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ABSTRACT

Mature embryo and developing seedlings of Ginkgo biloba L. were embedded in a
paraplast and serially sectioned at 10gm to examine vascular differentiation and vascular
transition. Procambium and protophloem formed a continuous system along the epicotyl-
hypocotyl root axis and cotyledons in mature embryo, whereas protoxylem was differen-
tiated discontinuously in the cotyledons and rarely in the upper hypocotyl. The traces
of the first and second leaf primordia appeared almost at the szame time oppositely to
each other at the epicotyl and alternately with the cotyledon traces in the upper
hypocotyl. The irace differentiated bidirectionally toward the epicotyl and root tips. The
young root initially [ormed a diarch xylem. Then, as the traces of the first and second
leaves were superimposed, the diarch xylem of the root was changed to triarch and
tetrarch xylem, respectively. Cn the [ormation of primary vascular system of Ginkgo
biloba, it is suggested that the primary phloem forms a continuous system throughout
the seedling, whereas the primary =xylem of the epicotyl is formed independently from

that of the root-hypocotyl cotyledon system.

vl o] & Y] TR A fPRES ool o BEL B2 Mgl o] Fo
Ak Bl A MIMRES Aadez ﬁa‘ﬁﬁ]ﬂ%, olEFH MEEMERY S B Ee
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(Miller and Wetmore, 1945) 3 Coffeaifte] iRl (Moens, 1963)] 4 REAL HZER 4
7 glost, Esau (19652)% o] £ RMEATS A4 TARE Azlsz geh 2w A
A3 (Sundberg, 1983) 2 /M) 2#E (Buchholz and Old, 1933)9] Fxel A &
AEF HER Fi7F At (Sundberg, 1983).

BEVH R 25 BT ke w A #ﬁ%"ﬁﬁ’"ﬂﬁi—% ot EFES] o] Fol A A =, o|EH-H
o IR —TIEY] MEERRIL HEiH 2, ol kifEhe HEERe MiEs A 2
olel g HERF g L gt T, P —KE—LIEES B—RE 2ev) 5w
(van Tieghem, 1891; Eames and MacDaniels, 1947), —H3E0 7+ thiadpise] HifERE ol &
2 A LrEhe] —HARHE Fe] —Irl—T R EBERSE Aeolets ##4T (Compton,
1912; Winter, 1932; Crook, 1933; Mcmurray and Fisk, 1936 ; Allen, 1947; Schoirer and
Hillson, 1973)3} F2] R ESe FEEEFRT JRelw, LRERE = 948 #E
m%els Bs 9lv} (Marsden and Bailey, 1955; Bisalputra, 1961). o]=lzke] &iE4fel A
HERMBERE PO MHEERERA A3 BT —~BiEE Feol 17 o3+

webA] A R A L8l vl A BEERA glel e HEEIRMRS S LERES ey
o R EERERY St 2 EEREREe e —E— ERERS] HEARR A3
e ARLE WMED BRE RED2A dx

HE R A%

Tk s 28 UF (Ginkgo biloba L.) ¥4 BEhd 4t growth cabinet (YGL-250L)
RS Befol HmET BESETY K, 282 BEETE oA #3547 FHERZEH 20
77A ez 38 KRG $EHES FIASG . Growth cabinetye] {F#E2 168R R
(9,000 lux; 25--1°C) = 8KR] &k (17£1°C) o2 TR, §EF 60~T0%Z 4 A%
or, Ko 3H6 134 FFstdoh

B R ARe Fuils BER 9 e, 4% glutaraldehydefge] ¥ e 4°ColA
36 FEIEAD E (Gamborg el al., 1947), n-butyl alcohol® kA 7 =} (Lang, 1937).
Paraplaste] of % #HES 10pm TAZ HEE 2 # E@UH o2 ghEo saffranin
7} aniline bluez #Hfasls] HZEalg o).

