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A SEM Observation of the Layered Structure of the
Secondary Wall in Vessels
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H 18RI 30E62 MM EL, TOMBILHTH Y, HEBOKEE D LI BB
BEYTRTOLIREL RESTWS, LML, ThBRZKRERABO—HTH D00, %
BVEBIED D TH DO LOVWTOBERARD L, CRAREL ZRERANBL O
$7m7 4 7YV ABRAOBBRICOWTE, HEMTBEANRLETH B,

X, COBOWETIE, $7e7 4 7YV NEAOCHANERL LD LD, V7R
BE IR BC X 5B TERBENESNAEEL IR TE LR, bRAREDOETHAIED
TECER, POMERMEEEF LB L Th b REVEARBETL LI, Thicflb
BHEE LT, REEFERE CEM © L s BENEH TS LELLhS,

DEoghnd, AMRTIE, SEROETEREOMP~NOERNMRELEL L2 AN
& L, OHTAND HIZ X » THENEORARELXETHZ EXHALAR IR TV 5E6E (7
XFF v, w47 FBIVTHE, WTFROEIM) 2RgE 1L, SEM 2L LTHY, b
BAREORBCEE LMD, “REBBEDCHEHLTEI L LD THS,

ek, ARLIBERFEMBERIO-LTH D, SHEO—FL, H31EKRH
FERBEBCTNHTRES LD TH D,

2. HHORHEIBEAE

AT 1L, 7 XFF v (Sorbus alnifolia C. Kocn), +# / ¥ (Magnolia obovata
THUNBERG) 36 LOV7 + & (Ostrya japonica SARG.) RBEER G & Uiz, TCEILM TS
2, EROEHIZ, LRAREOHMEIZZ =R Ricbhz &, BEEFERENLENE L, &
BRNEBBZLRBIE-ETHH L, HRARDAFHARS ThH- I R KD,

BERAIE, W LA ERFEFRME, EAABCEITERERE 139 M EF TS, &
BETEENRBRLLOTH Y, ThbOREBERIL15~20cm, #EIX5~15m Ths, #Kt
FBUL, SOEBIVVBLED 6 AL 7 BBEFbhi,

BB OIS 1B U, MR BSEN G, K - TWRB - bR s L C
ST my 7RY DL, LB 0.8 T VKRR E REERC X hRRE LBk
F A7 AKBRCBE L,

0%, SEMEEAORC, 7t vic X BBA, BRAEE A2 IV VLS
BENBORE GLHEHHE), B&0 Y+ FvA v 7, &0 ion sputter coating IElx L 52— 7
v PRI T, BEYIE 3 X O OB, BEEOHEDY i LCibhi,

ETEMFER S, ISM-2, JSM-F15 (ER #4138 SEM) s L O JEM-6AS w1,

3. ¥ ®

WEEOBEBRE b T-» Tk, EROBEOBEBOATREENBOREECLY, 1 7r 7y
FTIABRAOEMEYMD - ENRERBER D D, HREEDO I 707 4 7)Y AERALBE
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THBERB B LMD, ARRTE, “KEMREOMEEHLOTHENRTET, 7
v7 4 7V NOEAYERE LURREFRAET AL L L, ok, BENREHLFD
MRRDBENB B ICEMMOLEEL L1,

BE, Sfbhofilad g s LZREOHBEAOEIE, * i Migc it 5B
DECHMBIVCYRC X 5BELXARFTHNRTIC LRI VEDHh, BROCEREE
WL LT,

MRBEO X ABBREMTHB I 707 4 TV ALOWTUL, ZOBE IR IZCOW
TERIEDY, ThALRVERREEIR TRV, BERERC YW TOBEEZELBN
SHNC SEM i X 2BEF % Photo 1 KBTRT %, FHIL, S2HRFDT7 X% 7 v OEE
BRCBTIHAHEFRERD : 707 4 7Y AV EBERKSHE SEM CHRE LI 8 HiEORIKE
HThbB, 17074 7V A0MET 120 A~470A 3 cHEABDHORBH, WIS0AEDOL D
NAKFAEEDTND, 7074 7IAHEOHERBIZ60A~TO0A TH B, Fl, $7m
747V AEPLESB00ALUEORETHE L HCBERh, FOBIEOHBRINT
BIF—ETH B, Photol @BWTIL, $7r 74 7)Y ADEAIEDTHE TS D, S5O
SEM B0ty FR S5, |

