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Abstract:  Soil is the material basis for human survival. However, in China, soils are wildly polluted by heavy metals, which
poses serious health risks to humans. Bioremediation of heavy-metal contaminated soil is widely considered as a sustainable
remediation strategy, but low remediation efficiency is still a scientific bottleneck of bioremediation. There are abundant
microorganisms, plants and animals living in soils. Among these soil biota, there are complex interactions to form an intricate
food web through material circulation and energy transfer. These interactions among soil biota affect the transportation and
transformation of pollutants in soil, and consequently influence the bioremediation efficiency. The synergistic remediation by
soil biota combines the advantages of diferent organisms to enhance the efficiency of bioremediation. In this paper, the
interactions among soil biota and their influence on heavy-metal transportation and transformation, as well as bioremediation
efficiency are reviewed. We also propose perspectives for future researches, including targeted regulating the structure of soil
food web, improving the bioremediation efficiency of heavy-metal contaminated soil, and building a synergistic remediation

technology with multi-organisms based on food web.
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Table 1 Interactions among soil biota increased the bioremediation efficiency of heavy metal contaminated soil

Organisms Pollutants Refereces

Rhizobacterium D14 (Agrobacterium radiobacter); poplar (Populus deltoides LH05-17) As [108]
Staphylococcus arlettae strain NBRIEAG-6; Indian mustard plant [Brassica juncea (L.) Czern. Var. R-46] As [109]
Micrococcus sp. MU1; Klebsiella sp. BAM1; Helianthus annuus Cd [110]
Arbuscular mycorrhizal (AM) fungi (Rhizophagus irregularis and Funneliformis mosseae); Earthworms Cd [99]

Brassica juncea; Earthworms [102]
Bacillus megaterium; Orychophragmus violaceus Cd [111]
Rahnella sp. IN27; Amaranthus hypochondriacus; Amaranthus mangostanus Cd [112]
Oat (Avena sativa); Sunflower (Helianthus annuus); Earthworms Cd [101]
Rhizobium leguminosarum; Brassica juncea Zn [113]
Flavobacterium sp.; Orychophragmus violaceus Zn [114]
Pantoea agglomerans Jp3-3; Brassica napus Cu [115]
Pseudomonas sp. A3R3; Alyssum serpyllifolium Ni [116]
Pantoea stewartii strain ASI111, Microbacterium arborescens strain HU33; Enterobacter sp. HU38; Ryegrass Cr [117]
Bacillus pumilus E2S2; Bacillus sp. E1S2; Sedum plumbizincicola Cd; Zn [118]
Pseudomonas sp. Lk9; Solanum nigrum Cd; Zn; Cu [119]
Rahnella sp. JN6; Brassica napus Cd; Pb; Zn [120]
Enterobacter sp. JYX7; Klebsiella sp. JYX10; Brassica napus Cu; Pb; Zn [121]
Lead-tolerant fungus ZJ1; Sorghum bicolor L. Pb; Ni; Cu [122]
Vicia faba; Zea mays; Earthworms (Eisenia fetida) Cu; Zn; Pb; Cd [100]
Lupinus luteus; Bradyrhizobium sp., Pseudomonas sp. and Ochrobactrum cytisi Cu; Cd; Pb; As Zn [123]
Bacillus thuringiensis GDB-1; Alnus firma As; Cu; Pb; Ni; Zn [124]
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Fig. 2 Remediation technology with multi-organisms based on food web.
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