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The Hidden Intelligence Of The Mycorrhizal Network

post summary

v understanding the biological foundations of mycorrhizae
v the hidden language of plants

v how garden trees communicate

v supporting your trees through mycorrhizal networks
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Tree Network Tip 1:  Understanding The Biological Foundations Of Mycorrhizae
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Defining the Common Mycorrhizal Network

Component

Common Mycorrhizal
Network (CMN)

Arbuscular

Mycorrhizal Systems

Ectomycorrhizal

Systems

Ericoid Mycorrhizae

Orchid Mycorrhizae
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Description

The CMN is a natural

underground system connecting
fungi and plant roots through
fungal hyphae. It facilitates the
transfer of nutrients, water, and
biochemical signals, creating a

communication network.

Part of the phylum

Glomeromycota, these fungi
penetrate the root cortex of
plants, forming arbuscules that
maximize resource exchange.

Fungi form a sheath around

plant roots and create a

network within the extracellular
spaces, known as the Hartig

net.

Symbionts of Ericaceae family

plants, thriving in acidic,
nutrient-poor soils such as
those in alpine and heath
ecosystems.

Fungi partnered with orchids,
providing essential nutrients to
germinating seeds that lack

their own reserves.
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Functions

Supports dynamic
interactions between
fungi and plants,
enhances nutrient and
water efficiency, and
fosters mutualistic
relationships.

Facilitates absorption of
phosphorus and nitrogen
by plants while receiving
carbohydrates produced
through photosynthesis.

Enhances nutrient
absorption, particularly in
nutrient-poor soils, and
fosters interspecies
cooperation among trees
in forests.

Breaks down organic
compounds to improve
nutrient availability,
aiding plant growth in
challenging
environments.

Supports the early
development of orchids
and, in some cases,
continues to support
them throughout their
lifecycle.

Significance

Provides insights into
ecological health,
biodiversity, and
sustainable practices
in agriculture and
forestry.

Supports nearly 80%
of terrestrial plants,
contributing to
ecosystem reliability
and nutrient cycling.

Promotes forest
resilience, long-term
sustainability, and
ecosystem stability,
particularly in
temperate and boreal
forests.

Contributes to soil

stability, ecosystem
functioning, and the
survival of plants in
extreme conditions.

Ensures the survival
and biodiversity of
rare orchid species,
playing a critical role
in unique ecological
niches.
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The Economic Exchange

Aspect

The Economic Exchange
of Soil Nutrients,

Carbon, and Water

How Mycorrhizal
Networks Facilitate

Nutrient Exchange

The Role of Carbon in

Mycorrhizal Networks

During Periods of

Drought

Collaborative Nutrient

Sharing and Beyond
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Description

Healthy soil ecosystems rely on interactions between
organisms, nutrients, and carbon. Mycorrhizal
networks between plants and fungi play a critical role
in nutrient cycling, supporting plant growth and
ecological balance. This reciprocal relationship
involves plants providing carbon to fungi in exchange
for nutrients like phosphorus and nitrogen.

Mycorrhizal fungi enhance nutrient availability in soils,
breaking down locked nutrients like phosphorus and
organic nitrogen that are otherwise inaccessible to
plants. Through enzymatic activity, fungi liberate and
transport nutrients to plant roots efficiently.

Carbon flows between plants through fungal
networks, supporting plants in shaded or nutrient-
poor environments. The exchange can either be
intentional resource sharing or passive leakage from
fungal activity. This carbon redistribution promotes
ecosystem resilience and stability.

Mycorrhizal networks assist plants during droughts by
redistributing water between plants from moisture-
rich to dry areas. This adaptation minimizes stress
and ensures survival in fluctuating environmental
conditions, enhancing ecosystem resilience.

The resource-sharing nature of mycorrhizal networks
strengthens ecosystems. Weak plants benefit from
the surplus resources of established plants, reducing
competition and fostering growth. Seedlings near
mature trees experience increased survival rates due
to nutrient and water support.

Key Processes

Plants provide carbon
compounds; fungi
release critical nutrients
such as phosphorus and
nitrogen back to plants.

Fungi secrete enzymes
to release phosphorus;
fungi break down
organic nitrogen and
recycle it for plant use.

