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Comparative Anatomy of the Secondary Xylem in the
Root and Stem of Some Korean Betulaceae
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ABSTRACT

A comparative anatomy between the secondary xylem in the root and stem of Korean
Betulaceae, including 5 genera and 6 species, was carried out in this study. Anatomical
characteristics of the secondary xylem in the root and stem are as follows: Diameter of
vessel and fiber is wider in the root than the stem, while the number of vessel and
fiber per unit area is fewer in the root than the stem. The length of vessel element is
longer in the stem than the root, whereas length of the fiber is longer in the root than
the stem. Number of bar in the perforation plate is more in the stem than the root, and
the angle of perforation plate is broader in the root than the stem. Number of ray per

unit area is more in the root than the stem.

# i
THIARERC] e AFEIEH) FRE Kol HRe MR o Feixon Rl HIA H
e diwtel Kad EFold zev FEv 79 vEd HEKHED GRS 22 s
B/Eo2A BERS £RECd M 2o 22 BREE AdAs 29 ZHIRE #Ha o

ol LEE A (Patel, 1971), BhAS WAIES W37 A E 2 zddq B EEG
Rez 55z 9o} (Bhat and Karkkiinen, 1981b). Patel (1965)-& F5F &3 v} (Fraz-
inus excelsior L.) %o ¥t Fel o £719 WEMEHEH FrdA BIMHY A% €71
st e BEER EHRC ¥ B i BAMAAE 79 HEEFES O 1L A
oz gl w Qb AW ST (Platanus acerifolia, SiB and Miiller-Stoll, 1973) o
Betula pendulas} B. pubescen (Bhat and Kirkkiinen, 1981b) oA &) o) Hal ®ag
HEERY Bl o Wi, =3 Pinus radiata (Patel, 1971)9} REE] BEEE Felo 4
o W Aoz g4 6 gk
B dTFE 1982 % F2 R v 2sEga o Fule] g8l 8 s,
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g, Abehw] &) F (S8 and Miiller-Stoll, 1973) @ Betula pendula$} B. pubescen (Bhat
and Kirkkdinen, 1981a)ell 4] WHEHY Zole el sl Z7lelA © 3 ulw Pinus
radiata (Patel, 1971) 9] M4 2 A<l 4%t (Gibson, 1973)¢] EEFFE Aol &7 It
3 FeoA ozl Aoz vzl

ol g} ko] HElol Fr|o MBI WRKE —HEE 2R X3z #ifEdl =} K
He 292 358 ¢ 7 gk 2822 ox & SEMY #HS MHHE e 2719
ZHIRIEE HeEsgiste] 1 fbER RS —BAY B EH A BERY LESE A

A TR e Eolo) BWE mniEs Bke Hoar(1916), Tippo(1938), Hall(195),
Tabata(1964) 2 Fket H(1981) Foll &) ol Fo A u} glaz, FJo “HIAE B &
LI F9cs Bhat and Kirkkiinen(1981a, b) @ #F9) 2=2(1982)¢] 93] HE= QL Holc}.
W BBIE AR Y 7 @S |, 1981) 9 F-8] (FRe: 3, 1982) 9 AREMEEI
& REBH HEt ol FolA ul Aok 2 o] E9 WRE AV E HEREES] A
2 o E B Feo 715 MEE s ol F s Aol o5 HRERE A4 K
Bt FElof E0lo MEn £RE ERESHH EfsUle o 222 R WA
T B B8RE AT B R R ERe Felo 064 B3 Fig
o ZHIREE hEmsiste ME 2R 1 2 EEe ®stA AEE A

L ESIE R

A Wl #AE e Table 1o ettt wiel zbo] A2bF-Hhe] o 6%l k. = Bt
e ERRES) B2 BAS R A—3 BdA 27 WERERE 1.o5msE
e, Wele 2 EHo2RE 20emEe X9 filiRe] #ESA F A7 BEX FHE
5& RLOE Ad 1emREo) KAY $5E REsHE

