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Effect of Different Selenium Fertilizer Application Methods and Application Periods on Selenium Content and
Yield of Rice
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Abstract: Under field plot experiment condition, the different application methods and application periods of selenium (Se) fertilizer were

explored to make sure the absorption and accumulation of Se in plants and grains of rice. The results showed there were significant differ—
ences in the early and exuberant periods of rice for Se absorption and accumulation. Compared with the control, three kinds of application

methods could significantly improve Se value of rice. From the effect of Se enrichment, the content of Se was in the range of 0.163~0.207 mg-

kg™ which increased by 5.8~7.6 times, within the safe range. From the way of Se enrichment, the order of better effect was: spraying Se at
flowering stage treatment>application Se in soil>spraying Se at breeding period>CK. From the foliar application period of Se, the order of Se
enrichment effect was spraying Se at flowering stage>breeding period>grain filling period>full heading period>CK. Exogenous inorganic and
organic Se fertilizer could significantly promote the accumulation of Se in rice. Foliar spray in rice seedling and flowering stage could increase

the Se containing of rice grain but not reduce the yield of rice.
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Table 1 The basic chemical properties of test soils

B0 GE

A HLF Organic matter/g kg™ 34.0

4% Total N(N)/g-kg™ 2.3

41 Total P(P,05)/g kg™ 2.4

4240 Total K(K,0)/g-kg' 2.1

iR, Alkali-hydrolyzable N(N )/mg-kg” 1511
A% Available P(P,05)/mg kg™ 69.8
LA Available K(K0 )/mg- kg™ 169.0
Se/mg-kg! 0.238

pH (i 5.94

§2(11.25 g-hm™ Na,SeO; ) ; @ 7K F& 4% 46 I B it & Se
§2(11.25 g-hm™ NaySeOs) ; Q7K FEHE I W T it & Se
F2(11.25 g-hm™ Na,Se0s) ; @ /K FF 7+ FH AL i 75 AL Se
7 (% Se 10 g+ L) ; @+ 3t F Se 7 #53 (3 kg - 667
m?),

/NXTEAR 36 m?, 3 RE A o FE/KFEAS[R] B S HURE
BREEAS AR PRI REAS I Se ZEAB AR FILFFSE H
it B/NXBEHLAME 10 #k , A RO 2 3 8
FPR 225 BR80Tk
1.3 MEF*E

FEARFE S 42 Se s (193 22 SR FH 26 6 o 6 B 1
(GB 5009.93—2010), 14 Se By R H 2,3-—
A FEZENG T (NY/T 1104—2006) .
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i EIK-(P<0.01), it A DA IR 45 R, &
Py Se S AIKT 0.1 mg-kg™ 238 A AA SR Se,
T S mgekg Noxm A Se i E AR R E
Se F & TE 0.1~0.3 mg-kg™ Z R HIEH 2 NFKE Se
MR, & Se ritTE 0.163~0.207 mg-kg™ Z ], AT
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Table 2 Se content in rice plants and grains under different methods of Se supply

FH KR Se & & Se content of rice plants/mg-kg™ Tk Se B &L FEKE Se & /%
Qb3 e . Se content of Rice Se
Treatments ﬁ*@%ﬂ ) %ﬂ’:/ﬂ}q _ ) {E;ﬁ,ﬁ}q ) 525’*&‘% rice grains/ enrichment
Full heading period  Flowering period = Grain filling period Mature period mg-kg! rate/times

/KT R spray water 0.148¢C 0.282dD 0.192dD 0.103dD 0.024cC —

B i kS Se Foliar spray of Se in breeding period 1.524aA 0.700bB 0.979aA 0.170cC 0.163bB 5.8
AL A Se Foliar spray of Se in flowering period — 0.891aA 0.323cC 0.252aA 0.207aA 7.6
+45jiti Se Applying Se in soil 0.514bB 0.497cC 0.442hbB 0.226hB 0.202aA 7.4

NG FREFIRR R PTE 5% B2 5 038 RE T HRFORAFA I P1E 1% LR B E. THE.

P AEIANE Se>+ 1L Se>F 1 HIME Se>xf
2.2 REIHE Se RFEART K FEE Se IRAIRNT
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WORE L, R T HEK R A R SRR e K
W Se AE , LASE B AN [R) I 1T Se Xof /K RS AR
PRAFPRLATE Se ROER WF 3 AT LUA Y, 7 BT
Se REMCHERARRETIINS Se AR R Mtk Se & it BEH
A FIAHESE, TR RN £, Se & HBHTIN/D . 1E
IKFE 4 AAF W iSe, FOKE Se HUREAFHY
SEAA AL Se, & Se ORI Y ZABAEWIWE Se>F 1
JOImE Se>FEIRIYIMT Sex>FF RN Sex>xt A,
2.3 REIZKEY Se WIKFEE Se BRAIFNT
N T HWEAFESMNE Se X KFEHYE Se ZCR, WF5E
T A Se REZERI(TCHL Se FIA B Se il 1)) X 7K R
H Se RCR. BT 2 Bl Se NETE AR, FEAK AR 14 P

