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Anatomical structure of wood in a leanig stem of Yachi-
damo, Fraxinus mandshurica, var. japonica

I. Morphology of vessels and their distribution within the annual
ring formed after artificial bending

By

Ryoichi YosHIMURA and Shigeo IsHIDA
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9FA8H 65X TthEhkHEL 1z,
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Photo 1. Bending treatment of the test tree (No. 1).
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iR S WA BRCEMO B, THEx~—-27 L% SROEBEBESYHAET LD
OMFEFFEAE L T EF1m, 2m, 3m X0 4m (F5HOE L) THRL 2, 2> Es
DLk THH D BHET - BAECHR I 2ER/EYSTL/MMAE 2T IR Y, Thd bRk
EOR 2FRL T, ERET TEBELOMOERCSLTHREL .

OB, 12 5HARC OV TREEORE L OLDERALE), EFOBEEE LOHE
(BEERD ) OEE), EEOHKEFTOMEER HALHES ) OBETERE) ORELKC
tu, BRPRED 3~6 SHEAKRCOWTIE, ThEROMREHICRK - L B0
EoWTREL 2,

BEEOREFAER Fig. 1 R+ X5, Hlo L TRATOEMOR - BEERICE -
T, BHEEE CTOMBORLLLD IS OFELX L TRBBCE IR LEECONTES
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BEOFEWRHTOMBEIX, Fig. 2IBAMRIRB X5, BEORLA (p) LERR
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Lower side Annual ring boundary (inner)
Fig. 1. Position where the meas- Fig. 2. Items measured about an indi-
urement was carried out. vidual vessel.
A: The annual ring formed r: Radial diameter, t: Tangential di-
after bending ameter, l: Distance from the inner
B: The annual ring formed annual ring boundary to the inner
before bending point (p) of a vessel
Wood subjected to the meas- W : width of annual ring
urement is drawn with ob- 1,2,3, -+ 10: Divisions number within

lique lines. the annual ring
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U 11 ARED 125K, FUEL EFTOBEMOBE, HEAOL - TRMIK S

5B OfE % Table 1 i/R7,
BB OEREL, EAMNO LA THCESN, ‘HRRKoTXCo E/e B TR

Mo T

BHH - BOERELHETS L, FTHEAD LTI ERDOTRTOB EFHIZE T
BHENEHIIL D LA, 28AD 1.10m, 200m CHAETH - 7228, 3.00m TIXZDX

Table 1. Degree of leaning at various heights of the artificially
bent stem, and the width of the annual ring formed

before and after bending.
II: After bending

I:

Before bending

Height above Degree of . Width of annual ring (mm)
Test tree the ground leaning Anfr:)\:illel;img
° Upper side Lower side

(m) %)

1.00 9 I 21 2.1
II 29 0.8

2.00 17 I 17 2.1
11 3.2 0.7

No. 1

2.95 24 1 1.6 1.8
II 3.1 0.4

4.05 25 I 19 20
II 35 0.6

1.10 9 1 16 31
11 3.1 15

2.00 18 1 1.5 24
II 2.8 0.5

No. 2

3.00 28 1 1.6 1.7
II 16 0.4

4.00 30 1 1.8 2.1
11 13 04
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Photo 2. The structure of wood
tissue formed before
and after bending (2 m
height of No.l tree)

A: Before bending
B: After bending
T: Tension wood

(1) The upper side
(2) The lower side
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5127253 400 m TiX, FINKCEEEOEREIR 12,

—GTRITR, BHEOCFERENL 25RO TRTOMEFCTK\ CEMETE b 358
It Tz, ,

Photo 2 B EMIEVIF % 27 v 3 V=175 v 27 ED 1% s F L wr v L7 BECHRE (B]
BEHTHENRRE) Lic 1l BAOH EE 2.00m OFES D Bl [2-1)], F@l [2-2)] o Fgho
Bl - BHEERAYBCHEBOBET, B A2 DL AMNFESTHE TS B2GIES THIZE
DX OJEMBEOEMD LA TOABR I T,

