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Effect of cross—sectional dimensions of tracheids on percentages of cell wall

in Japanese larch

FUJIWARA Takeshi ”

Abstract

In order to estimate relationships between cross-sectional dimensions of tracheids and percentages of
cell wall, 51 Japanese larch (Larix kaempferi) trees from 5 provenances were collected in a provenance
trial stand consisting of 3 replications. Cross-sections of 15um thick were prepared for image analysis
to measure cross-sectional dimensions of tracheids. Measured parameters were cross-sectional area,
radial and tangential diameter, cross-sectional cell wall area and percentage of cell wall. These
parameters were adopted to analyze variance for determining the differences in the mean values
between provenances. Significant differences of the mean values were found between the provenances
in tangential diameter and cross-sectional cell wall area, while the percentage of cell wall that affects
wood density showed no significant difference. Effects of the tracheid dimension on the percentage of
cell wall showed different tendencies in earlywood and latewood. Whereas tracheid dimensions such as
area and diameter contributed to percentage of cell wall in earlywood, the amount of cell wall in each
tracheid affected the percentage in latewood. Because the relations between cross-sectional area and
cell wall area were almost the same among provenances, the dimensions had no significant effect on the
percentage of cell wall, while significant differences were found in the cross-sectional dimensions of
tracheids.
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BEEIIARM O J)FIME, MENMEE e & L EHEIT
BT o7 dRbEBERAMEEEO —D2TH DL, FEE
FE VB BER A O EEAE B R T o D EOEF O HEC M
BEE /A EIC Ko TIREEINB D, BT~ VIZHONTH
KB & O BE CHEEE STEIZ W THENT L 720F 981
Z\u (A, 1981 ; EMRS, 1991) , £/-, RERBC
MEER EPRRITTHEEOEISXEROFERND 5\ 1%
ST DB ~DEEIZ ST b IBI L F DO A HE
BENTW5 (ERD, 1985; k5, 1991 ; 4, 1993 ;
Kogab, 1996) , — T, MEBFROBLANL, BEHN
EEBHS R E AV THEA IV T 7 a—
VDD VIR TR IR & T M E BRI
M4 2HERM ThhTETWn5s (A, 1989 ; LAHD,
1990 ; Fyjisawa®, 1992) , # 7<=V IO\ T b AME
ELY U TR O W T EMERARSC 7 v — e VR
G RBH S D REEE AN TE L O RERTThh T&
7= (BPYE &, 1988a; TFIR 5, 1988b ; /MR D, 1990 ; &
M5, 1992) , T4 5 (1988a) X, # T~V DY 1 —
VEAOWCERMBEZRXRT Y R A VI X RlE
L. WettlE & PR REHEE L7 u— B OMLENE < |
RIRBARBEE., kmBREEELORM - MM AREEEIX
sa—rMOMSEREKNERELTND, DRD
(1990) 1. SeAKREHT ¥ o F R K ORFEE A2 JE L,
INHIHEERIIe—VEENb-oTZE LTINS, WT
NOMRL LHERBBEICAEDLND 71— 2T
FLLTHMEO 7 n— U BEIZERT 2 B2 T D,
BRI, BPUE S (1988a) OB K CBAMERE R E N D
EHRBEEIT Y v — VB OMSIENRD & T B FERIT.
Mg EOBLAN LT 2 EHIREN, Thbb, EEMN
BTRNRRY | SEHRBEEENRR > TOTH B,
WA 2 T D GBS OB ITITER RV E DRE D
RO SLD, Kka RIFFPEES T 2ARMOFEREELE 25
B\ET, MIEEoRE, MoK K OSHE, OB
Lo IzunbwruE TORERIZOWTHRTTZT
DYENRD D, BEIZOWOTCUIMEOTE, & < ITHEW
HTENBEICED T ED, ILICEEMN R
ROBEWCERNT 2ERRBFEAT H00E S nERFL
TEBLILELZDH D,

