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Figure 1 (Color online) Interactions process in plant-microbial
symbiotic systems, including photosynthesis, nitrogen cycle mediated
by soil microbiome, and the mutually-beneficial symbiosis relationship
between plants and microorganisms[2 36
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Figure 2 (Color online) Schematic diagram of plant-microbial symbiotic systems interactions with pollutant, including phytovolatilization,

phytoextraction, phytostabilization, bio-oxidation-reduction, biosorption, bioaccumulation and induced biomineralization
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Figure 3 (Color online) The carbon sequestration mechanism of plant-microbial symbiotic systems. Photosynthesis in plant leaves, fine roots, carbon
sequestration of root exudates, and litter decomposed by soil microbe include* ™
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Figure 4 (Color online) Plant-microbial symbiotic systems response to
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Enhancing function of plant-microbial symbiosis for pollution
mitigation and carbon sequestration
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College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China
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The soil ecosystem plays a vital role in regulating the flow of nutrients and energy, encompassing essential processes like
carbon sequestration and nutrient cycling. It serves as a crucial medium for crop production and provides habitat for a vast
majority of Earth’s species. Consequently, it plays a critical role in maintaining ecosystem functions and supporting human
society’s development. Soil harbors the most extensive and intricate microbiome on the planet, with bacteria alone
accounting for a staggering 15% of the total biomass. Fungi and archaea, comprising 2% and 1% of the biomass
respectively, surpass the biomass of animals, which stands at a mere 0.3%. The soil microbiota has a profound impact on
the plant hosts, promoting growth, facilitating nutrient absorption, enhancing stress tolerance, and enhancing resistance
against pathogens. Remarkably, bacteria capable of degrading pollutants can form beneficial interactions with plants,
effectively enhancing pollutant degradation. The symbiotic relationship between plants and microbial communities is not
unidirectional. Plants offer a rich ecological niche for bacteria and other microorganisms in the soil while also transforming
into soil organic matter through processes like photosynthesis and anabolism, thereby providing accessible carbon sources
for microorganisms. Additionally, plants serve as habitats and ecological niches for soil microorganisms, concurrently
converting atmospheric CO, into biomass (organic carbon) via photosynthesis. Ultimately, microorganisms convert carbon
into another form that can be utilised by root microorganisms through root exudation and litter decomposition. However,
the effectiveness of individual plant/microbial remediation of pollutants can be inconsistent, as the removal efficiency of
organic pollutants varies based on their concentration and type. Plant viability is influenced by factors such as season and
planting species, while remediation efficiency is also impacted by the microbial community’s composition. Therefore, it
becomes imperative to enhance bioremediation performance through the plant-microbial symbiosis system. In this review
article, we have extensively explored representative research findings pertaining to pollution reduction, carbon
sequestration, and the interaction among the three components of the plant-microbial symbiosis system (plants, microbial
community, and soil structure). We provide a comprehensive and thorough summary of the mechanisms employed by
plants, microorganisms, and their symbiotic systems to remove heavy metals and organic matter from the soil. These
mechanisms include plant extraction, volatilization, and stabilization (plant-related processes), as well as bioenhancement,
bioreduction/oxidation, bioadsorption, bioaccumulation, and bioinduced mineralisation (microorganism-related pro-
cesses). Furthermore, the carbon sequestration pathways of the plant-microbial symbiosis systems have been categorized
into leaf photosynthesis, in vivo transformation, and extracellular enzyme modification in vitro. Additionally, the adverse
effects of pollutants on carbon sequestration within the plant-microbial symbiotic systems are also covered. Specifically,
pollutants compete with CO, for adsorption, resulting in stomatal closure, increased production of reactive oxygen species
(ROS) that harm plant cells, inhibition of photosynthetic enzyme expression, and reduction in the abundance of genes
related to carbon cycling and other vital soil functions. Finally, future directions for research in the field are proposed.
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