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Abstract

BACKGROUND: This experiment was conducted to
examine the effects of organic Se concentration and the
number of foliar applications on growth characteristics and
Se content in rice.

METHODS AND RESULTS: A series of multiple foliar
applications were performed at (D 3 times (maximum
tillering stage + booting stage + heading stage), @ 4 times
I (effective tillering stage + maximum tillering stage +
booting stage + heading stage), (3 4 times II (maximum
tillering stage + booting stage + heading stage + grain filling
stage) according to the development stage. Each set of the
foliar application plots was treated with 0, 10, 20, 40, 60,
100 ppm of Se and with mixed pesticide (P* + Se 40 ppm)
in which the treatment time was the same as that of the
treatment 4 times I1. The total cultivation period of rice was
184 days. Se contents in rice (brown rice, white rice) were
analyzed by ICP.

CONCLUSION: The number of grains per head tended
to decrease with increasing concentrations of organic Se
in all treatments. However, number of panicles per hill
did not show statically significant differences between
the 3 times and 4 times I treatments. The grain yield de-
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creased with the 3 times and 4 times II, but there was no
significant difference in 4 times 1. Se content in brown rice
was the highest at 100 ppm Se (5268.64) treatment and
lowest at 10 ppm Se (1269.19 pg - kg'') treatment. Se
content in the polished rice was the highest at 100 ppm Se
(5047.33) treatment and lowest at 10 ppm Se (885.05 pg -

kg") treatment. The higher selenium was treated, the higher
Se content was found in the rice (brown rice, polished rice).

Key words: Brown rice, Foliar Spray, Polished rice,
Selenium
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(K) 261.20, #}1ul¥(Mg) 72.58, Z+(Ca) 10.74, 2~F(Na)
1.47, o}4(Zn) 3.22, H(Fe) 0.81, 72)(Cu) 0.37 mg, 4]
(Se) 9.5 pgolth 2l &2 GFstAl He Axgahd
A &L 7154 Rk ofde} 75 ol sk At Eds] X
e olek ARG Arck Ak HE A " 9 Qs
7L o, Aol et MRy =, 9 5 7 d
o gk 5438 F7h qlaed l?“ﬂla olAlstal, =
o|ofA] &/do] glom 7yl v, WAy, vlvk

oAl do] AAEA| Yol g =dRio] &/do] Stk H
© ATstE AEEe R A A AR Ha HAE
olom FoIAA spurow & 714 AAEo] oksl ¥ glo],
71524 & s thgt #do] BQEtKPark e al, 2010).

Se §-2 ol A mFda(F1d)olth Sedll=
A EA oA 2= F71A Se(selenate, selenite)} 714 Se
(selenomethionine, selenocysteine) 25 3233kl Slth Ab
& 59 T=A Uelxe T2 A 2E]R](Selenocysteine)
3} A =vE] 2 d(selenomethionine) 52 Adlx ofu]x
2F FElE EAskH (Fig. 1).

B2 AolA Se TS Ak a2t e A
o7 dA Sl ol YEAA Y U Se w7t H
A 0= A Uehe A9 o] Qv BEgE Sed- oA
O] S oAlsEA S APEE frEsiA] ofe]
= ]«] gAskE v, A4F H]'O]E%i*oq Aol 4
A&7t vt Rk A AdellA Se 771 &

71 Fejel 7 7 xR EA skl 1A Tr°]
Se 7] A% Secl 77| AFH Seel vlal] A o]
1 z)&Mo] ] & o7 dHA UtHChoi et al, 2010).
Se= Al 15747]‘?(WHO)9} A FE A7 THFAO) 2 H-E
QIZro] WAl A & A JUirE 54 AFEA =
Hom, o]F 1978 ‘1]74]E7d7 [FHWHO)oM = Ses 55
D‘J/\ oﬂoki o]7<-10]._]_7 101 :qul—EOLE_ 50~200 ug_i Q?ﬂ
a3ick #HZell= ol2lst Sefl okl EdE wSlokl &85t
Se= §hreh w2HES Apste] Al 7)1sA sAEE A
3} oo} uASS S9al, AP Sel] R adE TP
oHAst 254 /7] Sel & AEE Bl AHE A s A=
7} o]Fo1A 3L QItHKim, 2011). A| S-Elukete] Se AHF
< e 1] Se HAFE 68.6 ug/person/day 9}
7&st AF7F 400 ug/person/dayE HI UL(2] 1.1)°l ti¢]
ste] Alrkshd 0.068 mg/day/0.40 mg/day=0.17= HI%k
o] 10 Oﬂl:].(s]—JOIOﬂO‘t:q/ﬂ—ak SX]' 7H 2005).
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Fig. 1. Basic structure of selenomethionine,
selenocysteine (adapted Kim, 2008).

