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ABSTRACT

Structure and differentiation mechanism of the seed coat of Panax ginseng are studied
with light and electron microscopes to clarify the developmental processes of seed coat
and the structural changes duting the differentiation of the seed. The seed coat of
ginseng is differentiated from the inner cell layers of ovary wall, which can be compared
with the seed coat differentiated from integument(s) in other plants. The single inte-
gument is differentiated into endothelium, which is degenerated to one layer of 4 um in
thickness, composed of remants of cell wall components in fully ripened seed. The
ripened seed coat is composed of three layers; fringe layer, inmer layer and palisade
layer, and all of them are crossed at right angles with one another. This may be the
cause of protection of the kernel {rom other mechanical injuries. The thickness of fully
ripened seed coat is about 300~600 um, and arrangements of sclereids are irregular.
However the raphe region of seed coat is thin about 200 gm in thickness and sclereids
in that region are arranged regularly. This is the important cause for the cleavage of
the seed coat during post-maiuration process. The vascular bundles on the raphe are still
remaining after sarcocarps are removed, and one of the branches of vascular bundles
entered into the seed coat through the hilum and extended to chalazal region. During
post-maturation process, the supply of water being necessary for growth of embryo may
be accompolished by the vascular bundles entered into the seed coat through the opened
hilum.
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Z2AGH AANA o] AAE WA w9 @Ae] wA A ] HAW FA Lo (Winter,
1960; Wolf and Baker, 1972). Martin(1946)¢ w9 =oF, =27 & A& 71 Fo2 T4
237 129z TRages, Fud Bde EFTS 332 el olgseld Ht
(Gaube and Pryor, 1958; Vaughan and Whitehouse, 1971; Whiffin and Tomb, 1972). F
A9 9 T3 AR AL AT 299 E9 2 O3S wATFRE £REd F99
AL FHE 298 gxo] B 4 9l-ge] Al7158 = g\t (Ramchandani ez al., 1966 Singh,
1967; Wunderlich, 1967; Hey-wood, 1969; Chuang and Heckard, 1972; Singh and Dathan,
1973). %3] Chuang® Heckard(1972)% FA#A&Aw 4 ¢ A45te] Scrophulariaceaed] 4]
239 ZAZ Z39 o vy F B 48 o2 FEstg.er], Whifing} Tomb(1972) &
Melastomataceae?] Zx-5 53 o2 FEg uF 9lrh

Foe MFdA SAE & % =L T 58 FoolA $35 £l (Esan, 1065, 19773
Kozolwski, 1972; Fahn, 1982), Cucurbitaceae (Singh, 1967; Singh and Dathan, 1972, 1973),
Magnolia (Earle, 1938), Indigofera enneaphlla (Deshpande and Untawall, 1971), Crotalaria
9 Tephrosia (Narang and Chandra, 1977) E-& 574, Tridaz trilobate (Kapil and
Sethi, 1963), Anisomeles indica (Jaitly, 1966), Browallia demisse (Karuma, 1968), Catha-
ranthus pusillus (Khan, 1970), Ipomoea (Kaur and Singh, 1970) %-& =}el £ 3] o] A], Bergia
odorata (Dathan and Singh, 1971), Viola tricolor R Ionidium suffruticosum (Singh, 1962),
Euphorbiaceae (Singh, 1954), Turnera ulmifolia (Raju, 1956), Lepidium sativum % Thlapsi
perfoliatum (Prasad, 1977) 52 WFH 9 & F3 EFoA F3r7t o= h

&+w] Haplanthus tentaculatus (Phatak and Ambegaokar, 1961) & Elytraria acualis (Johri
and Singh, 1959)8] ZANAE d-F9 wigFel 44 5L 9, Inoh(1970) &
WEsel A g8 F2AE AFH, dFHdA fHd To5 dFAZ TESE Fo o
A e Foe FAzAe A FTAFAH FAE AFE Yoz 22g w gk

