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Ectomycorrhizal fungi are a type of fungi that develops a mutually
beneficial relationship with plant roots. These fungi form ancient and
extremely successful partnerships with forest trees worldwide. The
trees and their associated fungi have developed a trading partnership:
the fungi help the plants reach hard-to-get nutrients, and, in return,
the fungi get constant and uninterrupted access to carbohydrates
(such as sugars) from the plant. This largely invisible interaction
affects the storage and cycling of carbon in soil and benefits plant
health and nutrition. Ectomycorrhizal fungi are also important for
breaking down dead plants and animals. These fungi contribute to
soil biodiversity and can help us to protect our forests in the face
of environmental stresses, such as climate change and excessive
land use.
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DECOMPOSER

They are bacteria, fungi
or invertebrates that
break down dead
plants and animals,
releasing nutrients back
into the soil. Without
them, dead organisms
and waste would just
pile up and plants
would not be able to
get essential nutrients.

ORGANIC MATTER

Any material produced
originally by living
organism such as
plants, animals and
microorganisms that is
returned to the soil and
can be further broken
down (decomposed).
Organic matter is
carbon rich.

SYMBIOSIS

Any type of close,
long-term biological
interaction between
two

different organisms.

MUTUALISM

A relationship between
two or more species, in
which each

species benefits.

MYCORRHIZAL
FUNGI

Fungi that form a
mutualistic relationship
with the roots of plants.
The plants receive
nutrients and
protection from the
fungi and the fungi
receive sugars from
the plants.
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FUNGI AND THEIR ROLE IN FOREST ECOSYSTEMS

We often hear that variety is the spice of life. This statement can
easily be applied to the many interactions in nature, such as those
taking place in forest ecosystems. To lead long and healthy lives, nearly
all plants in the wild rely on a complex and varied network of soil
organisms feeding on one another. This mostly invisible underground
network is made up of tiny bacteria, archaea, fungi, and many other
mMicroscopic organisms.

In forest soils, the role of fungi is one crucial piece of the wider
ecological network. Fungi have many ecological roles, but two of
these are especially important. First, fungi play an important role
as decomposers. Fungi excel at decomposing dead plant material
(called organic matter) because they are better than other organisms
at completely breaking down the particularly tough materials found
in the cells of woody plants [1]. Equipped with a wide range of
enzymes, which are special proteins that help produce and speed
up chemical reactions, fungi can degrade organic matter and release
hard-to-get nutrients, making the nutrients available to plants and
other soil dwellers. However, during decomposition, fungi release CO»
gas as a waste product, which results in movement of carbon from
the soil into the atmosphere. Fungi are such excellent decomposers
that fungal decomposition is one of the largest global sources of
carbon emissions, releasing 85 gigatonnes (one gigatonne equals
1 billion tons) of carbon into the atmosphere every year. For
comparison, in 2018, the combustion of fossil fuels produced around
10 gigatonnes [2].

In this article, we will focus on a different important role also played
by fungi: their symbiotic relationship with trees and other plants.
A symbiotic relationship in which both species benefit is known as
mutualism. Fungi that form mutualistic relationships with plants are
known as mycorrhizal fungi, from "myco,” which means “relating
to fungi” and “rhizal,” which means “roots.” Mycorrhizal fungi form
ancient, mutualistic relationships with the roots of around 80% of
all terrestrial plant species [1]. Even seemingly barren Antarctica has
a fossil record of mycorrhizal communities. Studies show that this
teamwork has been ongoing for 400 million years, from the time that
plants started to colonize land [3]. Like all fungi, mycorrhizae cannot
make their own food, so they receive sugars from their plant hosts,
and in exchange provide the plants with water and nutrients, such as
nitrogen and phosphorus, from the soil.

Unlike the decomposing fungi that tend to predominantly inhabit
the upper portion of the soil and release lots of carbon from their
activities, symbiotic mycorrhizal fungi delve deeper into the soil. By
doing this, the fungal network becomes a significant carbon sink in
the soil, meaning that these fungi keep the carbon locked away from
the atmosphere, stored as hard-to-decompose organic matter in the
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The ectomycorrhizal
fungus Lactarius
camphoratus, forming
a white sheath around
the roots of an oak tree
(Photograph credit:
Laura Martinez-Suz).

