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ABSTRACT

To cxamine the diflerentiation and transition of vascular system in Prunus davi-
diana FR., the mature embryo and devcloping seedlings were embedded in paraplast
and treated by clearing method. In mature embryo, the procambium was connecled with
the epicotyl-hypocotyl-radicle axis and cotyledons, whereas protophloem and protoxylem
were restricted primarily to the mid-vein and two lateral veins of the cotyledonary base.
With the onset of germination, protophloem and protoxylem were differentiated both
acropetally and basipetally from the cotyledonary base. The first and sccond leal traces
appeared in the cotyledonary node, and then differentiated bidirectionally toward the
epicotyl and the root 1ip. The 3rd to 6th leaf traces were connected with the cotyle-
donary traces in hypocotyl. At the part of the root tip, the xylem wasa diarch. As the
first and second leaf iraces were superimposed at the middle part of the root, the diarch
xylem was changed to a tetrarch. As the cotyledonary traces were diverged below the
root basc, the tetrarch xylem was changed to an octarch. It was suggested that the
vascular system of the epicotyl might be superimposed on that of the cotyledon-hypo-

cotyl-root during the {ormation of the primary vascular system of Prunus davidiana.
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Spurr, 1950; Millington and Fisk, 1956; Mahlberg, 1960; Moens, 1963; Sundberg, 1983;
Juncosa, 1984). =)} EERRHAS] #EEHSbe]l BE Rz E3E3 Ao 2 Esau (19652)
€ AAT vk Yoh Esan(1943) = 23 EHEY BEEAA FEGHHE FFdgod,
JFEARTE Syl A 2dsi g}, Populush (Sundberg, 1983)e 4 % SIS  RARK
2z FEARRBE g 29 vk 9ok dddl, Juncosa(1984) & Cassipoureally B
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(1912) & A& o= AFAE (Winter, 1932; Crooks, 1933; McMurray and Fisk, 1936;
Allen, 1947; Scheirer and Hillson, 1973)-& EIt#he] #EER-& FIH-TEH-1ERe] HEE TR
Bing-s #Foldgz, James(1950) 9 9% A FA-F (Weaver, 1960; Pyykko, 1971) & F
3E-ME-RRel BR8] —HiAEEle] EnE WE=EE Aoz Buelgor, Marsden
and Bailey (1955) & Bisalputra(1961) = Fr#i—#R%, F#ER 2 E#ER= HEY o=
HFslgdel. zalxw Eames and MacDaniels(1947) ¢} Sundberg(1983) %  _LIRdh-FEE-#H1 5
= BRIz @irer g e

o FR(1983)F 2T, #1980 L f=ute] FEIRS  &hiEipel A MEETRS L], e
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. Beel @ Fgd BAS f“”“-HfL“d, BIRKES TS EIrd-Irfh-5iRe] dule] A A
ﬁ*m—z ot FERmBAE A=A g2 g Fig 1A-B).  EFEEe- 93 g
gk 270 2] o™ A 123 671H BRI dAE don, = F A 1232 Dol 1,500
pm= BECERE S 20 o] o Ak A 1.2#9 FgFel A3 RS Kol & wiHEK
fgol E3tee] Lif#he #iEE=t A= gont(Fig 1B), WA 6719 Mk A
= HIRERES @A X stech EAHRE FEY FRT = F49¢) Jde= 7 AR
HAfell A FipERIES v E Rl £5tse] v (Fig. 1A), o] FolAE #%e] 444
BEEFEe] B REAHE FEHHZ 32 93404 HBREY 4F 3
RAEgHL 24 L3kl glok(Fig 1A, 4). FEEASHRA = fifEe) £49 HigReE
ol #Fs, FIEo gE FHY FIFAA I~ R FbA o) FRES. Y F
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Table 1. Length of epicotyl, hypocotyl, root and cotyledon during the growth of

