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Fig. 2. The average distribution of T-T-pits Fig. 3. The average distribution of T-R-pits

on an individual tracheid. (The figure
shows the average values for the num-
ber of T-T-pits existed at location 1/
20 divided into on an individua! tra-
cheid. E: End of tracheid, M: Mid-
dle part of tracheid)

on an individual tracheid. (The figure
shows the average values for the num-
ber of T-R-pits existed at location 1/
20 divided into on an individual. tra-
cheid. E: End of tracheid, M: Mid-
dle part of tracheid)
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Fig. 4. The average distribution of T-T-pits on an individual tracheid.
(The figures show the average perceptage of the number of T-T-
pits existed at location 1/20 divided into on an individual tracheid.
R : Relative location, P: Percentage, E: End of tracheid, M : Mid-
dle part of tracheid)
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The average distribution of T-R-pits on an individual tracheid.
(The figures show the average percentage of the number of T-R-
pits existed at location 1/20 divided into on an individual tracheid.
R : Relative location, P : Percentage, E: End of tracheid, M : Mid-
dle part of tracheid)



486 EBERERFRHABATAERE RN % HIF

M BCHEET S, Ll, &HFCHWT, Fig. LRl e, ~REFHCY OFE
AOEHFBE N EREN R DD T, KEEOR—HEMLECK T 2EABIEHTELREL T
Wb, fod xaE, T-T BRI HER L E-2 ©k, BENFENTWRES 1) ORE
BTXIETHI O, EHE UIHES 12) oHEETIX0TETH S, T-REFIZOHNT
b, AR, C OB cRAKNEHBEESE CIL44ETH B2, EHFHET T 04EET
5, —H, FHEEOKHENMBICK T, BRENESBEREENLOHTOREE L 2L
DELEFHD, BLALOHE, BEHTOEWGRESR BRI, EHFHEEETE
DELBRV i T B,

EE EOFHEMNBC BT 2EAORX HBER T & Fig. 4, 5 282 bh b, %1,
Fig. 6, 7 3 Z M EOEALOHERE, FEEFLR» bFRBCHE - TURKML THELRA
fEx7 ey FLELDTH S,

Fig 4, 6 1% T-T IO\ TOERTH 545, BB & b T-T BFEALREGEE O Lumbia
CEPLTHEL, REEFRE PR kBEALZE-> T3, AEHEMTHET TR
EEOWHEMRND 2RO 16 DEMFTO L Z A —RKEED T-T BEABED 1/4 3Fh %

50 ] ® 50,
s U o ‘!o a A”
- ’ : Fod
22 A
= 4 o =
z s 1 e < 3
w ° 'y
[} [ 11} A0
£ 25 - 2 .
< - © E 25t
uJ e !-
2 $ 4 § a ®
w
a. f w % ’i
-]
g
! .
5 10 o=
1 10
E RELATIVE LOCATION M E RELATIVE LOCATION M
s section number 1 a section number 1
° . 4 ° ” 4
x » 6 x . 6
A N 8 a ¢ 8
° s 10 L4 . 10
[ ] ’ 12 = . 12
Fig. 6. The average distribution of T-T-pits Fig. 7. The average distribution of T-R-pits
on an individual tracheid. (The figure on an individual tracheid. (The figure
shows the accumulated values from shows the accumulated values from
an end to a middle part of a tracheid an end to a middle part of a tracheid
in order for the average percentage in order for the average percentage
of the number of T-T-pits existed at of the number of T-R-pits existed at
location 1/20 divided into on an indi- location 1/20 divided into on an indi-
vidual tracheid. E: End of tracheid, vidual tracheid.  E: End of tracheid

M: Middle part of tracheid) M: Middle part of tracheid)



