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Abstract

In order to screen selenium containing foliar fertilizer (hereinafter referred to as selenium ferti-
lizer, the same below) with high selenium enrichment efficiency and good cadmium reduction ef-
fect, and improve the quality of selenium rich rice, this study introduced four main selenium ferti-
lizers, adopted three fertilization methods, conducted two factor randomized block experiment,
and verified the effect of selenium enrichment and cadmium reduction in three cadmium polluted
farmland. The amount of selenium fertilizer (calculated by Se) is 1.5 g/667m?2, and the contents of
cadmium, total selenium and organic selenium in milled rice are determined. The results showed
that: 1) The selenium enrichment efficiency of different selenium fertilizers had a significant dif-
ference (P < 0.01, the same below). The selenium content of milled rice ranked A3 > A1 > A4 > A2.
Among them, A3 is extremely significantly higher than A2, significantly higher than A4 (P < 0.05,
the same below), and A1 is significantly higher than A2. The results showed that the absorption,
transformation and transportation of selenium in the stems and leaves of different selenium ferti-
lizers were significantly different due to different production processes and components. 2) There
were some differences in selenium biotransformation rates among different selenium fertilizers,
but there was no statistical significance. The proportion of organic selenium in A1, A3 and A4 ex-
ceeds 99%, while that in A2 is 98.31%. The lowest treatment combination is A2B1 (97.75%). The
field production verification results are basically consistent with the plot test. 3) The effect of se-
lenium enrichment in milled rice by different fertilization methods was quite different. Compared
with one-time fertilization, the selenium enrichment efficiency of milled rice applied by A1, A3
and A4 in stages (twice, the same below) has been improved to varying degrees, in which A1 has
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increased by 43.5% and A3 by 20.03%. Therefore, twice fertilization is recommended for A1 and
A3 selenium fertilizers in production; A4 the selenium content of milled rice with different fertili-
zation methods is stable, and one-time application can be used in production. Compared with no
synergist, the selenium content of milled rice with synergist in A1 increased by 22.87%, the in-
crease in A3 was small (2.26%), and A2 and A4 decreased in varying degrees. 4) Different fertili-
zation methods had little effect on selenium biotransformation rate. Compared with one-time ap-
plication, the proportion of organic selenium in milled rice applied by A1 and A2 in stages in-
creased by 0.69% and 1.33% respectively, while that in A3 and A4 was negative, with an increase
of -0.03% and -0.28% respectively, indicating that A1 and A2 in stages were beneficial to im-
proving the quality of milled rice selenium. Compared with no synergist, the proportion of organic
selenium in milled rice with A3 synergist showed a positive increase, while the other three sele-
nium fertilizers showed a negative increase, indicating that the effect of selenium synergist on
improving selenium quality varies with the type of selenium fertilizer. 5) The application of sele-
nium fertilizer in rice has a certain cadmium reducing effect, but the cadmium reducing effect of
different selenium fertilizers varies with the level of cadmium in soil. When the cadmium content
in soil was 0.28 mg/kg, the cadmium content in milled rice of A1 and A4 was lower; When cad-
mium was slightly polluted (0.45 mg/kg), the cadmium content in milled rice of A4 was the lowest;
When cadmium is heavily polluted (1.5 mg/kg), A1 has the best cadmium reduction effect. Differ-
ent fertilization methods had a certain impact on the cadmium content of milled rice. Compared
with one-time fertilization, the cadmium content of milled rice fertilized by stages decreased by
5.47% on average, of which: A4 decreased by 33.22%, and the cadmium reduction effect was sig-
nificantly higher than that of other selenium fertilizers. There was significant interaction between
different selenium fertilizers and application methods. The treatment combination with the low-
est cadmium content in milled rice was A4B2.
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1. 518

e NABTHRIMEE LR, RAERARE, HEESRAH. B ELSEE LT, f
iU Bk MAERRSEH HER R[] [2]. WENMAARLFT TR, M ANEMSEMEAHFE, i:
WEHmE BRI EY, FimiE vk 2 [3]. FRE 7295 . T L IRAAAEA FIFL R B GhaM[4], #F
Mo RS e SRR AN 7%, W BTIR S4T5GB VP, IR BRI KRS 2 R Y T,
=R AN UK T ', B, IR S AR KK SO KRS L3 BT R £ BT [ 22—

