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Abstract at H+ G stages, but the lowest was in ‘once’ with Se 40 ppm
(403.53 pg - kg') at E stage. On the other hand, The highest
BACKGROUND: This study was conducted to develop of Ge content in brown rice was found in ‘twice I’ with Ge
selenium (Se)- and germanium (Ge)-enriched rice by foliar 100 ppm (398.66) at H + G stages, but the lowest was in
spray application of organic or inorganic Se and Ge. ‘once’ with Ge 100 ppm (139.64 pg - kg') at B stage. The
METHODS AND RESULTS: The time and frequency of  highest of Ge content in polished rice was found in ‘twice I’
organic or inorganic Se and Ge treatment were performed at of Ge 100 ppm (300.29) at H + G stages, but the lowest was
the five main growth stages as followings: effective tillering in ‘once’ with Ge 100 ppm (142.24 g - kg') at B stage.
stage (E), maximum tillering stage (M), booting stage (B), CONCLUSION: Se and Ge contents both in brown rice and
heading stage (H), grain filling stage (G). The main treatment polished rice treated with organic Se and Ge forms were

plots were consisted of () ‘once” treatment (at each E, M, B, higher than those of inorganic Se and Ge. Overall results
H, G stage, Se/Ge single apply), @) ‘twice I’ (at H+ G stages, concluded that the supplementation of organic Se and Ge
organic or inorganic Se/Ge apply), @ ‘twice II” (at H+ G contents in brown and polished rice contents were
stages, mixture apply of Se + Ge + pesticide). The organic or comparatively higher than the inorganic Se and Ge. This is
inorganic Se treatment concentration was 20 and 40 ppm, results also proved that the foliar spray application of
and the Ge was 50 and 100 ppm. The Se and Ge contents in organic Se and Ge has positive nutritive effect on the rice for
rice grain (brown rice and polished rice) were analyzed by regular consumption.

inductively coupled plasma (ICP). The highest Se content

was noted in brown rice ‘twice I” with Se 40 ppm (1394.06) Key words: Brown rice, Foliar Spray, Germanium, Polished
at H+ G stages, but the lowest was in ‘once’ with Se 40 ppm rice, Selenium

(367.79 ug - kg") at B stage. The highest of Se content in

polished rice was found in ‘twice I’ of Se 40 ppm (1090.25) M B2
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tha Aot glovt 42 155% Y w #w] ] A9 dshE
75.5%, SilA 68%, AA 13% So7 TAEN, 7 9
1A AR QL 2, AR T3 QA Sask wlEk AR
B, By, E, Hololil To7 FA4 Hojglt) 53] wilze] &
SHQ ohuliAt B oAl gl whad S |l
7VE, 255 nja) wol dfratar gtk Hol &) ok

SHA 9ol Hzh A ] 7|54 Bk ope} V)54
Fdel thgt Avrh das] ABHIL QtHPark er al,
2010). 2efut HFoll= A7ske AFHo R S & AH]A
A2 AR A o, BN e A 7hA A
glo] okgl H11 glo] 7154 & TS Fato] o] o] g
t2ts7t Qs

2R Se A=Al 7174 Se (selenate, selenite)
7} 771 Se (selenocysteine, selenomethionine) © = =4 Hc}:
Al 5] FEA Ul F2 AeleAElR)(Selenocysteine)
3} A =g @ U(selenomethionine) 52 714 AdE
Q1 A op| At FEjR EAgTE B AelA Sed &
FAEE Ak @t e FeE duA glon, 4%
Al @3 Wl Se w7 A o & WA vehs A3t
o] Qlrk FEsh Sed $AES A AAISHAA] A
O] Appke FriealA ofe delee] 2sE v, 7 vt
ol AWdx et WX g} Qi Choi et al,
2010). Tkt AerzAtell 54 of, T8 AT 2
Foloh 2 S ATt Se AY thol] A o] A A=A
Se> AIAIEA7]HWHO)E= 1978 Ses &
E ISkl QIFto] vEA] AF ol & dg JUAaE 4
A E]glom, olF, 19 WEHE 50~200 uglw A
Askolek vl 201039 deddaz Fatar
WHOS} 598 A A3 A83s 2838t Atk Sed fr
7] A3k Seo] F7] A Seel nlsl A o]&-F W A&
ol B & Zlow dulA qlrh olydt Sef] okaNE &
ool 3-8t Ses et wAES Aiste] BakAl=
7154 sAbE R ApEst fo] 1SS 290, AH[ARE Se
o] ok aats 7P QP AEA #7] Sel® AES Fl
AFletaat sk A7) o] FelA]a Qlvk

