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Effects of selenium fertilization on cadmium uptake and transport in rice crop in different cadmium-
contaminated soils during two consecutive seasons

ZHOU Jingheng"?, ZHANG Quan', LIU Bo', MA Tianchi"*, HUANG Daoyou', ZHU Qihong', XU Chao', ZHU Hanhua'

(1.Institute of Subtropical Agriculture, Chinese Academy of Sciences, Key Laboratory of Agro—Ecological Processes in Subtropical Region,
Changsha 410125, China; 2.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A pot experiment, with four rates of selenium (Se) concentration (0.5, 1.0, 2.0 mg - kg™ and 4.0 mg * kg™'), was conducted to
investigate the effects of Se fertilization on the absorption and transport mechanisms of cadmium (Cd) in rice during two consecutive
seasons under moderately and severely Cd contaminated soils. The Cd and Se contents in rice plant tissues were determined. The results
showed that the Cd content of the current season rice grain decreased by 28.6% only when Se dose was 2.0 mg - kg™ under moderately Cd
contaminated paddy soil. However, the Cd content of rice under severely Cd polluted soil decreased by 36.1% only when the dose of Se was
1.0 mg - kg™'. The Cd content of rice grains of the subsequent season significantly decreased by 30.9% —50.7% in each Se treatment.
Application of 1.0 mg- kg™ and 2.0 mg- kg™ Se in the current season rice significantly reduced the transfer coefficient of Cd from roots to

shoots by 21.5%~-28.3%, with no significant effect on Cd transport in the rice crop during the subsequent season. The Se content in all parts
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of rice plants under moderately and severely Cd contaminated soils during the current and subsequent seasons increased with Se

application rate. With the increase of Se content, the Cd enrichment coefficient of rice grain significantly decreased when the natural

logarithm was used. When the Se dose was 0.5 mg-kg™" in moderately Cd contaminated soil and <1.0 mg-kg™" in severely Cd contaminated

soil, the Se content in rice of the current and the subsequent seasons was less than 1.0 mg* kg ™'. Therefore, Se application can effectively

reduce the Cd content in subsequent rice by reducing Cd uptake by the rice crop, but the appropriate Se application level still needs to be

confirmed under field conditions.

Keywords : paddy soil; cadmium; selenium; current season rice; subsequent season rice; transfer coefficient

e E B R (CA) V5 Y B 28, &)™
JA I B £ A R e R R P (A
TS YRR A AR SR 3R E A AR A AR
N T7.0% , WA S5 S A AR RO R —
A TER I REEIX . TR ERDKR R & T E R
LA EEhRE &5 s Y R (GB 2762—2017)
F L 57 36 10% , oK AR bR 0] 2 5 | i 2k 25 i)
R, EFREANZH A SRELSE KN
S, 475 G A e 4 ) P O e 2 X T Y a6 AR
PR, RO i AT S R 2 it BEL 47 7K R T ) i
ORI RN S — T A 55 A S H T B L
ARFE R A (Se) & AR DT H X /KA AT 25 14 fl
LR, BAYURMA SR 12 Ee . KE
8 3k 70% Y AR KA B A I TR A T SR KO AR
R JSE I T 2 A SR BN AE 3K (S KR R A AR R T
REUS . BRI it G 3% 9 8 Ry LA ) Y 2 A
AR

AR it 5 3 E NI it AT TR R AR AR 22 T
CIFJR T K TAE , iE 52 At Al e 22 fif 4 0 7K A
PR AW B F I T 2 B AR KR X 4 A W s 5 AR
B0 YR AR S 0~8 mg - kg BY T A Y
KR, FEAF K P ok It TG % 185 KT T R A1, A
KRR AT 5 31.5% , A KM 75 £ D) 32 g 14 e K4
MR35 3 A5, A T 3 A A A A N ) E 3 AT
BN A X L A P S it TG T R AR A K AR AR R A
JH A 8 A3 TE , DT e ARG 1) b B iy e is ™ fIGAT it
FHREFEAG 3 S b i B i (HRE A 4 >2.0 mg - kg B}

S St R S T ME R AR AR E
7 AN i P 2 9 PRI 4 A PRI it P 3 75 2R
TG FHTE I, E H AR AR SR SE T2 A AR R AT Y 24
TN, AR G KRR AR R . AL,
A T JREARE FH TG e 5 ) 0 R B 5 /K R A A0 )
SRS, LALAL 58 3858 75 ULt A PR B A

