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Exploring the tripartite interactions of host, root-knot nematodes, and plant growth promoting bacteria for biocontrol
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Abstract
Root-knot nematodes (RKNs) are the most widespread plant-parasitic nematodes in agricultural soils, infecting thousands of crops and causing annual losses of billions of dollars around the globe. Currently, the most effective and widely used RKNs control technique is the use of chemical nematicides. However, due to human health and environmental concerns, the use of many of these nematicides is banned or restricted. Therefore, there is a pressing need to develop effective and environmentally friendly alternative strategies for RKN control. One such alternative is the use of plant growth-promoting bacteria (PGPB), which facilitates RKNs’ control and increases soil fertility, plant growth, and crop safety. However, microbial agents that were found to be effective in controlling RKN in the laboratory and/or in the greenhouse conditions often do not replicate the same level of control in the more complex soil ecosystems. The low efficacy of microbial agents may be attributed to overlooking native microbiota that possesses protective abilities for RKN, as well as to soil abiotic factors that modulate the host-RKN-PGPB interactions. Consequently, a deeper understanding of the dynamics of host-RKN interactions in varied biotic and abiotic environments could be pivotal in devising novel RKN control strategies. Several pressing questions remain to be addressed. For instance: 1) How do we enhance our understanding of tripartite interactions to develop effective strategies for sustainable RKN management? 2) How to find the most effective RKN-PGPB species combination that enhances host fitness? 3) How does PGPB and RKN-protective microbiota competition influence the microbial composition in the rhizosphere? 4) What are the mechanisms RKNs use to recruit protective soil microbiota in soil? 5) What specific component of root exudates are involved in RKN and protective microbiota interactions? 6) What abiotic factors favor RKN-protective microbes? 7) Is RKN protective microbiota directly involved in infection and feeding site establishment? 8) Which agricultural practices may help to enhance the abundance and activities of indigenous PGPB, and their communication through volatiles? Finding answers to these questions could facilitate the effective integration of PGPB into strategies for sustainable RKN control and promote ecologically sound agroecosystems.
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