Prunus davidiana FR. seedling (mm)
Growth Epicotyl Hypocotyl (Rﬁgéilc) Cotyledon
Mature embryo 0.63-:0. 05 0.20%0.02 (0.8240.04) 14.42+0.49
Embryo at the time of seed 0.7020.04 0.42:£0.08 1.4240. 26 14.9540, 50
coat rupture
1st day after rupture 0.934£0.07 0.95+0.10 2.750.51 14,5530. 41
2nd day after rupture 1.21+0.09 1.31%0.25 4,89+0.96 14.88:0.76
3rd day after rupture 1.41220. 18 1.55220. 31 9.58+1.21 14.60%0.51
4th day after rupture 1.6420.39 1.810. 36 14.75£1.85 14.9840.78

procdambium
protophioem

protoxylem (st leaf
prlmodlum
2nd. leaf

primodium

Fig. 1. Schematic diagrams of vascularization in embryos of Prunus davidiana.

A and B; Mature embryo, C; Embryo at the time of seed coat rupture,
M; Mid-vein, L1; Lateral vein,
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Byoll A= RAEHT Y RAERMAT 2hE A g vt, T A= FEEBT 2 6%
fEe] wldZel mlfisrgle]l A=z gle.

BEBHES B EEETE SS9 F 743 EH ﬁE‘BZ?] Wzd= 7] A 4Rleh o] I
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Hifel e el e REESNT REWes T rhldf71), REWo. 2 FAA 4
frE e (Fig. 10). A FHRERANA FEGTS Wi Fol Fapee] Jd FEAME Bl
tg B A s e, bmfHRLE T FES RREA, BEFmeEE  FIEMAA

Hel, RERRK 4533442 5 FENe 4¢=E s Fig 5).  THEE
ol A A 1-23elF= A5d @EHRAA = FHEAS xS REHTT S Bt it
hel Wimes A= 7] AFsiA g, BEAFRE o4h=A gz 9d Fig 10).

N A MEERERS e BIFRAS vlEe FEle ALeA g R 49
ol AL beme] ol 2, LT - #hd ke HzAH oz Ao (Table 1), [ffife
MRS 49 o] Fol = 2mmA =& FA =2, FIES AL KEKS] 48 = ol gt

FEELD 19 T olv] F3 _—PHIR# 271H iRl B2tElo] 9 FEEET FEEA
e mEAmeR vE SiEEd, TeEudezr PiEE FEAEGHE T EREE
M) 7R, BEKREE T AV ITE(Fig. 24, 6)71A] S3=e] TH#Efez A4
FEEY] Hamel A Al1-288 wbkel] 344 B9 gl MfEFHREC TEEEH, o &
Fokol e MERES A1-23E Tk}, ol d= 2449 HEHREL Al-2%9 i
RE=r dgdt, o & 5 Al-23€ Lk 959 HERENAM = REGFTS FEALR

----— procambium === metaxylem

protophloem Ist. young leaf
4= profoxylem 3rd. young leaf

4th. young leaf
young stipule

i

cotyledon

cotyledonary
node

hypocotyl

A B (o
Fig. 2. Schematic diagrams of primary vascular differentiation in the seedlings
1(A), 2(B) and 3(C) days old after seed coat rupture.
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74 AT AR Sz glod, WA fiEERES #3438 FRES 4
S EEHRS A= BEGRT 4= ARea giek(Fig 24). olde 2= A 14
Hifell A = FAGRT o4= = Aoh(Fig. 24).

g 29 Fo FIEl = HERRHI A5zH, EELme: BEERTe 3 77}]
e et (Fig, 2B).  FHagiel A A 1-2322) REST Q<55 A #3432 Fkst 453
Mg T A e JpERE ] B R SEl 2 et (Fig 2B). ez 4 [ 459 E
JRFHA M = AR WEte =4 $EEed, FIEGA A 13RS TR} |
s fEERAA REMHLE HisE FERTOE ofd A 1EflA RIS = A=
(Fig. 8).

flipz s 3¢ o HAERMELE vE 4532, 'mrﬁ“' o2 ksl E FIEe] FNREE
S i) Uﬁﬂﬂl\ 2 -l R ob= off A] 4"%‘4 G A, = FIEHAA ez Fald
A L-23EEE A el A Bt G H A R dEEE e -"'] BENRRE T4 A