L2 LA H OFRAME CX5ED THOERABERL T i, FiEDHEE L SCURFIELD
WARDROP (1963)" 35 X {f KocH et al. (1968 I kL » THBE IR T W5, FIES THIEIL,
LB, BICEE S AEE (1971 L X 5 /A0 258 Tt

RICEPRBOHERARDEHO L - TRHKC BT, FhEhORERDE TR EH
Te M DiE% Table 2 IRT, FIBD & 5 IR I W ERC I\ CEME O FRESERO
ERCRTH LD DR EWS T L, RABEE N O THAL TS EHRLTH
5, LALZORILDOWTIL, FEAELSHMEY L TE LTI BV,

Table 2IT/REhTWAH X5, BHBCHERIIHBOBRBEEZELNDS D LTV,
ER D LATIRER I ELC O TEDEIUER, HAL TWBORK L TFRITIREE
TRAURECIZE LA EERRALR L WEEYRH D, OBRIEREFPOMOMERED S
ZUEEAEA O FRCII T L 0 ERIEL Thic 2 ¢ R RLTWD, RBEREED M
BT EbEBRHLIIOBSTBREL v,

Table 2. Comparison of the width of growth increment formed
after bending until the tree was felled, on the upper
and lower sides.

I: Upper side II: Lower side

}iﬁi)gvhet Width of growth increment (mm) in the tree felled on
the Side Nov. 9
gr((::ll)x1d June 30 July 21 Aug. 18 Sept. 8 No. 1 No. 2
1.0 1 0.8 25 30 3.7 2.7 31
11 0.6 0.8 1.5 0.8 0.8 1.5
20 1 1.5 29 4.3 37 3.2 2.8
II 04 0.6 0.6 0.6 0.7 05
30 1 15 3.0 31 3.1 3.1 1.6
II 0.4 0.7 04 04 04 04
40 1 25 2.3 3.0 34 1.3
11 0.6 04 04 0.6 0.4
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Fig. 3. Distribution of vessels diameter within the annual ring (2m
height of No. 1 tree).

(1) Before bending (2) The upper side after bending
(3) The lower side after bending
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Fig. 3-(1), (2), @)1z hLh Photo 2 TiRLE 1 BAR EE 2m iz ki35 (1) JRHMETOE
W, 2) Eigosw EAO LM, 8) [ (TH) ToBEROE(ERYL, ERAKSEEY
BHIC L > TRLCLDTHD, TOFEATEMETOER TIIAMN & LRAKETH > D T—F
DD HZHERLTH B, ol

CHIT X % & MO FiR T A
o k4 3-(2) TR 3-8) & %, FiRoANHM
CHLEEDERIKRE LM TN
<, EEETOFR T b bIEHE Fin & A
BThotk, Lictis TYF £ 0
R L TLRAM & L TORE LD
higw, Z0X s REEROBLERE
FLA MDD X Z & ISEE O
LR E, PHERELRD, ThX
hOFRALEZFHEL, “hi Fig. 4
CiRd, ZOBHEAETEINI AT
DAL I,

Fig. 41X Photo 2 © 5 — & & E#RN ' Bistance from the inner llund’n:'ry of the annu;i' rinz(mw.lJ
TOEER (1) pEEICE S TRLE D Fig. 4. vessels diameter variation within the

annual ring formed before and after
DTH%, BEDOLERIFRE (M) bending on the upper and lower sides
ELORMTIRBREL D IREL, % (2m height of No. 1 tree).
OHIREETH - 7odt, AMUIKRIZEONTHEBOEIPE Ko Tk, TDL 5 ERE
DR BEBNELL, FLrOXBHOERIERRLRIAKTHLDOT, BEROEHKA
TOEBOEMIIERROETRE L » TRt LTS,