The relationship
between a fungus and
the roots of certain
plants (plural,
ectomycorrhizas,

or ectomycorrhizae).

Structures made by
fungi so they can
reproduce. A
mushroom is a
common type of
fruiting body.

Long, branching
structures of a fungus
that spread through soil
to absorb and transport
nutrients

(singular, hypha).

Azevedo and Ashwood Ectomycorrhizal Fungi and Forest Soils

soil. It has been estimated that plants with mycorrhizal association can
transfer up to 35% more carbon to soil than non-mycorrhizal plants,
and a considerable amount of the carbon in mycorrhizal tissues may
stay in the soil for many years [4]. This is important because we need
to keep carbon stored in the soil for long periods of time so that there
is less in the atmosphere causing rising global temperatures.

Despite the critical roles that fungi play in forest ecosystems, fungal
diversity is often overlooked during forest management decisions.
Human interference, such as logging or indiscriminate use of
fertilizers, can alter the underground network and upset the balance
of the entire ecosystem. Like any other web, if just one of the
connecting segments is missing or weakened, the whole structure
may suffer.

There are two main types of mycorrhizal fungi. One type, called
endomycorrhiza, live inside plant cells. While we will not focus
on these in this article, they are interesting because they are
incredible experts in adaptation to many different environments.
Endomycorrhizal fungi include arbuscular, ericoid and orchid
mycorrhizas. However, the main focus of our article is ectomycorrhiza
(pl. ectomycorrhizae), which live on the outside of plant cell walls.
While multiple mycorrhizal types can coexist in an ecosystem,
ectomycorrhiza are dominant in temperate and boreal forests, with
~6,000 fungal species establishing symbiotic associations with many
trees and woody plants.

Ectomycorrhizae consist of two types of important structures: fruiting
bodies and hyphae. Fruiting bodies are structures containing spores
used by ectomycorrhizae in order to reproduce. Around 4,500 species
of ectomycorrhizae have above-ground fruiting bodies (mushrooms),
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Figure 2

The well-known
poisonous fungus
called fly agaric
(Amanita muscaria) can
form a mycorrhizal
association with several
types of trees, including
pine trees, as shown
here (Image credit:
Angela Mele).
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Figure 2

while up to a quarter have underground fruiting bodies (for example,
truffles). Ectomycorrhizae also have hyphae (from Greek meaning
‘web”), which are long filaments or tube-like structures used by
the fungi to absorb and transport nutrients. Hyphae form a mat of
fungal tissue around plant roots, creating a casing that envelops the
roots like a cast on a broken bone (Figure 1). Fungal hyphae also
grow outwards like veins, pushing their way between soil particles,
roots, and rocks to capture nutrients that are beyond the normal
reach of plant roots. The ectomycorrhizal association also produces
antibiotics, hormones, and vitamins useful to the plant, and protects
plant roots from harmful conditions in the soil such as low nutrients,
disease-causing organisms, and toxic substances. In return, the fungi
gain constant and direct access to carbohydrates (such as sugars)
produced by their plant hosts during photosynthesis.

ECTOMYCORRHIZAE AND FORESTS: TEAMWORKAT ITS
BEST

Ectomycorrhizae prefer woody plant species such as trees and shrubs
as their partners. Occasionally they can form exclusive relationships,
in which only one fungal species pairs up with a specific tree species.
However, ectomycorrhizae typically associate with a wide range of
tree species. Itis common to find several different mycorrhizal fungi on
the root system of a single tree, or one fungal species that is associated
with several different tree species. For instance, the Norway spruce
can form symbiotic associations with over 100 different fungal species.
The well-known poisonous fungus called the fly agaric can colonize
the roots of several types of trees, including pine, birch, spruce, and
eucalyptus (Figure 2).

