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A Study on the Formation of the Artificial Heartwood
By

The late Kamekichi Yazawa, Shigeo IsHIDA
and Jun OHTANI
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5=V OBBHECET 52— EOMEY Ob T, » 7<= vEROAHTCEKEORILH A
EAT S L L) AMMEtEMCERE LD, DHELOGHEE G ZYCHAY (3.7
+ & Rotkern DWRCHEF 5 HROHT, 7 FHBOLEHICEAILEE = L, BA
Wik (1~3 %) BEBHEE L CE OB OLMBIC Rotkern F{Llod Schutzholz 2 HHL &
RIcZ ERBELTU 3, SHEH L, HART 5H5E.0H (Wound heartwood) D%
HeBT2MREOP T, PEEEHOBBICRLAILL, HERLXEI® T3,

EEO—ATHEREREBL, LHOBRI—-BEOBILERTHY, LriBRC
IOV EELBREDAETI2L0EEL, Lok b lDELIXFLVWLO TR
29, bk ZYCHA OWIRZZD—0o0FK 2 L7ch, ¥LEEBHO, FEBELM L S
CHAABRBEORANCERTZ 77 0 EDBRABLT OV TOBREDD T L > TE M
EhicED b, 22T, MABRC, BEILHOCE S ALK TR > C—ERIR
BEBELTOBCRELBET 2 —~EOEBRN, & LT7F2RRICEHEOTL (1957
~1958) KAMBEC R\ T, RREBZ L > THEDL NI, AH - KBIXFOHZ O
RICBMLIcZ LTl b, EELX, £F, efmlEs - KESY FOWRNREL,
R D BB BN R A E B S 5T, FREOURBIC K 3 BROBEDLTO
BEABELIBTFELME LY, IBIRD 2 2~3 FREAAFEC LR 2, *
e, RAALICTABBROUNBCEEER - BELBELXRL, 5503 BEOEREY R
Tl 5l EOERTFEAEMLMY, X5 HEEEHITIC OV TOKGD LEEER
Wi ECOWTLHBEYR /25T, BRECOWTOEMNBN OBBICA D D55 &k
T RREBNTL b his,

AMEDOARDORD MBI ARIC I 1T 5 DM BRI+ 2 EBER B L dh
oz, Tihebb, ODHILREORBEIRMLBRRETH > T {REKMILD Ed 5 EE H %
BT 2EACLL, RO XS AENRAB YR I8 > T, FhiST s8R E GO
BEENSEEYBEL, TOBRBEBUOF LI ELBLLL V530 TH T, LarL,
TR ERZERRAE L BEOH LTh T2 008 Th-> T, ERi
ODHERRILDIRDODHDZ LIEREEL RS, Lichi» TEERLMOMRICET 5
BrRe: LTRAERHCIBEHNAYET 240835250, —HbrERCEWTL, HELH
L DBEIT DOV TOMAIEHIFFFED 101910, R A (LR BFFRS), BATH I 0 R
DU TORFRD 7o LM TR EEME O 7o D orthodox A HHEIC & AHEROREN RE
SNoDBBEDT, TIT, —i FELDLE TONEMRO—BEYEERH L THE
L, #HE2 B CAHBOERIC LB,

ZOMEEED DL VKB XBEREORE, BRUSEE, tABYRTLEER

*OLOWROHMBIKRATH B, FOoRLVILHEROBEMRO ATHERC SR T,
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KEDMLEEDbHNXELE, C CCBRELTERRT S, FLHEEROS L BRANORE
h 2 bhiciE R RRERRBEER, KRR EEBERLYDCH LEBOBLRT
b, ELAMRRO-HESCHREHERRAE BREPR) L > TEDLRLLDTH D,

ik, ABCEWT “ATOH” 5B LELEHVTW58, ZhilZ ofRc
B THRABBRIHRCEROCHR I OMBOBERTOZ &L THE, Zhik, BAR
AR TERECHEREIRICLH ELH—Db0L3EL LRIV A, LHBFEDL,
ek, ZTRCIERMTOBCOFECHAEL THBVWLh TVl LEUTZOEYH
WwWhI L,

AREZBBOMBE AR *

Eshofm< ZycHA (1948), KR - SEH: (1948) & 3B UM B €A ILT 2 L L OB
CEBNRET A LDV THEEBEABEY L TRY, —HEFhvARCI2¥ERHNR
EDHNE AL I D 7 EOMoOBBIC\V LI L BRBLATBR IS Z 08D
BRID T, BELHMRG LIEAOHE W T TH, SLCREECOHO MR
BT 5MRES 952 L ENC L TARRO—EOER N UL b i, BR0L >
w, ERMUEB L LT, ETYAEBRICRALLTERARHT S YRORIEEHELLES
UABEN SN 1D TH DA, TOBBIFERD LR ) TH 5,

2AAL X SUBHEE ()

BUIE k£ B B A B ()
1957 4 Ik BRRLILIGEE K 7 Ea e AL (Fig. 1 2R)
.1958 tEEEER EOREEX 7 4 M E
1959~60 kA& /REE B 75 =v HNIE H L
tEEEER LoREEX +v s A48 [ L
1963 JEARE N BEE B Y+ &= 458 H E
1964 e RE N EE R noY 7 ALE B AL BREAL
B
Je AL E B oo X ¥ A5 BMieAT
53Ry S ARIE 420 T h = B E
1965 JeRE R EEE YA H VA, Bl A fL, ME0NE, B
- TRFFY AT, RS 7 A S

IOMEDELDHLAGLRTE B~ RAIFER, Fig.l-biRiTLsb
THD, TibbEBRORENE EFCiI S 1~3mcihics) WARTH F Y Adivik
ARRE L TH B BBLICET, £ EREE, LHBICET 2 BE0 e AL Ry
otOWﬁmﬁmm&L¢A0mm&f,L%@%Mﬁ&%&u:o&&&o%%v@%o
—POERIZKE W TIL Fig. l-c LR T X 5 RBREAALE Tl - 1o, AR OBEE L, #g
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OAUMBALE LW BEAZIRD Z ENBHTSH B, HE (BIR) (2—HATT 0L H
&, FIDNLBEHEBTORMAHBBHE OEK Y LRI X > T2 = L2 iimAk#H &
T5,

FALEIERLR6~7T AHECK Zkbh, TOFOREBTEH 1 ERMMKE S
hic, 0BT, TiebbrOEOKN AL OECHA TR EREL, € ALMEH R
CRTAEOORERREY, LMY, AR ETOCTHENL,

1964, 65 OWELILAE MEBEBRIC VT, TR ETO LT, BTHAAL THR
BLAEBCERRRYBET L VS 2 & Tiiil, ARV EFSORET TeALLU
H@momtr it L, ERARRRYBETHIERY S o, 4R EDORDOF
HER, 65 FCIICCEBLIEERY B I -DT, 22 TiRFEELLT65EOERS
BZoWTR~N5, SRBEILY £14 h v "AE T XFF o T, BAARYEHRECTS
el - TP Y AEEBRARORAMBOBKEE 80% = F L 74z —Ax LT

ZHEBL, R2BEROHEC Licri» T
AL, TAABE XL T L 2~ ATy
BELL, 2O0RFEOMELSERLEY B

V. iy, WELCHTREClRR L, F—8

Widowlke (¢ b piwood BRICBEBED OB Y L1c% < OB AL
P EEBE mhE TS LIcoT, 20

F=Z1 O Cozdimony U
AR
hole < 7
thy ] e,
b , PN
Cross section e,
R ‘
PSRN
N Oxygen
B
Fig. 1. Method of making holes (b} or
window-like opening (c) in a stand-
ing tree trunk (a). Each round hole
in (b) reaches into ordinary heart- Fig. 2. Schematic drawing of arrangement
wood. Window-like opening in (c) of the apparatus for making sure oxygen
was made for separating sapwood into gas supply into an Udai-kanba test trunk.
two parts, the inner and the outer, It also shows relative position of holes
and. for cutting off the translocating in case of different heights in intervals
of -materials through the wood rays of ca. 40-60 cm at each of which boring
from the cambium zone to the inner holes were situated.

