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~ Résume
CompreSSion- ahd tension-wood are both specially differentiated wood which
7 appears with eccentric growth under certain conditions. Owing to their pecuharatxes
in techmcal propertxes serious defects will be seen in. timber and 1umber Present
artlcle deals with the causes of formation, the anatomical structure chemical and

..

physmal propertles of these abnormal Woods L ’ P

1. The causes of formatlon.

1.,"1‘he stems, orthotropic shoots, of trees',tend to grow eccentricall'y when -

" their -axes are inclined from vertical position, and the greater growthis seen on the

"lower side in conlfers whereas in dlcotyledons on the upper side. Such a phenome-’ o

non is generally known as geotrophy ‘

2. In addition'to geotrophy, the lateral branches, or plagiotropic shoots of trees
show another tendency of heterotrophy, in which the growth increases towards the
dorsal side in.conifers and towards the ventral side in dicotyledons. The writer,

therefore, uses the terrn “‘dors1ventra1trophy for thlS phenomenon. - -In. the actuaIA ,
growth of lateral branches,: eccentr1c1ty appears in the direction of the resultant of |

these‘ two motives: -

3. While geotrophy varies. w1th the amount of inclination of axis, dorsiventral- .

trophy is almost the 'same .in any position. =When the axis of branches -is inclined
-about 50~60° and 150~160° from uprizht dzrectlon the growth will not bea eccentric,

as two motives-will be then in balance. T y .

4. - Associated with the above- mentioned eccentric growth are spemal differentia-:

tiQ,ns /m ‘tissue structure, particularly on the side of greater growth.” The wood formed
in such' cases is called compreSsion—Wood in conifers or tension-wood in dicotyledons
respectively The former possesses longitudinal conripressive stress "and the latter

" shows lonvltudmal tens1on so, When they develop on one s1de of shoots the axis will

gradually become to bend., - .
From these facts it may be said-that the geotroplc movement in- trees occurs
throuvh geotrophy and ep1nast1c bending takes place by dorswentraltrophy.

5. Besides the tropic stimuli, gravity acts on growth rate as “geotonus” , that
is to say, geotrop1c reaction is toned with the product of cosine and sine of 1nc11nat10n
angle; then geotrophy may be shown as the- ffollowm0 formula :

G=g-t-sina (1+k-cosa) o . -
where . g —~:geotroplc stimuli,
. t"%.period of stimylation,
_ a = angle of inclination of axis,
k= constant '

The same effect must be conSIdered also for do swehtraltrophy. Assuming that‘
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thls tomc actlon goes Wlth the sum of cosine and sine of 1nchnat10n angle the ecce~
_ ntrlclty of branches will be’ expressed by the following approx‘imate ‘equation :
Pl=g.t-sing(l+k-cose) —E(1+ (K- c03a+sma)j '
where E = dorslventraltrophy, '
K= constant

6. Geotroplc bendings in herbaceous plants are generally recogmzed as the result
", of unequal growth on.the two sides, Wh1ch is due to unequal d1str1button of auxin,
. In trees, the geotroplc movements of shoots occur also through unequal growth
geotrophy so, it may be supposed that geotrophy arises likewise from one srded
accumulation of auxin.  For seekmg this relation the writer examined Wlth indole
.3 acetlc acid or naphthalene acetic ac1d and he found that the typical. compressmn
lWOOd develops after treatment of’ these hormomc reagents under epidermis of. stems
* in pine, spruce and other comfers and that the axis become to bend when it applied ‘
on one side of shoots. - ‘ ‘ ' )
 Moreover, on'the auxin determinations in leaning coniferous stems the greater
. amounts of atxin are dete‘cted‘ in the lower 'side. From these results it may be
,concluded that the dlrect cause of compression wood formatlon is the accumulation
of auxin, and the physxologlcal meaning of such wood lies in actmg the growth mo-
evment of tree growth.
II Anatom1ca1 structure. ‘ | - 3 . )
A. The structural dlfferences of compressmn Wood compared with normal WOOdV
are as follows “
| 1. Tracheids. Cel]s are - c1rcu1ar in cross sectlon and they show more or’less
| 1rrevu1ar arrancrement occuring mtercelluTar spaces between them.
Cell wall is very thlck through sprmg and summer wood, but lacks inner layer '
. which is markedly defined in .normal wood. Many radial cracks app ar in seco,ndar__v
Wall and they seem hke left handed spiral striations in longltudmal section. The :
slitlike extended. aperture of bordered pits inclines aloncr these cracks 1ndlcat1nv grea-‘
ter slope of miceilar arrangement Cells are: smaller n length and _often crook
jwavﬂy , o o ‘ L , |
2., Wood parenchfma and vertical resin ducts. The development ot these
tissues is generally less, but no, variation is found in cellular structure.
3. ’Rays.'. Number i)n tangentiai section is smaller in many_cases, the cell height,
more or less higher. S ' h . S
4. Bark correspondlnﬂr to compressmn wood is also broader but sclerencnymatous
elements are rather scarce.

