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Abstract 

Arbuscular mycorrhizal fungi (AMF) establish a natural symbiosis with plant roots, playing a pivotal role in enhancing plant 

growth, soil fertility, and overall ecosystem stability. This review examines the diverse roles of AMF in improving nutrient 

and water absorption, increasing plant resilience to environmental stresses, and strengthening defense mechanisms against 

pathogens. The extended hyphal network of AMF facilitates the mobilization and uptake of essential nutrients such as 

phosphorus, nitrogen, zinc, and iron, which are often limited in the soil. In addition to boosting nutrient acquisition, AMF 

enhance abiotic and biotic stress tolerance, regulate hormonal balance, and activate systemic resistance pathways that protect 

plants from diseases. Beyond their influence on plants, AMF contribute significantly to soil health by improving aggregation, 

promoting carbon sequestration, and supporting beneficial microbial communities. These fungi thus serve as key agents for 

maintaining soil structure and reducing erosion. Integrating AMF into modern agricultural systems offers an environmentally 

sound approach to reducing dependence on chemical fertilizers, improving productivity, and ensuring long-term agricultural 

sustainability. 
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Introduction 

Mycorrhizae can be described as a mutually beneficial 

association between fungi and the roots of plants, where the 

fungus usually inhabits the root system of a host plant, 

enhancing its ability to absorb water and nutrients, while the 

plant supplies the fungus with carbohydrates generated 

through photosynthesis (Rastogi et al., 2024) [48]. This 

symbiotic relationship aids the plant in thriving within a soil 

ecosystem by providing various benefits (Begum et al., 

2019) [9]. 

Research on mycorrhizae began earnestly in the late 1800s, 

but it wasn't until the 1900s that its importance for plant 

growth and soil health became fully acknowledged. Initial 

research focused mainly on the identification and 

classification of mycorrhizal fungi. As scientists 

investigated further, they discovered the extensive role 

mycorrhizae play in promoting nutrient exchange between 

soil and plants. This finding represented a major shift in 

understanding plant nutrition and soil biology. The 20th and 

21st centuries have seen a significant increase in 

mycorrhizal research, especially concerning sustainable 

agriculture and forestry, which has led to innovative farming 

methods that incorporate mycorrhizal fungi for improved 

crop yields and better soil conservation (Rastogi et al., 

2024) [48]. 

The frequent use of chemical fertilizers, pesticides, and 

herbicides creates challenges for both human health and soil 

quality (Yang et al., 2004) [66]. Biofertilizers are composed 

of a blend of natural substances, including microbes that 

promote the growth, development, and overall health of 

plants. Arbuscular mycorrhizal fungi (AMF) function as 

growth regulators in most terrestrial environments, and 

researchers have been encouraged to utilize AMF as a 

biofertilizer (Khalique et al., 2022). 

Symbiotic relationships between arbuscular mycorrhizal 

fungi and plant roots are prevalent in nature and can offer 

various advantages to the host plant. These advantages 

encompass enhanced nutrition, greater resistance to soil-

borne pests and diseases, improved stress tolerance, and 

better soil structure. Numerous agricultural crops form 

mycorrhizal associations, if equivocal evidence that crops 

benefit from their arbuscular mycorrhizal (AM) partnerships 

similarly (Paul et al., 2006) [43].  

AM fungi play a crucial role in sustainable agricultural 

systems because they thrive in conditions where nutrient 

availability is low and when nutrients are bound to organic 

matter and soil particles (Soibam et al., 2021) [4]. 

Nevertheless, there are significant gaps in our knowledge 

regarding the AM association, particularly concerning the 

role of AMF species diversity in achieving the full spectrum 

of benefits and the impact of various agronomic methods on 

the ecology and functionality of AMF (Paul et al., 2006) [43]. 

Effective management of arbuscular mycorrhizal fungi has 

the potential to enhance the profitability and sustainability 

of agricultural practices. 