Ge ©AE ZFebA] o F7] Gedt &4 Eek=
7] Geo& F7% <+ lom F7] Ge Ge ¥ GeO,, 71
Ge:- Ge132, spirogermanium, proxi-germanium©| U3k
Aotk 7] Ge 7Moo EET Al NI, A7,
BT, 2ANE Fdeke Ae® 4 Q1o KObara ef
al, 1991), 7] Ge?l Ge132+ 35 a7, F=dwo] &
o, A9t 248, dd - AE AR, 5 A=A (ang
et al, 1991) &2 thefet k2282 7M1 Stk W= Ge
= %1 % B Geol Sl A% Q= AoR Hol 4
A FAohs $H=E Ge 43t 7164 A& Aol &
Stk 3 Aol fE5sel AZvhr 4 2] A=rhr
SHgS Ank 2] Ak S} 2 AlolE HolA| o= Al
% HuESItHLee et al, 2005).
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7F AA o)A 7F faL w2 Al el 2] A
o% A7l sEAolH, adAd WHo
ItHSong et al, 2006). 7] Se AHA ] 9
st & JWH(Won et al, 2019)o1-+= ] 34

7] Se ol = wtaL, soF Aelgte
Ao 724 2pol7F vhehbA] itk oled Ad A3t
= HEOR Sew f7/1d¥ W1 oR EA] vl
7] Seell tig Adat ok B3t ol 4 A Sl A
g AdEQl Ges F7lete] Adaisinh &3, Ad 2= A
Al Edell A&sb7] flell 771 = 571 Ses} GeE WA
glato] Ae] E7 9 Sed} Ge w5 A9} woF £ A
2779 Seot Ge Y RISt TARSISIHE whbA £ A4
7] = F7] Sedt Ge & B9 Al ug} s
A R guAbste] Sedt Ge st A& Mdshe
Zoltt. B8k o] A7 EIE Foto] Sedt Ge P HIIL %
A9 7157 &2 NEar] 915k Hell ik Sedt Ged
gl slg A71E 54 3l 2ol
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ChelateSe (°13t 7] Se, 2,000 mg - L")#} Chelate-
Ge (013} 7] Ge 2000 mg - L) e =9} 7] Sex}
GeS Ags n|EQ =B8] S5 2 Bionel Co., Ltd. (Nonsan,
Korea) °X AFEALE Se (©lh F7] Se, 997 mg - L)z}
Ge (o3l ¥7] Ge 99 mg- L") KRIAT Co., Ltd.
(Deajeon, Korea) 7S AM3ISILE Nitric acid (HNOs)<
Samchun Pure Chemical Co., Ltd. (Pyeongtaek, Korea) %
& ARE3ISIE sk AlEAIR] E2ER= Kyung nong Co.,
Ltd. (Seoul, Korea) 7= AF&-313ich

B XHEH 3 AMIK| A2

W(Oryza. sativa L. ssp. japonica)v &% 71=dolA
Bk M ) E aldaheA(FEdse 598
Fetejsta)ellA 20179 49 289 E3H30 x 50 x 10 em®)
of 3Gt I $ 27%U(day after sowing, DAS)°]l
o E 7} 15am, AZ 30em?] Ao R P57
A el o]7IE oldeisitt. Blo] A WA=
A7) (effective tillering stage, 75 DAS, 62 114), #i’
47)(maximum tillering stage, 97 DAS, 8¥ 2¢), %
(booting stage, 120 DAS, 89 25%), 77 ](heading stage,
145 DAS, 9¢ 194), 5%7l(grain filling stage, 155
DAS, 99 29%9) % 7ottt ofell met 7] Bi= #7] Se
7 Gedl A A7) 9 Sl A AR, E; HaL
A7), M; 79471, B; 2571, H; 5571, G)oll ket @ 13
A27HE, M, B, H, G), @ 23] A" I (Se} Ge 574
2)) (H+G), @ 23] AT 1I (Se + Ge + & 4 ppm &
A2 (H+Q)= o] A2at3it Scheme 1). Z2F A8

