-6.3 10 Avg. 425 8.31 41.0 4586 69.2 14.6 12.1
Min. 369 7.04 26.1 3156 60.4 10.5 10.9
Max. 478 9.31 50.0 5521 79.5 18.7 13.2
S.D. 42.1 0.622 6.84 751.8 6.83 2.69 0.841
C.V.(%) 9.90 7.48 16.7 16.39 9.86 184 6.97
FJ-3.7 12 Avg. 412 8.34 32.8 4656 87.4 11.0 12.4
Min. 365 7.13 26.4 3860 67.1 8.83 10.8
Max. 447 9.22 39.2 5166 100 14.0 13.5
S.D. 249 0.616 4.03 391.4 11.3 1.42 0.868
C.V.(%) 6.04 7.38 12.3 8.406 13.0 12.9 6.99

Species - #ffE . Group : 7 )L—"7" (Table 1 Z5 /1) See Table 1. FJ . BT FEA{A% Name of bending specimens.

n - RBRIAEY Number of specimens. Avg.  “F-I{H Average value. Min. : £//MH Minimum value. Max. : fA{H Maximum value.
S.D. : FEHE(R 2 Standard deviation. C.V. : Z°HI{R£{ Coefficient of variation.

p * % Density. E, © i7"V > 7 {2 Young's modulus in static bending. o, * ifii35H/% Bending strength.

P iU EEBIBE FE B Proportional limit load.

Ratio of P, to maximum load : FRATEEIC NS B HhUF ELAIFRE FE {77 82 D | & Ratio of propotional limit load to maximum load.
Def. at maximum load : E K EERFD 7z Fr i Deflection at maximum load. MC : 737K Moisture content.
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Table 4. & / F FJ idlffk (FJ-17, FJ-6.3, FJ-3.7) OhiF ik R
Results of bending test of hinoki (Chamaecyparis obtusa) ¥J specimens (FJ-17, FJ-6.3, FJ-3.7)

Ratio of
. P to Def. at
Species Group FJ n P E, o, P, maxblpmum maximum MC
load load

(kg/m®) (KN/mm?) (N/mm?) N) (%) (mm) (%)

/& Egm10 FJ-17 11 Avg. 461 10.7 55.8 6569 71.6 16.4 12.8
hinoki Min. 416 10.1 52.0 5790 61.1 13.7 11.4
(Chamaecyparis Max. 513 12.5 60.4 7355 83.3 18.8 15.1
obtusa) S.D. 33.0 0.702 2.56 480.7 5.98 1.62 1.16
C.V.(%) 7.16 6.56 4.59 7.317 8.35 9.92 9.08

FJ-6.3 9 Avg. 454 10.9 58.4 6398 67.3 17.8 12.5

Min. 413 10.2 52.4 4995 52.6 15.6 11.1

Max. 491 11.6 63.6 7352 74.5 20.7 14.1

S.D. 279 0.414 3.28 720.6 7.10 1.73 1.01

C.V.(%) 6.15 3.78 5.61 11.26 10.6 9.76 8.06

FJ-3.7 11 Avg. 468 10.7 41.0 5879 88.5 11.7 12.0

Min. 416 8.21 322 4879 55.6 8.40 11.3

Max. 520 12.5 54.8 6708 99.4 20.3 13.0

S.D. 31.2 1.28 6.52 7232 13.1 3.57 0.595

C.V.(%) 6.67 12.0 15.9 12.30 14.8 30.5 4.96

Egmll FJ-17 11 Avg. 463 11.6 55.2 6583 72.5 14.5 12.8
Min. 423 9.98 33.9 3708 64.1 9.83 11.5

Max. 507 13.0 64.1 7542 86.2 17.5 18.5

S.D. 23.6 0.943 8.12 1103 7.19 2.30 1.96

C.V.(%) 5.09 8.12 14.7 16.75 9.93 15.8 15.4

FJ-6.3 8 Avg. 456 12.3 57.0 6283 67.0 14.7 11.7

Min. 431 10.8 329 3414 57.8 8.12 114

Max. 488 13.4 66.7 8114 74.2 19.1 12.2

S.D. 19.2 0.926 11.0 1510 6.57 3.43 0.243

C.V.(%) 4.21 7.53 19.3 24.03 9.80 233 2.07

FJ-3.7 7 Avg. 449 11.9 46.4 6140 80.3 11.5 11.9

Min. 421 10.6 40.2 5226 65.0 8.71 11.4

Max. 479 12.9 51.3 7364 87.4 13.9 12.8
S.D. 21.9 0.723 3.58 815.9 9.24 1.77 0.482

C.V.(%) 4.86 6.06 7.71 13.29 11.5 15.4 4.06

Egml2.5 FJ-17 7 Avg. 463 12.7 57.1 6962 74.1 13.2 11.9
Min. 451 12.0 49.7 5186 63.5 12.1 11.6

Max. 485 13.4 62.8 7952 84.9 15.1 12.5

S.D. 10.6 0.437 4.56 930.0 8.18 1.09 0.311

C.V.(%) 2.29 3.43 7.99 13.36 11.1 8.27 2.61

FJ-6.3 6 Avg. 462 12.7 56.4 7043 76.7 13.5 11.7

Min. 454 11.9 44.0 5765 68.5 9.69 11.4

Max. 472 13.1 63.3 7797 89.4 18.6 12.1

S.D. 7.31 0.428 7.76 807.3 7.65 3.13 0.331

C.V.(%) 1.58 3.38 13.7 11.46 10.0 23.2 2.83

FJ-3.7 5 Avg. 459 13.1 46.5 6571 86.9 10.1 11.9

Min. 446 12.3 34.9 5487 78.9 7.02 114

Max. 466 13.6 52.5 7474 100 11.6 12.2

S.D. 7.39 0.486 7.61 911.2 7.99 1.86 0.382

C.V.(%) 1.61 3.72 16.4 13.87 9.19 18.4 3.23

Egml14 FJ-17 9 Avg. 496 14.6 61.3 7956 79.1 12.7 12.1
Min. 470 13.9 50.4 6517 58.9 11.5 11.1

Max. 524 15.2 67.5 9410 94.9 15.2 13.5

S.D. 19.0 0.413 5.18 900.7 11.1 1.11 0.827

C.V.(%) 3.83 2.82 8.45 11.32 14.0 8.76 6.82

FJ-6.3 8 Avg. 498 14.5 52.2 7206 85.4 10.4 12.3

Min. 468 14.0 40.9 5831 64.8 8.22 12.0

Max. 530 15.5 57.4 8224 99.8 11.4 12.7

S.D. 20.4 0.467 6.42 890.2 12.4 1.10 0.340

C.V.(%) 4.09 3.22 12.3 12.35 14.5 10.6 2.77

FJ-3.7 8 Avg. 499 14.5 39.5 6040 94.0 7.60 12.0

Min. 480 13.6 25.6 3996 83.6 4.67 11.6

Max. 520 15.6 52.6 7421 100 10.2 12.9

S.D. 15.6 0.550 10.6 1362 5.98 1.98 0.443

C.V.(%) 3.14 3.79 26.7 22.56 6.36 26.0 3.69

Species : Kt . Group : 7 JL—"7 (Table | ZZH8) See Table 1. FJ : #iiJ 5B/ (A% Name of bending specimens.

n : FRBRIAEL Number of specimens. Avg. © *F-H9{H Average value. Min. : f%/JME Minimum value. Max. © iz K{E Maximum value.
S.D. : #5#E{R 7 Standard deviation. C.V. : ZZH{Z%X Coefficient of variation.

p * B Density. E, @ iV > 7 f2EL Young's modulus in static bending. o, : ifiiF5f/% Bending strength.

P, - T LEBIRRE G Proportional limit load.

Ratio of P, to maximum load : NI i LEBIBR EE faf EE D #| 5 Ratio of propotional limit load to maximum load.
Def. at maximum load : fx AT ERFD 7z FH & Deflection at maximum load. MC : 7 7KZ Moisture content.
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Table 5. Y'Y FJ ikt (FJ-17, FJ-6.3, FJ-3.7) DT AR, 4
Results of bending test of ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

Ratio of

. P_to De_f at
Species Group FJ n p E, a, Pbp maxbfmum maximum MC
load
load
(kg/m?) (KN/mm?) (N/mm?) N) (%) (mm) (%)
Yy - FJ-17 22 Avg. 419 10.4 47.1 5234 66.5 15.7 13.5
ezomatsu Min. 368 7.18 36.8 3786 52.7 11.4 11.2
(Picea Max. 473 12.3 55.8 6666 80.4 242 13.9
Jezoensis) S.D. 31.8 1.29 4.60 813.0 8.05 2.71 0.570
C.V.(%) 7.58 12.4 9.64 15.53 12.1 17.3 4.23
FJ-6.3 18 Avg. 430 10.9 53.9 5593 63.8 18.6 14.0
Min. 387 8.26 44.7 4281 52.0 13.8 13.5
Max. 518 12.7 62.2 6859 72.5 23.4 14.8
S.D. 38.5 1.09 4.56 770.2 5.22 3.03 0.415
C.V.(%) 8.95 10.1 8.46 13.77 8.19 16.3 2.96
FJ-3.7 21 Avg. 428 11.0 49.4 5769 70.7 14.3 13.7
Min. 377 8.58 439 4132 55.5 11.7 13.0
Max. 510 13.0 58.1 7534 86.2 18.9 14.2
S.D. 35.1 1.24 3.84 943.8 8.50 2.12 0.359
C.V.(%) 8.21 11.3 7.78 16.36 12.0 14.8 2.62

Species : #iff . Group : 7 /L—"7" (Table 1 #ZJ8) See Table 1. FJ : {75/ {A % Name of bending specimens.

n : FRBRIAEL Number of specimens. Avg. © *F-HI{H Average value. Min. © f%//ME Minimum value. Max. : iz K{E Maximum value.
S.D. : IEHE(R 7= Standard deviation. C.V. : ZH[{#%X Coefficient of variation.

p * HJE Density. E, © HilFV > 7 f#EL Young's modulus in static bending. o, * H1iJ58/% Bending strength.

P, - T LEBIRRIE AT Proportional limit load.

Ratio of P, to maximum load : BRI RS 2 HH T LLBIRR R B2 0O #I|5 Ratio of propotional limit load to maximum load.
Def. at maximum load : i Kfaf EEIRF 0D 7z 30 &t Deflection at maximum load. MC @ 3 7K3 Moisture content.

80 r
sugi (Cryptomeria japonica)
70 |
60 | 4 FJ-17, Egm08
mFJ-6.3, Egm08
A A
~ 90T A B OFJ-3.7, Egm08
£ .
€ a0l - . g A FJ-17, Egm05
| |
< 20N m A9 | gFy6.3, Egmos
o 30 N B 5,00 ©
©% 3 ¥ o OFJ-3.7, Egm05
o O
20 | o)
10 |
0 1 1 1 1 J
0 2 4 6 8 10

E, (kN/mm2)

Fig. 2. AF FJidliffh (FJ-17. FJ-6.3. FJ-3.7) OWIF Y > ZRE L i F i oMz
Relationships between E| and o, of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
E,  #ilF Y > ZHRE Young's modulus in static bending. o, @ HfIlF 5% Bending strength.
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0FJ-3.7, Egm10

Fig.3. & /% FJ itk (FJ-17. FJ-6.3. FJ-3.7) OUIFY > Z1RE & 5 o %
Relationships between £ and o, of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
E, i > ZHRE Young's modulus in static bending. o, * {fiiJ5H% Bending strength.
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[ ezomatsu (Picea jezoensis)
L m =
m pyym O
| P Z%" IQO mFJ-6.3
‘a Qho N AFJ17

L A A

A OFJ-3.7
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Fig. 4. TV FJidlitk (FI-17. FJ-6.3. FJ-3.7) OiF¥ > 7B L iiFsaiE ok
Relationships between E |, and ¢, of ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
E, - HF Y > 7 (%54 Young's modulus in static bending. g, - AU Bending strength.
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Fig. 5. AF FJ idlifk (FJ-17. FJ-6.3. FJ-3.7) OISO ME & = bAROBR
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Relationship between load and deflection of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
under bending
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hinoki (Chamaecyparis obtusa)
FJ-17,Egm10

BRAFEROEZDHE
Deflection at maximum load
Min. 13.7 - Avg. 16.4 - Max. 18.8 mm

5 10 15 20 25 30
7= #H& Deflection (mm)

hinoki (Chamaecyparis obtusa)
FJ-6.3,Egm10

BAHEROEDAE
Deflection at maximum load
Min. 15.6 - Avg. 17.8 - Max. 20.7 mm

Il 1
5 10 15 20 25 30
=1 & Deflection (mm)

hinoki (Chamaecyparis obtusa)
FJ-3.7,Egm10

RATEROLDAE
Deflection at maximum load
Min. 8.40 - Avg. 11.7 - Max. 20.3 mm

5 10 15 20 25 30
=1 & Deflection (mm)

Egm10

8000

6000

FE Load (N)

4000

2000

12000

10000

8000

6000

#E Load (N)

4000

2000

12000

10000

8000

(2]
[=]
Q
o

FE Load (N)

4000

2000

hinoki (Chamaecyparis obtusa)
FJ-17,Egm11

RATEROEZDHE
Deflection at maximum load
Min. 9.83 - Avg. 14.5- Max. 17.5mm

5 10 15 20 25 30
=1 & Deflection (mm)

hinoki (Chamaecyparis obiusa)
FJ-6.3, Egm11

BRAFEROEDHE
Deflection at maximum load
Min. 8.12- Avg. 14.7 - Max. 19.1 mm

5 10 15 20 25 30
7z1H & Deflection (mm)

hinoki (Chamaecyparis obtusa)
FJ-3.7,Egm11

BARBEROZDAHE
Deflection at maximum load
Min. 8.71 - Avg. 11.5- Max. 13.9mm

5 10 15 20 25 30
7=HhHE Deflection (mm)

Egm11

akBRfA (FJ-17, FJ-6.3, FI-3.7) DT AERIFOME L fzbHROME (Egm10, Egmll Z)L—7)

Relationship between load and deflection of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
under bending (Group Egm10 and Egm11)
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hinoki (Chamaecyparis obtusa)
FJ-3.7,Egm12.5

BRARBEROIZDAHE
Deflection at maximum load
Min. 7.02 - Avg. 10.1- Max. 11.6 mm

5 10 15 20 25 30
7= HE Deflection (mm)

Egm12.5
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hinoki (Chamaecyparis obtusa)
FJ-17,Egm14

BRATEROEZDMHE
Deflection at maximum load
Min. 11.5- Avg. 12.7 - Max. 15.2mm

5 10 15 20 25 30
=& E Deflection (mm)

hinoki (Chamaecyparis obtusa)
FJ-6.3,Egm14

BRAFEROEDHE
Deflection at maximum load
Min. 8.22 - Avg. 10.4 - Max. 11.4 mm

Il
5 10 15 20 25 30
721 & Deflection (mm)

hinoki (Chamaecyparis obiusa)
FJ-3.7,Egm14

BAFREROZDHE
Deflection at maximum load
Min. 4.67 - Avg. 7.60 - Max. 10.2mm

5 10 15 20 25 30
7z1H&E Deflection (mm)

Egm14

AAERIF DM & b A RO (Egm12.5, Egm14 7)LV—7)
Relationship between load and deflection of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
under bending (Group Egm12.5 and Egm14)
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FERERIF O & Tz b AR O BIR

Relationship between load and deflection of ezomatsu
(Picea jezoensis) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
under bending

HORFIDVECENEIICL, ERLAA—TEHETES
I TERICT 20 END S L EZ SN,

RAMER Dz IR (Table 4. Fig. 6a, Fig. 6b) &,
Egml0, Egmll, Egml2.5 Tl&, FI-17 & FJ-6.3 (X [AIFE}E
THoeM, FIBT7E3ZTNEXDE/NEL FI-17 10T
BLbid. ZNZF10.72, 0.79. 0.76 TH > 7z, Egmls TIX.,
FI-17 1449 % FI-6.3 DLEIZ 0.82,.FJ-3.7 TlZZ DLtid 0.60
TH-oTzo RAREICKT 2 LLHIREREDEE (Table
4) . Egml0, Egmll, Egml2.5 C & FI-17 & FI6.3 C
67.3% ~ 76.7% TR E T & - 7z H. FI-3.7 & Egm10,
Egmll, Egm12.5 TZFNZEN 88.5%. 80.3%. 86.9% TH -
720 Egml4 T FI-17 1BV T E RAMEIIH T 3 LLH
FREEMIEOEIA X 79.1% & & < IR o 7z, FI-6.3, FI-3.7
TlX. ZNZFN85.4% L 94.0% TH V. LLHIREEZ X
ZEeMbaMENECEEZ BN, YT REOD
U Egml4 I 38UV C FI-17 & FI-6.3, FI-3.7 DD EHE
KR SNz,

FJ ilBR A DRHEDIREE (Photo 2) & FJ-17 IC DWW T,
Egml0 &7 « V H—DIRTC TCOMIEN L TH > 72h, FI
WTOREHGEE, 7 ¢ Y H—DAH— T H TCOMWENH
DETHENSEDEH >, Egmll, Egml2.5 TE7 «
YV H—DARTT T ORYEE & A J1— 7 H T OB EE A ERR IS
RIELEREEN ETH o 1A, FI AL COREBIED R
LTWicd D, FINTOREHIEDOATHIELIZEDE
Holzo FIIATE T 4 U H—DIRTTOWEE X S1—7
HTOMBEMEELZIRETH o 2. AH—THTOD
WIEDEIEGDIF S BEb o7 FI-6.3 1DV T, Egmlo
W7 4 2 H— DI TCOMIEN T TH > 7z, Egmll Tl
T4 VH—OIRITE FINTOARIEHENREE L E D,
T4V H—=DAH—THE FIHNTOREHIEINRTE L
728 OMNERETH > 7z, Egml2.5, Egmld TlE 7 ¢ >~
H—ORTTOWE, BXUCT 0V H—DWte FIST
DARIBHHEDNFERREITRE L2 DN H >z, FI3.71C
DWTIE, Egml0 ~ Egml2.5 Tld7 « > —DIRITLTD
Wil E A — Tl TOBEMNEE L2 DN ETH - 7z,
Egml4 Tld 7 4 YV H—DAH—TH TCOWENETH >
Tzo E72. FI-6.3, FI-37 Tl FmE GIEEOMD., Lm (E
EED BRI LT 2 Db NSk E RS hiz,

4113 TV FJ HE&tK

IVRVICOWTIEFY > TR TOX S EIT> T
WIRWA, AF b/ FEAERAD Egm7 ~ Egm12.5 7V —
TIHLT B EeEZ SNz, V<Y FIk (FI-17,
FJ-6.3, FI-3.7) ZNZFNOMITY > T HRE L iiFmE o
BEMRAD 5. FI-17 & FJ-3.7 QY > ZREUC S % Bl
BEFFBETH O, FI-631FZN5 X DOREOHN
IC% > 7z (Table 5. Fig. 4)o WHEEFELTT 4 2 H—
OIRTTTOWETCH > Tce TYRY FIMICOWTIE T «
VH—EET 4mm THTLUZFIMICDOWT T 4 VH—E
& 13 mm T L UM EFRREOHIT RN SN L

TR LB 55 21 % 152, 2022
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T o 2 H— ORI T OWHE T 1 2 H—DIRIT T DWHE T 1 2 H—OIRIT T DWHE
Wood failure at the FJ roots Wood failure at the FJ roots Wood failure at the FJ roots

T4 VA —DHITCTOWHE L FI T4 VH— DI TONIE L FI T4 H—DORTTTOWIEL FI
VT ORI EEANRAE U 72 il b AV T DOAREBIGEEANEAE U - i i VT OARIIHEEDNERAE U 7= it

Wood failure at the FJ roots and Wood failure at the FJ roots and Wood failure at the FJ roots and
failure beginning at the FJ and failure beginning at the FJ and failure beginning at the FJ and
progressing away from the FJ progressing away from the FJ progressing away from the FJ

AF  sugi FJ-17 AF  sugi FI-6.3 AF  sugiFJ-3.7

Photo 1. AF FJ idlififk (FJ-17. FJ-63. FJ-3.7) OREDIRAEDH]
Types of failure that occur in sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)
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T 2 H— ORI T OWIE
Wood failure at the FJ roots

T4 VI —DHITTORIEE F)
AL T DOARFEERDNEE U TR
Wood failure at the FJ roots and
failure beginning at the FJ and
progressing away from the FJ

T4 Y H—DIRTTTOuE L
A A3 — T 1 T OWIEMNRAE U
R3S

Wood failure at the FJ roots and
failure along the FJ profile

t /%  hinoki FJ-17

Photo 2. ¥ / F FJ itk (FJ-17. FJ-6.3. FJ-3.7) DWEEDIRIEDH]

T4 Y H—DHGTTOIE, A
J1— 7T T O, FISTO
ARFBOERANERAE U T i

Wood failure at the FJ roots, failure
along the FJ profile and failure
beginning at the FJ and progressing
away from the FJ

t /%  hinoki FJ-6.3

T 1 2 H—DIRIT T DWHE
Wood failure at the FJ roots

T4 VH—DAHN—THTOD
Tz
Failure along the FJ profile

t /%  hinoki FJ-3.7

Types of failure that occur in hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

TR S IRZL T TS 55 21 % 1 2, 2022
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7 4 VA —ORIT T OmHE T 2 H— ORI T OWIE T 1 2 H—OIRIT T DOWHE
Wood failure at the FJ roots Wood failure at the FJ roots Wood failure at the FJ roots

T4V H—DORTTTOWIEL FI T4 VH—DIRLTONEE L FI T Y H— DT TOWHELE FI
VT OATIHEEANERAE U T it VT OARGBIEEANRAE U 72 ik AV T ORI EEDRAE U 72 i b

Wood failure at the FJ roots and Wood failure at the FJ roots and Wood failure at the FJ roots and

failure beginning at the FJ and failure beginning at the FJ and failure beginning at the FJ and

progressing away from the FJ progressing away from the FJ progressing away from the FJ
IV  ezomatsu FJ-17 IV  ezomatsu FJ-6.3 IV  ezomatsu FJ-3.7

Photo 3. XY FJ idlififk (FJ-17. FJ-6.3. FJ-3.7) OWIEDIKREDH
Types of failure that occur in ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)
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16 TR

WE (EHS 1975) TN TED., AfgRicBVLTE TR

ERERDIERMNME SN EZ B NS,

AT ERF DDA E (Table 5, Fig. 7) & FI-6.3 TX
PKRELTIT 18.6 mm T, FI-17. FI-3.7 &P T 157
mm, 143 mm L[AFEETH > e RAREICHT S L]
[ & faf BE D #| & (Table 5. Fig. 7) & FI-17, FJ-6.3, FJ-
3IHTHEETHD., ZNEN66.5%,. 63.8%. 70.7%
THotzo Fieo AF, &/ FIBRAHD LLBIBRE I E
LTHB R HIBICEZDICH LT, TV FI ik
WIEBIRRERICIE U CLIR E Tob A m b N L7z, FFIC FI-
6.3 TIX FI-17, FI3.7ICHRTlbhaMhRE{#EinL
7z (Fig. Do TNHDFERDOKSICAF, v/ FLFHK
ZEmERLEORIY Y OBEREICL2bDEE
EAbNB, LW LENE  ZNZHEMNTT B7HITiE.
T4 VH=EBD A — T HOIRRE, RO, =YV
VOB, MG, R OBITORESE, BREIC
K BN THHE DA BRI DWW T & SICHENT 2 0B
H59,

FJ iR BRI Dl 1 D IR HE (Photo 3) 1. FJ-17. FJ-6.3.
FI-3.7DWINE, 74V H—OHT TOMENETH -
Teo T4 Y H—ORITTOMIE L FI 7 TOARTHIELE
ELTZE D, T4 Y H—DIRITTOMIE L X/ — T T
DHEMEELIZSEDE R 5Nz, £z, FI37TIETH
m GlEEOAD, ki (EfEAD & &ML T 2 DIy
N5 ERAN PR < RNz,

41274V H—EE 65 mm Db/ + F) REREDRIFER
ERiER

Table 2 IC/REND T 4V H—H v X —No. 2 ZHWNT
ERILT ¢ VH—EE 65 mm Db/ F FIikik (FI-
6.5) DT FRERAE A Table 6 1, TV > ZRE & Al
R E DORERZ Fig. 812, ffHE & 7zbAEDMFRZ Fig. 9
IR FI-6.5 OIFE X X FI-17 L AEETH > 120 T«
VH—DEIHRDOINTEHEIHPEL Ao ic kb
BEWMBENMEM UGS, MATT7 2 2 H—WMEL &>
722l XD T4V H—DWAEDNEL ZoTz (T4
A — D & DR NE 75 %) T IiCXBHEE
OO EN S > L EZB5ND, FI-6.5 DK
faf EEIF O 7z B & (Table 6, Fig. 9) (& FJ-6.3 (Table 4.
Fig. 6b) ICHRTRRKEL oM, RAMEIIHT
% LA R 1 1 2R D #1401 FI-6.5 T 84.0% (Table 6). FJ-
6.3 T 85.4% (Tabled) THVD. HFHLNEN T,
FI ilBR A DBIEDIREE (Photo 4) &, T4 Y H—DRA
H—THDRTHIBELI2ED, T4 Y H—DAXH— T
TOWIE L FI AT ORERBIENELE L7z & ODFFRET
bHoTz,

413 EBRAEMBEBS8mMm. 74 Y H—E T 65 mm. 6.7
mm Dt/ F FJ SHERED IS EERIER
T TkEDRWVE /& NI itk GRERADE 58 mm).

BE U Table 2 lSRENDB T « > H—71v Z— No. 2. No.
472V, INTEED 1 M7z b Dk D &% 0.50 mm/knife
WK LUTER- LT o —ET 6.5 mm, 6.7 mm D
t /& FIikBRfk (FJ-6.5-0.50, FJ-6.7-0.50) GlERIANE 58
mm) O RERAE A Table 712, #UF Y > Z %%k & ol
iR E DBIfRZ Fig. 101, M & TebAHmDOBfRZ Fig.
1112”9, NI ERER A D i F i i O F ¥ EIC 0 9% FI
BRA DTSR O FIEOEE BEEMHE) X088 TH-
720 FI-6.5-0.50 & FJ-6.7-0.50 & THIFE S ICE TR 5N
5o Teo E 120 mm OFERIAD TR X (Table 6. Fig. 9)
Ltgd s, iFmE, RAMERODAR, &K
IS T B HHIREREOE GOV k&L L

LT3 (Table 7. Fig. 11), 4.1.21CHBWVT, FI-6.3 &Lt
LT FI-6.5 DT8R E O L & i KRR O 7z b B
DHEIMCDONWT, 74 Y A—EEINREL ok tick
ZEARMOBME 7 4 Y H—DOhAENEL T
I KA OO K5 E D EEBRUTMN,
& 58 mm @ FJ-6.5-0.50 35 & U FJ-6.7-0.50 Fkb#{A Tlx,
iR, mAMERODARE, RAREIT S L
REREORHIGNM N ThE K& MLz hE, B
AFREOIMIINZ TT « > H—YHIROIN L&D
BHRIREVWEEZONT, Th5bDE, 1 AHHDIED
BIWNEL o 12T e TT 4 U H—=DRI W DRL R0,
T A= E TS TERCE, Ah—T
O EN T EUBEENRL Zo e, %
NONFIHOBEREDOM LICHFS L, #HRELTE
B AOMTBE Fl X8 EZ NS, BB, M
DN T ¢ V=Y aA > MMOMTREICS 2 %%
ICDOWVTIE, MOIEZIST A—Z—L LTHHD THRET
LZRENHA S,

FJ B A DO EE DO IRAE (Photo 5) (&, FJ-6.5-0.50, FJ-
6.7-050 VWITNE, T4 Y H—DRAH— T TOMEL
T4 VA= OWICT O XU FI 44 TOAREBHED
BELEZLDOHNETH Tz, TNHORIEDIRREE D
v/ FikEk (FJ-17. FJ-6.3, FI-3.7, FJ-6.5) ICHBWVT
&R ENTz, NI FER A T3 far 8 [ T OARIHHEN I T
oz,

42 ERMOBAREMIRE TED SN BEEEBE L DR
AR THWET 0 VH—EX 63, 65, 6.7mm, 3.7
mm O FJ ZREEHAEBRMHAO T 2 FIEHAT 2 2 &2
TE U FI Tl THEE U7z FI B A DB TR EE IS DWW T
LM O FAAREKIER (2019) (LIR, JAS £9°3%) I8
B REE LM S 2 - Ol 8 O IEHE(E & o Lk
#1772, Table 8 IC JAS OREEHEKM DIIFZICIIF S
FERXIC KB X DT 2 FOmEMREDIRUERIRT,
F7z. 2% FI BRI T 58 O RS E 7 Fig. 12 ~ Fig.
1519, LUK, MR bbig U7z Rz 509,

AF FIitlffAk (Fig. 12) @ Egm05, Egm08 7 )L— 7.
W& MM 2 2 F OBESHRKDO 150, L0 ICH YT

TRRA S BT TER S 55 21 % 1 5, 2022
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% EEZHN5, FI-17 Tld Egm05 T4 TDRERAD,
Egm08 Tl 8 7R 7 (R DFAER AN JAS ELUEMH D F I %
LED . DD 11kE JAS HUEED FREZ 7wz
U 7zo FJ-6.3 TI& Egm05 Tld 10 {A 8 {KAY JAS FEHEfH
OFfEZ LED . 50 O 2 ks FRIEZ T2z L
7zo Egm08 & 10 f&rh 9 fAkhY JAS FEHEM D (& F[al -
feo 22U 1R DI HIC FIRMEZ FEl > 7z, FI-3.7 T
1% Egm05 Tl 12 fhH 6 (AN JAS FLUEH D {72 |- [o]
D FROD6RD S B 1EZF DI I FIRIEZE REl- 7z,
Egm08 Tl 12 1A 4 {&HS JAS FEHE[E D 7% FE D |
580 8RD S B 1 KD I FIRMEZ FEl-> 7z,
v/ FFIit B & (Fig 13) @ Egml0, Egmll,
Egm12.5, Egml4 7)V— 7k, REEHEKMHZ 27D

Table 6. & / 3 FJI idlifilk (FJ-6.5) Ol aAEH R

RS D L100, L110. L125. L140 I T 3% &# %
5N %, FI-17 Tl&. Egml0 TE 2 TOREAD, Egmll
T 1A 10 & A, Egml2.5 T & 4 T Ok Bk A,
Egml4 TlZ 9 1k 8 & DS JAS BEHUEME D F1g % [ [[] -
7zo Egmll O 1K DWW TIE JAS FHEHD RIREZ DT
M Te a5 72, Egmld O 1 RIS DV T JAS HaE
fED RIRfE# 7z LTz, FJ-6.3 Tl¥. Egml0 TIEETD
FABRIRY, Egmll Tid 8 fAH 7 /&M, Egm12.5 Tid 6 &
S RDY, Egml4 Tld 8 f&H 6 PRAY JAS FEHE(E D2 {H
% Fl> 7z, Egmll O 1{KIZ DWW T JAS FEHEE O R
EEDTICHEZE 5h > 7. Egml2.5 D 1A, Egml4
D 2RIC DV TIX JAS EHEE O TR Z i 72 L 72o FI-
3.7 Tid. Egml0 T 11 f&H 6 &M, Egmll T 7 &

Results of bending test of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-6.5)

Ratio of
P to Def. at
Species Group FJ n p E, a, P, bp maximum MC
P maximum
load
load
(kg/m?) (kN/mm?) (N/mm?) N) (%) (mm) (%)
/& Egml14 FJ-6.5 9 Avg. 481 14.7 56.7 7776 84.0 11.8 11.9
hinoki Min. 468 14.2 50.5 7255 73.4 10.0 11.5
(Chamaecyparis Max. 503 15.0 66.2 8247 91.6 13.9 12.6
obtusa) S.D. 11.0 0.287 5.41 289.0 5.98 1.44 0.367
C.V.(%) 2.28 1.96 9.54 3.716 7.11 12.2 3.08

Species : f6{fd . Group : 7 )L—"7" (Table 1 ZZH&) See Table 1. FJ © [ifii7lB#{AY: Name of bending specimens.
n - RBRIAEY Number of specimens. Avg.  “FII{H Average value. Min. : £//MH Minimum value. Max. : i AfH Maximum value.

