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Effects of Selenium Foliar Spray on Subcellular Distribution and Chemical Forms of Cadmium in Rice
Seedlings in Different Sulfur Concentrations

ZHANG Wen, LIN Kuang—fei’, ZHOU Jian, ZHANG Wei, LIU Li-li, ZHANG Qian—qian

(State Environmental Protection Key Laboratory of Environmental Risk Assessment and Control on Chemical Process, East China University of
Science & Technology, Shanghai 200237, China )

Abstract; Cadmium (Cd) is a toxic heavy metal to rice. Sulfur(S) and selenium (Se ) may alleviate its toxicity by changing Cd distribution
and species in rice seedlings. Here, we investigated the subcellular distribution and chemical forms of Cd in rice seedlings under different S
concentrations and foliar—applied Se using hydroponic experiment. The proportion of Cd in cell wall was larger under 10 mg Cd L™ than
under 1 mg Cd+L™. As solution S and foliar—sprayed Se increased, soluble Cd increased while Cd in cell wall decreased, indicating the en—
hanced translocation of Cd to vacuole by the supply of S and Se. Also, the percentage of NaCl-extraction Cd fraction increased while that of
ethanol—extractable Cd decreased with increasing supplies of S and Se, illustrating that the presence of S and Se could promote Cd transfer
to less active forms. However, Se supply did not significantly increase Cd transfer into the vacuole and NaCl-extractable fraction under high
S concentrations, implying competition between S and Se.

Keywords: sulfur; foliar spraying selenium; cadmium; subcellular distribution; chemical forms

Cd 2—FXHEYI e ER RN E SR, AUHRA FE RPN AR N A e 2 i — R AR, A
SIRGE A SR Wl i 57 Cd B9 u&%ﬁﬁ%’: Cd & INEE 4@ & i, U & M e A St il i #6153
R E 20140125 ZWARGE . S Al Se MY IR K LTFT LR, I
ggjxy{a .: [ R H R B2 54 (40871223 ,40901148,41001316) 5 Hr s HAREAE M Cd R E . [ TR

R RS AR RE B 45 % % 3 VE 4 V8 B (WB09T1011, g S Al Se JE FRI4ITER, HIbFE b FAPERR LI

WB1214059) I 13k A E 4 MZAb, H il
EERIN ik F(1986—), %, Wb A o A, ERMNFEY Bl Bz ) F L_ %ﬁﬁ%ﬁjﬁ{l b RS
PG . E-mail : mengxinyu2006@126.com %Xﬁ 5604 5 504 E':JI_J’]'JC]Z]:’]'J:’HZ {JO

*BIEIEE ME K E-mail :kflin@ecust.edu.cn YT A2 E S Eﬁ—tigﬁmjﬁ B A fif B [



oK 52 A RV BR T T X K RN RIS 53 A1 B A 2 845

TEAL RO AL A A 25 (PCs ) A5, EAHY)
O B PR T, AR P i AR X = 1k
AL AR E B RO S AR AN A — LR AL
BN, e AT B e AR Rl LR gl T e i
HJm ARV AR B 2 (PCs ) RERE B R 5 FE 4
J 5 T P A N, T e A T < 1T e < i A
Pt ", Cd AR SRR AR B SRR DL
TS & AR, I RE U8 e 2B A7 IX LA 5 25 )
JRARLRIA Ay SR AR TR 52 5 1) B AL