RE, 7TA¥FYOEE RECOVCTOBELERELRRS, RBETEROABREEY
773 Photo 2 THLM X 5, HLRARE, Z-helix D1l~4pm BOLOBLIUFhiD
IBREET S S ¥ 72t flat-helix (flat-helix & DEFE DT, MlaRdicst LTH 90° T
B EDABOBRTHGVE) ONMEDLOBEET S, LirL, BE#HBO I Mlc R
RICERBERMTEOEE TL, DRABREOHENRLRCRD 12D, ThbofilscovTit
BEngrbRA LK,

SREED KIS IS EERCH B, SREOMELT X% VMADKEEET S, S1
12.S-helix 940° D 3 7w 7 4 FTY A BIsA T 2 FHETHEL, MEMLTE D IWRE
FRANEIRRER T2 7 4 SRE0ERERTHZ LI VEBRIRD, T, SI1HABEL
7289 % R Lz Photo 3 8 XU S1 DM TD S-helix (Photo 4 F) & flat-helix (Photo
4b) OXEBEOFLETLIWALH TS 5,

S2 BT HEHIY, TOBHRPHUBRCORABEDOHERAEBIhSETHD, S2W
ROWIE, $7v 74 79 AR Z-helix, #40° & —FC (Photo 5), F 2 SELY
723 (Photo 6) Dk LT, PIIIBILAZIZ XL LTHRABEDOHHE I MK X (Photo
7, BHCIZRELThBET TS, LrL, ZOETHEILHER Z-helix THYH, S2D 7 n
747V ABEREFH LTV,

S313, SEiudflathelix ®3I 7 v 7 4 7Y AhBLE DA, Photo 8 RT X Hic, BEFL
DILWEFHRCH—HER T2 Tiliev, £Z TR, FEETOZED Z-helix Db R#A
REMc AR, AROACHBR L W32 L3 BHLNTH S,



194 EFEAFREBRBARFTRRE F41% F15

S3 DHERLI#IIL, Photo 9 KiRT X5k, S3 kDA, S3Li7z7mv, 7YV ARMA
BE—PELIZSPEREZRICTS S ¥t flat-helix OB R ABERER IS, Lichis
T, Z-helix DHRABEE, S ¥t flat-helix DER &3, FOMRBHIRL->TW5,

DEOZREMUREBOBRE,LLIR, “HBELEBTEBOFENREINSGN, ThbHiX
BRI X HABRCHBE S I, Photo 10 R W TIREBERVEL,TH D, BEEOLRE
13.S1, S2, S3DJHKR, #1:2:01 TH5H, Photo 11 RBWTULSLI BITHLRARE (Z-
helix) # &1 S2OAO BB TH Y S3IHFELIIRL,

LRABERERTS I 707 4 7Y VR, Z-S-helix bbb T—BIOCLEA
IBEDETHE E—FKT 5H (Photo 12 & 13), Photo 14 2R3 X 51 Z-helix © b AJBE
ES3D:7r7 4 7Y AMEANREBERTSIHEMLCKNTUL, LRAERERRETASI 7R
74 TINO—BREDETHEEERTHHEHD 5,

LRAIBEEL S3, WED I 7 r7 4 7Y VML Photo 13 R T X S &—FIs X O~
BRONSOAP BB I i,

REH*/ FORBR/EREY DD, RBETERONBEERR TR« CMBIFEL, £
NONRLBARELELER LD T 5 (Photo 15), “REI=ZBHERTH D, S1, S2BLV
S3mEREERIL, MBr#Hl1:2:1TH%5 (Photo16), Slixflat-helix DI 27ez 4 7y
DRI EBLEIZDOLNT, S213Z-helixW40° D 32707 4 7IABBRD, 4/ F
T S3DHBBARF IUBBECEEN S B, S3ixflat-helixDiz7r 74 TV ANLLES
2, TOREBRIPMBEATH—LTbhsabld Tk, BDTHRHTHS, Thbb, S30
3178747903, ETH: 7 e vEEOBOHRCHEE L (Photo 17), ThbHhHBEA
PHOLBETSID I 7r7 4 7V VOREBROFIRCIRERERD $ 777 4 7)) L5
BT 5 (Photo18) D LRI NS, Lo T, S3CRHRCMBUFET R LD,
S3HBAEN VEATBRBCE N THMEHSID I 77 4 7Y AR ERLAEWAD
Zdbhicst (Photo 19), BBEBEERICKT HHRD S3 0AMMC KT 28R CIHEET
XDHHDODSIHRRETHZ LidinnZ LR S (Photo 20), BEERETOERNED -
TH SSRERHFETHLIDOLHEES RS,

