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Growth and Yield in different Hydroponic Solutions of
Angelica keiskei Koidzumi

Scoung Ho Han*, Byung Jun Choi*, Kwang Seop Han*, Cheol Woo Shin*,
Chang Sik Moon*, Sang Duck Seo*, Ki Woon Chang** and Sang Il Park***

ABSTRACT © This experiment was conducted to evaluate the appropriate nutrient solution for
hydroponics in Angelica keiskei. The nutrient solutions used were Korean solution, Yamazaki solution,
Netherlands solution and open field cultivation. The highest yield of Angelica keiskei was 4, 542kg/10a at
Netherlands solution. The yield at Netherlands solution was increased about 139 percent, compared to
that at open field cultivation. The highest germanium contents was 0. 35ppm at Korean solution. The
contents increased 40 percent at Korean solution compare to that at open field cultivation.

Key words : Angelica keiskei, Hydroponic solutions, Yield, Germanium content.

Angelica utilis Makino) += v} vbg] 3ol 351 thd
A ZE2ZA “OV\D}BF' gz 28 9 HLZAEH

£
il

01992 HE @ %, 1989) AR X ERE
2 vk 19709 ol & g4 AL E 5 ol4g F e AEE ¥, T, AA
Agelistn AEpEol aFste o] AP = T 5 AE AU A FE DA FoE ALE
FhHlgo] Z71ea FARY 8T ThoFea A ol &3 (s, 1989 ; Yagi, 1990), AlZrts
Ut oleE BEgE A5FLT qEo] HE (Germanium) /3 & v Ffrata Jdew o, 1
gds)d FACIRR V5 FEL BE 7Y e do 2 ddy 3} ol gt S AR U
THIHE i 1 A7t e E G o) 5 Y3 2 Atk {Okuyama etal., 1991).
Me 2EFF FHFLEY F AAAE BY FAAu o #e A+E FAFE, pH, 2%, &
il AEY] ¢ 718 S FHle] A FEem Eujote] & e A4 T AR vA = <
Mo 7 g EEd d et A7 H A doh ol AT (MEES & KiEFM, 1983 ;
MM 2 (Angelica keiskei Koidzumi ¥=+= Ikeda & Osawa, 1981 ; Chung et al., 1994 ; Lee et

» EES B EHEE (Chungnam AL R, E. S., Taejon, 305 - 313. Korea)
BB AR B BN (CollegeofAgric. , Chungnam Nat'l Univ. , Taejon, 305 - 764. Korea)
w s JAE-REE BALK S (College of Agric., Chungbuk Nat'l Univ. , Choengiu, 360 —763. Korea) ('99. 9. 20 4%
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al., 1991 &k 71Als e 3t e 24 A AAE ¥ Chung et al. (1994) & 20lo] A FM T
g heke Aol Al ek AT (A ol gk A, Yang et al. (1995) & 152 A%
%, 1985 ; Van et al., 1984 ; Willumsen, 1984) o] oFelie o] e 9, Kang et al (1995) &
o] Foj X 31 U=l FAHH (1992) & A= 2 Z3lo) A ajokal = 1 o el A4 S0l H3
A A9 @22lo] &o] ujokal Ba]o) AT 22 2 oubglon, Az A4 okl A ufe o3t o P

b dsstttn ety A ol &y s} el 7 = FUdA e g nEHg Adoirt B dFddMe
AT, 28, myguizie] {5 B4, mk AA Zol ekl Z=R L A L S nAl e A
R %:BLHJBS ol wpek 7} o) ”@3571 gt 2 ZHste] A Ayl FHeaa, +9
A gel ol o] 2o] HES = vleet: AL sto] Aozl E 714 ARE A} dhot
ST BFAETEH EE 2AEL A e o) uel =d
S5 B pHY §EAART] Waleln] o] 9] whet o Rt 3 Tk
2o FFEALE gk A Ho Auaraof dgte

e - . ii ;1T

#el7t g e dtthn 1t (Masuda et al., 19895 & 1. LR R
O, 1985 1LIEE SR, 1978). B oAlge 1996 BB 1997 74R] 2 Bt 2
Table 1. Physicochemical properties of solid medium.

