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Table {. Fibrillar angles of twist in trachieds of Larix Kaempferi,

measured from tilt of pit aparture at

crossfields (spring wood).
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Radious OA
. Degree ..
Sample {Annual Mean
No.| ringl 15 | 20| 25 ! 30| 35| 40 | 45| 50| 55 Total | “yajne | Mode
1 41-37 2 2 7 17 11 8 3 1845 36.9 35
2 36-32 1 1 6 8| 21 9 4 1700 34.0 35
3 31-29 2 3| 16 17 6 5 1 1705 34.1 35
4 28-26 2 4 3 6 21 8 6 1690 33.4 35
5 26-23 1 3 7 20 11 8 1805 36.1 35
6 23-21 1 3 5( 11| 21 7 2 1635 32.7 35
7 20-18 1 1 12 21 11 3 1715 34.3 35
8 18-16 1 6 7 20 10 6 1759 35.0 35
9 16-15 1 1 6 8 15| 10} . 9 1551 35.1 35
10 15-14 | 1 6] 12 19 6 4 1 1651 33.3 | 35
11 14-13 1 3 41 11 17 8 4 1600 32.0 35
12 13-12 6 14 13 9 7 1700 14.0 35
13 12-11 1 13 15 13 8 1820 36.4 . 35
14 11-10 4 8 9 19 2 4 1575 31.5 35
15 10-9 1 5 5 18| 13 5 2 1 1830 36.6 35
16 9-8 5 4( 10 17| 12 1 1 1670 33.4 35
17 8-7 2 7| 10 6| 14 4 1 1875 37.5 40
18 7-6 1 7 9 14 9 4 4 2 1805 36.1 35
19 6 6 8 14 15 5 1 2 1865 37.3 40
20 5 1 5 5 6 19 7 2 1680 33.6 40
21 4 1 3 2 13| 16| 10 1 2 1860 37.2 40
22 3 1 3| 10 12 18 5 1 1810 36.2 40
23 3-2 1 2 4 ) 20 6 3 2 1800 36.0 40
Radious OB
Degree
Sample [Annual - Mean
o ringl 15| 20| 25| 30 ' 35| 40 j 5| 50| 55 Total | ™ a1yl Mode
24 41-40 3 4 1] 14 18 7 3 1615 32.3 35
25 39-37 4 5 7 19| 10 4 1 1710 34.2 35
26 36-35 1 3 8| 13 17 7 1 1585 31.7 35
27 35-33 3 3 6 8 20 6 4 1615 32.3 35
28 33-31 2 5 2 7 19 9 5 1640 32.8 35
29 30-29 3 4 7 7 14 10 4 1600 32.0 35
30 28-27 5 6 71 20 6 6 1670 33.4 35
31 26-25 5 7 5 16 10 4 3 1925 38.5 35
32 25-23 1 2 3 10 16 8 8 2 1770 35.4 35
33 22-23 1 1 4 14 20 9 2 1790 35.8 35
34 22-21 2 5| 12 19 11 1 1670 33.5 35
35 20 1 9 20 14 6 1825 36.5 35
36 19-18 4 71 25 8 6 1775 35.5 35
37 18-17 .2 91 25 12 24 1775 -35.3 35
38 17-16 10| 10 17 9 4 1685 33.7 35
39 16-15 7 8 16 17 2 1745 34.9 35
40 15-14 3] 11{.10] 16 6 4 1615 32.3 35
41 14-13 s 6 10 16 13 4 1730 | -34.6 35
42 .1 13-12 1 21 14 19 12 2. 1725 34.5 35
43 12-11 1 7 9 21 11 1 1 1700 34.0 35
44 10-11 5 91 21 10 5 1755 35.1 35
. 45 10-9 5 121 20 12) 1 1710 ] 34.2 35
46 - 9 4] 11 17 |- 14 sl 1765 35.3 35
a7 | 8. 1, s5{ 10| 18] 9| 7. 1750 | 35.0 |. 35
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50 6 5/ 11| 16| 14 2 2 2015 40.3 | 40
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53 3 3| 13} 18 14 2 1995 39.9( 40
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No.3 No.4 “Nok
(31~29) (28~26) (26~23) (23~21)
No.7 No.8 No.9 _No,10 No.tl Noit2
(20~18) (18~16) (16~15) (15~14) . (13~12)
No.13 No.{4 No.15 No.l 6 No.1'7- No. 8
C(12~11) (10~11) (10~19) (9~8) (8~7) (6—17)
No.l 9 No.20 | _No.2l No.22 No.23
(6) (5) (4) (3) (3~2)
No.24 No.25 No.26 No.27 No.28 No.29
(40~41) (37~39) (35~36) (33~35) (3|~33)_( (29~30):
No.30 No.31 No.3 No.33 No.34 No.35
(27~28) (25~26) (23~25) (22~23) (21~22) i(20)
11T [
No. 36 No.37
18~19) o No.38 No.39 _No.20 No.41
(18~19) (17=-18) (16~17) (15<16) - {14=15) (13~14)
i J}L mh. L Ak
No.42 No.43 No.44 No.45 No.46 No.47
(12~13) (1t~12) (ro~11) (‘g~|3) 9) (08) i
No.48 No.49 No.50 No.51 No.52 No.5
) (1-6) & (5) (@ 5
No.54
(2) ,
’_l-ﬂ_, Fig. 5 Fibrillar angles of twist measured Species : Larix Kaempferi
from tilt of pit aparture (same No. : sample number

