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To obtain the basic information for agricultural utilization of germanium (Ge), the growth characteristics and
Ge absorption in rice plant were investigated under different Ge concentrations by foliar spray application.
The Ge concentrations were treated with 0 (control), 10, 20, 40 and 80 mg L' in pot (1 5000 a), respectively.
The Ge absorption rate in rice by foliar spray application with 80 mg L' in pot was higher in the order of leaf
(5.75%) > stem (4.52%) > root (<0.01%). By foliar spray application, the Ge content in rice was higher in the
order of 80 mg L' > 40 mg L' > 20 mg L > 10 mg L. When rice was treated with 80 mg L' of Ge, the Ge
content in rice grain was higher in the order of rice bran (0.21 mg pot'l) >> brown rice (0.04 mg pot'l) =
polished rice (0.03 mg pot'l). By foliar spray application, the Ge uptake in rice bran was higher than that in
other parts. Therefore, optimum Ge concentration by foliar spray application was 80 mg L' in potbased on the
results from the Ge treatments.
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Table 1. Chemical properties of the soil before experiment.

Azrks g0t 5715 477} Bag Ao Begd,

webA] AZuks GEARA Be] YREA v A
ol BREAS 2A] 918 ARnHES @] 22
2 Aele 5 o AREA, ¥ 9L o] Behd Aznks Y

S 2AIL,

SAME 2 AP A 2FA] 245l YAt
s Aske-AolA AAET FAIESFS
slela 42 Table 19A4] Hi= Hle} Zro] pHE 5.80]%)
i, G718 PR 231 g kg o|glon, FREQIARS 361
mg kg "2 Lee et al, (2005b)2] AZuHg v AEIE $]3)
ASHE A =Rkt fARHICE ESE 2 Al
AREEE FAEFS Lee et al, (2012)0] H I Ao =
E Hdate FARHACH A Bk EAJ2 Table 20
A Bz vpel o] mall ujab 9l HEZF Z47F 2.9, 83,8 B
13.3%% vl ER7]eol] o8 nAHHSEL &
Al AELE STAE FXHE AREslen, e 2%
10 emQl oJRE 69 220 potol] o]ste] 109 Holl 4=
et Ao AME A AZvhES A=
[GeO, SigmalS ARESIYOM™, 5000 mg L€ stock
solutiong ZA|3t] AlF EFZof mlet UA =R 3435}

of Abgtsict,

Hitd Ol RAAZ]  GeO.o] GRaAE] =59 A2
g & SR A2k U] w25 FAE,
10, 20, 40 2 80 mg L™ (25, 50, 100 & 200 g 10a H& -
Bato] HIEAY|, $97) L &0 242 50 mLy 2
72 BERsle] Al2nkg guAE] s 9 AASEA,
H RO Al2ukE S5 U A B9 A 2nkE S
2T,

A HE potof] oY) Mo HAxH EY 4 kg 1
5,000 a @k poto]l Wil RE A TLolA] U kol

B3 sl B BT B9 ARG 2 pot O

I 1
il

) Exch. Cation

pH EC O.M. AV.P205 AV.SIOz
K Ca Mg
(1:5) @ m')  (gkg)  (mgkg)  (mgkg) (cmol+ kg™)
5.8+0.4 0.524+0.06 23.1+£2.7 361+11 100+4.8 0.33+0.08 5.9+0.4 1.5+0.2
Table 2. Texture of the soil before experiment.
Soil texture Sand Silt Clay
%

Silt loam 2.9 83.8 13.3
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Fig. 2. Growth status of rice under different Ge concentrations by foliar spray application (A, Ge 0 mg L'; B, Ge 10 mg L' C, Ge
20mg L"; D, Ge 40 mg L'; E, Ge 80 mg L™).
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Table 3. Variation of leaf number in rice plant under different Ge concentrations by foliar spray application.

