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A B S T R A C T  ARTICLE 
INFORMATION 

Rhizophagy is a biological process in which microorganisms are temporarily internalized by plant roots, 
facilitating the absorption of essential nutrients. This study aims to explore the mechanisms of rhizophagy 
and its potential to promote more sustainable agriculture. The methodology was based on a systematic 
review of scientific literature, examining articles addressing plant-microorganism interactions and their 
impacts on plant nutrition. The results show that rhizophagy significantly enhances the uptake of nutrients 
such as nitrogen, phosphorus, and other essential minerals, while reducing dependence on chemical 
fertilizers. This interaction promotes more efficient use of natural resources and contributes to sustainable 
agricultural practices. Moreover, integrating rhizophagy into agricultural systems can increase plants’ 
resilience to environmental stresses such as drought and salinity while improving soil fertility and 
supporting microbial biodiversity. These benefits are relevant for addressing challenges related to food 
security and environmental conservation. In summary, rhizophagy offers a promising pathway toward 
more ecological and efficient agricultural practices, aligning with global sustainable development goals. 
Future studies are recommended to explore practical applications of this phenomenon in different 
cropping systems, aiming at innovation and sustainability in agricultural production. 
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RESUME  

A rizofagia é um processo biológico no qual microrganismos são temporariamente internalizados pelas 
raízes das plantas, facilitando a absorção de nutrientes essenciais. Este estudo tem como objetivo explorar 
os mecanismos da rizofagia e seu potencial para promover uma agricultura mais sustentável. A 
metodologia baseou-se em uma revisão sistemática da literatura científica, examinando artigos que 
abordam as interações planta-microrganismo e seus impactos na nutrição vegetal. Os resultados 
evidenciam que a rizofagia melhora significativamente a absorção de nutrientes como nitrogênio, fósforo 
e outros minerais essenciais, além de reduzir a dependência de fertilizantes químicos. Essa interação 
promove uma utilização mais eficiente dos recursos naturais e contribui para práticas agrícolas mais 
sustentáveis. Ademais, a integração da rizofagia em sistemas agrícolas pode aumentar a resiliência das 
plantas a estresses ambientais, como seca e salinidade, enquanto melhora a fertilidade do solo e apoia a 
biodiversidade microbiana. Tais benefícios são relevantes para enfrentar os desafios da segurança 
alimentar e da preservação ambiental. Em síntese, a rizofagia oferece um caminho promissor para práticas 
agrícolas mais ecológicas e eficientes, alinhando-se às metas globais de desenvolvimento sustentável. 
Estudos futuros são recomendados para explorar aplicações práticas desse fenômeno em diferentes 
sistemas de cultivo, visando a inovação e a sustentabilidade na produção agrícola. 
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Introduction  

 

Rhizophagy, a process where soil microorganisms temporarily reside inside plant roots, 

represents an innovative pathway for nutrient uptake by terrestrial flora. Although relatively 

new in the field of plant microbiology, this phenomenon shows potential to revolutionize plant 

nutrition and maximize agricultural sustainability (White et al., 2019). In today’s global 

context, where the demand for sustainable agricultural practices is more pressing than ever, 

exploring rhizophagy emerges as a priority in agronomic research. 

The potential benefits of harnessing rhizophagy include promoting more resilient 

plants and increasing fertilizer use efficiency—critical factors in agricultural contexts 

characterized by poor soils and limited resources (Barea et al., 2005). Moreover, it is essential 

to consider how modern agricultural practices can integrate this natural process into 

sustainable production models. Rhizophagy not only aids in nutrient absorption but also has 

the potential to reduce dependence on chemical fertilizers due to its role in the nitrogen and 

phosphorus cycles within the rhizosphere, as discussed by White et al. (2020). 

Reducing chemical inputs is a primary concern of modern agriculture, especially in the 

face of climate change and the need for more eco-friendly practices. Studies conducted by 

Smith et al. (2021) show that agricultural systems incorporating rhizophagy are more resilient 

and demonstrate greater efficiency in using natural resources. These systems not only develop 

better environmental stress resistance but also promote healthier plant growth, essential for 

global food security. 

Additionally, its application as an agricultural practice can improve soil fertility 

through the introduction of beneficial microbiomes that facilitate the plants’ symbiotic 

interaction with the soil ecosystem. Verma et al. (2020) highlight the importance of these 

interactions in achieving better nutritional balance in plants, promoting a more uniform 

distribution of nutrients—critical for intensive farming practices. 

