Investigations on the antifungal substances of
carnivorous plants and development of an agent

for plant disease control
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SUMMARY

To investigate the antifungal activity for phytopathogenic fungi and the
ability to induce the resistance of plants to diseases, candidate substances
were extracted crudely from several carnivorous plants including Nepenthes
spp., Dionaea spp., Pinguicula spp. and Drosera spp. Those activity and their
effects on the growth of plants were examined both in the greenhouse and
the laboratory. In addition, the application methods to result the best control
efficacy was investigated, too. Among the carnivorous plants, Nepenthes spp.
showed the strongest antifungal activity. From the crude sap of Nepenthes
ventricosa x maxima, a certain antifungal substance was purified and
identified by using GC—mass and HPLC. The substance was a 'plumbagin'
which was usually isolated from Plumbago spp. Plumbagin is already known
as an antifungal substance for human use. However, little work was done on
the application of this substance to agriculture. During the research, one of
the characteristics of plumbagin, volatility, caused some problems in the
application of it to the plants. This limitation should be solved prior to
develop biocontrol agent with plubagin. Many species of carnivorous plants
including Nepenthes spp. and Drosera spp. regenerated well in tissue culture
systems. Almost all parts of the plant could be regenerated if the
environment condition such as a medium, nutrient, and light are suitable for
them. In the growth test, stems and roots showed different responses to the
environment conditions in tissue culture systems. The plantlets from tissue

culture systems adapted quite well to the soil—culture system.
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HoAuHoR wol qeld qE L7
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2L ( Pinguicula vulgaris var.
F¥1 Q= 8 X2 (Dionaea sp.) 3 Y
A g 2 (Nepenthes ventricosa x maxima) (©] 18 1, ¥ 1)¢ A &4 ==
g 24 S A2YPEIA 719l Aol 2(F) 9] AT Edd St

A7} of AP A (L5 o W)L RE $F ol g

(Drosera rotundifolia) & RS
Al

macroceras.), 12|31 EQ1F 0 2 X

SR w2 7 o] A ] 2

Drosea rotundifolia Pinguicula vulgaris var. macroceras

o)A & ) 7l )

Dionaea sp. Nepenthes ventricosa X maxima

Y 1R APAN FE ST 4FHE,



Table 1. ¥ Aol A& A2 &=
Ankg ) &g T H = A
adelae opA kA -2
aliciae opA kA -2
binata of A st A
o]F+4 capensis of A s} A -2
Drosera filiformis (F)¥nto] @, oA st -4
nidiformis opAy s} -4
rotundifolia ofA st A
tokaiensis opAY s} -4
)= e muscipula—Red (F)dulo] o, oA} 4
Dionaea muscipula o} A 3} ol -2l
hy: O~
]Lj;iliz‘;es ventricosa (F)dnlo] o, ofA s} 44
W o) = NE=A 3
51;1332] [ ehlersae (F)ufo] o, ok s} 2]
B?mcc/?im'a SP: ohd st
1;ar]1'11gt0111'a californica opA kA -2
A ZA 5L A Aujsh Hash divir} HYES A FHsE] ARSI
w, o] FHA| ol 2HOo R W AFAHEL 2ALFEHEYS(-70C)3H
Basty o3 giuity AYFS Adle] vpdgt & gy 22 o w &
Ae gt ARgeitt. aeu AFAE T Darlingtoniaz AN Z7]0|
ol FZ3teo] T Al S oA XSSl
ATAE FEEY A4S 24T O gddozes B AP A
sto] R#stal v a1 @AW (Colletotrichum acutatum) ¥ 315 WAt

(Phytophthora spp.), o1& 2&E9] AU FFo|W < (Botrytis cinerea), T
=719V Wt (Cryphonectria parasitica) & 453 5EEH st5dnAE
A JAE (KACC)ol A Hwre 7+% 229 RASWH (Rhizoctonia solani

AG—1), A UYF AFAGAH T (Alternaria alternata), 2°] WaZ0HWH
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Table 2. ¥ AFte] AL&3 WA
313 7% I e

Colletotrichum dematium | 315~ A H ZE) A&
Phytophthora capsici aF oI ZE) A& o)d
Botrytis cinerea EntE | Adlasgoly| SR A& st
Cryphonectria parasitica | W5 | S7|vEH =2y 2 &9ty
Phytophthora nicotianae | EVFE | S KACC
Fusarium oxysporum o6 = PR

f. sp. niveum 2.0l dEAaR KACC
Rhizoctonia solani AG—1| & 2= KACC
Pyricularia grisea H =gd KACC

X

g A= ol (Drosera), "B Aol AN 3 (Pinguicula), 12|14
% (Dionaea), 3 H 2= (Nepenthes) & 2s2&9 &4 AL, 7], #4d)
2 30g¥ AF38ke] methanol 500 mlE H7Fsta homogenizer® Zrobr 244
A Eeh W F ARAE 22 Z2ur)E FHAYIE HHeR ofisgit
ol 40CoA  TAEF7](rotary  evaporator)®  EFHd 0T
dimethylsulfonate (DMSO) 8 mlE Yol F&3] Ao 1 F=NS Fed
o] o} Ao WEH ALREATH o] w Zol F AR g AL&EH,
A= pordF(autoclave)dte] AFESta, T OTE diE Aoy

(membrane filter, pore size 0.22 um)Z ]335t A&} T}
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3. AFHE 2FHRY I (in vitro N

grg AEHdagolsd BT dubAl g wi A (potato  dextrose
agar medium: PDA)IIA 2 Aehs AZoIYon® o]5E PDAY 710 *
Z52o] AL AAF AL, A oA A3t uwpe} o] FEd FZAS
1000ppmo] H %2 HA7}ste] PDAS A5 L 9ell A2 5 mm cork borer
= AN A %‘—«J& AR S &eFm 25T

N ~—

=
"
=

=

FE=o Fdade A F 3dAd 6dAol A=, AlREo] Aud
A FEE Fdade FEEHA FREAAT(E 2). S, AZte] A akei A
AsAE FEE AT ﬂﬂ?‘ﬂ] H)sle] #Eo Z7|7F Eas #grrh
a8y A% (Dionaea)¥  £3E0)1F24 (Drosera)> W A-{FHrkE
(Bipolaris oryzae)©l T34 Tk o]g Aw G2 RS W ygu o] oA
= T3 JgAagE Holx ottt HhHo| vAl v 2= (Nepenthes) St EE 3ol

AW 2 (Pinguicula) & Aol AHEE o 5 53 Ao, A5 SANEE, Q0]
Puzayd, Adludolldt ol ekl FHRE Alazts Hela A
(28 2). ol ®Hddol daid= A2 & 3dAY 64U w5 A7)
H apel7E glow, 3R = FA e FE v Este] v

fo oA SUT Aold el Aow wfol YaF 45

i

ol ATNH HENBO FFo WAL Fiel WA A aA} o
27 et Aol BaEgonE, WUt xg%oqzleﬂo] o 401»& 4%

ot A AFAEL Drosera spp. 8E(D. adelae, D. aliciae, D. binata, D.
apensis, D. filliformis, D. nidiformis, D. rotundifolia, D. tokaiensis)3}

Dinaea spp. 2%(D. muscipula—Red, D. muscipula)® Brocchinia sp.

Nepenthes ventricosa, Darlingtonia californica, Pinguicula ehlersae & 25
14 olew, =94 F5UY 2 3y AAS s F55 A o
oA At A} AT PDA viAlo] H71sk FE2E s dA] T

_ir
1,000 ppm oo™, PDA o A& 5 mme HAdW FAIZZAS HEsla 3
A3} 5UA ol T A7E A HAG A HE A4S



Cilay darea(mm

Phytophthora capsici

90.00

8000 [
7000

6000
50.00
40.00

30.00

20.00

1000

0.00

Control Dionaea Drosera Nepenthes pinguicula

Colletotrichum acutatum

50

Control Dionaea Drosera Nepenthes pinguicula

Ciaydaraa(rm

Fusarium oxysporum f.sp.

Control Dionaea Drosera Nepenthes pinguicula

Biopolaris oryzae

30.00

2500

2000

1500

1000

5.00

0.00

Control Dionaea Drosera Nepenthes pinguicula

AsdE FEE Aedde A% dAaHEIA, 644).



gy okgAE 2 AdelA AA
2

HS Holx yrt. AR AFAE FEEC 54 #Hddd dste I
S Hol7l& oyt 1 A9 E o] a7 AA = Foth dEE
A5 AsHH zbol7t iAWY, B Z7]dE Aol HRItal o E A
T 5do] AU iz mlaste] ot ApolE HolA| skl shA|w
ol 5= gy Y XL DM-11 (Dionaea muscipula—Red)™ DM—15
(D. muscipula), 1213 WA YA N-9 (Nepenthes ventricosa) 5 A &=

& Colletotrichum dematiums A L3 hFEEo A EW Aol thsle] AT
AL ARG AAE S Hola glof AEA WAAZY M 7hsdS
RoFa Aoy 3).

e

Rhizoctonia solani AG-1
d3Day M 5Day

80
70
60
50
40
30
20
10

0

DMSO DR-1 DR-2 DR-3 DR-7 DR-14 DR-21 DR-28 DR-29 DMTI DM15 BR-1 N9 DC-1 P-1 S-8
Plant Extract

Growth(mm)

ad 3. AFAE FEEC AEddde] AR vA= &3 DMSO
(DMSO ©&x2 %), DR—1 (Drosera adelae), DR—2 (D. aliciae),
DR—3 (D. binata) DR—7 (D. capensis), DR—14 (D. filliformis), DR—21 (D.
nidiformis), DR—28 (D. rotundifolia), DR—29 (D. tokaiensis), DM—11
(Dionaea muscipula—Red), DM—15 (D. muscipula), BR—1 (Brocchinia sp.),
N—-9 (Nepenthes ventricosa), DC—1 (Darlingtonia californica), P—1

(Pinguicula ehlersae), S—8 (Sarracenia leucophylla).
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O 3(AIE). AFAE FEEC AEHdTe AFd vA= a3 DMSO
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DR—-3 (D. binata) DR—7 (D. capensis), DR—14 (D. filliformis), DR—21 (D.
nidiformis), DR—28 (D. rotundifolia), DR—29 (D. tokaiensis), DM—11
(Dionaea muscipula—Red), DM—15 (D. muscipula), BR—1 (Brocchinia sp.),

N—-9 (Nepenthes ventricosa), DC—1 (Darlingtonia californica), P—1
(Pinguicula ehlersae), S—8 (Sarracenia leucophylla).