R BEOEM O EEE TR/ [k, EFRVBPBENOREBCBLERNLRD S
Rhic2d, FRTRERLL ETRAL, REBREYRVGTWE,

Fig. 5-(1), @Q XthZthlBK, 25K0 4 LB -TEHFHD L - THETOEHD
B - BHEFERC KT 2 EEROERALB LR L LD TH S,

1 8RN £ 200 m THORMATOFEH, BHEOEMO LUFER TRD L HIEERNE
ETHHEENL, —BEVCHER Qm) TR12BRELILCHBELL-TEY, COMER
TIEMBEOTHT L RBEOEAAED DA, ThALOERICI\ T, BEOERARERIC
ABHED L DX ERLEMAT - BE 02 THY, BRELRARTH -2, ZOFERD
RETHEAIZE W EEE CRAREC L » T, ChilBrBRBEREOBFC I D
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Fig. 5. Vessels diameter (radial) variation within the annual

ring on the upper and lower sides formed before
and after bending.

(1) Tree No. 1 (2) Tree No. 2

DEBihd, FCOEMIEHEOERTIEHIICKEIS IV LTHETSHY, £oB
BEoBi#ED E - THAOLECEL TxEGEXEOBRL S ) HECRETE - .

COXSCEEIFERACHEDBMEC X » TEORMNELL TWB2, FhEFhOKE
SOFEERCOEHBRHT 500 ERPREOHAKRTHEL ERERICDONS,

2) ARBOEHHE(L

HAL ThAEB s 5 EERCOWTESD (194970 13, BAMTIIREE, MEE
ELEORMEMD LMTETRHL D /A EBEL T B, ¥ BILMC I Th— I
FigisERRALALR S BT 5,

HERric (19159 1% Tamariz gallica TILEE 3 LI T/ &2, BAMCTH Salix
Fragilis, ¥ 1z Olea europaca TIIR MMM O LA TRE W EHEL TV 5, ¥ 7o OLLINMAA
VB AL TH B Betula pubescens, Betula verrucosa (1956)®, Populus tremula, Alnus incana
1961 TiREAMD LAl L THOMICILEEROZIRD LAV EB|EL TW5,

DL ICEROEFAMPBRTOHEETRC OV TORFILTL L —FKL T,

COWRTOYF X DL 5 RBRIAMOBECREEORILOHBBHIC X - Tnke b
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Comparison of the diameter of vessels on the upper and
lower sides formed after bending in various months.

I: Upper side II: Lower side R: Radial T: Tangential

173

I;Igi)gv}g Diameter of vessels (#) in the tree felled on
the Side June 30 July 21 Aug. 18 Sept. 8 Nov. 9
ground R T R T R T R T R T
1.0 1 220 170 50 40 30 30 20 20 10 10
11 180 160 40 40 30 30 10 10 10 10
2.0 I 190 130 80 60 40 30 10 10 10 10
II 150 150 80 90 40 40 10 20 20 20
30 1 240 160 70 60 40 40 10 20 10 10
11 140 120 50 60 40 40 10 20 10 10
40 1 60 50 30 40 10 20 10 10
1I 80 80 40 40 10 20 10 10
BLTWB5DT, ABCHRIALEHO LMET
POBEEOHT, TOKBERI TR 50X FHNTH mw

55,

Z S TCAMETIREE L B U2 AR
FROTREY LEEL 7. ThLhORBEHICI VTR 71
BUEEY BT 5700, £ THEMO, ThZThi
LA B DM BECOWTEDEEROEFHNE
{b#HAEL 7z, “h# Table3 % k0 Fig. 6 iwR7,

EEROEHHEC O\ TiE, 6 830 Biofk
BLAHAKRTHEL EBE, FPEEH»E - TR
£ 150 A EOKREVETTHY, LORIRKRT 20 r
Hotco TH21 HOBERIZZORAL00 2 BLTF &2 wl
feh/hEL o TRy, FhAALHLL, ThiE r
BREOB AT WO p L TORIGEE LIts T,

100

~a
S =
T

Height above the ground (m)
|
Vessels diameter (i)