The range of plant species colonized by ectomycorrhizae is relatively
small—only around 2% of the world’'s plants. However, the plants
that ectomycorrhizae partner with cover large land areas and have
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a high economic value, for example as a source of timber. In
northern temperate regions, pine, poplar, spruce, fir, willow, beech,
birch, and oak trees all show ectomycorrhizal associations, while
eucalyptus and southern beeches are more commonly associated
with ectomycorrhizae in the southern hemisphere.

Ectomycorrhizae give trees and forests the ability to adapt to seasonal
and landscape changes, for example by providing adequate levels
of water throughout the year and helping the plants to establish
themselves in new soils. The fungi also protect the plants from soil
degradation, pollution, and shifting climatic conditions. Scientists have
observed a direct relationship between the decline of ectomycorrhizal
fungi and declining tree health. Because each type of ectomycorrhizal
fungus has its own unique set of characteristics, every species is
necessary and irreplaceable. For example, certain species prefer cool
or moist conditions; others operate better during warm or dry seasons;
some are experts at obtaining phosphorus and nitrogen from the soil;
and still others are more effective at getting these nutrients from
decaying organic matter [5].

Ectomycorrhizal fungi are also an extremely important link between
plants and the soil food web, which is the complex community
of organisms found in soil. These fungi provide important nutrients
to organisms living in the soil around plant roots, such as other
tiny fungi, bacteria, protozoa, and invertebrates. The fungi also
produce fruiting bodies, which are essential food for wildlife in
forest ecosystems. For example, many rodents, such as the northern
flying squirrel and western red-backed vole, depend on truffles as
their primary food source. Many other mammals eat fungi, including
bears, deer, and mice. Humans marvel at the complex and often
pretty structures of mushrooms, taking great joy from learning
to identify them and studying their ecology, as well as enjoying
them as culinary delicacies. Wild fungi are also used for medicines,
and the pharmaceutical industry commonly studies the antibacterial
properties of ectomycorrhizal fungi.

PROTECTING OUR FORESTS AND FUNGI

Despite the importance of mycorrhizal symbiosis in forests worldwide,
conservation of ectomycorrhizal fungi and monitoring them to assess
forest health are rarely considered in forest-management decisions.
The functions and services that forests provide are dependent on
soil biodiversity. Fungi are a major component of this biodiversity,
which makes them an important partner for overcoming the global
challenges that we currently face. Fungi could contribute to the
long-term removal of carbon from the atmosphere, which could help
us to combat the effects of climate change. By cycling essential
nutrients, fungi could also help to prevent the degradation of
soils, so that the land can continue to produce food and sustain
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life. Scientists and land managers must continue to study and
protect ectomycorrhizal fungi, so that these important organisms can
maintain their critical role in the web of life on our planet.

ACKNOWLEDGMENTS

We would like to thank the financial and/or logistical support of
University of Stirling, Forest Research, Natural England, Woodland
Trust, Forestry Commission Scotland, and Tarmac.

REFERENCES

1. van der Heijden, M. G. A., Martin, F. M., Selosse, M. A., and Sanders, |. R. 2015.
Mycorrhizal ecology and evolution: the past, the present, and the future. New
Phytol. 205:1406-23. doi: 10.1111/nph.13288

2. Friedlingstein, P., Jones, M. W., O’sullivan, M., Andrew, R. M., Hauck, J., Peters, G.
P., et al. 2019. Global carbon budget 2019. Earth Syst. Sci. Data.

11:1783-838. doi: 10.5194/essd-11-1783-2019

3. Brundrett, M. C. 2002. Coevolution of roots and mycorrhizas of land plants. New
Phytol. 154:275-304. doi: 10.1046/j.1469-8137.2002.00397 .x

4. Frey, S. D. 2019. Mycorrhizal fungi as mediators of soil organic matter dynamics.
Annu. Rev. Ecol. Evol. Syst.

50:237-59. doi: 10.1146/annurev-ecolsys-110617-062331

5. Amaranthus, M. P. 1998. The Importance and Conservation of Ectomycorrhizal
Fungal Diversity in Forest Ecosystems : Lessons From Europe and the Pacific
Northwest. Portland, OR. doi: 10.2737/PNW-GTR-431

SUBMITTED: 12 January 2021; ACCEPTED: 14 February 2022;
PUBLISHED ONLINE: 16 March 2022.

