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ABSTRACT

Anatomical characteristics of the secondary xylem in the roots and the stems of genus
Pinus including nine species growing naturally in Korea have been studied to elucidate
the structural diffenences between two organs. The results, comparing the root woods
with the stem woods, are as follows; The transition from the early-wood to the late-
wood occurs more gradually in the root woods. In the root woods, the bordered pits on
the radial wall of tracheid are frequent in the two rows. The spiral thickening on the
radial and tangential wall of the tracheid can be seen in the only stem woods of
four species such as P. koraiensis, P. rigida, P. rigitaeda and P. banksiana. In the
majority of the species studied, the length of the tracheid is longer in the root woods,
but in some species such as P. strobus, P. densiflora, P. rigida and P. sylvestris, this
length is almost same in both organs. The diameter of the tracheid in the root woods
is wider. The wall thickness of the tracheid in the early wood is thicker in the root
woods, but vice versa in the late woods. More rtays per umit area can be seen in the

root woods.
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EdpEEe] AW MHIEL WEE T2 £7F MR ol Felzlox, e AHES
WS E719 A AR 95 Aol —#aye] o (Esau, 1977). 2=} 4% EFHE
Y B TIEREY TS SRR PR A e B olek 2209k MEESE £RIT glEol
gls] 4 o} (Shimaji, 1962; Patel, 1965, 1971; Manwiller, 1972; Bhat and Karkkdinen,
1981a,b; Bhat, 1982; &Rt 2=, 1982; #Re; Ab 19845 #Re} ¥, 1985a,b). <% fEe] I
BRI AL BAEC T HEERY EE R 2074 2244 2759 4T A0w BEY

185



186 Korean J. Bot. Vol. 29 No. 3

vl gl .o} (Patel, 1965, 1971; Manwiller, 1972; Cutler, 1976), =54} ke AL HE
o]} ##ES] Aolr) B B FrdA v AotE #47) 9l o] (Bhat and Karkkdinen, 1981b)
ffEe] ek BERC BEE BRE Holz d&% ¢ 7 Atk

HeE Er)e) vdle] EEdko] AL Wiy So® o ik 3 HEdAER BRE HH
& TA FEstgert, Manwiller(1972) 9 Bhat(1982)= #elsl (HEOMERS < 25%F =
A sha glel A PElo] FEEIEN W MAHES AES WY & de EES 4+
Z HwEfer], Patel(1971)-2 F2 4=z = & LFEEYpE A ddAE HeY
fEF2H HE7T LES T A A H]' Sk

od A-¢ AR E # e Fr8 ZHIARY BES s sk F— SN
o FEe g mYE ?ﬁ%—??}"-’i’?‘] BEeye 2R FEe Bfss o] FET A
oz Helvh uweEhd & P BEAA Az g 2UTE By B5Ee FE 4 27
o] THIARIEE thigehe] el EEE 9l zA REE A

e R AR

& Woeel A= #¥h= Table 1o viebd wbeb o] &bl oS EETA. HE
= EA9 A% #4 135F04 5741 e MRS 9 120cm)e 171, 4= fA—

fEO] 9sFol A 124FE M HFESE 30cm WolAl 99 fliRe]A &4 RMEFCE o]
spze] BEE A F219 9O~10FM Mzl Al A7 lem®e] WA & M 141 =etAl =l
F 21D BAERKA Y 24FsR] WA A RMAREG F \ERX vl ZREFLE 20pmT
719 E THE e o] Uhe B Flo= Rfaste] <3 2%3 o [R7KAI A
KA AL HEY T (Sass, 1971). FE REE Al AT E A3 AAARE

