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All living things, like humans, animals, plants, and even microbes,

need to take up the same nutrient elements to live, most importantly

nitrogen and phosphorus. Understanding the cycling of these

elements through the ecosystem is one key to understanding why

ecosystems work the way they do. One of the questions we are

asking is if the diversity of organisms, like plants or insects, is related

to these nutrient cycles. When plant communities are made up of

many di�erent plant species, they seem to make better use of the

available soil nutrients than plant communities made up of fewer

species. This may be because of something called complementarity,

which means di�erent plant species access the available nutrients in

di�erent ways, for example from di�erent soil depths. In this article,

we will describe the connections between plant biodiversity and soil

nutrient cycling and discuss the implications for the functioning of

the whole ecosystem.
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WHY DOWE CARE ABOUT BIODIVERSITY EFFECTS ON

NUTRIENT CYCLES?

All living things on earth need certain nutrient elements. In
natural ecosystems, these nutrients, most importantly nitrogen and
phosphorus, are taken up by plants from the soil. Plants may then
be eaten by animals or people. The nutrients are returned to the soil
through animal droppings and when plants and animals die, and then
can be taken up again by new plants. Because everything repeats on
and on, we call this the nutrient cycle.

In di�erent ecosystems and under di�erent environmental conditions,
the cycling of nutrients can work faster or slower, and nutrients
can be used and recycled by di�erent parts of the system in more
or less complete ways, which may cause imbalances. For example,
sometimes there aremore available nutrients than are needed because
farmers add too much fertilizer to the soil, or because there is a warm
day in winter when tiny organisms in soil recycle and release nutrients
from dead material which are not needed by plants during their
inactive phase. If there are excess nutrients in the soil, those nutrients
may be washed out into the groundwater or into lakes and streams.
From there, they are transported to bigger rivers and finally to the sea.
If these water bodies receive too great an amount of nutrients, there
can be rapid growth of algae, which damages freshwater ecosystems.
In this case, too much of a good thing can definitely be a big problem.
This is why studying the nutrient cycles of ecosystems under di�erent
conditions is not just a good way of learning how ecosystems work,
but also helps us with practical considerations, such as how to protect
our supply of clean water.

We know that the biodiversity, the richness of species, of an
BIODIVERSITY

Simply put, the number
of species in
an ecosystem.

ecosystem plays a role in many of its functions, and we also know
that biodiversity is decreasing on a global scale. For example, some
species of bees and rare flowers are going extinct, and therefore many
ecosystems are now less diverse than they previously were. This is one
of the reasons we are interested in how the nutrient cycle responds to
changes in biodiversity.

WHAT EFFECT DOES BIODIVERSITY HAVE ON NITROGEN IN

SOIL?

A connection between biodiversity and nitrogen (in the form of nitrate,
one form of nitrogen that is taken up by plants) in soil has been fairly
well-established in experiments studying the e�ects of biodiversity
on ecosystems [1]. In these experiments, plant diversity is studied
by creating small model ecosystems (often grasslands, where this is
easiest to do)with a knownnumber of species growing under the same
environmental conditions, for example in the same field. This is done
by sowing a specific mixture of seeds into a square of ground, called
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the experimental plot. These small plots are regularly checked for
plants that were not sown into them, which are removed. Results from
experimental plots with higher or lower diversity can be compared to
each other quite well, since the only di�erence between plots should
be the number of species growing on them.

In these experiments in grasslands, we find that the higher the number
of plant species, the lower the concentration of nitrogen in soil,
which is fairly easy to explain. If plants take up more nitrogen, this
means that less is “left over” in the soil. In ecosystems that are
reasonably rich in nutrients, this also means less nitrogen is washed
out into ground water, which protects ground water quality and
freshwater ecosystems.

To understand these results, we must consider one of the other
important e�ects of plant biodiversity on unfertilized ecosystems,
which is an increase in plant growth. When there is higher plant
biodiversity, there is generally more plant biomass, for example more

BIOMASS

The total amount of
mass present in
components of the
ecosystem, such as
plants or animals. For
example, plant
biomass, which we
talked about in this
article, can be defined
as all the living matter
contained in the plant
roots, shoots, leaves,
flowers, and fruits. In
temperate climate,
biomass is not constant
but usually increases
from spring to late
summer and decreases
in autumn.

hay on meadows, being produced. More nitrogen is needed to build
this greater amount of biomass. Of course, another way of looking
at it is that this greater biomass can only be built if the plants can
access more nitrogen (and all other necessary nutrients). This is where
something called complementarity comes into play.

