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Purpose and Target Audience

Arbuscular mycorrhizal fungi (AMF) are soil microorgan-
isms that form symbiotic relationships with approximately
80%-90% of vascular plant families. Most crops are de-
pendent on AMF to facilitate the uptake of nutrients,
especially phosphorus and nitrogen, thus these fungi make
significant contributions to crop production. However, this
fungal group is highly sensitive to environmental stressors
and management practices, such as intensive tillage and
the application of synthetic fertilizers and fungicides. This
publication provides general knowledge to growers and
the public on the biology and ecological functions of AME
Understanding how AMF interact with crops and knowing
their benefits may raise awareness about this resource and
encourage growers to consider AMF when managing their
farms. Moreover, we aim to improve the public’s knowledge
of the role AMF play in agricultural ecosystems.

Introduction

More than 90% of terrestrial plants form symbiotic associa-
tions with mycorrhizal fungi (Chen et al. 2017; Begum et
al. 2019). Mycorrhizal fungi contribute to nutrient cycling,
ecosystem diversity, and the changes and interactions
within plant communities over time (Hage-Ahmed et al.
2018; Birhane et al. 2012). These fungi have the ability

to supply essential nutrients to plants more efficiently

than plants can by themselves. Therefore, incorporating

mycorrhizal fungi into agricultural practices has the
potential to decrease chemical inputs, improve soil health,
and increase crop yield. In this publication, we delve into
the world of mycorrhizal fungi, focusing on the biological
and ecological roles of arbuscular mycorrhizal fungi (AMF)
and their associations within the environment.

Biology of Arbuscular Mycorrhizal
Fungi

Arbuscular mycorrhizal fungi, of the phylum Glomero-
mycota, have been studied extensively for their ability to
enhance plant growth, improve nutrient uptake, and protect
against biotic and abiotic stressors (Figueiredo et al. 2021).
Arbuscular mycorrhizal fungi complete part of their life
cycle within their host (i.e., the plant) without damaging

it or causing disease, which is why AMF are referred to

as plant symbionts. Arbuscular mycorrhizal fungi-plant
symbiosis is a natural interaction within the plant roots
where the exchange of energy, nutrients, and water happens
between AMF structures (hyphae, arbuscules, and vesicles;
Figure 1) and root cells. Over 80% of terrestrial plant spe-
cies form AMF associations, which make up the symbiotic
fungal hyphae network connecting plant roots and fungi
(Giovanetti et al. 2006). Arbuscular mycorrhizal fungi are
more prevalent in warmer environments such as the tropics
(Figueiredo et al. 2021). However, AMF can also be found
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where terrestrial plants grow in harsh environments, such
as the Arctic (Rasmussen et al. 2022).
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Figure 1. Micrograph of stained roots showing the typical structures
such as hyphae and vesicles (marked by red arrows).
Credits: Kaile Zhang, UF/IFAS

The Biological Interaction
Between AMF and Their Plant
Hosts: From Their Initial Meeting
to Nutrient Exchange

Arbuscular mycorrhizal fungi survive in the soil as spores
or hyphal fragments that germinate under suitable condi-
tions, enabling them to colonize the root cells of their plant
hosts and perform nutrient exchange (Figure 2). There are
two main stages of AMF-plant symbiosis: the pre-symbiotic
phase and active symbiosis. During the pre-symbiotic
phase, fungal spores germinate, the germ tube elongates,
the hyphae branch, and contact is initiated with a plant
host. In this phase, germinating spores have a short window
of opportunity to colonize a plant; otherwise, they will die.
This window may last from a few days to several weeks
before spore growth stops (Hildebrandt et al. 2002). Fungal
spores, much like plant seeds, contain a reserve of nutrients
that they utilize for initial growth. To continue the growth
cycle, spores must contact plant roots or root exudates

in the soil. These exudates act as chemical cues that can
signal the presence of a potential host plant and provide
the necessary resources for their growth. Concurrently,
AMEF can emit chemical signals to facilitate the sensing

and approaching of host plants. Therefore, it is crucial to
avoid chemical treatments, such as fungicides or heavy
inorganic fertilizers, during this time, as these treatments
will hinder AMF colonization and persistence in the field
(Hage-Ahmed et al. 2018). Once a spore finds a plant root,
hyphae (Figures 1 and 2) emerge from the spore and form
a specialized structure that attaches to the root surface cells

and then colonizes the root cortex cells (Figure 2; Bonfante
and Genre 2010).