® &=

AEE B REE Bl A TS F4EE (Fig 1, CN)Z2H & ldmmi} =&y, ol k
E—EM RS ol E#ke) o 3.59] 0] wgt (Table 1). EIFEIE olv] 49 %
EEAL R 2. MMRED FEHRE T, TE D A1 28EEd o 2r7A
olul Zrrslel gLk, FeREHE TS —s Wi L#e Howes Shdd 9o
(Fig. 1).

FaEol A MEREL FEHZEY oF 1L7mmsE HEALE st MMRBRLE
gl glont, o #WizelA ste] WMHRERES FAZ MRl AN LA Higs =),
53], FEEDZEE F12.5mm o] 45 % Mol A BBl Skl o] 9wt (Figs.



December 1983  Hong & Soh: Vascular Differentiation of Ginkgo biloba L. 209

Table 1. Length(in mm) of epicotyl, hypocotyl, root and cotyledon during the growth of Ginkgo
biloba seedling

Growth Epicotyl Hypocotyl Root Cotyledon

mature embryo 0. 84:£0. 09 1.82£0.11 1.41£0. 21 18.900.70
seed coat rupture 0.9320.05 1-90%0. 23 2.63+0. 20 14.60--0.50
2 days after rupture 1.010. 37 2.25+0. 30 7.8120.33 17.8040. 80
4 days 7 3.09=0. 89 2.13%+0.22 12.944:3.91 19. 20£0. 60
6 days 4 7.38%1.12 2.05+0.18 27.11%4.15 20.80=0.70

1 and 4). FREGHRE FEgzE28 < 12.5mm JE
Azt REEERS HEiFaS whebd Hhsle 9l

o5} (Figs. 1 and 5), o] 258 RKEH2Z H47t A o I
&5 ot RERMME FHEEHGEEE <F 2.5~7 mm ' 44+ profoxylem
Arole] el MBAHLZ Skl vk H el 1
A 2], FEGZEY & 3~3.5mm == #Hre] oF ¢ j

12~1470 9] flfgRkEel dle sle vdAAEReE
g FREREA 7HF Wel sl o] gla, o] FALe Hi
BREMREY EESH] doivt=z ot (Fig. 6). 2nalP
mev TS EE (Fig. D9 B8 Fig. 5)d€ &
EARTAL obA S A Sz et ey
E@RS TES MERER & BREGHE KE#e
Tt A2 GEES 2 ok (Fig. 1. E@el 4 REKR e
e FEY REARTSE FlEE R TERE

et

Fig. 1. Interpretation of vascularization

ol A =EA Hibsel 9= el HEs ) (Fig. 8), in mature embryo of Ginkgo
KA foikize) EET AubAeleh el Fihel 4w biloba 1.

) - C: ledon, CN : cotyled
WREMRS LESZE A HEk#dH Azsa oode T+ bomocots]. Ra: radicle

otk (Fig. 8). LP: leaf primodium.

3, REE Ade A4 2 EMMERSC Bel RERC olwd MEL MERA—
E3], BEHR—l 2ol MR 9, TES Fr P FEHGA KES XEAdA = $
ZH ) (Figs. 6 and 8).

mEETS K HEEESGY Ke A4 Mike ALstd 2 el AL 2= fREE
AR, FEL 2L BEELMES nu] 3l MES 298 olvh (Table ). FH FERR
=i W ESE msle Mk SAEES vedvh s HELEe TEARC P
R BEAR 94 REHLZE THEOZ ki FEAA REMeE SfhH= RE
KiEpel FES] FEEMEE A EiEE T, RENCRE HHhHes Sl FEEE o
24 g+ (Figs. 2 and 9).