R, 7 FOREBRREBRD, THACRVTUL, —HREOCBEAO LRI MW
S-helix D bR ARENFELET 55 (Photo 21), LOETHEANME D RELBELTHHEED
BB, —REDEERIE OBEZETH 50 (Photo 22), 4~5 8 (b L ixZhlihl) ©
#l (Photo 23) BRI hiz, LhL, RARKLLIEC=RE, T/ihbb S, S2H IV S31IXH
CEEL, ThLoBERERIECH1:3:1TH5 (FhicS3RHETHIBELH5),
FBEBRTS I 787 4 7Y AOERENL, S1 T 70°~90° @ S-helix, S2 T# 45° ® Z-helix,
¥ 72 S3 T3 60°~80° »S-helix (Photo 24) TH 5, 7H Xkt BHER EOBE, S3 1
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CEADEANPDLED I 77 4 7IAHKREL, HLOBFPLHEERLDBILTHD, ¥
7o, MEOHEI, BEERMOALLTETERNCKSVWTLREBHENRD 5, vk 2 &
Photo 25 Ti¥, BEHAE Tl Z-helix, T S-helix, IbRPhRBCRMEZFIEFTO I 7w
7 4 7V MR TH b, Photo 26 TiL, FHFRENOHEHKETH I 7r 7 4 7Y ADRTH
B - THBRRETLCW%, ZoBOBDTEMER I 774 7V ARALLRLIBOFF
Y, EROBRQHMEC SV THHRAIh, ThOLRARELOBBEAREIRS,

4 = =®

WX, 17v7,; FVAREOBARCIIV 7Y AERNEEEIRTELY, AFRTIEE
ELTSEM 2 AWV e B EO#E L K E L Bt T 5B, SEMBE T2, KEEOBEN
ARSI L D, BEUROBRYRMCEET S ERTELS, SHARE TR, BR
BEDI7r 74 7V ADOEBKSEMEZAYERL (Photol), ZOBOW S FHRBTS
SEM FHOMEERS R LEE, THbbSEM IR, 7874 7IARZOREOAR
O THEMBECE CRECTRLZBIBEI 1230 sB2 005, MREFFCETUL
TR, 3 b2 FY 7 Mitochondria) ® 7 ¥ A5 (Cristae) %, #/EF® (Microtubules)
R oW TOWR SEMEZERBRRINTE Y, BERB VT, SEM AEE NI VT
¥EWFESE TEM ObREETH5 L OBSIIRINO0oH5H, AWETER LI 2
w7 4 TIAVDERELEOHMALA S,

AP HEERBTHH L EBIVEELBC LIS 7r 7 4 7YV ADOKRVEOHE ~ DRIE
XH5 DD, Photo 1 KBTI, LOBRBRKOWTLEHETOESRAEFTETES, 17v7
4 7V A DRBROVTRE 2 DEIEEIRTVBD, AFECHEEShALBOREMEIZH
120A TH Y, BLARHCE S ODMEILR 150 A HFcEd LT\, ®4T0AEO LD
PRDLENDEN, ThOoR3REDI 27074 7V LOEMSLE - TE b, ¥ SEM Hik\
TRRESEOBEENURESARBEI LD, Y707 4 7V AOEIRI50A X vizpir
DINEL, BB 017w 7 4 7V ANRBER—DEBERLOZ LNRHEIRS, ¥ize
74 7Y AOMEE, FORIFHEHENTEAL LD 5000 A BEOHECIE—ETHB L
CHEIhLY, ZOWMEVSFOEMELZLEDTC, ThbEonTRSEORFARILETH
55, ZOBEOMMIcEEY O SEM BB, EBERAEOHERANDARLE LKLY, F0
BfaE mELooH b, 7874 7)) AOBMAMEBCOWT S XSLEMTmE 282
TERREBENLSROLBbhS,