to Table 1). C ) : annual ring
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Fig.9 Grade of fibrillar parallelism (I7) and variation of
angle of twist in a radius (Sample No. 3).
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Table 3 Apparent angle of twisting pillar observed in our
former school.

Apparent angle
of twisting -1 0 1 2 3 4 5 6 7 8 9 10 Total

warp (degree)

Number of pillar 1 3 7 9 6 12 8 3 2 0 o0 1 52
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Table 4—1 Initial and terminal twisting warp with reference to

type of twist. (Larix Kaempferi).

Specimen 1 2 3 4 5 6 7
Type of twist on both rads. SV |SIm&VISH&IV, Sm Sm S S1
Di;ﬁif‘.?; of twist at outer 0~Z | s&Z | s&o S S S S
Ini‘;iaarlpdirect. of twisting A Z z S S S Z
Tzl;r;;%al direct. of twisting A A VA VA S S (S

T iebbLRBERIEER L IR CIXEREAZ iz T 5 L Hich CREVW OG5 HER T %
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Fig. 20 Variation of angle of twisting warp refered to the aspect of macrospiral construction of specimen (Larix Kaempferi).
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Fig.?21 Variation of water content {(Wu-Wo)/Wo}x 100 durmg observatlon
(Larix Kaempferi).
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Angle of twisting warp with seasoning (per 1.0m)

Specimen| Aspect of twist {per 0.Im)
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~ Fig. 92" Variation of angle of twisting warp refered to the aspect of macrospiral construction

of specimens (Pinus dinsiflora).
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Fig. 23 Variation of water content {(Wu—Wo)/Wo}x 100 during
observation (Pinus densiflora).

Table 4—2 Initial and terminal twisting warp with
referfnce to type of twist
(Pinus densiflora).

Specimen l 1 | 2 3 4
Type of twist on both rads. Sm&IV S &IV S &IV Sm
Direction of twist at outer surface S&O S&O o S
Initial direct. of twisting warp S VA Z S
Terminal direct. of twisting warp 8] S S S
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Table 4—3 Initial and terminal twisting warp with
reference to type of twist
(Larix Kaempferi).

Specimen 1 2 3 4 l 5 1 6
Type of twist on both rads. SIM&IV|ST&IV| SIV Sv SM&IV|S M &IV
Direction of twist at outer surface (0] S&O (o] Z S&0O | S&O
Initial direct. of twist. warp Z S S Z S S
Terminal direct. of twist. warp VA Z S VA YA Z
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v A 2= Pinus parviflora S. et Z.

(P. pentaphylle Mayr. var. Himekomatsu Maxino)
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Aspect of twist
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Angle of twisting warp with seasoning(per 1m)]
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Fig.25 Variation of angle of twisting warp refered to the aspect of macrospiral construction of

specimens (Larix Kaempferi).
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Fig.26 Variation of water content {(Wu—Wo)/Wo} %100 during observation

(Larix Kaempferi).

Table 5

Weight )

Species Specimen | Length | Dia. (smaller end) G, begining Gy end of
of obs, obs,
1 7.0cm 1, 320gr 600 gr

Pinus d’emiﬂora ) 2“ 30cm 6.0 1,020 440

A 3 5.0 800 345

7 » 4 8.5 1,850 745

P. parvifora | 5 30 8.2 1,580 660

: 6 7.5 1,375 580
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Fig.29 Variation of angle of twisting warp refered to the aspect of macrospiral
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Table 4—4 Initial and terminal twisting warp
with reference to type of twist.

