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ABSTRACT

Salvinia is an aquatic plant forming dimorphic leaves that have been modified into floating and submerged leaves. A
pair of floating leaves plays an important role for the floating and photosynthesis while the submerged leaves, which are
slim and long, have the form and function of root. Many aquatic plants develop trichomes in the epidermis but in Salvinia,
trichomes grow densely in the epidermis of the dimorphic leaves. The present study examined the differentiation pattern
of trichomes developing in the floating leaves of S. natans and S. molesta by scanning and transmission electron micro-
scopy.

Trichomes developing in the floating leaves of Salvinia showed very different patterns. In S. natans, they were arranged
in aV-shape form, having 20~ 25 rows at 18~ 25° on both sides of the lamina divided by the midrib in the floating |eaf.
In each row, 8~ 10 oval-shaped cells, 200~ 290 um in length, were arranged in a spiral fashion. Four trichomes of this
form made a trichome unit, but their apical parts were separated from one another and developed into the so-called ‘knu-
ckle-crane’ type. On the other hand, in S. molesta, trichomes differentiated in a unique pattern quite different from those
of S natans. At the early stage of differentiation, trichomes protruded from the epidermis and then 4~ 6 cylindrical cells
grew 400~ 600 um long and the four trichomes formed as an unit. The four grouped trichomes were interconnected through
their apex and developed in the ‘egg-beater’ type. Then 300~ 600 um long multi-cellular stalk cells grew and protruded
out of the epidermal surface from the basal part of the trichomes. Such a structural characteristic of trichomesis consid-
ered to play a very important role along with the aerenchyma tissue in the leaf mesophyll tissue for the floating of Salvi-
nia on the water surface.
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E323} (Isoeteacese), W] 712 3} (Marsileacese) 5 471¢) 3}
(BH7b 4716l &43et(Lee & Lee, 1991). 8 A4 EL
AR FAAEL] oF 2%el| s, St Aot
A& (Salvinia)S E£33te] of 7Fo] ExF (Ko & Jeon,
2005).

FANEL 5] T 3 Sl AgEtmE S
B3 g e, £7], o 52 73] AR HEH
o]zl ez Wy Sloh 53] £AAEL AEA W
o] ZhamEat AR 5SS HE == 2A
FAE 759l BrlxA o] A it (Lee, 2004). 3 4
AAEANMEE Aelrtefel FHag AEA o277
FAAELS Ak olalslElA 5 Ao Hsdt 7]A 9
;S 95 27 M melel o)=rl7kx Fr)zA o
Aol gt Yubdom B44 $ANE e ABA
=7)9} AlRglo] Ber|xml FEAL EA|o $ElE S
Q=E FxAH oz R3}xt)(Sculthorpe, 1967; Lemon &
Posluszny, 1997; Ji, 2002).
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AN HBA AR, Frlel e o) F4 2 olEe
& T sed, wgold QAT gol waAxs} W
13 e)e] o)M= (idioblast) 7} £3] ekaic.
B @ 27 o4 oJFHEE S 4 e,
é%‘ézﬂ el e M2 e 284S 2] s ek 23]
B4 B39 ofe] f9e) meEe AEA A

R G U N e R
483t} (Fahn, 1990; Lee, 1997; Glover & Martin, 2000;
ee, 2004). 254 4 B Aolrtele) 4 )
ZAlJ A= 2L (trichomes) 52| o]&AM =7} =+ ﬂl%s}u%
(J & Kim, 2002), o|& B8 A #4843 A=
Fz=2 FA= 3 gloh(Croxdade, 1979; Andrew, 1990; Oli-
ver, 1993; J & Kim, 2002).

