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natans L. var. bispinosa Makino
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(Department of Biological Education, Gyeongsang National University, Jinju)

ABSTRACT

This study was carried out to investigate ontogeny of stomata and aerenchyma tissue
in Trapa natans L. var. bispinose Makino, an aquatic plant. Ontogeny of stomata in
this plant was an aperigenous type surrounding with 5 to § epidermal cells without
subsidiary cells. Stomata were distributed abundantly on the upper surfacc of leaf,
however, no stoma was found on the lower surface of leaf, and on the epidermis of
reproductive organ, petiole and stem. Ontogeny ol aerenchyma tissue was progressed
with five steps; 1) formation of angular cells by division of cortex cells, 2) development
of small and large globular cells in accompany with schizogenous intercellular space,
3) enlargement of globular cells and more expansion of intercellular space, 4) cell
induction of long elliptic and triarmed shape, 5) completion of the largest intercellular
space from endodermis to epidermis.

During the growth period two types of leaf were appeared at each node of stems; one
type was a submerged and early-fallen leaf, the other was a floating leaf on water

surface.

3 #

ct & (Trapa natans L. var. bispinose Makino)2 FHE 0 2 Bo)x| A Ao 4] S
of A:RSt2EZ /ER fe TREREAS BlYSh] olim = EEEMe = 4R B 1Y
50%St IO Y 20%E et EEE)N wd WEEYGE 1966: g %L 1974) = 4]
= fRH7E FES & KA EHe] ok

i 0 BAROR Ui (BE, 1078)ell 4| wh-Ef(Trapaceae) s ST =& BLBLIES) HUFO 2

41



42 Korean J. Bot. Vol. 26 No. 1

8BRS el #EWE, BFe e BEHIE 94 EdEl BE g o 3~4
Aol B83Fars Julgl& 4(f= glxi=t 25 20fclw 2 #ift" o) {24 oo}, ol xzy
7 B FHel Hhittehn S}ﬂr- HH, P 2 OER(L97) ) &)vhel o) fhyie
=E3 B (ke detas) Jole] WEEIIR, EEIIF ESE 5ol otz
AR A A T ﬁﬁ%ﬁ"&ifﬁwﬁ] EwEE o gl smEl e s,

ﬂf’ﬁ“ i &L’#ﬁ I Gistes AT Bl 9l

BmEipe s, L 09700 d48t= v/ (Trapaceae)s= 5ol 1h, 30fFc]
FAEE b ERE gl ek FER(1978) 1R, i, effie ), Hefuflh Wy ou=36°2 FH
P ot ik B RFR(1973) 2 6o s MEe 2, Byl A= #A(1969), 71970, 19
72), K ’4‘(19/4)01} 15te] offio] WE= Rt o= MFEMS] o WS MHY 4
folvl BB o o e 70 g o

R - TORBERRYS] (Uil A RatEine] Aol Ehy, b, AV 4 2EkY
Al 25 A AR /JJ<’J>“ & 1960) 0 8 = o] 2,1 2, K Ehnigel o T JiEE
R OEE (Foster and Gifford, 1974)e) ™ FEGHLG 3 S M@e] 7248 14 (Bold, 1973)
olth —JRAYL B MM L ARelA BT WA gehAY 9% AoE BE
(Fahn, 1974; Esau, 1977) s 9 ot F8 3 B AE o] 9 AL & (Hatsume
et al., 1970; Weidlich, 1976, 1980)=¢l 5, W 7hsl] 2ol A = Ao | <#HA 9o
(White, 1961). 7R4:hE4y 29 §fL2 ez g Folal Qo] ARigiel AT o € LU FHK
ARk S BRURA mnEE o TE REAAE Rlel WRE BB e
I HE s 4 (Gupta ef al,, 1968; Payne, 1970)= =}, =8k o »}e) (Gaudet, 1964) 2}
o 7] (Mitchell, 1971)9] o 5 AL HEE doh FLEMIMRY JENEE/:-E Pant(1965)

o fE5ted $LRE R o™, Fryns-Glaessens and Cothem(1973)-& o & 3Efn #sladth =
Z SRS AR 2 Kidwai(1965)¢] £]8Fe] aperigenous types anomo-rnesopericrenom
type Pl Al Bkl obzm WSS TERTAEE 97D mETLMEG T BT
Rboglen), wREE gk A ghstewl, mlEe TERME Hke Ilmse(lQSG)Dﬂ ol she] il
e 3Tl B OANEES] vk