WA — & 5 Se AR T-BE A —ERE
JE b WA SE R AR R N BB R RE R R
IR R, FAT, AT5 s A SR AR L [T s ox
Cd Ao A LA BAR AL SR BT o R, A
SCAE/R B 26 T Gt i TR A, AR 0 -5 5 , )
28 BB AL 2GR 2 AR BUL BT T AR i
WL M X K R A B Cd A AR A A Ak
PSR, LU S 5 Se fA7ENEIL T Cd 1E/K A
LRI A A A TR IR B A [R) AL e A
KRS 5 Se Anfafid L 0 Cd 7E /KRS 4l H A A
(A A1 B A2 TR S 2R A Cd B BEYE

| HREHE

1.1 X5t

SRS GO UERG 6 57 kORI ) U
FERh -, 1 1.2% ) A TR ANV W H 28 20 min, 58+
TRV 3 UG Y S B A MR AR B R L, 2 5
BT A N AR FRA A 32 CAAF M EF . it
I B F R ANER L E R BT A LR
KR SRR TP A TR SR o N AR AR TR 28
°C, 1B 80%, 1E 16 h, S HHGR B 12 000 Lx; 7 [1]
T 20 °C, VRS 70%, 8 h BARE . 2 pU - Pk B 45
AL KA SR FEL A 250 mL B BepR ik
TSR] e B2 AL B (AR AR B 50 #k ) o AR KBS
AR B ARV TR, 1R 3 M EE :0(S0) |
48(848).720 mg-L'(S720) L Na,SO, fil A 53 /5@
B .0(Cd0).1(Cd1) .10 mg-L™(Cd10), Lk CdCl, 1%
I I B - 0(Se0) .500 mg -« L' (Se500), LA
NaSeO, MIA o SER LA T 18 0P, B Ab BRI 1R
3REL . A LR BFEBA A SRR N TR
FAANTEA T, BREERTIRIN 12.d, 45 3 d B de 1 IR
VO, RERE R T TR MBS , A B LAV A K5V, LA
SEURIRIT o Wt R L I 1 52 YT 34 S0 A1 W 55 Rk T Ry
Itk 12 d JFHURE . FRIAE S Nap—EDTA ¥ RIR I

20 min J5 B T/KIE I HEGRK T, 25T
=70 CIKFENIRAT
1.2 7K FE4h B4 P9 2 40 A 46 3 B R B

B 0.2 g oAy B KRR LB AL R L AR 10
mL # 250 mmol - L' #E## .50 mmol - L™ Tris—HCl(pH
7.5) LA S 10 mmol - L i s P 21 Fi 14 2 il b F
VE LA o A P 2 U R M S SR A AN [ 1T
B0 A RIUR 4 ALY g RE 48 i A% A 2%
T BRI DL M AT s PR 53 . T A A ETE 4 °C
AT IFE Cd it iR, M3y 88%~
95% o ZJe ¥ L o HEAT IO T A, TH AT AL R A
HNO; 1 H,0,(5:1) ., Cd % 5 08I0 & 5% B~k
1.3 KRFEHE R N RAIL FRASIRE

W 0.2 g AKFELNETAIAR . BT 1~2 mm® A2 47 1
FE TR SRR 271200 2 A0 4 IO i Cd
AR AR . TR ZEBOR T : LB (80% ,Fr) |
FBEFK(Fy) VAL (1 mol - L Fya) BH R (2%,
FHAC) \ﬂiﬁﬁ(()ﬁ mol - L s FHCI) U&K{é‘?&( Fn)o
L4 ¥R

HHE 1 Origin8.0 1EI&], -1 SPSS #4715 2253 #T .

2 HERESH

2.1 AETRRETRBHENEKFER

H2 1 Al UE B Cd e 3%, K AE 4
B AR N DR Cd e RE A3 2 K RS 40 i
AWt AN 1 mge L7 Cd, 76 10 mg- L7 Cd 4544 F,
KA B 9L 2 PR I (P<0.05) o
2.2 REGRE T M E X K4 8 PR A
ik i EA

H 2 2 AJ%0, 24 Cd M\ 1 mg-L™" 42755 10 mg- L~

® 1 KBYHHEYE

Table 1 Biomass of rice seedlings

Wi UL AR SR
Cd concentration Dry weight of rice  Rice height

Hh 1 0 0.424+0.005a 17.33+0.55a
Aboveground 1 0.405+0.003a 16.31+0.41a
10 0.369+0.003b 12.47+0.33b