=WE B RS BEKACIZZEo 2 15mTAl) BEE, B5 2 KHEE U5
shE s @A fuchsine 2 HRefaste] FEFRF BAHE KABAE HER (Sass, 1971).
PR K A A A Fifkgrtol 2 2 0] ¥ (Shimadzu, No 101160) & FIfste 1 mm*E %
4 fEHESe Sl HAES Bk 2 BHER RETHERS B wo & T £
A &% S0E(ED A WESA ). £ MR BiERE JHiRkvtol a2 H (Whipple disk)
5 @RSt A #R(1984) 9] Fikel whel el E7]oA A4 304 RESH A o}

g =AU BrES U A ARl A 5EKR ERES e 1~2mm2e] 7] 2 ey

Table 1. List of materials examined

Scientific name Korean name Locality Date
Alnus hirsuta (Sprach) Ruprecht EeogvgT Chonbuk Univ. Oct. 1983
Alnus firma Siebold & Zuccarini Agte g Chonbuk Univ. Oct. 1983
Betula platyphylla var. japonica Hara A F Chonbuk Univ. Oct. 1983
Corylus heterophylla var. thunbergii Blume 7] 3y 5 Mt. Moak Oct. 1983
Carpinus tschonoskii Maximowicz A A o] L} {- Namgosa, Chonju Oct. 1983

Ostrya japonica Sargent A5 Daeheungsa, Haenam Feb. 1984
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Jeffrey o 2 fREEA 7 th (Berlyn and Miksche, 1976; #Roh &, 1985). k=l #EZ 70
% LEF B E B mU98LY Hikd whEh KAEARS HES G @BEERS
FlAste] BEER 2 i o), Mt HE, UK AES BUFMSS S0MEEA
HEstH o EEMEEY] BILEFIRES BHEs 9.

ko) BAEZ = Olympus BHA Hifkigo]l RS Ao A # 4ol = Olympus PM-6
7ol 235 FUAISH S ek

#a R

T8 v-(Alnus hirsuta) 9F AbwrQ el vh- (A, firma) 9] HEETHK] W WEMKRS
Table 29} zc}. HEEEHRY RS 5 BBkl (Plate 1. A,B,CD), ZfLi# 1o
B} EHEEE Foa Ty Fao A 17.47) E7)eAE 19.8700)8] Ak e g
A 2007 zElx E7]oAE 22.0/ o)tk RS HF AEE 2o3vFo Held 4
55.3° E7]ol| A& 48.5%0] 7] Abwbe e} Ko 53.1° zE]lx E7)el4 bL.O°E VhEL
ek E2E T el BE HT AGHERKLD 59.6pm HERERKS 52.8um, 225
E7)o A9 BB 48.6pmol v EEMRER-S 38, 1umolch, g AR Q=] o Felo] A B
%ol BT HMHERKLS 8l.0um, EHEL-S 65, 2¢mol v Fr]of A BE S A EA-S 55, lpm
283 BERERLS 44.6pmo] o},

g, BmEEE H5EY 47 o4fE FoevdFe A 5427, EACAAE
107.17] z8 2 Ao aloHE 43.87, F7oAE 611702 vebyoh.  BEE L
o A EEe FF BAEEL FoevTo el A 16.8%, FIA & 16.8%01% AL
2o Hlol4 14.3%, 2EIZ E7|AAE 17.2%2 Felo - s 7604 o ol #HE
E# AT Aol EFoa R oA 709um, EV]dAE 797pmo]n] Alube 2] ¥
Zlof Al 650pm 18]35 F7]ol A& 693um=2 el st BEEEC A EES S kE] K
2ot 2719 B4 FEA dgor] EEL B = Aoz BILAME Sk %
EEE F2auTdAs dA 2~7AH, A2 EldAs 2~8748 HE] HUHHELTIS
gtet (Plate 2. D,G, Plate 3. A,D,). HEMEES] BIALRY-S A#4 H4o] v+ (Plate 2. C),
2t ErldAE Moo E MER 2 Bk A= #Hzgd ot (Plate 2. A,B).