part of sapwood.
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Ha%, BREFIRbRWEISRERLENSS Y = - v~ T ~» 7% (Fig. 2, Photo
1), BEALATCIZL A ABCT L2 — A HEVERRL, SRATRL, TLARCE
BARLEE L, —HMoEALICIZARMEER P.C.P. AE %15 -1z,

65 EEBLRED DT & b MBI, 1) A -4 %> & — 2 +HEEBEKE, 2) B
EHABRE (VEA AV ADER) THY, METIRER, FRAADL) R—dF v F—¥
D 0.1% BEH Lec DopGBMEILKEKE & LICHEE Shic, B%Kk, Fig.2, Photo 1
CRERDLEOEY £A4 H v AHRARKOFIZCBHNCRERES VS0 BERYEL
C, 2rOHRFAFCHRE 15mm 0BT L > THAKE LTEAZI R, £AFLA
OHEEC K 5 a0 AEEEESR TE A R, EREM 7 A LA~10 5 FH) dic
20DFAADIDITHB I NI ¥ AGBERILH 25004 TH -7z,

HREREER

I ALUOHERCETZHERSE

VREBCBECRARA Y Ik, BHoABEY BT S Z L —EHEKE L.
BRI L TEBRN L BET L ERIT 1957 £2 05 64 T T b h, FOHRAKR 30
SIS, W50 KACRAK, HHAKEC, HEETHOOLALOHBROBEXY —E L T
BEEE BT hiE Tablel ® L0 TH B,

HRROGERY Tablel # 2B LAALEET BIC, FRCHIhITNTO/REC,
CIRES ATULHABE IR, $HEBTIRAE, #5~Y, TH~<Y, F4AY vk
BED EFB RS, FEBCEECH, BFECRBEMBRORBLEREROLHHIC
MR hi-, BIERCE, SERERTMCOBORVLDOLH o1, DX REHFT
LEAIRELL, L LATOHBROBEGBECL - ToLih, 7, v72Y
A GBI AV, rrmav s R ENRGELL, vFF, =V EYRENRTR
CoX, kA F, HVF, ~=v, YFEEE, TAFFoRERL IS BELL,
~YFEY, FAXTEREFOBROBENMED o122, WHEL LEAKOAMPE T -
12,

LUF et EC A LOMOBRR IS >V TS T 2,

1. R¥FFEFEOREOBELEETILVLELX DR S, Photod ik 2ARMCH
B ALOMHRBR Y EL0THY, BUEFERERLL, ZOZLRAFLR-1Z
LTk, —BCABEHRAEVCEFANELRSERA AR, AFALOHD
B AR O MR AR S R, ’

2. AU RELTL, TTRARR - FHn, ZORITHLAEDOHEC LRI
O EBEEIC OV GRS, RARSPAC X VTG LRVECORETHZ L2®
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Table 1. .Artificial heartwood formation in various species
Tree species » Dlg.nlflter‘ Height
em | m
Buna Fagus crenata BL. 30
Sugi Cryptomeria japonica D. DON 19 14
Ezo-itaya Acer mono MAXIM. var. glabrum HARA 29 15
Sawa-gurumi Prerocarya rhoifolia SIEB. et ZUCC. 30
Tochi-no-ki Aesculus turbinata BL. .
Kara-matsu ‘| Larix leptolepis GORD. 20 18
Shira-kanba Betula platyphylla SUKATCH. 18 16
” : ” . 24 18
Yama-momiji Acer palmatum THUNB. var. matsumurae MAKINO 26 16
" E 32 22
Shina-no-ki Tilia japonica SIMONKAI 40 19
Hé-no-ki Magnolia obovata THUNB. 23 15
Asada Ostrya japonica SARG. 20 16
Katsura Cercidiphyllum japonicum SIEB. et ZUCC. 18 15
Azuki-nashi Sorbus alnifolia C. KOCH 8 9
Hari-giri Kalopanax pictus NAKAI 10 11
Ao-damo Fraxinus sieboldiana BL. var. serrata NAKAI 12 10
Ke-yama-han-no-ki| Alnus hirsuta TURCZ. . : 20 13
. Yachi-damo Fraxinus mandshurica RUPR. var. japonica MAXIM. 20 14
Aka-shide Carpinus laxiflora BL. 16 12
Koshi-abura Acanthopanax sciadophyllodes FRANCH. et SAVAT. 14 15
Kihada Phellodendron amurense RUPR. 16 14
Shiuri-zakura Prunus ssiori FR. SCHEM. 8 11
Mizu-nara Quercus crispula BL. :
Yachi-damo Frazinus mandshurica RUPR. var. japonica MAXIM. 20 15
Haru-nire Ulmus davidiana PLANCH. var. japonica NAKAI 21 14
Mizu-nara Quercus crispula BL. 20 12
" Katsura Cercidiphyllum japonicum SIEB. et ZUCC. 17 10
Udai-kanba Betula maximowicziana REGEL 21 13
Hoé6-no-ki Magnolia obovata THUNB. 19 13
Azuki-nashi Sorbus alnifolia C. KOCH 20 12
Doitsu-té-hi Picea abies KARST. 20 18
Shina-no-ki Tilia japonica SIMONKAI 22 17
Shira-kanba Betula platyphylla SUKATCH. 18 13
Udai-kanba Betula maximowicziana REGEL 22 16
" Katsura Cercidiphyllum japonicum SIEB. et ZUCC. 20 15
Azuki-nashi Sorbus alnifolia C. KOCH
Aka-matsu Pinus densiflora SIEB. et ZUCC. 20 10
” ” 20 10
Keyaki Zelkova serrata MAKINO 27 14
Kuma-no-mizu-ki | Cornus macrophylla WALL. 13 8
Tsubura-jii Castanopsis cuspidata SCHOTTKY*4 16 9
Kusu-no-ki Cinnamomum camphora SIEB.*¢ 13 8
Rin-boku Prunus spinulosa SIEB. et ZUCC.*4 27 9
*1, 4 : Ordinary heartwood existed at the trunk part studied. —: No ordinary heartwood

*2. Artificial ripe-wood

*3, Ripe-wood

*4. Ever green broad-leaved tree *5. In Honshu *6. In Hokkaido Island

(x
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of forest trees in Japan, esp., in Hokkaido (1957~65).
U rtificial ) Ordinar Photograph
;“eﬁ hﬁa::fjf;zd %’rzzrtir?é Locality heartwood legzgﬁi;n
" 1957 R NTA: 2 3 +* 2,3
34 # 1959 JedEEE A Lo BB ERE + 4
H " ” ‘ + 5
H# " " — 6
: ” - oo +
37 + 1960 | dLAENKEE K + 7
28 i " " -

V " " LB A B + 8
115 H " ALK& P E R*S + 9
115 H " o ' +
160 H+ " " + 10

58 W ” ” + 11
53 +# " ” + 12
50 # " ” + 13
42 H " " + 14
38 + ” " + 15
65 4 " ” - 16
40 i " ” + 18
32 H " " + 17
42 H ” ” — 19
48 +H " n + 20
50 + 1" ” + 21
45 H 1" 1" +

