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Effects of combined application of straw and inorganic amendments on cadmium speciation and bioavailability
in paddy soil

ZHANG Qing-pei*, LI Bing”, WANG Chang-quan’, YANG Lan!, XIAO Rui?, ZHENG Shun-giang*, GUO Yong?

(1.College of Resource, Sichuan Agricultural University, Chengdu 611130, China; 2.Jingyang Agricultural Department, Deyang City, Deyang
643000, China)

Abstract. To investigate effects of straw and inorganic amendments on cadmium(Cd ) speciation and bioavailability in paddy soil, field ex-
periments were conducted in Jingyang County, Deyang. The results showed that Cd content decreased significantly by combined application
of straw-returning (rape straw and wheat straw ) and inorganic amendments ( sepiolite, lime and calcium magnesium phosphate fertilizer) in
brown rice. Cd content in brown rice was decreased by 36.75% under rape straw and sepiolite, co-treatment. However, Cd content in the
stem increased by 31.46%~140.73% after the combination application of rape straw with three inorganic amendments. The increasing might
have a negative effect on straw returning and utilization. At the tillering stage of rice, the combination use of wheat straw and lime exhibited
more efficient in decreasing exchangeable Cd in soil, which was decreased by 50.47%. At the mature stage of rice, the combination use of
wheat straw with calcium magnesium phosphate fertilizer exhibited more efficiency in decreasing exchangeable Cd in soils, which was de—
creased by 58%. According to the regression analysis, soil Cd speciation transformed from higher availability to lower availability, thus re—
ducing Cd accumulation in rice. Therefore, the combination application of rape straw with sepiolite, and wheat straw with lime application
showed more efficiency in decrease of soil Cd availability, as well as the Cd accumulation in rice.
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Table 1 The properties of the tested soil

i H(12s) POURGEOM/ AR Towl N/ BRASTE  AHBETR GRS CdaE
Proceeding crop P ' g-kg™ g-kg™ Ava. N/mg-kg®  Ava. P/mg-kg®  Ava. K/mg-kg® Total Cd/mg-kg™
2% Rapeseed 6.58+0.07 35.69+0.58 2.41+0.22 101.33+3.74 39.69+0.81 107.81+0.15 0.536+0.003

/NFZ Wheat 6.45+0.12 40.68+1.47 2.47+0.16 86.54+2.39 32.34+0.49 72.75+0.65 0.558+0.001
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Table 2 Experimental design

Lb#E Treatment FE-I%E1E Rice-rapeseed
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(a)shows rice -rape crop system; (b)shows rice -wheat crop system.
Small letters in the same growth stages indicated significant difference a-
mong treatments at the level of P<0.05. The same below
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Figure 1 Effect of combination application of straw with inorganic
amendments on soil pH in rice-rape and rice-wheat rotation
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Figure 2 Effect of straw with inorganic amendments on soil organic
carbon content in rice-rape and rice-wheat rotation
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Figure 3 Effect of straw with inorganic amendments on soil soluble
carbon content in rice-rape and rice-wheat rotation
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Table 3 Effect of organic and inorganic amendments combination on soil Cd speciation in the tillering stage of rice

#ff: Rotation Ab3p Ef?c?ﬁé?&?/a‘\ii Wkﬁ&%ﬁéﬁéﬁﬁ_ﬁ %Eﬁ’ﬁ%%éﬁ%@ﬁ ﬁm?ﬁ%%ﬁﬁ:ﬁ Bt o )
Treatment Ex-Cd/mg-kg*  Carb-Cd/mg-kg™ i Ox-Cd/mg-kg™ Org-Cd/mg-kg™ Res-Cd/mg-kg™
FE-ih%e/FE Rice-rapeseed CK 0.077+0.012a 0.048+0.011a 0.087+0.010a 0.069+0.006ab 0.068+0.012c
R 0.064+0.016ab 0.045+0.006a 0.083+0.007a 0.085+0.012a 0.066+0.006¢
RS 0.052+0.006b 0.043+0.006a 0.061+0.006bc 0.065+0.006b 0.145+0.022a
RL 0.056+0.012b 0.047+0.014a 0.072+0.006ab 0.071+0.020a 0.077+0.007c
RP 0.052+0.006b 0.042+0.006a 0.052+0.012c 0.087+0.012a 0.117+0.008b
T -2 % /F Rice-wheat CK 0.107+0.009a 0.053+0.016b 0.080+0.009b 0.078+0.011b 0.108+0.024b
w 0.078+0.009b 0.053+0.008b 0.093+0.009b 0.088+0.033b 0.108+0.009b
WS 0.055+0.008¢c 0.074+0.016ab 0.116+0.017a 0.125+0.010a 0.137+0.006a
WL 0.053+0.016¢ 0.094+0.013a 0.118+0.010a 0.082+0.018b 0.113+0.009ab
WP 0.059+0.008¢c 0.082+0.010a 0.117+0.009a 0.089+0.009b 0.127+0.017ab

T « Al — 5B AR/ NG PR R AR BRI 25 5 .25 (P<0.05) . Tl

Note . Small letters in the same column indicated significant difference among treatments at the level of P<0.05. The same below.

