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Morphological Responses of Korean Native Plant Hosta longipes
to Heavy Metals Cd, Pb, and Zn
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Abstract

The aim of this study was to examine the morphological responses of Hosta longipes, an ornamental plants for heavy metal
contaminated soils in urban landscaping, to heavy metals Cd, Pb, and Zn. Plants were grown in artificial soil amended with
Cd, Pb, and Zn at concentation of 0, 100, 250, and 500 mg/kg. Plant height, leaf length, leaf width, total leaf number, deaf leaf
number, new leaf number, chlorophyll contents, and ornamental value were monitored from May to August. At 4 months after
planting, the survival and morphological responses of H. longipes grown in soil amended with Cd at concentrations = 100
mg/kg were severely affected compared to those grown in the control soil. Relative leaf length rate and relative leaf width rate
were significantly decreased when the concentration of Pb was increased. Total leaf number, chlorophyll contents, and
ornamental value were the lowest value in plants grown in soil amended with Pb at level of 500 mg/kg. Relative leaf length
rate and relative leaf width rate, total leaf number, dead leaf number, new leaf number, and ornamental values had a tendency
of decrease when plants were grown in soils amended with Zn. However, no significant difference was found among
treatments except for plants were grown in soils amended with 500 mg/kg Zn. Therefore, Hosta longipes might be useful for
phytoremediation of Zn contaminated sites as herbaceous ornamental plants.
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ZAFEHA] ARSI R ERE QR TEe ' Q1A
31 QIKLiu et al., 2008). o]of| Z2o] o}SThe- Bl
(Iris lactea var. chinensis (Fisch.) Koidz.)1} %%t
(Lyfhmm salicaria L)} Z-& WA =S S55 A
A 42032 Brie|al itk (Han et al., 2007; Uveges et
al,, 2002) m} opel ol ZERS(Elsholtzia
splendens Nakai), ‘=3 3E(Iris pseudacorus L.),
ZBE(Acorus calamus L.), AleRg(Pelargonium hortorum
Bailey), BI|3)(Saxifiaga stolonifera Meerb), 713}k
(Tagetes patula L.) 5 F3 AEASY |48 AER F
EHhy1 Q) Ovf(Caldelas et al., 2012; Daniela et al.,
2012; Ju and Yoon, 2010; Lee and Kim, 2011; Sun
etal., 2011), =2 UR|A 50| A= Ao Aot &
3], Hiehnlit7]2|9] S Foll= ©1%(Zn), H(Pb),
2)(Cu), YZNI), 7I=5(Cd) 5] =755 23t
Ao YERKOh, 2013), 35 714 Wf 25 AN
‘dol = A=} S EQdo] tiRh 7]A] i e
2] Tt Alge) A4 W B4k} 7R
H|H|3(Hosta longipes (Franch. & Sav.) Matsum.)

£ Q2 Vi s o g 2 53 0
=, U S} 22 Foprlofe] Lrie} odrh el £

:TELE](Grenfell 1996). HH]Z=
Aofrte 2 Afefm, "4%‘—?3
1 A e XuRER 17|17} v =tiZhang et al.,
2011). B AEA W 55 SA ES U S5
AAARES AhrE XA Lol A=(Ju and Yoon, 2013),
AER AAFESE X517k ZA1E(TF,; transportion
factor)i= Z4| 80% odo] AsHioA FAslk= 2o
2 Uehgon], Bl AEAl=e] S2E(BF; bica
-ccumulation) o] =0} AEI |8 AlE2A] AAE
s} oIk S HHlRE EA ) AjmjalEa AR

2 ), S SR0 5] T A7l 8 ojeh
W7IAIeE Aebdo] Qs AVFH-O] FefA] He-2 A
2 807} olekn ek, ofo] 3 Q7 3714 F4(}
S, g ol ] Aol whe A o] e
Q1 RESS BARTe =M, A W AlEdelr a8 o
PR AR ol sl