2} (Fig. 2C). ==} A3, 4,5, 63Ewh=2 H.f%ioi A THES ‘5?*} AAA Hz, = A%
9 TRl A RER OB SpbE = FEARM TG A LREReE YH kFpe=
FHAE REARTE A 1EFHAHA 9222 A —ZEke] £ "é er(Flg- 2C, 9).

il N —gateR e W, FERIIEE 1Y 3] YiEdpd N = ﬁﬁﬂﬁm*‘fﬁﬁc’] z &
HE —r-ﬁ]r-=1°1 dA=Z vk el Bl A 278 Tl d<d SEIBAIA
FEsle] ZRAARHS FAZ}Z glov, —WERe sE £854 9,11'—1'(Flg- 3. e
2] chaeERe] ‘]‘t' 2709 FER] A5 R A1-2ZERFS] Aol BNE o E2A M
REAEE #4514 =k (Fig 3,11). R ol A HaAEATE FAAFLE o] FH
7 AFstm, = 28] FERS A 34
e Aoz el o] Al-23ERe] A
HSiEs} oA A ?3*”/1\"13“ A A =,
e —HETE 4"z Z7 244

_}L

el 87 —HgRE HE+ Fig 3,
12), e FEgmel rgigale) ol A —AAH root bgse

{octarch)

REMALRE 2 3= 32, 849 LJ]E”n-'IE—
88 AWEE FHog o Fdors
el apariEETRe deE ZEA "4
(Fig. 3, 13). =z JRimS] FIREFE-1A
a5 48] Ao HEREE FEE 7
2 #3,4,5, 6EHER A5 T
el A Az s ARG 1A F
P Hhdhel M 3 Y ENHERSE F
QA TS EHES 249 ez 9
a0 ooz EEClA V1A WIAEE oot fip
ez 3L AT S FREANA A2 Fig. 3. Diagrams illustrating the vascular {ran-
FlAem we)s s, A3,4,5 6%EhE o sitlon in root,h };ypoc::otyl; cpicotyl and
gk Apo] o A B8 8A e (Fig. 3, eotyledons of 4 days old seedling.

hypocotyl



290 Korean J. Bot. Vol. 28 No. 4

14). FEEAA 3ME T8 8 1ER /v Fdol e #MERS Eirie Av 81
e Fhke 2 d5=x, Yr{A 2748 HEREL $ 1SS 27 242 Hlg= o
A= 513 G R3S AR dEsz, YeAs A2 4% EoE
ALHA #HAepFig 10). ==z FLER 9wl 583, 4,5, 6B ES BRGNS & 1 Hikedl A
Ztzk 37N o2 =0 (Fig 3, 15), ol &% & 1#Ma 2o okio g zbzlke] #E )
a5l

ol ghzko]l ALEANFo) LhiEapel A —HliEE RS WEE P EMlA A=l T
oA SAF I, MEWRFRE FRE-IE-Re] #EERR TEMIA BFED LR ey
HAZL Bne o] —HIREERR S A A9 (Fig 16).
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BrEye] Bt A EEmaRke] o=l drtE B 9y JESA Fol B
T A, ol &2 d kst FEEGT Falilo] 971t (Esau, 1943; Moens, 1963; Sund-
berg, 1983; #t, 1984), FEAEARLEA SikEe] g 7 %0t} (Buchholz and Old, 1933; Jun-
cosa, 1984), =] Phlox)g (Miller and Wetmore, 1945)¢] F3Est Coffealli (Moens, 1963)
2 FeEhel A AR FAE wl glerd, Esau(19652) % IREARD 2508 o) o] 35 9lg
A= FiAEEC] AT REE zlo)r] HFe ol REESTH oE-¢ Ar stz
Ak B FIEe FAEAZ 235 9= CedrusE (Buchholz and Old, 1933) A BEHE
;e Gt S EA=H A=, o9 HAEEG HAAE A4 fAo] oty 44y
o 2o Juglansig (Nast, 1941)9) fRiigel A RAEGHH-E, TEbk A< BEEREA 2
28 7 da, = 2Tk #R 1983)9] FED ZEA = Eh LA R
FREARST G5 A A2 22l v v, o e ALtz HEbrdA B
el REARTIT 25 Skdol s A$E Folns) oz 4EATY RBEKEE
s A3, FEY EIRS F MRS ZH#e #o) &A% FAEHHe MiEAEe] =g
Z 2AH o] BiEke 2 vy FEAEART shEel = Aol Falx