HI = Daily Intake of Selenium(mg/day)/Tolerable
Upper Intake Level of Selenium, UL(mg/day) (1)

oj9} Zo] Il Se HHFE A AAZE =1 A
(Department of Health & Human Service of Korea, 2001).
ookt B 49 Se g0l BobA (0.125 mg/kg ©lah) Al
APE(KSD: Keshan dlsease) v ASH(KBD: Kaschin-
Beck disease)©] W= X & 31oH, E3tME Sel] =
°Z Aol ”“ﬁ?ﬂ o7} a1l ®of QItiChoi, 2008).

SUelA A S 71 A AR fARE 7714
Rl AErHre] Eo&’\lﬂ]‘/} AHEAME o] &5 7]h’“ 2
Aot HiEpIEZ RS o] &3 fdxt Wy & emjap
o] IHE 754 & o] AUrKSong et al, 2006). HHW
o]} & ATEFE HE wl, =l el A3tebe A
sb7] Ast Se A3 &S A, Y sto] =] & Al
A9 AAEE 718 deAo] Stk vgoﬂf‘ih 2011 H-E
FHFel FEFS 2ASlon FYFE AE e
2015003 4%(5327HE) S )83l 2003»& =4l 554%
T BAColx gl 1,034709] & 5 715 A 14
NEZ(NAQS: s s daEd, 2004) 7165748 2 A%
of Ak =1L Qitk whebA A 7] Ses B9 A
Alell whet s 2 A2 SApEE JHAR] Aelste] Se 4
S-S ke Zlojrh fWAlnlE BTy el F54A
H 54 FrlEoly ] w7t AlgA o« |7t okar whE
Al Yol ZA=9] S-S A ow sBA7Ed sEA0|
], a2 WP o g deA| QItHSong et al, 2006). =3t
o] A7 ANE Fato] Se THr HA Y 7164 Ae s

st W Auis AAsRs 2ol
Iz H U

Alef

ChelateSe(°]3} §7] Se, 2,000 mg L)L FEjo] =2} f7]
Ses AsHt wEEQ A3 E Z(Bionel Co., Ltd Nonsan,
Korea) X A= 31t) Nitric acid (HNOs)< Se & 410
Z Samchun Pure Chemical Co., Ltd. (Pyeongtaek, Korea)
& ARgRIt) sk Al2AIR] BB Kyung nong co., Lid,
Seoul, Korea)E ARE3I3ick

B XH{HH %! Chelate - Se Xzl

W(O. sativa L. ssp. japonica) 5% ]AO oA Hgst
© WA AR E vldebe A (E e w8 ek et
W)ellA 2016 42 279 FIH30 x 50 x 10 cn’) o] 253}
Atk 3E $ 33%YU(day after sowing, DAS)ell oJRIRE 7}
Z 15 cm, Al 30 em?] AAFHAC R Fds) A3 g
oje}71Z olotelsitl W AATAE FEEA7](effective
tillering stage, 63 DAS, 62 28%), #1++%47|(maximum
I
%

284%)
tillering stage, 78 DAS, 7€ 13%), 5% 7](booting stage,
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108 DAS, 82 12%), =577 |(heading stage, 116 DAS, 8¥
20%), 5%7](grain filling stage, 130 DAS, 9€ 3d)=
Halsict. ool wk Az Al7] 9 Sl HeaE O 33] A
HTHHIRED7] + Y71 + 270, @ 43] A1 (=
T + RG] + 7] + )8 @ 43] A1
(HaEL7] + 7971 + 2971 + s=57)E el F6el
UHFig. 2). 2 A17] 2 3158 A2l9= 7] Se 2,000 mg -
L' AA(55)2 10, 20, 40, 60, 100 ppm(4] 2.1 ~ 2.5) 0.2
A A s, AR TR o 2k

