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Abstract Global environmental change (GEC) which is a change in average weather conditions due to biotic and
abiotic processes and human activities, affects above and belowground organisms such as mycorrhizae, soil biota
and plants. As with other major components of terrestrial ecosystems, the trait responses of these above and below
ground organisms to GEC have received limited attention. Most of the research have been pot-based with a few field
especially monoculture studies using mycorrhizal traits. A major question that arises from all these studies is,
whether the GEC effects on mycorrhizal fungi, soil biota and plant traits can directly influence ecosystem functions.
This paper looks at the effects of GEC on ecosystems via mycorrhizal fungi traits such as speed of root colonization,
hyphal length; soil biota traits such as running speed, palatability and plant traits such as seed size, shoot phenology
and how these may retroact to influence ecosystem functions such as nutrient and carbon cycling.
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1. Introduction

Global Environmental Change (GEC) is a change in
average weather conditions due to biotic/abiotic processes
and human activities [1,2]. Over the past century, human
activities have released large amounts of greenhouse gases
(GHGs) including carbon dioxide into the atmosphere.
Arising mostly from fossil fuels combustion and
agricultural practices, these GHGs have resulted to
dangerous effects on man and his environment [2,3,4,5].

These major disturbances due to GEC, drive ecosystem
performance and indirectly affect soil biota. Soil biota are
important regulators of global biogeochemical cycling,
responsible for mineralizing organic nutrients and
atmospheric carbon exchange [6]. Evidence suggests that
depending on the community composition, soil biota-
mediated ecosystem functioning substantially varies
within environments [7,8,9].

By considering trade-offs in ecophysiological,
morphological and life-history traits, mechanistic linkages
between fundamental biology, community dynamics and
ecosystem functioning have been provided [10-14].
Therefore due to their predictable distributions at global
and regional scales, it is necessary to incorporate soil biota
processes into Earth system models (ESM) such as to
improve our understanding of biogeochemical cycles and
their feedbacks to global climate change [15,16,17].

These ecosystem performances and changes occur
aboveground through a change in plant community
composition, carbon allocation patterns or the quantity and
quality of plant-derived organic matter [18,19,20]. These
predicted changes due to GEC, may directly affect
vegetation via plant traits (leaf size, palatability) and
indirectly via soil biota traits (running speed, vertical
stratification) [21,22] and via symbiotic mycorrhizal traits
(mycelium structure, hyphal length). This is because
mycorrhizae improve host plant nutrition, especially under
unfavorable environmental conditions [23] and increase
plant stress tolerance [24]. They are important in main
ecosystem processes such as carbon cycling and nutrient
mobilization because they link plant and soil [25]. In
forests, trees are usually colonized by a large number of
different mycorrhizal species [26,27,28].

Though these GEC impacts for ecosystem performance
are widely recognized, the mechanisms that drive the
responses to them are not well known. Therefore,
understanding these consequences requires explicit
consideration of linkages between aboveground and
belowground biota.

In this study, we carry-out a literature survey to assess
how predicted GEC may directly or indirectly affect
ecosystem functions via impacts on mycorrhizal, soil biota
e.g. Springtails and plant traits. Our general assumption is
that, should the predicted GEC affect mycorrhizal fungi
traits, this will in turn influence plant photosynthate
acquisition of carbon, nutrient cycling and decomposition
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rate, hence affecting ecosystem performance (Figure 1).
The paper has been divided into three sections with the
first looking at global environmental changes and
mycorrhizal traits. In this section, we discuss the probable
effects of GEC on mycorrhizal traits (hyphal length, root
colonization) and how this may retroact on ecosystem
processes. In the second section, we explore the probable
links between GEC, soil biota traits such as Springtails

(Collembolla) traits (running speed, vertical stratification)
and ecosystem processes. In the third section, we highlight
the implications of these changes on ecosystem functions
through plant traits (leaf size, shoot phenology). We then
conclude that, trait-based approaches can provide a
tractable set of tools for understanding the links between
GEC and ecosystem functioning.

