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Study on the Pit of Wood Cells Using
Scanning Electron Microscopy

Report 2. Pit Membrane of the Tracheid Bordered
Pit in a Living Tree Trunk of Todo-Matsu,
Abies sachalinensis Fr, Scum.
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Fig. 1. Moisture content distribution in the wood core which had been
taken from a closely corresponding position to the test specimen
subjected to the observation under the microscope.
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Fig. 2. Preparation of test specimen. Growth rings of the specimen
core were numbered in turn from the cambium inward and
divided into three regions; sapwood, intermediate wood and
heartwood. Within each ring the observation was carried
out, being divided into four zones, earlywood, latewood (inner
and outer) and the transitional zone from the early- to the
latewood.
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Fig. 3. Distribution of the pit membrane diameter, measured in the
axial direction of the tracheid where the pit situated.

Lo LB B8 TORERITOWT, MBRCHETSH5 OBREILOW & Kx X
BHANDE, BFEO2~3EREBRETED F W EL) e, o TERLOBEIED AT
EREFIINEHEE T T, Fig. 312 2 b BEATE & T O K4 O BHE & Bebm A f o
BEAEOER ¥ R L (WELBEFIBILICERS), 45° EARAREGX AL (p.358 £B), —F
FrbOBEORD, BMEFHAOERCOWTULLAHAITAE Z ENTEA -2, KL o
Bisle X 5 R —ERIC R T 2 B (FH 18 1) LBEHE (14 ) Tk, SEREZBLCTHL
MCREINRLDN, FRFRCLSE - BHAOEIE bTHTH D,

BAOH L REEINRLIHE, ChXEL L TERACEBECEET O THS2, Zh
EBIEL THEAEOEARE CHIEEREHEOI MK CLHBELE AR VLI h
oo THbLEMMOBAK TIL, photo6, 397 L TH LML X SIS REWEIL T — 21
ALBEABRBMGRECHTHhCHEETABEETH S, X, photo7, 38/ LD X SWHstR7 + 7
YADECHIKEETLZ 355, EMLOHBRME~DOBITH Tt photo 8, 321ITRmTh 3 Xk
51T, FEREMEIL, BEMBCENTELELSACLEZEGECPH L~ A LEAR
R, BHEL D L2LBEL H5bbh, X6 - AR LBEABOMC I EHRES HH
hT< %, Photol2, 26, 43 1 XBEHHHNMOBEAELRL, +— 1 A LBEARMGECHET S
FEREREDEIL, BOERDOIDINIBRELRD, A THEBCIEBLHbbITL %,
Photo 15, 35 iXBEM MDA 2 R, FEEGUHDETZELEY BE, F~L ACH
W AR EEREBEABOMC, LA ANMNIRCEBIFETIBETHS, UE
DX 5 IEAE EOFEREREME DS i, B - BMR TR ERELEGOBLKE I



366 EERFRFBEBATERE $27% H25

B LB T S, SLERMBTLPDIVEARD i g5 R EmE L FETS
L5 THD, BAEOE I LR  BHilc iy, EMBIERFRYB L TELTEEALY
oy, BMIEERRTRO TS EL L ER D S,

<A TERD T 4 7Y SR, EEAEMETCEEASSbR TV TERENTRER D
DEBRWTE, TOMH - Il LT, BILOBEREXOHEC 2L LT, ARG
FERBTHD ZEXRBDBOLRE, Tihbb, F—AARLBAFTRCHYL 7 4 7Y (BF
17m7 47 VA)id, P AR LOESRPBEARMEI TEBCE S L, BCERME
THESh L7 4790 GEEFR I 70 74 7Y ) REGCCEH G TREES LTV 5,
BFCBEARMEII I RS 3R, FARRCEFITS 7 4+ 7YV AREEL, 2ish Bkl
Tl T 5B,

7 4 7V ABEEOBEIBBRAORIER—HS R T LB b 0, Hitd Onid 5,

— MR & LT —FRAC S CIBRMER L D BHEAETH Y, FRERC L 5BV
EAERGWERLRS,
] BABROEAZATOMNE, e bR BENCHEET HILEY X, LHE & OB R
TRISHEBATOEKES M & BELBGRSAD - e HAKRD 7~8 Fig BRI & 9
DB KBORNLZENS Y, Fig. 1B TLZORNVIEETH S, ZOWHFHIBCL
T HEAMMeOMBERF T2 ENTE, BILEOME L EBEDOFEEFEIH IR\ T
EULLSRKD, X, LHEPATL UM 9~10 Fig B BT D 2~3 i sak®R
DEL s TV B,