o] §7] E= 771 Se A EE+= 20, 40 ppm ©]il, 7]
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T 7] Ge A8 F%& 50, 100 ppm o]t} 7] i F SRt 7P S tiFA fATY TV AEE
7] Sest Ge WA= AE] AAE HEFE F= W SSick
2 54857 HMste], 3 LA AAERY7|(Kwangsung
Co., Deajeon, Korea)Z 333 thPhoto 1). ] Aful ¥ AZ2R| Sell Ge = U EAM
AL F 257 FEORE Yo, 3 AT F 18 m® (6 m x 2 EEHER], ) £ AlE= 1 g2 Teflon tube]
3 m, 545%)°]1, W] AT ¥3F F 1176 m® (28 m x 42 m, go] HNO; 10 mL9} E35i3ith &8s Aeolx 244
356.6%8)°Itk 2t A} wixl= & v O S, Al 7t A 5 Ab %-8)7)(DigiPREP MS, SCP Science Inc.,
AT Gao)] Ars 48 7 A9FHS- 2m A 1HEE F Quebec, Canada)ollA] 150~ 170°CE 6A1%F 7} Haljslsd
ek A7t Aol @ik Koem Co., Paju, Korea) o}, B3)|dlo] EHERH By} ¢kuy o7 suisty A
= =8 B3 Sedt Ge ARG kS Apday] f1g Abd ¥2be AA3] AR F- Teflon tube ol Sl Aoles 2
uko 2] A3 tHFig. 1). ¥ 48> 190 DAS (11€ 3 F2 golgy oJ3x(No. 6)Z ]33} 15 mL Falcon
el w3, F AR 1909 otk A 71zE tube°]l 10 mLZ g4t} ICPRE 4 u] Se} Ge ¥+
75 DAS 97 DAS 120 DAS 145 DAS 155 DAS
Once Effective Maximum Booting Heading Grain
tillering stage tillering stage stage stage filling stage
Twice I Heading Grain
(Se and Ge single apply) stage filling stage
(Se + GT:“: e*l::sticide Heading Grain
mix apply) stage filling stage

Scheme 1. Foliar application time and frequency of organic or inorganic Se and Ge at the different growth stages.
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Fig. 1. Experimental plots of rice cultivation treated with organic or inorganic Se and Ge at different growth stages (E,

effective tillering stage; M, maximum tillering stage; B, booting stage; H, heading stage; G, grain filling stage) in paddy

field. *P: Se and Ge solutions were mixed with pesticide 4 ppm.
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F4S Fs F5(0.1, 0.2, 05 1 ppm)Z 343l F&
g FAwe] HRS et B4 AAE dilste] 4%
SHmg - kg dry wt)3Fch 2 U] Sex}t Ge ¥4 ICP
717138A 208 ot 2tk power 1.20 kW, plasma
gas flow 15.00 L - min’, auxiliary gas flow 1.50 L -
min?, nebulizer gas flow 070 L - min?, replicated
read time 5.00 s, instrument stabilization delay 25.00
s, sample uptake delay 50.00 s, pump rate 15.00 rpm,

element wavelength Se 196.03 nm and Ge 206.42 nm.

SHEM

ICPEA A¥Hn=3)+= Microsoft Office Excel 2016
o] g3to] Sedt Ge gl thet Bttt WHH(n=3)9 X+
HZHSD, standard deviation)S T-8}3ith BAZZ 13>
IBM SPSS®™ version 21 2738 ARg-ato] Agulx] &
i (oneway  ANOVA)# HEESA thidd HAREA
(repeated measures ANOVA)<S 28I, F-95FH D
0.05 o]stkz “d7gste] AREM(posthoc analysis)<- Tukey
A AHEsISith

