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Effects of different conditioners on reducing cadmium and increasing selenium in rice in selenium-rich and
high—cadmium farmland rice

CAO Chi', BAO Guangling', TAO Ronghao', WANG Yao', MA Zhongwen', WU Chenglong’, LIAO Xia', MA Youhua'

(1.Key Laboratory of Farmland Ecological Conservation and Pollution Prevention and Control of Anhui Province, College of Resources and
Environment, Anhui Agricultural University, Hefei 230036, China; 2. Selenium—enriched Agricultural Experimental Station of Shitai
Agricultural Technology Extension Center, Shitai 245100, China)

Abstract: The aim of the present study is to investigate the effects of different remedial measures on reducing cadmium and increasing
selenium in rice in a high selenium and cadmium background area. Under field experimental conditions, the effects of different soil
conditioners on rice yield, cadmium and selenium uptake and transportation in different parts of rice, soil pH, available cadmium content,
and chemical forms of cadmium were analyzed. The yield of all treatments except single application of calcium magnesium phosphate
fertilizer increased significantly compared with the control (11.95%—25.98%). The cadmium content of rice grain was decreased and the
selenium content was increased by different conditioners compared with the control. The selenium content in rice grain reached the
standard of "selenium—enriched rice" under all treatments. The cadmium content in rice grain treated with other conditioners except lime

was below the National Food Safety Standard (0.2 mg-kg™). The bio—organic fertilizer treatment had the best effect on reducing cadmium
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and increasing selenium in rice. Compared with the control, the pH value of the soil with different conditioners increased by 0.10-0.61

units, the content of available cadmium in the soil decreased, and soil cadmium was transformed into residual cadmium. The weak acid

extractable fraction of cadmium in the soil treated with Senmeisi material decreased by 17.59%. The maximum reduction of soil cadmium

reducible form was 40.13% under bio—organic fertilizer treatment. The input—output ratios under the treatments of calcium magnesium

phosphate fertilizer + potassium sulfate, Senmeisi, and bio—organic fertilizer were significantly higher than the other treatments, being 3.39,

3.31, and 3.18 respectively. In conclusion, when selenium-rich rice is produced in soil with high background of selenium and cadmium,

the application of bio—organic fertilizer could effectively reduce the availability of soil cadmium, inhibit the migration and transportation of

cadmium in rice, and promote the enrichment of selenium in grains, and have high achievable economic benefits.

Keywords: selenium—enriched soil; cadmium; rice; absorption and transport; enrichment coefficient; soil conditioner
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Table 1 Chemical properties of soil conditioning materials

ps8i)

g e
*/T)H‘ pH  Total cadmium/ L
Material » Remark
(mg-kg™)
GML 8.5 — Ca0225% Mg0=5% .P,0s>12%
SH 12.8 0.015 Ca0>85%
TJ]  8.0~8.5 — CaC0:240%
SMS  11~13 0.102 510,24% ,Ca0=5% Mg=4%
YJF 7.8 0.560 AU &R 538 g-kg ™ N20.74% .

P,0520.42% .K,0>1.91%

IR SN 460 g- kg™ P,0s>
0.21% .K:0>3.97%

SWT 8.8~9.5 0.095
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Table 2 Experimental treatment and material

consumption in field plot
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Note: The application rate of N, P and K in each treatment is
consistent with the application rate of topdressing.
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Figure 1 Effects of different conditioners on rice yield
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Table 3 Contents of cadmium and selenium in different parts of rice plant under different conditioners (mg-kg™")

Kb PR FFKL Grain FEFT Straw HEFE Root
Processing type Cd Se Cd Se cd Se

CK 0.32+0.02a 0.10+0.01e 0.52+0.03a 0.24+0.02¢ 0.97+0.03a 1.29+0.05a
GML1 0.20+0.02bc 0.13+0.01cd 0.46+0.03b 0.29+0.01bc 0.84+0.03b 1.03+0.03d

