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2. B FE

21 & =
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F-BIERI—ITNEERY) 2/ ITHERLL, BBRFBELIC3%RINI LT AT F
(GA)T—EBHLUELE, BE®2 L7, 2> o— N L THBELS5 L TWLWIEERDL> S LR
AR #3IL, AL 3%GA TRE® L7z,
K HIRELE (3 Table 1 1277 F,

Table 1. Dates for wounding and harvesting

Date 3/9 5/23 7/8 8/22 11/1
Sample X - 0O
X — O
X - O
Control @) O O O O

O ; harvesting X ; wounding
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B RBEERNEROREZBEL (Photos 1, 2), AT IR ~GInHETREL 72,
(1) Je¥SEHERE
3% GA BEBOERA #BERZ2SUL5mm AN T oy 272, ZDT7Tay 7K
BRT—BRKEL, TLa—LL ) —XPAZRETTo L 4354 FicERLE, 20
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GA + 0,0, =— L A

Fig. 1. Dissection of samples
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BeE A VT INVICE#RL, JCPD-5 AR SRR B L - (HEREERL 2, BROKRT LR
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BEAYIEN->TELT, ET2HNBE, EAMICRREL T2,
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SH$E (SEM, TEM) TE®EL 72,
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3.2.1 FEFA—2R

31T, BECLDEBOIBEF o 2AERIFRO LN Z 2RI, 22 TREFNEBE
F o —2XORHIZ OV TR D,

HEN72H12 11 BOBKOT > 7)) > VEEICEH#E 2 # - UM 2 3B L, LB F
U—ZEFBELL) L, BEFEIZ 2420872, #30 EROERT> L HEL 72 (B
B3 45 ) DIZH, OMEDF O -3 > BRETEL -7, BH (1952) (270
MEROF o —212 DT, KGHHETHEHTENIC S icEY, EToFo—28hr8L T2
LW 2L Twa, EHELTVDE, Ly LAFECTBREINZBEFov— 2 2EEIc<
SIT4—ICBATEY, Bib (1952) OBEL 20MF o —R ERIRLAEHBE L - Tz,

FO—2DOFRITILIMICRONE LI LR LIRIBIBAANDZIE, Lokl ihngE
2z o, BRENL DL H -7 (Photos4, 6, 7), Bk F v —=z (Photo 6) i, F
O — ZBESREEBER CHEBEME 2 T L KRESEREN TR EEDLNIDT, Fu—2
s¥y F (Photo5) *izRFI&nz,

Fo— 2B 3 WEED L ) (Photo 4) 2%\ 7%, $IBiEE% % TBEEND L DY B - 72 (Photos
6, Noe —REMBEBEbLNZITIY, BELI{BETHATH2 2 RAZTAKEFu—2 RLN

(Photo 7). Z #11% SEM TiE% 4% LIF THE T2 t BEEBIHIEINLNT, Fu—2XTh3
LML 7> (Photo8),

Fo—ZBELEERENOMIC, H5ViEF o—RBEORNMICHEMRRNHE Y7 T =02
SABEB»ALNLEHELH 572 (Photo9). TEM THET 2 L BEEL Fu— 22BN
ISIEWIZZE) L) CHCBYIFEELLY, o Fo—-2BnRAlIcEFEENEHRER,
HILEFEEORC-WE 2 FUHEBRIFEL 72 (Photo 11),

3.2.2 XR#AROTERY

3.1 TRk IRARMMENEICRY 772 i (R 2R EBBN T2, 2
Nz RIRBESE TR L 720%%, Photo 12 TH 2, &\ EMRIRIN 2R THE % NEEIC TR
LTV o REBHED SED - 720 ZOFRWIIENRBREEF DL VEDLDOHLLIIIETLL
WHLNFEFTERLDE, DL ) UWHIKRKBHENEL X5 L) LML T2, FEBZER
RHIRL Twiz, FO—2AOBKEL T2 WEBETLNREICH 2T 4 > 7515 4B
PRLNDBENH 72 (Photo 10),

3.3 BEHKRBOBE X T 5 KIS
BELZT L EHMEPTH > 2 ARBOBECHT ERIEL, EICES luym DWHE T
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JCFFRIERSR, ROCSRIGSE, BIVRSAMSR Y - CRMICBE R L2, - BTFEMSE (SEM,
TEM) 2k 28Z117- 72,

Photo 14 (2 5 AICEE%2 52 T 7 AR 2R DENREEMBER TH %, Photo 20
RBREILS 7THICERULAEEMBTH L, 20 2P HET 5 & B2 o ABREERE V- H R
Thd, THICS AIRKRRLAEESHDL 7 (Photo 13) &L T, kD & »#EI N,

