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ABSTRACT
Mycorrhizal fungi, found in soil and plant roots, form symbiotic relationships with higher plants, enhancing their growth, health, and resilience. These fungi, including arbuscular, ectomycorrhizal, endomycorrhizal, ectendomycorrhizal, monotropoid, arbutoid, orchid, and ericoid types, increase nutrient uptake, improve soil structure, and facilitate plant defense against pathogens and environmental stressors. In return, plants provide fungi with carbohydrates produced through photosynthesis. This mutually beneficial relationship is crucial for plant survival, productivity, and ecosystem functioning, particularly in nutrient-poor environments. Understanding the complex interactions between mycorrhizal fungi and plants is essential for developing sustainable agricultural practices, conserving ecosystems, and promoting biodiversity.
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INTRODUCTION
Mycorrhiza is a widely occurring natural phenomenon they are combination of mycorrhizal fungi found in the soil and roots of higher plants (Frey, 2019; Mandwa et al., 2024). When it comes to mycorrhizal fungi, arbuscular mycorrhizal (AM) fungi form the most common symbiotic relationship with the roots of 72% of terrestrial plants. In this relationship, mycorrhizal hyphae spread widely in the root cortex cells, resulting in arbuscular, and vesicles are occasionally observed in the cortex cells along with well-developed extra radical hyphae (Bonfante, 2018; Bawara et al., 2010). Mycorrhizal fungi's mycelium, which grows from the plant's root into the soil, increases the absorption of soil moisture and mineral nutrients. For plants and mycorrhizal fungi to live in a mutually beneficial symbiotic relationship, the plant provides mycorrhizal fungi with carbohydrates and oxygen, and the fungi secrete enzymes, antibiotics, vitamins, and other substances that encourage the growth of plant roots (Kumar et al., 2022; Bhardwaj et al., 2024). Mycorrhizal fungi are widely dispersed in soils and contribute 5–36% of the total biomass and 9–55% of the biomass of microorganisms.) when AMF symbiosis occurs with the host plant, the macronutrients (N, P, K, Ca, S) and micronutrients (Fe, Cu, Zn) are better mobilised into the plant and it protects it from phytopathogens (Garcia and Zimmermann, 2014).Many studies have demonstrated that mycorrhizal connections control both the biogeochemistry and the way an ecosystem responds to external disturbances (Zak et al., 2019; Dixit et al., 2023). Emphasis is placed on how taking into account mycorrhizal complexes shows their critical role in the biogeographic distribution of plant species on a global scale (Steidinger et al., 2019). It is suggested that natural ecosystems be restored and conserved through the use of mycorrhizal symbiosis (Pickles et al., 2020).In the forest, the most common types of mycorrhizae are ectomycorrhiza and arbuscular and ericoid mycorrhiza (Selivanov, 1981; Karatygin, 1993; Smith and Read, 2012; Singh et al., 2024).In addition to providing plants with mineral compounds, mycorrhiza also enhance the physical and chemical characteristics of soil and function as filters to prevent xenobiotics from entering their mycelium (Wu et al., 2019). Thus, mycorrhiza immobilise heavy metal in plant roots (phytostabilization) and serve as a physical barrier and sheath for the mycorrhizal plant (Ma et al., 2019; Miransari, 2011; Wu et al., 2014; Wu et al., 2016).There are seven types of mycorrhizae .These are endo (arbuscular), ecto, ectendo, arbutoid,monotropoid, ericoid, and orchidaceous mycorrhizae, as described by the scientists (Table 1). Among them,endomycorrhizae and ectomycorrhizae are the most abundant and widespread .
Ectomycorrhizal (ECM) symbiosis occurs in only 3% of the plant species on the Earth; thousands of fungal species provide access to belowground resources for ECM autotroph organisms (Smith and Read, 2008; Tiwari et al., 2024).The around 6000 species of known ECM fungi are mostly uncultivable organisms, dependent on their host for carbon and vitamins, while they provide water, nutrients and root protection for autotrophs (Smith and Read, 2008).Arbuscular mycorrhiza is by far the most abundant of the endomycorrhiza (Smith and Read, 2008). The AM fungi are now classified as a separate phylum, Glomeromycota. They belong mainly to four genera, Acaulospora, Gigaspora, Glomus and Sclerocystis. The AM is characterized by the formation of (i) intracellular structures (arbuscules or hyphal coils) within the cortex cells, (ii) intercellular hyphae in the cortex, and (iii) a mycelium that extends well into the surrounding soil.