Carbon transfer between
plants through fungal
connections; notable in
supporting vulnerable or
stressed plants.

Water transferred
through fungal hyphae
during scarcity; fungi
regulate water
distribution for plant
stability.

Plants share resources
through fungal
networks; seedlings
supported by
established trees.
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The Ecological Roles of Mycorrhizal Networks

Topic

Mycorrhizal Networks

Seedling Survival and

Connectivity

Soil Structure and

Microbial Ecology

Plant Community

Dynamics

Broader Ecosystem

Resilience
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Description

Dynamic fungal structures
connecting plant roots,
allowing resource sharing,
communication, and survival
strategies.

Links between seedlings and
mature trees through the
network help seedlings
access water, nutrients, and
carbon.

Fungal hyphae promote soil
aggregation and secrete
glomalin, enhancing soil

health and nutrient retention.

Facilitates nutrient
redistribution and
cooperation, promoting
biodiversity within the
ecosystem.

Networks buffer
environmental stress,
creating frameworks for
stability and aiding in carbon
sequestration.

Ecological Benefits

Enhances ecological
stability, improves plant
health, and supports
ecosystem resilience.

Boosts growth, resilience,
and survival of young
plants, aiding in
resource-limited
environments.

Improves soil
productivity, supports
microbial ecosystems,
and aids nutrient cycling.

Enhances weaker species'
access to resources while
influencing competition
and biodiversity.

Promotes climate change
mitigation and long-term
terrestrial ecosystem
health.

Supporting Research

Critical for advancing
research in sustainable
agriculture, forestry, and
land management.

Research by Simard et
al. (1997) highlights
their importance in
supporting forest
ecosystems.

Backed by studies from
the Soil Science Society
of America.

Detailed in studies by
Bever et al. (2010).

Ongoing research
emphasizes integration
into sustainable land use
practices.
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Tree Network Tip 22 The Hidden Language Of Plants

r=

Understanding The Foundations Mycorrhizal Communication Networks

Concept

Mycorrhizal
Communication

Networks

Physical Architecture of

Fungal Pathways

Community Resilience

Biochemical Signaling
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Description

Mycorrhizal associations are mutualistic
relationships formed between fungal hyphae
and plant roots. The plant provides
carbohydrates to the fungus, while the fungus
extends the plant's ability to access water and
minerals. These networks connect multiple
plants, facilitating nutrient and information
exchange.

Fungal hyphae are microscopic, thread-like
structures that form dense networks in soil,
often fusing to connect separate plants. These
networks are influenced by environmental
conditions and are extraordinarily durable,
persisting across growing seasons.

Hub trees, or "mother trees," maintain
extensive fungal links to younger plants,
transferring nutrients and signals. These trees
recognize kin and preferentially support
offspring, fostering a community built on
mutual aid.

Compounds like jasmonic acid and salicylic
acid travel through fungal hyphae, acting as
alarm signals. These signals trigger defense
responses in connected plants, often preparing
them for potential threats.

Significance

These networks create an
interconnected web that
enhances plant survival, allows
for resource sharing, and
facilitates communication
beyond individual root systems.

The physical structure
underpins biochemical signaling
and enables long-term
community stability, ensuring
collective resilience against
environmental challenges.

This kin recognition supports
survival rates in younger
plants, creating a stable and
resilient plant community
structure.

The selective transmission of
signals enables plants to
communicate strategically,
improving their collective ability
to respond to stress and ensure
survival.
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Warning Systems Against Pests and Pathogens

Topic Description Examples Applications
The Sentinel Effect Mycorrhizal networks act as Broad beans (Vicia faba) Highlights ecosystem
organic "internet" systems, use these networks to resilience, fostering

enabling plants to communicate signal neighboring plants natural pest
and share biochemical signals about aphid infestations. management systems,

during stress conditions like Neighboring plants promoting sustainable
pest infestations and pathogen respond by producing agriculture, and
attacks. This communication volatile compounds that  reducing reliance on
allows plants to initiate repel aphids and attract chemical pesticides.
protective defenses predators like parasitic

preemptively, showcasing the wasps.

sophistication of plant behavior.