S.D. : tEHE(E 7= Standard deviation. C.V.

D BHYREL Coefficient of variation.

p . Density. E : gV > 7' %%% Young's modulus in static bending. o, - HI 8 Bending strength.

P - T EEBIBRIE R Proportional limit load.

Ratio of P, to maximum load : FAATERIC NS B HhlF ELAIRRE 2 {77 82 D I & Ratio of propotional limit load to maximum load.
Def. at maximum load : i KfafEERF0D 7z 30 A& Deflection at maximum load. MC : & 7K3 Moisture content.

hinoki (Chamaecyparis obtusa)

mFJ-6.5, Egm14 L

0, (N/mm?)
N
o

6 8 10 12 14 16
E, (kN/mm?)

Fig. 8. & / ¥ FJ iklifk (FJ-6.5) DTy v 7R &
T s g O B %
Relationships between E, and o, of hinoki
(Chamaecyparis obtusa) FJ specimens (FJ-6.5)
E, M v > J & % Young's modulus in static
bending. o, HIlF5R% Bending strength.
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12000 o hinoki (Chamaecyparis obtusa)
FJ-8.5, Egm14
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8000 -
z
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S 6000 +
i
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4000
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2000 | Deflection at maximum load
Min. 10.0- Avg. 11.8- Max. 13.9mm
0 1 L L 1 1 |
0 5 10 15 20 25 30

f=1é & Deflection (mm)

Fig. 9. & / & FJ ikliiifk (FJ-6.5) Ol F skEkME i HE &
febHmOMG
Relationship between load and deflection of hinoki
(Chamaecyparis obtusa) FJ specimens (FJ-6.5) under
bending
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T4 YH— DT TOHIE L T 4 VA — DA — T TH T O
A 71— 7 T DWIENEE L L FI S DOARIBHIEDELE L

Tl Tt
Wood failure at the FJ roots and Failure along the FJ profile and
failure along the FJ profile failure beginning at the FJ and

progressing away from the FJ

t /&  hinoki FI-6.5 t /&  hinoki FI-6.5

Photo 4. &/ F FI idliifk (FJ-6.5) DEDIKEDH
Types of failure that occur in hinoki (Chamaecyparis obtusa) ¥J specimens (FJ-6.5)

Table 7. & / F NJ adlffkds K T FI itk « (NJ, FJ-6.5-0.50, FJ-6.7-0.50) DT Al
Results of bending test of hinoki (Chamaecyparis obtusa) NJ and FJ* specimens (NJ, FJ-6.5-0.50, FJ-6.7-0.50)

Ratio of

. P_to De.f. at
Species Group FJ n P E, a, (. maxblpmum maximum MC
load
load

(kg/m’) (N/mm?)  (N/mm?) ™) (%) (mm) (%)

v/ F Egml14 NJ 12 Avg. 514 14.6 89.6 4175 57.5 314 12.2
hinoki Min. 463 12.3 69.7 2850 43.4 21.4 11.7
(Chamaecyparis Max. 538 16.5 110 5146 65.9 46.5 12.5
obtusa) S.D. 27.4 1.46 11.4 793.8 7.84 7.91 0.237
C.V.(%) 5.33 10.0 12.7 19.01 13.6 25.2 1.95

FJ-6.5-0.50 12 Avg. 507 14.5 73.2 4021 68.6 16.9 11.9

Min. 451 12.6 65.9 2825 46.2 12.4 11.2

Max. 574 16.2 84.5 4766 86.2 223 12.3
S.D. 37.6 1.14 5.59 570.6 11.2 3.28 0.334

C.V.(%) 7.42 7.86 7.63 14.19 16.3 19.4 2.81

FJ1-6.7-0.50 14 Avg. 510 14.4 71.7 3897 67.7 17.1 12.0

Min. 461 12.2 59.8 3000 51.5 11.6 11.5

Max. 590 16.3 82.1 4647 86.0 313 12.3

S.D. 37.4 1.25 5.64 495.7 9.56 5.10 0.229

C.V.(%) 7.34 8.69 7.86 12.72 14.1 29.8 1.91

Species : Ki{FE . Group : 7 /V—"7 (Table | ZZS ) See Table 1. FJ : #lil) 5hER (A% Name of bending specimens.

n - lBRIAEY Number of specimens. Avg.  “F-I{H Average value. Min. : £//MH Minimum value. Max. : A Maximum value.
S.D. : (R 7 Standard deviation. C.V. : ZH{%R%{ Coefficient of variation.

p 5 Density. E, Y > 7 (REL Young's modulus in static bending. o, © HlIl 5% Bending strength.

Pt iU EEBIRE FE T EE Proportional limit load.

Ratio of P, to maximum load : F KM HIC 9 % HilF LI ERIEARTE DEIF Ratio of propotional limit load to maximum load.
Def. at maximum load : B KfEERFD 7z P Fr i Deflection at maximum load. MC : 757K Moisture content.

* N TIRED 1 A)dH7z D Dk D & Feed per knife = 0.50 mm/knife
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120 12000

hinoki (Chamaecyparis obtusa) hinoki (Chamaecyparis obtusa)
L NJ, Egm14
[ ]
100 | e 10000 |
) [ J
[ -]
80 on “ i.- 8000 |
I | | OO =z
= WO W F'gd =
£ 60 | o S 6000 |
E |
e @
40 t+ o NJ, Egm14 4000 |
mFJ-6.5-0.50, Egm14 EAREEOEDAS
20 | ©FJ-6.7-0.50, Egm14 2000 | Deflection at maximum load
. Min. 21.4 - Avg. 31.4- Max. 46.5mm
0 . . . . ) 0 . . . , |
8 10 12 14 16 18 0 10 20 30 40 %0
E, (kN/mm?) =hHE Deflection (mm)
EENT N EEN 12000 hinoki (Chamaecyparis obtusa)
Fig. 10. & / F NJ idlififA I X O FI allififh = (FJ-6.5-0.50, FJ-6.5-0.50, Egml"lra
FJ-6.7-0.50) DT > Z R & M F 5 D BIfR 10000 |
Relationships between E, and o, of hinoki
(Chamaecyparis obtusa) NJ and FJ* specimens (FJ- 8000 |
6.5-0.50, FJ-6.7-0.50) z
E, ¢ Wi iF v > 7 & % Young's modulus in static g 5000 |
bending. g, : {58 Bending strength. H;H
*INTRED 1 A o7z D D3k D & Feed per knife = 0.50 ' o |
mm/knife
BAWEROLDAE
2000 L Deflection at maximum load
Min. 12.4 - Avg. 16.9 - Max. 22.3 mm
0 L L L L J
o] 10 20 30 40 50
7=HhHE Deflection (mm)
12000 hinoki (Chamaecyparis obtusa)
FJ-6.7-0.50,Egm14
10000 -
8000 |
Z
o
@
S 6000
8
i
4000
RAWEROLOAE
2000 | Deflection at maximum load
Min. 11.6 - Avg. 17.1 - Max. 31.3mm
0 1 1 1 1 |

0 10 20 30 40 50
=hHE Deflection (mm)

Egm14

Fig. 11. & / 3 NJ idBfk 35 X O FJ ik « (FJ-6.5-0.50,
FJ-6.7-0.50) O F i BRI D & 7o b B E O
B %
Relationship between load and deflection of hinoki
(Chamaecyparis obtusa) NJ and FJ* specimens (FJ-
6.5-0.50, FJ-6.7-0.50) under bending
*TLRED 1 A b7z D D3k D & Feed per knife = 0.50
mm/knife
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i EE AU ] C DA B s 1 T4V H—DRITTOmIEL
Wood failure between loading A — 7 [H TORFEMNIELEL
points R3ES

Wood failure at the FJ roots and
failure along the FJ profile

T4 VA= DIRITTONE L
A H— T 1l TDORENEAE L
R3ES

Wood failure at the FJ roots and
failure along the FJ profile

o 28 55 T D AR T 4 VI =D A I— T W T
Wood failure between loading 1 & FI 4} T D ARERWHE D RE
points U7t

Failure along the FJ profile and
failure beginning at the FJ and
progressing away from the FJ

v /&  hinoki NJ t /F  hinoki FJ-6.5-0.50

T Y H— DA N — T TONE
B L FI 94T OARE I DNRAE
U 7ot

Failure along the FJ profile and
failure beginning at the FJ and
progressing away from the FJ

t /&  hinoki FJ-6.7-0.50

Photo 5. &/ & NJ illifA$s & O FJ allifk = (FJ-6.5-0.50, FJ-6.7-0.50) DEEDIRTEDH
Types of failure that occur in hinoki (Chamaecyparis obtusa) NJ and FJ* specimens (FJ-6.5-

0.50, FJ-6.7-0.50)

* TR 1 M &7z D D1k D & Feed per knife = 0.50 mm/knife

TR S IRZL T TS 55 21 % 1 2, 2022



T YA RE DR S - TREEM ORERHE 21

SURM. Bgm12.5 Tid 56 3 (ADY JAS HUEEH D1 {H
% I:[Al5 7z, Egml4 Tld 8 469 X T JAS EAEHDFIfH
Btz X o T, Egml0 DD D 5K, Egmll DD
D 2 RIT DV TIF TR T JAS FHEME D FIREZ 7z LTz,
Egml2.5 DD 24KkD 5 B 1 K2 DV TIE JAS HHEMD
THRIEZERZ LD, &5 1EIZb T FIRIER -
T olz, Egmld D 8 AD S B 4 (ki JAS FHHEMD R
REAE 72 i 7z U 7 S, 4 AKRIE T IR Z i 7z E a7z — s
BN TER % T L 72 FI-6.5 @ Egml4 I BV Tk, 91k
SR T IAS B O Z TGz L. KD D 4kE

JAS D FIREZ iz Uiz, THIC1 AHT=
D DK EZ 0.50 mm/knife lICRELTT 4 Y H—hT%
T o 72 FI-6.5-0.50 35 X U F1-6.7-0.50 @ Egml4 (Fig. 14)
KBTI, MOIEIZMOAERAD 5 FEED 58mm T
HBM. FTNFN 1214k, 141KT X TOREBRIAT JAS H
HEE DI 2 i 7 U Tz

IV FI Bk (Fig. 15) 2DV Tld, dhiF it
ROMIT Y > TR EE S EICERIX D L E, L70 ~
LI25ICXK 3 E N3, TDEZELIICKSENS FI-17
DFRERIR 1 ADY JAS HUEEDEIIEZ I Rl - Tz,

Table 8. b D HAJRMBURIC B0 2 ERX 0 HRIC K 51X 00 T I F Omg e

Bending strength properties of lumber required by the Japanese Agricultural Standard for glued laminated timber

BERIX 1T K 255 BRUFY > J 1R 5L i &
Grade of lumber bending Young's modulus Bending strength
FEE TREAE
Average Lower limit
(KN/mm?) (N/mm?) (N/mm?)
L200 20.0 81.0 61.0
L180 18.0 72.0 54.0
L160 16.0 63.0 47.5
L140 14.0 54.0 40.5
L125 12.5 48.5 36.5
L110 11.0 45.0 34.0
L100 10.0 42.0 31.5
L90 9.0 39.0 29.5
L80 8.0 36.0 27.0
L70 7.0 33.0 25.0
L60 6.0 30.0 225
L50 5.0 27.0 20.5
L40 4.0 24.0 18.0
L30 3.0 21.0 16.0
sugi A sugi A
09 | (Cryptomeriajaponica) N m© 09 |+ (Cryptomeria japonica) Cm
g o8 A N © gos A FJ-37, Egm08 ° ™
@ o) o -
g 07 A 2 07 O FJ-6.3, Egm08 e}
g 5 2 W FJ-17,Egm08 o u
© 06 A © 06 || ——L80JAS (Average)
£ a Ho I - L8O JAS (Loweriimit) |4 @
g 05 E 05
3 A go 15 A G
O 04 O 04
A (i A FJ-3.7, Egm05 A o
% 03 a O FJ-63, EgmO5 % 03 | a =
HE A P B FJ-17, Egm05 o R o
Bk 02 R B |50 JAS (Average) Bk 02 ¢ N
o1 + T g | L50 JAS (Lower limit) 01 L
4 ON g =
0 . , . . . , 0 . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
oy, (Nfmm?) oy, (N/mm?2)
EgmO05 Egm08

Fig. 12. AF FJ idlifk (FJ-17. FJ-6.3, FJ-3.7) DUhiFimeg o SR
Cumulative frequency of bending strength of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)

o, - HUF5EE Bending strength.

L50 JAS (Average), L80 JAS (Average) : HEM{ZE X 7 L50, L80 T I FI 3R 5N % il F i o V-1 E Average
value of bending strength required for L50 and L80 grade of sawn lumber.

L50 JAS (Lower limit), L80 JAS (Lower limit) : ##EF MK 7 150, L80 T 2 1Tk 5N 2 thiFTRE D FERAH Lower
limit value of bending strength for L50 and L80 grade of sawn lumber.
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Z DMK DN TIE, FI-17, FJ-6.3, FI-3.7 DWVT
Nt RN ENBHEHRD JAS FEUE[EO FEE ATz LTz,
DLEORERMN S, SRIEBRZT>T2T7 4 Y H—EE 63
~ 6.7 mm D FJ iXEi{kIZ JAS TED BN HUEEZITIF
Wi LT OMERERMHADSIFE LTHHTES
TREMEEEE ST B EHARENTZ, FIC, 1 NbizboD
%0 B% 0.50 mm/knife ICFHEE L TINL L72E4A. Bl

EERHBETED TN RENT, —H, T4V H—EE
3.7 mm D FIRBRIZ. ZVY<Y TR IV AHA—EX 17
mm, 6.3 mm O FJ il5f{k & FIFEEOHITHE 2R Uizh,
AF, b/ FTIRMOEE D FI BRI LTl 8
MEL, /b /7 F 0 Egml4 (L140 #H2Y4) Tl FEE
Zhile SIERVEBRADPEREER SN, 2o ehb,
FI-3.7 ZROEHERMHEO S I+ LTORHT Z DX

. NS Y - - _ T -
DRSS SNDMEERH L140 DT I FITOVTEE  FRTEELVWEEZISNS,
! hinoki ! hinoki
INOKI INOKI
09 (Chamaecyparis obtusa) A Hp 09 (Chamaecyparis obtusa A .O
A [ ] [ ]
5 o0s © 308 . o
. ) -
g o7 a = g 07 =0
& &= A
2 06 A ["Te) 2 06 "
Sos | A e 3 05 A =
5 £ o
8]
04 4 ™ a2 Fi37 Egmio © 04 N u
" N - o Flos Eamio i @ A FI37.Egmit
ﬁ 03 o) . FM'?'EQ o ﬁ 03 O FJ63, Egm11
= A u 17, =gm i A W FU-17, Egm11
B 02 Bt 02 5 - =
a .o L100 JAS (Averagg) . n —— L110 JAS (Average)
0.1 s g L L100 JAS (Lower limit) 041 & Al | L110 JAS (Lower limit)
0 L L L L L L L I O L L 1 H L L L L Il
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
oy (Nfmm?2) @y (N/mm?2)
Egm10 Egm11
1. 1
hinoki hinoki
09 (Chamaecyparis obtusa) A ) 09 | (Chamaecyparisobtusa) 4 o
zos| . zos | alo Om
E} (@] g 07 on
g o7 A gorr A D
“— . =
206 o 208 i 8 u
3 05 A m S o5 | n
§ o § A A FJ-37,Egmi4
04 m| A FJ37 Egmi2s 04 1 L /=
i A O FJ63, Egmi25 B os A O FUe3 Fgmid
ﬁ 03 - -6.3, Egm12. ﬁ 3 - B o FJ65 Egmi14
Bozl (] B FJ17 Egm125 ®oz2 | A o m B FJ17 Egm14
A ——L125 JAS (Average) ——— L140 JAS (Average)
01 r © r rrrrrrrr L125 JAS (Lower limit) 0.1 A o | |- L140 JAS (Lower limit)
O L L L L L L L Il 0 1 1 L \: L L 1 Il
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
G, (N/mm2) Oy (N/mm2)
Egm12.5 Egm14
. 2 Nl :
Fig. 13. & / F FJ idlffk (FJ-17. FJ-6.3. FJ-3.7, FJ-6.5) DT SR

Cumulative frequency of bending strength of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3. FJ-3.7, FJ-

6.5)
o, - I 5RE Bending strength.

L100 JAS (Average), L110 JAS (Average), L125 JAS (Average), L140 JAS (Average) . #§ #{ 5 #lz X 57 L100, L110,
L125, L140 T 2 iR 5N 2 Wil F5EE O Average value of bending strength required for L100, L110, L125

and L140 grade of sawn lumber.

L100 JAS (Lower limit), L110 JAS (Lower limit), L125 JAS (Lower limit), L140 JAS (Lower limit) : ¥4 X 53 L100,
L110, L125, L140 T I FICRe 5N % ihiF58E O TFEME Lower limit value of bending strength for L100, L110, L125

and L 140 grade of sawn lumber.
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1 ~> (]
hinoki
09 | (Chamaecypatis obtiisa) oA L]
°
gosr A%
[ b °
2 A
4 07
2 A ]
206 Ao @
é 05 o e
s
O 04 o> e © FJ-65-050, Egm14
X 03 & ° A FJ-6.7-050, Egm14
ﬁ f ° ® NJ,Egmi4
Bk 02 Qe ——— 1140 JAS (Average)
N N [ L140 JAS (Lower limit
01 A O® (Lower limit)
0 10 20 30 40 50 60 70 80 90 100 110 120
o (N/mm2)
Egm14

Fig. 14. &/ ¥ NJ ik 3 X O FJ iklifAk * (FJ-6.5-0.50,
FJ-6.7-0.50) DI 5 o LAHHHE
Cumulative frequency of bending strength of hinoki
(Chamaecyparis obtusa) NJ and FJ* specimens (FJ-
6.5-0.50, FJ-6.7-0.50)
o, - B3 Bending strength.
L140 JAS (Average) : BEHE F AL X 77 L140 5 2 F
ICR D 5N B T 58 E O -5 1 Average value
of bending strength required for L140 grade of sawn
lumber.
L140 JAS (Lower limit) : B FHRIX 70 1140 5 2 F
3R BN B T TRED NRE Lower limit value of
bending strength for L140 grade of sawn lumber.
* N LHED 1 A dH7z D Dk D & Feed per knife = 0.50
mm/knife

1
ezomatsu "A O
09 (Picea jezoensis) - A! @]
O
n
>
g 08 a4 FJ37 'Ab
& =0
%0_7 O FJ-63 | W)
o [
= m FU17 7 Je)
EO.G 5 o
© g O
£ 2 o
5 .
S 04 s g
&
% 03 ‘:I O
i #0
B 02 md
A o
n
0.1 LS
LI &

o

N
o

(44

o

(o2
o
-~
o

10 20 30
, (N/mm2)

o

Fig. 15. V< FJ idlilk (FJ-17. FJ-6.3. FIJ-3.7) Ol
IR O BRI
Cumulative frequency of bending strength of
ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-
6.3. FJ-3.7)
o, - 5 Bending strength.

| Bulletin of FFPRI, Vol.21, No.1, 2022

23

5. ¥

AF, e/ F, ZVYRIVDIBMEICONT, BB T«
VH=HhYyB—=HNTT 4 VH—EE 17mm, 6.3 mm,
3mm DT 4 VH=TaA v F) ilbrkz s,
N5 OMIFEEREZIAN, e/ FICDOnTIE, &
BIZT 4 Y H—EX 65, 6.7 mm D FJ ik E/EE L,
Z O REREE AR, N5 OMBERN ST
DT EMHSMT R Tz,

1) AFITDN T, Egm05, Egm08 & &1, 7 1~ H—
EE 17mm. 6.3mm O FJ B ADMITREICAEIR SN
Tholcs —H.3Imm i TNG X &l mEIMEH -
72

2) &/ FICDWTIE, Egml0, Egmll, Egml2.5 T
& 17mm & 6.3mm O RHITIREEIC 2 5 Nixh > 7o,
Egml4 Tl& 6.3mm D% 5 D F MITHRNE & & 5 Tz
6.5mm I L. U728 E. 17mm & RAFEORIFEENE S
N, BETMEOEMMERE LTEZ BN, —7.
37mm TS KO & AFERENMED o 72,

3) E /F O Egml4 I DWVWT, 74 VY H—EX%65
mm, 6.7mm &ELTRLicky, hrmENHITH
iKm bk l7ze £, EOEREZEKS L. 1 B DX
D&% 0.50 mm/knife £9 % & THIFIRE DA E <Mk
L7z,

4 TYVIVICDVTIE AF b/ FTORRERED,
17mm. 6.3mm. 3.7mm ORITIRE X FREE T, AFKERIC
ANl T ¢ VH—BIRICBW T, 740V H—ETDE
IR SNEh o7,

D EDEERNS, 74 U H—DBIROZEZEICEL T
BWEZEZED, THIC1IHNHIZDDEDRICDODWVTHE
Yz s ick->T, 74 VH—EE 63 mm, 6.5
mm, 6.7 mm @ FJifAKIZ T «+  H—EE 17mm D FJ
BRI & FRRE OIS NMF SN, MO JAS TR
ENBZTIFOMPEETOEEM[EMETE ST O
BTz o Tz,

SHROMFFREE LT, FFIMOGIERD | [EHERE
FEZHLMCTZ T &, XAV ix EEED O ETE
ICDWTE FIMOEEREZHEMNCT S L, THOD
HEET AV TER Uz FIMOMERMEZIS MCT S T
L T4 VH—EESOFOWFI THETHESNLZOENE
FAWCTIER U7 OB ZH S MCd 5 2 &M
BIFbN%, £, 1 NHEO DX EE, FIDMT S
PER FI ORIR, AA—THOME, MTHDKREE VS
T THRICKIE TR, Fhb LiEE L OBRICDOWL
TEHLSMNCTE2REND B EEZ BN S,

E
KAWL, FERA S & RS WILAT & D LL[E
m A7 40—V aA4 Y MK BMEH T THE
EMOBAFE L MBI B W9, ENZBSERTEIE AR A
Wt - BIEMAMRE SR ENET a2 7k =



24 TR

A8 T 4 VA=Y aA Y MK B EhRBARN s
EH OB GRERS 201114) ] IC XKD FEf LTz,
MAESHEA—v &0 LYY ) —)VREIE % i
Weltnt, CTiE#oREET %,
I, FREMRASHE FEREK (N I, A
TN MDD ZKEZTE. Chinhzls- T
CDGZED TR BILH L LT 5,

5 Sk
HE il (1984) 7 4 U H—Y a AV Mtk EAM OB
IR & FARBIRRE . AR T3E , 39(10), 473-478
WEE i (1984) TIGEEINET I FDT 2V H—
VaArh FIFOMRERE . HARAMAREKRE
WoeFeRE S LE |, 34, p.308

EA WS- P B BFPE RS - Bk - R
[N 5 QRINC 57:  G N B 1 A NV B e R

JII - #EF (2018) ~EMI D ¥ 75 % A FHHHEE Tk
HMOT 4 =T a A2 ML (5 1) T2
PINTHEE S K CTHE BN RIS I8 R,
73(2), 58-64

Fujimoto, K., Hiramatsu, Y., Kojima, M., Ogawa, K., Suesada,

H., Takase, R. and Suzuki, K. (2019) Effect of Cutting

Condition on Cutting Energy and Accuracy in Processing

Micro Finger Joints. Proceedings of International Wood

Machining Seminar, 24, 291-296

i bR OB kA WEE e .m0 &

HE R - el AR - MR T 2021) T o v

H—RE35mm DT 4 /=T aA> bThTHE

UTe AF MO, 5158 0 mEERHE . AR T2 76,

54-59

YL 5K (1984) WEHI 7 « A — 3 A > MM OB
KT (1) —BEANGET « A=Y aA > b1k
DOMEHICDOWT —  MEREZ LD L7, 11-14

YEIL FHK - BHE O AM1982) T4 H—TYaA Y M

(F«1#) OsREErERE (583 ) . MRpERLH #t, 363,

1-7

FiR - AW W (1984) WG T « A= a3 A

Y MM OTREEMERE (55 180 . MRPERRBRIG I TT R

73, 1-33 (1984)

BT FHK - B AW G A (1986) MG T ¢ >~
A=Y aA Y bMOmEIERE GF 2 80 . MEEERY;
WILER T , 76, 45-71

B OEA978) =T 4 v H—=YaA v FOEIREMRE
(3) . MRERBRIG AR AR, 52-8, 1-17

TR

UTHIN

BoE-. T8 HAQ9B) =274 H—=VaAr o
JEAR & PERE . ARB T3 | 28(8), 355-357

ol FE OHRAU976) ST H—TVaAlr D
FEAR & MERE L ARB T3 | 31(8), 343-345

AH BROKH HH-EE S A0975)4mm T 0 VA —
Va4 Y b OFERIE & M HEREIC DWW T . HARAKRH
ArAtEE SRS |, 7, 20-24

Marian, J.E. (1968) A new procedure for wood finger-jointing
and its principles. Holz als Roh-und Werkstoff, 26 (2), 41-
45

Marian, J.E. (1969) Method of forming finger joints. U.S.
Patent 3, 480, 054. Nov. 25

HEOE W RS (1976) 13mm T 4 Y H—=Ya AV
DA TEREICEE S 2 09T . JLiliiE K22 R 22 AR A
MWFFEER T | 33(1), 167-200

RO SR B (1957) 12, EERAERAMICEET B
WHge B o) AA—T7 DRI L FIEMRE & DRk .
HAEEZ @ WITTER | 39, 45-50

FRMOKPER (2019) BRITTE 6 H 27 HEMIKES &R
475 5 ERRIM O HA MBI

KR¥F give - Bl HEPE - SRk FE - 5H HEL R
A MIEB AR K- BHEOE= S -
HEE K (2010a) T X FREPESOWTHIAE AN E S O il
IV > T REUR B % SRR RO RS O O
PPEREIC T 9508, . RMP 2L, 56 (3), 72-181

R give - Bl mEPE - 0K g - 5HOHEL R
A MEB AR K- BIH E= - S -
Ei# K (2010b) [FEFEQMIT Y > FREEH T % §
TER SRR 555 SN R A Dl PR RE L KM AR
a5 56(3), 189-196

Rao S, Meng G. Chui Y. H. and Mohammad M. (2012) Effect
of geometric parameters of finger joint rofile on ultimate
tensile strength of single finger-joined boards. Wood and
Fiber Science, 44(3), 1-8

Selbo M. L. (1963) Effect of joint geometry on tensile strength
of finger joints. Forest Products Journal, 13(9), 390-400

(W) HAMEE « AMEAfit > 2 — (1983) BeifiBaFeE
M TG EMBITE , BT S8 £ 3 H

(B BAMEE - AMH > 2 — (1984) Bl A HEE
S E | TOCRATBMEE B 59 £ 3 A

(W) BAETE « AMEdiE Y 2 —Te THEREEE S (1985)
WG 7z TOEARMOBLERAE () CDOWVT. K
M2, 40(4), 175-181

TRRA S BT TER S 55 21 % 1 5, 2022



T YA RE DR S T TREE M O5RERE

Bending strength properties of finger-jointed sugi, hinoki and
ezomatsu lumber with different finger lengths

Yasushi HIRAMATSU"", Atsushi TSUCHIYA®, Kiyohiko FUIIMOTO?, Seiichiro UKYO?,
Atsushi MIYATAKE", Kenta SHINDO" and Tomoyuki HAYASHI”

Abstract

In this study, the bending strength properties of finger-jointed (FJ) sugi (Cryptomeria japonica), hinoki
(Chamaecyparis obtusa), and ezomatsu (Picea jezoensis) lumber having finger lengths of 17, 6.3, and 3.7 mm were
investigated. Additionally, the bending strength properties of the hinoki FJ lumber with finger lengths of 6.5 and
6.7 mm were investigated. The following results are obtained. (1) There was no difference in the bending strength
of the sugi FJ lumber with finger lengths of 17 and 6.3 mm. (2) No difference was observed in the bending strength
of 17- and 6.3-mm hinoki FJ lumber composed of sawn lumbers with a bending Young's modulus of less than 14
kN/mm2. For FJ lumbers composed of sawn lumber with a bending Young's modulus of 14 kN/mm2 or more, the
bending strength of FJ lumber with finger length of 6.3 mm was slightly lower than that of FJ lumber with finger
length of 17 mm; however, the bending strength of FJ lumber with finger lengths 6.5 and 6.7 mm was equivalent to
that of FJ lumber with finger lengths of 17 mm. If finger pitch is the same, the longer the finger length is, the larger
the adhesive area; thus, it is considered that the bending strength of 6.5- and 6.7-mm FJ lumber is higher than that
of 6.3-mm FJ lumber for larger adhesive area. Additionally, by setting the feed per knife during cutting to 0.50
mm, the bending strength of FJ lumber with finger lengths of 6.5 and 6.7 mm was significantly improved. (3) The
bending strength for both sugi and hinoki FJ lumber with the finger length of 3.7 mm was low. (4) For ezomatsu,
the bending strength of 17-, 6.3-, and 3.7-mm-length FJ lumber was the same.