Qolrkle gAAEe] F24 54 F7)4we] Ay
703 (crozier formation)2 A s1A] U= 4 AlE=, n}
H (node)el] sl= 3 A4e] Hof(axillary buds) 258 H
Asl= 918 At} (Croxdale, 1978; Lemon & Posluszny,
1997; Ji & Kim, 2002). AHEe] ¢]x]3F Hol= bl ys}= 27
°l Heooz wtsle] B o i, s} $]X]5 Ao}
B & A7E A o8 Fue] Aoz it
%E?ﬂ*— Aolzkle] A F FH32 A7 Fol =&HE
2 g 2 3 Vlee pstEs sy, B

71“—31 Z2A ARzt e el 7%
=31} (Lemon & Poduszny, 1997; Ji
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FEE Fopell Al HAE el AFE 3 glet(Julien & Bourne,
1986; Room, 1988, 1990; Sen & Mondal, 1990; Gupta & Devi,
1992; Goncz & Sencic, 1994; Gardner & Al-Hamdani, 1997;
Barreto et al., 2000; Coelho et a., 2000; Petrucio & Esteves,
2000; Maine et al., 2001; Madeira et al., 2003; Coeho et al.,
2005; Van der Heide, 2006). A o] 712 &3] %A e dsl=
4 f32 mgol dsiME Aok ol e F2E3}
AFollA S natans o] =gl w3k JHEH Q] AR o] o] F
o]A glou}h(J & Kim, 2002), -3pibdel] wh F7ke] Afe]
g FelF2A ATl daliMe AAT] o]FelA A &
o olel] B AFelM= vl A WAEE 252 Ao
7}l (Salvinia natans, S molesta) 2-§-9 &3] 23 o) ws}
T 2489 23} ofAF dddAe] w2 N Z5FelA 9
T24 54L& FA E ERHAEn Aoz Afstaat &)

Ak,

=

Mgl W=

2 Aol AgE Aolrte 25 A
2] &%= (Upo Wetland)el] R-g-31= AlE=2 2007 64~
2007 9ol AA e Hedo] MF =] Aol AHE-
et B3} 27|94 2] o] (S natans: 20x5.0mm, S
molesta: 5.0 x 10 mm, = x Z o])el| A BE] Al<3t <) (S na-
tans: 8.0x 13 mm, S molesta: 12 x 20 mm)e¢l] o] 27]|7}%x] 2]
A&z2)e] Fohr9] (median section)ol A rkE 24&
tissue sampling 313}, A& Yol g w9 xS
23 22 A S AA b E AgEA

P32 A

FAA R o2 d7E EHPES WA "
3 44 oz Absnt Z7e) A AAY 2h
4 d8=x2S 3% glutaraldehyde g9 o 2 A1-2-0j|A] 3A]7F
A4 A7l &, 0.1 M phosphate buffer (pH 6.8~7.2)= 15
4 33 W AlA A (Lee & Kim, 2006). o5 tHA]
2% osmium tetroxide (0sO,) & 4°CollA] 2~12A]7F
ste] 54 buffer g4 o=z o] 1584 33] AH3ct. 2
AE Algx 10~100%¢)] o]2% graded acetone series=
747t 15% Aoz ehde A% F 4CHM A n
3tk o] F o]E A=F liquid COell 93 dAZ=
(critical point drying) ZH4& #x 71xA1Z] % ion sputtero]]
Al eF 10nme) HH.:'.J]EL__E_ H)stelc). W Zg)ute o8]
A2 37| x=Hed T»H—r/ﬂlEi A2 Hitachi S-4200
SEM e 2 15kVef A /H,E] o] % image data= Artix
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Scan 4500t Microtekel] 2]s] scan %! digitalization = o]
image processinge A# ¥l A7k

sapiAde) g os 79 ARES 919 PEs 5
d3st 3% glutaraldehyde £-ol] 2J3t 1z H1uA 2 2%
0sO,¢l 2]3t 22} 314, 78|31 acetone seriese]] 2]3+ &
SHAE AR 2 22" A8 acetoned} resine]
Ak vgR g Eggdez 77k 17k rotator 4¢
oA Helsiglet. ol % 100% resin g9 o2 1~2417H4 3
3] utE % 3kslgiv). o)) resin low-viscosity resin ) =
o wie} £, £4 resnez 33 wAH F A8E
< zuEe] 65°Col|A] 48A)17F 2873} A7 = resin block
o= A== e