A KBS RMKN ] v (Plate 2. EHD), Ahwkeele] E7]d A& RMMuK:
o Ax BE=A Eevie FeoAs £AKHMERE e d) (Plate 2. F). Table
3ol vteEbd whe} 2ol BMEHERS RS M 1~2%el= Flel Lks] o]l Al Bt Mg
B, ol B BEES0] o & oz wed @ fifEe EE E2dvTo] He
A 29.0pm, F7o| A& 23, 5pmoln Ape #]9] Felo A 25.7pum ZEl2 F7)o A= 21.0
pmo| ™y fgHEo] BrEAL Falo [k ErldA o A Jdebgoh fiEe Aoy Eo
W9 Helo] A 1222pm, F7ll A& 1016¢mo] v Abwko gje] Relo] A 1257um 3] 3
Z 7)o Al & 1108gme] t}(Table 3).

AFAT-(Betula platyphylla var. japonmica)] H-g]o} Frlo]A HEEHRS PEMEE
Table 20 el whol vk, EEFHS BIAKS ZF HEKo| = (Plate 1. E,F), LI
£of BT Felol tdll U104 G4 o ket FIRS AEE el A o A
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Table 2. Measurement of vessel elements in the root and stem of some Korean Betulaceous species

Scientific name Organ E;r\cfe(ﬁt ;lil;mxkgz

Diameter (¢m) Length Perforation Plate
Radial Tangential (pm) No. of bar Angle(®)

Alnus hirsuta root 15.8 54.2%11.1 69.6+ 9.0 52.84+6.8 7091+109 17.44-3.5 55.34 3.1
stem 16.8 107.1£12.0 48.6% 7.4 38.1:£5.5 792+129 19.8+4.0 48.54: 3.7
Alnus firma root 14.3 43.84+ 7.7 81.0410.6 65.2+6.9 650123 20.041.0 53.14- 4.5

stem 17.2 61.17 6.2 55.1+ 8.4 44.647.5 693+ 89 22.0+1.9 51.04 2.9

Betula 1?laty13hylla root 13.7 64.2% 7.6 72.12410.4 50.9:%8.0 513+ 48 11.24+2.3 57.44 3.5
var. japonica stem 15,0 106.4:-12.7 50.0= 6.3 37.5-5.3 537 45 14.2:+2.2 53.94 4.1
Corylus heteroph__ylla roct 15.6 71.3410.2 58.0% 3.6 46.4+8.5 403+ 20 7.1+1.3 55.74: 5.2
var. thunbergii em 177 143.2410.3 40.2+ 1.9 35.643.9 442 47  9.4+1.7 53.7 3.2
Carpinus tschonoskii root 14.3 46.8z4 5.5 59.9-4 7.8 48.0-:6.5 5311104 0 62.54 5.1
stem 19.2 66.31 6.7 54.2+ 8.7 43.3+7.1 526+ 89 0.3 59.2411.5

Ostrya japonica root 14.5 70.1+ 6.8 79.8+ 6.1 65.3+7.9 369+ 24 0 63.04- 9.6
stem 16.0 93.1+£10.3 70.1+% 6.8 55.4-5.8 394+ 27 0 42.94 2.9

ekl AFuRol A EA A 2 BRELS ¢ Ha FdA ¥4 o We
gl BEBERY Zole E7dA B 7 Aoz wezlch BEAEEE HEY S 2
RAERL F2o] tal E70A4 o ¥ Aoz vy

KETEA A HES AR = BRoE BILSHE e FddA £ BRE BN
F2 39 ot (Plate 3. G, Plate 4. A), MEfBES) BWIRFIS ZF Hioz BES AT
BEHEES AS K4S FIMMEE o) v (Plate 3, H,I, Plate 4. B, C), 7+3 RFMHH:
A= BEAY E70d 1d A 84 o T3 Aoz eyt (Table 3). @4, #
Aol A @it SVl WE FHedA v W A9 HEE LA BiERS F7]64
t] &gkt (Table 3).