DIFFERENT SPECIESWORK TOGETHER TO ACCESS

NUTRIENTS

Complementarity describes a mechanism by which di�erent parts of
an ecosystem (such as di�erent species) use di�erent essential (and
limited) resources from di�erent locations or at di�erent times. The
use of this resource by one species “complements” that of the other
species. In this way, the plant community uses the available resources
more completely. In our example, the resource used is soil available
nitrogen. You probably know that plants take up nutrients from the
soil with their roots. But not all roots are the same. Some plants have
strong, long roots that can access deeper parts of the soil, but do not
branch out much on their way there. Others have roots that only reach
shallower parts of the soil. If you combine even just these two types,
you can see that one plant species takes water and nutrients out of
the shallow soil, and the other takes the same resources out of the
deeper soil (Figure 1). The two types of root systems complement
each other, and this means that the nutrients that would have gone
unused in a system that only contained one or the other of these plants
are now being used to produce more plant biomass, which serves as
food for microbes and animals. These two plants use di�erent niches
in space, which we call spatial niches. Similarly, not all plants develop
and grow at the same time. If one species develops early in the spring
and another only starts growing in summer, then these two species
will not take up most of their nutrients at the same time. They use
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Figure 1

Figure 1

Complementarity
between
rooting systems in soil
systems under higher
biodiversity leads to
more e�cient nutrient
cycling. Broad arrows
represent greater
uptake of nitrate or
higher phosphatase
activity in more diverse
ecosystems; narrow
arrows represent less
uptake of nitrate or
lower phosphatase
activity in less diverse
ecosystems. While
nitrate is being taken up
by the roots and
transported into the
above-ground parts of
the plant, phosphatase
is released downwards
into the soil to make
phosphate available for
uptake by roots.

two temporal niches, or niches in time, and they too access nutrients
and other resources muchmore completely together than they would
alone. So, when not only two but many plants grow together using
di�erent spatial and temporal niches, the nitrogen in soil is used more
completely, and therefore, less is left in the soil for us tomeasure.

PLANT BIODIVERSITY AND SOIL PHOSPHORUS

It would be logical to assume that the e�ect of biodiversity we have
just described for soil nitrogen is the same for soil phosphorus. Both
are essential nutrient elements, and both can be limiting to biomass
production. However, perhaps surprisingly at first, this is not something
we find in biodiversity experiments, in which we control the species
richness of single ecosystems to study biodiversity e�ects on these
ecosystems. Often, concentrations of readily available phosphate, the
chemical form of phosphorus that is taken up by plants, are so low
in the soils of the systems we study that there simply cannot be any
“leftovers” as is sometimes the case with nitrogen. So, does plant
diversity have any e�ect on phosphorus cycling at all?

The short answer is yes, probably. We know that there is more
phosphorus in the plant biomass of more diverse systems and this
e�ect—similar to nitrogen—is caused by the greater amount of
biomass that comes from a greater phosphorus uptake by plants
[2]. The question is how more diverse ecosystems can take up
more phosphate, even though we cannot see the results of this in
the soil.
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To access phosphate in the soil, both plants and microbes use
enzymes (substances that facilitate certain chemical reactions) to split

ENZYME

Small molecules that
speed up a
(bio-)chemical reaction
in or outside of cells.

phosphate from more complex chemical molecules that exist in soil
humus, the organic part of the soil you likely know as compost. We
can measure the speed and function of phosphatase, the enzyme
responsible for making phosphate accessible in this way, which allows
us to estimate howmuch phosphate is being released from the soil for
plant ormicrobial use. In ecosystemswhere plant biodiversity is higher,
we find more activity in soil phosphatases (Figure 1) [3]. This indicates
that, while we cannot see the higher uptake of phosphorus from soils
with higher plant biodiversity the same way we can for nitrogen, we
can see that there is more e�cient access to phosphorus in soils
through higher phosphatase activity. This is one way plant biodiversity
can influence phosphorus cycling through the ecosystem.

THE IMPORTANCE OF BIODIVERSITY FOR ECOSYSTEM

FUNCTION

So, what does all this mean? The general assumption is that
with continued global changes, more species will be lost from
ecosystems and biodiversity will continue to decline. With the decline
of biodiversity, it is likely that both nitrogen and phosphorus cycling
will become less e�cient, that is, ecosystems will be less capable of
keeping and recycling nitrogen and phosphorus than they are now.
This is a big change in the ecosystem and may be one factor leading
to a reduction of ecosystem productivity. Declining biodiversity may

ECOSYSTEM

PRODUCTIVITY

The amount of organic
material, such as plant
biomass, produced by
the ecosystem in a
given time. A good
example for this would
be how much wheat or
hay is harvested in the
course of 1 year from
a field.

also lead to nutrients being lost from the system, such as nitrate being
washed out into the groundwater. Excess nitrate is a pollutant if it
gets into our drinking water and it can also have negative e�ects
on the aquatic ecosystems it is transported to, for example through
the excessive growth of algae. And at the other end, these nutrients
are then not available to plants, microbes or animals in the original
ecosystem, leaving a system that is likely poorer in nutrients and less
capable of sustaining the organisms living in it.
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