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Effects of different long—term tillage methods and straw returning on cadmium bioavailability in paddy fields
LONG Zedong, SUN Mei, LUO Zunchang, SUN Geng’, LI Chao, XIAO Xiaoping

(Institute of Soil and Fertilizer, Hunan Academy of Agricultural Sciences, Changsha, 410125 China)

Abstract: The effects of different tillage methods and straw returning on the bioavailability of cadmium in a soil-rice system in Hunan
Province were studied with the aim to provide supporting data for improved soil quality and reduced rice cadmium content in these systems.
The trial was randomized and a total of four treatment groups were designed: plow tillage with residue removed (CT); plow tillage with
residue retention (CTS); rotary tillage with residue retention (RTS); no—tillage with residue retention (NTS). The study found that the NTS
group increased the soil CEC content and reduced the proportion of powder particles. The total cadmium and ion—-exchanged cadmium
contents in NTS soil were(0.48+0.01) mg-kg™" and (0.39+0.01) mg-kg™', respectively. These were not significantly different from the CTS
and RTS treatments but were significantly higher than the CT treatments. The total cadmium content of brown rice from early and late rice
in NTS were (0.30+0.04) mg- kg™ and (0.60+0.07) mg-kg™, respectively, which exceeded the national food safety standards (0.20 mg -
kg™') and were significantly higher than in the other treatment groups. The total cadmium content in brown rice was positively correlated

with total soil cadmium, carbonate bound cadmium, and iron—manganese bound cadmium. The weaker the tillage intensity, the higher the
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bioavailability of cadmium in soil, and the higher the bioavailability of cadmium in straw returning to the field compared with the non—

return treatment. Tillage methods and straw returning affect the cadmium content in rice by affecting soil bioavailable cadmium. No—tillage

with straw returning to the field increases the cadmium content in soil and brown rice, resulting in unsafe cadmium levels that exceed the

national food safety standards.

Keywords : tillage methods; straw returning; double cropping rice; cadmium; bioavailability
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Table 1 Tessier five=step method for extracting different forms of

Cd from different forms in soil

IS REZ NN E/AE N (LI N

TFs r=Cro/CsX100%

TFro-1.=Cu/Crsx100%

TFier=Cri/CL-x100%

BCF=Cr/CsX100%
A TF %18 %0 BCF 5 4 80 Cs G C
Cri 73 B 1358 KRR KR 2K FUK FEPRE K Th i
i, mg-kg ',

ASTE Al FH R PR REA 28080 20 A, AN TR 26031 =2 (18]
8 S 2 25 S P 20 W el e R D 2R 5 22 0 M 2 i (Ome—
way ANOVA) , 2 8 [ 858 12 Duncan 543 55 , #H G 1k
J3 BT id 2L Pearson J5 25 58 i, >R F i B /s — 3 AR A
74 (The partial least squares path mode , PLS—PM) f# #7
BEVE Ty 20 FEFFIE IR AL PE BT | IR AR A AL
PEAUK R & i Z B AR LG &R, By 22 R 5 3 R
B A F Origin 2020 58 i o

2 HRE5HMH

2.1 TEBUHERMEEES
ASTRVBEAE 5 25 5 AR I8 B 0 A g Bk v R i 5
MR 2 7R o £ A0 B2 (8] ek Ab  A0aD Rk
G i 2% 22 5 (P>0.05) ,{H CTS(65.04%+2.06% ) ¥ Hi
i H B KT NTS(59.69%+3.86% , P<0.05) . NTS 4b
FiCEC & 4 (11.20+0.20 ) emol - kg™, &8 T CT
CTSZbHE(P<0.05) . £ 4bFR A 135 pH A1 DOC TG 2.
FHEF(P>0.05), I/NX - gE R SRR, A0 FE