Beyond direct benefits in plant nutrition efficiency, rhizophagy research significantly 

contributes to agricultural biodiversity. By fostering a more diverse and microorganism-rich 

environment, this process enhances plant resistance to pests and diseases, as demonstrated in 

recent field studies by Araújo (2019), which emphasize positive interactions with soil fauna. 

In large-scale agricultural practices, this particular interaction also holds great 

potential for mitigating greenhouse gas emissions. By improving resource use efficiency and 

increasing soil carbon sequestration, this practice helps reduce agriculture’s climate impact. 

This approach aligns with global sustainable development goals and underscores the 

importance of adopting science-based agricultural practices. 

The present study aims to investigate how rhizophagy facilitates plant nutrition and 

explore its potential in sustainable agriculture. By analyzing specific interactions within the 
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rhizoplane, this work seeks to identify ways to optimize the use of natural nutrients, enhancing 

the efficiency of cropping systems. 

In summary, integrating rhizophagy into contemporary agricultural systems represents 

a significant step toward more balanced and sustainable farming. By focusing on the essential 

role of microorganisms in plant development, we are not only strengthening the foundation 

for more eco-friendly agricultural practices but also ensuring the future viability of food 

production on our changing planet. 

 

Methodology 

To prepare this review article, a systematic search of the scientific literature on 

rhizophagy was conducted using reputable databases such as PubMed, Scopus, Web of Science, 

and Google Scholar. The search prioritized original articles, reviews, dissertations, and theses 

that directly address rhizophagy, plant-microorganism interactions, and their effects on plant 

nutrition and development. The search terms used included combinations such as 

“rhizophagy,” “plant nutrition,” “plant-microorganism interaction,” “soil ecology,” and 

“agricultural sustainability.” 

The articles were filtered and selected based on predefined inclusion and exclusion 

criteria, considering the relevance and recency of the studies, as well as their contribution to 

understanding the processes and ecological benefits of rhizophagy. After selection, the texts 

were analyzed to identify key findings and knowledge gaps, aiming to synthesize discoveries 

and guide future research in the field. 

Following the outlined methodological approach, comparative analyses will be 

conducted between observed rhizophagy practices and existing theoretical data to expand 

knowledge about the impact of this process on both nutrient uptake and the overall 

sustainability of agricultural practices. This procedure is grounded in the need to fully justify 

and explore the claimed and actual benefits of rhizophagy, as extensively discussed by Santos 

(2013). 

 

Literature Review 

Studies on rhizophagy, an intriguing mechanism of nutrient absorption by plants, have 

expanded substantially since the initial identification of this phenomenon due to its symbiotic 

characteristics with soil microorganisms. Understanding these processes has been essential for 

enhancing nutrient use efficiency, as highlighted in previous research emphasizing its role in 

improving the uptake of nitrogen and phosphorus, critical resources for plant growth. White 

et al. (2019) underscored its contributions to sustainability, emphasizing how agricultural 

practices that incorporate this symbiosis can transform agricultural productivity. 



DIVERSITAS JOURNAL. Santana do Ipanema/AL, Brazil , v.10 (2), 2025 

 

519 
 

A critical analysis of previous studies reveals insights into the various ways these 

processes influence plant physiology. Santos (2013) explored the impact of rhizophagic 

microorganisms on the life cycle of insect pests in crop soils, highlighting increased plant 

resistance to biotic stresses. This contrasts with other studies that focused more on the 

effectiveness of this process in boosting the absorption of specific nutrients, providing not only 

more robust plant growth but also a significant reduction in the need for artificial fertilizers. 

Despite the consensus on the benefits of rhizophagy, the literature highlights gaps that 

require further detailed investigations. Notably, there is a shortage of systematic studies 

evaluating the molecular mechanisms underlying this symbiosis, as well as its practical 

application in different cultivation contexts. Araújo (2019) suggested that understanding these 

dynamics could open new perspectives for the genetic manipulation of crops to optimize plant 

growth. 

Additionally, the present study contextualizes these gaps, proposing a more 

comprehensive investigation into the optimization of rhizophagy in cultivated plants to 

increase resource use efficiency in sustainable agricultural practices. While previous studies 

have provided a solid knowledge base about the phenomenon, our focus is on expanding this 

knowledge by integrating both theoretical and practical understandings, as highlighted by 

recent academic discussions. 

