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- Tsuneo Kisuima and Sy6z0 Hayasmr : On the Closure of B(érdered Pit-
pairs in Coniferous Tracheids.
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Table 1. Percentages of bordered pit-pairs unaspirated.

Kuromatsu (Pinus thunbergii Parl.), (From each 100 pit-pairs counted.)

. By temporalily

. By temporalily By permanently .
Treatment Position in mounted slides mounted slides moofugﬁ,d “SI})I(?;S

of )

wood specimens annual ring | * €3) (x) () (%) ®
Untreated Earlywood 75 73 88 | 79 | 7 75
(Control) Latewood 89 — 93 | 91 —
Treated with Earlywood 78 77 80 - 85 68 74
ethanol Latewood 93 — 92 — 90 —
Treated with Earlywood - |- 78 80 84 90 70 73
glucose _ Latewood .. 93 — 95 — 91 —
Treated with . Earlywood 83 86 87 93 73 .72
formaldehyde Latewood 90 — 95 = 93 —
Dried with etha-| Earlywood 70 73 75 77 — L=
nol absolutely’ Latewood 92 — 95 — — . —

L OBAREBILSOWTIHC S W T OMEZHRTE 5 DODAHICDOWTEE 100
EONRBEBEMIA AL D EIC Lice & T ANKMTREMIG &S OLRHERFIEFLE
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Fig. 1. Typical aspirated bordered pit-
pairs closed completely. Earlywood,
Kuromatsu (Pinus thunbergii Parl.), ¢,
1600 .

Fig. 2. Unaspirated bordered pit-pairs
between ray tracheid and axial tra-
cheids not showing enough develop-
ment of tori on their pit membranes.
Latewood, Kuromatsu, x, 1600 <.
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Fig. 3. Bordered pit-pairs between two
ray tracheids adjacent to-each other,
showing indistinct situation of tori.
Kuromatsu, », 1600x.
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Table 2. Percentages of unaspirated bordered pit- -pairs.in air- dry wood
Karamatsu (Larix leptolepis Gord.), (From each. 100 pit-pairs counted. )
Intermediate

Sapwood zone Heartwood
(in sapwood) : :

Core zone
(in heartwood)

Earlywood 79 62 63 69
Latewood 95 87 85 62
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Fig. 4. Aspirated bordefed pit-

pairs not showing enough tori D AW TaBH BB 2E L A L BIRGIC S
development, observed on a 5o

specimen. surface by applying 2) BEMBCHLE B OSBRI HELA~ G~
reflective illumination. Kara- e A . o )

matsu (Larix leptolepis Gord.), B~ O B0 SIHKED LT s 25, BTl
£, 660x. Mo BRILDADObFNRMINAR bR %,
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Fig. 5. Bordered pits showing microfibril- Fig. 6. Similar to Fig. 5, observed by re-

bundles in their closing membranes, flective illumination. Earlywood, Kara-
Earlywood, Karamatsu, 7, 800x%. _ matsu, 7, 740X.
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Table 3. Whole results on the closure of bordered pit-pairs and the penetriaton

of water in Sugi-wood (Cryptomeria japonica D. Don).

At 1.5m height At 7.0m height
U i- - U i- .
Positi raltlsdsp;it- Penetr:;tlxr(;ln depth raItl:dSPI;it- Penetration depth
osition pair % . pair % mm
(from each (30 min. natural (from each (30 min. natural
200 Dit. penetration) 200 it penetration)
D ai?s) max.~mean~min. D ail?s) " | max.~mean~min.
In green condition »
Sapwood E:{ég’v‘gggd 29-3 | 41.5~28.5~18.0 | S>3 | 83.5~30.7~10.7
Intermediate Earlywood 3.5 — 0 1 20.0 1 Ome
Zone Latewood 17.0 145.0~ 9.1~ 1.5 63.0 88.0~15.9~ 1.8
Earlywood 12.5 — A T — .
Heartwood Latewood 16.0 32.0~ 4.7~ 2.0 -
Core zone Farlywood 80 1 2o~3.0~10| 501 26~07~0.2
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In air-dry condition

Sapwood parlywood 22 | 44.7~20.8~16.5 20-3 | 85.6~55.2~ 2.9
Interzx(r)fgiate E:{ég‘gggd g’g 42,0~ 4.5~ 0.4 138 32‘.2~13.1~ 2.1
Heartwood parlywood 52 | 3.1~1.0~01 - —

Core zone Farlywood 89 | r4~1.2~03 52 2.2~ 0.8~ 0.3

(D FAHRFLELOWLT
a) 4kt & K[FEM & OHK

ORI A TS fewic Table 3 BIEROREIC X o T, KM OBBILEDEMN D%
e+ 5 MR L EF &AL ek 5 & Table 4 23551 %,

Table 4. Increasing (+) or decreasing (—) percentage of unaspirated bordered

" pit-pairs (%) in air-dry wood to those in green wood, derived from Table 3. .

At 1.5m height | At 7.0m height
Position _ -
Earlywood Latewood Earlywood Latewood
Sapwood —85 —64 —69 —64
Intermediate zone -1 —68 —60 —70
Heartwood -79 —62 — —
Core zone , : , 0 —16 +10 —68

c OFEIC LT, BRILRE I B X D KEM A~ & RIBICE 2 B E bR 5,
Thb b UM TERE - MM & BIe64~85% W, LM TRFIL <62~79%WMER L TW5b, i
UBHOC R BIHBLER B M & D SEH~OHBREK 2T, BLBSORBMOFE L B
BHLEDNREH D,

b) H FEEDO K

Fl U< Table 3 fEHEROKE2 S, ik 1.5m FEFTORBEEFLRC T 5 FE 7.0 m &
T O % ORI R 2 g Table 5 OED T %o

cORTR, L KM EB L TUN C &R S W CBBILR O LKA
Honzc b EE2 0L, DM TOREAR T TWE DT A OLMIC bl 5 HATH S
E S H BV, BLTRE - MM & bierk OFPBEAEEZR LTS Enbth
E, DM crRL LAMOWEAEHARE DR 2D Tiswbwh EHEINRD,

ke Tabled 1Kk bbbk s o AIC L 2T, HiE1.5m HETICI T 24 bEEH
~ DB R OZ LA E 7.0m HFFCK G5 Eh e KL Th, FRESEMC ST 5 M



Table 5.

