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Abstract: Selenium (Se) can inhibit the absorption of cadmium (Cd) and arsenic (As) in rice, and combined Se and passivator

technologies have been applied in rice soil remediation. However, the risks of Se application with passivators have not been investigated.
Using a full flooding condition, this study explored the applicability and risks of Se combined with passivators under rainy weather in the
south of China. Either 30 mg- kg™ or 50 mg- kg™ sepiolite (SP30 and SP50, respectively) was used as a base fertilizer and 1 mg+L™" or 5
mg-L" Se(Na:SeOs; Sel and Se5, respectively) as a foliar fertilizer. Indexes were measured for soil rhizosphere (pH and Eh) and rice grain
(mainly concentrations of Se speciation, amino acids, cadmium, arsenic, and selenium ). The results showed that compared to the CK
treatment, adding Se or sepiolite alone had adverse effects on rice and promoted the enrichment of Cd or As in grains. Compared to
treatment with SP30, Sel1SP30 and Se5SP30 significantly increased seed setting rate and Cd concentration. Se5SP30 also significantly
increased plant height and 200 grain weight. While the rice grain concentration of some amino acids increased with both treatments, a
decrease in Ca and Fe was observed with both treatments, and Mg and Mn decreased in Se5SP30. Compared to treatment with SP50,
SelSP50 and Se5SSP50 significantly reduced the shoot fresh weight, while treatment with Se5SP50 also reduced shoot yield and increased
seed setting rate. Decreased grain concentrations of Fe and Zn were observed for both treatments, Mg and Ca with Se5SP50, and valine with
SelSP50. Increased grain concentrations of arginine and tryptophan were observed with both treatments. The concentrations of As and Cd
in grains were not significantly affected with either treatment. The results of this study indicate that the use of Se or sepiolite increase the

risk of As and Cd enrichment in rice grains under flooding conditions during the whole growth period. In practice, attention to water

management is needed when using Se and sepiolite to remediate As or Cd contaminated soils.

Keywords : amino acid; selenium morphology; rice; combined pollution; cadmium and arsenic enrichment
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2.1 HRERLHEpH A Eh

WFR R, 538 (CK) M EL , B Se AEAS 8 2%
KA PR A58 pH B 2 BEAR T3 Eh, ARt A
X pH Fl Eh 52 i #4481 3% . 5 SP30 AL FEAH L, s
Se /N g 2 FEARAR P 1 3% Eh {f , Se1SP30 &b B i 2 4%
Jin MR pH, SeSSP30 4b Bl oK 25 52 i + AR bR
pH. 15 SP50 ZbFRAH LE , A ATt Se 38 /i 1 AR Pr 1 1
pH{E (0.05~0.97) , H:H 7E SeSSP50 4b P T 12 2% 14 i
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Table 1 pH and Eh in rhizosphere soil

AL P Treatment pH Eh
CK 5.75+0.03cd 93.00+0.00a
Sel 5.82+0.03bed 79.00+4.00b
Se5 5.92+0.16bc 78.00+6.00b
SP30 5.67+0.02d 86.33+3.06ab
SP50 5.68+0.05d 89.33+5.69a
SelSP30 5.98+0.07b 78.00+5.00b
Se1SP50 5.73+0.05¢d 86.00+3.61ab
Se5SP30 5.88+0.17bed 76.67+2.08b
Se5SP50 6.65+0.07a 85.00+4.00ab

T P E bR HE 2 (n=3) , RGN [R) /NG BR8N [ b L i) 22
FEE(P<0.05), T,

Note: Values are means=SD (n=3). Different lowercases letters in the
same column indicate significant differences among different treatments

(P<0.05).The same below.

Jo i, SP30 Zb P P REAL 1 2R 6 it i BT A 200 K0
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[ W ENT N
2.3 IKTEFFRIR Se .Cd AsHIEE
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() Fr e 34 s B BE it 5 mg - L' Se 5S4
TC it 350 d 2 N TR ERE TR Cd 1Y) 55 2 5 Se5 A 3 I 253
INTRERL TR As 5 o T BRL R e Ve Y A RS S
MR As B S H . 5 SP30 8 SP50 A FRAH Eb , A 41
W5 it Se 147 R @ SRR As 5 . 15 Sel kb3
AHLE AR it T 90 1 o J 2 s R R T As B 5 o, HL iR
FEWOM T R R Cd B % i 5 5 Se5 4b FEAH L
Se5SP50 Kb Pt 2 FEA THARL T As FICd I & it 5
SP30 AbBEAH L , B NBT it Se Sk & 5N T FERLH Cd 1)
Tt 5 SPSO AL FRAR L, AR ANl Se A i 25 5 WA AT
Kb CAI o fE . 245 Se FHE<T mg- L7 I, A v
WA A S 35 B Rk Se 5 B, 2 S mg - L' Se
A, AR it v A SRR TR R R Se i (KT 1) o
24 KBHHNHLEEFTENSE