et AR . NFR 4 FR AT LUE Y, AMETCHL Se F1Ab
US4 ML Se FRRERH WAL /K A XS Se IFHL R, JCHL Se
(Na,SeOs) A /K FFAEME FNFT A Se F i A0 AT I
EHEIN, Se T EAAE L AVEHEIN . AL Se M THINE AL
PHAEK H Se S bl & B i Se R4
CENSEI I 3735 WA L i 5 B s
2.4 AEIHE Se AbIEXF K FEF= 2RI E M0

Se N5 , XA AR S A7 i Se A —
JE IR E PP 3 3k FH 8] /N DA ] i s Se
KA A A R R (R 5), Wit Se fEFFARKAF
2RI TR B 39 Se A, HoAt AR FRAS X BEHA
B, WEAREIGER Se XUKFAK LT A —E M
HAER . IR A A 37 B0 0 24 16 1 s
Se I, 377 5.5%  HARACFRFSATIE T , RORANH I o 15
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Table 3 Se content in rice plants and grains under different periods of foliar application Se

FH IR Se 7% i Se content of rice plants/mg - kg™

Tk Se ik ROKE Se 3/ %

phEL . Se content of Rice Se
Treatments FEHE WAL HEH I R rice enrichment
Full heading period Flowering period Grain filling period Mature period grains/mg kg rate/times
WK KT spray water 0.148bB 0.282dD 0.202eE 0.103dD 0.024dD

B Se Foliar spray of Se in breeding period 1.524aA 0.979aA 0.700aA 0.170cC 0.163bB 5.8
FFHUEE Se Foliar spray of Se in full heading period — 0.539¢C 0.509dD 0.265bB 0.157bBC 3.2
AT Se Foliar spray of Se in flowering period — 0.891bB 0.569¢C 0.323aA 0.207aA 7.6
HES AT Se Foliar spray of Se in grain filling period — — 0.614hB 0.256hB 0.143c¢C 5.0

R4 REZHER Se Xf/KFEE Se ARHIZMN

Table 4 Effect of rice Se enrichment under different types of Se fertilization

FH R Se 7% i Se content of rice plants/mg - kg™

Rk Se frist FOKES Se ¢/ fi

Qb3 N Se content of Rice Se
Treatments e I LA rice enrichment
Flowering period Grain filling period Mature period grains/mg kg rate/times
KT8 Spray water 0.282¢C 0.192¢C 0.103¢C 0.024¢C.
SR TCHL Se Foliar spray of inorganic Se in full heading period 0.539hB 0.509bB 0.265hB 0.157bB 3.2
FFHUAETA L Se Foliar spray of organic Se in full heading period 3.969aA 0.669aA 1.642aA 0.910aA 36.9
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Table 5 Effect on rice yield composing and yield under different Se treatments
U o o L .
TreiLtl\rijfnts Crairi%j%fgnicle Em]fy%iaie 1 0:(‘;‘0%—1g;i;in ;’Zﬁ( Increil:ii’; rate/
(per plant)/% weight/g kg+km™ %
KX B] spray water 88.80 3.97 26.06 8127 bA —
& 1 (i PR )W Se Foliar spray of Se in breeding period (Seed bed ) 9227 2.37 26.59 8291 abA 2.0
FREAWIEE Se Foliar spray of Se in full heading period 91.15 2.57 26.57 8277 abA 1.9
HAEWIEE Se Foliar spray of Se in flowering period 98.60 3.20 27.16 8580 aA 5.5
WA Se Foliar spray of Se in grain filling period 95.60 2.55 26.49 8283 abA 1.9
A HL Se il Foliar spray of organic Se in full heading stage 88.87 3.43 26.89 8290 abA 2.0
+45jiti Se Applying Se in soil 90.13 3.70 25.96 8 162 bA 0.4
7 RS R 5, SR H ATBL Se 15
B3

P Se #RESE /KA B, IR LN 1.9%~5.5%2
], FCACAN R Se 752X, A5 SR 247 AEIIE Se (I 1ML
Se ) WUR frc b, FEUCR 17 1 I8 Se (PRI Se) | 1%
Jith Se. LG A SF BT A SRR KRS SRS 6~
12 d Tt Se AL , 7K 1 7 S8R e A, Wt P 387
S5 WA —E G RICR  (E ™ I T A1
TRISEEPIRBF T R A 7R, K T R 1 7 3R
L, (LSOO 2 R0 B A K S ) 3 Ak ik
AR B HEAE, oo 7 de A BSG TR] 235 S 3R Tk
HHA—ERR .