Key words : finger joint, bending strength, glued laminated timber, cross laminated timber, dimension lumber,
lamina, lumber
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¥’Cs concentration observational errors in bark and wood caused
by partial sampling from tree stems contaminated by the Fukushima
nuclear accident

Shinta OHASHI ", Katsushi KURODA ", Takeshi FUIIWARA? and Tsutomu TAKANO”

Abstract

Long-term monitoring of radiocesium ("*’Cs) contaminations in the bark and wood caused by the Fukushima
Dai-ichi Nuclear Power Plant accident in 2011 requires partial sampling from a standing tree without felling it.
Because "V'Cs distributions within the bark and wood are assumed not to be uniform, it is necessary to understand
the observational errors in *’Cs concentration caused by partial sampling and to check the validity of this method.
The objectives of this study are to examine 1) the circumferential distributions of *’Cs concentration in the bark

and wood and 2) the observational errors in "’

Cs concentration determined via partial sampling compared with

bulk (felling) sampling. The circumferential distributions were investigated by dividing the tree stems collected in
2015 into eight directional segments (four segments for small trees). The relative standard deviations of the *'Cs
concentration among the directions (the mean of all trees) were 34% and 13% for the bark and wood, respectively.
The patterns of the circumferential distributions were not biased toward a specific direction and were not species-
dependent. Partial sampling was achieved by collecting bark pieces (3 cm % 3 cm) from four directions and wood
cores (12 mm in diameter) from 1-2 directions during the period of 2016-2020. The observational errors caused by
the partial sampling were estimated to be approximately 38% and 8%—18% for the bark and wood, respectively, and
were considered random (unsystematic). These results indicate that, for example, to estimate the mean value of the
"*’Cs concentration in the bark in a forest stand with the same accuracy as the bulk sampling with n = 3, n for the

partial sampling should be increased to 6-8.

Key words : Fukushima Dai-ichi Nuclear Power Plant accident, radiocesium, circumferential distribution,

increment core

1. Introduction

Radiocesium ("*’Cs) derived from the Fukushima Dai-ichi
Nuclear Power Plant (FDNPP) accident has been transferred
into the stem wood of trees from foliage and bark surfaces
(Masumori et al. 2015, Nishikiori et al. 2015, Wang et al.
2016, 2018) or from soil via roots (Komatsu et al. 2017).
Accurate and prolonged monitoring of *’Cs concentrations
in the bark and wood of tree stems is critically important to
make appropriate plans for forest management and wood
use in radioactively contaminated areas. To obtain data

. 137
concerning the

Cs concentration that is representative of
an individual tree, bark samples should be collected from the
entire circumference of the stem, and wood samples should
be collected as disks by felling the tree (Photos la and 1b).
However, because such bulk sampling decreases the number
of trees and disturbs the environment in a forest stand, it is
not suitable for decades-long monitoring programs. Partial

sampling of bark and wood from a standing tree using a chisel

Received 28 June 2021, Accepted 7 October 2021

and an increment borer, respectively (Photos 1c and 1d), is
required for sustainable monitoring. However, it is necessary
to determine any observational errors caused by such partial
and small-amount sampling. Accordingly, it is also essential
to understand the variation in the vertical and circumferential

137 . .
Cs concentration in tree stems. Because

distributions of the
the vertical distribution has been reported in several studies
(Ohashi et al. 2014, 2020, Masumori et al. 2015, Ogawa
et al. 2016, Yoschenko et al. 2017), we focus here on the
circumferential distribution.

A few studies have investigated the circumferential
distribution in stem wood (Mahara et al. 2014, Hirano et al.
2016). The data from these studies indicate that the relative
standard deviation (RSD) of the '*’Cs concentration among
four or eight evenly divided directions of a tree stem was
approximately 10%—-50% in Japanese cedar (Cryptomeria
japonica) and konara oak (Quercus serrata) trees collected

in 2012 (Mahara et al. 2014) and konara oak trees collected
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Photo 1. Sampling of (a) bark from the entire circumference of a tree stem, (b) a wood disk, (c) a bark piece,

and (d) a wood core.
in 2014 (Hirano et al. 2016). On the other hand, the
circumferential distribution in bark has not been reported for
trees affected by the FDNPP accident. Even though studies

on the circumferential distribution in the bark are scarce for
the trees affected by the Chernobyl Nuclear Power Plant
(ChNPP) accident, one study showed that the RSD of the *’Cs
concentration in bark among four directions of a tree stem
was 33%-47% at some sites even nearly 30 years after the
accident (Cosma et al. 2016). Therefore, the circumferential
distributions in bark and wood are assumed to be highly
heterogeneous in some individual trees. To reduce the *'Cs
concentration observational errors associated with partial
sampling from a tree stem, it is crucial to determine whether
there is a tendency for the '*’Cs concentration to be high in
a specific direction and whether the presence or absence of
such a tendency differs among tree species. Additionally, it
is also important to determine whether there is a correlation
between the circumferential distributions in bark and wood (i.c.,
whether the "’Cs concentration in wood is high in the same
direction that the concentration in bark is high) to understand
the characteristics of *'Cs contamination in tree stems.

In addition to heterogeneities in the circumferential
distribution of "’Cs, the shape of a core sample likely affects

13 . . .
’Cs concentration observational errors in the stem wood.

Because the radial distribution of the '*’Cs concentration in the
stem wood is often heterogeneous (e.g., Mahara et al. 2014,
Ohashi et al. 2014, 2020), stem wood should be sampled as a
circular sector in cross-section. However, because the shape
of a core is columnar, sampling with an increment borer
extracts too much wood from near the pith. This may result
in an underestimation of '*’Cs concentration in the stem wood
in some cases because the concentration tends to be lower on
the pith side than on the bark side (Mahara et al. 2014, Ohashi
et al. 2014, 2020). Therefore, it is necessary to check whether
there is a systematic error in the "*’Cs concentration in wood
cores compared with that in wood disks.

In this study, we investigated the circumferential
distributions of "’Cs concentration in stem bark, sapwood, and
heartwood collected in 2015 and examined 1) the variability
of concentration among different directions, 2) the presence
of a directionality that is common among individual trees,
and 3) the correlation between the stem parts. Additionally,
we investigated the '"’Cs concentrations in partial samples
collected without felling trees and those in bulk samples
collected by felling trees in the period of 2016-2020. Finally,
we discuss the validity of partial sampling for a long-term

monitoring survey of *’Cs concentrations in a forest.
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Fig. 1. Locations of the sampling sites and deposition density

of ¥Cs (as of December 28, 2012) in Fukushima and

Ibaraki Prefectures, Japan.

Open circles indicate sampling sites, and a cross mark

indicates the Fukushima Dai-ichi Nuclear Power Plant.

Data on the deposition density were provided by MEXT

(2013).

2. Materials and Methods
2.1 Samples for investigating the circumferential
distribution of *Cs
Samples were collected from sites 1 and 2 (Kawauchi
Village, Fukushima Prefecture, Japan; Fig. 1) in August, 2015.
Three individuals each of 47-year-old cedar (Cryptomeria
japonica [L.f.] D.Don), 30-year-old cypress (Chamaecyparis
obtusa [Siebold et Zucc.] Endl.), and 30-year-old oak (Quercus
serrata Murray) at site 1 and 61-year-old cedar at site 2 were
selected from three different diameter classes, i.e., large
(L), medium (M), and small (S) diameters. The diameter at
breast height (DBH) of each tree is shown in Fig. 2. Before
felling the trees, the north (magnetic north) sides of the tree
stems were marked with a permanent marker and the stems
near breast height were wrapped in tarpaulin to prevent *’Cs
contamination by litter and soil. Then, the stem disks were
collected from the stems near breast height after felling the
trees using a chain saw, and the magnetic north direction was
again marked on the upper side of each disk. Later, during
data processing, the ordinal directions of the stem disks were
determined by assuming a magnetic declination of —7.5° at the
sampling sites.
To divide the disk into eight directions, we drew lines on

the disk surface, making the center angle of each circular

sector 45° (here we treated the pith as the center), except in
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the cases of two small-diameter trees. The disks of the small-
diameter trees, the M- and S-sized oaks from site 1, were
divided into four directions. The wood disks were split using
a bandsaw after collecting bark samples from each direction
using a chisel. Each split disk sample was further divided into
sapwood and heartwood using a chisel and a hammer. Then, all
samples were chipped using a cutting mill with a 6-mm sieve
and oven-dried at 75 °C for 48 h.

2.2 Samples for estimating the '*’Cs concentration
observational errors via partial sampling

We compared the *’Cs concentration in the stem wood
determined from partial sampling (core sampling) with that
determined from bulk sampling (disk sampling) to estimate the
observational error. First, to check whether the observational
error is affected by the number of cores collected from a
tree, we investigated the '“’Cs concentration determined
from a single core and that determined by averaging the
concentrations of two cores. Three individuals each of 48-year-
old cedar (Cryptomeria japonica; DBH = 20.7-33.1 cm),
31-year-old cypress (Chamaecyparis obtusa; DBH = 14.9-20.6
cm), and 31-year-old oak (Q. serrata; DBH = 9.4—12.3 cm)
grown at site 1 were used for this investigation. Wood cores
were collected from two directions (180° opposite) on each
tree stem at a height of 1 m using a 12-mm-diameter increment
borer in August 2016. After the core sampling, the trees
were felled with a chain saw, and wood disks were collected
from near the locations where the cores were collected. After
separating the wood samples into sapwood and heartwood, the
core and disk samples were chipped using a cutting mill with
2-mm and 6-mm sieves, respectively.

Second, to check the observational error caused by the partial
sampling that we expected to use in practice, we investigated
the "’Cs concentration in the stem wood determined from
two cores roughly chipped using pruning shears instead of a
cutting mill (i.e., the cores were less homogenized than cores
chipped normally using a cutting mill). Using the same method
previously described, core and disk samples were collected
from six pines (Pinus densiflora Siebold et Zucc.) and three
chestnuts (Castanea crenata Siebold et Zucc.) at site Al
(Kawauchi Village, Fukushima Prefecture, Japan) in August
2017 and 2019. The trees were approximately 50 years old and
had DBH values of 17.9-38.1 cm. The samples were separated
into sapwood and heartwood. Here, two cores collected from
different directions on the same tree were treated as a single
sample and chipped into semicircles with a thickness of
1-2 mm using pruning shears, while the disk samples were
processed in the same way as described previously.

The observational error of the "*’Cs concentration in the

bark determined from partial sampling (piece sampling)
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was also investigated by comparing it with that determined
from bulk sampling (entire circumference sampling). Twelve
pines (P. densiflora) and nine chestnuts (Castanea crenata)
at site Al; six cedars (Cryptomeria japonica), three pines
(P. densiflora), and three oaks (Q. serrata) at site 3 (Otama
Village, Fukushima Prefecture, Japan); and three cypresses
(Chamaecyparis obtusa) at site 5 (Ishioka City, Ibaraki
Prefecture, Japan) were used for this investigation. The trees
were approximately 50 years old and had DBH values of 16.6—
38.1 cm. In July—September of 2017-2020, we collected bark
pieces (approx. 3 cm in the axial and tangential directions)
from four directions (approx. 90° apart from each other) of
each tree stem at a height of 1 m using a 3-cm-wide chisel
and a hammer. We then felled the trees and collected bark
from the entire circumference of the tree stems using the same
method as in the monitoring survey by the Forestry and Forest
Products Research Institute (FFPRI; Kuroda et al. 2013). The
bark pieces collected from different directions on the same
tree were treated as a single sample and cut into approximately
5-mm pieces in the axial and tangential directions using
pruning shears, while the bark samples collected from the
entire circumference were chipped using a cutting mill with a
6-mm sieve.

The samples were oven-dried at 75 °C for 48 h, and the
sample weights were converted to that dried at 105 °C by
multiplying by 0.98 for the bark samples and by 0.99 for the
wood samples (Ohashi et al. 2017).

2.3 Radioactivity measurements

The samples were packed into 2-L or 0.7-L Marinelli
containers (MAX-Y20 or MAX-Y07, Sugiyama-gen, Tokyo,
Japan), U-8 containers (No. 3-20, Umano Kagaku Youki,
Osaka, Japan), or #737 containers (Kartell, Milan, Italy)
depending on the sample amount. The radioactivity of '*’Cs
in the sample was determined via gamma-ray spectrometry
with a high-purity Ge detector (GEM20, GEM40, or GWL-
120, ORTEC, Oak Ridge, TN). Peak efficiency calibrations
for the Marinelli, U-8, and #737 containers were done
using standard sources: MX033MR, MX033U8PP (Japan
Radioisotope Association, Tokyo, Japan), and EG-ML (Eckert
& Ziegler Isotope Products, Valencia, CA), respectively. Each
measurement was continued until the counting error dropped
to 5% or less; however, for some wood core samples with
small amounts and low "*’Cs concentrations, we allowed an
error of up to 10%. For measurements combining the well-type
Ge detector (GWL-120) and the #737 container, the gamma-
ray self-absorption was corrected by assuming that the bulk
densities of the samples were the same as that of the standard
source (Ohashi et al. 2021).

2.4 Estimation of "*’Cs concentration observational errors
via partial sampling

To evaluate the difference between the '*’Cs concentrations
determined from partial sampling (X) and those determined
from bulk sampling (Y), the mean absolute percentage error

(MAPE) was calculated according to the following equation:

n
100~ X, — Y.
MAPE = Z| k__k
n Yk
k=1

where 7 is the number of samples.

Because not only X but also Y contains the observational
error (at least the error caused by the radioactivity
measurement), we estimated the observational error in X by
simulating MAPE with the assumption that the observational
error in Y was 5% (counting error of the radioactivity
measurement). The simulation was done by generating 100,000
random numbers from a normal distribution (mean = 100,
standard deviation = 5) for ¥ and 100,000 random numbers
from the normal distribution (mean = 100, standard deviation
= o) for X using R version 4.0.4 (R Core Team 2021). Various
values of ¢ were tested sequentially to search for the optimum
value that derives the nearest MAPE to the observed MAPE.
We determined the optimum value of ¢ to be the observational

error in X.

3. Results and Discussion
3.1 Circumferential distribution of "*'Cs

The circumferential distributions of the "’Cs concentration
in the bark, sapwood, and heartwood collected in 2015
are shown in Fig. 2. The mean RSD values of the *'Cs
concentration among the directions were 34%, 14%, and
12% in the bark, sapwood, and heartwood, respectively.
The relatively large RSD in the bark is likely due to the
heterogeneous deposition of accident-derived *’Cs (Tanaka et
al. 2013), the non-uniform removal of *’Cs by stemflow with
preferential flow paths (Imamura et al. 2017a), and the random
exfoliation of bark via aging and weathering. The RSD values
in the sapwood and heartwood observed in this study are
relatively small compared with previous studies that showed an
approximately 10%—-50% RSD among the directions (Mahara
et al. 2014, Hirano et al. 2016).

The RSD of the '*’Cs concentration among the directions did
not vary significantly among the tested species and between
the sites. Even though the "’Cs concentration in the bark
showed biases in the circumferential distributions in some
trees (e.g., the M-size cedar, L-size cypress, and L-size oak at
site 1 and L-size cedar at site 2), the directions with high s

concentrations were not the same for all trees. In contrast to our
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Fig. 2. Circumferential distributions of the *’Cs concentrations in the bark and wood disk samples in 2015.
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results, Mahara et al. (2014) reported that *’Cs concentration
in the stem wood of an oak (Q. serrata) collected in 2012 was
high in the direction facing the wind direction during the main
"Cs deposition event. They inferred that such anomalous
directionality may appear in deciduous tree species such as
oak, which did not absorb "’Cs via their leaves in 2011, and
predicted that this directionality would soon disappear as a
consequence of the transport and diffusion of '*’Cs. Therefore,
directionality might have also existed at our study sites shortly
after the accident; however, four years after the accident, we
could not find any evidence of directionality. The relatively
small RSD in this study also indicates that the circumferential
distribution of "*’Cs concentration in the stem wood may have
been homogenized with time. Similarly, directionality was
not found in oaks (Q. petraea) contaminated by the ChNPP
accident 24 years after the accident (Kilic 2012).

Although there was no common directionality in the
"Y'Cs concentration among the trees, there was a spatial
autocorrelation in the "*’Cs concentration within a tree stem.
The difference in the *’Cs concentrations between two adjacent

directions tended to be smaller than between two opposite
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directions in all stem parts (bark, sapwood, and heartwood)
(Fig. 3). This fact indicates that sampling from more than one
direction of a tree stem should be done by collecting samples
from parts apart from each other to obtain representative
data of an individual tree, especially for the bark, which
showed a relatively large RSD of *'Cs concentration in the
circumferential direction.

Correlations in the circumferential distribution patterns
of the "'Cs concentration between the stem parts (bark,
sapwood, and heartwood) were checked using the Pearson
product-moment correlation coefficient (Fig. 4). There was no
correlation between the distribution patterns in the bark and
those in the sapwood (R = 0.180, p > 0.05). Even though it
has been shown experimentally that Cs can be absorbed from
bark surface and transferred to sapwood (Wang et al. 2016,
2018), we assumed that '*’Cs absorption through bark had
not occurred dominantly since 2012 because dissolved *'Cs
on tree surfaces, which is thought to be absorbed by trees,
decreased drastically during 2011 (Nishikiori et al. 2015).
The lack of a correlation between the bark and the sapwood

appears to support this assumption. However, there was a weak
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correlation between the distribution patterns in the bark and
those in the heartwood (R = 0.340, p < 0.01), implying that
7Cs might have been transferred intensively from the bark
surface to the stem wood in 2011 and remained somewhat in
the heartwood. Such a “memory effect” in the heartwood was
also suggested in our previous study comparing the "’Cs and
'3Cs distributions in tree stems collected in 2014 (Ohashi
et al. 2020). However, the correlation between the bark and
the heartwood is thought to become weaker with time as the
formation of new heartwood and the diffusion of "*’Cs in the
heartwood proceeds. Lastly, there was a strong correlation
between the distribution patterns in the sapwood and those in
the heartwood (R = 0.748, p < 0.001). This strong correlation
indicates that *’Cs transfer in stem wood is likely to be more
dominant in the radial direction than in the circumferential
(tangential) direction, probably owing to the existence of ray
(Kuroda et al. 2020).

3.2 "’Cs concentration observational error via partial
sampling

The "’Cs concentration in the sapwood determined
via partial sampling (core sampling) had a one-to-one
correspondence with that determined via bulk sampling
(disk sampling) in 2016, regardless of the number of cores
collected from a tree (Fig. 5a). Because the ratio of the *’Cs
concentration in the core to the disk was 1.00 on average (Fig.
5b), we determined that there was no systematic error in the
"7Cs concentration in the sapwood core. However, the ratio
in the heartwood was 1.10 on average and its 95% confidence
interval ranged to values greater than 1.00 (Fig. 5b), showing
that there was a positive systematic error (overestimation)
in the "*’Cs concentration in the heartwood core. This result
is contrary to our assumption that there can be a negative
systematic error (underestimation) in the *’Cs concentration
in the inner part (heartwood) of a wood core because the core

contains too much wood near the pith, in which the "'Cs
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concentration is relatively low in many cases (e.g., Mahara et
al. 2014, Ohashi et al. 2014, 2020). However, there are some
cases in which the *'Cs concentration in wood near the pith is
higher than that on the outer side (Ogawa et al. 2016, Ohashi
et al. 2020). Therefore, we might have collected samples from

such trees in 2016 by chance because there was no systematic

error in the *'Cs concentration in the heartwood cores in
the period of 2017-2019 (Fig. 6). Unfortunately, the species
dependency of the systematic error is difficult to discuss in this
study because of the small sample size and the uncertainty in
estimating the "*’Cs concentration in heartwood from the partial

sampling remains. Nevertheless, because the radial distribution
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of the "’Cs concentration in heartwood is presumed to become
homogeneous with time following an accident (Ogawa et al.
2016), we expect that the uncertainty is smaller or negligible
in recent samples (e.g., samples collected 10 years after the
accident).

The MAPEs of the "”’Cs concentration in the sapwood and
heartwood determined from a single core were 14%—15%,
and the observational errors were estimated to be 16%—18%.
These errors likely arose from the variability of the *’Cs
concentration in the circumferential direction because they
are similar to the mean RSD of the "’Cs concentration among
the directions (12%—14%, as described in Section 3.1). When
averaging the *’Cs concentrations in two cores (directions), the
observational errors decreased to 8%—14%. This is consistent
with the theoretical error in the mean value for two directions,
approximately 12%, which can be calculated using the law of
error propagation and by assuming an observational error of
17% (16%—18%, as mentioned above) (i.e., V172 + 172 = 2).
Therefore, the reduction in the 37Cs concentration
observational error when increasing the number of cores was
demonstrated well in this study. In the case of increasing the
number of cores to 4, 8, and 16, the observational error is
expected to be reduced to 9%, 6%, and 4%, respectively (Table
D).

There was no systematic error in the sapwood and
heartwood "*’Cs concentrations determined from the two cores
that were roughly chipped using pruning shears (Fig. 6). The

observational errors were estimated to be 12%—17%, slightly
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larger than those in the concentrations determined from two
normally chipped cores (8%—14%) but smaller than those in
the concentrations determined from a single normally chipped
core (16%—18%). Therefore, this relatively simple method
using two roughly chipped cores appears to be reasonable for
practical use because it provides a larger amount of sample for
radioactivity measurement and smaller observational errors
than using a single normally chipped core, as well as taking
less time for sample processing than chipping cores with a
cutting mill.

The "*'Cs concentration in the bark determined from the
partial sampling (piece sampling) also had a one-to-one
correspondence with that determined from the bulk sampling
(sampling from the entire circumference), and no systematic
error was observed in the period of 2017-2020 (Fig. 7);
however, the observational error was estimated to be 38%,
showing that the random error is relatively large. This error is
considerably larger than the theoretical error in the mean value
Table 1. Estimates of the observational error in the ¥'Cs

concentration determined via partial sampling of
bark and wood from a tree stem.

Part Number of partial samples per tree
1 2 4 8 16
Bark 76% 54% 38% 27% 19%
Wood 17% 12% 9% 6% 4%

The estimates were calculated using the law of error propagation

and assuming that observational error via sampling bark pieces (3
cm x 3 cm) from four directions is 38% and that via sampling a
wood core (diameter 12 mm) from a single direction is 17%.

o
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T
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Fig. 7. Comparison of the *’Cs concentrations in the bark samples collected from the entire circumference and from four

directions of the tree stems in the period of 2017-2020.

The samples collected from the entire circumference were chipped using a cutting mill with a 6-mm sieve, and the samples

collected from four directions were cut into approximately 5-mm pieces in the axial and tangential directions using pruning

shears.

MAPE mean absolute percentage error, SD standard deviation, C/ confidence interval
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Table 2. Sample size (number of sample trees) required to achieve the same relative standard error of the *7Cs concentration

in an investigation in which the observational error in the '¥’Cs concentration is 5% and the sample size is 3.

RSD among trees? (%) RSE? (%) Observational error in '*’Cs concentration
10% 15% 20% 30% 40%
12 27 48 108 192
5 7 15 25 55 98
10 6 5 8 12 24 41
20 12 4 4 6 9 14
30 18 3 4 4 6 8
40 23 3 3 4 5 6
50 29 3 3 3 4

1) Relative standard deviation of the *’Cs concentration among trees within a forest stand.

2) Relative standard error of the mean value of the '*’Cs activity concentration within a forest stand when the observational error in the

137Cs concentration is 5% and the sample size is 3.

for four directions, 17%, calculated by assuming that the RSD
of the "’Cs concentration in the bark among the directions
was 34%, from the results in Section 3.1 (i.e., V342 x 4 + 4).
This gap is most likely due to the small piece sizes (3 cm x 3
cm). Therefore, to reduce the ’Cs concentration observational
error in bark determined via partial sampling, it is necessary
to increase the size of the bark pieces collected. If it is difficult
to increase the size, increasing the number of bark pieces
will also reduce the observational error. For example, the
observational error is estimated to be reduced to 27% when

bark pieces are collected from eight directions (Table 1).

3.3 Sampling strategy

The partial sampling of bark and wood from a standing
tree was demonstrated to increase the observational error
(which is considered random and unsystematic) of the *’Cs
concentration compared with bulk sampling from a felled tree.
Whether this increase in the observational error is acceptable
or not depends on the objective of a study. For example, in a
case where the objective is to estimate the "’Cs concentration
in the bark or wood of a single tree, the concentration should
be determined from bulk sampling with a felled tree, or if it is
difficult to fell the tree, determined via partial sampling with a
large number of bark pieces or wood cores from the tree (Table
D).

In contrast, in a case where the objective is to estimate
the mean value of the *’Cs concentration in a forest stand,
the estimation error (i.e., the standard error) increased by
partial sampling from the trees can be canceled or even
become smaller by increasing the number of sample trees (the
sample size). The sample size for partial sampling required
to achieve the same relative standard error as bulk sampling
depends on the sample size, the observational error of the *’Cs
concentration in the bulk sampling, and the RSD of the "*’Cs
concentration among the trees in the forest stand. Here, based
on the monitoring survey conducted by FFPRI from 2011
to 2016 (Kuroda et al. 2013, Imamura et al. 2017b, Ohashi

| Bulletin of FFPRI, Vol.21, No.1, 2022

et al. 2017), we assumed a sample size of the bulk sampling
of three, an observational error of the bulk sampling of 5%
(the error caused by the counting error of the radioactivity
measurement), and a RSD among the trees of roughly 30%—
40% (Fig. S1). The sample size required for an observational
error of 10%-20% (assuming the error caused by the partial
sampling of the sapwood and heartwood from two directions)
in this case was estimated to be 3—4 (Table 2). This is nearly
the same sample size with bulk sampling, meaning that the
partial sampling of stem wood is acceptable for estimating the
mean value of the *’Cs concentration in a forest stand without
increasing the sample size compared with bulk sampling in
this case. For another example, the sample size required for an
observational error of 40% (assuming the error caused by the
partial sampling of the bark) was estimated to be 6—8 (Table
2). Therefore, even though the observational error caused
by partial sampling is relatively large, the mean value of the
"'Cs concentration in a forest can be estimated with the same
accuracy as bulk sampling by increasing the sample size in a
realistic range.

