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Editorial on the Research Topic

Rhizophagy and other cross-talks in rhizobiocomplex

The rhizosphere is a complex, highly dynamic biological interface in the soil

immediately surrounding plant roots. This zone, often termed the rhizobiocomplex,

functions similarly to the gut microbiota in animals, characterized by co-evolved

interactions between the roots, soil, and a diversemicrobial community.Within this critical

zone, approximately 100µm around the rhizoplane (root surface), dynamic cross-talk

mechanisms are mediated by the exchange of root exudates and microbial metabolites

(Islam et al., 2005). These biochemical signals govern microbial recruitment, metabolism,

and the overall functional integrity of the system.

The rhizophagy cycle: a novel mechanism for
nutrient acquisition

A compelling and relatively recent concept in this field is rhizophagy (literally,

“root eating”). This term describes a cyclic biological process in which host plant root

cells temporarily internalize certain non-pathogenic microorganisms (e.g., bacteria and

fungi) to extract nutrients (Paungfoo-Lonhienne et al., 2013). Initial proof-of-concept

experiments demonstrated that model plants like Arabidopsis thaliana and Lycopersicum

esculentum (tomato) could internalize non-pathogenic microbes, including Escherichia coli

and Saccharomyces cerevisiae, into their root cells, effectively digesting them as a nutrient

source (Paungfoo-Lonhienne et al., 2010).

The current model describes a rhizophagy cycle where microbes acquire soil

nutrients during their free-living soil phase. Upon internalization into the root cells (the

intracellular/endophytic phase), nutrients are extracted via a process involving oxidative

stress (White et al., 2018). This oxidative mechanism forces microbes to release essential

nutrients (e.g., nitrogen, phosphorus, zinc) into the plant tissue. Surviving microbes, often

lacking cell walls, are expelled through growing root hairs to re-enter the soil and continue

gathering nutrients. While rhizophagy represents a paradigm shift in understanding plant

nutrition (Mata et al., 2025), the literature remains limited, partly due to the experimental

complexity of studying these dynamic, intracellular events (Zhang et al., 2022).
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Integrating rhizophagy into the
rhizobiocomplex framework

The articles in this Research Topic, though not exclusively

centered on rhizophagy or the rhizobiocomplex, collectively

advance our understanding of how plant performance (including

nutrition, stress tolerance, and metabolic specialization) relies

on the coordinated, multi-faceted activities within the entire

rhizobiocomplex. These contributions solidify the consensus that

plant fitness is intrinsically linked to its integrated microbial

partnerships (Arnold et al., 2025), which we may term as the

plant’s “second genome” or “gut microbiome.” This Research Topic

provides rigorous insights into the complex cross-talks defining

the rhizobiocomplex, strengthening the foundation for studying

microbially-mediated plant traits.

Metabolic specialization and fungal hubs

Liu et al. demonstrate significant cross-talk in Polygonatum

cyrtonema. While two forest-grown cultivars exhibited nearly

identical core bacterial communities, their fungal communities

differed markedly. Metabolomic analysis revealed tissue-specific

signatures in tubers and roots (e.g., oleoyl ethylamide, DL-

malic acid, DL-arginine), with fungal taxa showing opposing

correlation patterns between the cultivars. These results underscore

the vital role of the mycobiome in metabolic specialization,

positioning fungi as crucial biochemical communication hubs in

medicinal plants.

Rhizobiome engineering and plant growth

Complementary research on rhizobiome engineering

emphasizes that plant probiotic bacteria (PPB) inoculants do not

just introduce new functional genes but also indirectly influence

native rhizosphere communities by altering plant exudation and

signaling pathways (Misu et al., 2025). The original research

presented here demonstrates how multifunctional PPB consortia

enhance nutrient solubilization, stress tolerance, and metabolic

regulation, thereby fitting these activities within the larger

rhizobiocomplex framework. Bright et al. isolated Agrobacterium

pusense and Bacillus paralicheniformis from banana rhizospheres

and demonstrated that they solubilize potassium from mica by

secreting organic acids. When combined with the nitrogen-fixer

Azospirillum brasilense and the phosphorus-solubilizer Bacillus

megaterium, field trials achieved a 25% reduction in NPK fertilizer

use while increasing bunch weight and yield. These strains also

produced siderophores and exopolysaccharides, further mobilizing

nutrients like zinc.

Suriani et al. showed that a consortium of Bacillus nitrificans

and B. velezensis significantly boosted Robusta coffee growth,

enhanced soil N–P–K levels, and raised beneficial phytochemicals

(phenols, tannins, caffeine). Both strains produced indole-3-

acetic acid (IAA), fixed nitrogen, solubilized phosphate, and

effectively colonized roots, demonstrating strong microbe–plant

communication. The application of these bioinoculants surely

modulated the native microbiome in the rhizobiocomplex,

ultimately affecting plant growth (Islam et al., 2023). In their

article, Upadhayay et al. focused on zinc-solubilizing bacteria

(ZSB), emphasizing their ability to mobilize zinc through organic

acids and chelating agents, thereby increasing zinc content in

grains and fruits. ZSB also exhibited other plant growth-promoting

traits (P/K solubilization, ACC deaminase activity, phytohormone

production), positioning them as a sustainable and affordable

option for biofortification.

Salinity is a significant abiotic stress limiting plant growth.

Sridhar et al. investigated a halophilic Bacillus flexus strain that

promoted sesame growth in high-salt soils (100–200mM NaCl).

Inoculated plants showed increased levels of antioxidant enzymes

(SOD, peroxidase, catalase) and decreased lipid peroxidation.

These results highlight the PGPR’s role in boosting induced

systemic tolerance by managing osmotic balance and enhancing

ROS detoxification—crucial aspects of rhizobiocomplex activity

under stress.

The application of plant probiotic bacteria, whether single

strains or consortia, fundamentally modulates the structure and

function of the native microbiome (Islam et al., 2023), effectively

engineering the rhizobiocomplex to promote plant growth.

Understanding these modulations is critical for engineering the

microbiome for sustainable agriculture (Misu et al., 2025).

Conclusion

The articles in this Research Topic confirm that the

rhizobiocomplex acts as a complex “external organ” for the

plant. Through the precise release of exudates, plants recruit

microbial partners that facilitate essential functions like nutrient

solubilization and stress mitigation. Mechanisms like the

rhizophagy framework suggest that plants can also actively

internalize endophytic microbes or the plant gut microbiome

and extract nutrients via oxidative processes. While these studies

didn’t explicitly test rhizophagy, observed microbial traits (e.g.,

mineral solubilization, ROS tolerance) strongly support broader

models of plant-microbe nutrient exchange. Moving toward

sustainable agriculture, we must expand focus beyond N-P-K

inputs to the intricate chemical and biological cross-talks in

the rhizobiocomplex. Future efforts should prioritize selecting

microbial strains with superior solubilization capabilities, stress

resilience, and signaling abilities for precise engineering of

rhizobiocomplex. Elucidating these feedback mechanisms is

crucial for developing advanced biofertilizers and microbiome-

engineering strategies that enhance crop resilience and promote

ecological sustainability.
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