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For the last two centuries, humans have been changing the Earth

through their way of life. Our actions are not only causing climate

change and leading to prolonged periods of drought, they are

also leading to an overaccumulation of nutrients in soil, due to

burning of fossil fuels and fertilization of agricultural fields. Both

factors are threatening the world beneath our feet: the soils. They

may look rather boring and lifeless, but soils are actually home

to many organisms—from tiny bacteria to agile millipedes and

slimy earthworms—all of which contribute to processes that are

indispensable to life on Earth. For example, the activity of these

organisms promotes decomposition of plant material, which ensures

that the farmlands on which we grow our food remain fertile. As

almost all soil organisms are very sensitive to changes in their

environments,wewanted to knowwhatwould happen if drought and

over-fertilization occurred together.
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HUMAN ACTIVITIES CHANGE ECOSYSTEMS

Over the last 200 years, human activities have changed the world
tremendously. Human-induced climate change is causing the planet
to warm up, coupled with ever-longer periods of drought (prolonged
periods with little rainfall) in some regions. At the same time, the
farming of fields and meadows has changed dramatically in recent
decades. The world’s population is growing steadily, and all these
many people need to eat. Therefore, large amounts of fertilizers are
applied on agricultural fields today, resulting in much higher crop
yields [1]. While they may provide enough food for several billion
people, these practices come with a significant drawback: similar
to drought, excess fertilization a�ects not only the plants visible
aboveground, but also the complex ecosystem belowground—the

ECOSYSTEM

A community of plants,
bacteria, animals, and
fungi in a certain
location, along with the
non-living components
of that environment.

soil and the organisms living in it.

THE IMPORTANCE OF THE SOIL ECOSYSTEM

Soils are an important part of terrestrial ecosystems. Although we are
often unaware of them, soils are teeming with living things. There are
microorganisms, such as bacteria and fungi that are so tiny that they
are not visible to the naked eye. What they lack in size, however, they
compensate for in number: just one teaspoonful of soil can contain
several million soil microorganisms. Even many of the somewhat
larger creatures, such as mites and springtails, can only be seen with
a magnifying glass. Among the biggest soil animals are woodlice,
centipedes, and earthworms. All the somewhat larger soil creatures
are united by the fact that they do not have backbones, which is why
they are referred to as invertebrates. These creatures live together inINVERTEBRATES

Animals lacking spines,
such as centipedes,
woodlice,
and earthworms.

the soil and interact in various ways: some feed on each other, while
others work together.

The soil invertebrates perform numerous tasks that are necessary
for our existence. One of the most important of these ecosystem
functions is decomposition, which requires the cooperation of

ECOSYSTEM

FUNCTIONS

Natural processes that
occur in an ecosystem.

DECOMPOSITION

After death, living
organisms are broken
down into smaller and
smaller pieces. This
releases nutrients,
which in turn are
needed for
plant growths.

a multitude of creatures. Soil organisms are responsible for the
breakdown of dead plant material. Withered leaves, dead roots,
and seeds are their food resources. They break down these dead
plant materials into smaller and smaller pieces. The resulting tiny
compounds, in turn, provide an excellent food source for soil
microorganisms like bacteria and fungi. Eventually, these resources are
converted back into a form that plants can use for their growth, namely
CO2 and nutrients.

All these soil creatures, like almost all life on earth, are highly
dependent on water for drinking, for breathing, or even as a means of
transportation. Increasingly long and frequent periods of drought are
therefore a problem for many small organisms. And even worse, what
happens if other harmful factors occur at the same time? Excessive
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Figure 1

Figure 1

In half of the
experimental plots in
our study, we used
roofs to simulate
drought. The other half
of the plots received
“fake” roofs with rain
panels put
upside-down to
account for the
potential side e�ects of
these roof structures
(like changes in wind
speed and light). ©Julia
Siebert.

use of fertilizer, for example, can be harmful to soil organisms, as it
changes the pH value of the soil to make it more acidic. Many soil

PH VALUE

A scale indicating
whether a solution has
an acidic or basic
character. The lower
the value, the more
acidic the solution is.

organisms cannot tolerate acidic soil conditions. Could fertilization
add a further stress factor, making it even harder for soil organisms
to withstand dry conditions? And how exactly can we learn whether
drought and fertilization are harmful to soil organisms and interfere
with their functions?

HOWDIDWE STUDY SOIL MICROORGANISMS?

To understand the e�ects of drought and fertilization on soil
organisms, we started an experiment that simulated these two
common factors that humans change [2]. We chose a meadow in
Central Germany where we selected small areas called experimental
plots and treated the plots in di�erent ways. One-fourth of the
experimental plots were treated with drought using roofs (Figure 1),
another fourth was treated with fertilizer, and yet another fourth was
treated with a combination of drought and fertilizer. The last fourth
was not treated at all, which was our control plot. Control plots
are important because they allow us to compare the treatments to
normal conditions.

