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Growth Characteristics and Germanium Absorption of Brasica juncea C. with
Different Types of Germanium Compounds in Hydroponic Cultivation

Se-Won Kang*, Dong-Cheol Seo*, Weon-Tai Jeon', Seok-Jin Kangz, Seong-Tae Lee’, Hwan-Hoo Sungz,
Ik-Won Choi’, Ui-Gum Kang', Hyunook Kim®, Jong-Soo Heo’, and Ju-Sik Cho*

Department of Bio-Environmental Sciences, Sunchon National University, 'National Institute of Crop Science, Rural
Development Administration, ’National Institute of Animal Science, Rural Development Administration,
3Gyeongsangnam—do Agricultural Research and Extension Services, Division of Environmental Engineering,

University of Seoul, ’Division of Applied Life Science, Gyeongsang National University

To investigate the effect of inorganic (GeO:) and organic (Ge-132) germanium treatment on Brasica juncea C.
plant, growth characteristics and Ge contents were examined with various inorganic or organic germanium
treatments (0, 5, 10, 25, 50, 75 and 100 mg L'l), respectively. Brasica juncea C. growth did not much inhibited
until Ge 10 mg L' concentration under both Ge-132 and GeO; treatments as compared to control. On the other
hand, at Ge concentration higher than 25 mg L concentration, Brasica juncea C. growth was inhibited under
both Ge-132 and GeO; treatments. Under treatment of GeQ;, length of root and shoot slightly increased until
5 mg L concentration and dry weight slightly increased until 10 mg L concentration. Under treatment of
Ge-132, length of root and shoot slightly increased until 10 mg L concentration and dry weight slightly
increased until 25 mg L concentration. Total Ge contents in Brasica juncea C. eadly seedlings with GeQ,
treatment were a bit higher than those with Ge-132 treatment. Germanium was primarily accumulated in the
roots (77%) with organic Ge (Ge-132) treatments, whereas Ge was primarily accumulated in the leaf (70%,
respectively) with GeO; treatments. The Ge uptake rates in inorganic Ge treatments were slightly high
than those in organic Ge treatments. Under inorganic Ge treatment with 2.5 mg L, about 3% of Ge was
accumulated into plant and distribution in leaf and root was 84.8% and 15.2%, respectively. Under organic
Ge treatment with 2.5 mg L, about 2.6% of Ge was accumulated into plant and distribution in leaf and
root was 66.4% and 33.6%, respectively.

Key words: GeO,, Ge-132, Brasica juncea C., Germanium absorption, Hydroponic cultivation
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Table 1. Prescription of standard culture solution by
Horticultural Experiment Station in Japan.

Components Concentration

1.0x 0.5%

_____________ 14700 D ——
KNO; 810 405
Ca(NO3)»4H,O 950 475
MgSO4+7H,O 500 250
NH4H,PO4 155 77.5
Fe-EDTA 20 20
H;BOs 3 3
MnSO4+H>O 2 2
ZnSO47H,O 0.22 0.22
CuSO45H,O 0.05 0.05
Na;MoO42H,0O 0.02 0.02
EC (dS m™) 22 1.7
pH 62 6.8
712 7% F Apgshsie

AZ20kE X2 A=vkge F7 AN [GeO,
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Control 2.5 75 100(mg L™

SEN AEvks b=
o] wE Zto] MSEA % AL ATH= Fig, 1 9 Table
2ol up2 zke] =
7178 (Fig. 1)° %‘j‘ih oz F apo] glo] #7] % {7
A=vRg AZtollA Blsssigieh,. 771 B A= R 2
%10 mg L7k ASAs) @Ako] 719] 919101t 25 mg
L7 oPdtele Aok sl e meich Al=zrks A Hg. 1. Growth status of Brasica juncea C. on eadly seedling

ol ofgh AsAfs] e 571 2 frIAR R 2 A growth under different types of Ge compounds and Ge
215 25 mg L' ol H2)qofA] 2o SR Qo] g concentrations.

m]o )

Table 2. Growth characteristics of Brasica juncea C. under different types of Ge compounds and Ge concentrations.