3 A
grol Jefferydzol] twhe} @A Safraniniefs # AR FEAE UEY T @Berlyn and
Miksche, 1976).

Table 1. List of samples of Piaus species collected in Korea

Age (Yr )
Species Korean name Locality — Date
Stem  Root
Subgenus Haploxylon
P. koraiensis S. et Z. 7 1} 5 Imsil, Chonbuk 57 21 Sept. 13, 1983
P. strobus L. B2 EavF  Imsil, Chonbuk 13 9 Sept. 13, 1983
Subgenus Diploxylon
P. densiflora S. et Z. & Y % Gui, Chonbuk 27 10 Mar. 20, 1984
P. thunbergii Parl. = &= Nechodo, Chonbuk 22 16 Mar. 19, 1984
P. rigida Mill 7 7l F 245 Gochang, Chonbuk 17 13 Aug. 4, 1983
P. rigitaeda Hyun g 7 #9 = Soyang, Chonbulk 20 12 Sept. 19, 1983
P. taeda 1. g o & v F  Soyang, Chonbuk 20 11 Sept. 19, 1983
P. banksiana Lamb. LI R AR Deogjin, Chonbuk 18 9 Jan. 13, 1984
P. silvestris L. T 3 & 1t 5 Imsil, Chonbuk 16 9 Sept. 13, 1983
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ol 9ol W EIAES XEEMETIAA BREEY Ao, HE % ﬁﬁﬂ@%ﬂﬂ!—%‘l S i
B r}o] 2.2 v) E}f‘n, ol MmN SEkEs BAmEY BaEsY 55 SRedas
A ez flEsgdst o F BE BTt EEE s0EY HE, Zl:i’%ﬂﬁlff}?it}- b
& 719 HSHRER, SR, FEMEHET ME2ERS] L By 2 BiERE 29 4

= HEERES G . K HE BEREY il EHE MAFEs #1983, A 41981 =7
= Committe on Nomenclature of IAWA (1964) 9] fiZsrg #ef<iel o).

=] %

271 9F e AMe B e Table 2¢] |y iR whel gow, fife Zo4
v M B o] PRI Y. FRE BIUREE ATS 2E2 204 Fs
a Pul gl et F€, vy, FFAYTE dHE s s, o,

Bl tha b, Bl ok -“r 5-1 Hasatie E7dA4 St KW, Sl Wi
E"JC’] BT 2yt Figs. 1C, 2C, 13,14). BERS HHdLe] FIEE AL EFo) v F7]
AAE AEREE )R ﬂy]uﬂ iy, ZH I Fed A FH}T, g 719 ethF, )
e 0 wha s o] A= 270 vhelkth(Figs. 3,4,5). BEe] EEERLE 2t

Table 2. Anatomical characleristics in stem and root woods of some Korean Pinus

Growth Axial Ray Crossfield Resin
layer tracheid tracheid pitting cannal
Trait ‘a "é' %" E
¥ 8% B g i+ - o
- ] o g = g 3
- ®E LS =2 E o s = % & 5
5 % o - 2 3§ £ B = % £ i
. e 2% s, ¢ £ E 2 2 % % oIz 3
Species 4 fE 2% & S 4 A &€& B R & A
SRSRSRSRSRSRSRSRSRSRSER SR
P. koraiensis AAGGUU+ — H# + + H + 4 + + EL TL
P, strobus AAGGUU - —+H# + + + + + + + TL TL
(BX(B)
P. densiflora AAAGUU — — + — + + + + + + TL TL
P. thunbergii A(A)A AUU-—— ~ — + + + + + + TL TL
G
P. rigida AAAAUU A+ — =+ + + 4+ 4+ + + + + TL TL
P. rigitaeda AAAGUUH+ — =%+ 4+ *= + + + 4 TL TL
(B)(B)
P. taeda AAAG’U(g)'——i— -+ + + + 4+ + TL TL
P. banksiana AAAG U([B])-F — + + + -+ + + + 4+ EL TL
P. sylvestris AAAAUU ~—+ + + + - -+ -+ + TL TL

—_‘X:‘“Abrupt, B: Biseriate, EL: Ear1y~aﬁd Late-wood, G: Gradual, R: Root, 8. Stem, TL: Early-,
late-wood transition site and Late-wood, +: Present, —: Absent, ( ): Rare,
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Growth ring width

Species

Mo Y Y Y YO Y|

. koraiensis
. strobus

. densiflora
. thunbergii
. rigida

. rigitaeda
taeda

. banksiana

. sylvestris

Length of axial trachied (mm)

