creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ri
4

u}pAL 5} 9]

7 o}
AFTHIA
11].1_;(]99,0]]/\13 .
T2 59 AT

o o

g o o

A %
A o 5 3

4 &

&

201149 124



AFAIFAA | 7]d|A] o}

124

2011

F

XO

21914

Al
T

T T T T

124

2011

@ jeju



On the Growth Characteristics of Three Major
Echinacea Cultivars in Jeju Island

Bong-Chan Kim

(Supervised by Professor In-Sup So)

A thesis submitted in partial fulfillment of the

requirements for the degree of Doctor of Agriculture

2011. 12

Department of Horticulture
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

Collection @ jeju



N i
T L i
LiSt OF Table «errseesrrereeressesssessessesssesssessssssssssssssssssssssessssssssssssssssssssssessssssssssssssasens vii
LISt Of FAGUEES +++rrrreesserererssssseresssssssessssssssessssssssssssssssssss s s sssssnses %i
LiSt OF PROLOS +wrrreerersersessssrsssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssessssmssssssssasens i
D T T 1
R O 4
I L T 12
A I L I R 23
1) SO} W RYSEL HF] e 23

2) THBFEA HHB] eerrereerrsseessss st s 37

3) TLEA HHB] crverrrrreerrseees e s 50

4) SFEATEL BLAY coorereerrrsseresssss s sess s s b s s 65

V. A Qe bR R R e 80
VI, Q1@ ILF] corrrerrnrresssessssssss st st sb s bbb e 84

@ jeju



Abstract

This study has been -carried out with the aim to examine the growth
characteristics in Jeju Island of the major Echinacea cultivars which have the
potential to become medicinal and landscaping plants, and thus to provide the
basic data helpful to discovering and spreading new economic crops. For this
purpose, these cultivars have been cultivated for three years from 2009 to 2011
on the experimental fields in six areas in Jeju Island which range in altitude

and soil type. The results are summarized as follows.

1) Germination and growth characteristics

The rooting rate after planting turned out to be high for all the cultivars in
Bonseong area, located at 300 meters of altitude, among the areas with
volcanic ash soil, and in Yoosooam area, 200 meters above sea level, among
the areas with non-volcanic-ash soil. In the comparison among cultivars,

purpurea showed the best survival rate, while angustifolia did the worst.

It was shown that Echinacea tended to germinate earlier at a lower
altitude, and that Purpurea germinated earliest in all the experimented areas.
Soil type exerted no effect on the time of germination until the second year,
but in the third year, they germinated 3 to 4 days earlier on the volcanic ash

soil.

As for stem length, those planted in Songdang, 200 meters above sea level,
showed best statistics, and at the end of the second year it was 2.0 to 24
times the length measured in the previous year. Angustifolia showed the
worst figure whether or not the soil was volcanic ash. In case of purpurea,
the growth was best in Songdang (200m) with volcanic ash soil. But the

growth was retarded in the third year compared to that in the second year.
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As for the number of branches, it varied wildly depending on the growth
area and cultivar, but was bigger for purpurea than other -cultivars.
Angustifolia and pallida yielded better statistics on the non-volcanic-ash soil,
while purpurea did on the volcanic ash soil. 200 meters of altitude caused the

biggest number of branches regardless of the soil type, volcanic ash or not.

Purpurea showed the biggest number of leaves in all the experimental
areas. In the comparison among the areas, the best statistics was gained in
Bongseong (300m), of all the areas with volcanic ash soil, while it was in

Yoosooam (200m), among the areas with non-volcanic-ash soil.

As for leaf length and leaf width, the statistics tended to be good in Songdang
(200m) among the areas with volcanic ash soil, and in Yoosooam (200m) in case
of non-volcanic-ash soil. Purpurea showed the trait to have long and broad
leaves, but angustifolia and pallida showed the trait of having narrow and harsh

leaves.

2) Flowering characteristics

In the first year, purpurea flowered earliest in all the areas, and a low
altitude triggered early flowering. On the non-volcanic-ash soil at 300 meters
of altitude, angustifolia and pallida did not flower thwarted by low
temperature. In the second and third years, all the cultivars flowered 110 days
earlier than in the first year. Pallida flowered earliest in all the areas and

tended to flower earlier at a lower altitude.

As for flower stem length, it was the longest for purpurea in the first
year. It was generally good in Yoosooam (200m) with non-volcanic-ash soil.
In the second year, flower stems were longer on the non-volcanic-ash soil
than on the volcanic ash soil. Angustifolia and pallida produced longest flower

stems in Songdang (200m) with volcanic ash soil, whereas purpurea did in
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Bongseong (300m) with volcanic ash soil. Flower stems were mostly shorter

in the third year than in the second year.

Purpurea showed the biggest number of flowers. In general, volcanic ash

soil and 200 and 300 meters of altitude caused bigger numbers of flowers .

3) Rooting characterstics

As for root length, pallida showed the best figure with 23.3 centimeters.
Altitude of 200 meters led to longer roots whether the soil is of volcanic ash

or not.

In the second year, root diameter was the biggest in Yoosooam(200m). In
the comparison among the areas and by cultivar, angustifolia and purpurea
turned out to show the thickest roots in Yoosooam (200m) with
non-volcanic-ash soil; and pallida did in Bongseong (300m) with volcanic ash

soil.

As for number of roots, non-volcanic-ash soil was more favorable than volcanic
ash soil for all the cultivars. Regardless of soil type, they showed the best statistics
in both Songdang and Yoosooam, at 200 meters of altitude. Among cultivars,

purpurea had the largest number of roots while angustifolia had the smallest.

As for the root weight per plant, it was heavier for those grown on the
non-volcanic-ash soil than those on the volcanic ash soil. Among the areas
with non-volcanic-ash soil, Songdang (200m) yielded by far the heaviest

roots.

The per—acre root harvest after two-year cultivation increased by 40% over
that after one-year for angustifolia, 120% for pallida, and 130% for purpurea.
Non-volcanic-ash soil turned out to be more favorable than volcanic ash soil.
Among the areas with non-volcanic-ash soil, Yoosooam (200m) was the most

favorable for all the cultivars. For all the cultivars, the root harvest decreased

_iv_
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in the third year compared to that in the second year. It remains to be
studied whether this decrease was caused by the bad weather or whether the

harvesting after two—year cultivation is the most productive.

4) Analysis of the efficacious ingredients

The ingredient analysis of FEchinacea leaves showed that angustifolia had
more chorogenic acid, echinacoside and cynarin than the other cultivars, and

that purpurea had more caftaric acid.

As for the ingredients in the root, angustifolia had the highest content of
echinacoside. Those grown on the non-volcanic-ash soil and at 200 meters
above sea level showed much chorogenic acid, while cynarin was extracted
only form those grown in Yoosooam (200m) with non-volcanic-ash soil. In
the comparison among cultivars, purpurea showed more caftaric acid than the

other cultivars, and pallida showed higher content of echinacoside.

As for the ingredients in the FEchinacea seed, all the contivars had just
chorogenic acid, with angustifolia in the lead. A further study is needed with

an higher-sensitivity analysing equipment.

Angustifolia showed much content of echinacoside, chorogenic acid and
cynarin, and purpurea did caftaric acid. Much caftaric acid was detected in
the plants cultivated on the volcanic ash soil at 200 meters above sea level,
echinacoside in those grown on the nonvolcanic-ash soil at 200 meters above
sea level, and chorogenic in those grown on the volcanic ash soil at 100
meters of altitude. In general, however, the plants grown on the
nonvolcanic-ash soil at 200 meters above sea level tended to have a good

level of ingredients.

In sum, it was concluded to be economical to cultivate purpurea on the

fields at the altitude of 200 to 300 meters in Jeju Island.
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It seems that FEchinacea have value as new sightseeing resources if
cultivated on a large scale for landscaping. It also can be used as the
material for wvarious products owing to its efficacious ingredients, and
therefore developed into a new promising economic crop for the farmers of
Jeju Island. It is worth a study on developing it into a substitute for the
antibiotic additive to the fodder for the «cattle. It can in part replace
mandarine in overproduction and play a role as a buffer to the inevitable
fluctuation in the acreage of growing winter-season vegetables, and thus
contribute to enhance the stability of the farmers’ income. It is expected that
the research and development and the production of new FEchinacea products

would help activate the manufacturing industry and create job openings.

_Vi_
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KNO3 A# iz vEatdomn segrte meh ozt F7ks Ho
U &35 Yehl A 2ekthLim, 2004)3 Halskgich

Ethylene(CoHy)2 ethylene receptorebe] Agh EA Fdxte] v, 49 o
B Ee 243 T3 22 dd HAHS AR R T fue
ethylene 22 ethylene A #1¢1 ethephon #18]& E}ut%E ™ (Warneret Leopold,
1969), ethylene ool ot AHLZZ EHES T4 v WES F3ee
Aoz Het(Jones, 1968; Olatoye2} Hall, 1972). Katoh®} Esashi(1975)2
Xanthium pennsylvnicum Z %ol ethylene #]2]A] Wolxe] &= 1-2oA O
=18 &9 om Burdett?t Vidaver(1971)% ethylene®t %2339 w2 g

HThE cthylene+ 8 4% £8Ae7h 454 Wl 7 At s

E. angustifolias X33 sty 2 FE2 T FH EHIE 95t
ethylene®] 275 +=4d (Abeles®} Lonski, 1969; Feghahati®} Reese, 1994; Katoh
9} Esashi, 1975), Kochankov %(1998)2 E. purpurea FAtoll A7dz4xA<l
Kinetin, NAAS}H Atonik * 2] Al tzell H]gte] Wolgo] AA F7F 44 F%
A RE GA39t ethephon& thztoll A wrolg 48%<21 ] Whalo] 12% ol ¥
62%9] WolgS HYtta stk T3 E angustifolia TAE dWAE F
ethephonA &]= oA = Wolgo] =A YUetAR, oA wolo
2¥ YAdE Ba%x ddix(Macchia 5, 2001), Sari 5(2001)2 ethephon
1.0mMe] A= E. angustifolia®l TAEF Aol #AGlo] wol&S FZ7HA7]A

ok, dobg o) SUF A 2 E opallida?t S7HE&0] B AThal skl

rlo

uku) ) 2o ok whol&FHo| #E WS Au¥W  E angustifolia A9
Hug AARAE W debgel 13%lA 9%5%= F7+ 3hlom (Sorensont
Holden, 1974), Al= X A+ 237} ddbstal F47] wo 548 d vsF
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A TE5EA7E Wolgo] 16~17% AHE E=oa slil(Mayer$t Poljakoff
Mayber, 1982), %2t Fx+¢] #3 5 AA &RAe 4% 90% olde wotsS u
WAA T ¢bd FAe] A5 58%9] Wols S vEhfjo] ol Ago] 31
£ XS Ty o3 Adde] HuHEla, 3y e FI A Edo] EAT

7FsAd o] A A EH A eHSuganuma2l Ohno, 1984).

o

ERF Kim(1986)2 vivte] A5 "hylste] A4 ekqle o 30 wiel 90% °]
e =2 dolgs Bt gla, AA FA= FIu #yd 7AA =
st og  FuAg stowd FHol ElgE A (Bevilacqua S, 1987
Manning ¥} Staden, 1987).

AP 25 FT(CFS), AIDS 3= AXHA 7|59 AdAdNS TF Hole
dl, JAMFEEH Echinacea FZ%0°] WY W& S AT 5L Ayttt
AR 4129 S . 23 Echinacea®] 9P A Ao A ok obdAfo] $-
Z o, A7kre 81%= AR E7] =4 MAEE= a7 Q)
Aot oJstH oz BuE I Q)

_u,jg
ﬂl\‘

Echinacea ¥ glycoproteins, alkamides, polyacetylene, flavonoids, caffeic

ol S

rlo
M

acid derivatives, polysaccharides, volatile oilsE X3$tsl= %

t}.(Thomson . 2004)

1(2006) ¢ &H Echinacea T+ 3 3o PMN(polymorphounclear)cell-S
BZAA PMN cell?] o558 FE&a, TFZEE monocyteE Zojdith 18
22 WA AEE Z=3e] IL(interleukin)-1, IL-6, TNF-a(Z %I Al E 4]
skal, wto] s Waleky AAEe] Tes FAAIT ole gk YAl &féf]
Echinacea= W] Astd @z &2 257 @y} sh 2z23b¢lo] whEy
© Ao A WA HI AlxE wislg wEolA W AAES A AET
ERE o]a FE oju= Jom triExst AWike] ola FHE on= ¢
hyaluronidase®] #4& AAgorwr FAT 2&S It sEHPAA 9d

T AT A§L FHAY B ol AFZANAE ABFAR vho]e 2(RNA

i
Hel
i
ro
Q
v
N
N
Y
jus)
=
o,
v
[>
2
i)
O
=
Q

virus)2t ¥ 71 vlo]#] ~(DNA virus)E

Al A7 e Aoz we A
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Echinacea %82 ¥ 5ol% AMxA W 7)o AFAA &7t Atk
Echinaceav= 2 &9 FTFo & 2§, 495
ettt w9528y et #8S  alkamides, plycoproteins, caffeic acid

of ojaiA vhepdriar sk ATk, 2006).