Zo Y o

77| £= 7| Se BHXZ| Al7] & 250 TIHE A LY

Aol A(Won et al, 2019) &r|sl W] B §7)
7F e 7] Se @l Sk siltk EE,
e Sk 43 AT 1 (E+ M + B +H)7} 7F3
Se RS 43] A O (M+B+H+G)7}
= Bl A W T =50 TS,
Al 57t =S, A 35T S7F 2 5 Se 9ol
FoRiths AE EE8I0lth # AFAE 2t A<
A f7] B 7] Ses 13] AEsk AIEH13] AT elA
dul Y Se g2 5571(1186.24) > £5°71(1140.06) > <F
%71(599.48) > fra-Ad71(398.83) > FH1¥A71(367.79 ng
- kg') OF B A Tl Aest A HET), o5
7)elA E3ktHTable 1). 57194 557100 23] A2]gh A9
TH23] A1, Sedt Ge W5A2))<] Ar] Wf Se T
7] Se 40 ppm (1394.06) > 77| Se 40 ppm (1165.65) >
7] Se 20 ppm (565.04) > 7] Se 20 ppm (373.79 pg
- kg') £ FoiTE 25719} 557100 284 AR
(23] AT 10, Se + Ge + woke] &2 dv] f &=
& 7] Se 40 ppm (734.85) > 7] Se 40 ppm (702.24)
> 7] Se 20 ppm (663.77) > 7] Se 20 ppm (560.81 pg
- kg') o= #9ITE 18] A7) W] o) Se g 5
71(861.85) > 52771(819.88) > 4-171(688.88) > & 1H-A7]
(533.79) > FET971(403.53 pg - kg') wO= Hin] ot 1
o] e el Aefdt AFHET7], T57NAM =3 2
3] A1 9] ¥n] o Se $> 771 Se 40 ppm (1090.25)
> 7] Se 40 ppm (989.90) > 7] Se 20 ppm (715.62)

W OH
ki

> 7] Se 20 ppm (573.69 pg - kg') +=O0% ESiT) 23]
AT 109 W] of 992 7] Se 40 ppm (454.88) >
7] Se 40 ppm (435.01) > 7] Se 20 ppm (416.84) >
7] Se 20 ppm (306.99 pg - kg') +=0.2 Ehr} e A
2w, A7) 9 3w @)zt wu]e] vl Se Fgol
EI AeTt 5575 39T SRS Se SRS

Frhssie
HEAXE| AI7| L 540l 2 4 L

13] A9 @nl Ul Ge ¥ 5571(258.11) > &+
71(252.87) > +a¥471(196.78) > HEL7(179.34) >
52971(139.64 pg - kg') o7 WO AL Futo] Azsh
A HETF7], 5571 E=UTHTable 2). 23] AT 1
o] @u] W Ge & #7] Ge 100 ppm (398.66) > 7]
Ge 100 ppm (336.72) > 7] Ge 50 ppm (278.69) > -
7] Ge 50 ppm (199.35 ug - kg') o= =9kth 23] Az
T 9] &v) f 2 7] Ge 100 ppm (420.79) > 7]
Ge 100 ppm (399.96) > 7] Ge 50 ppm (343.19) > {r
7] Ge 50 ppm (325.11 pg - kg') o2 =9tk 18] A7
T-o] W) U Ge S £54:7(294.07) > E571(222.47) >
FETL71(149.97) > HEA7(148.05) > FU71(142.24
pg - kg') o= din] gk vlo] A kel A Az
HEF7), 57N elA =oktk 23] A1 & W] o] Ge
gk f7] Ge 100 ppm (300.29) > ¥7] Ge 100 ppm
(215.85) > 7] Ge 50 ppm (152.61) > 7] Ge 50 ppm
(15031 pg - kg') w=O& =okch 28] A 11 9v] o] 3
> 7] Ge 100 ppm (270.58) > 7] Ge 100 ppm
(217.69) > 7] Ge 50 ppm (167.05) > 7] Ge 50 ppm
(138.74 pg - kg') +2=2 =3tk Seo (2010)= 5% Ge
of - A w2Ho] qlal, || Ge Fo] AN
o7 wulo| g Erhy Hutty w3 FAdt Ay,
A7) 2 A3F A o dArjrh We)o] v]s) Ge §Hgo]
Fohal BskGith B3 Ges B A2leh A= Az
S157F S71stel wet Ge #ol S7FeF1(Cheon et al,
2008), 94 A2l F W] Ge FEFH AR A¥E BT
ole] m} S RS e AT el wEt A 3¢
o} HYFEEE ¥ Ge 1T AS AN £