BEEITHAM AR OIZV ORMEBEOEECTHEIND
DT, MlBERBE OB EIHANRIES D& BT
HERR AR 5 o 2 AR EE O I FEEI &1 & - T B %GRl
THZENRTEDHEEZDLND, RIFFETIL, BEEE
(CREE T D4 & U CHIARBESR &2 v, 50 A AR I T
ER IR LT THBERALNNITHZ L2 T,
(RGBT A B O BR L OB R E & O BR &
ETHZEEENE L,

2ok & Hi

e

W R/NEEHEEATICRE SNl T < Y FEMRR
Mo FERBRAR (LHFEEX24KIED, H/NEE, 19624
M. 19934 {kE) Do\ BM LD 7~ (Larix
kaempferi (Lamb.) Carr.) S51E{EZ H 7o, 47 HIFER
MIX16FEHE D3 EM 715 (16FEHI X3 E) TRESN
(A, 1993 ; BH D, 1994) . ZOH b EH B (1994)
DHREIWZ LN ->T, YU BERENLO, FRED
Lo, Kb oL LT5EME®EATL (Table 1) , 7272
L. Y 7R s Ma-~TiEOBBRICOW T, KT
SN, ok, EM T E ORBHMEAEEIZI~1MEE T
by, KR E OEEEITIMEA E 7 IX4E K TH D,

Table 1. Sample trees from different provenance

B D RE K OV T & D (A%

Code Provenance Number of trees
PE M R

AK Asama Kutsukake 10
& [ A B

FS Fujisan Sangome 10
L =4&H

KK Kaikomagatake 9
BB o IE

NY Nikko Yasuhara 11
H 2R

ON Ontake 11
T

RIE ik

BT =Y R (25~27F ) »H1HMDA MY v
EERIL., SMASHERRZ & TR £ 1.5X1X2cm (RXT
XL) O/hT a2 ZnELE, NTa vy b5
mEXOAOYUFEZER L, V7T =Rtk &ik
WZREWVKAT LS T — N 2 AERL U o, ARGE & BRI i <1k
ORPE I E AR E (TASPER) % A\ 7=, M
LE 2 B DAMUBLERR I U T R R WA 4
300X900y m (RXT) OBEY 4> FUEREL., U
4 Y RUNTRTOMREE (200~4001H) @}k % H
E LTz, BRMEHTIEE IS AT L IR D> b IR 55 A
R, MR ICERT 2RESMOE—2 LN H I
ERT 22— Mof/MEZRTIREZBEMEE LTl
BELINZ D ZBE LTz, DBESILTZNZ 5B & 41T,
BT 2N 2 9 kL 3 —F—E ARV THE WIS E
5 FE CIERAEZIT 72 b O 2 OEEIME & L CHIE X
Gl LTz, MEEIT-T2/3T A — X X B K OB DK
EEKmE (CA) . it 7 = L (k% RD) | ¥
M7 LR (BERAE, TD) | MAEEW RS (WA) |
fakER (W%) . WZ 2 MR (LA) . N2 5 s~
L (LR) . NZHER7 =L (LT) THDH, M
NaBERT AL 1. SOEE AR OBImRL E N 2 5 OBFmEAE O
L L, MIRBERIT, 7 4 2 R PN oM BE R T A o0 A
OPGEBER ORI THESHEE Lic, £/37 A—
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Z OEERZ & OFEEIL, Fii Z & OFHHE O & K
WBHZ LI TH, 2B, BEEIIEEIMEENZ
DDEZRAED Iy O1LE LTRD N, 1EFE O FIEN
F05umTHDZ LT IERE (FIZRHME)
PHIFFCE W EEZOND D, 22 TlkELIHF
B LT E TR RT =& L LTH I, ToMIZHH
Em:%@%ﬁzéﬁ%(ﬁﬁﬁ® %%@@H@Fé
WCRETHERE) BHDIN, InLEKKT A2
ﬁﬁﬁ@ﬁEﬁﬁﬁ\@ﬁ@@ﬂ@ﬁm®%m@k%ﬁ
S BT, FRUEOBEIZOWTIE—ED L T EE
HTHDLEEXTERHE LR,