However, there are also limitations in partial sampling
as well as bulk sampling. Frequent sampling of bark and
wood from the same tree reduces transport pathways of
water, photosynthate, and minerals, and might alter the *’Cs
concentration in the remaining stem parts, or results in tree
death in the worst case. It is uncertain how many samples we
can collect without affecting the tree significantly. Therefore, to
sustain a monitoring program for decades by partial sampling,
it would be better to change sample trees every year within a
forest stand and assign enough time interval to trees for bark

regeneration after sampling.
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mE T Lo "Cs £ 1E & (Bqm™’). Young-shoot
BCs concentration (& # & @ ' Cs 2 E (cmol, kg ). Soil
exchangeable '7Cs inventory [ZHIZ N 5EE 0.05 m £TD
Lo s fEE R (emol, m 7)o

BB, T, DEHICILT Ves e, Pes M Ak
s T H % DIHRME EOMED BT, TCs T, D%
BT 2 WD D & LTt =cs B flio 7,

2.7 HEY DRBIR DR E DBRIE

Hr A REUE A DR DR L2 D . IR ST %R
D 5 BRI OWIICH <HRE LTARE 2 mm 2L
TOWRZEARET, ZOkiE Tz ED, RiiD

Table 1. 10 fiD f LR B4 Bk & LD L -137 (Y7Cs) DOFBEUil

137

Amounts of cesium-137 ("'Cs) in plant tissues sampled from 10 edible wild-plant species and their surrounding soils.

Species Young-shoot" ¥’Cs Soil ¥7Cs inventory?  Soil-to-young-shoot *’Cs Collection location
Life form concentration (a) (b) T, (a/b) Year
Bq kg! kBq m? m’kg!

Geomean min-max  Geomean min-max Geomean  min-max
Chengiopanax sciadophylloides Tadami, Otama, and Kawauchi (Mitsuishi
Koshiabura, summer green tree 2627 200-16000 i 4.6-620 0.077 0.014-0.32 7 and Kanayama); 2015-2017
Clethra barbinervis 3015 2900-3100 64 11-360  0.047  0.085-026 2 Otama and Kawauchi (Mitsuishi), 2016
Ryobu, summer green small tree
Aralia elata 1004 8801100 15 10-23 0.067  0.051-0.088 2 Otama, 2013 and 2016
Taranoki, summer green shrub
Helwingia japonica 1377 13001500 176 140230  0.008  0.0056-0.011 2 Kawauchi (Kanayama), 2013 and 2016
Hanaikada, summer green shrub
Fallopia japonica var. japonica 3172 1500-6800 859  570-1300  0.004 0.0026-0.0053 2 Kawauchi (Mitsuishi), 2013 and 2016
Itadori, summer green perennial
Aster microcephalus var. ovatus 128 100-160 74 55-99 0.002  0.0016-0.0019 2 Kawauchi (Kanayama), 2013 and 2016
Nokon-giku, summer green perennial
Artemisia indica var. maximowiczii 85 56-130 74 55-99 0.001  0.0010-0.0013 2 Kawauchi (Kanayama), 2013 and 2016
Yomogi, evergreen perennial
Osmundz{strum cwnamomeum var. /okzer?se 11064 2300-53000 27 8.4-87 0.41 027-0.61 ) Kawauchi (Kanayama), 2016 and Tadami,
Yamadori-zenmai, summer green perennial 2017
Preridium aquilinum subsp. japonicum 494 470-510 109 88-140  0.005 0.0035-0.0059 2 Kawauchi (Kanayama), 2013 and 2016
Warabi, summer green perennial
Osmunda japonica 4440 93 0.048 | Kawauchi (Kanayama), 2016

Zenmai, summer green perennial

1) ¥ ZREYNEIHGE, 2) MR HEE 0.05 m £ TOHIE,
1) Soil-to-young leaf in ferns. 2) Soil to a depth of 0.05 m.
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THERZ R S THEE LT, (ROIREE Uiz, 7272 L.
AZRY k). 2F./F Qfifk) TIXTDREETT
DEMNS DT, FERBEGGEM U, AREOREE
DB DE A DM Z M > TR LTz,

28Cs T,y &M P Cs T,y MIRRDBIRARAT

TN BHEFEAD VCs T, &AM Cs T, HIAREED
MGEW SN B0, 3 HRMEHRL, Yos T, %
HIER L LT, Rt Cs T,, D& THIAT % H[A] )7
K&, MREZMA Tz 2 ZBCCHINT % & 072072 7F K
L7,

AWFZED VCs JEEEIE T 2016 429 A 1 A2 AR
ICIREMIE LTze WCs 0 'P°Cs OYRRE 0 BN+ Hli i 24 7=
D D&, T, OFEMHEIZRMEIME & LT (Table 1), 4L,
IRIE DBHE D —USHBUER A CIERITE S T L.
AT L RN 72T TIVEBDZWERE (7 F n =69,
YA n=267L) T Cs D T, HOBEE AR
SEUERA TR TE ] (HHS KFE) T kick b,
FE44 1 YList (K& - HEH 2003-) ICHEHLL 7z,

K
THED SHHFAD P'Cs T, (Table 1) IFFEIC K > THAE

0. FMOFEHMEITE/INOIEFLEADYT RUL YT
A THRIBS0EDENND > Tz —J5. HHED PCs JEE
(Table 2) DFED FIIEERMDO T EF LIRFD YV F VU
LA TR 230 EDENDH D, LIEDSHEADK
ik Cs T, (Table 2) DEIXIR/NDOIEF LIRKDY <
RUE <A TH 100 fEDEWHDH - Tz,

T Cs T,, &AM s T, DRNCIFIRWIEDHHR (
=0.809) M O WEDOBRZ L U —XEEE
T, ROMEH TH- Tz,

Ln (Soil-to-young-shoot *’Cs T,,) = — 2.72 + 0.982 Ln (Soil-
to-young-shoot '*°Cs T,,) (adjusted R* = 0.5900, p = 0.0057, n
=10) (5)

7272 L. Soil-to-young-shoot '**Cs T, DT — X #HiPHIE 0.032
~33mkg’ TH%,

(5) K& LEO SHHEAD VCs T, Z PRI B ETIVET
&, (5 XK THME L EREDORFR (Fig. 1) THIAR
P (Table 2) DRKENVT T LV <A DUHRD RN H
FHoTTay bEN3TehnH, TOMRICITHIEED
WEELNATVWEEEZLONT, oL EEY A

Table 2. 10 i £ RN 3503 2Rk &+ v 2 L -133 (PCs) Db & AR O3 &

133

Amounts of cesium-133 ("Cs) in plant tissues sampled from 10 edible wild-plant species and their surrounding soils,

and associated fine-root depths.

Soil-to-young-shoot

; _ 1) 133, ; 133, Nt -
SPe01es Young ShOO't Cs Soil 'exchangea;lbzle Cs exchangeable Cs T n Soil-to-young-shoot Fine-root depth
Life form concentration (a) inventory?:¥ (b) (@b) 2 ¥Cs T,/ exchangeable
133C T
cmol_kg! pmol_m* m* kg! S m
Geomean min—max Geomean min—max Geomean min—max Mean

Chengiopanax sciadophylloides 0.023  0.0023-0.055 13 524 ab 018  0.025-0.50 7 0.44 0.05
Koshiabura, summer green tree
Clethra barbinervis 0.020  0.0098-0.043 6.7 410 ab 030  022-042 2 0.15 0.05
Ryobu, summer green small tree
Aralia elata 0.029  0.026-0.031 10 10010 b 028 026030 2 0.24 0.08%
Taranoki, summer green shrub
Helwingia japonica 0.007  0.0067-0.0075 5.1 55 b 014 013015 2 0.056 0.045
Hanaikada, summer green shrub
Fallopia japonica var. japonica 0.006  0.0063-0.0065 9.0 99 a 0071 0.070-0.073 2 0.052 0.06"
ITtadori, summer green perennial
4 icroc ( var.

ster microcephalus var. ovatus 0.002 0.0017-0.0022 5.1 55 b 0037 0.033-0.043 2 0.046 0.06
Nokon-giku, summer green perennial
Artemisia indica var. maximowiczii 0.002  0.0014-0.0020 5.1 55 b 0032 0.027-0.039 2 0.036 0.07
Yomogi, evergreen perennial
Osmundqstrum cz.nnamomeum var.fokzer'tse 037 0.20-0.68 1 504 b 33 081-13 2 012 0.10
Yamadori-zenmai, summer green perennial
Preridium aquilinum subsp. japonicum 0.025  0.021-0.029 5.1 55 b 048  041-056 2 0.009 025
Warabi, summer green perennial
Osmunda japonica 0.12 - 5.1 b 24 - 1 0.020 0.16

Zenmai, summer green perennial

AR DEREU & AU LE Table 1 &7 U, ¥ ZREYNIIHITE, P KD SIEE 0.05 m FTO T, ¥ a AW, b EAD (2016)
DOHIERNSEEE 0.10 FW0 L 0.11 m £ TO O PCs i (KA S 2016) ZHIRDNSHEE 0.05m ETOfEE LTHW
Teo TIEOARREL FFPRI ARRERERNC K %, VA2 BV & 2T/ FOMKIEMEORE ZRlEEd. bbic, 4ER
SRS ME T RIFEE DK & E OISR O K ZRIE LTz,

Collection locations and years are provided in Table 1. " Soil-to-young leaf in ferns. * Soil to a depth of 0.05 m, ¥ a, this study and
b, Nagakura et al. (2016); soil exchangeable '*’Cs concentrations at soil depths of 0.10-0.11 m were used to represent a soil depth of
0.05 m; unpublished FFPRI soil bulk density data. ¥ Fine-root depth measurements were not obtained from Fallopia japonica or Aralia
elata at the study site; measurements were taken from individuals with similar height and site conditions in Ibaraki Prefecture.

TRRA S BT TER S 55 21 % 1 5, 2022
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fii & HeXT 0 T, S PCs T, FEAVINE Ao 7z (Table
2), MIMREEE Cs T, &I IFMEBILR (- = 0.058, p = 0.998, n
=10), R P Cs T, LA RICE BN > e IEDHE
BN - Tz (r = 0.566, p = 0.349, n = 10), "“'Cs T,, & HIHY
2R A PCs T, EHIMRIRD 2 D2 FIAA R E T %
HEFAIIHET, ROBO TH-> T,

Ln (Soil-to-young-shoot ''Cs T,,) = — 7.24 + 1.39 Ln (Soil-
to-young-shoot '*Cs T,,) —2.00 Ln (Fine-root depth) (adjusted
R*=0.8242, p <0.001, n = 10) (6)

T P
2 oc .-’
£ o .-
= ’
S 01 AE
] CS o °
E ° - ® O]
2 CB//
g o
0.01 e
iy ryC
T »
i e @ PA
] "¢ AM
2 e Al
2 oo00 L@
8 0.001 0.01 0.1 1
=

Predicted soil-to-young-shoot! 137Cs T,, (m? kg ')

Fig. 1. 10 O N RN B3 % LD S HEAD b
2 L -137 DA TRE (Cs T,p) O T & I
oD bR
Comparison of predicted and measured soil-to-young
shoot cesium-137 aggregated transfer factor ("’Cs T.,)
values obtained from 10 edible wild-plant species.

ek 2D I 133 R THREL (3HAE ' °Cs T,,) 2

ZHETBERET Ve Cs T, EHIEF PCs PIE/ EZ 0

~0.05 m FIEOAHNE UCs fF/ER, Cs T, (EHEF VCs

BRI/ DRE 0~ 0.05 m 8 VCs AR, 1) & X RPNIEL)

B, HHAE @ 0.045 ~0.062 m, © 0.070 ~0.10m, @ 0.16

~025m, CS A7 TZ, CBY3av7/, AE XT /&,

HINFA AR FIAZ R AM / aVF 7, AL TEF,

OC VY RUEYTA, PAUTE, O] BV A, W

RITOMEMIE U TdHB5E2m1RT,

Predictions were obtained from a regression model with

cesium-133 aggregated transfer factor (exchangeable '*Cs T,

as the sole explanatory variable. 1) Soil-to-young leaf in ferns.

Exchangeable '*’Cs T,, and PICs T,, are the ratios of young-

shoot '**Cs concentration/exchangeable '**Cs inventory and

young-shoot "*’Cs concentration/"’’Cs inventory, respectively,
to a soil depth of 0.05 m. Fine-root depths: e 0.045-0.062

m; ® 0.070-0.10 m; @ 0.16-0.25 m. CS = Chengiopanax

sciadophylloides; CB = Clethra barbinervis; AE = Aralia elata;

HJ = Helwingia japonica; ¥J = Fallopia japonica var. japonica;

AM = Aster microcephalus var. ovatus; Al = Artemisia indica

var. maximowiczii; OC = Osmundastrum cinnamomeum var.

fokiense; PA = Pteridium aquilinum subsp. japonicum; OJ =

Osmunda japonica. Dashed lines indicate that predicted and

measured values were identical.

| Bulletin of FFPRI, Vol.21, No.1, 2022

7272 L. Soil-to-young-shoot '*Cs T,, {7 — X #iP#iZ 0.032
~ 33 m’ kg, Fine-root depth IZFEDHMEDIEX TF— X
HiPHIZ 0.045 ~025m TH 5,

6) Rz TN SHHAND 'Cs T, Z TIT HETIVET
% L. (5 A (adjusted R* = 0.5900) & L (6) X (adjusted
R*=0.8242) ZFA#EEE I R VR E L HIMRED B 2 =8
Lz kickd Ves T, OfEEREE M L LIz e E A2 D
Nize (6) ROHME Cs T,, DEHDHREIE (1.39), #i
RO FREE A (-2.00) T, 7— X OHIPAN T “'Cs T,
. PCs T M KEVETREL, HIRENFEORETIE
INEL T8 %, . fedkD@E D SEEH Lz ti#Eh o
ZHE P Cs BO—EBOMHEI 2 FREEREVAHEEND B
TEND, YT EORME PCs BE2 7D 1Lk
EEDMHBLER LD, BFBRICKERE(EE Ao T
[(5) =X adjusted R* = 0.6181, p = 0.0043, (6) =X adjusted R =
0.7999, p = 0.0015], F 7z, R & FRIVEDEN D o2
DOFEZ A2 T2 NIRRT 2016 FHRID 71 (2
VTTI.ONFAAR, JaAvF s FEF, YRV
YosA, I8, BURAEK 1A, n=7) 2T Tl
L THHERICRERZIIE A - 72 [(5) K adjusted R* =

ocC

0.1 | CS

°
AE @ PRy
- CB

001 PA 7 eHI
o~
Al-8 AM

0.001 K ) -
0.001 0.01 0.1 1

Measured soil-to-young-shoot! '¥7Cs T,, (m* kg™')

Predicted soil-to-young-shoot") '¥’Cs T,, (m? kg )

Fig. 2. 10 FE O N ERPNC BT 2 LD SHiHFAD L
29 I -137 DFATREL ('Cs T,p) O Tl & G2
o LLig
Comparison of predicted and measured soil-to-young-
shoot cesium-137 aggregated transfer factor ("'Cs
T,,) values obtained from 10 edible wild-plant species.
ASHE Cs T, EHIMRTRZ SRR L 3 2 ERIRE T Vo
1) ¥ AL, T Fig. 1 L, CS AT 7T J,
CBYU Y7, AEXT /¥ HINFAAZ FIARZRY,
AM /aYFF Al FEF, OC YY FUEYY A, PA
TIE, O] B~ A, I TOMEMNFE T TH 25
ZRY o
Predicted values were obtained from a multiple regression
model with exchangeable '’Cs T,, and fine-root depth as
explanatory variables. 1) Soil-to-young leaf in ferns. Symbols
follow the descriptions provided in Fig. 1. Dashed lines indicate
that predicted and measured values were identical.
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0.7824, p = 0.0051. (6) =X adjusted R* = 0.9553, p = 0.00089],

(6) NIC K2 THIME & FHAMEDRIfR (Fig. 2) Tld. HIR
MENE YR A (0D RV T (PA) DT —XE, DS
0y FOSMAHIFIGEWIEIC T oy FENTEBO ., M
RIRDBLERBEINT WA Z EMEIDENT,

4.5 %2

4.1 TEHOSHEYAND PCs LATHME PCs BT

VI DORD © 27 LINAEE Y OFEIC K > TR EL
7% % (Broadley et al. 1999, 15T - 7R[ 2021), LM S
RPIA (BT ) ~D Cs T, &AM s T, ORI IR
WIEDHHBE (- = 0.809) N D, 13 5P AIC S
Bes BT LS VHIE Cs BT LAV T LGB,
TS 2021) DHEEEHF / F (KRA) ORFET
PTCs DBATIREL (TF) & '*Cs TF ORI B R R0
ELTVBDEREEDHRTH 5T WHS (2021) &
HF FORFED Vs BOZ < HDFRIF O NYhS 5
L7eBEh 5O K 23D EHER L T WD, AW
T, Bibd 2 K5I, —EBOR TN " Cs T, M
WRFEOTEZEZE LT THEX D P'Cs T,, OFRMED K
TVWIBEADH O (Fig. 2). HHREFICHE BB LA S U%IY
L7z VCs @D > T VCs T, R E L 72> TV 5 1l HE
MidH s, UL, KR THREE A F / F & B 51
MEbhizc bicid, HIERORHEA Y T LEOEN
W BELERENEZ NS, TbE, AF/F0D
BT L (MERmA SEE 02 m F£T) hos
F1U T L L [RED0.64 cmol, kg ' DLE, JEHES (2021)
K OZEHEMEIE 1. VCs ORI EN DI o Tz & &
A 5N2ZDICH LT, AWUFIZEDHMIE L O A
U LD D7 L[5 DOMM, T—=205H % 4D
DAFHRTCHIENSHEE 0.04 ~0.11 m FTOLEICZEN
Z1.0.4,03,0.6,02 cmol kg ', EAS (2016)]. "'Cs DFE
R E N RN Z I o e (159 % & AR OR
MR IO O RO RIS D 517 L
7z VCs AR DR ) Tesh, BRI E £ 235
BCs & OB R (Fig. ) BRENZEEZBN%,

4.2 33Ha PCs T,, ZHEYMR P Cs BEDFRICHAT B
EEDEFRR HIBOREDIE

HARTED MR TRHE P Cs T, DA K E L (0.18 m’
kg', Table 2) a7 7T &, fHAN/NE W ([A0.037) /3
VR EINDEGEE, AT T IO Vs IBELE
DBV, Ihbbayr 7o/ aryrskoet
VO LEWRNT 2P RENETUNTCELZTHAS, L
ML, AV 77T XOMENENT T ot P cs T,
DENKEV ([A1048) EEF-T, TI7ED Cs &
ERELARZ EIFFARV, BERLTTEIE Ves W&
L TR0 OZEOE N B3l s 2N L T
LAREMEN D ZHN 5 TH S, LENSHEIANDEY Y L
OBATIE. WA LE» ST LEWINT S 1, L

DY LEREMOBDNTMNE S EHixBHND DO
ETHRER LS X%, BPLENS YT LERINT S
JMAICTE, HIITEHE P Cs M2 WIGHT TR
DRE VORI PCs T, WREL X DHZDT, #
MO 75 2 FEE T Vs IBE 2 TS 5 & X ITIEMARTE
DB EET Z20END 5,

B, SEIRO PO Ty 23 (T T,
YoxA, Y RUEUIA) FHEDLLEAHED - 7=
(Table 2) 8, ¥ & ( FH 1955) DX S ITIRAEED T X E
HB. WrHY) & bR TR O — B GO DU
TR,

4.3 YCs T, ITH T ZHEHDH_EZBH S DRERIND FE

ARWFZED YCs T,, DEIC I, FED KR EREY O
DRAETIUT K O HEPIHAICHL D AT N7z V'Cs DB E N
ATWVWBEEZENS, TIZLDHIT] THANTZX S IR
WSl EEc 51 2 Zmc X % Vs IR
BNEWVWIAHETERZED TERZD, LU LDEH
WU DWW CTEERNTE S5 S, MEm D Y'cs D5
BEREWINEKDOE O 5D B EEGDPEEBIUIC X B
TORERZIZAS N TRV, ERTESLIIELNS
M. Fig. 2 DFEFIC & & DT Vs T, IS BT B HEHAD
H FERD KRN DB DNV TR D,  (6) RO T
MR ZRY Fig. 2 CH L AMIC oy XN B MIE, M
YIHAAND Y'Cs DBITHNEZNWT L ERT, Flz. BROM
mERTTay A EAFmIcT NS WS 0R
FUHNDIN—FTE Cs BBITLTWVWA T BRI &E
ZbN5%, W&o Ficoay hEnzav 775 (CS).
25 /) F (AE) IZAART, WEHFRRICHHE N YCs
ZEE TV B RS REIRU U 72 TREMEMNE Z 5N
B —H. BMRFICEZTM LN > e ARAKDY) g7
7 (CB) &NF A A& (HY), HREEARO I EF (A, B
FRIEREARTH 2 DENERED LEsH L FICEHN 2 gD
HBHYVYIRIVEYIA (0C) LEYIA (0)) TIEZFDX
I RMEEIE RS N WA Thb o fz. YO L
WS DOREFRIUS OV TR DN SRV Tz, iz,
Vav T OEIHY T LDOEERIEV RS 2020)
KO TH2%E, MK ZFNEFhOERKED LT L
BEMEIEEEZ EEZDOND T &, MYARNICE T %
YU LDEFICEND B BN E VS ATHEM
> SR ELARZEND B,

Bbbvic
THEDOVE IR - 722t P Cs AP DR D 734 hY
Gho TVAEGEE, &t Pes 7— 2 EFIH L THEY)
R Vs DIREZ X ONFEICTRITE2E5A 560
%o RO P s RURD T DOHEHMIZE SN T
WBDT, ZTNEEEPT T LIZHENSHYIAND PCs
BITOTFMNZEDZDICHERTH A9, £io, 2UEAR
H (#EI S 2020) OHES A TR, £LoBE, LEO
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Fine-root depth influences
differences in soil-to-plant transfer of *’Cs and "*Cs

Yoshiyuki KIYONO"" and Akio AKAMA"

Abstract

The distribution of naturally occurring cesium-133 (***Cs) in soil can be used to predict soil-to-plant transfer of
cesium-137 ("*'Cs was released during the 2011 Fukushima accident). However, when the distributions of "*’Cs
and 'PCs differ with soil depth, the relative amounts transferred to plants may vary with fine-root depth, since
these roots are involved in nutrient absorption. Therefore, we investigated the influence of fine-root depth on
soil-to-young-plant-tissue '*’Cs aggregated transfer factors (T,,s) and exchangeable '“*Cs T,,s (Young-shoot '**Cs
concentration/Soil exchangeable '**Cs inventory) in 10 edible wild-plant species collected in Fukushima Prefecture
between 2013 and 2017. The *'Cs T,, values were strongly positively correlated with those of exchangeable s
T, implying that the distribution of Cs can be used to predict the distribution of *'Cs in plant bodies. However,
in species with deep fine roots, "*’Cs T,, values tended to be smaller than those estimated from exchangeable s
T, Since '3Cs is derived from minerals and is abundant in deep soil, such species likely absorbed large amounts of
¥Cs from deep soil layers. Relative to a simple regression model where variation in *’Cs T,, was explained only by
exchangeable '**Cs T,, (adjusted R* =0.59), a multiple regression model that included fine-root depth increased the
explanatory power (adjusted R* = 0.82). Thus, when predicting plant *’Cs concentrations using exchangeable '**Cs
T, it is important to consider the effect of fine-root depth.

Key words : aggregated transfer factor (T,,), deep-rooted, edible wild plant, fine root, Fukushima Daiichi Nuclear
Power Station accident, life form, shallow-rooted
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Effects of treeshelters 20 years after installation in Tsushima Island,
Nagasaki Prefecture: Durability and impact on planted trees

Tetsuto ABE"”, Kazuya YANAGIMOTO?”, Hiromi YAMAGAWA" and Haruto NOMIYA"

Abstract

We reported the condition after 20 years installing treeshelters on Chamaecyparis obtusa seedlings in Tsushima
Island. Of the 198 seedlings that installed treeshelters in 1999, 150 (75.8%) were alive in late 2018. Since 24
seedlings had fallen due to the movement of surface soils, which is considered as accident during the initial
period, the survival rate of the seedlings was 82.2% when the denominator was 174 seedlings after deducting this.
Regarding the durability of the treeshelter, 37 of the surviving individuals were dropped, 53 were break, and 53
remained in a normal state. However, since the most of the 53 C. obtusa with the normal state treeshelter did not
reach the diameter of treeshelter, they would likely to fall off when the seedlings grow. The treeshelter used in this
study is unlikely to occur problems such as deformation of planted trees and early break of treeshelter even if it is
left until thinning.

Key words : Chamaecyparis obtusa, timing of treeshelter removal, deer damage, long-term durability, survival rate
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Growth of Melia vol/kensii Gurke saplings propagated by root cuttings

Ryo FURUMOTO "*

Key words : clonal propagation, fast-growing tree, Melia volkensii, tree breeding

Introduction

Melia volkensii Giirke is a fast-growing tree species
native to the drylands of eastern Africa, from Mt. Kenya to
southern Tanzania. It is drought-tolerant and produces high-
quality timber used for construction and furniture (Muok et al.
2010). In some areas, especially in Kenya, timber production
from this species is a growing industry, and the markets and
value chains of M. volkensii in the timber industry have been
reported (Luvanda et al. 2015, Muthike and Gighiomi 2020).

To develop timber production and increase the incomes
of local farmers, the Kenya Forestry Research Institute
(KEFRI), along with some international cooperation partners,
introduced this tree species to local farmers in the 1990s (Muok
et al. 2010). In addition to supporting local tree farmers,
KEFRI is actively involved in the breeding of M. volkensii in
collaboration with the Japan International Cooperation Agency
(JICA) and Forest Tree Breeding Center of Japan (FTBC)
(Kamondo et al. 2016). They selected candidate plus trees
and found that the growth of some improved varieties was
approximately 17% higher than that of wild trees (Matsushita
2018). This is expected to increase the economic benefits to
local communities in Kenya. Saplings of M. volkensii used for
afforestation are usually grown from seeds (Muok et al. 2010).
In order to increase the plantation of this species, more seeds
and mother trees are needed. Further, the mother trees should
be clones propagated from improved varieties with superior
genetic traits.

Clonal trees are propagated from improved varieties
through the grafting method, which requires special technical
expertise and additional efforts to grow rootstocks (Kamondo
et al. 2016). Hanaoka et al. (2016) suggested that root cutting

propagation is an alternative, cost-effective method for

RE USHEE Nz Melia volkensii Girke DHEARD K E
AR

Received 12 March 2021, Accepted 25 May 2021

producing clones of M. volkensii. They proposed convenient
criteria for root cuttings; according to their study, the formation
frequency of adventitious buds was 77% in roots with a cut
edge diameter >15 mm and fresh weight >20 g. However, the
growth process of saplings propagated by root cuttings remains
unclear.

In the present study, we propagated M. volkensii saplings by
root cutting and investigated the growth process to examine the

possibility of production of clonal saplings.

Materials and Methods

We collected the root materials for propagation from M.
volkensii saplings that were used by Hanaoka et al. (2016)
and grown for approximately six years in polyethylene pots
in a temperature-controlled greenhouse with natural light in
Hitachi, Ibaraki Prefecture, Japan (36° 41’ N, 140° 41" E). We
attempted to collect more than one root material from each
donor sapling and obtained 74 root materials from 30 saplings.
The length and weight of the root materials were measured
before burying them in pumice (Setogahara Kaen, Gunma,
Japan) in a way that their proximal ends (5 mm) were exposed
above the ground. We conducted root cutting propagation on
June 4, 2020, in a wind-protected greenhouse with natural
light and temperature at the Iriomote Tropical Tree Breeding
Technical Garden on Iriomote Island, Okinawa Prefecture,
Japan (24° 19'N, 123° 54" E).

After approximately two months, on July 31, 2020, 45
out of the 74 root materials developed adventitious buds.
We randomly selected 23 out of these 45 root materials and
transplanted them into 9 cm X 30 cm polyethylene pots using
a new medium consisting of commercial gardening soil (Oishi

Corporation, Fukuoka, Japan) mixed with an equal volume of
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pumice. If the materials had multiple adventitious buds, we
removed the excess buds, leaving only one. The transplanted
materials were cultivated under a sun-shade tree for seven
months. We measured the height of the saplings every month.

To evaluate the growth process, the heights and days after
propagation were fitted to the Gompertz model. To examine
the relationship between the heights at the seventh month
and the fresh weights before propagation, a linear regression
mixed-effect model was used. The parameters of the models
were estimated by Bayesian analyses, specifying the individual
number of materials as a random effect. Statistical analyses
were conducted using R ver. 3.6.2. (R Core Team 2019) with
the rstan library ver. 2.21.2. (Stan Development Team 2020)
and the brms library ver. 2.14.4. (Burkner 2017, Burkner
2018).

