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Alnus hirsuta and A. firma
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ABSTRACT

Dimensional variation of secondary xylem elements, such as vessel element and fiber,
was investigated in root, stem and branch of Alnus hirsuta and A. firma. It is clear
that vessel diameter in the root is the widest, next in the stem, and the least in the
branch. Length of vessel element among them becomes, however, larger in following
sequence; stem, root, and branch, whercas fiber diameter and length are the widest in
the root, the second in the stem, and the least in the branch. The size of secondary
xylem element at any one level in tree increases from the center (pith) of the organs

through a number of annual rings to the outer.
# B

ZHIKERCl B w2 RIS BTl ol FelA vk glont o KA FW Akl
ek Aoz Fele] THIREl B R 4 Eo19k] ke ] KR 94
olth, At FuhF-ol & Hal9 HEFEFHY HEKHA Aol7t oo Ha o Y= gL A
o2 ZE#E v 9=z (SuB and Miiller-Stoll, 1973) #RTFHEHye) Pinus radiata) {HHE&S] B
B Aoly £ sl FeelA o Wz 21 Aoz Wi ok (Patel, 1971). 453 A W
TR EERGRT 7S AR UNTFBY  Betula pendula$l B. pubescend) B3t Bggo] A
Bhate} Karkkiinen(1981b)-2- 2] o] HEEFE el 71 7hxlel kel 24 = ¥
b EEEE B @it Adele E74 M AR 2 ehg FE ol AR oA AR F#
L Aoz #H4ES vk 9l oh(Bhat and Kirkkiinen, 1981a). =8t Gibson(1973)o] <&t A
A YA A= E719 Fifel Hal v B# E019 EFEHKY Aolst v 21 A
oz s zich & Patel(1965)2 BILMQ EFel el A Helol tal £7]9 EEE
o Bl o W2 wbd iLM el Populus canadensisvt Wil M= E71¢) Hha He
o] BEERY Bl o W2 Aoz vl v 9ok

9
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PAbell Al 2 AAR fafpel el s ZHASe SEERY HEERE = —%

A9 otdHe HES ¢ F vk

HERVRIES FIBARY 279 SRHHS “HAS ik 1297 o Fo =
ARG RS Boto HEHTREY BHLRES BRY 5 A webd AR
Ha MHBK HES AR MEE Sele o $28 ¥ o MERMRES
Bpoll #a BHoEe] Hol A= LB Aojch, —Rgie R MEHRBEES MR A
Aol iR AL wtel Hins =z (Bsau, 1965) HIAEY EkEES Ao
FEEme ®inel ok @S e AR <A A Alstolo B el A FE ok £l
A B LAY REEC] SMREA Hal o g Aew 9w A wl glod] (Bailey
and Faull, 1934) =3 Cutler(1976) & elol A "Rl #fTdol =et LR
Aol7t F#M o BN & A2 Wwéd v ok ol#ld M2 Fukazawas} Ohtani
(1982)¢]l 2|8t Tilia japonica®l WRMERAAE = vl sioh. 28z AR BiFEg
558 2719 A A= FimY Eimel #hel BAAERS Efe] WiEmez #Emns e
Heol e v 2 HiENez B+ Aoz uhe g 2 (Bhat and Kirkkdinen, 1981b) #
BER 3 i Aol 48, €7 9 JHAdAA ¥ HfENoE #inse der e
wtoh(Bhat and Kirkkiinen, 1981a). 22}t Gibson(1973)-2 A A# ##He RS Z7)
ol Al THAfE RS #fTel whel BEERY Aot WM SR WMAE Y B #ibslx &
v Aoz vgvh. =39 Patel(1971)-& Pinus radiata®) F7)o) A "R #To whet
BEES] Aolrt Einslv bl ool Ade w2 BAdEE Aoz Eiata ot

ol &} ko] fEMpEEol A2 (LE Y Filfcl wWE AHFERS AV MR BifEol wel M8
RE € B Rolx vk 28 EE K WRAAE A—8 #bke F= &7 2 7HA
QoA KEEHS] B MRS Kl 3t ZHiERe] #TH ol Bindd o
g e E KEERS BN BRY fhe ol 2A REE A