u}_*l~ = xl/\}.;ol-
E50| AElof glof 27

o,

A% 12 cms}e] ulRE SolH 720 5 17)
BRE e 2300] A8 A ek 4
BHLE 22.0+4.0°C, BAGEs
LH Bt B% 150 ~200 pmol - m” -
510] 500 mi#) 28] AAJs)ck
Fa4r0] S A HAIAIE QI8 o) S}
SV SJ+=(Lin et al., 2014), G(Pb)Z} o}4(Zn), 1
o7 AFER(C) 02 ASIGI) FH S 2R
Ut ofde] gt i Fa< :‘@‘“/k(MImSﬁ‘y of
Environment, 2009)3} 71& A19] S5 52425
71&S 2(Anthony et al., 2006), 0, 100, 250, 500
mg/kg(©]3}; Control, 100, 250, 500)2 2|5}t o]
A FFEIET, S A 3 121 e
241k
g?}?—»: 712 300 mm x A= 200 mm x 0] 250
mm&| Ze]ol =l O] 7} ¢l 8715 A Al
Apsjoiek. ol ek ] Sl ol ojaf ofRa
FEle S WP SRt 2A, AZe) A v
A& 13f|, Helo]E(PARASO, Samson Inc., Korea)
2o} ol ¥HlEHE (Sunshine Mix #1, SunGro Horticulture,
Canada)A B8-S Z17F 50% : 50%E AoA] ALESHA
o} 7} 2 25 1 brd E uigteEel (lshA &3t
]_ ZOIZ_]_ ]-‘_oﬂ/a] o}z%g]_/\]?ﬂr,} 71— Al?;]:[LBﬂE
1089 BlulE Atel, 3o 04l e =
(bed) 9Io] 2] w519k
uule] e WSS Awns] Sid, A4S
(active growth period)Q] 5EHE 8971A] °F 371 5
oF %Hleaf length), = (leaf width), Z4(total
leaf number), Y<943(dead leaf number), A1 (new
leaf number), E43FH chlorophyll contents), T4
7}*](ornamental value) 52 171 71202 HU¥E

Yk BlB|S= A s EAJA) Qo] Bl #

L WaZ7|ollA 5] wlol(Chung and Chung,
1988), 7|5 3313t =7 (plant height) thAl F=(leaf
fength) & 445573 GR02 el ol ke
Z7190] Zo|E, gEL 7 Qo] E =X 3lo] WGk
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72 A5 dEaglEke 7F AEEe 2] Ao
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Table 1. Total leaf number, dead leaf number, new leaf number, chlorophyll contents, and ornamental value of Hosta longipes

grown in artificial soil amended with cadmium

Treatment Total leaf no. Dead leaf no. New leaf no. Chlg;ilgli:ﬁl llt)e nts Orn(elr-nsergjzldxe/;tlue
Control” 9.5a" 0.0a 12a 47a 50a
Cdioo - - - - -
Cdaso - - - - -
Cdsoo - - - -

“ Application concentration of cadmium. Control : cadmium 0 mg and artificial soil 1 kg, Cdjoo : cadmium 100 mg and artificial soil
1 kg, Cdaso : cadmium 250 mg and artificial soil 1 kg, Cdseo : cadmium 500 mg and artificial soil 1 kg.
¥ Different letters within colums indicate significant differences by the LSD test at p = 0.05.

RuE ol S5 AN 4 FoHE GEAZA
7](SPAD-502 Konica Minolata Sensing, Inc., Japan)
L o] 83}o] 2704 SHRE 2A8) T H77ES Witk
J&*Jﬂxl% QA o7 Hol= ASHIE 7Iee =2 1-5
A AAYR H7BI9tHNagase and Dunnett, 2010).
2B A1), 50% ofske] EH2A), 50% FAIGH),
50%04F AkE(47), 9HA AkE(5H) 08 ZaA|5)se]
TS Wik 53], o] o] Wets 1] o)
e 24w A gEo A}EHAHXLE(B/A x 100, A :
27) 7 R 2o 71 B - dl A1719] 2+ gt ¢
%)E AL oM(Song et al., 2010), A=A el =71
skt A Al A5 W

73 '52) 25 2744kl theh 574 2412 SPSS Ver.
20.0(SPSS Inc., USA)E o83} p < 0.05 G2

o|A] Duncan’s multiple range test(DMRT)Z H47t
Qoo A=sloir)