Qe AME F5FAE AFARAE Aol = st w45 Ad ]2 2 (Harn and Hwang,
1963; Hwang, 1966), &3 45 F5274(Kim, 1964; Hwang and Yang, 1973)& 7
Ao e BFAE AYe ek TH A FA) B 4F2E A A9 (Harn and
Hwang, 1963; Hwang e al., 1969; Kim, 1984), W 349 &£=744 (Kim, 1964), F%
#Ao] wi W H W59 wATZ W Kim ef al, 1979) Fo] k& “"] =t

gl gl e B A7 F5uTot(Araliaceae)o] s =& wl, o] FHof &ahs &
2 9T 24 F9 & endotheliume g fals v FH L2 e A Falsolz o
Wate Ak BA3E e 248 AAAQA 5E shed ddoE FIstm AFH 2
9) £} (Corner, 19’76)

Ged B aTE 449 34949 B304 99 288 248, Fad4 $4T
enclothehumﬂr LH*erj'] 1A Fag A543 Foe] #AE HE3] ke, FSFAE
Fo 725 S BE 239 FAUHE AR TR W45 B9 TR
o AR, F99 FE%H D ARAAE TAGLA E A2E ARG
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Al A A 23 4 AdeA 4 JdF d& A7 AY 2 292
e 248 AzddA Qe Ez 9 4~53d4 o A (Panazx ginseng C.A. Meyer) & A A
Bfef ARE3FY e

44 3t A ARAEH 79 S A8 F5E AR E FAR EX 2459 4
TR AEstd FAARRE ALstgs. AFEY F4E #5E A 2
A F FA9 2 F 1059 v g2 EF¢ AFE AAFe = ALA .

eisn) A% ey,  FA A 8.5 buffered neutral formalin, FAA 54 —774 3tz 549 v
Ho g AHS A D3 safranin-fast greeno 2 JA st o= dE | 8% Hayat(197004
o wha} ¢k 4°C4] 2.5 % paraformaldehyde-glutaraldehyde (phosphate buffer, pH 6. 8)¢] 24)
7+ AR 3 5 82290 (0.1 M phosphate buffer, pH 6.8) 0.2 2084 33 A A= 2%
0sO.2. 4°Cell A 2417k 24 st oA 54T 454002 A3 ethanolz B
gl & propylene oxide® = #-s}¢] Epon-Araldite &% (Anderson and Andre, 1968)¢] %
datgd e, Zel® A EE Sorvall Porter Blum MT-13 ¥ LKB-V ¥ uliramicrotome¢ 2
1 /.cmlf—vﬂsq AH L wZo] A methylene blue ¥ basic fuchsine 2 @43 FAFg<;.

ZA79 28 A4S EZuE ARA 23 A4 10pm FA = 2] safraninz f{ast
greno.t GASHE A8 BAAE $UEE ooy S AL AL 1%
safranine & & A sl HF-elgl ot

3td 2A#eAq wWgozE Sudan I, ¥ Sudan Black B 4l$ (Johansen, 1940),
IKI4k-2 (Jemsen, 1962), Alcian blue(pH 2.5)-PASe-g (Kelly, 1966) F& A A8+ =
e L4 BT FERHA DL GAnA 299 229 29 parafinez 4
& 2 (.5~1 % methylene blue, basic fuchsin, neutral red 58 &£ Z Al&s}o] olokgt
oz A4 BAEE A

SN0 wy., FHHEAS Py} SIS Epon-Aralditez Fole] Zv]d A
LKB-V 4 ultramicrotomec 2 24432 A 2315 2 uranyl acetate F lead citrate®
sty JEM 100 CX-1 RAAE=4 B0KV) e 2 F3al ot

FNTASOE pE. FEFA AEE Addn D20 T £ A9FY 2
AZE T4 59 FATEE TR AT 4 4S8 A= BT FHAT 25%
paraformaldehyde—glutaraldehydeﬁ] 247y A AxlE 29 050,82 £ 39t} Aleohol
g AL o g F4n alecholztA] @A &8l -2 iscamyl acetate® X Fste] LADD
2300 critical point dryer® HEZAZF v o] Al 85 brass stubel] F2HAFE JFC-1100 ion
sputter 2 gold coatingd}e] JEM T-3008 FAbdA8= 74 (16KV) o 31}/3- ]—93\1‘-]-. El
A9 @ BRI ANAS AR AEE 24 aloohol}n] 27
&2 ALl FPAF th$ fracturer] 7] 3L isoamyl acetate2 X gt & c}% ‘}Hé o7