ARRETE, ZROLEMCBI2EE _REOBER R JOBEXH LM LI, £
DELBREE, DRABREOMREEERSEFOEE L IVORXAREORBOMBETD
5, ¥2°C, ¥TAPEOHEEERNLOBR L KBOBERYRCRL, 208FhD
DHERCDONTERELTNL,
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7 A%+ Tk, Fig leRTIok, BEEEHCHVCTHERK ICFBORERHF
EL, B0 7vev 4 7Y ARANE, Sl: S~Z ~AOEET3 7 £ 7, S2: Z-helix (¥ 409,
S3: S~flat-helix (70°~90°) T b, BEEOHKIINELCH 1:2:01 TH o, TDHLRARE
LEBLDI7r7 4 7Y ARROBERIL, S2E¥XS30LhEFA—030, Thbijl
BOBEEM DD DODO=/EIED B Atz (Photo 1~14),

dd/ # TR Fig. 2RTI5C, ZBERTEDAASI—HOoFRILIBEHTH-
. 2 7w7 4 7Y ADEFANL, S1: flat-helix, S2: Z-helix (#7 40°), S3: flat-helix TH D,
BEED R IMEL, #1:2:1Cho7 (Photo 15~20), +# / ik} 5 S3o—~HORE
123 Cic OHTAND B X VMEIN TV 5BD, AFETIESINTLERETH I kL
AERL, T b ThTiEd-Th SSHERTEET L O LEEIRL,

321
B—1 7 X%rvolE KEREEY B—2 #+/ 0BT _REOBELEY
ATEAR TTEARR
Fig. 1. A schematic drawing of vessel Fig. 2. A schematic drawing of vessel
secondary wall layered structure secondary wall layered structure
of Azukinashi. of Hénoki.
1=81, 2=S2, 3=83. 1=S1, 2=S52, 3=S3.

79 X Cik Fig. 3w RiT X ok, ZBUEOEE D B, 1D oS EEEEM
CEBTAZERLBERCEE LT W, 7r7 4 7Y AOEMIL, S: flat-helix, S2: Z-
helix (# 45°), S3: S~flat-helix (70°~90°) TH v, BEEHRIIECH1:3:1 THo7, S3
IOAEEHERTS 7r 7 4 7)) A ORI, BEEERMOARLTHEEERNLCE VT
EERAEL, LRABED I 7r7 4 7Y ARAR, S3OThE—BBIVUOA—KOZE
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BB BRIz (Photo 21~26),

DEofERrs\ T, S8EE bic, S1h,6S3
~NEEEZ s 7 r 7 4 7Y BB, 3F flat (S)-Z-flat (S)
NEFENTHRTHBTHY, 20— VIREES
X O MEYLAN 5™ i@ X h &G I h T w5 i EoEE
TREOIEINE-BLTWS, ¥, BEOHEZ, 7
A¥F oD SINFETHY, 7HLDSILER/ET
DHEVRHHHOD, TTEREY EhTW3750%
heiE—H1L T3, ThbbRET L RiD AL,
BECBVTESI RIS DE LY & DY
BTH B, |

RA I FBIVTHLRDOWTIE, ZREN=ZEBT
BB EDORLOHED HBH, APETLEFILZ
BThrz LRSI, LL, TAFFv&daE
DTAFRTHEL LEZMEOBE KB, KEE g 3 o, oun—keomms
D X5 RBREZBBEY I Thd Ty, T R T ERAR
%, ® (Fig. 1~3) ©RVTit+ T S3 (7 A+ o Dg 3 iiffﬁ;zx“iﬁ
1S2% L8 LEBELLBEO—HOBRRE (3 7=- 7 layered structure of As-

' ada. ‘

4 79 AONIMERIC L Z) RHRML, BIVTHET | oo oh 353 AL=Addi
RobhicS3 oM miyisE (R Tik AL TERL  tional layer.
7o) OFENMBEL LS,