CBK ¢ STEERHENE O T LN RS BT B TR

Increasing (+) or decreasing (—) percentage of unaspirated bordered pit-pairs

(%) at 7.0 m height to those at 1.5m height above ground, derived from Table 3:

In green condition

In air-dry condition

Position e
Earlywood Latewood Earlywood Latewood
Sapwood + 10 + 49 +128 + 346
Intermediate zone +472 +271 +150 +246
Heartwood — — — —
Core zone - 37 — 22 — 44 — 36

I I NS B B A, O TR RO K (60~85%) AR L TWD T

EHHD o

C) BN O BTN O L
Table 3 fAFEIC X 2T, & - KHh P2 oM b 1.5m &+ 7.0m

% of bordered pit-pairs unaspirated

S : Sapwood, I : Intermediate zone, H : Heartwood, C : Core zone

70 Green wood - Green wood
at [5m height at 70m height
60+ F 50F
50r 50
ot Ll 40r
9l ©
HE
I0F -
o 30
RE
200 M 201
10+ 10F
0 0 i
S I H
30 , J0F -
Air-dry Wood Air-dry wood
ok ot 15m height 20 a 0m height
/0]

Position in trunk

e, R - e
< O - BRO OB IO I 1 B BABEALE 2 KR 3 Fig. 8 Ol Th %,

Fig. 8. Percentage distribution of unaspirated bordered pit-pairs in trunk,
derived from Table 3. Sugi Wood.
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at 7.0 m height

Natural penetration depth (cm)

Air-dry wood
at 15m height
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Position (n trunk

S : Sapwood, I : Intermediate zone, H : Heartwood, C : Core zone

Fig. 9. Distribution of natural penetration depths in trunk, derived
from Table 3. Sugi Wood.
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A. 3 pit-pairs ‘nuaspirated. Earlywood, B. 3 pit-pairs aspirated. Earlyyvood,
x, 660>: o ' x, 660,

C. 1 pit-pair unaspirated. Earlywood, ‘ D. 2 pit-pairs unaspirated, and 1 pit-
%, 660, pair aspirated (lower right) which
contains resin.Earlywood, x, 660 X.

Fig. 10. Sections of the bordered pit-pairs, Sugi (Cryptomeria japonica D. Don).
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E. Aspirated pit-pair. Earlywood, F. Unaspirated f)it-pair. Latewood,
x, 1600, x, 1600x.

R

G. Unaspirated pit-pair (left). Early- H. 3 pit-pairs aspirated. Latewood,
wood, x, 1600x. x, 1600x.

Fig. 10. (continued)
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Summary

As to the liquid flow-penetration into wood, it is generally known that inter-
cellular pit-pairs cause a bottleneck. Every pit-pair has a joint pit membrane,
and semipermeability or osmosis is subjected to its structural texture. It seems
to be the reason of intensive research on this field in the world now.

In case of bordered pit-pairs in coniferous tracheids, if the tori on their pit
membranes would develop well, be aspirated to their pit aperture and consequ-
ently close the pit-pair, the liquid flow-penetration into the portion of wood should
be hindered, although their pit membranes or closing membranes may have pores
which are sufficient to pass liquid. In this sense, the subject of so-called pit
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closure that had ever been investigated is worthwhile to be precisely carried out
again.

The authors obtained materials from 1.5m and 7.0 m heights above ground
of a living Sugi-tree (Cryptomeria japonica D. Don), counted the percentages of
their unaspirated or opened pit-pairs at each position in trunk (i.e. sapwood con-
taining so-called intermediate zone and heartwood containing core zone) at green
and air-dry conditions, and asked for the correlation between these percentages
and the natural penetration depths of water measured from wood specimens in
the corresponding positions.

‘Counting procedure of the pit closure belongs to an uneasy work in the re-
gion of microscopically visible limits, hence the preparation of materials and the
microscopical investigation were carried out scrupulously after some preliminary
experiments using materials of Kuromatsu-wood (Pinus thunbergii Parl.) (Table
1) and Karamatsu-wood (Larix lepiolepis Gofd.) (Table 2).

The results obtained (Tables 3~A5) do not satisfactorily show clear correla-
tion ‘between the pit closure and the penetration but suggest some relations as
follows :

1) The proportion of unaspirated bordered pit-pairs is generally higher at
earlywood than latewood.

2) The percentages of unaspirated pit-pairs decrease largely from geen to
air-dry conditions.

3) The increase of height in trunk above ground may cause the increase of
unaspirated pit-pair percentages of sapwood.

4) In green sapwood, the increase of height in trunk diminishes the difference
of unaspirated pit-pair percentages between earlywood and latewood.

5) The correlation of the pit closure to the water penetration should not be
denied. |

Furthermore, according to the present experiment, the followings should be
considered to clarify the above correlation.

6) To solve the problem of the pit closure, it is required to take account of
the difference of height positions in trunk. '

7) Core heartwood and outermost sapwood portions have to be treated ex-
ceptionally in the sense that they are alike a sort of the immature tissues or

cells.
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