The second stage, active symbiosis, occurs inside the

roots when other fungal structures, including vesicles

and arbuscules, are formed. Arbuscules, which look like
branching tree-shaped structures, are the interface for
nutrient exchange between fungi and plant hosts (Nara
2006). They typically form one to three days after initial
host contact and degenerate within three to five days,
requiring continual replacement (Luginbuehl and Oldroyd
2017; Alexander et al. 1988). Nutrient exchange between
mycorrhizal fungi and host plants occurs within the plant
cells that are penetrated by AMF arbuscules, where plants
deliver approximately 20% of their sugars to the fungal cells
(Wang et al. 2017). The nutrient exchange between arbus-
cules and plants is important for regulating soil and plant
nutrients, therefore significantly influencing ecosystem
processes, such as plant productivity (van Der Heijden et al.
1998).

Arbuscular mycorrhizal fungi produce a variety of enzymes
useful for transferring nutrients from the soil to other
hyphae (Ohirogge and Jaworski 1997). These nutrients

— phosphorus (P), inorganic nitrogen (N), sulfur (S),
potassium (K), copper (Cu), and iron (Fe) — are initially
acquired by the hyphae of AMF as they extend into the soil
(Garg and Chandel 2011). For example, researchers found
significantly higher P concentrations in the leaves and roots
of AMF-inoculated cotton compared to non-inoculated
controls (Gao et al. 2020). In lettuce, a diverse mixture of
mycorrhizal fungi improved zinc (Zn) accumulation, Cu
concentration, and antioxidant levels (Baslam et al. 2011).
Moreover, AMF are able to regulate the uptake of elements
such as sodium and chlorine, which can be toxic to plant
growth when present in high concentrations (Begum et al.
2019).
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Figure 2. Arbuscular mycorrhizal fungal hyphae in root epidermal and
cortical cells.
Credits: Hui-Ling Liao, UF/IFAS

Arbuscular mycorrhizal fungi can also improve soil struc-
ture by producing glomalin (Tang et al. 2022). Glomalin is a
strong glue-like substance that binds soil particles together
to help form aggregates, which make channels in the soil for
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root exploration and water movement. By searching outside
the area around roots where nutrients and water are limited
and by increasing the root surface area, AMF can increase
nutrient transport to their hosts (Begum et al. 2019; Chen
etal. 2017; Wang et al. 2017).

The Role of AMF in Plant Defense
and Adaptation to Abiotic Stress

Arbuscular mycorrhizal fungi can enhance plant defenses
by changing the type and amount of compounds released
by the roots. Some of these compounds can deter parasitic
nematodes and may attract their microbial predators

(Jung et al. 2012). In addition, AMF-inoculated plants may
have enhanced plant defense responses against soil-borne
pathogenic fungi and bacteria and parasitic nematodes that
cause infestations and diseases such as Fusarium wilt, root
or shoot rot, and Verticillium wilt (Jung et al. 2012; Hashem
et al. 2021; Villani et al. 2021).

Arbuscular mycorrhizal fungi can apply diverse strategies
and mechanisms to handle environmental stressors, such

as warming/cold, flooding/drought, and salt or nutrient
imbalances. For example, AMF species Rhizophagus ir-
regularis and Glomus mosseae assist plants with heavy metal
toxicity in soils (Punamiya et al. 2010). These mycorrhizae
can immobilize heavy metals in the cell walls and vacuoles.
They may also chelate some metals (Punamiya et al. 2010),
reducing the availability and toxicity of these metals to
plants.

In addition to their ability to mitigate heavy metal toxic-
ity, AMF play a crucial role in alleviating drought stress
through different functions that help plants to conserve
water during low water conditions. For example, AMF can
produce antioxidant chemicals to help protect cells from
damage caused by oxidative stress, which occurs when
there are too many reactive oxygen species. These reactive
oxygen species are by-products of normal cell activities and
can trigger cell damage or even cell death if not managed
properly (Tang et al. 2022; Mansoor et al. 2022). Further-
more, AMF enhance water use efficiency by supplying
additional water to plants during reduced water conditions.
Birhane et al. (2012) found that birch seedlings (Betula
papyifera) experienced increased leaf area in drought
conditions when colonized with AME

AME can also help plants deal with cold-weather stresses.
For example, AMF can increase water-holding capacity,
protein content, and sugars (Abdel Latef and Chaoxing
2011). The accumulation of sugars during stress helps
plants regulate their metabolism and produce defense

compounds as well as water-conserving chemicals. Arbus-
cular mycorrhizal fungi can also rebalance the water and
homeostasis in plant cells (osmoregulation), which builds
organic acids to protect against high salinity (Begum et al.
2019).