Zhichy, BILEO MBI TIX, &K —BWO BN 2B TURTRTHEILE Ok
CRZE LT, =05, LHTRRREKEOF, WHISE IS & BT O—BTiLBEIL
BOEAZEOhRCAB L), MO REBAED S DD »1en, FOMOIEWS TIL%E D
BABIBILE E BB L T\ e, L Ligas, BRMEAMO e b IBE UL, O
s TLEAER L EHRCEAZOFRRITHE LTV i,

—77, BB L OBREMEEDL, BHLLEE~OBTHOMOBEIE L THEX R
TRFBR TS S OLIAHE, DM W TOREB IR, oI BEWETOER YR,
BEAETNTORAE LCHERBRCELEL T,

OMEMORIABEL, TOBEAZEHNTOMBLLRBEDCLY, *ORECIIExORTET
DEENIBHDIVRD I N ~TIZKRPITHZENTES, 1) BELEIEALEOhICTEL,
WEWOBFET 5 L0, 2) BABEIBELBREEE LTV 52, WEDINE LA LHEELEL D
D, 3) BABIEAZRLEEL, LI BBRCABFYNTET 530, ik, UMBOKRYE
DR, 4) BABEIEAEOFRCMHEL, HEWILBEELRVLLD, bbb
TIENTES,

II] &#&c, HBRACEFRCRT S, EMLDEM~OBAHICIT, PR THDINERL



EEHETFEBEHC L 2R EROBILCET2WE F2R) (BH-BEN) 367

HROBIE I RFEMCBRI N, ZOBTOREFOEARBL, LB cBEREILOK
EREICESSEFEELY LD, TOMELLVREFYOFERCE T, BBHRANOEK
ROMEBFRSI B ENTES, LrLAns, ZOHEFTE, Fhbo—PEAHEEY
bHanb, AHBCECTLHAE LLORFEELLD, A, LHXBLT, OHbicX
hBEBRCFETAURED L IHL P TR AN FORBC LIV 5 I BEAE, 8
Bihic, ChbDZ LnBBRACKTLEDL I HRBERC I - THOLNEDONEIHLNT
Ts\us,

E #

EHMBTEMELFAL T, EHREBTRTD b ¥~ Y REEDOBEBREILOBILIELRE
BB L, BAEYEHREBCST A ELENOMBIME DT, ABRIKT L2712 —
A TEBBEZENICKRE L (BRI hic, BEORER, KO LrMWbniitst,

1) BEHEOEAESZ, 1EHNOFEHMEBEMTE CRBELATEBECSFE LS, A
], LMW BT 2 ECEFEELL D - T,

2) UMMOBIL, BEAETHETS -7, LHBETIRREAERHBEL TV, L
L7a2is, DHMBCE Ty, HGEWEFPHEEOCPEVEKELRTHS T, &
SHICTASEOBEA L P ETIED B 1 BEI L,

3) DO EAETRTOBAIE B, DMEC X 5 LA LRLWEYNFEL T,
4) —F, LMW, LHBHS, B LBRAENOBTHML T, LML X 20EY
R DLEBLIRAMBN TEL BEbIIEAER, IHHCs W THBEADZEHAHELL
BAHED, TAERDETRED D, LA EDFERTHEI LI,

X [

1) LIESE, W. (1964) The fine structure of bordered pits in softwood. Cellular Ultrastructure of
Woody Plants; 271-290.

2) HE W A954) srF Y- bHELIBN ST YHAOBBLOVT. KERRBHERE; 169-174.

3) KORAN, Z. (1964) Air permeability and creosote retention of Douglas-fir. Forest Products
Journal ; 159-165.

4) COTE, W. A, Jr. and R. K. KRAHMER (1962) The permeability of coniferous pits demonstrated
by electron microscopy. Tappi; 119-122.

5) SEBASTIAN, L. P. and W. A. COTE, Jr. and C. S. CAAR (1965) Relationship of gas-phase
permeability to ultrastructure of White-spruce wood. Forest Products Journal; 394-404.

6) LIESE, W. and J. BAUCH (1967) On the closure of bordered pits in conifers. Wood Science
and Technology ; 1-13.

7) KORAN, Z. (1967) Electron microscopy of radial tracheids surface of Black-spruce separated
by tensile failure at various temperatures. Tappi; 60-67.

8) GRIFFIN, G. J. (1919) Bordered pits in Douglas-fir: A study of the position of the torus in
mountain and lowland specimens in relation to creosote penetration, Journal of Forestry;
813-822.



368 LEARFRFBHBARERE F278 F25

9) GRIFFIN, G.]J. (1924) Further note on the position of the tori in bordered pits in relation to
penetration of preservatives. Journal of Forestry; 82-83.