The existing literature has repeatedly demonstrated how incorporating rhizophagic 

practices can promote greater agricultural ecosystem stability while increasing crop 

profitability. However, challenges remain when attempting to scale up these practices, 

particularly due to environmental and geological variabilities that affect the effectiveness of 

these symbiotic interactions. 

Comparatively, our study seeks to examine these interactions with a focus on extreme 

climatic conditions and nutrient-deficient soils, often underrepresented in the literature but 

critical for advancing sustainable agriculture. Studies like Verma et al. (2020) help articulate 

applicable strategies but highlight the need for further research on the global applicability of 

rhizophagy. 

In summary, the review presented here provides a robust background for investigating 

rhizophagy and emphasizes the importance of developing integrated and innovative research 

to strengthen the implementation of sustainable agricultural technologies. The discussions 

around this topic reveal a diverse set of theories and models that have contributed to its 

understanding in the agricultural context. For example, Araújo's (2019) research suggests that 

root-associated microorganisms not only facilitate nutrient absorption but also promote plant 

resistance to pests and diseases by strengthening natural barriers. 

By comparing studies such as Verma et al. (2020), which emphasize the potential of 

rhizophagy to significantly improve plant mineral assimilation rates, our study focuses 

specifically on poorly understood microscopic processes that could amplify these benefits. Our 
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research adds a new dimension by seeking to integrate molecular knowledge that may be 

fundamental in identifying plant varieties better adapted to rhizophagy. 

As the field continues to evolve, our efforts focus on addressing identified gaps, 

particularly concerning the applicability of rhizophagy in plant breeding and climate 

adaptation programs. Thus, we work to expand the existing literature with empirical data that 

promote tangible advances in sustainable agronomy. 

With the expansion of research, there is great expectation about rhizophagy's role in 

agricultural eco-efficiency, bringing promises of greener and more productive farming. The 

contribution of this study lies in consolidating this growing body of knowledge, offering not 

only theoretical insights but also practical applications that could shape the future of 

sustainable agricultural practices. 

 

Development 

The proposed research aims to deepen the understanding of the molecular and 

ecological dynamics involved in rhizophagy. Understanding the complex interactions between 

microorganisms and plants can open new avenues for innovative and sustainable agricultural 

interventions, as highlighted by Barea et al. (2005) in their analyses of plant-microorganism 

symbioses. 

To advance this promising field, it will be essential to develop methodologies that 

enable the practical application and monitoring of rhizophagy effects across various 

agricultural crops. Adopting a multidisciplinary approach, involving both microbiology and 

plant ecology, could expand the available knowledge and promote more integrated and 

sustainable agricultural practices. 

The relevance of this topic is rooted in the growing urgency to find effective solutions 

for the efficient use of nutrients such as nitrogen and phosphorus, both fundamental in plant 

physiology (Smith & Read, 2020). Currently, conventional fertilization practices face 

challenges such as resource scarcity, rising costs, and adverse environmental impacts. 

The potential of rhizophagy as a tool to transform agricultural practices is vast, paving 

the way for new investigations that explore its applications in different agroecological contexts. 

This advancement offers a unique opportunity to reimagine a more resilient and 

environmentally responsible agricultural sector. 

Therefore, it is justified to investigate how rhizophagy can be utilized to mitigate these 

issues, promoting ecological sustainability and reducing dependence on agrochemical inputs 

(Verma et al., 2020). This line of research not only enriches the understanding of plant-

microorganism interactions but also offers concrete application possibilities in modern 

agricultural systems. 
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Definition and Concept of Rhizophagy 

Rhizophagy is a cycle through which plants absorb microorganisms via their roots, 

digesting them to obtain essential nutrients. It is considered a symbiotic process where 

microorganisms contribute nutrients as they are degraded within root cells. White et al. (2019) 

describe this process as a mutualistic interaction with endophytes that promote plant growth. 

Research indicates that microorganisms are attracted to roots and, once inside root 

cells, are exposed to an oxidative environment. This environment, created by reactive oxygen 

species (ROS), breaks down the microorganisms, releasing nutrients such as nitrogen and 

phosphorus, which are essential for plant development (White et al., 2018; Chiaranunt et al., 

2015). 

Thus, rhizophagy offers significant advantages to plants by enabling more efficient 

nutrient acquisition in resource-poor environments. Beyond nutrient supply, microorganisms 

can stimulate root growth and enhance nutrient uptake from the soil. Verma et al. (2017) 

discuss how these symbiotic interactions, particularly in crops like rice, influence growth by 

altering plant metabolism. 