 

Types of Mycorrhizae  

The term "mycorrhizae," which translates to "Fungus Root," 

refers to the symbiotic relationship that mycorrhizae 

establish with plant roots, benefiting both. Mycorrhizae are 

specific to their host plants and can only colonize certain 

plants, which means that some soils may lack the native 

mycorrhizae required to support these plants. Consequently, 

most plants can benefit from the introduction of 

mycorrhizae into the soil. Globally, over 150 species of 

mycorrhizal fungi can be found across various soil types and 

climates. There are multiple forms of mycorrhizal 

associations, but the most prevalent and important for 
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agriculture are Arbuscular Mycorrhizae (AM) and 

Ectomycorrhizae (ECM) (Milton et al., 2021) [37]. 

 

1. Ectomycorrhizae (ECM) 

ECM fungi create a protective layer around the root tips and 

invade the root cortex without actually entering the cells. 

They are predominantly linked with trees and shrubs. ECM 

fungi play a vital role in forest ecosystems and are utilized 

in reforestation and afforestation initiatives (Milton et al., 

2021) [37]. 

 

2. Arbuscular Mycorrhizae (AM) 

AM fungi penetrate the cortical cells of root systems in 

plants, forming structures known as arbuscules and vesicles. 

These arbuscules and vesicles facilitate the transfer of 

nutrients between the fungus and the plant. AM fungi are 

linked to most crop plants, such as cereals, legumes, and 

vegetables (Milton et al., 2021) [37]. 

 

Role of Arbuscular Mycorrhizae in Plant Growth 

Arbuscular mycorrhizae (AM) are essential for plant 

development, as they establish a symbiotic connection that 

improves the availability and absorption of nutrients and 

water, boosts photosynthetic rates, enhances antioxidant 

activities, and raises resilience to environmental stress. 

Additionally, AM fungi positively influence both primary 

and secondary metabolites, which in turn enhances plant 

growth, yield, and productivity (Khan et al., 2022) [29]. 

 

1. Enhanced nutrient and water uptake 

AMF enhanced the absorption of mineral nutrients and 

water by host plants. It was observed that the extra-root 

mycelia of AMF were extensively spread throughout the 

soil, intertwining to create a vast network of mycelium, 

which expanded the root system's range for absorbing water 

and nutrients, particularly phosphate and nitrate, 

simultaneously for various plants (Weng et al., 2022) [63].  

Mycorrhizal fungi can absorb and transport nearly all 15 

essential macro- and micronutrients necessary for plant 

growth. These fungi secrete powerful chemical compounds 

into the soil that help mobilize tightly bound nutrients like 

phosphorus, iron, and other mineral nutrients. The processes 

involved in dissolving and transporting nutrients are crucial 

for providing plants with nutrition, and this necessitates 

consideration of high fertility levels in non-mycorrhizal 

plants to ensure their health (Cabral et al., 2016) [12]. 

Mycorrhizal fungi develop an intricate network of hyphae 

that captures and absorbs nutrients, replenishing the soil's 

nutritional resources. In the absence of mycorrhiza, much of 

this fertility is depleted or lost from the soil ecosystem. 

Mycorrhizal relationships may directly affect the growth of 

host plants by enhancing nutrient acquisition through the 

fungal partner. The two main phases in nutrient absorption 

from the soil and the release of these nutrients via 

mycorrhizal association include: a) Mobilization and 

acquisition by fungal mycelia and b) Transportation of the 

absorbed nutrients across the fungal–root interface (Khrieba, 

2019). 

The colonization by AMF boosts the uptake of nutrients in 

plants. When AMF are introduced to the plant, they enhance 

the acquisition of macro and micronutrients, resulting in 

increased photosynthesis and a greater accumulation of 

photosynthates. In soils lacking nutrients, AMF facilitate 

nutrient uptake by plants by enhancing the root system's 

surface absorbing capacity (Khaliq et al., 2021) [28]. Studies 

have shown that AMF inoculation in tomato plants resulted 

in higher uptake of K, N, P, and calcium (Ca) and improved 

plant growth (Balliu et al., 2015) [7]. AMF establishes a 

mutualistic relationship with the roots of the plant, which 

aids in the absorption of various mineral nutrients such as 

Ca, N, P, and zinc (Zn) (Li et al., 2016). AMF synthesize 

siderophores (ferricrocin, glomuferrin) (Haselwandter, 

2008; Winkelmann, 2017) [23, 65], which have the ability to 

chelate iron (Fe), especially under Fe-deficiency conditions. 

