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Abstract: [Objective] To explore the effects of foliar spraying different selenium sources during filling period on
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rice growth, quality, selenium content and physicochemical properties of rhizosphere soil, so as to provide reference for
the selection of exogenous selenium fertilizer and the safe production of selenium-rich rice. [Method] The rice variety
Ezhong 5 was as the material, five selenium content gradients (15.0,22.5,30.0,37.5 and 45.0 g/ha, calculated by selenium)
were set, the corresponding biological nano selenium [3.0 L/ha (N1),4.5 L/ha (N2),6.0 L/ha (N3),7.5 L/ha (N4) and
9.0 L/ha (N5) ] and sodium selenite [32.61 g/ha (Y1),48.91 g/ha (Y2),65.22 g/ha (Y3),81.52 g/ha (Y4) and 97.83 g/ha
(Y5) ] were sprayed on the leaf surface of rice during filling stage,and equal amount of water spraying as control (CK). In
this research, the agronomic traits, economic traits, quality traits, selenium content of rice and physicochemical properties
of rhizosphere soil were investigated respectively. [Result] The results showed that the biological nano selenium spraying
improved the grains per panicle, filled grains per panicle, seed setting rate and the 1000-grain weight compared with CK,
while these indexes decreased in sodium selenite spraying treatment. In terms of appearance quality, grain length, grain
width, grain shape and transparency were not significantly (P>0.05, the same below) different from CK by two different
selenium sources, but they significantly (P<0.05,the same below) reduced the chalkiness and chalky grain rate, with the
maximum decline of 23.13% (N2 treatment) and 39.6% (N5 treatment) respectively. N2 treatment significantly improved
the milling quality of the rice, increasing the milled rice rate and head rice rate by 3.07% and 5.89% respectively. In
terms of cooking quality, all treatments except Y2 treatment reduced the content of rice amylose content, with the largest
decrease in Y5 treatment (12.56%) , at the same time, selenium application had no significant effect on the glue consis-
tency and alkali elimination value. Selenium application increased the protein content of rice (4.76%-30.98%) , and the
largest increase was observed in Y3 treatment. The organic matter content of rhizosphere soil was no significantly affected
by the application of selenium, but the contents of alkali-hydrolyzed nitrogen, available phosphorus and available potassium
were increased by 3.86% (N1 treatment) , 18.86% (Y5 treatment) and 5.57% (N4 treatment) respectively. Meanwhile,
the pH of rhizosphere soil was significantly decreased after spraying with sodium selenite. Selenium application could
improve the selenium content of rice, but the organic selenium content of rice after biological nano selenium spraying was
more than 95.00%, while organic selenium contents of rice in all treatments of sodium selenite were less than 85.00%.
[ Conclusion ] Different amounts of biological nano selenium and sodium selenite affect the 1000-grain weight, head rice
rate, chalky grain rate, chalkiness, amylose content, protein content and selenium content of rice. According to compre-
hensive analysis, the application of 22.5 or 30.0 g/ha biological nano selenium in the stage of rice grain filling is suitable
for the production of organic selenium-rich rice that meets the national standard and local food safety standard of Hubei
Province.

Key words: rice; biological nano selenium; sodium selenite; selenium content; physicochemical properties of rhi-
zosphere soil
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Effects of different selenium treatments on agronomic traits and economic traits in rice

Qb w5 (em) AR (RE/TE) K (em) FERE SR FERESL R 45924 (%) T (g)
Treatment Plant Effective panicle number Panicle Total grain number  Filled grains Seed setting 1000-grain
height (panicle/bundle) length per panicle per panicle rate weight