22T, ETEAPRCBHEIRLLBABEBELCONTEETS, TAWAD OERTI,
LRABE L, MERENEEOLED LV —HBFETI0RAROERTHS L
Thtwad, FhicLiendebil, td 2 Fig. 2 @R Lics4, 0S8, S2EkobH
BARBL AT L LT, BBRSRRE-TL B, Lirl, TOREO—MILEFER
HCEFEHITH 00, TRICOBEBERCHFEEL, £Di17rn7 4 7V AVERIEER
EETREALEH LW 0D, FRLELRAUBELFIRDXELO TRV DL
Zzxbh5, Tibh LRARELIZERLENECKTSEETIRL, BHLOKWER
(unpitted region) KT HEBEDOERDEY L AKTRETHAH Y, £LT, LOREIL, *
DHREHB I 7074 7V LORARZERE LTHRIhDRELOTHHEELDR
B, fekziE, 7XF¥F oD Zhelix DLRABER, S2HRBRBCERIAL>XD 7
w74 ZVARMES2DOERE—FTHNLD, S20—MoOEREALIhD, ZDXK
LTAHETHEI R ELRARBEORBEZSE TS0, Thbid Tablel © X SRt
TENRTED,

3=

A37 7
1
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-1 LRrARBREBEORE
Table 1. Relationship between spiral thickenings and wall layers

Modification Species Helix of thickenings

Ridges of parts of S2 Azukinashi Z-helix

Ridges of parts of S3 Azukinashi S (flat)-helix
Asada S (flat)-helix

Sculpturings by thinning of parts of S3 Hénoki S (flat)-helix

Distinct microfibrillar aggregates on S 3 Azukinashi S (fat)}-helix
Asada S (flat)-helix

Ridges of parts of layers on S3 Asada S (fat)-helix

L7 5T, Fig. 3 0BEERRORECELTC7HFDS3 LoBrAmEE LTHoT2
DHFAFEOBRMPC LD, TDI7v 7 4 7YV MEARECAETH V2L OFEAKL —E
TR (FEELLY) Lt oo $5) 2 &b, S4 2S5 LI RELDO TR,

HEDBAN»L, BEBRORTCEHE L2 X0—BnEBLE B LTVWTD
ZOHEERLIV I 7r 7 4 7Y AEARRE—-ECTETERAB ICEHTEH LV oD
#STRL, ThONTRETH530% AL CRL, hoBENARELBE EFEXEART O
PLERYORTRTROE, ZHEOBE KREOBHEIE Table2 D X 5eERIh 5,

¥2 FE_KREBEOoOWHESE

Table 2. Layered structure of secondary walls of vessel elements

Species Layered structure

Azukinashi S1+82°, S1+4S2°4+S83, S1+S2°+S3°+ST,

Hoénoki S14+S24+S3°,

Asada S14S2+S53, S14S2+S34ST, S1+S2+S3+AL°+(ST, AL®),

ST; Spiral thickenings are distinctively present on S 3.

AL; Additional layer.

The modified layers are marked °.

T7Ax¥FYDS1IBEETHT A FNORY SILAKEWT I 7 r7 4 7Y AOR HHR—
ETIRRWS, ZORERXTRCOBEERC—ETHY, FORBRIIBTHEN V0O
tEZHhB,

HE_KRBEOBBRRZELTIE, =24 7ORENGREYD XhTED, H»ObLTABE
PEENRELY TR T LRSI SEBRTH O, BEE REOBENEENERELR
TERBERRERING, ¥, UPD B hFRIhi=r/r 5 2 5BELDHBECR
BREOHETHHL L, ZRRTE, bTrSHELHgE Litcbbhrbbd, #
BoREREAPCIZBER TIPS ELDOO=ZESRCHhOBEROBEL LS LB L,
tigote, LichiaoC, BEE KRBV TCIIRA—DBERER TIIh - CHBENR IS
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MRS v st b DRE A RTHEERS b, ThIEERI OB NHER L L v BT
BRSSO ERDRS,

HRARESREBB L TiE, Tablel @RLEX K, ThHE_KERABO—RTD
W figs L O S FIEREST LTHEETBHAY OomMARZEDbh, ThONEERR
REIVHTEST2 L 0HEEID R HERCHTEI R, bRAREOERC OWTOL
MBEIAREBCLVBRE-TWEMEY, HEBLOMRYERCI BT HLISKRTEL
A5, '

