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Study on the Wood Formation in Trees

ReportfIl. Development of the Vessel in Earlywood
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BRORBE W EE R +oCEETS 2 LO0EBEIRFIRD LW TRt B TH
D, BBDTE>FTTLH, BELIXFOX 5 BENL Z 2 TIRIRERBIC O CHTH & R
R L DT,

* Zo—iiLE 20 B ARRMELKS (1970) @BV TREL L,
o JREE R RPNRERH AMEREE BT AF6GL
ok EEH AR REER RHEFERE HR HEEDR
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BEBOKEIZIZIE K OBEOMIEND D, ThOHAEMTA D HATRMEERL T
B FDIDEOEM - BECIIRALONEED DL DEEL DI, FHLE  OFER
PDETHB, ZOLBOBEOMBEO 5> B CEFIZ OV TR I NS BENLBRNE o
25 LaLl, FORERBABCOVTE, WELERCEBINTVWDILRXELR Y, 22K,
—IEREROWERREICL LSV TEEORERBL ELDTHRD LRD L H TH R,

BEOFEILFEE BROCHOABCHEDY, LTI EFTERTMCIHERL TEORKR
BIEL, KOTERENLORKCELY, TO#H 2KREOHRE RMEAELR, FHTER
LCHEEELLTRETHY, ZolRCHEGCEROMIECFEEL Y, HLLbh
DLT®, ZoAROET] HEBTORBHIHECI 28AL LERGEOMEET) X3EE
CEhD, BCBEENERTACRTIBCRZOFEREL L, Thbb, hkFOEE
CRIETAERFI TR EOMRBMABOSHBEIETLY, K gANEELTLES
E4H B0, FOM/M, AT OBEBFEIEL n (R OBRBCIIEER S8 i kT 57,
COWMBFOFHEFEEDE, TiobbIEIhsMRBOENBEORRDOIDDEILAN~A
LAY EEXOR TN, FRETCERFATEL COAMENERLTACIERTL L
CXoThAN—ARRBFEINDZY LEL LR T 5,

LALARLER LA 51K, BEOREEBZOLWTOWHEMIVRL, & CAEH
F— 2l ESuiebondlion, £ZTEELILTE 2 RTFHFMCHOEENLRT — 20
LEBEORERBYEML LS L L THRCEF L, TOKE, BEORECSWTLORE
BENTDFMIBE TS LA TE ), PR, ER-BIWCEDLOR T O LITE
RHBHEEELZLNDPMRALD S, ERILBHEDLRTWHEDOT, I, BbhER
Y FHOCBET 5,

¥, ZOWRLEDDTHI ) ILEBERFEE N A EER KR REEFSHER) ©
Fxa, LCHIBEPFOL 420 QHENE LARAMELEEOEROMG 2 X, =&
B RERET 5,

II. BF % % ik

ZDORBIIATERY LR U TH S5, 2ERBEC L THE X D BR300k 2 R
L, ZOBEMEUT #BEL THRALEDI,

1. g B X

EEORERBLRAET LU, MPCETL2EBEOHEEDHLINTE LT 8L D
DHFNBENRE G, ~V FY (Kalopanax pictus) OFEEILRETNDT, FOREREEBD
RLBEMTHHLELONDOTHRABEL L, JLEBEREE N ATEBHRANTEOER
REFILSEHEEL LIS LD (BEER 30~100 cm, #5 18~20 m) % 1969 £E 1 3 &,
1970 £ 2 AGEE L HRic kL 7o,
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2. ¥ B &k

AR E IR A 2 BRI (1969 £ 13 4 AR A B 10 BK % T 10~15 A4, 1970 £
4 ARNH 6 ARETS5~7 BE) I HHTH - 7o, RPoBRBAT LT CEBEY
ZFRTOT, £ONBRERITAR) ORTGEET S, LOHLSELFHHTES K/ 3
HRWIOTY, BHCEABYER T L TEL,

b s, ARIED R FAARTEEL, FEEY tr o v TEMBLLY, BEME
A RECHEEE 1048 T, v75=vE7 7 A RO 2EREBLRTHVY, 2+ K05
ATHA, BELI. ok, ZoRBEHCrr M VIIEEEIRTLE S,

¥z, GEOBFEICIE “BMEF LM OBBIFEECHE L, ToOD
APFRCL TR ZORBOMBEEBEL TEFOREXINLWELMAR “BHBEE L D&M
fa” LHBICESERXFOMOMBRE L THole, FLUTTRIDOI S THEX
hic “BHESL LA 2EE L future vessel £S5 2 L 1LY, Fhicit future
vessel element OFHRAY L EDHTH S Z 21215,

= @ future vessel O 2REHHOBMBIIER = 2 A M TOMBRECHE BITH: O HHE %,
FLARCORBIE Y7 5 = vVic X AHBEOR LAY TR T hOBEL L THEL DI, Lo
L7eaih, 2REBEMEE LORIEOKTIZOWTERANETIILOREL RS b O% Rilieir
Mo D TERIZDOWTIEERL 8L,

L. BREIUEER

BAROEEOREREY R556, FHNBES ERBHBA »o0L 0L, HCHER
sl OSL - RARERE L TOBA WRENERS) »H040LD200FF0RExLA
Bo LLEAD REORERBIIZ D2 00BAXMAELLLOTH Y, BEYWRIZXS
THZLEANTETH D, FEHELXZOHETHREBL o L Thisho, HERAYFMC
HETHIFEEELLEETAHA RS S5 00 Lhinay, ED 2550 CHIL Td <,

1. future vessel (D3R D FEHHEIR

JERE NI F BRI 313 5~ ) F ) OFMEE OFHHIFHERG (1969 ) 11 Fig. 1
WRENDEOTH D, BELIERD Y F ) OREBELDITHHE T o AR L O
BWEY R /X hiz, Fig. 1 i2ik future vessel OEERE (T) L FERE R) oL T <
BENER L SBTTRINT WS, %*i, future vessel ® 2 REEHEK O BRI (IS), KMk
OB (IL), end wall D RS Nie o Rl (M) R E T2, XHLECEHEED
SERFFR & BT A ERT Y F ) OEOB R (BB) /3 h T %,