W " ” + 22

+H 1963 " +

H# " " + 28

H " " +

H ” ” +

i " ” + 29

H " " +
(45) + 1964 " +
40 42 p " +¥3 26

W ” ” —

1 ” " -

W " " -+

H " 7" +

H# 1965 " +
27 + " (53 ANTE: £ Sl +
2 + " AR B RS + 2z
50 +H+ " " + 30
28 H " " — 31
44 H " ” + 32
42 W ” " 4 33
56 + ” ” + 34

existed.
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HLTW3Y, EELOERICE VW TLHFERIBD BRI (Photo7), AF¥T RS LE %
DBREMEN ofz, LN T =Y TREAILBAICBIE /R LCEE Y, HLaHET
LB D, Z0ZENFOHBOR AL 0OBFRERF S MRy, BIRR
Wi L 2 nAgc o Tiz W H. MEYER® 523 Douglas fir CEALEB A DA T =Y
DBGEEBEO EXBRTV 3,

3. FAYPMYE TREAAICL - TAF, hTvvhEDL57iEo¥ ) LicHf
oy, FodAMMcL, BMPCIBRENT, UM O¥AILTAZL Photo 26 iR
L5 RRROPBHELOMTIHEE I, COBEORAABTSL, 3,5, 6/, I
e sinh, WHOBMCEVCEROHNERHALMCEDONE, JhboMToaK
LD L0 L A0 ELBHBICE Y, LT, 2O F1 Y by etk
DALL (B) MEFC 523 0THAH 5, kT2 %512, KEHTIX, BEDDILE
R UL LB LM OBERAZORCVCEE (7Hv 7, bFo#, 7573 X
FEDEBOTLHALAEALOM AR IABORGL, BMETHD VAV by T
HEENEDL T (RACED GEELHMIEEREC X v FE LK), BHFEOME
DR EIND L BBERHD L ZATH B,

4. Photo 27-a 1 X 7 W7V #AKR (RUEE) 20 - AR AR L, SR
EROHMES D, A X2 DHBEUDEAR,r AL ETHRIMFCRBE LI,
PR LRALED L ODORELE T TS BD THE LM BicizE e Lo R s
WX B 2R BBGEEAR -, ChbRERICABRD L 5 CBEREED S
MBIz E LV, L LBAFNS 5~10cm (3 K@N 5 L ERBIIHD, COBEHET
I » THAMBEL D B3 v, BRLEHBAALN S, Photo27-b ik, LHxTh
T, FRCERRCH TN 2 20 AHEADS 10em EHOMBE b AL
T,

5. TFZonTE, Wb AHBLHOATHIN Y BEIC, 1957 GELIRIK B A
IR E W, JBEERR EOEFEX LEERUKTERN) KT, TTRI0OKREAD
ARz OV TERNERO WS, Photo2, 3T T L S FOEBKEICR\T (¥
FTOMEEZHETL) BUCHA Y 2L oBVER, ThbbALBLE BRI,
BFEROBMEIIFN LG 4 R AAGBOFEIOLOTH 20, BRI ETHEFECHLD
R L DM AMOAFTCP T OnTELL K-> T3, ZOEIT—4LEHK
B ET 5 HE035,

Photo 24 1z, 7' HtABIBOKNE (FLH) 0B\ TATHBOLHATRDBLHEIC

¥R IAFEOVCTIREERES Sem ¥ CoVKER B2 HEROAKRLEXYER L -1F
Ok, WHK, #HERCRT 28 BEOMBRFEL 2,
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Table 2. Axial length of artificial heartwood of a Buna-tree trunk with regard
to distance from the ordinary heartwood periphery outward.

B(;rti)g%e%iight Mark of ?Eetagggi;;?;n {f:%t&eofcgfiﬁcial heartwood from
ground the hole peri;}fg:;wc?&%vard

(m) (em) upward downward total

14 A 85 25 20 4.5

7.0 4.5 50 95

40 155 135 29.0

1.0 290 35.0 64.0

B 85 — 15 1.5

70 1.0 2.6 36

4.0 15.0 55 20.5

1.0 255 24.0 495

C 85 3.0 1.5 45

7.0 5.5 40 95

40 23.0 9.0 32.0

10 50.0 35.5 85.5

1.8 A 85 20 9.5 115

7.0 40 95 13.5

40 70 155 225

1.0 15.7 18.6 34.3

B 85 25 3.3 58

7.0 25 3.6 6.1

40 154 14.0 294

1.0 140 10.5 245

C 85 25 35 6.0

7.0 3.6 35 7.1

4.0 74 7.5 14.9

1.0 15.0 145 29.5

ESEONETHECR o> TR EBERRL, ¥ Table2 tzoR X D5 Hi0—
F%x " $, Photo 25 XA/ EEXRABMORKIC L » TRTLOT, 1 18E[, 508
ALHCRLEVCHNETH S, &2 TRECETHAORINHTOLRRL TERGAO
EX (E) 24Tt bh b2, S0 LIERIE Photo2) b L BA»BRA LS
ArTH 5,

6. T4 ¥ (Photod) HERCLPHBABMBL W Shicn, AED PTES
& (Photo 9) i1 Fhi3 ¥ Tlhrotc, Photo9 OERENIRAFLRIC L B ER, ATERY
AR X BEBTH S,

7. YI9UNE E—BCEEOLHOVCEETH 52, AERAK (WEERE 30cm)
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LRI o7, L LBLMARALOMOBEARDHR, 3ARMLER LK
A At Photo6 123 X 5 f;?%h\%éb_‘i%i L7z, Photo6 b ibnbd X 5ic, A
ALLEORELBCHR I N AATRENCIEOLEZ B> Tt, 20X5
HEFIELOBECKS L T—BRCRDORS, PF/F L3ERPBERLLL OO
TEELE, ¥/ FEEREQOMEHR L VEREE ShTua2RERR TR,
773 LEBRCEBCERYRLIE,

8. VFI/FBIEAOKRXKIEMN O ERTEECIL/AWA, K, DAL DIk &
D LI ATOM &2 HRT 5 2 £23%\ (Photo 10), ALLHIXZ DG ET 5.0H 0K
WCBIR R S h 5, ABECIBELEC L 28R BECS v A bR (Photo
40),

9. RF/F LEEHBOHAEELLE VD, Photoll o £M{IFRD A bbhd X
51z, A LME b bR ¥ L THACER 2 L EROT7FrOBFERI LIt B
BILH > TOMEA LN, IMBCHlTT A LB A, 20 LiiflioBBECE T
L LI LIS, ARAROBVGEERIATHEAALCL 2O TREELL, &b
BED LAY T, FEOBVCEARORFOEMO—T (KH) i > T, BE#H
CHENTTORELBICERINLEERT, Wb EEELHO—ETHS (P F=Y
ZOWTO—F kR0 L),

10. Photo 12X 744 O ALUMEFRT, 2KOMARD 5 bAEMDO L DIXEDS D
I LEREMAHL AR, BRLELL, 7HEEANRIE-E D) LERTHDODH
LbhBEETH LA, BWAKE LRARLHEAL (BAL) b ALOM&L (KH 2)
ZEoBTEhBAbLR D,

11. #HY3S5 (Photo13) ici¥, v+ / F LARICH AN DI -% b LEIBEAE TR
EhAEANSH 5, Photold DEDOFHRII AT LETFHERICMEL»L LbhE
DTH B EDEBT L FE LTV B, SHLY T/ * & FRCElEOR U, SicE
RT5L0T, ZoALDCTRERT 5, R