Zt sofl e 34 HiE
10 ppm = 10 mg - 1 L' = 30 mg - 3 L'

> 30 mg - 18 m? = 1.17 mg - m* (2.1)
20 ppm =20 mg - 1 L' = 60 mg - 3 L

> 60 mg - 18 m* = 3.33 mg *+ m” (2.2)
40 ppm = 40 mg-1 L' = 120 mg - 3 L"

> 120 mg - 18 m”* = 6.67 mg - m” (2.3)
60 ppm = 60 mg -1 L' = 180 mg - 3 L

> 180 mg - 18 m” = 10.00 mg - m” (24
100 ppm = 100 mg - 1 L = 300 mg - 3 L

> 300 mg - 18 m” = 16.67 mg * m” (2.5)

#7] Se A= A2 AAE FHEFE ol ukt
EHETE M6, 3 LY ke ](Kwangsung Co.,
Deajeon, Korea)= 53313t} v Al W& Z 177] +
3oF Uro], 3 A2]F 18 m*(6 m x 3 m, 5.45%)°]
3, H] AgT 23 F 924 m’(22 m x 42 m, 280%)°|t}

210 a T FEHF F2A 3.1)° gt ZF 28l
B FRelo @ gaslo] 613 nidskAolA Az &
%Jm]7)(Dongyang CO., Daegu, Korea)= #7|(3%, 2 kg),
W)@ E) 2 =45, 65°C FFUE 3§ RIH100 g)

st
1 m*d ¥7] 4 x FF FEEAF x
o ek £ x ARF + 1000 (€AY

A FEE(En], 9n) B AlSE 1 g2 50 mL-Digi
tube®] Fo] HNO; 10 mL9} E3sI3ie}. Egels A2l
A 17X7F A 5 AF B8)7)(DigiPREP MS, SCP Science
Inc., Quebec, Canada)°l|A] 150~170°C=Z 5417+ F-35}31
o} o] FHsAw a7t gn Zow yhdstal
AT 0]NE 7~9 mL & W7pA] T2 LA A% 7hd
K1 ~241Rh). A W7 AA8] AR §- 50 mL-Digi
tube Bol| Q& HolES ZETE HohlH o BA(No. 6)
2 o759 15 mL Falcon tube®] 10 mLZ “g8-3tc}
ICPE A% wf Se =8NS QT FER 3|M3to] &
E9 FHEY ARdS et 4 AdE digdstel 4
FHmg - kg' dry wt.)sI3Ich & Ul Se 4] ICP2] 7]7]
A 2708 v ZrKTable 1).

Table 1. ICP Analysis conditions for measurement of Se
content in brown and polished rice

(Fig. 3). 7 A7 #ixl= 8- wix g o= s, A2l Operating condition Value
S7F FFol AeF: 78 1 AFH 2 m FAE HAE F Power (kW) 1.20
ek HET 7t Atelells @ik Koem Co., Paju, Korea) Plasma flow (L/min) 15.00
S =52 T3 Se AAY FAkS Adkslr] HsE Apchero g Auxiliary flow 1.50
A AAskglek W 582 184 DAS(10€ 27)°l a3t Nebulizer flow 0.70
= O [e3} o A} 3lA0.
a1, }Oq ZHHH7]Z_}: 184 e;]?i‘:]'- Al 713k F_F 7178 L Replicate read time (s) 5.00
N 222 2y skeln)
[cic = s Instrument stabilization delay (s) 25.00
MSEAL Sample uptake delay (s) 50.00
Aol ASALE vl 55 E Auslel A9F, fane  LUmP e 1500
2 ol AT, SEee A8 Al ATk vjEro Element wavelength (nm) Se 196.03
63 DAS 78 DAS 108 DAS 116 DAS 130 DAS
3 times ﬁmﬁu:;e >> Booting stage >> Heading stage >
. Effective tilleri Maxim : .
4 times 1 > ecnsnt :ge ering > illering ;‘:;e >> Booting stage >> Heading stage >
4 times II ﬁﬁmﬂ stu::;e >> Booting stage >> Heading stage >> Grain filling stage >

Fig. 2. Foliar application time and times in rice plant with organic Se. DAS, days after sowing.
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Fig. 3. Disposition of experimental plot for rice cultivation and organic Se treatment in paddy field. Those

treatments are referred to Fig. 2.

