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Good dirt with
good friends
An analysis of data from forests across the planet reveals that the types of
beneficial fungus with which tree roots associate determine the amount
of carbon stored in soils.
MARK A. BRADFORD

I

n 1936, US President Franklin D. Roosevelt
signed an act to conserve the “natural
resources of the land”, commenting1: “The
history of every Nation is eventually written in
the way in which it cares for its soil.” Decaying
organic matter improves soil health because it
binds the soil, preventing erosion, and serves
as a sponge that retains nutrients and water for
plant growth. The amount of organic matter in
soil is therefore an important determinant of
its fertility and — because organic matter in
the soil contains around three times as much
carbon as the atmosphere2 — of the magnitude
of climate change3.
Our understanding of what regulates the
amount of soil organic matter is currently
undergoing a conceptual upheaval4. In a paper
published on Nature’s website today, Averill
et al.5 show that commonly assumed controls,
such as temperature, do not explain why stores
of organic matter differ across soils in temper
ate, tropical and boreal forests. Instead, the
authors propose that a primary control is the
types of fungus with which trees form mutually
beneficial relationships.
Our health is increasingly seen to depend
on the microorganisms that live in intimate
association with us. It is the same for plants.
Most species of land plant form relationships
with soil microorganisms known as myco
rrhizal fungi, which grow in and around
their roots. The plants provide the fungi with
simple carbon compounds (such as sugars) in
exchange for nutrients such as nitrogen. The
sugars fuel fungal activity, helping them to
spread out from the plant into the soil, forming
what is essentially an extended root network.
The threads (known as hyphae) of this fungal
web dramatically increase the surface area for
nutrient uptake and exude enzymes to catalyse
the decay of organic matter, releasing nutrients
for plant growth.
However, as with our own friendships,
mycorrhizal relationships vary in their costs
and benefits to both partners. The relation
ship between arbuscular mycorrhizal (AM)

fungi and trees, for example, could be likened
to Facebook friendships in that both invest and
receive little (they exchange small amounts of
carbon and nitrogen). Ectomycorrhizal (EM)
fungi and trees are more like best friends,
however, demanding a lot but giving much
in return. This key difference arises because
EM fungi use the extra carbon they demand to
access nitrogen from soil organic matter that is
otherwise unavailable to plants, whereas AM
fungi, like roots, primarily take up inorganic
nitrogen from the soil (Fig. 1).
Averill et al. studied the effects of these dif
fering relationships on soil organic-matter
stores by assembling a data set of the carbon
and nitrogen content of soils around the world.
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The data revealed that ecosystems dominated
by trees that form relationships with EM fungi
store 1.7 times more carbon per unit of nitro
gen than systems in which AM fungi dominate.
The authors propose, in line with a previous
hypothesis6, that these richer carbon stores
result from competition for nitrogen between
EM fungi and free-living soil microorganisms
that feed on organic matter — the EM fungi
outcompete these microbes for access to nitro
gen, retarding their activity and hence reduc
ing losses of organic matter (Fig. 1).
The authors suggest that the consequences
of these differences extend to the global scale.
Climate warming is predicted to ramp up the
metabolic activity of free-living soil microbes,
increasing the carbon dioxide respired from
soils to the atmosphere and thus creating a pos
itive feedback loop that will amplify warming3.
But the competition hypothesis suggests that
this effect will be smaller in EM-dominated
forests than in AM-dominated forests, because
EM fungi will limit the organic-matter-degrad
ing activity of free-living soil microbes.
Alternatively, the main reason for the
higher organic matter in EM-dominated for
ests might be that trees in these systems allo
cate more carbon below ground to satisfy the
greater demands of EM fungi6. This explana
tion is consistent with the emerging idea that
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Figure 1 | Fungal types and soil organic matter. Some tree species, such as oaks, associate with
ectomycorrhizal (EM) fungi (a), whereas others, such as maple, associate with arbuscular mycorrhizal
(AM) fungi (b). In both relationships, the plants provide the fungi with carbon in exchange for nitrogen,
but AM fungi primarily obtain inorganic soil nitrogen and EM fungi access nitrogen from organic matter.
Averill et al.5 show that the soils of forests dominated by EM associations have greater stores of organic
matter than those dominated by AM associations. The authors propose that this difference arises because
the use of organic nitrogen by EM fungi reduces the nitrogen available to free-living microbes that feed on
organic matter, thereby slowing their activity and reducing the breakdown of organic matter.
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below-ground plant inputs to soils are the
dominant precursors for the formation of soil
organic matter4,7.
Pinpointing which mechanism explains
Averill and colleagues’ results will require
more data and involve challenges common
to all large observational data sets, includ
ing unobserved variables and spurious cor
relations. Perhaps different mycorrhizal
associations reflect adaptations to environ
mental conditions, as opposed to being the
cause of ecosystem differences. For example,
in colder climates, where the cold slows the
decay of organic matter and trees produce
tough leaves that are hard to break down,
EM fungi might dominate simply because
of their ability to acquire nitrogen from
organic matter8,9.
In Averill and colleagues’ analyses, the
strength of the mycorrhizal effect depends
on the amount of soil nitrogen. To investigate
this dependency, I used their model results
to calculate organic-matter stores in tem
perate and tropical forests, where the myco
rrhizal types co-occur and where the authors
conclude that EM-dominated forests have
1.3 times more carbon per unit nitrogen. At
the low end of the authors’ nitrogen-content
range (0.2 kilograms of nitrogen per square

metre), EM-dominated forests actually have
less (0.96 times) carbon than AM forests,
and at 1.0 kg N m–2, below which many of the
observations fall, they have 1.21 times more. It
is not until soil nitrogen reaches values at the
upper end of their observations (3 kg N m–2)
that carbon stores are 1.3 times greater in EMdominated forests, a pattern consistent with
the idea that the strength of the mycorrhizal
effect is strongly dependent on soil-nutrient
availability6.
Despite the need to further explore such
nuances, Averill and colleagues’ findings have
important implications for the way we manage
land resources in the face of a changing car
bon cycle and climate. We depend on model
projections to inform strategies to preserve our
natural resources, yet the relevant models have
been developed on the basis of an understand
ing of soil dynamics that is increasingly shown
to be wanting10. Climate, soil texture and plant
productivity drive soil organic-matter storage
in these models11 but were found by Averill
et al. not to play a determining part in organicmatter levels. Their finding that it is instead
the relative dominance of trees associating
with different mycorrhizal fungi that corre
lates with the amount of soil organic matter
highlights the need to consider how local-scale
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biotic interactions shape global and regionalscale carbon dynamics. ■
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