EZES I PR

A Wgcel #AEA Hie LdWTBe F28v-F(Alnus hirsuta (Sprecht) Ruprecht]s}
Abu) @ 2 - (Alnus firma Siebold & Zuccarini) 2. 4 EEWREESL #23 274 2 3043 @
BE F—3 BETdA RE}AT. BERH ERL: -3 dFdA £719 8S8s mER
22y o LsmIEe S, T A UEES BREE Fol7] 8 2 HEezn
B oF 20em= & zels A Fv A7 BESHA G M5 FA #mEEd olg
zrol HEE #HEE FF4vlolazEo g 15umEAY FHUAS 9Ex BEEMIden
REd % T3S BAKERE AX KABEARE e Sass, 197D, @#EAS Z7)9
Felo Hl —FERFRLETEH BESLE IBERFHEAA 2 S A THERERK A
o FEFWMBL 2ERE AR dE dHF R WA grotA Jeffreyiio 2 f#7# A 7 o} (Berlyn
and Miksche, 1976). %, 10% @} 10% ZE8< 1:19 HAE=Z Ao wE REAKS
A oAl Aebd HMEE BEH Y2 v E o ohE ol A& EHilldRd Yz 238
T 60°CE FAAZch ol Fo] MEEAZ MEE T0% S ol RAsHA #Re H
(1981) ] Jjgkol whe} KAEAE wHE )
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Blbst go] mbgoldl BAS Wgistglor] HE RS B Bilmel 4 ZRIjAEK
= FhE S0MEEEY MEI R HEER % A Zolot MM B ¥ MRS
FlFiske] 7 sEEaE SOMEEEY MEstd ol BWEH AFERS 2719 e TERERZL
A9 JEMES B Fshe] ol ozt

A AERRIES] MR ) SEEste) FRG BEER BMERE SHBE WES
7h A 5s] o H Yol dEo] BRYE 0.5em Ao BEUIKNE wEZ, UHE 30MEA
WEst BER-E AMUABEo R A Mind wE BAERE TR HHEE
BETHR B Lo} B o] Hizs ok

HakRe ikt B ek MR YA s hLEE B oz A

] g

T voh Ak g vl A B D EERN EAT RS B MEd #Fe Figs
1-3 51 5-7o) hebt wpo} Aok wA oo MEM EWEHY G Sl A
Wi 82.8 pmolw Z7)ofl A 64.5 pm zE] 3 sEA o] A} 50.6 pmo| v, ApukR 2] vhiol  gled
A FFEH BEER EKE 2w WeldA Fd 1L 1um FrelA 8l.4pm 283 7}
Ao A 58.1pmolth.  webd F fliol 4 w5 EETHO HKE PadA A ym o
& F7)oln ARl A A G2 slom ek

ER b0l Abupo Bl o] EAFRILES] Aol & JIES fEE # 19 20 HrRE ukg
2ok, WA Eee-o] WEY HEEUHES Aol E mwl Mele 4 H 5541 pm F5)e
A1 660.3 pm 25 sEA|ell A 487.5 pmo] v} (Table 1). Ay e] Vo] REH EHEHK
9] AolE wwl HelojA B 610.4 pm F7lolA 649.0 pm zE 2 sFA A 549, 6 pmo)
o} (Table 2). whetA 5 ol SlolM EEHHEO 7ol & BEHNE HEARY 209 HEE
B AR A 2 vl Heloln] spAel A A g Aoz W 4ok

s BE D EE B BEE BEs M8 £ 3¢ vrebst ubeb o Hes v
of selAfre 3l.2pm 71 AFE 26.6 um 2B} JFA A fE 22,8 pmon] Abwk o ] -
o ¥ AfE 24.2pm EAMFE 21.7pm 23 J4A HRE 20.8 pmoj ek wheka -
29 Af7t At W 2 ol ErARoln AAARI A Foh FoEvFe s
H R IS Aelv K 4ol vhebd wheh el Rl dfe] el HF 1,178.1 pm
Z/ASE 1,110.0pm 2832 AXAS= 9452 pmolt}. APl e }Re] BE U EEHT
il Aole X 5ol Ford AXF F4fE AT 1,226.2pm E/4HE 1,141 4pm
2l A AR 945.2 pmol e}, kA A8 Aol FeolA] s Az 2 thge] F
Zlolw zEz sFA A M gk

S FEERe] el = EEEHRY AR #bE Ewl Foe v ¥ ER 14
KA QoA WEERS W B 42.4pmP ot ERo| #iTHd wel mEKe #
o2 winElel I5ERERA A 93.1 umel] o] Ect(Fig. 2). £719 AAdAE w3t
ZbA 2 fEdRe] Wil whel BEEHY EKo] WMo E Bind s HEE 2l (Figs.
1,3). Abgesl v RalolA i H®inel wE HEHHKY EKY B#itE Folguy
o] B} vk A 2 Fdwol Windtel whzk EiKol A ®ins = (Fig. 6), ol d
&L Z7)19 FAH A = w3t 7bA] o] o} (Figs. 5,7).
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¥ e E vt Abgo e By EEE EEERKY SHEE A A 83
Z 2 g2 &0l FeA b AA e gch(Figs. 4,8). 2 8ES f£&ke| #1774
of wtel EfIEEE EEERY /Ml BERA B ERY #bets BRI &
e g} (Figs. 4,8,9,10).