12. Photo 14 i 7XFF ¥ DALOMO—Blard, COBEFEITAxF VL LT
ATV ELVERYRLL, 7 X% 7 YRBRY 0L ks ARNLERTEYL OB E
THHH, —HALLHO L TFTHA~NOMRREL, ElRo+rd /s FoHHEomL, 46
FLLAHORAM T b bARFBIHEC R W TRB LIS Y, Lich-T, ALD
Mo L TEEEHTE, DM Rah PRl T o En Ll LiEARbR S,

13. NUFY (Photo15) iX /7% (Photo21) & & LICEEDIC L HERDPTI,
AT UM OB BEE Tl WBEOREN R DO TH - e, WEL L, —BECUHED
HFWEELELDRD, RO AT~y OBEFCELT S,
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4. 7HHE (Photo16) ik, FEEEL L TERKALDIBECIAERDOLMATKE
o, BEEESBENEL, DHE L F#ERERAR s nBbhity, At
RARCITOH D2 5 e AT ORI S i S hic, FRBO ¥F¥E (Photo 17)
iz, ¥BCRROOLMPIEET 525, ATOHL ISR ERS,

15. Photo18 i F¥ 2N/ ¥ OATLMERT, RAOWL ~ v 7 FEDOHE <
MRS 2 LR X DESHE, ELLEBRIADY, ALUMOBRSEET
HH, 7, HAEEECERT S,

16. #t3R 7 HOF R OMA R o N BVWEEIEK SR (Photo19), AL 7S
S L AFRBEOEEI R I -7 (Photo 20),

17. Photo 222 3 X+5 o AT UM% RT, Photo 28 ® NJLZL LEFECREL
WAT LM EHERTAREELD bbb L5, BETEALOHMOBALM ORI T
s R e AEA A ARDRI, I XFFHEARKCO VT, PR oo AESF
BrRabhie, Tihbb, IR, Bx—80H2E 8 LRI 5 KE
HraowAdr, EEcERRC R ibhicdiflhoBadd LERBRCATLH DR
A b iz, Photo23 WLMEEB LA L AEBRERT,

18. Photo30 i ¥ F DHAIME S KR IR AT LM AT, JLRFFILIE
BHCE T4 ArgAfl LTIl Ak LicboTHh 54, FELVALLHY O KA
By, H#oLPBECRET, FECRTIIRERLH I VBVWEERADAR, ®A
AOBARIF LVRSEARK CHRBEIR, FL20ME»S ETHRCE TERALE
THREEREENR-TWS (BEEH), LiLl, ZoFEMKRCILECECRRDD
Rz, S0 5 hEEL BRom < oBEck T bRBbRE,

19. BRBGH I A/ %, v 7504, V) vEsD3BEEREER TS, YR
F REBEOLHEH OB TH 52, AR L > THEECER L, THHRMETRLIA
CEW, LbDANL DL % LIEALODMEHET S (Photo33), —F VT304
LATOMEHET 2, ZEEOBERXFOLMBIET, 7 A/ FCkNTEd¥L, £
DDA bl - AMOBR EAKCHE D BB T (Photo32), Prunus o V¥
Ry GRBO=Y Y~ 75 (HEE) ARSI LEARTERT I L0355,
IR BEE (Photo34) DX O h AN DX -¥ ) LEBVWALOMEBET %,
BEHEIEAMEB»S 5em EHFDLOTH B, AERKRKTIEEASLHCE TEL T
Khotel & &, B BTHABBINFCENTER LT W2 &b ERTNIN
PICEEDO L ST LTV B, '

IL. ATOMOERCHITZIETO—BHER
LLE, 1957 4RIk, BRIy VABECE L, —EMBERE LI BEKE L TALT
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ORI EZRAND L5 HHEC L > TED TELEROFERY, B, EEYS
BLAROEH LY, UTFTEbie, EFo—~BHEZOWTHN5S,

L HRACHITZIATLHOVASHD

ERDOFHET X > TR IR D ALOM OBERN TOMN ) ORBIZOWTE, 7
(Photo 24) # D fi OB > THBICMI Tk o, Bl 7 HEAK TR ERILH
DHF~P Lo, FHO ETHANORBODORINKE {/gh, FARCERTROK
L REL AN AL R,
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Fig. 3. Fig. 4.

Figs. 3 and 4. Longitudinal radial sketch of the artificial heartwood through
the boring hole in Udai-kanba test trunk. Two different kinds of color
tone were often appeared, dark grayish brown wood (illustrated by oblique
lines) and light brown surrounding it as shown in the both figures.

Some irregular, isolated extension of discoloration in sapwood can be
seen in the figures.
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ZoEIIABRCH LS OB oLWTBEIRL, TF0Eney L4 Hh v S
(Photo 29), » > F, v+ /%, ~il=L, ¥F&E, A¥, FA4 Y tve @M L
FOAMPLEANRE DRI, LL, ThLOBBCRWTL ZOEAMLII TS
BEL T e, I, ZoBELELETAF >y, A/ FlETIE, FAK
HNBETEAMONF T, BL, BuEEAZLRAIEEEL, FIAMELL, ETH
BHCEE R I LB Tl M BN B E i T hicfiBe sz » TRVAEBA bR
BERSBADLAI, DL KBETEER

]
80— ]
AL LTHITL B2 2 s 5, Sapwood | Heartwood
Fig.3, 4137 #4 7 v, Fig.5, 6137 4o_ /i
Y FIDOWCTHBRAC KT 2 EBOKNA YR ’li
REroR AR SUMAB~ORER: 60— § ;
LTRLEbDTHSD, Fig.3, A3 BRR '
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Fig. 5. - Fig. 6.

Figs. 5 and 6. Typical efiects from the boring treatment of Katsura, in regard
with distribution of discoloration (artificial heartwood) within sapwood in
longitudinal radial section through the hole. Irregular longitudinal exten-
tion of the artificial heartwood is remarkable in the case of fig. 6, while
in fig. 5 the artificial heartwood is more gradually elongated with decrease
of distance from the periphery of ordinary heartwood. )
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CLL2EORELTTLOT, ML LEOOBEY 2 BThiT % 2 LA T % (Photo
35 &), ¥ A4l No.9 (Fig. 3) TIX MR & b, LH DA B RH LIS <
KONTEDWEMR Y ARE e D, 2 OFEAE No. 10 D WEHF T 2WTIL L VBB TH
%o No. 10 DRETILAM Db 7c DA EMA DT TEEL G ETHADEN D HRETE D
No.9 L 3FFEBAYRICL T35, MYAEE BREOBETITTIIL ETHEK
RL, ZOXSRBAREE CLIMBCMILAEROAL LTB bR B, —H,
Photo 35, 36 kv &4 7 v B AKD—2 AFLEME (Photo 35) R UE 0 & 7 B 100
em EJ5 (36) OBWIEOERE TH B2, EHOM (KAL) osEx E D& AT LH
(RE12) OMBREL AN D, HEOBEHETHEALI oM EFC 4, 251
40cm BN -TEIC 4D D Thbic X 5 ALOHUMAG® T, BBHH, FTHA
CIDIELS, KORLHEHEINICLOT, BRFED LI RRBTK b DTH D, %
EXEAANMEN L2 VBRI MEBORBY RTH, EROMBI®E D EWTWBHA
TLHORUNZBND, R, v &4 5 v A0 ATOHEALS EELMCES I
DHEGR, BERFAEDICRERBOYRED I LD, v T H VA, FTri b
x[tRTH B,