3. Zut & 1

3.1, FI=EE(Cd)s=Xz2l0l| e HlH|Fe| HEfX Hat
64 71 =5 w A2jof w2 A 50 st
£-2 Control, Cdj, Cdzso, Cdsoo AT 242} 26%,
13%, 10%, 11%2 Heletr} =0 7hasie #AF
S & 5 A3k SA|9L 7€ ER= Control & A2}l

= TAEle] 24o] B3Itk Fig. 1). 294, A9
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Fig. 1. Changes in relative leaf length (a), relative leaf width (b) of Hosta longipes grown in artificial soil amended with
cadmium during 4 months. Control : cadmium 0 mg and artificial soil 1 kg, Cdjg : cadmium 100 mg and artificial
soil 1 kg, Cdaso : cadmium 250 mg and artificial soil 1 kg, Cdsg : cadmium 500 mg and artificial soil 1 kg. Vertical

bars indicated standard errors (n = 30).
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T 9, G, W7 S0 el G
3 @ze] Aruisheat 20 @AHS BTk Table 1),
ofgfet Aih= 7H=(Cd) Aekser ool wet B
Bl A1 U] %7 9 Eofozo] ofsize} kol
7] WZofl(Ju and Yoon, 2013), H[H|5~ Fef4] Halo
A GRS mixl Aoz s olof Hlsh ¥t
AE0l FRKSKCalendula officinalisy= 71=% 100
mg/kg A2l At A A= dHg(phytotoxicity)
HES- qlo] o] 7hsdl 7H=m LHA Aol 2gdst
T2 AN EAL glof(Liu et al., 2008), o] TE
Ao|7} QZ& & 4= Qlrk

7o W FeoA e B/do] Adstar AEA| =
ZZo] golgt &0 7 AdHA Itk Shelmerdine et
al., 2009). Fe|uUolM= 7H=w BEYATH7 0]
AR 4 mgkg, ARAS 10 mgkg, APAL 60
mg/kg= 17438121 (Ministry of Environment, 2009) 3}
o & AYE o3t 7S 2l s A8
e, 7F=s 100 mg/kg oJ5e] sieoflA] Fej2 vt
8- AsA hefsl] ofetglct. S o]} vhe 5
=5 AlUsHA 289k eM, & B AEA] oY
$2 AR Wat ek e,

2o
L o

3.2. H(Pb) SEA2A0) T HluI%e] HEE wst
o] S]] T gae] AARES th
Alefek mjx] X2 rbe] Feigk xjolg Hol7] of

SH

eIk

ok

o1, 7¥€oll= Control, Pbigo, Pbaso, Pbspy A 2|7}
Y7} 26%, 24%, 20%, 13% =2 Fo] Al 57} =2
5 s ddo] Blad] SEigick 350 A d
E% G vEZIR]Z Control > Pbig > Pbaso >
Pbsoy =02 728181 53], H35-2 Pbsoooll A= 4
hAAE-L 2%, Controlo] 20%21d] HI8) oF 1/102
PAEIICFig. 2). 234 Aelsisl $208 Ag
3)(Echinochloa crus-galli var. frumentacea) = A1=2
Aol/ddo] SdsH sz Zlom Harsar gk
(Lee and Bae, 2014). &k 02 A1E3]2] AL 2
oAl 91 2.9, 712, FepBL el AE 2] of3)
U=, @ Jx]o|A] AEA|9] AR A= B2
) oS Wk, Eatol AEgo] )
1 A As}HaL JtiSamecka et al., 2009).

BRI} At Aeksier) ol de-g 7el
ow 53], TH4== ControlofA] 12.27}, Pbsoo A 2}-
ol 547} oF 20 A=) Aols: mr. telael A
e AR AR @S BooH, 24231 Zjol7}
88, BAM FoIAS ek FEAFIEE Control,
Pbigo, Pbaso, Pbsoo A2]77} ZF2F48.0, 47.0, 46.1, 34.1
SPAD unit2, ‘& A7} 2= aopio] vl
2 F5lsiglon, 53], Pbs A2ltolld Svke &
4= Ak W= Pbsos AlLJekal, thtet of
S Aol A AolE HolX| gQItKTable 2).
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Fig. 2. Changes in relative leaf length (a), relative leaf width (b) of Hosta longipes grown in artificial soil amended with
lead during 4 months. Control : lead 0 mg and artificial soil 1 kg, Pbioo : lead 100 mg and artificial soil 1 kg, Pbaso :
lead 250 mg and artificial soil 1 kg, Pbsy : lead 500 mg and artificial soil 1 kg. Vertical bars indicated standard