N G}5 (Corylus heterophylla var. thunbergii)o] Fe] ok E7|o A HEEHRS RIEHEE
Table 20 &=l uhel zvh, HEEHRS ZFIRL EF EEMon (Plate 1. GH), il
WL BREE £710A4 o g9z FEe] AEE FedA o & A2z w3z
AGFel A HES Bat 2 BRERS €710 sl FEodA 84 o €2 g Aol
E71edA o 2 Aoz eyt BNERE BEY S0 f BEEE T kAl £
71el A B ot (Table 2). HWES] HEE EF Akels BE—Il =& SIWo2 BILSH
@ ZIBEES A5 2~5709 BE o] KHETIE B (Plate 4. D), oA 4
B BN TR EEAREY] EIEYIS ¥ HEoz veucth

BHERS 25 REdilatels] (Plate 4. EF), FedA& £405ERE 15 BE
Bk SRS 10 E FeldA A4l o #hEY BES 2 (Table 3). & 7
Gt A fHET 1o thdl FHelA FA v Wa 7] ubd @S HFEEL E)494
] &t} (Table 3).

A A o) 3 (Carpinus tschonoskii)o] A M EF ] JiEEr Table 2¢] v}eld ubo} 72t}
HEBTHRS IR A k%SG BEEilel v(Plate 1. D, 7oA 713 JEHI B
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Table 3. Measurement of xylem fiber and ray in the root and stem of some Korean Betulaceous

species
Xylem fiber Rays
Scientific name Organ p, cont Diameter Percent Width Heigth o o
¢ umbper
by Vol. (um) Length (um) by Vol. ((:(Ie\lllo). of c(i\llo). of per mm?
Alnus hirsuta root 66.4 29.0+3.2 12224120 17.8 1—3 6—23 81.1+4.8
stem 69.0 23.5+3.6 1016109 14.2 1—2 5—23 76.4%5.6
Alnus firma root 68.4 25.7+3.9 12574131 17.4 — 3—19 82.2+4.3

1—2
stem  69.9 21.0+3.2 1108+113 13.5 1—2 3—23 75.5+3.4

Betula platyphylla var. root 68.0 25.1+4.5 1136+ 75 18.3 1—4 4-29 72.846.0
Japonica stem 70.8 23.3+3.6 10024116 14.5 I1—3 4—26 66.24.2
Corylus heterophylla root 65.9 22.2+2.2 969+ 66 18.4 1—4 7—28 51.3+2.5
var. thunbergii stem  68.5 17.340.9 887+ 59 13.8 1—3 7—20 46.5+3.0

Carpinus tschonoskii root 66.9 24.0%3.2 15071209 18.8 1—4 6—32 51.4%3.6

stem 67.6 22.5+3.3 1408+153 13.2 1—3 3-28 46.4+4.1

Ostrya japonica root 66.7 19.6X+3.1 1345177 18.8 1—5 10—24 49.5+3.7
1

stem 68.5 13.3+2.4 1123£135 15.5 —2 323 43.2+3.2

e ZFINRE BWEAD (Plate 1. 1. 225l AEE E70d ksl oA 94 o =
o} (Table 2). A oj}Fol A EES Mgt € BRERS Z7]o s Fejdd I4 o 4
2 ZAolx FHelA %7k o Ak, zejvt BEY 44 2 BHEEFEE 744 ¢ ¥4
(Table 2). #EEY HREE L5 AR B—Jl =& SIS B HILaMmE Aot
(Plate 4. G, Plate 5. A). F-2lol A fFim LW TG or HEMNEEY BT
RE Hizo g v A

HAERS X5 FRMKtkel vt (Plate 4. HI, Plate 5. B,C), 7+& RE#ifutkel A
E BEdd. AEAAE nldstA2 E5lo dl el A mastEglel 44 o FRsid
(Table 3). AA Tl A #its F7lol tha] FolA o Wz AAT EFRE Z7]0
A g4 8 E0h

A $-3F(Ostrya japonica)oll A HEEEER, AL HUHABS AEMEES Table 29 3o #
;g ukeh 2o, HEEFRS FIMS 25 BEFEflelw (Plate 1. K, L), ZHILiKe AEE
7)ol Heal FeElel A o Wik EAES b € ERERES Fd el SedA g4 o
W bk Aol FololA o Ad. #HEY HHE 2 HERL EV4A4 v Tz HEY
R Ko Bikeld BILSGFE ot IBEES A5 2~57 9 8o HMAHETIE
st} EAEMBES RALELH|S 25 Hiolth