Phytophthora capsici
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I 3(AE). ASAE FEE] AEHATY] A mx= a3 DMSO
(DMSO ©@E=A18] thxF), DR—1 (Drosera adelae), DR—2 (D. aliciae),
DR—-3 (D. binata) DR—7 (D. capensis), DR—14 (D. filliformis), DR—21 (D.
nidiformis), DR—28 (D. rotundifolia), DR—29 (D. tokaiensis), DM—11
(Dionaea muscipula—Red), DM—15 (D. muscipula), BR—1 (Brocchinia sp.),
N—-9 (Nepenthes ventricosa), DC—1 (Darlingtonia californica), P—1

(Pinguicula ehlersae), S—8 (Sarracenia leucophylla).
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Pyricularia grisea
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a3, DMSO (DMSO ©5A 2 thZT), DR—1 (Drosera adelae), DR—2 (D.
aliciae), DR—3 (D. binata) DR—7 (D. capensis), DR—14 (D. filliformis),
DR—-21 (D. nidiformis), DR—28 (D. rotundifolia), DR—29 (D. tokaiensis),
DM—-11 (Dionaea muscipula—Red), DM—15 (D. muscipula), BR-1
(Brocchinia sp.), N—9 (Nepenthes ventricosa), DC—1 (Darlingtonia

californica), P—1 (Pinguicula ehlersae), S—8 (Sarracenia leucophylla).
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of g=dS F=oaL TLCY Wy oz iy =49 EddS AT
o] A3} E nulg o 72 3} hexane:ethylacetate (2:1, v/v)E &vl& dfo] &5 4]
71 % TLC® 3#elsdy. dd4834d EZ 3} silica gel column
chromatography ] W& A3t}

&olE B Gt2E FAstarA UV—Visible spectroscopy® ##H 3} FTIR
= /\F‘l*}"q 28715 FA% vt EEE oA AAo|glen,
L2 0.51 9. UV—Visible =2FE oA HE= #H}e} o] 280 nme} 400
nmol A peaks Kol WlAlglel F=1Fs AYL s ASE YERHT (1
2 23). FTIR #4143} 1,640, 1,610 % 750 cm 'olA 5429 peaks ® At
(19 24).
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1889] 919)4 , fragmentation
pattern< EIMS m/Z (intensity, %); 188 (100), 173 (26), 160 (27), 131 (44),
120 (30), 92 (39) % 63 (43) °)ATH ¥ 26). 'H NMR #3EA A5} g%
Z-& naphthoquinone Al€9] FEUS & F AU, ZF peake] FHS v}
&3 Zoh 'H NMR (CDCls) & (ppm); 2.18 (s, 3H), 6.79 (d, 1H), 7.25 (m
1H), 7.60 (m, 2H), 11.96 (s, 1H) (1% 27). GC/MS} 'H NMR #3454
I}= S 43sk] wshe At EAE Al A3} P

Hm

5—hydroxy—2—methyl—1,4— naphthoquinone <, plumbagin®|ItH(13 28).
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alternata, Aspergillus niger,

Bipolaris oryzae, Fusarium oxysporum,
Phytophthora capsici, Rhizoctonia solani, Rhizopus stolonifer var. stolonifer
9 Sclerotinia sclerotiorums O 2 HA A& w22 AARsAT}. =3t
3} F 82 0]

5 plumbagine W&ol &38t= P capsici, B2 R stolonifer



var. stolonifer®t ESATEL A

oxysporum, K. solani & S. sclerotiorum &

a5 Ho MIC #ho] 4.8 £ 0.1 pg/ml o]

alternata, A.

niger, B.

oryzae, F.

ARd wE AEAdd g

$% FTBS BT (F 3). 58, R solan®] hakol w§ we Gt

.

X 3. Nepenthes ventricosa x maxima.2l AolA E2]ZAH plumbagine
# 429 A5 = (minimal inhibition concentration (MIC))
Fungus KACC No. MIC (ug/ml)
Alternaria alternata 40019 27.0 £ 5.2
Aspergillus niger 41858 135 £ 0.3
Bipolaris oryzae 41025 9.7 £ 0.4
Fusarium oxysporum 40053 21.1 £ 5.0
Phytophthora capsici 40157 56.6 £ 5.3
Rhizoctonia solani 40136 4.8 £ 0.1
Rhizopus stolonifer var. stolonifer 41364 16.6 £ 2.8
Sclerotinia sclerotiorum 40457 12.1 £ 0.2

6. Bt T Ed AW HFHE L FLERD B4

o]

A2 FEsATIA Aol BFstal =

o] 7 A SA=

< o
ato] FAARE T eSS shste] 12417 Bt FEEAT. WEE FEE
= oAl S AEHAddS I g A3, FeHS  (Dionaea
muscipula)®] M e F5 A dol yebettr (21 29).
a9 29014 B npe}h ol

ER

=3
s ahgon WARe ¥4 F42 oS It ek A
ofv] grEe AYHUD the BASYH wmste] FFEIE w§ mok
AoE molBE 71 o ge] e APshA vt

nr7



a9 29, AEHAT] A A= Dionaea muscipula VIE-E FENO &

I}, (left: Alternaria alternata, right: Fusarium oxysporum).

A 3d: AFAE9 FAAAE A D B A XA
7h

1. AFA8E Avjzad 24
7}. 2R 2- Dionaea spp.
1) Dionaea muscipula
n AR 9,
s G A=A TF D FRCIESA MS):
kinetin, BA 1, 2, 5, 10uM + NAA, TAA 0.5, 1, 2uM
o 7] e M3 Parliman(BA 1uM + NAA 1uM, sucrose 3%, pH 5.5)
0 1/4MS, 1/2MS, Parliman®i =], A0, 1, 2%), &A=l 71ZHO0, 2, 45)
ozt Ao AwlA](agar 0.6%)e} AN E 747 2§
o)X FEA2 : kinetin 5uM + I[AA 1uM, ascorbic acid 200mg L',
sucrose 3%, pH 5.5



dT2a3%

125 wleF o] ARSI =Y Awrd o s BA 1uMolA A EAe AL =
UTHGE 4). BA 1uM + NAA 1uM Z&A4 2Tl A 265712 7HE w2 2 EA47}
A= o™, Kinetine BAC H|a} AA&o] ot A3S HAT(E 5-7).

A=A A FEe aA AN T gl o, AAE A=A A
F& NA A A st w X FF T Parlimantf A oA A& P4 o]

7V dzsiglon, theo] 1/4MS, 1/2MS oAt A =A19] Ao wx|= 9

o) gFe WA FRel mek ofrrel Aol Yo, ANHOE 4FAAE
ok A Aol HAHE 4Fe wovh Aol A7

I
=
b mEaE At om AeA A Aol Edsiv(k

weba] Az Ae] Al 7P At Aes 2AY 2%E H7HE Parliman
A Ao, of 7)ol wpE] x| L) xR AR due HFetal, 453 A
Foll rgul ksl Ao, olggk widel = o 24 dA T oF 34747F AL

Aew 7Ihd 5 3

=]

4. MS ®jA o A2} Dionaea muscipula LAAFF] A Ao wxE= BAS}
NAAS] g3
Growth Total fresh No. of Shoot No. of Root

regulators (uM) wt. (mg) shoots length (cm) roots length (cm)

BA 1 + NAA 0.5 240.6+ 30.6 18.6xf 2.2 0.6 0.1 3.6 0.5 0.5+ 0.1
1.0 284.3+x 18,5 26,5+ 3.5 0.4%x 0.1 4.0 0.7 0.6 0.1
2.0 237.1x 18.2 21.3£ 2.1 0.5 0.1 8.0x 0.7 0.5+ 0.1

BA 2 + NAA 0.5 250.24+ 354 12.0£ 1.1 0.3 0.0 2.8 0.6 0.4% 0.0
1.0 245.0x 39,5 15.0x£ 2.4 0.4%= 0.1 4.0 0.6 0.4%= 0.1
2.0 2129+ 37,9 13.0£ 2.1 0.2+ 0.0 4.1 0.4 0.5+ 0.0

BA 5 + NAA 0.5 150.0& 15.3 7.0 2.7 0.2+ 0.0 2.3 0.3 0.3 0.1
1.0 193.3+ 12.0 11.3£ 1.5 0.3 0.1 2.5+ 0.3 0.4% 0.0
2.0 101.8+ 17.5 9.0 1.6 0.2+ 0.0 2.0 0.4 0.3 0.1

BA 10 + NAA 0.5 142.6+ 21.7 8.4%+ 1.7 0.2+ 0.0 2.4% 0.2 0.3 0.1
1.0 1624+ 7.1 6.0 1.8 0.1 0.0 2.3 0.5 0.4% 0.0
2.0 98.3+ 10.8 6.0 1.0 0.1 0.0 2.2+ 0.1 0.3%£ 0.1

an



3 5. MS uiAel A= Dionaea muscipula AAFFS] A Ao wxE= BASH
[AAS] 3%

Growth Total fresh No. of Shoot No. of Root
regulators (uM) wt. (mg) shoots  length (cm) roots length (cm)

BA1 + IAA 05 275.6+ 29 48+ 0.3 0.9+ 0.0 10.0£ 0.6 0.5+ 0.1
1.0 390.8% 79.7 23.0£ 0.6 1.2+ 0.1 14.0£ 0.6 0.5 0.0
2.0 220.1%x 68.1 22.3+ 3.5 1.3+ 0.5 375+ 6.5 0.7+ 0.6
BA 2 + IAA 0.5 340.2% 71.7 5.0 1.2 0.5+« 0.1 12.0+ 1.7 0.3 0.0
1.0 283.3f 71.5 19.0£ 0.6 0.4%x 0.0 10.0£ 1.0 0.3£ 0.1
2.0 180.8%+ 34.2 10.3= 2.1 0.6+ 0.2 11.0+ 1.0 0.4% 0.1
BA 5 + IAA 0.5 160.2% 27.0 9.8t 1.6 0.6+ 0.1 11.0+ 1.5 0.4% 0.1
1.0 280.6£ 70.0 19.0£ 1.2 0.2+ 0.1 9.0 3.1 0.3%£ 0.1
2.0 190.2+ 51.1 5.2 0.4 0.3 0.0 9.0+ 1.0 0.4=£ 0.1
BA 10 + TAA 0.5 130.8% 60.0 4.5 1.5 0.4#+ 0.0 10.3%* 1.5 0.3+ 0.0
1.0 98.4%+ 18.6 8.3 1.9 0.3 0.0 5.0 1.2 0.2 0.0
2.0 105.2% 35.0 6.0 2.2 0.1£ 0.0 4.0+ 0.6 0.2+ 0.1

¥ 6. MS WA A&t Dionaea muscipula LDAFF] A Aol m] X += kinetin¥}

NAAS] 4%

Growth regulator Total fresh  No. of Shoot No. of Root
(uM) wt. (mg) shoots length (cm) roots length (cm)

Kinetin 1 + NAA 0.5 80.2+f 10.7 9.6+ 1.3 0.8 0.1 7.5 22 0.6+ 0.1
1.0 50.6x 5.8 6.3 0.3 0.4+ 0.1 7709 0.5% 0.1
2.0 55.0+ 25.0 5.0+ 0.8 0.2 0.1 80£30 0.8+ 0.2
Kinetin 2 + NAA 0.5 85.6% 20.4 8.5+ 2.0 1.2+ 0.2 85%£6.5 0.6 0.5
1.0 130.2& 89 11.4%+ 2.7 0.8+ 0.1 98%£3.0 0.5% 0.1
2.0 80.8+ 26.5 9.7+ 3.2 0.6x 0.3 17028 0.9+ 0.1
Kinetin 5 + NAA 0.5 82.4% 40.4 14.6+ 2.9 0.9+ 0.3 85%29 0.7+ 0.1
1.0 150.4%£ 20.0 13.0+ 1.0 0.8+ 0.6 150+ 1.0 1.2% 0.0
2.0 51.2+ 20.0 5.0+ 1.0 0.3f 0.2 7.0£20 0.7+ 0.2
Kinetin 10 + NAA 0.5 486+ 11.8 8.3%* 1.5 0.6+ 0.1 7508 0.6+ 0.1
1.0 70.2+ 20.8 9.0+ 2.1 0.4%+ 0.1 9715 0.7+ 0.1
2.0 31.6+ 20.0 6.5+ 1.5 03 0.1 80£30 0.6 0.2




3 7. MS wR ol A& Dionaea muscipula QAT A Ao w] X = kinetin¥
[AAS] 3%

Growth regulator Total fresh  No. of Shoot No. of Root
(uM) wt. (mg) shoots length (cm) roots length (cm)

Kinetin 1 + IAA 0.5 115.2% 25.0 12.0% 1.2 0.8% 0.1 8.0 7.0 0.5% 0.2
1.0 180.24 30.0 17.5+ 1.5 0.8+ 0.0 11.0+ 1.0 0.4% 0.0
2.0 150.8+ 60.0 7.5+ 3.5 1.0% 0.3 29.0+ 4.0 0.6% 0.0
Kinetin 2 + IAA 0.5 160.6% 20.0 14.0& 1.0 0.7£ 0.1  8.0% 3.0 0.4% 0.1
1.0 230.4% 50.0 20.5% 2.5 0.6+ 0.2 9.0+ 6.0 0.5% 0.3
2.0 170.6% 80.0 12.5% 4.5 0.7+ 0.0 8.0 4.0 0.6+ 0.0
Kinetin 5 + IAA 0.5 187.2+ 36.5 21.0 3.0 0.6+ 0.2 7.0£ 1.0 0.4% 0.2
L0 183.24 82,5225+ 25 0.3+ 0.1 55+ 15 0.4% 0.2
2.0 152.8+ 52.0 12.0+ 4.0 0.3+ 0.2 10.0+ 4.0 0.5% 0.2
Kinetin 10 + IAA 0.5 160.6+ 90.0 18.5+ 2.5 1.0+ 0.3 7.0 5.0 0.4% 0.2
1.0 181.5% 60.0 15.5+ 4.5 0.5+ 0.1 10.0+ 6.0 0.6+ 0.1
2.0 70.24 30.0 10.5% 4.5 0.4+ 0.1 10.0% 3.0 0.6+ 0.2