A& AAstgh

B
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o
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¥ 7

ol 48] Ad & 245 4 F2 o] Fofx g&d (Kim, 1984) s8] Adol= 2719 ] F+
7t A . AW S AG AAete Wdgs AT A4NFE AREH LR 5
shatgleh,. Fu e gddol el (Fig D, Aol A g2 z7t g4=7] 29 Awdg 10~
1559 Az7t TAA W §oz2H on vAArAY F2F ZAFx g9+ (Figs.
L,3). &7 A stg dEF AZE FE5FE S 9z A AxEe HE $9E
e F AzEE Az AL o5z WAdsaddFigs. 1,2,5). s1F 4FY Azt
5pmx3pm 279 Artel At FHE A& AL gen Fig 2), vavt ARHFF
o F Azt AP AzAd L AR 24590 AF Azt Atelol = 9484 4%
A (E2E) 7F A o o (Fig 4.

A9 o= A =270 Az 2YUshA MidEe AA ez FIY S 5g TR
= W A9, amyloplast® v} 2tz FH{om WwHdlE FHF, F3;Go] BxHe] Yz
amyloplast® A v# gor HHoz Filots A2 FEH QL Fig 3). B3/ o &
AP fFAAE A Foz2 TEHAAEA b 4B @ 2208 & £ AzEH,
AFHA o8 JZ44 o|Fx HFLLE F 4~5659 AEF, 2 0tPFd o)} A&
o) F& o 7~8%9 4% AXFe] THFEEE A =LA wdsz dgish Wi
) wpg A EEFL Alzge v e RSy dASA APH 2R QHA oL AxY
9 W Frk Aol g FHA S FIEe A AR PA I A Fig. 5).

oo s AZE dAz o] Az Fodol AAHEd, FEHE AL AVE
Aol A A9 (Fig. 6) A 7o AFE d22 94 e AZD o
= lipid droplet, mitochondria(Fig. 7), Golgi complex(Figs. 7.8), A2% (Fig. 8), = 34
&) protein crystal(Fig. 9) Fo] A5 #A#= 9ok, 53] Golgl complex= F ulwly o)
Golgi vesicle2 =z 9197} (Fig. 8).

Waa]e 37t AA AREAA iR o5 d= A5IY AEdAE Az
<@ = & (Figs. 10,11 &% F Az A2 §Est] st Ada Azs 434
Ty F3h 2ol PP WAL AR ¢F AZzEs FEs e HEoA 2 dkn
AgEd, AEAL ego] Ao Yot Fig 12). W=l 239 v FE 513 o
ringe layer o] 2B AAsglor 24y o2 vEe AZe FFAo] Azydezr
e 2EEo 94 EFig 14). T5ARAY FAFigs. 15,1609 3 E  H4E 2 (Figs.
17,18)el wlsf A BN 28] 239 w47 Egbdsigen fadWge] frs P4 A9
% EE5EAY S5 d94E H¥sd z wd-gs FAAEAEAALz FRe
palisade layerd]| = 71 Q549 BAAZE7 £728 A& 3z Jgdor Az 27
Hol v F BE F9Y 3T BRY F U9+ Fig 18).

T FE5FAY T 2A A o2 7Y S oM 4Fe & &9 fringe layer,
F7 &0l 4~54 £29] inner layer, 28] ul7-Ze] B33 8 palisade layerz o] 2R 3
A et ol EL H4le] whebA A2 300~600pm A=Y FAE Az g Figs 17,
18).
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wat A zEEAel W oz A9S AT A, o T 9 ¢35 2= alcian blue(pH 2. 5)
ghe8 eha gl et Sudan W, V 2 Sudan black Be & =
2 3534 9% Kl $4€ depiget
= g2y 447 484 hilumg %‘Eﬂf‘] 9 JEE F
950 parafine 2 hilme S sl Fooh 28 delun 2o