TrkE FEHe] - e m [ASE vhEe] WS W)getel W UHS S INFRHL
A = jgte] 22 = o5 (Trapae natans L. var. bispinosa Makino) T 5 #Edis}e]
Aol A EEREtE A RIL B OBREMMS MRS T #EEStT, HEMeE, olES ik
Mol 2 7b7] TREERRY B AEHIERMQ) 4FEke] BRE ]l ol & #&EsE uwhelth M £
el MBS oA ol REMERAA BHE =l vholoh

<

H.J
o

—_
S

#ME W A%

A= 198247 3 T BT BN R TR 49 %4 [1dde & g
< 2{8 A= =& (Trapa notnas L. var. bispinosa Makmo) BFS s f;qs(lgm), W
T(972). W 2(1979)9) Eigel sted o] F MES AT ol Mt MTS) By 4 44t
£ 30X60X36 cm =)&) Aol Hoagland 3Zsdyi e {ikfeA A o7)¢] TS 10 [ s A
HE et RG-S el A = Wi fEl AR skt m 25+5°Ce] By
omiA 4~9F 5(MAM BEHE aeration A7 A Fhre]l A2E (HFAAS. Lids 2



March 1983 Sung : Ontogeny of Trapa natans 43

o] Fridst Hfle S Rl ub B JMEE N BREERY @ldke] fIH D o] B (KRl A
FRAZEE 4. o2 (Trapa natans L. var. bispinosa Makino) @} ¥y Wl4se- 4 ok

BB W] Z e IRle el BEITE 4 SfrWlE 74059 H8E hand microtome
L {liske] A )y wlEg Tk o] AR slide glass ol A ZEFEERS] Aok ¥ER 914
o] methyl greeniy (methyl green 1 g + glacial acetic acid | ml -- HyO 100 ml), =2i= safranin
4 (safranin 1 ¢ - 50% alcohol [00 ml) @ 7 ¥uf st = MelGke] LGS MES Y] 9 5k lodide
iodinef¥ (potassium iodide 3 g -+ lodine 1 g — H.O 60 ml)_o__v; fj&@ﬁ]—,ﬁ ok e firsi
Schultze’s maceration fluld(conc. HNO; KOH), = 50% KO e i SR & B i
Wt = Rk sl o, Slide glass el A HELe) ibE /L J-k BiikE & sked chloral hydrate
&2 (chloral hydrate 8g +~ H,0 5 ml) o & ZURE pn#iste] 4l 2 L4igh Rfng g &
o] LETE BT BRikEE d8%i% & 5| valap(vaseline 2 @ lanolin 2@ paraffin 1) = FlA
5-o] [T preparats Th-Eglch. EiTE preparat= sketch = 40 B o2 (IFFst4
FOIE RS UE) BRI BE¥ %:frel Universal Microscope(Olympus VANOX Model AD
-1)e 2 fhwstel e BRI JEES BN(97T). AR (1980) 7L Berlyn and Mitsche(1976)

o whgkeh.

R A ER

By T9F1 ST tufgell ZKiffel 20°C L:,L F Eiv:? Fig. 13} zFo]
HEUL Bk e B AuhA] o

&R 2 FIo EEEs. 3
AR MR e T ]2

Aol A gEEESkh. AT £RIE Fok BT £ £ =z
o2 e grerh o] FEe VI E MTFIEY Mo BLMAES HIRRGecl. gl
A Azl e m o)l 4 TFHEC] Vet £ 4~12cm A2ty A4S WE 4 Tig 1 W
29} zhel A Fhel A iTWHO] = ERe] pEGea o] MBEME-S ST AT4EEYE Aabe] o

I ~]

Fig. 1. Development of radicle
- T (R). hypocotyl(H) and
epicotyl(E) from the
sced of Trapa natans
L. var. bispinose Ma-
kino. There were ad-
ventitious roots of two
types; one, the submer-
ged roots(A) showing
phototropism, the oth-
er, the subterranean
- Lo roots(B) showing geo-
Rey £ i ‘ : tropism. Two kinds of
\\(-E \'{' v o o : leaves were shown:
onc. the submerged
leaves fallen early in
; water(C), the other,
Soil i i ! the {loating leaves gr-
owing on and near

B water surface(D).

Water
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2. Relationship of growth among rad-

icle, hypocotyl and epicotyl at an
early growth stage in Trapa natans
L. var. bispinosa Makino. After
radicle and hypocotyl were grown
to 412 cm length, they were del-
ayed and then the growth of epicotyl
was started.
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Table 1. Morphological characteristics of subterranean and submerged roots grown on one

radicle and each node in Trapa natens L. var. bispinosa Makino

Characteristics

Subterranean roots

Submerged roots

Root shape
Initiation
Numhber

Vessel
Reaction
Growth

Function

Many fibrous, long, and spiral without
lateral roots

Largely 1st, 2nd, and 3rd node or a
radicle

40~100 at one radicle and about 40
at each node on Ist to 3rd node

None or rarely
Geotropism
From water to soil

Abnormal absorption of soil nutrient,
plant ﬁxmg and supportmg

Many pinnately, expanded lateral
roots on two adventitious roots

Each node and one radicle

40 at one radicle and 4 or largely 2
at each node

Annular or helical form
Phototropism or hydrotropism
From water to water

Normal absorption of water nutrient
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Tahble 2. Length of internode in Trapa wnatans L. var. bispinosa Makino during the growing
period to water surface by both shallow water of 20cm depth and deep water of