EREEBE

R T8 & R T T~k o BE MR oD LR
IRCE S Wi R, B LS, T B T v S OV o i
FOFEH T LA U7 E Y E K OME B (R 7 O fi P %
Figs. 1~5\Z7 7, ZNHOKMNLLMND LI, &<
DIRT A — &r%ﬂ_ior$ﬁﬁmﬁﬁém\@mﬁ
DITSHOE ZRTIEEREOHMIZAVICEBELTE,
EEER OZOF MITFA LNV, TNHEITED
EHE MBI T 5D t REEI T2 & 2 A,
FEAEDNRTG A—=HITONTE% LN THEREY
ﬁﬁ%ﬁﬁmf%éﬁﬂ@maAbﬁﬁffbto%:
T, EMENEEZ St EIC L oot EiTo, Z
ZCHE, EHEOREOHRIZ OV T O (FE)
Z 9 (Table 2) , M {GEE CEHMICE L TRE 245

2000 , ‘
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Fig. 1. Average of cross-sectional cell area with standard
deviation.
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Note: Refer to table 1 for code of provenance.
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Fig. 2. Average and standard deviation of radial and
tangential diameter in earlywood
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Fig.3. Average and standard deviation of radial and
tangential diameter in latewood.
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Fig. 4. Average of cell wall area with standard deviation.
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Fig. 5. Average of percentage of cell wall with standard

deviation.

AR BE SR oD PEH 2 & o0 SR J OVRE YA 22

BTN olz, 20O LT L HERE L OB O
BRI &0 (r=0.28) | FEHIC X D WA DZE
N EE) L TRV EZ SN, WE OEB) O RN
BT &I &> TREE W RIETERDOZR N
BanizztickseEZx N5,

RIEBEORIZE L 7e AMBERIZ OV TAHATHD &
B, B & DICFERIC KD ERA LD ORI o T,
ZORERIT, B S (1988a) O EA . BB FEEE
B EIL s v — OSSR & ORER & — T

5, MRABESRIZ DWW T Doy & e & )OE Tl LT
BB e B M e BICKER OSBRI F N, b
MTEHDINENZ ERNbNDE, 202 ik, EHEO
FEHEDZEIC L > TE U8 E Y b IE MO FHERH
EILR o THALDZHBMOIENRREN LEEWRL, K
BREOOTNRENOREBRREWAGEELHY 5 5,
WEEIT -T2 /8F A—4 D5 b UEEHERE L M
BEWT R I DV TR RS - B & b ICH B A sE i 208
HEHOENT, WRT A= EHIT, HEE33.11~4.90
EDNT A= BN TRENWD & BME L OB
W& B ICEMMEOLHERZER AL OND Z END,
PEHUCEA OTWE TH D AIHEMENSRIE SRS,

ARS8 B AR M T~ R UNHE R B2 SR oD 4R AL BE AR

FEEWEEICET 28T A —ZHAEORAKE WY
HaBER & OREIR & B D =0, 8D L OFHEIzo
W CEREWT I TR & REEROBR AT, b 0M
O BEREZFHE L7z (Tables 3, 4) . BH{ER TiX,
(RGEE W AR, BB, BERRAS. MR EE W m AR A AL o> [
WCHBRIEOHBEANRA LD LN, £, ZThb &M
BER L ORIV T b A ThH o7z, L7zho T,
OB ERNKE < 7225 L ACE S W FE . e B 7 i
EBHICREL 2D, MMRBERIINEL D LTk D,
AR BE R O FHR XTI RBE R R O Ny 7 L e b 7
. R RE W RS 00 20 B 0D B B 2 pUT B M A &
AilaEER & ORICIZ EORBBRBI A LD N D ITT TH D
DS, I EE T R & AR BE R O BIRIT A OBR & o T,
L7=Mo T, HRHCEE T 5 ERR EOREE O HED,
T Th D MBI LN TREREEL O LE
ZAbND, TOZ b, BMOMEERZFEE L TR
TEE R TR L o TIRE S, MAREE RO %53t
BRI/ NS WEEZLRND,