H #3115 CK A EL , Se 3 #1680 41 PR — Jifi
FH i) TR P B KR Fe 55 4, T34 i1 Mn . Cu
A Zn B9 &, Sel AR EREAL T /KRG KR A K Al
Fe &7 15, Horp Fe £ 2 FEAIX 60.30% ; SeS Ab H1 i 2 F#AIK
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Table 2 Biological indexes of paddy rice
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g3 s i MR 200kt it A R
Treatment  Heightfom  1ooh Welghtof  p cle weightle 200 grain weightlg Yield/(g-pot’)  oin8 Ratio of productive
shoots/(g-pot™) percentage/% tiller/%
CK 95.40+1.49b 95.46+0.15a 47.53+1.51a 4.05+0.05a 34.96+2.01a 86.35+2.26¢ 0.79+0.13ab
Sel 95.83+1.76b 77.16+0.33bcde 41.31+0.73ab 4.01+0.03ab 27.08+2.85bc 79.16+2.24e 0.73+0.13b
Se5 97.53+1.79ab 85.43+3.73b 43.70+3.49ab 4.09+0.04a 32.57+0.97ab 94.66+1.42a 0.80+0.12ab
SP30 94.70+0.98b 83.27+2.71bc 38.30+3.90b 3.94+0.05b 29.31+0.88bc 69.18+1.41f 0.83+0.10ab
SP50 96.80+0.72ab 84.32+3.79h 41.13+4.05ab 4.08+0.06a 31.19+3.42ab 82.23+1.53d 0.90+0.09a
Sel1SP30 96.67+3.06ab 72.58+1.61de 42.20+1.95ab 4.02+0.07ab 27.02+5.03be 88.65+0.81bc 0.74+0.04b
Sel1SP50 96.00+1.00b 75.59+4.46¢de 42.74+4.48ab 4.02+0.07ab 30.24+1.30b 82.33+1.06d 0.77+0.06ab
Se5SP30 100.00+3.61a 79.52+2.95bed 38.63+3.24h 4.09+0.05a 28.85+0.90bc 89.17+0.76bc 0.92+0.01a
SeSSP50 96.47+1.42b 70.29+6.01e 35.67+2.55h 4.02+0.06ab 25.26+2.48¢ 91.71+1.00b 0.83+0.08ab
*3 KFEEAKF Mg . K.Ca Mn Fe CufiZn = (mg-kg")
Table 3 Content of Mg,K,Ca,Mn, Fe,Cu and Zn in grains of paddy rice(mg-kg™)
AbFE Treatment Mg K Ca Mn Fe Cu Zn
CK 1 201+42.44ab 3215+43.49a 208.9+12.54a 19.56+1.12bc 12.61+£2.47a 2.51+0.08b 25.25+0.85¢
Sel 1 304+62.89a 2 986+48.73bed 195.4+15.69ab 20.87+0.77ab 4.97+0.63¢ 2.85+0.55b 26.36+1.65¢
Se5 1309+53.48a 3010+178.89bc 219.0+£28.34a 21.95+0.53a 11.76£0.51a 3.59+0.42a 34.13+4.65b
SP30 1 213+70.02ab 2 906+98.16¢cd 223.1+£33.20a 19.87+0.52b 7.98+0.12b 3.04+0.08ab 34.55+2.89b
SP50 1 126+53.42bc 2 985+62.54bcd 187.3+21.58ab 20.74+0.49ab 5.15+0.76¢ 3.30+0.49ab 42.59+0.86a
SelSP30 1 126+22.59bc 2932+15.15bed 146.6+11.98¢ 20.18+0.08b 2.19+0.09d 2.95+0.14b 33.22+1.69b
Se1SP50 1071+86.14cd 3 127+60.16ab 162.1+£5.96b¢ 20.51+0.15ab 0.94+0.01d 2.69+0.44bh 24.28+2.40¢
Se5S5P30 1 024+52.57cd 2 788+32.54d 141.6+15.08¢ 18.18+0.61¢ 4.62+0.01¢ 3.36+0.17ab 28.95+2.55b¢
Se55P50 972+37.35d 2 894+56.44cd 128.9+10.28¢ 19.19+1.21be 1.60+0.01d 3.13+0.20ab 28.36+3.34bc