Fme Einol ot HEFERY Zole #pE Bl FoE Ry RO ERER
o] WEERY AolE T 506.4 pmP o} Figol Eingtel whel Aol st Wi o2 B
Hol 15FERERAAT 741. 3 pme] o] Ef. olBF HEL 719 AAdAR #RAA R
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Figs. 1-3. Variation of vessel diameter according to the increase of growth ring in stem
(Fig. 1), root (Fig. 2) and branch (Fig. 3) of Alnus hirsuta.

Fig. 4. Vessel number per unit square (1 mm?) in relation to distance from pith (at intervals
0.5cem) in root (e), stem (a) and branch (x) of Alanus hirsuta.
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o] EfTE whel HEAEEHES Aolst WiftRyo 2 Hng ot (Table 1. Abwbe g9
Felo] A 1EXRERS] EEEFEKS Aole H T 540.4pmGl ot Efo] Tl wet Wi
o2 Einsl ol 15EKEHA AN 679.3umE HeEtgtn £719 A AR w3 A 2 E
BEFS Aolst W oz Bime ok (Table 2).

T Fiwel @mel =& MHEEKS #MEE 2yl FeeuTeo el Ay WiEpes
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I150f STEM E90r  BRANCH
©
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. =
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sof sof
of sof ¥
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Figs. 5-7. Variation of vessel diameter according to the increase of growth ring in stem
(Fig. 5), in root (Fig. 6) and branch (Fig. 7) of Alnus firma.

Fig. 8. Vessel number per unit square (1 mm?) in relation to distance from pith (at intervals
0.5cm) in root (e), stem (a) and branch (x) of Alnus firma.
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HAH e WEe qeed £ 7k 3 Aot ARFERE o9y 444 i
s gtk (Table 3). Efel el & fifke] Zo1@pE wd o=l Felel 3l
A ERFERS) @i ols F 913.0 pm@P o} Eine) Hine] =hel WiEpye 2 Eins o
ISR A £ 1,280.1 pm2 vrebikz o) e gt IS E719 A AT MUSH
Ak oz ol glelA ARl Einel wHE iAol BMEE uw ¥ BB IFEX
el BHEZole 930 1pmP ot dRo] EfTH web WiEMoE MinEe 15FXRE
ol A & 1,383.5 pm 2 tebykeh, o] g fHS E719 AAAME K3t

7 3

WEN BEHEY EKS s 2 Figs. 1-3, 5-7o] vebgd A" A s3
S g 27, ez sbAY JHe v K B #RE MHe IT Bidelnz &
S v} (Patel, 1965) A}e&bstF b5 (Fayle, 1968) ~}ghu]Z1}-%(SiiB and Miiller-Stoll, 1973)
AFF+5- B (Bhat and Kirkkiinen, 1981b) %] #jlifel HifEe) WHRKESE —FEAG B
¥l Populus canadensis P i (Patel, 1965) %3} 2 BifES] HeRdEs 4"

Table 1. Length of vessel element with radial distance from pith in roots, stems, and
branches of Alnus hirsuta (in pm)

Branch

mﬁ Organ Root Stem

1 506. 4+ 80.6 546.9x 78.3 417.3%76.3
3 569.81 68.8 580. 3% 75.0 478.0480. 3
5 580. 94 96.4 608.14 92.1 519.0%59. 1
7 603.24 77.1 639.3+101.1 535.9%88.1
9 643.6+113.6 648.5+ 97.4

11 654. 3+ 86.2 683.7%113.3

13 687.34119. 3 781.6+128.7

15 741.31+149.2 794.31145.8

Table 2. Length of vessel element with radial distance from pith in roots, stems, and

branches of Alnus firma (in pm)

Growtmg\\(ﬁl Root Stem Branch
1 540.4+ 79.1 583.74104.0 470.4194.0
3 568.841- 89.6 608.74 85.2 551.0489.1
5 592.8+113.5 639.9% 63.9 581.3+81.3
7 617.14 99.7 630.5+115.1 596. 6+80. 6
9 609.21+105. 0 645.0+108.2
11 625.1+ 94.8 670.4+ 97.4
13 650.8--122. 8 694.7-4+123.2
720.3+121.1