CK 113.42+1.25ab 14.16+3.17ab 22.37+0.50 127.21+3.51b 98.33+3.22b 77.30+0.68b 22.55+0.38ab
N1 114.68+1.71a 14.67+1.78a 23.35+0.50 130.55+2.33a 103.37£2.28ab  79.18+0.39a 22.66+0.41ab
N2 113.99+1.38a 14.37+2.44ab 22.77+0.61 131.70+3.74a 107.01a+3.12a  81.25+0.56a 22.93+0.35a
N3 113.89+1.41a 15.33+1.78a 23.15+0.60 131.04+2.16a 105.24+2.10a 80.31+0.35a 23.14+0.28a
N4 114.93+2.10a 15.00+1.33a 23.36+0.82 128.68+4.97b 103.3743.51ab  80.33+0.40a 23.08+0.31a
N5 113.02+1.85ab 15.50+2.33a 23.95+1.37 127.72+3.47b 99.90+3.38b 78.22+0.53b 22.83+0.34a
Y1 114.22+1.89a 14.63+2.00a 23.35+0.85 125.62+3.11b 82.74+2.84¢ 64.33+0.41c 22.26+0.36b
Y2 112.5542.22ab 14.83+2.50a 23.73+0.74 125.23+2.96¢ 75.45+2.37d 60.25+0.37d 21.88+0.33b
Y3 113.08+2.11ab 14.17+2.78ab 23.05+0.58 125.01£3.07¢ 68.94+2.63¢ 54.71+0.31e 21.80+0.27b
Y4 112.9643.08ab 13.17+0.89b 22.22+0.46 124.66+5.01c 67.84+4.24¢ 53.56+0.42¢ 21.75+0.30b
Y5 111.48+2.83b 13.71+2.04b 22.17+1.19 124.91+3.89¢ 62.85+3.80f 49.92+0.44f 21.68+0.29b

[V 5 AN R INE TREROR 22 57 B35 (P<0.05) . 2713

Different lowercase letters in the same column indicated significant difference(P<0.05). The same was applied in Table 2 and Table 3
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Table 2  Effects of different selenium treatments on appearance quality, milling quality and cooking quality of rice

Aby AL T Appearance quality
Treatment — frK(mm) e (mm) R (%) EERA (%) FFE (%) B
Grain length Grain width Grain shape Chalky grain rate Chalkiness Transparency
CK 7.01+0.07 2.05+0.01 3.42+0.03 8.43+0.08a 2.02+0.02a 1
N1 6.98+0.06 2.09+0.02 3.3420.02 7.81+0.10b 1.77+0.03b 1
N2 7.02+0.08 2.06+0.02 3.41+0.02 6.48+0.11e 1.55+0.03cd 1
N3 6.97+0.10 2.08+0.03 3.35+0.02 7.21£0.07¢ 1.57+0.04cd 1
N4 6.97+0.05 2.05+0.02 3.40+0.02 7.07+0.11cd 1.38+0.05¢ 1
N5 6.944+0.05 2.04+0.03 3.40+0.03 6.94+0.09cd 1.22+0.02f 1
Y1 6.94+0.06 2.06+0.01 3.37+0.04 7.22+0.05¢ 1.60+0.02¢ 1
Y2 6.92+0.07 2.05+0.02 3.38+0.03 6.98+0.07cd 1.48+0.04d 1
Y3 6.98+0.03 2.08+0.02 3.36+0.04 6.71+0.08d 1.62+0.03¢ 1
Y4 6.97+0.04 2.05+0.01 3.40+0.03 7.50+0.13bc 1.51+0.02d 1
Y5 6.87+0.08 2.06+0.01 3.33+0.02 8.20+0.12a 1.41+0.01e 1
Qb BEE 5 Milling quality Z&3 T Cooking quality
Treatment HBEA (%) FiKA(%) HRKE(%) HEEER O (%) JEEHEE (mm ) {ERIEELES
Brown rice rate Milled rice rate Head rice rate Amylosecontent Gel consistency Alkali spreading value

CK 78.00+0.36ab 66.46+0.33b 62.50+0.28¢ 15.29+0.07a 81.33+0.11 7
N1 78.72+0.28a 68.01+0.22a 64.22+0.19b 14.73£0.08a 80.33+0.12 7
N2 78.64+0.25a 68.50+0.21a 66.18+0.18a 14.66+0.05a 80.67+0.10 7
N3 78.28+0.30a 67.64+0.23ab 64.25+0.16b 14.08+0.03ab 80.67+0.12 7
N4 78.20+0.22ab 66.83+0.19b 64.11+0.15b 14.16+0.05ab 81.67+0.09 7
N5 78.16+0.21ab 65.76+0.17bc 62.94+0.17¢ 14.10+0.06ab 81.33+0.12 7
Y1 78.32+0.19ab 66.96+0.20b 63.66+0.15bc 15.20+0.04a 81.33+0.08 7
Y2 77.81+0.28ab 65.93+0.24bc 61.92+0.21cd 15.51+0.06a 80.67+0.09 7
Y3 77.56+0.24b 65.29+0.16¢ 61.21£0.13cd 14.60+0.04a 81.33+0.14 7
Y4 77.28+0.18b 65.31£0.18¢c 61.50+0.15¢d 14.12+0.05ab 80.67+0.06 7
Y5 75.8+0.23¢ 64.34+0.24d 59.63+0.18d 13.37+0.06b 80.67+0.08 7
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Fig.1 Effects of different selenium treatments on protein content of rice

