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The Morphological and Anatomical Modifications of the
Tree Trunk Exposed to Strong Wind*
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2. HEBEHFE

HRARELT, 2VIFOEMTEVEREOKEMANCET LCWieh vy (Quercus
dentata) % 1 AR Ui, T OHFERITEE® 90 4F, BEH2m, BEHER 9 cm ORI
BEARTH S (Photo 1),

Photo 1 THLM X S, HRAKOBBIIEHCHITOATHBD T, shie ¥l
S TWAES EEROTH AR Lz Fig. 1), b riEes LCEECETARE
FE LI, ZhbOFROEKEC BT 2 RKBOEKEROREEYBR S X O EEEBE CH
B, FEBELXT- . _

R, BB LEARMSDRAEZTHVHEL, Thohd 15 pm EOKROEY K 2 Hik
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Fig. 1. Division of the stem.
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3.1 HBRETOAREEDRRBHEH 7
% 0 IR 5 ANOBROREY Table 19 RT, ZOEMD, LMWL TRk,
BAROARME RIS THHR Y DBEALKNT VB Z Ebh b, 0 X5 ki o
By, BRIEEDO X SCHEAERMHOSZ L TET, FORBBTFShhoBE NS
B EM>TWB (Photol), Fh, Z0 X3 REBEMTCETTEACEE L E®RORA
LHu (Photo 1-B, &HI) $BEE LT 5,

Table 1. The conditions of winds in Cape Erimo®

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

The average of )
wind velocity 121 110 99 92 87 79 75 6.9 8.2 9.2 109 125
(m/s)

*I%égl;s)wind day 986 246 255 251 249 198 181 170 211 243 265 292

* more than 10 m/s.
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744 LB ERFRITRE/RTREE HO0E H4LT
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B% Fig.2 c7t, cONTHLIRIIR, €775 VRO LACEEL, 2004

BER,
1
1‘||Il’ 2 4

Fig. 2. Distribution of gelatinous fibres in the sections through the
stem (Dark zone). Number on stem corresppnds with number
of cross section. arrows: the upper side of the stem.
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BERREACEREENEEIRS L LD, FIRFIBDTHEBHR TS LBXTWE,
ThAmEcBLh BRI L
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P: a uniform load.
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LE2LRB,
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ZFABEOERY TS, Fig. 4 DEF AR €
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fo, %, MERABEAI—KEE (P)+S1 ¥ TR S Bk v
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w15, K S1IEBORMKS2 BIAKRET AN, F0 Fig. 4. A cylindrical tbin-walled
tube under torsion.
MPMOBRE T, FRBRIThEBERS VWD ERY A: shearing stresses.
HEUDEFHEENRD, OBAS1IBCHETSS2B B: tension and compression
caused by shear.
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Exbokd, ThIKEEWIHEZELTCHAZ ELENEZLRS,



BEROEREE - #E (ER) 749

5. #& B

BAREFDEBFTBRETCRI 2 IEMNL&FCH LTED I ERIELTW20%, £& L
THBOATEEOERN L CCHEAMBEEI VELrc L, Thbb, NFNBEELYE
ELTA (BE) R LURBAH THH2 D M KRCAET LTV BEIR (7 ¥ 7) #E
hEF, TOBMBOARBEC OV THRN»CEEETEME Y b, THREL, Kk
DX TR ERE L,

1) BRWEEZLS &, TRIERERCADEECHE LICBERBER LTV,

2) BEMRIZOREBRBTITHE (BN 2RECRR LTV,

UL, ThHRIERE LTCOBKYHSLAR LI L EE ), HREFOERRONN
CXTABEICAR, 5V AENEHCHTARBHCREREL ORFEVPLETH B,

X 3

1) METZGER, K.: Stem form development of forest trees. (by LARSON, P. R). Forest Sci.
Monogr. 5, 1963. » &H.

2) JAcoBs, M. R.: The effect of wind sway on the form and development of Pinus radiata
D. Don. Aust. J. Bot. 2, 1954,

3) ® OZN-EFRE-S-FR M- FAFEE: BRERESLZ LM 0MmOHER. JLKEE, 28,
1971,

4) FHE=: LkEEOHMC KT S £ LOFHE (E30). JLKHEHE, 28, 1971,

5) DAUBENMIRE, R. F.: Plants and Environment. John Wiley & Sons, New York. pp. 267,
1974,

6) /MIE—: BMEULHOBAEKERCET2HE. JLKE, Bk, 1982

7) ERE4: FrRLUI AT IR TIHOABRMERL O BEMHEMHE. BHARHRE, 12,
1975.

8) MEYLAN, B. A. and BUTTERFIELD, B. G.: Helical orientation of the microfibrils in tra-
cheids, fibers and vessels. Wood Sci. Technol. 12, 1978.

9) LARSON, P. R.: Stem form development of forest trees. Forest Sci. Monogr. 5, 1963.

10) LARSON, P. R.: Stem form of young Lariz as influenced by wind and pruning. Forest
Sci. 11, 1965. :

11) BANNAN, M. W. and BINDRA, M.: The influence of wind on ring width and cell length
in conifer stems. Can. J. Bot. 48, 1970.

12) GESSNER, F.: Die mechanischen Wirkungen auf das Pflanzenwachstum. In Handbuch der
Pflanzenphysiologie (W. RUHLAND, ed). 16, Springer-Verlag, Berlin. 1961.