679.3:+134. 3
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vh. Patel(1965)-2 #flbfol AE —Mayoz Felo HEEHKI 700 a B o ul
oo BAMAAE B s Peud o604 § He ez gl o gler Cutler
(1976)& 2=/ g #Ee] vt=A —HiE 9 Aez2s £ 4 U alkd vk Aok &y
A BEERS AdolE HEAERw EVdA AF Ax 2 gFE Felely A A A7
zc}(Table 1,2). ol21dt #8E Betula pendula®l B. pubescen (Bhat and Kirkkainen,
1981a) AbEb#] v} (SiiB and Miiller-Stoll, 1973) %9 WZEfiFESE —HS A7 Pinus
radiata (Patel, 1971) =v}5-# %y (Fhah B, 1984; #Reb 4h 1984)°] BRERIRSHE HIR
Aok, w3 BEN e BERE el A Hx o E7 2 AR 9 JHe o

Table 3. Diameter of fiber with radial distance from pith in roots, stems. and branches of
Alnus hirsuta and A. firma (in pm)

Materials Growth ring Organ Root Stem Branch

Alnus hirsuta 1 35.646.7 23.943.9 21.24+4.6
3 32.7%x4.0 23.3+2.1 23.3x4.1
5 30.5%6.0 23.4+3.7 25.3%3.9
7 31.2+4.3 24.3+3.2 21.4%£5.0
9 30.44+5.7 28.04:4.7
11 30.9%£6.3 25.7:+2.7
13 29.043.2 27.1£3.8
15 29.4+5.7 26.74:1.0
Alnus firma 1 23. 3+3 6 19.943.9 20.3%£3.5
3 23.9+3.9 20.342.7 20.113.2
5 25.7+3.9 22.23:2.9 22.3%3.4
7 24.2142.8 19.843.3 20.51%2.2
9 24.6%2.8 21.943.2
11 23.7+£3.4 22.4+3.8
13 24.4+3.6 23.81+3.4
15 24.1%3.1 23.0+4.2

Table 4. Length of fiber with radial distance from pith in roots, stems, and branches of
Alnus hirsulta (in pm)

TTe——— Organ
Growth ring Root Stem Branch
1 913.0£126.2 870.3%120.9 768.8+ 64.8
3 960.31113.7 888.04 95.3 954. 6= 94.6
5 1027.8:138.9 1015. 61168. 8 970. 4% 88.6
7 1160. 74-128.9 1183.2%123.5 1087.0::105. 3
9 1236. 01+150. 3 1226.5+158. 3
11 1244. 4+124. 4 1220.4+119.5
13 1242.1+120.5 1220.4+119.5

15 1280.1+137.8 1241. 44120. 6
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Table 5. Length of fiber with radial distance from pith in roots, stems, and branches of
Alwse firmq (in pm)
Growth Ring Organ Root Stem Branch
1 939.1+148.9 956.84122.0 778.1+85.3
3 978.4%+127.1 960.21122.7 914.3+79.7
5 1256, 8+165. 2 1118.4+134. 4 1008.7x81.3
7 1280.7+103. 3 1109.7+111.4 1079.5+93.5
9 1300.9+143.1 1189.3+% 88.7
11 1297. 84129. 4 1228. 44- 99. 6
13 1364.3+125.7 1295.1+123. 3
15 1383.5+118.3 1273.34101.3

ol MRE EFdvFe A4 WRLER Eilsich 23z BEH & Aole
E71olA AR Az 2 g FEoly zelzm AAGA A gheh(Table 3,4). o[t
e A9t (Fayle, 1968)9} 9258 #E4)(Vurdu and Bensend, 1979) %49} B
RRERS = —FE A wt Betula pendula®l B. pubescen(Bhat and Kirkkidinen, 198la) %1}
TR WA b B, 19845 #RSF AN 1984) %9 iR E WA Ak

ojsf Zo) ¥t F79 AFER vebd s ERE U o E BES BTes
A EHRE Aoz oAAAG(Patel, 1965). F HlE FHEEGE HEMY BAEES 9
M, E71E HRHA BK D HEEEY 2T7¢ 98 FAocE St #7Y fRe &
oldoh. maEld el whel KMEHRY g 2RI —HEo 9 BS Yoz o me
fEYgel Hsl HoedRolol & Aow B

H FEmel Bimel wE WEER EHEY #MEE Re ¥ ] 9 A4 BE
HEER Bl Fine] Hmel whel gENsHA ®inEo BMEEE UEERY ShK
© HESE At Aol o FRSA BPEE E@Ee 2ok (Figs. 1-10). Tilia
japonica®] ZE7|| A% Bz Y E vlgF o 7o) uzt WEEFR B WMo B\