27 =V REEGCHET SWAOSH  (HER) 487

hEEL, BYO 12 O, ZOFBGONNLLRETERFRBEAFTHHELTED, &
EEPRFPICAT O ZTOHBERIBACET T2, ENELrLEHBCET DN,
T-T A MREEERBCEFL T 3HAEALLEVICEE D, EMFRET R, KEETD
WEH»BEED 110 O X TORSF T, 7T, B 14 KNThZhEEL, BER
BEREh 1/6 OEREE COMHF, BED 2/6 BEhEThFLEL, REBTPRTCOBEALD
HERIL 04% EEFTE, LLiend, Fig. 2ERERB X 5L, ZOMMoBEATIL
MOMBE L HA_PEWDOT, FEEDRHRILE L PRELOE D L 5 i HBROZIE, EBE
o T-T BRLOKOETIHLTNTH B,

&i. T-R BEILOHBRIZOWTHR S L, 2055 S hi-(EED—EH» b hRF~D T-T
B OMBEEN Fig. 4 TREN 5 X 5 CHEMEEN TH 501x L, Fig.5 ¢ T-R BEHD
HEEABED 5 XL T 50 EmEER MMy FEH- CwWb0ik, REFETO T-RE
ILOBEERBORBECH S EBbhb, Thbb, Hr0 T-T BALREET L CHBKAE G
K E DR ER D HDIHL, T-R B HEELORL R BF (F5) COREET 1
DTH5,

REE & BEHEEHATEL THR S STEHRHIL, RIZVEETH, —RATLTREEHT
THy, T-REFLZZOFTFRHACT T-T BAEL EEL, FECECEFIL T35, TDd,
ZENBALL IS EATYZORICELLITREMNC 20E5 L CEFERT KT 5
BEHOHERERD B HETE, HH7ERCEFLEF—FEERLT I AIRLET TS, £
DB T-R BAG M EE R 5,

Lal, ZOX5HME »50REATIHNVECHRAROERNS > T, Fig.7
CRERD X, REE LD T-R BILOHBARE, EFRAOKXMEOFEE L B, (JIFEL
LAEHEE R L e A REED LW, DAL ELL TP, bbb, T-REFLIRKEE
DEIBBC AT, PRBLESBbhb, —FEED T-R BEALED 1/4 MUEEO LR
FROERPHEEDOH 13 DREDOTFThic, Tk, BHO 12 OBEFLIEPRETD 1/3
DEIDOHBTHEEL T3,

XTC, EROERED 5L TEHEETC KT 5 FENRBEALTHR, EENL Py OF
HBEREETHELLERE X —BL Ty,

33 RAWCHEHIMAROES

3-2. TREAOEZEEL, ETRYERL T, HEFTLOHMNIBEDR T X 55FH
BB OEERFT L, £ 2 TRIC, REBORAGHD XV REBHRELOhisled
25~y EEOWEN G, BAORALL 2ERLT, BALOREELETOSLH
hhri-a B4+ 5,

-1 THhfc X 5, BILXERAT, EHROFRAMEORMRFIIZHRAZEAED
WA CRESOTELERBECHELET S, RETOLREBCEREL W2 AVWEHACEELTW5



488 EEAFERLEHIRTERE F3NB H3IF

BV, FEEOEREAEEETACh i D CELOMEBENEbo e b DL
HZigFT LT 5,
EMTREEOERECHbbh D T-T BHLC LT, ZoEBIL~ADTEN
PERLTAEL LEETCRRV s l, L, SORBTH, KEELEHLET
i3, T-T BEILAFOERBILELEL T\ 2T, ERADOEHBICE VT, HEFDOBRA
BEAHCEDOWThh OERECEETS IO LA R L TREHEED TSI LTS,
2T, REFEE T-T BioBET 5L o5, T-REAOHE
ETHELD, BIOHEEDEELAWEIHELRINEI %, 88—;W”Mﬂ
REFL, WThOoHZEDOLDL, TOBRERTETMHLELSDL 00| ____
RTPE R BUMEEERE—Th Y, i, LWEs@HEC |,
3RS OHARKEEOSE L bR NTH BN, [
FEHEOEE, TO—WrLMMET-ETHHLERTI LT ,
: Fig. 8. Three areas exist-
5, bic, A—OEEETIE, HLOBEAOKREILEIEFELY ing on' a radial wall of

ZERO AREA

OTEHHCEFIL TWAEEOER ERL B0 FEERTDOE a tracheid.