F7| E= £7| Se gHAZ| st Al7| ¥ R0l
2 Se MF[2F ALt

21E 9 OREQFAA (2010) ol A FATE AlRe] A Se AH
AAF 2 50~200 pgol™ st AFHS 400 ngo = g3l
A Stk 950 pgold AH & B, T5AAA, 1 A, T
of 54& YehjAl "ok gAE o] Sick ukebA yh o
e Se S Tk A Wl Qs @
Fgorstslof] wh gt o 79 S HE 210 goli,

F 70 go] B2 Se A T pg - 70g7 S o]43to] A
Alstd AA AH 7Fse i 3 37] 9 Se AFHES & &

ol
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AtHTable 3). dUnHAow fEutel #We] Se HHATE
68.6 ngolmZ 1Y 3+ 719 whs H=tha 7Pge wf oRkA
OF vl 1: 3 HIEE SR AL 2H8HA] %A

uh 13] A2)9HE, M, B) (28.25, 38.77, 46.82 pg - 70 g)
BT} Ses ol IR Ao Wvl= Unk A3} 1: 3 HlE
2 EFek] AFshs Ao] Zgtsit.

Table 1. Se contents (ug * kg") in brown rice and polished rice and treated by foliar spray application with different Se

and Ge concentrations and growth stages

) The number of
Part of rice . L
foliar application

Se or/and Ge treatment

concentration (ppm)

Se contents (ug kg'l)

Control
Organic Se 40 (E)
Organic Se 40 (M)

117.87+8.59a”A°
398.83+53.34ab
367.79+49.28ab

O 1
e Organic Se 40 (B) 599.49+117.12b
Organic Se 40 (H) 1140.06+93.35¢
Organic Se 40 (G) 1186.24+266.40c¢
. Organic Se 20 (H+G) 565.04+56.39B
Brownrice
Twice I Organic Se 40 (H+G) 1394.06+125.60cC
(Se single apply) Inorganic Se 20 (H+G) 373.79+10.17A
Inorganic Se 40 (H+G) 1165.65+£152.97C
Organic Se 20 + Ge 50 + *P (H+G) 663.77+115.73B
Twice Il Organic Se 40 + Ge 100 + *P (H+G) 702.24+52.54cB
(mixture apply of Se +

Ge + *Pesticide)

Inorganic Se 20 + Ge 50 + *P (H+G)
Inorganic Se 40 + Ge 100 + *P (H+G)

560.81+65.67B
734.85+131.53B

Control
Organic Se 40 (E)
Organic Se 40 (M)

132.30+7.83aA
403.53+52.44ab
553.79+115.88bc

Once
Organic Se 40 (B) 668.88+56.53bcd
Organic Se 40 (H) 861.85+115.09de
Organic Se 40 (G) 819.88+112.98cde
Polished rice Organic Se 20 (H+G) 715.62+69.50C
Twice I Organic Se 40 (H+G) 1090.25492.92¢D
(Se single apply) Inorganic Se 20 (H+G) 573.69+129.31BC
Inorganic Se 40 (H+G) 989.90+47.37D
Organic Se 20 + Ge 50 + *P (H+G) 306.99+51.73AB
Twice Il Organic Se 40 + Ge 100 + *P (H+G) 454.88+26.50eBC
(mixture apply of Se +

Ge + *Pesticide)

Inorganic Se 20 + Ge 50 + *P (H+G)
Inorganic Se 40 + Ge 100 + *P (H+G)

416.84+113.04B
435.01+77.41B

DThose treatments are referred to Scheme 1.

?Within the same concentrations range at different treatment times, values follow by the same small letters are not
significantly different at P < 0.05, using Tukey’s multiplerange test (12=3).

YWithin the range of (organic or inorganic Se 20 ppm, organic or inorganic Se 40 ppm), values follow by the same
capital letters are not significantly different at P < 0.05, using Tukey’s multiplerange test (22=3).

*P: Se and Ge solutions were mixed with pesticide 4 ppm.