NI AT Ve R S A T 3 X
AT AS [ e B SN X 245 2 5 i e K R R I i e s
VAR ORI & 4 PR 52D, R 9 G 114 16 Bt PR 2,
BT YA TH KA 22 4t R BERH 2 BORSCHE

| MRS

1.1 ket

R B0 A H L 2 e B VD ARl P 55 W I 5
i AR B (K v Bk LB F R St A ) Oy
2017457 H £ 20184F7 A o 1z i 5wl o7 T o I 4 H7
Ze A X, A Y BT O 1 358.6 mm, 4F M SR
17.1 C, &BH (1 A)F¥HSW 5.0 C, &M A (7T H)
PRI 29.4 Co PR HHERE TR A KV L
1145 (28°22" ~28°27' N, 112°58" ~113°05 " E) K HAH il
FRE 2R R 4TS e 32 28k A BT 20 tiE42 90 45
RARAFA T o 2RI L R E TR
AL RRVD IR, BR PR , A ML 5 37 50 7K
e (1), IR EREE i & F 4 85875 e X
W P A i (iR 47) ) (GB 15618—2018) , 2 Fil - 3243
)& T S E TG Y (UK SR A
FIRR AL 189, Fh i e A B AL M A PR A Rl H

x1 il EERMR

Table 1 Basic properties of the tested soils

o HHLE 2R e B g 4x1if
Soil pH Organic matter/ Total N/ Total P/ Total K/ Total Cd/ Total Se/
(g-kg™) (g-kg™") (g-kg™) (g-kg™) (mg-kg™) (mg-kg™)
R A e 4.94 60.48 231 0.85 36.42 1.33 0.43
Moderately Cd contaminated soil
AT e 11 5.18 4591 2.03 0.96 43.99 2.62 0.56

Severely Cd contaminated soil
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Figure 1 Cd contents in different tissues of rice
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Figure 2 Effects of Se fertilization on the Cd transport coefficient of rice
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Table 2 Soil pH and available Cd content

AL PR Treatment pH S5 Available Cd/( mg kg™ )
Rz TG Y 1 B2 CK 5.03x0.01a 0.23+<0.01a
Moderately Cd Current season 0.5 mg-ke" 5.06+0.04a 0.23+0.024
contaminated soil
1.0 mg kg™ 5.02+0.02a 0.24+0.02a
2.0 mg-kg™! 5.05+0.05a 0.24+0.01a
4.0 mg-kg™! 4.90+0.04b 0.23+0.02a
- .06+0.0da OY9+0.U2a
= CK 4.68+0.05 0.39+0.02
Subsequent season 0.5 mg ke 4.69+0.07a 0.41:0.05a
1.0 mg- kg™ 4.67+<0.01a 0.41+0.01a
2.0 mg-kg™ 4.62+0.07a 0.39+<0.01a
4.0 mg-kg™ 4.74+0.05a 0.39+0.03a
R TG Y B CK 5.21x0.03¢ 0.76x0.03a
Severely Cd contaminated soil Current season 0.5 mg-kg 5.43+0.03a 0.60+0.09h
1.0 mg-kg™ 5.30+0.03be 0.70+0.05ab
2.0 mg-kg™ 5.35+0.03ab 0.68+0.08ab
4.0 mg- kg™ 5.23+0.01c 0.76+0.06a
o= CK 4.75+0.03ab 1.14+0.09bc
Subsequent season 0.5 mg-kg 4.86+0.04a 1.13£0.07he
1.0 mg-kg™ 4.86+0.05a 1.11+0.06¢
2.0 mg-kg™ 4.69+0.05h 1.25+0.08a
4.0 mg-kg™ 4.64+0.06b 1.23+0.05ab

T AR/ INE PR IR R 2 ) A AR BRI 22 55 (13 (P<0.05) 5 Bt AP B+ bR LR 22

Note: Different letters indicate significant differences between treatments for each rice season for the same soil (P<0.05). Data are presented with mean+

standard error(SE).
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Figure 4 Relationship of Cd bioaccumulation factor with Se concentration in brown rice grain
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