Table 1.  Major categories of mycorrhizae and their attributes.
	Mycorrhizal
Type
	Fungal Taxa
	Plant Taxa
	Intracellular
Colonization
	Fungal
Sheath
	Vesicle

	Arbuscular
	Glomeromycota
	Bryophyta
Pteridophyta
Gymnosperms
Angiosperms
	Present
	Absent
	Present
or Absent

	Ecto
	Basidiomycota
Ascomycota
Zygomycota
	Gymnosperms
Angiosperms
	Absent
	Present
	Absent

	Ectendo
	Basidiomycota
Ascomycota
	Gymnosperms
Angiosperms
	Present
	Present
or Absent
	Absent

	Arbutoid
	Basidiomycota
	Ericales
	Present
	Present
	Absent

	Monotropoid
	Basidiomycota
	Monotropoideae
	Present
	Present
	Absent

	Ericoid
	Ascomycota
	Ericales
Gymnosperms
	Present
	Absent
	Absent

	Orchidaceous
	Basidiomycota
	Orchids
	Present
	Absent
	Absent



MYCORRHIZA ASSOCIATION STAGE
Mycorrhizae are symbiotic associations between the roots of plants and fungi. This mutually beneficial relationship is vital for the growth and survival of many plant species. There are several stages in the mycorrhiza association, each playing a crucial role in the health and development of both the plant and the fungus (Huey et al., 2020) (Figure 1).
The first stage of the mycorrhiza association is the recognition and signaling between the plant roots and the fungus. This involves chemical signals being exchanged between the two organisms, which initiates the formation of the symbiotic relationship. The plant releases compounds that attract the fungus, while the fungus responds by growing towards the plant roots (Kumar et al. 2023). Once the fungus reaches the plant roots, it forms a network of hyphae that penetrate into the root cells. This is known as the colonization stage of the mycorrhiza association. The hyphae help the plant roots absorb water and nutrients from the soil, increasing the plant's overall nutrient uptake and growth potential.
After colonization, the mycorrhizal fungus forms special structures called arbuscules inside the plant root cells. These structures facilitate the exchange of nutrients between the fungus and the plant. The fungus provides the plant with essential nutrients such as phosphorus and nitrogen, while the plant supplies the fungus with sugars produced through photosynthesis (Kumar et al., 2024a). As the mycorrhiza association progresses, the plant and fungus continue to communicate and interact. The fungus helps the plant in times of stress, such as drought or nutrient deficiency, by increasing the plant's tolerance and ability to adapt to adverse conditions. In return, the plant supports the fungus by providing a stable environment and a continuous supply of sugars.
The mycorrhiza association stage also plays a critical role in the ecosystem as a whole. Mycorrhizae help improve soil structure, fertility, and overall plant diversity. By facilitating nutrient cycling and uptake, mycorrhizal fungi contribute to the health and productivity of plant communities, which in turn support a variety of other organisms in the ecosystem (Bhardwaj et al., 2024). Furthermore, mycorrhizae have been found to play a crucial role in plant defense against pathogens and pests. The symbiotic relationship between the plant and fungus can enhance the plant's immune response and increase its resistance to disease. This highlights the importance of mycorrhiza associations in promoting plant health and resilience in natural ecosystems.
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Figure. 1. Mycorrhiza association in plant.
TYPES OF MYCORRHIZA
Mycorrhiza is a symbiotic relationship between fungi and plants where the fungi colonize the roots of plants to improve their ability to absorb nutrients and water from the soil. There are several types of mycorrhiza, each with distinct characteristics and functions (Figure 2). Understanding the different types of mycorrhiza is essential for furthering our knowledge of plant-fungal interactions and their impact on ecosystem functioning. Frank (1885) was probably the first to recognize the widespread nature of associations between plant  roots and mycorrhizal fungi(bhardwaj et al. 2023a).

Figure 2. Classification of mycorrhiza.
Ectomycorrhiza
Ectomycorrhiza is a symbiotic relationship between certain types of fungi and the roots of plants, primarily woody plants such as trees. This unique association plays a crucial role in the health and growth of these plants by enhancing their ability to uptake essential nutrients, particularly nitrogen and phosphorus, from the soil(Bhardwaj et al., 2023b). The fungi form a sheath-like structure around the plant roots, known as the mantle, and extend hyphae into the surrounding soil, effectively increasing the surface area available for nutrient absorption.The presence of ectomycorrhizal fungi can greatly benefit the plants they colonize by facilitating the uptake of nutrients that may otherwise be limited in availability. This is particularly important in nutrient-poor soils, where plants may struggle to obtain the necessary elements for growth and development(Qu et al. 2010). The fungi also help to protect the plant roots from pathogens and other stressors, thereby enhancing their overall resilience and health.