Aaged B @, FE#ERS FENHS ofF FEARE 2 Frt & Hiract %ol v
g, F FEHS AT @ EAasE mAE s1-28RENY REARY F4aH7]
AFee (Fig. 10). ol F H1-28EMS) FAAR 44 KM KEHRLZ % 0.6~
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¢ 0.5 mm7#}x], RELQ EFEETRe R ok
0.3~0.2mm7}7), #WiEse] 9t =3k
Ph IR EARY LESHUE REHes

s T% 1ty % 0.8mm, RIEAILE o 0.4 mmrt=] AT
= 1 I : B o2 FBY 27 HEH B o
f 1
H )
. = b E

St (Fig. 2A). 2=l LfERe] I
l T WERES FemBzd T4D 6

i %l A8 REMRERS] MEERCl TEEh

E o shiEsmol X e EEge . BEE 28
£ Fo| ool 4 LECE, TE 9 TR

o fhEe Aoz Ptz glord,

2= BAERETC ws o 3 HRE

o} (Table 1), F3Epke] REARH = FH

gz 5 RENeE o bmmrA FEs

S e sorachymoLest s34 e~ e - e

S root tip ’ R RS 2, e ol A TR R

EREZ TRIRES EBEE 2 =2

Fig. 2. I}l;lterpretation of vascular differentiation in ¢} (Fig. 2B). ol&+ HiEs MERKTS

e, peminaig embsor o b e o L1 TR LRSI

seedlings 2 (B) and 4 (C) days old. Abbre- EARE Flolo] TIEREY Foz F

viations are the same as in Fig. 1. 3-4-53ERke] FREAFIL A= A=, 56

REFe FEARE o4 495 9ln, KON ALE vk e n H1-23EHS T

ERE REHOE F2.3~2. 1mm, REHZE F0.8~0.5mmrtA] FiE=s (Fig. 2B).

T E#ol A AEREMRS A REMeR o 2.5mmrtA], REMLZE KK
BB REHALE 2D A A7 & 1mmel <F 0,6 mmz=] EFTAT (Fig. 2B).

FAE 48 o fhigdpe] A 429 B fhRe FRexa, FHEY HRE 434
o, B8 FE 28 3o wsd ¢ 2mmE fAd (Table 1). FIEH] REARTE &
HEHO R U5 s o] Bl ReRE oF 9mmrlx] s T, FETE e ki) A =
FRERE FFoz Rl LI TEENAE BEALY vigEos HAERTA 44h3
o 53, FE FRERIAE A4 2 FEAS RS BEYY, 2Em KL
AE BRERT Sl 649 Ehho] FRspA TEslz, o5 #HphY FEAE 94 %
EH REML T ALE, NRREARSY LESEE BEEAEOR BS #59
w (Fig. 2C). .

Dieme wEEEs. FHE 68 £ SiEgdd A ERES o TmmE Astzm, FREEL <
2mm= FA {5}k (Table 1), Fal9) \imdl 7t7be Aol A T E@" Rk
e ZRIRES Rtz 2749 REHHT SA=o] 48 (Figs. 3and 11). R
ol A EHMAHOE 242 FHERY RERS A& HBEAS} MRS 2, d7)d &1%
Bhel —HIAEAT Eme A ZREAR T MR, 8 LERS A EnE ogEy
~BEE ¥ BHLE el o (Figs. 3 and 12). o764 23 o K ARE