¥ 8. 1/4 MS viA o =&}= Dionaea muscipula AAFF-2] A Aol v X +=

dAlg et &g JF

Peglle?r(%{ of é;ig;?é:]d Fresh  No. of 186?12% No.of ISr?gtth
tgsvaet(rerll{ir;t (%) wt. (g) shoots (cm) roots (cm)
0 0 0.91 17.2 1.53 23.0 0.9

1 1.60 25.4 2.76 31.6 1.4

2 1.46 14.8 3.49 22.3 1.2

2 0 0.89 15.7 1.68 21.9 1.2

1 1.30 15.0 2.53 21.8 1.3

2 1.32 18.9 2.62 25.1 1.2

4 0 1.07 11.8 1.74 17.9 2.2

1 0.82 20.8 2.44 22.6 1.2

2 0.88 14.4 2.31 21.8 1.5




¥ 9. 1/2 MS viA o =&}= Dionaea muscipula QA2 A Aol v X +=

At BT A

Pefila(l)ri of Acfg;fcaé:ld Fresh  No. of 186};12%2 No.of 15?&%
t{gvaetérll{esr;t (%) wt. (g) shoots (cm) roots (cm)

0 0 1.40 16.1 2.0 22.3 1.2

1 2.14 19.2 3.0 25.2 1.8

2 2.04 16.8 3.7 25.5 1.9

2 0 1.42 10.3 2.5 18.4 2.0

1 1.32 19.1 2.7 27.0 1.6

2 1.40 17.3 3.5 27.0 1.6

4 0 1.26 10.6 2.3 19.2 2.0

1 1.29 18.6 2.5 26.7 1.6

2 1.25 20.8 2.7 27.0 1.8

¥ 10. 1/4 Parliman ¥R ol A}2}= Dionaea muscipula QAT 2 Aol m|x]+=

At BT A

Utk ATl mesn Moo SO Noor R,
t{gvaetérll{esr;t (%) wt. (g) shoots (cm) roots (cm)
0 0 1.65 18.7 2.2 28.5 1.3
1 2.01 23.1 3.4 33.3 1.7

2 1.85 20.8 3.5 32.2 1.5

2 0 1.61 19.0 2.3 28.8 1.6
1 1.87 24.7 3.6 35.0 1.7

2 1.83 31.2 2.8 36.1 1.5

4 0 1.60 21.7 2.1 34.8 2.0
1 1.29 30.7 2.5 37.4 1.9

2 1.65 33.8 2.8 46.8 2.1




¥ 11. 1/4 MS 9ujx|ol]l z}eb= Dionaea muscipula QAT-2] A Aol m] ] =

At BT A

Pefila(l)ri of Acfg;fcaé:ld Fresh  No. of 186};12%2 No.of lgr?gtth
treatment (%) wt. (g) shoots (cm) roots (cm)
(weeks)
0 0 0.67 4.4 2.1 6.8 0.5
1 0.12 2.6 0.8 2.5 0.3
2 0.83 4.7 4.5 4.7 0.4
2 0 0.96 5.3 2.3 6.1 1.5
1 1.02 8.9 3.8 7.5 0.7
2 0.81 5.6 3.2 4.2 0.1
4 0 0.68 10.3 2.5 10.1 0.6
1 1.23 6.8 4.0 8.5 0.3
2 1.18 9.5 3.9 8.0 0.2

¥ 12. 1/2 MS 9ujx|ol] z}eb= Dionaea muscipula QA2 A Aol m 2] =

Ao BT A

Pefile(l)ri of Acfg;fcaé:ld Fresh  No. of 186};12%2 No.of lgr?gtth
t{\evaetgllg;t (%) wt. (g) shoots (cm) roots (cm)

0 0 0.80 6.6 2.5 9.4 0.5

1 0.41 4.7 2.4 2.4 0.3

2 0.58 4.0 3.6 2.9 0.3

2 0 1.15 6.4 2.3 8.8 1.1

1 1.12 5.4 4.0 7.5 1.1

2 1.50 8.1 5.0 12.5 1.1

4 0 1.10 6.5 2.5 16.5 0.7

1 0.99 5.1 3.6 8.0 0.9

2 0.92 7.2 3.0 7.6 0.5




¥ 13. Parliman 4w Aol x}e}= Dionaea muscipula AAF2] Ao nx]=

obxgl o} EAdEro] o)

darieg(éitr%fent Activated Fresh No. of 1%?10% No.of leRr?Otth
(weeks) charcoal (%) wt. (g) shoots (CI%l) roots (CI%‘L)
0 0 1.55 5.3 3.5 11.8 0.4

1 0.81 3.0 3.6 2.7 0.6

2 1.16 7.3 4.3 5.7 1.0

2 0 0.79 2.9 3.7 4.6 0.7

1 1.83 8.1 5.2 10.1 1.5

2 1.56 8.4 6.0 7.5 0.8

4 0 1.03 6.6 3.0 15.1 1.1

1 1.29 6.8 4.4 9.3 1.4

2 1.58 9.9 4.9 10.7 0.8

. 30|32 Drosera spp.
1) Drosera intermedia
 ATAE: o) AA
LRSI AR RC
HiAl F55(1/8, 1/4, 1/2, 1, 2MS), T4 A +5%(7.5, 15, 30, 60, 120mM)
Sucrose(0, 1, 2, 3, 4, 5%), €/ %(0, 0.01, 0.02, 0.05, 0.1%)
agar(0, 0.2, 0.4, 0.6, 0.8, 1.0%), "= pHH (4.0, 4.5, 5.0, 5.5, 6.0)
o 7] &8 A MS(kinetin 0.05uM, IAA 0.005uM, sucrose 3%, pH 5.5, agar 0.7%)

s AbE 2 o 8T WY F AAE, Axgdel, Bl 2

d+23

A9 FHZ= 1/4 MSHAE AFESI S o o527 o dAAT 5.9
MNZ 7 & AEAZ AR oY, AEA] G s57F 58575 &
ST 14). B E 1/4 MSollA] 10.37]12 714 @o] FAHom ASE



Mg FFEh = A FRHEE 1/4 MSHAZE 7P g Ao
14). F A&t 1/2v (30 mM) H7FelA AEA7F 74 wo] A)
AE7)E stlod e ok 2 Afo] gllem, = 1749 (156 mM) H7b
wx ol A 82707t A 7 ST S HATHEE 15). W] 28] &
AN Aol s BF aAste] FALEE 26 v =S oz e
Wttt Sucrose FET 4% 7oA 7P Be 2 EA 7 AT AIL(4.870/
AEAD, ¥elE 3% "7bolA 8.9/ 7 wel FAHATHAE 16). B
< wjFel] 0.05%E H7IeS W A= A=A F7F 7 wekov(6.570/
AAA), Bele o8y FHATA2.171) 7 T2 HIbel vlE) 2ol FA4H
CH(E 17). Agar®] FE9F A=A ABES whildste] A= (0%) A 7}
R AEAV AREL ASE Ao, el Afole Aol v
A oA AFolATHEE 18). WiAY pHE 4.5014 Hiz Agwslov

A
pH7} Eold52 ABA AP A2HATHE 19).

o
3
e
=5

¥ 14. Drosera intermedia & Z7te] A Aol mx]= wjokuf= o] <o &k

Media Total fresh No. of Shoot No. of Root
wt. (mg) shoots length (cm) roots length (cm)

1/8 MS 238.2+ 23.6 5.2 0.8 0.6+ 0.1 73+ 1.1 2.8% 0.5
1/4 MS  259.0+ 26.0 5.9+ 1.6 0.8+ 0.1 10.3+ 1.5 3.0+ 0.5
1/2 MS  238.8+ 18.9 4.8+ 0.9 0.8+ 0.1 7.8+ 1.1 2.6+ 0.4

MS 237.6x 326 3.9 05 0.9 0.1 5.9 1.1 2.4%£ 0.2
2 MS 7.8 0.5 0* — 0 —

X 15. Drosera intermedia & Z7Fe] AAol v x+= 244 FEo] 3

Total nitrogen Total fresh No. of Shoot No. of Root
concentration wt. (mg) shoots length (cm)  roots  length (cm)

X1/8 of MS 165.0+ 25.0 3.7 0.9 0.8+ 0.0 8.0+ 1.0 2.4+ 0.7
X1/4 of MS 354.6% 37.5 4.0£ 0.5 1.0£ 0.2 8.2+ 0.9 4.3+ 0.3
X1/2 of MS 354.3+ 45.5 4.2+ 0.8 0.9 0.2 5.6+ 2.3 1.3+ 0.2
X1 of MS 96.2+ 5.0 4.0 1.5 0.5 0.1 3.5 0.5 0.9%f 0.2
X2 of MS 9.8+ 0.3 0* — 0 —




¥ 16. Drosera intermedia @1 ZZ+e] A Aol M X += sucrose? I3k
Sucrose Total fresh No. of Shoot No. of Root
(%) wt. (mg) shoots length (cm) roots length (cm)
0 68.5f 85 2.2+ 0.2 0.9+ 0.1 3.0+ 0.6 1.1+ 0.1
1 293.8f 42.1 3.0+ 0.3 1.3+ 0.0 5.5+ 0.8 2.8+ 0.2
2 392.7£ 37.7 3.7 0.4 1.3+ 0.2 8.3+ 1.3 2.9+ 0.4
3 374.8% 65.2 3.6 0.4 1.0+ 0.1 8.9+ 1.1 2.7+ 0.2
4 426.4+ 21.0 4.8+ 0.6 1.1+ 0.1 7.2+ 0.9 2.8+ 0.2
5 270.0+ 47.2 3.5+ 1.0 0.7+ 0.1 1.5+ 0.2 1.5+ 0.2
¥ 17. Drosera intermedia 9 Z7Zro] A Aol m|x|+= el 3k
Activated Total fresh No. of Shoot No. of Root
charcoal (%) wt. (mg) shoots  length (cm) roots  length (cm)
0 4427+ 525 4.3+ 0.6 1.2+ 0.1 12.1x 1.5 2.2+ 0.2
0.01 420.1+ 62.1 4.6+ 0.3 1.1£ 0.1 8.1+ 1.0 3.6% 0.3
0.02 412.4+ 61.3 6.3 0.9 1.2+ 0.3 8.1+ 0.9 3.0+ 0.4
0.05 538.6+ 43.8 6.5+ 0.7 1.2+ 0.1 8.7+ 0.9 3.7+ 0.3
0.1 327.7+ 29.7 43+ 0.6 1.0+ 0.1 6.4+ 1.2 3.0+ 0.5
¥ 18. Drosera intermedia 2 Z7}e] A Aol m]x]= wjx| ] o3k
Agar Total fresh No. of Shoot No. of Root
(%) wt. (mg) shoots length (cm) roots length (cm)
0 437.0+£ 70.8 5.5+ 0.7 1.2+ 0.1 105+ 1.5 1.9% 04
0.2 508.9+ 81.6 4.9+ 0.5 1.4+ 0.1 10.0£ 1.3 2.6% 0.3
0.4 419.4+ 62.8 4.2+ 0.6 1.1+ 0.1 9.2 1.9 2.5% 0.2
0.6 342.7+ 575 4.2+ 0.8 1.0 0.1 8.2+ 1.1 2.8+ 0.2
0.8 321.9+ 425 38+ 0.5 1.0+ 0.1 9.3 1.0 2.5+ 0.1
1.0 187.2+ 27.4 34+ 0.6 09+ 0.1 5.3+ 0.7 2.3+ 0.3
¥ 19. Drosera intermedia &1 Z7+e] A Aol nx]= wjx] pHel <3k
pH Total fresh No. of Shoot No. of Root
wt. (mg) shoots length (cm) roots length (cm)
4.0 1812.0+ 71.7 9.5+ 0.9 2.0+ 0.2 134+ 0.7 2.6%+ 0.0
45 1910.0% 46.6 10.1+ 0.5 2.4+ 0.0 19.3£ 1.1 2.7+ 0.1
5.0 16478+ 20.4 9.2+ 0.2 2.3+ 0.1 14.2%+ 0.9 2.5+ 0.1
5.5 1674.0+ 57.2 9.2+ 0.9 2.3+ 0.0 14.0f£ 1.5 2.4+ 0.2
6.0 1366.7f 97.8 8.8+ 0.4 2.4+ 0.0 125%* 0.4 2.5+ 0.1