errors (n = 30).
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Table 2. Total leaf number, dead leaf number, new leaf number, chlorophyll contents, and ornamental value of Hosta longipes

grown in artificial soil amended with lead

Treatment Total leaf no. Dead leaf no. New leaf no. Chlg;lzll})’li:ﬁl r:)e nts Orn(zir-nset;trzld\é;tlue
Control” 1222 0.0a l4a 48.0a 47a
Pbioo 11.7 ab 0.0a 12a 47.0 ab 45a
Pbaso 95b 0.0a 1.0a 46.1b 40a
Pbsoo 54c¢ 0.la 0.8a 34.1c¢ 1.8b

“ Application concentration of lead. Control : lead 0 mg and artificial soil 1 kg, Pbigo : lead 100 mg and artificial soil 1 kg, Pbaso :
lead 250 mg and artificial soil 1 kg, Pbsgo : lead 500 mg and artificial soil 1 kg.
¥ Different letters within colums indicate significant differences by the LSD test at p = 0.05.

SR, S THdEAge s YehlZ] wioll(Lee and
Bae, 2014), &t 7|20l ¥e] agt Aos Ak
O EoF ] BEHOT ZAfsto] AlBo] Sl o
A Bigjof] ol AR ofdfo] HA| o=
TEEOE T, FH|, EYIAL HIE, A= Fell
o} ol gk HQlti(Malecka et al., 2012). 9]
Uelels o B4 A--271Eo] All A9 200 mg/ke,
ARA|S 400 mg/kg, ABA|D 700 mg/kgol2tal &
(Ministry of Environment, 2009), H|H|S= A2 x| &7}
A AEA a8 WHAER A8l 7Isd er 2
=

TEHS oY SN AEY oliteleka 117
& e B9 Ae) Wk Fl7ol RS ol
(Clijsters and Van-Assche, 1985). £3], 37| 2(photo
-system II, PSTI) Qlollx] 3355 = 40| SAJ0]
Fao] sl Al W 5 glomd, 37 20) lsfet
Zo| dojuh= 9)7] T3 A8f WS 4= 9)t}(Janik et al.,
2010). E3k, Zn, Cd, Hg, Pb, Cu 59| 22450
NETHE ANTEZN ABLTEE LA
(Cunningham et al., 1995), 33 7|7-2] HQEZQ1 7]
59 TSR] W THe) £ IR g A
O 7 A& QJtiPrasad and Strzalka, 1999). AA|=,
SFolel 29719} e Aol 22} et Bujen e
o] Az agleke Ak 2 Auh 29A)9] ABH]
Sagiegol te Ao Uetor ozlo] Fa4 i
o w2 Afolekit Bs}I ofeik s9irkzabella
and Agnieszka, 2011). wEhA] S50 digt e 5

o

T T2 5 ol 1E]al A& ofE AEE 24
of what debd 4= Qlrk= S 7HE 4= a2 AR
Skl Qlof, EoIAe] AdFe] Hashhs A & 4=
ATt
3.3. Ol¢(zn) s=x2lofl M2 HlH|Fo| HElY Hat
ol FEA ol WE 74 vjH|Ee] QY AT E
2 Control, Znioo, Znaso, Znsoo AT} 282t 26%,
24%, 20%, 20%=, =7} =24 7AEQl o1} of
1 250 mg/kg ool 2 AlolE HolA] giorh 7}
E5E(Cd)2} H(Pb) A2 rel= g A7 = 47| 7
I Aol HERES] Zfol7t Q) , AR A=
ot 89 H= At gE-2 Control, Znyso A 2|7k
Z}7}+ 16%, 14% 2 tz2ol| HI8l| Znig A 257F2% H
=90tk W, Znseo AT 1%E, Znig HETe] H
3l oF 18ulj<] SRt TAAIE Hof(Fig. 3), tHE A
=] st 2ol S Bk
ULt A= o T = E AR oR
Fasl v, BAIARI Fod2 §ldit Y= 571
F= dA3ke Bolouh izt AEAeF fof4Ql Ajo]
E HolA| otk ¥hH, P54 Control, Znj,
Znaso, Znseo ATRoA ZFZF 47.0, 46.4, 38.8, 37.0
SPAD unit=, Controlo||A] 7F& =2 RS, Znseo°llA]
7P 2 RS BIth W= Znsoo A RS A
3}, Control, Znig, Znzso 2] 4 5138t 2jo| & 2
A7 )= olE YK Table 3). H[H]FO] AL w7}
2R AWIHES Aot Sk B, A a3