HEHOB $RIUEZS PRI
Extraction sequence Extraction morphology Extraction reagent pH qz ﬂ]ﬁﬂ? 5.70~5.93,
1 BT AL 1 mol L™ MgCl, WE TR A FEREE D7 0 SRR ) L
2 IRARERZE 375 1 mol-L" NaAc RIS ERE P2 AR T SR 50 . CTS 1 NTS &b B
3 PEAMDEE SRS 0.04 mol- L' NHOH-HCL BT A W A A o 4 Bk (0.35+0.01) mg - kg™ Al
! AAPEEE  00tmaL INOA (0.35+0.02) mg- kg™, ¥4 i % 7 F CT b F (9 (0.29+
5 st A HNO, . HF .HCIO, 0.04)mg-kg' (P<0.05) . NTSAbPRERER L5 G5 S
F2 AEAE T ZEMEL SR
Table 2 Physical and chemical properties of soils under different treatments
Ab 3 HL» 4k Hki Bk PH & 38 i 13 pH ATV A HLIR
Treatment Coarse/% Fine/% Slit/% Clay/% CEC/(cmol -kg™) Soil pH DOC/(mg-kg™)
CT(n=3) 15.82+0.63a 19.42+1.83a 63.01+1.94ab 1.75£0.12a 10.03+0.15¢ 5.73+0.23a 74.13+7.43a
CTS(n=3) 14.73+£2.36a 18.15+2.27a 65.04+2.06a 2.08+0.51a 10.50+0.27be 5.90+0.10a 75.67+2.78a
RTS(n=3) 15.69+1.94a 19.86+0.18a 62.71+1.75ab 1.74£0.26a 10.97+0.35ab 5.77£0.15a 79.93+4.00a
NTS(n=3) 16.25+0.74a 22.01+3.66a 59.69+3.86h 2.05+0.64a 11.20+0.20a 5.70+0.10a 80.09+1.34a

T CT=FBRS FEARN IR H, CTS=HH#FRS FTIE H, RTS=BERHFS FHIA L NTS= RS AR H o RIR/NE FRHMUFRAR R A 2 A7 75 B % 22 5 (P<

0.05). Tl

Note: CT is plow tillage with residue removed, CTS is plow tillage with residue retention, RTS is rotary tillage with residue retention NTS is no-tillage

with residue retention.Different lowercase letters represent significant differences between different treatments (P<0.05).The same below.
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retention.Different lowercase letters represent significant differences between different treatments (P<0.05). The same below
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Figure 1 Distribution characteristics of different cadmium forms in soil under different treatments
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Figure 2 Characteristics of cadmium content in various parts of rice under different treatments
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MR o B FURE R B it 2 B3 IE A R R R (P<
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[T 285 B et KR 25 3L 4 1 i 2 [RD e A i 35 A
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i 3 PLS-PM 2007, BFAE I 2 R AR IR L - 453
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Table 3 Transport and enrichment coefficients of early and late rice under different treatments

bl Variety AP Treatment TFsr, TFro-t. TF er BCF
L CT 5.11+0.99h 0.15+0.02a 0.35+0.08a 0.26+0.07b
Early rice CTS 6.70+0.41ab 0.12+0.01a 0.45+0.08a 0.360.11ab
RTS 9.94+3.58ab 0.16+0.03a 0.35+0.17a 0.56+0.33ab

NTS 12.18+1.75a 0.21+0.02a 0.27+0.10a 0.66+0.10a

WA CT 10.04+0.70a 0.54+0.06a 0.18+0.05h 0.93+0.09h
Late rice CTS 6.42+2.00b 0.52+0.14a 0.28+0.04a 0.88+0.03b
RTS 9.53+1.59h 0.65+0.24a 0.18+0.02b 1.0720.12ab

NTS 9.63+0.78b 0.42+0.15a 0.3320.06a 1.2720.17a
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T-Cd: S5, ION=-Cd : 8 T34 8548 , CAR-Cd - BRRER 2545 540 , FMO-Cd : BRER L2 5 550 ORG-Cd: ﬁmzﬁékﬁﬂ ,RES-Cd: R 54 ,
Coarse: HLAD , Fine: 41 &%, Slit: ¥y 47, Clay : 6Kz, DOC: Rl IEMEA HLEK , CEC: FHE T 32 it RoCd : 6 &, LeCd : ZXMH AR & 48, RiCd B KA &5 1,
TFs 0 TR A TR 435I R A AE 1A AR —ZE 0 FIZE 0 —REK (195542 R B0 BCF: s A R AL *?éiﬂ‘ﬁ?é‘féi% ,P<0.05

T-Cd:total cadimium,ION-Cd:ion — exchange cadmium, CAR-Cd: carbonate — bound cadmium, FMO-Cd: iron-manganese bound cadmium, ORG-Cd:
organic—bound cadmium, RES - Cd: residual cadmium, Coarse: coarse sand, Fine: fine sand, Slit: silt, Clay: clay, DOC: dissolved organic carbon, CEC: cation
exchange capacity, RoCd: cadmium content in root, LeCd: cadmium content in stems and leaves, RiCd: cadmium content in brown rice, TFs gy, TFro-1. and TFieg;
are transport coefficient cadmium in soil-root,root-leaf and leaf~brown rice,respectively, BCF:enrichment coefficient.* indicates significant correlation,P<0.05

B3 WERHEKESEFIS TEENER ARESRS M ENEXERE
Figure 3 Heat map of the correlation between cadmium content characteristics and soil physical and chemical properties and distribution

characteristics of cadmium in rice
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