~— epicotyl tip
- cotyledonary trace

Ist leaf frace

~~~~~ 2nd ledf trace

— periclinal divisi
o-o-0-o- periclinal division2f call
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WAzl A= 82 FEES Aol Bins o] mE
AR R = —HEHHe 5oz
o] Rt (Figs. 3 and 13). TaE@mel A 7
ERfe BREATE BLH FUEo s B
=7l AFste] ol A ALz Gl A
=oll, ol BERKE SER] A HFERoE
AEE 2, —HIHHe FERS —HRHe b
ZEo s A BEpst (Figs. 3and 14). F
Tl A AWoo 2 H FTEEY —HAkSE
AREARZ AR=s =, —HGNE —
HIARHS] g Ee] WirEe] Fie =z Solt
A "ot (Figs. 3 and 15). 2.2 2 FEffe] =
670 9] FERFol FIPFFE FgE E48 A
HEETE T4t (Figs. 3 and ]5), o] 5&
KIER e 2 ElRihe] 3EF=) Higs o (Figs. 3
and 16). 23 o] 5F H1-23ph AF=
RER R MEE—-2] 21 WiE G Figs. 3
and 13), #3,4,5, 6Bk A ELTFLE {diarch)

i Wl EEl A TR A me== root hypocotyl
A7 g (Fig. 14). Fig. 3. Diagrams illustrating the vascular tran-
2¥Es a1} SOl A KRR sition in root, hypocotyl, epicotyl, and

rled f 6-day-old dling.
= glu—f"]—ﬂﬁﬁﬁl—:fﬁﬂ e R D cotlyledons of 6-day-old seedling,

REERAL SBINE o) —IEERAS MR E Ao moh
% =

BETRY R Bl #ERERC] Sh=lel dode FE5E 92 2ol % £ gl 2~3
B Aol A BRG] HEE AR BEY v fot o el FfEBie] A= gle
E2 (Esau, 19652), % ol AAleh #Higge] o3tvh. & WA L9159 REics 8
Zes R, TES MELEC] REETY Ak oo FHE FEKEFA FA=Egct
(Figs. 6 and 8). A}A| U-54E (Sundberg, 1983) 8} Coffea (Moens, 1963) o] 4] = FE& &R} =
A G 2, FRERF Ed s v &0 ok dkd, Phlex (Miller and Wetmore,
1945) el M= 1A FEEATT 5438 F BESHTT S Aoz #4555 o 99 =
2t A TR A e R RERMA FHEs gE $olm, = Phlozs) Coffead] A BER
3t REARR) R Aoz s A 2X g x Esau (1965a) = BiE 2=lslz gl 3,
Phloxs} Coffead| 4 HEH EET RAEARA A4 234 ] [EES] LR 2tx ol Figs
Fo| FEs] o Foll REARIY HBETFE FTREEE 242 stz 9ot L3159
B A 8 REARE dA2e 23080 EEElo] 9z, MkEe] ®le geom
B RET RERTY slEstoz @ggd

2,
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WEREAT S b5 Frs AU 2 )53E (Buchholz and Old, 1933), Phloz (Miller
and Wetmore, 1945) 2 Yucca (Arnott, 1962)ol| A= FHeol A, Pinus (Spurr, 1950) 8}
Coffea (Moens, 1963)% IFdhe] 4, za]lz A8 (Sundberg, 1983) s} Psendotsuga
(Allen, 1947)%= TH#Hidl A B|EE" o gtk 28V Fol A REIEET] T chiig
oF EArolel A zElz =EA Ik A FEARMI HEs 9 (Figs. 6 and 8).

IRERFS FHHEE T =2 TE@AN REM =8 2 FEHQ) AEE 2tz Ok
Hel gk (Miller and Wetmore, 1945; Arnott, 1962; Sundberg, 19383). 3tsl, Coffea

(Moens, 1963)ell A= JREARTT FEAKEN A Fhdoz REsted, olFY EES
T RERS REHCZ Sfhdozd olFeolxis Aoz Fiislel o zz
Chenopodiaceae (Bisalputra, 1961) %} Clerodendron (Marsden and Bailey, 1955)0¢]4 = o]&}
frAbst FA o] FEEE w sk el iRl Ao EERE B REA Aol o
FAE oFAA dFd st gvh SR FAAE FERRE FES KLl Tdg
ReZ ks Agt, o] B9 EiES TEY EEARHIT kEML R, LT FERSE
FEMRE HEE ] TEEWLAA o] Foizich

fri—4-2) o) #EERABE MBS AAA FHEBoZ HSfeA Foh. Falo AFEAK
W7l EREhel A NREARE AFE 2, ofw HHdA FE i/t A Prioz
A FEETRER T ol T4t ole ¢ MEFHEEBE, Ag-F¢ (Esau, 1965b) ] A+ IidhE
e FIEHELEA A o]FAAE Ao, 28z Chenopodiaceae (Bisalputra, 1961)0] 4 & I
A M A ZAE ) FHEAA RS ALE §ES 9t £AVTY A¢E K
el Al A gElo) el A o5 ETH 2 FEHAA SREs 202 BES ok