Global change, mycorrhizae and ecosystem functions
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Figure 1. Relationship between global environmental changes, plant traits and ecosystem functions

1-Direct effects of global changes via leaf traits

2-Direct effects of global changes via Mycorrhizal traits

3-Direct effects of global changes via Soil invertebrate traits while the dotted lines represent the indirect effects of global changes on ecosystem

functions

2. Global Environmental Changes and
Mycorrhizal Traits

Traits are measurable properties of organisms that are
used comparatively across individuals and that can
influence an organism's performance or fitness [6]. These
can be morphological (structural) and physiological
(functional) traits with both categories referring to
response traits (that govern how organisms respond to
different conditions) and effect traits (that determine how
organisms affect their environment). These can relate to
biotic (e.g., competitive ability) or abiotic factors (e.g.,
drought tolerance) and are a product of the expression of
multiple true traits (e.g., growth rate or osmolyte
production [6].

Using experiments with plants and soil organisms
[20,29] showed that, mycorrhizal species can help the host
plant to take up nutrient elements and water from soil, in
exchange of photosynthetically fixed carbon. Therefore,
mycorrhizal species possess organismal traits that
influence ecosystem functioning and GEC would modify
these relationships and alter certain functions such as soil
carbon availability [20,30]. This will be due to a
modification in mycorrhizal traits such as spore

production, speed of root colonization, amount of root
colonization and frequency of hyphal fusions. Changes in
these traits will therefore affect the physiological activities
of plant nutrient uptake and transport pathways
[19,31,32,33]. Similarly, in cases where mycorrhizal fungi
transfer significant amounts of N to the plant due to
temperature increase, soil texture loss and drought,
mycorrhizal N acquisition would be an important
functional trait [34].

Also in cases of GEC induced droughts, soil water
availability will drop with a complimentary loss in soil
moisture and texture with negative effects on root
colonization rates, hyphal length and life span [35]. Added
to these, are formation and stability of soil aggregates
which may change due to land use and fertilizer
applications with impacts on ecosystem functions [36,37].
Studying  mycorrhizal-plant interactions  [38,39,40]
affirmed that, continental interiors may experience more
frequent and intense droughts due to GEC with a
consequence for mycorrhizal root colonization depending
on where the host plant is on the stress continuum at the
onset of drought. Furthermore, host plant-mycorrhizal
relationships at the ends of the host-plant stress gradient
may be most sensitive to GEC as mycorrhizal spores and
abundance may be lowest in these areas. This is because,
GEC affecting relative humidity, temperature, soil
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moisture as well as as precipitation will greatly affect
mycorrhizal traits [38-42].

There exist some slight disparities in the GEC studies
on mycorrhizal traits, plant interactions and ecosystem
functions. For instance, while [43] suggested that
structural and physiological changes associated with
environmental factors may occur among species [44]
concluded that, environmental variability did not influence
the discrimination between mycorrhizal species. Studying
micro-climatic heterogeneity and differences in soil
structure and biochemistry caused by human induced tree
species diversity [22,45] concluded that, mycorrhizal
species differ in their preference for substrates and exhibit
niche partitioning. [22,45] suggested that, this may result
in specific patterns of resource utilization such as higher
microbial biomass and mineralization rate causing larger
leaf litter nitrogen input to the soil.

2.1. Mycorrhizal Morphological Traits

The size or extent of many mycorrhizal traits are clearly
important under GEC but identifying which are most
influential is difficult. As described by
[6,30,38,39,40,42,46,47,48] we hereby present and
elucidate some major traits as could be affected by GEC.

Reduced soil moisture, relative humidity and
precipitation due to GEC, will reduce hyphal length
leading to less soil stability, aggregation and plant nutrient
acquisition hence plant productivity. Similarly, mycelium
structure will be destroyed or distorted due to temperature
and precipitation variations especially for the
Ectomycorrhizae due to GEC induced strong winds.
Furthermore, GEC induced high precipitations (severe
rains or snows) will distort mycelial structure
consequently affecting plant nutrient acquisition and
productivity. The stability of hyphal networks (e.g.
occurrence of hyphal fusions) is distorted by GEC induced
soil disturbance or disaggregation. This soil disturbance
resulting from GEC induced land use changes destroy
hyphal networks. This reduces plant resilience with a
decrease in plant nutrient acquisition hence affecting
ecosystem functions. Similarly, hyphal life span is a very
intricate trait in mycorrhizae, should GEC induce soil
texture collapse and low soil moisture as a result of
temperature variations [41]. This will affect carbon
storage with a reduction in nutrient acquisition hence
reduced nutrient cycling [6,30,38,39,40,42,46,47,48,49].
GEC induced low soil water and moisture will affect
speed of root colonization especially in clay soils. This
will impact mycorrhizal spore and seedling establishment
thereby affecting plant productivity. Moreso, degree of
root colonization is mainly favoured by excess water,
oxygen and favourable temperatures. If temperatures
increase or if precipitations and soil moisture drop due to
GEC, there will be a consequent drop in degree of root
colonization. This will hinder protection against fungal
pathogens, nutrient acquisition and plant productivity will
be affected [41]. Though GEC induced heavy winds may
assist in mycorrhizal spore dispersal, it affects spore
production, seedling establishment and development since
it is usually accompanied by variations in weather
conditions (extreme events) [6,30,38,39,40,42,46,47,48,49].