Reichert Ultracut S microtome Atoll A ¢F 0.5~1.0 um<]
Zubds-e whEo] 0.1% Toluidine Blue 802 A3}
% Zeiss F33n| 4oz xubdH O] tissue sectiong A}
&ledo}. o] % Ultracut S microtome 2! diamond knifez 60~
90nme] gk ZHPHAS Al Fsle] formvar IS 413l
100-mesh copper grid2. &7 $82-5 A A A F k. TEM A=}
w7 JEA] Alzd AL AAEEE Eo]7] 93
uranyl acetate ¢} lead citrate2 Zz}7} 35~40% E<t o)==
ARG A E AD zabERe Yzt T o
FAE AA) Hitachi H-7100 TEM o2 & 38} 0}

.
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1. Salvinia natans trichome type

Aol7el (Salvinia)= 2]zt FAHA ohe S48 A
Az 3 Ao dAshs P 7hea 24 Aled A
Goz oFeld gk o|F Haed Avzale] WAF:
2gEe Zul (mid-vein)g 7|Fo=2 VA oz wd=n
Qxle] ool oF 20~259% JrERAH o g wjdEe] gl
w280 WA S 94 (leaf apex)oll A= 18~25=2] 7=
2, 944 (leaf base)oll A= oF 40~60x=9] Y& =g o]F
o Abelshl W= At (Fig. 1). A% E3) 27 25}27)0)
= w2 gog uhddl 7| 2my)A| E (ordinary epidermal cells)
Tol st =9 9z B3] Agsigon], 439
NEEIE E3] oF 200~290 umse) 8~107H S ZA w
gos wisg Bee FHE AEES e
wjdsle] whgsly 4704 Felx]e] Fh)e) DM A (trichome
it g ol Fgich el 7 mgEe] FARet Az
F=A g1 EHe] 9l ‘knucklecrane FAlo =z wig
slodeh(Fig. 2). #327] o|F 4w mgAZ ) HlEo)
£ o, vEese)el A, FAA Fol AWaA wde)
(Fig. 3), #3572 AYHuA 2oz A% $3st

o Addzz =Hu Hxg4e e 2R A2
a7)9Ee Az Rz Wehd oS 3¢ J4ss
(Fig. 4). 77| R8MZ2E> AT Zz2HE 24 743}
gom ©r9|A (trichome unit)S o] & R&A|Z2] 7|# 5]
oAM= WM EZF WElA] ookt 714590 ReAEE
2 ¢ 30~45%x 90~ 110um(Z o] x Z)e| njwd Z M E=
ool glort Ayl 24w wEAEES AR
o}x <k 20~35x60~70um =72 =45 3]} (Fig. 5). =
LAz mHE= wAMd YAA E7]E(granular protu-
berance) o] x| 3s}7 Ex3s}%c}(Fig. 6).

2. Salvinia molesta

Ao zx] R4ELS S natansol| M9} o] FHA oz W
e EAE Helu, mgo] of A3 v ) 4
Tx2 et (Fig. 7). =820 w2 F9 F919 W
B Abwmol| A e A)ztsled g4l (leaf margin) 3¢ = %13)
Hoh 53], 2719 A2 oA 7P 2 dot
28 A e] ATl b A e 1917F Hsick

