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Abstract. This experiment was conducted to select optimum hydroponic systems for clean and mass pro-
duction for shoot and root of Echinacea. E. purpurea and E. angustifolia. were grown at 5 different kinds of
hydroponic systems; NFT, modified NFT, DFT, aeroponics, and Ebb & Flow for 150 days. The lowest pho-
tosynthetic rate and transpiration rate were in Ebb & Flow system in E. purpurea and E. angustifolia at 120
days after transplanting. The shoot fresh and dry weight were high in aeroponic and DFT system of E.
angustifolia and in aeroponic and NFT system of E. purpurea at 150 days after transplanting. The root fresh
and dry weight of both species were the highest in aeroponic system and next to modified NFT system.
They were increased in NFT and Ebb & Flow system for the root length and in aeroponic system for the
number of tillering. The results demonstrate that aeroponic system was the most effective for enhancement
shoot and root biomass of Echinacea spp. in hydroponics.
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o|7| Aok Echinacea spp.y= =81} ThaA A&
2A 9% 2%FFol dom Euzp ik otk
Echinacea= 51| AUIE] oJa] AR&E]7] A1
o, Heje Fak= 2~3d0 8% 5 jlon Res
FE g ARZ o83 ot A, F7], £ FA
BE ARSI Miller, 2004).

Echinacea®|= echinacoside, cichoric acid 5 T}
g} phenolic compound’} FF-Eo] o] W73,
Flolels, s}, AEE B9 715 AL ke
Aoz BuEITHCervellati, 2002). Echinacea®) 7|
57800 #3F Ae 5YolA Bol ofFo] o E.
purprea(L)7} T2 AFEHG oY, 28 E°] E
angustifolia DC.8} E. pallida(Nutt) §°] wl=3}

*Corresponding author: hydropo@uos.ac.kr
Received April 17, 2009; Revised June 23, 2009;
Accepted June 24, 2009
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Folprkar Qi

a2 SWANE Echinacea®] el &84
o8] tigt A7 EE U89 A 2 A4l A
o] o]Foix|A] Y3l v Aot g EGA] A
THURE AMEEE Rt ASE RS 3~439] 2
AZto] g um, EQo 2 HE HE|g sl &
P17 B =58 duA7)t aEE, Folrn
T FEIA el A B Helddo] WAElE 5o A
HE 7R QUthPagliarulo, 2000). A AR
Al Al TS FE B9 A | AEE 879t
I o] HgE ERE AEFH o2 FFsket T
B WL 3, 2%, W3], A ] 5o §
7Bz wet kBT Bol Ik 4+ Qlo] #Al
7} Jok g 4= Jth(Luo E, 2003; Gotti T, 2002;
Pomponio 5, 2002; Bergeron 5, 2000).
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mepx B A7 F8AEREXM Echinacea®] 7473
tERLks S8l AulgEzEo] Zlsdt AN Al
25l X9] Echinacea A3} B8] A4t Hgt 47
Al Al=8E Adstazt A3-E st
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E.angustifolia DC.9} E.purpurea (L.) MoenchES
w]=2] Johnny’s Selected Seeds(USA, Towa)Z%-E]
T 2006 3Y 240l FAE TEIIAL
25~27°C B27I8PIA 1047F Holr7l F dold B
£ vujEEP|ER & 507 E8EH /]| ]2
SRk SEA 24 ELS FoRrt 2% 25/15°C, ¥
A& 16/8h2 ZH3ITE. o] § 4597 SHS &
Zyzte] S73A) AlzHel 2006 79 7Y UAEE
FreEl el Aaslos, A37 vixle SxdefiA]
WEo 2 st

£ Aol A7 573 A) A28 NFT(Nutrient
M-NFT(Modified nutrient film
technique), DFT(Deep flow technique), aeroponics®}
Ebb & Flow 5 5575 A8t M-NFT= 7]
o] v s AT ZASE NFTR| U4+
DFT 7} &35 W02 o] 30w F5
H F o] gzl ol ¥dd FAE el
o] AlzHlolth. NFT®} M-NFT 7% o] 35
13] 15%, 6~83]/1Y, aeroponics= 5% FF, 15%
AR AlolE2 FFEYH, Ebb & Flows 2A%F
rHoz 1584 I3tk Echinacea®] A5 ¢

film technique),

- o84

3 SH 2 A5V 5 ZAISAWNOs: 13.0,
NHi: 14, POF: 42, K" 75 Ca': 55 Mg"
3.5me + L) AMES1] A7IAEEE 1.5+ 0.2dSm™,
pH 58+0.12 A3} ujFHES FFSIHRH(Chang
et al., 2000).