PEr e R B FEEEA e —RE—-TEY BERRs mrEs, old kIt
R HEEHC] EHE LB —HHETHACRS BRE T 28T A$E »y, BEER
9] fro] A FE AT MERNAI MBrE =, Kk T TR madE i
flel #l-2gEpre = o BEEATIT oot ol F 123 FHEATs RERLEE
Fii—% e =, REMCZE LR S dEigsdoh, oot 28 Feos LFHEAHeR
37, o8 Rk FEE Y 249 ARifiglel EAS LR TRAARIT HEE 1,
EfEoz 7bd 2 1ERRS AL BN o 2A ZREAFL BEEZ, 7)o g2
el AREAE ohA BinEw WREAES B v whebA] ] IR TF 250 B R
RERERS] —HAAREEAE EMEAE Ao ShddE et —HEERRA 5 o= g @B o
# 7k fEdpel A BimR BRS —Fs = glvt (Compton, 1912; Winter, 1932; Crook, 1933;
Memurray and Fisk, 1936; Allen, 1947; Scheirer and Hillson, 1973).

# =

23 F (Ginkgo biloba L)Y B ¥ #HIESA A HEREM She) HEREBE &5
g7 $18te], HIE HEE S Paraplasto] T 10 pms] FAZ FBEGF S D5 Rigddo.

BREWEAA WMPRES REFHS E8=t FRAA BERE o] %2 dov, REASE FHES =
A4 EEER Home = SeEol et H12ERENS —HARRE MEER A THRES
2 vEqA H=, o] 5 LRET Held mENmezs AMbdeh o® Pel= TS @&
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JE:H_'?K“B% BRstz, olol H1-23He —HIAKA Bin= A, el ZFRES NERAHE @k
CERTY —EEERRE, IS EYE oo BERE BRez dEX=E, Lk
-1 —fiRie ¥ —HEE—TER] Bnde Aoz 444
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EXPLANATION OF PLATES

Figs. 4~8. Transverse sections of mature embryo.—Fig. 4~7. Sections of cotyledon at the levels of
14 mm, 11.5mm, 3mm, and 2.5 mm above the cotyledonary node. Fig. 4 shows only two procambial
strands. Figs. 5 and 7 show procambium and protophloem. Fig. 6 shows procambium, protophloem,
and protoxylem. Figs. 4 and 5. x108. Figs. 6 and 7. x160. Fig. 8. Section of upper hypocotyl
shows protoxylem differentialing in the direction of cotyledon, and periclinal division of parenchyma
cells. x160. Figs. 9~10. Longiludinal and transverse sections of germinating embryo. %160. Fig. 9
shows spiral-form tracheids of cotyledon and hypocotyl continuating in ihe base of cotyledon. Fig, 10
shows traces of the first and second leaf primordia allernating with cotyledonary traces in the
upper hypocotyl. ‘

Figs. 11~16. Transverse sections along the axis of 6-day-old seedlings. Figs. 11~13. Sections of
young to old root show di-, tri-, and tetrarch xylem. x108. Fig. 14. Section of hypocotyl shows the
transition from exarch to endarch xylem. x84, Fig. 15. Section of cotyledonary node shows endarch
xylem and leaf traces. x84, Fig. 16. Section of epicotyl shows leaf fraces. »x108. Abbreviations:
C, cotyledon; CT, cotyledonary trace; E, epicotyl; H, hypocotyl; I, idioblast; PC, procambium, PD,
periclinal division of procambial cell; PP, protophloem; PT, trace of leaf primordium; PX, protoxylem;

8T, spiral-form tracheid. Arabian numbers indicate leaf traces.



3

Decemnber 1983

Hong & Soh : Vascular Differentiation of Ginkge biloba L.

PLATE 1

o E s b
VR S5 NSCTP) B, &
i R {%“{% "
R A L T
«‘H’«- ‘%“W’ﬁm s
i S T o
e T A

: ) s
” AR PR

i IR
A T g
£ g;é'?‘}:é;‘ I

AT

215

o
#

Qj‘; e vy !
3%}%&‘ L ;
iR O

A A

bty FEE L
ol b e




216 Korean J. Bot. Vol. 26 No. 4

PLATE 2

1
g
§ 4 "