Fig.5, 6 11 » Y 50fITH %, Fig.5 TlBdTHEAE, IMAFR CEEN LT
HEE, LHELLLBETLONbMS, Fig.6 T, K ASEEAGES WA ESH
2, AMAMCHY LeE LG ETHEOBELNZBR, Fig.5 ORICH~<Thlk b Bk
THbD, ALY £4 5 v e 8 858 - TOMGE CIMEIC T b AT O 0EE
FRNOIFELHEDFE L Ied otc, ZYCHA (X EBH T s\ T, Bt ARIC &
> TR Ih I BEBROBBRNC KT BN D 2BEL, IFBRI~NTLCORTER
LB L DK< B8, BEhz > TR B2 LA RR LTV (AR 100 &
Abb.10), AIRIZLTh, DX >l ERC KT 2 kS RERE LT, HOASTH
DAFTNP KON THEECR A ENSE W EDD, —BIHICIRLRE {5210
Anlage 23 TAUMAFTBIHFET 2D EEX bR S, —F, TDMcHIHC BT
TR 2 FAOIC 20T, BBKS &0, KMEKNEGFOE3BEET 2L
LELZLRS,

2. EBRKRLEBCHITIEROLER

ZELOATLHMOBRER TR oM<, %< 0Ba, ErbPBhd cils
AL, 170w LETFOLERMYEB LB CHEL, BEAX T, FZT4HE
WEHT e b bR BMC I 2 BBAHRINE VL O E SR ELD L D OERY
YIAYAHPEREARE LT e ot EREMEERKCR VT BTG ¥ AL,
BEIALACEBRLTHBLICE 22 EARLLAbREh ok, v T 5 vt ko
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L 5 (Photo 8) A EEBORY HWBEDO—2TH 0T, HEIREBK TIRLFRA
TOMOEBRIZIELS AR VLDEERERS,

3. WEEAEATOMOBESE

FAHMLELS ETHANOBECO MBI FOEABEFOFMICH » TS Z 213

RELLRDHEZDHTH S, HMBEZR,BENCT TR T, BRI, ERHR

ADORABEN D B L BAEND, 31T, SAAKOEL, BETFTCHEL, - CEROBE
HoMIEMTch s, ched LlhUhiERy LEBBRRIITERBOH HH8% T, ¥
AT ER DI Oh, BHRERD S Z~ VB bRh 2, %@ﬁ%ﬂﬁm&%&LT
7Y 3 DANTLHDOEE (Photo 37, 38, 39) #E 5,

“hbDHERIL, E@wﬂnmoﬁaﬁﬁﬁnFm1urbtﬁ&<$mﬁmum
cm@ﬁﬁf%hﬁ(%h%h@mé@ﬂﬁk4@@0)L AT OMBBREEEL, L
THADRAFMBDOEL 1O YL M icMiE a7, K No. 20 138 F#, No.30
BETHTH S, fizil, #AI No. 17 Bt 18 X 2 HRIL, Thdb o AFMBL—F
SR No. 30 TIX R R HACHEBN TH 55, # 30 cm _EF oA No. 25 12 35\ T,
HELLVBEEDISKZELLEML, K No. 20 TR XS @M Bl AR LTVv5, - H
] No.30 L1+ 5 No.21l D AI (CoRAHEZIOEHEOTH 30cm DB TH =
febhic) CEABHBEL OIS U TCHBEh, EHAKR No. 25 A TITiebh i
No.13 DA I HEELFAR No. 20 k2% DEA L ORI ABCHBE XA
%, BRIhLOREMNL, RERAE®RO, ZoWHTRFIBEORLIIL, L DM
BrEBoLTtELLE, ToTMITIRZ, bz oAMTIES, BAHTIEE
CZTHAHI EMNbmD, #Y I TR, lhh, FEFECEIEF, SHEMTELL L
2%, v 7 % Tk Photo40 /73 No. 9 DFR (RAH) RAANMEXZ O HE X 9
Erefem LrBERTVEW) 2625 L5, LI LEFRERLE LY Zai (&
HI 1),

4. AIOMEAIBREOER

3 - L OERKELCIM B D~ OBITHEE 2R TH T b bBITHEILZ
DOABRHSERE EVRERAMBOFET A LXTTRALATWZLATHY,
20, £& LTBREBCOWTOEELOHRMERCSPVTETTRRELEY, oA
BEE, WHREED - OMBERMCHBET L0 TH 54, KRR CHVT, S8/
BFREAFEOLOBATLHORATZR TS LIELIEHBET A Z E2bhsTo, 20

BLBRBELOILT A F B WTARBR, YEL v, =V 4 2¥ I LIEL =

b bbhic,
Photo 41 i3 7 X% F v D Hifliw A LU A i fcBgiEr by BRb o[k T, ¥
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AFEBAIH#H S5em THOMEART, EFELHME LD CHLARERELDBEHRK
ZDOUWBE3AR A, 5RUET DALOMMNRARSON AN TIIEFERE {/tl, 4,5k
THLEOORDTL T LAFOWEL D5, ChbORAAKIEROBRT L LOABH
CERWTLABOLOTHY, BKRL FLAROARTIE W EXRL, ALOH,
WM OERORBOER R LI, T, T2 TRIOBHETX ATHBRIHELFSI LI
Th, LREEO TR ATLHEBHE LrZbRL WA, TORAAMBTES{2hT
EOrBELN TS, ThbbATABHIRACI > TEULLEARY L D EE, &
IZb-ThHA (REHE) TREACETLTE LRI MULEA DS, AM>AL
BARHE > ALLH OMEN SR E I >ERERF>ARLMOLhiC N5 &,
Fig. 7 Rt kb, MEILAKTHY, FLLOEKEFMOENBERLELT 2
DT, COMARHOM, BEvrizhil, ZZCE> ALLOHOHRE, EEOHOHKE
DRI 5 2D EBWELE B2 DLEL LR D,

SO EXEL, REFRT Il ot > AT DM E T ATEREHROE
MBI ACET 2 BEDRERN D LHLNTH S, TAFFvDURIXLHEHEAKE L,
TA1BR¥AF, 8 A0 B 1BIH (3K No.1 #{&E), 9 A9 B 2MEA, 94
24 i 3[E, 11 A9 Hiz 4 @E ORBHAER TR -1, HHFAKD, ThEh, 5
ARLT 2DV TO ATERT, ALOHORIOFHEL LT, F1EAE 38cm (AT
E#RA), Ocm (AT.OH), & 2[0H 33, 8em, F3[EIHS52, llcm, £ LT 4ER 62,

Sapwood «White zone
5 Sapwood

Heartwood

]

L Artificial

% hearfv?ood
g Artificial
atficidl A/ heortwood
 Acrtificial
4 white zone
(a) (b}

Fig. 7. Relative distribution of the artificial white zone, the artificial heartwood,
the ordinary white zone and ordinary heartwood of Azuki-nashi trunk,
illustrated in axial radial (a) and in axial tangential section (b). Artificial
white zone always existed ahead of the artificial heartwood in the species.
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33em BB R, HEKEEOEELS, B2EBPFOATIHBRHEIEIEBBEOZR LD
LY, BCALBRHEOMES AT OMCABEMZET LTV B2 e bbb,
EREIBERFELBAAE 40 HHCH bhics, T TRVCAREHBSEERCE
BohicE IAND, 1) BHICARHFHEE HELLOLELLRD, EFHRICE
WG, - D OBRRMCHEET 2888 ®BTH) LM ERCH LEELABNERY
HOoLbolEZbh30, ALUDHOBBRCETTAATARHEORED b ikt d
5L0bAbRD, DI i, #HK, ATUDMERERKARLDHEE & OBBMELUED
BEERTLDEELZLRD,