<y
2,
M

derivatives, polysaccharides

eI A] Echinacea AA: i3} vholezazkgde] A mu} awel Agwlo] gho
W, 339 49T AnE AEHUT, P FNHE AFFE AN E
U Fastttn waseh @gel AL W 02 Bgw FY NG AEE
i AW 385s 94 dA dlevh EHS Echinacea S.279° A%
A& daA7l=d AFEEATHF. 2006).

Echinacea °F2]7]dol dia] A= dIAE S4 =3 &

fr
1=
i)
-
N

Z7}8kal, lymphocytes levelS A5 A17]1™, monocytes AAHS ZX38}al, stem

cellsE AFote] WAME 2oE HHsla, EAE AGAE B4 FE FEo

J

2 oWy gAaZ=2 F%5o] vl Cytokines level S 4
IL-19] Aiks S7HA1ZT dapTtel] ofgk dx719 LS FxlstH, A&
S S7HA171a, EHSE A AE 28-S FXsta AAMEe NK cell& €43t
AZig AR A A &

olgtAl st AXE F¥sta d5S st hyaluronidase®] 45 ¢ A sh

of»
>,
Y
H
1>
=,

<l
2,
o,
r

2
2kgS =73 U= hyaluronic acid’} W53&

Fl
4

2 4d¥ % Echinacea angusifolias A+-&3to] =
A mAd = g 3+ A ZAF, vancomycin® A& A 28-S UE
WSl =4l Echinacea purpurea® &3 FEES H9ho] thA A X A28 o

AW gkt A g S SUAIA Y. Echinacea angusifolia® TH7HE ¥ 3} alkamides

Mercurius cyanatus complex

= cyclooxygenase®t 5-lipoxygenaseS Aoz ddAFx8S e
Exhinacea angustifolia®] A% tdA= 95 371 d3, Echinacea

purpurea®] A= 54 B FESt SRS PMNe 2pASS g
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ofr

Caffeic acid derivativest™ free radical® 7]<%13} type III collagen®] 74 7]
S H3dlFe a9E yepdo. 284 A+ echinacoside®t cichoriic  acid,
cynarine, chlorogenic acidoll sl 7174 @Wol] AT AAdA Feh4 A +=
9] oA+ morphological W3} o #) ¢} H]Z=8}t}.

Echinacea purpurea A’dH-i-2 771574 Ak AEE 7AA7)A T e
= 2ol x| Ut

Echinacea= 7% #a<< AEFAA, 72H7], vxA24 7] 244
A el de AEE ¢ deow, F Fhos, A7 23, AFEA

ol Wy hgh Gl F

A, FAlFd o ATl AREE AL, FrtEl A Add, F7], 29, Hel
=9, AEol AeE +

] el mavh 27 @] Bl AAel WS msbAoln 471w
Fol e FAA NARAZA TS AUn], B N2 FFE B W
o %% &3e vhepac

AAA QA Ul A wol e ag) M 5& Eds FFAA A 2oy
3 AA AASE BT o HAELES FAse HSolH WAZFAE
o2

& &k AAe] W

HF(2004) 0l olshd =2 v Fgh =
== X 2% 7HA AlESAe] dEhA] dgken, Rl o7 v H 3

<7 5

S
=
=
Q
9)
®
Q
A
oy

S
=
i
:BE
N
A
N
i)
US)
rlo
=
i
["_8{.:
ox
2,
ol
fo
ot
o
o
o
A
rlr
[40
>
[40
fic]

6 melanomaAl| 3z Ul
A tyrosinase?] WS FE oEHow a7 Wbl FAE oAE
v F23 #BHEsEe] Py E9 extracellular matrix(ECM) degradationel #Ho]
st Zehal sl &9l MMP-1, MMP-29] @S oAlstdvha stalch.

Lo

ZFFAI Q] HepG2 cell thdk MTT assay e

off

H

Echinacea M-S F&E5
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HL60 cell®)

2

JEdoz AESY TAL

2002)
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=2 A= B

=

wropx)

74
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=+ Echinacea Q-7

AL A

p=H
=

Aol A o] Y e

il

2g3 i AAAA A @ Ea A, 2006, Wang 7,

el
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2004)

%
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Az R P

2 NS Echinacea %o E 2 Ao wE A5 2 #aEsExy 9y
A S Fote] AFAY AuirbsAde HESH A 20099 FE 2011 7HA]
37Md FF 67F 4ol A A A SEA T

Al el &Al® Echinacea &2 vl=rolA wol Ajul
purpurea, pallida 33%°1 T A2 W82 At =} B st3| e X oA o
9k 100, 200, 300m A= FEste] ZF A UERE F A
shsl s ad 100mA = BAs T, 200m Ade 7FHs $9, 300me
5 A GAA, 2 B EE Y 100me €5 AT, 200me=

b
)
rr
Q
>
R
<
0
by
g
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(i
w
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o
o
i
ol
ol
38
v

Ni

Zolg&S FoluA ¥F 29 7o) Ethephon 50ppme. & H X A2 stF L YRS
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=
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dlo
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ol
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o] 4 A= A A9 6¥€ 3d EFA AAST HEE dAAa
fex]
™

)

6kg/ha, S14F 6kg/ha, ZHeE] 6kg/hadll s @ste &S 22 84, &4<0H]
=z

st7bel = 3hatste] A& 7IH| 2 Al&etdth A AR = FF 40cm, FZF 10cm
Ao AN S AP TE T 64m(16x4m, 805F) WA z+ A pE

gy 3uEow wA sy

oy

T AFEAE FENEY sANFAT 2AIE oste] s e
=

AL 1 9] AHFERAE AT AR NA FAANE I0MAE A
L

EFeYS AETER Ay Aol B R AFH7I L 7Haugar)E ©l&
T 15 cm Wele] A AR 3R] Edks AHF SFete] T4
m zAAT. EFe] AAA(T-N) &
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1o
=2
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Photo 3. FEchinacea in growth and in flower on the experimental field in
Yoosooam.
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A d A= SAS Z 213 (Package relwase 9.2)2 o]&3le] A id 2 Wy

SAAY R AY, FFNF F2AES TekdaL B A4 Fede

Lo
=)
AN

AEREAL 3dx AEAS 2FEHE it By FAE 0ToA 294 =

12

% 7AZXAA HPLC £417]7] A ZE o] &3] echinacoside % caffeic acid %=

FEUe 7z BW AR 1098 70% o BE 200mel BEAA 447 5
2eHE FEHAT, A% 2 5FE Advantec NO2 o HAE AL gate] o3}

Ko ofdg FEHste FEES AU BHERAZ EZEF AX

2

ol
o

Chlorogenic acid(Sigma C3878), Echinacoside(Sigma 07668), Cynarin(Sigma
91801), Caftaric acid(Sigma 88656)& Z}7+ ®lgha-ol 34 A1A 10, 20, 50, 100ppm
ETAIFS Alxeta AAx] dHE o Hgsto] ARESR L, AEAZE 7L AES

50% W EFSo| =] 10,000ppmoZ 3| Asta Aex HEZ o7t ALY

0. 10} =
i — s
N 3; [ =]
0 .08 > 3
— " [ ol ]
| [ak] o
= ]
1 : = P
= 0067 € 3 =
] O
1 T =
: = -.
i L |
] 11 ‘ \
0.02—] | | |
1 '| i1
i | | | | |
0_.00—4— *L IN— 1f. -—"_E A
w L) n L | 1 L] L] L] L | ] L]
0_00 5_00 1000

Fig 1. HPLC chromatogram of the ethanol extract obtained to analyze the

components in Echinacea.
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F27]7]+= Waters(USA) High performance liquid chromatography (HPLC)
system e2695, 7% 7]+ Waters(USA) Photodiode array detector 2998, A&
Waters Sunfire CI8 4.6 x 150mm, 5um(25C)el 10ul =3t A= H.0(0.5%

Acetic acid) B ACN £ x27& Fo] 3RS A9
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Peak Name: Chlorogenic acid; RT:4.686; Fit Type: Linear(1st Order); Cal Curve
id: 1456; R: 0.999709; R"2: 0.999418; Weighting: None; Equation: Y=1.24e+004x~4.24e
+004; Normalized intercept/Slope: —0.054491; RSD(E): 2.371817
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Peak Name: Echinacoside; RT:6.521; Fit Type: Linear(1st Order); Cal Curve id:
1457; R: 0.999965; R"2: 0.999929; Weighting: None; Equation: Y=4.76e+003X-3.09¢

+004; Normalized intercept/Slope: —0.103772; RSD(E): 0.876925

Fig 2. Calibration scope for each phenolic acid (A: chlorogenic acid, B:
echinacoside) in HPLC chromatogram for the component analysis of
FEchinacea.
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R: 0.999735; R"2: 0.999470; Weighting: None; Equation: Y=2.01e+004X-3.86e+004;
Normalized intercept/Slope: -0.030698; RSD(E): 2.205307

Fig 3. Calibration scope for each phenolic acid (C: caftaric acid and D: cynarin)

in HPLC chromatogram for the component analysis of Echinacea.
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ANAEZAE Eofol wigh stehd dHEe % 1, A7 39wt AERde £

4~5014 B npe} 2o}

o

e 1

Table 1. Chemical characteristics at the start of the experiment

. ) Exchange cation
Soil type and altitude pH E.C 0. M

(cmol'/kg)
1:5 dsS kg
Sl Altitude(m) (1D (@S/m) (e/ke) Ca Mg K
Jongdal
(100) 6.0 0.8 83.0 6.21 4. 14 1.50
volcanic So?i)%?ng 5.6 0.8 46.9 .52 1.28  2.48
Bongseong
(300) 6.7 0.7 33.3 2.19 4. 32 0. 16
Sanggul
(100) 6.1 0.5 15.3 5.72 0. 89 1.77
Non-
Yoosooam ¢ g 0.7 16.6 7.83  4.58  0.25
volcanic (200)
Gaengreong
(300) 6.7 0.8 20.6 9.01 3.79 0.61

A@xd mopol m@ H84 42 ww pHE $PlA 5602 tha urok
=
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Table 2. Monthly maximum, minimum and average temperatures,
precipitation and hours of sunshine in Jeju Island during the
experimental period