65 cm depth

Internode length, cm

Internode

Shallow water Deep water
1st 4.0 6.5
2nd 2.5 9.5
ard 2.0 9.5
4th 2.0 9.5
5th 2.0 9.5
Gth 1.5 6.3
7th 1.5 5.3
sth 1.0 4.0
gth 1.0 3.0
10th 0.5 1.7
Total 18.0 64.8
Mean 1.8 6.5
Significance L.8D.(1%)=2.85(=8.48)
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Table 3. Characteristics of the submerged leaf early fallen in water and the floating leaf on

water surface in Trapa natans L. var. bispinose Makino

Leaf type
Characteristics m—— —— _— - Ce e
Submecrged Iloating
Leaf length 15 min 50 mm
Lecaf breadth 2 mm 50 un
Leaf margin Long triangle Toothed
Petiole None distingished ; None air sac Alr sac
Growth Submerged in water Floating on water surface

Life period
Light condition

Function

Fallen in several weeks
Bright sun light
Fallen leaf

One year
Strong sun light
Floating leaf

Table 4. Distribution and size of guard cells on the upper surface of Trape natens L. var.
bispinose Makino leaves
Leaf size, cm (xu'ud cell size, wm
Leaf Guard ecll frequency, mm? :
Length Lreadth L(,]‘lth Bleaclih
Initial 1.0 3.7 750 16 16
1.4 .3 G70 17 146
1.5 1.4 600 18 15
Unmature 1.6 1.6 528 20 15
1.8 1.8 256 30 16
2.0 2.0 200 36 17
Mature 2.2 2.2 170 36 7
2.5 2.5 168 37 16
2.7 2.7 168 37 17
Total 16-7 16.2 3,510 217 146
Mean 1.36 1.80 390 27.4 16.2
Significance None p<0.01 P<0.01
A elml ke el glgle™ o] dliFel whel o Wl d o WNHE Z Sk MED
ohoolel® AL B4 A lidEol v g B - ekl o
B AL bS] E bl wt sk R Rl e et wenh =gl HLIJ,
el = v EkgA ?%3.;;15]'. LSRR = BRIy TEiEeh=] S HE KR MNErE i
SiEe] A e ﬂé)/]-] HHipge 2 #2283 9% A HIA (anomocytic type)E- o] F 5{,1
9l ok (Figs. 3 9 4). o] BJ_ TERE= AR (sl IR et Bis E Alo] ol a Al
°ﬂ A7l L wne REIENAE []--3 THREG S ] Bl Wd:Bie]l hE Helel
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Fig. 3. Morphogenesis of stomata from A to C doveloped with aperigencus type in Trape nofans
L. var. bispinosa Makino. A ; each mother cell of two guard cells had one marked and large
nucleus. B cell division of the guard cell precursors. C; two guard cells were surrounded
by 5~8 neighboring cells without subsidiary cells.

Fig. 4. Guard cell precursor on the upper epidermis of initial leai(left figure, 140) and matured
guard cells on the upper epidermis of leaf(right figure. »(140) in Trape nalans L. var
bispinose Makino.
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W B pElekd 2ffe) FLSBHIE H = UEE HE R Srme s /ske gl
91+ aperigenous type(anomocytic stomata)el-& 9+ 4= glolrh. Kidwai(1965)s] sl o}
E(Trapa natans L. var. bispinosa Makino) €] fL4#4llfY aperigenous typed} anomomeso-
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Fig. 5. Morphogenesis of aerenchyma tissue developed from schizogenous interceliular spaces fin
cortex ol stem, root and spongy parenchyma tissue of leaf in Trapa natans L. var bispinosn
Makino. A, formation of angular cells by cell division. B, development of large and small
globular cells in accompany with initial schizogenous intercellular space. C, enlargement of
globular cells and more expansion of intcrcellular spaces. D. induction of long elliptic and
triarmed cells. E, completion of the largest intercellular space extended from epidermal layer
to endodermal layer. The parenchyma cells had calcium oxalatc crystals.
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Fig. 6, Schizogenous intercellular space, a
kind of aerenchyma tissues of
unmature petiole in Trapa nalans
L. var. bispinose Makino, X35.
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