Types . of Ge conc. Part Fresh Weight Length Growth rate Length growth rate
germanium
mg L g plant’ cm %
Shoot 0.9 (£ 0.21) 8.7 (£ 1.0) . .
Control 0 Root 02 (+ 0.03) 128 (+ 2.1) 100 100
)5 Shoot 1.0 (& 0.09) 9.1 (& 0.6) 111 105
' Root 02 (£ 0.04) 11.8 (& 4.0) 112 92
5 Shoot 0.9 (= 0.19) 8.3 (+ 0.8) 103 95
Root 02 (& 0.07) 115 (= 4.7) 105 90
Shoot 0.9 & 0.12) 83 (£ 0.7) 98 96
Gie0, 10 Root 0.2 (& 0.06) 10.6 (+ 0.8) 95 82
55 Shoot 0.5 (+ 0.15) 75 (+ 1.0) 59 70
Root 0.1 (= 0.01) 114 (= 2.4) 48 62
s Shoot 04 (= 0.12) 6.0 (+ 0.8) 41 61
Root 0.1 (= 0.03) 9.5 (£ 3.3) 40 55
25 Shoot 1.0 (= 0.14) 8.6 (= 0.9) 109 99
' Root 0.1 (& 0.05) 135 (+ 1.0) 79 105
5 Shoot 11 @& 0.17) 89 (& 0.8) 119 103
Root 0.1 (= 0.04) 120 & 1.8) 86 94
Shoot 0.9 (= 0.10) 8.5 (+ 0.9) 104 98
Ge-132 10 Root 0.1 ( 0.03) 10.0 & 1.6) 63 78
’s Shoot 0.8 (= 0.17) 75 (£ 0.5) 87 87
Root 0.1 (= 0.03) 102 (& 2.6) 40 80
5 Shoot 0.4 (£ 0.04) 6.4 (£ 0.6) 48 74
Root 0.1 (+ 0.01) 92 (& 13) 40 72
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Table 3. Growth characteristics of the underground parts of Brasica juncea C. under different types of Ge compounds

and Ge concentrations.

Types of Germanium Ge conc. Surface area Volume Diameter
mg L cm’ mm
Control 0 13.04 (= 1.2) 0.11 (= 0.01) 0.36 (= 0.06)
2.5 9.72 (+ 1.0) 0.08 (= 0.02) 0.33 (£ 0.03)
5 555 (= 1.2) 0.06 (= 0.01) 0.40 (£ 0.05)
GeO, 10 6.08 (£ 0.6) 0.07 (= 0.01) 0.43 (£ 0.02)
25 291 (£ 0.1) 0.02 (£ 0.00) 0.34 (£ 0.04)
50 248 (£ 0.1) 0.02 (£ 0.00) 0.34 (£ 0.06)
2.5 14.24 (£ 0.6) 0.12 (= 0.02) 0.34 (= 0.01)
5 23.08 (+ 3.1) 0.21 (+ 0.10) 0.36 (£ 0.02)
Ge-132 10 11.03 (= 2.1) 0.11 (£ 0.05) 0.42 (+ 0.02)
25 1.52 (£ 0.6) 0.01 (£ 0.00) 0.28 (£ 0.08)
50 1.23 (£ 0.2) 0.01 (£ 0.00) 0.24 (£ 0.04)
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Table 4. Germanium contents and dry weights of Brasica juncea C. under different types of Ge compounds and Ge

concentrations.
Treatment Dry weight Ge content
Shoot Root Shoot Root
mg D — g plant'1 ------------------------------------------- mg kg'1 ----------------------
Control 0 0.0508 0.0056 3.8 4.0
2.5 0.0697 0.0091 90.9 125.9
5 0.0693 0.0104 217.1 342.1
GeO, 10 0.0629 0.0085 346.1 398.1
25 0.0410 0.0047 1629.6 933.1
50 0.0357 0.0050 5852.0 1860.6
2.5 0.0636 0.0088 66.3 243.7
5 0.0671 0.0082 139.3 4773
Ge-132 10 0.0608 0.0079 336.6 1018.0
25 0.0556 0.0080 676.9 2847.0
50 0.0412 0.0052 1460.4 44772
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Table 5. The total amounts of Germanium uptake in Brasica juncea C. under different types of Ge compounds and Ge

concentrations.
i Ge uptake
Treatment Ge conc. iiieﬁ:lo I;zr:ltﬁ; Shoot RoI:)t Towl
mg L' ug 100 mL’ ug plant'l

Control 0 3 0.19 0.02 0.22

2.5 254 6.34 1.14 7.49

5 491 15.05 3.54 18.59
GeO, 10 915 21.75 2.53 24.28

25 2400 66.79 435 71.15

50 4890 208.79 9.26 218.05

2.5 249 4.22 2.14 6.36

5 481 9.34 3.92 13.26
Ge-132 10 957 20.47 8.08 28.55

25 2460 37.66 22.90 60.56

50 4990 60.15 23.47 83.62
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Fig. 2. Germanium uptake rates of Brasica juncea C. under
different types of Ge compounds and Ge concentrations.
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Table 6. Inorganic elements contents of nutrients solution in Brasica juncea C. cultivation under different types of Ge

compounds and Ge concentrations.