2) Drosera rotundifolia
n AR o 44
= A B
=44 55(7.5, 15, 30, 60, 120mM), sucrose &%(0, 1, 2, 3, 4, 5%)
Zde-51(0, 0.01, 0.02, 0.05, 0.1%), agar &%=(0, 0.2, 0.4, 0.6, 0.8, 1.0%)
o 7] Eu) A 0 1/2MSHIA] (sucrose 3%, pH 5.5, agar 0.6%)

s AN W O BAF, ARGl Resdo] 24}

AT+Z2 3

FA4E 1/4~1/29 (15-30mM)E FH7Fek wix]ol 4] A& ] AJAYo] Fza}
I AAEES 7P $e FEel 1/8u(7.5mM)E H7FEE wj Aol A 7 Ekoy
o2 Aol e wshrb e ey e S HEE 5 JAATHGE 20). 2]
(120mM)E #H7F3F o= 25 2ASA T Sucroses 1% 7oA AH
A 51709 AEA7F FAEHA 7 & IHES B A=A A4S
sejo] wde @3] FH7MAlA o ST (R 21). e 0.01% H7t
3RS u dAAG 56702 HE Be AEAV ABEAL, Tt FolAFEE
2 &2 Aol FAadte TS HATHE 22). ¥ = 0.01%04 3.7707F FA4
Hol 7 £ A3E BAv sl agars H7FeA 2 FAIEAlA 4

¢ LA 5

s
&Folal, agars F7bsks A5

o
oS

% 20. Drosera rotundifolia @ Z7Fe] Aol w|x= 2240 g

Total nitrogen Total fresh No. of Shoot No. of Root
concentration wt. (mg) shoots length (cm) roots length (cm)

x1/8 of MS  29.5+ 7.1 3.3+ 0.5 0.9+ 0.1 4.7+ 0.9 0.7+ 0.1
x1/4 of MS 38.8+ 3.5 4.1+ 0.7 0.8+ 0.1 6.1+ 0.3 0.7+ 0.1
x1/2 of MS 41.7+ 3.5 4.0+ 0.5 0.8+ 0.1 3.7+ 0.8 0.5+ 0.1
X1 of MS 15,0+ 1.2 3.0 0.3 0.4 0.0 1.7+ 0.3 0.1 0.0
X2 of MS 6.3 0.9 0* - 0 -




¥ 21. Drosera rotundifolia 2 Z7+2] A Aol M| X = sucrosed] 3k

Sucrose Total fresh No. of Shoot No. of Root
(%) wt. (mg) shoots  length (cm)  roots  length (cm)
0 31.6+ 1.4 3.0+ 0.7 0.8 0.1 3.8 0.6 0.6 0.0
1 32.8+ 6.5 5.1+ 0.3 0.6 0.0 2.7 0.3 0.4% 0.0
2 31.2% 4.1 3.8+ 0.6 0.5 0.1 1.7 0.7 0.2 0.1
3 18.7+ 5.7 3.2+ 0.9 0.5 0.0 1.8t 0.8 0.3 0.1
4 7.3t 0.6 2.8+ 0.5 0.3 0.0 2.0 0.0 0.1£ 0.0
5 7.3t 1.2 3.0+ 0.0 0.3+ 0.1 0 -
¥ 22. Drosera rotundifolia 2 Z7}2] Ao nx= SAeke] o
Activated  Total fresh  No. of Shoot No. of Root
charcoal (%) wt. (mg) shoots length (cm) roots length (cm)
0 33.3x 4.7 3.7t 0.6 0.5+ 0.1 2.3 0.6 0.3+ 0.1
0.01 36.9+ 6.5 5.6 0.1 0.5+ 0.1 3704 0.3+ 0.1
0.02 441+ 5.5 5.0 0.6 0.4%x 0.1 3.0+ 0.6 0.5+ 0.2
0.05 31.2+ 3.5 3.9 0.5 0.5 0.1 3.3 0.3 0.3 0.0
0.1 32.3+x 7.3 3.7 0.5 0.6 0.1 3306 0.4+ 0.1
¥ 23. Drosera rotundifolia ) Z7Z}2] A Aol v x|i= agar9] 43
Agar Total fresh No. of Shoot No. of Root
(%) wt. (mg) shoots length (cm) roots length (cm)
0 206.2t 23.6 6.5 0.8 1.1+ 0.1 5.0+ 1.4 0.6x 0.1
0.2 114.5% 24.0 6.2 0.4 0.9+ 0.1 4.7+ 0.7 0.6 0.1
0.4 57.8= 5.7 4.4+ 0.2 0.7 0.1 4.7 0.4 0.6 0.1
0.6 53.4+ 54 4.3+ 0.4 0.6 0.1 3.8 0.7 0.5 0.0
0.8 323 7.5 3.8 0.5 04+ 0.1 3.3 0.2 0.3 0.0
1.0 11.9+ 1.3 3.6 0.6 0.4+ 0.0 2.9+ 0.3 0.2% 0.0




Y}, Sarracenia rubra
n ATAE FAEA
= g 2 (A2 0 test tube S5REE)
* A4 2AA T kinetin + NAA & kinetin + TAA
%00, 1, 2, 5, 10uM(Kinetin), 0. 1, 2uM(NAA, TAA)
w 7] Eu]#] 1 1/2MS, sucrose 3%, agar 0.6, pH 5.5

w 2Ab 85 W F AAT, shoot o o], 3, W] ok o] xAL

A 0 2 kineting NAASF &83F Fro|l A TAASH &85k o Hls)] 2 EA
o] Aol Fastt. 53] Kinetin 5uMI NAA 2uM<S S8 7Fsk A 2] +-o
& d FHT 5.8719 7HE w2 A EA7F A=A Kinetind IAA
€ T3S W dAvrr o AEAe FA &0l 538 Ax3 A B
I TAA 2uME E837HE Aol S old FH & 1.4709]

AEA 7 AHAT(E 24-25).

rO{

3 24, 1/2MS WA oA Sarracenia rubra =7]F2°] W3t kinetin®} NAA < 3F

regug‘{gr"?}%m) Vljgiegﬁlt No. of lilrlgt)fl No. of No. of lgr?got%
kinetin NAA (g) shoots (cm) leaves roots (cm)
0 0 0.25d 1.6bc 2.6bcd 19.6bcde 2.0f 4.2ab
1 1.25ab 2.8abc  3.5abcd  13.4cdef  20.4abc  2.8bcde
2 0.39cd 1.2¢ 1.8d 6.0f 9.6def 0.8fg
1 0 0.44cd 3.8abc  3.3abcd 34.2a 2.0f 4.4a
1 1.23ab 3.8abc  4.6ab 21.4bcd 22.0ab  3.6abc
2 0.96abc  1.8bc 4.1abcd  10def 28.4a 2.2cdef
2 0 0.32d 4.6ab 3.2abcd  28.6ab 1.4f 3.5abc
1 1.42a 3.4abc  4.2abcd  22.4bc 16.0bcd  4.2ab
2 0.66bcd  2.4bc 2.2¢cd 7.6ef 6.2ef 1.1fg
5 0 0.41cd 3.2abc  3.6abcd  16.8cdef 0.6f 1.6efg
1 1.16ab 3.6abc  4.labcd 19.6bcde  12.6cde  3.labced
2 1.18ab 5.8a 4.8ab 23.2bc 11.6de  1.8defg
10 0 0.35cd 2.4bc 4.3ab 16.6cdef 0.2f 0.3g
1 0.55cd 2.8abc  5.3a 15.2cdef 1.8f 0.5g
2 0.72bcd  2.8abc  3.labed  12.2cdef 1.6f 0.2¢g




¥ 25, 1/2MS WA A Sarracenia rubra =752 W3t kinetin® [AA 3¢

Growth Fresh Shoot

regulators (M) weight No. of length No. of No. of Root length
kinetin_ TAA  (g) shoots (em) leaves  roots (cm)
0 0 0.7abc 1.0b 4.0a 21.6ab  4.6ab 5.8a
1 0.8a 1.0b 4.6a 15.8bc  6.2a 5.5ab
2 0.4cd 1.0b 2.4a 20.2ab  3.4bc  2.3efg
1 0 0.7ab 1.0b 4.3a 32.6a 4.6ab  5.labc
1 0.3cd 1.0b 2.9a 23.8ab  2.6bcd 2.5defg
2 0.3cd 1.0b 3.7a 21.2ab  3.6bc 3.2cdef
2 0 0.5abcd 1.0b 3.7a 21.2ab  3.4bc 4.4abcd
1 0.6abc 1.0b 3.5a 30.4a 4.2abc  2.5defg
2 0.5abcd 1.4a 3.6a 20.8ab  3.6bc  2.8def
5 0 0.4bcd 1.0b 3.5a 13.6bc  1.2cd  3.7bcde
1 0.2d 1.0b 2.7a 16.6¢ 2.2bcd  1.5fg
2 0.2d 1.0b 2.8a 6.0c 0.6d 0.7¢
10 0 0.4cd 1.0b 2.9a 11.4bc  0.6d 0.7g
1 0.2d 1.0b 3.ba 11.8bc  0.4d 0.6g
2 0.4bcd 1.0b 4.0a 11.8bc  2.0becd 1.3fg

2. 43489 A% ANz B4
BOAGAAE 2 A% BT el weE 4AE A
om WgEe] A Zzte] wel sk Y AWt 7 A
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7Y, B8R Dionaea muscipula
3l Eo BwARle] 100% FHHES B oy, AA
o o] HE &M ATt M EUTHGEE 26-27).
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¥ 26. Dionaea muscipula®l SZA o] AFEE wix| o] =7

Code No. Medium code Medium composition

1 S Compost

2 P—-A Peatmoss—Acadian

3 P—A:Pe=4:1 Peatmoss—Acadian: Perlite=4:1
4 P—A:Pe=3:1 Peatmoss—Acadian: Perlite=3:1
5 P—A:Pe=2:1 Peatmoss—Acadian: Perlite=2:1
6 P—APe=1:1 Peatmoss—Acadian: Perlite=1:1
7 P-S Peatmoss—Sunshine

8 P—-S:Pe=4:1 Peatmoss—Sunshine: Perlite=4:1
9 P—-S:Pe=3:1 Peatmoss—Sunshine: Perlite=3:1
10 P—-S:Pe=2:1 Peatmoss—Sunshine: Perlite=2:1
11 P—-S:Pe=1:1 Peatmoss—Sunshine: Perlite=1:1

¥ 27. Dionea musipula®l FEA 5 w|X]= wjx]e] oIk

. Survival Fresh plant Plant Root
Mci%lgzm rate weight Is\lhoc;o?sf height width I\rT(())&)t(;f length
(%) (g) (cm) (cm) (cm)
S 100 0.20ab 2.63a 1.38bc  2.99abcd 2.75ab 2.78ab
P—-A 100 0.26ab 1.88abc 1.20cde 3.28abcd 2.75ab 3.65a

P—A:Pe=4:1 100 0.22ab 2.50a b 1.05de 2.65cd  2.50ab 3.00ab
P—APe=3:1 100 0.32a 1.63abc 1.65a 3.71ab 1.88b  3.83a
P—APe=2:1 100 0.19ab 1.38bc 1.40abc 2.44d 1.75b  1.98b
P—APe=1:1 100 0.26ab 2.25abc 1.26cde 2.71bcd 1.88b  3.89a
P-S 100 0.27ab 2.75abc 1.31bcd 3.68ab  3.38a  2.10b
P—-S:Pe=4:1 100 0.24ab 2.00abc 1.24cde 3.83a 2.63ab  2.73ab
P—-S:Pe=3:1 100 0.18b 1.25¢  1.00e 3.48abc  2.50ab 2.03b
P-S:Pe=2:1 100 0.16ab 1.38b  1.19cde 3.86a 2.38ab  3.05ab
P—-S:Pe=1:1 100 0.22ab 1.88abc 1.58ab  3.15abcd 2.75ab 3.08ab




U, B8o|F3 Drosera filiformis
Au]gE] FiFol BAGle] Sl Y3, peatmosset perlites

£12 39 W 2ol HY FEHATHE 28).

