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SUMMARY
I. Title

Systemic Establishment of Round-Year Cultivation for Orostachys japonicus A.
Berger and Investigation on Its Pharmaceutically-Active Components for Improvement of

Added-Value

IO. Purpose and Significance of Research

Orostachys japonicus A. Berger is one of the key herbal plants for cancer
remedy and health foods in Korea. Contribution to the economical growth of
farmers raising Orostachys japonicus A. Berger is a pivotal target of this
research. The knowhow for the round-year cultivation provided by us will
enable to send out the plants to market throughout the year and stabilize the
price. It was tried to demonstrate that the content of the biologically—active
substances in Orostachys japonicus A. Berger grown under the round-year
cultivation is not inferior to those in wild one. In addition, the concentration of
the pharmaceutically effective substances and the biological activities of
Orostachys japonicus A. Berger have been evaluated. The valuable informations
for the round-year cultivation of Orostachys japonicus A. Berger introduced by

us will be beneficial to the farmers and lead them to the industrial utilization.

M. Contents and Scope of Research

project 1 : investigation on pharmaceutically-ative components of Orostachys
japonicus A. Berger

The contents of the biologically—active substances in Orostachys japonicus A.
Bergers cultivated under various conditions and those of wild ones were
evaluated. Especially, the contents of polar organic compounds such as polyphenol
glycosides, polyphenols and nonpolar ones including terpenes and steroids were
estimated by high performance liquid chromatography, gas chromatography and

traditional spectroscopic methods. Biological activities of Orostachys japonicus A.



Bergers such as anti-oxidative effect, and antimicrobial and anticancer activity

were investigated by convenient methods.

Project 2: systemic establishment of round-year cultivation for Orostachys
japonicus A. Berger

It is a short day plant bloomed in fall and died. Its herbaceous products are
converged on the time to reduce the farmer’s profit. The study was done to
establish its year-round cultivation under 2 hour night-break treatment resulted
from our previous experiments to change its harvest time. Herbaceous vyield
related to the farmer’'s profit was increased with transplantation of larger
seedlings during late June, longer than 13 hour daylength, higher than 20T, or
less shading. The yield was little influenced by fertilization of nitrogen,
phosphorus and potassium compared to cereal crops. Especially increment of
nitrogen fertilization resulted in reduction of its growth but increment of withering
rate. Its year-round cultivation was summarized as its seedlings transplanted as
larger as possible were grown under 2 hour night-break treatment since June and
maintained above higher than 20C during winter season, which was cultured

without bolting and flowering of its florets to early March.

IV. Results of Research and Proposition for Application

Results of Research
project 1: investigation on pharmaceutically-ative components of Orostachys
japonicus A. Berger
Content of pharmaceutically-ative components

The content of four polyphenols-4-hydroxybenzoic acid (1), 3,4-dihydroxybenzoic
acid (2), gallic acid (3) and methyl gallage (4), two flavonol aglycones-kaempferol
(B) and quercetin (6), and five flavonol glycosides—kaempferol-3-O-B-D-glucoside
(7), kaempferol-3-O-B-D-galactoside (8), kaempferol-3-O-a-L-rhamnoside (9),
quercetin-3-O-B3-D-glucoside  (11), quercetin-3-O-a-L-thamnoside (12) from
Orostachys japonicus A. Bergers grown under from night-break and day-length
controlled experiments was estimated and compared with those in the wild ones. No

significant difference was found in the content of the polyphenols and polyphenol



glycosides between the cultivated Orostachys japonicus A. Bergers and the wild
ones. The amount of the phenolic acids 1-4 and the flavonol aglycones 5, 6 and
flavonol glycosides 7-9, 11 and 12 were increased with increasing light irradiation
under both the night-break and day-length control conditions. It was disclosed that
the cultivation conditions such as the night-break and the day-length control were
not adversely affect the production of phenolic acids and flavonols in Orostachys
Jjaponicus A. Bergers.

The content of two steroids—campesterol (15) and B-sitosterol (16), and four
triterpenes—taraxetrone (19), B-amyrin (20), (-)-friedelin (21), glutinol (22) in the
Orostachys japonicus A. Bergers cultivated under various conditions was
estimated and compared with those in the wild one. The production of the
investigated steroids and triterpenes dose not dependent on the amount of the
added light as well as the amount and the variety of fertilization. No significant
difference was  found in the content of the steroids 15 and 16, and the
triterpenes 19-22 between the cultivated Orostachys japonicus A. Bergers and
the wild ones. From viewpoint of the content of the steroids 15 and 16, and the
triterpenes 19-22 the quality of cultivated Orostachys japonicus A. Bergers is not

inferior to the wild ones.

Biological activity

Changes in the contents of total phenolic compounds in Orostachys japonicus A.
Bergers as well as their antioxidant capacity according to the control of
night-break, day-length control, variation in luminosity and fertilizer used were
examined The results were compared with those obtained from wild ones. The
contents of the total phenolic compounds in the plants roughly proportional to the
increasing level of irradiation and nitrogen fertilization. The total content of
phenolic compounds in the wild plants was slightly higher than those cultivated
under various conditions. The antioxidant capacities of the plants were increased
roughly with increasing level of irradiation and nitrogen fertilization. Overall, the
total content of phenolic compounds of the plants and their antioxidant capacity
were not significantly affected by the amount of phosphorus and potassium
fertilizers used. The extract of the methanol of the plant showed the minimum

inhibitory concentration of 1.25 - 2.5 mg/ml over five gram (+) bacteria. When



gastric cancer, cells mkn 28 was treated by mixture of the extract, cisplatin and
taxol, anticancer effect that destroyed the cancer cells more than 80% was

observed.

Project 2: establishment of round-year cultivation for Orostachys japonicus
A. Berger

It is a short day plant bloomed in fall and died. Its herbaceous products are
converged on the time to reduce the farmer’s profit. The study was done to
establish its year-round cultivation under 2 hour night-break treatment resulted
from our previous experiments to change its harvest time. Herbaceous yield
related to the farmer’s profit was increased with transplantation of larger
seedlings during late June, longer than 13 hour daylength, higher than 20T, or
less shading. The yield was little influenced by fertilization of nitrogen,
phosphorus and potassium compared to cereal crops. Especially increment of
nitrogen fertilization resulted in reduction of its growth but increment of withering
rate. Its year-round cultivation was summarized as its seedlings transplanted as
larger as possible were grown under 2 hour night-break treatment since June and
maintained above higher than 20C during winter season, which was cultured

without bolting and flowering of its florets to early March.

Proposition for Application

It has been demonstrated that the content of the biologically-active substances
and biological activity of Orostachys japonicus A. Bergers grown under the
round-year cultivation are not inferior to those of the wild ones. Since the plants
exhibited anti-oxidant activity compared to that of either ascorbic acid or BHT,
it could utilize for the purpose of the suppression of diseases caused by a
biological oxidation. In addition, the plants showed a significant antimicrobial
activity and anticancer effect on the cell of stomach cancer. These results may
be utilized as basic data which the authority recommends the round-year
cultivation of the plants. The round-year cultivation will expand the breadth of
sending out the plants to market and stabilize the price, resulting the increase of
the added value. The present study should be followed by further research on

manufacturing health promoting foods and/or new medicines.
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% Az eFe e WA

ol Fockgrel AYBA (AR, FrAREY FAaY

SSCIE
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M2 & =de Zls/gddd

A1 A e Baslse A%

4 Ee e AR ukeEe] Fdiok g FX Ee AR EsA7E
deojz 2] A dde AmEo] & AAL] Ayxlel sto] ol w3l
kel 1 Aas AWE nkel o] ddAE nielEe] Fd # s =S
IS T YHEYE AT AUt A SN mapHelw, 4vF
o Ao s 19 243 o) Fdl AAl= 69 sk ol dell, 23549 JHEF o
A= 89 sk AFol= AgEolor <2y >3 U % JHEE O*Xﬂa T dn=
A%E g3lo] g v dvk (AXE T, 1995a, b, 1996, 1997). o8& AFZA I} =
HE upejEe] Szt he st 7.:3%01] Z=agsidlon stel wA = 48
ol AR ofyet A2k AA dAZE e Aem Addn. & AN F
starzl sh= Ag-EA e ARl FaAuE M= E vE afldl 2= Hd
Hhel & o] RES = FA ookt FdA) YiEe] Syd ¢ S Aot

HA 2 A dyde] dAEEE Fotol Fu 2 e 2d3 VxdTE

Qoksld w9 <y T2 & Kalanchoe blossfeldiana= W Zol & o] S E3 A7k
TEAY7E FolA = Feo] Mg &Aoo, olek FAGE Aot

oy w9l (Schwabe, 1985; Zimmer, 1985). 24}
Kalanchoe blossfeldiana™ 13&7te] 4759 A2 /sE AT F = 2oz
qdH A oy, GdAEL 307 = a9l v, FAAEL2 247 o] 4 S A

gslolol A a}E AE &= Yt (Schwabe, 1985). wtd 2 &9 713 %

Xanthium %

Fil
A= ko JE, 53] Ao #E JFS “}01 o] Fox ity e wpel&Ee
Cs¢t Cy A== 28 CAM AE2A U9 & sbar A2gr-eAdel gk AT
HiuE Ao AFgh Aot
R &2 ghol A QI oy THA] AmHAS

e 2
5, 1988) TH &= Ao oW Aok SV S-S E veiH ¢ WtEgoeR
AbgEoj gkttt (WiAd 4], 1992). vE9IE ] ofEA el #E A= 1980 TR Y
o]Fojxom Z7|AF @AM oxalic acid, sedoheptulose alc, triterpenoid, 2=
o= Bl AL A 2HE So] FAES ol FaL vk ARl Bt (Park et

al, 1991a). F=A4F vEdA = M F A8 E<Q]  Sedoheptulosan, Isopropylidene
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sedoheptulose, % Kaempferol-3-glucosyl-7-rthamnoside”} &<¢l¥ At (H&EL %,
1984, 1985). $-8 ygtalA AAstE ol AdeE 10 =9 flavonoid pyranose
(Sung et al., 2002)¢} terpenoidE FETFslE= 3001 %9 3t E (MF3F 5, 1994)0]
EAEY. A a ddd dAgodMe vgE FEE0] aflatoxin®] &AW
FEHAS A FAaATIY o9k & FIE triterpene, steroid Z EEHE AE
SHt=59 54 Aszgoziey Arle Aoz FAHJY (Park et al,
1991b). H<rol= nijEERH Z2ld A=A 88Ec] HIV-1 Protease® 24&
Aefgthis Apdo]l #AAEJT (Park et al, 1995). ¥ A37lo] =33 &AL
olstw  wpel&e] stebdE "ol die] IuielelA wrEE =S 5% 79
(Chemical Abstract, "]=r3}8}3] @)oo mA niejEe] Aeddeddd g A7t
5] 271G & & vk uklEo] Fietar de - g olek S Wk
g AT AYAERY RielEe] Fd B Jigtel ddd d7EAHE FEse AL =