F 4 BUTH M RFIEHEXT R P HA 1% Cd AT
Table 4 Effect of organic and inorganic amendments combination on soil Cd speciation in the mature stage of rice

%4k Rotation Kb FH Treatment

Ex-Cd/mg-kg™

A SR RS TR PEA S ST
Carb-Cd/mg-kg™

AL G o Bt 25
H Ox-Cd/mg-kg™ Org-Cd/mg-kg™ Res-Cd/mg-kg™

FE-uh%e/E Rice-rapeseed CK 0.072+0.005a 0.060+0.006ab 0.082+0.012a 0.073+0.007a 0.077+0.013c
R 0.048+ 0.014b 0.067+0.012a 0.073+0.007a 0.078+0.026a 0.139+0.021b

RS 0.046+0.006b 0.072+0.014a 0.087+0.007a 0.073+0.030a 0.274+0.021a

RL 0.035+0.006b 0.073+0.012a 0.081+0.007a 0.084+0.014a 0.077+0.007c

RP 0.038+0.012b 0.054+0.006b 0.075+0.007a 0.086+0.007a 0.089+0.007¢c

TE-Z 4% /F Rice-wheat CK 0.100+0.015a 0.049+0.016¢ 0.094+0.017ab 0.080+0.016¢ 0.097+0.028b
w 0.067+0.008b 0.072+0.024b 0.080+0.009b 0.115+0.010b 0.081+0.016b

WS 0.050+0.008bc 0.063+0.008b 0.122+0.009a 0.171+0.022a 0.068+0.008c

WL 0.052+0.017bc 0.056+0.008bc 0.103+0.028ab 0.175+0.018a 0.097+0.019b

WP 0.042+0.016¢C 0.124+0.017a 0.094+0.017ab 0.163+0.039a 0.151+0.017a

2.3 AEIM R FIMERAXKEEES Cd R RFRREMm

FeE-mhietEr, SXIEAHEL, RP AbBE R EFRAL T
13.49% /K FEHR 2 Cd % &t ; RS H1 RP ZbH43 1) {2 i
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19.63%MZ5FF Cd B A&, (H WP Kb H 4%t BE 3 fin T
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70.45% K FE4r5e Cd B8R . X FREKk Cd & &
T, FEAT B A i R A R E A - I R - 2 e A A
Xof BE 4 2 AL Cd SRR RS- T e b RS b3
R BRI T 36.75%, TN fg -2 fe/E H WL AbFRARLE,
FAAIK T33.87%(#£ 5).

2.4 1% Cd S5 KFEREBAL Cd RRE IS4
T Cd A Z MM, T BUKR &
3% Cd MR R4 — € B 28 5 o B A [l U 230 #r B
(% 6), KIEMA Cd & & pr BEMI BRI EL 255 2
Cd & s /b MiFEAR, [FRS A HLES &2 Cd & i
AR s /b, K RS ZEAT T SR o BEI kA A AL
45575 Cd SRR FEAR , I HE s A HLEE &
A& Cd YRR M >, KR Cd AR SR Bl 8 vl
A2 Cd E R AT . X L] 1 Cd JE S
H A SR A e AT 285 (RIS 340 2850 1) A1 B8 M B AR Y T
SR AN AT AN EHE) AT
B/ KAREHR Z X Cd IR, FEARRE K Cd 11 SRAH

3 itig

FEATBC A RGRRGH, T ek A AT,
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Table 5 Effect of organic and inorganic amendments combination on Cd accumulation in different tissues of rice
4 Rotation Trgtfim ?Fféﬁg%k;?otl %ﬁs‘;%gs_fems/ ’G%ﬁ;%gghaﬁ/ iR S n% -i:?ivn rice/
FE-7h%e/FE Rice-rapeseed CK 2.150+0.133b 0.302+0.013c 0.195+0.008b 0.351+0.015a
R 2436+ 0.124a 0.232+0.010d 0.127+0.005b 0.309+0.013b
RS 2.034+0.086bc 0.605+0.026b 0.269+0.011a 0.222+0.009¢
RL 2.065+0.087b 0.397+0.017c 0.203+0.015ab 0.273+0.012¢c
RP 1.860+0.079c 0.727+0.031a 0.290+0.012a 0.275+0.012¢c
FH-EZ 4 1F Rice-wheat CK 2.004+0.085b 0.382+0.016b 0.220+0.100a 0.431+0.018a
w 1.752+0.062c 0.312+0.013c 0.204+0.009a 0.253+0.011c
WS 1.544+0.065d 0.358+0.015b 0.091+0.004b 0.340+0.014b
WL 2.851+0.150a 0.307+0.013c 0.065+0.003b 0.285+0.012¢c
WP 2.860+0.121a 0.511+0.022a 0.074+0.002b 0.306+0.013b

% 6 KIEEEMI Cd 88511 Cd KESSEAMZESEALSH
Table 6 The stepwise regression analysis of rice Cd content and Cd
speciation in soils(n=30)

JKFEFBAL Rice parts
#2 Root
22 FF Straw

kK Brown rice

%A A1 72 Stepwise regression equation
Y=2.14+12.79 CarbCdy-8.570rgCds,
Y=0.7-5.75FeMnOxCdx+1.990rgCdgy

Y=0.21+1.72ExCdy

TE ANF 7 22 Bk B KRB MU R . Y Rk AE 4%
WAL Cd &t

Note : Stepwise regression equations that showed significant F test were
available. Y represents the Cd concentration in different tissues of rice.
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