Abbreviations: E, effective tillering stage; M, maximum tillering stage; B, booting stage; H, heading stage; G, grain filling

stage.
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Table 2. Ge contents (ug * kg) in brown rice and polished rice and treated by foliar spray application with different Ge

and Se concentrations and growth stages

. The number of
Part of rice

Se or/and Ge treatment

Ge contents (pg kg'l)

foliar application concentration (ppm)
Control 96.78+14.38a”A”
Organic Ge 100 (E) 196.78+14.32ab
n Organic Ge 100 (M) 179.34+28.85b
Once .
Organic Ge 100 (B) 139.64+34.52¢
Organic Ge 100 (H) 252.87+14.32¢
Organic Ge 100 (G) 258.1149.01¢
. Organic Ge 50 (H+G) 278.69+23.01BC
Brownrice .
Twice | Organic Ge 100 (H+G) 398.66+15.26D
(Ge single apply) Inorganic Ge 50 (H+G) 199.35£32.55AB
Inorganic Ge 100 (H+G) 336.72+28.06CD
) Organic Se 20 + Ge 50 + *P (H+G) 325.11£11.14CD
, turTW““i 1 fses Organic Se 40 + Ge 100 + *P (H+G) 420.79+50.31dD
(mixture apply of Se Inorganic Se 20 + Ge 50 + *P (H+G) 343.19+18.56CD
Ge + *Pesticide) )
Inorganic Se 40 + Ge 100 + *P (H+G) 377.96+49.96CD

Control
Organic Ge 100 (E)
Organic Ge 100 (M)

122.86+38.62aA
149.97+15.83a
148.05+13.55a

Once )
Organic Ge 100 (B) 142.24+26.77a
Organic Ge 100 (H) 222.47+33.46ab
Organic Ge 100 (G) 294.07+59.82b
i + +
Polished rice Orgam.c Ge 50 (H+G) 150.31+17.56AB
Twice I Organic Ge 100 (H+G) 300.29+15.81bD
(Ge single apply) Inorganic Ge 50 (H+G) 152.61+11.70AB
Inorganic Ge 100 (H+G) 215.85+3.10BC
Organic Se 20 + Ge 50 + *P (H+G) 167.05+16.07AB
Twice II

(mixture apply of Se +

Ge + *Pesticide)

Organic Se 40 + Ge 100 + *P (H+G)
Inorganic Se 20 + Ge 50 + *P (H+G)
Inorganic Se 40 + Ge 100 + *P (H+G)

270.58+21.96bCD
138.74+23.99AB
217.69+39.33BCD

DThose treatments are referred to Scheme 1.

?Within the same concentrations range at different treatment times, values follow by the same small letters are not
significantly different at P < 0.05, using Tukey’s multiple-range test (1=3).

YWithin the range of (organic or inorganic Ge 50 ppm, organic or inorganic Ge 100 ppm), values follow by the same
capital letters are not significantly different at P < 0.05, using Tukey’s multiplerange test (1=3).

*P: Se and Ge solutions were mixed with pesticide 4 ppm.

Abbreviations: E, effective tillering stage; M, maximum tillering stage; B, booting stage; H, heading stage; G, grain filling

stage.

7| Se E= 7| Ge2l 13| X2|7HG)2t §| X2l |
(Selt Ge TH=EX2|) (H+G)2| HInE St &H SHol

Mol Mg

71 Se 40 ppm Fels A2Jgt 135] H2HG)<} 23] A
g7 I (H+G)E vlw g o dvle 13 HHHG)
(1186.24) 9] Se 3ol 23] AT 1 (H+G) (1394.06 pg -
kg9l Se R} oF 20% S, WnlE 13 HeTHG)

(819.88)<] Se FFol 23] A9 I (H+G) (1090.25 ug -
kg9l Se g} oF 15% SESItHTable 1). #7] Ge 100
ppm YA Agt 18] A27HG)<} 23] AT 1 (H+G)
£ vl Fe ) dvl= 18] A2HG) (258.11)9] Ge
o] 23] AT 1 (H+G) (398.66 ng - kgl Ge L}
°oF 35% wokal, Wul= 13] AHETHG) (294.07)2] Ge &
o] 23] g7 1 (H+G) (300.29 ug - kgl Ge d&rwTh
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Table 3. Se contents in uncooked rice (ug - 70g") recalculated from the original data (Table 1) for one meal (210 g) of bowl

Se or/and Ge treatment
concentration (ppm)

Se contents (pg 7Og'1)2)
in cooked rice

The number of

Part of rice . .
foliar application

)

Control
Organic Se 40 (E)
Organic Se 40 (M)