One of the key features of ectomycorrhiza is its specificity, with different types of fungi forming associations with specific plant species. This specificity allows for a highly efficient transfer of nutrients between the fungus and its host plant, as each partner is optimized for the other's needs(McGuire et al.  2013). This mutualistic relationship has evolved over millions of years and has become essential for the survival and success of many plant species, particularly in temperate forests and other ecosystems where ectomycorrhizal fungi are prevalent.In addition to nutrient uptake, ectomycorrhizal fungi can also play a role in water absorption and stress tolerance in plants (Van Der Heijden et al. 2015). By extending their hyphae into the soil, these fungi can access water sources that may be otherwise unavailable to the plant, helping to maintain hydration levels during periods of drought or water scarcity. Furthermore, the presence of ectomycorrhizal fungi has been shown to increase plant resistance to various environmental stressors, such as heavy metal contamination and salt stress, further highlighting the importance of this symbiotic relationship.
Ectomycorrhiza has revealed the complex interactions and signaling mechanisms that occur between the fungi and their host plants. Studies have shown that the fungi can alter plant gene expression and hormone levels, leading to changes in root morphology and nutrient transport. This communication between the two partners is essential for the successful establishment of the symbiosis and the optimization of nutrient exchange(Futai et.al. 2008).The ecological implications of ectomycorrhiza are significant, as this symbiotic relationship can influence plant community dynamics and ecosystem functioning. Studies have shown that the presence of ectomycorrhizal fungi can enhance plant diversity and productivity in forests, promoting the coexistence of different plant species and increasing overall ecosystem resilience. Furthermore, the fungi themselves play a crucial role in nutrient cycling and soil health, contributing to the sustainability of natural ecosystems.Despite the many benefits of ectomycorrhiza, this symbiosis can also have drawbacks under certain conditions(Van Der Heijden et al. 2015). For example, in some cases, the fungi may compete with the plant roots for nutrients, leading to a reduction in plant growth and productivity. Additionally, changes in environmental factors such as temperature and soil moisture levels can influence the effectiveness of the symbiosis, potentially impacting plant health and ecosystem dynamics.
Endomycorrhiza
Endomycorrhiza, also known as arbuscular mycorrhiza, is a symbiotic relationship between certain types of fungi and plant roots. This type of mycorrhiza is the most common form found in nature and plays a crucial role in the health and growth of plants. The fungi involved in endomycorrhiza are from the phylum Glomeromycota and form a network of hyphae that penetrates the plant roots (Adholeya, 2012) (Figure 3). The relationship between plants and endomycorrhizal fungi is mutually beneficial. The fungi provide the plants with essential nutrients such as phosphorus, nitrogen, and trace minerals that are often in limited supply in the soil (Caitlyn et al. 2023). In exchange, the plants provide the fungi with carbohydrates produced through photosynthesis. This exchange of nutrients helps both the fungi and plants to thrive in their ecosystem.
One of the key benefits of endomycorrhiza is the enhancement of the plant's ability to absorb nutrients from the soil. The hyphae of the fungi increase the surface area of the plant roots, allowing for greater absorption of nutrients and water (Kumar et al., 2024b). This increased nutrient uptake can lead to improved plant growth, increased resistance to disease, and greater tolerance to environmental stressors such as drought. Endomycorrhiza has been shown to have a positive impact on plant health and productivity in a wide range of agricultural crops (French, 2017). Studies have found that plants with endomycorrhizal fungi present in their roots exhibit increased yields, improved nutrient uptake, and greater resistance to pests and diseases. This has led to the development of commercial products containing endomycorrhizal fungi for use in agriculture. In addition to their role in improving plant nutrition, endomycorrhizal fungi also play a vital role in enhancing soil structure and fertility (Ferreira Vilela and Barbosa, 2019). The hyphae of the fungi help to bind soil particles together, creating stable aggregates that improve soil aeration and water infiltration. This can lead to better soil structure, reduced erosion, and improved water retention, ultimately benefiting the overall health of the ecosystem. Endomycorrhiza has also been shown to have a positive impact on the environment by increasing the efficiency of nutrient cycling in ecosystems. The fungi help to break down organic matter in the soil, releasing nutrients that can then be taken up by plants (Zhang et al., 2019). This nutrient cycling helps to maintain the fertility of the soil and reduce the need for synthetic fertilizers, ultimately leading to a more sustainable agricultural system.