THLEAWRTIE, S2O0—FIREBLTVWAHEBLLNALRBARENT X*xFr vk
WCBE XK, Zhelix DLRABE BB WVTLEETHZ ERMOR TN HH,
FOEGHAIEELES20 1707 4, 7YV ARAE KL, TORAEZRBRLTNBZ EAN
EEIhS,

¥, DPBEHROLRAEREOFEEL S OMBETHLhTWEH, 7XFF¥DS L
Z-helix D FRLHAHEBHLETRC LARL IR BEET CLERG TIBEREETL0L
g, SEECEVWTLZ0ROURBALFETHILOLEESIRS, LHLTXFF v
D Z-helix D LR AMBER, FOREBHRS2HRBBCHBILIIhD DD, (70747
D ADHERIL, RO SSHBEMCLMBEIATWEIIRBESIRE, Tibb, HERE
HEENTIE, BILORWERCEVWTHERELRIC TS I 707 4 7Y ARRABER LT
WELDEEL bR, MRZENRES»D S ERITED THRERE, fEkEbE, R, 8h
wRIse7, 7YV AORACRECESELTWA ET
BieHE®, YREHEORLAMWINENR—MEATRE
f._{jrbz, zl)@ &ﬁﬁghéﬁ:&f%éo Microfibrils of S3

LRAREAN BEER wiFb37r74 700
AL, £ OBELOETHAE—BEL TN DD,
B, Photol4 0 X dic, FT R IVERTR 17,
74T IABLIRBBOBRFEEL T, ZOBDOLE
ABEE, S2HRBECE K Il Z-helix D5HRA
IBEE®S3DIZ7r7 4 7Y ARBEY, IHREDOE
wZhelix s 7r7 4 7V AREORETSL X nE
BEERCREIh 50 (Fig 4, BDTHIKREVEL
ThH b,

HESREOMECHLTE, BARC 4 o#n B 22070 fg;ij’; B
DHEEDEESE, B4 0oBWIhDXEMEIEK - TV 74 FUN
%5, BITBHW it 4 SOFEIT X*¥F+ D S1 T, Fig. 4. The cross microfibrils in

the Z-helix spiral thic-
¥1-S21 BT H T A THEOHEY RBE I LHEE kening of Azukinashi.

S3
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BoI7r7 4 79Dy — RO ELABETHEIRIY, BEBEOEBER IOHK
BRAMEDCHBETH Y, SHoLBEcHL RNNEThS,

ARRTE, RROBELZELSSEMEEE LTHY, SHOKERMOBEE _RED
BEEYHLIT L, TREWMEBERD SEM X 58512, FOBEORELT, BdT
FRRECEEROBRL LN THZLETHERD Lk, ARETHRE Lcoizb Tt
DEEZEBEOLTH Y, EEREEEOLFE LMY Lichi) Tikin\ 2, AHEOKEID,
COBDHHRERBITH5EOMACERNMBELRET S L L b, FHEHCIFI/RTEL
RERLEBLLLIDLEELS,

3 B X ®&
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Summary

In the optical studies of the secondary wall organization in vessels, the layered structure
has been classified into three types*"™. Detailes of this structure have a little been published
by electron microscopic studies"® P in recent years, however, knowledge of this is far from
complete in vessels. For instances, the fine detailes of spiral thickenings organization and
the relationship between spiral thicknenings and each secondary wall layers still remain to
be resolved.

In the past, the repica technique and ultrathin sectioning method have been employed in
these investigations, but large areas of the specimen can not be examined by these methods.
The SEM proved to be the major reseach tool in this study, because the spiral thickening
direction has considerable variations. The purpose of this study was, making on observation
of the orientation of microfibrils in each stages of secondary wall formation, to clarify the
layered structure of vessels in three species of hard woods (diffuse porous woods), Azukinashi
(Sorbus alnifolia C. Koch), Hoénoki (Magnolia ovobata THUNBERG) and Asada (Ostrya japonica
SARG.), which have characteristic spiral thickenings respectively in vessels, using SEM (JSM-2
and JSM-F 15).

