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Growth Characteristics and Germanium Absorption of Rice Plant with Different
Germanium Concentrations in Soil

Seong-Tae Lee, Young-Han Iee, YongJo Choi, Sang-Dae Lee, Chun-Hee Lee and Jong-Soo Heo"(Gyeongnam-do
Agricultural Research and Extension Services, Jinju 660-360, Korea, "Division of Applied Life Science, Gyeongsang
National Univ., Jinju 660-701, Korea)

ABSTRACT : In order to obtain the basic information for agricultural utilization of Germanium(Ge), the
growth characteristics and Ge absorption of rice plant were investigated with different Ge concentration in
soil. Ge concentrations were treated with 0, 2.5, 5.0 7.5 and 10.0 mg/kg in pot(1/5,000a), respectively. As
higher the Ge concentration in soil, the Ge absorption amount in straw, husk and brown rice were
increased. But the yields were decreased with the increase of Ge phytotoxicity. When rice plant was grown
more than 2.5 mgkg Ge(as Ge(O:) in the soil, growth was inhibited by germanium phytotoxicity and
necrosis spots were observed in the rice leaf blades. Therefore the optimum concentration of Ge was less
than 2.5 mg/kg in rice plant. When rice plant was cultivated on soil supplemented with 2.5 mgkg Ge, Ge
content in straw, husk and brown rice was 1034, 30.2 and 3.02 mg/kg, respectively. The Ge content in
plant was high in the order of straw > husk > brown rice. Most of the amino acids in rice were increased
with the increase of Ge treatment, besides, total amino acid contents also increased.

Key words: germanium, absorption, rice plant, phytotoxicity.
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Table 1. Chemical properties of the soil before experiment

pH EC OM PO,  Bxat (amol/ky Ge
(5 [dS/m) (g/kg) ek K G Mg (ke

60 026 269 235 026 51 18 026

2 AAZ &, DB} 10T CollA] 24417 71 28iAIZ

e daksled AFEE7)E 50T HAOY &8 413 &
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Table 2. Growth characteristics of rice plant with different
germanium concentrations in soil

Cum Panide No. O 100 Ge
Treatment ) grain . Yield
(mg/ke) length length panicle per grain (/v0f) phyto-
. .. 1‘)
{em)  (am) per hil panide ©® toxicity
Ge0 6 172 148 & 46 184" 0
Ge25 67 163 142 77 246 14D 1
Ge50 57 142 104 73 232 105 2
Ge75 43 115 78 47 219 52 3

) The same letters are not significantly different at 5% level
by Duncan’s Multiple Range Test.
) Phytotoxicity : 0 - Non damage

1 - Slightly damage

2 - Low damage

3 - Medium damage

4 - Highly damage

5 - Completely damage
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Fig. 2. Comparison of rice plant appearance cultivated at the
different concentrations of germanium at heading stage.
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Fig. 1. Comparison of rice plant growth characteristics with

different germanium concentrations in soil. 3l Ge 25 mg/kg AelollA AZvkE 88L& 07%=
A:GeOmg/kg B:Ge25mg/kg C:Ge 50 mg/kg M Ekoy), Ge 75 mg/kg AEolM Azelg o]8ES
D: Ge 75 mg/kg, E : Ge 10.0 mg/kg 75%EA g,

Table 3. Germanium efficiency and germanium contents of rice plant parts by different germanium concentrations in soil

Yield Ge content Ge absorption o
Tzfj* - (g/pot (mg/ke) (g pot) G ey
&/ke) Rice Straw Husk Rice Straw Husk Rice Straw Husk (%)
Ge 0 18427 213" 45" 0.06d" 29d" 3.9d" - - - -
Ge 25 - 142 18.4b 40b 3.02c 103.4¢ 30.2¢ 0.043 1.908 0122 20.7
Ge 5.0 10.5¢ 15.0c 28¢ 6.15b 14190 106.9b 0.064 2125 0.300 125
Ge 75 52d 8.3d 14d 11.48a 230.9a 186.9a 0.09 1916 0254 75

1) The same letters are not significantly different at 5% level by DMRT.
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Table 4. Amino acid compositions of brown rice with diff-

erent germanium concentrations in soil (Unit : mg/g)
Amino Concentration of Ge treated (mg/kg)
acid 0 25 50 75
Asx? 76 86 92 94
Thr 32 38 46 46
Ser. 40 50 56 56
Gix.” 106 108 138 144
Pro. 36 40 52 52
- Gly. 34 44 44 46
Ala. 50 6.0 66 66
Gys. 14 16 14 14
Val. 50 56 62 6.2
Met. 04 10 06 04
L. 34 38 46 50
Leu. 66 74 86 92
Tyr. 28 32 38 40
Phe. 40 38 54 6.0
Lys. 20 22 28 30
His. 34 40 46 44
Arg, 68 82 96 96
Total 732 84 970 9.6

9) Asx: Asp+Asn, t) Glx. : Glu+ Gn
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Table 5. Content of inorganic components of brown rice with
different germanium concentrations in soil

Treatment TN P K Ca Mg Na Fe Mn Zn Cd

(mg/kg) [ i — (ng/kg) —
Ge0 123 029 018 001 010 001 027 011 306 trace”
Ge?25 139 031 018 001 013 001 023 010 287 trace
Ge50 160 032 019 001 013 001 027 013 346 trace
Ge75 164 031 017 001 013 001 036 014 333 trace

1) trace : <5 pg/kg

Table 6. Content of inorganic components of straw with diff-
erent germanium concentrations in soil

Treatment TN P K Ca Mg Na Fe Mn Zn @
(mg/ke) (%) (ng/kg) —
Ge 0 110 017 091 018 011 003 075 986 442 trace

Ge25 122 018 110 020 013 002 1.09 1010 416 trace
Ge 50 134 021 111 022 013 002 175 993 504 trace
Ge75 141 023 1.02 023 014 002 089 980 522 trace

) trace : <5 pg/kg
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