Lo

Al
ol

S dolth webd Ao W 2 omE uxsn = Fu L A 47
of W YUBYTA] FYUst YABHYTA] FUAES TFF oy Ei
ABFAENE T BaAol Ank
A2 A FEV|E] EAA

HelEe] FAAH Ee FRTl YoM Fuh R sk RelHe] dojurks
AFANE ¥ A ATAEe]l =& b ok ey dgxAe] @ Fel

night-break & &3] 2&7F =& o532 HFHA A7 Fetol o] Fxl AlF

omRE Ly Ayoltt et} sftel] #olEtE 89S UAF o]foE ALL

FIFS AT Aow LA Adrk vAEY] FdAME ALt g+ F3 A
= I

s}stofof 7hgstrhal

2 AarAk 7] WE] olRe] it
o webd 7159 2vls BelE FALEES IO
Al S 1ol AAElol ST FuAMslEe] FPE + Aok WEI B
A o d A A muslel x| %] Wiel Ful 2 A Aol By A
TE FUW B A ATAN o] wate] AFehi Aol qqrt EIA P
o Almdr),
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27k gtk ey g9k ARS AAHOR FAsE ATE ofy ofF
Ak ofel E3E e Thsgel Qi uhelE ARel By AAAA AN E

ofgl Fo zHZol= AL dg=sd EddE AL gddEsol 2N

SHAl H s A A RA Zse] dv AR dEA vk wpelEel e ol e
AL stgEE% e JHdEER Tyl de Aom FAHTL vk HZo
ANerEl A2 (reverse phase) AZuLE 1Y i o3 AZnE I S
7IHE olgste] A/t FAEA] K AR HE =Y ALrdHE s -
TAstY] HEREE AZE 9FFe AAaAE NETE F dokd viES B
7HA7Y =& 2 ASAE F glol 2 Aol wig ¥ 3 5 2

_19_



2

A 3% A7ML S 2 B

A1 A A1 AFIA

B AE W ESAE AGAS] FF 2

D B4

sl B2 1- 69 Zelsx MgA FE 9 Sigma-Aldrichel 4 )
stk Eslz MGA S¥E 7,8 11 2 128 ¥de duA dx wEe we
A veER e B AARAED A4 wE AR AFAN TASHAO
W A ARE ZA4dsta sl AME e AAsSE a7 A
wE gl HPLC B48224 Merk Co. A% < 7Y

AR v E A AR 7 10g AS AFA FE22 24S f8 54 1dx3)
gk 7 AlgE 222 243 S 70% methanol (50 mL)ol S EA| 7)1 28 F<ot
5000 rpmoll Al Al A homogenizer (NISSEI AM-7 homogeniser) & 333t} >

=55 oJ#A (Whatman Nol)E AR&3sto] 7Hs; stelA] A3ttt o3d FE&
gkatal 30 °Co 7t stellA ¢F 15 mLE ¥ =33 methanolS 7}ste] 20mL=E
2 243tk w 24 A wiod 10 pL A 9] Al &7F HPLC #2Jo] #-& ¥t}

4z

3) HPLC ¥4

Lo Ey EYds M9EA dFEES T2 ChemStation woftware, model
G1322 A 71AAA7], GI312A F7% ZHHAE FE a model G1329/1330A2] &
AFAE AFA7], a model GI1316 AH ¥, theler wid &3 #AE7|7 Fzd
Agilent HPLC, series 1100 (Agilent, Waldbronn, Germany)& AF-g&3lo] 2453t}

AREE AHE2 40 20 mm id. C18 ODS 2% Axo] &2d T150 3.0 mm id.
4-m Cig Hydro-Synergi (Phenomenex, Torrance, CA)e] o ZE2%+= 25 Col
ATH 1% E54HE E33 20&% oM EUOIEL FE&A S o5 om AMESFATH
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4) g FEA

Orostachys japonicus A. Bergerol X &% AEES A= 280 nm (Z#H =9
sl 365 nm (E& 3= Al wal)elA HEuFelA ¢ HPLC AzvtE
Oy e ZE=deS WMo EN AmvtEIY Y o dojae WItE #
Zalis FAEZvEY Y (cochromatography) 7| o2 F43tdt) dEEe] &
< #F A4S EUE HPLC AzvtEad o 715% doja wAe] wste
FE AMEAY. RE APES AFEE gusty] fa 39 whEd thg dojxl

o
ZYdEEe] g FF> A4 xFEZH 1-69 HPLC Fola WA S o] &3

o] FA3t}h. kaempferol ¥l S A 33ES kaempferol 55 quercetin ¥l 2 A 3}

Sk

H

H
52 quercetin-3-O-B-D-glucoside 13¢] HPLC 3o|aZ7|Fo 2 3aikS ZFA}

g, zHzolE @ M AD SFEe) A

1) Alef

Folin & Ciocalteu’s phenol A]¢F, butylated hydroxytoluene (BHT), ascorbic acid
2 1,1-diphenyl-2-picrylhydrazyl (DPPH)< Sigma Chemical Co (USA)AE,
octacosanes= Spelco Co (USA) AlFS TYote] Ab&stdh 1 vl AlF9 55
St AlokS ARG 2 T AE ZH =R =9 5% HEMN AREASS
oIS A RERE el Vledts WHes Byl £dd Ax=E
= GColl olal] 99% o<l Aem gl on MS A E-I LA o3
TE27F F4H AT

2) W91E Arel 53
AR AS T2 ASlF RE AR 20064 119 129 s A A0 AAsA

3 AxEEHA 8 2 AA

ZAAR vl (30 g)& CHCLE AMg3dte] #: 2xda 24 A7 o &
(1500 mlx 333ttt FEE S silica gel &2A ¢ n-hexane/ethyl acetated] & &
L& o] &35te] # AZvEIHYY (30 cmx45 cm) 224 6719 £8 (A-F)e=
2l sk ok

(
—
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7t BE¥S silica geldolA  prep-TLC (20 emx20 cm)dtith. AIZEFS

n-hexane/ethyl acetate (10:1)E AF&3te] H7lstd  Rf=0.74 2 Rf=0.662] 271 9
2 Yo k. BIES n-hexane/lethyl acetate(20:1)Z o] &3le] TLCArlA A7l

st Rf=0.7, Rf=0.6 ¥ Rf=0.54¢] 37§¢] WME=Z o] Hrh C1FES n-hexane/ethyl
acetate(5:1)E o] &3Fo] TLCAolA A5 Rf=065 ¥ Rf=0569] 270 wi== 1}
Fol Ark. DI1EE n-hexane/ethyl acetate(30:1)E o]&3ste] TLCAHNA H7sHd
Rf=0.75 2 Rf=0.629] 27§¢] W= yrojHth EZ1#S n-hexane/ethyl acetate(40:1)
£ o]&3dto] TLCOA H7iet™ Rf=0.7 B Rf=0.629] 27§ W=g vroldin F1&
< n-hexane/ethyl acetate(100:1)E ©]&3to] TLCAAA  Hstd Rf=0.77 2
Rf=0.709] 27§¢] W= tprolyth M=o g9l g ot S

38 AdlA Rf=0.74%0 W= Z3ES MeOHol €33 =21 t& COSMOSIL
(10x250mm) 5Cxp-AR-T ZdHo] Fztel #2]§& HPLC(waters)elA MeOH/H20
(98:2) 8w E Algste] maZwlEagystd A AAT (r.t.)=196.018%] Kampesterol
15 mg)o]l Lojxth &2 Adl Rf=0.66% WMEE £ WHoR AARvE I
3o rt.=204.8732] B-Sitosterol 2(3 mg)S LA EF ColA Rf=0.74¢] @H==
2 HPLC =3 stelld ARvtEZdy] skl rt=161.506% r.t.=177.466%1

Ay AL gehel o,

Taraxerone 5a(3 mg) ¢} 5b(5 mg)E AR TE 3 DA Rf=0.62% WH=E &
Zz7A oA AERuEIYY o ZH rt.=103.403¢ B-Amyrin 6(2 mg)S AJrh

23 FolA Rf=07721 W=E & X7 s ZRnEIHY TJorH
r.t.=186.607¢] (-)-Friedelin 7(3 mg)S «Jt}t. 8 Fo Rf=0.70& #& =7 3
A ARvtEaH A rt.=2154312] Glutinol 8(3 mg)S AT
>
[

5b ¥ 6-89) Tt AEEF o AP ~AEYL vwFo RN

4) NA AzvE 289 (GC)

GC B4& FID (flame ionization detection)& &3+ Agilent Technologies
6890N Network GC System (USA)S o]&3le] AAlstvt. AHE2 A Supelco
SAC-5 capillary column (30 mX0.25 ym)= A& Y. 845 20 cm/s9 24
£ Aglo] 7tAg ARSI o8 2% 266 °C, FU7I¢k HEVIY &EE 300