5. ALLHMRICHITIEROFEHE

FERCKITD X o7, BRHEOBAIIEEOANER, BAREROM S L
DOBILIIYUREZLND LZATHD, LEL—ERHOBE AT obhhE, Thic
LBHOER, BOOED Z L L URE L TkriThiTbiv, £ 2 TEHEOMM
BT -T, SOBC oW TOBELRNRE Zbhc®, $Thbb, ALMCHRX
R 7 rOBLMPOEARDOFECH L TRESN VN LOEEIRR Shich o1, *
CTEOBREOWEKIRR Licr b b, BEMHCILOIEFEYH Uk ¥ it
DL RBHEDTELDLIT TH 5, LLT1963, 64EDERIC L > TELRIATL
DR RICEMEBES k-l A, VT, v/ FRECBIABHECER
DHEET D I EARDLAL, T TR S, LR OHBECIIRBOL -2
D LEBEERAHEESh, TOBAPBHECI 2HRBEUOBEYRET 22405 5
2 (621X Photo 40 »&RAI2), Z D X 5 A FEMB X LIE LEEAIBE IR, L
LIDLSBETH, HABEROHEIR-IOTIERL, HoBEHTTIL, ThE
hONBIERTAFEOBROTERGBEN S o1, bokdb DI hh, FOME
DOHMOEFRITEDIEACEEMFRTH S LR B, 5N ULikd it
LI WHIETH S, Photo 42 13 > 7 7 # D ATLMBI OB GEBEEBMMIC LI LIERSD D
hBERO—BETH BN, FORIKREETH 5,

BOFEXZIDIDC L THHAINICOT, EEZLARKATLLOHERLCEEBER
DREECIHFEORMER, BHEIES L EnbHIED G, RALED, X
TOEFEOHFEC LB L0 LR MRERTE VDT, LIRS L 5 AFM T & &
BERBCRFE LA LFELE Y S I VWEAARCOVWTOBEEYHITERETH B,

6. £ 0 ft

BREAAERL, oLk d»YSLorrd+rzonTHEDD AL, BEOEX
(BB ORX) X 10~15cm T, U #H OBSEKOHIAN TR OERKY = OB CH

* HEBOMERG bl 1,
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DREAFTHOFEEITH-IbELOLND, BEIMOEOFEMOLHE (8 & W)
REEABLL, FhPhBrcREELl, 20l s, EELHMPRALNEEY 7= 2
—VEORRWEIMRERE TR Eh, NANEBT 5 LoBRORFCHFETEL O
LEzbhB, . S v

EOMBAXFHEBET CBHET 5 L, —BCE, £& L THRSABLOMmOEM
fapic, FENEOCEAHEOULENALND, ¥, LESMOBE, LIEXLIEETS
RHEE DI, SHESM TR RETECK T RENALNR S, Photo43 (3~ /
FOEEHBEBEOEH T, BHEBRMRTOZE LW ERHEN AL IS, Photo 44 1
EEAMBAAEORETH S,
L. ZFARBEATIOLHOER

BAAEEMEAADL, BAATORERFLUES LA LB RED D A —F
F v - (HEBEKR) LBLBEFABBLAEY Sk - fo, ERABC L oM
FEAH VBB LOT, Z I TH—BEROBRET DB,

1. EROBME

EETCHT2EAOFE, TOFMHMOVCTOBRBHEEO—®% Fig.8 (v 84 »
VAR No. 2) iR d, EOBAeMHGL, ATOMOBREBHm~OHS b RE (7 X

Table 3. Axial extention of the artificial heartwood with regard to the

- Axial extension of
Treatment Hole Udai-kanba No. 1 Udai-kanba
Upw. ] Downw, 1 Total Upw. Downw.
No.1 80 45 125 40 50
Alcobiol, Ethyl, 80% ' 5 80 25 105 35 45
Avg. | 80 35 115 38 48
No. 2 40 40 80 45 45 -
Alc.+P.C.P. 6 20 . 20 40 30 45
Avg. 30 30 60 38 45
No. 4 85 45 130 55 45
Alc.+Peroxidase+H;0, 8 25 35 60 40 65
Avg. 55 40 95 48 55
No. 9 45 55 100
Oxygen gas 10 40 50 %0
Avg. 43 53 95

*1  Axial length of the discoloration.
*2 Total axial length of the discoloration plus artificial white zone.

R TR
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FF o TR ATLBEBHOMBRNEY &) 2 #HE AN Table 3 wifiJ %,

BEMCIEHOBEEAY S THIETAZ LXTEh»7, Fig.8 0y &4 % v 3T
i, PCP. # L CTHEENCRELARY BI ok ARV TORERS L B &
Rich o1 O AR (@EETNT7 A3~ A QB0 2) TReALRLOELBCR
b, BixWALVCEACHL > TEA BRI R, L, avir—~ACRVIHO
AR T BT 2 EABEORALCENTREOSHB@HEAE T -1, ILERMDBY
ﬁél5K%%ﬁ&ﬂﬁ&%%ﬁﬂ@&htﬁﬁf%%@u%®ﬁﬁ%@iTm5ﬁm:
B HUTWAIEnD, IOBOERARIECE BEL TV ERE 2 VL BD
ns,

BOREOBREHEREAI, LECL > Thw~AMBCELT B4, “hieHa
£ (Table3), ZDOKFEHADIEN DL ECEH L THD L WHEL BLRELE D 2
Biibnabhihotk (TAa— a0 boirlbX1), & {eRichic» THHE
HARRRG LICBETLLORHRMD oA DRl 2 einh, ZOBOERILEL
BAEEEE 5L 5 MM b O TR B BRB,

EROEND &L VT EFOENMETH S, FARECRITL7 42— L ABORD
LD LBEBEOLDOTREMHOERRBC SV TRADLMICR LEVALLM OEEE

- treatments of four test trees;y Udai'-kanb!a Ne. 1, No. 2:and Azuki-nashi No. 1, No. 2.

“artificial heartwood (cm)

No. 2 Azuki-nashi No. 1 Azuki-nashi No. 2
* Total Upw. Downw. Total Upw. ' Downw. Total

) 45%1(65)*2 20 (30) 65 (95) 25 (115) 35 (100) 60 (215)
80 10 (30) 15 (25) 25 (55) 55 (70) 55 (60) 110 (130)
85 28 (48) 18 (28) 45 (75) 40 (93) 45 (80) 85 (173)
% 55 (85) 60 (95 | 115(180) 115 (145) 75 (95) 190 (240)

5 50 (170) 60 (75) 110 (245) 125 (210) 65 (80) 190 (290)
83 53 (128) 60 (85) 113(213) 120(178) 70 (88) 190 (265)
100 70 (75) 15 (45) 85 (120)
105 5 (50) 15 (35) 20 (85)
103 38 (63) 15 (40) 53 (103)

* RBordRRFA—#HRARKC RT3 ELELALTMOAHE LA OVt v -t TRETH -
e, BREBROWNARLIMNBEILOEOBEREY LWL TRETEHBLEOE LMLV R — 2
(JEAE) w3 MoPRRY By,
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Treatment : Alcohol - Alcohol Alcohol Alcohol
PCP. Peroxidase Oxygen
~
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Fig. 8. An example of the upward and downward distribution of hyphae

of wood fungi within the artificial heartwood (A.H.) of Udai-kanba

No. 2, in regard with the treatment.
#27:. PCP. B TIIABRAKR (P EL A V2K, 7TX%F+>24K) & LEEREN
BRINCOTEHEOICEHOBEN Lol LR HLATH IR LT OBEMBEEL CEL,
ERRVELT, B QRLOERBEIRALHCEN TV RIcHLDTHAS C
xR LI, PCP LRABOHWTRMBEEHR 7 7 14 v » (BEBLEY k548
E—HRAICH LTI ofeh, BELKBVWERLE P.CP.OBAHU EOHA Y & T
RAE L, ZoBE, HoBENETALAY, FEOELIBBINEOSS L A
RABRLDHERXRCGCRLZLDEDHBTHA S,