10) Liese, W. (1951) Uber die Eindringung von oligen Schutzmitteln in Fichtenholz. Holz als
Roh-und Werkstoff ; 374-378.

11) THOMAS, R. J. and D. D. NICHOLAS (1966) Pit membrane structure in Loblollypine as influ-
enced by solvent exchange drying. Forest Products Journal; 53-56.

12) HART, C. A. and R. J. THOMAS (1967) Mechanism of bordered pit aspiration as caused by
capillarity. Forest Products Journal; 61-68.

13) COMSTOCK, G. L. and W. A. COTE, Jr. (1968) Factors affecting permeability and pit aspiration
in coniferous sapwood. Wood Science and Technology: 279-291,

14) PHILLIPS, E. W. J. (1933) Movement of the pit membrane in coniferous woods, with special
reference to preservative treatment. Forestry; 109-120.

15) KHE # - BH=S - HEPT (1958) $H#EE, RESEH OLBBEOBE BT 5T KERRS
W ; 59-85.

16) HIRIEA (1934) WPHTEENR; 69.

Summary

Pit membrane morphology of the tracheid bordered pit of Todo-matsu, Abies
sachalinensis FR. SCHM., grown in a plantation forest near Sapporo, Hokkaido, was ex-
amined by the scanning electron microscope. The material used was a radial sylindrical
core taken at the breast height with an increment borer from a 25 year old standing
tree trunk. Immediately after sampling, the core was soaked in alcohol to remove water,
in order that the position of the pit membrane would be kept intact within a pit chamber.

From the sample core dried test specimens for observation under the microscope
were cut off, from the sapwood to the pith as illustrated in Figure 2. The longitudinal
radial surface of the wood studied was obtained by splitting. Each test specimen was
mounted with silver paste onto a specimen stub (a copper block) and then coated with
gold under vacuum (5X107°torr). Observation was carried out by the use of JSM-2,
Japanese make. Accelerating voltage was 25kV, and the specimen stage was inclined
at 45° from the horizontal. )

Results obtained are as follows.

1) The basic structure of pit membrane apparently varied continuously within a
growth ring from the earlywood to the latewood. Across a series of growth rings, no
variation of the basic structure was observed when the corresponding positions within
the growth ring were compared with each other, except in the innermost xylem where
an unique structure of the entire pit was found.

2) In the heartwood, granular substances were often deposited on both the torus
and margo, while in the sapwood no deposit was found in the earlywood and the latewood
of each growth ring, with the exception of the transitional zone.

3) Most pit membrane in the sapwood were observed to be positioned at the center
of the pit chamber, while in the heartwood most of them were aspirated.

4) In the transitional zone (even in sapwood), some pit membranes were covered
with a certain amorphous substance which differs from the heartwood substances which
are plentiful in the heartwood. Also in the transitional zone of most sapwood rings,
aspirated pit membranes were often found.
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5) The average size of pit membrane (axial diameter of pit annulus) was 18 microns
in the earlywood and 14 microns in the latewood (Figure 3). There was almost no
variation of these values throughout the entire wood, from the cambium to the pith at
the breast height.

6) Examples of the typical outer appearance of pit membranes in the sapwood are
shown in photo 6 for the earlywood pit, photo 15 for the latewood and photo 8 for the
transitional zone. And in the heartwood, photo 30 for the earlywood, photo 35 for the
latewood, and photo 32 for the transitional zone. The pit membrane of the first ring
of secondary xylem (the innermost ring) is shown in photo 47. An inner surface view
of a primary xylem tracheid is shown in photo 49.

Explanation of photographs (1-54)

General appearance of bordered pit of Todo-Matsu (Photos 1-4)

Photo 1. A front view of a typical bordered pit of earlywood tracheid as seen from the lumen
of the cell. The pit is so aspirated that a part of the torus is visible at the center of the pit
through the pit aperture. There are a number of warts on the inner surface of the pit border
and the surface of the cell wall.

Photo 2. Outer surface of the pit border of an earlywood tracheid as seen from the middle
lamella (from the outer surface of the cell. The pit membrane has been removed artificially
when splited for specimen preparation. A number of warts are also there similarly to that in
photo 1. This side of the pit border corresponds to the back side of the inner surface of
the pit border shown in photo 1.

Photo 3. A front view of the outer latewood bordered pit as seen from the lumen side. A slit-
like shape of the inner pit aperture is characteristic.