. Temperature (C) Precipitation Hours of

Month Region  Year Aver Min Mo (rr?m) sunshine
2009 5.5 3.0 7.9 61.7 47.1
Jeju 2010 5.3 2.5 8.3 34.6 79.6
Jan 2011 2.3 0.7 4.1 15.6 33.9
) 2009 5.3 1.9 8.5 67.9 94.5
Seongsan 2010 4.5 0.9 8.0 49. 4 117.5
2011 2.4 0.3 5.1 19.0 110.6
2009 8.7 5.7 11.6 113.7 102.0
Jeju 2010 7.3 4.4 10. 5 81.7 89.9
Feb. 2011 7.0 4.2 10.1 35.1 113.5
2009 8.9 5.4 12.2 151.6 101.6
Seongsan 2010 6.6 3.2 9.8 113.2 111.0
2011 7.4 4.0 11.0 140. 2 142. 4
2009 9.8 6.3 13.4 50.9 149. 1
Jeju 2010 9.3 5.9 13.0 161.3 112.8
Mar. 2011 7.8 5.1 10.7 32.4 199. 2
2009 9.8 5.9 13.6 155.7 156. 1
Seongsan 2010 8.9 4.7 11.7 259.3 120. 1
2011 7.6 3.4 11.5 38.5 219.0
2009 13.7 10.1 17.3 94. 4 218.6
Jeju 2010 11. 8 8.6 15.2 210.5 152.1
Apr. 2011 13.2 9.3 17.0 51.3 233.8
2009 13.6 8.8 18.2 150.5 240. 5
Seongsan 2010 10. 7 7.1 14.1 271.9 147.4
2011 13.1 8.3 17.5 92.8 231.2
2009 18.6 14.9 22.7 52.2 252.0
Jeju 2010 17.3 14.1 21.2 33.6 209. 2
May 2011 18. 2 15.1 21.6 66. 1 185. 1
2009 18.4 14.0 23.1 71.2 263.1
Seongsan 2010 16.1 12.7 19.9 106. 0 208. 7
2011 18.0 15.1 21.4 108. 9 138.5
2009 22.6 19.6 26.1 155. 8 208. 9
Jeju 2010 21.2 18. 8 24.1 188.0 131.7
June 2011 21.7 19.4 24.5 398. 6 129. 8
2009 21.0 17.8 24.5 217.8 163. 8
Seongsan 2010 19.6 17.0 22.7 225.7 116. 8
2011 20. 9 18. 8 23.3 409. 5 58. 9
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Temperature (C) Precipitation Hours of

Month Region Year

Aver Min Max (mm) sunshine

2009 25.8 23.2 28.8 201.1 153.7
Jeju 2010  25.9 23.5 28.9 263.9 160. 6
Tuly 2011 27.3 24.5 30.7 68. 3 201.1
’ 2009 24.1 21.8 26.9 304. 8 95.2
Seongsan 2010 24. 8 22.6 27.8 251.9 108. 1
2011 26. 1 23.8 29. 2 60. 7 143. 9
2009 25.6 23.4 28. 2 240. 5 150. 9
Jeju 2010 28.8 26. 4 32.1 227.6 233.5
Aug 2011 26.0 24.1 28.7 423.1 152.6
) 2009 25.0 22.8 27.8 239. 8 141.7
Seongsan 2010 27.7 25.3 30.5 397.4 177. 3
2011 25.5 23.9 28.1 326.5 101. 3
2009 22.9 20.7 25.4 113.3 149. 4
Jeju 2010 24. 2 21.6 27.2 179.1 166. 6
Sept. 2011 23.1 20.7 26. 1 47. 8 178.7
2009 22.6 20. 3 25.7 162.7 140. 2
Seongsan 2010 24.8 22.2 27.7 188. 4 141.5
2011 23.5 20. 7 27.1 105.0 212. 3
2009 19.0 15.9 22.4 77.4 201. 8
Jeju 2010 17.6 15.0 20. 3 120. 3 132.1
Oct 2011 17.9 15.0 20. 8 49. 1 164. 1
’ 2009 18.5 14. 8 22.1 82.1 208.7
Seongsan 2010 18.1 15.1 21.3 113.8 161.2
2011 18.0 14.5 21.6 59. 8 174.9
2009 12.4 10.0 15.2 115.3 67.2
Jeju 2010 11.7 8.1 15.2 1.8 125.3

Nov. 2011 - - - - -
2009 11. 3 8.3 14.7 95.5 108. 6
Seongsan 2010 12.1 7.7 16.5 3.0 178. 4

2011 - - - - -
2009 7.3 4.8 9.8 28.5 64.0
Jeju 2010 7.1 4.0 10. 3 82.5 88. 4

Dec. 2011 - - - ~ ~
2009 6.3 3.3 9.4 53.9 112.1
Seongsan 2010 7.2 3.5 11.3 106. 8 129.7

2011 - - - - -
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Aver. Temperature(C) Jeju Precipitation(mm)

350 9 500
1 Preci.(2009) Preci(2010) 3 Preci.(2011)

8 Aver-T.(2009) —e—Aver-T.(2010) —@— Aver-T.(2011)
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Fig 4. Monthly average temperature and precipitation in Jeju during the experimental period

_21_

Collection @ jeju



Aver. Temperature(TC) Seongsan Precipitation(mm)

350 r 9 500
1 Preci.(2009) Preci.(2010) 1 Preci.(2011)
—— Aver-T.(2009) —e—Aver-T.(2010) —@—Aver-T.(2011)
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Fig 5. Monthly average temperature and precipitation in Seongsan during the experimental period
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200, 300m= W] Echinacea’} AFA9 Aw] 71sAS HES LA AlFS 5
&5kt

Al 1dxt Avhd Y5592 ZARE @ik= Table 3~50lA41 H= HEQF 2Tt
Echinacea~= A4 5 27} We717hA] 7]13ko] Qe Aejal 7343 a0
2o FFEHe Aot &REL s EdAE AV =& §4 Y
300mel A dFZFo] =4

A gz go] =& AES HAY. FF37 vueMe & AWAlA purpurea

ol 71w o] FEE FFoIUAL YO EE pallida FEFOIN LM
angustifolia #&°] 7V A xstAth. Echinacea®l Aol A3st Egdo=
E. angustifolia =% pH 65~8AF0]9] 4ztejd BEUS A 53y E Pallidast

E. Purpurea #%& Ui AP EY(PH 55 e & AHS3A, AH s
pH 758t 3t oW E Purpurea= WHEE2o EY FFoA & A gste= Hol
W 53 AMYES pH 709 EdlA & A= Hark | ouk dd
(Kindscher, K. 2006). Purpurea % &°] &2&o] £ A2 o] s2WA HHY
L o] et e o] W ekgkom w3k ghdbol] At 7] A
of Wl et AdH W = vk sHARE  angustifolia FFS 1ol Ald ol
AA 7)o A Qlo] 27 vkel Al 9lo] Bkl WA 27| AFeo] v
gatsl=d olE L FZ oAt Angustifolia FF0] B33 E 100m (A7)l A

0.
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16.3%= th2 A G vs) A3 "ojH=H o= Ede] FEder ofdE

Aol Wi HAugt Efoleir x7] Uil A¥=o] HAYW AeE HA

rir
i
rlo
)
-
ol
o,
By
12
K
>

t}. Echinaceav= 7}wol 73t 2FE2 X4 E. purpurea
HA 7] wEo] A7 A #ANE Few st wH E angustifolias %3
A7 A5l dE 4 5 kil skrh.(Kindscher, 2006) & A5-2] E7E H]
o M= v 3ALE E Bt 3MAE 3| BV} angustifolia, purpurea oA &3

of BT ol AA F BANAA B 58 w4 Fold] wE dFoldl

o

ftlo

238 A3 ) N EALE| B B angustifolia FE0] 7HE Agkon Eokd
25 MRS E= s 300mel B4, Bl Es s 300mel 3E T
Ao Al AFo] Axstrt. Aol o3t A9 A E 200mel FEA A
2 EF it H9mAT. FFEEZE angustifolia, ¥ 32 W3 EQ F4
Aol A 24.6cm, pallidats A3 E 200me] 3ol A 33.0cm, purpurea &2
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purpurea w52 3PS E A 149em 2o EFFol Wl BT S Zolrt
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Photo 4. Echinacea angustifolia, pallida and purpurea cultivar growing on the
experimental field in Yoosooam
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Table 3. Rate of rooting and growth characteristics in year one by region and

cultivar
Rate of Stem No. of No. of Leaf Leaf
RegionZ) Cultivar rooting  length ) ) length width
branch leaves
(%) (cm) (cm) (cm)

angustifoliac 700 b 179 ¢ 14b 211b 136b 26D
pallida 896a 2066b 21b 264b 220a 55b

Jongdal
purpurea 97.1 a 579a 35a 523a 253a 101 a
Mean 85.6 34.1 2.3 33.3 20.3 6.1
angustifolia  79.2 b 198 ¢ 12c¢c 216b 146 c¢c 26 ¢
pallida 91.7 a 330b 26Db 284Db 206b 46 Db
Songdang
purpurea 95.8 a M8a 35a 5H3la 241 a 103 a
Mean 88.9 359 2.4 34.4 19.7 5.8
angustifolia  82.1 b 201 ¢ 27a 333Db 179c¢ 35c¢
pallida 954 a 300b 26a 401Db 218b 54b
Bongseong
purpurea 979 a 488 a 36a bH42a 274 a 100 a
Mean 91.8 33.3 3.0 42.5 22.4 6.3
angustifolia  16.3 b 10.7 ¢ 12 ¢ 113 b 83b 21D
pallida 929 a 261b 24b 352a 160a 41b
Sanggui
purpurea 95.0 a 3B89a 31la 425a 204a 84 a
Mean 68.1 25.2 2.2 29.7 149 49
angustifolia  83.3 b 246b 25a 442a 168b 34b
pallida 96.7 a 285b 32a 479a 194a 41b
Yoosooam
purpurea 95.8 a 399a 20a 496 a 219a 88a
Mean 919 31.0 2.6 47.2 194 54
angustifolia 725 b 145b 12b 109 ab 109b 25¢
pallida 929 a 250a 28a 142a 142a 34D
Gaengreong

purpurea 95.8 a 216 a 15Db 73 b 132a 64 a

Mean 87.1 20.4 1.8 10.8 12.8 4.1
z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Table 4. Rate of rooting and growth characteristics in year one by cultivar

and soil parent material

Rate of Stem No. of No. of Leaf Leaf
Cultivar Soil type rooting  length brahch lea‘ves length  width
(%) (cm) (cm) (cm)
Voleanic ash 77 198 12 216 146 26
angustifolia  Non-Volcanic
ash soil 574 24.6 2.5 44.2 16.8 3.4
Mean 67.3 22.2 1.9 329 15.7 3.0
Volcanic ashgp5 330 26 284 205 46
pallida Non-Volcanic
ash soil 9.1 285 3.2 479 194 4.1
Mean 93.2 30.8 2.9 38.2 20.0 4.4
Voleanic ash 959 548 35 531 241 103
purpurea Non-Volcanic
ash soil 95.5 399 2.0 49.6 21.9 8.8
Mean 96.2 474 2.8 514 23.0 9.6

Table 5. Mean squares in ANOVA on the growth characteristics in year one

by various factors

Rate of Stem Leaf Leaf
Source of i No. of No. of :
variations d rooting length branch leaves length width
(%) (cm) (cm) (cm)
Total 53

Region(R) 5 7200927 327167 11537 15399137 118764 6.242"
Block within R 12 21.286 11786  0.482° 95.07 5.904 0.479

Cultivar(C) 2 4583487 30294717 75777 1597.947" 336.453" 180.91"

CxR 10 628296 144302 1437 247.2157 12.073°  1.558
Error 24 22613 7.989 0171  49.387 5.007 0.882
* p < 0.05 wx; p < 0.01
— 27 —
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angustifolia #&-& 33 E= 75%, WSS Ex= 39% Zob&o] HojRl i,
pallida %53} purpurea E%FL 1~2%A % Zob7F ¥A &t}
22 1921 angustifolia ¥3%< 2.3W, pallida 2.1, purpurea % °|

200 AX AFE HAel ASAIo|Yt. Angustifolia®l &7]% 10~50cm

Aolz Aol A A Aeh+= WM pallida E=FL 40~90cm7FA] Agtal 3 o
. purpurea 2 F o 60~180cm7FA| At} i= H 31(Kindscher, 2006)2} %=

S
Hlszetgon, 2 Ao s EY 5-4E=2 37 vust 23 siiks| e H
I3 E R angustifolia E%0] 5lemz 714 Agton EgdWa = 31A3E
FAE A e A A5

Azxzstdth. 2] 2 A9 I E 200ms FEAGer FF B

|

o\

TA7en Ao #FEHE 2 angustifolia, ¥ & SH4FEE 300mell A 50cm, pallida
21 FFol A Tdem, purpurea = E % 32 E 200mel %
AN 9BemZ AFo] FEeAL EY weoll A s E

= Bt

ot o
o\
flo
i?L'
r-|~
=
)
S
8
ro

I
El
9
2
|
td
el
n{u

7V 4% ek al 53] pallida #ES E

o
e
2
o
N
—_
—
(@]
@)

=

rlu
-
o

de B AGeA purpurea FE°l 7HE BRkoew Uhg O 2= pallida$l

o
D
=
L
=)
£l
=2
X
Ir
—_
L
>
©
fi
o
X
Lot
>
)
tot
rr
oft
o,
D
12
[40
:(!)l_gl
w
o
[
8
=)

S EE F5Y A9l dE 200mel Al B2 Aok BT vl Ao A
&

angustifolia ¥ &2 ZFol7} AL, pallida =32 W|3ALS Eo| A 4] Ax &

1

kot purpurea FEE L317 FtIEoA 7wl A wWol 1dxbel Wiz
gl

FE, 2 AU v = taEs FEA G s 200m, B 3443

M

purpurea =%0°] o] WowWA AL, angustifolia, pallida F=E& o] 7}=
2 AR EAS AW d9#e ddxd Wv8] angustifolia 6cm, pallida Scm,

purpurea E%0] 10 A% Aol A4 A%o] FEagr).