ALUHMOBEEERTLZ LRARBLCKCTEER L THHL, cHELTLD
BRI LTy, —CHEIL, TomBHERCE ZEEKEREC I - THELL
kb, XU LTIl EBRLBRICEHTHE, ToBEC X »TELELTS, L
2L, ~HCALLHOERIETE L OBCENTEED LD T,

L3 &

1L BARY, WALWAOAER LT - T, TOAMTC LML OB OME %
MR HEENSDS, EFHROHOBRCEVCTLWEOBIL L QI ZegBbr EE Ao &
O ERTOTRIECHLEOEZDPVNL LD TIOMEI LD B Rz, HROH
BICEVT, BEBAOBMACAIC L > TEOAH BRI N D EE (2 hekRL
TIEATOM LS /T2 B, BRRCRVCTIIERLE, BRIRELEL LD
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EHEEEANDHRIBI S hi,

2. $H-BREBIROHABRIC, BELS LHCETAIARK mm ORAF YK
e (Fig.1), 1 (e L 3) AR AKRTh 2R L CEBRR LT, BEDOERC
BWTRHELLTT L2~ L2 THBORALABLHEBTL, b SA—dF o F—+
REEFE 7 A48 (Fig. 2, Photo 1) 1= X 2BA{LIRELE & }E L 1z,

3. 1957 fELLK#Y 30 #& 50 KA D AN Z ORI S hic (Table 1, Photo 1~34),
HERTLT A<V, » IV RECALLHABEIN, AFCLHLABVCEAIREE
L, FAY Py e CRBMBEOHBENTOAMPCHR I, BERTL TN ToMR
BECATLOHZREE LY, 2oRBELLLIBHETH -, EReHFA L THRLY
FAL Hvol, vFhvesS, Tr, rv=av) 2 ENBERCRLBERT, v/ F, =
VARY, kA I F, HAVF, ~=l, YEICHECLILEFRSFEELL, BE
OERINERLABRCE I N, At BFENRAE L, BRCIBROLMOLLR
s 7L, 7HYT, 7=/ i RxhERLATODHEIBR I,

4. BAATAL O ATLH O DX, —BECE, IMORF~P 2R, T
TebH OGRS > CRE G H, BRATHELICELLLLLBEELEH o fend (v &
A4 # v-3..Fig.3, 4, Photo 35, 36, 7 +.--Photo 24, 25, Table 2, -~ = v ---Photo 28,
Av35--Fig.5) RO I2BEHELH D, 7XFF+ o, w4/ FFBTIL» v 7 (Fig.6) i
BT L OM0BI,LER TIMPTEWTE LS EFAMCIANCmETS Z L48
Hot,

5. 7 X%+ v TIRATLMEIC, ERHOMHABHICAHSL S EGHENUOATHE
BN S e (Photo4l, Fig. 7), GIERIBRAEREY F1 2 v 3, nvy 5, AF9..
HECKThAbhi, 7AXFF YiZD0To, ATLM, ALARTEEROEHHHE
BT AKRRICI WY, ATLABRHOBRIBCALOHMOBRIZET TS, ZOWE
DOBFRIIRARD LM & BRECH T ARKRICELL, R (RAAKHF>RALHM, AL
BERHE>ATLHY) OMCBBHHALECEETS Z LARDLR S,

6. RUNERERCTEERBEOD ZHB TR, BEITHANLEREL > VT en
Hb, v 5 (Photo37, 38, 39), ¥ £4 # v, v (Photod0) /e ¥ ICHEETH »7c,

7. ALUHM OB, oM ERBICBEEROERMETC L > TR SO THEMICEKE
THZ LRI L, BT, AHRETE, DBV ENE L, ERAERA
AMWE B CTEEFLH I VBUCBESR T e ole, BEM O RS
fa FRCdEE, [OEE) P BAME,r S Eth, BHRIIR D hich i (Photo
43, 44), ’

8 HAHOBHE -RFERXEUCLVEY, XERCKIT S X5 HMABHETIED
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BREAE2ICH < ikl 3h Ly (Photo42), 14ARMEAS 1 AkZic, 2AARE T
La—-A BB LY £ VS, TRAFFVERECTLETOREENALR, KHE
HIP.CP. MBI X » TZhEZLTH <2 &2 TE - (Fig. 8), ,

9. vEA A VA, TAFFVORBAARE T A2~ A HEBLLE, BRAEREDD
NR—t oy F— g UEAY L D ARECE e\, ERBREIR (V54 H VA A0EK) &#
FLERBRESHRE Lok 25, EELHSEVCEEO ALLOHBBL R, LOHAD
vui:vrn_»&%bvﬁmﬁmmotoa<m&%@%ﬁ,1%Aﬂ%bﬁuzmzo
BESANBEBRIRLC LB T IR S RERT k-2 &b, ALLHR BT
LEBXDTRERODHC KT 2ERIHEAIZERMLE VS X5l ABBCL 5D
DEFVzEWEEZLRD,
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Summary

1. An experiment was made of the formation of heartwood-like wood*, mainly

in connection with the color, in sapwood of living tree trunks as a result of their

* The authors call the wood part Artificial Heartwood in this paper.
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response to some artificial treatments. The work was divided into two parts
according to the treatment of the sample tree trunks; one carried out by boring to
supply air in them and the other with some additional treatments.

2. In order to obtain general information about the species characteristics of
forest trees concerning their response to boring in their trunks, a series of test were
started in 1957. Tree species studied since then was numbered 32, 4 conifers and
28 broad-leaved trees including 3 ever green, grown in Wakayama-Pref., Gifu-Pref. in
¢entral Honshu and in Hokkaido Island. Their diameter ranged from 15 to 30cm
at breast height (Table 1).

3. Each test tree was bored at about breast height on 3 or 4 sides up to the
heartwood or near to the pith in the case of there being nho heartwood (Fig. 1).
Each hole, ca. 6 mm in diameter, was left open without any additional treatment in
the first work. One or two, sometimes three growth period(s) after the borings
were made each test tree was felled and disks were cut off above and below the
height above the ground where the holes were made by boring. Abnormalities on
the surfaces of the disks, mainly discoloration that might possibly be related to the
borings were examined closely and then photographed.

4. The sensitivity of each species to the treatment is shown in Table 1 with +
marks and the internal view of the discoloration in cross section of their trunks is
illustrated with photographs in Appendix. In sample trees of all the species exam-
ined discoloration within sapwood was formed although its color and the distribution
pattern of the color varied among the species. Of four coniferous species examined,
Sugi (the scientific name is in Table 1), Kara-matsu and Aka-matsu, so-called heart-
wood species, formed artificial heartwood of dark brown or brown, while in Doitsu-
t6-hi, Norway spruce, a ripe-wood species, formed wood similar to ordinary ripe-wood
in its sapwood."

In the majority of cases of broad-leaved trees studied, their trunks had ordinary
heartwood at the place bored and a few had not. But in all the cases the discol-
oration of sapwood appeared. Buna, Shira-kanba, Udai-kanba and Ke-yama-han-no-ki
Wwere most sensitive to the treatment. But Shina-no-ki, Ezo-itaya and so forth are
not so sensitive. In Hé-no-ki, Katsura, Haru-nire, Yachi-damo and Azuki-nashi
discoloration was also clearly formed. Hari-giri and Kihada whose sample trees had
very narrow sapwood were not sensitive to the formation.

5. Observations of the internal morphology of trunks examined regarding mainly
their discoloration showed, in general, that the artificial heartwood had a tendency
to distribute in less lateral extention from the ordinary heartwood periphery as axial
distance increased both upward and downward from the hole (Figs. 3~6, Table 2 and
photo 24). Tangential extension of the discoloration from the longitudinal radial
plane including the hole increased, in general, with the decrease of distance from
periphery of heartwood at any given height above the ground.