2.2. Mycorrhizal Physiological Traits

Physiological diversity and complementary resource
use efficiency of nutrient uptake, is greatly influenced by
ambient temperatures, precipitations, soil texture;
moisture and soil invertebrates. An adverse effect due to
GEC will reverse the positive trend in plant nutrient
acquisition, plant productivity; phosphorus, nitrogen,
copper and iron uptake [38,39]. Also, temporal and spatial
variation in fungal activity will be affected by GEC. This
is a very direct impact via changes in precipitation
regimes, increase in adverse temperatures and human
induced land use changes. It directly affects processes like
nutrient acquisition and uptake; because this decreases
complementary resource use consequently reducing or
stopping plant productivity, fungal carbon acquisition and
carbon storage. Furthermore, host preference and
functional compatibility are influenced by GEC because
of habitat fragmentation or invasive and migratory species
entering new ecosystems. These species will impact on
their new ecosystem hence GEC such as increase in
temperatures influence habitat composition. For instance,
semi-arid regions with a particular plant species may
become arid regions and thus, adaptive species will be
extinct, therefore new plant (non-adaptive) hosts will be
introduced. This will greatly affect the plant community
structure hence, diversity and productivity
[6,30,38,39,40,42,46,47,48]. Also, GEC predictions on
mycorrhizal abundance and community structure can be
done through adjacent sites with similar soil parameters
but different levels of host-plant stress. P uptake by plants
for instance, is related to the amount of external hyphae
produced by a specific mycorrhizae. Plants colonized by
mycorrhizal types that produce large amounts of external
mycelium usually acquire more P from mycorrhizae
compared with plants that are colonized by mycorrhizae
that form low amounts of hyphae [27,49]. Similarly, plant
communities grown with mycorrhizae that produce an
extensive mycelium acquire more P compared with plant
communities that are colonized by mycorrhizal producing
few hyphae [38,39]. Hence, the hyphal length of
mycorrhizal fungi present in the soil could be used to
make predictions about the mycorrhizal contribution to
plant P acquisition and plant productivity (especially in
cases where P is limiting plant growth).

3. Soil Biota e.g. Springtails (Collembola)
Traits

The symbiosis between host plant and mycorrhizae is
influenced by several biotic and abiotic parameters [50].
One of the important mezofaunal groups (0.1-2 mm) is the
springtails ~ (Collembola)  which  are  abundant
microarthropods in virtually all soils, feeding on a range
of materials, including fungi, bacteria, lichens,
decomposing vegetation and detritus. These Collembola
feed on fungi and bacteria in the soil thus play an
important regulatory role in the interrelationship of
mycorrhizae and host plants. Collembola can influence
colonization, mycelium size and structure, abundance and
nutrient uptake of plants through the mycorhizae. It has
been suggested that these animals reduce the functioning
of the mycorhizae by feeding on their hyphae and spores
[31,50,51]. Several studies [50,52,53,54] have affirmed a
relationship between Collembolan density, grazing and



Applied Ecology and Environmental Sciences 138

mycorrhizal colonization or plant soil nutrient acquisition,
herbivory and C-N ratio in plant leaves.

[54] suggested that, plant species distribution are
influenced by environmental factors including
mycorrhizae (total hyphal length and diversity of darkly-
pigmented microfungi). This study posited that, GEC may
affect soil invertebrate traits such as running speed, body
size and that when temperature rises, vertical stratification
becomes negative. The invertebrates move further down
the soil, thus affecting and reducing grazing because there
are no mycorrhizae deep. Animals migrate vertically in
the soil, driven or attracted by changes in temperature,
moisture and fungal biomass. Furthermore,
[17,38,39,55,56] concluded that, microarthropods have
minimal direct effect on roots and mycorrhizal spores but
may strongly influence the extra-radical hyphal network
of mycorrhizae. This is because grazing of the extra-
radical hyphae of mycorrhizal fungi by arthropods has the
potential to reduce the efficacy of mycorrhizal
associations, mainly by limiting the transport of mineral
nutrients to roots.