(mm)

Stcm Root Stem
4.70 3.97 2.72x0.41
3.48 3.40 2.6510.31
2.47 2.06 2.8240.49
3.62 2. 40 2,6110.42
3.78 1.56 2.874£0.35
2.38 2.19 2,97X0.45
3-00 2.06 3.160. 46
3.30 2.70 2.54£0.29
3-62 3.37

*1 5% significant level by T test
*#: {9 significant level by T test

%, HAd FatE, Foltard

SR T ~ER ¥R A ey .o (Fig. 6),
7+E 878 Aok

Hhoeg ®2olv(Fig 7),

3.19+0. 47

2.8840.33
2.62x0. 27
2.68:-0. 35
3.01:£0.38
2.79+0. 38
3.62:R0. 82
3.69+0. 38
2.85+0. 32
3.1220. 27

2 gazaiy F70A R ]
]
#) 7] s b ol A =

FE

s

T-

value

2. 149*
0.56
1.644
4. 9937
1.09%

4.
6.

gl4%*
281+

5. 076**
0.913

A

e

= gl ek (Fig. 12). &
ol A=

gEE

WERE VEeE

(Fig. 8), FAZREMS £EE Holx &%+ FWFELL WBE =¥ 3T, 2EEHEZ

ue, Z< g4 FRavie A gifkle] gl (Fig. 9), welx] EEdAE ”“"]’Eﬁ‘lo]%q

(Fig. 10). HEHE =& fdA B=E 2 BFHENT Jebsz EEAER e d

B & S ifiEE mEERle 2 2~6(ES) LR ] 7o 3 ot Fig 1]) e BTHERE "/‘]-

246 Sl ol #HHEE SFIHFHES o) F JHedd X et Fig 1T).
FHEREE /:].°]T: zhtbg, FE, 271F v, ) ‘“’1‘5‘—‘4.'51"‘ 2 dassvie F

Table 4. Diameter of axial tracheid in root and stem woods of some Korcan Pinus

Radml dmmeter (/.zm)

Laie-wood

Species Early- Wood

Stem Root T-value Stem Root T-value
P. koraiensis 48.98:17.93 48.13%7.05 0.8b62 27.61-3.47 32.21%4.28 6. 071F*
P. strobus 48.38+6.43 53.19250.30 2.983%F 23.509--4.03 29, 96--4.58 7.385%*
P. densiflora 34.824+7.71 42, 25--6.55 3.635™F 22,402,714 27.16-45.17 5. 714%F
P. thunbergii 46.70+7.8]1 45.28:1:5.67 1.043 21.21£3.00 27.60+6.10 6. 702%*
P. rigida 36, 21-H6. 50 42164553 4.827%F 19.81+2.48 29, 23-+3.89 15. 409
P. rigitaeda 41.142-6.66 37.3144.57 3.382%F 21.2043.43 30.28--8.20 7.082%*
P. taeda 49,1740, 04 40.6947.68 5. 067%* 19,99+3.10 25.47:-5,03 6. b58™*
P. banksiana 41.08+6.31 51.31%10.17 6.043%*% 16.07+1.82 20.32::4.16 6.618™
P. sylvestrzs 48 90=£6. 97 6 5'38’H 27. 81-r4 8‘3 16 2. 516%*

39.50£7.41

30. 3'3 =5
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(continued)
Tangential diameter (um)