6. Artificial white zone!® at the margine of the artificial heartwood developed
usually in Azuki-nashi, sometimes in Udai-kanba and Katsura. In ocular aspect
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and in moisture content it was similar to the ordinary white zone', intermediate
wood, which has been considered to be located at the boundary between the sapwood
and ordinary heartwood and to have special meaning for heartwood formation. After
boring Azuki-nashi trunk artificial white zone appeared first around the boring hole
in its sapwood, followed by discoloration, and thus making the artificial heartwood
(Fig. 7).

7. Irregular distributions of discoloration occurred sometimes in Katsura, Udai-
kanba and Shina-no-ki in relation to the spiral grain or the interlocked grain within
their trunks (photos 37~39).

8. It is not easy to show briefly the color of artificial heartwood in comparison
with the ordinary heartwood in each species studied because it is affected by some
purely physical conditions (e. g., the moisture condition of the wood part) unrelated
to the ordinary color of the wood itself. Generally, artificial heartwood gave darker
shades of its color in green condition than the ordinary heartwood. Discolored
substances were always found in ray cells in all the species studied (photos 43, 44).
They were also located in vessel segments often in Udai-kanba and Katsura, and in
tracheids in Kara-matsu. ‘

9. There were difficulties to keep the hole free from wood fungi although it
was considered very important in this work because of possibilities of discoloration
due to the fungi when they infected. Fungus hyphae were often found in Ud#\i-
kanba, Katsura, Shina-no-ki and Azuki-nashi in the first series of the work statéd
.above (photo 42).

10. To keep the hole entirely in sterile condition, ethyl alcohol of 80% was
sprayed into the boring holes and sterilized glass fiber was placed in them in the
case of Azuki-nashi and Udai-kanba. Peroxidase (+H,0,) was then sprayed into
some of the holes and oxigen gas supplied into the remaining 2 holes in Udai-kanba
for four months totaling up to ca. 2,500 liters. Wood preservative (P.C.P.) was also
sprayed into holes prepared for the purpose of comparison.

A slight infection of the fungi occurred only in the case of treatment with
alcohol in both species. Intensified formation of the artificial heartwood did not occur
in cases of both the treatments, peroxidase and oxygen gas. Color of the artificial
heartwood by the borings both sterilized with alcohol and supplied with oxygen gas
after alcohol treatment was rather similar to the color of the ordinary heartwood.

€]
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Explanations of the photographs

Arrangement of the apparatus supplying oxygen gas to a standing test tree trunk of Udai-
kanba, Betula mazimowicziana Regel.

2. Artificial heartwood in Buna, Fagus crenata BL.

3.

L XN e e

10.
11.
12
13.
14.
15.
16.
17.
18.
19,

21.
22.
23.

25,

26.
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32.
33.
34.

35.

in Buna, Fagus crenata BL., showing a discoloration due to a boring
insect.

in Sugi, Cryptomeria japonica D. DON.

in Ezo-itaya, Acer mono MAXIM. var. glabrum HARA.

in Sawa-gurumi, Pterocarya rhoifolia SIEB. et ZUCC.

in Kara-matsu, Larix leptolepis GORD.

in Shira-kanba, Betula platyphylla SUKATCH.

in Yama-momiji, Acer palmatum THUMB. var. matsumurae MAKINO,
with a radial coloration caused by a boring insect (an arrow).

in Shina-no-ki, T¢lia japonica SIMONKAL.

in Hé-no-ki, Magnolia obovata THUNB.

in Asada, Ostrya japonica SARG.

in Katsura, Cercidiphyllum japonicum SIEB. et ZUCC.

in Azuki-nashi, Sorbus alnifolia C. KOCH.

in Hari-giri, Kalopanax pictum NAKAI

in Ao-damo, Fraxinus Sieboldiana BL. var. serrata NAKAL

in Yachi-damo, Frazxinus mandshurica RUPR. var. japonica MAXIM.

in Ke-yama-han-no-ki, Alnus hirsuta TURCZ.

in Aka-shide, Carpinus laxiflora BL.

in Koshi-abura, Acanthopanax sciadophylloides FRANCH. et SAVAT.

in Kihada, Phellodendron amurense RUPR.

in Mizu-nara, Quercus crispula BL.

Distribution of the artificial heartwood on the longitudinal radial surface in Buna.

Distribution of the artificial heartwood on the longitudinal tangential surfaces of planks cut

off succesively from periphery inward of the test trunk of Buna.

Artificial heartwood in Norway spruce, Picea abies KARST.

in Aka-matsu, Pinus densiflora SIEB. et ZUCC.

in Haru-nire, Ulmus davidiana PLANCH. var. japonica NAKAIL
in Udai-kanba, Betula maximowicziana REGEL.

in Keyaki, Zelkova serrata MAKINO.

in Kuma-no-mizu-ki, Cornus macrophylla WALL.

in Tsubura-jii. Castanopsis cuspidata SCHOTTKY.

in Kusu-no-ki, Cinnamomum camphora SIEB.

in Rin-boku, Prunus spinulosa SIEB. et ZUCC.

Distribution of the artificial heartwood on the cross sectional surface of Udai-kanba,

showing a colored ring zone formed by lateral holes bored at 4 sides of the trunk (on

a close position of height to the holes No. 1-4).

Distribution of the artificial heartwood on the cross sectional surface of Udai-kanba, showing

a colored ring zone formed by lateral holes bored at 4 sides of the trunk (on 100 cm of

distance from the holes).
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37, 38 and 39. Irregular distributions of Artificial Heartwood in a Katsura standing tree trunk

40.

41.

42.

due to the spiral grain or to the interlocked grain of the wood. Each disk was cut off from
the trunk treated at about 30 cm intervals of the boring place. For instances, discolorations
No. 17 and No. 18 that are both irregularly bending on the surface of No. 25 disk, while
nearly straight on disk No. 30 which #ssre- cut off from the trunk about 30 cm lower part
than No. 25 disk. Udai-kanba, Shina-no-ki--+--- give also such irregular pattern of the artificial
heartwood distribution as in Katsura, due to their irregular grain.

Irregular discoloration on a cross sectional surface of a Shina-no-ki test tree trunk due to
its irregular grain. The surface is only 5cm distant from the boring place where the
discoloration was naturally straight. Line shown by arrow No. 2 appears to be a Zone Line
caused by wood destroying fungi.

White zone and artificial heartwood appeared in an Azuki-nashi test trunk. Boring was made
at ca. 5cm lower place from the surface. Arrow No. 1 shows ordinary white zone!® and
No. 2 shows the artificial white zone connected with the oridinary and margined the artificial
heartwood (No. 4 and No. 5). Although No. 7 gives white zone only at this place, discolora-
tion existed at the place a little more closer to the boring hole. Generally, white zone
developes in sapwood ahead of the discoloration.

As shown in photo 40 there appear sometimes dark lines like Zone Line. Hyphas of
a wood destroying fungus in shina-no-ki observed under the microscope is shown in this
photograph. The species is not yet determined.

43, 44. Discolored substances in ray parenchyma cells located in the artificial heartwood in

Shina-no-ki (photo 43). About the same imagefunder the microscope were obtained in the
artificial heartwood of some other species studied. In Katsura, Udai-kanba and so forth
colored substances were often found in vessel segment, especially on the perforation plate
of it. Tracheid in conifers, e. g., in Sugi, also included such materials. Photo 44 shows
substances in ray parenchyma cells in sapwood that are not discolored.
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