MEE AR E3toA el glol A Esau(1943)+= of 8] fEdpfEel A JREEET A oz
= RS FEIF =2, Coffealsi(Moens, 1963), Populusfi(Sundberg, 1983), &8 }% (k=)
fr 1983) B (L 18O AR o] FateAl wEbEE Aoz 2as w9tk 29
v} Phlozfg (Miller and Wetmore, 1945) 8} Cassipoureafi (Juncosa, 1984) ] A= FEEALRe
ole] REFHIT Tohs = Aer maEe v s —HfEEHERE 2= 53
HE A= wgstA vebz At JRESH S 8 (Miller and Wetmore, 1945) 0] F
EQL 198004 22 hEE A7t Zag dkmd, FEATY 4% T3 (Buch-
holz and Old, 1933; Arnott, 1962; &, 1984), Fr#h(Spurr, 1950) 2  FIEEF(Allen, 1947;
Sundberg, 1983) 8] o] = 3 #frel A HzF ksl =7} 3], Cassipourea}(Juncosa, 1984)
ekt AR 1983) el Coffealli (Moens, 1963)0] A= Figak faline] 5 iz
A FEEE Flez dare gvh AFahpRel A THELR A Hlas KA
FHo] ol REAHA L€ AR Ao

e dime] el A PhloxfE (Miller and Wetmore, 1945)] [ffg#iye] &t
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d FEEEHRE mlks gug FoilEs Ados FEEY 2, 9T ERE K 1983)
o} uk(gk, 198D A= o] oF FAFE sbAe]l R wk ok REKRES HbHEE F
#} owE FIEFOIA Bk Bl Edks o] 9l o). (Miller and Wetrmore, 1945; Arnott, 1962;
Sunberg, 1983). 28| Cassipourealis (Juncosa, 1984)2] F#E= [Fihe] Exdx oz 235
FREART= 44 RER 2 KEM Aoz 23so TifdA dds5+ Aoz #Bif
Heol ledl, olek FAE Fahokale] 2 UF(EF B 198Dl E 2ad 6 gk &
SapF-o] TS FEMCA BRY ERES RAeGHS HEEAT 94 WhikE
He AoR ARG = 13 i Fild FAAHT REWez, FEHY AL
e A REMeE EIHy FEEAIHE £1EGHAAH A4FZ=EH, olF Cassipourea
(Juncosz, 1984)9] 7 %-¢} 4 A=

[FEARTS FHEEMY £3+= Phloxlg (Miller and Wetmore, 1945) 3} k(g 1984) %]
FEol A Bl uf 93, = oI (E, 1984)9] FEEE RE-Te Il ol A & HER
e FEERe oot 2= vk gl 22 a Esau(19652) = FEEoI v dell A —HIARR
9 e FEERel Rtz JEstz vt ARAlTe FEEFig 5) A & 1 3EH(Fig. 8
o A% REARTY FEEWY Sh7t R AR, o FEHHII AHAE o B2
A+t 2=