Soil arthropods are abundant in many soils influencing
fungal communities indirectly via communication,
channeling and mixing and directly through grazing and
dispersal of spores [19,38,39,50,57]. Hence on a large
scale, microarthropod community composition changes in
response to changes in the plant community occurring
along environmental gradients. On a smaller scale, the
community is affected by spatial heterogeneity in
microclimate. According to [19], temporal changes also
occur in the long-term, as a result of successional
processes or predictable seasonal shifts such as from GEC.

Invasion or extinction of free living and mutualistic soil
biota with unique traits may alter ecosystem processes by
modifying the availability of soil resources to plants
[51,57]. Furthermore, changes in vegetation composition
involving species with unique traits may have large-scale
impacts as they affect the utilization of resources by free-
living and mutualistic soil biota. This mostly occurs
through alterations in the amount, quality and distribution
of litter or exudates produced. Finally, changes in
engineering activities or in antagonistic effects may alter
ecosystem processes by modifying the disturbance regime
experienced by those organisms on one side of the above
and belowground interface [51,58].

Similarly, the ability to degrade recalcitrant organic
substrates, such as lignin or humic substances, is confined
to a few microbial genera. A greater buildup of litter on
the soil surface due to the loss of organisms able to break
down recalcitrant materials may drastically alter the
availability of nutrients to plants [59]. Mutualistic soil
organisms may display traits related to the supply of soil
resources to plants that are unique to a few species or
conditions. Changes in species composition are thus
expected to alter the availability of soil resources to plants
in the former but not the latter case. This change is likely
when GEC induced change overrides all other factors
controlling plant assemblage structure with erosion of key
plant attributes such as C gain [19].

Collembola are capable of grazing on arbuscular
mycorrhiza (AM) hyphae and spores but these are not
probably their preferred food when other food sources are
available [51]. AM fungi are less palatable to
Collembolans compared with other fungi and this

palatability mechanism is still unclear but several studies
[58,60,61,62,63] suggest that, it may be due to hyphal
architecture, reproductive and nutritive value, biochemical
or metabolic features and hyphal dark pigmentation.

4. Plant Traits

A consistent link between GEC and major ecosystem
processes using plant traits, is hard to trace. However
[59,64,65] suggested the existence of such links across
different environmental gradients. Similarly, [66,67]
affirmed that, the predicted GEC would affect certain
plant traits such as seed size, leaf thickness, seed shape
and mass, hence, ecosystem functions. Furthermore, GEC
induced water, nutrient and temperature stresses would
lead to convergent trait syndrome such as a reduction in
specific leaf area, leaf thickness, seed size, shape and mass
and shoot phenology [66,67]. Therefore, the protection of
photosynthetic tissues from external agents especially
desiccation and herbivory would be lost due to loss in leaf
tensile strength and leaf thickness. The protection of
photosynthetic tissues is achieved through slightly
different traits e.g. inrolling lamina in graminoids,
thickened cuticle in succulents or shoot phenology and
seed mass. Therefore, any changes in abiotic and biotic
habitat conditions due to GEC, would affect these traits.
This will consequently entail poor nutrient acquisition,
carbon sequestration and reduced primary production by
plants thus affecting ecosystems functioning [57,68,69].

5. Conclusions

Symbiotic mycorrhizal fungi are functionally diverse
with their composition having a large impact on plant
performance, plant community structure and ecosystem
functioning. Few studies have made a direct link between
the composition of mycorrhizal communities in the field
and their functional significance for plant growth and
ecosystem functioning. Generally, field and laboratory
mycorrhizal studies have proven that, GEC will obviously
affect trait compositions of mycorrhizae via weather
changes such as increase in ambient temperatures, drop in
precipitations, land use changes, carbon sequestration and
via changes in plant host preferences.

Also, soil arthropods may influence fungal
communities indirectly via communication, channeling or
mixing and directly through grazing or dispersal of spores,
wherefore their role in ecosystem functioning with regards
to GEC should not be underemphasized. Nevertheless, this
is an area that needs much more attention, not only to
better understand the ecology of plants and plant
communities but also to monitor whether introductions of
mycorrhizae into the field have been successful. Therefore,
highlighting functional traits that could be used to predict
the effects of mycorrhizal communities on plant growth
and ecosystem functioning, together with microcosm
studies and novel technologies will help to better
understand the functional significance of mycorrhizae for
plants, ecosystems and global changes.
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