_29_

Collection @ jeju



Table 6. Emergence and growth characteristics in year two by region and

cultivar

Rate of Stem Leaf Leaf

) f . of .
/ Cultivar Date o emergence length No. 0 length  width
leaves

emergence o (cm) (cm) (cm)

angustifolia Mar. 16 625 b 37 c 40c¢c 200Db 2.0 ¢
pallida Mar. 14 884 a 52 b 8 b 26ab 30D

Region”

Jongdal

purpurea Mar. 11 970 a 8l a 139 a 33 a 78 a
Mean Mar. 13 82.6 56.7 89.0 26.3 4.2
angustifolia Mar. 16 69.2 b 52 ¢ 45 c¢c 21b 3.2 ¢
pallida  Mar. 14 904 a 74 b 82 b 35 a 54 b

Songdang
purpurea Mar. 12 950 a 98 a 145a 34 a 84 a
Mean Mar. 13 84.9 74.7 90.7 30.0 5.7
angustifolia Mar. 16 771 c 56 ¢ 52¢ 20 b 34 b
pallida Mar. 14 909 b 73 b 8lb 34 a 38 b

Bongseong
purpurea Mar. 14 970 a 89 a 143 a 34 a 84 a
Mean Mar. 15 88.3 72.7 92.0 29.3 5.2
angustifolia Mar. 13 16.0 b 47 b 37c¢c 20Db 27 b
_ pallida  Mar. 11 909 a 50 b b 23b 29 b

Sanggul

purpurea Mar. 09 945 a 86 a 114 a 28 a 54 a
Mean Mar. 11 67.1 61.0 76.0 23.7 3.7
angustifolia Mar. 16 729 b 50 b 45 c 22Db 41 b
pallida Mar. 14 948 a 58 b 8 b 25ab 44 b

Yoosooam
purpurea Mar. 14 950 a 92 a 138 a 29 a 6.4 a
Mean Mar. 15 87.6 66.7 89.7 25.3 5.0
angustifolia Mar. 27 715 c 49 b 34dc 21 a 25 b
pallida  Mar. 26 91.0 a 53 b 73b 23 a 34 b

Gaengreong

purpurea Mar. 24 925 Db 78 a 104 a 27 a 6.0 a

Mean Mar. 26 85.0 60.0 70.3 23.7 4.0
z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Table 7. Emergence and growth characteristics by cultivar and soil type

Date of Rate of Stem No. of Leaf Leaf
Cultivar Sail type emergence length ) length width
emergence gy (o) leaves o)
Voleanic ash yrar 16 696 52 45 21 32
tifolia Non-Volcanic
angustifolia ash soil Mar. 16 53.7 50 45 22 4.1
Mean Mar. 16 61.7 51 45 21 3.7
Voleanic ash npar 14 899 748 35 5.4
llida Non-Volcanic
palliaa ash soil Mar. 14 92.2 58 86 25 4.4
Mean Mar. 14 91.1 66 34 30 4.9
Voleanic ash yrar 12 963 98 145 34 84
Non-Volcanic
purpurea ash soil Mar. 14 94.0 92 138 29 6.4
Mean Mar. 13 95.2 95 141 31 74

Table 8. Mean squares in the ANOVA on the emergence and growth

characteristics in year two by various factors

Source of Rate of Stem No. of Leaf Leaf
I df  emergence length length )
variations o leaves width(cm)
(%) (cm) (cm)
Total 53

Region(R) 5 7090147 1431.8967 11295.031"  46.013 7.367
Block within R 12 15.128 71.477 428.392 21.153 1.159
Cultivar(C) 2 56315477 2395.09 11753.207" 128721 27.94°

CxR 10 600.819"  442.704"  2153.965 80.025" 10.582"
Error 24 11.22 141.989  1080.807 30.026 3.092
* p < 0.05 wx; p < 0.01
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Table 9. Rate of emergence and growth characteristics in year three by region

and cultivar

Rate of  Stem Leaf Leaf
1] ) Date of No. of 3
Region Cultivar emerence emergence length leaves length width
& (%) (cm) (m)  (cm)
angustifolia  Mar. 17 178 ¢ 37¢ 14 ¢ 19b 200D
pallida Mar. 14 320 b 50 b 51 b 20b 28D
Jongdal
purpurea Mar. 12 929 a 70 a 149 a 26 a 46 a
Mean Mar. 14 476 52.3 71.3 21.7 3.1
angustifolia  Mar. 16 154 ¢ 33 ¢ 16¢c 20b 25¢
pallida Mar. 14 36.2 b 64 b 49b 33a 35b
Songdang
purpurea Mar. 13 929 a 90 a 163a 35a 62a
Mean Mar. 14 48.2 62.3 76.0 29.3 4.1
angustifolia  Mar. 17 279 ¢ 34 c 15 ¢ 18b 20c¢
pallida Mar. 15 40.0 b 61 b 54b 26a 30D
Bongseong
purpurea Mar. 16 93.3 a 83 a 165a 28a 59 a
Mean Mar. 16 53.7 59.3 78.0 24.0 3.6
angustifolia Mar. 14 1.2 ¢ 33 ¢ 18¢c 22b 25b
) pallida Mar. 13 212 b 43 b 3dab 27a 24D
Sanggul
purpurea Mar. 11 069.1 a 59 a 57a 27a 50a
Mean Mar. 13 30.5 45.0 36.3 25.3 3.3
angustifolia  Mar. 18 63.7 b 42 c 51 ¢ 22 ¢ 25Db
pallida Mar. 15 94.0 a 73 b 8 b 43a 37D
Yoosooam
purpurea Mar. 16 948 a 87 a 120a 33 b 65a
Mean Mar. 16 84.2 67.3 84.33 32.7 4.2
angustifolia  Mar. 27 30.1 ¢ 33 ¢ 36 ¢ 22 ¢ 23 ¢
pallida Mar. 27 70.8 b 52 b 54b 41a 30D
Gaengreong
purpurea Mar. 26 89.0 a 78 a 8a 29b 57a
Mean Mar. 27 63.3 54.3 56.7 30.7 3.67

z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Fig 6. Rate of emergence in year three of each cultivar.

z) J.D : Jongdal, S.D : Songdang, B.S : Bongseong S.G : Sanggui Y.A
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Table 10. Emergence and growth characteristics in year three by cultivar and

soil parent material

Date of Rate of Stem No. of Leaf Leaf
Cultivar Soil type emergence length ) length width
emergence o )y leaves
VOIC*;?E ash nrar 17 204 35 15 19 9.9
tifolia Non—Volcanic
angustifolia. Non- Voleanic nrap 99 32 36 33w 9.4
Mean Mar. 19 262 35 25 20 23
VOIC*;?E ash nrar 14 361 58 51 2% 31
pallida Non-Volcanic \pr .19 g2 56 57 37 3.0
ash soil : ) )
Mean Mar. 16  49.1 57 54 31 31
VOIC*;?E ash nrar 14 930 81 159 30 56
Non—Volcanic
purpurea Non-Voleanic yr.p 18 43 7 86 30 577
Mean Mar. 16 887 78 122 30 5.7

Table 11. Mean squares in the ANOVA on the growth characteristics in year

three by various factors

Rate of Stem Leaf

Sou_rc_e of df  emergence length No. of length .Leaf
variations o leaves width(cm)
(%) (cm) (cm)
Total 53

Region(R) 5 2957.198" 507.321"° 3410.746 166.112" 1.374°
Block within R 12 37.581 20.717 150.024 13.402 0.381

Cultivar(C) 2 13331.378" 7700.365" 21104.369" 639.62"  24.003"

CxR 10 1419594 432953 3570.639" 70.256" 6.496"
Error 24 54.361 40.887 149.447 8.325 0.254
* p < 0.05 wx; p < 0.01
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purpurea

Photo 5. Echinacea angustifolia, pallida and purpurea cultivar in flower on the
experimental field in Yoosooam
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Table 12. Flowering characteristics in year one by region and cultivar

Stem . Flower
Al ) A Date of Diameter i No. of
Region Cultivar flowering length of (um) width flower
flower(cm) (cm)

Jongdal  angustifolia  Sep. 27 162 1" 53 ¢ 78 ¢ 26 b
pallida Sep. 27 125 b 6.8 b 16.3 a 13 b
purpurea  Aug. 27 67.6 a 96 a 104 b 129 a

Mean Sep. 17 32.1 7.2 115 5.6

Songdang angustifolia Oct. 4 117 b 58 b 78 ¢ 15b
pallida Sep. 29 142 b 6.4 b 150 a 1.1b

purpurea Sep. 1 654 a 96 a 103 b 88 a

Mean Sep. 21 30.4 7.3 11.0 3.8

Bongseong angustifolia Oct. 6 251 b 58 b 85 ¢ 33 b
pallida Sep. 30 182 b 6.9 b 16.2 a 1.7 b

purpurea Sep. 3 58.2 a 83 a 116 b 99 a

Mean Sep. 23 33.8 7.0 12.1 5.0

Sanggul  angustifolia Sep. 1 13.0 b 47 b 80 b 10 b
pallida Sep. 7 16.8 b 5.7 ab 176 a 12 b

purpurea  Aug. 29 481 a 6.6 a 107 b 53 a
Mean Sep. 3 26.0 5.7 12.1 2.5

Yoosooam angustifolia Sep. 1 30.7 b 56 b 10.1 b 40 b
pallida Sep. 6 20.3 ¢ 65 ab 122 a 1.8 ¢

purpurea  Aug. 29 53.2 a 73 a 10.1 b 71 a
Mean Sep. 2 34.7 6.5 10.8 4.3

Gaengreong angustifolia - - - - -

pallida - - - - -

purpurea Sep. 3 38.0 2.8 9.3 2.8
Mean - - - - -

z) Volcanic ash soil : 100m(Jongdal), 200m(Songdang), 300m(Bongseong)
Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Table 13. Flowering characteristics in year one by cultivar and soil parent

material
Stem )
ot Soil type Date of leneth of Diameter Flower No. of
P flower g (mm) width(cm) flower
flower(cm)
Volcanic ash .4 4 177 56 7.8 25
soil
angustifolia  Non-Volcanic
ash soil Sep. 1 219 5.2 10.1 2.5
Mean Sep. 18 19.8 54 9.0 2.5
Voleanic ash - ge, 29 150 6.7 15.0 14
pallida Non-Volcanic
ash soil Sep. 6 18.9 6.1 12.2 1.5
Mean Sep. 18 17.0 6.4 13.0 15
Volcanic ash g, 63.7 9.2 103 8.4
soil
purpurea Non-Volcanic
ash soil Aug. 29 50.6 7.0 10.1 6.2
Mean Aug. 31 57.2 8.1 10.2 7.3

Table 14. Mean squares in ANOVA on the flowering characteristics in year

one by various factors

Sou_rc_e of df Stem length  Diameter Elower No. of
variations of flower(cm) (mm) width(cm) flower
Total 53
Region(R) 5) 580.691" 42.832" 100.44™ 24.656°
Block within R 12 22.959 0.535 6.844 7.653
Cultivar(C) 2 9912.062" 49.676" 122.807" 184.815™
CxR 24 128677 2.2447 25.495" 23.775°
Error 10 17.061 0.319 8.521 8.732
* p < 0.05 ;. p < 0.01
— 40 -
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Fig 7. Flowering characteristics in year one of each cultivar

y) J.D:Jongdal, S.D:Songdang, B.S:Bongseong S.G:Sanggui, Y.A:Yoosooam, G.R:Gaengreong
z) angu. . angustifolia, pall. : pallida, purp. : purpurea
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Fig 8. Flowering characteristics in year two of each cultivar

y) J.D:Jongdal, S.D:Songdang, B.S:Bongseong S.G:Sanggui, Y.A:Yoosooam, G.R:Gaengreong
z) angu. . angustifolia, pall. : pallida, purp. : purpurea
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247t NelEd e Ak itk O™ 83 i 15~ 17014 He Hieh Lt