‘ Type of twist Direction of | Initial direct, | Terminal
Species Specimens y% th VS!S twist at outer | of twisting direct. of
| on Doth radious; o face warp twisting warp
1 Sm&v 0&S s s
P. densiflora 2 " SHI&IWV 0&S S S
3 ST&Sm S S S
4 Zm A YA VA
P. parviflora 5 ZIM&ZIV Z&S VA
6 Zm YA Z VA
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ThH=wY, BAazwvdil
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Rz Thuja Standishii Carr.
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Table 6
Species Specimens| ‘Length | Dia. (Smaller end) Wefght
i - Gy, begmmg of obs. Gy, end of obs.
1 30cm " 6.2cm | 1120 gr 550 gr
Pinus 2 30 5.7 |- .. 975 500
densiflora 3 30 5.1 900 350
4 30 \ 4.5 640 290
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5 30cm 7.0cm 1300 gr 670 gr
Pinus 6 30 6.5 1100 520
parviflora 7 30 5.0 900 465
8 30 4.8 650 300
9 30 7.0 1310 670
Abies 10 30 6.2 1100 . 550
homolepis 11 30 6.2 1140 530
- 12 30 6.0 950 450
- : 13 30 8.5 1145 735
Thuja -14- 30 7.6 - 995 o - 650
Standishii 15 30 6.8 1160 540
16 30 5.7 600 390
17 30 6.0 1040 680
Pinus pumila 18 30 8.7 1490 1055
19 30 6.5 1006 640
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Fig.31 Portion of Sampling.
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Table 4—5 Initlal and terminal twisting warp with
reference to type of twist.

-.4| Direction of Initial direction! Terminal

Species Specimens :}}%eotgfr a&?gi; twist at outer | of twisting direction of

| surface warp twisting warp

. 1 S S S S
Pinus 2 sSm S S VA
densiflora 3 S S S S
4 SHm S S S
. 5 Zm Z S VA
Pinus 6 Z1m yA S S
parviflora 7 ZO&m VA VA Z
8 ZT &M Z VA VA
. 9 SI&VI S&Z S Z
Abies . 10 SIV&VI S&Z S S
homolepis 11 SIV&VI S&Z S S
12 SV O S Z
15 0&ZVI O S VA
Thuja 14 Zu&Zm Z VA YA
Standishii 15 Zm VA S VA
16 0&Z1 0&Z Z A
17 ZI &M Z Z Z
Pinus pumila 18 ZIV&VI Z&S S yA
19 Zm Z S VA
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Specimen

~ Aspect of twist (per 0.1m) .

Angle of twisting warp with seasoning (per 0.3m)
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Fig.32 Variation of angle of twisting warp refered .to the aspect of

macrospiral construction of specimens."
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Variation of angle of twisting warp refered to the aspect of
macrospiral construction of specimens.
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Specmen, Aspect of twist (per 0.1m) Angle of twisting warp with seasoning (per 0.3m)
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Fig.34 Vaiation of angle of twisting warp refred to the
aspect of macrospiral construction of specimens.
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Table7 Alternations of spiral directions from primary
wall to macrospiral construction.

Direction Direction of | Direction of Direction of
torque exerting s P s
; microspiral macrospiral
. around primary const, in S const, in trunk
Species state of cells . 2 .
S spiral Z, superior in infant | S, superior in infant| S, superior in
tree species " | age; S, superior in age; Z, superior in | infant age; Z, superior
adult adult in adult
Z spiral S, superior in infant| Z, superior in infant | Z, superior in
tree species age; Z, superior age; S, superior infant age; S, superior
in adult in adult in adult
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Table8 Directions of spirals in vines and trees.

\ . : N . . . : : Superior direction
\Dlrectlon Superior direction of | Superior direction of of torque exerting
main axis fiber to the axis d P in infant
Form ™ aroun in infan
of plants . age
Z, in the north ® S, in the north Z, in the north
Vines S, in the south Z, in the south S, in the south
(supposed)
. S, in the north - Z, in the north
Trees Seem to be straight | 7" i {he south S. in the south
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4) kA= ; ibid., (1958), P.74.
5) FMHBE ; HEMIE4ESE, 26,308, (1926), P.239~253.
6) AREIH ; sHImEEY, 1, 4, (1954), P. 242~269.
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An approach to the causes of spiral grain in trees
by  Seiji Ohkura

I According to the author’s former works, the general aspects of the
twisted fiber in trees may be summarized as follows:

(1) The type of spiral in a tree trunk is definite, in general, at least in
early days. From this point of view, tree species are devided into 2 types,
the S and Z spiral species.