The recently developed SEM (Field emission SEM) possesses a resolution (about 30 A)
comparable with that obtained with the TEM. The SEM micrograph at a- high magnification
by this instrument could bring into clear view not only of the microfibrillar orientation but also
of the morphology of microfibrils which have been deposited in differentiating vessel elements
forming S2 layer of Azukinashi (Photo 1). The microfibrils width was found 120 A~470 4,
but the specimen surface is coated with a thin layer of a metal and the large width micro-
fibrils seem to consist of some of them aggregation. A great majority of them have about
150 A width, therefore it is concluded that microfibrillar width is under 150 A. :

The SEM observation has little directly demonstrated the fine structure of . microfibrils
and further its use is limited by its specimen preparations, i. e. specimen drying and coating
by a metal, but such observation appears to assist in elucidating the fine structure of micro-
fibrils. As the combination of SEM and TEM seems to allow the most detailed study of cell
and cell wall structure in biological fields, such observation seems to be an important record
for the future SEM study.

The observations were made on the vessel elements in early woods of three species. - In
Azukinashi, the spiral thickenings of Z-helix with branching in S or flat-helix were formed in
mature vessel elements (Photo 2). The S1 layer consisted of overlapping lamellae of slightly
different microfibrillar orientations from S to Z-helix (Photos 3 and 4). The S 2 layer showed
the uniform microfibrillar orientation in Z-helix and the lamella structure (Photos 5 and 6), but
the spiral thickenings in Z-helix have been formed in the late stage of S2 formation (Photo 7).
The orientation of microfibrils of S3 was in flat or S-helix, but they were not deposited
uniformly in all unpitted regions (Photo 8). After the S3 deposition, the S or flat-helix thick-
enings were formed, the microfibrillar orientation of which was same!* or not'® as that of S3
(Photo 9). The examination by sections also confirmed that the secondary wall consisted of
two or three layers (Photos 10 and 11). The microfibrillar orientation in spiral thickenings
was generally consistent with their directions®® (Photo 12 and 13), but rarely inconststent in
the region as shown in Photo 14 and Fig. 4. The layered structure of secondary wall was
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shown in Fig. 1.

In Hénoki, the secondary wall consisted of three layers (Photo 16), but the thinning of
parts of S3 layers was characteristic (Photo 15). The microfibrils of S3 were firstly deposited
in a ribbon-like fashion and further such deposition was continued (Photos 17~20). The
layered structure was shown in Fig. 2.

In Asada, spiral thickenings were directed in S-helix, but their directions were often con-
diserably variable (Photo 21). The secondary wall consisted of three layers or more (Photos
22 and 23), but the presence and microfibrillar orientation of additional layers on S3 was not
uniform in between vessel elements and even within a element. The microfibrillar orientation
of 83 and additional layers was shown in photos 24~26. The layered structure of secondary
wall was shown in Fig. 3.

In vessel secondary walls of three species, our observations were consistent with earlier
reportes of S (flat)~Z - S (flat) arrangement'® for the S1, S2 and S3, and layers thickness for
25%, 50% and 25%9 respectively, but the S3 layers of Azukinashi were little thickened
for 2.5%.

With regard to the layered structure of vessels, it has been classified into three cate-
gories™!"!¥ ; (1) typical three layered, (2) layered structure showing uniform birefringence and
(3) multi-layered. The vessels secondary wall of three species examined in this study consisted
of three layers in substance, but they were often modified and showed three distinct types of
wall structure respectively.

As the wall layers in unpitted regions were modified by spiral thickenings in the case of
three species examined in this study, the relationship between spiral thickneings and secondary
wall layers was examined. It was classified on the basis of the microfibrillar orientation
and its formation stage. For instance, Z-helix thickenings of Azukinashi in which micro-
fibrillar orientation was consistent with that of S2 and further they were formed in the S2
formation stage, therefore, were regarded as the ridges of the part of S2. These relation-
ships were shown in Table 1. Although the spiral thickenings of Hénoki could be regarded
as the ridges on S2, it seems reasonable to suppose that they were formed by the thinning
of the part of S3 as judged by their structure.