3lzr) mv)zde) el RellA: mgow WY 7|
rasHzEe g AN 2719 21YdE P4
shelch(Fig. 8). o5 Az A4 wdale] 6~87e) oA
4 A2 i), $9¢ vp ok 400~600um =17]
o) 8~107) Az= FAH w40z w1 (Fig. 9). 7
Alzo] 2HRelE= BnEgow IPAsted baloon FAE
SR} (Fig. 10). o] 91412 94T ma)x4] 390
T A2 AT ) o] REAEEC] TR on, 2~4
N mgAEe) ARS7E g3 AlRelsio (Fig. 11).
%%01 e Adrele) Az As $551 5~6
N 7183 Az wdssich AR 59 5 i
HE Mhe] BEAEEL oA F o= §375 ] "egg-beater’
Fel2 dslr] Alztelgdet. ofw 71A %919 VEwIE
ks $dstel 4 o) chlEA WAEs #3te
). o]5 WA ZEL muxx =9 9= oF 300~600um
E280] oY e ofF MEEEL A\A5dr}. Egg-beater
& o AR $9W w4 % shde) YA TES 23
27] ¢k 0.9~1.2mm =72 A Asle] B3 Fx
skelt} (Fig. 12).
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o] B854 E71e A EAE s, 2709 2isid 1
7Ne] FH4ge] mir]e] -£-A)3}(Croxdale, 1978; Lemon &
Posluszny, 1997; Ji, 2002). ¢3¢} ZHe|:= S<elozw 3
F 7t mge) FETaE] VI, s iy
Aol xRl vlay FAH oz widd ®ge] WA
o} shv) 2ol = mgo] Wksht Avlmgshs BE &
Yoz AT BAYel BT LT Ak 5ol
sl A o8 2z s AEEe )
pelo] Pl s Fi, o] 5] mI|xAd® Hergo] Y
A gk} (Lemon & Posluszny, 1997; Kim & Ji, 2002). o] & o]
9 w24 o w zol 23] Ze] YAHA ghed,
ol A ol 8-S FH5A] o wh2A] wjEA|FA ok
sl 4442 mal e dubdes ehbs 54l
o} (Sculthorpe, 1967; Choi, 1985).

Aozt el e FAAES FFANAM L ATES
M7 f8 el Aed 722 AEAE LTI A
2] SAAEES S I3 ol WA= el:
B A7 ol =3he vle] Zrae) vhaudt Aef s
MNAsL7] $13ke]tt (Lee, 2004). o] 2 <l J&x2L A}
9 iz o waehA g hamalst Axtee
g B7|zA o] el ok Aelrt el At B5-9
ArgelE 714 2 Frlzge] 2 G4 Ye(d
2002; Kim & Ji, 2002). 0|2 &t E7| 24 QAo 257
wr 2 odgebyel we dau dubdes SRl
Ffrdell = 3ty el 7]Ale] =A| st (Sculthorpe,
1967; Choi, 1985; Fahn, 1990). A o] 7}l B-g-3el| A= 3}
Fell 2 71AEe] HAFE SEH (J, 2002), o] AE
A7F &S00l W7l fs o g2 2EE 7] 5 He=

e
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4 Al g (Kim & J
2002) £ W& Wifslel Yot w4 AR 248
FFre] FrE TN AEAE
X =33} (Jung, 1992; Lee,
28 AEAE G4 Aokl As, Pad
o) 4s) 9 stolzAe] sk 2ge] Fg2A o B
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S <
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Fub Aol A% 37 ABA) 27 D Fel Aol
7 slel 4% Bfol AYT Felz Aol B4 YA

Aw)mg Bspitde)] gle] S natans:= ERIEe] oAl=
A REA|EZE | p}x\d gAloz FRA] wlde I 4
F+ ‘knuckle-crane e S o] F1} AR
AP
‘egg-bester’ ez, chH A wgAEES) AR} §
o] 414 shiel w9l olwe] 2A AR WHEE
2ol 3 A=l (Andrews, 1990; Oliver, 1993; White & Tur-
ner, 1995; Lemon & Posluszny, 1997). |83t Au| w89 =
53 Fulsh Do) o F 239) ¥i4 shulaAels Bew
§50] Bopoz WY gl 2 B EELS A1AT
o] a}z»} ARl A4 2190 2AdstEn )y

| S 439 Fol A7} 235 G

A rehzrlele 0% AT
= 3 Jm AL el A
A e A4S
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RG7)56 Bzxal
o} zro] Aol7fef - 3
1 Tz, J83 A= LH ulA 24 54
EA7E Bflss aRHe = z
E71z22 2 A vl$ Fo3 4TS = Aoz F

gl
=3 gl

d

ol N >

o

to 2

Andrew SB: Ferns of Queens Land. Queens land department of
primary industries, pp. 305-306, 1990.

Barreto R, Charudattan R, Pomella A, Hanada R: Biological control
of neotropical agquatic weeds with fungi. Crop Protection 19 :
697-703, 2000.

