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Process of Righting and Xylem Developement in
Tilted Seedlings of Abies sachalinensis*
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1969 4£10 A 30 BiZ + ¥ = > Abies sachalinensis MAsT. D 4~8ED R E¥ KBl =5 H
mxﬁKmmwwﬂﬁvaﬂﬁnm]K%3$f0ﬁﬁ&%ﬁﬁk#§$%%WﬁEﬁEMK
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ML 2T S0 BhER) 2y 21
LT, EIANCIENE D& T Hi
%THZ &L DT o7, Photo
1LIWRTEBITHD,

2.2 # #

[1970 4E] 4 F 28 0z 5 %% M
FEEL 2, 15 ADEAIL 4~8 4
4, HEFH 33 cm (26~46 cm), B
R 63mm Th -7, o 15
AOBAROMEAERERY, BNl "
B &, HEOMMTEZHEMS  ppoo 1.

Tilted seedlings of Abies sachalinensis.
FERE L, ZORME E 512 ¢ B B L0
. P e . Following righting processes are observed by
EEDIRFF TRIAICERIR L 72, section paper (5cm) and a plummet at their
WARIKRDEE Y TH D, 526 back.

H,6 A3H,9H, 15H, 22 H, 29
H (LB 1 ERs ), 7TH 14 H,
27H,8H14H, 28H, 9812 A,
26 H, 10H9A, 240, 11 A11H
(LA ERY 2 EikEs &), (RERE, 1R
DERICH) & 4~8 HOME %,
TRCIEEL % B Dl e X 9 T
R 7o, MBRRES Lo
ML, HARICE D Bich o,
RINCIT B EER AR AR SS
S5ESL, TOMMETE LD
v et 43 5 ra

(1971 48] 4 H 29 HiZ 336 % {H \ W Ll /',
REE LA, 1971 G112, MEA A B Photo 2. Righting of seedling at June 0,
W VB L B SR BEE o 1971 and pinning into the cambium.
BCHICELE S HEXEALLY, 5 29 Hiz, B#RABOWHE25%51L, Fohih+4
hbEmD 01, 03, 05, 075 X009 DMEICKTHAL B Ll s Fllick e v i
BHELRCRER 1 AF2fILIz, Photo 2 I/RT L R0 THS, LKL AxEic, pim
CRILIcR e v ORICHofc R e v 2L Tu sz, VT Mer A e nEEi A
WCDWTh BARMBMARE L TRELA, X I AREC LAFR L, 55298, 6 30
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BIRWC R Bholc, TOPFHABCHELLZ LD, —HZOBBEFIOERR L
CHIEMR AL SHE L H L Abhic. $HOBAOBERBEOHROLEL, € viTbD
RFET TS, ERHOFBIIFIWMLEL LR, SHRORNILETSHS S,

v —¥a VLIRS E L OFETEOBREL, AAXFENMS THRE (BRH) #F
Ali, EREFEBCHLEEHERDER AT —a v PF AP ELTILRERS,

3. ERBIUER

3.1 hRmiER
0EEOEMOBETIX, 5H 12 HENLSIFENZZAY, 5716 BEMLEHELHY
¥, 25 BRIZTRTCOBARNELICHELL, 6 A3 ENLLMRERBRREL &2, Fig.1 D
EBHTHB, BUORIR, R v Rie5, 6 A3 HTTTCRELERED 50% 3
CETHY, THUBTRBEILDIL2AXBRVWTERNIEE S, Thbb5~64
THRAR QRER) BBEAERT T LARDLIK,
3.2 W it
HARIYUMEARABERREBEATH 5, THROLLHERLOH 30 EHALCERIE, 4£R
LR AENT S, ZOBBYELL TURT
L Fig2n0ktEhTHns,
Fig. 213 1971 £ OBBELEH, D, BIF1ARED
RELHELIELDOTH D, B X W ETOEIR
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iy . . ) 1: April 29 2: May 31
'}
3: June 30 4: July 28
May June JUIy Aug. 5: Aug. 30 6: Sep. 30
Fig. 1. Shoot growth of tilted seedlings Fig. 2. Model of righting process

(average values of samples in 1970). of seedlings in 1971.
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O IV AER L, WCEM T 5Rb, BXChEd L hiRY EHLEY,
3.3 HBWMEOBKERMB