Z}zvo] 73RN Al2wlol] A4 12094 B
ot ZAHES ST 15084 ASZALE AA
st T A SRR AFHE VIE
o= 3 7)1 ke 2 15cm Wele 9A3 A"
218 =239t 24 ZAL PAR 800umol - m™2 - 57,
G 25+0.5°C, ANEE 45+0.5%, 713 (flow
rate) 500 £ 0.5umol - 57! FTh. FE2AILGE RAFH
o} Aepiel AT AEF, G5, FElgel, 27,
BAFE SHAY. 2 ARE HAFIA W8S

ol-g3l FAA .
#3 3 OF

Table 12 A Al2glolA 1204 AlE E.
angustifolia®} E. purpurea 50| w2 FAAET}
FAHE AFoltt. F7AN Alslo) WE E. angusti-
Jfolia®] FE3 &5+ Ebb & FlowollX 18.21umol -
CO m™-s"2 7P HWton, o|F A|9|3 NFT, M-
NFT, DFT, ¥4 A& Mol folos 3t
o|5 VERHA] egith SARE-S B750] 24.10 pg -
em? - 512 74 ¥ NFT, DFT, M-NFT o2
A vehgor 3 £59 vRPEAE Ebb &
Flowoll 4] 71 @& ks vehfigich

Table 1. Effects of hydroponic systems on photosynthetic rate and transpiration rate of Echinacea spp. at 120days after trans-

planting.
E. angustifolia E. purpurea
Hydroponic
system® Photosynthetic rate Transpiration rate Photosynthetic rate Transpiration rate
(umol - CO, * m™ - s71) (ng - em™ - s (umol - CO; - m?2 - 57" (ug - cm? - 57
NFT 21.58 21.63 21.54 30.23
M-NFT 21.54 20.91 22.66 28.80
DFT 20.56 21.30 19.88 23.99
Aero. 21.60 24.10 22.97 32.67
Ebb. 18.21 15.73 19.57 18.84
LSDy 05 1.88Y 8.36 0.77 7.68

INFT: Nutrient film technique, M-NFT: Modified nutrient film technique, DFT: Deep flow technique, Aero.: Aeroponics,
Ebb: Ebb & Flow
YMean separation within columns by LSD test at 5%.
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E. purpurea®) FP4&ETe BF3 M-NFTOA
Z}z} 22973 22.66pmol - CO, - m™2 - & 7PF o
I DFT$} Ebb & FlowollA 7FE 2 Zhe R
ek Fhe gk ool AAET vissst FIS e
W= EFFoA] 32.67ug - eom? -+ 572 7FE =4
VRO Ebb & FlowollA 713 WAl Yelsdtt. o]
4e] AR Bol FAFFHel e T 82t
4 gk 7P 5L ERAE FACE NFT, M-
NFTOIXM B ETe) Fakigo] w4 Jehd Aoz
e

7154 AEe] Y8R AMEE o) Al
7V 7Fs st o ASAEE AN A2HHEE 3
7Vl & E. angustifolia®] AT Table 2, Fig. 13}
Hrh AP AASH g 2539 DFTIN =

o =

o %8 VeI, Ebb & Flowolld 71 Azxe
S-S VeRTE 23R AR B304 3334y
T2 7P & S e DFTOIAN 71 2
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Table 2%} Fig. 2% E. purpurea®] 1504 737
v} Al2Elol| X AJSE Aajolth, AR AT B

Table 2. Effects of hydroponic systems on growth of E. angustifolia at 150 days after transplanting,

Hydroponic ~ Shoot weight (¢/plant) Root weight (g/plant)  Rootlength ~ Rootdiam. No.of  No.of
system” Fresh Dry Fresh Dry (cm) (cm) leaves tillering
NFT 32.33 6.69 15.77 2.98 19.13 1.25 57 33
M-NFT 3118 5.69 15.38 3.85 9.55 1.46 64 5.5
DFT 51.86 9.51 11.48 2.52 12.48 1.24 32 6.3
Aero. 56.89 9.72 33.34 8.92 16.40 1.15 94 11.5
Ebb. 21.15 3.93 21.97 5.42 20.33 1.29 44 7.3
LSDO0.05 22.06" 3.80 20.52 3.82 8.12 0.73 40.50 5.79
“See Table 1.

*Mean separation within columns by LSD test at 5%.

M-NFT

Fig. 1. Effects of hydroponic systems® on growth of E. angustifolia at 150 days after transplanting (*See Table 1).
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Fig. 2. Effects of hydroponic systems” on growth of E. purpurea at 150 days after transplanting (*See Table 1).

A7 NFTAA 242t 256.2g5 243152 UE
Al2=Rlo)) wlal ¥53] kO™ Ebb & Flowol4] 7t
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Table 3. Effects of hydroponic systems on growth of E. purpurea at 150 days after transplanting.

Hydroponic __Shoot weight (g/plant) Root weight (¢/plant) Root length ~ Rootdiam. No.of  No.of
system® Fresh Dry Fresh Dry (cm) (cm) leaves tillering
NFT 243.1 65.44 43.50 8.11 45.10 1.79 70 5
M-NFT 193.9 55.37 58.13 15.00 15.67 2.34 62 7
DFT 140.2 43.45 38.61 9.12 22.60 2.02 58 8
Aero. 256.2 65.29 89.08 17.82 25.83 2.64 62 9
Ebb. 146.7 32.83 4725 10.77 285 1.95 43 6
LSD0.05 33.63” 21.6 17.89 5.95 12.06 0.70 22.84 3.25

*See Table 1.
YMean separation within columns by LSD test at 5%.
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HeA g2 £ 57 AEE o ko] vhs
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