8.25+0.60a> A"
27.92+3.73ab
25.75+3 .45ab

Once ' i
Organic Se 40 (B) 41.96+8.20b
Organic Se 40 (H) 79.80+6.53¢
Organic Se 40 (G) 83.04+18.65¢
B . Organic Se 20 (H+G) 39.55+3.95B
rown rice ) i
Twice | Organic Se 40 (H+G) 97.7248.79cC
(Se single apply) Inorganic Se 20 (H+G) 26.17+£0.71A
Inorganic Se 40 (H+G) 81.60+10.71C
Twice II Organic Se 20 + Ge 50 + *P (H+G) 46.46+8.10B
. Organic Se 40 + Ge 100 + *P (H+G) 49.16+3.68cB
(mixture apply of Se + i .
Ge + *Pesticide) Inorganic Se 20 + Ge 50 + *P (H+G) 39.26+4.60B
Inorganic Se 40 + Ge 100 + *P (H+G) 51.44+9.21B
Control 9.26+0.55aA

Organic Se 40 (E)
Organic Se 40 (M)

28.25+3.67ab
38.77+£8.11bc

Once i
Organic Se 40 (B) 46.82+3.96bcd
Organic Se 40 (H) 60.33+8.06de
Organic Se 40 (G) 57.3948.61cde
. . Organic Se 20 (H+G) 50.09+4.87C
Polished rice Twice I Organic Se 40 (H+G) 76.32+6.50eD
(Se single apply) Inorganic Se 20 (H+G) 40.16+9.05BC
Inorganic Se 40 (H+G) 69.29+3.32D
Twice Il Organic Se 20 + Ge 50 + *P (H+G) 21.494+3.62AB
(mixture apply of Se + Organic Se 40 + Ge 100 + *P (H+G) 31.84+1.86eBC
Ge + *Pesticide) Inorganic Se 20 + Ge 50 + *P (H+G) 29.18+7.91B
Inorganic Se 40 + Ge 100 + *P (H+G) 30.45+5.42B

DThose treatments are referred to Scheme 1.

uncooked rice 70 g = cooked rice 210 g in a bowl. Se contents in rice (ug + 70g”) = pg - kg' x 70 / 1,000 (Table 1).

“Within the same concentration range at different treatment times, values follow by the same small letters are not
significantly different at P < 0.05, using Tukey’s multiplerange test (12=3).

“Within the range of (organic or inorganic Se 20 ppm, organic or inorganic Se 40 ppm), values follow by the same
capital letters are not significantly different at P < 0.05, using Tukey’s multiplerange test (22=3).

*P: Se and Ge solutions were mixed with pesticide 4 ppm.

Abbreviations: E, effective tillering stage; M, maximum tillering stage; B, booting stage; H, heading stage; G, grain filling

stage.

°F 10% %SttHTable 2). 13] AH2-HG)7} 23] AT 1 7| E= 27| Sed}t Ge 23| Ma|T | (Set Ge THER
(H+G)ell vl3l Se, Ge &% 7 AR, AAl A 2l) (H+G)zt 23] X2|7 1l (Se + Ge + & =& 2])
FNE AeJgtrhd gfEel vlEste] nlgo] Eil msHo] (H+G)oll Ch3t HlME S35t AX| SHoIA S =2

Q7L ol A9 AolA f7] Se EE 7] Geol 13 7] Se 40 ppm ol Mg v of 23] A5 I
Azt A AN 23 A (E779F 55712 ATl (702.24)2] Se ¥r=2- 23] 2] 1 (1394.06 pg - kg')2l Se
A Aojel W) o] it Sedl Ge ko] oF 20% 2] to]7} 1} g B} 50 % wotar, W] uf 23] AT 11 (454.88) 9]
ANk A 746l 2 Apol7} §ithd, 23] A E sk ARt Se §e- 23] A2 1(1090.25 g - kg')<] Se e Hrt