Results

The mean length of the root materials was 17.6 cm (SD 5.9),
ranging from 8.0-41.0 cm, and the mean fresh weight was 32.9
g (SD 17.1) , ranging from 10.0-86.1 g. During the first two
months of root cutting propagation, 3 out of the 74 materials
were damaged by slug feeding on the adventitious buds, and
one of the three damaged materials failed to develop new buds.
Eventually, the formation frequency of adventitious buds was
61% (45 of the 74 materials) . During the subsequent seven
months of cultivation, death was recorded in 22% (5 of the 23
materials) of the materials, one material showed cessation of
growth when its height reached 2 cm, and 74% of the materials
(17 out of 23) showed normal development. The frequency of
intact saplings from root cutting propagation was estimated to
be 45% (the formation frequency of adventitious buds (61%)
X the frequency of normal saplings after cultivation (74%)).

The mean height at the end of the seventh month was 24.5 cm

m
=]

Height (cm)
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]
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Fig. 1. Growth of Melia volkensii saplings propagated by
root cuttings. The curve was generated using the
Gompertz model. The gray band indicates 95%
Bayesian confidence intervals of the fitting curve.

(SD 8.2), ranging from 2—-35 cm.

Fig. 1 shows the growth of saplings and the fitted curve
generated using the Gompertz model. The fitted curve reached
an asymptote in the sixth month. Fig. 2 shows the relationship
between fresh weight before propagation and the height at
the end of the seven-month cultivation period, as well as the
regression line. The slope of the regression line was estimated
to be 0.07, with 95% Bayesian confidence intervals ranging
from — 0.31 to 0.46.

Discussion

In this study, the frequency of adventitious bud development
was found to be 61%, which was lower than the 77% reported
by Hanaoka et al. (2016). We used the root materials with a
fresh weight between 10.0-86.1 g; some of them were less
than 20 g in weight and did not match the criteria of Hanaoka
et al. (2016). The use of unsuitable root materials might be
responsible for the lower frequency of adventitious buds
observed in our study.

In propagation by root cuttings, it is known that larger root
materials produce adventitious buds more effectively (Del
Tredici 1995, Ky-Demble et al. 2010, Snedden et al. 2010,
Hanaoka et al. 2016). Additionally, Snedden et al. (2010)
reported that root materials of trembling aspen (Populus
tremuloides Michx.) with larger diameters produce taller
saplings compared to those with smaller diameters. On the
other hand, in clonal propagation of Detarium microcarpum
Guill. & Perr. by root cutting, shoot growth of longer root
materials was similar to the shorter ones (Ky-Demble et al.
2010). Shoot growth after root cutting propagation may vary
depending on the plant species rather than on the size of root
material used for propagation. In this study, the slope of the

regression line between plant height after seven months of
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Fig. 2. Relationship between fresh weight before root cutting
propagation and height at the end of seven months of
cultivation. The line is their regression line. The gray
band indicates 95% Bayesian confidence intervals of
the regression line.

TR LB 55 21 % 152, 2022



Melia volkensii root cutting propagation 59

cultivation and fresh weight before root cutting propagation
was estimated to be small (0.07), ranging from negative
( — 0.31) to positive values (0.46). We observed that the use
of larger root materials of M. volkensii did not always result in
the production of larger saplings.

In Kenya, M. volkensii saplings produced from seeds are
used for silviculture and grow up to a height of 30 cm in a
period of three to four months (Muok et al. 2010). However,
in the present study, a period of at least five months was
necessary for the saplings propagated by root cuttings to
achieve growth to a size considered adequate for out-planting.
The slower growths observed in this study indicated that
the environmental conditions on Iriomote Island were less
suitable for the growth of M. volkensii saplings compared to
the conditions in Kenya. The temperature and precipitation
on Iriomote Island were higher than those in Kitui, Kenya (1°
22'S, 38° 1" E); the nursery in the KEFRI has a mean monthly
temperature of 22.7 °C and a mean monthly precipitation of 65
mm (Chahilu and Sairinji 1995), whereas the mean monthly
temperature and precipitation on Iriomote Island were 26.4 °C and
201 mm, respectively (Japan Meteorological Agency 2020). M.
volkensii is a tree species that shows remarkable adaptation to
drylands (Muok et al. 2010, Kamondo et al. 2016). Our results
indicated that extremely high rainfall was not suitable for the
growth of M. volkensii saplings.

In the present study, 45% of the root material achieved
growth without being damaged. Even under unsuitable
conditions, as seen in Iriomote Island, we could produce a
certain number of clonal saplings of M. volkensii using the
root cutting method. Thus, we expect higher adventitious bud
formation frequency and better sapling growth of M. volkensii
under more suitable conditions. To verify the practical
utilization of M. volkensii root cutting propagation, studies
in areas suitable for the growth of this tree species, such as

Kenya, are required.
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g?mammiﬁ%«ﬁﬂsﬁ¢ K 24(2012) R (11 A7) SRR 25(2013) AEREA (11 A

BRI EX 20em fREDO T UREZ B

E& 20cm FEEED & UREZ Gt

E& 20em FAEEDE Uk iRt

Tz ICHEEL p—— ICEEL
Sz 770y MR 3 IR DK “7,:5“ Sz 770y MR 3 IR D K
L HARRAZ 3 [Al# 0K U
%zﬁgﬁ@iﬁﬁﬁammiﬁﬁ%%%gﬁ)iﬁﬁxamﬁiﬁﬁ%%%gﬁ)iﬁﬁnamﬁimﬁ%%ﬁﬁﬁ)
I&%¥’ W2 G LR Z NS €5 B iif 2 LIGEZ s g 2 H B2 (i LR Z s 4% H
(CHE Lickkz B0 (CHE Lictkz &0 CHE Lictkz B0
%3m§%®ﬂﬂMMEM%%ﬁ%alﬁ) N@ma&ﬂ%%ﬁ%aynﬁ) 28(2016) FRIAVEIERL (10 H )
ESUANi[ES U SRR U SRR U AT

oS Yy 20 % 12,2022 ]
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LAICMFTEMEL, B2BehoyliL, Keatse
TOBRDEMBER W (o) ZHIE LT, &k, DPEROEN
BELTOWBREEDH - M, AERICEEIRERZE LU,
HRONA A AmISEHEBEER TR 50, 34F4E
OO w2 U TERMEZITS T &3 TIER
BTHb, KEFS (2015) &, ¥ IEBRERZRD B T2HIC
W Y) 75 F KRR UL E 2 MG L, &0 173 fIE»y
BYTHZTEZWMEL TS D, WEHECENT
B 173 A1E D & E/KRMNE HEUR 2 EREC L 72, K
FHOBXZ 13 D@ EME T, B2EE 40 2 FICYIM
L. Bz a¢EER W, (g) ZRE Lz (RIS 2015),
105 EDA—T >V CHRIET D E T L, ZIRER
Wy (2) ZHIE Uiz, BB EIREERN S EKE (Ba
FHEEIKHE MCL % MC = (W,-W,) / W, X 100) Z3R&D 7z,
ik LickDIiz W & MC h 5 7 a— O % &
Hi U7z 7235, Table 2 D & 3B D HHAR 1 AERRITHRITHD 5 W
BLUTHHZRT & W T L2 > TWa e,
W22 T R HRL BT 20, 1 AOFEAKIC kK
L. BB LB OB TR 1tk UTko T, &
MEOBRHIEMAETR Y > X —FiENED Tz TENLI
PAFEIE N RMFR B I SE TR BTz > & — SR BA 36 52 e
B~ KENA AT AL FERORENYF M- COF
%27 9 H 2 BT 27 BB 40 5. LUF. FEHi%
HET D) IKitoTz, R (1) DEFIVICEDERKGY
7 N = 7 D ASReml (Gilmour et al. 2009) = T, &
BT 2l W & MC ZNZEFNICONT I a— 2 A 55
L L7z BLUP (Best Linear Unbiased Prediction, fx B f#/F
AMETRD Al RD Tz,

Y= p +Ci+ B+ BCj + ey e (1)

TTT. Yy d7u—rioj7uy 7ok &FEOMA
DW XZEMCHE, pld 2 PFEE, ¢ idrn—2inZs
HRIHB; (B 7 1w 7§ OREENRBC; & 71—
ey I OREFHOERENR, e lFFAETH 5,

W EMCOrZu—2DRIETH % BLUPy & BLUPy
Ero—rT ki, ¥EETIVOLHIESNIZZNEN
DM py & pye Z3RD Tz BLUP fHIZ % 0 &
LT LD 70— OMBIC X B E KT &
o THIENS T2, 2 THHEIC BLUP fHZ A 72 il
7 H—2 T OYMEEC B 5 FHlE W, & MC,
EEH U,

W, = uy + BLUPy,
MC, = fiye + BLUP,

W, & MC, &b, LZaitc B 25 70— D80
Wz IR RO THIME Wd, (g) Z R Uz,

Wd, =W, X (1 - MC,/100)
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TTT. WA, &, 1Lk (L #k) Bz b DRtz &3
EAFARE BRI BN A A A DR E RSO
Iu—YTEDTHIIETH %, i ERTH S Wd, 2
su—rOREME LT, REEHEICH > TROFEAET
AR T L IC 7 1 — 0 5 R BGTm E 2 R & Tz,
JHa—2TEDWd, DETO—FEEA, LRI u—
RS Sd 23K, & 51T, IR E RIFE / 5HE (R A2

s=(Wd, —Av)/Sd

RS, FD LB D 5 BREFHmEE 57,
FEME 5: 1.5 < s
PTG 4: 0.5 = s < 1.5
FHAMAE 3: — 0.5 < 5<0.5
S 2: — 1.5 <s<— 0.5
FEAEAE 1:s < — 1.5

HEpH S O F — 2N Z, 3B EBRE LT
X (2) DETFTNCED 3HEBHAARTDO W, & MC, &
Kbz,

Y= '+ G+ S+ SCy + ey > (2)

CTT. Yy &r7u—ri ot j ok &HOMEKD
W X7ZEMCE, p ' @ RTEE clEr7a—2inZs
BRIR. S I3RABRM j OFEEZIH. SC; 1d 7 m— 2 LR
HOZHAEHDZERNR, ey IFFRAETH B, Hil TR
Hh T & DA & [FIRRIC Wd, Z23R& 7z 12T 5 BB Al 2
Rz,

I a—r Ok, AR L () ZEITRD T
TH—2D W 1D 5 BRHEEEHMME () MHEEGA
BT 4L ETHo DD B, 3RERHE DRV
K@) IKHD L W, D 5 EFEEEGEEHEE () & 4L ETH >
feoa—2wgl Uk, £z, i#EkLIz70—2 i
PhREHEES B Lz AT, X (3) Ik D BLUP,, &
Kb, BRI T— 2OV EE 2 " THI- 2 E
DZEBPEIR G & UTRH L,

Y= p "+ Ci+ S+ SC + ey >+ (3)

CTTT. Yy Wk rma—ri 0B j o k FHOMEEKD
W, p TS C R oa—ri OZEME, S,
WAkt § OFEERR, SCy1E 7 m— 2 LBt DR H
TEFHOZ RN, e IFiRAETH S,

TH. B ANORESE CIIBEA AR LT 2
MW, T—ROMRNBICEREBHEC L IcBT R Tz,

P & E5E
Table 1 ICAbiHE G RS IC K 2 BURE IO - R17H
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xR d, WE - RESE. A/ v FF 163 ik, =
V' FERXYFF 48 kB KO WO R REE
RUTW Tz OMERE &HE U7z ik 3 k. &5 314 i
*hTHs, LUF. 7a—r2E LT Is) "ol sD
S4) 13A /v FF7z, TPl WO &D (P01 &
IV FIXVFF%PS) HDOL & DML =T %,
Bl LTl DRIFIC H Tz > T IEERMIW 7 a—
VHHA I N e S, FIRDOFRABICOWTHE LTz
(REFS 2013)s T ORR, MEAERE LI 2 FARI
BWIEERZRTEOD 3ELER, 4 FERICES &3
ERMEFZIE DT EDHH LTz, SEERDOEE,
100% SEWFRRTH B DICH L, 5 FALKLLE T 20-
0%BFEETH o1z, TDS, WHGHBRHEREICH >
T YEEEIORIEIT L Lz, Ak, WEEHER
FEHIZTETER OB B ZITMT TITH A, RYEARY &
. BHRNOmOREICMHUTRDOc e THD., Hlz
X1 AT LA IO ez &9, — . iR
ORT L 1 EEMMZOHTZIEER L OBFRIEIFED S
N9g . KT 8mm YL ETHENITERE Uiz TWOWL & i
Uiz (RS 2013)0 UHEEF 2T 2 FED SR LIz,

E & 20cm. K& 8$mm ML EDOFRIAKIC K2 E LARDOHER 1
ERDOTEERIZEH 100% TH O, IEEEHENGE
& 10 KELARLIGE 1| AMIET 2FRE T, IERFICHH
DENE LADBEETE T,

Table 3 05 51 FIRREARM, LRI ML, T 15500
ZTNENTORMEFES RO EZ2RT (KRIEFS 2015,
2016, 2017). W, DFMEIE EH 5 DORIFEIC BN TETLHI
g, TR, EEE Bt ORI KE <. i
RO I D AR E 75 & OFkBRti T o 2O, 3%
EEDNRT > TS T LI X BERENDERM AP
MO DL R EHEDENEEENTAETHD, 5K
SICHa 2D 50BN D %, —F T MG, IOV T
WINOBHE, R, 7 a— 22 S RIEEOM T
Ho e (Table 3-5), {7 H—YD W, & MC, ICHDEH
U 7e Wd, DFRKME & R/ MEDZE B Z 5 8C/Rd & 3.36
%, 3.89 %, 191 4% QFEAHR) kb, TNETOR
i (Larsson 1998, K5 2014) EBh /o —ic k> TK
ELHE D T b h o 7z (Table 3-5), 3 AEHIAIA T
KQ)ICKOHEEL il n—2D W, MC,, Wd, D
—Bi% Table 6 [I/RUTzo X (1) 1TED < GBRHI D iR

Table 3. “T-Jik 26(2004) 4 FHREABRHE O UL AR (ALhE S REGIUE 7 o — 2 OFH)

* ) LY FE V/ﬂemvﬂc
 pmg AT T T AR BEAAAR ) i R WA ARy
No. 71— V@ o K Jp W, fig 7 /BRI T No. 71— W (@) ook R E o h {mb_/ﬁ L ]
MC, (%) (5  HElwzE MC (%) Wd () el

10 Sl 506.9 559 2235  -0.825 2 10 3 4 3 I 6 Pl 543.4 557 2407  -0310 3 12 3 4 5 I
11 S2 352.6 55.8 1558 -1.603 1 12 4 2 6 I 7 P2 581.0 532 2719 0.368 3 12 4 3 5 i
12 S3 460.9 546 2092  -0.989 2 14 5 5 4 ff 8 P3 614.7 584 2557 0.016 3 9 3 6 [l
13 S4 718.7 55.7 3184 0.265 3 14 5 5 4 [ 9 P4 510.0 549 2300  -0.542 2 17 6 6 5 I
14 S5 757.5 53.4 3530  0.663 4 15 6 5 4 I 10 P5 607.5 549 2740 0413 3 18 6 6 6 M
15 S6 450.0 54.1 206.6  -1.019 2 8§ 3 2 3 °? 11 P6 486.8 58.5 202.0  -1.150 2 18 6 6 6 I
16 s7 691.6 54.2 3168 0.247 3 13 3 5 5 I 12 P7 507.1 550 2282 -0.581 2 15 6 4 5 I
17 S8 4543 583 189.4  -1217 2 12 4 3 5 I 13 P8 412.0 56.9 177.6  -1.680 1 17 6 6 5 U
18 S9 826.5 544 3769 0937 4 8 2 3 3 ? 14 P9 6322 55.1 2839  0.628 4 15 4 5 6 ff
19 S10 721.5 54.9 3254 0346 3 13 6 4 3 ff 15 P10 635.1 550 2858  0.670 4 15 4 6 5 I
20 Sil 487.2 54.8 2202 -0.863 2 301 2 16 Pil 672.0 576 2849  0.650 4 15 5 5 5
21 S12 707.4 55.5 3148  0.224 3 13 4 5 4 [ 17 P12 524.3 54.7 237.5  -0.379 3 17 6 6 5 M
22 S13 500.5 57.0 2152 -0.920 2 17 5 6 6 [l 18 P13 504.2 583 2103 -0.970 2 16 5 5 6 I
23 S14 822.8 54.8 3719 0.880 4 15 5 4 6 fi 19 P14 401.3 59.7 161.7  -2.025 1 13 5 5 3 i
24 S15 616.5 55.3 2756 -0.226 3 13 2 6 5 ff 20 PI5 496.9 59.0 2037  -1.113 2 16 4 6 6 I
25 S16 809.6 54.7 366.7  0.820 4 15 4 6 5 U 21 P16 564.9 54.7 2559 0.020 3 16 6 5 5
26 S17 665.8 54.0 3063 0.126 3 12 4 5 3 [ 22 P17 575.2 53.0 2703 0333 3 17 5 6 6 i
27 S18 547.8 58.1 2295  -0.756 2 1 4 4 3 I 23 P18 601.3 559 2652 0222 3 15 5 5 5 i
28 S19 688.6 55.3 307.8  0.143 3 13 5 4 4 ff 24 P19 518.1 58.1 217.1  -0.822 2 16 5 5 6 lf
29 S20 4353 58.0 1828 -1.293 2 16 5 6 5 I 25 P20 763.9 55.8 337.6 1794 5 15 4 6 5 M
30 S21 1149.4 54.5 523.0 2616 5 3 3 i3 26 P21 629.0 56.2 2755 0.446 3 5 3 2 7
31 S22 4515 55.5 200.9  -1.085 2 14 3 6 5 2 27 P22 7283 549 3285  1.597 5 16 5 5 6 I
32 S23 856.6 56.2 3752 0918 4 16 5 5 6 I 28 P23 583.7 564 2545  -0.010 3 18 6 6 6 I
33 S24 755.7 57.4 3219 0.305 3 12 4 4 4 I 29 P24 500.2 556 2221 -0.714 2 15 5 5 5 If
34 S25 357.3 55.4 159.4  -1.561 1 15 6 4 5 ff 30 P25 450.8 56.5 196.1  -1.278 2 15 5 6 4 I
35 S26 571.6 54.5 260.1  -0.405 3 13 5 4 4 31 P26 455.6 57.1 1955 -1.291 2 12 3 6 3 U
36 S27 880.0 56.3 3846  1.026 4 17 6 5 6 2 32 P27 631.8 57.8 2666 0253 3 16 4 6 6 I
37 S28 501.0 56.3 2189  -0.878 2 12 6 4 2 ? 33 P28 505.4 548 2284  -0.577 2 5 2 3 i
38 S29 608.8 557 2697  -0.294 3 12 5 4 3 I 34 P29 621.4 53.1 2914 0.791 4 6 3 3
39 S30 712.3 55.4 3177 0257 3 13 4 4 5 ff 35 P30 559.7 56.8 241.8  -0.286 3 15 4 6 5 I
40 S31 644.7 548 2914 -0.045 3 11 5 6 72 36 P31 440.4 58.3 183.6  -1.550 1 14 4 4 6 2
41 S$32 462.9 54.8 2092 -0.989 2 16 6 4 6 2 37 P32 695.6 53.6 3228 1473 4 12 5 3 4

Ty 657.44 55.19 29531 524 38 P201 719.2 56.1 3157 1319 4 17 6 6 5

FHERE  187.81 1.29 87.05 B2 575.92 55.87 25497 535
fii# B PR A 90.88 1.88 46.05
AR R K UE/KERIE BLUP M, #2058 RIS E § & B/kER D 53Rk
T4l

HAHNT & 5 BRI 4 DLk

S21 IFAEE K & DD REAFEAREN DI Tz iR L 7R

EHOA /Y FFora—r, TV EFXVFF s ru—rEEiL
HERID 2 GEEN E S HRFIE TE TR m—2

TR LB 55 21 % 12, 2022
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BT (Table 3-5) ICHBWVT, W N OFRERH T 5 EBRREEEL
FHEED 4 A ETHhofera—rEMME L, X (2) 1
FOE 3 iBRHLA I THNT U 72455 (Table 6) A HT
Table 7 IC¥EH L7z, TN5 Table 7SR Lz 0—2D
5B, 2 iDL T 5 BERETEEGTHm A 4 L ETH D,
O3 BRHBARDRERE 4 Y Lk oTet / VS F
Borm—y, TV /FXVYFFIE8ro—FEEL,
INLEEREIO—VEUTEK Lz, TNSEEL

feroa—2ik, FNFN Table 7 OHEITRTHFDE &
MABTR L > Z =D T 2BERFEOREME L, PR
Bt 2 —NaRET 5 EBMME - IR ERO%E
BERT, MRERYE Y Z—OBFNE &R o T,

R B) OEFIVCTRDEREEE " A/ v FF
EIYV XXV FETENTNS545.22g £ 45532 TH D .
(RENA AT AL FERORENYF I Lo ld
JIXYFForu—rvETV /FRXVYFF8 /-0

Table 4. “T-)k 27(2015) 4EVLRERERHE O UG A R R (AtHHEERLIGE 7 a— 2 O

F )TV FE IV FRAYFF
L kmmm e g grnna oo GRS L kmmm e L grnnR 0 GRS 4,
No. Zm— W (o) ngkodp dooE R 2R R Al 1B 2B 3B FI No. rm—> H @ o K R 2R R Al 1B 28 38 HI
» ,(%) Wd (g)  #Efz » MC, (%) Wd (g) #ffize
10 Sl 2248.4 53.9 10365  1.148 4 4 5 5 4 10 Pl 1113.2 52.5 528.8  -0.423 3 14 5 5 4 [
11 S2 1128.1 54.3 5155 -0.904 2 12 4 5 3 I 11 P2 935.7 54.1 4295 -1.266 2 15 5 5 5 |
12 S3 1553.3 53.3 7254 -0.078 3 14 4 5 5 [ 12 P3 1547.8 58.4 6439 0553 4 14 5 5 4 I
13 S4 1665.0 54.9 750.9  0.023 3 15 5 5 5 [ 13 P4 1444.1 55.8 6383  0.506 4 13 4 4 5 i
14 S5 1801.3 52.9 8484  0.407 3 14 4 5 5 | 14 P5 1268.2 54.8 5732 -0.047 3 14 5 5 4 |
15 S6 1439.9 53.8 6652 0315 3 8§ 3 2 3 °? 15 P6 1503.8 55.6 667.7 0755 4 14 4 5 5 |
16 S7 27582 547 12495  1.987 5 15 5 5 5 Uf 16 P7 1004.9 53.2 4703 -0.920 2 9 3 4 2 I
17 S8 2488.4 550 11198  1.476 4 14 5 4 5 U 17 P8 1042.4 54.1 4785  -0.850 2 12 4 5 3 |
18 S9 2165.2 54.2 991.7 0971 4 14 5 4 5 ? 18 P9 1383.9 55.7 613.1 0292 3 12 4 4 4 [
19 S10 3134.4 535 14575 2.806 5 13 4 4 5 19 P10 1070.0 53.2 500.8  -0.661 2 15 5 5 5 |
20 Sil 1933.8 53.5 899.2  0.607 4 8 3 2 3 I 20 P11 1271.0 56.0 559.2  -0.165 3 15 5 6 4 I
21 S12 1523.5 56.3 665.8 0312 3 13 4 4 5 21 P12 1065.2 55.1 4783  -0.852 2 11 3 4 4 i
22 S13 2230.8 541 10239  1.098 4 14 4 5 5 [ 22 P13 1413.2 56.5 6147 0306 3 15 5 5 5 |
23 S14 1807.4 53.2 8459 0397 3 15 5 5 5 [ 23 P14 1148.4 56.6 4984 -0.681 2 13 5 4 4
24 S15 2872.6 545 1307.0 2213 5 13 4 5 4 24 P15 1273.6 57.2 5451 -0.285 3 15 3 3 |
25 S16 2043.7 53.9 942.1  0.776 4 15 5 5 5 U 25 P16 1420.7 53.8 656.4  0.659 4 14 4 6 4 I
26 S17 1705.5 52.7 806.7  0.243 3 15 5 5 5 I 26 P17 1232.7 52.5 5855  0.058 3 15 5 5 5 [l
27 S18 2012.5 57.5 8553 0.434 3 15 5 5 5 | 27 P18 1351.2 52.5 641.8 0536 4 13 4 6 3 M
28 S19 1113.9 54.0 5124 0917 2 12 3 4 5 [ 28 P19 1213.5 56.0 533.9  -0.380 3 14 5 4 5 [
29 $20 1148.7 55.6 510.0  -0.926 2 13 5 3 5 | 29 P20 1761.6 56.1 7733 1.651 5 15 5 5 5 |
30 S22 1351.8 54.3 617.8  -0.501 2 15 5 5 5 2 30 P22 1670.5 54.3 763.4 1567 5 13 4 5 4 I
31 S23 1440.5 55.4 642.5  -0.404 3 12 2 5 5 |f 31 P23 1427.6 54.7 646.7 0577 4 12 4 5 3 ff
32 S24 2526.5 56.0 11117 1.444 4 6 2 1 3 I 32 P24 1088.7 54.0 500.8  -0.661 2 14 4 5 5 |
33 S25 1350.6 53.9 622.6 0483 3 13 5 5 3 [l 33 P25 1244.8 53.8 5751 -0.030 3 13 4 4 5
34 S26 1181.3 54.2 541.0  -0.804 2 15 5 5 5 i 34 P26 1010.1 55.1 4535 -1.062 2 15 5 6 4 I
35 S27 22402 56.0 9857  0.948 4 14 4 5 5 ? 35 P27 1297.5 55.6 576.1  -0.022 3 12 3 6 3 I
36 S28 1020.3 564 4449  -1.183 2 14 5 4 5 ? 36 P28 924.1 55.1 4149 -1.390 2 115 4 2 |
37 $29 1617.4 54.1 7424 -0.011 3 15 5 5 5 | 37 P29 977.7 52.8 4615 -0.995 2 14 4 7 3
38 S30 2439.1 547 11049 1417 4 15 5 5 5 [ 38 P30 1307.4 55.5 581.8  0.026 3 14 4 5 5 [
39 S31 1752.4 54.4 799.1 0213 3 14 5 4 5 ? 39 P31 968.4 57.8 4087  -1.443 2 9 4 4 1 7
40 S32 1729.9 55.0 7785 0.132 3 15 5 5 5 °? 40 P32 1192.4 532 5580  -0.176 3 13 5 4 4 I
41 S201 1428.7 55.2 640.1 0414 3 113 3 5 [ 41 P201 1600.0 54.6 7264 1253 4 14 4 5 5 i
42 S202 1923.2 56.7 832.7  0.345 3 13 4 4 5 |f 42 P02 904.8 55.8 399.9  -1.517 1 12 3 5 4 |
43 S203 1043.8 57.2 4467 -1.175 2 13 3 5 5 | 43 P203 1021.7 55.4 4557 -1.044 2 12 4 4 4 [
4 8205 1164.5 55.9 5135 0912 2 15 5 5 5 I 44 P204 1236.9 54.0 569.0  -0.082 3 13 4 5 4 [k
45 S206 841.0 54.8 380.1  -1.438 2 9 4 2 3 I 45 P206 1321.2 54.9 5959  0.146 3 12 3 5 4 [
46 S207 1041.2 55.1 4675  -1.094 2 7 2 2 3 I 46 P207 1094.9 56.3 4785  -0.850 2 4 4 5 5 7
47 S208 1132.3 55.5 503.9  -0.950 2 9 3 2 4 I 47 P208 899.8 55.3 4022 -1.498 2 7 2 3 2 I
48 $209 2443.9 56.6 10607  1.243 4 14 4 5 5 If 48 P209 1571.9 55.5 699.5  1.025 4 13 4 4 5 U
49 8210 1297.9 56.0 5711 -0.685 2 11 4 4 3 |t 49 P210 970.0 55.1 4355 -1.215 2 14 5 6 3 U
50 S211 880.4 57.5 3742 -1.461 2 1 4 3 4 [ 50 P21l 991.5 55.4 4422 -1.158 2 14 4 5 5
51 S214 1172.8 55.7 519.6  -0.888 2 113 4 4 I 51 P212 1633.0 55.9 7202 1201 4 15 5 5 5 |
52 8215 886.9 55.7 3929 -1.387 2 8 2 2 4 U 52 P213 1948.4 56.1 8553 2347 5 13 4 4 5 I
53 S216 1190.7 55.3 5322 -0.839 2 14 4 5 5 | 53 P214 1841.7 54.3 8417 2232 5 13 4 5 4 I
B2 1648.50  54.88  745.10 684 54 P215 1091.5 55.3 4879  -0.770 2 12 2 5 5 |
FEER A2 553.38 1.17  253.86 55 P216 1202.7 54.9 5424 -0.308 3 16 6 5 5 Iff
fi 56 P217 1114.6 55.3 4982 -0.683 2 10 3 4 3 |
A RS X 0GR BLUP . @18 E S AERER & a/KkRh 53R 57  P218 1442.7 56.3 630.5  0.440 3 12 4 4 4 [
7=t 58 P219 1326.2 55.2 594.1  0.131 3 14 5 4 5 |
HAENT 1 5 ERPSEEAm A 4 DL 59 P220 1151.5 56.6 499.8  -0.669 2 9 1 4 4 I
i@%@j—/a‘_;v»j—;‘—:g Ta—. I‘j‘/$7"(’7‘:\‘—“9 71:1‘—\/?3@'5%{[_,7& 60 P224 1317.5 56.6 571.8 -0.059 3 14 5 5 4
PERID 2 IZBIEN R R E TE TV RN a—Y 61 P225 1351.6 55.0 6082  0.250 3 10 5 5 2
62 P226 1336.9 54.4 609.6 0262 3 2 3 6 3 °?
63 P27 1303.6 55.6 578.8  0.001 3 13 5 3 5 7
64  P228 1632.3 54.6 7411 1378 4 13 5 3 5 f
65  P229 1363.0 55.5 606.5 0236 3 12 4 5 3
66  P230 1341.5 57.0 576.8  -0.016 3 13 4 6 3 I
Ty 1287.27  55.05  578.69 857
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66 REFBEN