Lk d, Tihbb, Fig. 8 RTX o, EBFDOEBMBRTE o
DHFIEFI L T\ 5 T-T, T-R BALO—Hin b sk & TORE %8__FP——M
DBEREROEERORI L AR D, £2T, ChbORF% §%—WT““EW
EELE Tl Thih T-T BEAAHER, T-RELRR %8 °%*—E£iﬁ§

FiHEFE S LT TH, FLT, FEBIMEETORLREELT,
Fig. xR T X5k, HECHEELERTEREIIL TV, ZERO— ZERO

£2T, Chb&RADRORFAORS Y ERERATL, N — 7T T
FOEXFEERTHRL T, FEALENMETOFEECLEDD §0::pw__pT
gEERD, ok, ThHOL ) ELDOBC, FRNICKT S gﬁ_ﬁm_qq
B, X OEEEOEEEOTHEOEL L TERL TS, & |§
R OfEs S, T-T BAFE, T-R BN, 22 ARRMaED ﬂijifﬁ
WThr—HOFEEC D EA R AT LCHEL, TOB B o The kinds of com-
Eofir R, Fig. 10~12 TR L 72, binations of each area

. _ existing between one

Fig. 10 @Rah 5 X 5, EMFRERETCLEEFTCS D radial and other oppo-
T-T BAEROEE OB b DORS, —F, BHHpag gy  site wall of atracheid
OEEIHES, T-T WS B OEED 0% BEETS, 0o &l, BEAKOK
hOZE L7 Fig.1, 2 DR L X S HIBEL T3,

T-R BALFHC ST, Fig. 1LIRT L 51, EROEHTE SR CHREI ik
RLTwb, Fhit, T-R BLERAFRATREALERDOALh AW BAEROB S (&

E) OREECEDHHUE L BETELVWERYE L, TH50bTHS, Fig. 11 T, FHRAEO




HI =Y REFCRT AEADOSH  (HR)

HHEE b, T-R BALHFHEK 2 5~20% 72;5&5
HBREEDE N EHRRIR TS

%Eﬁﬁbiﬁﬂ%ﬁﬁ%‘mi%@%ﬂém
NTH B, EMBEEE T, EEED
70% B BT fo » T T-T BEFL L T-R AL
LELRWEENIBEALE TH D &5
Fig. 12 @iREAT W5,

wiz, Fig. 10, 11 @RI iz X 5 e 2l

489
204
v 8| nndlle
50
20 R (')
L 'o -
R('Io)

»
“F(%h)
N
o o
o%
|

CHHEO T —H DL RECEET 5 ° * R (0
. 20
T-T, T-R BEfLEE, b 5—TDERED 8 =
¥ OB L AL SR T 2BARS L hY v cj !
AT, | R(%)
30
MEREHEOEA SRR, WTFhn - B
~HoYEEY LR LT, Fig 9IRsh 5 T ﬂT
DX, 9BV DEEAELLN S, 2h 05 =
bk 6 R, Fiebb, T-T BIHME 5 L, o RO
T-R EAMHEEE 5L, BRERKRS 5L, T-T .
BEflom s T-R BB, T-T BEAHEKE :
ZeE i, T-R BALAM E B e v 5 12 -
. e 0
BhRICE LDEHRORETELh Lhico> segtion "0 3
& ThoFHEEDLEORBEEF L HDD Fig: 10. The frequency of the rates of the
g &h R, FA—HBOELEE L HBESRT T-T-pit area existing on the either
= ’ radial wall of a tracheid. (F: Fre-
EDRES Tk R, Fig. 13~18iRL 2, quency, R: Rate of T-T-pit area)
" ::: ' 4 ~
g0 20 =
w
o 1 %
R(’l-) ("I.) R(%%)
320 T 32 E 2
— :, w
w u
° 0 0 30
('/-) R('I-) - R(%)

Fig. 11.
radial wall of a tracheid.