Choi HG: Monograph of vascular hydrophytes in Korea. MS The-
sis, Seoul University, pp. 1-9, 1985.

Coelho FF, Lopes FS, Sperber CF: Density-dependent morphologi-
cal plasticity in Salvinia auriculata Aublet. Aquat Bot 66 : 273-
280, 2000.

Coelho FF, Lopes FS, Sperber CF: Persistence strategy of Salvinia
auriculata Aublet in temporary ponds of Southern Pantanal.
Brasil Aquat Bot 81 : 343-352, 2005.

Croxdale JG: Salvinia leaves. |. Origin and early differentiation of
floating and submerged leaves. Can JBot 56 : 1982-1991, 1978.

Croxdale JG: Salvinia leaves. I1. Morphogenesis of the floating
leaf. Can JBot 57 : 1951-1959, 1979.

Fahn A: Plant Anatomy. 4th ed. Pergamon Press, Oxford, pp. 57-



S0 AR & KimIS: Development of the Trichomesin Salvinia Species 121

74, 1990.

Gardner JL, Al-Hamdani SH: Interactive effects of aluminum and
humic substances on Salvinia. J Aquat Plant Manage 35 : 30-
34, 1997.

Glover BJ, Martin C: Specification of epidermal cell morphology.
In: Hallahan DL, Gray JC, Callow JA, eds, Advancesin Botani-
cal Research, pp. 193-218, Academic Press, San Diego, 2000.

Goncz AM, Sencic L: Metolachlor and 2,4-dichlorophenoxy acetic
acid sengitivity of Salvinia natans. Bull Environ Contamin Toxi-
col 53: 852-855, 1994.

Gupta M, Devi S: Cadmium sensitivity inducing structural res-
ponses in Salvinia molesta Mitchell. Bull Contamin Toxicol 49
1 436-443, 1992.

Ji SY: Structural differntiation of heterophylly in Salvinia natans
(L.) ALL. MSThesis. Keimyung University, pp. 1-20, 2002.
Julien MH, Bourne AS: Compensatory branching and changes in
nitrogen content in the aquatic weed Salvinia molesta in response

to disbudding. Oecologia 70 : 250-257, 1986.

Jung J: Plant Morphology. Hyungseol Publishing, Seoul, pp. 182-
235, 1992.

Kim IS, Ji SY: Structura features of various trichomes developed
in Salvinia natans. Kor J Electron Microsc 32 : 319-327, 2002.

Ko KS, Jeon ES: Fern-allies and seed-bearing plants of Korea. Iljin-
sa, Seoul, pp. 17-18, 70, 2005.

Lee KB: Plant Morphology. Life Science, Seoul, pp. 167-168,
2004.

Lee S, Kim IS: Structural features of various trichomes in Vitex
negundo during development. Kor J Electron Microsc 36 : 35
45, 2006.

Lee ST, Lee YS: Modern Systematic Botany. Woosung Publishing,
Seoul, pp. 227-230, 245-246, 1991.

Lee YS: Plant Morphology. Woosung Publishing, Seoul, pp. 194-
198, 1997.

Lemon GD, Posluszny U: Shoot morphology and organogenesis of
the aguatic floating fern Salvinia molesta. D.S. Mitchell, exam-
ined with the aid of laser scanning confocal microscopy. Intl J
Plant Sci 158 : 693-703, 1997.

Madeira PT, Jacono CC, Tipping P, Van TK, Center TD: A genetic
survey of Salvinia minima in the southern United States. Aquat
Bot 76 : 127-139, 2003.

Maine MA, Duarte MV, Sune NL: Cadmium uptake by floating
macrophytes. Water Res 35 : 2629-2634, 2001.

Oliver JD: A review of the biology of giant Salvinia (Salvinia moles-
ta Mitchell). JAquat Plant Manage 31 : 227-231, 1993.

Petrucio MM, Esteves FA: Influence of photoperiod on the uptake
of nitrogen and phosphorus in the water by Eichhornia crassipes
and Salvinia auriculata. Revista Brasileira de Biologia 60 : 373
-379, 2000.