13) KELLOGG, R. M. and STEUCEK, G. L.: Mechanical stimulation and xylem production in

Douglas-fir. Forest Sci. 26, 1980.

14) B % ABET - BB ¥%: KMo## ZILHK®, pp. 216, 1976.

15) SCURFIELD, G., SILVA, S. R.,, WoLD, M. B.: Failure of wood under load applied parallel
to grain: A study using scanning electron microscopy. Micron 3, 1972.

16) KUCERA, L. J. and BARISKA, M.: On the fracture morphology in wood. Wood Sci.
Technol. 16, 1982,

17) TIMOSHENKO, S. and YOUNG, D. H.: Elements of Strength of Materials. (i@ — B R)
# = = > &, pp. 90, 1964,



750 LEEAERFTRBHIRRE $4O0% $45

18) SKENE, D. S.: The period of time taken by cambial derivatives to grow and differentiate
into tracheids in Pinus radiata. Ann. Bot. 33, 1969.

19) PRESTON, R. D.: The Physical Biology of Plant Cell Wall. Chapman and Hall, London,
pp. 383, 1974,

Summary

The morphological and anatomical modifications of a tree trunk (Quercus dentata) exposed
to strong wind were examined with the naked eyé, an optical microscope and a scanning
electron microscope. The observed results are as follows.

(1) The trunk of the tree was strongly influenced by high wind during the growing
season (Photo 1).

(2) In the crooks of the stem, the cross sections of the tree trunk show eccentricity of
development around the pith. In these sections, growth rings are narrower on the windward
side and wider on the leeward side (Photo 2-5, 8, 9).

(3) In the cross sections of the trunk, gelatinous fibres were detected on the upper side
of the stem as shown in Fig. 2.

(4) The folded lamellae of S1 were observed on the inner surface (Photo 13-15). The
buckling of S1 wall layer was clearly detected as observed from the outer side of the cell
(Photo 17, 18).

(5) The fine thickenings of S2 wall layer due to buckling were detected from both outer
and lumen sides of the cell (Photo 21, 22).

(6) In vessels wall, no change was observed (Photo 24).

These ‘macroscopical and microscopical features were discussed using simple models.

Explanation of photographs

Photo 1. Quercus dentata on the coast of Cape Erimo (Hidaka in Hokkaido),
showing the altered form of the trunk influenced by strong wind. (A)
the stem form as seen from the leeward side. (B) arrows show the
crooks in the stem.

* Photo 2-9: WS: windward side, LS: leeward side.
Sign of cross section corresponds with sign on stem (Photo 10).

Photo 2. The marked eccentric growth rings in the stem cross section (a-a’).

Photo 3. The eccentric growth rings in the stem cross section (b-b’). Rings are
narrower on the WS and wider on the LS.

Photo 4. The eccentric growth rings in the stem cross section (c-¢’). Rings are
narrower on the WS and wider on the LS. Arrow show the development
of reaction wood on the upper side of the stem.

Photo 5. The eccentric Agrowth rings in the stem cross section (d-d’). Similar to
Photo 4.

Photo 6. The stem cross section (e-e’). Arrows show the development of reaction
wood on the upper side of the stem.



Photo 7.

Photo 8.

Photo 9.

Photo 10.
Photo 11.

Photo 12.

Photo 13.

Photo 14.

Photo 15.

Photo 16.
Photo 17.
Photo 18.

Photo 19.

Photo 20.

Photo 21.

Photo 22.

Photo 23.
Photo 24.

BEAOBEYE - #8 (HR)

The stem cross section {(f-f’). Arrows show the development of reaction
wood on the upper side of the stem.

The slightly eccentric growth rings in the stem cross section (g-g’).
Arrow shows the development of reaction wood on the upper side of the
stem.

The slightly eccentric growth rings in the stem cross section (h-h’).
Sign on the divided stem.

Transverse sections of gelatinous fibres (black zone) stained with chlorazol
black E.

Transverse section of fibres, showing the increase in the propotion of
thick-walled fibres.

Photo 13-23: Scanning electron micrographs of the cut-open fibres.
$ : the direction of fibre axis.

The folded lamellae (arrow) of S1 are seen on the internal surface.
x3500 1

Similar to Photo 13. But some folded lamellae (arrow) of Sl are seen on
the internal surface. X5600 %

The lamellae of S1 are sharply bent in the form of a “Z”. Another
lamellae (arrow) underlying this are also folded. x7800 }

The lamellae of S1 are sharply bent in the form of a kink. Xx5600 }
The buckling of the S1 wall (arrow). x1750

Similar to Photo 17. The buckling (arrow) occurs obliquely to the cell
axis. X1750

The folded lamellae running obliquely to the cell axis on the internal
surface. Xx1750 ¢

The S1 and S2 are seen on the internal surface. Only the S1 wall is
folded (central fibre, arrow) X1750

Slight wall thickenings (arrows) crossing the microfibril orientation of
the S2 wall layer. Xx1750 2

Slight wall thickenings (arrows) similar to Photo 21, as observed from the
lumen side of the cell. %5600 ¢

No changes on the internal surface of the vessel wall (V). X350 %

Optical micrograph of the transverse section of Quercus dentata.
V: vessel.
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