MEELZIT L ZBCAREIFENEREMEL TW20d ) id, 20BECT 2 HE LT
BIZOLH->TnD,

INZHATELDICI I TREELZIILBRATORBLKRN L 5 IZR5L 72,

A BELZIT L EICTRELERL T2 AT
B. " —KEER L T 72 KT
C. " TR 12 & - 72 KER

BLICBERICHESINLARRBEZ D.LRF L2, ZHIZOWTiE 3.4 T3,

22720 2 &) L CERBENBIC I 2 DBATRI L REVTET 505, KISRLA LS
ZRGTEBICBESNCTLEZZ2LDTI AV, HLETL—D0HRTEL T, BEY
YRXFTH 5,

Photo14 (39— I+ V%2 REICTELDT, BEL 5 272884 (Photo 13) ThHH{LEXRE
ENHEIEBL LT -7z, 8 AICIREL 7238 (Photos 15, 16) < 11 Bic#RELL 72508
(Photo 17) 13BE %%} 72 & X OHRE D FEERBRREBARMILONEL ZF L ENIZE -
TWRh, INLERETSLZ & TR L RIEDBRIID Z > Tz &N LBE/EYICX
nizo TNIZBENRNZEZ THET 2 4 LIciREMIbA LW ERbNT,

T, &5bBRRICTIT T, 2OBEICL 3 Bbnss+%I1F2,

3.3.1 ZREBERPOKE (Photos 14~17 ® A 1)

EERAGHE T RENEECRAYDBREIRI - 2B b o2, ZHIZEEL2 ST
EEZRBEEAERL T ABTHEEEL LN,

EEIZ2RIC KBS 72 (Photo19), #DE S FE# % L7 (Photo 20) o 2 %
o, BRI E > T IBIEL 2, ZRENDEBRREELELLT IBEETH - 12,

AREHETORRICEBEYVBL 2o bDhb 7275, B ->72bDLH -7 (Photo2l),
B THRET 5 L BFHEEICRED D 5 RE#D B L 72, Photo 22 123 AE#EEEH 5
B 6BIcRZ207, SBN7 4 7V NVEAXrKEN 7T  CThbEEZLNLLDR Y
BhHolz, FOEANFIIE B HLTHRAMIZ L > 72, BIRFABGE CHET 2 & ARBIHEEE -
FRIRBDND R BB > ZHRICBNBHE L H - 72 (Photo 21),

BEOREIZ TKREOHRITM L NHBERIZL 2 E2 LN 50, 2OBBOHEIR
BRTHDL, L LBELZILLECS, 2HRL T 2nh, T0EL S, Ss2 MR L Tw
ORI TENTZEDEANDERDIBIBTE 2004 Lk,
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3.3.2 —kEBEMBOAKI (Photos 14~17 » B i)

BELS-BETRELERZ L TR AREENSPCESOEMCRELES
Lize D& ) H—REURNDBREICE DL > T REBEOERICLREY D - 72, T12AKK
WHPETIC LR TOMBYSEE b2 RITICEMRIC L > 2B VAL, Zoftf
ETIREENLKERY»EL, MEOLODSEF N, BMETH > T LBRMBOEEFIIL
DEZEDL DBz, RENVBEDOENLDFED -T2,

COBEBUTIZFEEICKRE THRMBO L O 28 L LidBins: (Photo 15 * EI),
TEM TBET 5 &, ZHEREBbIEITOKICIZE B L MBNEYL R S b (Photo
23), THUZ—DODMBETH 5 2 & 20 - 72o ZOMRENEE I RIESEMSE TIREBITEIIRE
¥, —KRETHDLEHMEINS, TbbIOMBEED L ) LESIZ—KELZ TS L% 54
BMThotre 2N ) L—REL LT MM, RKEVLOTIIEMETROERE S - 72,
THIAREEIC L 53 TOMKY, BEORBICL > ToRBEXZIEHDTLES72LNT
HH9,

2 ZOHETCREEZATICEREMRMBOMB T 28 @ Loz, £FNHICIRIE
I FT7rARN—EBbdb DL H oz, TDOT EITERAREME L & BN EMHAATERL
MBNBER TCHEENHBLZIT2 &, HMbobRAEEMBICENFRANEERIE I[85
5ZEERLTWS,

3.3.3 A% (Photos 14~17 o C %)

BENRBMEZIT L EREBHEICH > B TIIEL ( HMUICREIRI -7z, KR
REFICL BNEMIBIIIT EA X TTHAMEMIBIC L > Tz, 26 DERMIBIITERE
HEDNIFINENNETT AT P ANERERL T, 2L, MldrHBERETHEIER
RE N ABEEIREI L U2 2DTHLERbNS, o2 bNEHEERMILIZEL R
F7Y FIEL TR b h %o 12,