Endomycorrhizal fungi can play a role in phytoremediation, the use of plants to remove pollutants from the environment. Certain species of fungi have been found to be effective at accumulating heavy metals and other contaminants in their hyphae, reducing levels of pollution in the soil (Ferreira Vilela and Barbosa, 2019). This ability to clean up contaminated sites makes endomycorrhizal fungi valuable tools for environmental restoration efforts. Despite the many benefits of endomycorrhiza, there are also challenges associated with harnessing the full potential of this symbiotic relationship (Boutaj et al., 2020). Factors such as soil pH, temperature, and the presence of competing microorganisms can influence the effectiveness of the fungi in promoting plant growth. Understanding and managing these factors is important for optimizing the benefits of endomycorrhiza in agriculture and environmental restoration( Brundrett, 2004; Brundrett, 2009).
Ectendomycorrhiza
Ectendomycorrhiza is a symbiotic relationship between plants and fungi that occurs in the roots of certain plant species. This type of mycorrhiza is characterized by a unique structure in which the fungal hyphae extend into the root cortex but do not penetrate the individual plant cells (Brundrett, 1996). Instead, the hyphae form a sheath-like structure around the plant cells, allowing for the exchange of nutrients and water between the plant and fungus.The presence of ectendomycorrhiza can have a significant impact on plant growth and development. By forming a close association with the plant roots, the fungus is able to access nutrients such as phosphorus and nitrogen that may be present in the soil but difficult for the plant to absorb on its own (Barea (2005). In return, the plant provides the fungus with sugars and other carbohydrates that it produces through photosynthesis.
Ectendomycorrhiza is its ability to enhance the plant's ability to withstand environmental stress. By improving nutrient uptake and water retention, the fungus helps the plant to better cope with conditions such as drought, high salinity, and low nutrient availability. This can be particularly advantageous for plants growing in harsh environments or under challenging conditions(Yu, 2001). In addition to its role in nutrient uptake and stress tolerance, ectendomycorrhiza also plays a role in improving the overall health of the plant. By forming a protective barrier around the plant roots and helping to regulate the plant's hormonal balance, the fungus can help to prevent disease and infection, and promote healthy growth and development.Ectendomycorrhiza is still relatively new, but studies have shown that this type of mycorrhiza is present in a wide range of plant species, including trees, shrubs, and herbaceous plants(Garbaye, 2013). It is particularly common in ecosystems such as forests, where the dense root systems of trees create an ideal environment for fungal colonization.
Understanding the role of ectendomycorrhiza in plant-fungal interactions is important for agricultural and environmental purposes (Brundett, 2002). By harnessing the benefits of this symbiotic relationship, researchers and farmers may be able to develop new strategies for improving crop yields, reducing the need for chemical fertilizers and pesticides, and promoting sustainable agriculture practices(Yu et al., 2001).
Monotropoid mycorrhiza
Monotropoid mycorrhiza is a type of symbiotic relationship between certain plants and fungi that is unique in its characteristics and functions. This type of mycorrhiza involves non-photosynthetic plants, also known as myco-heterotrophic plants, that rely on fungi for nutrients instead of photosynthesis(Kamesh et al., 2023). This relationship was first discovered in the early 20th century and has since been researched extensively to understand its ecological importance and evolutionary significance. Monotropoid mycorrhiza is the specialized structure of the fungal hyphae that form a network within the plant's roots (Figure 4). These hyphae not only provide the myco-heterotrophic plant with essential nutrients such as carbohydrates and nitrogen, but they also play a role in protecting the plant from pathogens and other environmental stresses (Chandra et al., 2021a). In return, the plant provides the fungi with organic carbon compounds that they need for their own growth and reproduction. The specific interactions and co-evolution of myco-heterotrophic plants and their fungal partners have fascinated scientists for decades. Research has shown that different species of myco-heterotrophic plants have evolved unique adaptations to maximize the benefits of their relationship with fungi. For example, some plants have developed specialized structures called "haustoria" that allow them to directly tap into the fungi's hyphae and extract nutrients more efficiently (Chandra et al., 2021b). Monotropoid mycorrhiza has also been found to have important ecological implications in terms of nutrient cycling and plant community dynamics. Studies have shown that myco-heterotrophic plants can influence the composition and diversity of soil fungi in their habitat, which in turn can affect the overall health and productivity of the ecosystem. By understanding the mechanisms of these interactions, researchers hope to gain insights into how to better conserve and manage plant communities in natural and agricultural settings (Limanpure and kumar 2018).