ThRXsE, ~V¥F)ORKBERI4ATHRCHMAIR LD LRLERD, £O
%, future vessel DEFITABZIEML, HRBESHEHE1 »ABOS ATHRIIRLI L%
DEMBIRAK (220) EEL, ThiH {10 BB 6 A EACREOEERELRKR
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B0y Lo TLEST, 2OXBIT, M
~ U FY D future vessel (LIEH I 3/;_ , IS /o\f R.

v TN AT
MCLOHKREETLTLE S, i, o
HEBERMAULE & 4 EHEERL kL g
DT, WhPLIEREEROHMEIIHLA =
fLLELbh%,
future vessel © 2 & EF K0S . . . . T

17
5-10 5-20 5-30 6-9 6-19 6-29 10-7

DATE (month-day)

NHELRIEDES AL HORM AL T
Hote, THIITE, REEROKTH

Fig. 1. Developmental process of the future
ETH D, YR EC2REOEBICL S vessel in 1969. Designated as follows:

T tangential diameter, R radial diame-

Ny z z
BEFBRBDOID L 51 BIITHR ter, IS initiation of secondary wall for-
ARIBERAVBER TG EEZDR mation, IL initiation of lignification, M

) maturation (perforation), BB bud break.
5, Fhik, ~V F Y O future vessel O

2REAE S hihdoix 5 BhgEs R Tx&Th 55 (Fig. 1 0 IS),

2RIEOHRBE LA, 58 31 BORKAD future vessel OR{EAMAE ST, L
ML, ¥77=vIRXDEORE D HIFEERHEL, LTORORK, TiobbI bR L
AIELEZLRDLDEHBLTEFOERGVIE Lok, V7 7= VL ZRE/RIERR
KLDTHBMY, ZOWROL > CHEABELERL TWEHED, ORI DHE
CEGHE D HFEIARCOBBERL RLTWA EELXLTLINSS, Tibb future vessel
DR TE - DEICIAE D, 2RBEHROMEL ) LES B L0 L%E2bN% (Fig. 1
o IL),

future vessel @ end wall (26 B 19 BORB F TIXED S s, Bz 6 9 HORF
4Tk end wall RFEHBL T V2303 B>k, HEEERMROSIEZTRTIRRILERET
BHEF L OTY, 6 BB E E Thko T end wall (XHEE - HETHOTH A S (Fig. 1
D M), =D end wall DIE%k% - CTEBELL TOHBLAKTHOT, ~Y ¥ ) OHFTIX
%0 future vessel (3B &b 6 AR E TRIFEMEFTLLTHATHOTHA S5, Thbb,
MRBEESOBEME®HH 2 2 AT~ ¥ ) OFMHETIRAL TL E- T,

Teds, ~YF ) OEMNBWADIX6 A EGT (Fig. 1 © BB), £HIXTE future vessel 33
BT 5B L FEHEUL T b, BILBEOKS OMBILORNMFEROEECRES h
Twb EEx %Y, future vessel DKM ARE T2 —>DERL L TEORCHHMNE
HindOTHBrbAhi, L b future vessel OF# & EDOBAETF & ORI EEANRBMK
NERIRD5E, BAOHRENL ZORMORBHBEEALHLIBERWTELI L
70, BRENS LEFRCEERREYEL DI LTRSS, SHRELTHREED TP D
L0 CHB, LhL, OB ZTCIREBIR Y BTk kedd, BLRELHEOHE T
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EOBBHNASBICSWTLTL LR T TIRRWE LB E 72 %,

BED X351, ~)*F)OFEHEEINBRHIAFELL TR IBEFIERETbR Tz
DB L ERBZIZF U TH B Z Evbhote, LLiaib, FOREBRBICIKIT S EEMEY
HMCBRE TR LRROFETRABP OO VWHKEEELZLRIBENET RO, Thb
DESAYHERT Lo, 1970 FECHOERY TR, ABOBRERL2E < L T future
vessel DR EFZ B EFHCHRBTEL IO CLTHERED L, TOHFE BHETOHRY
Bleo T TRFMCRET 5,

2. future vessel D& WP

1) future vessel Ok

Photo 1 Wi JHRBIES (MRS H) OBHEROERBH RS LOXOMAOMEARD
h5, BEETCTHOMEESE M CRMEEDOERTH S, LHMVEHMT, AHTH
Jan—FEARS RS, hRBOKMBEO R cManBRBHREBRL T 2/filRTtHs, O
HRBRAD AR B X% L Th b E MDA L 51T, £ORACILE ML 00
HHORAHLND, MESHECL Y FEIRCE? ) OBEREIFECHEA N OT?, £5T
<, bEdbBoBRELII TR NLEFCRATESLOLELLAS (Photo 1
DEH), 7k, WRBHBROMBREIETORMESTELEL ULV 52, REORKENED
Hh, BOMRBEEHCA LI EERLTWS,

SZBAMAE % (Photo 1) 7B 7 BB OMBBME D REL Photo 2 RELI5EH TH
b, BEEORREFOBELMRFEAEREMRT, BACSHEXTR-Tkh, REMRE
(Photo 2 ®A&KH) HWH LB, ERAMACITEZROBEMOEL - future vessel 73R 5
3, TOWERBHAAEOMEOERECLEXOR S Y, MEFHECIL IFEIRL
@ (Photo 2 DKRH) LF5ThWLOLIIFHRBITED, Ik, FEEMCEKIER
NRZ T3,

Photo 1, 2 ;bbb 3 X 51, BEOEIMNLFGALLMR LB T LNTELD
T, BAZRFEMETIRC RT3 0HMROMNEYRN, HREBRSOHEMOEIIL LDOME
TR B NSO EERL Toh, FOEEN Table1 ¢, 4 21 H-28A-5 531