EDITOR: Rémy Beugnon, German Centre for Integrative Biodiversity Research
(iDiv), Germany

SCIENCE MENTOR: Ryan Thomas Weir

CITATION: Azevedo O and Ashwood F (2022) The Soil Fungi: A Web of Life That
Protects Trees and Fight Climate Change. Front. Young Minds 10:652660. doi: 10.
3389/frym.2022.652660

CONFLICT OF INTEREST: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

COPYRIGHT © 2022 Azevedo and Ashwood. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.

kids.frontiersin.org March 2022 | Volume 10 | Article 652660 | 6


https://doi.org/10.1111/nph.13288
https://doi.org/10.5194/essd-11-1783-2019
https://doi.org/10.1046/j.1469-8137.2002.00397.x
https://doi.org/10.1146/annurev-ecolsys-110617-062331
https://doi.org/10.2737/PNW-GTR-431
https://loop.frontiersin.org/people/826153
https://loop.frontiersin.org/people/842998
https://doi.org/10.3389/frym.2022.652660
https://creativecommons.org/licenses/by/4.0/
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.652660
https://kids.frontiersin.org/article/10.3389/frym.2022.652660
https://kids.frontiersin.org/article/10.3389/frym.2022.652660

Azevedo and Ashwood Ectomycorrhizal Fungi and Forest Soils

No use, distribution or reproduction is permitted which does not comply with these
terms.

YOUNG REVIEWERS

ANNA, AGE: 16
| wanted to do Frontiers for Young Minds because | thought it would be a
great opportunity to learn more about the world around me! | love the sciences,
particularly biology and physics. After school | would love to do something with
those subjects.

CATHERINE, AGE: 15

| love music and singing, | play the violin and guitar and | also enjoy writing! | am
part of a highland dance troup and volunteer with children at local kids clubs and
guides. | enjoy attending youth events at my church and doing fitness. | hoped that
by reviewing these articles | could learn about new and interesting stuff!

AUTHORS

OLIVIA AZEVEDO

| am a former journalist who decided to become a soil scientist. | moved from
Portugal to Scotland where | am currently a Ph.D., student at the University of
Stirling. My research involves a lot of digging in forest soils in the hope of finding
answers to one important question: what happens to soils and the things living in
soils when you plant trees. My research interests include, but are not limited to, the
following areas: Soil biodiversity; nutrient cycling; mutualistic relationships linking
the above and belowground components of terrestrial ecosystems; soil degradation
and management; historical soil landscapes. *olivia.azevedo@stir.ac.uk

FRANK ASHWOOD

A passion for nature encouraged me to study Biology at university, where |
volunteered for research projects on invertebrate ecology in Scotland and Mexico.
After working as an environmental consultant for a few years, | went back to Uni and
did a Ph.D,, studying earthworms on reclaimed landfill sites. | now have a great job as
a soil ecologist for Forest Research, where | study soil biodiversity in UK woodlands.
In my spare time | am a soil biology tutor and do macrophotography (taking photos
of the tiny animals living in soil).

kids.frontiersin.org March 2022 | Volume 10 | Article 652660 | 7


mailto:olivia.azevedo@stir.ac.uk
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.652660
https://kids.frontiersin.org/article/10.3389/frym.2022.652660
https://kids.frontiersin.org/article/10.3389/frym.2022.652660

	The Soil Fungi: A Web of Life That Protects Trees and Fight Climate Change
	Fungi and Their Role in Forest Ecosystems
	The Fungal Sphere
	Ectomycorrhizae and Forests: Teamwork at Its Best
	Protecting Our Forests and Fungi
	Acknowledgments
	References
	Young Reviewers
	Authors