Species Early-wood Late-wood

Stem Root T-value Stem Root T-value
P. koraiensis 30.85:26.92 40.66=8.36 6,391** 34.9947.84 35.5949.06 0.354
P, strobus 32.48%b.79 51.14+7.75 13.639%* 33.75+6.25 32.27+4.86 0.765
P. densiflora 25.09+4.66 26.39--5.18 1.217 26.614.72 29.5545.10 2 991%*
P. thunbergii 32.7416.91 39.06=:7.98 4.233%F 34,49+5.80 34, 26+6 95 0.178
P. rigida 28.44+5.6b 35.10+6.94 b5.262%F 28 66+5.60 32, 04+5.56 3.028%*
P. rigitaeda 35.4616.97 40.5348.59 3. 240%* 33.91+7.15 38 77:-5, 92 4, 212%F
P. taeda 37.45-6.62 36.32X7.48 0.801 38.231+7.06 48.37+9.65 5. 731%*
P. banksiana 26.2945,25 36.45+6.73 8, 162%% 28.12+4. 17 30.49:5, 25 2, 499%*
P. sylpestris 35. 734508 36.41E£6.69 0.572 32.76+3.83 33.96+6.57 1.115
o -

1 1% significant level by T test,

Table 5. Wall thickness of axial tracheid in root and stem

woods of some Korean Pinus

Radial wall thickness (um)

Species Early-wood Late-wood

Stem Root T-value Stem Root T-value
P. koraiensis 3.36£0.56 3.47+0.60 1.033 5.76+0.69 4.584-0.53 9 592%
P. strobus 3.9220.71 2.9610.32 8. 716%F 4.99+0.81 3.77+0.42 0O, 451%%
P. densiflora 2.00x0.41 2.7740,56 13.231%% 4.87F0.71 4.11+1.11 4. 074%=
P. thunbergii 2.73:£0,17 2.80%0.43 1.070 5.420.83 4.09+41.17 6.5R2"*
P. rigida 2.9320.36 3.32::0.60 3.941% 5.8270.82 4.4240.91 8, 083¥*
P. rigitaeda 2.55£0.61 4.05X0.86 4.955** 35.91+0.67 3.71+£0.75 1.402
P. taeda 2,6310.48 2.96£0.51 3.332%F  4,36-0,98 3.13E0.58 7, 754%*
P. banksiana 2.5610.49 2.45+£0.66 0.496 3.612£0.51 3.20-:20.49 4. 092**
P. sylvestris 2.631£0.53 2,5540.48 0.983 5.8921.30 4.58--0.66 6. 351+

Tangential wall thickness (gm)

Species Early-wood Late-wood

Stem Root T-value Stem Root T-value

TP, horaiensis 2.8610.51 3.42:£0.52 5. 343%* 6,450,790 4.86+0.81 9 034%*

P. strobus 3.004+0.87 2.72:20,41 2, 058* 5.954+0.86 3,9040.69 13, 142%*
P. densiflora 1.9240.28 2.1840.40 3.468%% 5, 71+0.93 4.58F1.17 5. 347%%
P. thunbergii 2.691+0.53 2.784:0.65 1.602 6.63%x1.07 4,17+0.74 13.318%
P. rigida 2.6310.53 3.43+0.73 6.192%% 7,31+1.30 4.8840.85 11, 0e2=F
P. rigitaeda 2,380.53 3.46+0.99 6, 800%% 4.99+0.81 4.2540.77 4, 683%
P. taeda 2,63+0.46 2,47+£0.46 1.739* 7.23:1.17 3.66%0.61 19, 454%F
P. banksiana 2.17+£0.51 2.17-:0.55 0 5.5220.84 3.59%0.87 11.281"
P. sylvesiris 2.4910.48 2,45+0.45 0,429 6.42730.93 4.71+0.70 10.382%*

**; 1% significant level by T test
*! b% significant level by T test
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Table 6. Dimension of ray and distribution ratio in 1 mm?

Height of ray No. of Ray Distribution ratio in lmm?

(cells) per mm?

