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Effects of manganese application on the growth, cadmium uptake and cadmium distribution of maize in

cadmium contaminated soil

HU Yanmei', LU Jinshuo', SUN Weibing’, ZHANG Xing', CHEN Lu', GUO Dawei', DANG Xiuli"

(1. College of Land and Environment, Shenyang Agricultural University, National Engineering Laboratory for Efficient Utilization of Soil
and Fertilizer Resources, Northeast Key Laboratory of Conservation and Improvement of Cultivated Land, Ministry of Agriculture and Rural
Affairs, Shenyang 110866, China; 2. Shenyang Academy of Environmental Sciences, Shenyang 110167, China)

Abstract: To quantitatively analyze the remediation effect of manganese (Mn) on cadmium (Cd) contaminated soil, the effects of different
concentrations of Mn (20, 200, 2 000 mg - kg™') on Cd fractions in the soil, maize growth, Cd uptake by maize, and Cd subcellular
distribution were studied by a pot experiment in low (5 mg+kg™") and high(10 mg-kg™) Cd contaminated brown soil. The results showed
that: Mn application significantly changed the Cd fractions in the soil. Compared with the control, the concentration of exchangeable Cd
decreased by 4.75%~30.81%, and the decreasing proportion of exchangeable Cd increased with increasing Cd concentration. Moderate Mn
(20, 200 mg - kg™) promoted the growth of maize roots, enhanced the biomass of all plant parts, and increased the yield by 11.42%~
17.51%. However, excessive Mn (2 000 mg-kg™") had a toxic effect on maize, resulting in yield reduction. The bioavailability of Cd in the
soil was decreased by Mn application, and Cd uptake by maize was also inhibited. The Cd content in the grain in low and high Cd
contaminated soil decreased by 46.15%~53.85% and 38.37%~52.33%, respectively. Meanwhile, Mn increased the Cd deposition in the
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cell wall and vacuolar compartmentation, promoted the fixation of Cd in the root, and reduced the transport of Cd to the shoot. In general,

the passivation effect of Mn on low Cd contaminated soil is better than that in the high Cd contaminated soil, and an appropriate Mn

application is more conducive to enhancing the growth and development of maize and reducing the Cd uptake.

Keywords : cadmium contamination; manganese; maize; soil remediation
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Table 1 Concentrations of Cd and MnSO, in different treatments

(mg-kg™)
b2 Cd e MnSO. ¥
Treatments Cd concentration MnSO, concentration

MnOCd1 5 0
Mnl1Cd1 5 20
Mn2Cd1 5 200
Mn3Cd1 5 2 000
Mn0OCd2 10 0
Mnl1Cd2 10 20
Mn2Cd2 10 200
Mn3Cd2 10 2 000
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Figure 1 Effects of Mn treatments on Cd fractions in soil
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Table 2 Morphological parameters of maize root

ST W e ) BRI (e~ ) HEBY (o) BT P e )
Treatments Root length/(m-pot™) Root surface area/(cm’+pot™) Root volume/(cm’+pot™) Root mean diameter/(mm-+pot™)
MnOCd1 64.25+0.37¢ 6 062.54+69.75b 592.05+16.32b 15.38+0.21b
MnlCd1 73.17+0.44a 6 339.84+109.45a 628.24+4.55a 20.10+0.52a
Mn2Cd1 69.03+0.68b 5710.80+81.96¢ 580.96+16.00bc 14.69+1.15b
Mn3Cd1 60.60+0.95d 5454.45+67.70c¢ 540.69+14.26¢ 12.32+0.56¢
Mn0Cd2 60.30+0.38b 5745.12+107.87h 588.81+6.27h 13.60+0.63b
Mnl1Cd2 66.04+0.44a 6318.94+91.64a 626.63+6.25a 16.25+0.86a
Mn2Cd2 57.96+0.68h 5958.28+34.66ab 608.04+6.48ab 13.11+0.74b
Mn3Cd2 50.87+0.95¢ 5250.32+170.21¢ 557.30+8.97¢ 11.65+0.66¢

VI R B A P B AR EZE AN R/ING T RN AR M 20 3 22 55 .35 (P<0.05)

Note : The data in the table are represented with mean=SD. Different lowercase letters indicate significant differences among different Mn treatments

(P<0.05).
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Figure 2 Effects of Mn treatments on maize yield and biomass of different parts (root, stem and leaf)
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Figure 6 The distribution of subcellular Cd in different parts of maize in 10 mg-kg™ Cd contaminated soils
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