B Tension- wood shows followmg drfferences in comparison with normal Wood

1. Wood fibres. In certain genera cells are squarish, flattend and arranged
regularly in radial directon. Length of cells is always longer, and cell wall is very
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thick with gelatinous layer. Slitlike pltS run parallel to the cell axis 1nd1cat1nﬂr the ',
_ parallel arranzement of ‘micelle. ' ‘ '

2. Vessels " Both, number and dlameter 1n cross section marked,ly less

B 3. Wood parenchyma Smaller in cell number in vcross sectlon 'through each

' types of arranvement h

)

'4 Rays. * No tendency of vanatmn is found 1n general

5 Bark on the s1de of tensmn-Wood is usually thtcker than that of oppos1te side,

and it contams more sclerenchymatous elements ‘

C. Amonv the above mentloned the presence of gelatinous layer is the -most
" distinctive feature of tensmn-wood. This layer_ls divided into three types accordinz
to its- develo‘pment; - The first tjpe, which consists of only innermost part of secon-
dars}. wall, occurs in few genera, such as Pyrus, Cormus, Stewart1a, Palura, Lizus-

4 . trum, Osmanthus. The second type, Wh1ch occupies the Whole secondary wall, appe-

_ nce.

ars chlefly in the f1bre-tracheds of Myrlcaceae Trochodendraceae, Eupteleaceae
7 Cercidiphyllaceae, Hamamehdacea Cornaceae, .Oleaceae, Ternstroemlaceae \ The
third type, which forms spec:al inner layer in secopdary Wall ls seen tn libriform
fibres of Sahcaceae Ulmaceae Moraceae, Lauraceae, Fabaceae, Anacardiaceae,
' Aceraceae, Rb,amnaceae Flacourtxaceae Lythraceae Araliaceae etc
., _ “In some genera of d1coty1edons such as mehosma Ilex, Euonymus Rhododen- ‘
. dron, Pieris, Xohsma " the eccentric growth occurs without the formatlon of gelatl-

‘nous layer, and in T 1l1aceae Malvaceae Stercuhaceae, Daphnaceae the another type

' of t1ssue mod1f1cat1on is found in such case. ) o

Some species, which mostly belong to shrub do not show any symptom of he- »

terotrophy, and in a few instances, such as Gardema Buxus the eccéntric growth

appears Wlth the tendency of geohypotrophy llke conifers.

s - . . . N

- III. Chemical cdmposmon : o :- R ' .

¢ 1. On the staining reactions it is observed that the trache1d Wall of compressmn
,wood is strongly hgnlfled ‘through all layers. . Analytical data also indicate higher
percentage of l1vn1n and relat1vely lower percentage of, cellulose Diﬂerences in
another components are less prominent.

2. Tens1on-wood may be estlmated to have cornparatlvely lovzer content of llgnm‘
accordmg to the presence of gelatlnous layer, but further analysis in detail of thls"
wood is not yet attempted ' ‘

V. _Phys1cal properties. “ '

A The physical properties of compression-wood differ from those_ of normal
.wood in the following- points :~ '
|

1 Colour deep browmsh red which charactenzes thlS wood in e};:ternal appeara- .

)




2.

- 3.
4.

o £ B B % H1% (520 .
‘ ) : 5 : A S -

Volume weight usuai\ly’ ‘heavier in both fresh and dried. condition.

‘Water content in green condition lower. in air dried condition somewhat higher.

Hygroscopic power generaify less, but the quantmes of. hygroscoplc water in

unit volume larger.

5.

Permeabrhty of Water in radial dlrectlon less and velocity of transpxratlon'

stream slovver . ) -

\'6

radial and tangeﬂtml omy about half as much as that of normal WOOd

- 7.

-

wood possesses tensile’ stress

8.

Longltudma] shrmkage extraordlnary high, but transversal shrlnkage in both .

<

In green-state th1s Wood shows longltudmal compresswe stress, Wh*le normal‘

~—

Compresswe strenvth greater in green condl‘clon but not alvvays in air dried

condition. When the strength values are adjusted for d;ﬁ'erences in the volume

‘

Wexvht often smaller 1n green cond1t10n~w ) ,

9.
10

Tensile strength smailer in both green and a1r dried condltlon

Strength for static bending greater parallel with the compressxve strencrth

The rat1o of” compressmn strength to tensﬂe strength always smaller.

11.

120

13.
B.
1.

lustre.

2.

scopic water.

3.

4

5
6.
7

Modulus of elasticity ever very small,

Cleavablhty almost the same. = o S

_Toughness smaller in most cases, but hardness usually larger in all directions.
. Tension-wood possesses the following tendencies compared with gormal wood :

Colour darker, but in some species the saw eut surface shows a peculiar silky .

«

Water content smaller in green oondittion; easily dried and poor‘in'hygro-

N

Water permeability in radial direction smaller.

Longl'rudmal and tangential s‘lrmkagé larger..

Abnormally strong tensile stress is found in green cond1t1on

A

-Compresswe strength smaller in proportion to its volume weight.

Tensﬂe strength excesswely greater.

At any rate, the cause of such pecuhar properties in compressmn- and tension-

wood may mostly ‘be referable to the abnormal cell wal] structure of their tacheids

or wood fib‘res,“ and the peculiarity in properties varies with the grade of structufv

ral modifications in wide range.
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