Species Axial tracheid Ray Resin duct
Stem Root Stem Root Stem Root Stem Root  Stem  Root
P. koraiensis 11.32 10.b 27.52 29.12 89.88 90,7 9.23 8.08 1.00 1l.22
P, strobus 16.34 9.9 36.32 39.33 93.75 89,6 521 916 L04 119
P. densiflora 14.68 8.5 37.84 42,56 91.84 89.6 7.14 876 1,02 1.59
P. thunbergii 14. 06 9.8 32.08 37.76 93.02 83,6 6.20 15.06 0.78 1.30
P. rigida 9,72 11.2 36.64 38.24 90.68 87.8 8.06 12.8 .26 1.17
P. rigitaeda 9.04 9.7 33.52 35.20 B8B.,89 85.87 800 1677 2.00 0.57
P, taeda 12.62 11.5 35,12 39.52 91.37 84.58 7.61 14.66 1.02 0.71
P. banksiana 9.24 13.7 33.28 37.92 90.45 8522 9,05 13,44 050 151
P. sylvestris 12.96 10.0 36.16 39.52 84.75 86.04 13.46 12.81 1.80 1.14

glelA 715t 2A veEge, vl @EAE A9 vREA L}ﬂ-ﬁﬂ-(Table 3).

B A EEEEET B HE FRE Table 48 o] K= R4 &7 lif'}‘
HA et 1A RSERE B, FMFE £ERAzhT, #E€, #]o HsuT, 3
AasvF A TFauTUl, E REEAAE BE o] ¥t Evlid o HA "]'E]rki
o 2E3 ERESE 24, BEREE d T:1"i‘*3r—r'§— A A8 BE fEol, BHHE SEE
BzhtRel FE-g A ZE Fe] FedA Erlna o ¥A e

BmEge) BEEES FEHHRAA 29, BHEELES 24T, £45, 35, 71049,
g7 v 2 Hsav-Fol A, BEREFREE b, T, SF, #H7navF 3
g7 et Fol A A E7) 2ok BBl gl o, BRMEl A M R ERERES
BE o] F7)7 2 2o} EEEo) gl v} (Table 5).

Mg T%IHJ]@,%(E HES EFeol= 9171 ‘51'"1'}‘“‘ 27l d vt g whasdand
21]3]6']- RE ffelA FEluek E770 o A eEkykeh, BATERRE MU E‘éﬁf
fEo] FEun E7dA H3lx ﬂ%fﬂéﬂﬂ J%WE;JE—TAT T e
EE il A FeEs F1E 58 HFHEE g (Table 6).

—[:;

rﬁt O wfu

% =

—iEE B KA P2l A9 e FRANA 92 Aoz dojzlot(Patel, 1965;
Fayle, 1968) 7k W4eel Al F2 9 719 Fife =% FRASA veiuch 3 HEH
BARES 04 o N BO0S 2ol o o= BRES HMHEF Patel(1971) 4]
MES —goh, FREETY BEEEE Fd4 48 A g, sk, =7
et A8 e L I3 ErdAg £ 4 otk —ipieE 4t
B W 204 BIERES VedA gedha #4599 o (Phillips, 1941; Kuka-
chka, 1960; Panshin and Dezeeuw, 1980), <y ¥a AL A HEHER Patel (1971)
L P. rodiata®] Az B3] [BEAFA, Howard and Manwiller(1969) & o £ {ipiHEe &
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Ml FHAUES BET v Aok B ok FrEE 4BoAE BEEEA 2714
dehdm o) A% et gkob “‘aum B RIT + A3,
ESHEEE S WRER] FE LY BRE 49T, 1T AEZuTE TR
= el BEL X2 @EEfkelRA TF BERE A e 11 A e REBNE

= 7HEBH fes FAdY AUFEBES 2uFEELZ k3Ig Kukachka(1960),
Hudson (1960), #=(1967) z.2l 3 Kellogg et al. (1982) % RfEE 7ol g}, HEEEILS 3
W, 2EZ bR, FE ¥ TFAVTE SR T veA #5e TRl 2
BHHS #Z2E JeuA gsbe o Pooradiatad) 790 YelAE 2L @0 HdD wt
9o} (Patel, 1971).