#EEMEMEDIINEHIEET, & ISHROAFWHTEFICR L1712, TEM TRET
LEHLAPITIOTIAMRICT Y7 RHEZ LTz (Photo 24), ZHUIZFEHIC L -
TENEFRLN: 3.52R), SHIGO I LU, BERIIRL LPHHENIHNT T 22 h
W B DZANX—DRBETH ), B2 ITHMEDEDOWE D ERICIZRKICHHHED
nad, r3NTW3, SEFMERPICENLZEBOT > 7RI, T4 ) ICBEROHHEK
BHAZANKE =L L THERAIRTYRLDTH A,

B (1952) ik hid, 7F TIIBGRMBICIIRREL S 5 A mEERF IS EEL
v, BIRINETHFRESNOBEN—DIET TS, LALIZTE#E&LITEAEE
MBLH %3 b - 72 (Photo 25), #E&IZ—D>0MAREMBFNZ L 7> FIRRNLBEI EH
o1z, EHEHEMPICD LiIZLIRRERVBNIZY, ZHud—2onFoBEEMmICIEA T
BN Z %k -7z (Photo26), RMHPNKERIZL 2 VEEAN L7 LD RBANS T LTH
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3 LEbNAY, SEIIMBORIEIX L kb » 72,

ZOERBMIR s FMRL L 2285 I MY % C BNz, ZoMIBREIE, Tk
DHARBULZOICERFEEL TORMBIBENS, whiglEIct->THELZLDE#E
bbb, ZHL ) LHRMBEPICIIEIRRINA 7 T E (PR E /SRS S
B L 72 (Photo 14 KEN) . ZUIZHIRBRIBEA R E Wbz ARG IZIEE T 512 TY
T hNE RIS bDEEZ LB, Photo 27 i3 2 /i % TEM THREL 2L 0T
b5,

BSARMIBIIR2ZICREDVEMBOENTAC) E LRItk 72, REETRZ & &,
ZNDEHIETAC) EL2BHERMIIZZ T 7> FIEL 28 5 MM & BRE sl T
(Photo 28) . B RMIBEIIERE L LNL ) LEh 12, TU 7R EFDMONERL R
Lilz,

3.4 EEBCHFEINLABOKM (Photos 14~17 0 D 1)

OB NBEELEL, BERKMHE L Vo 2 REZORRFKREICEN T2 &
Tholz, BADEN B EEBRT EE2N0BROMEBICLERVRL N,

Photo 29 DA B ER OB T ERIC & > THELZICHE L 2R TH 5, HERAMHE
PRBBICE T, A>Tz, TNSDMBICIZELCEWEEILNDLNDLH
272, BANVEERRENEFICHNL 2L, BEEFHEOEREOHS LBEIC K~ THEE
CHBETH -7z, BERDENICOWTSRBRFICHEIEEZ RWZT 2 i3k h o2, 2D
I REBNEAMSENS Z LI, BECL > TYMENTBRRLBET S5 2 TEHENR
WRIETHEEEZ LS,

EERNERIFCEE CHL» 2, BEERENE TEOIIVLON 2 ~BEESL T
WBRBEN S o7z, EHIC, SEM THET 5 L (Photos 30, 31) IF¥7% 7+ nEBEMHAEEE
DB TRER T LIINFIR 2 2T, T LNDBEETIIRE ZREBERDEEILHSESE S
HBRL 2, BT FOBEFIIEEM TRIEMBICE W THEAILY T, BEMTIREM
BTH-> TORBREAIY BN, TEE L R4 AIRD RS N7 (Photo 31 KED), B
BRDEEILREEREAILE L OEEERIZ, REREMNICRS L EHO LR THL ESbN
Twb, BENRHMIC L > CEFERFFHHLTBICER) L2 E2 502,

3.5 BWESAEHOBCIZ L B RICOBL

ERBHEOFEEBIINENBLICHEL, 2 ARPHEMKOPICERE L TRBL T
5o FRFAERBMBOEAR IKERE, 2L TAOEELBHICL > TAREL(EDL-T
BY, BBRELEO LR ORBMBOIEDL Z/iIc L > TEL (BT 2. BEY 528
HTOMMEFDORBORENE:, 2L TAMLRBL 28082222, BEL-
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Summary

We discussed the response of Buna (Fagus crenata BLUME) trees following wounding with
histological and cytological points of view in this paper. Wound tissues induced by driving a nail
into the wood were examined by optical microscopies with polarized, transmitted and ultraviolet
(UV) light and by both scanning and transmission electoron microscopies.

The discolored area from the point the nail was driven into spread more along the longitudi-
nal direction than the transverse.

The tissues of the area where the nail entered were crushed and dead, and the hole by the nail
came to be covered with callus. The xylem adjacent to the nailed area changed remarkably. It
contained more ray parenchyma cells and less vessels than those in normal xylem.