BHES-S Z5 FEMitel= (Plate 5. E,F,H,I), F7o) el FelolA I o T3
g RS B<loh (Table 3). ALuFolA s E71o0 w8 FeloA o gz A4
(Table 3). &} el HEELS A o &

% %=

o2 KA PelolA RS FRRA Qe Aez Feid e (Patel,
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1965; Fayle, 1968), AFztvh-7Rf fE4pe] HalolAE 27lo] MRy FE3lg e (Plate 2. D,
Plate 4 D,G, Plate 5. D). E®S] 4 4 BERERL E7ld Lal T4 84 o 4
L Aoz uszc) (Table 2). oj9 e EEE Patel(1965), Fayle(1968), SiiB and
Miiller-Stoll (1973), #&<} 2= (1982), #&k<l Ab (1984), %<k & (1985) %9 HAEHKE 2L BT
Ta%p<ql Pinus radiata] R85 2] ¥z (Patel, 1971) 3= LG 55 o)t} =3 Patel (1965)
< B —ifI 2 89 HEFo| 7] hal ERel © W& ubwd BALMlA
T €719 HE v] W Aoz vl v YA BIHE MHE & K ARERY -
b 22t} Cutler (1976) = Patel (1965)8) R#E7} wtzA —B#HES d Aoz X £
A-e-S RS b gloh. Z2¥lE MRS R KA Zrle 8419 S wE Al
8 437 glerm g (Larson, 1962; Esau, 1977), ¥l 9 Fr)olA] #MES Bl A= o}
E AL 2849 fEMd B BRHEY ERAA BE=SE Aoz dARAL

BRI Lol A MAIEREE WES SAE D LEERS Feld HE 704 A4 o gel
A (Table 2), #Rel #= (1982) 9] PR 2L HEE MHold o= #RE Fao B
BHER] E7)d td o 52 AT ZFHT WA e AR AAAL ] HEES
9] Aol AAIFEE i U A FolAE Fad thal E7elA 44 o 7 Aoz
o3 Z v (Table 2), o218 ERE & WRME < AAHEY S 62 & Bhat and Karkka-
inen (1981a), #RS} %% (1985) ¥ FHTFRF (BRek #b, 1984) 9 HzefERe —d o} 2y
MA -2 5B = Esau (1965), Fayle (1968), #sh 2= (1982) 8= BTty Pinus
radiata®] WIERER (Patel, 1971) o ¥iflsltel F-elo} Fo)ol dojA HEEEHY Ao &
B fRe —BiS Feot £ 7 . 2¥s dAA oz Yo #HEEFES o gde
Ho] —fgHyol ok (Fegel, 1941; Bhat and Karkkiinen, 1981a). #53] #fo} 2= (1982) o] W&
F 28T AT BRE X BREERY kdd. 24 o83 fRe &
7l B & Bl A B4 48 B8] WEME RS B, =3 & WEsRe EERE
2 EARBEA e B 5ol 2R Aoz AR} (Metcalfe and Chalk, 1983). #
BEFRAA FHMY AEE Tl vl 23 o F&3td BET FeldA o A4
1}ebyr o} (Table 2), Abgbe) Zb-2 (Sii and Miiller-Stoll, 1973)c]l A& .88 ¥z o4
o] Be AoE #Hhid v gk

BT A BAERS] BHLs EEE delXe vl Aole ffisle Hhes #
1517 (Esau, 1977) #TIERYS] HEERN A Kimge] T Fghol Hslod FMAd
A ERLR o BEERZEIRAA BZEIAKe 2 #7HE A2 = d (Carlquist,
1961; Esau, 1977). whebAl A gl A 33l slol K3bwd E7]9 HMEER s e
o] BETFE/ o FEbE RELE ¢ + gt o8 R HEHFBAA &7 %
HiHEBme 2 o FEisel ety 4 (Esau, 1977)3E HKHA. 2822 ojd 3 kol
A g BR2 ZE Mol B HAE v o & HRERAA 2dx HEE
webA HRE R Bl vehd B o 9 e Aoz THIKE We HEd
DEHE RRSE HER ol =F 4~ 9l