1970 EE I s\ T, FRIICERRL 2R o&MRRo My, BEFXoERL,
BEMCERAR® L -T7ry bL, 07 ry ML, B®RERLOWKERMR (M
B OEB b rRLT, ZOFEIEEMIC L 2EEOEXTFELTIDE, »ith KR
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Fig. 3. Cambial growth of normal seedling (pinning
sample cut down on Oct. 21, 1971).
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HERELEE L, 1971 4ER, 1AZLorvyAbLRIABESBEOHR O, KB4
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- Fig.3 1k, 10 121 ARMOEEHM (HBK) OREXEREAY, HMESEE HYEE)
0.1, 0.3, 05, 0.7, 0.9 © 5 BT TR L TAHz, Fig.3 DEDRIL, &AW kT 55 ZMBAL,
HORR RGO HMBEE LT T, Fig.3 hbRDOZLBEDBR S,
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Mote, BX07&L057TiE, 5~8 HOZAOHFABIREFL L, RFIERERMRL 8A
Xﬁfﬁ@ﬁﬁ&bf%éhtoit%éDﬁb&EQ3&QPmi&GHID%UL67H
DHUBDOFNEL Abhi,

2) BEX05L ECIREK S 2T 100~110 HERL DXL, X 0.1~03 % 70~
75 LTS EEREERL T,

UEOERS REARRROEAEROBHE Y IS ELLTWEHLDLBERIND, BAAE
ERBORERLOYERTHES, S ELEORMC L 2EBANBELRD L%
IARL TS, PV TT7T~8 ADEARBNHEBHIRE T LT, Wb BRI
D BEEEEELD ) ZCEETH Y, SROBHAILETHS I,

Fig. 41 1971 4 9 A 30 EHMOEMEAROFMEOERERMBE LR L 1o, ERIEFD
TR, AR EfoRLERT,

Fig. 4 X 1 B OERERTHBERLALLOTH 52, 9 ALUIMNCER L cfEtodt Rl
B EREIED 1970 FFR L PN AE R B RESBL i, £RELORMMLIBRE
EDEHMIZOWTABRTARS, hEFRAEOHBROFEMC>WLTXERT 5,

1) m%ﬁ<@%309fu,sﬂoﬁﬁﬁ&TM@ﬁﬁLM;b%14%%<,E%&T
MEBERLE, Lol 6 AUBHC EROSHEBEATH LIS, 6 AT 13f5 7THT
MIE%,SH?HIB%,9Hﬁu4ﬁkﬁéﬁ5f&K%ﬁk%(KofbéoChHSﬁ
KT o L AREIR - 7clilin, 6 AUBERIh I VEWEZATOENDEE DD, HE
BECLTHRBEMT LI OCRD, ThEBULELS LTHRDOERTHD, 6, 7 Hik
HTHEEEL TS, ThbbBO ETHOBERRTHY, TOLHEIBEFINTHO
BRI 250 THD, LLRABIZI D, 6 BuslnEF TR THOSEBA LML b
%<, TATHETAEAOHRE B DL,

2) ‘07T, 5~6 OGS TRMOANEME Y £, 5 A CRARNLENR
3 TH, 6 ATRRBREDCH THEHR L (k). 7 HosAB IS EHOFREL, b
THATE STz, L L 8 AU ETHCHBECE > RELEZXRBDOOREh o1, &
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DEFTDT AOSGBEHRE L EHTHOBRIL, RBI0IRFIEHR-TE-LLDED
K250 TH5, T8 AUBKDOREEEMCECEEZE, ChiVEVWEZIATOELL
PHEBYEX0I BEEENCET ki olcl s, ThbLLBROLSAZPIRVWILECISDT
br5, ZOBITOLTHOMEHB X, REMTE-BIALR, 6 HATRESbALARS D
D, ¥ AL S THDTHELRLLDORENRBDLRI, WThRELTHZIDEIEIEB
i3, Fig.2 »H3RH LR 5 L 5 CHBRNCITE S HELBERKRTR Vv, TAR LMD
F, ried FRICEENHEL, FED THRSbbI S L1k, REORBS L ENC