Table 5. *TJX 28(2016) 4 )1 iABRHE DY EM ARG (JLHBEERGIUE 70— > OFER )

A ady at IV /)FAYFF
L R MRG0 o S [ S T U g AR R R wpas = PEREE T
No. ZH—> 0 © ?Acmﬁp R e/ BRI s No. rm—> ¥ @ o A E R R BRI T o
» , (%) Wd (2) ez v MC, (%) Wd (g) #ffize

10 Sl 1336.3 53.0 6281  0.724 4 1n 1 5 5 [k 10 Pl 959.3 55.3 4288  -1.286 2 12 4 4 4 I
11 S2 1165.7 54.8 5269  -1.082 2 14 6 5 3 I 11 P2 986.5 540 4538  -0.963 2 13 5 4 4 W
12 S3 1220.5 522 5834  -0.074 3 17 6 6 5 12 P3 1288.1 56.1 565.5 0479 3 17 6 6 5 If
13 S4 1365.2 53.7 632.1  0.795 4 18 6 6 6 I 13 P4 1247.9 55.5 5553 0.347 3 18 6 6 6 i
14 S5 1305 52.5 619.9 0578 4 18 6 6 6 I 14 P5 1074.7 542 4922 -0.467 3 15 6 4 5 U
15 S6 1489.9 52.8 7032 2.064 5 14 3 6 5 2 15 P6 1290.1 55.7 5715 0.556 4 11 4 3 4 I
16 S7 1260.2 53.5 586 -0.027 3 16 6 6 4 I 16 P7 963.5 547 4365 -1.186 2 14 6 3 5 U
17 S8 1267.6 55.3 566.6  -0.373 3 14 6 6 2 I 17 P8 1095.7 54.0 5040  -0315 3 18 6 6 6
18 S9 1263.9 53.0 594 0.116 3 17 5 6 6 °? 18 P9 1527.1 547 6918 2,109 5 16 6 5 5 I
19 S10 1447.4 50.3 7194 2353 5 17 6 5 6 fi 19 P10 1246.5 537 5771 0.629 4 15 6 3 6
20 Sil 1295.7 524 6168  0.522 4 16 5 6 5 I 20 P11 1176.2 56.1 5164  -0.155 3 17 6 5 6
21 S12 1374.6 537 6364  0.872 4 18 6 6 6 [ 21 P12 960.8 549 4333 -1.228 2 15 3 6 6 M
22 S13 1444.1 53.4 673 1.525 5 18 6 6 6 I 22 P13 997.2 567 4318 1247 2 16 5 6 5 I
23 Sl4 1269.5 520 6094 0390 3 18 6 6 6 H 23 P14 1303.7 562 5710 0.550 4 16 6 5 5 I
24 SI5 1319.8 53.2 617.7 0538 4 17 6 5 6 fi 24 PI5 1284.0 559 5662  0.488 3 13 6 3 4 I
25 S16 1314.1 51.7 6347  0.842 4 13 6 4 3 U 25 P16 1014.1 53.8 4685  -0.773 2 16 6 6 4 If
26  S17 1329.8 51.2 648.9  1.095 4 14 6 2 6 [ 26 P17 1073.9 52.5 510.1  -0.236 3 12 4 6 2 I
27 S18 12223 55.7 5415 -0.821 2 17 6 6 5 I 27 P18 950.3 53.9 4381  -1.166 2 14 5 5 4 |f
28 S19 1321.9 53.5 6147  0.485 3 15 6 3 6 [ 28 P19 1040.8 555 4632  -0.842 2 17 6 6 5 fi
29 $20 1184.4 55.3 5294 -1.037 2 15 5 5 5 | 29 P20 928.2 53.4 4325 1238 2 17 5 6 6
30 S22 1492.1 53.2 6983 1976 5 17 6 5 6 2 30 P2 1294.3 527 6122  1.082 4 16 6 5 5 I
31 S23 1136.1 55.8 5022 -1.522 1 14 5 6 3 U 31 P23 1266.0 54.1 581.1  0.680 4 17 5 6 6 I
32 S24 1201.8 550 5408  -0.834 2 18 6 6 6 I 32 P24 12514 54.1 5744 0594 4 14 4 6 4 I
33 S25 1259.4 52.5 5982 0.190 3 5 5 T 33 P25 1086.0 53.6 5039  -0316 3 15 6 5 4 I
34 S26 1096.2 549 4944  -1.661 1 6 6 6 4 I 34 P26 964.5 54.3 4408  -1.131 2 14 5 4 5 I
35 S27 1196.7 540 5505  -0.661 2 6 6 6 4 2 35 P27 1231.7 55.6 5469  0.239 3 13 5 5 3
36 S28 1264.8 54.5 5755 0215 3 18 6 6 6 2 36 P28 1038.4 549 4683  -0.776 2 16 5 6 5 I
37 $29 1235.7 540 5684  -0.341 3 10 5 2 3 ff 37 P29 1179.7 52.5 5604 0413 3 18 6 6 6
38 S30 1570.6 51.7 7586  3.052 5 18 6 6 6 [ 38 P30 925.7 550 4166  -1.443 2 17 5 6 6 i
39 S31 1240 542 567.9  -0.350 3 16 4 6 6 2 39 P31 1106.8 56.7 4792  -0.635 2 12 4 4 4 2
40 S32 1217.9 54.1 559 -0.509 2 18 6 6 6 2 40 P32 1370.0 52.5 650.8  1.580 5 17 6 5 6 I
41 S84 1198.3 54.6 544 0777 2 5 3 2 ? 41 P87 1167.9 54.1 536.1  0.099 3 7 2 2 3 2
42 $90 1373.4 52.8 6482  1.082 4 8 3 3 2 2 42 P91 1161.1 54.9 523.7  -0.061 3 7 3 2 2 2
43 592 1274.7 51.3 620.8 0594 4 9 3 3 3 ? 43 P93 1615.6 53.5 7513 2.877 5 9 3 3 3 2
44 S93 1194.1 53.0 5612 -0.470 3 17 6 6 5 7 44 P94 929.8 547 4212 -1.384 2 9 3 3 3 7
45 S94 1257.3 54.8 5683  -0.343 3 2 3 3 6 °? 45 P95 1308.5 55.9 5770 0.627 4 8§ 3 2 3 ?
46 S96 1447.2 514 7033  2.065 5 7 2 3 2 ? 51 P201 1615.6 54.2 739.9  2.730 5 15 6 4 5 I
47 S103 1206.8 544 5503  -0.664 2 6 3 3 ? 52 P202 1266.3 55.1 568.6  0.519 4 17 6 6 5 I
48 S105 1208.3 55.3 540.1  -0.846 2 8 3 3 2 7 53 P203 1101.8 54.4 502.4  -0.336 3 16 5 5 6 If
49 S106 1230.2 53.0 5782 -0.166 3 16 6 5 5 2 54 P204 1128.6 53.6 5237 -0.061 3 18 6 6 6 i
50  S107 1177.7 523 561.8  -0.459 3 7 1 3 3 ? 55 P205 1095.9 550 4932 -0.454 3 13 2 6 5 2
51 Sl 1258.5 52.9 592.8  0.094 3 9 3 3 3 ? 56  P206 1236.1 54.9 557.5 0376 3 15 4 6 5 If
52 Sl2 1393.2 53.0 6548  1.200 4 9 3 3 3 ? 57 P207 930.2 529 4381  -1.166 2 15 5 4 6 2
53 SI135 1300.1 51.9 6253 0.674 4 14 4 5 5 2 58 P208 1034.1 55.3 4622 -0.855 2 14 6 3 5 If
54 S201 13322 524 6341  0.831 4 17 6 6 5 I 59 P209 1132.1 53.7 5242 -0.054 3 17 6 6 5 U
55 S202 1277.8 57.5 5431 -0.793 2 17 5 6 6 I 60  P210 1264.0 56.0 5562 0359 3 16 5 6 5 I
56 S203 1187.6 56.9 5119 -1.349 2 18 6 6 6 I 61 P21l 1146.3 557 5078  -0.266 3 17 6 6 5
57 S204 1172.8 56.1 5149 -1.296 2 17 6 5 6 2 62 P212 1401.0 557 6206  1.190 4 16 6 6 4 I
58 S205 1180.3 55.9 5205  -1.196 2 16 5 6 5 i 63  P213 913.2 548 4128  -1.492 2 18 6 6 6 I
59 S206 1287.7 506  636.1  0.867 4 15 6 5 4 I 64 P214 1310.7 53.1 6147 1114 4 18 6 6 6 [
60 S207 1358.6 52.8 6413 0959 4 14 5 6 3 I 65  P215 1036.4 528 4892  -0.506 2 17 5 6 6
61 S208 1224.9 53.6 5684  -0.341 3 16 5 6 5 I 66  P216 1186.5 529 5588 0392 3 17 6 6 5
62 S209 1239.9 55.4 553 -0.616 2 14 6 5 3 U 67  P217 1216.7 544 5548 0341 3 15 4 5 6 I
63 S210 1278.9 546 5806  -0.124 3 17 6 5 6 I 68  P218 11122 54.8 502.7  -0.332 3 15 6 3 6 I
64 S211 1261.7 55.0 567.8  -0.352 3 14 5 6 3 i 69  P219 1101.8 55.0 4958  -0.421 3 17 6 6 5 I
65  S212 1259.2 55.2 564.1 0418 3 10 6 4 ? 70 P220 1288.8 56.3 5632 0.449 3 18 6 6 6 I
66  S213 1388.3 550 6247  0.663 4 18 6 6 6 2 71 P221 828.5 520 3977  -1.687 1 4 6 6 2 2
67  S214 1138.9 55.9 5023 -1.520 1 15 5 5 5 | 72 P22 1237.8 55.2 5545 0337 3 16 4 6 6 2
68  S215 12212 544 5569  -0.546 2 8 6 2 i3 73 P224 1137.1 55.5 506.0  -0.289 3 18 6 6 6 I
69  S216 1248.7 54.4 5694 -0.323 3 17 5 6 6 I 74 P25 1082.4 53.6 5022 -0.338 3 15 6 4 5 7
Y 1267.62 5371 587.52 985 75 P226 1566.4 51.5 759.7  2.986 5 18 6 6 6 72
FEMERR 2 93.33 1.58 56.05 76 P27 1332.9 53.0 6265 1266 4 14 6 5 3 ?
s 77 P228 1034.6 53.4 4821  -0.598 2 15 5 4 6 U
A ) . . . 3 ]
UEARTLRS & ORI BLUP ffl, MR ERTE L KRN DRD e e e e

7 it - Rz 1157.39 5435  528.39 1188

HEHNT (& 5 ERFERTAMME 4 DA 1 MJHEE 164.62 133 7747

ENoA /v FFora—ry, TV /FXYVFF 4 ro—r et
7z
HRID 2 FHEEDE S ERHIE TE T RN I r—
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Table 6. 3 iRt TOUMHAFTIRICHD E 3

b A Rl a )

RENA AR AEFERDORKENYVF FOEH

ey
No. = R R iﬁ FBCEIIGE e
10 Sl 1300.164 543 593.655 0.877 4
11 S2 970.846 54.9 437.832 -1.575 1
12 S3 1112.871 53.4 518.698 -0.303 3
13 S4 1269.356 54.8 574.206 0.571 4
14 S5 1264.188 53.0 594.333 0.888 4
15 S6 1213.866 53.6 563.331 0.400 3
16 S7 1374.128 54.2 629.254 1.437 4
17 S8 1287.652 56.1 565.228 0.430 3
18 S9 1297.98 53.9 597.824 0.943 4
19 810 1597.113 52.8 753.358 3.390 5
20 SI 1219.936 53.5 567.783 0.470 3
21 SI12 1254.846 55.2 562.472 0.386 3
22 SI3 1386.649 54.8 626.641 1.396 4
23 S14  1246.947 53.4 581.564 0.687 4
24 SI5  1430.984 54.4 653.101 1.813 5
25 S16  1340.328 53.4 624.566 1.364 4
26 SI17  1240.068 52.7 587.061 0.773 4
27 SI8 1204397 57.0 517.59 -0.320 3
28 S19  1132.807 543 517.217 -0.326 3
29 S20  1001.358 56.3 437.854 -1.575 1
30 S21 1302.25 54.0 598.657 0.956 4
31 S22 1234.069 54.4 563.155 0.397 3
32 $23 1120.876 55.7 497.052 -0.643 2
33 S24 1305.22 56.1 573.2 0.555 4
34 S25  1049.493 53.8 484.887 -0.835 2
35 $26 977.344 54.5 444.867 -1.464 2
36 S27  1293.442 553 577.806 0.628 4
37 S28  1052.759 55.7 466.656 1122 2
38 $29  1165.711 544 531.284 -0.104 3
39 S30  1540.738 53.9 709.571 2.701 5
40 S31 1177.183 54.6 534.912 -0.047 3
41 $32 1134.15 54.7 514.088 0375 3
42 S84 1124053 55.4 501.721 -0.570 2
43 S90  1279.327 54.0 588.938 0.803 4
44 S92 1193277 52.9 561.854 0.377 3
45 S93  1123.558 54.0 516.5 -0.337 3
46 S94  1157.305 55.9 510.603 -0.430 3
47 S96 1313968 53.1 616.33 1.234 4
48 S103 1118958 55.0 503.945 -0.535 2
49 SI105  1124.663 55.8 497.461 -0.637 2
50  S106  1156.009 54.1 530.284 0.120 3
51 S107  1098.943 53.5 510.481 0432 3
52 Sl 1178.767 54.1 541.549 0.057 3
53 S112 1299.044 542 595.573 0.907 4
54 SI35 1215812 53.4 567.152 0.460 3
55 S201  1200.988 54.2 550.281 0.195 3
56 S202  1255.03 573 536.463 -0.023 3
57 S203  1014.674 57.2 434.088 -1.634 1
58 S204  1098.542 56.5 477.591 -0.949 2
59 S205  1020.94 56.1 448244 -1.411 2
60  S206  1026.725 53.2 480.969 -0.896 2
61 S207  1173.015 54.3 535.798 -0.033 3
62 S208  1055.572 54.9 475.609 -0.981 2
63 S209 1342977 56.1 589.164 0.806 4
64 S210  1121.502 55.6 498.059 -0.627 2
65  S211  1036.253 56.3 452.366 -1.346 2
66  S212  1158.062 55.7 513.01 -0.392 3
67  S213  1301.265 55.7 576.656 0.610 4
68  S214  996.613 56.2 436.955 -1.589 1
69  S215 991454 55.1 445.569 -1.453 2
70 S216  1084.598 552 486.366 -0.811 2
T 119281 54.72 540.64
FEHE(R 2 132.72 1.16 66.14
fiii#

AR RS K UE/KRIE BLUP fil, MR R ERTE R & B8 53R

7o il
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IV /FIVFF 14 70—

YEHEHL

alBRHA R TRl U72HER (ALiBE RN 7 o — > ORER)

IV /)FEAYIF
I
No. ZHo—y W Ei;)g ?L;%%%/)ka’— ﬁ%%ﬁ ;‘f‘/ﬁ?\;%?ﬁ;% i

10 Pl 873.8 54.5 397.2 -1.031 2
11 P2 853.1 53.9 393.4 -1.104 2
12 P3 1121.0 57.6 475.0 0.471 3
13 P4 1063.3 55.4 473.8 0.449 3
14 P5 972.9 54.7 441.0 -0.184 3
15 P6 1086.9 56.6 471.8 0.410 3
16 P7 833.6 54.2 381.6 -1.332 2
17 P8 870.8 55.0 391.6 -1.140 2
18 P9 1173.3 55.2 525.4 1.444 4
19  PIO 997.4 54.1 458.1 0.145 3
20 PIl 1030.9 56.6 447.1 -0.068 3
21 P12 874.2 54.9 394.0 -1.092 2
2 P13 955.3 57.2 409.3 -0.798 2
23 Pl4 973.1 574 4143 -0.702 2
24 PI5 985.9 573 421.0 -0.571 2
25 Pl6 981.4 54.2 449.8 0.016 3
26 P17 948.0 52.8 4473 -0.064 3
27 PI8 940.3 54.1 431.8 -0.364 3
28 PI9 929.2 56.5 403.9 -0.902 2
29 P20 1085.2 55.1 486.9 0.701 4
30 P21 1007.0 55.6 4472 -0.065 3
31 P22 1192.9 54.0 549.0 1.900 5
32 P23 1070.8 55.1 4813 0.593 4
33 P24 987.6 54.6 4485 -0.041 3
34 P25 936.2 54.6 424.6 -0.502 2
35 P26 826.0 55.5 367.6 -1.604 1
36 P27 1025.7 56.4 447.0 -0.070 3
37 P28 828.7 55.2 3713 -1.530 1
38 P29 947.0 52.8 446.7 -0.074 3
39 P30 920.7 55.8 407.1 -0.839 2
4 P31 842.5 57.7 356.2 -1.822 1
41 P32 1083.7 53.1 508.3 1115 4
4 P87 1006.1 55.0 452.7 0.041 3
43 P9l 1007.8 55.6 4479 -0.051 3
4 P93 1231.1 54.5 560.2 2.116 5
45 P94 892.7 55.4 398.1 -1.013 2
46 P95 1080.2 56.4 4713 0.400 3
52 P201 1314.8 54.9 592.8 2.745 5
53 P202 944.8 55.9 417.1 -0.646 2
54 P203 902.9 553 403.8 -0.903 2
55 P204 978.1 54.2 447.8 -0.054 3
56 P205 987.8 55.7 438.1 -0.242 3
57 P206 1058.7 55.4 472.0 0.414 3
58 P207 858.4 55.0 385.9 -1.248 2
59 P208 847.8 55.6 376.1 -1.439 2
60  P209 1084.0 55.0 488.2 0.725 4
61 P210 945.7 56.1 4152 -0.684 2
62 P21l 919.2 56.0 404.8 -0.884 2
63 P12 1222.7 56.2 535.0 1.630 5
64 P13 1097.9 55.7 485.8 0.680 4
65  P2l4 1232.1 54.2 564.8 2.206 5
66  P215 916.9 54.4 417.9 0.632 2
67  P216 985.3 543 450.1 -0.010 3
68 P17 979.5 55.3 438.1 -0.240 3
69 P18 1038.4 55.9 457.9 0.141 3
70 P219 990.4 55.5 440.5 -0.195 3
71 P220 1054.0 56.8 455.1 0.087 3
72 P21 834.9 53.0 392.1 -1.129 2
73 P22 1033.1 55.9 455.5 0.095 3
74 P24 999.1 56.5 434.7 -0.308 3
75 P225 1027.9 54.6 466.6 0.309 3
76  P226 1207.6 53.4 563.2 2.174 5
77 P27 1087.2 54.8 491.8 0.796 4
78 P228 1065.3 54.5 484.7 0.658 4
79 P229 1047.4 55.6 464.8 0.275 3
80  P230 11233 56.1 4933 0.824 4

T 1003.36 55.25 448.99

FEHE(R 2 110.79 1.13 51.04
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Table 7. 3 itV N TOFEMMIA 4 L EDO 70— 0 3 iz hZh & 3 iRHEAR TORER (AbiiE & RN
7 o—2 O
FtE ra—y H26 FIREABRHE 27 YL H28 IR 3 SABHAS .
Bk et Lt s e e
R e T e N0 v 8 s PR
I/ ITXFE eru— P 29531 745.10 587.52 540.64
E I7)_F A 7 87.05 253.86 56.05 66.14
* /Y F S1 223.5 2 1036.5 4 628.1 4 593.7 4 INAARAEA ) TYFF B 15
AT FF S4 318.4 3 750.9 3 632.1 4 574.2 4
A/ IYFF S5 353.0 4 848.4 3 619.9 4 594.3 4 INAARRAGREA /Y FF UGS E
F /) TYFF S6 206.6 2 665.2 3 703.2 5 563.3 3
A TYSF S7 316.8 3 1249.5 5 586.0 3 629.3 4
+ /) TXFF S8 189.4 2 1119.8 4 566.6 3 565.2 3
AT FF S9 376.9 4 991.7 4 594.0 3 597.8 4 NNAAIRAGH A/ TYFFIE IS
A/ TS F S10 3254 3 1457.5 5 719.4 5 753.4 5 AR A/ TV FFILF 105
F /) TXFF Si1 220.2 2 899.2 4 616.8 4 567.8 3
A )TN FE S12 314.8 3 665.8 3 636.4 4 562.5 3
+ /) TYFF S13 215.2 2 1023.9 4 673.0 5 626.6 4 NAARIRGE A/ TV FFIEH 135
A )TN FF S14 371.9 4 845.9 3 609.4 3 581.6 4
A/ TS F S15 275.6 3 1307.0 5 617.7 4 653.1 5 NNAAIRGE A/ TV FFIEF 155
* /) TYFF S16 366.7 4 942.1 4 634.7 4 624.6 4 NA AR A/ Y FF L 16 5
A IXFE S17 306.3 3 806.7 3 648.9 4 587.1 4
F ) IXFF S22 200.9 2 617.8 2 698.3 5 563.2 3
A )TN FF S23 375.2 4 642.5 3 502.2 1 497.1 2
* ) TYFF S24 321.9 3 1111.7 4 540.8 2 573.2 4
F /) TYFF S27 384.6 4 985.7 4 550.5 2 577.8 4 ARG A/ TV FF ILFH 275
E S30 317.7 3 1104.9 4 758.6 5 709.6 5 INAF A A/ TY X ILE 305
* )TN F S90 NA NA 648.2 4 588.9 4
AT IF S92 NA NA 620.8 4 561.9 3
* ) TYFF S96 NA NA 703.3 5 6163 4
* /Y F S112 NA NA 654.8 4 595.6 4
A ITXFE S135 NA NA 6253 4 567.2 3
* ) TXFF $201 NA 640.1 3 634.1 4 550.3 3
AT FF S206 NA 380.1 2 636.1 4 481.0 2
AT FF S207 NA 467.5 2 641.3 4 535.8 3
F /) TYFF $209 NA 1060.7 4 553.0 2 589.2 4
A TYFF S213 NA NA 624.7 4 576.7 4
Mo 7 a— 8 41 53 69 70 [y RIEL : 9
FHilifE 4 LLED 7 i — 28 10 14 22 22
PRl 4 DL EOBERESGIEE 7 1o — 8 6 13 22 20
Hif sa—v H26 FIREAB  H27 YR H28 IR 3 daiinA
o = T B o T CR=N=) 15 7% 1
P mn PO i Ty e T (o P e
IV /FXVFF 2r/u— i 25497 578.69 528.39 448.99
IV /FRXYFF A RS 46.05 117.84 77.47 51.04
IV FXVFF P3 255.7 3 643.9 4 565.5 3 475.0 3
IV /) FAVFF P4 230.0 2 638.3 4 555.3 3 473.8 3
IV FIVFF P6 202.0 2 667.7 4 5715 4 471.8 3
IV FXYSF P9 283.9 4 613.1 3 691.8 5 525.4 4 IAARAGE LY ) F AV FFIE IS
IV FXYFF P10 285.8 4 500.8 2 577.1 4 458.1 3
IV FAYFF P11 284.9 4 559.2 3 516.4 3 447.1 3
IV /) FAVFF P14 161.7 1 498.4 2 571.0 4 414.3 2
IV FXYFF P16 255.9 3 656.4 4 468.5 2 449.8 3
IV FXYFF P18 265.2 3 641.8 4 438.1 2 431.8 3
IV FXYFF P20 337.6 5 773.3 5 432.5 2 486.9 4 NNAFARRGE LY/ F AV FFIE 205
TV /) FAYFF P22 328.5 5 763.4 5 6122 4 549.0 5 INAAIRME LY /F XY FF A2 5
IV /) FAYFF P23 254.5 3 646.7 4 581.1 4 481.3 4 NAFRZE Y /) F IV FFIEF 235
IV FXYFF P24 222.1 2 500.8 2 574.4 4 448.5 3
IV FXYFF P29 291.4 4 461.5 2 560.4 3 446.7 3
IV FXYFF P32 322.8 4 558.0 3 650.8 5 508.3 4 INAARRGE TV /FAVFFIER S
IV /FXYFF P93 NA NA 751.3 5 560.2 5
TV /) FIYFF P95 NA NA 577.0 4 471.3 3
IV FXYFF P201 315.7 4 726.4 4 739.9 5 592.8 5 NAARARE Y/ FXYFFILE 201 5
IV FXYFF P202 NA 399.9 1 568.6 4 417.1 2
IV FXYFF P209 NA 699.5 4 524.2 3 488.2 4
IV /FXYFF P212 NA 720.2 4 620.6 4 535.0 5 AR IV FXVFFIE 225
IV FXYFF P213 NA 855.3 5 412.8 2 485.8 4
IV FXYFF P214 NA 841.7 5 614.7 4 564.8 5 NAARARE TV /FXYFFILE 24 5
IV FXYFF P226 NA 609.6 3 759.7 5 563.2 5
IV FXYFF P227 NA 578.8 3 626.5 4 491.8 4
IV /FXYFF P228 NA 741.1 4 482.1 2 484.7 4
TV /) FIYFF P230 NA 576.8 3 649.0 5 493.3 4
WE 7 a— 8 38 66 79 80 [y FEL : 8
Al 4 LLED 7 m— U8 11 19 20 19
eHlifiE 4 DA F ORI 7 1 — > 8 8 14 17 15

%

B C DORTAGAE DAFHNT 1& 2 OFXBRHCRINE 4 LA B L7257 & 2Rd
70— R O BT AR ORI 1 2 ETLL E ORI TR 4 DL & 720 D 3 BBRHA A T OFHIME S 4 DLETH - 7 BFe MR
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Table 8. BLUP,, DHEEM & 2T p ' OFER

JH—> BLUP,, FAFEMAEDRSROAMEHNT TR LU

F/IYFE TV FRAYFE fiE
71— BLUP,,
Sl 59.4 P3 363
S2 -104.2 P4 233
S3 294 P6 327
S4 39.8 P9 79.8
S5 475 P10 2.6
S6 212 Pl 3.9
s7 91.8 P14 25.7
S8 437 P16 43
S9 57.1 P18 244
S10 225.9 P20 34.5
Sl 26.6 P22 100.4
S12 28.0 P23 32.9
S13 99.4 P24 6.7
S14 38.9 P29 -17.2
S15 121.1 P32 52.6
S16 85.3 P93 122.4
S17 40.5 P95 31.9
SI8 -8.6 P20l 1558
S19 24.0 P22 -33.4
$20 948 P209 39.7
$22 30.7 P212 98.0
$23 -36.8 P213 40.6
S24 45.8 P214 1222
$25 -60.9 P226 1186
$26 -101.3 P227 452
S27 444 P228 345
$28 -67.3 P230 51.7
$29 6.3 P21 0.0
S30 181.9 P210  -356
S31 4.1 P211 444
$32 255 P212 98.0
S84 325 P213 40.6
$90 50.9 P214 1222
592 10.4 P215 409
$93 277 P216 63
$94 -17.5 P217  -12.7
$96 75.5 P218 14.1
S103 -35.1 P219 -1l
S105 -35.0 P22 100.4
S106 -13.6 P220 17.1
S107 420 P21 -83.6
Sl 22 P222 10.7
S112 59.5 P24 -117
S135 19.2 P225 15.3
$201 9.3 P26 1186
$202 13.4 P227 452
$203 95.0 P228 345
$204 -50.5 P229 19.4
$205 -87.1 P23 32.9
$206 -68.6 P230 517
$207 23 P24 6.7
$208 -65.5 P25 -30.5
$209 60.9 P26 -88.3
$210 355 P27 5.2
S211 788 P28 86.4
S212 -17.6 P29 -17.2
S213 52.6 P3 36.3
S214 98.9 P30 444
S215 -96.9 P31 -88.5
S216 -52.0 P32 52.6
St 54522 P4 233
P5 -14.8
P6 327
P7 -80.8
P8 -64.3
P87 1.8
P9 79.8
P91 1.1
P93 122.4
P94 577
P95 31.9
St 45532
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HZ IR WA I DWW T OEIIR G X F 2N 18.8%
& 18.6% T&H > 7z (Table 8) H T THS A D 3 FhERH
DHTOWRNSDHEEMTH 5L DD, 3 Al kk
ha H72 0 2 FARDOKREITo 126, T 0 3 KE AR
WHONE (ZRgER) 3. /Y FFTR 109y
hah 5 13.0thaic, TV /FXYFFTIE91thahb
108 tha ICHETEZT L Eixb, SHEOTO— K
I & DR ERIC DOV TIFFIC R Z RBRN BRI
MNREDENT LR TE S,
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Variety development in willow species for the biomass production

Keisuke YANO", Akira TAMURA?, So HANAOKA”" and Kazutaka KATO”

Abstract

Genetic resources from two willow species (Salix udensis and S. schwerinii) were collected in Hokkaido, and
their clones were preserved at the Hokkaido Regional Breeding Office, Forest Tree Breeding Center, Forestry and
Forest Products Research Institute. Clonal test sites were established to evaluate clonal characteristics by direct
plantation of stem cuttings to the test sites. A large variation was observed in the dry mass of the clone stems after
three growing seasons. Predicted values of the clonal stem dry mass were calculated via the best linear unbiased
prediction (BLUP) method. There was a 3.89-fold difference among the clones at a site. Here, we report the results
of clonal evaluations of the stem dry mass production and clonal selection based on their evaluations, with the goal
of improving woody biomass production using short rotation forestry for the willow species.