. pH EC OM T-N C/N CEC B.D’ P.D' Porosity i
Media A5 @s/m) (%) (%) (%) (mo/10g) (g/emw) (g/ew) (%)
Perlite 7.3 0.17 0.5 0.02 15 9.5 0. 24 2. 64 90.9 1. 38
Vermiculite 6.5 0.08 2.8 0.04 40 14.6 0.19 2. 60 92.7 2.99
Peatmoss 5.6 0.13 45.5  0.48 55 36.7 0.16 2. 00 92.0 4.14
Mixed medium 3.6 2.76 94.8 0.07 786 91.5 0. 30 1.58 81.0 3.11

* Bulk Density, ‘' Particle Density, '’ ' Water Holding Capacity
T EH A EZAAA M2 oFd v =] A A Table 2. Chemical composition of nutrient
2 FEstg om, £ 8m, ol 20m A9 < solution for hydroponics.
=3 vhE=ur2 M X353 0 sl o =
;» —:jl i?; <>E O—‘;Z] 01.:1—] :?)04/ 7(}71 }3 16§J]Hﬂ EC 1.8 dS/m
= A % §_ = U. It o
OE T, - " . o B m Compound Korean Yamazaki Netherlands
= 4zg dxjst], Hepo|E 40%, JERA 40% solution  solution solution
of Wl Fate] E 20% 2 vl &2 2 33 Major element
of AlMZE Aujstg on, WxE ol 3lehE B4 Ca(NOy, 41LO 845 815 744
L ¥ 19 2 KNO; 455 729 341
FHES 19969 69 3ol 40%30cme) A4 A e NHNO, I . %
AR IIh T bR o= T AU R SHem L A MgSO, TH0 443 443 277
2 IEAABRE BAgd o, Algld AHEE 4y KH,PO, 122 - 153
e BEAEH FTUAANY ()3 FRAA D), o NHH,™, - 10 )
vpzb7l ol gl gl & AMEStE L (H 2), ddF Minor element
£ BCL8dS/mE A en, el pHE Fe~EDTA 18 18 8.3
- . , H;BO 2.3 2.3 1.1
vk = Q= ; Z ] = / 3 3 . o :
; Q,O 9} KOHE o] g4 6.52 £ 3d 0.2, MnSO;-4H,0 2.3 2.3 1.0
/9 F IR ZnS0, 4H:0 0.2 0.2 .
ANE7ZEEe] A FZATE 9H 1049 2 F CuSO,-4H.0 0. 05 0.05 0.1
DAjol] ZAVEIG on, AlAlZo S @ k7 A} NaAloO; 2H.0 0.02 0,02 AN
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2 TRLE A HT

7h. A R
A A% 2] Water extract 2 50% ethyl alcohol
extract-rvg ZAE th ko o A~ (extract) A&
Holl ot BT F4AMT AR E 50T
H EF AN §F st 2" AR %2
L3t #Hshed 100ml AZEFgAzo] Ya
E(Es 50%8% )& 7t A& A
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£FEE AT

r IU
2Lk
OIN ofl o

wAl=rhE g g o

A2 ubE 3 £4 2 Han etal. (1996) o} ¥ ol
uret EAstRl o, Al AL HER e A2
THE A B 3ge AHEEE AL, ERAAEE B
A2 A8 5g& 424 AL AlgE AEE
ol Y EE (A B ath Bak=101 4

1, v/v) 20mlE 7}ske] 24417 Wbx) 8l gt} o) A
82E 7MEBEAA M 228 ZelHA &A
3l BEA 7 H SFHF SmIE Al g B-E 33 3l Fo]
100mie} FEEetAaTd 712 A GAE 20}
gt 9M H4te]l HA . o Alggdgs
Whatman No. 5 93X 2 o 7} 5lo] Ao Fof] &
710 ATE S A E 20mlE 71kl 3B 33 25
3 Ge-Cl, % 60mlE A 22 BAd Ko =484
th o710 FHS 3mly 383 38 F&she] 5
gk 39mlol 1M ofA Est-ol M EMN YEE &
(pH 4.5) 5mlE ¥ 2 T/HFE 718t F%F 50ml
2 3ttt o] 8dE DtdolERS R AE A}
¥ 33 %A (Varian Spectro 330/440) 2 2-M 319
ow, 3482 0. 5ppmell 4 89.8+4%, 1.0ppm
AA] 96.4+2%0lR2, BAHRAL HZAE
SmA, 3™ % 1.0nm, ¥ : 265 2nm, Ho)

1.6, 9 o2 E, 71A S 3. 0L/min
oAUtk FAIAIYF F Ge-132% Sigma Chemical
Co. (St. Louis, U.S.A), 7 A=znx
(Germanium (IV) Oxide) € Aldrich Chemical Co.
(Milwaukee, U.S. A}l ztz} 2gisigod, 7]

4

B EAA|9Fe Junsei Chemical Co. (Tokyo,
Japan) & Matsunoen Chemical Co. (Osaka, Japan)
NA B o g FYste AEE T
1’/} MR E s a T
Fr188gF 242 A
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%‘O}'?\iq o]/\}_,] tﬂ—/KH‘cH J%OjAﬂ'A
AE X@o] 7he 8t Fe¥el w937} A2 Vanado
molybdate™ © 2 H| A ZA ghr),