AAA+E A3t YA e fractured A4 ARG ESFAY Fo=Fig 19)
Q¥R ez shea B0 ve) A H2Ee Hd BT FUARA fracture g
& =3 25FHE FASZ J8 2AAEY gHE getis] AHA AAY 2AA=E
£ 248 2 Ax FFd P9 sclereidrl #2AH 3w 8} fringe layere] & B X7} 1}
A -2 filiform sclereid”} ¥ 23} 3, inner layero] = AR st k7t glor Feof uld 2
o) 7} 71 filiform sclereid-}, ==}z palisade layerdl &= Hol7} = Z7lx7} B2 osteo-
sclereid7} F2 2x8 g9 (Fig. 20).
FAA A%5Yl we A5 o F2 G Aze AA
W gAEe A0t T2l e Fod zAs ga 9

Lggo gus 2Asle hilumg EaA F39 Lﬂ—,—i Eoi7]—_1_ endothehum_‘?-] ¥
3 R ate] chalazal region7}=] e Y vk Fig 20, Fai<Fe] £2He e T4 @4

FHe B8 Fgd vE 2 FAS F 200mAER gry »FAE] wjde] & A
Aol ged Fig 22), ¥4 £z e FREFL FHAY R4 Y g2E o
T2 99 Fig 23). AAY f@%e d=D44 & 294 A4 =@ Fig. 24DF stE
#(Fig. 24a,¢)0] A #FH 9+

349 o= (ringe langen) & o]l AR 2L RN THAHACE Wdshd 2
Zo] QARG (Fig. 25, 349 F4e 99 e 390 e 2 A gz
palisade layer, inner layer % 2 A4 22 wde] FIHIL ¢ + 4o F5744 (Hﬂ
A2 FA9 E9E £5F5A4 Fyd vd = T27 A 93 et £5
Aol axd ExY F3v 4L FHA FIt GARAR T HEGrE gas 5’3.‘:4'(171%5
26,27), ol#d WErl el fxd FTAAATE, =g FAY SALHE webAgt
Qo] i}z e B AE dojtx] FLog oA HlA S E F29 TZzHEE T
A AL drl gobsg JE AEE AR fERE AA =] dad 3 T2y
shelo] el Gek

Zo o)A Eils endothelium@ Z7)e)E= & 15~2058 AzZE ol F4 s Fig
30). endotheliume] $=1e] & hilumg F&A ZTHE AFog Folg fasFo] E£A3Y
i o] & endothelium®] A =42 FTAYAgo] ZAFH =zt AR A= (Fig 3D. F

Fusigz, o3k 2
Astgeh LA Fo4 2

:L
é-,

A Aol 1% A=A endotheliume o} 5~638 A 2Fo 2 EFH v o] 474 ¢
A A 2Ze g aAs50] JortFig 32). #Fd FAo] A AErH TH IZH
Aol A= endothelium o] F-& Azrt GA% Fe & stz Yglon Azde A
Asle] ¢l9eh(Figs. 33,34). £%ZA 0] endotheliume] o 4 um F7 2 =) 35 Al‘}i

A A 2TAL e FolE £ goor Adzxy HEez FA=E AFEuie] I~4FE
o] Fx2 Fo} A =H(Fig. 35).
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% %

A4 58 F3 & g9 FH 4 (Tridex, Anisomeles, Browallia, Catharanthus, Ipomoead),
S 55 A (Cucurbitaceae, Magnolia, Indigofera, Crotalaria, Tephrosia) ¢ 3 ) (Bergia,
Viola, lonidium, Lepidium, Thlapsi, Turnera, Abelmoschus, Euphorbiaceae, Phaseolus) S-©.
2 T2} Haplanthus tentaculatus (Phatak and Ambegaokar, 1961) = Elytraria acualis
(Jobri and Singh, 1959)¢ll4 = w7} A Aol wep T3 24 0] F4uo] FIslm G4 H
#9 wgE] FAY A5e YU

il gelAz el 4R Ao ow A dFA Az dg e U
A= F3lstgeh o W =he Y 254—@ H| 37t o] RolAm AzdtA H 22 A5 FAEAY
71%& A He FARAL 2d  F 15~20%9 AzFor 3 oL R s H
F5tAl 5ol T5F A ol2HAE & 4pm FAL AEY ARFER Az St 2
stz A9t

AL FE T F3te FL& A E FANE AZE] S5et] 424 F
S2A Y J5Ee FYIER o] F FHE Hotok vty Corner(1976)9] Bz A&
AezA o8 ALdE FHdA FH5 242 endotheliumeoz EalF ] o oA