Key words : Salix species, short rotation forestry, woody biomass production, clonal selection
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Effects of biochar on the early growth characteristics of teak seedlings
planted in sandy soil in northeast Thailand

Masazumi KAYAMA"?", Suchat NIMPILA”, Sutjaporn Hongthong”, Reiji YONEDA"?,
Woraphun HIMMAPAN” and Iwao NODA"?

Abstract

Teak (Tectona grandis L. f.) seedlings planted in sandy soil in northeastern Thailand often experience suppressed
growth due to nutrient deficiency and drought stress. Based on a preliminary field pot experiment, it was observed
that biochar increased the root growth of the seedlings. To verify the effects of biochar under field conditions, teak
seedlings were planted in a sandy soil treated with 1 kg of biochar in July 2014 (2.5 Mg ha™), and were cultivated
until November 2015. Biomass, photosynthetic rate, and the concentrations of elements in soil and plant materials
were compared between biochar and control (no application) treatments.

The biochar used in this study contained nitrogen, calcium, and potassium, and thus acted as a fertilizer. Its
application accelerated the growth of teak seedlings, increased their photosynthetic rates, and chlorophyll and
calcium concentrations in plant tissues. It was concluded that biochar is a useful material to improve the quality of

sandy soils and accelerate the growth of teak seedlings.

Key words : sandy soil, charcoal, photosynthesis, chlorophyll, nutrients

1. Introduction

Teak (Tectona grandis L. f) is an important timber species in
tropical regions (Tewari 1992). In general, the soil of natural
teak forests in Thailand is alkaline, with a pH between 6.8
and 7.8 (Kaosa-ard 1989). The soils in Asian tropical uplands
are characterized by low clay content, low pH, low fertility,
low water holding capacity, and low cation exchange capacity
(CEC) (Suzuki et al. 2007, Kayama et al. 2016, 2017). Previous
analyses demonstrated that teak planted in sandy soils showed
reduced growth (Tangmitcharoen et al. 2012) and experienced
drought stress (Kayama et al. 2017). Thus, soil improvement is
essential to promote the growth of teak seedlings in this type
of soils.

Biochar (charcoal) can play a role in increasing the water
holding capacity and CEC of sandy soils (Kammann et al.
2011, Yuan and Xu 2011, Novak et al. 2012). The application
of biochar increases the content of several nutrients in soil,
such as N, Ca, and Mg (Yuan and Xu 2011, Jha et al. 2016,
Kayama et al. 2016, Rezende et al. 2016), and can act as a
fertilizer. In reforestation programs conducted in Laos, biochar
was applied during the planting of woody species (Sovu et

al. 2011). In the preliminary pot experiment in the present

Received 12 March 2021, Accepted 9 September 2021

study, the effects of biochar were examined and the growth
characteristics of teak seedlings were monitored (Kayama et al.
2016). Adding 4% of biochar increased soil water content and
accelerated teak root growth. Moreover, Rezende et al. (2016)
reported that applying activated biochar also accelerated the
growth of teak seedlings, however verification tests in a field
environment have not been conducted to this date.

The objective of this study was to verify the validity of
biochar in a field environment. Teak seedlings were cultivated
in a sandy soil with biochar, and it was hypothesized that using
this material can improve soil quality, which should accelerate
the growth of teak seedlings. To verify this hypothesis, the
growth characteristics of teak seedlings were measured in
the early growth period, and they were compared to those of

seedlings in untreated sandy soil.

2. Materials and methods
The experiment was conducted in the Northeast Forest Seed
Center in Khon Kaen Province, northeastern Thailand (16°16’
N, 102°47" E, 191 m a.s.l.) and the meteorological data of this
area were reported by Kayama et al. (2016). The sandy soil
here was classified as Acrisol using the FAO/UNESCO soil
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taxonomy, and as Ultisol using the USDA taxonomy (Food
and Agriculture Organization 1993, Kyuma 2003). An area
covering 840 m’ was selected as the experimental plot, and
in April 2014 land preparation procedures were carried out
at this site. A clone of teak seedlings was selected from Mae
Hong Son Province (clone number 21), and it was planted
in various locations (Royal Forest Department, unpublished
data), then the treatment with biochar and the control (without
applied biochar) were established. Three 12 m x 10 m blocks
for each treatment were set up in the experimental site, and
their positions were randomized, maintaining a 2 m distance
between each block. In June 2014, before planting the seeds,
60 kg of biochar—made from Acacia wood bought from a
market in Thailand—was prepared. The Acacia biochar was
produced in a kiln at approximately 400°C, and the density
was 0.68-0.72 g cm™ (Forest products research division, Royal
Forest Department, Ministry of Agriculture and Cooperatives
1984). Then, the biochar was crushed to fragments measuring
less than 5 mm in diameter, and subsequently 1 kg batches of
biochar were placed in separate plastic bags.

A total of 252 teak seedlings were planted in each block
in July 2014: 42 seedlings were planted inside each block;
22 were planted outside and were considered as buffer trees;
20 were planted within the buffer trees and were set as the
target trees. To plant the seedlings, a hole (30 cm x 30 cm,
and 30 cm deep) was excavated, and the soil removed during
the process was collected and mixed with 1 kg of biochar in
order to prepare the treatment. After the mixing phase, a teak
seedling was planted in the hole, which was then filled with
the treated soil. The biochar application area measured 10 m x
8 m in each block, and the amount of biochar was 2.5 Mg ha .
All the above procedures were conducted also for the control
treatment, except for the addition of biochar in the soil. Soil
moisture sensors (SM150, Delta-T Devices Ltd., Cambridge,
UK) were also inserted at the center of two blocks.

Soil texture and chemical properties were measured,
including soil pH, CEC and concentrations of C, total N,
available P, and base cations. Three seedlings located at the
three corners of each block were selected, and surface soil
samples (0-5 cm) were collected from beneath these seedlings
in July 2014. The soil data of biochar treatment were included
its particle. The chemical properties of biochar were also
measured, and four samples of crushed biochar were collected
for this purpose. The detailed methods of soil analysis are
described in Kayama et al. (2021).

After the planting phase, the height and root collar
diameter of all seedlings were measured, together with the
photosynthetic rates at different light saturation (P,) and
stomatal conductance (gs). Nine individuals with healthy

teak leaves were selected from the second level from the top,

and P, was measured five times throughout the experiment
(October 2014, February 2015, May 2015, July 2015,
and October 2015), in the mornings (09:00-11:00). The
measurements were conducted using a portable gas analyzer
(LI-6400, LiCor, Lincoln, NE, USA). The photosynthetic
photon flux, temperature and CO, concentration were recorded
at 1,800 pmol m s, 28°C, and 38.0 Pa, respectively. After
the photosynthetic rate was measured, an area of 0.66 cm” of
leaf disks was collected, and chlorophyll was extracted using
dimethyl sulfoxide (DMSO). The concentration of chlorophyll
was measured using a spectrophotometer (AE-VIS721, A and
E Lab. Co., London, UK), and was calculated by the equation
described in Barnes et al. (1992).

In order to determine the biomass of teak seedlings, the
dry masses of leaves, stems, and roots were measured. At the
end of November 2015, four teak seedlings were randomly
collected from each of the three blocks. The other teak
seedlings were left in place to determine their long-term effects
on teak growth. The detailed methods used to determine the
biomass are described in Kayama et al. (2021). The leaf area
was also calculated from the data on length and width, using
the equation from Tondjo et al. (2015). The concentrations
of N, P, K, Ca, Mg, and Na in leaves and fine roots were
analyzed using dried samples that were ground to a fine
powder. N concentration was determined using an NC analyzer
(Sumigraph NC-220F, Sumika Chemical Analysis Service,
Tokyo, Japan). The remaining samples were digested using the
HNO,-HCI-H,0, method (Goto 1990), and the concentrations
of P, K, Ca, Mg, and Na were analyzed using an ICP analyzer
(ICPE-9000, Shimadzu, Kyoto, Japan).

All parameters were statistically analyzed using Kyplot
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Fig. 1. Average soil water content in biochar and control
treatments (July 2014—November 2015, n = 2).
The data for the control treatment were from Kayama et
al. (2017). The data of the control treatment in Tables 1,
2, and 3, and Fig. 2 and 3 were also from Kayama et al.
(2017).
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5.0 (Kyens Lab, Inc.) The differences between parameter
means were evaluated by analysis of variance (ANOVA), and

compared between biochar and control treatments.

3. Results

The water content was low from November 2014 to May
2015, and high during the rainy season (June—September
2014 and June—September 2015, Fig. 1). When comparing the
two treatments, soil water content was higher in the biochar
treatment during the rainy season; however, there was little
difference in soil water content between biochar and control
treatments in the dry season. There were no significant
differences between the two treatments in each month.

The biochar used in the experiment contained 47% of C
(Table 1), its pH was 8.5, and high concentrations of N, Ca,

and K were detected in it. In terms of soil texture, the sand

75

content was approximately 80% in each treatment (Table 2),
and there were no significant differences between sand, silt,
and clay contents between the two treatments (P > 0.05).
Soil pH, CEC and the concentrations of N, Ca, and K were
significantly higher in the biochar-treated soil (P < 0.01). There
were no significant differences in the content of other nutrients
between the two treatments.

Between October 2014 and the end of the experiment,
tree height and root collar diameter values were significantly
higher in biochar-treated seedlings (P < 0.001, Fig. 2). At the
end of the experiment, tree height and diameter in the biochar
treatment increased by 67 cm and 13.9 mm, respectively. In
contrast, the control treatment did not show any obvious effects
on growth, and here the values increased only by 12 cm and 4.6
mm, respectively.

In the biochar treatment, P, showed significantly higher

Table 1. Chemical properties of the biochar (Mean + SE, n = 4).

pH CEC C N p
(cmol kg™) (gkg™ (mg kg™) (mg kg™)
8.51 £0.04 46.6 £ 6.0 424+ 87 13,182 + 1257 263 +30
Ca Mg K Na
(mg kg™) (mg kg™) (mgkg™) (mg kg™)
6477 + 488 502 + 73 2782 +£336 302+3.1

Table 2. Texture and chemical properties of soils in biochar and control treatments (Mean = SE, n=9).
The mean values of each parameter were analyzed using ANOVA. ** P < 0.01, *** P <(.001,

and n.s. = not significant.

Treatment Texture (%) pH
Sand Silt Clay
Biochar 80.2+0.6 14.0+0.3 58+0.5 5.55+0.13
Control 80.2+0.5 14.1+£0.7 57+0.9 4.53+0.08
Statistical test n.s. n.s. n.s. wkx
CEC C N P
(cmol kg™") (gkg™) (mgkg™) (mgkg™)
Biochar 1.99+0.14 8.43+1.62 267 + 46 7.60+2.20
Control 1.30+0.10 7.00 +£2.32 96+ 16 8.62 £2.01
Statistical test *ok n.s. w3k n.s.
Ca Mg K Na
(mgkg™) (mgkg™) (mgkg™) (mgkg™)
Biochar 221 +43 39.6+9.7 73.9+8.7 1.37+0.35
Control 53+8 229+29 227+£29 2.67+£0.59
Statistical test ok n.s. kol n.s.
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values in October 2014, May 2015, and October 2015 (P <
0.001, Fig. 3), and the same was observed for the gs values,
except for May 2015 (P < 0.05). P, and gs showed the
highest values in the biochar treatment in October 2014, but
these were lower in February and May 2015. In July 2015,
the values of P, and gs in the biochar treatment increased. In
contrast, the control treatment showed low P, and gs values in
each measurement period, and P, decreased in October 2015.
The chlorophyll concentration showed significantly higher
values in the biochar treatment in October 2014, February
2015, and October 2015 (P < 0.05). The highest chlorophyll
concentration for both treatments was observed in October
2015.

Before the planting phase, the dry masses of leaves, stems,
and roots of teak seedlings measured 1.6 g, 1.5 g, and 2.1 g,
respectively. At the end of the experiment, the survival rate
of seedlings was 55% in the control treatment and 92% in the
biochar treatment, with only five dead seedlings during the
experimental period. The leaf area in the biochar treatment
was significantly larger than that in the control treatment (P <
0.001, Table 3). Additionally, the dry masses of leaves, stems,

and roots showed significantly higher values in the biochar
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Fig. 2. Tree height and basal diameter of teak seedlings in
biochar and control treatments (mean + SE, n = 60).
The mean values of each parameter were analyzed
using ANOVA. *** P <(.001.

treatment (P < 0.001).

Ca concentration in the leaves and roots, and K concentration
in the roots were significantly higher in the biochar treatment (P
< 0.001, Table 4). There were no significant differences in the

concentration of other nutrients between the two treatments.

4. Discussion
Based on the results of this study, various positive effects
of biochar application were confirmed. Generally, studies
have shown that biochar application can alter the physical
and chemical properties of soil (Glaser et al. 2002) and can
decrease its bulk density (Glaser et al. 2002). The bulk density
of sandy soil was measured at 1.56 g cm™ by calculating the

soil dry mass (42 kg) and the volume of a single hole (27,000
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Fig. 3. Photosynthetic rate at light saturation (Psat),
stomatal conductance (gs), and chlorophyll
concentration (a + b) of teak seedlings in biochar
and control treatments (9:00-11:00, mean + SE,
n = 9). The mean values of each parameter were
analyzed using ANOVA. ** P <0.01, *** P <0.001.
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cm’), while the density of the biochar used in this experiment
was 0.68-0.72 g cm° (Forest products research division, Royal
Forest Department, Ministry of Agriculture and Cooperatives
1984). The density of sandy soil applied 1 kg of biochar was
1.51 g em™, and the decrease in bulk density was 3.2% in the
experiment. However, to accelerate the growth of seedlings,
the bulk density should decrease by 8% (Zoghi et al. 2019).
Thus, the 3.2% decrease in soil bulk density obtained through
biochar application is not sufficient to accelerate the growth
of teak seedlings. Biochar application also did not increase
soil moisture content (Fig. 1), and therefore it did not alter the

physical properties of the soil during the experiment.

Biochar has also the ability to alter the chemical properties
of soil by increasing the retention of available nutrients in
plants (Glaser et al. 2002). Biochar application increased the
CEC (Table 2), and nutrient retention was probably altered.
Biochar showed high pH values and high concentrations of N,
Ca and K (Table 1), and the treatment also increased the pH
and concentration of these elements in the soil (Table 2). Thus,
the results of this study suggest that the application of biochar
is important because it alters the chemical properties of soil.
In addition, biochar also acts as a fertilizer and soil acidity
corrector.

The survival rate of teak seedlings in the biochar treatment

Table 3. Leaf area and dry mass of each part of teak seedlings grown in biochar and control treatments

(mean + SE, n = 12). The mean values of each parameter were analyzed using ANOVA. *** P <

0.001.
Treatment Leaf Leaf Stem Root
area (cm?) dry mass (g) dry mass (g) dry mass (g)
Biochar 848 £ 121 64.0+10.2 249 + 38 226 + 37
Control 92 +34 51+14 26+4 36+7
Statistical test ol ok ok

Table 4. Concentrations of elements (N, P, K, Ca, Mg, and Na) in leaves and roots of teak seedlings
grown in biochar and control treatments (November 2015, mean = SE, n = 12). The mean
values of each parameter were analyzed using ANOVA. *** P <(.001 and n.s.= not significant.

Treatment N (mg g) P (mg g!)
Leaf Root Leaf Root
Biochar 21.4+1.0 84+0.5 0.92 £0.03 0.32 £0.03
Control 189+ 1.0 7.6+0.3 0.76 = 0.06 0.33 +0.03
Statistical test n.s. n.s. n.s.
K(mgg™") Ca(mgg™)
Leaf Root Leaf Root
Biochar 1.99+0.14 8.43+1.62 267 + 46 7.60+2.20
Control 1.30+0.10 7.00+2.32 96+ 16 8.62 +£2.01
Statistical test *% *x n.s.
Mg (mg g™') Na (ngg™)
Leaf Root Leaf Root
Biochar 221 +43 39.6+9.7 739+ 8.7 1.37+0.35
Control 53+8 229+29 22.7+2.9 2.67 +0.59
Statistical test wkx wkx n.s.
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was higher (92%) compared to that in the control treatment
(55%), therefore it was concluded that the use of biochar is
likely to enhance the survival of teak seedlings. According
to Wehr et al. (2017), lime has also the same effect and, as
biochar also contains Ca (Table 1), the enhanced survival of
seedlings may be similar to that observed when using lime.

The teak seedlings in the biochar treatment presented a
significantly higher tree height, diameter, leaf area, and dry
mass compared to those in the control treatment (Fig. 2, Table
3). Thus, it was inferred that the use of biochar resulted in
an accelerated teak seedling growth in sandy soil. This trend
was obvious when compared with the trend observed in the
preliminary pot test (Kayama et al. 2016). Moreover, the teak
seedlings in the biochar treatment had high Ca concentrations
in their leaves and roots (Table 4), and this element originated
from the biochar (Table 1). There have been cases in which
Ca application enhanced teak growth (Barroso et al. 2005,
Zhou et al. 2012, Wehr et al. 2017). In contrast, when teak
seedlings were grown without any Ca addition to the culture
medium, a drastic decrease in growth was observed, and Ca
concentration in the roots was low (Barroso et al. 2005). Thus,
it was concluded that the storage of Ca in teak plant tissues
is important for growth, and that the application of biochar
enhances Ca uptake. Furthermore, K concentration in the roots
was also significantly higher in the biochar treatment (Table
4). In general, teak seedlings demand a greater amount of K
in roots (Behling et al. 2014), and the K stored there restricts
teak growth (Kayama et al. 2021). Therefore, the application
of biochar increased the concentration of K in soil and, as a
result, teak seedlings could accumulate K in roots, probably
leading to an acceleration of growth.

Moreover, the teak seedlings in the biochar treatment
showed high P, values in October 2014 and February 2015
(Fig. 3). In contrast, the N and P concentrations in the leaves,
that showed a positive relationship with the photosynthetic rate
(Evans 1989, Raaimakers et al. 1995), were low in November
2015 (Table 4) but chlorophyll concentration—which is
closely associated with the photosynthetic rate (Enriquez et al.
1996)—was high at the same time (Fig. 3), suggesting that the
photosynthetic rate was regulated by chlorophyll concentration
in the leaves.

Compared with other biochar experiments conducted by
Rezende et al. (2016), the accelerated growth of teak seedlings
was not observed when normal biochar was used. Those
experiments used a fertilizer with a pH greater than 6 (Rezende
et al. 2016), while the soil pH in this experiment was 4.5, and
no fertilizer was used. In addition, nutrient concentrations
in the present experimental soil (Table 2) were considerably
lower than those observed in Rezende et al. (2016). Poor

soil conditions probably mean that even when using normal

biochar, growth is accelerated.

In contrast, teak seedlings in the control treatment presented
suppressed growth and showed low dry mass values (Fig. 2,
Table 3). However, the only nutrient with low concentrations
in teak seedling leaves in the control treatment was Ca (Table
4). According to Zech and Drechsel (1991), Ca deficiency
levels in leaves border 5.5 mg g™ (138 umol g') and, based on
this value, the teak seedlings in the control treatment did show
Ca deficiency. It was also observed that the leaves presented
a striped yellow and green pattern, which may further
indicate Ca deficiency (Barroso et al. 2005). Moreover, the
control treatment showed low P, values and low chlorophyll
concentrations in October 2015 (Fig. 3). Ca’ plays an
important role in maintaining chlorophyll, and stabilizing and
aggregating light-harvesting chlorophyll-protein complexes
(Han & Katoh 1993). Ca deficiency is known to decrease
the functionality of photosynthetic apparatuses—such as
chlorophyll and Rubisco (Lavon et al. 1999)—therefore it was
inferred that such deficiency caused the decrease in chlorophyll
in this experiment and, as a result, the photosynthetic rate was
suppressed.

Finally, based on the findings of this study, it was concluded
that biochar could alter the chemical properties of sandy soil
in northeastern Thailand and could accelerate the growth of
teak seedlings. Ca was the most important nutrient for teak
growth, and biochar acted as Ca fertilizer. However, it was
confirmed that the teak roots growing in the horizontal axis
developed over the biochar application area (30 cm x 30 cm),
and therefore biochar should be applied over a large area for it
to be effective. Future studies following this experiment will
examine the quantitative effects of biochar on the establishment

of silviculture methods.
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TSR L, 2020 4E 1 HIRRE 39 HATIC 21.5mm by 2 H
AGIC 19.5mmh ', 2020 4F 12 AKX 33 HAGIC 36mm b ' 7%
ZTNFNRERL Tz (Fig. 2B), AP10 1 2019 4E 1 FHHF
& 2020 4F 12 AKFIC 0.5mm DL R725 72wt L, 2020 4
1 HE: 30mm %8 % T W7z (Fig. 2C)e AP30 & 2019 4F
1 AWFIC 62.5mm, 2020 4 1 HKFIC 113.5mm, 2020 4F 12
HIFE 12 HEGo 1 [BDOFERIC X % 2.5mm Td - 7z (Fig.

Table 1. Air temperature (Ta), water temperature (Tw), pH, electric conductivity (EC), and SiO, of the stream water at the

sampling points.

Ta Tw pH EC Sio, Ta™ CP™ AP10™® AP30®  Pi60"
Date Site"! Weather °C °C uSem' mgL™! °C mm mm mm mmh’!
10-Jan-2019 A Fine - - - - - 9.3 0.0 0.5 62.5 8.5
02-Jun-2019 A rainy 16.0 14.7 7.7 28 11.5 20.1 4.0 76.5  311.0 29.0
B rainy 16.3 14.8 7.2 26 10.7 18.9 5.0
C rainy 17.9 16.2 7.6 33 10.8 19.2 6.5
10-Jan-2020 A Fine =" =" 8.1 25 12.0 10.3 0.0 31.0 113.5 21.5
B Fine =" =" 7.3 22 10.3 11.0
C Fine =" =" 7.3 23 10.8 11.3
23-Dec-2020 A Fine 8.0 6.9 7.8 29 12.5 13.1 0.0 0.0 25 36.0
B Fine 6.5 6.1 7.8 23 11.2 12.8
C Fine 8.4 5.5 7.0 27 11.7 10.9

*1: shown in Fig. 1, *2: Ta at around the same time in Shingu (JMA 2021), *3: cumulative rainfall before water sampling on the
sampling day (CP), 10-day (AP10) or 30-day (AP30) antecedent rainfall, and 60-day antecedent maximum hourly rainfall (Pi60) in
Irokawa (JMA 2021), *4: no measurement, *5: missing by malfunction, and *6: value at the time of analysis.
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2D), ZFHBHICHARDS &, 2019 F 6 ARZLIT13 H
RIS 3 ED 20mmh ' ZHEZZBERAH O, AP10 « AP30
ZJEIC 76.5mm * 31lmm & WS HOEE KEH - Tz,

42 BB EDHERIR

2019 4 1 Al A2 E U BRI, BRRIREB D%
IRIEFEREED, KT DL WHIF THZ S Nz (Photo
1A) s RIKEHEOBEIX, F& UTHAED/IMEDRTEICIE
RE N, KD IKEMROVIXE TR EmAICEXL
T Wz (Photo S1)s EWVE DI 1 AD 5em BRI T, 4
VIKITE WS DT IS o S RIENRD SNz,

F4E 6 Aicid. TORKEEEHEIRE ELEL T
Too TOEEWTRPHIKUTZIRFEE OB SRYIRE.
o 728 ERERIB VORI i —EY T I 7 8
@ 18 (Philonotis spp.) TH>1zo AT DEZ TR NEE
WKOWDBEFEOEIEEEZEL. A UMD DIEH
KO RTh Tz,

2020 4F 1 HICH 20194 1 HD & 9 HARIREFHHED
PAE R ERISNE LA S5 Nixh > 7z (Photo S2), LA L,
BREGRED B I3 BSRIROBHANME SR & iz,
[E4E 12 HICiE 2019 45 1 ABE & AR & b N 5 RIREE
BHEDZGKHBIZR E Nz (Photo S3)o 1 KDETIFEVE

40

AL -

LR RALEEES

DT 2em 2, ZLRBIVEETH -7z, KBDFHN
EHPMOBHUDM N ERNERTER L, B2
LILOHIPH TR I Nz,
WHRHEDEIE L TV 2 2019 4 1 AL 2020 4 12 H
RElE. EGEORRKERENVNE < BITRkEE Diah >
e HE T % (Fig. 2)o 72721 AP30 3. WHEBHEN R
B L T2 2019 4F 1 AKEAY 62.5mm, 2020 4F 12 A
KEDY 2.5mm TH D, i 60 HE DK Pi (Pi60) &, 2019
£ 1 HEEA 8.5mm h™' (29 B5& U 37 HEli ). 20204 12 H
REHY 36mm h™' (33 A1) TH - 7z (Table 1), T DEEIHEE
RITE > TiE, BEHREENESIRICKESEET D L
e ns,

43 EEE B OEE

BAMBIEEIC X B REDFICHE D <. 2020 4 12 A
FREX U 72358 (Photo S4) DFEMERZ Table 2 IC X & &7,
B Y75 R RS (Photo 1B) (3. PRI ORIFEAHIE <
RIRICHESI L, MIfaO R THRWId 2 H A #iEE RS
(Photo S5-S8), & (5 RIRELH 43 RDFEl 88 DI D
HE1E 9.3 ~ 33.5um (FE 20.7um, FEYE(R 2 4.8um), i
fa 1 DR S IFIED 0.75 ~ 2.4 1% (P9 1.4 15, FEHE(R
204 %) ThHoleo L DHIFIDIERE (Photo S9) I EEEE

30
20

(A)

N

10-

0V

v v

o] B

Month 3 6 9
2018

Fig. 2.

12 3 6 9 12

2019 2020

Daily air temperatures in Shingu and rainfall conditions in Irokawa from 2018 to 2020.

Shingu and Irokawa are the observation points of AMeDAS (JMA 2021) near the headwater. Arrows indicate field survey

days. A: 10-day running mean of daily maximum (light gray line) and minimum (dark gray line) temperature (Ta; horizontal
lines indicate 5°C and 15°C), B: daily maximum hourly rainfall (Pi; >5mm h™'), C: 10-day antecedent rainfall (AP10), and D:

30-day antecedent rainfall (AP30).
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Photo 1. Appearance and microscopic forms of the filamentous algae in the headwater of Nachi River.
A: growing state in January 2019, B: microscopic appearance (obliquely irradiated using a white LED penlight), and C:

microscopic appearance in iodine solution.