A5l 24 13] A2 sH= Ho] AAHQ Hho) 55% FokCKTable 1). 471 Ge 100 ppm <S4S Aa]at &
9 2% ot} u) o 23] A I1 (398.66)°] Ge g 23] AT 1
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(420.79 pg - kg2l Ge ¥ Bl 5% Wokal, Win| o 23]
A2 10 (270.58)2] Ge $-2 23] A2 1 (300.29 pg -
kg')el Ge ¥ Xt 10% SoktHTable 2). 23] A2+ 11
] Se FF 23] AT 1 9 Se FFHTt WGk 23] Ay
T 11 9 Ge 3 23] A2 1 9 Ge FFuT} L4k A}
o|Z ulokth Al FHelA AxA 5o FoRrb-E I54A
Q1 Zo)7] wiitel 5ok A2lA] Sed} Ged E§sto] Algat
A o AeikE AAARA Se, Ge st & FES N
uh gk 52 9)S Aotk sk wi R weke] Zgof njHe
e FF APS Bt HFol ALt

Note

The authors declare no conflict of interest.

Acknowledgement

This work was supported by research fund of
Chungnam National University.

References

Cheong, Y. H, Han, M. ], Sung, S. J., Seo, D. C,, Kang, J.
G., Sohn, B. G,, Heo, J. S., & Cho, J. S. (2009). Effects of
selenium supplement on germination, sprout growth
and selenium uptake in four vegetables. Korean
Journal of Environmental Agriculture, 28(2), 179-185.

Choi, H. S, Kim, W. S,, Kim, H. J., Choi, K. J., & Lee, Y.
(2010). Variation of soil and leaf in a 'Wonhwang' pear
orchard applied by selenium solution. Korean Journal
of Organic Agriculture, 18(4), 541-548.

Choi, I. D. (2010). Physicochemical properties of rice
cultivars with different amylose contents. Korean Journal
of Food Science and Nutrition, 39(9), 1313-1319.

Jang, B. C. (1997). Absorption and accumulation of Sr-85
by rice (Oryza sativa L.) and its transfer factor from
soil to plant. Journal of Korean Society of Soil Sciences
and Fertilizer, 30(2), 184-188.

Kang, S. W, Seo, D. C, Jeon, W. T,, Kang, S. ], Lee, S. T,
Sung, H H,, Choi, I. W, Kang, U. G, Kim, H. O, Heo,
J. S, & Cho, J. S. (2011). Growth characteristics and
germanium absorption of Brassica juncea C. with
different types of germanium compounds in hydroponic
cultivation. Korean Journal of Soil Science and Fertilizer,
44(3), 465-472.

Kim, D. K., Chon, S. U,, Jung, S. Y., Lee, K. D,, Kim, K.
S, & Rim, Y. S. (2007). Effects of germanium (Ge) on
growth, yield and Ge content of Mungbean. Korean
Journal of Crop Science, 52(4), 380-386.

Lee, S. T, Lee, Y. H, Lee, H ], Cho, J. S, & Heo, J. S.
(2005). Germanium contents of soil and crops in
Gyeongnam Province. Korean Journal of Environmental
Agriculture, 24(1), 34-39.

Obara, K, Saito, T., Sato, H.,, Yamakage, K., Watanabe, T.,
Kakizawa, M., Tsukamoto, T., Kobayashi, K, Hongo, M.,
& Yoshinaga, K. (1991). Germanium poisoning; clinical
symptoms and renal damage caused by long-term intake
of germanium. Japanese Jouranal of Medicine, 30, 67-72.

Park, J. H, Seo, D. C, Kim, S. H,, Lee, C. H., & Lee, S.
T. (2012). Effect of Germanium foliar spray application
on growth characteristics and germanium absorption
in rice. Korean Journal of Soil Science and Fertilizer,
45(4), 649-656.

Seo, D. C, Cheon, Y. S, Park, S. K, Park, J. H, Kim, A. R,
Lee, W. G, Lee, S. T, Lee, Y. H, Cho, J. S, & Heo, J. S.
(2010). Applications of different types of Germanium
compounds on rice plant growth and its Ge uptake.
Korean Journal of Soil Science and Fertilizer, 43(2), 166-
173.

Song, S. ], Kim, Y. R, Han, S. G, & Kang, Y. G. (2006). Foliar
absorption rates of “Calabeled calcium compounds
applied on tomato and citrus leaves. Korean Journal of
Soil Science and Fertilizer, 39, 80-85.

Won, D. W, & Kim, S. J. (2019). Development of
selenium value-added rice by organic selenium foliar
spray application. Korean Journal of Environmental
Agriculture, 38(1), 47-53.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