S e 240 A5Ae Eo gl Buskel e} 4 e,

TEAY FodA A 4F & F Axe FEELE A% 2~5HA 22 53
2L EEA o] F FL& AR AT o Fr AAFE ) 6~l4HA HL A £E
¢ Hed A5YS Az 25 MLz GlEd, o BE P14 254 o
Azt %9 PG olHY Aok ASEs £RRe oot AAAY npAEe
W% ZEA B g AxEd Aol & 4 },lt} TEFEAY e 2A A Fos
TEAGE o, A B S 29 Axz 9 fringe layer, o} q 7L o] LI WA 4~
=2] inner layer, 7.¥] 2 inner layers} 4 z+-& o] Fz @8 of 7~8-29] palisade layer
Z ol Feold AR olH g AXHFS wide FHAZ R F9E slal EAAH EARA
Ad FdE 233 §@ JAAY ZAEEE 3] 93 B FA4Y Fasn 34
H Edd 722t 4 g 2339 vl iE fringe layers 4] A 25 o] palisade layer

H]

Lr—{u:om

o

A B E7h Gree $-A4¥ 5 Figs. 15,178 A4 R A A Hz FAE 2533
& AAA "+

Singh (1961) % Cucurbitaceaed] A 4+ F£3 5 6502 23149 o Govil(1971)-2 Convol-
vulaceaed] £ & 3%o0 = FHEola palisade celle W] & A 5lg F =& ol2dwm 3§

i wh ol= BF JAIAQ BAFEE ] A8 FEH mashyrch

A9 FoAE A 29 RFAZEER o] FolA Az G4 JAHA BFFZLE e
T e TEZ2 ol FojA Y& v, o] Singh(1961) 2 Govil(1971)9) A4St A A&
B Ao): o8 e AfE o] Folnd AETAer AZG Fo QoA 39 Tz
7t o & £33t 2ok EAa kst F2RE AYE geda AR o)A A
= ¢ BE FE€ 4R g7 Ag o] ok S A"

g Axgge AFAFAd)A wd, 359 v T} 929 = alcian blue(pH 2. 5)



December 1036 Kim et al.: Structure and Differentiation of Panar ginseng 301

of k& el glel ¥}, o] acid mucopolysaccharider} £A1%E n&FE Heolz
ol 2] 42 Golgi complexo] 4] Hu|x = Ho| ollrt A=, =g Fas o PASH
FAREE R b, ole FH9Y Az o EXAE AEH] vk A= 3
A, =3 T&£EFx = Sudan I, ¥ 2 Sudan black Bel IKI wl&¢) 2% 42 el
AL o= E5F & AAGEo] EAA Fg e & RAel=t Az ek

E&ZAY F9F FARZ Q8 R FAZET 24 3704 39 sclreidsz 25 5=,
747 1Z9] fringe layerd] = A& ¢l fliform sclereids}, 714 wlg&e palisade layero]
= Aol gon sA; el olE osteosclereidsl Fz ZEelgorn], FziEql inner
layere] = o] A4 9714 HFElo] BAL 4 AN F739 fliform sclereidr} £A18] 519
v}, 53] palisade layerZ o] 23 ¢l osteosclereid= = Fe] 7} v - E73 3t £3589 7]
A4 AAFEE B% A T B opizt A4A2se 2T 2o} mddez
St Aoz Az