WETERE, KRG A S P AR AL, 7T 825 B e KO il (K 5 5 [5] [6] [7], FTREIROK Cd 45 H <
JE R E6] [7], XN X IT K AR D RE IR SR T BB LAl (EANRIH T W AP R ILACR A,
HAHF M EEA RS, AR AR R[] W IRERA RS A & A EARR: /L SR R
KRB AP BORK . AWEFCE A B AT b 4 R S e, SR 3 MOtAE T ik, HEAT A
EEHLX AL, JFAE 3 RhiRTS GeA HH IR & Al B R CR, DAY e o Al DD BE RORTT R SR IR S 4%,
DN R R T B R A AR P SR S %
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2. MR5H%E
2.1, KB

FRM L. “ERPURL” S WCRE) T RE SR CE A ILEAL), It e R E IR R IR
w4 DU A AUR A E TR CEAURAAE),  dsCOUE AR AR B PR A m B4
R PEITRALE, LT AR BT IR AR R B AR AL, hR
MR R AT PR =] A7

IKAEAR R SRR T, AR AL RHEOR SR AT IR STAE A R (L SFRB0K)s famiil
1817, WM AR =B FEFILE H (1 S I0B0K); PR 121, miim st R AL R A IR AR . %3
BAN R B K TERT T 5 BT SRR FE T 22 WO S A 1% 55 B A )3 & (M1 9785 20170008).

PG ) BRI, I8, k& 2 AL RHCA IR STE A AT R SRt

2.2. WEE

NGBS s RIS AL TR R T INIOIE BRI IR, IR S 0.28 molkg. A EALT
R PR RIS S T AE(A) . A TTEB) AN = . AL AWE VLI, A2: EVIGUKIIE, A3:
“mrmt e PEICERAEE, A4 AEMME AT, BL: M 1K, MR POV EESRE; B2: it 2K, i
FHRF I IR S E SR 3, &tk 1:1.5; B3: WA 2 Wk, A DN RN SRR I, & 115,
Tt A RS 0 N 38 R, HE SR A S0 e A A I N B8 2k TR o 5 i o o P B4 1.5 9/667m? (LA Se it).
BENLIX AL ¥eit, —EE, 3% 12 AKX, S/NXTEA 20 m?, BR4TEE 20 cm x 26 cm, /X [AIEE 50 cm.
RIS R A 5%, 76 H 20 5#&M, 7 H 6 Shl4E. MEKERE., mABEPaERRKHEE™. T
10 A 7 H HIEHBREAAE, B/NXERE 2 kgo FF a5 3208 10 4 o =) JURE S 56 2 R RS K Sl A L
Wy B e, [RINIET T TR A PR A m A R K S NS

AR 7R/ XARIG RIS, 78 =NAS AR5 G kP B A S0 (1 46 H R ) (1) 3% b3k A7 7 A4
BOAUE . 25 T AR (LA Se 1) 1.5 9/667m?, it I 7 VR A ESE I — Ut A . R L SR EAE L
BARKIWEIR A KA, LIRS 44(0.45 mg/kg), SaFATAL 121, A% 2. BERE T 0SS UK IS AT
t R A R IA B E R A B R = i hRdE(0.28 mo/kg), ARFTONER KA D . il 3 BRI AR
REERE ST AR 33, I3RS AR5 44(1.5 ma/kg), SHACAFEPIIL 1817, FEA Y EIRTHEAT A 5 55
R, R IR FE 2 kgo FRESRI T 5104 1oty o UM SE I8 A MRS K il . A AL . 4s .

2.3. ¥7E

WAL H A R U S I A I 7V A0 RS SR FH AR A H R AL S DR SR RE dh e AT VAR 2
Iy LR RN E TR T 98 Ot i vk DZ/T0253.2-2014, XA A MRS KA B H S R T
IAFS-230/HX-HY-2017-003; % 1A IR FH A= A5 B ER AL 22 VPAN SR AR S e B 028 1 8055 4. Bl 41
2519 N IT R E I E H RS & 45 B TR 3t (ICP-MS)i% DZ/T0253.1-2014, X 28 FRAL S KAX 2% 4 5 -
ICP-MS/ICAP Qa/HX-HY-2015-001.

TN BG4 A PR 2 F ARG 7325 GB 5009.268-2016 55—, Al 28y i RS & A5 5 1
PR BEAL

2.4, BURAIEF %

TR IGE R Excel 2003 #E47 B BB GEtH 08, KA Excel 1) TDIST R ATRENLIX 2H 058 11
% = L (LSD).
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3. RS54
3.1. AEIfAR A HE R 77 & Kl S 2 R

K P F AU P S ME AT Gevt b 25 SRR EH,  TERRINBRANG DX id i it A & f - T AE, A
(L Se it) 1.5 ¢/667m? 41, 4 Pl 3 Ffvii AT 7 2X AP K5 KAl & B3k 0.616 mglkg, SeBl T REK &
fifl, A H X E K 100 g, B AT R AR AR 1Al S 7% T EL(WS/T 578.3-2017).