D Melosira varians \ZFALIT 25, BRIE OB KA T (1L
B 1999) WHE BT, BREADKIRTE~REZET S
TeRENDEBTROVEHRE Nz, £z, kI
AUET VT URIBIEETEWTZS (Photo 1C). EL ./
A RELHTZRIROFETIE R, METIIHZDET
CEL /A RZREFENICHELIT B Micospora sp. ( H
F£2010) &IFHIRBEDLEZFADIEIRAERZ D FU KRR
)& (Tribonema spp.) L#EAE Niz, T OEHARIKERH
ORI EEE. 2020 4F 1 A FREGURD SR E skl
HHER—THo 7T,

loriya (1986) ICEUH E 1% HAFE Tribonema spp. DN
MElE 4 ~Sum BEZVE DD, K 3SFMSNZ AR (11
FfR 1999) OHIFENERZ 3 ~ 25um LV (Zuccarello and
Lokhorst 2005, Kiryakov et al. 2011), F 7z, M2
IR KREZIEMNEL B, AT REGLE O HifE
IEOZEEIZKE L, BHEHSEEN TV S AEEENE Z
5N%, &L & Tribonema spp. \ALIKIE DO WATE L WEIK
REICAHABNZH, EFREE SO ADREZRWER
WH % (loriya 1986), TFFRBITAL SN0 < IBEED
£DH 4~ 5CEKEMENE DD (Table 1), FERdDOIRIE
BREFMDO T TREL, BIOKEL T2 AHEEDE
Z6N%, —H. Tribonema spp. [ ZTFMIED Tz HIKEA D 5
Ve nd, EFRE I ERT LT FR—T
( PRARIIHING ) Z2TER U, St IRIC R <A % (loriya
1986, Nagano et al. 1999), T D7z8, ERFMFIC LD [
FAHBANGEEE N, KROPTHHhZEHEBE S BED L

Table 2. Dominant species of algae by optical microscopic
classification in the samples collected in December

2020.
Class Genus Appearance”!
Xanthophyceae Tribonema spp.” 87
Diatom Neidium spp. 9
Synedra spp. 3
Achnanthes spp.
Coconeis spp. 1

Gomphonema spp.
Cymbella spp.
* Approximate appearance frequency (%) per preparation of the

specimen.
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Ebns,

AFRE TIEEHNICERT 2R KEHO RN Z HIY &
LTWicied, BRI ERIUG 4, ZREIC & > THizAE
R LN R E K EDBTHEMEIE H 5 A0, BRI L 725RIK
OB, BEHOHENTEN TV, N7
V1 ORI BT B REREEIE. Tribonema spp. 72 100 &
I UL, #EAQ Neidium spp. 10, Synedra spp. 3. Z D
bR T1THo Tz (Table 2 IR 21E% 100 & U
Bt Z18H ). ZFoflic, WITBRARDBOVIREORINE
AN B 5 N7z (Photo S10, S11), F iz, ABHPFROEEL
AT DO/INE IRW/K 1 T T, MIE/KMEREIC K KA
5N 5 HER LR & BN EE OO (Photo S12)
MWIRFTEINCBIZEE NIz, 2019 4F 6 AR5z 3 6 TR RE
BT 2 PREGETKO B OB & oo U
TH7KED Tribonema spp. WM& TH 5 T LA, B
#EHE U C Neidium spp.. Coconeis spp.. Cymbella spp.
HBILTHD (Table 2). BIEDBHEFUKIIBAQNGHI & 7%
TENTEBIEA S (LA 2005),

5.3L8
AR KIRREDIK DFE ALK R MR E N 2 AR K
DOFFRBIC BT, FHIMICHHEREILH A S NS RIR
EEHERRIC O W TR Z N, Z O E & FEmEREIC
DV TR IRz, RIS DWW TIE, B SR E
TERIB DM B #E51) 9™ B Tribonema spp. L #EHIE 11, #
FEFH DS & IR B S N, BREGAR
. 2% 100 &9 NI, Tribonema spp. O HIBIH 3 87
TdH > 7z (Table 2), AFHICITIF B Tribonema spp. D HIHL
1 D 72 A DN A 8 BEA: SR E D o Tk & i
FICH D, HIIEOEEIESKEZ N &h SBEDFE
NTVBAREMNE Z SNiz, BKOLME LTk, [%
IKGED R B LTV S LRI N, BEERERICIE
Pi60 /Y 10mm h™' A {ifi T AP10 (& 0mm I )& <. AP30 &
60mm LA R A ENTe, —F. AR EHKT 55
B UTE20mm h ' L ED PiBHZEA SNz, B
BHEOWIIIHEE - M NIk DELBREEZLN, TD
& EWIKOBARBICHE R 52 06N H S, TS5 L
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Photo S1. Filamentous algae communities on the bedrock
stream channel in January 2019.

The flow of the stream water was from right to left.

Photo S2. The same place as in Photo S1 in January 2020.
Tribonema spp. was dominant in the submerged

riparian.

Photo S3. Growing state of the filamentous algae on the
bedrock stream channel in December 2020.
The leaves found on the bedrock were of Chamaecyparis

obtusa.

Photo S4. Appearance of a droplet of the sample collected in
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December 2020.

Photo S5. Dominant filamentous algae in the sample
collected in December 2020.
The cells are cylindrical and form filaments. The filament is

composed of an array of H-shaped bipartite walls.

Photo S6. Elongated cell between the H-shaped bipartite cell
walls of the sample collected in December 2020 (obliquely
irradiated using a white LED penlight).

Photo S7. Formation of new cell walls after the elongation
between the H-shaped pieces of the sample collected in

December 2020 (arrowhead position).

Photo S8. Primary cell wall retaining loose cells after
soaking in water and ethanol at 70°C for conducting iodine-
starch test of the sample collected in December 2020

(arrowhead position, in iodine solution).

Photo S9. Circumstantially visible internal configuration
of a sample prepared for the iodine-starch test collected in
December 2020 (obliquely irradiated using a white LED
penlight).

Photo S10. Rarely existing green plastid filamentous alga in
the sample collected in December 2020 (obliquely irradiated
using a white LED penlight).

Photo S11. Configuration of the rarely existing green plastid

filamentous alga in the sample collected in December 2020.

Photo S12. Focally identified community of an iron
bacterium at a junction of eroded branch about 300 m north

from the point A depicted in Fig. 1 in January 2019.
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Freshwater algae dominantly found in the headwater of
the Nachi River, Japan during winters

Tkuhiro HOSODA" " and Mayumi YOSHIMURA"

Abstract

The Nachi Falls in the southern Kii Mountain Range in Japan has been experiencing high water turbidity during
heavy rainfall, primarily because of debris from landslides triggered by torrential rain during the severe typhoon
Talas in 2011. In recent years, however, the impact of debris on turbidity appears to have sharply declined. At the
same time, filamentous algae communities bloomed extensively in the submerged stream channels of the headwater
in early 2019 but were undetectable by mid-2019 in the regional climate of humid subtropical type and annual
rainfall exceeds 3500 mm.

Key words : Kii Mountain Range, granite porphyry, mature stand, stream environment, filamentous algae

Received 8 June 2021, Accepted 3 December 2021
1) Kansai Research Center, Forestry and Forest Products Research Institute (FFPRI)
* Kansai Research Center, FFPRI, 68 Nagaikyutaroh, Momoyama, Fushimi, Kyoto, 612-0855 JAPAN; E-mail: hosodaik@affrc.go.jp

TR LB 55 21 % 12, 2022



AR ESMAFIARIRSE DEL S

1. &

RS NTzamse G, B,/ — b K8t WFgeEkh
. TRTCEEZZT CTEZOREMRE T NS, G D
BKETEZRDISITED B,

1. FEDEN

B S NcEms G, ./ — b RS IF9TERD
A, WEORAEICH S U TR G Z 1k g 5 C
EWNBEEDHNTDH %,

2. BEOE#E

(D) FHHUE  FSCONAED, AL BEFEE. K738
DT ENORPICEHEH{ZLEDOTRNT &,

(2) HHME X ONAMN, M, FIEdEM B
ASIMDEKTMifEN D 2 T &,

3) FEM  mEME-> TBH ., WS EE#ET 2T
DIRBUH»RENTNB T &,

THIC, M ZTONBNHEICTIHERTES

KO ICHERREN DOBHMICEIR T N, FOHNFICIRD I
WT &R TRFRE R CHETFICHE SNz
EBDICEHXDEIE N, ST N TV AT NEE
5720,

3. BEFE

BREEINImCoOERE 24 (/— MR UCHIZEERO
LBa 1N & HUREZEDNES L. SRR ST
Mot mEZES (LT TRER] LV0H) KBV
THET S, BRGORBRINE LR, FE L DK
FINTEEESMTV, EHiF IEET & EEEHKE Lxn
2kEd 5,

&

4. BFORER

FiE, FREOBHDOREMEICID U THRAMICHRA X

N, XOVWINHICHEES NS,

(1) TOXFEHA,

Q) RO fMERE - BIED . WEZEDO TERZE S
TR,

(3) fEMOEEKG - BEDOE, HREEOXEDH D,

@) HPFLIEADPEY BT ZEFEEONEZTEEN
BE KRG T XE TRV,

(5) Zofth,

(D) 5 @ OVWITNMITHELHOEZ, ) &
HEINZD, ZOHARAUHEES K> T, TOH
BRI REN S,

2). 3) LHEEINIGRLDOLE G, BREENE
N RENZ DT, f/Efcin > TEBEZEET %, (2)
DHEDEHIE., BERNADOFNIEZIBIRSMFE Lz
ez T S, 2 NDEGENE BIC () £z (2
EHET L, Btk T L, BT Ed 5, 2 AOE
maMmEBI (@) CHELEGERIZ. HITET %,

1AM (4) EHEL, HYHESEDILE L ZD LGS
BHIOBEFHICE > TESHICHHRETV. TOHEZED
@) CHMETNEE T ERDET, ZORFAMBHRA]
CHIESTNEAEGIEE T L, BT E0Ed, (5 I
DVTE, ZOHMICE D ZEZORELZRE T, WEER
BEIPEENUCEGH E @ L TR d %,

(2020 4£ 8 H 6 H)



2. 1%

1. RBER

BRaE 3R & U TERZVIZER A NRRMTSE - 5
AR AR S ITZERT, RIS WA MARH & >
Z—. BRMEEE WAL AT > 2 — (LUR
(BRI EIIIENE] EWvo.) DIEMBE LTS, T
Ot TTIRE. RIS B R CHEIF7EE S, AR
OIS D 2 VIR SIS L RO %
GHCB O TR LR Z STNALRIRTE %,

2. RRDIEE

R OREUI S #F ./ — P RUIEE
KLEd %o aiscid, L UTio ik #45
XFBHENTOEVEDICRS, HBaIERE DR
U BT 2 W78 2 [A < DRI KRES - Bl L7z
DET %, BRI, HREOEHNEDZHD LD 4
HUNICERE® S, /—ME, MiEDOH2HHEFEK T
itz LDz EAD 2 HUNICE LD 5,
BRI T — &2 HEERE LT 5,

3. EFRmE

WiEE X7 E S (suggested reviewer) 7 4 % %
THEE T E %, #EE I 258 AniliaiE O KA, FiE.
E-mail 7 R LA HEESEE 2 BIRC L 725l (7 4 —~<
MIMDEY) 2REETS T L,

TP, e ORINTEE ISREZENRET S
e, BT LEEGEMEDNEEICINDS EIERS %
S

4. REfDRRE

R E. BNCE D 2 MEEFICHE D Z/ER L 2R
faz THIZeE R E L & & B A MRS
FITRICIRHT %, Gk, HERERFEORMICHZ> T
X, HEZR2BORELZFZ LTS, IRHT S
FET7 74T %,

RGOS T 305-8687 D IFTHAADH 1
ENLFZERIFEIEN  ARMITIE -
AR OITEAT LR MRt
s HITT #R
Tel : 029-829-8373 Fax : 029-873-0844
E-mail : kanko@ffpri.affrc.go.jp

Bl hse s

a5

5. RIEDIELE
EIEERD 2 r AU, B#RM&T/ — T3 38
IAAIC B E R WS BIC R ZAZ DT . 7%
B, FAEBEIC K O BIRANICRHETERWEAE,
TR ZHEEZARICGETHLANT %,

6. BIEOHT
ARELKRZATEZHEINTVELHFICOVTIEE
BEICEDEATENE LD B,

7. f£R
it

=R
=]
=6

A HAREX I3 RGE L9 %,

i

8. Efrte
T DFAFHE S E LT ZE R NARIARITZE - B i ¢
MHRMIEEWIZEATICRIE T %, fE#Gn XD eET2lX
—HBZMMDFEYNCHIN T B 55, FRlc BT 6%
ICH LT, MEEZEROFAZ2HEZEDLT 5,

(2021 6 H 17 H)



3. REEME

1. FEfRnEX
JFfElE Word ®IERDE T 7 7 1)V e L, XDOFX
KD,
1) AR E. A 4HIERGc, K24 30mm 72
BORHZEKR L, FHIELT10.5 R4 Y hOXT%
L. 40 Fise 20 fT CHBEZ THIT T %, 7B
HERgIBIcE, T T 2,
2) HExgERE. A 4P, KA 30mm 2
BORHEKR L, FHIE LT 105 RA Y FOXT%
L. 2517 CHIZEd %,

2. RTRDER
B ORERIE R DIAIC K 5,
1) Ak
(1) BM<FEFGOME - L8 - FH5H - il - %
N - JEEY - WHTE - T V=
VI RA IV (B2 25 SCFLAND) >
(2) ®BxHEE (Abstract) (/— MOV TIEFAE)
(3) WiHEF—T—F (/= MDDV TEAE)
(4) Fixcdis (/— MZDOWTIEARE)
(5) HAFEF—Y—F
(6) A
(7)) gIFSCHR
(8) - &K -BEOXKBELFHH - FWN (Fs¢, &
PEY ARSI )
(9) e 7&K (Supplementary data) DZKiH &
GIAUEIRE N
(10) X - % - 55 (G
2) TR
(1) RM<FEROMH - K- EEH - s - [
NHKE - IXFEES - e - B o v =
VI RA MV (ZEATDNA 50 CFELN) >
(2) XS (Abstract) (/— MTDOWTIEAE)
(3) FEEF—U—F
(4) MIXEE (/— MOV TIEAE)
(5) HAGEF—T—F (/—FMIDOWTIEAHE)
(6) Ax
(7) 5IHCHk
(8) K+ £« BEHOXREEFA - R
(9) fid®E &R (Supplementary data) D FiH &
B - HER
(10) X - % - 55 (i)

3. RE
PXLHRE (T T 2A PV ds ) Ord#ild, SedHDH
RO 72 R FE L, TOMDHFEI/INCFET %,

4. EEZ

XX DG, FELOREITHESMEEMLEHA LT
WBRO—XFT, f (BT KT DIRIEINCT ).,
W (R ZEL#i 9% (f] © Taro SHINRIN), HE#H
DHBHLEF",” TRYID, miEOHLFZEZDHIIC and
ZNB,

5. FiE &ERE

EHEOFIEE. SXOZMNENTREROFE LT %,
IREEHE IS DWW TR OffTE (RIS D H T2 DT
%) 9B, B, ELEOFEZZDORIEDEZICD
M3 XS ICFEEDLHBIC 1), 2) DFSZA L. HFIC
MR A WIS, WRZCiEs - Sl - it 44 55 72 50
T 5, e, EHED S B 1 K% HIKSE (corresponding
author) & LABICAHTEDHE S FICHNT * (T A X
URZ) ZfT U, B ICE#EE S (BAEDOFTE. .
E-mail 7 RL X (#%5%)) Z AN 5, FiE M W55,
AN DG SE (AT E 7213 E-mail 7 RL A% L9 %,

6. 2 H

HEE. mXOHM, ik #RZEZHCTE
600 =7 (RZERIE 300 7)) T3 Tl 300 75 (2R 150 75
DINTERICGERT %, ZORE, JFEAlE U TAdTid8
. TEZRIMGEE. HHBZ HOWERW, £z, JHH]
ELTER, K, R EEAXHOEFSTEIH LR,

7. ¥F—TJ—F

IR ONEZEICEL T F—T— R (G, FHH.
fisrn N OWEZRERNE 7 3ELAN. / — M 53ELIN) &
FLIT Bo F—TU— FOBEERIMRICHVENS L
2B L (IEAESIEAE)  HGE & HAREZ RIS E 8,
FLKDIEF 2 i A %o YIS, A £ O ) 0D ST
ZRRE. INTUIFTEL,

8. AX/RuiL

ARLDRK T OREIEHRIC 11THD TEL,

Kz S5l d 2580, AioicLtd
¥y JHRREIRT B

RIELTREZRER, KAV AT LZ2RAL
TE XKW,

PSLD R UK, SR DRIH & ARk IC iR A D H
ARDEA 77 KT RL LT %o

9. RXFRESHLUREF

A, IR EBIC, HIRL, AV (L) T
RARa T4 (), EULR (), Iaoy ;) F
DRXFFZMES FEIWCIE, IXTHATRRT 5,



O—<HTFEYATIVT 7y hOflBAHEDLEELT
LR %o FRAMDHETTRPRL 5 DRIl & U T
ANR—A%ZAND,

BARICIE FREDfl 22 (I 3FMAR-A 2K
9o

- ThBHEEZLND (Vi - WA 1965a, b,

Dropkin et al._1979),

< e HED _(1965) _ OWMENH S,

eI ZANTOAF T (BT ZNTTIN) iE e
5| Rzt

Ahmad, Q. A. (1952) Fungi of East Bengal. Pakist.
J. For.,, 2, 91-115.

10. 5|H>Z#k
1) AR5 | HSCHROFERIE FReOBNCHES o
CIREAAR—AZEKT)
AXRICDFB5E
(Ahmad_1952) (J# 1965) (Ahmad_ 1952, Hif 1965)
KT OFHADEE
Ahmad_(1952) &~ G, B _(1965)_ &~
FENEBOLG RS
< H4 DY A D (Ahmad and Baker 1952) (B« JI[ &
_1965a, b) HiflE e
cFHENIHLULDOEGE T 1 FFHDORIC Tet_al)
Fik 51 209,
(Dropkin_et_al. 1979) (Dropkin 5 1979)
O OG- FARNEICEER L. FEDO RIS
DT, FHELDOT7IVT 7w MEICFKHEL, H
it 9%, o, AHOFEZEIERIACE L
OTCRHT %, F% THREDOHIC DOV TIE, FD
#BIC a. b EDIIClHT %,
(HIH 1984, 1989, f13% 1988, 1990a, b)
c NARDYE T REES GRADERICH V., FEH
D77 IV —3x—L) LFEERITEETIHT 2, (7
L—3X 1989)

2) gIHSHRY A R RBFEHEXLDOT VT 7 Ny BHICE
L. B Z2EITET 2, AHOEFZFEAIEICE R
9%, atflld FatDBNCHES . (IFFAAN-R%
£9)

OMtFEZ5 I 255

il Ahmad, Q. A. (1952) Fungi_of East Bengal.
Pakist. J. For., 2, 91-115.

Baker, C._F. (1914a) A review_of some Philippine
plant diseases. Philip. Agr. & For., 3, 157-164.
Baker, C. F. (1914b) First supplement to_ the
list of the lower fungi of the Philippine Islands.
Leafl. Philip. Bot., 7 (Artl13), 2417-2542.

Dropkin, V. H. and Foudin, A. S. (1979) Report

of the occurrence of Bursaphelenchus lignicolus

induced pine wilt disease in Missouri. Plant Dis.
Rep., 63, 904-905.
Reunanen, M., Ekman, R. and Heinonen, M. (1989)
Analysis_of Finnish pine tar from the wreck of
Frigate St. Nikolai. Holzforschung, 43, 33-39.
 ER A OIEEIEIZEINCE DS 5,
« REDRISURDGE R, et OMICR2fAR—A
ZANb, (BI2AAR—Z%, 13PHAR—X
Z#9)
{1
YRk (1965) ESHETEIOD 72 DX EHEHIE I
DNT . HMES, 47, 168-170.
HREE (2001) A FAH O FLEHEICBT 5L
EEYIRE . HARGEE , 83, 93-100.
HERIEE - 0% - =inlZE _(1977)_ b /F
N—=FF 22— TAVYA LOBEIEFHH ._H
GE.59, 173-177.
FEYEHR (2000)  ARMKET T 51 B ARMARE T RE
DixiEhl 7y . HFES . 82, 360-363.
cBOEDNEL, BOANEDSNTIHFEDEA.
DIFD X 21c£FEd %,
1
JENIIERE (2001)_ ARAVESEDREARAL A R MERBEIC
ENTR B MIET Db . REPE 32, 25-33.
il T (2013) FH R O RO 2 1E O Wik 7k
R T NEFOMIERRAE, S .t R &R
75, 10, 87-96.

@&EHZTINT 255G

Bl (A—zsI 9 555)
=MD - PHEMIZ L (1948) KRB
3, 690pp.
(BEEDZFEIC K > THEINTHEADREE TR %2
FIHT256)

HHEE (1967) MEYINIREEOfEHT & G146 . A& T
BB - SRR B AR T
RNFRAL,_163-187.
(HHEORES 25 T 25E6)

JIEME— - AHEEE  (1963) ° FEHUEARERE 17
EBARIEEWMORIG (R, W2 . AAREER
i, AL, 210-212.
(RXDHEATEDZA FILEA 2V w7 9 5)
Ishii, M. (1996b) Decline and conservation of
butterflies _in Japan. In Ae, S. A., Hirowatari, T.,
Ishii, M. and Brower L. P. (eds.) “Decline_and_
Conservation_of Butterflies_in_Japan_III". The
Lepidopterological Society of Japan, Osaka, 157-167.
(REZGIHT 355, HEES (RADKRIC
e, Bt - DR ) RFEEFRITHFEEZTIHTS)
TL—XWY ¥ (1989) (KEEFBIR, 2011) A
EtZESLHATERD . HWPORELEXRE



DU MRS LRSI, 415pp.

® Web X—=Y D5, @45 CHERDFH T E R0
. EEFTFA A OFEEDRHS @GS
IZB% . 51T 35 EICE. STROFRITHEICDH T 250
TE. % Web X—V DRNKRE (FHE) & T 50
NREDENG R RIEEDNYGAN— D 2 LITER
L. URL E2IHZRINT %, EL. BERTE
Dt FARERMNZDEE PDF 7 7 A VEDFRETL
KENTVEHEICIE, HFARDFITE, FETHT, N—
VBERGIFHL. URL OHZHRLT 5, —HOER -
XEDNT 7 AEEN TV BRHEIIE. by T R—
VOHIPT NIE KV,
1
Finger Lakes Resource Conservation & Development
Council (2007) “Forest land best management practices
in the Finger Lakes Region of New York State”,
http://www.dnr.cornell.edu/ext/bmp/index. html,
(accessed 2007-11-30).
BREEE (2002) “ TR 13 FEEA Y 2 DGR
B9 2 RHG & 7, BIBTE | 122 pp,
http:// www. env.go.jp/earth/report/h14-03/index.html.
BRBEA (2004) * =MOKER & BIEE OHHEIC K 5 H
AEDEZE D",
http://www.env.go.jp/ nature/satoyama/tanbo.html, (£
18 2008-01-24).
3) MEHRVOFEHRIEE, FRLOBNIHEV, ARl
5, CIEPEAAR—RAEEKT)
BB, FEICOVTIE, AT BT ENTE S,
(KA, i, FME)

(Name, Affiliation, pers, comm.)

1. "R
PEZ 5T Ne ORISR 0D S S S SRR 2 HE i I
EE GRS R

12. M-%k-BE

1) X« BEIZR SN @G D Jpeg. 13 Excel
®ERETZ, RICOVWTIEZ, FEIFERD LIS,
A - AR RO FEICEIRI L. - BEICDWV T,
TR O - FRIEACRICE LD TRHHT 2 (H]
JITIEX « BEO FBICEK SN D), MIXFERO%
Al FE S - FRL TR BCE T
WEREEEE 9%, £io. AT Fig.) [Table)
[Photo] 7Z{#

2) HIRFOK - EEOKE T, BHHE (82 mm ) »
U (170 mm) D EB S NEZIRT 5, KB, K-&K-
BEOF AR Z AR HE THRT %,

3) FHIE LT, RICEHEDEIRZ VR,

13. HEEFER (Supplementary data)

MEOHF A LB TEAVKEIZ, MEBErEkR L
U CHIACERDKRICATRIT 5 T &N TE, AXHICE
SIHTE %, HIRIMICIEE HSERORZRICHERDLKE &
INBHURL &2, BFIRICIZETE AT % (] Fig._
S1, Table. S1),

HEBE AR OB, W, B, /— b FREL.
IR O THNRER D,

14. {38} (Appendix)

AXDNEICHE L T LIZWKEZ, ik L
T DG | AR DORICHEIH T 2 ENTE, AX
Hics 5 HTE% (BB Appendix Fig.1, Appendix
Table 1)

7T EROIGHEISRIT, FisL. Keal, BRI 2,

(2021 £ 6 H 11 H)






HEHE Rk

To the person concerned

[EISLAFIERRIEIE N ARAROTIE - HEMHPEAE AR A HFIERT

Forestry and Forest Products Research Institute

MR G 7E G 2 R STV EE ETOTEZITRY Fauy,
BT & A U0 TF, Jeds, BAMERTOARR, TR 824 H
SNIZHEEIE, Tt E TEEEZMERVE L £77,

Please, find an enclosed Bulletin of the Forestry and Forest Products Research Institute.
We greatly appreciate receiving any relevant publications in exchange.
Let us know when the name of your institution and mailing address are changed.

Officer in charge at publication section
Forestry and Forest Products Research Institute
1 Matsunosato, Tsukuba, Ibaraki, 305-8687 Japan
Tel : + 81-29-829-8373 Fax:+ 81-29-873-0844
e-mail : kanko@ffpri.affrc.go.jp

20224E3H FAT TR W ZE T IE 3RS o515 Gakae15)

e
e

i

R

MmN BRMROTIEETITE iR A
A

ENTHFZERRTSIE N FRARIEIE - FEfrnE AR Gar e T
T305-8687 ZKIIR- I ETikAD B 1K M
G0 029-829-8373  Fax : 029-873-0844

R FDORI WA EDRIRR S o <3S
T305-0046 KR < IEHH2-11-15
7Eaf : 029-851-1188 Fax : 029-856-5009
©2022 Forestry and Forest Products Research Institute
AGE DI - HET DAL, BB EIEFTOF 215 T EEN,




BULLETIN

of the
Forestry and
Forest Products

Research Institute

(=) AR
MR EHIZCER

RIFE D IEHRDE1FHh

7F7l<7M< (=] ﬁ) %ﬁﬁﬁ) %%&%

Vol.21 No.1 MNoasD

page]
REDELGBZ TV H—TVaA Y CleGRELIERAF B/ F TV Y MOBIFIRERE
SRR U B BB B TR B BRI 3R A A AO1T
Bending strength properties of finger-jointed sugi, hinoki and ezomatsu lumber with different finger lengths
Yasushi HIRAMATSU, Atsushi TSUCHIYA, Kiyohiko FUIIMOTO, Seiichiro UKYO,
Atsushi MIYATAKE, Kenta SHINDO and Tomoyuki HAYASHI

page27
BERFESHCBRENBBDOSDRANGET > T JIcE>TELS
BB IUOMPRDCSREDEAIRZE (383X)
D RAE R B R BR B S
157Cs concentration observational errors in bark and wood caused by partial sampling
from tree stems contaminated by the Fukushima nuclear accident
Shinta OHASHI, Katsushi KURODA, Takeshi FUITWARA and Tsutomu TAKANO

page39
HIMRDRE S TIBED SHBYIND D137 22T 133 DBITOEWVICHETS
D BEF 22 R SRR
Fine-root depth influences differences in soil-to-plant transfer of ’Cs and '**Cs
Yoshiyuki KIYONO and Akio AKAMA

page49
RIBEMEICHIFEY -1/ V2 —ETHID20 FEDKR AR LB ARNDRZE
D RER EAMIA FIER W) HEE FE BA
Effects of treeshelters 20 years after installation in Tsushima Island, Nagasaki Prefecture
: Durability and impact on planted trees
Tetsuto ABE, Kazuya YANAGIMOTO, Hiromi YAMAGAWA and Haruto NOMIYA

page55
BIARDERDTZTA T IVRTNH UEDDHZRICHTEDT —2EEDOZE
R
Effects of data precision in cases of fitting tree diameter distribution to Weibull distribution
Hiroki ITO
page57
RE LEBIEE N e Melia volkensii Giirke DEARDEE (EX)
TEEAR
Growth of Melia volkensii Giirke saplings propagated by root cuttings
Ryo FURUMOTO
page61
RENAARREEEDRENTFFRIEDRHE
D REF BB EEAY BALTERE AU hnagE —E
Variety development in willow species for the biomass production
Keisuke YANO, Akira TAMURA, So HANAOKA and Kazutaka KATO
page’3
2ARIAEBORE T ITHER L Ic F— 7 EOFERERICE 1T HRDMR (330
C B RAF v — ZLES IRy R CRE B2 T3/ e FHE B
Effects of biochar on the early growth characteristics of teak seedlings planted in sandy soil in northeast Thailand
Masazumi KAYAMA, Suchat NIMPILA, Sutjaporn Hongthong, Reiji YONEDA, Woraphun HIMMAPAN and Iwao NODA

page83
ZEOHE) | JRR CBEICHRREINORACEEICDNT

Dl BIA & Bl
Freshwater algae dominantly found in the headwater of the Nachi River, Japan during winters

Ikuhiro HOSODA and Mayumi YOSHIMURA

Forestry and Forest Products Research Institute

UL iE %
1 MatsunorsZto, Tsukuba, Ibaraki, 305-8687, Japan
URL https: /Avww ffpri.affrc.go.jp/ ffpri.html VBN TEET.



	森林総研
	0_目次3
	1_HIRAMATSU_P5
	2_OHASHI_P2
	3_KIYONO_P3
	4_ABE_P2
	5_ITO_P2
	6_FURUMOTO_P2
	7_HANAOKA_P2
	8_KAYAMA_P2
	9_HOSODA_P2
	10_森林総合研究所研究報告の基本方針_P2