FAE F9L AAA LR 235E 71 ofdd AgaAdl wet Pets 24%= 71
= #l=dl, Hyde(1954)+ Papilonaceaed] F 3l 54wt hilumo] A2 glelA
A2 AdE=E& zA Gtz sty b Marbachs) Mayer(1974) = Pisum elatius®] £33 =
AZel A AzA7H F2o] F38lx got AFAd A AFAI = Frydoz dEet
2z P ed ol AFAuNA HE2AZ ?Jﬁﬂ" F e T2y ezt F45)
At EEFE4Aq] £33 = phenolics ¥ catechol oxide 58] Fske] H.&d) (Marbach and
Mayer, 1974), ol#|% £ W¥2¢] 2 %4E hilumo|} o Fo] L8 s1zske] o)
A Qojgrim 228 w gleh 8 Cucwbitacead] 9 F3e]s Sodre] £A) 54 (Singh
and Dathan, 1972), Papilionoideaes#}2] hilume] = FA} 7} =3 (tracheoid)o] £ 3ot
F24 EAo] @A =2 glvh(Lersten, 1979, 1982). Dell(1980)-& Albizia lophanthad] 4] =
59 FH7 #9453 strophiolar plugell S8 z2EH 4AEL F9 FEAA W
olctaxz sttt =8 Grearst Dengler(1976) = Eriosema glaziovii £3¢] hilume] &= 7}
o] ZA It st 2 Mohana(1975) %  Mickelia champaca®) o #do]x Lx)do] B
B oA AF Ex et EA] chalazal regionzl=] We] gtz mailgdch. 3
9] 4R E== cuticle(Zimmerman, 1937; Watson, 1948), palisade cell(Dell, 1980) 3! Pectin
A#9 F2F(Werker and Fahn, 1975)] &) 4 dA 7= sl Hyde(1950) = A=
Yol quinone A Fo] EAEH EFTFAe] Az Rudl 6 glvh

Adel DelA L FAYA HBIAE
sEm Afe] EgEz fAEL Fost
&2 B e 4R} hilum-g E3] 4 £ 9 ‘2_'%5’_55_ :

endothelium®] Fw7z}= o 7351 o] w

o]~.[ ofy ofr

FHH‘-SL

'_0" =
2 240, A9 ABAE ALE AST ARAAE AFEY FE

& 284 3498 Hednes F44 =4 2eh
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Q¥ FAE FEYFA FAA GAREA, 4
Aol rhs YRckFig. 26). olA% G4 BAL Y49z ge %-L%‘-l—b
of el ok 200pmA =5 ghw A ES] WLol T \
£ o1F2 Q= AAMNZY Fol RAE B deHe] YA %&5104 PR
A5 g

F433g B B4 B9% $4E FA%T Qe 2= TAAL AYRE 9

©

= Tds 2AH D, 53 palisade layers] 4] = FL R FHIAH L. T @A
2 F Fhd A% £E9 T 250 hilimuthes gAd 242 20 54H0®
dolvtz g Aoz A74En

i E

A4 F99 4 9 Pl FE FRESE FA94A4F, £5FA 2 FFAA o R TEEY #
& 9 ARG Aoz S

el ie FE d@dHA olAd Ay e xRy {4 WSt Babeled RalEgon Fd4
Fe g 2Ea endotheliumoi Ei=geh £5FA4 F== fringe layer, inner layer, palisade
layer B9 4] Fo32 o] FoiA lyon oL A2 AR FAL o|Fz dHdse] glyd v, o

AAA Y 2FAEL BE A8 5] §telsl Atrse, o] A7]H endotheliume Axd AR
AHERZ AASA s F4um Fxd 2o HEF gL

F5FAY FAE FA7F 300~600 pmA = o) P m BAN T Hdo] BAAY wwl RAE
g FHE F 200 mIARE gy 2L dde] W FHFNYY v, F5L AR FAL o
g L4-& sepd FH451 ".3_7H ﬁi’ﬂr

248 w2 gAY fH5L & AAT Fde 437 ¢k 99z EAFS hilumE E54
F39 F oz Folrt4 endothchum-% BB Ao chalazal regionrtA] W 99w F33
dA e Ao Hod FETRE JHG +FEFA 957 hilum$ 94 gelrvt= A 2
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Explanation of Figures

One carple of ginseng has two overies, one is anatropous and the other is ortholropous. A
single integument(l) is differentiated from the anatropous ovule(Q). Note the peculiar
arrangements of inner 10 to 15 cell layers of ovary wall(QW) different from the other part
of ovary wall.

Innermost one layer of ovary wall showing large nucleus(N) with prominent nucleolus
(Nu) and the other cells are highly vacuolated,

Ovary wall differentiated into pericarp comsisted of three layers; Endocarp(En) with no
starch grains, Mesocarp(Me) with a lot of starch grains and exocarp(Ex) with vascular
bundles.

The cells of a little differentiated innermost cell layer of endocarp was elongated. It had an
elongated nucleus(N) with prominant nucleolus(Nu) and a lot of vacuoles(V). Note the
plasmodesmata (arrows).