+ section number

The frequency of the rates of the T-R-pit area existing on the either
(F: Frequency, R: Rate of T-R-pit area)



490 AR REMEBARTRRE H31%E H35

Fig. 13 1L/Ra 5 k5, (REFDOW < 20

EEEES T-T A THEEAb e, E | & JJTTH}THl{Lm

EEC LD B HE DR S OB MILE 0 REW

FeH{Bbhs, —F, EHBEEET £20

2, 0 0% P ks OMAbEERRE ¢ _J{H}{HT}hj

W Entbh ot ¥, EEOWTH G REew 0 ‘

I T DA ERETD T-T BILEED 8 & 22

#7/ L% Fig. 10, T-T &K s T-RE . 0 rw-r—r‘—ﬂ_‘—ﬂ_"ﬂ—m

AR, EEFRORE bk R+ Fig L0 ROW e

14,16 LBASCTE LD, FRAOE Em’ _fﬂTf

HEBOBHEC O TRBIICELSD & ok —~ 111%0

ThLHH, HCEHRRET T, T-TE ~ R (%)

AEHATEEEOF—BCFETBH =2 HJT{WZT

FRIEHNHNTH D, T RHIEL ol = Tcl)o

TEE D REE TD, ThEho LREE R (%)

CHEETS T-T RARKC 2R A#DL L " 22 i
w

- %, 12 ; J—l' ‘l

Fig. 14, 16 /RS h 2 kD1, #f section, O 50 100

- R(%)
BEC—EREFETS T-T EFKE Fig. 12. The frequency of the rates of the zero
; > > T area existing on the either radial wall
T-R BEABAEO#ELE, KLU T-TE O e e B
L E BAFROMESHLENEH K ES of zero area)

1 5B O, T-T BEARNEH D26 EHBCH . TRIBERPL T BERETH 5,

Fig. 15 R &h5 & 5ic, T-R BAHRE T-R BEALEE L 5 Eabes, FHEE ke
B 882, WThoOMETLiw~Adicw, Fih, Fig. 17 exRT X 51, T-REA
FIR L EEEROM ALY, WTRORBOGEE T 10% MKk S s Har—5S <,
IhHDZ iy, MPTORSABOSH LBEELEHKRIDZERTHS,

FEEOmEEEEC T-T, T-R BROWFR b A BARRL D2 Fig. 18TH 5,
T b BRI 5 on T, KBS O RLREE R 2 B iy o438
%, ZOEER, WIEhh—HOYERECEAHEENRb A EE %R L 7 Fig. 12 LELL
T3, ZOWRT, FEHHITOT, Mode 3 X X Median 23-Fh 3 Fig. 12 sk &
wouR, Fig. 12 c&Eh T s T-T BILGER L 22, =300 T-R BEFLEE & 2 A 5
EWVWHI oD AR, Fig. 18 EENTIRBIRTOLENETHE D, ki, Fig. 12, 18 iz~
SRBEHMOFEECHT BHAFRDOH D bh itz 0 Eitg, T-T BIAROE LK
T3,



Fig. 13.

Fig. 14.

F (%)

F (%)

B 7Y EETCRTAIEAORE (ER)

3 1% 30 4 30f ] 6

F (%)

R(%) R{%)

50 50 50

F (%)
F (%)

h (| 0 j N
0 10 0o 10
R(%.) R(*)
» sec¢tion number
The frequency of the rates of the combination of T-T- and T-T-pit

area on a tracheid. (F: Frequency, R: Rate of combination)

0 rew?®

1 P 6
40 40
[ b by
05 20 %5 20 0 . 2
" R(%) R(%) 100, R(*%)
.8 10 12
50! : 50 50
P T || T
17 1.
%56 0 1 %5 %
R(*) R(%%) R(%)
» section number

The frequency of the rates of the combination of T-T- and T-R-pit
area on a tracheid. (F: Frequency, R: Rate of combination)

491



492 AR FREBHBIRNARSE HLE H3F

100 100 100, 100— 100{ 100,
| i n
] 7
I
50| 5(1 50 50 50 50

L] L1 0
0 0 0 0 05 05 05 0 1
o R RCW . RCW  RCW RO RCK)
n
moer ! 4 6 8 10 12

Fig. 15. The frequency of the rates of the combination of T-R- and T-R-pit
area on a tracheid. (F: Frequency, R: Rate of combination)