Table 1. Total number of divisions at the each cambial
cell position in radial rows

Cell No. 1 2 3 4 5 6 7 8 9 10 11 12
4-21 0 0 3 8 40 22 16 14 22
4-28 0 0 15 72 19 63 27 30 19 8 4 1
5-3 0 0 1 10 32 37 30 26 17 5

Note: Cell No. (1~12) shows the position in the cambial zone from annual ring boundary
(see Photos 1, 2) to enlarging phloem cell.
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DERFZOCTHBL 22bDTH B, Tiebb, UAFOELRINBCERRA»OE L TH
FEOMBAASBP RS BBETHEIHREAIL, Thx¥EFhoFuBECRELLD
DTHB, LnLPRne{ALREE,
Thbb¥REFNOENE{ AL Tt %
DX E % HELTLRDERITZVLD
T, HMNBEBTASHEMREOLTH
Bt 25 E (%) ZRDIz, Thn
Fig. 2 tH» 5,

Fig.2 mbbnb ke, HHEL T
HHBORLE D - e BiX, ERANS
¥z7T, 482080 4%H, 4A28HD
5%FH, 5A3HD6EMLABCATHN ~—— Xylem Phloem —
PRI~ L BEL T b, SO 5%k CELL POSITION
SEEED ¢ — 7 OBFTENL— BT Fig. 2. Variation of the frequency (%) of

the cell divisions at the each cambial

40
%

NO.of DIVISIONS

BHENT VB LDTH 5B, cell in radial rows from annual ring
boundary to enlarging phloem cells.
Table 1, Fig. 2 TRILFHEMITH b, Note that no divisions can be seen

it = . at 1st. cell and 2nd. cell immediately
mORFCEHRLERER - O, $T after re-activation of the cambium.

DREHZ O TERREND 1 BB L 2%H Collected in April 21, 28 and May 3,
DRI HH LI E2bhD X 5 170

WEBEAY L L OREBDL RN ol ETHB, Tihbb, 1FHE2HEEOME
AHRBESHOBFHECIIZHLI»r TS5 2 L THD, EHK, Photo2 TROHID X
5 72 A B Avic future vessel & EZ SR BRI EC3FBLACAEL CwWicicb#Es F,
FOBESEIEL, ThARSHELTHEIRLIDLEZES L THELDL IR,

TUCKER *+ EVERT® 1% Acer negund L. ® 2 REGIMOFHA R EEBELHEL, &I
DEEIRSEOE TR B MROMMTBM AL L Mla»bE TS L HBEL TS, i
ZasaDA® XA ERAS(AIL, FH1FIHOEEFX “BEL LM ORI DETLOTHAS
5 LEEL, red oak DFBETOWTHLLThEHEL TW5, LaLERD, ThExBEBAT%
BRI 7 — Z IR NTW B,

—%, BANNAN® ZEFEBHIZOWTTIRH B2, KABRAROBHOFAL 2EE L0k
QEBUELEMRI D EREL T B, ~YF) D 1970 EEC BT HEHOBHITHEEL T
W DHETRL, LkasT, FEROFIRBORBERBTHS 4 H 21 AU E S
C—ERBY I D RETh- bRV, 4 A 21 Hicizd 5 LADOEHRARS S bERIX
HERBRS B, FOHREHEMES Photo 3 T, Photo 1 LU Xk 5% DB M DR
BOZEN RS (Photo 3 DEH), HOLMNCEHHCA-TWBZ En@ZDdDLRS, Ll
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h, BEHPCASLENY TH-TC, TR VFAEAIhLECEREILADL A
Mote, EFLUERAMOLEROES KRE LML 23 EBDL R T,

E4%1, Photol IWRBMROSUBHERTS Y, Photo 3 i3 7 HBHEMTH 5
EEx X5, Photol, 2 & Tablel %X ¢f Fig. 2 TRIWILFXEE2HbRDL L, ~VF
Y OERRLEMRBE L CH D 2~3 HOMBUY “RMMEDOF ERL” L, FERCix0% %
SextED B L ELZORD, LR IOENCEFERET~ LB TP < future vessel }
GERTCWHEELBRD, 2L, 4 A 21 BUREIORE RN e WD ETOGEMIIE > T
D, FRZOWTIHHEERZTRWHERL i huisbinu,

X5z, Photo 1, 3 DIBEBH & Fg R & ORI H 5 Mila DY ERITFRBMRO L h X
D LS AX L, BERAZFE L Tit7eu 23, Photo 4% 1969 4£ 10 A 7 BB L AR DT
BREMAETHD, FORRBAROLREEIEL, BROBELROLT, KREHCAS
W B O AR s A BB CRL TV b, ZOFRAMOMEOLERIPFREDOLR
LBEAERLTHY, Photol, 3D X5 HLACEREHMITED X 5B TIn, T
ebhb  OEHBRMOMMIGIAKIEI L 0 L EREIWML TR D, SEOBRBINILDOLEE
2 X5, R, future vessel Z B L ERAMD 2~3 HOMBMIRAEOF TBEL, FhiC
BHRBHROSHUNFRINSH, H5VEFALIACLOEREOEREHED S E2D
ns,

AU Y ORERMEOFEMBEENRLL 72 future vessel ODFEML LD THBH Z Lik
BIERRINR, ~YF)OBBEBCH-TIOX 3 REFRNSL00, LIk
DBEESNTILE S eDp, EREEFRIAEFRERbVARS 4 b5, i, HE
B, XLRIKENRBASL FRI TR b, BRRECIIBLOERIC
DNWTHRBNEDL DD EELX DS,

