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Effects of GeO, and Citric Acid on Germanium Content of Callus and Plant in
Angelica koreana MAX.

Byoung Woo Park, Joong Ho Lee and Tae Oh Kwon®

ABSTRACT : This study was conducted to investigate the effect of growth regulators and GeO. on
the induction and proliferation of callus and the effect of GeQ- and citric acid on the Ge content of callus
from explants and plant, Angelica koreana Max. The results obtained were summarized as follows.

The callus induction was most effective on MS (Murashige and Skoog) medium containing 1. Oppm 2,
4 — D with petiolule. The proliferation of callus was most effective at 2. Oppm 2,4~ D on the medium, at 2.
5ppm GeO- on the medium containing 2. Oppm 2,4 — D, and at 0. 1~1mM citric acid on the medium at pH6
containing 2. Oppm 2,4 - D and 2. 5ppm GeO.. The more Ge(O, in MS medium up to 20ppm, the more Ge
content in callus. Ge content in callus was highest when the medium was supplemented with 0. 1mM citric
acid and the pH of medium was low. The Ge content in plant was high in order of leaf ) root ) stem. Ap-
plication GeO. to the s0il increased Ge content in plant and application of ImM citric acid with GeO. result-
ed in increasing Ge content highest in plant, but application more than 10mM citric acid resulted in Ge

content decreased.

Application of GeO- increased Ge content in callus and plant but had a tendency to decrease some min-
eral content, on the other hand application of 0. 1 ~1mM citric acid with GeO. had a tendency to increase

mineral content.
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Table 1. Effects of 2,4~ D and NAA on callus induction from leaflet, petiolule and petiole of A. koreana

. Leaflet Petiolule Petiole
. Concentration of
No. of  NO 0Ty (B/A) (B/A)
srowth regulators S ‘ ‘ .
€ 8 explant pfjé’i?;g W B @ B
%) (%) (%)
(ppmm) (&) callus (B) ’ ' )
0 30 0 0 30 0 0 30 0 0
0.5 29 5 17.2 29 20 69. 0 28 5 25.0
2,4-D 1.0 28 10 35.7 30 25 83.3 28 14 50.0
2.0 29 14 48.3 28 17 60.7 28 19 71.4
4.0 29 12 41.4 28 14 50.0 28 18 64. 3
0 30 0 0 30 0 0 30 0 0
0.5 30 4 13. 3 28 6 21.4 28 25.0
NAA 1.0 30 5 16.6 30 15 50.0 29 15 51.7
2.0 28 7 25.0 30 16 53.3 29 13 44.8
4.0 28 6 21. 4 30 10 33.3 29 10 34.5
(2) W) A A Table 2. Effect of 2,4—-D on the propagation of
D 2.4-D Fxo mE Mejs AL X callus induced from A. koreana
, i = = T :
2e AN REY AR 2,4-DBEER oy T Fg)ﬂ B E;; A Color™
N - - - N ppm °
4 7HE v X A3 A 4FT Pagi|
A7HE Ao A sl A 03 Fof A 2 R e e T
& A dae|t). 2,4 -D BEE S/ 0.5 2.0 4.8 140 PR
mel F4AE% F7hete] 2,4-D 2. 0ppme] Al Lo 20 51 155 MW
2.0 2.0 5.3 165 MW
165% 2 7F4 ey 2,4-D 4. Oppmol A& 4.0 2.0 3.7 85 PB

embryogenic calluse A8 8F%]
2) GeO, BEA G &
= A FHEE XANE] 98]
2.4-D7} 7t ¥R o GeO, =20,
10.0, 20.0OppmOo.Z A 8|dle] 553
, E 30 A 2 2ol Ge0,9] H% 2. 5ppmoi Al 7H
wol ZFrletia, 5. 0ppm7tAle Sz ot 10.
Oppme) ol A = A3 A s At

* [W © Initial fresh weight (@)
#% FW © Final fresh weight (g)
w¥* PB © Pale brown, MW @ Milk white

Table 3. Effect of GeO. in MS medium
supplemented with 2. 0ppm 2,4-D on
growth of callus induced from A.

Koreana
GeO, - FW”™ (B-4A)/A
0 3.80 8.81 139 MW
2.5 3.01 8.79 192 MW
5.0 5.05 13.49 167 MW
10.0 3.94 6.65 69 MW
20.0 3.15 4,27 36 PB

* [W ! Initial fresh weight (g)
#x FW : Final fresh weight (g)
#+% PB : Pale brown, MW : Milk white
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Tablie 4. Effects of citric acid and pH of MS medium supplemented with 2. 5ppm GeO, and 2. Oppm 2, 4 —
D on growth of callus induced from A. koreana

Citric acid (mM)

wo oFrwe B4/ qw opw BN w opw BN w opw B

@ B (e W B (g

0 0.1
pH
A /A
(A) (B) (%) 0y (B) (%)
4 2.75 2.07 33 3.39 5.70 71
5 1.8 3.14 69 2.12 3.66 72
6 2.36  6.82 189 3.12 11.21 259

7 3.35  8.51 154 2.68 7.92 1%

4.03 878 118 3.19 3.83 20
2.67 8.66 224 3.61 5.42 50
2.92 11.31 287 2.81 7.45 165
3.8 12.70 227 3.94 2.64 49

* IW : Initial fresh weight(g) ** FW : Final fresh weight (g)
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Table b. Effect of GeO. of MS medium
supplemented with 2. 0ppm 2,4-D
on content of some mineral elements
in callus induced from A. koreana