O
g
of

X 28. Drosera filitormis®] FEjA EA]o] v X &= vjx| 9 o

. Survival Fresh plant Plant Root
Mc(z%nelzm rate weight IS\IhO(;O?Sf height width I\rT(())&)t(;f length
(%) (g) (cm) (cm) (cm)
S 100 0.43ab 1.80a 1.18a 1.16a 9.40a 3.88bcd
P—-A 100 0.43ab 3.80a 1.24a 0.94a 10.60a 3.42bcd

P—A:Pe=4:1 100 0.76ab 2.80a 1.12a  0.76a 8.60a  5.70a

P—APe=3:1 80 0.83ab 1.75a 0.95a 0.73a 9.75a  4.58bcd

P—A:Pe=2:1 80 1.10a  3.75a 2.23a 0.83a 10.75a 4.85ab

P—APe=1:1 100 0.44ab 1.80a 0.70a  0.56a 10.00a 2.60de

P-S 100 0.58ab 2.60a 2.31a 2.06a 5.60a  3.06cde

P—S:Pe=4:1 100 0.24b 1.00a 1.84a 1.16a 8.20a 1.62e

P—SPe=3:1 100 0.29ab 2.20a 0.66a 0.86a 6.20a  2.56de

P—SPe=2:1 100 0.57ab 2.40a 1.60a 1.46a 10.40a 2.30de

P-S:Pe=1:1 80 0.44ab 4.00a 0.58a 0.63a 11.00a 2.85de

). Sarracenia purpurea 'red tube'

AR dEFE A FRoy FE GEelM THE FxETH(E 29).
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¥ 29. Sarracenia purpureared tube'® FHEfZ EAo| n| X HiX] 9

- Survival Fresh plant Plant Root
i s v ool R b ol
S 100 0.15abc 1.50a 5.44a 4.21ab 5.13a 3.00a
P-A 87.5 0.21a 1.43a 4.67abc 4.21ab 4.29ab 2.46ab
P—APe=4:1 75 0.15abc 1.33a 3.92cd 3.33abc  3.50abc 2.38ab
P—APe=3:1 75 0.13abc 1.33a 3.88cd 3.70abc 3.50abc 2.12abc

P—APe=2:1 100 0.18ab 1.75a 5.30ab 3.94ab  4.00ab 2.93a
P—A:Pe=1:1 87.5 0.14abc 1.86a 5.19ab 4.53a 2.71bc 3.20a

P-S 100 0.11bc 1.25a  4.14bcd 3.85ab  3.50abc 2.43ab
P—-S:Pe=4:1 100 0.07¢ 1.38a 3.31d 2.54c 3.13bc  1.15c¢
P—SPe=3:1 75 0.13abc 1.33a  4.60abc 3.33abc 3.50abc 1.58bc
P—S:Pe=2:1 37.5 0.08¢ 1.67a 3.30d 3.00bc  2.00c 1.33¢
P—S:Pe=1:1 75 0.06c 1.50a 4.67abc 4.22ab  2.00c  2.40ab

@}. Sarracenia purpurea
AL Ee A JFS WA ko), peatmoss W8T (Sunshine™)

NN A7t 71 FEEATHE 30).

3 30. Sarracenia purpurea®l FE|A EAo v X&= A gk

. Survival Fresh plant Plant Root
Mceo(ggzm rate weight Ijhod o(t)sf height width I\rlgbtgf length
(%) (g) (cm) (cm) (cm)
S 100 0.13ab 1.50b 3.40ab 4.08a 3.17ab 2.05ab
P-A 83.3 0.05cd 1.20b 3.58a 1.66¢ 1.40c¢ 0.82bc

P—A:Pe=4:1 100 0.09bcd 2.00ab 3.67a  2.82abc 2.00abc 1.12bc
P—A:Pe=3:1 66.6 0.03d 1.00b  2.85ab 2.75abc 2.25abc 2.05ab
P—APe=2:1 100 0.08bcd 1.67b  3.23ab  2.67bc  1.83bc 0.60c
P—APe=1:1 100 0.09bcd 1.17b  3.22ab 2.45bc  2.67abc 1.20bc
P-S 66.6 0.17a  3.00a  2.85ab 3.18ab  3.25ab 0.68c
P—S:Pe=4:1 83.3 0.12bcd 1.40b  3.20ab 3.36ab  3.40a  1.58abc
P-S:Pe=3:1 100 0.08bcd 1.33b  2.65b  2.38bc  1.83bc 2.02ab
P—-S:Pe=2:1 100 0.09bcd 1.17b  3.03ab 2.35bc  2.33abc 2.52a
P—S:Pe=1:1 83.3 0.07bcd 1.80ab 2.84ab 2.22bc  1.80bc 0.88bc




v}, Brochinia reducta
Tl g2l FAIglo] AEEe] EAAT AT, Axs D 2SS 3
[e]

& AR FEA At 7 et 31).

¥ 31. Brochinia reducta® FE|Z EAld| w|x]&= wjx] ¢ 43k

. Survival  Fresh plant Plant Root
I\/ICeO%lgzm rate weight SNhO(; o(t)sf height width I\rlgbtzf length

(%) (g) (cm) (cm) (cm)

S 100 2.45a 1.40a 7.34a 11.56a 5.60a 7.7ab
P—-A 100 1.66a 1.00a 6.08abc 8.76a 6.20a 4.70ab

P—A:Pe=4:1 100 1.63a 1.20a 6.28abc 8.58a 8.20a  6.0Zab

P—A:Pe=3:1 80 1.90a 1.25a  0.08abc 9.23a  6.75ab 5.58ab

P—A:Pe=2:1 100 2.05a 2.00a 6.10abc 10.80a 8.20a  8.22ab

P—A:Pe=1:1 100 2.13a  1.80a  6.42abc 10.10a 6.20ab 8.84a

P-S 100 1.65a 1.20a  5.60bc 7.84a  5.00b 4.18b

P-S:Pe=4:1 80 1.70a 1.00a  5.55c 10.85a 4.25b  5.25ab

P—-S:Pe=3:1 100 2.46a 1.00a 6.74abc 10.32a 4.80b  6.44ab

P—S:Pe=2:1 100 1.69a 1.80a 7.20ab 8.62a 4.40b  4.74ab

P—-S:Pe=1:1 60 1.42a 1.00a 5.33¢c 11.00a 6.67ab 5.85ab

8}, Darlingtonia californica
T3}, AujEE BAgle] E2tEo] Foste] oWl HjH|d A & gk A
ol ATH(E 32).



¥ 32. Darlingtonia californica®l e 53 v X dix]e g
. Survival Fresh plant Plant Root
oa e wesh Gl Res b ol e
S 100 0.21a 1.60a 2.30a 3.84ab 4.20a 2.94ab
P—A 100 0.22a 3.20a 1.70bc 3.60ab 4.20a 2.52ab
P—A:Pe=4:1 100 0.18a 2.40a 1.66bc 4.10ab 4.40a 2.38b
P—A:Pe=3:1 100 0.26a 2.40a 2.06ab 3.60ab 5.80a 2.62ab
P—A:Pe=2:1 100 0.29a 2.00a 1.82abc 4.20a 3.60a 3.72a
P—A:Pe=1:1 100 0.25a 1.80a 1.70bc 3.46ab 4.40a  3.28ab
P-S 80 0.28a 2.25a 1.38¢ 4.23a 4.00a 2.95ab
P—-S:Pe=4:1 60 0.18a 2.33a 1.93ab 3.50ab 5.00a 2.43b
P—S:Pe=3:1 100 0.25a 2.33a 1.92ab 3.74ab 5.80a  3.06ab
P—S:Pe=2:1 80 0.24a 2.50a  1.85abc 3.60ab 4.25a  3.15ab
P—S:Pe=1:1 100 0.20a 2.80a 2.00ab 3.26b 5.20a  3.08ab
3. AZE A3 E FHAY g2 € )
7}, BLo|FZ Drosera & A& (30 E7FT)
% W % 3 o 3
D. adelae * D. intermedia type O
D. alicrae * D. intermedra 'Giant' O
D. binata o D. lanata o
D. burmanni * D. nidiformis o
D. capensis * D. occidentalis 'pink flower' ( ]
D. capensis '60cm tall' * D. occidentalis 'white flower' o
D. capensrs 'Alba’ * D. pauciflora *
D. capensis 'Narrow' * D. petiolaris 'All Red' ()
D. capensis "All Red' * D. pygmar *
D. capensis 'Typical' * D. regia *
D. cristiflora * D. rotundifolia O
D. dilatato—petiolaris [ ) D. tokaiensis o
D. esmelerdae O D. trinervia [
D. filiformis * D. whittakerii o
D. indica O D. intermedia O
* A G 55 @ A 58 O 1A 9%




. "B ROIARE Pinguicula & HE (7 £FT)
s o S s o e
P. ehlersae * | P. moranensis *
P. esserrana * P. primulifiora *
P. grandiflora ® | P vulgaris o
P. ionantha *
* 7HA w5 @ 7HA = O 7HA =

o, B RS Dionaea & HE (21 £FT)

3 o W] 31 3 13 E
D. muscipula * |D. muscipula 'Vigorous' *
D. muscipula B ® | D. muscipula 'Fast' *

. . D. muscipula 'Fine Tooth
D. muscipula 'Big Traps' * *
* Red'
D. muscipula 'Big Vigorous' * | D. muscipula 'Low Giant' *
D. muscipula 'Burbanks Best' | % | 0. muscipula 'Paradisia’ *
D. muscipula C ® | D. muscipula 'Red' *
D. muscipula Cross Teeth * | D. muscipula 'Red—purple' *
D. muscipula D ® | D. muscipula 'Saw Tooth' *
D. muscipula 'Dutch’ * | D. muscipula 'Sharks Teeth' *
D. muscipula E ® | D. muscipula '"Typical' *
D. muscipula 'Fang' *
* 7HA - =5 @ VM =2 O 7HA A+




2. U|HHl& Nepenthes 4 A& (10 EFT)

o} v e 3 v e
N. alata var. biflora * N. rafflesiana *
N. "Allardii’ o N. sanguinea *
N. khasiana * N. truncata *
N. madagascariensis * N. ventricosa *
N. maxima * N. vierllardir *
* 7H W e @ 7HA g O 7HA g
19 §% 43HEE (29 BFD)
= g 9 H] a1 g H| 31
Brocchinia | B. reducta *
) B, filifolia * |B. liniflora *
Byblis PP
B. filifolia 'Giant' *
Cephalotus | C. follicularis *
Darlingtonia| D. californica *
) ) G. violacea 'Serra da
Genlisea G. violacea *
Caraca'
Heliamphora| H. minor * |H. nutans
Ibicella I lutea *
S. flava * | S. minor *
S. flava Generic * | S. rubra *
S. flava gestreeped * | S flava ssp.
S. willisii X leucophylla| @ |grupelii 'Milton Florida'
S. rubra ssp. .
. ) % | S. rubra ssp. werryii *
Sarracenia |gulfensis 'Stocky'
S. flava 'Copperlid' * | S. psittacina *
S. leccoplvio * | S. purpurea *
S. leucophylla * | S. purpurea ssp. purpurea| %
S. leucophylia f{. )
* | S surprise *
Red Tube
Utricularis | U. bifida o
* M oS we @ M EE O M S