M BB IC DWW T BMIGEE & RIER I 0E & Wi
FEH. HORRE. BERRBE . TR ALRE m AR A OB A B2 IE
OMHBEAN A E D LT, B E B v R & B
BORBBRIIMONRT XA —Z B OB T/hI Do,
INHDONRT A—F LHIRBEROBEGRE A THD L, K
EEWERIIAEN A LT, BRRILIE, BRREEa,
ATRLEERT AR X EORBRICH Dl ERMGEE TOHA
LB STV, LRS- T, Bubf (RGBS CIImmrm T
EDNHIREERIC LT THEB I/ SV EEZLNTZ, Zh
2k LT, R BE SR 3N f BE R TR R & TR o FHBABERIC B
DIED, HIBEEIE L OFBIN0.74~082 BV L W
Z 9 O R & OB LBV A OB (-0.69~-0.92)
BRI EREND, MRBEOBNRRBERERET D
FrEA2RTTHDLEEZ LN,
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Table 2. Variance ratio calculated from analysis of variance.

PEML & AR & — e RIEAC L T2 Sy B AT TR 7 oy il

203

Sv CA RD TD WA W% WR WT

Earlywood Provenance 4.07%* 2.14 4.90%* 4.62%* 1.06 0.54 2.16
AL JEE Hi

Replication 1.04 0.52 1.35 0.14 1.61 0.24 0.76
g

Latewood Provenance 2.09 3.00% 3.24* 3.11% 1.21 2.68* 4.63%*

k%) JE Hi

Replication 0.76 2.01 0.03 0.30 1.42 0.95 0.18
KiE

Legend: Sv: Source of variance

diameter BEHREL, WA: cell wall area on cross section il J BE W i f5i, W%: cell wall percentage
BERRE [
degrees of freedom are 4 (provenance), 2 (replication), 8 (interaction) and 36 (error). Single and double asterisks indicate that F

thickness f&41B%/5, and WT: tangential wall thickness
Note:

values are significant at 5 % and 1 % level, respectively.

BHEX, Ththds (EH) 2 (KE) . 8 (RAEMEM) . 36

L)VTCHETHDZ EE2RT,

Z5 @K, CA: Cross-sectinal cell area {518 % Wi f%, RD: radial diameter

&8t #%, TD: tangential
mEE R WR: radial wall

(%) Thd, BPRO*ROHIFMHEN1% L~V K 5%

Table 3. Correlation coefficients between parameters for earlywood tracheids.

et (36 1 D B i AR L O AH BIFR L

CA RD TD WA W% WR WT
CA 1.00
RD 0.93** 1.00
TD 0.93** 0.74%* 1.00
WA 0.83** 0.75%* 0.77%* 1.00
W% -0.76%* -0.75%* -0.69%* -0.31* 1.00
WR -0.32%* -0.42%* -0.18 -0.05 0.67** 1.00
WT 0.09 -0.01 0.12 0.51%* 0.40%* 0.40%* 1.00

Legend: CA, RD, TD, WA, W%, WR and WT: refer to Table 2.
Note:

T o B ETable 22 & Z L

Single and double asterisks indicate that the correlation coefficients are significant at 5% and 1% level, respectively.

FH O R O TFHBMRE 1% L XL R US% LV THETHD Z & Z2aRT,

Table 4. Correlation coefficients between parameters for latewood tracheids.

BeAd (36 1 D B AR B O AH BIFR L

CA RD TD WA W% WR WT
CA 1.00
RD 0.72%* 1.00
TD 0.86** 0.28* 1.00
WA 0.90%* 0.85%* 0.62%* 1.00
W% -0.06 0.42%* -0.41%* 0.38%* 1.00
WR 0.56%* 0.76%* 0.23 0.85%* 0.75%* 1.00
WT 0.64** 0.79%* -0.10 0.69%* 0.87%* 0.89%* 1.00

Note: Refer to the Tables 2 and 3 for legend and note.