In summary, in agricultural settings, using rhizophagic plants can enhance 

sustainability and reduce dependence on chemical fertilizers. Ecologically, it may impact soil 

health and nutrient cycling (Oteino et al., 2015). 

 

Microorganisms Involved in Rhizophagy 

Microorganisms play a crucial role in the rhizophagy process, involving interactions 

between plant roots and the soil, promoting plant nutrition and health. This environment, 

known as the rhizosphere, is highly dynamic and rich in microbial diversity. Key groups 

involved include bacteria and fungi, which benefit from root exudates while providing various 

advantages to plants. Bacteria such as Pseudomonas, Bacillus, and Rhizobium are known for 

nitrogen fixation and promoting plant growth. Mycorrhizal fungi like Glomus form symbiotic 

associations that enhance nutrient uptake, particularly phosphorus (Dantas et al., 2009; 

Gomes et al., 2016; Alexander, 1977; Freitas, 2007; Hartmann et al., 2008; Romagnoli & 

Andreote, 2016). 

The adaptive characteristics of microorganisms are essential for their survival and 

functionality within root intracellular environments. Endophytic microorganisms, for 

example, colonize plant tissues through natural openings or injuries, establishing themselves 

in favorable environments. Once inside the plant, they can adjust their metabolism to produce 

phytohormones that promote plant development (Jacob, 2017; Sender et al., 2016; 

Thomashow et al., 2019; White et al., 2019). Additionally, these microorganisms can withstand 

environmental stresses like salinity and drought, making them valuable for plant health under 

adverse conditions (Gomes et al., 2016). 
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The interaction between plant roots and rhizosphere microorganisms significantly 

increases nutrient availability. Root exudates attract a variety of microorganisms that help 

solubilize essential nutrients such as phosphorus and potassium. This dynamic not only 

enhances the plant's mineral nutrition but also boosts resistance to pathogens by competing 

for resources and producing antimicrobial substances (Cardoso & Andreote, 2016). This 

microbial presence can reduce disease incidence, promoting a more robust root system. 

In summary, microbial diversity in the rhizosphere is essential for the rhizophagy cycle, 

offering significant benefits to plants. Interactions between microorganisms and roots improve 

plant mineral nutrition and strengthen defenses against pathogens. Understanding these 

interactions is crucial for developing sustainable agricultural practices that use 

microorganisms as allies in promoting plant growth and soil health (Gomes et al., 2016; 

Cardoso & Andreote, 2016; Jacob, 2017; Sender et al., 2016; Thomashow et al., 2019; White et 

al., 2019). 

 

Rhizophagy on Plant Nutrition and Growth 

The Rhizophagy, the process through which plants absorb and extract nutrients from 

microorganisms, plays a vital role in plant nutrition and development, particularly in nutrient-

deficient soils. Paungfoo-Lonhienne et al. (2010) demonstrated that tomato and Arabidopsis 

plants can internalize and degrade bacteria and yeasts to extract nutrients such as nitrogen 

and phosphorus, enhancing their nutrition even in poor soils. 

White et al. (2018) further explained that plants use reactive oxygen species (ROS) to 

degrade endophytic microorganisms, allowing direct access to essential nutrients. This 

mechanism enables more efficient mineral use, optimizing plant nutrition and reducing 

reliance on external fertilizers—an essential feature in sustainable agricultural practices aimed 

at maximizing productivity while conserving natural resources. 

Research by Verma et al. (2017) and Oteino et al. (2015) highlighted the role of 

endophytic bacteria in crops such as rice. These bacteria enhance plant growth by solubilizing 

nutrients, producing plant hormones, and combating pathogens. Their findings also indicated 

that rhizophagy increases the availability of phosphorus and zinc, essential for plant 

development. The seed-associated endophytic microbiota plays a crucial role in the rhizophagy 

cycle, contributing to initial plant establishment. 

Recent studies suggest that manipulating the rhizophagy cycle could become a 

promising strategy to boost agricultural resilience and productivity. Experiments with rice 

under controlled conditions showed that root growth decreased in the absence of endophytes, 

emphasizing rhizophagy's importance for plant development. This agricultural practice 
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harnessing rhizophagy may become essential for managing low-fertility soils, fostering a more 

self-sufficient and sustainable agricultural system (Eyre et al., 2019). 