CE ZdFA. A7 (1 phel 2519 split injectiono. & F4 = St}
Calibration curves

2H|2o]= B-sitosterol (1), campesterol(2) 2 E]Z3 Taraxerone A (ba) = B

(5b), B-amyrin (6), (-)-friedelin (7) % glutinol (8)2] EEZ2ZXF HFTE (stock
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solutions)& THE T
A E

g
22
tlo
)

AN

2429l octacosaned FTEE 60 ug/ml F22XE 9010 vpgE 2 1

€ 10 mLel ¥ homogenizer (Nissei, AM-7, Nihonseiki kaisha LTD.,

Japan)E& ©]&3}e] 10,000 rpmolA  FEIATE 2EX33F]). o] £d9& AHHA

(Whatman Nol)® A 211 a7 Ft WAt FFH 1 uL& GC Al Ar&-st
g

Ak 4 A% =4 (analyte)o] &2 Wedhs A=A ozRy ALtsdth
o Fee oY 2 Fstas

1) Alef

Folin & Ciocalteu’s phenol A]¢F, butylated hydroxytoluene (BHT), ascorbic acid
2 1 1-diphenyl-2-picrylhydrazyl (DPPH)< Sigma Chemical Co (USA)A|3%
octacosanet Spelco Co (USA) AFS U3t AFESAT. 2 w9t AF9] &7
ool Aoke A gt 2 F¢ AE Hzolt =X
elE ABRRE Toe e PHow %aﬂ%c}. vy ARZASY =
= GColl 93l 99% o]l Aem FlHgon MS ~HEHT 4
TE7F F4H AT

2) wk9l% AR F3t
At NS FE AT WLE

|
>
il

= 20058 JHEF A el A H Sk

= g-]]he——ﬂakgq ﬁEZg

50 °cO11 1047 Bt 228
|ANs T5 o 7 stelA AxAI7IHE 1.3 g9] Hets FEE0] doxict
g3 FEES -20 ColA AAFAY. FoE =S UV/Vis spectrophotometer=
o] &

el 765 nmollA FFEE FAFEE Folin-Ciocalteue] ®y oz EA g dct
(Singleton et al, 1965) & F&&9 200 ppm W& €9 1 mlS A4 2%
NasCO3 1 ml¥} &&star 3587 A3 13 1 ml9 Folin & Ciocalteu?] phenol A
ko m Attt WlgES vhstel &ofo] FulE AL b mE -] =
7F 500 ppme] HA st & HE e caffeic acidZHE Ao 3 F=rxdy



Hlagro 2 g 7hE .

4) DPPHW ol ¢ &1tstg st 574

DPPH 1§ Bloise W4 (Blois, M.S, 1958)& FA3le] AAedh & o
7}Al & (250, 500, 1000 ppm)e F3%E, BHT %+ ascorbic acid ¢ g &
o 55 mlel DPPH (0.76 mM) ol&& &9 1 ml& 7tebdeh. Wg zdsta 30 °C
oA 15 H3F Wx% S UV/Vis spectrophotometers AF&3Fe] 525 nme &34 =

4% 4590k DPPH §92 mjad mrEo] Wo| et 4 °Ce] Heprzio] 4%
S Atk wE 24e 33 AARAL AAFelse 100-[(AN R A el
FRE/AR T AT FHE)X10017 FER L

gA=Ao ALgH WA 2R Muller-Hinton ¥ A= Difgorle] A|&F=&

ot

NS Ao ALgE 7S YT OR S aureus, B. subtilis, C. diphteriae,
S. mutans, C. freundi, S. epidermidis, P. vulgarisE A}&£3t51, 2F SO =

E. coli, S. paratyphi A, S-typhiS A}-&393th.

3 HaAE A

HhelE Hegs FEEY Fvads A AW (Victor-Lorian, 1991;
Koneman et al., 1992)& <FzF W3 slo] vhg|gole] A Aslazt (MIC) &4
th kol 7t ASuMAE die ol vieldE MuEs FEES 0625 1.25, 25,

o

5, 10mg/ml¢] & FoH o 7hste] 2 &3 thE petridishol 20ml# 53
O LE2A FAAA FEEO HUtE FAMAE s ARSI AT YT U
o wggo] Hrbd FAMAES wEo] = AMgsAY. aela 7 FF

GAdfes 10mle] A Aol HFsko] 2z weo] HAAMFLImONA 1241704 o
Ao A 23] A FF WFAS A7t 15x10° CFU/ml 7F S =2 2" a7
sAste], sRER FEE] Hbd FAMAG tixgted =Este] o A5 A 2o
A 24X1ZF Eob wiekatgith MICS #AL Soto . AAMsle], folow HAMEHY)
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M ESFe AF "W AEES MTT (3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide)E AF-&3te] 243 oA AF3 AAMEFE 10%
FBS, antibioticsfantimycotics7} A7tEl iR =2 AME Z7] wE 1- 25 x 104
cells/mlo] A A3k & test | plateo] 200 w0 A 713k 37°C, 5% CO2 #j7] oA
24Xt Bt wige = A miAIE 200 pl A wWolFA AN ARE 1 WA 7H A
°of samplec] So1UA ¥ 96-well plated] = AE §HE Zo} 307 FE cell&
platev}ehel] F2A171 § w2 5 mg/ml MTT 20 g Wol Fi 4A3F A3 & 4%
HS A A% FH 100% DMSOZE A9 formazang o] 570 nmolA EFFE=E =43t

on

O~

2.4 U8 # A

7h EYdE 2 Eds g & 24

Z¥ = 9= A FFEEL SN dE EXFHo Y HF
o] slFrEEoY. o2 At FE ALY AA BE s ZdoER ZF
g3 g grglgle} 2 gujolglx, A ] AAEY, nG, BHEG, AIDDS =

A Ry eE Aow e Zgd s 4-hydroxybenzoic  acid (1),
3,4-dihydroxybenzoic acid (2), gallic acid (3), methyl gallate (4) & U F/F< =

Z2b 5249 agricono] gt F2%= kaempferol (5) 2 quercetin (6)o] ;.

1;R=R'=R"=H
2; =R"=H,R'= OH
3;R=R'=OH,R"=H 5 R=H
4;R=R'=OH, R"= CHj 6; R = OH
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HE¢]&ol A A F7kA BEEE EYHE wdAEd s kaempferol-3-O-f3
-D-glucoside  (7), kaempferol-3-O-B-D-galactoside (8), kaempferol-3-O-a
-L-rhamnoside (9), 3-O-a-L-rhamnosyl-7-O-3-D-glucosylkaempferol  (10),
quercetin-3-O-B-D-glucoside  (11), quercetin-3-O-a-L-rhamnoside (12) %
quercetin-7-O-B-D-glucoside (13), flavonol-3-O-D-lyxoside (14)¢] 8%0o] it}

7; R = B—D-glucosyl, R' = H 11; R = p-D-glucosyl, R"=H  14; R = D-lyxosyl
8; R = B—D-galactosyl, R' = 12; R = a-L-rhamnosyl, R' = H
9;R = a-L-rhamosyl, R' = H 13; R = H, R' = a—-D-glucosyl
10; R = a-L-rhamnosyl,
R'= a—D-qucosyI
1T dAFoeE ZEvE FFE52 652 Flukaodld T8 Zaus v
A 7,8, 9 11 2 129 &4 552 dox WS v} AAx &R

A geshe 1059 e AR del s 659 S
el BAS S AT A AT Awe] Bxal
AAl uhelge] ok AR WA @ A whel&e] RYR FYEA @ F3

Q9] oFegiel FewstEse] W9 WA FAHAG 1A
aglo] FaEen] IAUE Al ARTA ATAE SwA A
Atk A7 WES A dEse e FE3 2,

dob AN

e

H
X
(o]
2
[
AL
r J
ol
fo
o
lo
i
oft
ftlo
o
o
ol
ol
N
do
&
N
N
Sl
M
:Oé
>,

%, HPLC o4 % Ag W/ A4se A92ae 2Asich Aoz
& TR E 1, F 29 29 13 2k B A7e] A4zt AdzALe 250N

homogenizer?] 3Ad<4% 5000 rpm 2 2 min A 33 F&, 4 AT R,
acetonitrile/1% formic acid in water(20:80) ©°]&4 2 ZORBOX SB-C18
4.6x250mm<e] A7 S AFE3F= AUk
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F = 9 H
AR Tt = ST =
(25C, 5000 rpm, 3x 2 min) (90 C, 2 h) (95 C, 4h)
E 1. FEUH v
2) ¥FEA S0 R*
¥ s 2 Eds EA sEE WA Qe g 24 HeolHES A7
A ZEv=A FFEEY FFEF 1 - 69 5 HAHIAE FAsta o2 HEH
R*ztS Attt 22549 RFFES 23s8td ¥ 37 2o
RFEAS R 5L =% 1 - 00007 o]4e] o]l WS Yo E3E
Ao ALY dREPY. EEEEY] xHA oA quercetin 69 HPLC =
ZolEay) FEAFTAE EAEE 19 2a ¥ 2be} 2k
ol 54 ol A AY o] T/
B Acetonitrile : 0.025M KH,PO4(30:70) 46x150mm
C (A) 50mM ammonium dihydrogn phophatep H2.6
(B) 0.2mM ortho-phosphoric acid pH1.5
(C) 20% solvent A in 80% acetonitrile
ZORBOX SB-C18
D (A) 50mM ammonium dihydrogn phophatepH?2.6 4.6x250mm
(B) 20% solvent A in 80% acetonitrile
(C) 0.2mM ortho-phosphoric acid pH1.5
E (A) 1% formic acid (B) acetonitrile
F solvent gradient (A) 0.1% formic acid
(B) acetonitrile with 0.1% formic acid
G (A) 0.19% formic acid(v/v) in water
(B) 0.1% formic acid(v/v) in acetonitrile
H (A) water/acetonitrile/acetic acid (980:20:5 v/v, pH 2.68)

(B) acetonitrile/acetic acid(1000:5 v/v)