1001

i

FREFROLEBEHHC T EFOROLE - TH - YTew tu ag 88

FI ORI O TIE, 6 A 30 HOBEDOHEEDOEMN
EHITR TR DI RELBCERRETE > Tho
#-. LA LERAELIESh GESRO L - THRHMAT

Date
o——=o Upper sife

Lower side

Fig. 6. Seasonal variation of vessels
diameter (radial) after bending

on the upper and lower sides.
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&L, TA2LBCALR, ThIDECHEFETIZ8 A 18 AitAbht,
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YL eDEMLICEBR TR INIEROBILO LUTIZEMETL D AL, THT
CEMATX VRSB 2 LB OE B TH B, —HAB KT 5 EBABRTHLEEFON
Bt X OBEBESBBROBIIC X 5> TESEL THB200EETILERS S, L LE
BFOMEY - BEC OV TORROBETIXLORAELMEAR L B8O LAl & TR & o Hi&k &
SHThINTEY, EXLLERBTHERIRAEEERO TN EDOEBIIBEALRINT
Wit

Lictio TABAETIZ, BEEVRORELL GEEOEER, +oBHBEoRELL T
DHECERL, B0 L - TRATOEBHOR - BAEFRC ST B LR 5> THEL I,

1) HEOBEELEE

Table 4 12 R OFT - EFEFERIC I SEMD E - TR COBFEOMEE S X OHE ¥ F
Mg LBIE IR ABRLILDTH D, BHEOEEER1-28KE LEMO LA TH

Table 4. Comparison of the total number of vessels and the

number of vessels per unit area of wood, in the
annual ring before and after bending.

I: Before bending II: After bending

Height Widthr?xf annual Total number Number of vessels
Test abﬁve Annual (mn%) of vessels per' mm? of woo
the ring
tree ground | formed Upper Lower Upper Lower Upper Lower
(m) side side side side side side
1.00 I 2.1 2.1 265 240 174 15.8
1I 29 0.8 176 137 8.3 225
2.00 1 1.7 21 193 248 18.7 19.2
11 3.2 0.7 132 146 6.1 324
No. 1
2.95 I 1.6 18 184 199 20.0 19.1
II 31 0.4 134 122 6.8 50.8
4.05 I 1.9 2.0 171 187 194 20.1
II 35 0.6 142 107 7.6 35.7
1.10 I 1.6 3.1 205 391 19.2 18.3
11 3.1 15 153 192 6.7 17.0
2.00 I 715 24 162 270 19.3 19.6
11 28 05 157 106 9.1 34.2
No. 2 .
3.00 1 16 1.7 199 183 255 22.0
II 1.6 0.4 131 94 15.6 448
4.00 I 1.8 2.1 169 207 214 22.3
II 1.3 04 141 116 22.7 61.1
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F0d %o, LALETOHER12BKOTRTOM ERCR T, EHBO EMTz/h
o fopt, THIREROBESSSD L —FK L T 5,

Eag o EEy BT k<5 L, HfoL - THEHMAL D,
BCEWT, ERMBIESL TWi

ChiclL, BEOHEIEAD LTI 12 BERDIREALOH EECI\T, Bl
BBHETX D A WMP L T, BEROTHTIIREA O ERTHEAL Tk, Thb
b, BHBOERBLAEIATL 0 LB 2o THREMD TR IO X 5 Bi% O KBH
ROWKCRL, BEOHREIBELYRLTWS, FBBEOERIBIMRL /v T T
TEBEOHHLBORT AR E NI RBHEEOBMBZEEL &2 5,