Photo 4. The outer surface of the pit border of a typical latewood bordered pit similar to that
shown in photo 3. Pit membrane has been removed of course. Pit annulus, marginal zone
of a pit chamber, however, is nearly circular.

Pit membrane of the sapwood bordered pit (1st to 7th growth ring from the
cambium). (Photos 5-15)

Photo 5. A typical pit membrane in the bordered pit of the sapwood tracheid (7th ring). It has
fine strings running radially from the torus to the marginal zone, and also tangentially in the
marginal place where a net-like structure can be observed. Granular substances on the torus
might be due to an artificial treatment with alcohol.

Photo 6. A pit membrane in the earlywood tracheid which has a netlike structure denser than
the former, distributed on the whole region of the margo. Torus has been a little folded
artificially and there are damages on the margo, which might be due to electron probe (2nd ring).

Photo 7. The pit membrane has a fairly course margo structure. This type of pit membrane
is also rather popular in the earlywood tracheid, as well as that in photo 6. Two three
bundles of fibril strings are running radially from the torus outwards to the margin. Strings
are often branched around the torus and in the outer half of the margo. In the marginal
zone of the membrane there are tangentially oriented strings (6th ring).

Photo 8. A typical pit membrane in the transitional zone from the early- to latewood (7th ring).
There are less fibrilar strings, and some bundles of strings extend from the torus to the
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annulus covered with amorphous substance. Amorphous substance appears also on the marginal
zone of the pit membrane.

Photo 9. Partly aspirated pit membrane which was often observed only in the transitional zone.
The marginal zone of the membrane is seen to be covered with amorphous substance (3rd
ring). Some radial strings are bundled and covered with the deposited granular substances.

‘Photo 10. Another type of the aspirated membrane appeared only in this' transitional zone.-
Both ‘the margo and torus were deposited with small amount of chemical substance just like
as in the heartwood. Strings appear to be connected into bundles with the substance (3rd ring).

Photo 11. This type'of pit membrane was also often observed only in the transitional zone.
It had been usually densely covered with deposite substances. The membrane illustrated here.
is thought to be damaged during the specimen preparation (4th ring).

Photo 12. A typical pit membrane appeared in the inner latewood zone. On the pit membrane,
especially on the margo and the pit annulus there appears much amorphous substance except
the middle zone of it (3rd ring).

Photo 13. Nearly the same type as the former (4th ring).

Photo 14. A typical pit membrane appeared in the outer latewood zone. Most part of the pit
membrane is covered with the amorphous substance except the middle zone of the margo
(4th ring).

Photo 15. Nearly the same type as the former (7th ring).

Pit membrane in the intermediate wood (8th ring) (Photos 16-19)

Photo 16. A typical pit membrane of the earlywood tracheid of this region. The pit is unas-
pirated and ususally deposited with fine granular substances. :

Photo 17. An aspirated pit membrane often appeared in the transitional zone from the earlywood
to the latewood of the intermediate wood, as well as of the sapwood. In this picture less
deposit is found than the former.

Photo 18. An unaspirated, deposited pit membrane appeared in the inner latewood.

Photo 19. A typical pit membrane in the outer latewood, covered with a thick deposit layer.
Foundamental structure of the membrane is thought to be corresponded to that in the sap-
wood, e.g., to that in photo 15.

Pit membrane in the outer heartwood region (9 to 13th rings) (Photos 20-28)

Photos 20-22. Examples of the pit membrane often appeared in the earlywood of this heart-
wood region; photo 20 illustrates a completely aspirated and less deposited membrane in 9th
ring and photo 21 shows an unaspirated. and moderately (as in this region) deposited one in
11th ring, and in photo 22 a pit membrane which has a margo tightly contacted to the outer
surface of the pit border and has incompletely aspirated torus is illustrated (12th ring).

Photos 23-25. Some examples of the pit membrane appeared in the transitional zone of this
region are shown. Photo 23 illustrates a typical pit membrane observed most frequently in
the region; completely aspirated and covered with rich deposit (13th ring). In photo 24 the
torus is tightly contacted with the pit aperture and every few radial strings of the margo are
connected into bundles (11th ring). Photo 25 is also an example of the membrane often ap-
peared in this region. It is covered with considerably dense layer of the deposit material.
Aspiration is complete with no doubt. The crack of the margo might be an artificial damage
(12th ring).
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Photo 26. Typical pit membrane appeared most frequently in the inner latewood, being com-
pletely aspirated and densely covered with deposit materials (13th ring).

Photos 27 and 28. Illustrated is two examples appeared in the outer latewood of this region.
Photo 27 shows an unaspirated and densely deposited membrane which has some. radial open-
ings in the margo and has a circular line on the outer margo region (9th ring). Photo 28
shows an incompletely aspirated and closely deposited torus and margo.