2) future vessel OHEK

future vessel &L EMAMD 2~3 BEOMIIK SO E FHEL, ThHILFFCE
WEBch kT B, £ 0% future vessel 71T M RILIERE T TP T Lt b, Fig. 1
T4 B bRt 5 future vessel 13 ¥ TEBRHEANLIEKZED D, LDFHR, future vessel
DEEH D DT ORELERCZ TS, Photo 2,5 CRABRS X 5ic, future ves-
sel B FDERHFACH 5 MNP CHRACEH VAL, ThLEEVWETEL, Thboik
DBKRE U EFIRELL o, FOREIL future vessel ICEHEICEL T\ 2 Mg & IZFES]
BT, FhHbERTVS MBI b KA (Photo 5), PRIESTLEY et al'™ (X oak,
elm, sweet chestnut, ash 7z FOBEEFORKEFCRS W2 FAROMERASEL TP REX T
TLie, FREPEBRE, TETHEHEL T 5,

DY B RERFANDILAL & LRERFA~OIERLHETL TE L, TOFHELER
HE~NOIEARDOEE L A r 0 BEOMRI Y ELZ T, 0K HREFL 2 Photo 6
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CRLNAREETH S, Photo 6 12T 2oD future vessel & FOHFIOARBICIIAE B E
FOHREH BB X U“&W:ﬁ‘%b%&%ﬂiﬁ@gﬁﬁl‘ohé (Photo 6 DK &H), = ® 220 future
vessel 121 X ¥ Wi IRBOEEO MY (Photo 6 DEE]) XEWCEATL £\, Z25THE
FIZBATHENDLS5THY, TOMBYE252L (BE) LEHECERTHL L 5IE
bhb, NV F)ORALLEELEENEL T 2B EOMCREAEDLRLND
¢, Photo 6 ® X 51z future vessel ITIL X F - BRANICITZOMMLBWHEIRT
LE>DTHA5, /&%, Photo 6 DYIFICIZEFOHBMIADLNDHH, £ DMk D BKE
HBORELLARATHREZRELN D L DD FTNTHEL D artifact TH D LixE2 LR,

Photo 5, 6 T/RE N5 X 51T, future vesselr DEBF HRILERHFRI~NDIEKRIZ L b FD
RBEOMRITIRD OFEXIT %5, LIrLERIBRC—FHCEELRTH L5120 Tk
<, Photo6 CROLNI X5z FAAOMBCINLIBEOERO L EILOBHHLEL
RHRRWTHS S, Titbb, LORBEOMRIAZCHELTVWRECSHH, £ODIT
SHEELEL, SHLRIBEIEIBIOTHAI,

future vessel WNIK KT HHDDAR—-ADPH L —FHIZDLS5RT LRI NS
boLEZDLNRD, LL, BCEOERTEANDIEKOBEIIFRL 0L 5K, £ZDOER
BERBHROSHEBEEORIL (B LI oThiebI¥hb ELDLRTH 3", ZOF1L (&)
AV FVEOWTHHERL IS ELT EREOE I LSV THHBAELYBRAL . £
hupt Table 2 T, 1970 £FEOHARCOWTOHKRTH 5,

&30 (4 B 21~5 A 18 BH) OoEMEYAF EOTXTORESNOWT, KFIFCH-E
BIEE L oMl R B, TOREEEOFIOSBMREE L, 20X 5L TRDLEF|D
SEBEE % OFps future vessel KHIET 20BN THT, ThEROGEBEOFEER
Dz, 718, 4821 HEOoWL TR ¥R THiiRMREA TUW IR 1205 2 T future vessel &
BT L, ~BLLEEEYRD, %7, 5 A 18 BTHEL { future vessel ©
REAIEE - 12D TERUBEZREL 72005 1o,

Table 212X % &, 4H 21 BTRERIN DI b T FHL6BMOGAUL MRS, -
b OH, LD future vessel KB T551b % 5 ThWHlIL R4« mL, 54 18 Aic
BEEE L FHAELEIFHELLI E23RBDLRE, b L LA~ ADREDOFHENFTHH
BEOZETHDELE, ~VFVOLIRERREBTECE THRTS L5 BT THBAE

Table 2. Average number of cell divisions in radial rows
corresponding to future vessel and non

Date 4-21 4-28 5-3 5-8 5-13 5-18
Future vessel 1.6 29 2.1 35 33 45
Non 16 2.7 2.6 3.4 4.0 4.3

Note: Future vessels can not be distinguished on 4-21.
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CHEEBLEENE U RS, LaLARD, O future vessel 2L DEE A
BCHERL T2 357, Table 2 ORAELHIXZ D T & A3 HHE QLG RALTREN S
ERPLEZTHHERBMBZ X TE\, M4 H28H,588H,5818 B> TE
2¥ future vessel CHIGT BFDE 5 2 THh T ENENEXRL TE 2\ 5,

—7%, 5H3H, 13 BD X 5ic future vessel WG T 55Dz 5 2MEWEE T, TWH
DHEEDZE (%405, 0.7) (LFDOBEE (£402,01,02) LhhkEw, bLLZDOEDAS
INBUREHEOLDLEEL DL, FHPEOERBCL AR~ ADRMIIKIHNL DL Rie
X BB/, FRBOBALIMFNCE 2 ZRELMERED,

B+ 25, Table 2 ORMENIDZRT, KHFRTH -2~V FVIZ DTk future vessel
DERFENDILK OB BB O FHRE D ERSAR - ARBEOF ek TLE2 5
DIXES MDD, L2 L MURMANIS™ 238 L T 2 X 5 KRFBEBSEL s HAXEWED
FRELLZLCETOMERES b LARVD, ThIZOWLTRSBOMRICFEBI,

future vessel ML RPICFDOHEANERHEL T2 MBENREI 1z (Photo 7, 8 DK
£H), -0k 5 oMY 1969 B, 1970 EEOHARTRTERZ TR R Rb R, &
B, YHOEHPHHRCL > TLIhEBEULILLORRONEBELH I, TOBRTIEE
h artifact TH D ERBTHB I D,