A Bl BEE Zov AAR Pt FA2d o vebge A 4 A=
%m”E'IJHEJ—J THE BR ARl ddrh. =2 BhdA = BEERY Aoy 71 &7
Rt 71 Aoz @EE 9 (Fayle, 1968; Zimmerman and Brown, 1971; Metcalfe and
Chalk, 1983), 3] X MM A Fale EEge 59 Axnd L4ELE 2§
&5 wt glor}(Bailey and Faull, 1934; Patel, 1971; Manwiller, 1972), Siib and Miiller-
Stoll(1973)-&  Plaianus acerifolias] /|, Bhat and Kirkkdinen (1981b)2 Betula pendulash
B. pubescenc] A, HEERS) Aolst A0 ¥ FE Ao WA oA, BEFC
U HEERS Aolwt A ZE BENE Mg = BRE KEE Ed ¥ E P
DIt glejok s2letn Bpte ol BERY gt 9 BRERE B 2 B A e
7h E71) a8 o @A vEbgth o9z BhE Patel(1971)3 Manwiller (1972)9] #A#A
¥6, 7=z Bhat and Karkiinen(1981b) = #Esl E2(1985h) <] ]-zlw,} EEL AR —
B REES BEE BHEAAL Tt BREHd e £7)7F o B gle} o
opzro]l AHBH AT 4vkFE Tl o B4 BEEREEZEE $H5 2D BE
geo Aot A, Bkl Yo e BEIRECT fffel A jEre= e A5 EE
T W R SRR wb2H el A RiEo] 4] (Fegel, 1941; Carlquist, 1975) ©-%
BRA BEHEES 59T Aos HEdd.

Jisng ks l"_o]}i =77 R ut} v A FHEEeon] o]l Patel (19719 BloemER
St —HEA. wbd ol A BAERY MRS Bt 3 BREREE 54 Y
ol $h2 MRS BMERE B b BRHEd 3T HE HEE I @Patel, 1971), A
TR eSS s 22 @EAE 29l ol (Bhat and Kirkkdinen, 1981a,b; Bhat, 1982; fRst
%, 1985h). :

i =

HEAA Atz 9E 2URE M 0f ¢ RIEG W89 "Ik A RS mine 27
£ Mg =A s

bl A BREY BRRES B0 280 o #En BARET 2ot s
ST A et FEELY FIE RA0A FA89% o @) Biz vugd. afz EEE
Bt R L) vhehd EEEREE AR, Srldan¥, dous 3 dmesuiy 2Ad4n
Aok BEES Aele Relad Bolad o 2A SRmed Wk HEE WA de.



192 Korean J. Bot. vol, 29 No. 3

g7 ErlEn Weon BHEEY didfel A et E7 20 BEEeIget il

BT EEe %
27h el ek, BLUERE B Mo WelelA E/md o BA vehsd
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Explanation of Figures

Figs. 1-2. Light micrographs of the anatomical structure in the stem (Fig. 1) and root (Fig. 2)

Fig. 3.
Fig. 4.
Tig.

Fig.

Fig.
Fig.

Fig. 10.
Fig. 11.
Fig. 12

Fig. 13.
Fig. 14.

-

oo

of the Pinus koraiensis; C. Cross section (40x), R: Radial section (100x), T: Tan-
gential section (100%), a: Early-wood tracheids, a’: Laie-wood tracheids, b: Vertical
resin canal, b’ Horizontal resin canal, c: Ray.
The tracheid with bordered pits of two rows on the radial walls in the root wood of
Pinus taeda (420%).
The tracheid with bordered pits on the tangential walls in the root wood of Pinus densi-
fora (420%),

5. Crassulae among pits on the tracheid wall in the root wood of Pinus banksiana (420%).
6. Smooth thickening on the wall adjacent to the hordered pits of the ray tracheid in the

stem wood of Pinus koraiensis (420 ),

Dentate ray tracheids in the stem wood of Piaus faeda (120x),

Reticulate ray tracheid in the stem wood of Piaus sylvestris (420x).

Pinoid pit in the stem wood of Pinus rigida (420x),

Resin canal with thin-walled epitherial cells in the stem wood of Pinmus rigida (420%).
The tracheid with spiral thickening on the radial walls in the stem wood of Pinus korai-
ensis (420%),

Abruptly transition on the cross section in the stem wood of Pinmus taeda (40%).
Gradually trasition on the cross section in the root wood of Piaus taeda (40%).
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