2. o] HyEE: AT

T3 ulxle] E8jA B4 & pHe dx2E A8
g 2mmAE B 2 AR 5goll R
25mlE 71eral 2 8ol A 100rpm e 2 3083+ A
AZ] thg pHE 2AEEE 3L, T - N¥E Kieldald

S XA 8 dA FE vl

#5] AAlo] 12A12F o] A EFAIZ] F funnelol] Al
BE A 24T B AT FES FEH o
o A F FEFE ALY 2, WHC (ml/g)
FeH/ ARz R FAZ AdEl o, s
F2 A8 dAFE HHF E 7] sk 100~
110 T 9 ovenell A 3} gko] & wh7tA] (10~16A17h)
A2AZ o5 dAAed &4 238 & 30%-3h
st o1 s Ko tﬂ o %= RAlS:
(=] FA + 8719 FA4) - (WEe] B4+ &

71el AN /(R ES FA + 719 ®A) - (£7]
o] BA) x 10022 AxrsEdeh. =8 CEC (me/
100g) = T&21% 3 (1988) 2] IN NH,QACHH o
Z HS0, A% & (ml) /A1 89 BA (g) X HsSO0,8]
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THFE X 10022 EA)S
2 250ml vl e A8 ?:lxé Fg ol v
¥ A M packing®
packingS AA) @}, o] sk
200m % T7kA] S A Sted A

FH vaddde] ROz AL Zrleged 2
H 52 52057 (1988) 2 slghio
ash® 78 F o33 22 H o2 ALkt

38 :10

=

PD = (14F) / {(F/1.55) +(1/2. 65)}
*T=H#7]2/ash

* 1.55 = 7189 3T Particle density
* 2,65 = EoFe] 1 Particle density

3. B HiE W + RS
P AT R ) SR

59 SR s 9¢
M A S WHES LT 25.2~30.7C, W
18.3~26.6C 2 Mj%A A 8-

MnA Age exade] A&Eel, 104 9
ERY s W e 9o uw-_gﬂ @ of

A %%7]?_ 71‘% ﬁl—ai 3]—-%’—/\ Hogs= —%l;ﬂ

i xjel pHE 3=
.7, dhgbdlol 5 02 32

M e pHE Vel on, Wiz g 1
o T g A g0l 63.8%, ofnt
A7) Ho) 64.1%, BFAo] 63.9% & FARSHA Ut
BT (E 3).

Alejol 5.6, ofupat7]

Aol 3G9 3

Table 3. Moisture content and pH of substrates
at the different nutrient solutions.

pH Moisture content
Treatment

(1:5) (%)
Korean solution 5.6 63. 8
Yamazaki solution 4.7 64. 1
Netherlands solution 5.0 63.9

fER o BE

1 EHe EEADER

A Z7F Al nFelAy FrigEE
A3 K, Na, Mg, Fe 2 Zn& 1*20&%‘2}1&}?9}
AR ufol) A FAFgE f&a” Urb}a‘l_@#

|
ste] 2.3~ 16B‘H7z§5:—;1-_ TS ‘/‘VE} 1, P Al
Aorl a7t 277~550ppm S 2 =& 199ppm
of vgte] 1.4~2. 83 = & TS vEhdlth
Cul Al %R el 7t 6, 16~6. 76ppm 22 A A
vl 1. 78ppmel] WISt 3. 6l = LS 3‘3&2
Wl wE alEEw e 6}3 o] Cash Fe
o| A, ofupxizlfo] Nagt PeilA], stete]
Cu % ZnellA] cf& i uot vl ua £ Ur
B Ed, AMRE Z47te) S EFo we F714
Ealaro] Tkt X E B =W (R 4), ol AHE
3] A)

gl

g, A L ZE Gl BAE ETH S
A7E &L avkivn dadn.

o

Table 4. Inorganic matter contents of substrate of the different nutrient solution.

K Na
Treatment

Mg

Ca Fe P Cu Zn

(% as dry base)

{ppm as dry base)

Korean solution 0.237 0.618 0. 051
Yamazaki solution 0.233 0.670 0. 106
Netherlands solution 0. 284 0. 606 0.120
Open field culture 0.256 0.524 0. 095

0. 241 0. 049 299 6.21 15.52
0.211 0.014 550 6.16 16. 02
0.123 0.026 277 6.76 17. 30
0.053 0.043 119 1.78 12.30
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Table 5. Growth and vield of Angelica keiskei by the different nutrient solutions.

Pl;mt Leaf L‘eaf ‘Stem No. of Yield Yield
Treatment height length width diameter  branch/ )

{em) {em) {em) (em) plant (kg/10a) index
Korean solution 54. 6¢ 32.4c 30. Obc 1.3a 3. 8a 3, 553b" 187
Yamazaki solution 57.0b 34. 8b 32.2b 1.5a 4. 4a 3, 728ab 194
Netherlands solution 59. 8a 37.4a 35. 8a 1.6a 4. 2a 4,542a 239
Open filed culture 43. b¢ 31.7¢ 29. 7c 1.2a 3.3b 1, 904c¢ 100

YMeans with different letters within a column are significantly different at 5% level by DMRT.