" 30 4 30 6
= 2 £
£ : WTTTHT}T ﬂlf}ﬂﬂ
0 40 0 4
R(%) R(%) R(%)
3 8 30 10 30 12
(1
0 30 0 0 0 20
R(%WY R(%) R(%)

+ section number

Fig. 16. The frequency of the rates of the combination of T-T-pit and zero
area on a tracheid. (F: Frequency, R: Rate of combination)
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Fig. 17. The frequency of the rates of the combination of T-R-pit and zero

area on a tracheid. (F: Frequency, R: Rate ¢f combination)
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TYPE

: TR-pit

==T.T-pit

Fig. 19. The kinds of the distribution of pits on an individual tracheid
in the springwood (Section number 1).

(Each figure shows one of the tracheids belonging to each type, and
shows the distribution of pits on both radial walls of a tracheid. The
tracheid of A type is similar to the average tracheid for the distribu-
tion of the pits: The tracheid of B type is similar to A, but many
T-T-pits exist on the either wall at the both ends of it. These walls
differ from each other at both ends. The tracheid of C type has many
T-T-pits on one of two radial walls of it. The tracheid of D type has
the dispersed pits relatively. The tracheid of E type has the T-R-pits
on one end of it. The tracheid of F type has fewer T-T-pits as com-
pared with that of the average tracheid.)
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Fig. 20. The kinds of the distribution of pits on an individual tracheid in
the summerwood (Section number 12}.

(Each figure shows one of the tracheids belonging to each type, and
shows the distribution of pits on both radial walls of a tracheid. The
tracheid of A type is similar to the average tracheid for the distribu-
tion of the pits. The tracheid of B type is similar to A, but the
T-R-pits also exist on the end of it. The tracheid of C type has
only T-R-pits, and D type only T-T-pits.)

Table 1. The rate of the number of tracheids in which
T-T- or T-R-pits don’t exist.

Section number T-T-pit ~ T-R-pit
(%) *2 (%) #1 (%) %2 (%)
1 0 0 0 2
4 0 0 0 6
6 0 10 0 10
8 0 16 0 10
10 0 20 0 24
12 14 34 4 30

*1: The rate of the number of tracheids in which T-T-pit don’t exist on
both radial :walls,

**]: The rate of the number of tracheids in which T-R-pit don’t exist on
both radial walls.

*2: The rate of the number of tracheids in which T-T-pit don’t exist on
only one radial wall.

**2: The rate of the number of tracheids in which T-R-pit don't exist on
only one radial wall.
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Summary

A -trial was made by the author to recognize the distribution of pits of a tracheid
within an annual ring of softwood quantitatively.

The material used for the study was taken from a trunk of Kara-Matsu, Lariz
leptolepis GORD., obtained from the Tomakomai College Experiment Forest, Hokkaido
University. The sample tree was 35 years old and well mature.

Two radial .strips were taken from the southern side of the trunk at breast height
above the ground.

From one of the strips, the specimens in which the longitudinal radial and tan-
-gential - walls were cut on a sliding microtome were obtained to examine mainly by the
scaning electron microscopy. - From the other strip, a tangential section of 250 ¢ in
thickness was cut successively from spring- to summerwood at one annual ring of the
outer heartwood. After the sections were macerated, the tracheids were mounted on
slides for microscopy.

Location of pits on an individual tracheid and number of pits per tracheid were
measured on 50 tracheids picked up-at random per each section subjected to maceration.

Average values for the number of T-T- and T-R-pits per tracheid were computed
for every the 50 tracheids tested. Also the distribution of T-T- and T-R-pits on an
individual tracheid was observed and calculated ;-then, the average distribution of pits
-was obtained from the 50 tracheids tested. :

In this paper, the bordered pit between axial trachelds is ‘galled T-T-pit, and that
between the axial tracheid and ray (ray parenchyma and ray tracheid) is called T-R-pit.

The results obtained are as follows: .

1. Most of pits exist on the radial wall of tracheids, as shown in Photos 1, 3, 4
and 5. On the tapered end of the tracheid, T-T-pits present not only on the radial
but also the other wall, because of the irregular intrusive growth of tracheids, as shown
in Photo 2.