(9) At first the angle of twist to the tree axis increases centrifugally,
until the maximum value is obtained. Then the gradual decrease begins until
an unwinding happens. The maximum value at a cross section increases to the
apex, moving the location centrifugally, and then decrease the value.

(8) Diminishing to zero at a certain annual ring, the angle of twist re-
gains gradually showing the tilt opposite to the initial direction. This phenome-
non is usually called an unwinding or “Umdrehung” in German.

@ The unwinding occurs once or more depending upon tree species.

(5) The variation of angle, and especially the time of unwinding may
differ by different environmental conditions.

(6) Features of the Sand Z spiral types in trees occur entirely symmetri—
cally except the direction.

(7) In conifers, the distributions of the S spiral species on the earth
incline to increase toward the north and decrease toward the south. The
hemisphere shows clear contrast to the another. Broad leaved trees belong to
Z spiral species in general with occasional exceptions.

After the author has been engaged in the investigations about those
phenomena, he has advanced the dualistic theory refered to them; the spiral
habit and its right-and-lefthandedness should differ in their fundamental
properties. Each should be pursued along their particular courses. In the
present paper,the author believes to have made some progress.

One may look upon the spiral grain to be abnormal or a disease at first
sight. There would be another, however, who asserts it normal and healthy.
There are normal and abnormal (excessive) twists to be met in the field,
whose definitions are not easy because of the lack of anatomical clues and of
standard of twist to be trusted. The author at present wants to restrict
himself to explain the normal twist of normal trunks, reserving the later
investigation.
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Following definitions will be useful later.

S or left-handed spiral : ascent from right downward to left upward to
the observer.

Z or right-handed spiral: ascent from left downward to right upward from
the observer.

Macrospiral construction: course of twisted fibers in a tree.

Angle of twist: angle of macrospiral to the tree axis.

Microspiral construction: spiral arrangement of fibrils or microfibrils at
any lamella of a cell wall.

Fibrillar angle of twist:angle of microspiral to the longitudinal axis of
tracheid.

II To measure the fibrillar angles of twist in S, about radial walls of
tracheids, tilts of oval half-bordered pits at a crossfield are expected to represent
them. For tangential walls, X-ray diagrams were taken by courtesy of the
Goverment Forest Experiment Station.

It seems fairly certain that no distinct correlation can exist between the
angle of twist and the fibrillar angle of twist in S, of tracheids on both radial
and tangential walls. On the contrary, distributions of microspiral construc-
tion in S, of tracheids with regard to the directions S and Z, observed by the
S.U.M.P. method, which is nothing but replicates the surface of samples,
show to have some meaning with the variation of angles of twist. The author
thinks it rational, that there act torques on the primary wall of tracheids
- opposite to directions and having comparatively equal absolute value, which
should be responsible for the variation of the angles of twist.

III From the year 1952 to 1958, experiments were carried out about 3 S
spiral species (Larix Kaempferi Sarg., Pinus densiflora Sieb. et Zucc., and
Abies homolepis Sieb. et Zucc.) and 2 Z spiral species (Pinus parviflora Sieb. et
Zucc. , P. pumiia Rgl., and Thuja Standishii Carr.) to explain the relation
between the spiral constructions and directions of twisting warp among those
tree species. Some trials were made before the following promising method
had been devised. Specimens were fixed by nails on a steady basis. Mirrors
were set on the end to move with and to record the behaviors of the speci-
mens (See Platevi). The results were as follows:

(1) The specimens display somewhat steady behavior after the equilibrium
moisture contents are gained, and the trend of twisting warp seems to be
more settled.

(%) As the seasoning proceeds from cross sections and across the bark to
the pith, partial unbalance of moisture contents causes partial twisting warp,
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which seems to effect warps in any other parts of the same cross section.

8) In spite of those complicated c1rcumstances directions of twisting
warp coincide with the macrospiral directions mamtalned by the larger part of
the specimens.

@ As the consequence, the twisting warps trend to happen primarily to
S direction, and secondarily to Z in S spiral tree species, but in Z species vice
versa.