Photo 7 i3 BE L TIXL BB Tt /n vy, 2O (KRH) AEDHLRDDOT, 2HDOM
BAEHLTW3BRETHB, —RICEHL T 5 M8 future vessel © P THElR AN
% < Bbhicst, FEETRERIC S LW lilan@Zobh s, AL 72X 5ic, future
vessel 2MAKRL CW A, FORBOMBIITTRIEXLTVWREBIIHEL LV, TRICHH
bb¥, Z0XS MR TOMBYE 2D L0, BELLY T2 LT CHABPARHL
CTLE 5 TWb, 0D, future vessel DILKIZH L TRIBESHA L, BELCRBC R
BERLNBERFAMCE B R, Thbb, Z0OX 5 M EHL 2RI - 2]
CTEOMBEEZY, BB TIRBOBLEALLOCBHILE S Rbhi, Fletoficit
Photo 8 tRHNB L 51K, S8hTLFVWMHIRELTCOBELR,TLESTLDLH-
foo SOOSRTLE S il AmBEF~BERcRHE L3 O (Photo 7) ORHAIEE%R N
FTHTH B ELELONS, ZASADA™ | EE & AR & ORI H 5 ML 2£3RT,
BEWRULD BERAMCI - THEFBLTWS, ZOIZEMNYFYO future vessel
OB A~EH L ARCH L TLE 2 BbiE, ZhidAR—AREEOR L HRALFET
5,

Zasapa™ [ LEEOIKCERL Tk, BERBRROSH LEECBHET 5 MROF R A
NDIEREC I D EDAR—ARRPEINDEEZTB, NV FVOFELEAOEN,
hbEBEOMBOERE 2 BBk X O hicf 5 WRBZEEL, FEOMRDOERHT R~
K, BIiBHLHROBERK, L CHRBEOETORB EAMHALCERALS > TAN
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— AR TEHLEEZBARETHAD, bobd, ZOWERITTIE future vessel @ ¥LFH
BEY 5 BETE LT L. LarLiksb, Thry@i+s LTHEECEETHD L
EXORB-ZOMRERB/LIENTEL, SBRILTADEOVTHHREAED T LE
nb 5,

3) future vessel O 2 R HL

) FYORFHOBRME YA 2 BRER = 2 LHTHEL T < &, future vessel (1%
DR D ITE S B L IEFCBELE B %R T X 512/ 5% (Photo 9), Z ik s
7 m7 4 7V AR ECETRE, TiobbliltiicER L CRBATER I NIBDehbTH
5, —BICIIOBE S\ BLRRTOTHENY, ZOEREETDH Y F)OFHTI
FThURBEORS (XH I 2KREBELET L EELDRD) KD\ Th, Fio future vessel
DAL TEE L b ORDLTLEOEBHIEKAL L TH—THY, wbd5 S, F
S B & A FR R BBITIERD b high - T,

ZThIZ DWWk, Warbror™ (JMIEEOEKHOHBHINE—CRL 2B, Thifd
REEORIC L Bicdh, FBDO I 7 v 7 4 7V ADOEECHTHOEN Lo Todh,
BHOBACL T 7r7 4 7V ALOBANRER TN 2700, REMRIEXELRWE
BoTWwh, —F, Harapa 1 lEBICILRE 3 BEEND v, Fagus crenata OEEES
BTEBECTHNTP+S, BL S, BE S; BLOEXOMIL25:50:256 TH B L H|EL T
b, B4y, ~VFIVOEELIBEELFH - TCWEL12Bbh5s, Warbror?) O 5 2%
H¥7ik 3 &R OBBCHERME—CRALOTHS S, '

tuture vessel 50 2 RIEMBEBIZ LR L7 ) TH- 1ond, TOURBEBIERORE
BOMBRY b LB E 57 (Photo 9 OAfID future vessel), #D#IC future vessel @
BREO 2~3 B0 E v (Photo 9 O LMD future vessel), i LA o Mk E#H R E
BHBEENAED T » 2 (Photo 9 o),

7e%, Photo 9 @B\ T Z hb D future vessel & EHDOEE (st) & DHE DR 1
BB (cz) & 2REMRETOSLMIRTH 5, THTHEHEREEHERL TW5ORFIEE
BEMEMER (b) TH 5,

ZasapA™ LAIC X 57 2RIEHBHBREF 2 BELREL T 54,  SH 4k
HrLOERYINZ, 2REMBRICHTS4ER+ LY (auxin) OFEXEEL T\ 5,

4) future vessel M k1t

RILDETIZDOWTIEY 7 5=2v &7 7 A RO 2EFAEETHRS, OREEKITK
LR 7 ERIETETE AV TS S DTHBY, APFIRICI\T b IEE e o
B TH o1, RI{LZBHERB O corner thickening BB L TW 3 1 REMLBEL SN
THBHRO, ~YF Yo future vessel DFH S BEET 2 ML OBMBMEE»DIEE - 12,
Z O future vessel OE~HEZR, K\TL O FHEAOHIE~ L #ETL 7z (Photo 10), K{LDOH
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&% future vessel LA ORI EBR THE S L 5 ThH 2, 7o future vessel 35 & %0 E
BN ORI 2 RIEOTHBER L X R Y, BRLEBY LD X 57DT, ThIZOLTik
HOBETHEL fou,

5) future vessel DEFAER

BEORECOWVTOWMRTRBCEADET S end wall KB LAVEE 5TV 5D,
EaMEs-MacDANIELSY 1. Robinia pseudoacacia DEEFEDRZEE BT >NTHEL, +0O2K
BEO—#H% L 2THHBRI BT end wall DFFL & FIHBEOWAI R E 5 & L, Esau®
EFEOREEB/BCOVTORRBRNTNT—HL TOIRTEALWE LRSS, BED
FHIZREFEBLORILOEU B TEL S EEL T, ~ ) FYOFEEFL, future vessel
D2RBEHEE L OKRKILDME - B HFI () FVITBEEH) Shic (Fig 1),