S72N

ICPEA A3 n=3)= Microsoft Office Excel 2016
o] g3to] A Yl Se Froll thh Fratdt WHH(n=3)9] %
ZH2KSD, standard deviation)E -5}tk SAEZ 1
& IBM SPSS™ version 21 Z2 1388 ARg-ato] Auj]
AR (oneway ANOVA)¥ HHESA ohgle; Aty
(repeated measures (ANOVA)S SIS, fola-H P
0.05 oJslz A7gslo] AR (posthoc analysis)< Tukey
AR ARSI

Zo Y o
o] At
B @elddd £ oax(Fskr, HE, FEEET)
F et BE ARTAY 7] Sed) A2l 5= b

upe} Fasks Aol AAT AHFH FaTdTE 33
A&} 43] AT oAM= A fisdek A A7) 9l
ol sk, AUE, FARS BE 4971 ¢
Sick 2] ) WA ke Aol 271l He 2t
4231t Table 2).

F71 Se@HA 2| S0 [E Y B8 Se &2
Au] 1 Se &R Se 100 (5268.64) > Se 60 (3726.22) >
P (*52D+Se 40 (3109.65) > Se 40 (2800.14) > Se 20 (2007.09)
> Se 10 ppm (1269.19 ug - kg') 0| tHFig. 4a). €|
Y Se FFS A w7 #5575 SISt Table 3). Wi
Ul Se 32 Se 100 (5047.33) > Se 60 (3249.24) > P+Se
40 (2431.67) > Se 40 (2125.59) > Se 20 (1482.35) > Se 10

ppm(885.05 pg - kg') oItk Wu] v Se gk dAn|s}
"RV 7t 225 SIS 5 71 Se A2l B

HRE AT B Se S B, @AY W] Se T Se
100 ppm (5268.64) A2 FEd W 7 =943, Se 10

ppm(1269.19 ug - kg') Azl FEelA 7H soket win)
Se 2 Se 100 ppm(5047.33) 8] w5 o 7HE =%,
Se 10 ppm(885.05 pg - kg') A2l F=ollA 7Fg wektk
(Table 3). ¥jw]¢} &) 7k Se Hit T2 10 ppmoilA] #w]7}
Wu|Eet 1.44, 20 ppmollA] 1.34, 40 ppmellx 1.39, 60
ppmellA 1181, 100 ppmelA] 1.08] 12|31 5°F £3 P+Se
40 ppmelA= 131 3k Seo (2010) &2 58 Al=Zrks
& T 27l o] 9l §ve] A2k gako] At
o el vl il Has otk F8 Sel
A6 O] 9l A0 o JEal Se AT TRt =S
T2 dn] g WujolA Se gl TSI, En7t winof
Hl3f Se ol w3tk

771 Se GHA2| Al7| R S0l IHE A BE=E Se 2

&) BE A w529 Se Hat T AT 79
217} QI tHTable 3). &r| Y| Se a2 48] A2+ 17} 7}
& =9 tHFig. 4b). Wn] U Se Wit e dnlo} wixbrt
A2 oA gllon wWin] uf Se oFk2- 43] ATt II7F
7V Eokek @vlgl win] 1k Se ot ShES FA|E] Tl H]
3l 33] A2l M 114, 43] A2 TelA 1.2+, 43] Az
T el 1240 =3k 2 Aol Wiv] 100 ppm A2
= AlelstaL 43] A7t 33 Ae]gEn @v] 9 ]
oA Se Frgo] =9kom, P+Se 40 ppm¥} Se 40 ppm 7t
o k= ASith b Eoks nkE Aelshs e A

o 1=
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Table 2. Grain yield including No. of grain per head, 1,000 grain and No. of panicle per hill treated by foliar

application with organic Se

Treatment' No. of grain 1,000 No. of Grain yield” Grain yield”
The number of  Se concentration per grain panicle (kg 10 a'l) (kg 18 m'z)
foliar application (ppm) head (2) per hill