3 £

FEREATXF Se B R AR, BTE Se FK
REW] AR mHUAT TR AL IS RO TR P, mT AR AR Y
B Se BUKNTEAN TS vE 110 O LA B DAL AT
T8 DU T e KARSLEA R AR R L KA A
fRTitE Se J5 X Se AU AR RA TR 2E 57 0 50 1R
FHEE, FFRES 47 AL A SR IUIE Se 3 FhT5 35, A K
L Se  H T HIWE Se HRREW] R4 A ) A= F K
REREARAIRFAL R Se )35, & Se SCRIAF 22 741
FKF, HAEA Se &5 FEARAE 2227 A o DR KA
T Se J&— K44 Al B Gy iR AR . ANEUCHL
Se FIAHL Se AL AEA RALHEKFIRS Se HIFLR . 7EA
I, AL Se M- HIALALPERSAK H Se S il iy , i
H B R Se 15 5 Y22 TR, 15 BB R

Se BEfilt 1 777 X B JH 2 IO 305 45 M 1) 1 35 Se %
SRR E B RE 78 R A Ak A B
L RS TR A S . XIS Y
VEMIAN L3S Se VAT ShAS I, B PRAC™ bl 19
B AR 113 Se YT REFRR

[1] Rao A R, Nehra D S, Singh D P, et al. Energetics of cotton agronomy[J].
Energy, 1992, 17: 493-497.

[2] Schwarz K, Foltz C M. Selenium as an integral part of factor3 against di-
etary necrotic liver degeneration[J]. /A m Chem Soc, 1957, 70: 3292—
3293.

[B1X1 # i SRR OT R MY BERG VTR AR I AR, 1996: 330~
332.

LIU Zheng. Chinese soil trace elements[M]. Nanjing: Jiangsu Science and
Technology Press, 1996: 330 —=332.(in Chinese )

[4] Yu L L, Wang Y Z, Zhang D O, et al. Effects of selenium supplementa—
tion on polyunsaturated fatty acid concentrations and antioxidant status
in plasma and liver of lambs fed linseed oil or sunflower oil diets[J]. An—
imal Feed Science and Technology, 2008, 140(1-2): 39-51.

[5] Rayman M P. The importance of selenium to human health[]J]. Lancet,
2006, 356: 233-241.

[6] TKIKA, HF KaHE, BT Se ZE ARSI E B AYBFFENT]. LBekol
Bl2z, 2007, 35(21): 6688-6690.

ZHANG Lian-he, YU Fei—yan, MIAO Yan—fang. Study on the selenium
in human and animal’s health[]]. Journal of Anhut Agri Sci, 2007, 35
(21): 6688-6690.(in Chinese )

(71 FE R, E 2, X588, 55 LHERIEY) Se RUFFLERNT]. LR
Bl2£, 2008, 12(5): 43-45.

TANG Yu-xia, WANG Hui-min, LIU Qiao-ling, et al. Summary of sele—
nium in soil and plant[J]. Journal of Hebet A griculiural Sciences, 2008,
12(5): 43-45.(in Chinese )

(814 i, KRR ZE, ¥ 8, 4. i 0 ZR Se X /KA 52 R 1) BfF 5 k&
(1. B R, 2010(8): 11-12.

YANG Li, ZHENG Jia—kui, JIANG Kai—feng, et al. Effect research pro—
gress of trace element selenium on rice[J]. Modern A gricultural Sciences
and Technology, 2010(8): 11-12.(in Chinese )

[9] Gangadhara, Kumar P R, Prakash V. The structure functional cataltic
activity of rice brain lipase in the presence of selenium and lithium[J].
European Food Research Technology, 2010, 230: 551-557.

[10] JAl 2, Jiti TLW, A phas. KRS kL Se BRWLTIBHSE). P EFRY

— 563 —



AT RERSMEFR -5 31 55 6 H

AERL2A 4, 2008, 14(3): 503-507.

ZHOU Xin-bin, SHI Wei-ming, YANG Lin-zhang. Study on mecha-
nisms of selenium accumulation in rice grains[J]. Plant Nuirition and
Fertilizer Science, 2008, 14(3): 503-507.(in Chinese )

(1] BBk, 5 LB, AU . A ORE 55 MAEE Se BB LA LR
VIR, 135, 2010, 42(1): 88-94.

CHEN Qiu—xiang, SHI Wei-ming, WANG Xiao—chang. Comparison of
selenium accumulation ability between colored and general rice culti-
vars and its mechanism[J]. Soils, 2010, 42(1): 88-94.(in Chinese )

[12] 2= {g, FRFRIL, 45 PR S L TUHM]. Jbnt: R AR
B, 1990.