The endocarp(En) is comsisted of three cell layers, innermost fringe layer, immer layer
composed of 2 to 5 tiers of cells and palisade layer of 7 to 8 tiers of palisade cells. A lot
of starch grains are still remaining in the mesocarp(Me),

The palisade cell has nuclens(N) with prominent nuecleclus(Nu) in the middle portion of
the cell. The vacuoles(V) are particularily occupied in the peripheral portion of the palisade
cell.

Anticlinal division of palisade cells can be observed. The lipid droplet(L), Golgi complex
(G) and mitochondria(M) are observed in the vicinity of the cell wall(CW).

Hypertrophic Golgi complex(G) with a lot of Golgi vesicles, and starch grain(S) are also
observed in the palisade cell.

A flat board shaped protein crystal(PC) also appeared in the palisade cell.

Innermost fringe layer(FL) and outer palisade layer(PL) showing the degenerating cell
wall(arrows) in comparison with the inner layer(IL). Note the vascular bundle(VB) in
the pericarp.

The degenerating cell wall(DCW) ol palisade cell is clearly observed as compared with
the cell wall(CW). The nucleus(N) is still remaining.

Almost the cyloplasm of the cells of the innermost fringe layer are already degeneraled,
and the shapes of the cells are irregular.

Secondary thickening of cell wall is proceeded from the inner fringe layer to the outer
palisade layer. Note the boarded pits in thickened cell wall.

The middle lamella(ML) between the secondary cell wall(SCW) are clearly observed and
the cytoplasm(Cy) is detatched from the secondary cell wall.

Photomicrograph of the seed coat just prior to maiuration showing the uniform thickening
of the secondary cell wall.

Scanning electron micrograph of the seed coat just prior io maturation showing a little diffe-
rentiated boarded pits in palisade layer(PL) and imner layer(IL). VB: vascular bundle.
Fully ripened seed coat, showing a lot of boarded pits in the inner layer(IL) and palisade
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layer(PL) in comparison with Fig. 15.

Scanning electron micrograph of artificially fractured seed coat, showing irregular fracture
face of palisade layer(PL). IL: inner layer.

Scanning electron micrograph of the seed coat of freeze fractured with liquid nitrogen,
showing regular fracture face.

Various types of filiform sclereid separated from matured seed coat in the Jeffery solution
are obserbed.

Vascular bundle(VB) on the raphe of the seed coat is branclied, and therefore one branch
enters into the seed coat through the hilum (H).

Cross section of the young seed, showing the vascular bundle(VB), seed coat and endo-
sperm (E). Note the regular arrangement of young sclerids at the specific portion of the
seed coat and the distribution of vascular bundle inner and outer parts of the seed coat.
Enlargement of vascular bundle on the raphe, showing the lump of bundles.

Isolation of vessel element and tracheids from the vascular bundle, showing tracheids(a,¢)
and scalariform vessel(h).

Inner surface of the raphe has regular arrangement of the sclereid tips.

Stereoscopic micrograph of half cleaved seed coat after post-maturation process, showing the
occurance of rupture along the raphe from the hilum.

Inner surface of the seed coat are fractured after post-maturation process.

Artificially fractured face along the raphe has irregular fracture pattern of sclereids.
Fractured face along the raphe after post-maturation process of seed, showing regular
fracture face of palizade layer(PL), but innmer layer(IL) has cross fracture pattern.
Endothelium(End) derived from integument has 15 to 20 cell layers at early stage, and
endosperm (E) has incomplete cell wall.

High magnification of endothelium(End) showing degenerating cytoplasm and the endos-
perm(E), showing incomplete formation of cotoplasm and cell wall.

Photomicrograph of endothelium(End) at late stage of seed development, showing 5 to 7
cell layers. Note the complete cell wall in comparison with that of Fig. 31
Photomicrograph of seed just prior to mature, showing degenerated cytoplasm of endothelinm
(End) and complete formation of the cytoplasm of the endosperm(E).

The endothelium(End) has a little cytoplasm remnants, on the other hand the endosperm
has a lot of spherosomes(Sp). Note the thick cell wall(CW) between endothelium and
endosperm.

The endothelium(End) of fully ripened seed has no eytoplasm but cell wall components of

4 ym in thickness.
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