Monthly Total
increment increment
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Fig. 4. Cambial growth of tilted seedling (pinning

sample cut down on Sep. 30, 1971).
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EERMEE > T THERE,

3) BIOSNLEVWEIATIE, 2HMERL THHEZ, THOHBEML IS,
Thbb THEMRD THEMRL, BEXLCEELTW5, ETHOERDER, B
AHIFEREV, B EHIOERY, MELTELINIL L5038 THD, X 0RH
THIBOSADSHUENERCELRERL LRBORBOERLOATLEERC L
THh, MOFERC X 2BEREEOERY, H5VCIIHBEEFIORECRANLR Y RH S
OREHRE LV, 05 XLV EVWEZATOTHIRETAERDE~2713, WThi8ARH
b, 5ADSHEK L OEIMERTOENEZABREREL, BEXEAMENIDBMELDOF~B
ST GBBIC KT, EHESHUBOMEIL, HIXCBGRR<LD, -EBERYED
R A5 v ACKEIR LD THA S,

Dk, ER 1971480 9 ARBROBBC OWTHAL =, TRl FEEOE
R\ TEMNCEB LR TR OFR ERER, LEARRGETHD, £0
HELPERELTOMBARBRL TWAKBRLLHRALRTWS, TOEKRTY, Fig.4 it
ABbNDEFOTIEIRBEL TALAR—BROTHA S, MRBCLIZERTR, Bl
(ERIE) TROLLUILIERERMBD 2 2R, AXTRERT S,

3.4 HFBOroMEME

AR DIERERBBROBHC KT, EME THOREETILE L OZoRHicoWTh 4
hie?, WEBGERMCOLERRBLAEIh MY, ERD THTHErBEOMBTH
Lk BRI OAFRC LN TEEANRTA, Fig. 50280 TH 5,

Fig.5 X Fig. 4 DRMLFAL 3D TH b, EEXRAREEMRE T, OoERIAZ LD
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2
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>
= |
jus }
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180 140 100 60 20 20 60 100 140
Number of cells

Fig. 5. Diagram of local increment and distribution of
compression wood (the same sample as Fig. 4).
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HEMRELYEALLOTH S, LELBEROIOLMO8 A0 MBRICRMASELD
(fih), ZDELZAHIX/EX 01 & 05 DFEREEAT 5. RFOARIZEMRD THEEEOM
JaEDBEATH B,

EfbTHMlRLBE ML 0BRY, KDETHEHET S &k, & THMR~D
BITRErETh 2%, BREPHLEHED THBRLZBE» )Ly, Fig.5 o8
13, SEM CHIARNEBEDBE ¥ T8 - T b7 (BR), 2 h EHCHETERLLDTH S,

Fig.5 CiXFEEHOBMIBAR T, Fig. 3 ICRLAHBARTE, YoibEcd 8
BE~PhHeHR L ARrOEM A BdbRI, TACHRL MR TIZAbh Tl
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hic, THOMERDOE L AT, LERPTHTH, #H, EMOBRCHER I,
COPHTIINBEREFAFES ACHEL 2L DREMHRABR, Ll LKk TiX, 6
Abahb B b EHMRAZESSR T 53000, 8RR THDTELRTLBLD
¥CEESBDbRT, THIXIT0EEOERIC WV THER, BEEOEGRERELD,
Mork DHEIC X WYEBDHHhbDTH S, EHMRS KDL B EE, Hi ks
DEWMETEL Abhic, ChbDOFAIL, BAEREDOEL/NINWEIATHY, EE
WEOBBHEARL L > THebIntbDEELLRI S,

HZLOBRBOFRENDL, FREM, HTHO3IEHETHEBEFD 1 ERIC 17 % MR RIE
M FELDBERDEE D THD, [ L] HEF09~07; Fi—>HTH->EH, (o2l 07
O 1E; FHOEM—>5TH), 05~0.1; FH—->E#, [TH]09~07 »TH>FEH>EH, 0.5
~01 HTH (F=22L 05 D 1E; HTHOEH)

3.5 EREhr#BEOBRE

B E TIC, HMLCEAROECH S FHUEOBAERDE, BIOHBRINBE
WP THOTHIRDWTHLMN L, SO tnbfRoBltESE LT, EELCH
D BEMD THORE Y NRRPHCRINTEL, TbLEHOBIED, FREMIED
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2 D—2DAA L LT Figs 4, 5 KIERAR S I OMEBRERL A oWT, BR
Ihi-MiaoRELERNC SEM THEL Thik, 3000 TRELLY, FACKTAR
EOFGEENEY, W EBTEEL TAii, Photosd~10 D2t 50 Tho, L LETHE
05 XD {EWEZAIER, AEMROARATH SO CHIEL -,
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HEIGHT 0.9

UPPER SIDE

MAY

JUNE JuLy AUG. AUG.