ARG FhE R 25 5 835 (P<0.05)
Different lowercase letters indicated significant difference(P<0.05)
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JF A i A0 FERE SRR S P ST AT BILAT S R B CK
F O AT, o, AR W g KT A B e K T A
76 HILAT 5 2 [ G ] e % 186 D00 T 8 0 5 7 IV A R
ARER R RE K BRI RN A HLAR 5 [ 2 3
IR AR AL A B Y 3R B IR B KA, AR
KA, AT PR 0 Ak FRRE K BT AN AT MUY 2 T A
Y KATG Ab B E A= 0 0 AT AL B K ) A HILAT Y e
I17E95.00% LA | (95.24%~96.88% ) , I il % 4 4b 34
e oK A BILAR 5 2 7 LE 38 oK 10 85.00% (80.56%~
84.04% ) . 2 W 7K e o SV A7 PR 4N Py W WA B 7 i 2
YA KA AR 5 A R A AL Y EE BTG . 10
LA Ak 3 R R ARE i 22005 /2 GB 28050—2011 €& iy
LA ERERE TR B B IR 0 W) L E 1 &
i KA 5 i R, {HAYUNT N2 N3 FITN4Zb P A 75
KAE i [F] B4 5 DBS42/002—2022 (£ i & 4 HiL
FRUE A HLATG i AT e R )R RE Y A ML K
3 itie

KFERMR E RS RIEY 2 —, BT
24565% A TR SRR, Ay 2 KR e B L SR
BIERRAE R EEERE, RETY ERK
Tl & B AR 0.025 mg/kg, e ik T40 56 H % b

® 3 AEMALEXKFEIRER RS RE R

Y R ORATG 25 AR L B A 2 i) R ) o ERATG B A i 1Y)
AR ([ I555,2019) . HAT, ARMEAR & il 113
FKIUBE i Ab o o A 7 o KRS, & il K A
Az PEATYEE A AN AR B it 4 R . ABFIE 3B A= A
DR 00 IV 2 0 KR E S A S K R e 2otk
2P R ST RR AR SCRIL A R AR A R A P
TR, LA R B Al KRS 28 4 A P SR B S AR s
3.1 AEAWAESKBREERMNEFERY
xR

AHIF ST 285 SR, £ 290 DA ARSIV 76 15 ik o 7k
FEbk o A SR — e R THER B
CKERARZE . TS (2018) BFFLHE il xF K
Fe bk w2 AT AR A5 A 25 MR TG i 2 52 i A 4 SR —
o T RX — G A S R ] BB ol E SR e I
M Tl 05 ST ARG ) A v R A R A A B B L AR
ST, AT 1 B A /N o B A ORI AR SR
B2 S RN TR R R WK MR
sk RIS (2021) IR 3G A6 0 48 Jin 7 — AR I
AE4R T KR =4, W55 1500 g/ha ol e AU & ik Jir £
A G R K R O R A 25 SR AT, AR
FE R, 2R AS [R5 X 3 PR B 52 i 245 A AE 25
S, A Wy g R A B X AT BRI A — TR 4

Table 3  Effects of different selenium treatments on physical and chemical properties of rice rhizosphere soil

Ab¥p pH AP (gke) T R i (mg/kg) R it (mg/kg) O (mg/kg)
Treatment Organic matter content  Available nitrogen content Available phosphorus content Available potassium content
CK 5.89+0.05a 30.1+0.02 199.30+1.23b 14.58+0.21¢c 143.29+1.12b
N1 5.91+0.07a 30.5+0.02 207.00+1.51ab 14.44+0.18¢ 150.74+1.18a
N2 5.88+0.06a 29.8+0.02 206.50+1.38ab 15.67+0.19b 145.54+1.15ab
N3 5.88+0.09a 29.9+0.01 196.00+1.36b 15.85+0.15b 146.21+1.20ab
N4 5.91+0.06a 30.2+0.03 204.00+1.72ab 16.31+0.16ab 151.27+1.22a
N5 5.89+0.05a 29.4+0.01 206.50+1.85ab 16.98+0.15a 147.09+1.28ab
Y1 5.64+0.06b 29.5+0.01 196.00+1.52b 16.40+0.17ab 141.17+1.19b
Y2 5.42+0.08¢c 29.6+0.02 204.50+2.11ab 17.12+0.20a 149.97+1.25a
Y3 5.33+0.09cd 29.7+0.02 199.50+0.98b 17.20+0.18a 142.97+1.19b
Y4 5.21+£0.07d 29.6+0.01 210.00+1.25a 17.17+0.15a 133.11£1.17¢
Y5 5.19+0.07d 29.9+0.02 206.50+1.44ab 17.33+0.22a 131.09+1.11¢c
£ 140 o & ilf Total selenium
E 120} 2 47 HLIf§ Organic selenium 116 1.21 118
3] 1.08
£ 100} 0.94 o5 | (098 | foos [
5 0.79 -
2 0.80
o 060 | 043 047 0% 52
gx 040 | 0.3%.31 0.41 B
0.21
B 0.00 02
CK N1 N2 N3 N4 N5 Y1 Y2 Y3 Y4 Y5

