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Uptake Properties of Germanium to Vegetable Plants and lts Effect on Seed Germi-

nation and on Early Stage Growth

Myung Ja Han, Sung Un Kim, Dong -Cheol Seo”, Yong Hwa Cheong, Do-Jin Lee”, Moon-Su Park”, Yo-Sup Rim,
Bo-Kyoon Sohn, Jong Soo Heo” and Ju Sik Cho (Department of Bio-Environmental Science, Sunchon National
University, Suncheon 540-742, Korea; "Wetland Biogeochemistry Institute, Louisiana State University, Baton
Rouge, LA 70803-7511, USA; )Department of Agricultural Education, Sunchon National University, Suncheon 540-
742, Korea; )Department of Forest Resource, Sunchon National University, Suncheon 540-742, Korea; “Division of
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ABSTRACT: To investigate effects of inorganic (GeO;) and organic (Ge-132) germanium (Ge) on seed ger-
mination and on early stage growth of plants and the uptake characteristics, various concentrations (0, 10,
25, 50, 100 mg L " of Ge to popular vegetables such as leaf mustard, chinese cabbage and pak—chm, respec-
tively, were treated. On seed genmnatlon, no s1gmﬂcant effect was observed in both inorganic and orgamc
Ge treatments except 100 mg L treatment of i inorganic Ge. Exogenous inorganic Ge (10~100 mg L ") treat-
ments significantly inhibited the early root elongation growth of all plants. However, slight enhancement of
early shoot elongation was detected in low concentrations (10 and 25 mg L ) of Ge in the leaf mustard and
chinese cabbage plants Organic Ge treatments significantly stimulated the root and shoot growth at the
10, 25 and 50 mg L' treatments. Ge was accumulated linearly in the vegetables as both inorganic and organic
Ge concentrations were increased. Interestingly, total contents of Ge in plants with Ge-132 treatments were 2~
4.5 times more than those with inorganic Ge treatments in all concentrations. At 25 L’ treatment of Ge,
contents of Ge in vegetables are followmg in leaf mustard, 1n01gamc Ge: 0.37 mg g dw and mgamc Ge:
147 g 'dw; in the chinese cabbage, inorganic Ge: 0.4 mg g 'dw and organic Ge: 0.86 mg g 'dw; in the
pak-chm, 1norgamc Ge: 0.33 mg g'dw and organic Ge: 0.70 mg g ldw, respectlvely These results showed
organic Ge is much better on early stage seedling growth and on germanium accumulation of vegetables
than inorganic Ge.

Key Wonds: germanium, absorption, vegetables, plant seedling growth
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Age) AMg3t AZTHES F71AZPHE{Ge-132, carboxye-
thyl germanium sesquioxide 3(GeCHCOOH),, (Sigma
Chemical Co., St. Louis, USA)]#} 77| A1 20Ha{GeO,,(Si-
gma Chemical Co., St. Louis, USA)] 2%/& 22 ¥54
0, 10, 25, 50, 100 mg L2 ZA3lo] ARSIk
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TAEES AlsollA BiE T Qe okeubElzht ZHLeaf
mustard: Brassica rapa var. glabra Regel), Zr¥ o gulj 5
(Chinese cabbage: Brassica juncea var. integrifolia), 7
Ato) 373 (Pak-choi: Brassica campestris L. ssp)S AMg
Ereg
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dish(90x15 mm)°}} FE5A(ADVANTEC No. 2, 90 mm) 1
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vely coupled plasma atomic emission spectrometer,
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A=rks 558 Zleaf mustard), Wi5(chinese cabbage)
2 37 Al(pak-choi) 2| FAPZolel nlXE FEE AR 2
ITable 1), F71AZ0Hz] 739 27] WoK1 day) Alole 50
mg L7HE 2 210§ o] ¢ ¥l 100 mg L' AHZA)
7, W%, BAANA 242 3.2%, 11.4%, 10%2) A4S
Bo oL} ol 3ol BE 2 txTe} vl A
o) wolz| i), o)gke B AVIAIZrhY] Aol
B2E A7 27004 dxTe A9 2 dehgg Bl w
g (o], /A2 100 mg LS Alstae A
2uhge] 25 2 Ay Fool mE R, ulF, A golg
2 FA G A g Ao7 Eelo] HUth

Al20ks M7t 248 nixls d&

Azrks Fxol w2, wiE, A FEATSEE
v @3] gste] $7) 2 #7] A=vkg 2424L 0, 10, 25, 50,
100 mg L' 582 A7) & F 49719 AEALE AT
(shoot) ¢} A1&HF He(root)d] HolE F73le] vl At
%ti(Fig. 1, Fig 2).

7] 734 F7)A20h(GeOy) A Al, tiZ7(¥e: 2.10
cm, AV 0.89 cm)ol) B13] ]9 Bo] BE FoM &
AsHA A#l HACM(Fig. 1A, Fig 24), A3 A=t =T
of W3] =71AZ9Hs 10 mg L' Al ¢k 22%, 25 mg L™
A2 ek 37%, 50 mg L' HZA 52%, 22}37 100 mg L
HEAl 62% AL ARANE Bk AR A=
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Table 1. Effect of GeO, and Ge-132 treatments on seed germination of vegetables

Germination rate (%)

szzfm Con(c;}r;rt;z;tion Leaf mustard Chinese cabbage Pak-choi

1 day 3 day 1 day 3 day 1 day 3 day

Control 0 97.1 98.8 97.5 96.3 91.6 100.0
98.0 98.7 96.3 100.0 90.7 100.0

10 96.7 98.6 97.1 98.0 92.0 100.0

GeO, 25 971 97.0 96.7 99.3 91.6 100.0
50 97.1 98.7 96.3 99.7 91.6 100.0

100 94.0 99.1 86.4 99.3 82.6 100.0

5 95.8 98.8 97.1 100.0 92.0 100.0

10 949 99.6 96,9 100.0 92.3 100.0

Ge-132 25 971 98.8 97.8 100.0 91.8 100.0
50 99.6 99.2 97.3 100.0 915 100.0

100 99.2 98.8 97.7 100.0 N4 100.0

100 mg/t

(A)

50 100 mg/L

Ge-132

( 2

00 mo/L

50 1
|
‘i ‘; ﬁi’ f
0 GeO,

25 50
©

Z

100'mgl/l: 100 mg/L

Fig. 1. Comparison of growths between seedlings of the control, GeO, and Ge-132-treated plants: (A) leaf mustard, (B)
chinese cabbage and (C) pak-choi. Pictures were taken a photographs at 4 days after treatment.

T W2 FE(10 and 25 mg L7)elA oF 10%9) 4457}
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29 AL 25 mg L'A2A] F7IAZm Y] Aok &
g 23]8 oz visl 10% 8% T/ 298 By,
L 55 AL Aol aA AsE Bx Gsith A
A (shoot) WAPEE 25 mg L Xz A 7xE tiz7
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Fig. 2. Analysis of root and shoot growth from plant
seedlings treated with various concentrations of GeQ,
and Ge-132. Numbers mean average length s of root and
shoot. Error bars are presented as + /-SD from three
independent experiments.
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471 AZrkeg 2420, 10, 25, 50, 100 mg L'9] FEHEE
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55498 A HFig. 3).

79| 7%, ¥71AZvREE 217 10~100 mg L Aol
A AEAN AZeks $32 44 023~0.99 mg gldw ¥
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Fig. 3. Amount of accumulated Ge in plant seedlings
treated with GeO, and Ge-132. Numbers mean the avera-
ge values of accumulated Ge amounts. Error bars are
presented as + / - SD from three independent experiments.
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