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Effect of exogenous selenium (Se) and Se—tolerant bacterium on the growth, physiology, and Se and cadmium
(Cd) accumulation in rice(Oryza sativa L.) grown under Cd stress

WANG Bo"*’, ZHANG Ran-ran', YANG Ru-yi'**', SHI Xao—jing', SU Nan—nan', ZHU Meng'**, ZAN Shu—-ting"*’

(1.School of Ecology and Environment, Anhui Normal University, Wuhu 241002, China; 2. Anhui Provincial Engineering Laboratory of
Water and Soil Pollution Control and Remediation, Wuhu 241002, China; 3. Collaborative Innovation Center of Recovery and
Reconstruction of Degraded Ecosystem in Wanjiang Basin Co—founded by Anhui Province and Ministry of Education, Anhui Normal
University, Wuhu 241002, China)

Abstract: Cadmium (Cd) is among the most toxic and widespread pollutants in agricultural soils in China. The antagonism between
selenium (Se) and Cd has been extensively investigated in the past decades. However, the effects of Se application amount and Se—tolerant
bacteria on Se and Cd accumulation in plants remain poorly understood. A pot experiment was conducted to investigate the effects of

exogenous Se and inoculation with Se—tolerant bacterium Lysinibacillus macrolides strain DS15 on the growth, physiology, and Se and Cd
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accumulation in rice (Oryza sativa L.) grown under Cd stress. The results showed that exogenous Se increased the shoot length of rice,

increased Se accumulation, and decreased the activities of superoxide dismutase (SOD) and catalase (CAT) enzymes. Low (0.5 mg - kg™

Na;Se0;) and high (2.0 mg- kg™ Na,SeO;) Se additions significantly decreased the availabilities of Cd in rhizosphere soil by 32.24% and

9.43%, respectively, thereby reducing Cd accumulation in shoot and transportation in rice. The effects of low Se treatment on the

immobilization of Cd in soil and the alleviation of Cd stress were consistently superior to those of high Se treatment, while excessive Se

increased Cd content in rice shoot and root under sterilization condition compared to the control. Inoculation with Se—tolerant L. macrolides

increased rice biomass by 1.79 times but decreased Se contents in rice, and thus, it induced the increase of SOD and CAT activities. L.

macrolides reduced the availability of Cd in rhizosphere soil by 18.46%, and thus, it decreased Cd accumulation and transportation in rice.

Interaction between exogenous Se and inoculation with L. macrolides affected the accumulation and transportation of Se and Cd in rice

significantly. Low Se and inoculation with L. macrolides decreased Cd uptake in rice, while high Se and inoculation with L. macrolides

decreased the transportation of Cd. This study indicates that low Se and Se—tolerant bacterium can decrease the availability of Cd in soil,

and thus, reduce the accumulation and transportation of Cd in rice.

Keywords: Oryza sativa L.; cadmium contamination; antagonism; selenium—tolerant bacteria
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Figure 2 Effect of exogenous selenium(Se) application and inoculation with Se—tolerant bacterium on MDA , chlorophyll

contents and SOD, CAT activities of rice

X 7K R AR B 4 1 B A R 2 e (R°=0.803, P<0.01,
Pl 3b) AR Ak B /A R R 30 ) 5 ik S IR ) R
AL (P<0.01) o MERAN T 152k, 242
Pl DS15 I, AREE 2 it 7EAS [R) Al b P 2 [R] 35 I 35 25
S, FEI ARG Ab L < v i Ak B <X} R 5 (HOR 20 DS15
f, X HECRIMIC AT A B 2 8 2B AR F Al A B, 6 X HERN
R A A B R 2R DS 15 X AR O A B (H
e Al A0 B H 4 DS15 2 PR AP 7 15 £, T 6T BRI
I 2, 3% 5 AR B - 4 v i 3 1 A8 Ak 34— 3
(E3b).