The chelated Fe becomes available for uptake by both plants 

and fungi (Etesami et al., 2021) [20]. 

 

1.1 Phosphorus (P) 

Arbuscular mycorrhizal (AM) fungi are particularly 

proficient at enhancing phosphorus (P) uptake because their 

external hyphae can reach soil areas that are beyond the 

depletion zones surrounding roots, where they can mobilize 

P and transfer it to the host plant through arbuscules. 

Numerous studies have documented significant increases in 

plant P concentration and P-use efficiency after colonization 

by AM fungi in environments with low to moderate soil P 

availability. AM fungi enhance nutrient uptake by 

broadening the root absorption area and also exude 

compounds like glomalin, a glycoprotein released by AM 

fungal hyphae and spores. In the soil, glomalin facilitates 

the absorption of hard-to-dissolve nutrients like iron (Fe) 

and phosphorus (P) (Smith and Read, 2008; Begum et al., 

2019; Kumar et al., 2024) [2, 9, 56]. Phosphorus can be readily 

taken up from soil particles, which leads to the formation of 

Pi-free areas around the roots. The extraradical hyphae of 

mycorrhizal roots stretch beyond these P-depleted regions, 

allowing the absorption of bioavailable Pi that is otherwise 

inaccessible to plants.  

AM fungi are recognized as some of the most efficient soil 

microorganisms for P absorption, outperforming non-

mycorrhizal (NM) roots. Smith and Read (2008) [56] 

demonstrated that in soils with low P availability, AM-

infected roots absorb and store more P compared to the 

roots of non-mycorrhizal plants. The mycorrhizal 

relationship improves root biomass, increases root length, 

and enhances the uptake of P, Fe, and zinc (Zn) in wheat 

plants (Ingraffia et al. 2019) [24]. 

 

1.2 Nitrogen (N) and other macronutrients 

In trees and specific crops, nitrogen (N) is the main factor 

that can limit growth. Enhanced nitrogen nutrition has also 

been recorded with arbuscular mycorrhizal fungi (AMF) 

associations in various studies (Courty et al., 2015; Koegel 

et al., 2017) [17, 30]. The absorption of nitrogen by AMF can 

occur in both organic forms (like amino acids) and inorganic 

forms (such as ammonium and nitrate ions) (Leigh et al., 

2009) [32]. AMF can facilitate nitrogen uptake in plants 

directly through extraradical mycelial absorption and 

intraradical mycelial transport, or they can indirectly affect 

nitrogen acquisition by modifying root characteristics 

(specific root area, root branching intensity, root tissue 

density) and regulating the expression of nitrogen-related 

transport proteins. Numerous studies have indicated that 

AMF can also transfer nitrogen to neighboring plants 

(Battini et al., 2017; Turrini et al., 2018) [8, 59]. 
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1.3 Micronutrients and beneficial elements (Zn, Cu, Fe, 

etc.) 

Arbuscular mycorrhizal fungi (AMF) can significantly 

improve the absorption of micronutrients, particularly 

copper (Cu), zinc (Zn), and iron (Fe), which often have 

limited bioavailability due to their propensity to form 

insoluble complexes or their uneven distribution in the soil 

(Allen et al., 2009; Campos et al., 2018) [5, 14]. Additionally, 

AMF can facilitate the mobilization and solubilization of 

these micronutrients by releasing organic acids and 

enzymes, which convert these elements into forms that are 

more accessible to plants (Plassard et al., 2010) [44]. By 

regulating the levels of micronutrients in plant tissues, these 

fungi provide a buffering system that reduces the risk of 

deficiency or toxicity (Mahmud et al., 2022) [36]. As a result, 

AMF are essential for enhancing nutrient uptake in plants, 

converting less accessible micronutrients into bioavailable 

forms, and protecting against nutrient imbalances.  