TORER R K B T Mn, Cu Al Zn 25 540 1) (g 25 1
112.22% .43.03% F135.17% ; SP30 F1 SP50 4b B
EREATFF R ) KA Fe 53, 10 S350 T Zn 5 8
5 SP30 Ab B AH L, &SP Wit Se B AR T AT KL H Mg
(Se5SP30) . Ca.Mn(Se5SP30) Hl Fe () & & . 5 SP50
AE AR L, B0 M3t Se FEAR 1 AFKE Hh Mg (Se5SP50) |
Ca(Se5SP50) \Fe il Zn [l &5 & .
2.5 AEIGEXKBHFAHEERSENTIT
W4 PR, 5 CKAIEL, Sel 4b 3 52380 1k
A ARG U TRY 19 % &, Ho TRY &% &5 17
57.14%. Se5.SP30 H1SP50 4b BEA S #EKr o Y 44 HL iR
S B FE . 5 SP30ALEIAH HE , AN 1 mg-
L' Se A 4b B, ¥ 60 H GLU ARG MET,TRY £ PHE
B 5 4 i 3 BN T 8.72% ., 20.00% . 35.00% .
55.17% F1 16.07% ; 111 & ¥MGE it 5 mg - L Se I Ab BE R
PR ) 2 LR & A B R . 5 SPS0 A BEAH
o, BN 1 mg- L' Se B 2534 0 T FFK Fh ARG F1I

1% WHART]

TRY ()& &, 40 3 T 15.07% F1 44.83%, [a) i}
WAL T VAL B & i AN 5 mg - L Se B Ab
B, FERL A ASP ARG LEU . TRY 1 PHE (% & i
FAINT 11.83%.9.59% . 11.36% .27.59% F110.53%.,
2.6 FRRRRRSHHSERLE

VU oo 7 T 25 A o 3 1 £ 51 DL 1L 28, 55 CK
AHEE , BRI Se s E 1N T SeCys , SeS5 4b #f {35 1%
BT SeMet il Se (IV ) 7 1t , 17 Sel &b 3 - A< A6 I
SeMet. 5 Sel AbFRAH EL , &7 41 jiti 16 10 A1 2 25 FRAIR
T SeCys & &, KRB E M Se(IV) Fl SeMet Fr . 5
Se5 4b FRAH LG, 25 F1 AL Jit v 0 A1 ik 2 B AIR T SeCys A
Se(IV)F & ; 1 SeSSP30 AL HL i 2514 il T SeMet 75 &,
Se5SP50 4L EREAR T SeMet 75 1 (81 2b) .

X B Gb B R RE AR R 32 B SeMet, HL Uk R
Se(IV). BN mg- L™ Se J& , ¥FRL Y Se TE 24
FHEH SeCys F1 Se (IV )ALk, Hirp L SeCys £ . i
Jin5 mg- L™ Se J& , SeCys HLf5 A, Se (IV ) Fl SeMet tb
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Figure 1 Content of Se,Cd and As in grains
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3.1 TEpHFAEREIT{L
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Y CEKEERREE) , J&E T Ok E kL. WA A 8 m
Fb 2 T AR AN ] A AR B [Fe I Mg 25 5 B AUAR 80N
T A B AR (AD ], A5 L2 R R AP, (AR
T 5% R MR it Vg 96 0 AS S 3 B AR AR P - 33 %) pHL, 2L
AIREA R A

(DA 5T LB B FIE S AR R 65 5 57
JCE VLA LB S A o RS A A Kk
B IR PARE, N E>2 g kg 2P HE>
1 g kg B, 135 NFI P 54343 N — 9 A LTS
O A KT )30~40 g- ke ' I, THHEG LT &
WE T TR ) o B, AR AR BH
B R DR S A R 1 [ 2 L AT AT RE
Teb ], X B g AR 5 3P R R 5