G Ak 3 e o A FHLR 9 3 149 28 AR R G /K gt
B> 4 o A B 2 R (R*=0.931, P<0.01) , ifi fiff
FIEEFP DS15 fli b3 43050 & il FREAR (R 3e) . M
AR ZR Ty 220 TS A, HeRh DS15 B, it fifh Ak B4 1% 1
R AR o LR R R 77.19% TN 76.12% 5 A
FE R DS15 B, 3 Al b B ep M 1 584040 & XA B
P95 S MRUR Sy s A A B> Sk BE S IR A B A i A
ALBRA R DS1S o] FRAKH b5 00 50 o o, (R
i A2 B A K BB S 2 /KT (P<0.01, 8] 3¢ ) o

B 1) 12 Z2 % (Transportation factor, TF) £ /N F

27% , 32 it it Ak B4z A Ak B R 5 A BRI
5 (R*=0.855, P<0.01, 8 3d) , jifi fl§ #1142 # DS15
i 1) b R4 (R G i fa TR A . 32 Fh DS1S B it
il A2b B Sk 2 9/ DR R 5 3 5 N4 DS 15 B, AR 42k
T ] i 2 B AR A Fe s (1 3d) o 42 F DS1S 2 (45
()3 i 5 T R A, HL v o7 e Ak B TR B A (K
F-(P<0.01) .,
2.4 SRR A A 20 B XK AR S 2R

it A e Ak PR 9 35 11 A8 A G K R AR 35
(R*=0.985, P<0.05) Flth - 3 438 i F2 2R (R*=0.992,
P<0.01) ¥4 5 252 ), (ELA () e iz 3 A7 Al Ak R4
il (R*=0.864, P<0.01) , $ ' DS15 () 5 i A~ B & (&
4), BRI ESMEE R KN, e B
DS15, 7R HH i (1% 5 2k 359 Bt 2 it A K Y- 1 386 o v
T (1 da [ 4b) 5 AR &b 23 X6 A 14 265 38 B2 Wi AN B
AL A 7 Ak FERL el 0 i) K A 58 0 R a2 3 i (]
de) o AEFAAL BE AR BEFRP DS1S A 3 135 4 A A
i, DA () e 32 0 2 AL, T GG Ak 3 b B2 b DS15
e AR AR FS AT % 5 d 1, % BE P Rl DS 15 %K
Rl I A TR N



EE S NIRRT AN XA T KR K SRR 2715

& 1007 (a)
o
E Ps.<0.05; P1,<0.05 5 Psexio>0.05
= 80T
Eul a b
== al a
Tz 60f | 1 ab i
= & l l ¢ I be
HZ 4ot ‘ [ |
=
g
=2 20r
.2
g
= 0
@] CK LO HI
fifi b ¥ Selenium treatments
81 (e)
" P5<0.01; P1,<0.01 5 Pecn,<0.01
o .|
wE Of ab [
£ 1
= =
&K< 4t | [
E
23 2+ c c
T i
8 L
-
" 1
0
CK LO HI
Tl b #H Selenium treatments
[J+DS

351 (b)
T,.m 30 b Ps.<0.01; P1,>0.05; Psx1,<0.01
2y a
£5 ]
iz E‘ a
1 E20F b l
g’ = be be <
EE1 ; ;
g
TS0}
<
0 CK LO HI
fifi b P Selenium treatments
& 407 (D)
g Ps.<0.01;P1,<0.01 ; Ps1,<0.01
£ L a a
=00 e ] ]
g
: HH
'% b b
&)
g 10 ] I b
¥ l
‘:gz
B2 0
- CK LO HI
Tl b #H Selenium treatments
[ -DS

B3 HIIGUAE 0 7 i 0 4 B S K S AR PR 088 IR AR AN L AR & B RIS IR

Figure 3 Effect of exogenous selenium(Se) application and inoculation with Se—tolerant bacterium on cadmium (Cd) availability in

rhizosphere of rice,root and shoot Cd contents, and Cd transportation
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Figure 4 Effect of exogenous selenium(Se) application and
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