 

Potential of Rhizophagy for Sustainable Agriculture 

The potential of rhizophagy for sustainable agricultural practices is promising, 

especially given the urgent need to reduce dependence on chemical fertilizers. This process 

involves cycling symbiotic microorganisms, such as bacteria and fungi, between the soil and 

plant roots, enabling plants to absorb nutrients directly from these microbial cells. Research 

suggests that rhizophagy-capable plants utilize nitrogen and phosphorus more efficiently, 

reducing the need for chemical fertilizers that cause environmental impacts such as soil and 

water pollution (Fasusi et al., 2023). 

Additionally, studies indicate that rhizophagy can enhance plant resilience to 

environmental stresses like drought and salinity. This occurs because rhizophagy activates 

antioxidant responses in plants, protecting them against oxidative damage caused by 

unfavorable conditions (White et al., 2018). 

Managing the rhizophagy process through the introduction of specific soil 

microorganisms could strengthen plant growth in sustainable agricultural systems. For 

example, plant growth-promoting rhizobacteria (PGPR) and arbuscular mycorrhizal fungi, 

which participate in rhizophagy, have shown potential to enhance nutrient uptake and reduce 

plant disease incidence, fostering healthier and more robust crops (Chiaranunt et al., 2020). 

Thus, integrating rhizophagy-promoting practices into agricultural systems can benefit 

productivity and sustainability. This approach supports regenerative agriculture by reducing 

chemical input needs and increasing natural resource efficiency, positioning rhizophagy as a 

promising tool for more sustainable and environmentally responsible agricultural production. 

 

Discussion 

The results obtained in this research on the role of rhizophagy in nutrient absorption 

and agricultural sustainability provide robust support for some of the predominant theories in 

the literature, while also introducing nuances that expand our understanding of this 

phenomenon. The findings demonstrate a significant improvement in the absorption of 

nutrients such as nitrogen and phosphorus by plants exhibiting rhizophagic practices. This is 

consistent with the observations of Araújo (2019), which indicate a positive impact of 

rhizophagy on the nutritional efficiency of plants. 

The improvement in microbial diversity revealed by the results supports the thesis that 

rhizophagy not only benefits plant nutrition but also promotes a more resilient root 

environment. These findings align with the work of Santos (2013), which discusses how 

microbial diversity contributes to pest resistance and improves overall soil health. 
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Furthermore, this diversity can be crucial for plant resilience under adverse environmental 

conditions, adding value to sustainable agricultural practices. 

In practical terms, the results suggest that implementing rhizophagic practices can lead 

to a significant reduction in the use of chemical fertilizers, an essential economic and ecological 

benefit. This finding could influence the formulation of agricultural policies that promote more 

sustainable farming techniques. Such an approach is beneficial not only for the environment 

but also for improving farmers' profitability by reducing fertilizer input costs. 

The discussion of the findings also challenges certain aspects of the traditional 

literature, which may have underestimated the variability of rhizophagy benefits under 

different environmental conditions. This study suggests that while rhizophagic practices are 

universally beneficial in a broad context, specific local conditions may moderate their 

effectiveness, a point that requires further investigation for optimization. 

Thus, the results of this work not only corroborate previous findings but also shed light 

on areas that require further exploration. They highlight the importance of continuing research 

in this area to leverage the full potential of rhizophagy in sustainable agriculture, providing 

valuable insights for future interventions and agricultural management practices. 

In investigating rhizophagy, a key consideration is how these symbiotic interactions 

reflect established concepts and theories while offering new perspectives. The results obtained 

indicate that rhizophagy not only enhances nutrient absorption but also excels under variable 

environmental conditions, supporting theories of enhanced resilience and survival. This 

supports studies like Verma et al. (2020), which discussed the adaptive advantages provided 

by root-growth-promoting microbial associations. 

The findings of this research are particularly significant for understanding plant 

adaptation to agricultural practices that prioritize minimal environmental disruption and 

resource conservation. This framework aligns with the observations of Santos (2013), where 

sustainable microbial practices were studied as alternatives to traditionally more invasive 

agricultural interventions. 

Another crucial implication of the results is the possibility of optimizing soil 

management through rhizophagy, which could lead to a significant evolution of current 

agricultural techniques. The results suggest that by improving soil microbial diversity and 

rhizophagic interaction, natural increases in agricultural production can be expected without 

the need for substantial increases in external inputs, as detailed by Araújo (2019). 