2) AEOENREMRER

Table 5 (X B DRI - BHEERIT T AEMO L« TRHATOEE ORERE & £ KE
BT 2RI RLOEAERYERE LBHEICALELRLILELDOTH B,

1-:28KoFTXToME

FEBROETOEE L, BEMO LM THCHESN, 1-25KDEEA LD ERGTE,I -
Table 5. Comparison of the total area of vessels and the
area of vessels per unit area of wood, in the
annual ring before and after bending.
I: Before bending II: After bending
. Width of \ A t |
Height g | Area of vessels | T OF wood
Test | fbpve | Annual (mm) (mm?) (mm?)
tree ground formed Upper Lower Upper Lower Upper Lower
side side side sied side side
(m)
1.00 1 2.1 2.1 1.29 1.10 85 7.2
II 2.7 0.8 1.61 1.14 7.6 18.7
2.00 I 1.7 2.1 1.17 1.75 114 13.6
11 3.2 0.7 1.44 1.50 6.7 33.3
No. 1 .
2.95 I 1.6 18 1.37 1.33 14.9 12.8
11 31 04 1.58 0.97 8.0 40.4
4.05 I 1.9 2.0 1.46 1.30 16.6 140
11 35 0.6 1.59 0.80 85 26.7
1.10 I 1.6 3.1 1.19 1.74 ‘111 8.1
11 3.1 15 1.28 1.50 5.6 13.3
2.00 I 1.5 2.4 1.18 1.70 140 12.3
11 2.8 0.5 1.50 0.96 8.7 31.0
No. 2
3.00 I 1.6 1.7 1.11 1.27 14.2 15.3
1I 1.6 0.4 1.22 0.68 145 324
4.00 I 1.8 2.1 1.01 1.13 12.8 12.2
11 1.3 0.4 1.18 0.81 19.0 426
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Liciio THEEL R TOEMNDO ERIOIRGER, THORGERC T3 ETOEK
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DFEER % Table 6 iR,

Table 6. Comparison of the number and area of vessels within the

annual ring in a bent stem, with that of the normal ring
corresponding to the ring in the bent stem in its width.

Number and area of vessels

Annual ring Upper side Lower side
selected from - X . .
Ring width Number Area Ring width Number Area
(mm) (mm?2) (mm) (mm?)
Bent stem 3.1 153 1.28 04 91 0.77
Normal stem
(control) 31 39 1.74 04 94 0.71

COREMBEOEMO LMOFEHI2 EROMEF 10 OO THY, EFERITF—
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T, BEOBBI 12U TR TkD, TOBER LRI NE s T, BEOHM
X, Photo 2 oifig L FARC, LTOHPRBEETHEECHLV-ONBEAITH 7,

—7, BERO TR EhERIESEEE ELVERE) TofolEoER st
BIhiz, Tcbb I OFRIILBLIBETREERN TABNCERL BEsOHRL, &
BOLODEFEFRIIFACHTOMOBEARN LEML 72, FHREIZEL I 04mm THo 1z,
BHEB®OERIETOEE, HRELIERNERLZLALERNRADRRL .,
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L 7»L Photo 3-(2) iz 73 JE gt 8212 313 5 6wtk Photo 3—(1) 2R3 IE% il ic 5 L T
ABAEOBRFI N L OB TH - te, FREFZELINCHRESD Lok 50 E# o EE i
REFEAS T < et b - 7o,
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REEALERDBLNRT, UL AKMBMEDESZ X 725l EBEIHIC S5 TEOHENDH B
bhTwsXI5cBbhb,

Photo 3. The structure of wood tissue in annual ring from
a bent stem on the lower side and that in normal
ring correspondig to the ring in the bent stem in
its width.

(1) Control (formed in normal condition)
(2) Annual ring formed after bending

IvVv. #

)i
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DL - TR s} 2 EMAT - ROBEX IAEL L, THRED X 5 BHF - ROBALH
BERBELCIZCEE VDD, 5 IIEHBERTILETOBRES X OER FHE K
ExL2bDTHEOM2I2NTH, BEROEHOBC-EFRBIOTHOR-FERIC KT S
ZToEY, EEYSLWERECEVEBROERFEROThIERT I itk h E8 2R
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1. REHCST2EMNERORTHERCRETHEYILET 12D, vYF&£ % (Fraxi-
nus mandshurica RUPR. var. japonica MaXiM) O/MNEBEA A A9BSR (Photo 1) L TR
TR IS ORBTRE BoEToBLYEMAITOZTh L HEL 2,