I acetonitrile/1% formic acid in water(20:80)
¥ 2. HPLC o)A ¥ Ao = vl
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500
450
400 r
S 350
o
o
= 300 r
g
~ 250 [
z
g 200
5
o 150 r
100
50
0 .
0 2 4 6 8 10
Time (hr)

a9 1. 7k ARt i el okelE 5 3 69 Fwst

st = 1 2 3 4 5 6
R* % 09999 09993 09997 0999  0.9994  0.9993

¥ 3 EFE241-69 R #

"DRDT D, 59736516 Ref=455,100 (121 1-TUANGOOU3 )
mAU ] 6 Quercetin calibration curve
i I
35 "\ 9000
| i |
" 23 f 8000 2b y =39.394x - 17404
1 I R? = 09993
i I 7000
%4 i
i I 6000
| ‘ \
1 [ - 5000
1 1 <
ke I £ 4000
1 [
104 | 3000
1 [
i \ 2000
59 \
1 J o\ 1000
0 . S ]
i ‘ 0
] 0 50 100 150 200 250
o |
1 concentration (ug/me)
0 10 il » “ %

¥ 2. quercetin 6] HPLC ZZvtE 1 239 ZF=AZEFEA 2b

3) ZYuE 1-49 F ¥
Hp9l &l 23te Ao dHA v EdE 1-49 ¢S 280 nme| AEIHF
oA FHEIATE Ao dHolEHE 100 ¢ T mge 9= TFsH E 49 Zow
AAAE BE9] €] HPLC ARvEIAS hEAQ o 24 =A st 28 3¢9 2}
A vk &Y A EAS GEld ARES Yo ® B3 E 1-49 dapisE
Hl sk oh5-3 2t
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38 149 e FARA b AL XS molFUACh Night break: 7}
s AR dskel AFNAE 773, 730 W /259 RE AN 1-49) Gl Al
2w ZAEAT (825 19 39 A9 dsl). 4% shee] AddAE s 8
A g 24 1-49) Fe] BF A F7sth 10 Tsh 20 TAME 29 @
ol =l F/ksgom 10 CoIM 39 Fol Frstdth. 1 el WEshe 2
A1, 3 % 49 FFe EeAY gasnh A9z AGeNA W/ = 16/89]
$ 1 - 49 RE G Gl A FrsAh B = 13115 B = 10/14
o A% SHE 139 39 FFe 2T Batgot 29 49 FFe FrhArh

Night break, /& % 2gzd Pojrl ¥ A7 AREZTE A
Wol ool ZrlEeE 149 FF R¥/ fFHon Adns Ao dolH
1-4°] F %S 2=, Night break 825, €57k 20 T %, d&=x4d v/ =

10/149] A xzolA AAE T vHA] x5 o] Ut

Ak FA8 7/3° 7/307 8/25° Tk 10°CP 20°CP 10/14° 13/11° 16/8°

1 133 067 169 159 126 182 103 092 113 112 1.82
2 004 063 143 119 023 378 107 09 023 256 2.00
3 2140 919 2876 3870 6.70 4295 2623 1836 1879 20.75 43.45
4 059 034 091 186 079 1.09 063 035 080 093 1.09
T 2336 10.83 3279 4334 898 49.64 2896 2059 20.95 2541 48.36

“ Night break A% 9z} " 9% 7b&; @ 94 24 w/9h w9l mg/100 g

b

E 4 9% AMzdel me Fewna SiE 1 - 49 g3

DAD1 B, 5ig=280,16 Ref=380,100 (0228\USH00002.D)
mAU 3

T T T T
5 10 15 20 mi

2P 3. A4 b9 E ¥ EE59 HPLC, #3945 280 nm
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= )

FASE FAA Fd o Ed= okneZe] IH

1 odeh webd EeuiE okaw e FEe EHdHiE W

Ase] A=A &3 AR dxe] ds Ao Fridv. Bvt oy F
e} % =

= WgAE

well e welE Algel xFH o 3= EYdE oY 59 69 TS 365
nme] AEIFAA FA AT dojzl HolHE 100 g T mge] @92 FFsd
F 59 2k dxAd dz2A AA nupeEe A AL Tt FEEe x
Zd9s olag] &9 HPLC ZZvtEayS “ASHH I3 49 2t}

AR vpel & A EAE 2R ARES WA eR ofaelE 59 69 ¢
st Wasd vE3 2

Aol Eestal gl= okl 59 69 FE2 Abdttel wls ofzF ¥ A Night
break & 7Febi= A4 Wske] Aol A= 7/300 8/25914 59} 6] ol Al 7tk
o dE 7k APdA = Frh2 2xelA 59 69 el A FUteth A xd
ARolAE B/ = 10/149F 16/8914 59 69 3hwko]l =skrh 59 69 T2 Night
Break 7/33% 95 7h2 10C, 9424 o/ = 13/1164 At oy 25 v BEXE

!
HolFa Umx AEAAE A Hih 4YE B PEE mo] T

b
i

f
o
g

H =
5% STz AN §AE 7/37 7/30% 8/257 F7FL 10TCY 2017 10/14° 13/11° 16/8°

=

5 084 107 083 145 114 126 075 121 134 077 141

6 124 150 109 213 168 166 102 15 192 107 186
< ¥ 208 257 192 358 282 292 177 277 326 184 327

a; Night BreakA| 2 2l b€ 57 o dZZ2A(/9); @910 mg/100g

® 5. Zd vz oty FF X
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5 9= WA FFEE

Rl & gfr5o] e FoR dHA e 8FY EEHE WA IFEE F 79
¢ 11 % 129 533 & A=vtEddugtomy ARnETd] o] volaE F45S
t}. kaempferol ¥l@ A 7-9= kaempferol 5, quercetin ¥l@ ] 11 ¥ 12+ quercetin 6-4
HPLC ¥ola& 7o s s AT AR AE374E 365 nmol itk dojzl
dlolHE 100 g 9 mge] 992 T3stH & 63 2l A<l =24 AL vpelE
of ¥3tel Zgd=E widA gEEe HPLC ARvtEa3dS =Ashd 2y 59 2th

=

EE s 132 vl 23] e 3ow delA glov AldrichAtel A 4
o RFEAAY vl Ao rRE ueldde EE s 130 2§ A F&
Aoz wal st AAA v EY A S G AERES gde= 79, 11
2 129 FFRsE vastd o5 2

-ite] Ag FHA Ao AlFoA 7-9% AAMNI H|S=EAY 2F v g
EXE HoEt) quercetin ¥iEAQl 11 2 12& 4= d Ado v = 13/117 16/8
ol 4 xpedal up9l&3) vk Sk B E HoFE b gE Adzdg Aozl g
9 AlgEAE AAAE B g2 SRy s HojEr 7-9, 11 ¥ 129 FH% ¥
= 13/119 16/85 A&le BE oA dojxl AlmeA WU BEXEE BHojFrh

AAR GAE 7/3% 7/30¢ 8/25¢ 7L 10CY 201CP 10/14° 13/11° 16/8°

==

T

3

6 028 027 028 025 028 029 026 025 030 022 032
7+8 050 054 051 035 045 055 035 031 039 050 045
9

11

12
E)

028 024 029 024 022 024 ¢ ¢ 023 022 024
482 258 312 238 322 355 153 127 287 475 356
105 168 071 072 07 107 060 061 102 15 134
=5 693 531 491 394 487 570 274 244 481 725 591

“Nihgt-Breack Al 21 2); "5 7k @ A2 A3/ ¢ AEFHA 25599 ing/100g

R 6. 29 de WA FF EX

DAD1 D, Sig=365,16 ReT=465,100 (0226JSHO0002 D)

40 7+§

T T T T T T
o s 10 15 0 25 30__min

39 5. At ukeiE e EYslE g Al £ HPLC. HE37; 3656 nm
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2. zelzel= B o HEA AY 3FE] FF 24

7b A zAd e npgLe] AE s Role 9 gEd FEE] dews xA}

AExgH2olEe HE2d FEES Axde] AR, 25 V9EH, 4Fs=
2o 74 AT 2e Fa% 988 sttt (Makin et al, 1995). B2 /< A&
zHRol=gt HE2d sigtEEo] dF A 28 sb Wz QAR AFEE o gk
o grlEd 2 (digitalis) 256 8% digoxin ¥ digitoxin¥} #o] oj¥ 3 IEE

2 g Fa3h efFor o]fHt (Makin et al., 1995).

AF7HA BEEERYH g Ho] g e 2HEo = SgEds= I8 69
k3l A9 B-sitosterol (15) ¥ campesterol(16), stigmast-4-en-3-one (17) %
ergost-4-en-3-one (18)9 4 &7/7F At} (Park et al., 1994, 1991a, 1991bh). ¥ A
ol M= 4 ~E|Ro]= & campesterol (15) 2 B-sitosterol (16)S E# 3oy o&
= Az e zHZo= Ad = FEFHIIE FHGE AXELRE A
&3kt

o}N

15: Campesterol
16: B-Sitosterol

17: Stigmast-4-en—-3-one
18: Ergost-4-en-3-one

a9 6.
94 "H 29 ALY FFgEdE 2 7o £33 AAH Taraxerone (19), B

—amyrin (20), (-)—friedelin (21), glutinol (22) 2 epifriedelanol (23) ¢ 5 &7F7}
B aEo] Qvh(Park et al., 1994, 1991a, 1991b).
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19: taraxerone

20: B-amyrin
21: (-)-friedelin
22: glutinol

23: epifriedelanol

a9 7.