Rajapitamahuni et al. (2023) [46] discovered that the 

relationship between plants and AMF is vital for 

maintaining iron balance by modifying root structure and 

generating root exudates that enhance iron solubility. The 

symbiotic relationship with AMF increases the expression 

of high-affinity iron transporters in plant roots, aiding in the 

uptake of iron from the soil. Furthermore, AMF can boost 

the production of iron-chelating substances, such as 

phytosiderophores, within plant roots. These strategies lead 

to improved iron absorption and distribution throughout the 

plant, resulting in better growth and nutrient uptake. 

Interactions between bacteria and AMF in endophytic 

environments and the hyphosphere are also critical to the 

dynamics of iron. 

 

2. Enhanced Disease Resistance 

Mycorrhizal fungi improve plant resistance to diseases 

through various mechanisms. One key mechanism involves 

enhancing plant nutrition, especially phosphorus absorption, 

which bolsters the overall health of the plant and its capacity 

to fend off pathogens. Additionally, mycorrhizal 

associations trigger systemic resistance in plants, akin to the 

systemic acquired resistance (SAR) initiated by pathogen 

attacks (Patel and Thakur, 2023) [50].  

Systemic resistance (SR) is activated in host plants when 

arbuscular mycorrhizal fungi (AMF) colonize them, leading 

to the activation of defense-related genes (DRGs) linked to 

salicylic acid (SA), jasmonic acid (JA), and ethylene (ET) 

signaling pathways that are crucial for resisting pathogens 

(Stratton et al., 2022) [57]. AMF also modulate the 

expression of pathogenesis-related proteins and boost the 

activity of antioxidant enzymes, effectively minimizing 

oxidative stress during pathogen assaults. Furthermore, 

AMF modify root exudation patterns, which indirectly 

hinder pathogens by reshaping the rhizosphere microbiome 

(Schouteden et al., 2015; Afridi et al., 2024) [2, 54]. 

Another important mechanism is the physical barrier 

established by the mycorrhizal hyphae. This extensive 

network of hyphae can serve as a physical obstruction 

against pathogen invasion and colonization. Moreover, 

mycorrhizal fungi compete with pathogens for space and 

nutrients in the rhizosphere, thereby limiting pathogen 

establishment and growth. These fungi also alter the 

composition of the microbial community in the rhizosphere, 

fostering beneficial microorganisms capable of suppressing 

pathogens. Such changes in the microbial community can 

bolster the plant's disease resistance through mechanisms 

like microbial antagonism, competition, and the production 

of antimicrobial substances by advantageous microbes 

(Patel and Thakur, 2023) [50]. Research by Pu et al. (2022) 

demonstrated that mycorrhizal colonization improved the 

resistance of Salvia miltiorrhiza Bunge (known as Danshen 

in Chinese) against Fusarium wilt caused by Fusarium 

oxysporum. 

 

3. Increases Stress tolerance 

Mycorrhizal fungi play an essential role in enhancing plant 

resilience against both abiotic and biotic stresses. 

Arbuscular mycorrhizal fungi (AMF) enable host plants to 

thrive in challenging conditions by facilitating a complex 

series of interactions between the plant and the fungus, 

which leads to improved photosynthesis and other traits 

related to gas exchange (Birhane et al., 2012) [11], along with 

enhanced nutrient and water absorption. Multiple studies 

have documented increased resistance to various abiotic and 

biotic stresses, such as drought, salinity, herbivory, 

temperature, metal toxicity, and diseases as a result of this 

fungal relationship (Rodriguez et al., 2008; Ahanger et al., 

2014; Salam et al., 2017) [3, 49, 52]. 

 

3.1 Abiotic Stress Tolerance  

Arbuscular mycorrhizal fungi (AMF) establish a symbiotic 

relationship with most terrestrial plants, assisting them in 

handling environmental stresses such as drought, salinity, 

extreme temperatures, and heavy metal toxicity. Some of 

the mechanisms include:  

▪ Enhanced uptake of water and nutrients, particularly 

phosphorus, even when soil moisture or nutrient levels 

are low (Wahab et al., 2022) [61].  