HBEOHAERZXEAOR - BEEROEF DL - THAlC K CTEHFiOMTOFLILD
15°0AERRTRES Fig. 1) CEEh3LBBCOWTE I 1,
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2. EBHEOEREBIIEMO AT TML 9 LK -z (Table 1),
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It T\ 7o (Table 1),
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L - TR 3EEROEINE { /s Tz (Table 3, Fig. 6),
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4, 5),
6. ThLORMN - BOMEC DL T, BRI LT RO B A X
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2, Lo L*DEERIZRP L T iz (Table 5),
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BERIL AL Tz (Table 4, 5),
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8. EHEE®RO L0 FigER X O THORGERIC KT 58T OB E X O HEE Y,

THhERLWCERBOBVEBROEEEHBICET L0 L B L &R, Eflo L E@E:
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CHIEZ DA BT HFES THOBRCESTWBEEL RS, —F, THTAOLRELE
BET « BOEFTC KT AHEIECEREELCIBZLDOLEBbRS,
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Summary

1) A tree of Yachi-damo, Fraxinus mandshurica Rupr. var. japomica Maxim.,
grown in normal condition, was artificially bent before initiation of the annual growth.
The anatomical structure of the wood within the annual ring formed after bending was
compared with that before bending, both on the upper and lower sides, especially in
regard with diameter, number and area of vessels.\ All the vessels were counted and
measured in the area of the sector with an angle of 15 degrees, of which the vertex
was the center of the wood before bending as shown in Fig. 1. Seasonal variation of
vessels diameter within the wood formed after bending was also investigated, through
observing specimens taken from several sample trees cut in different growing seasons
resp..

2) Width of the annual ring was wider on the upper side than the lower after
bending, and wider after bending than before on the upper side, but narrower on the
lower side. Tension wood was recognized only on the upper side in the annual ring
after bending.

3) The vessels diminished in diameter from the inner towards the outer portion
within the annual ring after bending, both on the upper and lower sides, like as the
annual ring before bending, i.e., the normal ring. Especially at the lower height above
the ground, vessels diameter soon began to attain to nearly a constant value, and the
diameter of vessels in such a portion was about 40 microns.

4) The diameter of mature vessels found on June 30 was larger on the upper side
than the lower. But the more the season proceeded, the less the difference in diameter
between on the upper and the lower side became, and then when the vessels with
about 40 microns of diameter were found, there was almost no differece in the diameter
between both sides.

5) The vessels with about 40 microns of diameter were found on July 21 or
August 18 both on the upper and lower sides, depending on the height above the
ground.

6) Number and area of vessels were more on the upper side than the lower, but
these values per unit area of wood were less on the upper side than the lower.

7} The number of vessels was less after bending than before both on the upper
and lower sides. The number of vessels per unit area of wood was less after bending
than before on the upper side, but more on the lower side. The area of vessels was
more after bending than before on the upper side and less on the lower, while the
area per unit area of wood was less after bending than before on the upper side and
more on the lower.

8) In this way, the formation of vessels decreased after bending on the upper
side compared with before, while the formation of growth increment increased there,
and the conductive function of vessels increased less than the formation of growth
increment increased. And on the lower side the formation and conductive function of
vessels decreased less than the formation of growth increment decreased.

9) As compared the number and area of vessels within the annual ring on the
upper and lower sides in a bent stem with that of normal ring corresponding to the
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ring in the bent stem in its width, these values of the annual ring on the upper side
was less than that of normal ring and on the lower side was similar to that of normal
ring. And on the lower side the arrangement of wood fibers was better than that of
the normal ring. ‘

10) Therefore, the bending of a stem seems to influence not only the mechanical

tissue but also the conductive tissue on the upper side and the mechanical tissue rather
than the conductive tissue on the lower side.