4. AFAHEE 7| AFAAY

7}. Darlingtonia californica
1) pHE=4E 43
O ATFANS : Darlingtonia californica®l 2%
@ Agg 2 I
* pH © 4.0, 4.5, 5.0, 5.5, 6.0
x 7] EH)=] : 7)]E 1/2, sucrose 3%, agar 0.8%, pH 5.5, BA 2mgL ™!
# 5HHE ml Q| =1 (471)
@ ZARNE 2 U
« W F7)ZE 125
* ZAMEHE 0 AAF Shoot 4 & 4 9], Root o+ & 49|
@ A4
x|l pHE 4.0~6.00% F4dsto] A3 A}
AbA oz BE A oA xpolE HolA| kskth pH 6.0014 5213 5ol
& NS dAEl] =& pHE D, californica®l W
5

5 AEE Ak 2 JFgo] gle For u

A
o
ol
ol
4t
o
)
ol
oz
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o
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o
o
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¥ 33. D. californica® 2353} E3}ol| n X += pHY| o8k,

oH Fresh wt. No. of  Shoot length No. of  Root length
(g) shoots (cm) roots (cm)

4.0 0.99p” 13.9ab 1.69a 0 -

4.5 0.93a 18.9a 1.56a 0 -

5.0 0.68a 16.4ab 1.26b 0 -

5.5 0.63a 19.0a 1.52a 0 -

6.0 0.50b 12.6b 0.99c¢ 0 -

“Cultured on 1/2MS medium containing 2 mg-L ™' BA.
YMeans separation within columns DMRT, p=0.05.



2) £x4 4%
@O A+ A = : Darlingtonia californica®] 2%
@ A& 9 gy onkE wla vl =w (471)
* &5 115, 20, 25, 30C
x 7|BH|A] : 7]E 1/2, sucrose 3%, agar 0.8%, pH 5.5, BA 2mgL ™’
® ZAME @
« HJF7IZE 125
* AR AJAIF, Shoot o+ & Aol Root F+ & o]
@ A4
D. californica®l ## WG EE dolry] fste] 15~30C=2 wjgst 2
, Az S22 20, 25Tl ZH7F 214709 19.0712 v &% vle] wj$
uralol o, Az A A 1.58, 1.52em= F5 g ARE BATHIE 34, 7L
31).

3 34. D. californica®l 53} &8t v X = %9

Temperature  Fresh wt. No.of  Shoot length  No.of  Root length
(1 (g) shoots (cm) roots (cm)
15 0.30b" 5.7b 1.33b 0 -
20 0.59a 21.4a 1.58a 0 -
25 0.63a 19.0a 1.52ab 0 -
30 0.15b 6.7b 1.03c 0 -

“Cultured on 1/2MS medium containing 2 mgL ™' BA.

"Means separation within columns Duncan's multiple range test, p=0.05.

~n



3) gHlg 4%
@O dAFA &= : Darlingtonia californica®] 2 &
@ A& 2 By 59k mlou| =W (47))

« FAAE 7|70, 1, 2, 45

x 7] 2e)A] : 7]2 1/2, sucrose 3%, agar 0.8%, pH 5.5, BA 2mglL ™"
@ AMHE 2

« HJF7IZE 125

* AV AAF, Shoot 5 & Ao, Root 7+ & Ao
@ A4
HjFz71e] oA
vl F 5 gl st
24.0, 22.07 =

5% 0ze 24 9 g0 BFAAE 29E WATGE 35, 19 32).

N nf

3 35. D. californica®l 53 F3lel v x| &= A gl &,

dariei;zjtzlfent Fresh wt. No. of 156?122; No. of Root length
(weeks) (g) shoots (em) roots (cm)
0 0.63a" 19.0ab 1.52a 0 -
1 0.61a 24.0a 1.49a 0 -
2 0.56ab 22.0ab 1.47a 0 -
4 0.41b 16.8b 1.04b 0 -

“Cultured on 1/2MS medium containing 2 mgL ™' BA.
"Means separation within columns Duncan's multiple range test, p=0.05.

~n



a9 32, e kAP 7zt e D, ca/zfomzca/] A S

4) FZHE A¥
O ATFANS : Darlingtonia californica®l 2%
@ HHHE L gy 5ukE mla vl =9 (471)
« IBA: iAol "7} -0, 1, 2, 5, 10 mgL™
gl A = wjx] 24 — 100, 200, 300, 500 mgL~'/ 3, 6, 12hr
w« 7] Eux] ¢ 7] E 1/2¥0A], sucrose 3%, agar 0.8%, pH 5.5

® 2AME 9

« BjF7|ZE L 125

* ZAMEHE - AAF, Shoot 47 & Ao, Root 4 & ZAo]

A4

ZZ1A4 IBAZ 1/2MSHiR] ol HA7Vysled D. californica®l F+2EAZE 7|1
ket A 2z T2 9 A, Yo wd BT IBAE HUFSHA e AE
A b g AdE Bk e T2 FHMEIS W 6.470E IBA
1omgL ™' H7brrEok o 5u] A% ol wAstloen, 2mgl ™t H7FTolA
497/M= FEeQrh(E 36, 19 33). ele] Aol 2mgl el A beA
Fwatglont vt Aot Foxb fldh
T3 IBAS sEWHE D californica®l A=A AAAZE gElste] At
1/2MSHi Aol ZIWelF & A3, Az 42 FH7FRAE W 16.571=2 7
o] WA o IBAS HeFdME X7 Wil HA Azte] #HSFH
4kl 100mgL el A 3A17F HA A 13, E:
9 IBA 100mgL™" FXTolA Ankz = 2
Kol IBA 100mgL 'elA 3A1zF AASAS wf 2 2 o]z} zkzt 12.970

o on o§2 oX, o
o &
i
T
)
1
g
i)
o,
o

~A



s} 1.48em® FAZFT 6.4709F 0.73cmell Ml of 2 A= FobEE AnE B
gk, ZEg IBAS) Aels FE7b Fold4F, AA AT HojAFE Az
A 2 A, wo] AIFE AFE Hel 500mgl FEAA 1243 HA

Aol 2 AEA7E aAke (& 37, 1" 34).

3£ 36. D. californica®l &7]¢k ¥ @70l vA= IBAS] &
IBA_1 Fresh wt.  No. of li}rll(;i)ﬁ No. of Root length
(mgL™") (g) shoots (cm) roots (cm)
0 0.89a" 16.5a 2.05a 6.4a 0.73a
1 0.53b 10.9b 1.55b 4.5ab 0.75a
2 0.43b 8.2b 1.57b 4.9a 0.87a
5 0.15¢ 4.3c 1.45bc 2.0bc 0.67a
10 0.07c 3.0c 1.24c¢ 1.7¢ 0.77a

"Means separation within columns Duncan's multiple range test, p=0.05.

laXa)



X 37. D. californica®l Z7] 9@

2] FA o) 3k IBA I A EH}

Soaking

IBA . Fresh wt. No. of Shoot No. of Root
(mgL ™) (t}ilrr:) (g) shoots length (cm)  roots  length (cm)
Control 0.89a" 16.5a 2.05ab 6.4bcd 0.73a
100 0.79ab 13.3ab 2.27a 12.9a 1.48a
0.55abc  10.5abc  1.93abc  8.4abc 1.21a
12 0.52bc 9.7bcd 1.59bcd 8.9a b 1.35a
200 0.71ab 10.7abc  1.88abc  5.8bcd 1.15a
0.33cd 5.9cde 1.61bcd  4.3bcd 0.90a
12 0.12d 1.5e 1.50cd 4.5bcd 0.95a
300 3 0.53bc 9.0bcd 1.60bcd  6.4bcd 1.11a
6 0.15d 3.8de 1.60bcd  2.2d 0.60a
12 0.10d 2.5e 1.20d 3.0cd 0.60a
500 0.27cd 5.9cde  1.46cd 4.2bcd 0.68a
0.17d 5.0cde 1.30d 1.0d 0.60a
12 Dead

“Means separation within columns Duncan's multiple range test, p=0.05.




\}. Heliamphora minor
1) pHe=4 49
O A= A minore] 4
@ A& 2 Wy 59kE mou| =W (47)
* pH: 4.0, 4.5, 5.0, 5.5, 6.0
« 7] Eux] ¢ 7] E 1/2¥0A], sucrose 3%, agar 0.8%, pH 5.5,
AFZAA (BAlmgL ™!, NAA 2mgL™")

a9

]
=

o

=i}
=
71253
h=d
L=

» AAS, Shoot + & o], Root o+ & #Ho]

s

3t 38. A minor®] 53 i-3tel v A= pHE| FEF

H Fresh wt. No. of Shoot No. of Root
(g) shoots length (cm) roots length (cm)
4.0 1.01a  13.3ab 3.52a 9.9ab 0.53b
4.5 1.04a 11.7b 3.23bc 7.8b 0.65ab
5.0 1.01a 14.9a 2.97¢ 8.9b 0.74ab
5.5 1.06a 12.1ab 3.28ab 12.0a 0.66ab
6.0 0.80b 13.4ab 2.99¢ 9.4ab 0.75a

“Cultured on 1/2MS medium containing 1 mg-L ' BA and 2 mgL ' NAA.
"Means separation within columns Duncan's multiple range test, p=0.05.



2 35, 1/2 MS siA| oA kst pHell thelh A minore] A 7Rk

©
S .

2) 2= 49
© ATAR A minor?] A&
@ A& 2 o 5ukE ) mka vl =W (47))
* 25 115, 20, 25, 30C
x 7] Eu]x]  7]E 1/2¥0 4], sucrose 3%, agar 0.8%, pH 5.5,
Az AA (BAlmgL ', NAA 2mgL™")
@ AMHE 2
« HJF7IZE 125
* AR AJAIF, Shoot 7 & Aol, Root F+ & o]
@ AT-4%

HF2es 156~30C= Zejste] gt Ay, Azl JALS 25TolA
12142 7b4 @astglom, 30Coll A %= 11.17Hi ¥ As BT Az
Aol A7 9 Heo] ek Al 25CoA 7MY -3t vh(aE 39, 19 36)

3% 39. A minor o] S o] nA= 2E0] JIF
Temperature ~ Fresh wt.  No. of Shoot No. of Root
(g) shoots  length (cm) roots  length (cm)

15 0.18d" 3.4c 1.80d 0 -

20 0.65b 7.0b 2.89b 9.7a 0.40Db

25 1.06a 12.1a 3.28a 12.0a 0.66a

30 0.36¢ 11.1a 2.27c 2.0b 0.60ab

“Cultured on 1/2MS medium containing 1 mg-L ' BA and 2 mgL ' NAA.

YMeans separation within columns Duncan's multiple range test, p=0.

05.



3) gHig 4%

© ATAR A minord] A&

@ A& L W4y 59k mfau| = (47))
« gAY 713k 10, 1, 2, 45
x 7] Eu]x] ¢ 7]E 1/2¥0 ], sucrose 3%, agar 0.8%, pH 5.5,

A4z AA (BAlmgL ™', NAA 2mgL™)

@ AMHE 2
« HJF7IZE 125
* AV AAF, Shoot 5 & Ao, Root 7+ & #Ho]

@ AT+4AH

0, 1, 2, 453t 25Ce] 240l A hulF 5 WafFet A3, 253 ol 5
Bl detRe Wl Al Aol 13.070= FastdAT e Aot Fejaks <
A k(R 40, 1% 37).