▪ Regulation of plant hormones such as ABA (abscisic 

acid), IAA (indole-3-acetic acid), and cytokinins, which 

play critical roles in stress responses and root 

development (Begum et al., 2019) [9].  

▪ Improvement of the antioxidant system through 

increased activity of enzymes like superoxide dismutase 

and peroxidases, mitigating oxidative damage from 

stress factors (Bahadur et al., 2019) [6].  

▪ Adjustment of osmotic balance and photosynthetic 

processes, resulting in enhanced plant growth and yield 

during unfavorable conditions (Wahab et al., 2022) [61].  

▪ Specific adaptations, such as increased drought 

resistance, arise from elevated ABA levels induced by 

AMF, which lead to better stomatal regulation and 

minimized water loss (Tang et al., 2022) [58].  

 

3.2 Biotic Stress Tolerance  

▪ AMF also significantly contribute to the ability of 

plants to endure biotic stresses like pathogen assaults 

and pest infestations by:  

▪ Reinforcing plant cell walls and stimulating the 

production of defensive secondary metabolites 

(Farhaoui et al., 2025) [1].  

▪ Competing with root pathogens for space and nutrients, 

which effectively lowers the incidence of diseases in 

plants (Farhaoui et al., 2025) [1].  

▪ Modulating plant immune responses, resulting in 

systemic resistance and increased tolerance to various 

soil-borne diseases (Farhaoui et al., 2025) [1].  
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Role of AMF in Improving Soil Health 

The primary global threats to soil functionality include soil 

erosion, the loss of soil organic carbon, excessive input 

usage, and nutrient imbalance (Montanarella et al., 2016) 

[39]. The worldwide decline in soil fertility has escalated due 

to unsustainable land management practices like 

overgrazing, bush burning, continuous crop cultivation, and 

specific tillage methods. Nevertheless, the application of 

Arbuscular Mycorrhizal Fungi (AMFs) has been recognized 

as a sustainable strategy to enhance soil health (Fall et al., 

2022) [21].  

AMFs not only influence plant growth and yield but have 

also been shown to enhance various soil properties, 

including soil aggregation and structure, nutrient 

availability, water retention, microbial activity, and the 

cycling of nitrogen, carbon, and phosphorus (Sadhana, 

2014; Jamiołkowska et al., 2018; Parihar et al., 2020) [25, 42, 

51]. 

 

1. Improved soil aggregation and physical structure 

Arbuscular Mycorrhizae Fungi positively influence the 

structure of soil. The mycelia of AMF exist in large 

quantities within soils. These hyphae possess the ability to 

form stable soil aggregates. Mycorrhizal fungi serve as a 

long-lasting agent for binding soil through the generation of 

a glycoprotein (glomalin) by the extramatrical mycelia 

(Singh et al., 2020) [55]. This glomalin is hydrophobic, 

thermo-tolerant, and resistant to high soil temperatures. The 

hydrophobic nature of glomalin allows soil aggregates to 

resist water, with production peaking in aging mycelia. The 

glycoprotein is gradually biodegradable by soil bacteria and 

fungi. The primary role of glomalin is to stabilize soil 

aggregates (Mubekaphi, 2019) [40], functioning as an 

adhesive that connects smaller soil aggregates (less than 250 

μm in diameter) to form more stable larger aggregates. 

These macro-aggregates facilitate improved water 

infiltration, minimize surface runoff, mitigate soil erosion, 

decrease the loss of nutrients and organic matter, enhance 

gas exchange, improve the retention of water and minerals, 

particularly potassium, and consequently boost crop yields 

(Parihar et al., 2020) [42]. Moreover, the mycelial network 

consistently rejuvenates itself, and the remnants of dead 

mycelia help maintain soil structure until they decompose 

(Gianinazzi et al., 2010). These dead mycelia also 

contribute to the reserves of organic matter and act as 

physical binders in soil aggregation. All these processes 

help lessen the risk of soil compaction and foster soil 

fertility (Norton et al., 2020) [41]. It can be stated that AMFs 

enhance soil structure through their chemical and 

biophysical processes, including enmeshment and 

alignment. An improved soil structure leads to better 

aeration, water infiltration, and root penetration, resulting in 

healthier plants and more sustainable farming practices. 