B 1 AT, ASEEAE T R & R E R K 2 7. 5—IRMEHEAEAIEL, AL. A3, A4 7y
Ut FH (PR OR) BRRE KT & SR R S A AN R FE A, b AL #2951 1 43.5%, A3 25 1 20.03%,
Uk, AEPE AL A3 AR P I AE 7 AL A4 SBIRECN, FEOKI & ERcha e, Ui ilE T —
DR, LR AR AR s A2 8 Y FH (0 SRR — I M /D T 64.4%, R R Rt — BT 5T

AN RIS BE T 38 2500 0 B A R B AN R, b, AL ORI, SN R SGRIAE L, FORRAR A
PE T 22.87%; A3 BIRE/N2.26%); A2 Al A4 NI H AN [FIFERE A PEAR . AR BRATTAT R 56 5 A= 7 I
ROR, ZIRGN A R A IR, BRI S RIOER, AR AL AR, XeTEES A
I G O P 5 7 2 222 S5 X it P76 S /5 R 82 il A K o

17 2 FIAN, SR A A & R AR APAEA B35 22 5, RIS B HEF 8 A3 > AL > Ad > A2, .
A3 WEERET A2, BEET A4, Al BEET A2, E#HT 2018~2019 4EXT A3 fifi JE#EAT T 2 10N FH
AREEFL, RAWIOEIET RN(E L LK EMRCE R 0.33 mglg, HMEZ m KA A 7 B H R IR K
& B e . AR A3 KK B R mEIL 0.707 mg/g, AT AE 5400 5 B0l & BB B . DA
it P AR S e i AT O . SRR, A2 B AL FI A4 BB TRCRAR 1 52 A, T RE R R PR 2 et A e
PR I SEBRAR S AR AR URME . KHEAFZIAER I, 4 Pl AL 0 KAl & BT 5 /N X R 86 5E 4 — L
YO/ X R0 25 T AF A E S

Table 1. Total selenium content and analysis of refined rice

=1L BRRMEESHNE

s B1 B2 B3 P B2 % Bl1+% B3 % B2+ % &% (mglg)
Al 0.434 0623  0.766 0.608 4350 22.87 0.405
A2 0512 0182  0.149 0.281 —64.4 -18.6 0.187
A3 0.929 1.115  1.140 1.061 20.03 2.26 0.707
A4 0527 0536 0477 0.513 1.68 -11.0 0.342
T 0601 0614  0.633 0.616 2.24 3.05 0.411

e B 667 m? A HIE 1 5¢ Se I RS KA (mg) .

Table 2. Variance analysis of total selenium content in refined rice

T2 BRRMEERESH

B VR Df SS MS F
X4 2 0.129 0.065 0.857
A 3 2.406 0.802 10.655™
B 2 0.058 0.029 0.385
AxB 6 0.568 0.095 1.258
W 22 1.656 0.075
SR 35 4.817
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3.2. [EIMAR K2 jte FR 75 3 o il i R U i

KEPRRY, THEE e mEaER, Fik, &5 IR A PR 5 (%) 2 X EE, fE
3 AR, 4 BT AE ORI A A R A A, A LA (5 EESP AR B 99.13%, s ALL A3 A4 JATE 99%
PLE, A2 5N 98.31%. A HLATR (5 b i AR AR R 2H 45 & A2B1 (97.75%) . K HIAR P~ IR 45 R 5 /N X R 56
FEAR Y, 4 Tl AR FRORS KA LA (5 L T34 97.74%, Horf: AL, A3. A4 357E 99%LA |, A2 F % A 93.24%,
BUNX ARG A2BL AR 4.51 ANE 7. BEHT A2 (AR A0SR T e 3 AR . 4 B AR (B2) B — ik itk
it FH(BL)AH L, AL A1 A2 K KA MU &5 LE IR 3R 2 308 0.69%. 1.33%; 1M A3 Fll Ad NN ftg K, 14iE
535 9-0.03%. —0.28%, WiHH AL, A2 7 BT AEA R T 38 = ARG K AR S 5 . o0 3 A G FH 29 280700 (B3) 5
ANt F B RGRI(B2)AH L, A3 Al BRI IESS K, Foer 3 il AR ) Ay G4, 35 B AT 3 2855 0t 42 e A it ol
(I FH DR A ok 28 1 5 o AR R ATT AT B0 5 A = B FH AR, 8GR R 3 sk KA WL o b B A B
MR, ARG RCRANIA K2, AT Ae 55 08 e FH B 300 2 5 B ) e il A %, DR Ay i 38 o i T o G £ 22
VA2, TIE—E R s T I RGR iR .