Early Warning Signals Plants release chemical "alarm When attacked, plants Improves energy
and Defense signals™ via mycorrhizal activate salicylic acid or  efficiency in plant
Mechanisms networks during external jasmonic acid pathways, defense, minimizes
threats. These signals activate = amplifying protective resource expenditure
defensive responses, priming measures in neighboring post-threat, and
neighboring plants for stress plants even before direct supports overall
and enhancing their ability to exposure to stress. ecosystem
resist herbivores or pathogens communication and
through increased secondary health.

metabolite production.

Tactical Advantages  Mycorrhizal networks enable Research studies reveal Potential for
targeted sharing of resources variations in plant sustainable pest
and information, providing responses based on control strategies,
selective benefits to cooperative environmental stress, soil offering promising
plants rather than competitors. health, and fungal solutions for
These systems exemplify the diversity, showcasing the agriculture and
strategic behavior of adaptive nature of these biodiversity
interconnected plants. networks. conservation.

A Cooperative Future Mycorrhizal networks emphasize Studies in journals like Advances sustainable
interdependence in ecosystems Nature Ecology & agriculture, highlights
by supporting biodiversity and Evolution illustrate how the importance of
reducing crop losses. Their interconnected plant biodiversity, and
alarm-and-defense mechanisms defense systems operate underpins food
promote environmental stability effectively within security amid climate
and align with sustainable ecosystems. change challenges.

agricultural practices.
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The Dark Side Of Connectivity

Topic

Mycorrhizal Networks

and Competition

Allelochemicals and

Targeted Movement

Competition Through

Herbicidal Compounds

Dual Nature of

Mycorrhizal Networks
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Description

Mycorrhizal networks facilitate cooperation but

also foster competition through chemical warfare.

Some plants release allelochemicals—compounds
that suppress the growth of neighboring plants—
using fungal hyphae to deliver these substances
to specific targets, enhancing their competitive
edge.

Allelochemicals, such as phenolic acids and
hydroxycinnamic acids, move through fungal
hyphae to inhibit root growth and resource
uptake in nearby plants. This precise transport
system ensures efficient allelopathic interactions,
allowing dominant plants to access shared
resources.

Herbicidal compounds can be delivered through
fungal networks to suppress the growth of
competitors. This adaptive strategy intensifies
under environmental stresses like drought or
nutrient depletion, solidifying dominant plants’
ecological advantage.

Mycorrhizal networks serve both mutualistic and
competitive roles, balancing cooperation and
conflict in ecosystems. This dynamic reveals the
intricate interactions that shape plant ecology.

Examples

Black walnut trees produce
juglone, a potent growth
inhibitor, delivered via fungal
networks to suppress
competing vegetation.

Certain trees and shrubs use
allelochemicals to out-
compete understory plants,
improving access to light,
water, and nutrients.

Black walnut trees secrete
juglone through mycorrhizal
networks, extending its
suppressive effects beyond
their immediate root zone.

By exploiting these
networks, invasive species
can gain an advantage,
delivering growth-
suppressing compounds to
native plants.
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Ecological Implications Of The Shared Signaling System

Topic Description Implications Recommendations
Ecological Mycorrhizal Well-developed networks Preserve soil fungal
Implications communication networks improve plant diversity, communities through
redefine plant forest stability, and reduced tilling, chemical
communities as resistance to minimization, and planting
interconnected systems environmental stress. diverse species to support
rather than isolated Preservation could underground networks.
competitors. These enhance crop resilience
networks influence and ecosystem
survival, growth, and adaptation under climate
reproductive success. change.

Future Research Studies focus on Understanding signaling  Select crop varieties with

Directions compounds transported mechanisms may reveal effective communication
via fungal networks, the plant communication capabilities, manage cover
specificity of signaling, and complexities akin to crops to foster beneficial
the control plants exert nervous systems and fungi, and use reduced
over these improve agricultural pesticides to enhance
communications. practices. yields.

Practical Applications Gardens, forests, and Rethinking land Avoid over-tilling, minimize
fields contain concealed management to protect fungicides, maintain plant
communication networks these networks enables diversity, and use
where plants share healthier ecosystems and mycorrhizal inoculants
resources and warnings reduces reliance on during planting to
through fungal pathways. chemicals. strengthen fungal

partnerships.
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Tree Network Tip 3:  How Garden Trees Communicate
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Do Garden Trees Actually Link Up in the CMN?