Types ?f Ge conc. K Ca Me Na
germanium Before After Before After Before After Before After
mg L' mg L'

Control 0 143 110.7 80.7 63.8 26.5 22.7 3.03 0.90
25 142 103.6 80.3 58.0 26.2 21.0 3.32 1.31
5 143 109.0 81.3 61.1 26.5 21.6 2.96 0.75

GeO; 10 145 112.5 81.2 62.7 26.6 222 3.11 1.37
25 143 117.0 80.6 67.9 26.3 233 3.37 223
50 141 1194 80.9 70.0 26.1 233 3.36 2.95
2.5 142 107.7 80.7 59.6 26.2 21.3 3.00 0.79
5 144 106.6 80.8 58.9 26.4 21.2 3.19 0.92

Ge-132 10 142 107.9 81.2 62.5 26.2 21.6 3.25 1.16
25 144 112.8 81.3 66.4 26.6 22.1 3.00 1.56
50 143 121.3 81.2 72.2 26.2 233 3.22 1.82

Table 7. Inorganic elements contents in the
and Ge concentrations.

different parts of Brasica juncea C. under different types of Ge compounds

Types of Shoot Root
. Ge conc.
germanium K Ca Mg Na K Ca Mg Na
mg L' mg kg'1

Control 0 514.0 2733 61.6 345 347 13.2 2.6 0.237

25 443.7 260.0 60.7 235 39.9 13.1 29 0.266

5 435.7 257.0 62.8 27.9 51.7 13.8 43 0.440
GeO; 10 480.5 269.5 62.6 234 54.0 9.2 4.0 0.329

25 382.0 190.0 445 17.0 27.0 72 1.4 0.265

50 313.0 159.0 40.4 20.1 325 6.8 23 0.118

2.5 511.3 313.7 72.7 32.8 49.8 16.8 44 0.452

5 556.3 3283 78.2 343 51.7 16.5 4.1 0.866
Ge-132 10 503.3 277.0 67.7 30.9 422 94 32 0.263

25 355.0 171.3 51.0 29.0 30.1 7.3 23 0.096

50 249.7 104.6 332 16.5 24.8 4.6 2.4 0.048
Ca FFS h2Tok th27oh Aok YUOUH K, Mg 0 Evby SAMA W, ARUES, 2 R Ak 3
N o}&-2 Z7HEIIEh f71AENs ARl A 2eT o] A=uks Fou D SRS ARSI,
Q1 SloflA= K B Na oh2 ztol7} gljlont Ca W Mg 771 4§72k 25 10 mg L7 ASAs @
ol S7HEUAL FEol M= K, Ca, Mg % Na 9Fg &2 Aol A] glgloLt, Ge 25 mg L oARE = Aet A%
T+ S7HEQIEL oleh=s A O R Tee et al. (2005b)7F 2 A8l @RS 2ol Ge 75 ¥ 100 mg Lol A= Mgk A4
gt Aznks A2leE STk e dule] ol & of A9 HA| k& A= AHs@ o] Uewdth t2et
& Hloll A= S7I8HA] ool ARt AaFolqinh Hla 5199S ul, E71A20ES Ge 5 mg L H2]7HA,

F717120HE-E Ge 10 mg L AHE7kA] A 9 A5he
2 of APgRESol thztol Hlste] ot S7HEE oIl Al
2kl Fode AuEd ARy B9 & &
Aenks SHE A 2] S5 2 AEnks 1 A=2vhE 3 AL Qdell oF 70%, A3l #

T S AR Sfsll 2t AEiAl B 1A 20E (GeOy) o °oF 30%7} H3Lx]o] gl

i)

F7IAZRE (Ge-132)& =R 22t A2ste] A

ATk,
v

f71A2rkse) Aol
S| A=k HigE Qo] of

23%, alo] oF 779%%
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