Treatment Transplanting The highest tiller Maturity Heading period
(mg L'l) ea pot'1

Control 17.2a 25.0a* 58.3a -

Ge 10 17.4a 25.2a 60.0a -

Ge 20 18.1a 24.8a 60.0a -

Ge 40 17.7a 23.7a 61.5a -

Ge 80 17.2a 26.2a 63.0a -

*Means within a column followed by same letter are not significantly different according to Duncan’s multiple range test at

P=0.05.

Table 4. Variation of tiller number in rice plant under different Ge concentrations by foliar spray application.

Treatment Transplanting The highest tiller Maturity Heading period
(mg L'l) ea pot'1

Control 5.2a 5.85b 16.40a* 9.83ab
Ge 10 5.4a 5.83b 17.50a 10.83a

Ge 20 5.7a 5.73b 18.83a 9.67ab
Ge 40 5.5a 5.92a 18.50a 8.17b

Ge 80 5.6a 6.00a 20.00a 10.00ab

*Means within a column followed by same letter are not significantly different according to Duncan’s multiple range test at

P=0.05.

Table 5. Growth characteristics of rice plant under different Ge concentrations by foliar spray application.

Treatment Culm length Panicle No. pagicle No. gra.lin 1,000 grain Yield per T/R
length per hill per panicle pot ratio

(mg L") (cm) (cm) ® (g pot’)

Control 54.1c* 18.9a 8.8a 97a 21.8a 12.3a 4.61ab

Ge 10 55.2¢ 19.2a 9.7a 8lc 20.7ab 10.7b 4.88a

Ge 20 58.0bc 18.9a 9.0a 83bc 21.6a 11.1b 4.42b

Ge 40 58.5a 18.9a 8.0a 99a 21.0ab 9.6¢c 4470

Ge 80 55.7bc 18.5a 8.3a 88b 20.3b 9.0c 4.16¢

*Means within a column followed by same letter are not significantly different according to Duncan's multiple range test at

P=0.05.
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Table 6. Dry weight and Ge contents in various part of the rice plant under different Ge concentration by foliar spray application.

Dry weight Ge content

Treatment

Leaf Stem Root Leaf Stem Root
mg LY e g 1 OO —— oo gl —
Control 5.10c* 8.40b 5.25¢ 1.3d 0.4d 0.007d
Ge 10 5.44b 8.98b 5.90b 10.4c 5.4c 0.022¢
Ge 20 5.47b 9.03b 5.95b 20.2c 12.6bc 0.037¢c
Ge 40 5.22bc 8.61b 5.33c 56.8b 36.4b 0.069b
Ge 80 5.95a 9.80a 6.42a 116.2a 55.3a 0.097a

*Means within a column followed by same letter are not
P=0.05.
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Fig. 3. Ge uptake and Ge absorption rates in various part of the

application ((J, Leaf; A4, Stem; B8, Root).
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Table 7. Rice yield and Ge contents in various parts of the rice under different Ge concentrations by foliar spray application.

Yield Ge content
Treatment - - - - - - - -
Rice bran Brown rice Polished rice Rice bran Brown rice Polished rice

(mg L']) g pot'] -------------------- mg kg'l -------------------
Control 1.81b 8.62¢ 7.48cd* 0.02d 0.002d 0.001d
Ge 10 1.94a 8.75b 8.63b 3.07c 1.343¢ 1.182¢
Ge 20 2.02a 9.08a 8.96a 57.82b 1.732bc 1.593bc
Ge 40 1.74b 7.85¢ 7.75¢ 63.13ab 2.961b 2.191b
Ge 80 1.63c 7.36d 7.26d 129.27a 5.633a 3.802a
*Means within a column followed by same letter are not significantly different according to Duncan's multiple range test at
P=0.05
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Fig. 4. Ge uptake and Ge absorption rates in various part of the rice under different treatment concentration on Ge foliar spray

application ([, Rice bran; &, Brown rice; &, Polished rice).
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