(2) Mg Ko oAt B 25 -1~ A 42 W A, T) R 0 I
TS AR LT K0 Cu (3K E 573
T o 22 mg- kg )P NI (FR [E 4 53455 Ok 24.9
mg - kg™ )PV A B 1 40 R 10.04 g kg 12.34
mg-kg ' F19.72 mg- kg™, FoF A — i L IBAIG, REI R
KA 4 [ 55 R+ 58 A 35 20 A b, 134
(K:0) F7<5~10 g-ke ' 9+ 38)8 T Kk = + 35

) K K FEGEIFEY) R A &4 . K&
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PR R R R I, 5 80 Eh BRAR, £ Cd (3L
T PR T ) 5 3 T ] B A B AR A B AL )
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Table 4 Percentages of different amino acids in the grains of paddy rice (%)

Kb Treatment ASP THR SER GLU GLY PRO HIS ARG
CK 0.89+0.03b 0.34+0.01b 0.44+0.02b 1.60+0.03¢ 0.44+0.01b 0.47+0.03a 0.21+0.02b 0.70+0.02¢
Sel 0.96+0.02ab  0.35+0.01ab 0.49+0.01ab 1.72+0.04bc 0.46+0.01ab 0.45+0.01a 0.25+0.01ab 0.83+0.01b
Se5 0.95+0.01ab ~ 0.35+0.01ab 0.48+0.01ab 1.69+0.04bc 0.45+0.01b 0.49+0.05a 0.24+0.01ab 0.72+0.02¢

SP30 0.94+0.04ab  0.36+0.02ab 0.45+0.02ab 1.72+0.07be 0.46+0.02ab 0.47+0.02a 0.23+0.01ab 0.75+0.03¢
SP50 0.93+0.06b 0.35+0.01ab 0.45+0.02ab 1.69+0.07bc 0.45+0.02b 0.48+0.03a 0.23+0.06ab 0.73+0.01¢
SelSP30 1.04+0.07a 0.38+0.02a 0.51+0.03a 1.87+0.08a 0.49+0.02a 0.47+0.04a 0.27+0.01a 0.90+0.03a
SelSP50 0.95+0.03ab  0.36+0.01ab 0.48+0.04ab 1.71+0.05bc 0.46+0.02ab 0.46+0.02a 0.26+0.01ab 0.84+0.03b
Se5SP30 0.94+0.01ab  0.36+0.01ab 0.46+0.02ab 1.73+0.06bc 0.45+0.01b 0.48+0.04a 0.25+0.01ab 0.74+0.02¢
Se5SP50 1.04+0.03a 0.37+0.02ab 0.50+0.01a 1.82+0.06ab 0.48+0.01ab 0.48+0.07a 0.26+0.01ab 0.80+0.04b

AL P Treatment ALA VAL MET LD, LEU TRY PHE LTS
CK 0.56+0.02b 0.57+0.01a 0.20+0.01cd 0.38+0.02b 0.85+0.02¢ 0.28+0.01¢ 0.54+0.02b 0.32+0.02b
Sel 0.62+0.02ab  0.52+0.01ab 0.24+0.01bc 0.37+0.01b 0.90+0.03be 0.44+0.01a 0.59+0.02b 0.36+0.01ab
SeS 0.59+0.01ab  0.52+0.01ab 0.20+0.02¢d 0.37+0.01b 0.88+0.01b¢ 0.30+0.02¢ 0.56+0.01b 0.34+0.01b

SP30 0.59+0.01ab 0.59+0.01a 0.20+0.02¢d 0.39+0.01ab 0.88+0.02bc 0.29+0.01¢ 0.56+0.01b 0.35+0.02ab
SP50 0.59+0.03ab 0.58+0.02a 0.21£0.02¢d 0.38+0.02ab 0.88+0.06bc 0.29+0.02¢ 0.57+0.02b 0.35+0.04ab
SelSP30 0.60+0.13ab  0.55+0.04ab 0.27+0.01a 0.40+0.02ab 0.96+0.05ab 0.45+0.03a 0.65+0.03a 0.38+0.02a
SelSP50 0.63+0.02ab 0.48+0.06b 0.25+0.01ab 0.37+0.01b 0.88+0.02be 0.42+0.02a 0.58+0.02b 0.37+0.01ab
Se5SP30 0.60+£0.01ab  0.54+0.02ab 0.21£0.01cd 0.38+0.01ab 0.89+0.01be 0.30+0.01¢ 0.58+0.01b 0.34+0.01b
Se5SP50 0.66+0.05a 0.58+0.05a 0.19+0.00d 0.41+0.02a 0.98+0.04a 0.37+0.01b 0.63+0.02a 0.38+0.04ab