In the last few rows of summerwood tracheids, a few tangential T-T-pits tend to
present on a portion except the ends of tracheids, as shown in Photo 6.

On the other hand, in the common tangential wall in the extreme border between
the two annual rings, 200 to 400 per tracheid smaller T-T-pit pairs present everywhere,
as shown in Photos 7 and 8.

2. It is clear that the average values for the number of T-T- and T-R-pits per
tracheid are remarkably high in the typical springwood, then decrease rapidly toward
the summerwood, as shown in Figure 1. The tendency shown in Figure 1 is found
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also in Figures 2 and 3.

The Figures 2 and 3 show the number of T-T- and T-R-pits on an average tra-
cheid, which has the average distribution of pits. Also, the Figures 4 to 7 show the
percentage of the number of T-T- and T-R-pits on an average tracheid respectively.

In an average tracheid, T-R-pit was showed to exist more at the middle part than
the end everywhere within an annual ring, as shown in Figures 3, 5 and 7. About 1/2
of the total number of T-R-pits on one tracheid existed within the middle 1/3 of length
of the tracheid. On the other hand, T-T-pit was showed to exist more at the both
ends of the tracheid than the middle part of it, as shown in Figures 2, 4 and 6. This
tendency becomes more remarkable toward the summerwood, where, as shown in Fig-
ures 1 and 2, the actual number of pits is fewer as compared with the springwood,
though.

In the springwood tracheid, about 1/2 of the total number of T-T-pits existed within
the middle 2/3 of the length, i.e., the other 1/2 located on the both ends, being divided
equally, while in the summerwood tracheid, about 1/2 existed within 4/5 of the length.

The distribution of pits on the average tracheid in the springwood is similar to
that for Todo-Matsu, Abies sachalinensis MAST..

3. When the longitudinal radial wall of a tracheid is distinguished into T-T-,
T-R-pit area (a portion existing T-T- and T-R-pit respectively) and zero area (a portion
existing neither T-T- nor T-R-pit), two opposite radial walls of one tracheid are shown
by the nine combinations of each area, as illustrated in Figures 8 and 9. In Figures
10 to 12, the frequency of the rates of the each area on one tracheid are shown every
50 tracheid tested. Also, the frequency of the rates of the each combination are shown
in Figures 13 to 18.

4. Tracheids are divided into six types in the springwood, and four types in the
summerwood according to the differences of the distribution including both kinds of
pits, as shown in Figures 19 and 20.

The tracheids illustrated in Figures 19-A, -B and 20-A are similar to the average
tracheid for the distribution of the pits, and were found the most in every 50 tracheids
tested within an annual ring.

The rate of the number of tracheids in which T-T- or T-R-pits don’t exist on one
or both sides of the radial walls as illustrated in Figure 20~C and -D increases from
spring- to summerwood, as shown in Table 1.
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Photo 7. Photo 8.

Explanation of photographs (1-8)

Photo 1. A radial surface in the springwood of material. Many T T-pits in 1-2
rows exist on the radial wall of the tracheid.
Photo 2. A part of a springwood tracheid obtained by the maceration. On the

end of the tracheid, T-T-pits exist not only on the radial (arrow) but

also the other wall of it.
Photo 3. A radial surface in the middle part of an annual ring.
Photo 4. A radial surface in the inner summerwood.

Photo 5. A radial surface in the outer summerwood. 1: Springwood tracheid, 2:

Summerwood tracheid.

Photo 6. A radial surface in the border between two annual rings. A few tan-
gential T-T-pits (arrow) exist in the last few rows of summerwood
tracheids. 1: Springwood tracheid, 2: Summerwood tracheid.

Photo 7. A tangential surface in the inner most springwood. Many T-T-pits
(arrow) exist everyvwhere in the tengential walls of the springwood tra-

cheids being in contact with that of the summerwood.

Photo 8. T-T-pits (arrow) shown in Photo 7 are observed from the side of a radial

surface. 1: Springwood tracheid, 2: Summerwood tracheid.