E Aoz #HiE9" v ¢ o (Fukazawa and Ohtani, 1982) Bhat$)} Kirkkidinen (1981b)&
Betula pendula®} B. pubescenc] ¥& MH7ENA ZF719 slAdAE #iziy ugZFoz
Zol whel HEEFEY BEfol Winss AL vy A HERERY —&KI+ udd R
Ae 288 EENeE BoHE Aoz wiA A WEERYS s K. Pinus radiata
o Fele A B2 E SMIKTE el whel REE] BHRC WiEMNoE BAEE Ao
Z B3 e o (Patel, 1971). f#go] Minddl oel HEFRS EHE ®Binle AL
SRR MR BRI« Aoz #Bs s #fEd e 2RI Jehte BER
< KUY AHAE o B2 B B W LEHS 274 = Bhate} Kirk-
kdinen(1981b)-& F2]9} Z719 “fik Rl =& EEERS BEFKY Bbrt Az HRSE
B THIRES B 2RAA A EEE Aoz MRS v g

g Emel WimHol whE EEER 2 i) Aol #MLE Bl ¥e, £ 2 A
ol A T EEER F B Aort BRI WinsEs Aoz ud o (Table 1,2,4,5).
o|2] &t #5BE Tilia japonicac] ¥48 Fukazawas} Ohtani(1982)9] #eol A x &R ol ¢
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i

Fig. 10. Transverse view of second (A) and fifteenth (B) growth ring in the root, second
(C) and fifteenth (D) growth ring in the stem, second (E) and fifteenth (F)
growth ring in the branch of Alnus firma. X. 60.
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o Betula pendula$} B. pubescen®| W3oiiE (Bhat and Kirkkiinen, 1981a)el) A & ¥ig],
£71 2 Aol A BF fEEE sgEg & el whek BEER 9 @it Zolst 7l
A BiNE v AoE WA K HERERS 2 HEel . 2 v AAAE Hdpel B
BFgEel A Gibson(1973)2 B#G £719 4% &¥l MR “HIARS HEER/ Hel
BRE Axct o 71 Aoz gl vk dvh. =3 Pinus radiatad] o A = fhulpyifel A
&S [HE A BREEY Aolsl BAEE AR dE A K HERBREY —FKEA gt

2 AR ARl A EEER 9 @S Aolst Fiwel Einel el WiErez wing
AL BB WEMREERRES] Dol 7t Fime Einel weh WMo E AdxE el &
R o (Esau, 1965; Philipson, 1971) gH o2& 4ol #Windd ==t BRBEBHAKE
7ol 7t #oxlmg AREH#Y Aolst WAddhe XEE vk (Gibson, 1973). ¥ H
HEEAE §iHY Rt oS ZEdheln 4 HRERE & R —#dd.

Fime Bmel wE BEERKS b s VT FEdAnt WEgENesr RAEE
fHiaE 2o Pinus radiata®] WHERERES —HAYU E719 XA o33 F74 @in=
= Aoz sz Tilia japonicad) WHAEHRST FlIo. =28l BEEEKS] st 2o
of skl He#esh Z¥A FRER &k

gl RIREHE Alold AHolo R F HEHH [hote] Sl Helst ©l 2 BEBEA
v SfbiRfdcho] BEEERS R4 R HRNA ¥ ubd s AALERez R 4
friBfrho] o) 7} EEEIIA Ens 7 W ol ok (Esau, 1965).

DAEelA gmiid AA" EEEE 2 B 27w B3 Ul A BE 2 Eife
ulel S #MAELZ Jelgon Biffd weldE HRERY AEZ HRKEE BB JSS
& 4 ek ol AL EMEH HKez 2ol Cutler(1976) 9} Baas et al.(1983)0]
A A7 uke} o] ARERY HRO HES EFES oo ¥ Ao Euh. Wit o= 3§ fFo)
WV OEEmRArol A delA FRERS o2 Mol ddAE —BpoE FEHEF oz 24
e o8¢ A Wil A wHA BRI 8 el A ERE ¢ e Adrl
AAAE o B B HWHoz ASHY HRE ol Fo43l el EREHAF & Aoz B
#hEl o

] =

Zoebrol apdo b el Hel 25 % ARel QoA KBEH Arlel WRel WA Froar
de HEEHY EEL Weldd AF Yz 2 Beg Fdeld AXdA A% . zv BEE
gel Aol EAdA A% Az e Beols AN AF FL Ao AT MY BEE
9 ZolE WA g W A8 2 e F AR Mol 7 BEY QAANNA FHRz
2 o]l Mgl wel KHERS 2L Fashl Mns e

& £ T M
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