i 4b38 Selenium treatment

B 2 AREMLENEKSEMAVESERN0

Fig.2 Effects of different selenium treatments on total selenium and organic selenium contents of rice
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Tk T R B K, N 2.62%. ZAE RS TR %
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FH 2 1 ARG T 4 v KR P B s v |, o A 4 =
AR ER . HESRI R KRR E S SRR AR
PIVER R TR RIGA ML I, i — 2D E i [R)4E
(PR R yaesy B A AN R IS ) & Y U7 L RS
AT 90% AT HL Fesam 1 — AL AR [l fb ok B 22 AR
B0, AR AORAN AL PR = T HESR M B S AE T,
T 32 B K RS 77 5 (Huang et al.,2015), 111 Al 2
B PR L B R IR e ARG S T RN SR
IR = AL TG, X6 A VR AR B 1
FH A A S s R AR AR, P A TR A,
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R, FEU 8 TR (Wang et al.,2012),
3.2 AREMAESKERBRERIIX R
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Joi O i LR VE R O RV R RS S R . B
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Al EAE+20 g/ha VA RR AN AT i 2 AR K 2 E
ARG 45 TR B, A 0 490 KA 40 ST i 7 0 ) 7K AR 1)
R ORLTE R T FE B RS2 0N, (AR I 2 R AIG
W A PRR AR 2 B KRS S (R A
A B 52 M PR ZL b 3 FURE A B AR i HE S, 328
LM S BT B OR8N JE 55, 2022) o Rl K BB JB5
SR 35 1 A5 W A AT R ST R 3 T ey
BEK R KRS FIRERE KR Y A Py 9Kl 3R
9.0 L/ha (NSALEE) F1 5 4fh fR2 4 FH £ K F48.91 g/ha
(Y2Kb38) B, FEOR DR B it o 22 N R, Sl
Z5(2016) BRI AT BESR = AR 73 7K A i Aok K %2
LRl ELREVER & i S0 I S (E I R
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MR 22— — ML BRE K ) ELAREVE B 7 FE20%

DU H IR ) A E By 1 1 2 P HORRT K, 36
FIPEAR 22 (AL, 2019) o ASHIFSE A, gt A= W 4 ok
G e K A T 7 i 34 B TR B P AR AR, 17
W i SV A R 4 J RO LB VE 1% b B CRA AN —
A PR KA I AT R b Ak B 248 5 T RO B P
i, P E S ORI KM, — L
8%~10%4 A , 3k e st AR A R oK 2R 1 ot 7% 44
SRR RZE ARG (A B 5F,2019) . AR
B, ELEEVE R P i PR — B B P 0 % 11K (Gealy
and Bryant,2009) . AWFFELEIR S Lk w58 45 A7
TE25 5%, AT R SRR I &R H B M LB VE R & 32 +
JeA AT KA MRS Z R, ¥
Tt RGP RS . I X R oK 2R
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HRBR 4R SZ A WA 3R B L 43 W) B 42 52 Tl
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(2018) 75 S8 55 45 (2020) I 7 45 SR — 2. nIRESE
S AFG PR R R A TE K AREAR R 706 () R SRR T —
TR S5 AL o S 14, DT 388 o =398 v &0 R
PR A AR s 1= 3, 3 350 4 3 pH AR (2% 55 45, 2008) .
M it i Fs AR T /KRB AR B A BRI, 1S 4L T
A BN T RS G A R R i, A
TR ARG A 5 Wit IV 76 T e 0 b 8 5 1 - 4
il 2 AT RO RN A5 e (X /KO (4 A AR KR
FERLE S ER R BRI R, 7T Re2 P o H R 5
FRPE KR AE L R Sl SR S BUE R AR %
S 5 177 A= Py A KA 0] PRy AR R R | 4 v 14
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