0 1,917+672" 24.42+1.00a 21.00+1.00a 985.87+114.42a 6.93

10 1,839+£93ab 23.60+0.63a 21.20+2.17a 923.97+416.72a 11.00

3 times 20 1,783+57ab 24.02+0.50a 21.20+2.17a 904.90+55.00a 11.10
40 1,760+£92abc 24.4440.50a 20.60+1.67a 886.95+98.50a 9.80

60 1,745+88bc 24.57+0.45a 19.40+1.14a 830.93+46.50ab 10.40

100 1,599+108c 23.924+0.58a 18.00+1.22a 690.05+83.68b 12.50
0 1,917+67a 24.42+1.00a 21.00£1.00a 985.87+114.42a 6.93

10 1,803+97ab 24.31+0.32a 20.80+2.49a 913.41£137.13a 13.30

4 times 1 20 1,791+87ab 24.34+0.48a 20.60+1.34a 899.57+95.41a 13.30

40 1,796+79ab 23.53+0.76a 20.20+1.64a 851.18+32.90a 13.20

60 1,710+£104b 23.83+0.45a 19.20+1.48a 782.81£79.80a 13.30

100 1,630+101b 23.70+0.39a 19.20+1.48a 743.87+92.72a 12.90
0 1,917+67a 24.42+1.00a 21.00+1.00a 985.87+114.42a 6.93

10 1,821+101ab 23.93+0.30ab 19.80+1.64ab 846.69+110.40ab 13.50

20 1,912+£93ab 23.90+0.55ab 20.60+1.52ab 943.59+113.74a 14.80

4 times 11 40 1,815+175a 24.154+0.49ab 21.00+1.58ab 926.92+166.35ab 12.20

60 1,685+£99b 24.274+0.69ab 19.00+1.58ab 776.12+71.36ab 13.10

100 1,719+126ab 23.10+1.00b 18.20+1.10b 720.75+44.10b 13.10

P*+Se 40” 1,844+146ab 24.5+0.37a 21.40+1.52a 968.98+121.65a 12.20

UThose treatments are referred to Fig. 2.

ICalculation of grain yield: number of head per 1 m* x No. grain per head x No. panicle per hill x 1,000
grain + 1000 Pgrain yield: substantive harvested grain yield.
“Within each column, values follow by the same small letters are not significantly different at 2 < 0.05,

using Tukey’s multiplerange test (7=3).

JP*+Se 40: The mixture of pesticide (10 ml) and organic Se 40 ppm.
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Fig. 4. Se contents in varjous part of the rice. a), Se concentrations (mean, 7=9) represent the average of sum Se
contents with all the number of application(3 times, 4 times I, 4 times II); b), the number of application (mean, 7=9)
represent of average of sum Se contents with all concentrations (10, 20, 40, 60, 100 ppm). These data are recalculated

from Table 3.

Shalol . e o Al

77| Se GHAZ| =2 Al7| H =0l [HE Se HFE b wt

AHlxt

*‘%ﬂ‘”%%ﬁﬂ(zam)% TAIEE AR A Se R
AFFE 50~200 g - kg'olm s AdFFE 400 pg - kg'

2 JelA Stk 950 pg - kg ol AdF & A, T
A, 2, A%, A sl 54e vehiAl "vkar gAIE o] Sl

g 37 & E Se T Fakehs A2 ¢
Tasity SAlEdetele] ued, W 3k 379§
HE 210 gol1, o= 2 70 g0 B Se A &9 ug - kg’
= ol&3te] Algt k= ARtstd AAl A 7Fs e vt 3 3]
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Table 3. Se content (ug'kg") in polished rice and brown rice treated with different organic Se solutions
concentrations and time and times

Part of rice ~ Se concentration

Se contents ( ug~kg'1)