On the basis of the results given in Table 1, the layered structure of secondary wall in
vessels of three species was indicated as in Table 2. The wall layers were divided on the
basis that their microfibrillar orientation and presence were uniform between vessel elements
and within a vessel element. As they were often a little modified, the modified wall layers
are marked ° in Table 2. The layers on S3 of Asada were divided as additional layers not
as S4 and S5, because their microfibrillar orientation was frequently variable even in a cell
and further they were presented or not between vessel elements. In the case of the S1 of
Azukinashi, it consisted of overlapping lamellae, but its organization was uniform in all
vessel elements. This organization might fortify the presence of transition layers in vessel
secondary walls from S1 to S2.

From the observation on spiral thickenings of Azukinashi a matter of great interest
was found. In the branched spiral thickenings, the direction of Z-helix ones reflected the
microfibrillar orientation of the S2 and further their formation stage was slightly diffent from
that of S-helix. Additionally, the microfibrillar deposition forming Z-helix thickenings was kept
in S3 formation stage (Photo 14), this means that the microfibrils differently oriented are
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simlutaneously deposited in a vessel element.

The microfibrillar orientation in the spiral thickening is generally parallel to its direction®!?,
but rarely crossed in the region as shown in Fig. 4 where the S3 microfibrils covered the
edge of Z-helix thickenings.

Some workers attempted to classify helical thickenings into various categories!~®, but the
alternative classification was based essentially on the morphology of thickenings. They might
be classified on the basis of the relationship between thickenings and wall layers in future.

E X B #9
(Explanation of Photographs)
Note: The vessel axis is vertical in all SEM photographs.

Plates 1-3 (Photos 1-14) show the vessel secondary walls of Azukinashi.

Photo 1. A SEM micrograph at a high magnification showing depositing microfibrils of
S2.

Photo 2. Spiral thickenings in a mature vessel element. They are directed in Z-helix
and branched in S-helix.

Photo 3. The exposed overlapping lamella structure of S1 in a cell forming S2. The
microfibrillar orientation is changed from S-helix to Z-helix, for S1 to S2.

Photo 4. Overlapping lamellae in a cell forming S1. The flat-helix microfibrils are
depositing on the S-helix ones.

Photo 5. The microfibrillar orientation in a cell at the early stage of S2 formation.
Microfibril are depossited in Z-helix.

Photo 6. Tearing back of a lamella of deposited microfibrils in a cell forming S2.
Photo 7. The beginning of the spiral thickening formation in a cell forming S2.

Photo 8. The inner surface of a cell forming S3. The microfibrils of S3 are deposited
only on the right.

Photo 9. The deposition of S-helix spiral thickenings. Their microfibrillar orientation
is a little different from that of underlying S3.

Photo 10. A section showing the three layers.
Photo 11. A section showing the two layers.

Photo 12.  The microfibrillar orientation in the spiral thickening in Z-helix. It is con-
sistent with the direction of the spiral thickening.

Photo 13.  The relationship of microfibrillar orientation between the spiral thickenings
and the underlying $3. The microfibrillar orientation of the spiral thickening
shown by arrow is not consistent with that of S3.

Photo 14.  Two different orientations of microfibrils in the spiral thickening. The spiral

thickening consists of microfibrils in S-helix of S3 (black arrow) and in Z-helix
(white arrow).

Plate 4 (Photos 15-20) show the vessel secondary walls of Hénoki.

Photo 15. The lumen surface of a mature vessel element.
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Photo 16.
vPboto 17.
Photo 18.

Photo 19.
Photo 20.
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A section showing three layered structure.
The microfibrillar deposition of S3 in a ribbon-like fashion (arrow).

The microfibrillar deposition‘ of S3 in the region of the depression of S3
layer. ’

‘ The depressions of S3 layer.

The presence of the thinner layer of S3 in the region of the depression of
S3.

Plate 5 (Photos 21-26) shows the vessel secondary walls of Asada.

Photo 21.
Photo 22.
Photo 23.
Photo 24.
Photo 25.

Photo 26.

The lumen surface of a mature vessel element.
A section showing three layered structure.
A section showing four layered structure. AL ; Additional layer.

The microfibrillar orientation of S3 in S-helix.

“The various orientations of microfibrils on S3. They are deposited in Z-helix

(left hand), in S-helix (right hand) and parallel to cell axis (in the center).

The various orientations of microfibrils of the additional layer.
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