Room PM: Effects of temperature, nutrients and a beetle on branch
architecture of the floating weed Salvinia molesta and simula-
tions of biological control. JEcol 76 : 826-848, 1988.

Room PM: Ecology of a simple plant-herbivore system: biological
control of Salvinia. Trends Ecol 5: 74-79, 1990.

Sculthorpe CD: The Biology of Aquatic Vascular Plant. Edward
Arnold Ltd, pp. 176-204, 1967.

Sen AK, Mondal NG: Removal and uptake of copper (I1) by Sal-
vinia natans from waste water. Wat Air Soil Poll 49 : 1-6, 1990.

Van der Heide T, Roijackers RMM, van Nes EH, Peeters ETHM:
A simple equation for describing the temperature dependent
growth of free-floating macrophytes. Aquat Bot 84 : 171-175,
2006.

White RA, Turner MD: Anatomy and development of the fern spo-
rophyte. Bot Rev 61 : 281-305, 1995.

A7 2%Fe] Aok i AulEAel Wdshs g
o o S HeRIS S natanse] 282
Al ofdell dAsl 20~259 2 WEe. Zbhe] dellE 8~
107} M=z 745 200~290um Z712] 3 A ESe] A
oz wjdEnt o]5 =g A7t Bof shte] DAE o)
Agt Ashe)7h g3 ok ‘knuckle-crane’ e = Rkat
o} "1, S molestadl| A= 553 f39 mgo= EII ¥
7] Hfdd AvAeM mgEe] E71¥Hz 2 8
1071 9] 153 Al EE°] 400~600ume= 414 F o5
4707} shte] =9lE ol olE =SIAY 4 B85e] A
S7F &3=o] ‘egy-beater Fejz rslr] AJRpRiH. of
300~ 600ume] chA| £A] WA EEo] 28 7] A 5-9]el| A
W 2 AdAete E230 A5 ‘egy-beater’ o] =
0.6~1.2mm= W3l ‘knuckle-crane’ 3efjol] B]sl 3~4u]
Al A A" Aokl 2% 2eME W dxe B3t
e AMEgHe] 53] dFE AAsht E3F7lel= Al EEx
o] A2 2A| 3t AlEAe] Weg vg B e 54
veRic). o] g} Zre] Aelrlel & AEAY 28] 724 54
Aol7kl7t el A Hfi7ls2 sk | 9o 9824
1A A vl Fo 982 sk He= FAH

oIk

r_{

e
!

oz
3
o T 4 e oo

op

;

]

N

4

K = rlo o



122 Korean J. Microscopy Vol. 38, No. 2, 2008

FIGURE LEGENDS

Figures. 1-6: Salvinia natans

Fig. 1. 20-25 rows of trichomes(arrows) in the upper epidermis. M, Mid-vein.

Fig. 2. Four trichomes forming atrichome unit in the ‘knuckle-crane’ type.

Fig. 3. Dense cytoplasm during early trichome development. N: Nucleus, V: Vacuole. Bar=4.0um.

Fig. 4. Developing trichome with thin cytoplasm. Note the large central vacuole(V). Bar=4.0um.

Fig. 5. Closeup of two trichomes(T) in the upper epidermis. Multicellular trichomes composed of 8~ 10 cells in the background.
Fig. 6. Closeup of the trichome surface (arrows: granules on the surface).

Figures. 7-12: Salvinia molesta

Fig. 7. Upper epidermis with numerous trichomes in various stages of development (1: immature trichomes, 2: developing trichomes, 3: mature
trichomes).

Fig. 8. Trichomes initiating development indicate cells protruding from the surface (arrows: initiating trichomes).

Fig. 9. Trichomesin the multicellular stage (arrow: atrichome undergoing cell division).

Fig. 10. Two trichomes contacting at the base (arrow).

Fig. 11. Fusion of two arches from two branches ().

Fig. 12. Development of the egg-beater type trichomes. S, Stalk cell (1: two arches fused at the apex with very short stalk cells, 2: three arches
fused at the apex with developing stalk cells, 3: four arches fused, in the egg-beater type, with elongated stalk cells).
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