HEHB Root 0 0.224+0.001a 12.04+0.21a
1 0.206+0.002a 11.33+0.22a

10 0.173+0.002b 7.45+0.13b

T FHRARR NG PRI Cd WRELILT /Y 2822 5 (P<
0.05),
Note : Different lowercase letters indicate significant differences be—

tween Cd treatments( P<0.05 ).
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Table 2 Subcellular distribution of Cd in rice seedlings

Kb Treatments/mg- L™

Cd %+ Cd contents/mg kg™

cd se s AR Parts Mk SR i 3 ATV PELLS
Cell wall Nucleus chloroplast Mitochondrion Soluble fraction
1 0 0 A8 Root 34.81+2.46a 7.72+0.55a 6.12+0.43¢ 6.25+0.44¢
48 14.75+1.04b 3.71+0.26b 8.58+0.61a 21.59+1.53b
720 15.08+1.07b 7.98+0.56a 7.55+0.53b 45.59+3.22a
0 |38 Aboveground 11.28+0.8b 2.7+0.19a 3.64+0.26a 6.11+0.43¢
48 19.14+1.35a 1.57£0.11b 2.31+0.16b 12.44+0.88a
720 8.81+0.62¢ 2.9+0.2a 1.7£0.12¢ 9.87+0.7b
500 0 HRFE Root 29.03+2.05a 9.11+0.64a 5.5+0.39a 8.62+0.61¢
48 20.39+1.44b 6.85+0.48b 5.97+0.42a 34.04+2.41a
720 6.43+0.45¢ 3.31+0.23¢ 2.09+0.15b 20.92+1.48b
0 Hi -3 Aboveground 16.45+1.16a 2.260.16b 2.83+0.2a 29.96+2.12a
48 11.15+0.79b 2.85+0.2a 2.44+0.17a 25.51+1.8b
720 9.21+0.65¢ 3.17£0.22a 1.19+0.08b 24.05+1.7b
10 0 0 AR Root 73.89+5.22a 9.12+0.64a 6.18+0.44a 11.47+0.81c
48 41.71£2.95b 6.32+0.45b 6.34+0.45a 28.51+2.02b
720 25.79+1.82¢ 9.07+0.64¢ 4.26+0.3b 47.48+3.36a
0 bR Aboveground 43.46+3.07b 4.11+0.29a 6.65+0.47a 10.14+0.72¢
48 56.49+3.99a 4.32+0.31a 3.6+0.25b 15.18+1.07a
720 29.16+2.06¢ 4.58+0.32a 7.2+0.51a 13.75+0.97b
500 0 R Root 84.92+6a 13.52+0.96a 9.75+0.69a 21.36x1.51¢
48 53.3+3.77b 7.61+0.54b 7.29+0.52b 37.72+2.67b
720 27.23+1.93¢ 4.7£0.33¢ 5.85+0.41c 54.12+3.83a
0 Hi [ Aboveground 27.32+1.93b 2.3+0.16b 2.88+0.2b 19.88+1.41¢
48 39+2.76a 5.67+0.4a 4.85+0.34a 33.85+2.39b
720 31.57+2.23b 6.89+0.49a 2.58+0.18b 40.68+2.88a

T RHPARVNG PR AT S WAL T i B4 12257 (P<0.05), T 1A,

Note: Different lowercase letters indicate significant differences between different sulfur treatments(P<0.05). The same below.
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Figure 1 Percentages of subcellular distribution of cadmium in rice seedlings at 1 mg* L™ of Cd concentration
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Figure 2 Percentages of subcellular distribution of cadmium in rice seedlings at 10 mg+ L™ of Cd concentration
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Table 3 Contents of different chemical forms of Cd in rice seedling