TJ 0.14+0.01d 0.1520.02bc 0.44+0.03b 0.34+0.02b 0.63+0.03¢ 1.28+0.03a

SH 0.23+0.01b 0.18+0.01a 0.42+0.03b 0.43+0.07a 0.73+0.04bc 1.14+0.02bc
GMI.2 0.18+0.01¢ 0.15+0.02bc 0.34+0.04c 0.33+0.01b 0.73+0.04bc 1.10+0.03¢
SMS 0.19+0.02¢ 0.12+0.01de 0.35+0.01¢ 0.33+0.02b 0.73+0.02bc 1.19+0.03b

YJF 0.14+0.02d 0.17+0.02ab 0.36+0.01¢ 0.31+0.02b 0.76+0.03b 1.20+0.01b

SWT 0.12+0.02d 0.14+0.02bcd 0.35+0.01¢ 0.31+0.02b 0.64+0.10c 0.79+0.05e

1 [FFR R NG B R Ab B R 25 5 83 (P<0.05) o T[],

Note : Different lowercase letters in the same column indicate significant differences among treatments (<0.05). The same below.

1% WHART]
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MR PR A3 A S H & BN 0.180 mg - kg™, MR 5o 2.
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Table 5 Effects of different conditioners on soil pH and DTPA-

Cd content at rice maturity stage

Ab A 1% pH R
Processing type Soil pH DTPA-Cd/(mg-kg™)

CK 5.86+0.03f 0.3130.010a
GML1 6.05+0.02d 0.2350.017b

TJ 6.170.06¢ 0.195+0.011c

SH 6.47+0.03a 0.180+0.005¢
GML2 6.21x0.03¢ 0.19620.007¢
SMS 6.35+0.02b 0.198+0.015¢

YJF 6.19+0.02¢ 0.23020.010b
SWT 5.96+0.02¢ 0.252+0.009h

435904 35.03% F132.13% .,
24 AEFHEFLGE T ABEHMLE BEEREE
SREEZ BEXES T
2.4.1 JKFEE AL AT 5 i i A S

AN BT KRS A 4 G R AR S A
g3 6 FirR K REFFRL RS FT AR SR & 2 2 (A3
TEEN B 38 1E A 5556 22 (P<0.01) , AK R kEAL G AT A
22 AR B 3 IE A OE K R (P<0.01) o KR
H S HB S B T R SR e R AE SR OGO R ook
FEOFPRLAM & B S AR & B R SRR SR
F] 77 . 35 67 M 56 56 R (P<0.05) .
2.4.2 JKFEFFRLER O i 5 A HIEA T AR S R
FHIEE

MR TRTLUE 1 K FEFERL R & i S R RS
B2 B AR B A M (P<0.05) . Hidh K Rekep
7 R 1 55 R S R AT A RS S A A IR A
KRR (P<0.01), GHkEAS B EE MM K LR(P<
0.01), HIEKILAR &2 | (R As 55k

x4 RENAEFIX KRR AR EENEERY

Table 4 Accumulation and transfer coefficient of cadmium and selenium in rice under different conditioners

AEFRIE Y Cd Se
Processing type BCF i BCF grain TF g8 TF Suaw Root TF sesrmsre T Grain s straw BCF 4 BCFain TF g#05 TF Swaw moot TF sessmsie T Grain s straw

CK 0.57+0.03a 0.54+0.01b 0.62+0.03a 0.19+0.02¢ 0.19+0.02¢ 0.42+0.03bc
GML1 0.36+0.03bc 0.55+0.04b 0.44+0.05b 0.24+0.02cd 0.28+0.01b 0.45+0.03abc
TJ 0.25+0.01d 0.69+0.07a 0.32+0.04¢ 0.28+0.03bc 0.27+0.01b 0.44+0.04abc
SH 0.41+0.02b 0.58+0.06ah 0.56+0.06a 0.33+0.01a 0.37+0.06a 0.43+0.05abc
GML2 0.32+0.02¢ 0.46+0.03b 0.55+0.04a 0.28+0.03bc 0.30+0.01b 0.45+0.06abc
SMS 0.34+0.02¢ 0.48+0.03b 0.55+0.02a 0.21+0.01de 0.28+0.02b 0.35+0.01¢c