(5 Types of twist in macrospiral construction effect the directions of
twisting warps. In general,

SI, I : to the S direction.
Sv, VI : to the Z direction.
S, Iv : to any direction under circumstances (see p.2).

Except one, all specimens of Z spiral species twist to Z direction, but
the trends of opposite twist, which can be occured under circumstances are
also observed among them.

The directions of twisting warps agree with the signs of macrospiral
maintained by the larger part of specimens, and the directions of twist are
opposite to those of the macrospiral constructions when they show their
dimensional increase as a result of the increased humidity (See Fig. 16). This
must also be true for tracheids as they differeciate from cambial initials and
show increase in their length.

Preston’s conception to explain spiral growth following to the rule
governing the length changes of a spring, may not be accepted without
modification which is nothing but fundamental (See p. 8~9). It may be more
rational to inquire the sign of cos a sin « instead of (1 —@—) in order to
explain the reason why an unwinding should happen in the twisted grain. If a
sort of biological preference should exert itself, the angle of microspiral at
the primary wall of tracheid may not fail to undertake the alternation from _
1st quartant to 4th quartant and 2nd to 3rd, being the angle a considered
to be less than 20°. The flat spiral of primary wall, which in any way forms
net work of microfibrils, is said to steepen the spiral to the longitudinal
axis of tracheid as the tracheid elongates. The bidirectional microspiral or the
net work construction of primary wall is rather suggestive to this point.
When Frey-Wyssring described that the newly formed microfibrils of primary
wall should always be deposited in the transverse direction, he said that mere
mechanistic consideration cannot explain the inception of any differentiation.

There may be alternations of the sign of spirals begining with tracheids
differentiaion and ending with spiral grain, as the types of twist in tree species
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varies as shown in Table7. Geographical handicaps should have to do with
Preston’s rather one-sided idea.

1t is curious enough that the distributions of supposed signs on the earth
should be so proved as the signs of torques causing the tilting position of
tracheids and those of spirals of climbing vines are the same.

IV For the above mentioned dualistic theory, we may reduce as follows:
by what means the cellulose chains orientate spirally around tracheids, and for
what reason the Z direction is superior primarily in the north and the S

direction in the south.

Explanation of plates.
Frontispiece: Phot.1 An abnormal twist of dead Pinus densiflora

showing Z 85°. Shimoina, Nagano Pref.

Phot. 2 An assemblage of boles of Larix Kaempferi showing normal
twist under S 1°~4°. Ina city.

Plate1 &1 : X-ray diagrams of sample No. 1 (Fig. 5). Specimens for
investigation are taken from early and late woods of every other annual
ring starting from 2nd one. X-ray is projected perpendicular to the tangential
longitudinal surface. )

The parallelism of crystallites shown by plate I is better to outward,
and late woods show the tread of higher regularify compared with early” wood.
Those tendencies are not so distinct in Platen. .

There will be no possibility to find the direct relation between the angles
of twist and the fibrillar angles of tracheid no matter which of the walls,
tangential or radial, should be measured (See Table 1). '

Plate M ; Light microphotographs taken from tracheids at radial surface
maserated from the same sample.

Photos of each rows taken from one and same objects. Photos to the left
hand (Phots. 1, 3, 5) focused this side of tracheid, and the right hand (Phots.
2,4,6) to that side. Fibrillar angle of twist in the tracheid of Ist row shows
S 40°, 2nd row in spite of apparent orientation Z 30°~32°, 3rd row Z 45°.

Plate v : Electron microphotographs of tracheids taken from the same
sample. Splitted, early wood, radial surface (2-step method ethylmetacrylate
Al, Cr schadowed, tracheid axis .*). Electron ray projected always to Al
side of each metallic lamella, which was acertained with a light microscope by
the Indian ink previously marked.

There remains no doubt, with Plate III and Plate IV, that there coexist
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S and Z directions in the microspiral construction of sample No. 1.
Plate v : The statues gained by the S.U.M.P. method replicated the
surface of splitted woods. (Larix Kaempferi, radial longitudinal surface)
Phot.1 Horizontal type.
Phot. 2 Vertical type.
Phot.3 Crossed type.
Phot.4 Crossed type (Abies homolepis).
To count the percentages of S and Z direction in fibrillar orientation,
horizonal and vertical type should be omitted.
Plate vi : Phots. 1~4. Device for the experiments in 1952 and ’53.
. Phots. 5~6. Device for the experiments in 1957 and ’58.



PLATE VI

Phot. 2

Phot. 6