¥ 40. H minord] A5 23l v X = dAele] o,

Period of

dark treatment Fresh wt. No. of Shoot length No. of Root length
(week) (g) shoots (cm) roots (cm)
0 1.06a” 12.1a 3.28a 12.0ab 0.66ab
1 0.80b 12.6a 3.39a 7.6b 0.71a
2 0.95ab 13.0a 3.37a 13.5a 0.63ab
4 0.81b 10.6a 2.67b 8.5b 0.47b

‘Cultured on 1/2MS medium containing 1 mgL.” ' BA and 2 mgL ™ NAA.
YMeans separation within columns Duncan's multiple range test, p=0.05.



4) ¥ZH= 4%
O ATAS : H minord 2%
@ AZUg L gy 5wE, vladl = (47))
x IBA: wix]el 7} —0, 1, 2, 5, 10 mgL™’
o8 A= Z w24 — 100, 200, 300, 500 mgL ' / 3, 6, 12hr
x 7] Eujx] 7] & 1/2¥04], sucrose 3%, agar 0.8%, pH 5.5
® A 2 Y
« BjF7|ZE 125
w ZAFSGE ¢ AAF Shoot & & o], Root &+ & Zo9]
@ A4z
H. minor f+25A1¢] 71 Wul%A IBAS 0~10mgl™'e FE& 1/2MSH|A] ]
A7k A, Az FAL IBAY FE7F HolAFE Z7tete] 2~10mgl e
FEA 18.1~19.3/M%2 %53 A3E HPon, ANxo AL 5~10mgl 'l
A FEBATHIE 41, 1% 38). WS 2~5mgl ' FLolA 22.6~22.470 & F
7ol 3.8700l el 7l HE Frbetgion, Hele] AAS 2mgl 'Y Tk
oA 7+ AA At
SEES] IBA(100~500mgL el f2 &4 E 3 A, Azl
TA2 300mgL el 12417F HASRAE W 18.6712 FLE itk 500mgl !
o] FEAAME 12A12F AAA Az FAHL 17.37) Fzalen, Hao F4
o A] 38570 % FH 7o 3.870el wlgte] 10u) o] Frbssith el g
300mgL e wEolA 6A17F AAEAS W 7 FAAR 500mgl e FE
Els

oA 6~12A17F HABA S A9olE d5d AyE HATHE 42, 219 39).
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¥ 41. H. minor?] 71} 2] Aol v X = IBAS] 33,

IBA(mgL™") Fresh wt.(g) No. of Shoot length No. of Root length

shoots (cm) roots (cm)
0 0.70c” 12.6¢ 2.16¢ 3.8¢ 0.78bc
1 0.92ab 15.3bc 2.37bc 14.6b 0.96ab
2 1.08a 19.3a 2.52b 22.6a 1.19a
5 0.99ab 18.5ab 2.75a 22.4a 0.92ab
10 0.86bc 18.1ab 2.79a 20.7ab 0.52¢

“Means separation within columns Duncan's multiple range test, p=0.05.

2 38, 1/2 MS #iA| oA thoksl IBA X0 thdt A minord] A 73R-E.

¥ 42. H. minor?] 71} 2] Aol ulX]= IBA X A2 3.

IBA Soaking Fresh wt. No. of Shoot No. of Root
(mg-L™") time (hrs.) (g) shoots  length (cm) roots  length (cm)
Control 0.73c” 12.6¢ 2.16b 3.8h 0.78e
100 3 1.02ab 14.8bc 2.52a 9.1gh 1.30cd
6 1.23a 16.8ab 2.53a 13.8efg  2.07a
12 1.07ab 16.9ab 2.38ab 20.9¢e 0.99de
200 3 0.97b 16.6ab 2.50a 12.8fg 1.16cde
6 1.09ab 17.1ab 2.51a 18.4def  1.94ab
12 1.14ab 17.8ab 2.51a 28.8bc 1.19cde
300 3 1.09ab 15.4abc  2.44a 19.1de 1.56bc
6 1.11ab 14.4bc 2.50a 19.5de 2.23a
12 1.00b 18.6a 2.31ab 30.8b 1.09de
500 3 1.15ab 15.7abc  2.42a 24.4cd 1.30cd
6 1.08ab 15.2abc  2.41a 29.0bc 2.01a
12 1.18ab 17.3ab 2.53a 38.5a 1.96ab

“Means separation within columns Duncan's multiple range test, p=0.05.



e

o}, Y Fo)A 8| E Pinguicula moranensis

1) 33=4A

39. v3 IBA FA Al gk A minore] 7S

O ATASE : Pinguicula moranensis® leaf (1X lcm)

@ Aguig 2 Uy

* FEAA L] F7 3

— Kin, BA : 1, 2, 5mgL™!
: 1/2MS, sucrose 3%,

% 7| Hpl %
©) 1/\].1413. gg H 1:1-1

* uﬂok7]71_} D60

*
N
>~

=
o{l
I

Kinetin®} IAAE &

o

Py

&
deow

e O Y kineting o

A zZ3A ). Kinetind 1
g2 AxE 63"40}91‘:} 1

1m

AE
2
=

5HFE ul g Y]

=4 (471)

+X% : BA, Kinetin + NAA, TAA (4x%)
— NAA, IAA: 0, 0.5, 1.0, 2.0mgL™"

272y 1 mgl”
43—46).
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A A=, shoot F shoot 4o,

o A7 A
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HEAL Al Vg
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agar 0.8, pH 5.5
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Kinetin (mg-L")

1AA (mg-L™")

18 40, 1/2 MS v A o) A thekst kinetin®t TAA %o W3t P moranensis®)

Rl

¥ 43. 1/2 MS ®iANA P moranensis Aol A&} E3}lo]] w| X kinetin
NAAS] gk

Growth regt;lators Fresh wt. No. of Shoot No. of Root
(mg-L™) length length
Kinotn  NAA (g) shoots (em) roots (em)
Lsontrol 0.57bed’  6.8f  1.36a  ldlde 1.d2ab
1 0 0.26d 4.8f 0.95bc 11.9de 1.23a—d
0.5 1.62a 51.4bc 1.08b 48.9a 0.93de
1.0 0.86b 29.6cde 1.01bc 35.7abc  0.98cde
20 080bc  3l3cde 0.86cd  38.8ab  0.74e
2 0 0.34cd 6.4f 0.94bc 11.7de 1.31abc
0.5 0.94b 31.6cde 0.73de 22.9cd 0.85e
1.0 0.83b 39.2cd  0.74de 11.3de 0.74e
20 085h  27.1def 089%bed  26.4bed 0.94de
5 0 0.58bcd 12.9ef 0.74de 10.8de 1.55a
0.5 1.54a 79.7a 0.61e 21.8cd 1.10b—e
1.0 1.49a 52.3bc 0.82cd 5.2e 0.88de
2.0 1.55a 67.9ab 0.61e 15.0de 0.78e

“Means separation within columns Duncan's multiple range test, p=0.05.

7N



3 44, 1/2 MS WAl X P. moranensis 219 g3} E3kol|] W X]= BASH NAA

o 9

Growth regulators

i Fresh wt. No. of Shoot length No. of Root length
(mg'L ™)
BA NAA (g) shoots (cm) roots (cm)
Control 057" 68 138 141a 142
1 0 0.57d 6.3c 1.00b 7.0abc 1.50a
0.5 1.01bc 40.4ab 0.88bcd 9.9abc 0.82bc
1.0 0.98¢ 45.9a 0.85b—e 7.8abc 0.72bc
20 100bc  385ab  0.72def _ 10.4ab _ 0.70bc
2 0 0.36d 8.6¢ 0.72def 1.7bc 0.83bc
0.5 1.40a 42.6ab 0.91bc 8.8abc 0.73bc
1.0 1.37a 38.5ab 0.75¢c—f 8.9abc 0.74bc
20 10%bc  297b  087bed _ 138a _ 0.7lbc
5 0 0.48d 17.0c 0.591f 1.5¢ 1.05b
0.5 1.19abc  42.9ab 0.78cde 4.3bc 0.53c
1.0 1.34ab 42.6ab 0.69ef 4.8bc 0.55¢
2.0 1.08abc  42.6ab 0.74def 10.0abc 0.72bc

"Means separation within columns Duncan's multiple range test, p=0.05.

¥ 45. 1/2 MS wiX|el A P moranensis

IAAS] 9

olo] AFF} ®slo] WA= kinetind}

Growth reglflators Fresh wt. No. of Shoot No. of Root
(mg'L ) length length
Kinetin  IAA (g) shoots (em) roots (em)
Control 0.28¢” 17.0ef 0.77b 6.7f 0.80d
1 0 0.65de 15.8ef 1.19b 19.1def 1.31ab
0.5 1.95abc 42.6¢cde 1.23b 48.5bc 1.24abc
1.0 2.37a 94.3a 1.41b 72.5a 1.49a
2.0 2.25ab 74.8ab 1.35b 63.9ab 0.99bcd
2 0 1.04cde 15.6ef 0.87b 16.4def  0.89cd
0.5 1.60a—d  39.8de 2.29a 26.4de 1.09bcd
1.0 1.48a—d  36.9def 0.83b 10.9ef 1.25abc
2.0 2.29a 39.9de 0.83b 24.8def 1.02bcd
5 0 0.64de 8.91 0.87b 9.0ef 1.03bcd
0.5 1.28bcd 40.2de 1.45b 14.4def 1.11a—d
1.0 1.56a—d  69.8abc 0.88b 19.8def 1.30ab
2.0 1.86abc 64.7cde 1.04b 32.7¢cd 1.27abc
"Means separation within columns Duncan's multiple range test, p=0.05.



3 46. 1/2 MS 8iA| A P moranensis 2o A7&¥} 3o wx]:= BAF TAA
o 9%

Growth reg_Llllators Fresh wt. No. of Shoot No. of Root
(mg'L™) length length
oA TAA (g) shoots (em) roots (em)
Control 0.284d" 17.0fg 0.77def 6.7abc 0.80abc
1 0 0.79c 20.7efg 0.86¢de 2.3d 0.56¢
0.5 1.40ab 45.9bcd 0.97bc 7.0bcd 0.78abc
1.0 1.68a 42 .8bcd 1.14a 9.0abc 0.82abc
2.0 1.29ab 50.9abc 1.06ab 14.1a 1.02a
2 0 1.02bc 12.1g 0.89cd 3.6¢d 0.64bc
0.5 1.44ab 35.4cde 1.04ab 9.7abc 1.11a
1.0 1.51ab 38.5¢cd 1.08ab 9.8abc 1.05a
2.0 1.66a 48.2bcd 1.11ab 13.0ab 0.85abc
5 0 1.01bc 31.3def 0.70ef 0 -
0.5 1.42ab 65.4a 0.70ef 4.3cd 0.84abc
1.0 1.33ab 59.8ab 0.69f 5.4cd 0.99ab
2.0 1.62a 48.3bcd 0.77def 6.0cd 0.82abc

"Means separation within columns Duncan's multiple range test, p=0.05.

2) MATHEZY 9%
7h) wjRFFE
O AFAE © Pinguicula moranensis®] leaf (1X lcm)
Q@ A& 2 Wy 5akE ) mka =W (47))
x MS, 1/2MS, 1/4MS, parliman®] A
x 7] Eulx]  7]E 1/2¥0 4], sucrose 3%, agar 0.8%, pH 5.5,
Az AA(TAA ImgL ™, Kin ImgL™)

* HF7IE 125

WA ZEHF S 1/4AMS~1MS, Parliman®i A = e]ste] wjekst Azt =] H7}



Aol QAL F715Fe] 1IMSHiA| A 21.97)

X 47. P. moranensis Q2| A} F-3}ol| w]) X &= vl x| o] o 3,

Medium Fresh wt. No. of Shoot No. of Root
(g) shoots  length (cm) roots length (cm)
1/4MS 0.50c¢" 13.5b 1.09¢ 17.6a 1.24a
1/2MS 3.08a 16.1b 1.79a 15.7a 1.05ab
1MS 2.15b 21.9a 1.44b 10.6a 0.79b
Parliman 0.32c 5.2¢ 1.05¢ 15.7a 1.31a

“Cultured on 1/2MS medium containing 1 mgL ™' kinetin and 1 mgL ™' TAA.
"Means separation within columns Duncan's multiple range test, p=0.05.

a3 41, opF3k wfA ol et P moranensis®] A7 wHE-

“

W) Agar 5= 4%
O AR Pinguicula moranensis®] leaf (1X lcm)
@ A& 2 By 59wk v =w (470)
xagar . 0, 0.6, 0.8, 1%
x 7] B ujx] 7] & 1/2¥04], sucrose 3%, agar 0.8%, pH 5.5,
AAZAA(TAA 1mgL ™!, Kin ImgL™)



@ =AME 2
w HJQEZIZE 125
* ZARHE ¢ AJAF, Shoot 7 & Aol, Root + & ol
@ A4
AgarE H7}etA] &e A A= BT uAstY] P moranensis®] W oF
e AitetA Fkow, A=A AL agar H7HolA FFEAH 0.8%
A 15770 = Fo] FAs o, A=Y A B ASE S8tk el 54
£ 0.6%°14 19.97h= kAt b2 Al T2k Fo)2k= fIATHEE 48, 11 42),

3 48. P. moranensis 242 A3} B3l w] X &= agare] 3.