B oo A= Taraxeroned ©o|AZAAE FAHEE Taraxerone A (19a) 2 B
(19b), B-amyrin (20), (-)-friedelin (21) % glutinol (22)2] 57} HZ3 3}3ES
g AR e (A Fx) o5& Auxdd wE HEA AL IFEY TFF

WEE FHse AEBA2 g

o
Ho
i,
PO
o
frt
T
R
4,
2

o,
B
52
flo
oty

- E?_,('
e
o
ui
o
Ak
rir
o,
ot
%
o

&
Atk @A 19be] 725 TSt = Fol AT Ay BauAdd 1 HEg
l

BN

iz e AxE4 15, 16, 19a, 19b, 20-22¢] GC AZvtE1H 3 W
3= F9std 29 8 # ® 79 2k
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) ‘ :
2 | 1 :i 2
| | L6 7
536 7 ‘;5;16 ' 5 ’536 I
| bl Y l s
I I S A R0 L [ 1
U u "«“u'u\.!\_. e _:\LALLJ-‘JQJM'LU\AJ\.ML. _\MLA.;IJJ«AJ#V‘IMMML, _r VNN
0 0O 0 4 5 6 Tan 0 10 20 30 4 5 60 Mmn 0 10 20 3 4 5% 6 7000 o0 10 0 % £ 5 6 7 mn
(%) () L)
1s ) B 1§
t 7 k 2
L6 |
‘ ‘53 !i I ]5a6’|] 526 '
| 8 | (75 Y
N ! 1 1 8 1 el T
_L.. oo VUvu [V Lo h _Lt TNt [V

0 10 2 30 40 5 6 70 oin
a9 8. Az wE
(3A):

3 2 A

X]-H—E =

A]

0 0D N o N 60 Mnn

15, 16, 19a,

vy =}
x=34

01020 % 4 % 6

19b, 202259

0 nin

ek sk GC AEnE 1Y
15, 16, 19a, 19b, 20-22¢] GC, (3B): Night-break 7/2, (3C):

Night-break 8/25, (3D): €712 13:11, (3E): 412 16:08, (3F): F=H3} FA

2], (3G): F:=wW3} 35%, (3H): F=W3} 55%, (3D: AAH| =38 Nb,

- 34

(3D: Az



T8 NI10, (3K): A4nmgx2] N20, (3L): ZEH 82l K5 (3BM): ZEH &4
K10, 3N): Z-gnl 2 2] K20, (30): Q14bH| =] P5, (3P): S14bHI =4 P10, (3Q):
Ak EA 2] P20, (BR): Ak<dzt 7Hsk A, (BR): AHdzt 7Hs) 5

3} = (mg/100g%)

AE 15 16 19a 19b 20 21 22
Night-break”

7/2 1.08+0.06  3871+0.40 7.19+0.04  1.66+0.04  6.69+0.22  7514+1.44  7.13+0.12

8/25 0.68+0.03  2520+0.23  651+0.07  1.29+0.02  4.92+0.19  53.72+1.43  5.21+0.06
g2

1311 0.76£0.02  39.16+051 6.69+0.14  2.18+0.09 6434021  67.97+1.00 6.28+0.06

16:08 0430.02  20.11£0.28 4564016  1.38+0.06  3.44+0.10  38.36+0.60  3.47+0.08
#Fw s

e 1.8240.05 28.13+1.07 7434006 1313001  3.06+0.05 4061051 5.30+0.11

35% 1784006 39584145 895:048  1.67+0.06  4.37+0.15 61.27+263 5.87+0.12

55% 2162007 41.87+2.04 8904026  1.68+0.04  437+021  65.04%320 6.21+0.11
davsAg

INGH 1234004 27.13+087 7.93:047  167+0.06 6.20:026 66.07+1.63 6.87+0.15

N10f 151005 3177146  9.26+0.12  233+0.06 820:026 8993+3.33 9.23+0.25

N20f 0.64£0.02  22.63£0.60 4.90+044 127006  5.03+021  49.90+056  5.30+0.10
Q4kn] =4 2]

psf 0.82+0.03 2221076  4.44+008 137006  4.74+0.07 5473235 5.43+0.25

P10f 150003 21.70+092 6.39+0.11  1.27x0.06 517012  50.43+1.96  6.00=0.20

P20 1.07+0.02  26.73+t125 742+033  1.84x0.06 623029  7057+2.97 7.27x0.15
ZFH s

K5' 272011 40.10£1.97 1047042 273006  9.30+0.35 109.87+4.50 11.17+0.21

K10 1543008 21.33t1.05 655+023 1552006  4.67£021 5673234  5.80+0.17

K20 131006 87.10:1.21 7.39+0.19  1.77x0.06  6.86x0.14  79.20+2.36  811=0.21
2k 4k

sk 125006  23.17+0.30 7.43+0.06  1.31+0.01  3.86x0.05 40.61+051 530+0.11
)3} 5 127005 40.60+1.75 6.49+026  157+0.06  363+0.06 53.80+2.00 5.22+0.02

Taraxerone, 19b: Taraxerone, 20: B-Amyrin,

7. AR e A Rol=
K

20-22

T, D AEARY, g 3 Aag, a2 Yol 2

AgaA ek, t

o @

.

15, 16, 19a, 19b, 20-229] 3

o) =]
S E

AHl % (kg/ha), 15: Campesterol,

3}

A oHolHES 27

AxEA

[¢]

15, 16 % H=3 A xEH

16: B-Sitosterol, 19a:

21: (-)-Friedelin, 22: Glutinol.

19a, 19b,



19b, 20-22¢] %+ AFITAES
15, 16, 19a, 19b, 20-22¢] v] %
87 th T AYgZHAEL w q
2m 2 e BT 10005 BT} 2 ool Mel U] EaH s 240 Az
7 guE e,

2

shgt= w5 AIZE (r.t., min) Standard curve® r
Campesterol(15) 39.33 v=0.3029x+0.6175 0.995
B-Sitosterol(16) 46.36 y=0.6876x+13.3784 0.995
Taraxerone(19a) 4771 y=0.3216x-0.8612 0.999
Taraxerone(19b) 51.06 y=1.2964x-1.9282 0.999

B-Amyrin(20) 48.38 yv=0.3478x-1.0801 0.997
(-)-Friedelin(21) 56.51 v=0.1731x-0.4361 0.999
Glutinol(22) 71.75 y=0.6340x-0.8968 0.999

?y: Area ; x¢ pg/ml
¥ 8 A¥EZA 15, 16, 19a, 19b, 20-229] ¥+ H=E=A, L r “Zk

3}
Ay

ok Aol wE vpeEe] AHZel= 1 Y 29 g
| 2= 1 3% 29 FHEkate] nla

sb 3 AARE mEe &

¢
b
b

E 7o TFHol dE AAH 15 #AAAre] A9 Mg A (1.25 mg/100 )@ 7
s} % (1.27 mg/100 g)o] FHFo]l A9 zol7h glolom 16 o e AFdste] A5
As F (4060 mg/100 g)7F N3k A (2317 mg/100 g)ET} 28] b = okh
Night-break, 4] 2 FERste} 2o dlo] ZALFS WA= AFNA 15
2 169 e A3 16:08914 ZZ 043 mg/100 ¢ 2 20.11 mg/100 g = 7}
Z osrtom Fmst 55%901A4 ZhzE 216 mg/100 g 2 41.87 mg/100 g2 7+
=tk vsAE AgoA 159 e K5 (272 mg/100 g)ollA 29 e K20
(87.10 mg/100 g)ol A 7F& =9kl 152 N20 (0.64 mg/100 g)ol A 162 K10 (21.33
mg/100 g)oll A 7FE v TS HoFS]

A Ays Fgstd 2e 15 2 169 A ta EdeAY &
Ao wolm nge] FHe AHFRE 15 2 169 &y & BA7L
dekEnh 16 9 169 FFS 9 7HA lE A el A AAL B §
|9E ALt vpe1E s} A3 A vkelE& Afolel] ou]E Fo] g

N

52

0 i
X
N
wo T
o

i
fo rir
M
bl
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2 vp9l&e] =3 19a, 156b 2 20-22¢] FuE 2 A v
5a, 5b B 6-89] kIt vl

k)
2
=
BN
P
2

it} =

Aol

B 7o TFHAUE AAY 19a°] FFe AAske] A9 sk Ad (743 mg/100 g)

o] /Mst ¥ (649 mg/100 g)Eth ZH =%kom 19be] ke Apdakel A9 sk A
(1.31 mg/100 g)# N8} & (1.57 mg/100 g)7} A2 ¥]3=3tth. Night-break, 273
g % Frwsiel 7o "o A RS WA= AFNA 19a o FES FE ws)
35% (895 mg/100 g)oll A 19be] ek A7 1311 (2.18 mg/100 g)olA 7H¢ =
gkth 19a:= 47 16:08914 (456 mg/100 g) 19b= Night-break 8/25 (1.29
mg/100 g)ol Al 3hFo] 7B wdrh vs A e A4 19a % 19be] FFFe Kool A]
717} 1047 mg/100 g 2 273 mg/100 g & 714 =9t} 19a%= P5 (444 mg/100 g)
oA 19b+= N20¥ P10 (1.27 mg/100 g)ol Al 7Hd wre ks Bl Folth,
Aol ARE Feetd He] & vme] FRF H AMEY 19a H 19be] AL
| EAT FRaATE gle Aow wolm AAte] st Fof st HellAw
3 ApolE HFX gkokth B 7bA] AF A el A dojxl wmpglEo] Apdit
Bt 19a 2 19b9] =2 TS RAFAN AAst upel& AF A u) vpelE Apol
FE whgk Zolrt gle Ao dAdkEn

20 4 219 S AALre] A9 is § (44 363 B 53.80 mg/100 g)7F JHs}
A (30.86 2 40.61 mg/100 g)Hth =ton 229 ke zpdAatel A9 s A (530
mg/100 g)3 A3t 3 (522 mg/100 g)7} A& ¥<35F3dt). Night-break, €4z 2
Frewstel e dleo] zAMES WEA7)E AFoA, 20-229 %2 Night-break
729014 242 669, 7514 2 713 mg/100 go 2 7FF =gton 202 FE=wEl F-3g
oAl 3.06 mg/100 g, 21 ¥ 22+ Az 16:08914 7H7} 38.36 ¥ 347 mg/100 go &
ghakol 7 wiokt) wlE A e Ao, 20-229] e Kbooll4 Zhz 930, 109.87 2
11.17 mg/100 go2 7F¢ =tk 208 Ki0olA 467 mg/100 g, 21 2 22%& N20°lA
4990 2 530 mg/100 go & b e ars nolFT)

