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Effects of Water Management on Cadmium Stability and Nitrogen and Phosphorus Availability in Cadmium
Polluted Red Soil After Immobilization Remediation
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Heavy Metal Contaminated Farmland, Agro—Environmental Protection Institute of Ministry of Agriculture, Tianjin 300191, China; 3.Key Labo—
ratory of Original Environmental Quality of Ministry of Agriculture, Tianjin 300191, China)

Abstract ; Immobilization is a low cost technique of remediating heavy metal —polluted soils. However, the efficiency of this technique is
greatly influenced by soil water, oxidation-reduction and pH. Here a two—year pot experiment was conducted to investigate the impact of
different water management( continuous flooding, wet—dry cycling and moist irrigation ) on immobilization stability and nitrogen and phos—
phorus availability of cadmium polluted red soil after immobilization remediation with biochar and chicken manure. Compared with wet—dry
cycling irrigation, continuous flooding and moist irrigation inhibited the aboveground biomass of rice in non-remediated soils during two year
period. In remediated soils, however, the yields of rice grains in the second year were 2.7%~5.1% higher than those of the first year. Reme—
diation significantly decreased exchangeable Cd content under continuous flooding, wet—dry cycling and moist irrigation, but there was no
statistical difference in soil Cd availability between two years(P>0.05). Immobilization resulted in 34.5%~44.4% and 31.7%~45.0% reduc-
tion in Cd concentrations in brown rice, and 33.6% and 25.1% decrease in root Cd, for the first and second year, respectively. The content

of Fe( Il ) on rice root surface under remediation treatments increased by 27.3%, 59.1% and 65.0%, respectively, in continuous flooding,
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wet—dry cycling and moist irrigation, as compared with non—-remediated soils. Correlation analysis revealed a significant negative linear rela—

tionship between Fe( II ) and Cd contents in the root coating of rice(r=0.61). There was a positive relationship between Cd content in brown

rice and root coating(r=0.56), but there was a negative relationship between Cd concentration in brown rice and Fe( Il ) in root coating(r=

0.51). No significant changes in the content of soil available nitrogen and phosphorus were found in two—year experiment.

Keywords: water management; biochar; chicken manure; immobilization remediation; cadmium; polluted soil
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Table 1 Basic physical and chemical properties of tested soil

pH{H AME/% 4 Nig-kg? B Pimg kg™ #% K/mg kg™

i Felg- kg™

A5 Felmg-kg? CEC/cmol -kg™ B Cd/mg-kg™ A% Cd/mg kg

5.61 19.8 1.03 5.91 53

1.93

46.91 17.1 0.76 0.31
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Table 2 pH values in soil

Qb3 CKys BC+0Fys BC+0Fgs CKsr BC+OFsr
{4 5.59+0.31ab 6.43+0.35a 5.28+0.21b 6.31+0.33a 5.21+0.23b 6.30+0.28a
AR 5.42+0.25b 6.36+0.31a 5.21+0.21be 6.23+0.24a 5.15+0.18¢ 6.23+0.33a

R EEREEERIEAYNRESE(ng kg)
Table 3 Available Cd in soil after two—consecutive—year remediation(mg-kg™)

Qb3 CKys BC+0Fys BC+0Fgs CKsr BC+OFsr
{4 0.33+0.02bc 0.29+0.03¢ 0.38+0.02ab 0.35+0.02b 0.42+0.03a 0.39+0.02ab
5B AR 0.36+0.02¢ 0.32+0.02d 0.42+0.01b 0.38+0.03bc 0.47+0.01a 0.44+0.03ab
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Figure 1 Aboveground biomass of rice under different treatments
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Table 4 Cadmium in aboveground parts of rice in

two—year pot experiments(DW )

wm T e
Fik/mg kg™ Fiti/mg kg FiAK/mg-kg' Fiki/mg kg
CKys 0.18+0.04d  0.83+0.19d  0.19£0.03d  0.93+0.22¢
BC+O0Fys 0.10£0.02¢  0.42+0.04¢  0.11+0.03e  0.46+0.03e
CKgs 0.29+0.06b  1.42+0.21b  0.31+0.04b  1.55+0.18b

BC+OFgs  0.19+0.03d  0.76+0.08de 0.21+0.02c¢d  0.82+0.06d
CKsr 0.38+0.11a  1.92+0.31a  0.40+0.09a  2.01+0.38a
BC+OFsr  0.22+0.08c  0.92+0.18¢  0.24+0.05¢  0.94+0.23c
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Figure 2 Oxidation-reduction potentials in soil
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Figure 3 Content of Fe in root coating of rice
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Table 5 Content of Cd in root coating and roots of rice

g RECY HRFCA R T
mgkg!  omgekg FERUR RERRRE ROR/AESE

CKys 2.62+0.37¢ 3.30+0.57d 0.25 0.32 0.67
BC+OFys 1.74+0.26e 2.18+0.33e 0.19 0.35 0.66

CKgs 3.17+0.51b  5.58+0.71b 0.21 0.51 0.41
BC+0Fgs 2.33+0.31d 3.92+0.70cd 0.18 0.56 0.46

CKsr 3.55+0.60a 6.23+0.81a 0.31 0.45 0.42
BC+OFsr 2.66+0.38¢ 4.36+0.80c 0.22 0.57 0.41
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Table 6 Content of hydrolyzable N and available P in soil

A S TAE

hb 3 072 VAN Y TR 7 7 VAN <0

mg kg mg kg™ mg kg™ mg kg™

CKys 157+7a 30.1+2.6a 171+9a  31.0+2.5h
BC+OFys 155+8a 32.2+2.3a 182+7a 36.5+2.1a
CKgs 16652  22.3#3.1h 169+8a  21.8+3.1de
BC+0Fgs 168+8a  21.8+2.8h 181+5a 24.952 5¢
CKsr 162+6a 18.5+2.1c 173+6a 19.2+2 3e
BC+OFsr 165£5a 18.1£2.1c 178482  22.31.8d

3 e

IR AL A AT RS e AR A
N R E N R, H5E pH (A AL IR LA
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S AT AE FREARK R R AR AR T iR
LU B IR— R IR AU (A RS B T AR B
PERRMENLRL, AT LS8R AL, 4= 1 Cd T,
FESEBRA: = R AT BE SR RS BEREAE 2R A
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