 

2. Increased Soil carbon (C) cycle and sequestration 

Arbuscular Mycorrhizae Fungi have a crucial function in the 

global carbon cycle. The hyphae of AMF facilitate the 

movement of carbon into the soil and serve as an important 

connection in the terrestrial carbon cycle. In fact, AMF 

effectively enhances carbon sequestration by relocating 

carbon away from areas of high respiratory activity near the 

roots and into soil aggregates (Zhu and Miller, 2003) [67]. 

Research has shown that mycorrhizal roots generate a 

demand for carbon. As atmospheric CO2 levels rise, the 

transfer of carbon from plants to AMF also increases, 

encouraging the growth of AMF (Drigo et al., 2010) [19]. 

This need for carbon comes from the host plant's carbon 

fixed during photosynthesis (Parihar et al., 2020) [42]. 

Furthermore, extramatrical hyphae of AMF account for 20–

80% of soil microbial biomass, which includes 15% of soil 

organic carbon (Leake et al., 2004) [31]. As previously 

mentioned, AMF is essential for the creation and 

preservation of soil aggregates by producing Glomalin. This 

glomalin aids in safeguarding organic matter from microbial 

breakdown, enhances the hydrophobic properties and 

stability of macro-aggregations, thereby regulating soil 

carbon loss and boosting soil carbon reserves (Wilson et al., 

2009) [64]. 

 

3. Reduced Soil Erosion and Nutrient Leaching 

AMF can lead to positive modifications in soil structure that 

enhance its physical, chemical, and biological 

characteristics. In addition to boosting plant growth and 

promoting root system development, AMF also safeguard 

the soil from wind and water erosion (Gutjahr and 

Paszkowski, 2013) [22]. AMF create a network of hyphae that 

interacts with plant roots, which significantly contributes to 

the reduction of soil erosion.  

Nutrient leaching is unfavorable as it contaminates both 

surface and groundwater while decreasing soil fertility 

levels. AMF help retain nutrients in the soil by minimizing 

their loss through leaching, thus reducing the risk of 

groundwater contamination (Chen et al., 2018) [16]. AMF 

positively influence the soil's capacity to hold water and its 

nutrient availability. These advantages of AMF are 

especially noticeable in arid regions where low soil fertility 

and erosion pose significant challenges for agricultural 

productivity. Cultivating crops that form associations with 

AMF can help address these issues, leading to better crop 

yields by enhancing soil quality and reducing nutrient 

leaching (Cavagnaro et al., 2015) [15]. Nitrate nitrogen is 

frequently lost through leaching beyond the rhizosphere, but 

it is retained by AMF hyphae, making it accessible for plant 

use (Cameron et al., 2013) [13]. 

 

4. Enhanced microbial communities 

Arbuscular mycorrhizal fungi affect the composition, 

variety, and activity of microbial populations in the soil 

through either competitive or collaborative mechanisms. All 

these activities of AMFs play a role in enhancing soil health. 

The widespread network of AMFs fosters a diverse and 

dynamic microbial community in the soil, which is essential 

for nutrient cycling (Fall et al., 2022) [21].  

Microbial processes in the soil enhance its fertility through 

the collaborative efforts of microorganisms, as well as 

competition and parasitism. AMFs engage with various 

microorganisms in the soil to further boost fertility. 

Research has shown that AMF secretions impact the 

structure and functioning of microbial communities in the 

rhizosphere (Veresoglou and Rillig, 2012) [60].  