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Figure 4.Monotropoid mycorrhiza.
Another intriguing aspect of monotropoid mycorrhiza is its potential role in the evolutionary history of plants. Some scientists believe that myco-heterotrophic plants may have evolved from photosynthetic ancestors through a process of symbiosis with fungi (Kumar et al., 2022). This hypothesis is supported by the fact that many myco-heterotrophic plants have lost the ability to photosynthesize and rely entirely on their fungal partners for nutrients.
Arbutoid mycorrhiza
Arbutoid mycorrhiza is a specific type of mycorrhizal symbiosis that is commonly found in plants belonging to the Ericaceae family, such as blueberries and cranberries. This type of mycorrhiza is characterized by the formation of arbutoid structures, which are specialized fungal structures that facilitate nutrient exchange between the plant and the fungus(Molina and Trappe 1982) (Figure 5). Arbutoid mycorrhiza is an important adaptation for plants in nutrient-poor soils, as it allows them to access essential nutrients such as nitrogen and phosphorus more efficiently.Arbutoid mycorrhiza is the presence of highly branched hyphae that form a dense network around the plant roots (Bhardwaj et al., 2023a). These hyphae extend into the soil and help to increase the surface area for nutrient absorption. In addition to the hyphal network, arbutoid mycorrhiza also involves the formation of arbutoid structures within the plant root cells (Bhardwaj et al., 2024).These structures are specialized for nutrient exchange, allowing the plant to take up nutrients from the fungus while providing carbon in return.
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Figure 5.Arbutoid mycorrhiza(Selosse, 1998).
Arbutoid mycorrhiza is a mutualistic relationship, meaning that both the plant and the fungus benefit from the association. The fungus receives a source of carbon from the plant, which it uses for energy, while the plant gains access to essential nutrients that would otherwise be unavailable (Kumar et al., 2023). This symbiotic relationship is crucial for the survival and growth of many plants in nutrient-poor environments.One interesting aspect of arbutoid mycorrhiza is its specificity to plants in the Ericaceae family. This suggests that there may be co-evolution between these plants and the fungi that form arbutoid mycorrhiza. The specificity of this relationship may also play a role in the diversity and distribution of plants in the Ericaceae family, as those with arbutoid mycorrhiza are better adapted to low-nutrient soils(Kumar et al. 2024b).
Arbutoid mycorrhiza has shown that it can enhance plant growth and nutrient uptake, particularly in nutrient-poor conditions. This has led to interest in using arbutoid mycorrhizal fungi as biofertilizers in agriculture, as they have the potential to improve crop productivity and reduce the need for chemical fertilizers(Darro et al., 2022). By harnessing the benefits of arbutoid mycorrhiza, farmers and gardeners can promote sustainable and environmentally friendly practices.In addition to their role in nutrient uptake, arbutoid mycorrhizal fungi may also play a role in enhancing plant resistance to environmental stresses such as drought and disease. Studies have shown that plants with arbutoid mycorrhiza are better able to tolerate water stress and defend against pathogens, suggesting that these fungi may have additional benefits beyond nutrient exchange(Bhardwaj et al., 2023b).
Orchid mycorrhiza
Orchid mycorrhiza refers to the symbiotic relationship that orchids have with certain types of fungi in order to obtain essential nutrients for their growth and development. This relationship is crucial for orchids as they have unique nutritional requirements that are not easily met by typical soil conditions (Rasmussen 1995) (Figure 6). In this work, we will explore the importance of orchid mycorrhiza, how it functions, and the benefits it provides to both the orchids and the fungi involved. The symbiotic relationship between orchids and mycorrhizal fungi begins when orchid seeds germinate and form a specialized structure known as a protocorm. This protocorm lacks the ability to photosynthesize and relies on the fungi to provide necessary nutrients such as carbon, nitrogen, and phosphorus. The fungi, in return, receive organic compounds from the orchids as a food source (Chandra et al., 2021a). There are two main types of mycorrhiza that orchids form with fungi: ectomycorrhiza and endomycorrhiza. Ectomycorrhizal fungi form a sheath around the roots of the orchid, while endomycorrhizal fungi penetrate the root cells of the orchid. The type of mycorrhiza formed depends on the species of orchid and the species of fungi involved (Chandra et al., 2021b). Orchid mycorrhiza is a complex process that involves a series of biochemical interactions between the orchids and the fungi. The fungi release enzymes that break down organic matter in the soil, making nutrients more available to the orchids. In return, the orchids release sugars and other organic compounds that fuel the growth of the fungi.