3. MLES] EGRETE

ARz §EL28H S wxjAl= 3. 6mg/
100cwol R om, Al A8l = 3.4~3. 5me/
100em & 2 ARG Sk Vel T (X 6).
4. feLES] 2 9 olEt S A AUE

AN ZYe BEE AL A Aufo A 19,
71%1d H)gte] 3FFe] A& FHFale) Au)gt
Al oFdl Aol = 21.93~25.97% 2 °F7F EA
veElon, oudZzgHas glgdo] 25 7%=
g A Al ol oprlxizl B Bt & A Jebstth

Table 6. Chlorophyll contents of Angelica keisker
by the different nutrient solution.

Treatment Chlorophyll content

{mg/100cm?)
Korean solution 3. 4a"
Yamazaki solution 3.5a
Netherlands solution 3.4a
Open field culture 3.6a

"Means with different letters within a column are
significantly different at 5% level by DMRT.
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> = 2~ 0
F& dAFgo

Table 7. Water extracts and 50% ethanol extracts
of Angelica keiske/ by the different
nutrient solution.

Water 50% ethanol
Treatment extracts extracts
(% as dry base) (% as dry base)
Korean solution 20. 56b 28. 292"
Yamazaki solution 21.93b 29. 31a
Netherlands solution 25.97a 27.78a
Open field culture 19. 71b 26. 5%

" Means with different letters within a column are
significantly different at 5% level by DMRT.

n#F AE5 Uk Kim et al. (1992\ o] 4143
29 AxAA Navk 0.052% &5tz 39 e
|, & Ado)aE Az AlM 2o Nadheko M

1.168~1.770% & Ve o,

ini

o]+ Kim et al.

(1992) I fA1gk ghaFo 2 AZtE 1, Kim et al.
(1992) o] 4 ﬁf& ARz Azel Mgdrge] 0.014
ol A= 0.023~0.029% & &
*}2‘5} e UrE]r o, Ko &%F% Kim et al.
(1992) 9] 0.209% <+ & 2¥ < 0.217~0.256% 9}
FAFeHE 12, 3 Cuol &% E Kim etal. (1992) &
0.5ppm¥ ¥ =829] 2,0~3.3ppme] Bl w3 FA}
g ghekg 29t K, Na 2 MgS2 AlA kA
vl o} e A A 7E FARE S vErg o, Cae
A A 7E 0.090% 2 AT FH A 0. 047~0. 074
%l vigte] It & FHE Yl 3, PE XA
Al 0.82%l vlete] Al kA A )= 0.50~0.60

%‘33% K, Cu, Poﬂ/\ﬂ

GAFFEH MM 2o AlZvtEdES A A
= 0. 25ppm, *VS“QE Aul = 0. 18~0. 35ppm S 2
FArE S JEh T FAFFEREE Y

B o] 0.35ppm o2 ofnpzalzl <, shetA B} H
nd & A=2vsgEs GeEbdlt (R 9). 3E
W (jK{khiE) o2 ICP (Inductively Coupled radio
frequency Plasma) 7171 7oAl 248 Eom et
al. (1994) ¢ B aoAe AzntgdzFel 0.
92ppme] 2ta St £ B A9 AzrtedE
= zel7t sy AoeZ YEyon], Han et al

1996) & Ge-132< 20~100ppm & 2] 3+ F}&-2
Al 2utEdaFo] 170.7~56.2ppmSl ASZ2 H1

Table 8. Inorganic matter contents of Angelica keiskei as affected by the different nutrient solutions after

harvesting.
K Na Mg Ca Fe P Cu Zn
Treatment -
(% as dry base) {ppm as dry base)

Korean solution 0.217 1.618 0. 029 0. 047 0.273 0.58 2.00 75.27
Yamazaki solution 0.231 1.770 0.023 0. 056 0. 292 0. 50 2.69 56. 38
Netherlands solution 0. 248 1.706 0.024 0.074 0. 280 0.60 3.30 49. 68
Open field culture 0. 256 1.724 0.023 0. 090 0. 245 0.82 2.65 42,77
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Fged, ole 2 A AznedF¥de gl
37 Yebwtth I Kim et al. (1992) 9] R3] A &
A AN A, F7] R Az 72 1.2, 0.4
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ojof g oz At ETH

Table 9. Germanium contents in Angelica keiskel

by the different nutrient solution.

Germanium content

Treatment (ppm as dry base)
Korean solution 0.35
Yamazaki solution 0.22
Netherlands solution 0.18
Open field culture 0.25

1] E:3
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