Though common tyloses in the heartwood of Buna are reported to have thin wall and to
arrange in a ladder-like series, we observed some different kinds of traumatic tyloses in the
xylem which was mature at the time of wounding, that is, sclerotic tyloses, globe-shaped tyloses
with thick secondary walls, and thin-walled tyloses arranged in a ladder-like series. UV-
absorptive substances often filled in the fiber lumens, and they also were deposited on the inner
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surface of fibers, vessels and traumatic tyloses. These modifications are quite similar to the
“artifical heartwood formation” induced by boring stems, and they would be effective against
pathogens or dryness.

Cambial zone received stimulation from wounding differentiated parencymatous cells abund-
ant in amyloplast. Cambial cells retained their radial file, indicating that they ceased increment-
ally increasing in their length. It is generally accepted that parenchyma cells are more primitive
in their differentiation than vessels and fiber cells, because they keep an ability to redifferentiate
into various kinds of wood components. The results obtained in this study show that the
stimulation from wounding induces cambial cells to differntiate into primitive cells or retards
their differentiation. Wound response may be likened to “dedifferentiation”.

Vessels which had formed their primary walls at the time of wounding were found to be small
in diameter or to have had ceased their secondary wall formation, vessels which had formed their
secondary walls at the time of wounding were found to have unusually thickened walls and fibers
having abnormal cell wall layers. These results suggest that the stimulation from wounding
induces the differentiating cells to form abnormal cell walls.

The axial elements, vessels and fibers newly formed after wounding were extremely dis-
oriented. This phenomenon may be nessesary in reconstructing the conducting system injured by
nailing. Vessels having scalariform perforation plates and/or scalariform pittings were ob-
served frequently. Dicotyledons having scalariform pitting and/or scalariform perforation
plates are thought of as the primitive one in terms of evolutionary development. Therefore, the
stimulation from wounding can be said to lead to the formation of “primitive vessels”.

Explanation of photos.

Photo 1. Tangential veiw of a sample block. Arrow shows the nailed point.

Photo 2. A radial sprit section through the wound.

Photo 3. A 20-gm-thick radial section of wound tissue. Note the callus-like cells which
is forming over the wound.

Photo 4. Radial section of traumatic tyloses arranged in a ladder-like series.

Photo 5. Scanning electron microscope view of tyloses buds.

Photo 6. Radial section of globe-shaped tylosis with thick wall.

Photo 7. Scanning electron microscope view of sclerotic tyloses.

Photo 8. An enlarged photo of the sclerotic tyloses. Note double wall (arrow).

Photo 9. Cross section. Note substances deposited between vessel and tyloses and adhered

to the inner surface of tyloses walls.

Photo 10. Cross section. Note substances layered on the inner surface of vessel wall(*).

Photo 11. Transmission electron microscope view. Note a thin layer (arrow) between the
vessel wall and the tylosis wall.

Photo 12. UV microscope view of a cross section. Note gums and other deosits in wood
fibers.

Photo 13. Cross section of normal xylem harbested in May 1989.

Photo 14~19. UV microscope view of a cross section. Area A shows the secondary wall
forming zone when xylem wounded. Area B shows the primary wall forming
zone when xylem wounded. Area C shows the cambial zone when xylem
wounded. Area D shows the xylem formed newly after wounding.
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Xylem wounded in May 1989 and harvested in July 1989, There are some
granules in intercellular space (arrow).

Photo 15, 16, -Xylem wounded in July 1989 and harvested in August 1989. There is a cell

Photo 17.
Photo 18.
Photo 19.
Photo 20.
Photo 21.
Photo 22.
Photo 23.
Photo 24.
Photo 25.
Photo 26.
Photo 27.
Photo 28.
Photo 29.
Photo 30.

Photo 31.

without secondary wall (*).

Xylem wounded in August 1989 and harvested in November 1989.

Normal xylem harvested in July 1989.

UV microscope view of cross section of abnormal vessel. Note thickened cell
wall.

UV microscope view of cross section of normal vessel.

UV microscope view of cross section. Note uneven UV absorption in fiber wall.
Polarized light microscope view of cross section. There are many abnormal
wood fibers of which walls are not in three layers.

Transmission electron microscope view of the vessel without secondary wall
formation. Note a thin wall (primary wall) and cytoplasm.

Transmission electron microscope view of an axial parenchyma cell increased
abnormally.

Scanning electron microscope view of radial section. Note crystals in axial
parenchyma cells.

Radial section of ray. Note crystals appeared in line.

Transmission microscope view of granules appeared in intercellular space.
Radial section. Axial parenchyma cells are devided into strands, and ray
parenchyma cells are short in radial direction.

Radial section. Note disorientation of axial elements formed newly after
wounding (right).

Scanning electron microscope view of vessels formed after wounding. Arrows
show scalariform intervessels pits and a bar of scalariform perforation.
Scanning electron microscope view of vessel formed after wounding. Arrows
shows abnormal perforation plates.
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