Me]= @Rl dHloll A FE0] 1109 % @5ron] Mckeown (1999) & &
a2}t Hlssol 23 HQrt. 894 vlaloM e pallida FF0] e A9elA 71
wE] JhStE A AdrE WEEeE s AEgel|lon EYFis v vt
angustifolia 29, pallida 79, purpurea +&°] 19 7|7} wsich 1WA A=
purpurea w%°] 7F¢ WA JlgstA oy 2= 7 s o] dlxA
ol At

173748 pallida FF°) st dubd o= 71 Ao] 54 olH 0.9m =] 7HA]
, B 54, Adid AL Ao A
= 3t E7F v Eaksl Bl H|E|  angustifolia EE°] 16cm, pallida %% 20cm,
purpurea &% °] 6em 2t EFF = angustifolia F35°] SHESIE 200, 300mel|
A 86cm, pallida #52 SHES|E 200m $9elA 113em, purpurea #&-2 3HiH3|E
300m BAdelA 113em=z 7 Atk A9 vlaoM = shiksEE 3 200m 59
7} 300m B AN FF Hito] 102em, HISHIS EE 200m A GelA] Fast

e Btk

Akt aL(Mckeown 1999) &8 A o

iz
fr

=] &7] w71@EHA) = 1dAkst vV R purpurea’t #E T oA 8.6m= 7F
A %358 I angustifolia FEE 57mE 7= Ho|Ath Ell = s3] Er) vt
A ERT 458 R =T palida FFS 31mE thak xjol7p Egkon xg¥ g 3t
3 &, HshrtaE 5 st 200melA 2+ 7.8mm, 65mm= HA ZAMESICE e 14
29t HUS A pdlida EFFo] 156mE HWAC™  purpurea EZFo] 11.22cm,
angustifolia =% 95cm <°)th A gHEE B E 3 200m %A Yo] 125enE
tha BRI A ZE 2peol= 24| ek

3= 19X 1Y} angustifolia 217V, pallida 507\ purpurea %% 9 10.87] %
o] 7Ws}ste] purpurea 19.37Y, pallida 657V, angustifolia #&2 467) oAt E.
purpureav WF-EAMEA 53 HstEAe] 7Fx|7F A QT (Mckeown,
1999)= ¥arek HIS2eA purpurea®l 7t 7H Wol FAME G AEEs

purpurea # %< S E W 200m) 3ol A 20970, angustifolia®t pallida

_43_

Collection @ jeju



2o SPIEE S 300m AN 747 527, 794 Fo] 74 wel AT
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Table 15. Flowering characteristics in year two by region and cultivar

Stem Flower

RegionZ) Cultivar %Egveve(;f length of Die(u;;ne)ter width 1’[”\1](())\&21{
flower(cm) (cm)

Jongdal angustifolia  Jun. 14 63 b 48 b 78 ¢ 47 b
pallida Jun. 08 82 a 70 a 16.3 a 69 b
purpurea  Jun. 24 98 a 70 a 104 b 189 a

Mean Jun. 15 81.0 6.3 115 10.2
Songdang angustifolia  Jun. 15 86 b 6.0 b 10.1 b 51b
pallida Jun. 11 113 a 88 a 16.0 a 72 b
purpurea  Jun. 27 108 a 87 a 11.3 b 209 a

Mean Jun. 18 102.3 7.8 12.5 11.1
Bongseong angustifolia  Jun. 16 86 b 6.8 b 85 ¢ 52 b
pallida Jun. 12 107 a 6.5 Db 16.2 a 79 b
purpurea  Jun. 27 113 a 73 a 116 b 172 a

Mean Jun. 18 102.0 6.9 12.1 10.1
Sanggui  angustifolia  Jun. 12 51 b 49 b 81b 3.0Db
pallida Jun. 02 82 a 51 Db 156 a 42 Db
purpurea  Jun. 22 93 a 75 a 10.7 b 153 a

Mean Jun. 12 75.3 5.8 115 75
Yoosooam angustifolia  Jun. 13 70 b 53 b 88 b 40 b
pallida Jun. 04 93 a 5.7 Db 152 a 5.8 b
purpurea  Jun. 26 102 a 85 a 111 b 176 a

Mean Jun. 14 88.3 6.0 11.7 9.1
Gaengreong angustifolia  Jun. 16 65 b 48 b 82 b 3.2 b
pallida Jun. 09 91 a 5.0 b 149 a 49 b
purpurea  Jun. 30 9% a 71 a 103 b 143 a

Mean Jun. 18 84.0 5.6 11.1 7.5

z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels

Collection @ jeju
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Table 16. Flowering characteristics in year two by cultivar and soil parent

material

Date of Diameter Stem Flower No. of

Cultivar Sail type length of  width

flower (mm) fower(cm)  (cm) flower

Voleanic ash 7. 15 6.0 86 10.1 5.1

angustifolia. Non Voleanic ., 13 53 70 8.8 40
Mean Jun. 14 5.7 78 9.5 4.6

Voleanic ash 7. 11 88 113 16.0 7.2

pallida - Non-voleanic g, o 57 93 152 5.8
Mean Jun. 8 7.3 103 15.6 6.5

Voleanic ash ., 97 87 108 113 20.9

purpurea NOE;}Y Oslgﬁnic Jun. 26 85 102 11.1 176
Mean  Jun. 27 86 105 11.2 19.3

Table 17. Mean squares in ANOVA on the flowering characteristics in year

two
veriatons U of fowerim  (m) | widttem 0 Tower
Total 53
Region(R) 5) 796.386" 14.146" 21.834 248.143™
Block within R 12 119.737 4.855 1.171 12.287
Cultivar(C) 2 2424.401™ 32.113" 124.091° 138.05"
CxR 10 411.663 10.212 41.301° 44.447
Error 24 185.388 5.226 4.657 21.213
¥ p < 0.05 wx; p < 0.01
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3AR 7Hek= 2R HUb 1~32 8% Wit E&500lE mllida #F°) EE
A Ao A Asrt 7Hd W3 purpurea EFEO] =& WOtk EFI
angustifolia®} purpurea %% Aol7F AQ oY pallida FE2 W] 3423 Eo A
64 = W AstHAT. A7 EEFE iste wskow sl 300mel A 7t
& =A el AT

rr

3 2d 2Bt} angustifolia %2 20.5cm, pallida 9.5cm 18] 3l purpurea

E22 165em At ES7rol = pallida®t purpurea EEFL A3 E A Hem

o
ol
i,
32

O purpurea E=F°] 2318 3em AUt BE EFFo] T 200mol A

7P A9lal 53] HEEEE 200m Fa A Fel A s el b 1 Ade B

st 1, 23N = purpurea FF°l 7HE Fsstd oy 3dA oA =
pallida ¥F°] 8.0m= 7H¢ FAth oiAA oz 2de Hl& 7ol AE=d0.1~
1.6mn) pallida &2 WSS EA 20m B= woldv. shitsl &, HsH4H3
E E5F i 200m3t A Ado] M #FARa saks|E 100, 200004 = pallida =%
o] 7.5mm, 10.6mm, 300mol A= purpurea ¥%°] 94m= 7FE FAow, H|stikg
EdAs BEE AHd A pallida #F°] #t B¢l & pallida$t purpurea
slAH 3 B | angustifolia &2 Y SAES| Bl A 54m=z F A Z2AE AT

=
o

rlo

o

T 292 B} angustifolia 0.77W, pallida 3171 Zold oY purpurea

o\

My o

2 0870 &9A purpurea 1857W, pallida 9.678, angustifolia ¥ %<2 5.37|
Ao AGE 2= purpurea ¥E2 I E S 100me) FEH s 200m<)
oA Z+z} 21.3, 21570, angustifolia®} pallida 52 W33 E sE 200m
frsbol Al zbzy 9571, 157712 Fo] ¥5stA Wol At

o]
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Table 18. Flowering characteristics in year three by region and cultivar

Regionz> Cultivar Date of Stem length Diameter No. of
flower  of flower(cm) (mm) flower
Jongdal angustifolia Jun. 12 55 b 51b 3.7 ¢
pallida Jun. 07 90 a 75 a 74 b
purpurea Jun. 20 80 a 6.5 ab 21.3 a

Mean Jun. 13 75.0 6.4 10.8
Songdang angustifolia Jun. 13 55 b 49 ¢ 25 ¢
pallida Jun. 09 104 a 106 a 73 b
purpurea Jun. 22 9 a 85 b 215 a

Mean Jun. 15 86.0 8.0 104
Bongseong angustifolia Jun. 15 59 b 46 b 31 c
pallida Jun. 11 98 a 6.7 b 72 b
purpurea Jun. 25 93 a 94 a 158 a

Mean Jun. 17 83.3 6.9 8.7
Sanggui angustifolia Jun. 11 52 b 41 b 40 ¢
pallida Jun. 01 79 a 6.1 a 90 b
purpurea Jun. 20 76 a 56 a 153 a

Mean Jun. 11 69.0 5.3 94
Yoosooam Angustifolia Jun. 12 65 b 6.2 b 95 b
angustifolia Jun. 02 111 a 87 a 15.7 ab
pallida Jun. 23 101 a 7.8 ab 196 a

purpurea Jun. 12 92.3 76 149
Gaengreong  angustifolia Jun. 14 6l b 6.0 ¢ 87 b
pallida Jun. 06 83 a 80 a 110 b
purpurea Jun. 27 80 a 72 b 172 a

Mean Jun. 16 4.7 717 12.3

z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Table 19. Flowering characteristics in year three by cultivar and soil parent

material

ot sope e oSty Do
Voleanic ash yn 13 56 49 3.1

angustifolia Non_Voleanic — y., 1 59 5.4 7.4
Mean Jun. 13. 57 5. 5.3

Voleanic ash yn_ 9 9% 8.3 73

pallida - NonVoleanic g, g3 o1 76 11.9
Mean Jun. 6 93 8.0 9.6

Voleanie ash 1 22 91 8.1 195

purpurea  Non-voleanic ., o3 86 6.9 174
Mean Jun. 23 88 7.5 185

Table 20. Mean squares in ANOVA on the flowering characteristics in year

two
ggggiieor?;f df Steﬂn(:vii?zg;nh) of Diameter(mm)  No. of flower
Total 53
Region(R) 5) 607.854" 8.429" 49.048"
Block within R 12 57.963 1.16 6.381
Cultivar(C) 2 8082.5" 40.216™ 85.524™
CxR 10 307.813" 3572 7618
Error 24 55.619 1.485 5.34
#  p < 0.05 sk p < 0.01
~ 49 -
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3) Bl 54 ¥

Echinaceag FE1H 2% FE 0]8ck= FeV7l BE|RE0IEE & SER A
S8 Qact g 4 et 1dx 5 Ak ks 3 21~23014 He
Aol At

=

BZ19] ZAo|= angustifolia F52 W34S % pallida®t purpurea ¥ %<
b

o2& purpurea’t 265emA W angustifolia =% 237ecnE 7V ZH o] &

ﬁ

B A gk Aol FFIE pallida =) 27.7en= 7 A1

.ﬂ“
n{u

9 97k v A= angustifolia®t pallida F58 AL E A=
300m BFA A Gl 27} 24.7cm, 33.3cm, H|3}AFS B A= St 200m ol
A 275cm, 31.7ecmE %5393 purpurea FEFL FAZENAE Y 200m &

oA 38cm, H]EAEI B A= i 200m ol 253em=  7HE At

Echinacea= Y3 & =387 f&iA Bl dol7l Aua £ Ho] olynrz
Bz e F5S AEsts Aol nigkAsitta 3 4

Myol #F7)= EZE vlwol A angustifolia®t pallida %38 8] 34F3] E ol A
1,2mm, 2.3mm, purpurea %% 3FABEA 1.7mm #ACE A FgEEE 13}