— Y] s AbE-T4-(Esau, 1965b)st Chenopodiaceae (Bisalputra, 1961)] 7%
ol A IR LERe FHEA ol A o] Folx xm, & ubelr] (Siler, 1931; Scheirer and Hillson,
1973) &) sk (gE=k 45, 1984) oA &= el Efol A A Z=o] Tl A=+, 23
V(e R, 1983) 4 Rl A A HE A wE FEEETC] A %"é%lﬂr- B AT A &
iRho] g2 od@ (el BR, 1983)ol A ok FALEA ol Folzlet. ZEm 2 (@t
IR, 198309 ¥l AE 209 FIERAI A L-23EEe REF B Avd wek 2
B, =FEH 4 MEREREHE bﬁﬂ]r-ﬂh Aol BxE ¥t gle.  AEALF-E qu 1A=
HRimarel A+ FEEH /ﬁjﬂ Eixe glgdis JRE, oo F1.-28He] EnEd
UEMASE =z Fg 11), T’%@T o] 4=l NREIAIFE » F=loh(Fig. 12).
Bt E 28 B4 BsE A FIE-TE-RY RS 282, od LitEhe
HiewBs A5A o B A —HiEENR7 A= 4B ASE B, BREEe
A TR ERS T UK EEERel frfe® B A ShEdel A RIREY R REML
2 ¥abale] PR MEHRT Saixw, oo ¥EE MEHA 1Y 7o FE
gicl A FE= 7] AT EhFEel Z3E oEA J:ﬂféfﬁv'q FEERAIL o) 55k webA 4
Faphre) giERl A fEs FEeAs F2E Eks o, —HEERERE TE-KE
fh-fRe] MBI AR LitdEe #ERRL BNEREE AR %%%ﬂ'(Flg- 16).

ol g 7ro HEETHRel WS AT ole #i4sE (Compton, 1912; Winter, 1932; Crooks,
1033; McMurray and Fisk, 1936; Allen, 1947; Scheirer and Hillson, 1973; #tz} #£, 1983)
A A Aztet dAHAG

il =

APE AR REIRS) 44 paraplastel W BAAH G FREL AFstzm, = clearing ikl &g
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PAZEE Dol MERFRS Sfbe MERMBEE TATEA . B A WEE-S I Akl 7
A pAEEe] e, HERHES) REARE -?3&%%?‘:‘5-4 Eet F MR S o ek, RTINS
o] REEEe FARHe TEER2 5 REW 2 kEWHoe Sbmz, = THEE F59
128 REmaet FRERH 94 kit wBifsmes 44b2 ?%’%’Efﬁﬂ] AvE 51230
< WA dFHA%, 83, 4,5, 63802 Mk A FREBE dAAD ojd s Lo =
FRAHA S48 2, ofrle #1280 Bmsd WEHARE AdL L]f’f‘?lﬂ!ﬂ\%ﬂ-‘: el deif
obeflell Al 7 FHFol 474 Fder FEAUA ANEHAHE TASA . AEAGRY ik
BRFE FE-IEH-122] MEARHRN LRih] #FRR B end d48e Aoz 47449,
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Explanation of Figures

Figs. 4-10. Vascular differentiation in mature embryo and developing seedlings. Fig. 4. Cleared
cotyledon. Protoxylem differentiating in cotyledonary base of mature embryo. Fig. 5, Cleared embryo
at the time of seed coat ruplure. Protoxylem dilferentiating basipetally from cotyledonary base to
cotyledonary mode. Notice protoxylem (arrow) differentiating discontinously. Fig. 6. Cleared
cotyledonary node. Protoxylem differentiating basipetally [rom cotyledonary base 1o hypocotyl in I
day old seedling. Fig. 7. Transeverse section of the lst leaf irace in cotyledomary mode of 2 days
old seedling. Fig. 8, Protoxylem of the lst leal trace differentiating discontinuously in the lst
node of 2 days old seedling. Fig. 9. Primary xylem connection in 3 days old seedling. Fig. 10.
Divergence of lateral vein in the Ist internode of 4 days old seedling.

Figs. 11-16. Vascular transition and primary xylem system in 4 days old seedling. Fig. 11.
Tetrarch xylem of root. Fig. 12, Octarch xylem of root base. Fig. 13. Collateral vascular bundles
of leaf and cotyledonary traces in hypocotyl. Fig. 14. Leaf and cotyledonary traces of cotyledonary
node. Notice three vascular bundles composing the Ist leaf trace. Fig. 15. Leaf iraces of the lst
internode. Fig. 16. Cleared seedling. Primary xylem system of cotyledon-hypocotyl-root and
epicotyl. Abbreviations: C, cotyledon; CN, cotyledonary node; CT, cotyledonary trace; H, hypocotyl;
L. lateral vein trace; M, mid-vein trace; N, 1st node; PP, protophloem; PX, protoxylem; S, sym-
podium, Arabic figures indicale leaf traces.
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