Pit membrane in the middle heartwood region (14-18th rings) (Photos 29-37)

Photos 29-31. Examples in the earlywood of the region; photos 29 (16th ring) and 30 (17th
ring) show aspirated pit membrane. The former shows bundles of strings covered with the
deposited material, while the latter has been deposited more thickly and densely than the
former. Thin circular line (bright line in the photograph) is evident near the pit annulus of
the margo. The line was often observed from the middle heartwood region inward, on the
surface of the margo which is densely covered with deposit material. Photo 31 is the case
of unaspirated (17th ring). But the torus appears to be contacted with the pit .apéfture of
the border in this side, which has been removed in the picture. Margo has been damaged,
maybe, artificially.

Photos 32 and 33. Pit membranes in the transitional zone from the earlywood to the latewood.
Membrane in photo 32 is the typical in the zone concerning the aspiration. and deposit layer.
A part of the margo has amorphous substance which is thought as' one of the fundamental
structure (17th ring). The latter photograph shows a markedly dense deposit on this margo
and the torus which is appeared to be incontacted with the pit aperture. In this case liquid
hardly pass through the membrane, although the pit is not aspirated (15th ring).

Photo 34. Pit membrane observed most frequently in the inner latewood of this region (14th
ring). It is completely aspirated and covered with fine deposit substance. The circle line on
the margo of the pit is also can be seen.

Photos 35-37. Pit membranes appear in the outer latewood next to the former. Compared
with the former, deposit material in photo 35 (15th ring) is rather granular and so dense that
there is no openings. Shape of the torus is unique; it appears to be markedly thick and con-
tacted with the pit aperture. Membrane in photo 36 (16th ring) is observed to be unaspirated
and there are openings of the margo, oval or slit-like. Deposit is rich, maybe, on the funda-
mental amorphous substance film. In photo 37, the amorphous substance layer on the fibril
strings are poor than the former (18th ring).

Pit membrane in the inner heartwood (19th-22nd rings) (Photos 38-44)

Photos 38-41. Examples of the pit membrane observed in the earlywood zone of this region.
Photo 38 shows the typical membrane completely aspirated and covered with rich deposit
material (19th ring). In photo 39 the membrane is completely aspirated, while small amount
of material deposit on the membrane, showing rather clear radial strings and amorphous
substance layer of the margo of the pit (21st ring). In photo 40 a pit membrane, unaspirated
and deposited with less material is shown. This is also often observed in this wood part.
Photo 41 illustrates that the torus had been slightly contacted with the aperture of this side
of the border, showing a mark of the evidence.

Photo 42. Membrane often observed in the transitional zone from the early- to the latewood.
Although rich deposit can be seen, there are a number of fine openings (21th ring).

Photos 43 and 44. Pit membranes appeared in the inner and outer latewood. Photo 43 (19th
ring) shows a typical pit membrane of the inner latewood, similar to the photo 34. The aspi-
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ration is complete and the deposition is also remarkable. Photo 44 is from the outer late-
wood (19th ring).

Pit in the innermost ring including pith (Photos 45-49)

Photos 45-47. Bordered pit in the innermost secondary-wood ring (next to the first ring
including the pith). Photo 45 shows a face view of an earlywood tracheid pit as seen from
the lumen side, illustrating a small pit aperture and a pit cannal. Photo 46 gives the outer
surface of the pit border, showing a small pit aperture and smooth surface with no warts.
Photo 47 shows the pit membrane of which torus and margo in part are partly covered with
amorphous layer.

Photos 48 and 49. Spiral thickenings (photo 48) and a bordered pit (48 and 49) in the primary
xylem tracheid.

Examples of some modifications of bordered pit (Photos 50-54)

Photos 50-53. Photographs dealing with special structure of the compression wood tracheids
of Todo-matsu, indicating the bordered pit. Photo 50 shows cracks and spiral grooves in their
inner wall surface. Photo 51 shows a face view of a bordered pit, indicating a diagonal groove
across a pit. Photo 52 illustrates the outer surface of a bordered pit seen from the middle
lamella. No pit membrane is there because of the removal during the specimen preparation.
The surface corresponds to the back side of that in photo 51. Through the pit aperture there
can be seen a part of the spiral thickening. Photo 53 is an aspirated membrane in a heart-
wood reaction wood tracheid, showing rich deposit on the amorphous layer which is thought
to be there on the torus and the margo.

Photo 54. An example of pit membrane modified from the basic morphology stated above.
Air-dried without any treatment (4th ring, Sapwood).
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