AF3E 200mel FretolA 115m=z $IdRon FFE A HGzE vjalo A

2}2}

angustifolia®} pallida= ¥ 343 E 200m¢l f5<koll A Z+2F 11.2m,  15.6mn S a2
purpurea ¥% < I E 100m LA GolA 93m=E 7+ FA ZAME AT
B v BE F5o] s EV vists ERY B k3| E) vl sk
E RF S 200m Al $9 FrdAGelA b dEstan. &=
purpurea E=%E0°] 722 7F4 ko thgo| pallida 35703 angustifolia

27172 7V AL FFoldh

153 2 FAE palide= 313 E7F WSS ERY 112g ¥
angustifolia®} purpurea &2 WA EA thh FAYPoY 1 ZolE= H
WAt FFEEZE purpurea ¥E°| 535go 2 M AL, pallida 45g,
. A9 v o A= B3}

o mE 4¢3 A9

angustifolia ¥ &< 25.9gS.Z 71 7t¥& &

o
32

B E 200m FEgA el 521gew T A

o\
flo
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angustifolia ¥&-2 33 E 200m F 9749 (41.82)°1 Q3L pallidat= 3HHIE &
9k 300m BAAH(60.8g), purpurea FEL H|FAZE 200me A Y
(67.8g)°1A . PurpureaS A3t Echinacea®l A2 BE FFo] 2tAlolgt

= 553 EAS /1A A= (Mckeown, 1996) angustifolia®} pallida ¥ 52
Aol FEsld 7= JHAH A4 1A ™o = F7IAT wjrt
YEste(F, 1982) He] wWgo] £ I E

e EE B4 AYx 9ol Azl ga Ede] Lrelg sk EeA

oA FZ 3 I, purpurea EF

O‘I

1029 < FEF2 1dAtol s 27 52 o]l Foskd S EF
H SIS B BT} angustifolia 16kg, pallida™ 74kg, purpurea %% T8 125

kg o] Bt FFH v M= purpurea FF°| 4345kg o= 7 o]
Worayl t59| pallida®.® 419kg, angustifolia &% 171kgo = 71 o] &
ATt Purpurea #E°] T BUH AL 157 FAE FAE By ot &
AUAF A2 F7F Bed 718 o2 gAY FFo wE o] Wk
Y A AL angustifolia &L 33 E 200m $53(289%e), pallida'= 33 &
300m 573 (552kg) 2 H&H4E3| E 200m <+ $H(555kg) ol AL purpurea #E-2 Yl
stAF3l E 200m 9 (673kg) Al ol At whekA 1dA & 5A4S AuEw A
<A angustifolia®t pallida 373 E 200~300m A Gl A, purpurea +=E&
H|SAES] B 200m A=l A el A sk Aol ARt ks o Xt

>
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Table 21. Rooting characteristics in year one by region and cultivar

Root oot weigh

) Root No. of Root weigh R

Region” Cultivar length(cm) dia(rrrnlme)ter root  per plant(g) ergr /110033)
Jongdal angustifolia  22.3 a 77 b 2.0 ¢ 1577 b X c
pallida 270 a 116 a 37D 36.5 a 323 b

purpurea 247 a 9.3 ab 6.1 a 385 a 380 a

Mean 24.7 9.5 3.9 30.3 267.0

Songdang  angustifolia 217 b 10.2 a 32 b 418 b 289 b
pallida 247 b 98 a 45 Db 4.6 a 494 a

purpurea 380 a 76 a 89 a 526 a 507 a

Mean 28.1 9.2 9.5 49.7 430.0

Bongseong angustifolia  24.7 ab 96 a 30 Db 195 b 150 ¢
pallida 33.3 a 121 a 35D 60.8 a 592 b

purpurea 227 b 80 a 65 a 61.6 a 603 a

Mean 26.9 9.9 4.3 47.3 435.0

Sanggui angustifolia 210 a 10.1 a 19 b 210 b 35 ¢
pallida 24.0 a 10.3 a 35D 172 b 156 b

purpurea 237 a 55 b 6.2 a 458 a 439 a

Mean 22.9 8.6 3.9 28.0 210.0

Yoosooam  angustifolia 275 b 112 b 33 b 32.0 ¢ 233 ¢
pallida 31.7 a 156 a 47 Db 56.4 b 595 b

purpurea 253 b 77 Db 91 a 67.8 a 673 a

Mean 28.2 115 5.7 52.1 487.0

Gaengreong angustifolia  24.8 a 99 b 217 b 254 ¢ 222 ¢
pallida 217 a 146 a 32D 447 b 436 b

purpurea 246 a 6.7 ¢ 6.1 a 546 a 505 a

Mean 25.7 104 4.0 41.6 387.7

z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)
Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Table 22. Rooting characteristics in year one by cultivar and soil parent

material
R Root i of R gh weish |
: . oot . 0. O oot weigh welgh per
Cultivar Soil type length(cm) dla(?n?ne)ter root per plant(g) 10a
(kg/10a)
Voleanic ash o9 g 9.2 27 95.7 179
soil
tifoliqa Non—Volcanic
angustifolia ash soil 24.4 104 2.6 26.1 163
Mean 23.7 9.8 2.7 25.9 171
Volcanic ash  og 4 112 3.9 50.6 456
soil
llida Non-Volcanic
balliaa ash soil 27.0 135 3.0 394 382
Mean 2107 124 35 45.0 419
Volcanic ash 955 8.3 7.2 50.9 497
soil
Non-Volcanic
purpurea ash soil 24.5 6.6 7.1 56.1 372
Mean 26.5 75 7.2 53.5 434

Table 23. Mean squares in ANOVA on the rooting characteristics in year one

Root Root Root weigh
Sou_rct_e of df lenRE)}?(tcm) diameter h;%ogf weigh per per 10a
variauons g (mm) plant(g) (kg/10a)
Total 53
Region(R) 5 53.244" 7.433 7.262 938.774""  104446.166™
Block within R 12 13.683 7.444 5.842 8.433 121.636

Cultivar(C) 2 72.058" 94357 874017 3594.625" 574405.029"

CxR 24 63.285™ 13.32 5449  230.683" 14353.136"
Error 10 12.62 7.873 3.799 11.163 1432.377
* p < 0.05 wx; p < 0.01
— 53 —
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Echinacea 237 + 548 ZAMS A3 ® 24~269F Z19¥ 9~1004 R
nkol v Blylo] ZAol: agngustifolia®t pallida F%S W3MA3 X purpurea
FE2 sPASE A FEe Hela FEZE pallida FF°] 343z 7HE
Ao & angustifolia 33.0cm, purpurea’} 269cm= 7}4 <+&o] k).

A7F ¥l ao M= angustifolia®t pallida #=5-& M3 E 200m 7
obx oA Z+z} 36.0cm, 38.3cm, purpurea =& 3AIE S 100m FE o)A
29z 7HE Fseksdv 29 248 I E, BEEsE R s 200mA

Aol M 1 AaFold=dl 1datet 237t vhas Aolst it

o

e H7]E ESt vl A pallida #ES Pt E) v sik s Exbe A
o] 7} AL angustifolia®}t purpurea= 3} E Ht} B SHAFS Eol A 2.6mm, 7.3
m AT A GHZ = v EAs] B 200me] oA 145mE sk o
9 297 vl A angustifolia®t purpurear= V3423 E 200me] 5= <ol A
24z 11.3mn, 16.8m 3L Pallida 32 3HI3E 300m $4AGlA 17.8m=
t t}.

e 9+ angustifolia FES VA EZE SRS ER T 1) Wkal pallida
o} purpurea= 3IAFIEANA ZHzZE 1070, 2070 ®gkth EE7F ov|uo A=
purpurea E%°] 90/M= 7bF wotow th&o] pallida 4.8W 3 angustifolia

42090k FEER F3PA N9 angustifolia FF-2 B34S E 200me F
FoF A7) )R AL, pallida®t purpureas 32F3E 200m 9ol 2+z 5.3

M, 100702 7F¢ e} wo] WAt}

o

F

N
o
ul
32

1793 252 132k H]38 angustifolia ¥ %< 1.387F 5o 259g°] H AL
pallidai= 2.2v) Z7}3F 97.2g, purpurea &% 1.9¥] Eojt 101.7go] At EF
oAl s EE FFolA RS EYE stslER Y Ao FEER
= angustifolia 17g, pallida 47.7g, purpurea 53.3g2. %2 713 FAHP =Y o= &
F ARG E e SAR Zol7t e AoE AAXY. o s b
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2d= 10a%d <+ S 1dx B A FFoA FALAEY angustifolia=
73kg, pallidat= 507.7kg, purpurea &< 563.3kg &% angustifolia 244.4kg(1.4
Hl), pallida'= 926.77kg(2.2W), purpurea ¥ &2 997.8kg(2.38])0] At EFIHel =
SIS ER T HSPES RO 2 ko]l FEEdlal, HIsHS R i
200m A thel ARG A angustifolia 311.2kg, pallidas 1,252.5kg, purpurea
FEE 16633kgl® A FFY & FEol /M Fmskdth wekA 2dx 2 F
Fog HW ML E 200m A thet A E= 200~300m Al ol Al A vl 8l =
Aol & Sl 7 ERA oA FekE oIt

[©)

Galambosi(2004)+= Echinacea 32t %8 AE50] 50%, AT o] 10E0]4 A
AtEtha 393, Fredy(2010) 5o 98t 4d A9l A S angustifolia 1,504kg/ha,
purpurea =% 4845keg/ha, pallidas 8510kg/haithal B arste] %o uwpet

Gur Aol 4w Agkol ol

R4
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£

Photo 6. Roots of Echinacea angustifolia, pallida and purpurea cultivars grown
on the field in Yoosooam

_56_

Collection @ jeju



Table 24. Rooting characteristics in year two by region and cultivar

| Root Root
Region” Cultivar length  diameter
(cm) (mm)

Root  Root weigh
No. of weigh per per 10a
plant(g)  (kg/10a)

Jongdal angustifolia 257 ¢ 72 b 23 Db 187 b 117 b
pallida 34.7 a 154 a 43 ab 7177 a 633 a

purpurea 290 b 132 a 70 a 70.0 a 691 a

Mean 29.8 119 45 53.5 480.3

Songdang  angustifolia  30.0 a 87 b 37 b 257 b 178 b
pallida 30.3 a 154 a 53 b 73.3 a 663 a

purpurea 280 a 95 b 10.0 a 75.0 a 723 a

Mean 29.4 11.2 6.3 53.0 521.3

Bongseong angustifolia  29.7 b 88 b 40 b 36.7 b 283 b
pallida 370 a 178 a 40 b 68.3 a 621 a

purpurea 233 ¢C 96 b 73 a 76.7 a 751 a

Mean 30.0 12.1 5.1 60.6 o951.7

Sanggui angustifolia  23.0 b 6.7 b 23 ¢ 173 b 289 ¢
pallida 35.0 a 135 a 5.0 b 63.3 a 575 b

purpurea 220 b  10.1 ab 87 a 76.7 a 735 a

Mean 26.7 10.1 5.3 52.4 533.0

Yoosooam  angustifolia  36.0 a 11.3 b 47 b 427 b 311 b
pallida 383 a 154 a 43 b 1273 a 1,252 a

purpurea 257 b 16.8 a 80 a 166.7 a 1,653 a

Mean 33.3 145 5.7 112.2 1,072.0

Gaengreong angustifolia  24.0 b 95 b 33 b 200 b 175 b
pallida 32.7 a 13.7 a 37D 65.0 a 633 a

purpurea 210 b 104 b 77 a 73.3 a 678 a

Mean 259 11.2 4.9 52.8 495.3
z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)

y) Duncan’s multiple range test at 5% levels
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Table 25. Rooting characteristics in year two by cultivar and soil parent

material
Root
. Root Root . .
Region . . No. of Root weigh weigh per
(m) Cultivar type le(ré%‘gh dla(rrfllme)ter root per plant(g) 10a
(kg/10a)
VOICE;?;E ash 35 87 37 5.7 177.6
angustifolia Non—Volcanic o5 113 A7 427 311.2
ash soil ) ) ) ) )
Mean 33.0 10.0 42 34.2 244.4
VOIC*;?E ash 43 154 5.3 73.3 663.2
pallida  Non-Volcanic 4 4 154 43 121.0 1,190.2
ash soil ) ) ) ) e
Mean 343 15.4 48 97.2 926.7
VOIC*;?E ash  9g 95 10.0 75.0 7995
urpurea Non-Volcanic
purp n Volea 257 16.8 8.0 128.3 12731
Mean 26.9 13.2 9.0 101.7 997.8