P AT T B2 AK AR AR 2R B — I W S I, A2 AT AR
RIR AR — 2 R A R T Se fb & W 138 i .
5 IR —3E  AE I A YA A T
W5 it Se X AR B 4= 1 Eh 3345 A 2 AR, H R
I 5 EE 2P R GRS, 4 A Se I AG - HE
DT Se I J5L A TR PR A5 1 284k
3.2 KEBEKM=E

T T 1Y Se AT LA = V00 77 18 R BT, VAR B 0k
o W2 X AR ) 7 A i AR HIY, Teixeira S IF9E &
B, AN Se AT AR KR AR L H , B i Ho™ 5 A
Jito {H 24 Se ¥k FEHE 1 0.8 mg- kg ' B, KR4 AR K
SZFMC, AR ECIW ST K B, Y Se Wk BE K
T 2.0 mg- LB, S04 A2 32 A A A RE AR, ANk
g Hp, B TR I 1 mg - L' Se dik 35 REAIR T 25 ff
TR A, S A BRI TET A 5 mg - L Se {UE 3
FEAR T b bR it . 5 5 Teixeira I AF
FEEE A — 2, X AT RS A R KFS S A KA K 2%
1 Se BTSN L L 148 [ B PR AEAEYE Ty DL K
Se AT HEXT As . Cd MR iF A G o A ialE 4 & 81 SP30
Ab 3R R T 2R M T BEBT AL L 200 K ST L
FNGE 524 5 1 SP50 Ab T i 25 R A1 T 25 i Joit 5t N 45
LA X RUITEAD ST AT 1A 2 F 2 X K A

1% WHART]

R PR A RFI I . 5 SP30 B AL AR E , 5 mg- L
Se HE N T 7K A Ak = (SeSSP30 Ab HE) | 200 K7 S &
(Se5SP30 4 ) FiZ 544, R WL it (SP30) 1 i A1
ARBRTR, W TET BT Se XK AR A KA —E AR EVEF .
33 FFRI CdFIASs S E

EH AN KB, i TR 8 mg- L' Se W] LA
FEREARAK H Cd  As 5" H Shanker 5%} 3¢ G A
I8 KB, Wit AR Se th (B 35 FRAR T 32 5 Cd IR .
TEA TS, BRI it 55 5 £ Se (5 mg- L™ Se) FIAIA
15 0 £ (SP50) Vi £ 35 W 2538 i 1 FF kL b Cd B i
(FE1b) 5 6 As T 75, B2 I55 it 55 7] 42T Se 38400 17 7K A
FERL As & (B 1e) . SP30ALFE T, W55 it Se Sz i fie
ETRERE R Cd B (8] 1b) 5 76 Wi v 77 4 Se Al
it o v ) R YA S AR R Y As R Cd Y
i (B 1b Bl 1) o AR, 52 KA FFRL As . Cd 1
W SR R AFAELL T LA

(1)Se Wyl . A HRE R, Se X 7KFE Cd K
WS HR) 5% M BRGER T Se A Cd 19 2% 5 MR 3, 248 3R W0 Cd
B I WS U Se 4 4R T K A X Cd il g
W™, B AE K R Y R I, AR FE Y Se X As
I AEPUIE R, 0 = R B 1Y) Se X As B PR HLAT P
VR T ASBIETE AR e BEARRL Y ) 5 24007 , BN 5365 1Y
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Se speciation(c) in grains

e AR B A K SR K R AR Cd Rl As B & 4 o
1§Jﬁﬂ,5$ﬂ@EALI‘IEEPFHH:,ﬂfﬁﬂmﬁﬁSeﬂd‘Iﬁﬁi%
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). FRGEF LN, SP30 AT, Se A REAE HE T /K

5 Cd KR B 3535 . Se M2 3F Cd (%5 12t 1 Ho A
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ALFAF L, SeSSPS0 AL AN & KA T kPR Cd 1 7%
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