Table 3. Analysis of the percentage (%) of organic selenium in milled rice

% 3. BAREHM &L (%) 2 Hr R

Qb ER B1 B2 B3 P35 B2 8 Bl % B3 B2+ %
Al 98.92 99.60 99.59 99.37 0.69 -0.01
A2 97.75 99.05 98.15 98.31 1.33 -0.91
A3 99.62 99.59 99.60 99.60 -0.03 0.01
A4 99.44 99.16 99.03 99.21 -0.28 -0.13
S5 98.93 99.35 99.09 99.13 0.42 -0.26

3.3. NEHEAL KR 75 xR & B RIS

W Ry, WSRAEIEIER. Fit, KREEHMEREY - CRENBIORESE. Bk 4
ALAEL, AFEEH SRR S B RES, RS =AM, 4 Pl e 9 B — kv
FHRIRE KR & P PRAK T 5.47%, Fodb: A4 W U0 RS KR & IR — IR M P B AIR T 33.22%, A2
FEK T 6.5%, AL BRMK T 3.99%, i A3 NI 1 17.86%. 54Nt I8 247 AH L, e FH A 186 2075 A Ak 4
BETRORERMA R, Ho: A2 [#{K 8.5%, ety A RFEE 5.

T EANTRYI(E 5), MAAFMAEMREKESEAREEER. MARETEHT N AL < A2=Al <
A3, Hr: AATREZELT AL A2, A3, A2, ALIREZEIRT A3, Al 5 A2 Z i bR %R . ANFEM
NE S 7R AR R E L BARH, FKR S BRI B4 A2 A4B2, (HE A4B3. A2B2. A2B3.
Al1B2. A1Bl. A4Bl1 LR FEER.

KHAFIRUER (K 1), 4 FlEFR KT S RS DIER SR 2 2 EMHXK, RL = 0.9693 (P <
0.01). R2=0.8723 (P <0.05). R3=0.9681 (P <0.01). R4 =0.9815 (P <0.01). 4t I%E& BEAEIG A M
UTI (BRI ), AL A4 FIRORER & EEUIG TERR TS R OHE KL 2), A4 FIRORE & i
i 705 5 Gt (RN T AR TR B 4h), AL Al IR ) PR IR FE e K, B2 AT R BRI T 49.8%, H
YO A2, TS AXTIRFRIC T 27.9%.

UG RT D0, A7 A B PR AR RO R SR AR OG, TS AR T SO R BN . TR TS YR H DL A4
(1) BB 2B R B e, T AE B P AR F DL AL ) B R e
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Table 4. Cd content and analysis of milled rice

T4 BRESESINR

osiil B1 B2 B3 Ty B2 # Bl + % B3 % B2+ %
Al 0.234 0.225 0.260 0.240 -3.99 15.64
A2 0.247 0.231 0.211 0.230 -6.5 -85
A3 0.281 0.331 0.395 0.336 17.86 19.34
A4 0.240 0.160 0.196 0.199 -33.22 226
15 0.250 0.237 0.266 0.251 -5.47 12.22

Table 5. Variance analysis of cadmium content in refined rice

"5 BRESERFESHE

AR S AR Df SS MS F
X 4H 2 0.006 0.003 2.538
A 3 0.111 0.037 31.308"™
B 2 0.001 0.001 0.423
AxB 6 0.029 0.005 4.090"
W 22 0.026 0.001
SR S 35 0.173

A1TOA20A30 A4

L 13 -
1:58470.28mg/kg 1+ 3470.45mg/kg +#471.5mg/kg

Figure 1. Relationship between Cd content in milled rice and soil in four selenium fertilizer
production tests

1. PO PRI R KR S B 5 TR R B L R E
4, g 5vHe
4.1. &ip
1) AFEGE RS K & ERCR BB B Z Z R, WA R IE R HE T ZE KA 5 A S EEE Xl
IR, b s AR E ZE R . AR,  “mimtE” hE e R IR A3) KR K & B, R
ZaT M EMIPUKIBIE(A2). BEET “FEE” EYMESIEAYL); “HERTERE” HHLE