Table 26. Mean squares in ANOVA on the rooting characteristics in year two

Root Root Root weigh Root weigh
Sou_r(;_e of df length diameter 1\;(())' o‘? f per per 10a
varialions (cm) (mm) plant(g) (kg/10a)
Total 53
Region(R) 5 63.806°  19.742° 3.529 27321457 283401.605™
Block within R 12 4.666 5.741 1.722 112.836 6479.447
Cultivar(C) 2 4523517 190.187" 110.574™ 17270.192"" 2067961.157"
CxR 10 31.662  10.041° 1.885 256.533" 34474.243™
Error 24 15.388 3.732 1.472 71.995 5797.715
* p < 0.05 #x; p < 0.01
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Echinacea 3AX} <& S8 ZAR e 1 27~292 1" 1104 HE= HE
<} 2Tt

]9 dol= 3dxtolAl= B E520] A8 Hof QXL /Tt FEH
A A7F vl uol M= pallida®t purpurea EFEL 27cm® W23 3L angustifolia
FEL 237m=E 2 10en7t AT EFTE Hlad A= B sHAbS Eo A <
<

il agngustifolia =% H3IAZE 100m 9 A Gl A 27.6cm, pallida *

off
-/
22

F2 323 E 300m BA oA 3l4dem, purpurea #=EF-E WS E 100m A
Aol A 7+ FE A

BElo] #71E B vladA purpurea &L SIS E QL ¥ 53] E 1o
kol 7F UL AL angustifolia®t pallida #52 3HF3E Kt HSIAES EolA 6.1
mn, 1.2mm FHFATH AGHEZ= B E 100mel Ao A 35.7m=Z FEsHA L
H EEd 97t vl A angustifolia®t pallidas= ¥ 343 E 100mel A ol
A, purpurea EZ8 I E 100m TE A A 7+ #FA).

179 252 29z Hla) BE FFo] #asdv. #35 angustifolia 28g,
purpurea 68.8g, pallida 83.6g, 0.2 2dx9} o]z QAATh EIE Hluo A=
R #3500 nsiits e st ER Y FAR o HSEE Ao A=
200m FrsbAl ol B Aqun 5ol %

3dat 10a" & FFS A FFNA 7R =d Ad ol vis| angustifolia
= 32%(77.8kg), pallida= 47%(437.7kg,), purpurea &< 61%(607.4kg) F°]
ATE Bl s ERT WSt EdA o gRFo]l YfEEglal, Mst
FENA= T 200m Al FFIA A angustifolia 216.3kg, pallida=
1,023kg, purpurea ¥ %< 1,070kgo. 2 A FFo] & Foo] 7ME 45 sAct. w
oA 3dar & kel 2dAtel Bl FolE Wle] 3dA v|detst Wil Al, 2

Aol 585k Aol AAHAAE o AT Aast Ak
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Fig 9. Root weight of a plant of Echinacea cultivars in Jeju

y) J.D:Jongdal, S.D:Songdang, B.S:Bongseong S.G:Sanggui, Y.A:Yoosooam, G.R:Gaengreong
z) angu. - angustifolia, pall - pallida, purp. @ purpurea
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Fig 10. Root weight per 10a of Echinacea cultivars in year two

y) J.D:Jongdal, S.D:Songdang, B.S:Bongseong S.G:Sanggui, Y.A:Yoosooam, G.R:Gaengreong
z) angu. - angustifolia, pall - pallida, purp. @ purpurea
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Table 27. Rooting characteristics in year three by region and cultivar

Root h Root weigh

Root No. of Root weig

Region” Cultivar length(cm) dia(%;ne)ter root per plant(g) ergr /11(?;)
Jongdal angustifolia  27.6 a’ 124c¢ 24 a 293 b 50.7 ¢
pallida 30.8 a 231 b 16 ab 61.0 a 2019 b
purpurea  27.0 a 6.1 a 10b 40.1 ab 3744 a

Mean 28.5 33.5 1.67 43.5 209.0
Songdang  angustifolia  23.0 a 105¢c 15 a 194 ¢ 291 b
pallida 25.1 a 251 b 18 a 63.3 a 2414 a
purpurea 26.7 a 492 a 10 a 36.0Db 333.1 a

Mean 24.9 28.3 14 39.57 201.2
Bongseong angustifolia 253 b 157c¢c 18 a 2711 b 76.5 ¢
pallida 3l4ab 301b 15a 989 a 406.1 b
purpurea 29.1 a 379a 11 a 749 a 699.3 a

Mean 28.6 27.9 15 66.9 393.9
Sanggui angustifolia 230 b 194 ¢ 15 a 300 b 83 ¢
pallida 26.3 b 324Db 18 a 86.9 a 167.1 b
purpurea 313 a 552 a 10 a 83.3 a 561.7 a

Mean 26.9 39.7 14 66.7 245.7
Yoosooam  angustifolia  22.2 b 194b 14 b 339 b 2163 b

pallida 263 ab 258 b 21 a 108.3 a 1,023.0 a
purpurea 255 a 500a 10 b 1111 a 1,075.2 a

Mean 24.7 31.7 15 84.4 771.5
Gaengreong angustifolia  21.0 a 183 b 13 a 284 b 858 b
pallida 239 a 237Db 17 a 82.9 a 5364 a
purpurea 23.3 a 460a 11 a 67.6 a 6005 a

Mean 22.7 29.3 14 59.6 424.2

z) Volcanic ash soil @ 100m(Jongdal), 200m(Songdang), 300m(Bongseong)
Non-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)
y) Duncan’s multiple range test at 5% levels
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Table 28. Rooting characteristics in year three by cultivar and soil parent

material

R%;gni §)n Cultivar type 1&?&% di?rg(e)ter 1\;(()).03’[“ Se(;ogalﬁgg}]) R(;);r Vi](e);gh
(cm) (mm) (kg/10a)

Volcame ash 953 129 19 9%5.3 52.1
angustifolia. Non Voleanic 9 ) 19.0 14 30.8 1035
Mean 937 16.0 17 98.1 7738
Volcanic ash 59 ) 2%.1 16 74.4 983.1
pallida - Non-volcanic 555 27.3 1.9 92.7 502.2
Mean 273 2.7 18 83.6 437.7
Volcanic ash 574 50.7 1.0 50.3 468.9
purpurea Non Voleanicpq 7 50.4 1.0 87.3 7458
Mean 2715 506 1.0 68.8 607.4

Table 29. Mean squares in ANOVA on the rooting characteristics in year

three

Source of Root .ROOt No. of Root weigh Root weigh

variations df length  diameter root er plant(g) per 10a

(cm) (mm) ber p & (kg/10a)

Total 53

Region(R) 5 49.048" 86.876" 0.075 2485.759"  425554.454"

Block within R 12 6.381 19.082 0.132 305.774 7607.22
Cultivar(C) 2 85524 3391.64™ 0.406 14871.902" 1179570.091°"

CxR 10 7618  574.897" 0.712° 513.85" 87972.22™

Error 24 5.34 26.815 0.19 178.2778 8520.922

—_ 63 —_
Collection @ jeju



1800 r

z)
Oangu. Opall. Mpurp.

Y
(&3]
o
(@)
T

N
N
o
o
T

600

Root weigth per 10a(kg/10a)
©
(@)
(@)

300

Fig 11. Root weight per 10a of Echinacea cultivars grown in Jeju

y) J.D:Jongdal, S.D:Songdang, B.S:Bongseong S.G:Sanggui, Y.A:Yoosooam, G.R:Gaengreong
z) angu. - angustifolia, pall. @ pallida, purp. - purpurea
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2 33t Echinacea |3 Y29 caffeic acid
A FEAES 243 A= ¥ 30~-3594 HiE vhel 2o

Echinacea w2 ZA3}E HWY, angustifolia ¥52 & F5o Hd)
chorogenic acid, echinacoside®} cynarin A ¥ #o] =4 AZEFHE HolAx
caftaric acid &2 & A3 7 stollAd = A5 HE==HA &gk A
W3] B chorogenic acid?l -5 i3 Eo|A = A7 dS5E 3
Hetg=d, 53 T2 AgelA A" AlgeA L 3] 1
= e vsslE 495 &l 100, 200mol A= 2 Algel A" =7

stol = chorogenic acidv= #HE°] A &gkout sl 300mel &7 A G el A

l'UE

AAE A5l AR 470ppm FEH o2 7HZo] HTh Echinacoside® 34213
E 200me! $ZA Al 64,800ppm, Bl SHitE Bl A= At Gre4E =AY

wed, s 100mel AFelA 80,000ppm=  7FE =ttt Cynarin Al &S
purpurea®t pallida FEANAE HEFHA LRouY, angustifolia &l A
5150ppmo.2 UE o b3 Es At =2 &l 300md B ol A
5600ppm, Y3 EE= X di7F w2 & 100me] FElA 6,700ppm= 7+
o] H=HAn

Purpurea %% € F&ol W3 caftaric acid A&°] ®el Ffrati AR
chorogenic acid 210ppm, echinacoside’®= 980ppm # % % 1 t}. Chorogenic acid<
H it sl Eo = s AEHA F%ar, ks Eoll A = 200, 300mel A4 600ppm
A &S BT Echinacoside® $HF3]E 300m<e! &7 3,000ppm, H]$}4H3]

OmSl FdA el A 2900ppm A== AL 1 9] AFeM= H=HA

i
s
S

S
&
o

LS oll A= cynarin S A A3 HEEA @Egoew, 7Y wol

o

o
xﬁ
%
M

2 echinacoside® 30,330ppm 1 2L caftaric acid 3,530ppm, chorogenic
acid 80ppm o 2 drgo] AEHT A hHE vl B echinacoside: 3}

A8l E 300m BAdol Al 45300ppm= 7Y Bka vl sAs E = &t 100m A
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AN =A ettt Caftaric acide a2 200m¢l $F 3 ek AFAA =4
vElyk o chorogenic acide 343 ECL 100m 2ol A 490ppm, L £ A<
A= ds vEA ettt

Echinacea B8] H-3#-o thst B4 A= WY angustifolia +FL |3 v
3 BA AES Bt AR o= echinacoside o] 5180ppm= 7Hd B9k
a1 T8 caftaric acid’} 2,300ppm, cynarin 580ppm <=o]lom B} EZo] H]
& chorogenic acid, echinacoside®} cynarin AJE3FsFo] ®Wo  AH3Fo|Qit}.
Echinacoside= HI3HF 200m < ¢tell A 24,000ppm o= 7Hd =41 HEH AL
a3 Eo A= 300m BA oA 2,100ppmE =S A3S W Tl Caftaric acid:=
AANLTE &l & AFS Hol FUL A E 100mel A 3,300ppm
2 7} =4 vebytl. Chorogenic acids B34 E 200mol A 950ppm e &
M Ee AYgS He] F9a, cynarin AR A$ RIS E 200m 5l

A RE 3500ppm AEEH A0 1 9] Aol M= YELEA] 4%k
$ chorogenic acid, echinacoside®} cynarin A%< A3 A=Y
A ekgkom Wk caftaric acid A &<l A EFo] v)3] 5180ppmo 2 713
ol Fhfata ATk AdEEE S E, B E ®F 200melA 27
22400ppm, 6,200ppm= 7Hg B2 irE&e Kol FAL 53] MIIE A5
Eo Aol ATH

Pallida #% *2]olA+= cynarin o] Hs FHHA Fkow 7P Fol
gHr¥l A echinacoside® 4,520ppm$%l 3L caftaric acid 3,180ppm, chorogenic
acid 160ppme.=  UERSTE Echinacoside™ H|SHES|E 100m A ol A
22100ppmo.2 7} @ol dfata i, I EE 200m, W EHMEIEE A
R SSFE =2 AEFS B Fuh. Caftaric acid®l Z4-F i3 B A=
A7E s, s R s Ad7F 2255 Sl =4 dEds A4
&S HFom, chorogenic acide $AFIE S 100mel A 520ppm,  200m el A]
450ppm e = HAEHAL 1 9] A= ds vEhbA ok