LI Jian, ZHENG Chun —jiang. Environmental background values data
sheet[M]. Beijing: China Environmental Science Press, 1990.(in Chi—
nese )

[13] Murphy J, Cashman K D. Se content of a range of Irish foods[J]. Food
Chemistry, 2001, 74: 493-498.

[14] Cao Z H, Wang X C, Yao D H, et al. Selenium geochemistry of paddy
soils in Yangtze River Delta[]]. Environment International, 2001, 26:
335-339.

[15] Hu Q H, Chen L C, Xu J, et al. Determination of selenium concentra—
tion in rice and the effect of foliar application of Se—enriched fertilizer
or sodium selenite on the selenium content of rice[J]. J Sci Food A gric,
2002, 82: 869-872.

[16] b 8K, KR, 2048, 55 Se B it By 1 X 7K A 7™ o FUFFRL op
Se & it USRI, HHE S AKE, 2010(4): 13-14.

CHI Zhong-zhi, ZHENG Jia—guo, JIANG Xin-lu, et al. Effects of sele—
nium spraying duration on rice yield and content of grain selenium[J].
Tillage and Cultivation, 2010(4): 13-14.(in Chinese )

[17] 5RZHK, WAL K b X KRS 1Y 5 Se 2 JeARAMIE Se XA A Se

FRAYSZIALT]. L3R, 200005 ): 43-49.
ZHANG Xue-lin, YAO Ding-han. Se content of paddy soil in plain re—
gion of a network of rivers and effect of foliage spray of Se—compound
on Se content of rice[J]. Acta Pedologica Sinica, 2000(5): 43-49.(in
Chinese )

(18] JHZ50k, i TLH, Bk, & Se k& Se AKFASAIXT Se (Wi 43
FL (22 5 K ALIR]. 14, 2007, 39(5): 731-736.

ZHOU Xin-bin, SHI Wei-ming, YANG Lin—zhang. Genotypical differ—

ences and characteristics of Se uptake and accumulation in rice[J].

—564—

Soils, 2007, 39(5): 731-736.(in Chinese)

191 B, ZHR5E, SK/NGE, 4. A [A) FLAR Al RIS 8 Se (90 137 [J]. o ]
+HES R, 2011(4): 45-49.
GENG Jian—-mei, QIN Jun-hao, ZHANG Xiao-liang, et al. Response of
various early rice cultivars to foliar application Na,SeO3|J]. Soil and Fer-
tilizer Sciences in China, 2011(4): 45-49.(in Chinese )

[20] 5K :bli, F2=2x, REIEN, 4. ZKIERT 129 & Se ALAHFTI]. v EIF
&, 2007(1): 47-48.
ZHANG Shi-lu, WANG Xue-hui, XIONG Zhong—jiong, et al. 129 Se
Wandao red rice research[J]. China Rice, 2007(1): 47-48.(in Chinese )

[21] RAKSE, PR, AR AR Se KX KR I A5 R K KR
XF Se ) B HEAE K FERT Se (AW B 55040 (1] IR Al R
R, 1998, 24(3):176-179.
WU Yong-yao, LUO Ze-min, PENG Zhen—kun. Research on the influ—
ence of selenium provided at different levels upon the growth of rice
and its accumulation of selenium[J]. Journal of Hunan A gricultural Uni—
versity, 1998, 24(3): 176-179.(in Chinese )

(22191 JIl, 48, 25454, 4. Se AT XL A 2R /K RAS K AR A R Se
SRR R[] YL 254, 2008, 20(11): 27-29.
JIANG Chuan, WANG Jin—ying, LI Shu-ke, et al. Impact of external Se
fertilizer on Se content in early and late—season polished rice and rice
bran[J]. Acta A griculturae Jiangxi, 2008, 20(11): 27-29.(in Chinese )

[23] RIS EE. AIRIKAF LRI E Se BEITBFSE(T]. Pl 22 5 R0, 2011(3):
111-113.
ZHANG Ling—xia. Study on selenium rich ability of different rice vari-
eties[J]. Horticulture & Seed, 2011(3): 111-113.(in Chinese )

[24] GB/T 22499—2008, & Se F&4(S].
GB/T 22499—2008, Rich rice[S].

[25] AR SCAR. MM Bl Se NEXSFF A Se % K bt ST MR [T]. WL
Al Bl2E, 2013, 52(8): 1764-1767.
ZHU Wen-dong. Application of selenium on foliar surface of rice could
enhance the percentage of selenium and improve quality of rice[J]. Hubet
Agricultural Sciences, 2013, 52(8): 1764-1767.(in Chinese )

26188 FH# i BRER, S5 BTG Se NEXT KA & Se 1 K-

USR] LR, 2005(1): 39-41.

WEI Dan, YANG Qian, CHI Feng—qin, et al. Effect of foliage dressing
Se fertilizer on the rice in the field[J]. Soil Fertilizer, 2005(1): 39-41.
(in Chinese)