Esau® 11 celery OEBEOHMEIZHE 2, D end wall [ 3BEPHCEL bW nH b,
FOWEILL v AR TH D & 5L 7, EaMmes-MacDaNELSY (¥ end wall (X v v R % 713
Zrv—-trRTHY, THIPHBELZORMSD 1 REL L2 IBEETHDLLI,
LLienh, ~YVFVOBEED end wall v v XROIBEFHFHESTWB X 3IEED
T, BB ETH S X 5B (Photo 11 OXEH),

¥ 7z Esav® REBOKIIEEL O RBRMEORECH 5 & L, Eames-Mac-
DanieLs? (33N E K 2o RFL e - T end wall OFLOAET 2T FIHFET B L E X1,
LL, ~ 0 FYOHE, i future vessel DRI, FIEON D, Hizi end wall
ERAFEL —BOREMBLY RN -0 T, BEOKBEYLEDB LOTREL, Fhik
FHEDEENRBEEND D LIXEL D RIeh T,

X5z, Esau®, EMEs-MAcCDANIELSY 513 end wall 235588 - B0 L, MEL CHEALZ R
B LML T2, ARRCRLDOX 5 e AENIREBID D end wall 225 Z L3 C
Ehhot, LLERL, ZHAOLOREDOLONLTETIIH A2, end wall Rizh B/
X 7% (Photo 12 ©KEH) HEDHL -, Photo 12 i1 EKMEHEIR L TRS Rtz end wall ©
—#C, PHEBEREE S TIHESERL TW5B, 2O/ end wall O LIRS S
LONEINLELBEREHTEES Cinv, 7ds, @ future vessel IZTARIL2 IR E - T
W5, end wall iIZIZARIEOBEBEITTED S Ruds s,

IV. & E

1979 SEE O ENBBBH 31T 5~ ) ¥ ) OFBHEEL 4 A THOHRBIEHOFHE, b
T2 2 AHTHEALTLE S (Fig.1 © M), T7itbb future vessel 11 5 A THIZZD
BREN, 16 A LARRLO¥RELHEARETT L, future vessel DREAR BN
17AMEELZORSD, 2KRENEREhBDIOS AFRPET Fig. 10 1S), Thir#
FENTARILS I E -7 (Fig. 1 © IL), ~V ¥ ) OBFEIL KA 6 A LAT, ZHIXTE future
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vessel O BB X FEHITEBL Tuofe (Fig. 1 © M & BB), 445, X &I 217 st s
TikH 55, —Ib future vessel DFFDO L L U CHERN*S2ECTH LR TELS T
H5,

LAk o, ~VFVORMEEFLI BN LEEORETS (2ET5) BFEALT
ThHote, LU b, FHEBECR—RBRUCEDORTWAHSEEIXELD LONET
BEan, Flad, WRBCBEL /- 2~3 HO MR (future vessel » &ir) XK FbDOF %
MEAL, BHECREBRIA REER) L TP A7 HABECBIEREN L IISHR X
hic, i, B UEBHAIAD, future vessel DIFKDEICHERBRMAO S EEENZL BT
HEEEZLREM T, Tihbb, future vessel i GHT 3 ERFIb O RE MDD 535
EMELS D, —HRIELRWIITEEOF T MIFETHDOT, LTOERCL  THRDIDHDO R
R ARREEEND EFLIDIBERZOWTOMITEIBEL NI T, LAY FY OBE
IR &R D BEAEGRCBb RS,
=¥, SR O REOMREE Y 2], SESBBS L OB £ T
oo Xhi, SRR ZOFBOMRIIEFCHEOTVWRBCH Y, chnAR—aniR
HITL2OCHIEBML T 2D TRV EELLRD, SHRLOFENERBNL S ONE
5 BRI - T %28, future vessel DB AZEE L cMilgrngonBEshi, Bt
FHILTWBAHL 2SI TL F WML L TOBEBERITVWLDLADB R, L
L, ZORBLAMEA-BRIEXhBLLE, RVEENTR, LrIRIBIRODHAI—-R
REEETH A 5708, HELRERZETORZIOERET TR+ THAS5, BETr, 20
PRTEAN-ARBEOEFRLHER TS Z LIXTERI -1, FRIBEDBREZTCX
5LD0TRL, BLABAOER (HEOMROBXCTX, BLRTX, ERFA~OWK
K, FRBLBEOHFUBEOREL, BIUERH T2 L5 Ml kirggEcfliabi i
HWRETHDHOMLER,

future vessel O 2 RFEMERE L OKLZFOFBEOMEI Y LE LSBT o7, O
HHEL T, ZasaDA® ZAERAAV = VOSHEEZTWD L5 THBE, ZORSGEEHT
BITXLD L 5 I BLFEW e AT OMEIFEBECHREND D X 5Bbh b, ik, end
wall LS B NMBENRESh, ThOBRTSLOXTRETHS, ¥i, end wall D
FILOBROBOFEMBEIX—E LT, end wall D RMHLIEEXBEIR -1, ThHEI
DWTHEFHESC L 2 HENLETH 5,

o, AR TRLOEMEENEFITH S E00 ~ ) F ) 2 #HEKE Lo, BFITH
Bl L DREERBIFEFCHEMTH Y, AMEO L > R ANOBACIRL FHEBET
H5H5, LHLI LB IR~ F Y OBEEHUREELY S - T, EbREET—BOR
EREATHLLRALILAABRTEET ., ILRARIRBAOWES T GECREIRTH W
2, ChHoDORXEET L, EFE-BROBERBY & FHICHS o iLbE, i
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HoME, X5 I/:@é%ﬂ]ﬂav:ou CCIRRBR EDO R D DEBECHENLETH S,

V. # 3

1969 4£ & 1970 Ficdb AE NI F B RN OB L~V ¥ U BROREBMAR L D EH
B AR R REL, TORMEEORERAYAE - FRL o, X FAARTREEL, +
rACVTCEEL, FELTENEVFZ2ED, v75=2vE7 A2 RO 2EFAEL CREE
Ltz ”