Numerous soil microorganisms work in harmony with 

AMFs, aiding in plant growth and defense. These beneficial 

interactions cover areas such as nutrient uptake, biological 

control of root pathogens, increasing plant resilience to 

environmental stresses, and enhancing soil fertility. AMF 

communities shape the physical and chemical conditions 

within the rhizosphere and regulate different microbial 

interactions in the soil (Alimi et al., 2021) [4]. 



 

348 

Mycorrhization has a direct impact on both the quantity and 

quality of root exudates, which in turn affects the microbial 

composition in the rhizosphere (Li et al., 2023) [35]. 

 

 
 

Fig 1: Role of Mycorrhizae in plant growth and soil health 

 

Mycorrhizae in Sustainable Agriculture  

Sustainable agriculture focuses on maintaining long-term 

productivity, promoting environmental welfare, and 

ensuring economic sustainability without jeopardizing the 

ability of future generations to satisfy their needs. In recent 

years, the incorporation of beneficial soil microorganisms 

has attracted attention as a green alternative to chemical 

fertilizers. Notably, the symbiotic relationship with 

arbuscular mycorrhizal fungi (AMF) is essential for nutrient 

absorption, soil structure, resilience to stress, carbon 

capture, and ecosystem stability, making it integral to 

sustainable farming practices that provide an 

environmentally friendly route to enhance productivity 

while safeguarding ecological integrity.  

AMF significantly aids in converting nutrients into forms 

that are easily accessible to plants, which is especially 

beneficial when nutrients are scarce. The growth of AMF 

contributes to improved soil quality and stability, ultimately 

facilitating superior plant development (Diaz-Urbano et al., 

2023) [18]. 

Utilizing the inherent qualities of soil can lessen the 

dependency on costly chemical inputs such as fertilizers and 

pesticides, which also harm the environment. A decrease in 

chemical application will not only reduce expenses but also 

lessen environmental harm. Minimizing water and fuel 

consumption can lead to reduced costs and increased 

agricultural efficiency. Preventing ecological contamination 

protects ecosystems, thereby supporting long-term 

sustainability in farming (Liu et al., 2023) [35]. As an 

effective bioinoculant in sustainable agriculture, AMF 

facilitates higher food production while conserving the 

ecological system and maintaining environmental 

sustainability (Kalamulla et al., 2022) [26]. The 

implementation and oversight of effective management 

systems ensure that soil remains favorable for crop 

cultivation while encouraging beneficial soil microbes. 

By enhancing plant genetics and promoting positive soil 

interactions, farmers can boost crop yields, diminish 

reliance on external inputs, and reduce environmental 

impacts. Thus, recognizing the historical, environmental, 

and ecological importance of AMF can yield valuable 

insights for their potential use and advantageous roles in 

contemporary agricultural systems and ecosystem 

restoration. Leveraging these beneficial plant relationships 

can lead to sustainable land management practices and 

improve soil health for future generations. In summary, 

incorporating mycorrhizal associations into farming 

methods exemplifies a sustainable approach that boosts soil 

health, mitigates environmental effects, and enhances crop 

output. These practices are crucial for ensuring enduring 

agricultural sustainability and resilience (Samanta et al., 

2025) [53]. 

 

Conclusion  

Mycorrhizal fungi are essential for plant development as 

they improve the absorption of nutrients and water, enhance 

soil structure, and boost plants' resistance to diseases and 

environmental challenges. Incorporating them into farming 

practices presents several advantages, such as decreasing 

fertilizer usage, enhancing crop quality, improving soil 

health, and promoting environmental sustainability. As we 

look for sustainable approaches to global food production, 

the significance of mycorrhizae in agriculture will grow. By 

gaining insight into and utilizing mycorrhizal associations, 

farmers can enhance crop yield and sustainability, aiding in 

the establishment of a more resilient agricultural system. 

Future advancements, including improved inoculation 

methods and their integration into sustainable practices, 

underline the potential of mycorrhizae to transform 

agriculture. Real-world applications and case studies in 

India provide persuasive evidence of their effectiveness, 

reinforcing the importance of mycorrhizae in achieving 

sustainable and productive agricultural systems. 
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