The number of foliar application

(ppm) 3 times") 4 times 1 4 times 11 Average
0 722.8175.57¢ 722.81+75.57d 722.81475.57f 722.8175.57¢
10 1186.67+25.31de”B” 1076.90+16.44dB 1543.99+102.52¢A 1269.19£218.16¢
20 1970.13+132.58cdAB 1797.52+163.07cB 2253.60+121.51dA 2007.09+233.46d
Brown rice 40 2449.96+202.87cB 2637.80£200.23bB  3312.65+238.80cA 2800.14+434.67¢
60 3981.30+647.53bA 2793.20+188.70bB  4404.17+310.85bA 3726.22+813.07b
100 4974.70+325.77aB 5774.54+200.58aA  5056.68+326.51aAB  5268.64+456.61a
P*+Se 40 ND ND 3109.65+81.40c 3109.65+81.40¢
0 610.81+68.50d 610.8168.50e 610.81+68.50c 610.81+68.50f
10 823.52+104.32cdAB 776.49+137.33¢B 1055.13+73.76cA 885.05£159.64ef
20 1563.9454.06cdA 1434234225.15dA  1448.88+4.67cA 1482.35£131.13de
Polished rice 40 1777.03497.15bcA 2214.54+229.88¢cA  2385.21+389.62bA 2125.59+356.83cd
60 2791.99+543.98bB 2816.39+72.05bB 4139.34+406.03aA 3249.24+749.87b
100 5963.85+830.50aA 4477.754234.78aB  4700.41+553.44aAB  5047.33+862.8%
P*+Se 40 ND ND 2431.67+83.86b 2431.67+83.86¢

UThose treatments are referred to Fig. 2.
?Within each column, values follow by the same small letters are not significantly different at 2 < 0.05,
using Tukey’s multiple-range test (7=3).
YWithin line column, values follow by the same capital letters are not significantly different at 2 < 0.05,
using Tukey’s multiple-range test (7=3).

“P*+Se 40: The mixture of pesticide (10 ml) and organic Se 40 ppm.

9ND: not detected.

Table 4. Se contents in un-cooked rice (ng-70g”) re-calculated from the raw data (Table 3) for one meal

of bowl

Part of rice  Se concentration

Se contents in un-cooked rice (ug-70 g")”

The number of foliar application

(ppm) 3 times® 4 times 1 4 times 1T Average
0 50.54+5.28¢ 50.54+5.28d 50.54+5.28F 50.54+5.28¢
10 82.98+1.77de”BY 75.31+1.15dB 107.97+7.17eA 88.85+15.27¢
20 137.77+9.27cdAB 125.7+11.40cB 157.60+8.50dA 140.50+16.34d
Brown rice 40 171.33+14.19cB 184.41+14.00bB 231.65+16.69cA 196.02+30.43¢
60 278.39+45.28bA 195.33+13.20bB 307.98+21.74bA 260.85+56.92b
100 347.88+22.78aB 403.81+14.03aA 353.61422.83aAB 368.82431.96a
P*+Se 40” ND ND 217.46+5.69¢ 217.46+5.69¢
0 42.71+4.80d 42.71+4.80¢ 42.71+4.80c 42.71+4.80f
10 57.59+7.30cdAB 54.30+9.60eB 73.79+5.16cA 61.96+11.18ef
20 109.37+3.78¢cdA 100.30+15.74dA 101.3240.33cA 103.7749.18de
Polished rice 40 124.27+6.49bcA 154.86+16.08cA 166.80+27.25bA 148.80+24.98¢cd
60 195.24+38.04bB 196.95+5.04bB 289.46+28.39aA 227.46+52.49b
100 417.05+58.08aA 313.13+16.42aB 328.70+38.70aAB 353.33+60.41a
P*+Se 40 ND ND 170.05+5.86b 170.05+5.86¢

YUncooked rice 70 g = cooked rice 210 g in a bowl.
?Those treatments are referred to Fig. 2.
YWithin each column, values follow by the same small letters are not significantly different at P < 0.05,
using Tukey’s multiple-range test (7=3).
“Within line column, values follow by the same capital letters are not significantly different at 7 < 0.05,
using Tukey’s multiple-range test (72=3).
9P*+Se 40: The mixture of pesticide (10 ml) and organic Se 40 ppm.

9ND: not detected.
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Z Se AFHS & UtTable 4). YHtd oz Sgjyz} =
wo] S48 Foto] AFsks Se Wi 68.6 ug - kg'olE
2 W)= 20 ppm A2]74103.77 ug - 70g"), dvl= Rt
A3} 4 ;12 ZFslo] AFPE 100 ppm #2)74(368.82
ug - 70g")7F 71 Agstck. win] 40, 60, 100 ppm ]
T Se AF TR VES IbIRE tE dik ACFA )
E9eto] AFlshe o] Ae Aow Alsdrt
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