Topic

Introduction to

Mycorrhizal Networks

Participation of Garden

Trees

Limitations to Network

Formation
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Description

Trees can link up below the soil through
mycorrhizal networks, which are symbiotic
relationships between tree roots and fungi. These
networks, also called the "wood-wide web," allow
resource sharing, communication, and increased
resilience among trees.

Most common garden trees, such as oaks, pines,
maples, and fruit trees, can integrate into
mycorrhizal networks if conditions permit.
Research has demonstrated that diverse species
and uninterrupted soil foster such connections,
creating an interconnected garden ecosystem.

Several factors can prevent the development of
mycorrhizal networks, including compacted soil or
barriers, non-compatible fungi, frequent soil
disturbances, and the use of fungicides.
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Key Factors

Understanding these
networks fosters healthier
landscapes by improving
soil health, water retention,
and biodiversity.

Beneficial fungi and
uninterrupted soil are
critical elements for
successful network
formation.

Dense plant spacing and
plant diversity enhance
fungal connections, while
barriers and disturbances
inhibit them.
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Factors That Help Mycorrhizal Networks Form in Yards

Factors

Undisturbed Soil and
Mulch

Mixed Plantings

Connections Beyond

Individual Gardens

Community

Collaboration
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Key Practices

Minimize tilling and mechanical
disturbance. Leave leaf litter and apply
organic mulch to protect the soil
surface and maintain moisture.

Use diverse vegetation such as trees,
shrubs, and perennials. Avoid broad-
spectrum fungicides to protect
mycorrhizal fungi.

Reduce chemical use, plant native
species, and maintain continuity among
green spaces within communities.

Engage with neighbors to share
knowledge and create green corridors
for supporting underground networks.

Benefits

Promotes stable fungal growth,
prevents erosion, enhances soil
biodiversity, and fosters longevity in
mycorrhizal associations.

Encourages extensive and resilient
fungal networks, supports nutrient
exchange across plant species, and
improves ecosystem health.

Supports broader ecological stability,
links neighboring lots, and enhances
collective nutrient sharing through
fungal networks.

Strengthens soil health, improves
plant vitality, and develops sustainable
ecosystems beyond individual
properties.
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Differences Between Garden and Forest Mycorrhizal Networks

Aspect

Persistence and

Density

Plant-Fungal

Relationships

Environmental
Stability

Impacts of Human

Influence
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Forests

Dense and enduring
mycorrhizal networks due
to minimal soil
disturbance, extensive
root systems, and stable
conditions.

Fungal networks support
symbiotic relationships
with a wide range of wild
plants and long-lived tree
species.

Uninterrupted canopy
and stability promote
intricate, cohesive
underground networks
spanning large areas.

Minimal human
interference allows
natural processes to
facilitate robust and
resilient mycorrhizal
systems.
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Residential Gardens

Patchy and localized
networks due to frequent
soil disturbance,
construction activities, and
variability in vegetation
type and density.

Fungal networks are more
limited in scope due to
non-native or hybrid plant
species that may not form
relationships with local
fungi.

Smaller plot sizes and
compact terrain restrict
potential for expansive
underground network
formation.

Significant human
intervention leads to
fragmentation and periodic
resetting of fungal
systems.
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Key Influences

Low human activity allows
fungal systems to grow
uninterrupted for
centuries; frequent human
intervention disrupts
systems in gardens.

Forest biodiversity
promotes integration of
expansive root systems;
garden plants often lack
these natural adaptations
with local fungi.

Forest ecosystems thrive
on stability, while garden
environments are shaped
by human modification and
variability.

Human activity in gardens
disrupts natural growth
cycles, while forests
remain largely untouched
and self-sustaining.
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Tree Network Tip 4: Supporting Your Trees Through Mycorrhizal Networks
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Smart Landscaping for Healthy Mycorrhizal Networks

Topic

Smart Landscaping for
Healthy Mycorrhizal

Networks

Minimizing Soil

Disturbance

Nourishing Fungal

Networks

Rethinking Fertilization

Protecting Fungal
Networks from

Chemicals
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Description

Mycorrhizal networks are vital underground
ecosystems connecting plant roots and fungi,
enabling nutrient exchange, disease
resistance, and robust landscapes.
Thoughtful landscaping promotes these
connections for greater ecological balance.