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Figure 6. Orchid mycorrhiza(Selosse, 1998)
Orchid mycorrhiza is that it allows orchids to thrive in nutrient-poor environments such as tropical rainforests and arid deserts. The fungi help orchids to access essential nutrients that are scarce in these habitats, allowing them to successfully grow and reproduce. Another benefit of orchid mycorrhiza is that it enhances the orchids' ability to withstand environmental stressors such as drought, disease, and competition from other plant species (Kumar et al., 2023). By forming a symbiotic relationship with fungi, orchids are able to increase their chances of survival in challenging conditions. Orchid mycorrhiza also plays a crucial role in the conservation of orchid species. Many orchid species are threatened by habitat loss and over-exploitation, and the loss of their mycorrhizal partners can further endanger their survival. By understanding and protecting orchid mycorrhiza, conservationists can implement strategies to ensure the long-term viability of orchid populations.
Ericoid mycorrhiza
Ericoid mycorrhiza is a type of mycorrhizal symbiosis that occurs between certain plant species, predominantly ericaceous plants, and fungi belonging to the order Helotiales. This specialized form of mycorrhiza is characterized by the presence of highly branched and septate fungal structures known as Hartig nets within the root cells of the host plant(Kumar et al., 2022) (Figure 7). The partnership between the plant and the fungus is mutually beneficial, with the plant providing the fungus with carbon compounds and the fungus aiding the plant in nutrient uptake, particularly nitrogen and phosphorus. Ericoid mycorrhiza is the ability of the fungus to access and exploit organic nitrogen sources in the soil that are not readily available to the plant (Fehrer et al., 2019). This is particularly advantageous in nutrient-poor environments, such as acidic soils where ericaceous plants typically thrive. The fungus is able to break down complex organic compounds, such as proteins and amino acids, and release nitrogen in a form that can be utilized by the plant. In return, the plant supplies the fungus with sugars produced through photosynthesis (Vohník, 2020).
[image: https://d31n3wj3oi4lt9.cloudfront.net/wp-content/uploads/sites/36/2021/06/image-7-1024x275.png]
Figure 7. Ericoid mycorrhiza (Selosse, 1998)
The narrow root hairs of ericaceous plants make it difficult for them to access nutrients present in the soil, which is where the fungal partner in the mycorrhizal symbiosis plays a crucial role. The extensive network of fungal hyphae in the root cells increases the surface area available for nutrient absorption, allowing the plant to more efficiently take up essential minerals(Fehrer et al., 2019). Additionally, the fungal partner may also help the plant cope with environmental stresses, such as drought or heavy metal contamination, by enhancing its tolerance and resilience.
Research has shown that ericoid mycorrhizal symbiosis can have a significant impact on plant growth and productivity. Studies have demonstrated that ericaceous plants associated with ericoid mycorrhizal fungi exhibit increased nutrient uptake, improved resistance to certain pathogens, and enhanced overall plant health compared to non-mycorrhizal plants(Vohník, 2020). These benefits can ultimately lead to higher yields and better quality of crops in agricultural settings. The relationship between ericaceous plants and ericoid mycorrhizal fungi is not static, but rather dynamic and responsive to changing environmental conditions. For example, the fungal partner can adjust its nutrient acquisition strategies in response to variations in soil nutrient availability, helping the plant adapt to fluctuations in nutrient availability (Vohnik, 2020). Similarly, the plant may adjust its carbon allocation to the fungus based on its own physiological needs, ensuring a balanced exchange of resources between the two partners. Ericoid mycorrhizal symbiosis has important implications for ecosystem functioning and nutrient cycling in natural habitats(Bhardwaj et al. 2023b). By facilitating nutrient transfer between plants and fungi, this symbiotic relationship can influence nutrient dynamics in the soil and contribute to the overall productivity and diversity of plant communities. Understanding the mechanisms underlying ericoid mycorrhizal symbiosis is therefore essential for conserving and managing ecosystems, particularly those in nutrient-poor or disturbed environments(Vohník, 2020).

CONCLUSION 
Mycorrhizal fungi play a vital role in enhancing plant growth, health, and resilience through their symbiotic relationships with higher plants, significantly improving nutrient uptake and soil structure while providing defense against environmental stressors. Understanding these interactions is essential for promoting sustainable agricultural practices and conserving ecosystems, thereby supporting biodiversity.
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