BIAE Rr oMM OFE L, BEOFMOEE L MAYIHREAL O 2 DI HF Th~7
B, E5ETLIWERREC TS - LINFTRTSH Y, EHCEETS 5055, 2T
future vessel DREZOFHHLEBIIKRDO L 5TH 5,

L »~y*Y 01969 FEDOHKEEE L4 A THCHMI hic,

2. future vessel 135 A FAICIZEL 3 X 0ERBORACEL, 6 H FACXEER LK

RB#E L 1= (Fig. 1),

3. future vessel ® 2 kKIEEKIL 5 A TR ¥ - 7= (Fig. 1 @ 1IS),

4. future vessel 13 5 A FTHHEICAILL i (Fig. 1 o IL), 2REOHEEHK X b 1158

GEhi,

5. future vessel DI E EDOFHTF LI F OB ZITMUTHY (Fig.1 © BB & M),

ZHhIXEARETLIRTSH S,

L EOBEBIIRRELNATCORRERF L ZORBTCRRA L TH 72, LvL, TORE
BB A M AL LIEFCERD 2 BHEARBDOO NI, EMEBEYHEMCHEL-ER K
DREBBEINEREI R,

1. AR SZAFHEEBC L 238 (197044 A 21, 28 H, 5 A3 H) ko,
S 7o Mfa O FAEM B B X ORI AL O Miflae & MR L 12 (Photo 1, 2, 3, 4,
Table 1, Fig. 2), + O#58, future vessel 2 ST ERRAID 2~3 BHOMINLFIEE T H £
Xh, ROEOF EMHELL, BECEBDTHERYBD S Z ERlbh o,

2. future vessel ORI+ D FEOMIIIEE L BELZT, FOFhETOERE
L7-BFI%E L, PRi3BER T L0, BB T2:E20h03 X 5 ML FE
L7z (Photo 5, 6), X B ICIEADEDHREMID S HBE L HEL TAHIcH (Table 2),
EFEFORFHOKMID S &L TLHRFENIBROADD AR - ARRHEET 5 2 LICEHE
BIZBERL T B L ixE2 bRk te, %7z, future vessel NEEAAFIC, T OB~
EHLMAOH 5 = L2A@DH LRIz (Photo 7), ZhidZ O L 7o Mk ORI AIRES
ERTDEELZBNS DS M- Photo 8) OFFEL & LRSEILICHRES ik
b\, #, future vessel DILRDHD AR~ RREOBRIIBED L O Tidix
, BxDERDOHAHLI-bDTHAH LI R,
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4.
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2 RIEX L future vessel, O FE O MM, future vessel & MEIFRDO ML D EIC 18
¥ » 7 (Photo 9),

KAt future vessel, = o FE DM DINECIE % - -4 (Photo 10), O a0
BRIFFCHEMER X 5RO TEROVTRERL b » T2,

end wall ity v XRICEL e a2 RH B Z LI TE s - 7o (Photo 11), *
REHCEIBEFRLTW 2L 3EZ bR o, LrLinb, end wall Ric/MLEEM
Zo 5 his (Photo 12), = D/NLOEBRIZ DU TR S s h - T,
UL, BEDERZIAYF Y ORBARKO ST OWTOLDIBELDOT, GHIX

EROERERA— BN ETORERACEBILTELNE 5P BETHILEND S,
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Summary

In general, vessel is one of the characteristics of the wood (xylem) in the angio-
sperms. Thus, many investigators have studied the vessel morphologically. However,
it is not concluded that the developmental process of the vessel from production to
maturation has been understood completely. Therefore, the developmental process was
observed and discussed in this study.

The xylem of Hari-giri, Kalopanax pictus, used is characterized by the single
tangential layer of the very large vessels in the earlywood, so that the future vessel
(differentiating cell destined as a vessel in earlywood) is expected to represent the
developmental process of the vessel adequately.

The samples of the cambial zone with the adjacent wood (xylem) and bark (phloem)
were collected from apparently healthy Hari-giri stems grown at Tomakomai College
Experiment Forest, Hokkaido in late April to late October in 1969 and in late April
to late June at short intervals in 1970. The samples removed were fixed immediately
in FAA and embedded in celloidin. Sectioning was done chiefly in transverse plans
on a sliding microtome and the sections were mounted on slides for microscopy after
Safranine-Fast Green double staining or only Safranine staining.

In these sections, the cell division, the enlargement, the secondary wall formation,
the lignification and the perforation of the future vessel and the other adjacent cells
(destined as a parenchyma cell or tracheid) were observed and discussed. The results
of this investigation consists of the two parts: first, the seasonal development of the
future vessel in 1969, second, the each stage of the differentiation in detail obtained
in 1970.

The seasonal developmental results obtained as follows (Fig. 1):

1. At Tomakomai, cambial activity appeared to initiate in late April in 1969.

2. The future vessels enlarged rapidly to reach their maximum tangential diameter
(mature size) in late May prior to their full radial diameter in early June.

3. The secondary wall formation (representing the birefringence between cross
nicol prisms) of the future vessel began in late May (IS in Fig. 1).

4. The lignification of the wall (stained in red with Safranine) of the future vessel
began in late May (IL in Fig. 1). But the initiation of the lignification was appeared
to delay more or less than the secondary wall formation.

5. It is worthy to note that the future vessel matured (completion of the perfora-
tion) morphologically almost simultaneously with the break of the buds of the specimen
tree in middle June (M and BB in Fig. 1).

As mentioned above, most of these results observed agree with the informations
reported by other investigators. However, some of the phenomena at the each stage
during the differentiating process does not appear to be explained completely by the
information already reported.