YJF 0.25+0.03d 0.48+0.02b 0.40+0.04bc 0.31+0.02ab 0.26+0.02b 0.54+0.07a

SWT 0.22+0.03d 0.56+0.12b 0.36+0.04bc 0.27+0.02bc 0.39+0.02a 0.47+0.05ab
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Figure 2 Effects of different conditioners on cadmium fractions in

soil at rice maturity stage
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Table 6 Correlation of cadmium and selenium contents in different parts of rice at mature stage under different conditioners

KR4 Grain Cd FE&FTF4 Straw Cd H4# Root Cd FPRLAG Grain Se F5FFAG Straw Se 47 Root Se
HFHE 5 Grain Cd 1.000
FEFF4R Straw Cd 0.666%* 1.000
H2 4 Root Cd 0.742%% 0.584+* 1.000
HFARIAT Grain Se -0.389 -0.328 -0.510% 1.000
FEFFAM Straw Se -0.218 -0.372 —0.417% 0.648#* 1.000
HEA Root Se -0.404 -0.360 -0.343 -0.121 0.001 1.000

e 76 0.01 Z COUR)MIRYE R . * 76 0.05 Ul OO MR % . T
Note: ** indicates the correlation is extremely significant at the level of 0.01; * indicates the correlation is significant at the level of 0.05. The same
below.

®7 ARNFEFLETAEHFARLIESHANTEILSHRSENHEXM

Table 7 Correlation between cadmium contents in rice grains and cadmium fractions in soil at maturity stage under different conditioners

iR SRS AL CIPZYEES Bt s
Grain Cd Weak acid extraction Oxidizable state Reducible state Residue state
KPR Grain Cd 1.000
SR HEHLAS Weak acid extraction 0.634%* 1.000
A AL Oxidizable state -0.463* -0.839%* 1.000
Al J5ZS Reducible state 0.599% 0.525%%* -0.406* 1.000
FR i 75 Residue state -0.676%* -0.710%* 0.374 —-0.886%* 1.000
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Table 8 Economic benefit analysis of different conditioners

Qb P HY A Input/(GC - hm™) BHA B AT L
Processing type  JEFI#| Conditioner JIEE} Fertilizer HA Other  Total input/(JG+hm™)  Total output/(JC+hm™) Input—output ratio

CK — 2437.5 9500 11 937.50 12 306+515¢ 1.03+0.04d

GML1 292.5 2437.5 9500 12 230.00 35 559+2 496b 2.91+0.20bc

TJ 2025 2437.5 9500 13 962.50 38 269+3 613ab 2.74+0.26¢

SH 810 2437.5 9500 12 747.50 14 467+959¢ 1.13+0.08d

GML2 292.5 2475.0 9500 12 267.50 41 604+2 316a 3.39+0.19a

SMS 1 080 2437.5 9500 13 017.50 43 063+1 691a 3.31+0.13a

YJF 1125 19125 9500 12 537.50 39 853+2 295ab 3.18+0.18ab

SWT 5250 1912.5 9500 16 662.50 42 480+2 451a 2.55+0.15¢

TE - BRI KRR AN 5.0 J0 ke, A A AERR AR , UK SRAN #2210 1.8 I - kg™ T s FLABMAS (iR Bl 7 AR 25 BB AT, 28

Note: The unit price of selenium—rich rice is 5.0 ¥+kg™". If cadmium exceeds the standard, the unit price of rice is calculated as 1.8 ¥+kg™; Other costs

including seeds, pesticides ,machinery , labor, etc.
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