10 3.04 3.26 1.33 234 73 11
20 2.61 2.84 1.32 218 71 13
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Fig. 1. Effect of GeO, of MS medium
supplemented with 2.0ppm 2,4-D
on Ge content in callus induced from

A. koreana
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Fig. 2. Effects of citric acid and pH of medium
supplemented with 2. 5ppm GeQO. and 2.
Oppm 2,4-D on Ge content in callus
induced from A. koreana
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Table 6. Effects of citric acid and pH of medium supplemented with 2. 5ppm GeQ, and 2. Oppm 2,4 —-D
on content of some mineral elements in callus induced from A. koreana

Citric

acid (mM) pH K Ca Mg Mn n Cu
.................................. % e meaemaseceesssencssaacnnan. ppm A
4 2.85 0.34 0.12 233 102 8
5 3. 45 0.34 0.13 252 83 7
0 6 4.04 0.34 0.14 219 79 7
7 4,52 0.38 0.14 204 78 6
M 372 0.3 ..o e o 86l
4 3.61 0.34 0.14 273 108 11
5 3.89 0.36 0.15 267 90 11
0.1 6 4.21 0.37 0.16 233 86 10
7 4.78 0.37 0.15 238 86 9
................................... Mo Al 03 015 49
4 3.27 0.35 0.15 246 108 10
5 3.45 0.36 0.15 250 88 10
1 6 4.99 0. 38 0.18 229 85 9
7 5.16 0.38 0.16 219 83 9
................................... Moo 422 o3 016 26 9
4 2.15 0.26 0.12 208 91 9
5 3.18 0. 30 0.17 193 77 9
10 6 4.63 0.32 0.14 184 72 8
7 5.05 0.36 0.13 160 63 7
M 3.75 0.31 0.14 186 76 8
80 -
| & reemmn A Ge T e A7 0.92ppme] FHrst3l
70 B S v Tk
- | 2 oo, o) s} o] Ge & 2 Aol 2 Hel AL A
2 ///\L——————-—+ R ot AW EE, EF AW Hold N 7]l
T o1 | oz JEn. g’ uad Jan
2 Az, iy, 23 5E EdEe Ged Fatol
< AEAAY ] F7] Ge B2 EA)5t= Aoz &
H RET £iFIME oo g A 0L A7
p a.3th
F 72 e Buidhe] %S Yehd Ao
HNEA Z=KrCaYMgryZn) Mn) Cusl &
o] o, AEAN FBEZ= K, Ca, Mg
P 1 T 1 qelA Gol 713 £RL K Cal E7, P
Citric acid (m) o mgel Mg 271004 714 Be Fae
Fig. 3. Effects of GeO, and citric acid on Ge Herdiloh Cu, Mn2 i3t el M Ao 2
content in root, stem and leaf of A. GFg Jetlon Frjoa dako] w¥okm,
koreana. Cuoll M= 3ol gaFo] % Slo] Er1ET)
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Table 7. Effects of GeO, and citric aicd on content of some mineral elements in root, stem and leaf of A.

koreana
GeO, Citric
Part . ,
ar (mg) acid (mMD) K Ca Mg Zn Mn Cu
.............................. 77 SRR O PPIIY -rorereremsrmsmsmmsaeanens
Control 3.36 1.53 0.33 213 80 13
200 0 3.45 1.52 0.33 179 84 12
1 3. 46 1.68 0.35 223 98 13
10 3.34 1. 30 0.34 205 76 12
Leat 100 2.25 1.14 0.32 175 60 10
400 0 3.37 1.41 0.33 173 76 11
1 3.36 1.42 0.35 212 79 13
10 3.26 1.13 0.34 152 67 13
100 2.70 1. 09 0.30 156 5»2 11
Control 2.65 0.28 0.10 167 28 52
200 2.74 0.28 0. 08 146 23 30
1 2.71 0. 28 0.09 157 26 32
10 2.51 0.29 0.09 154 24 26
Stem 100 2.21 0.24 0.08 128 20 23
400 0 2.45 0.25 0.10 143 20 26
1 2.26 0.27 0.10 134 23 29
10 2.12 0.25 0.09 125 18 27
100 2.06 0.23 0.09 111 _____ v 23 _________
Control 2.69 0.27 0.26 217 76 73
200 0 2.63 0.27 0.26 195 62 62
1 2.71 0.28 0.24 215 73 66
10 2.70 0.27 0.21 203 68 44
Root 100 2.45 0.26 0.19 6 53 43 _______
400 0 2.32 0.22 0. 20 189 59 48
1 2. 58 0.25 0.19 191 67 59
10 2.14 0.24 0.18 176 58 39
100 2.13 0.24 0.18 147 43 34

T e g ettt 7] GeO, AR E F e da2T Brte o w2 4 et

MR AEAH F gREe 2] A5 gkl 7

25901 Mg Cuol el 47 Z7lelAe 2

2 o7t gith FAEML TEEEE ImM =

oA Fdak ZAlgHTE A2 giFo] 7ty 7yg-o] A P AEA F Ge Tl MA =
o 10mMEE oAl M e 28l Zose A GeO,2 Faste] 4gkg FEey] Aot HEA
g2 VeI 21 GeQ, 200mg 3 FA 4 ImM & noage AN AE FEn Ay FHA GeO
ool FaAeEiidleE AEANF K Ca¥dFe & o TANE Fed R Agse] SAE % A
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