BB Lol /] EES] B Bk =& Aoz Jeld A2 HEREY FMRe A7
3 STk BEE BRI e Aos el (Patel, 1965). ¥ s 270 K
3 2o A o ¥z Ak (Table 3). o]2] 8l R = Fegel (1941), Fayle (1968), Patel (1971)



June 1985 Soh & Han: Anatomy of Some Betulaceous Woods 133

9 #Eo) d (1985) %2 HoikE el [F--3lv); Bhat and Kirkkiinen (1981a), &<} b (1984)
&9 Eﬁ”’“%*%ﬂ}h MR —ie 2 fifte LHBES T8 FRMEREA ES
Folx| 3z Zole Hifisl v HAELE FHks} ,@nsp Aoz ¥olxrz (Esau, 1977;
Metcalfe and Chalk, 1983), A R AA 9182 who] o3t Felo] ] E7)9 #
HeEZL o HEkbE RoR Qs oA 71«1 FHREC) Fajol el © =] =<l

o2 R

HEHHRS Z7) ol Hal 2ejolA A4 v HiEd S 1alch (Table 3), o] &t f5Re
Esau (1965), Patel (1965), Fayle (1968), % fk<} 2= (1982) %ol K3t o2& jifEe] Hst
FER —FA. o)l &) thal Felol HGHEMC] B Bel vEhvde AL £EN
Ql {EBjol Felol A v iEEsts) ol #EE (Lebedenko, 1962) 7 i o 248 A
7} Ao Ao mat g Bl ®ingos ¥ (Patel, 1965)0] ow of Big 4HE
A By e ol B Y o] e EBEAERERY PRt o] Fexek & A
o] ¢}.

LAkol Al ghai®l wbob 7ol H-zlef E719 ZHIREALolo] of#] A RN ERIT 9
S4 ¢ 4 stk FEle E19 MR ERE BHEY 2RO BREE Aoz @R
vt (Esau, 1977), A ARFHR € o2 BEY ARERT —8 =€ K4 T4 £
718 BNy Rl —Bikel vt zeinE o e HfES e B AIETIRE S
Jeio] BixRe o},

1 E

F PRl A BEE AR EY 5B 6EY P €719 “HARE LEEHBNo2 HR
sglvh Helo F719 AR oA MHRHN SRS B F B EEL E7¢ HLd Feld
A v He vy BUERE BE 9 8 20Bs FedA o AHgled, HEERS Hole £
oA o 71w @S Holw FedlA B Agld RILKESY HFEE PHid 2794 o ¥3
X, BEEE AR By $d4 8 Sdsh

2 £ x w
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Plate 1.

Plate 2.

Plate 3.

Plate 4.

Plate 5.
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EXPLANATION OF PLATES

Scalariform (A-H) and simple perforation plates (I-L) on the end wall of vessel element
(all X250). Alnus hirsuta : A(root), B(stem), A. firma . C(root), D(stem) Betula platyphylla
var. japonica . E(root), F(stem) Corylus heterophylla var. thunbergii . G(root), H(stem)
Carpinus tschonoskii . I(root), J(stem), Ostrya japonica : K(root), L (stem)

Pitting patterns showing scalariform (A), opposite (B) and alternate type (C) in the stem

D-—I:

A—F:
G—I:
A—C:

G—I:

A—C:

D—I:

of Alnus hirsuta (X400).

Three dimensional sections in the root (D-F), and stem (G-1) of Alnus hirsuta
(X40).

Three dimensional sections in the root(A-C), and stem (D-F) of A. firma (X40).
Three dimensional sections in the root of Betula platyphylla var. japonica (X40).
Three dimensional sections in the stem of B. platyphylla var. japonica (X40).

: Three dimensional sections in the root of Corylus heterophylla var. thunbergii (X40).

Three dimensional sections in the root of Carpinus tschonoskii (X40).
Threedimensional sections in the stem of C. tschonoskii (X40).

Three dimensional sections in the root of (D-F) and stem (G-I) of Ostrya japonica
(X40).
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