KPP OFF I Table 22 Z WD Z L, BHOF*ROHIMBEREDR1% L~V R TE% L~V THETHD Z L 27T,

RIBEFW R & MR m A O B&

A TR AR X 1T, BT~ Y GEE OMKEERIT R
MERC B W TIIEROEE W R AT, WAz T
HfnEE D BICHR BBEZ T TWDHZ ENbhoTz, L
3L, T AL B BRSO M B BE W i A e 2120 TR EE M
THERVMERZEN SR LD ONEDIZHF LT, Fhb
DFHAE DRI L o THRIE I N D MIIEERIZ OWTIEA
BRENBLEDLNRNE W I FERIZOWCTILERI A 7%
%o e R S 3 R e T T R & OB E WA D TR &
N5, AlaBEWT AR & IELLF], (5GE & Wi fg & b
BIORRIZH D Z ER TSN DD, BB CIdminaE
RBLENLOBEBRIIVWTNHA LR > TS (Table 3) .
T AV, B T T R & O A T TR R 0D FRTIZ SR IE O 4
BARDHDT-DTHD, LENn-T, EHICL > TWED
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BRI B2 B 72 WBR O | {5 A5 W i RS0 Al i BE i T A L2
B & BV FERINT X 2 FHEMZEN . MIRRERIZITN
MINBRNZ EiZhe D, £IC, EMIT & ICGEE Wm
T & AR BE T RS O BALR 2 R 7= (Figs. 6. 7) . F4f
BT B AGEE Wi Ad & M RaBE W AR O BASRIL, & E
HEHEOBBRIZH D . BRI OV TS WE OMIZIE
OEFERAED BN, Fi=, FEM T & O R ERR O
ZXREMEOLERZRTIE, ZEHELI{ZoTWN5,
2L, & RSB EM (Fig. 6 Do) 2o\ T
B IEED S B TEAIIBE dafh o BE L & [ EE D 43 A %
RLTWEDR, 2EROGHANLREFTRTWAHMO
2EEDOHBIZLIVHE N R Ao BEZ NS, B
TEL R OO A8 2 2SR 87 T T A & S A BeE I e i D b & R 3 7
W, EM#M I L OEFROMEENIZITELWI LIE, KIE
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T I R & R LB I 1 A 0D EL AR IT PEHIIC & D W R AR
DHDHVIINSNWZ EERTEEZOND, D,
% < OREWTHE TVEIZ 7 & b ALTZ EEHI R 0O I D 7273
HIRRBE R II R S AL TR 2T e B bV D,

E

H T VAGEE BT ST EZJE L, EA D & R
TR L7530, SRR R OB m A IC > W IR
MR, BEAE & HICERPE CH B R EWIEMZENR A L O
bz, Fo. REEWEATRMH CEEREMMZE
ERLTEER, BMEBTIIAEE T ehrolc, T b DR
Wi VRIS A B R FEMB 2N A LD N DITX LT,
AR III A B R PR ZER A E D D d o T,

IO & E, HINERE SR A oS R R T R & R A T A
FEOMBRICERICEI DEVAR Nz biCk D EE X
Hivd, L7d-> T, Blrm LR & oMaiEfRE»
MR OBk 5 O R I 5 2 2B/ s, &
il NS5 B~ DR B B R e E OB RIS IC <
IThEWEEZ NS, ZOX D IOEE ORI~ A
DM OBEE~OEBII/NINE RS b, Hx 7z
MBI & ABEEOBRERET T 2BICIEZ, Zhbo
BRICIELSEEZ 52 5F T L L THRFT ALENHT
<BLEB2BND,
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Fig. 6. Relation between cross-sectional area and

cell Wall area in earlywood.
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Fig. 7. Relation between cross-sectional area and cell

wall area in latewood.
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