WAl Ag Fietw Wol < HlRe] TR H AHIFH 20-229] FEFatoldd ¥
Ao & wlth 20-229 S 2k As A 9 sk Fell A

H =
= ougli ) WatE BAY 5 ATk 20229 FFS P A 4E A9
)
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3. F A=dd 9 Aatstad
b Az we wigle = dx FEvs 2 gAdd wigle] ¥¥E = =
gheFlo] ww
Fakst mael #gk A4E FASAT. A= AtE B HE sigrEo] W
T 2 9SSt F TlE g @Abst &3 Alolo]l EAS AAIZE 7] Wl
(Ra et al,, 1997) & 3= =S 2AF Blustdieh A3E S5bstd & 99 2o
A& mg/100g” A& mg/100g*
Night-break” N20° 703.80+0.01
7/2 649.94+0.02 olH = A2
8/25 545.59+0.01 p5' 562.42+0.02
ol gz A° P10’ 663.40+0.01
13:11 272.95+0.01 P20' 538.86+0.02
16:8 774.48+0.01 ZEv s A
3= s K5' 518.67+0.01
oA 589.35+0.02 K10' 771.12+0.01
35% 309.97+0.01 K20' 538.86+0.01
55% 272.95+0.01 b Ak
Aav s A Mk A 701.80+0.00
N5 525.40+0.01 Nah & 783.00+0.02
N10* 565.4
S WEAZ BSE FF % AW Y, G ounh & Awg, @ adEss oA 1e Adsia gL,
b AW (kg/ha)
E 9. o] 7HA] dstel A A wpE] F HE
olg] 7} EmiE Agdte] FF EES vud AU oM W SujE o &
& AT AR BRI Wi RE FEF AWL dEE SN FYa
ok ALt As Fo ANRE A RE ARE Nt A F8a)

Al
Night-break A golx A& AJz} AlHo] 7/2 (7€ 2¥)oA 8/25 (8¢ 25¥)e=

LolAo ute} = | EFo]l 649.94 mg/100 goll A 54959 mg/100 go.& 743
b Az Ao vhule] vz} 13 (1104 16:8= W3te] wep = o] Zo|rt
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F7Hgel wel & dls ko] 27295 mg/100 goll Al 77448 mg/100 go. = F7}F 3t

oo F=st Aol - Ao Aol 589.35 mg/100 g0 F dlE dES B
o & RHE Bldsh 2 ol Al WS 33%0l A 55% ztehshel wel & s ke

9.97 mg/100 gol A 27295 mg/100 g=2 ZAF AT AL vl &M= F dHAs
FFol ZHsk Hel 701.80 mg/100 g BT He] F EAMFOl ¥ B2 JHsE Fol
783.00 mg/100 go.2 F7F5 ST}

S & dlE TS ZArE do %y AHs AA 7
b F vs s Skl Ador o

ZeldlE A R oAl Axesdee] g Ble] diEy nlE A #Esid
A7

HelE F dlE e A vEe] AR Eate A AAE Rold 5, 2
2 "l 59 AjH]gFo] N5olAl N10, N202.2 F7ksld & #ls 52 52540 mg/100
goll A 56540 mg/100 g, 703.80 mg/lOO gl 2 Z7tEAY. dav s Ae-oes
g Q% ZE RS ANEES F odsddd 24 AV fle Aem Hol A
th 9l HE ZF vRd A= P10 ® K109 45 27 66340 2 771.12 mg/100 g
ow 7 =2 dw FES Hol FATH

T F de dEF2 o 7HA xSkl A "L%Zﬂii A al H}%iiﬂ‘r Aped 2k
RISl At 1S Aow ZAMEAT ALY Ag st Fo T odHs ke
ek dol & dm FEFERG =T

=
-

slovf el o] Fr}y]

w
32,
ui
ot
2
1o
i
B=)
rir
re
—
1o
—_
_>|‘1_’,
L
b
K3

oﬁ el

_\'-Jd

b A Ee] whe uhelge] Pakabs (DPPH tiek Aagols)el 2Ab 2 Aelsl
uhlge] Fatshse) vl

ARt o g iste e A gz HAE Foste] 4bstE AAlGteE sEHE
H7tske WHol o] &¥ il Utk (Davy D et al, 1990). ]9} & W= DPPH
(1,1-diphenyl-2-picrylhydrazyl) © th3dt A=A} F o= (Blois, 1958) B-carotene
linoleateE ©l-&3t+= &4ksted 7 (Miller, 1971), Yen % Duh 59 $9d
(Yen et al.,, 1993) s°] Ut} ©o] & 5 DPPHO HAg o5& FAsk= WHol &
Abebe s kst g dubA o ol & H T

_39_



DPPH DPPH

A8 A&

AR 5(%) A3 5 (%)
Night-break” olaku) = A g
7/2 75.46+0.02 P5° 61.55+0.04
8/25 71.58+0.01 P10° 69.64+0.04
A FxAC P20° 53.10+0.04
13:11 41.58+0.04 ZEH 8 A
16:8 92.51+0.01 K5° 4151+0.03
Fews K10° 67.37+0.04
A 58.93+0.02 K20° 53.78+0.02
35% 21.04+0.06 2}od 2k
55% 18.84+0.07 Net A 96.67+0.02
Axvg Ag Nek 94.86+0.01
N5 53.25+0.02 ASA 51.12+0.02
N10° 75.48+0.01 BHT 89.18+0.01
N20° 76.36+0.06
S WEAZ S F 0 A ALY, o Y 3 A9s “AMF (kg/ha), ASA: Ascorbic acid,

BHT: Butylated hydroxytoluene

£ 10. o8] 7k =13t A Aule wielEe] vgS FE& (500 ppmE )8 FAitsts

B AFAm o] WS o]&ste] Aujze wE upelde] itsles FAls
a2 wpelEe] absbs ) vl stk 500 ppme] FEE TEE AMESte] A
Agt A5 FTFstdE & 109 2k

Night-break 2@l = A8 Az AHe] 7/2 (72 2¢)olA 8/25 (8¢ 25¥)o =
Gt E Fakshsel] 2 WskE BHoFA FUrh (27 75.46%9F 71.58%). dFxd
Aol A wrkel w7l 1311004 16:8%2 Wekel wpe} F vre] o7} Frigte] uhet
ghakalizo] 4158%0 A 9251% % A Z7F it F=wmsl Aaoa FoAa 9

Soli= 5893%9 FF4tste S HAgFE whd )l } 2 el S 33%c°l A
55% % Apersld gatslhse 747t 21.04% 2 1884% = A ATE AAAL upe]&o
A e A (96.67%)3 N3 F (94.86%) 9 Whﬂ—b—ol Hl=dk o= 2AE QAT

A Bz Alnl ko] N5olA N10 2 N20ez Z7hshd upels dastse 747
53.25%°1 4 75.48% = 76.36% %= ZF7FEth Qak @ Z-Fu] g A
sl's Alole] aaAlE FAT gtk E AAske] A9 g A A
o] g APolo] Fatslzel & xbol7p A E A kgt
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ARSI o] GAralsE wheldol EAbE o) 3t #AZE glom wel o
Wogegos gussE ks AoR AR aed IdRe Eebis
AR oA ARZANA BASAYE Ash B AT F odE g wsklM =
ASIE At g Pasked wel % Abole duaAt A2 @k

ofe 744 zAsklA AR wpgl&e vEby Cub §4 $EA9 BHTSE %
8 5 wolFAUh oA Wl % Hay WaE Ad E:

N
N
-
O
-

—_

& Ame g

rlo

Microorganisms Growth at concentration (mg/mL) MIC
10 5 2.5 1.25 0625  (mg/mL)
S. aureus - - - - + 1.25
B. subtilis - - - - + 1.25
C. diphteriae - - - - + 1.25
G(+) S. mutans - - - + + 2.5
C. freundi - + + + + 10
S. epidermidis - - - + + 2.5
P. vulgaris - + + + + 10
E. coli + + + + + -
G(—) S. paratyphi A - + + + + 10
S-typhi - + + + + 10

+: Growth, —: No growth

£ 11 o8 7kA v EC] dig weE Mdgs FE=0 HAL Ads= (MIC)

el R FEES ALY AN B

o
i
o
e
=
N
toty
1%
oL
o
o
ofo

o
ol
2
[N
o

Z44%45 TstdE ¥ 113 2o vielE FEE2 19 A TelA FHe &
nAE g3E BoJFAut C. freundi ¥ P. vulgarisS
25 -

25 mg/mle] HAAZH A sEF HoFIAh

m ﬂJ
M
to,
ot
fd
-
(@)]
of\
1o,
[
i)
o2
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[e;

7h A E mkn28ell ek wkelE o] Fera

mkn28 2&

140
Uy 120
K1 100
20 80
H 60
X 40
ol 20

0 [

control ~ 025(mg/ml) 05(mg/ml)  1(mg/ml) 2(mg/ml) 4(mg/ml)
SE (mg/ml)

U I AE snud84ol tigh nhelE o] &eta )

snu484 2t

w150

ki

z 100

ﬂ i l .
I

oll 0

control 025mg/ml
=z (mg/ml)

o ASAE snu7190] hEt vk E o] Feha

snu719 o

250
W 500

30 150
= 100
3
-5U 50
0 .
05 1 2 4

control  025mg/ml

SE (mg/ml)
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ek S AIE snu638el 3 wpel&E o] Feka

snu638 HiLl &

120

i 100

Kl

=

IH

T

> . L

control 025mg/ml

%5_'.:_ (mg/ml)

vl A2 5 A4 cisplatin®] 94 AE mknoll ik dha )

mkn cisplatin

120
it 100

ki
20
; l l
ol

con 025ug/ml 05

vl 3Fokx] 2 4] taxold] YA E mknel] thdk 3ok g v

mkn taxol

120
i 100
ki
=
IH
3

on 025ng/ml
SsE (ng/ml)
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A bl 71E FGARA R S TR FUYRA

iy
Kl 150
= 80
60
| I =
z 28 -
ol = .
-y E ~ ~ N — < =
o = @) [@)] - = *_FE
T pg FgE O BSE £5 0 sg
o5 8 3 o 2 id
= ¥ ¥ S of X
s

whelgo] goravtel e AsE FESE 1Y 95 2k 19 A-DIM m
LAY oe A Al el whelde] ae
of WA ehdeh 19 Go4H A