BARK—>

Photos 4~10.

Photo 4.

Radial planes of tracheids formed in tilted seedling during
the whole growing season in each height (Scanning Electron
Microscope X 3,000, the same sample as Figs 4, 5).
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JULY JUNE MAY

Photo 5.
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HEIGHT 0.7
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Photo 7.
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AUG. JuLy JUNE MAY

Photo 8.
HEIGHT 0.3
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Photo 9.
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HEIGHT 0.1
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<—BARK —5y

Photo 10.
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Summary

Arrangements of samples and righting

In early spring, wooden boxes which were planted with Abies sachalinensis, 4 to 5
years old, were tilted about 30 degrees by lifting on the one side. Asa natural outcome,
the seedling righted itself slowly at different stages during the whole growing season.
We took note of the righting process, local growth and xylem developement of the tilted
seedling (Photos 1, 2).

Date marks in xylem

Pinning method was used in this experiment. Pinnings into the cambium every
month were the cause of producing traumatic resin canals within the xylem. Number
of cells between two tangential rows of traumatic resin canals were taken for monthly
cambial increment (Photos 2, 3).

Shoot growth in tilted seedlings
Duration of shoot growth are a period of the days from mid-May to early in July,
as shown in Fig. 1.

Righting process of stem

From the model of righting process in Fig. 2, it is pointed out that recovery of
stem initiated in the top proceeds slowly to portion of the base in trees. Therefore,
reverse inclination over the vertical line was given near the top in the mid-season.

Cambial growth of normal seedlings

As is evident from Fig. 3, rate of cambial growth was different for different height,
and maximum growth was not limited to early season. Strong growth in mid- and late
growing season which is the same as that in early season might be the characteristics
of the young age of tree.
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Cambial growth of tilted seedlings

In the case of tilted seedlings, gravitational stimulation varies from time to time
with righting processes. Therefore, cambial activity varies too with the lateral re-
distribution of growth substances. Local or seasonal growth promotion and inhibition
in tilted seedlings are clearly shown in Fig. 4.

Formation of compression wood within tree

Compression wood forms on the lower side of inclined stem until the deviation
is corrected, and this response mechanism is very delicate in its reactions. From the
diagram, shown in Fig. 5, which indicate local increment and distribution of compression
wood during the whole growing season, it was pointed out that growth promotion and
formation of compression wood become shifted from the lower to upper side near the
top and this reaction is sensitive in comparison with the angular displacement of the
stem from the vertical.

Fine structure of woods by Scanning Electron Microscopy (SEM)

Radial planes of tracheids in the same sample as Figs 4, 5 were observed by SEM
through the different stages of growing season in each height (Photos 4-10). Compression-
wood tracheids are characterized by helical striations in many species. It comes to take
an interest in that intensity of compression wood may or may not effect on angles,
intervals and depths of striations. Unhappily, this observation was not designed for
measuring of above factors. Depth of grooves, however, might be a representative
of intensity of compression wood by the look of photographs. Transitional region
between normal and compression wood are clearly recognized from depth of them.

Unmature cells during the process of secondary wall formation

In process of maturation of cambial derivatives, it was defined in this study that
the duration of secondary wall thickening was the distance from the start of it’s formation
to the lost of protoplasm ; from the seasonal variation of this distance (number of cells),
shown in Fig. 6, it might be pointed out that number of cells in this stage of late wood
or compression wood are more than in case of early wood or normal wood. Tracheids
of compression wood that isolated from the above stage of wall thickening, were
observed microscopically by differential interference contrast (DIC) and polarized light
(Photos 11, 12). In the maturation of one tracheid, it was recognized that helical stri-
ations were formed at intervals of wide-space in early stage and then developed into

fine-space in later stage.