FE(AD) R KA £ R 25 i T “ERUUERT” AR E(A).
2) RIFIHF 7 AR K B SR LT — 2 M. ARG R, “HpiRl” 4 HLARAE(AL) 50
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FH (P8 V) FRORS SRRl & e — IR ME M FH 3R 5 1 43.5%,  “Wiisi e 7 rh & e R IERH(A3)IR & 1 20.03%, K,
WA “AEJRTIRE” G HUEAL(AL). M E 7 s R AR A3) R B AR 7 5K, DARE i i
M. “FEEZ” LR A EAYETRE N, B FEEAE T R K & B e, @ UGZAR H —
MR, DAV F T RAS

3) M AEHE RGR R RN 2 A BR BT A R HER 1 B R AR =, A& & MR . A58
R, AR AR X 38 ORI A AR B AR, SIS RGRAR LG, “HERTERL” A HLAGAE(AL) 1R
KA AR T 22.87%, “WiNiE 7 hEITEIE(A)IRE T 2.26%, “EIUER” Mgk e (A2)
A« fli AR A A T (AG) I H IS ) R FEE T BRI

4) AR 4 PR AR AR AR AL SR AR, R DL & LGP 24k 31 99.13%, 1T e 5 2 i A )
G A5 0 et A R 4 v S HE SR W B iR IR M RE IR 0% o IR o B AR A — Ik M AR G, “SRTERE” H AL
TERAE(AL) AN« BT AR DRI AE (A2) RS KA HLAR o5 L2 3 i 0.69%. 1.33%, BiEH “fEeitifl”
AHUEAC(AL) R “EBCHERR A= 19 KA AE (A2) 5 040 3Tt AT A ) 32 v R ok P

5) ZKFe it FH 25 i v T AE LA — 0 O B AR A, (AN [R) AT A B B R R - R T R o 2 AR
T RIENG YA LR (0.28 mg/kg), “HERPEEL” HHUMEALAL). “FHEZ” EYGE A IEAL) IR KR
R TERAR S YL (0.45 mo/kg),  “HAEZ” AR A LAY IR RS & R RAL; TEWE TS
YLt (1.5 mgrkg), “HERTERL” AU RE (ALY AL 0 4R AR SR A o 2 T AEAS [0 it FH 7 VE AR K 4R
TERAEIEW, SRR RS — KRR, FORE S =R T 5.47%, H. “FEZ”
AP A (ALY 7 3 F IR R K B8 3 s — IR M BRI T 33.22%, FAHRAICR B3 m T I e e, it
WAE R RAE T, “HERVER” YL R A Y E . R F A5 it 5 ik a7 B S B
, FERE S ERRNAIEH A2 AAB2, R “FHEL” YNGR 5 IE(AL) 5 1t F (B 1K) -

4.2. ¥ig

HAT, & KRE s R R R G P SRS, — & ' AFae, RS AR, M
SR KA S AR e M B R & DL Se TR AR A &, H R S EGERE . &, BRI
BREA K. AR, X “FHEZ” EMIE S IEA) K& ST 7PN G E 3 il AL R
WY, JTHRRMUE N 10 g/, TISERREIME N 17.6 g/L, PIEAHZERK, BRI b 17.6 g/L HEBHE A
TR WNAREIE 0T,  “WimisE” P ECR IR AR K & MiRl#iA 0.707 mglg, #% 2018~2019
SRR K B AT 0%.(0.33 mglg) i 1 5% 1 “BAERR 7 AEVIPKA AR (A2)5R “ e ia kL A LA AE(AL)
L CFgmZ 7 LRI G R (AS) IR & A 1 5204 L5 RIAR T B2 a0 A fr) s bRl & i S5 b
PWEA—H 8T, HalEXE MRS ALET &80, A NE, A2 — 5 e 5 5
FERA AR A A R, IR A AL A, AR R AR AR R, R A X 1) i
KRR R R B R . TEMAEAE =, REEE AR A B A P2 T 2R, XA ™ i A A
W, FHAEF= S E bR IR .

Rl OK A WUAM 3 bE 2 Al RO b JSPPAN B DG B AR b, A LA o LB, G o i e o 5 I 05 A2 )
A2 (1 5 R R KRG PR IR SR IR R, LR AP AR Rk 28 5506 FH 532, R E SR 4o 452 v UL 155 O T A S
P ST AR EUN . FREEEDT AR II[8], AR5 AS bt M ) filh = A6 B8 A HLAR & EL S AR AE )
REZER, WML 15 AN BRE G FTAA U S EEA 92% (RIEA 84.67%~99.33%), 1A F|
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