AL Treatments/mg- L™

AV Parts

Cd %42 Cd contents/mg-kg™

Cd Se S Fy Frna Fine Fua Fr

1 0 0 HRER Root 25.26+3.28a 7.5+1.7a 15.31+5.05b 2.47+0.81c¢ 3.26+1.08a 1.11+0.14a
48 16.83£2.19¢ 3.46+0.78b 17.1£5.64b 7.86+2.59h 2.52+0.83b 0.86£0.11a
720 20.24+2.63b 2.78+0.63b 36.78+12.14a  11.48+3.79a 3.67+1.21a 1.25+0.16a
0 Hi 3 Aboveground 11.35+1.48a 4.46x1.01a 6.14£2.03¢ 1.25+0.41c 0.4+0.13¢ 0.14£0.02a

48 7.02+0.91b 442+la 14.29+4.72a 6.81+2.25a 2.18+0.72a 0.74+0.1a
720 2.2+0.29¢ 2.91+0.66b 11.15+3.68b 4.92+1.62b 1.57+0.52b 0.54+0.07a
500 0 HLEB Root 17.31+£2.25a 1.58+0.36¢ 20.1£6.63b 9.28+3.06b 2.97+0.98b 1.01£0.13a
48 18.68+2.43a 4.34+0.98a 25.55+8.43a 13.09+4.32a 4.19+1.38a 1.42+0.19a

720 4.07+0.53b 2.1+0.48b 16.23+5.36¢ 7.241+2.39¢ 2.32+0.76b 0.79£0.1a
0 Hi -5 Aboveground 14.78+1.92a 1.15£0.26¢ 21.97+7.25a 9.91+3.27a 3.17£1.05a 1.08+0.14a
48 8.42+1.09b 3.69+0.84b 17.84+5.89b 8.7+2.87a 2.78+0.92a 0.95+0.12a
720 3.19+041c 4.85+1.1a 21.22+7a 6.12+2.02b 1.96+0.65b 0.67+0.09a
10 0 0 HIFE Root 47.74£6.21a 14.97+3.39a 25.33+8.36b 8.83+2.91a 2.82+0.93a 0.96+0.12a
48 37.3+4.85b 10.18+2.31b 26.26+8.67b 6.4+2.11c 2.05+0.68a 0.7+0.09a

720 21.68+2.82¢ 5.13x1.16¢ 49.23+16.25a 7.39+2.44b 2.36+0.78a 0.8+0.1a
0 Hi I35 Aboveground 24.62+3.2b 13.73£3.11a 12.72+4.2¢ 9.3+3.07a 2.97+0.98a 1.01£0.13a

48 35.05+4.56a 8.33+1.89¢ 28.35+9.35a 5.51+1.82¢ 1.76+0.58b 0.6+0.08a
720 9.06+1.18¢ 11.31+2.56b 23.01+7.59b 7.53+2.48b 2.41+0.79a 0.82+0.11a
500 0 HLEB Root 29.7+3.86a 16.7+3.78a 56.28+18.57a 18.8+6.2a 6.01£1.98a 2.05+0.27a
48 28.02+3.64a 10.86+£2.46c  42.76x14.11c 16.99+5.61a 5.44+1.79a 1.85+0.24a
720 12.86£1.67b 13.97£3.16b  48.35+15.96b 11.7£3.86b 3.74£1.24b 1.27£0.17b
0 H#b E35B Aboveground 12.97+1.69a 16.53+3.75a 22.65+7.47¢c 0.56+0.19¢ 0.18+0.06¢ 0.06+£0.01b
48 14.3£1.86a 9.67+2.19b 34.61x11.42b  17.94+5.92a 5.74+1.89a 1.95+0.25a
720 12.43+1.62a 10.41£2.36b  40.87+13.49a  13.19+4.35b 4.22+1.39b 1.43+0.19a
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Figure 3 Percentages of Cd chemical forms in rice roots at 1 mg+L™ of Cd concentration
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Figure 4 Percentages of Cd chemical forms in rice roots at 10 mg+ L™ of Cd concentration
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Figure 5 Percentages of Cd chemical forms in aboveground parts of rice seedlings at 1 mg+L™ of Cd concentration
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