__LZO

Echinacea 2 ol A angustifolia ¥ °] echinacoside, chorogenic

-L
£
)
kg
ge

O -
L

acid®} cynarin A&E38teFo] =4 YEN I purpurea EEFQ 79 caftaric acid
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o] <o vls] AEFgdEo]l =4 Ueide AFEFS BoFAn. AAY
W2 B echinacoside™ 348 E 100m(FE), chorogenic acid®} cynarine €

H| 323 E 100m(7), Hels B3 E 200m(+<) 9L, cftaric acid

¢l A5 A E 200m(F )N =2 e BHol FAT EGT Blaies o
]+ echinacoside, chorogenic acid®} caftaric acid= 3F2F3] %, cnarine H] 3HA4F
S| Eo| A AE shaFo] ki ¥ alo] A= echinacoside®} cynarin A &o] H] 34k
3] Eof| A, caftaric acid -2 S Eo A =& 3FS Hol FTh
AxWRY Ax2wrt F3H AT F &S A=A 248 23 &

363+ 19 10914 E= wpel g

Angustifolia #%-2 caffeic acid F5A 4% <o+ echinacoside 9]

10,080ppme.=2 7} ol {3kl %3l cyarin 1,270ppm, chorogenic acid”f

850ppms=ol AT, Pallida *2]o A= chorogenic acid®} cynarin Ad#o] 73§

FEHA gskon U wol i AE-S  echinacoside®  7,420ppm S L
ir &%

caftaric acid 1,520ppm% T}, purpurea %2 echinacoside A o] A& #HET

=3
A ok o caftaric acid A<l A% € 3

oA AREE AR ESS A A=A EE Echinacea & °l
T8 T AREE TY R ¢gHA Ak Stoll 5(1950)¢] angustifolia *F2]
2] echinacoside® F=3F9 1, Becker 5(1982)2 7|4t F=Ao] shshd +
===

0.3~1.7% &%= echinacosidex= angustifolia %812l F¥ A FAHECR
1 31 (Schenk and Franke, 1996; Bauer et al, 1988, Bauer and Wagner, 1991)%
np glot B Ao M= angustifolia AolA 57%% TEZ HAEEHJAOH, o]=
e 052% Eok 10W ol sEE o FiHEo AdSs T ¢ b =
St pallida 73 F-A% FAS FE=2 5o Jdota BRad v 2 AFgALE

FALE A Hel T
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Chorogenic acid?l A%+ 1t54d 3&E 2 3J4kst §50] & o= HusHa
oW, caftaric acid®} cynarin A& %8 &9 A -7 75S A

RoZ A ok

rr

71

E. angustifolia ¥%2] ¥l A+ alkylamides®} caffeic acidS 33t Ao
™ (Bauer and Wagner 1991), E. pallida %2 B RoE 2 FFA=

WAL %] 8 9] polyacetylenesE £33 A 02 W 1 (Bauer et al. 1988;

Bauer and Wagner, 1991)% w} )t}

2(2006)° 938t FadwtY s %T Echinacea® F 7 2&9 AFEHF-9]9
w2} g2var st Y. Echinacea purpurea herbi= <84 immunostimulating
polysaccharides, volatile 0il(0.08~0.32%¢°]3s}), flavonoids, alkamides, polyenesZ
Skf-3}haL, Echinacea  purpurea By T84 immunostimulating
polysaccharides, 84 immunosimulatimg glycoproteins, volatile 0i1(0.2%),
caffeic and ferulic acid derivatives (0.6~2.1%), alkamides(0.01~0.04%),
polyenes(0.0lmg/%)E &3ttt Echinacea pallida Herb: volatile 0il(0.1%),
flavonoids, caffeic acid derivatives, alkamidesES 3% -+3tal, E. pallida 2]+
polysaccharides, volatile o0il(0.2~2%), caffeci acid derivatives, alkamides,
polyenesS SH3tt}.  Echinacea angustifalia Herbi= volatile 0il(0.1%°]3}),
flavonoids, caffeic acid derivatives(0.3~1.3%)E &3ttt B gk v} gt}

(Thomson, 2004).

w3l o] 5(2002)° 93VH  Echinacea angustifolia® =719 e+ HL60
MES] ZAgof By FEEL A FE(0.125mg/mL)ol A ethylacetate, acqueous,
2 AESHENE YE A T, hexane® 8 Eo] A F =0

Fa7F wgtoy HAxHow SAER7E e, (1.0mg/mL,82%) 3LL

MEF s e F$ A% %(0.25mg/mL)o| 4 buthanol, ethylacetate
v AExEAaysE JetS AL, Echinacear= Z=7|Hth ¥alo] A X%

gol 2 aL, HL60°] SLLE.t AME5Ado] A7 yebskvhal skl

Echinacea ™M FZEE0o] 7oA %2 HepG2 cell thak MTT assay+ &=
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Fig 12. Average content of components in leaves and roots on heat-drying method in year of three cultivars
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Table 30. Phenolic acid contents in leaves, analyzed by HPLC, in year three

by region and cultivar

RegionZ) Cultivar Chprogenic Echinacoside C.aftaric Cynarin
acid(ppm) (ppm) acid(ppm) (ppm)

Jongdal angustifolia 1,100 55,000 0 4,400
pallida 490 21,200 2,300 0

purpurea 0 0 8,100 0

Mean 530 25,400 3,467 1,467

Songdang angustifolia 910 64,300 0 4,000
pallida 0 42,700 5,600 0

purpurea 660 0 15,900 0

Mean 523 35,833 7,167 1,333

Bongseong angustifolia 0 55,300 0 5,600
pallida 0 45,300 5,500 0

purpurea 600 3,000 12,300 0

Mean 200 34,533 5,933 1,867

Sanggul  angustifolia 0 80,000 0 6,700
pallida 0 31,200 2,500 0

purpurea 0 0 5,700 0

Mean 0 37,067 2,733 2,233

Yoosooam angustifolia 0 46,000 0 5,900
pallida 0 19,500 3,000 0

purpurea 0 2,900 11,100 0

Mean 0 22,800 4,700 1,967

Gaengreong angustifolia 1,400 41,000 0 4,300
pallida 0 22,100 2,300 0

purpurea 0 0 12,300 0

Mean 467 21,033 4,867 1,433

z)Volcanic ash soil : 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non—-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)
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Table 31. Phenolic acid contents in roots, analyzed by HPLC, in year three by
region and cultivar

RegionZ) Cultivar Chprogenic Echinacoside Qaftaric Cynarin
acid(ppm) (ppm) acid(ppm) (ppm)
Jongdal angustifolia 670 1,600 3,300 0
pallida 520 200 4,400 0
purpurea 0 0 14,600 0
Mean 397 600.00 7,433 0
Songdang angustifolia 0 950 2,400 0
pallida 450 1,300 3,400 0
purpurea 0 0 22,400 0
Mean 150 750 9,400 0
Bongseong  angustifolia 0 2,100 2,300 0
pallida 0 1,200 2,800 0
purpurea 0 0 19,200 0
Mean 0 1,100 8,100 0
Sanggui angustifolia 0 1,600 3,100 0
pallida 0 22,100 2,300 0
purpurea 0 0 4,500 0
Mean 0 7,900 3,300 0
Yoosooam angustifolia 950 24,000 0 3,500
pallida 0 1,600 3,100 0
purpurea 0 0 6,200 0
Mean 317 8,533 3,100 1,166
Gaengreong  angustifolia 630 830 2,700 0
pallida 0 700 3,100 0
purpurea 0 0 4,500 0
Mean 210 510 3,433 0

z)Volcanic ash soil : 100m(Jongdal), 200m(Songdang), 300m(Bongseong)

Non—-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)
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Table 32. Average content of phenolic acids in leaves and roots in year three,
analyzed by HPLC

Position Cultivar Chprogenic Echinacoside Qaftaric Cynarin
acid(ppm) (ppm) acid(ppm) (ppm)
angustifolia 570 57,020 0 5,150
Leaf pallida 30 30,330 3,530 0
purpurea 210 980 10,900 0
angustifolia 380 5,180 2,300 5,150
Root pallida 160 4,520 3,180 0
purpurea 0 0 11,900 0
— 74 -
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Table 33. Average content of phenolic acids in leaves and roots in year three

by region
il .M Chorogenic  Echinacoside  Caftaric Cynarin
Position Region ) :
acid(ppm) (ppm) acid(ppm) (ppm)
Jongdal 530 25,400 3,470 1,470
Songdang 520 35,830 7,170 1,300
Bongseong 200 34,530 5,930 1,870
Mean 420 31,920 5,520 1,560
Leaf
Sanggui 0 37,070 2,730 2,230
Yoosooam 0 22,800 4,700 1,970
Gaengreong 470 21,030 4,870 1,430
Mean 160 26,970 4,100 1,880
Jongdal 400 600 7,430 0
Songdang 150 750 9,400 0
Bongseong 0 1,100 8,100 0
Mean 180 820 8,310 0
Root
Sanggui 0 7,900 3,300 0
Yoosooam 320 8,530 3,100 1,160
Gaengreong 210 510 3,430 0
Mean 180 5,650 3,270 380

z)Volcanic ash soil : 100m(Jongdal), 200m(Songdang), 300m(Bongseong)
Non—-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)
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Table 34. Average content of phenolic acids in leaves in year three by
cultivar and region

Cuiltival RegionZ) Chprogenic Echinacoside C.aftaric Cynarin
acid(ppm) (ppm) acid(ppm) (ppm)
Jongdal 1,100 55,000 0 4,400
Songdang 910 64,300 0 4,000
Bongseong 0 55,300 0 5,600
angustifolia  Sanggui 0 80,000 0 6,700
Yoosooam 0 46,000 0 5,900
Gaengreong 1,400 41,000 0 4,300
Mean 570 57,020 0 5,150
Jongdal 490 21,200 2,300 0
Songdang 0 42,700 5,600 0
Bongseong 0 45,300 5,500 0
pallida Sanggui 0 31,200 2,500 0
Yoosooam 0 19,500 3,000 0
Gaengreong 0 22,100 2,300 0
Mean 30 30,330 3,530 0
Jongdal 0 0 8,100 0
Songdang 660 0 15,900 0
Bongseong 600 3,000 12,300 0
purpurea Sanggui 0 0 5,700 0
Yoosooam 0 2,900 11,100 0
Gaengreong 0 0 12,300 0
Mean 210 930 10,900 0

z)Volcanic ash soil : 100m(Jongdal), 200m(Songdang), 300m(Bongseong)
Non—-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)
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Table 35. Average content of phenolic acids in roots in year three by cultivar

and region
Cutvar i e Bt Caar - oo
Jongdal 670 1,600 3,300 0
Songdang 0 950 2,400 0
Bongseong 0 2,100 2,300 0
angustifolia  Sanggui 0 1,600 3,100 0
Yoosooam 950 24,000 0 3,500
Gaengreong 630 830 2,700 0
Mean 380 5,180 2,300 530
Jongdal 520 200 4,400 0
Songdang 450 1,300 3,400 0
Bongseong 0 1,200 2,800 0
pallida Sanggui 0 22,100 2,300 0
Yoosooam 0 1,600 3,100 0
Gaengreong 0 700 3,100 0
Mean 160 4,520 3,180 0
Jongdal 0 0 14,600 0
Songdang 0 0 22,400 0
Bongseong 0 0 19,200 0
purpurea Sanggui 0 0 4,500 0
Yoosooam 0 0 6,200 0
Gaengreong 0 0 4,500 0
Mean 0 0 11,900 0

z)Volcanic ash soil : 100m(Jongdal), 200m(Songdang), 300m(Bongseong)
Non—-Volcanic ash soil : 100m(Sanggui), 200m(Yoosooam), 300m(Gaengreong)
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Table 36. Secondary average content of phenolic acids in roots in year three

of the cultivars grown in Songdang

i Chorogenic Echinacoside Caftaric Cynarin
Cultivar ) .
acid(ppm) (ppm) acid(ppm) (ppm)
angustifolia 850 11,000 10 1,270
pallida 0 7,420 1,520 0
purpurea 460 0 2,680 180

Table 37. Content of phenolic acids in seeds in year three of the cultivars

. Chorogenic Echinacoside Caftaric Cynarin
Cultivar ) :
acid(ppm) (ppm) acid(ppm) (ppm)
angustifolia 4,885 0 0 0
pallida 2,305 0 0 0
purpurea 1,750 0 0 0
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