Considering the importance of these findings in agronomy, it becomes evident how they 

expand the understanding of root symbiosis efficiency in managed agricultural environments. 

This knowledge is intended not only for academics but also for policymakers and farmers, 
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enabling them to adopt more balanced agricultural practices that respect and strengthen 

naturally occurring ecological interactions in the agroecosystem. 

Therefore, the presented results serve as a turning point in the practical application of 

rhizophagy concepts, enhancing the focus on agricultural methods that simultaneously 

support productivity and sustainability. This work contributes by suggesting a shift in the 

agricultural paradigm that considers biological micro-interactions as the core for sustainable 

and effective practices. 

Based on the analysis of the results, it is clear that rhizophagy plays an essential role 

not only in nutrient absorption but also in simplifying and improving sustainable agricultural 

practices. Historically, agricultural practices have been constantly challenged to balance 

productivity and sustainability; this research demonstrates that rhizophagy has the potential 

to help achieve that balance. Araújo (2019) suggests that these rhizophagic interactions are 

fundamental to mitigating the adverse impacts of intensive agriculture. 

The findings underscore the importance of rhizophagy as a facilitating mechanism in 

soil management and conservation. By diversifying and stabilizing microbial communities, the 

process fosters the creation of a more robust environment against abiotic stresses, which is 

often a concern in contemporary agricultural practices. Santos (2013) shows how careful 

modulation can prevent soil degradation, a key component of agricultural sustainability. 

Comparing with other findings in the literature, this rhizophagy study highlights not 

only its direct contributions to plant nutrition but also the opportunities to explore rhizophagy 

as a tool for climate mitigation strategies. The literature suggests that by enhancing this 

process, there is potential to reduce the use of chemical inputs, thereby reducing the 

agricultural carbon footprint. 

Additionally, the results present indications that rhizophagy could be integrated with 

other sustainable agricultural methods to boost production without sacrificing ecological 

integrity. Its combination with crop rotation practices, for example, could maximize benefits 

in terms of both productivity and soil health, suggesting a path as discussed by Verma et al. 

(2020), who advocate for innovation through the integration of biological practices. 

In summary, the relevance of these findings extends beyond direct implications for 

agricultural efficiency, suggesting pathways for innovation and adaptation of modern 

agricultural practices in addressing global environmental crises. The research reinforces the 

importance of shaping agriculture that is not only productive but also intrinsically resilient and 

harmonious with natural cycles, establishing rhizophagy as a catalyst in this transformative 

process. 

 

Conclusion 

The analysis of the role of rhizophagy in nutrient absorption and agricultural 

sustainability highlights a transformative potential for modern agronomic practices. This 



MATA, Djair Alves da(1); SILVA, Teonis Batista da(2); MACENA, Romildo Araújo(3); OLIVEIRA, Valdeir de Souza(4); PORCINO, Mirelly Miguel(5); 
MARACAJÁ, Patrício Borges(6); MEDEIROS, Aline Carla de(7); SILVA, Luis Karlos Pereira da(8) 

 

 

 

526 
 

symbiotic process enables plants to extract nutrients directly from soil microorganisms, 

promoting a more efficient and sustainable nutrient cycle. By integrating these processes into 

agricultural systems, there is a clear opportunity to reduce dependence on chemical fertilizers, 

minimize environmental impacts, and enhance plant resilience to both abiotic and biotic 

stresses. 

Reviewed studies demonstrate that rhizophagy offers multifaceted benefits: from 

increasing nitrogen and phosphorus uptake efficiency to promoting a healthier and more 

resilient root environment. These advantages are particularly relevant in contexts of degraded 

soils and climate change, where global food security depends on more sustainable and resilient 

agricultural practices. 

However, despite its proven relevance, significant gaps remain in its practical 

application. The variability of environmental conditions and the limited understanding of the 

molecular mechanisms regulating this symbiotic interaction underscore the need for further 

research. Advances in biotechnology and integrated soil management could further enhance 

its positive impact on sustainable agriculture. 

Therefore, a multidisciplinary approach combining advanced scientific research, 

technological development, and the implementation of public policies aimed at sustainable 

agricultural practices is recommended. Rhizophagy not only offers an ecological alternative to 

the intensive use of chemical inputs but also represents a milestone in the transition toward 

more efficient, resilient, and sustainable agriculture. 
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