Fungal hyphae are delicate and easily
damaged by soil compaction and tilling,
leading to disruptions in mycorrhizal
networks and plant struggles.

Organic matter and mulch mimic natural
forest layers, nourishing mycorrhizal fungi,
maintaining moisture, and stabilizing
temperature.

Conventional fertilizers high in phosphorus
can inhibit mycorrhizal fungi, weakening
plant-fungal relationships crucial for stress
resistance and nutrient uptake.

Pesticides, fungicides, and broad-spectrum
lawn treatments harm mycorrhizal fungi and
disconnect plants from underground support
systems.

Key Practices

Limit soil disturbance, apply
organic mulch, avoid high-
phosphorus fertilizers, protect
fungal networks from pesticides,
and reduce synthetic inputs.

Disturb soil minimally, avoid
heavy machinery in tree root
zones, conserve pore space, and
aerate compacted soils using
organic techniques.

Use wood chips, shredded
leaves, and compost; maintain
mulch layers 2-4 inches deep;
leave a light layer of leaves to
nourish fungal networks in
winter.

Opt for compost, organic
fertilizers, and balanced N-P-K
formulations with low
phosphorus; conduct soil testing
to apply nutrients judiciously.

Adopt integrated pest
management, use organic
options like neem oil or
insecticidal soaps, reduce lawn
areas, and cultivate naturalized
spaces.
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Yard Landscaping and Planting

Approach

Design Beds with Tree
Health in Mind

Encourage Plant
Diversity and Continuous

Roots

Use Mycorrhizal

Inoculants Wisely
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Description

Expanding mulched beds outward from trees
to the drip line or further to reduce turf
competition and encourage mycorrhizal
growth. Incorporates understory plantings
like native wildflowers and shade-tolerant
perennials.

Use of diverse plantings, such as trees,
shrubs, perennials, groundcovers, and cover
crops, to maintain year-round root presence
and support fungal networks. Focus on native

plants and avoiding reliance on monocultures.

Application of mycorrhizal inoculants directly
to roots, through planting holes, aeration
methods, root watering systems, or top-
dressing to establish fungal networks,
especially in disturbed soils.
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Key Benefits

Supports root and fungal
networks, creates healthier soil,
reduces tree stress, and forms
interconnected forest-like
ecosystems.

Creates robust fungal networks,
sustains biodiversity, improves
soil health, and enhances
garden resilience and aesthetic
appeal.

Improves fungal colonization,
supports plant-mycorrhizal
relationships, and complements
soil-building efforts for
ecological balance.
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Cultivating Healthy Landscapes with Expert Help

Aspect

Holistic Soil Stewardship

Regenerating Degraded
Soil

Role of Landscape

Contractors

Finding the Right
Contractor
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Description

Shifting perspective to treat soil as a living
ecosystem by fostering mycorrhizal
networks through practices like reducing
disturbance, applying organic mulch,
limiting synthetic inputs, and increasing
plant diversity.

Implementing small changes such as
observing the property, reducing
unnecessary soil disturbance, expanding
mulch beds, and adding native
groundcovers to rebuild fragmented fungal
networks.

Engaging professionals to analyze soil
health, recommend native plants,

implement eco-friendly practices, customize

mulch plans, and provide ongoing guidance
for maintaining mycorrhizal networks.

Researching certified professionals with
expertise in sustainable practices and
ecology, evaluating their reviews, project
photos, and commitment to science-based
methods.
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Benefits

Improves soil structure, plant
resilience, and landscape
sustainability while reducing
maintenance costs and ecological
impact.

Yields noticeable improvements in
soil health and plant vigor within a
growing season or two, with long-
term benefits as networks mature.

Ensures sustainable and tailored
landscape management,
supporting interconnected
ecosystems and fostering long-
term environmental benefits.

Guarantees a thriving outdoor
space by aligning management
strategies with natural ecosystem
dynamics.
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