AE mknol 0§ FFEAE wAGY

>N

{r

_>L
2o
s
jeic
=
R

=
53 HH"] %, cisplatin ‘?—l taxolS IS

mkno] 80%°]¢ AA L= v 2 FAE A7 AR E A

A2 A ukslge] FaA A A Y

vl < (Orostachys japonicus A. Berger)& Zulgt Eoko] Alx] i 1129 %
of 2AA3t= CAM (crassulacean acid metabolism) 2] & 24 374254 o] o
AE AYa 9t H}-‘H?—SQ] A A FAVIFHFSR AN A
9o Foist7] Al &g & 6~ 15 eme] F4sA 9 1§
WAl vhere] AstE A S, T Asd A kel A Eolth (Kang T,

1995, 1996; Shin 5, 1994). 3ol = Ao R EHAE Y& AxS A4A 2

=

)

2~ 5 0]
o
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Wz o §sAL, e el U F 14, AL, F4, 39 Fol o] g3
grom Hzol: o AAEAF Ut Ao WHAAWA o BAE AT W

Hefo =z o] &% vt (Shins, 1994).
ojefg thFe &

ON
o

% 1 Qgel® BFstn welée 994 (monocarpic)

Azol7] witel 7hs; Foll Wz ARG o]t SAo® Qleke] AAAt W&
< 1098 gz Estda dnh webA g3} o] 8 )3te] 3] FHE B
ofyet @7|ztell E3k7t AT E 7] wiiel 7b4 FHow Qo] dviiasS FuiA
4 g ogls 23S AYa o 9 AWE wkel ol miglEe] AYs vgd F
Aozl FHE st A QllHow Austr] Al#tete] AjuiE A o] SiE L Sl=
FEoM = AARt vhejEe] E8kE = Al7IE Fto]l A A npglEo] EshE o of
TAde FRD S Aotk olgste] AsAuE) niflES FshAIVIE =4S
T U= FAAME A% 7lEol Algd] gy ookt

AEAE NNEGEAY, S 37 Guvenility) ¥ g = R 3 aldl A
glol /Mste = Ax fd7] o] Foll 2ot dFow gidE= g agle] AAso
ofit M= Aoew RS & At AN 2= Huol VEdEyd Y dd
d Favl=E wEe Astel 9FS vH Aem 5dn. V2T FAE
st} gol FAF TolH 7] ofd @AFH HAEF A 2ol FHIF Edste] of
= AR Ao olFofzxl ZIZAA Az Foll uel e Aoer Huda v
(Taiz & Zeiger, 2002). &t vpej& o] 7fste] Bod 7|2 FAE 717 +3d7]

o #d A= ATA AL o] FolAA e HAolt

2e Bubpstel &3t GOUES HE (Sedum) SERTHE AFe] F2 o

o

o m
us
I,

rlr

ey

2 7 x 2
NEE BUZAAN AFE AFoAel FAFAZ ARAAL night breakE i
24 3o}

I

=] =)
2315 9AE 4 vt (Kang &, 1995, 1996, 1997, Taiz & Zeiger, 2002).
olE° AEHrt Aod dE T dF A5 steiAE I Aol vlste] v
Foll 7}3teI A &= night-break A7} A Fo] o} BT} AAHolg s 4= 9}
AA7AA vpelEe] Astzde A = 16417 A et 2413
night-break #2l= F®, A& 2 7hste] vA= s HSzsd dxAe]
night-breakoll A/ Zro} Ht} HAAHolH (Kang 5, 1995), night-break A= 243t
T e Ao HuFEa Yt} (Kang 5, 1996). A Kang 5 (1997)

[e}}
=
S 69 sERE 4F A S Z night-breakZ 713k A dol A 69 3stao 71 A$
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Fo7h WS QojupA e W, 797 89 Faol /e 4% Fob Hy 48
AsHe dojubA] kol whsl& e Fulsh askel Mg B Yol Ao w
g vk Aok ey 0@ AT AQEAGA o] Fol A wEel AAate] o
B8 FehHe AVl AA7) WEel AFAMA FIHL gol7] skl FehA
e 24T F Qe AMPEES FFstelokw B,

#4719 %ol night-break Al Fakol wpelsel ASE AAFoA A v
g0 Faut A7 Sete] Faksk bssdeE AAdEA 109 o FE &
w7k FA3 SFste] oz @ Aol wEw g el YuEH 4

(Sedum)®] 237} MeH s Fxdtes 2oz Huyy Jdrt (Heintze, 1973;
Kang et al, 1996, 1997). wtebA] Fo B Aste] stz aAbebs vb9l&e] Q1A
iAol = 2FAAE wE9)E o] FEA 7 BUE= AL Ao Fo 2 st v
2= ggFo] dofrlojokt gt} olef tigk A= HFg AAolrh vl E #A
AF A v EL - A2 el A AuiE A 97] wel s T3 2

Ex4do] 7%

o

goF Zsel olv Ao deAMA &L S7bR Qske] digfR e Auzh Al
ek wTkel A e ES Wt ER e giel= 1089 HEE s AAt vkl
£ FepA7Iet HAA A= A v &S] FAVIE AR 2AE 5 9l

ofwt 2ok whglEE Folel ool Asbrh AEE  FAYE Asshd aabete o
A4 Awol] WEel Fo Ei= &she] Jistel g WA= 2909 o 2
o HAAY WP gyl 2eAVE P92 24 £ S Aotk AA

A wpslgel A, = ogAste] ZeAVE Pz =AY
T Ae dFE dA AR npel Zol 7 5 (Kang 5, 1995, 1996, 1997)0] X a1
o 94 A% T night-break el Wol AWk welA nie S A7

dd ¢ = FdAed dE Ay A o= VxAd dARFEH Al

i)\
o
i}
)
e

[nt

S5 24dsy] flstd s el A A2 ook
B 54

d7]eh i
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Fig. 1. Meterological observation during 3-year experimental periods and for 30-years
mean temperature. Symbols indicate the means for 10 days and abbreviations

in X axis mean E, early; M, middle and L, late of the months.

o 6¢ 3} Lol B
AT ddel nste] A o® adA FaEHAT & 5 Utk HEE A9
gt 71EF AlE e 2 #elE on Ao Badk Ka (1995, 1996)°] W &
sto] A Alskodth Night-break Mzl WAFS Ao o] &3l on 234 FE

A IAI7HA] 241 7HE ot A timerE o] &3] A @]l

U A
D 4= 271 32 A4 A7lel o A% 3 s
7h A E Al

gl el FAu A Do AuE dug FAHE fu 27} F
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o 2 st m A= GFE FAStA FHE FEE AV|EE 2ol 189 A=
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glEen BRael 59 312 A 2an wMlEe dAxANA 239 )
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A& AdAste] At AN H/E 10/14 AF HEE 2 8AIF-H
9% GAZFA, H/E 13/11 A7 AelE oA 64 30E5E F TA 30E74A, #
% 16/8 A A 24 SAFE 2F 9A7HA timerEs o] &3dte] WASS #Y

o7 BT oF 45 yml m 2 s 2 2AY
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Fig. 18. Effect of shading on plant height (®), inflorescence length (®),
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Orostachys japonicus A. Berger. Vertical bars represent values of
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Fig. 21. Effect of shading on flowering rate of Orostachys japonicus A. Berger. Bars
having same letters within the treatments are not significantly different by
LSD.05.
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Fig. 22. Effect of night-break treatment time on plant height (®), inflorescence
length (®), number of leaves and bracts (©) and stem diameter (©®) of
Orostachys japonicus A. Berger. Vertical or no-vertical bars represent
LSD.05 or non-significant difference for the same sampling week after

Aug. 25, respectively.
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Fig. 23. Effect of night-break treatment time on total fraction dry weights of
Orostachys japonicus A. Berger. Vertical or no-vertical bars represent
LSD.05 or non-significant difference for the same sampling week after

Aug. 25, respectively.
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Fig. 29. Effect of inflorescence cutting time on number of total florets (®) and
their anthesis (®) of Orostachys japonicus A. Berger. Vertical or
no-vertical bars represent LSD.05 or non-significant difference for the

same sampling week after Aug. 25, respectively.
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Fig. 30. Effect of inflorescence cutting time on flowering rate of Orostachys
japonicus A. Berger. Bars having same letters within the treatments are
not significantly different by LSD.05.
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Fig. 31. Effect of nitrogen fertilization on withering rate
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Fig. 32. Effect of nitrogen fertilization on plant height (®), inflorescence length

(®), number of leaves and bracts (©) and stem diameter (@) of

Orostachys japonicus A. Berger. Vertical or no-vertical bars represent

LSD.05 or non-significant difference for the same week after Aug. 25,

respectively.

_’76_



sor T ot I 7 "TForetd™ T ]
20 T o oe 430
| A w b5k T
or ] B 0k 420
60 |- . ]
r 1 —10
30_ T -
- 0 o
€ i 1 E s
S 120 . S
= 430 &£
> B 1 >
< 90f R 1 -
s - 420 S
z SoF ] { =
=2 o e =)
2 af g 1° ¢
> ! 1 2
[a) 0 0 (&)
60: :- —12
sor 1+ 49
ol a|e 4
3 HF 46
0+ 1+ g
3 | 'K
20 5L 4
0 1 1 1 1 1 1 1 1 1 1 0
0 4 8 12 16 0 4 8 12 16
Weeks after August 25

Fig. 33. Effect of nitrogen fertilization on total fraction dry weights of Orostachys
japonicus A. Berger. Vertical or no-vertical bars represent LSD.05 or

non-significant difference for the same week after Aug. 25, respectively.
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Fig. 34. Effect of nitrogen fertilization on number of total florets (®) and their
anthesis (®) of Orostachys japonicus A. Berger. Vertical or
no-vertical bars represent LSD.05 or non-significant difference for the

same week after Aug. 25, respectively.