Agar Fresh wt. No. of Shoot length No. of Root length

(%) (g) shoots (cm) roots (cm)
0 Dead

0.6 0.93b” 13.4b 1.20b 19.9a 1.48a
0.8 3.08a 15.7a 1.79a 15.9a 1.05b
1.0 0.78b 12.9b 1.04b 18.5a 1.35ab

“Cultured on 1/2MS medium containing 1 mgL ' kinetin and 1 mgL ™' TAA.

"Means separation within columns Duncan's multiple range test, p=0.05.

a8 42, 1/2 MS iAo A theksl agar w0 WE P moranensis® A EREE-.



o) 8 s=E 49
O AT ASB : Pinguicula moranensis®] leaf (1X lcm)
@ A& 2 By 59wk u =W (470)
« e 10, 05 1, 2%
x 7] B ujx] 7] & 1/2¥04], sucrose 3%, agar 0.8%, pH 5.5,
A2 A(IAA 1mgL™, Kin 1mgL™")
@ Z=AMNE 2 U
D125

.
« ZAMHE 0 A AT, Shoot ¢ & Z o], Root = & Zo]

BAES H7PekA @2 Al A7kl mls) AzAle] S4B Aol v

=
L A AT FHITOA B Al = 16.17E wl$ Bton g
o=
-

X 49. P. moranensis Q2] A3} F-3}o)| v X = A ERe] o F

Activated  Fresh wt. No. of Shoot No. of Root length
charcoal (%) (g) shoots length (cm)  roots (cm)
0 3.08a" 16.1a 1.79a 15.7a 1.05a
0.5 0.34b 5.9b 1.17b 14.1a 1.01a
1.0 0.33b 1.3b 1.05b 10.4a 1.06a
2.0 0.37b 4.4b 1.18b 13.6a 1.34a

“Cultured on 1/2MS medium containing 1 mgL ™' kinetin and 1 mgL ™' TAA.

Means separation within columns Duncan's multiple range test, p=0.05.

7



2}) Sucrose ¥=4E Ay
O AFAN= : Pinguicula moranensis®] leaf (1X lcm)
@ A& 2 Wy 59kE mou| =W (47)
* sucrose - 0, 1, 2, 3, 4, 5%
x 7] B ujx] 7] & 1/2¥04], sucrose 3%, agar 0.8%, pH 5.5,
AFZAA(TAA 1mgl ™, Kin ImgL™")

 HjF7|ZE 125

>~
=
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o
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o

Sucrose®] H7}Fo] BaFH A2 A2 S8kl 5%E Aesale ) 35.8
3

=
NZ 7P GAstdou, 84S 3% AelolA dsatdvh(3E 50, 17 44),

¥ 50. P. moranensis Qo] A3} H-3lo)] 1] %= sucrosed] 3,

Sucrose Fresh wt. No. of Shoot No. of Root length
(%) (g) shoots length (cm) roots (cm)
0 0.17b" 2.4c 1.38b 8.9¢ 1.52ab
1 0.43b 4.7¢ 1.45b 14.5bc 1.65a
2 0.61b 10.7bc  1.46b 25.0b 1.81a
3 3.08a 16.1bc  1.79a 15.7bc 1.05¢
4 0.64b 23.5ab  1.15bc 41.2a 1.63a
5 0.67b 35.8a 0.90c 42.4a 1.21bc

“Cultured on 1/2MS medium containing 1 mgL ™' kinetin and 1 mgL ™' TAA.
Means separation within columns Duncan's multiple range test, p=0.05.




) Fd& 4¥
O ATFA = Pinguicula moranensis®] leaf (1X lcm)
@ A& 2 By 59wk u =W (470)
* 15, 30, 60mM
« 7] Eux] ¢ 7] E 1/2¥0A], sucrose 3%, agar 0.8%, pH 5.5,
A2 AA(IAA 1mgL™, Kin 1mgL™")

« g7 7t - 125

* ZAMSHE ¢ AAF Shoot & & 4], Root & & Z 9]
@ A4
Al o] F A4S 15~60mME GElate] wjgd Ay AxE 60mMolA
60.570 = 71 wol FAdH ol & wikol Hls) A=A Aol 3uMARE F7tat

ot e A BE AUt 19.4~19.57Hi Szt o At & A
o5 Ho|x] gt Wb BEo] A2 1/2vl 2 A 2l$ 30mMeol A FE st
(3% 51, 718 45).

3 50. P. moranensis Q2] A} Bolo] v = AALFE o

ot
N

Total nitrogen

. Fresh wt. No. of Shoot No. of Root length
concentration
(mM) (g) shoots length (cm)  roots (cm)
15 0.70b" 24.6b 0.90b 19.5a 1.11ab
30 0.66b 20.4b 1.09a 19.4a 1.52a
60 2.14a 65.0a 1.01ab 19.4a 0.75b

“Cultured on 1/2MS medium containing 1 mg-L_1 kinetin and 1 mg‘L_1 TAA.
"Means separation within columns Duncan's multiple range test, p=0.05.

Ao ik P moranensis A7t

ol

r7r



5. 44 EE 7|WH =9 719 o4

7}. Heliamphora minor
1) Z18e8A] dZEZAZF v X = 9

7V el 3t Heliamphora minor®] 2%

O TR -

@ A=l 2 gy 570A, SubE

F FEe] o]

* IBA @ &9 A
— 0, 100, 200, 300, 500 mgL ™" / 3, 6, 12A%F

§ u) Qe FECHEAD

hm]
=

3 51. In vivoel A IBA HAAAE 7V H minor?] 73} ¥-3loll vjx= 9
. : Fresh Plant Plant Root

ML time (o) rate (%) wi, () shoots Rt widin 80T tength
Control 70 0.10a” 1.0a 2.09bcd 1.39efg 3.3a 0.21ab
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12 15 0.10a 1.0a 1.97def 1.43d—g 2.0cd 0.20ab
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6 15 0.09a 1.0a 2.02bcd 1.62bcd 2.2bcd 0.20ab

12 20 0.11a 1.0a 1.96def 1.64b 2.0cd 0.17b

500 3 15 0.10a 1.0a 2.07bcd 1.57b—e 1.7d 0.15b
6 15 0.07a 1.0a 1.83f 1.31fg 2.0cd 0.20ab

12 15 0.07a 1.0a 1.83f 1.27g 1.0e 0.15b

"Means separation within columns Duncan's multiple range test, p=0.05.
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Antifungal Activity of Plumbagin Purified from Leaves of Nepenthes ventricosa
x maxima against Phytopathogenic Fungi
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A kind of naphthoquinone, plumbagin was purified and
identified from the leaves of Nepenthes ventricosa x
maxima through solvent extraction, silica gel column
chromatography, and recrystallization. The yield (0.51
%) was higher than that of the root of Plumbago
scandens (0.26%), P. capensis (0.15%), and N. thorelii
(0.092%). It exhibited antifungal activity against all
plant pathogenic fungi tested, Alternaria alternata,
Aspergillus niger, Bipolaris oryzae, Fusarium oxysporum,
Phytophthora capsici, Rhizoctonia solani, Rhizopus
stolonifer var. stolonifer and Sclerotinia sclerotiorum.
The minimum inhibitory concentration values ranged
from about 4.8 to 56.6 Lg/ml against the above eight
fungi and R. solani was the most sensitive.

Keywords : Nepenthes  ventricosa X maxima,
activity, plumbagin

antifungal

Phytochemicals may be an alternative to currently used
fungicides to control plant pathogenic fungi, because they
constitute less environmental risk and mammalian toxicity
(Cho et al., 2006; Hwang et al.. 2005; Lee and Lee, 2005;
Lee et al., 2005). Quinones occurring in higher plants have
a good to moderate antifungal activity against phytopatho-
genic fungi (Lee and Lee, 2005; Meazza et al., 2003).
Phenols and guaiacols extracted from wood vinegar of
Cryptomeria japonica have a strong antifungal activity
against four plant pathogenic fungi (Hwang et al., 2005).

Nepenthes are carnivorous plants using their specialized
leaves as passive pitfalls and trap arthropods (Juniper et al.,
1989). Phytochemically, naphthoquinones are characteristic
of Nepenthes and are chemotaxonomic markers within the
Nepenthelas. Several naphthoquinones have been isolated
and identified from the roots of N. rafflesiana (Cannon et
al., 1980), N. thorelii (Likhitwitayawuid et al., 1998), N.
gracilis (Aung et al., 2002), and N. insignis (Rischer et al.,
2002). A kind of naphthoquinone, plumbagin has insect
antifeedant (Kubo et al., 1980), cardiotonic (Itoigawa et al.,

*Corresponding author.
Phone) +82-43-261-2557.  FAX) +82-43-271-4414
E-mail) bjcha@cbnu.ac.kr

1991), anticancer (Parimara and Sachdanandam, 1993),
antimicrobial (Didry et al., 1994), and antimalaria activities
(Likhitwitayawuid et al., 1998). However, no detail study
has described yet on the antifungal activity of plumbagin
against plant pathogenic fungi. The present paper reports on
the inhibition of eight plant pathogenic fungi by plumbagin
isolated from the leaves of N. ventricosa x maxima hybrid.

HPLC was performed with Shimadzu LC 10 AD pump,
SPD 10 A UV-VIS detector, and the column used was
Shim-pack CLC-ODS (M) (4.6 x 250 mm) with a detection
wavelength of 254 nm. The mobile phase was methanol
and water (80:20, v/v) with 0.1% trifluoroacetic acid at a
flow rate of 1.0 ml/min. EIMS was measured using a HP
5890 GC/MS spectrometer using HP5-MS column. Injector
temperature was 270°C, and column temperature was 70°C
for 1 min at the beginning and then raised to 120°C at rate
12°C/min and hold 1 min, 200°C at rate 15°C/min and hold
1 min, and 300°C at rate 20°C/min and hold 15 min. 'H
NMR spectroscopy was performed using a Bruker AC-300
at 300 MHz using CDCl, as solvent.

The lyophilized leaves of plant (100 g) was ground and
extracted with methanol overnight at room temperature.
The methanol extract was re-extracted with hexane. The
extract was subjected to flash chromatography on silica gel
using a hexane and ethyl acetate (2:1, v/v) solvent system
and detection of antifungal compound was achieved by
bioassay. After collection of active fractions, further purifi-
cation was performed by recrystallization with hexane,
yielding 0.51 g of orange crystalline solid.

The plant pathogenic fungi were acquired from the
Korean Agricultural Culture Collection (KACC). The anti-
fungal activity of the active compound which was resolve
in methanol was tested by the moditied method of Daouk et
al. (1995) using potato dextrose broth. The minimum inhi-
bitory concentration (MIC) was the lowest concentration of
plumbagin that completely inhibited growth of the fungi
and the antifungal testing was performed in triplicate.

The presence of plumbagin in methanol extract of the
leaves of N. ventricosa X maxima was estimated by HPLC
with a retention time of 6.75 min. The peak area was
calculated by comparing with an authentic sample of
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