The Influence of Agricultural
Management on AMF
Functionality

In agricultural ecosystems, AMF play a pivotal role in
influencing soil health and crop productivity. By enhancing
nutrient uptake, improving plant health, and mitigating
stress factors, mycorrhizal associations can increase

crop yield. This symbiotic relationship is particularly
valuable in nutrient-poor soils, where AMF bridges the
gap between soil nutrient availability and the nutritional
demands of crops. Although the root systems of most
agricultural crops host AMEF, additional crop studies could
help identify optimal management practices for promoting
AMEF colonization and matching specific AMF species to
their corresponding plant species. Table 1 lists representa-
tive greenhouse studies or field trials demonstrating the
benefits of AMF to specific crops. Studies, such as those in
greenhouse or field trials, provide valuable insights into the
potential benefits of AMF for specific crops, but they may
not cover every crop variety or growing condition. Growers
should be cautious about relying solely on these studies for
management decisions, as results can vary depending on
the crop, location, and environmental factors. It is impor-
tant to consider these factors, along with local conditions,
when deciding whether to use AMF for crop management.

Since using AMF improves the efficiency of nutrient uptake,
such as for P and N, the need for inorganic fertilizers could
decrease in some systems (Begum et al. 2019; Yang et al.
2004). Reduced inputs would not only enhance the overall
soil health but also mitigate agricultural pollution, lessening
harm to diverse ecosystems and wildlife species. However,
modern industrial agriculture, such as high chemical
regimes, repeated tillage, and monocultures, decreases
AMEF abundance and diversity (Guzman et al. 2021). When
AMF developmental stages are interrupted by chemical
inputs, AMF colonization and growth can be significantly
reduced (Hage-Ahmed et al. 2018). Consequently, agricul-
tural practices should accommodate a healthy spore bank
to ensure colonization occurs after chemical exposure.

For example, decreased tillage, conservation tillage, seed
drills, and crimp rollers are highly recommended to help
fungi colonize crop roots more robustly, which in turn

Biology, Ecology, and Benefits of Arbuscular Mycorrhizal Fungi in Agricultural Ecosystems 3



will facilitate crop resilience and nutrient transfer (Hage-
Ahmed et al. 2018).

Glossary of Specialized Terms

AMEF arbuscules are the site of nutrient exchange located
inside plant cells that have a branching, tree-like structure.

AMEF vesicles are round, fungal exchange sites located
within plant cortical cells formed by AME.

Antioxidants are substances that help protect our cells
from damage.

Fungal hyphae are branching, filamentous structures of the
fungus.

Fungal spores are biological particles that enable fungi to
reproduce. Their function is similar to seeds in plants.

A germ tube is a tiny thread that emerges from a fungal
spore as it begins to grow. This germ tube develops into a
hypha, which is a long, thin filament that forms the basic
structural unit of a fungus.

Glomalin is a sticky, glue-like substance produced by
hyphae and spores of AMF.

Plant cortex cells are unspecialized cells located between
the surface cells (epidermis) and the vascular tissues.

Plant epidermis cells are surface cells covering the stems,
flowers, fruit, and seeds of plants.

Reactive oxygen species include a variety of reactive, oxi-
dant molecules that can turn on or off different biological

functions. They play a role in aging and genetic mutations.
They are also capable of degrading organic pollutants.

The rhizosphere is the narrow area surrounding the soil
which is influenced directly by root exudates and micro-
organisms around the roots.

Symbiosis is a mutually beneficial association between two
or more different organisms.
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Table 1. The representative greenhouse studies or field trials indicating the benefits of AMF to the growth and resilience of specific
agricultural crops.

Crop
Soybean
Olive
Bread wheat

Maize

Sorghum
Lowland rice
Potato
Tomato

Citrus

Lettuce
Carrots
Fenugreek
Peppers
Strawberry

Cucumbers

Sweet potato

Study system
Greenhouse
Pot culture
Pot culture

Field trial and pot culture

Lab and field trial
Field trial

Field trial
Greenhouse
Field trial

Field trial
Field trial
Greenhouse
Field trial
Field trial

Greenhouse

Pot culture

Benefit
Alleviate drought stress; increase crop biomass
Alleviate drought stress
Alleviate drought stress

Enhance plant growth; improve efficiency in high
temperature stress

Improve soil quality and plant growth
Increase yield

Increase yield

Alleviate salinity stress and drought stress

Improve fruit quality, soil fertility, and plant
defense system

Improve growth, nutrient uptake, and soil fertility
Increase root biomass and carotenoids

Increase resistance to metal toxicity

Increase biomass

Increase biomass, fresh weight, water use
efficiency, and plant survival

Increase growth; improve seed germination;
increase biomass; improve antioxidant enzymes

Improve water deficit tolerance
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