_’77_



100 A

80 |- b

60 A

Flowering plants (%)

20 A

a a a a

0 . . i R

0 5 10 20
N fertilization (N kg 10a™)

Fig. 35. Effect of nitrogen fertilization on flowering rate of Orostachys japonicus A.
Berger. Bars having same letters within the treatments are not significantly
different by LSD.05.
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represent LSD.05 or non-significant difference for the same week after

Aug. 25, respectively.

sof Total I Florets 1s
60 |- I o o« 1s
L I v sk i
- i W 10kg
40 i T & e 14
20| L 15
= 0 0 4
€ 8o Shoot IS Stem 1 £
s I iy s 1° 5
‘_l'@ 60 : : : . : . F.F)
=] 2
= Or 1L 1, =
= L 4 T =
= L. 1l 2=
- - L
2 L 1, &
> r 1k i
a o | | | | 0 g
3 Leaves 1L 1.
20 4
30k 4 i
- 1+ 'E
20| .
10 4L 1,
0 L ] 1 1 1 1 0
0 4 8 12
Weeks after August 25

Fig. 37. Effect of phosphorus fertilization on total fraction dry weights of Orostachys
japonicus A. Berger. Vertical or no-vertical bars represent LSD.05 or

non-significant difference for the same week after Aug. 25, respectively.
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Fig. 38. Effect of phosphorus fertilization on number of total florets (@) and
their anthesis (®) of Orostachys japonicus A. Berger. Vertical or
no-vertical bars represent LSD.05 or non-significant difference for

the same week after Aug. 25, respectively.
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Fig. 39. Effect of phosphorus fertilization on flowering rate of Orostachys japonicus
A. Berger. Bars having same letters within the treatments are not
significantly different by LSD.05.

3) 7 (20061 =

7he] Alu] el wE wpejdol 2, A, 9
sl Fig. 407 2o 2%, A%, 29SS 238 4
S/HEFE SHERA S Y AT QA AHlES SR Ol wiE ST E e ARG
= A2 Ao R vt
St ghE] Aln o] mE mpel&o) AT H9d



2] W3k Fig. 413 2ok 7he] b ko] whg ii}%ﬂr BEe Aozt o Aud
W, bl E AlESHAl 2 3ol H] g ﬂﬂe AlH
ol F7tEol Az FAA ARFH AAAEFT] FUHEE A

7he] Alnl ol whE upelEe] A" /\@r“r‘@r Mt AAA ¥

2ok shAel FAE At AS FURE A5E dA8] FUEAeH, At
ol JhElk AjnlFe] FUFE W Srbste Blo® AMEAT (Fig. 42 @). 19
el FAH 23k 2417H9] night-break A2l 2 13te] A1 g7z W 735
oro Wyl olYe}l (Fig. 42 ®), /Mstd MA= §7] wio 238t Astel 78t

@
o
Ho
o=l
filo
kel
%
_?L
2
ofi
A

PN

FUNE IS

AA WlES G A AlH el mhE Alddakel o] Fhe] AlRlel wE FdFe A
o A F= Jow yuut (Fig. 43). weba 7he] AlHjgke] g A &o] 44
2ske] Jfstel wA= Gl Ao 1S R okl Jhe] AHIZE mhejE ] Al
A= el mivshy] el F=5 Zhed w5 Algel wE Rl Aol
7 Sh=AE g Etolok Fhe] AW fAek Aln o] AAgE Ao R Atm T

] T T T T

-(® 16 ~

b IS

L i G

— _ e

<

8 ] 1 §

= c

= E Q
S ]

= ©

2 - 48 2

= @

& . 1 &

o | 14 g

. { E

0 ! ! ! ! o

_@I T T T ]

o . =47
%\400 I -
< L i IS
= - 4 S
S 300 I g ~
c a
= L i d6 ©
3] IS
© 200 I - I G
o L 1 o
] - z 1 =
‘S 100 | g 2 2
] - 15 »
- - -

0 1 1 1 1 'f 1 1 1 1 0
0 4 8 12 0 4 8 12

Weeks after August 25
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(®), number of leaves and bracts (©) and stem diameter (@) of
Orostachys japonicus A. Berger. Vertical or no-vertical bars represent
LSD.05 or non-significant difference for the same week after Aug. 25,

respectively.
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Fig. 41. Effect of potassium fertilization on total fraction dry weights of Orostachys
japonicus A. Berger. Vertical or no-vertical bars represent LSD.05 or

non-significant difference for the same week after Aug. 25, respectively.
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Fig. 42. Effect of potassium fertilization on number of total florets (@) and
their anthesis (®) of Orostachys japonicus A. Berger. Vertical or
no-vertical bars represent LSD.05 or non-significant difference for

the same week after Aug. 25, respectively.
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Fig. 43. Effect of phosphorus fertilization on flowering rate of Orostachys japonicus
A. Berger. Bars having same letters within the treatments are not
significantly different by LSD.05.

vl FA A A A Y
D) 12hd = (2005)

297 (monocarpic)ol A= T A&l BhjES 1090 AT E5H7] 1
woll 7hAe] Fehe nt ofyel FHdlE AFE ol £M] FEE oeEe ¢t
Ak whebA mEelES sk skl A= AAR HelEo] EskE = A7]S T8k
of TS grd = vk A7 AFEES Tkl gyd welEe] Fu % s =
d 7ler melEe] FaAm AAES FHstaat Azt e 21719 STl A

T7F AEEHE7E At velES Fd 2 s Zeste] o

- 8k o] Aol night-break #lgsteiof Aste] 7§38t flo] bHEA e + US
Aol& Kang 5 (1997)3} 47| night-break A& A]7] Al E3lo] =& ZAdrl ¢
T olF A IIZA aske] JNE glo]l EFe] TheertE AAs A 69 1097 8¢
25Y = night-break® AA715 2este] 39 ZE7bA AR ubelEe] =7, 3hA
o, 97 295 © AAAY AAA ®EE Figo 449 2t 69 109 A2lel vske
night-break *2]A]7]7} %2 8¥ 254 %-¥ night-break A z]A] =%, 343 £

o
=
T, BAHE BF AP WW 2AY, B, wlen ds o]$Ql 39 2+
=
e

ofN

a3 4
o2 ZAFE 1O Aol AAE Aoz ZAME AT
3H 69 1097 89 25U E night-break?] HA|71E Ealdte] 39 ZE71A] ZA

B ompelEo] AAG Fd, AR 2 AA ABRFTo AAF WEE Fig. 459 #oh
A AT, IAMT, AT, o, AAET, AA AETES FU7F dojur] H9l 6¥
109 night-break A2l H.thi= Fol7} dojt o] 52l 8¢9 25¢ night-break =zl &
KXy

Aow Yehskal o2k F&2 deo] Eus 38 2R ASHE AR o

_83_



Ebutth 2e]v night-break 2] A]7]17ke]l ZFol7h dthal EX]ete dF Fole Aol
woHa a9 gel IR wALEE Aol #IEI o] FH &AM shoR % AHAH
EAE WIE ATt distels 5 AAE Aol 2ad Ao dAHch

649 1093} 8¢9 25U & night-breake] gA7]|S &
2ot skl AAIA WekE Fig. 467 2t shAol FAdH 484 night-break *
27} 7hetelxl 8¢ 25 (0F)ellA= AR Afol7k gl ot ZAZE AlZbE 45 o] 7
= Fu7F dojuyr] A9 69 10958 night-break 2] 7F3F A glol A #Qlown o]y

BEe 4ol 2 FEHA AEKHE o2 AT (Fig. 46 @). 18 S4A 4
PAE 2skE AA FF 2474 night-break & 7leto]® Fo7 dojd 8¢ 25U
B night-breaks 7}e A9 39 ZFols Aol JAE Asgte] d¥7F Jist=E o
(Fig. 46 ®), &3}e] stz Qate] wAMEE = U= ZsiA] vlgo] 10% Ar=el 3
v Ao® ZAEAY (Fig. 47). webA] viel&e Foi7F dojubr] 29l 64, wAe 74
o]zl night-break A2]& 75t DE7IF Toli= 20C olos 258 fAEtd &
ske] g7t dojubA] erol npelde] aAleHA] S Ao A HT

T —
3
£ 43 &£
e
< 1 2
E °
= 420 o
£
= J
c
8 @
o 410 @
S
=
1 £
0
= 49 ~
< 3
= 1 E
. 48 =
2 g
:, - [}
3} 1S
I 47 8
Ke} ©
: L ] 1. §
-

IS o 46 =
3200— - %]
I 1+ J

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28

Weeks after August 25
Fig. 44. Year-round cultination of Orostachys japonicus A. Berger using
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affected by night-break timing and growth period in 2005. Vertical or
no-vertical bars represent LSD.05 or non-significant difference for the

same week after Aug. 25, respectively.
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night-break timing and growth period in 2005. Vertical having
different letters are significantly different by LSD.05.
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Fig. 50. Year-round cultination of Orostachys japonicus A. Berger using
night-break treatment and heating. Total florets (®) and their
anthesis (®) affected by night-break timing and growth period in
2006. Vertical or no-vertical bars represent LSD.05 or non-significant

difference the same week after Aug. 25, respectively.
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Fig. 51. Year-round cultivation of Orostachys japonicus A. Berger using
night-break treatment and heating. Flowering rate affected by
night-break timing and growth period in 2006. Vertical having
different letters are significantly different by LSD.05.
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