Thus, the each developmental stage was studied further more in detail in 1970.
The results obtained are as follows:

1. The cambial cells began to divide in late April in 1970. The newly formed
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tangential wall was so thin that could be distinguished easily from the original (not
newly formed) one (Photos 1 and 2). Sections from the material collected in April 21,
28 and May 3) showed a unique frequency of the divisions in the cambial cells (Table 1,
Fig. 2). In spite of the occurence of the dividing cells or divided cells from third to
phloem counted from the annual ring boundary, the first and second cells had never
been observed to have this thin tangential wall. In addition, the future vessel located
at second or third had never possessed this thin tangential wall. Thus, it appears to
suggest that a few of the cells adjacent to the annual ring boundary containing the
future vessel may overwinter in state of immaturation.” Zasapa'® pointed out also that
the first row of vessels overwintered in red oak.

2. As bove mentioned, the future vessel enlarged radially before thé re-activation
of the cambial cell division or at least simultaneously. And then the future vessel
enlarged to reach its mature tangential diameter prior to full radial diameter. During
the enlargement, the other cells tangentially adjacent to the future vessel were disor-
dered their original orientations (Photo 5). Expansion of the future vessel resulted in
separating and displacing the surrounding cells. It may suggest that these cells are
movable in this stage of the differentiation (Photo 6). '

Generally, it is recognized that the frequency of the cell divisions between the
radial rows corresponding to the future vessel and the others in the cambial cells differ.
However, in Hari-giri, difference of the frequency in both groups of row was not
obtained (Table 2). Thus, it is appeared to suggest that the frequency of the cell
divisions do not relate with the enlargement of the future vessel directly. ’

In addition, cells were observed to project into the lumen of the future vessel.
Most of these cells tended to project on the ring boundary side of the lumen (Photo 7).
Some of them were crushed to lose the appearance as a cell (Photo 8). Hereafter
authors would study to confirm these cells again.

It is suggested that the future vessel enlarges rapidly and the space in order to
enlarge is provided by the movable state of the surrounding cells, the radial enlarge-
ment of the tangentially adjacent cells and the others (for example, projected cell);
thus it appears that the future vessel obtains the space to enlarge by the co-operation
of these different factors.

3. The future vessel began to form the secondary wall on the inner side of the
primary wall (right in Photo 9) and then a few of the surrounding cells initiated (left
in Photo 9). Finally, the other cells (unrelated to the future vessel) represented the
birefringence in order from annual ring boundary (middle in Photo 9).

4. The future vessel began to lignify after the initiation of the secondary wall
formation. And then the lignification of the other cells progressed in such order as the
secondary wall formation (Photo 10).

5. During the lignification of the future vessel, it is appeared that the perforation
of the end wall began. Hewever, it could be observed that the end wall swelled in
lenslike and was located on by the nucleus (Photo 11). In Hari-giri, many small poers
were observed on the end wall frequently (Photo 12). It is obscure how these small
pores function during the formation of the perforation. ’



BAROKREHRZETIHE (S FH) 71

The developmental process, seasonal and each differentiating stage, of the future
vessel in Hari-giri has been described considerably in detail. However, the results
obtained are limited in the part at the breast height of the stem of Hari-giri at
Tomakomai. The authors think to be required to investigate more about; e. g., all
parts of the stem, different speiecs and growing sites etc..

Explanation of photographs (1-12)

All 'sections are stained with Safranine and Fast Green with exception of
Photo 11 (stained with Safranine alone). Abbreviations used: F future vessel,
cz cambial zone, dp differentiating phloem cell, rd ring boundary, st sieve tube,
ew end wall, LF lignified future vessel.

Photo 1. Transverse section near the cambial zone, immediately after the cell division,
showing the thin tangential wall (arrows). Cells between the cambial
zone and the annual ring boundary are relatively wider in radial diameter
than cambial cells. April 21, 1970 collection. X600.

Photo 2. Transverse section near the cambial zone 7 days after Photo 1. The thin
tangential walls (arrows) and phragmoplast (large arrow) are seen in the
cambial cells divided. April 28, 1970 collection. X 600.

Photo 3. Transverse section near the cambial zone just before the cell division. The
developmental vacuoles in the cambial cells are seen, but no divisions.
April 21, 1970 collection, from another tree at the same time as Photo 1.
X 600.

Photo 4. Transverse section near the cambial zone during the dormancy. These
cambial cells represent the typical characteristics of the dormant state;
gel state of the cytoplasm and less developmental vacuoles. Most of the
cambial cells are almost same in radial diameter. October 7, 1969 collec-
tion. X 600.

Photo 5. Transverse section of enlargement of the future vessel. This future vessel
enlarges tangentially and results in disorder of the original orientation of
tangentially adjacent cells. May 8, 1970 collection. X300.

Photo 6. Transverse section of radial expansion of future vessel. Cells between
these two future vessels are separated each other and may be movable.
A large nucleus and nucleolus in it are locat ed in the lumen of the right
future vessel. May 5, 1970 collection. X300.

Photo 7. Transverse section of enlarging future vessel. Into the lumen on the
annual ring boundary side, two cells (large arrow) project having nucleolus
(arrows) respectively. May 5, 1970 collection. X600.

Photo 8. Transverse section of another type of the enlarging future vessel. This
projected cell is crushed and represents no appearance as a cell. May 5,
1970 collection. X 600.

Photo 9.  Transverse section of the future vessel at the stage of the secondary wall
formation. Secondary wall formation begins, so that the wall represents
the remarkable birefringence between cross nicol prisms. In the dark zone
between future vessel and phloem cells (above bright zone), the cambial
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Photo 10.

Photo 11.

Photo 12.
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zone and enlarging cells (before the secondary wall formation) exist. May
18, 1970 collection. Xx150.

Transverse section of lignified future vessel. The walls of the future
vessel and the adjacent few cells initiat to lignify (cells with black wall in
this Photo). June 2, 1970 collection. X150.

Radial section of the future vessel with end wall. The end walls are thin
uniformly (arrows) and not perforated. June 9, 1970 collection. X 150.

Transverse section of a almost matured future vessel showing many small
pores (large arrow) on its end wall. May 23, 1970 collection. X600.
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