Al @3kem, Ao 739l Znsw A5 Alelst

ol U\l
o\
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f
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Fig. 3. Changes in relative leaf length (a), relative leaf width (b) of Hosta longipes grown in artificial soil amended with
zinc during 4 months. Control : zinc 0 mg and artificial soil 1 kg, Znjo : zinc 100 mg and artificial soil 1 kg, Zns :
zinc 250 mg and artificial soil 1 kg, Znsoo : zinc 500 mg and artificial soil 1 kg. Vertical bars indicated standard

errors (n =30).

al
R SR O R ATE W, 0] T foHR)
ALol5 Ho|X| IaL, II7IA] ERt Znseo A5 A
ofel, Al $op2] Ao} giglek. Ao 7}
K221 o}1 4] Hhgo] et SERISHE 100~
300 mg/kg 2}al & wj(Malecka et al., 2012), H|H]S=
o= Ylgo] & A0 AT

of¢de] gk vjH|F=9] oA ASHEo] FH=sEo L
ol Hlgl g3t olfi= oflo] Y-S HEana
RNA FHic, 58 34, A2 Agoeme) g

X Bt PR B QPO R T o] SFAOR 27

oL

U2 &% Au}2 ®H2ltiClemens, 2006). $HH, o}
< RUHHSIL AlASH: o] AHEe] B SEEe
2, i3t ol AlEolA| WSk, HobA| ¢, A
A, G H GHA O s, el NS A, B
Aall, SAaa0] 757, Yt o el Al
ol Sk o] =dRkeE Y 4= 9ltkDeng et
al., 2006; Dhir et al., 2008). Uzt 4= o} E9F
2Ge7IEe]l AAS 300 mgke, 24 600
mg/kg, A3A|S 2,000 mg/kgo|2tal & wj(Ministry of
Environment, 2009), ARA|G7R| AE4s <=8 B
AER BH|IEE A8 4= Qlo]et wekEr

Table 3. Total leaf number, dead leaf number, new leaf number, chlorophyll contents, and ornamental value of Hosta longipes

grown in artificial soil amended with zinc

hlorophyll contents rnamental value
Treatment Total leaf no. Dead leaf no. New leaf no. ¢ 0( SIE) A}]/) u:it) © (1-5 grade) "
Control” 11.1a" 0.0a 12a 470a 48a
Znj00 9.7a 0.0a l.la 46.4 a 42a
Znyso 95a 0.0a 05a 38.8b 42a
Znsop 95a 0.1a 0.1a 37.0c¢ 39b

“ Application concentration of zinc. Control : zinc 0 mg and artificial soil 1 kg, Znioo : zinc 100 mg and artificial soil 1 kg, Znaso :
zinc 250 mg and artificial soil 1 kg, Znso : zinc 500 mg and artificial soil 1 kg.
¥ Different letters within colums indicate significant differences by the LSD test at p = 0.05.
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ofl mHE Y vlule] Fehaol WetS Amnw, A%
5l BAPERAL]) ABAS 3ol 55
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URE|= Control & A|@]s}aL, A2} el Wl 4]
213t kS Tk o A AtollA] vHE=o] gt
5‘—9—] /\1'11]-]/\47422 Control > Pbigo > Pbasy > Pbsgy <=
02 7HAsigl o, 3], PhsollX S8, 54,
P71 o T2 A} 1 W h Witk
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AE T A I8 4540 KA 5
2 A et 225 AR o Znso HEHE

AlelstaL, the Aeattell SAF frebde figich ut
b, H]H]F o} 500 mg/kg ©]aHe] FEol|A] el
2] W} Bl o] AR e = R, ok 500
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