To understand how drought and fertilization a�ect soil organisms, we
looked at soil invertebrates and soil microorganisms separately. We
examined the activity of soil invertebrates in each of our plots. To do
this, we used narrow plastic strips with several small holes in them,
called bait lamina test strips. Every hole was filled with a bait mixture,
which soil invertebrates like to eat—imagine invertebrate cereal. We
stuck some bait lamina test strips completely into the ground of our
plots (Figure 2). After 3 weeks, we observed the amount of the bait that
had been eaten by the soil animals. Soil ecologists use this method to
assess how much soil invertebrates eat, which is a very good indicator
of their activity in general.
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Figure 2

Figure 2

To determine the
activity of soil
invertebrates in our
experimental plots, we
used bait lamina strips.
The strips were
completely inserted
into the ground for soil
invertebrates to feed
on. After 3 weeks, we
checked how many of
the little holes
containing the bait
were full, empty, or
half-empty. The more
active and hungrier the
soil invertebrates, the
more of the bait was
eaten.
©Gottschall/Siebert.

To examine the soil microorganisms more closely, we took a small
amount of soil from each of our plots back to the lab. We determined
the microbial activity in these samples by measuring their respiration.
Just like humans, soil organisms breathe in oxygen (O2) and exhale
carbon dioxide (CO2), so the more respiration that is happening in
a sample, the more active are the microorganisms (think of yourself
exercising). To measure microbial respiration, we used a device with
a special sensor that can measure the amount of oxygen used by the
microorganisms, and these data were then transferred to a computer
for storage. By knowing the activity of the soil microorganisms, we
were then able to calculate their biomass, which is a measure forBIOMASS

Measure for the
amount of all microbes
that live in a defined
amount of soil.

the amount of all microbes that live in a defined amount of soil, for
example on a teaspoon.

DROUGHT AND FERTILIZATION CAN AFFECT SOIL

INVERTEBRATES

We used statistical tests on our data to find out how the microbial and
invertebrate soil communities reacted to drought and fertilization. We
found that both drought and fertilization severely disrupt the activity
of soil invertebrates. Although the factors on their own had strong
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Figure 3

Figure 3

What did we find? (A)
Drought, fertilization,
and both together
strongly reduced the
feeding activity of soil
invertebrates. (B) Soil
microorganisms were
not disturbed by the
drought treatment.
Fertilization caused an
increase in the soil
microbial biomass.

negative e�ects, their combination did not reduce invertebrate activity
any further (Figure 3A). Soil microbes, however, reacted completely
di�erently. Drought could not harm them, and additional fertilization
even increased their biomass (Figure 3B).

Why do drought and fertilization harm invertebrates much more than
microorganisms? Usually, both groups are highly dependent on soil
moisture and have trouble coping with droughts. Among other things,
their food becomes so dry that they have di�culty digesting it [3].
Imagine eating old toast without jam all day, without drinking anything
with it. To avoid drought conditions, invertebratesmay travel to deeper,
moister soil layers that we did not reach with our tests. However,
why did fertilization lower their activity as well? The reason is that
fertilization leads to an acidification of soils, which means that the pH
value falls below five. Earthworms and many other soil invertebrates
do not like to live in low-pH conditions, which can be damaging to
their delicate skin. A lemon, for example, has a pH value of 2. Have
you ever had a cut on your finger and then gotten lemon juice on it?
Not very pleasant.

The drought treatment did not harm soil microorganisms. This took
us by surprise, because our treatment reduced the annual rainfall by
half, which naturally led to extremely dry soils. However, we think it is
possible that bacteria and fungi that normally live in the upper layer of
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the soil are constantly exposed to the temperature and humidity cycles
of the seasons. For this reason, they must be able to survive even the
driest periods [4]. One way that they do this is by building themselves
a sugary protective shell that prevents their surfaces from drying out.
Alternatively, they can create a very resistant form that allows them
to survive, called a spore. Spores are in a dormant state and can
outlive extreme heat and drought for up to 1,000 years. This is why
we believe the drought conditions of our experiment hardly harmed
the soil microorganisms. But it is also possible that our experiment was
too short to see any negative e�ects of the drought.

Fertilization, on the other hand, was even beneficial for the
microorganisms. This is because the additional nutrients from the
fertilizer strongly promoted plant growth. Not only did the plants
respond with longer shoots, larger flowers, and many more leaves,
they also released more resources into the soil via their roots and the
microorganisms could feed on all these extra food sources.

We were happy to find that drought and fertilizer did not reinforce
each other’s e�ects, which means that both factors together do not
seem to do more harm than either does on its own. This may mean
that ecosystems have some great coping mechanisms to use against
harmful environmental attacks. But in this study, we only measured
the activity of soil organisms after 1 year. We should examine the soil
after many years of drought and fertilization, to see if the results are
still the same.

WHATWILL THE FUTURE HOLD FOR OUR SOILS?

To sum up, larger soil invertebrates seem to be much less
well-equipped for future environmental changes thanmicroorganisms
are. What does this mean for our soils in the future? The decline in
the activity of soil animals has several consequences for ecosystems
and therefore for humans. As we have already learned, all organisms
in the soil are necessary to keep the process of decomposition
running. The decomposition process is divided into several steps,
which are indispensable for one another. While invertebrates are
mostly responsible for breaking down larger pieces of dead animals
and plants, microorganisms digest the smaller pieces in the next step
and release a range of nutrients. Together, the soil organisms form a
large feeding community, in which each species has its own special
place, fulfilling their specific tasks. However, if one link in this chain is
missing, the whole system is likely to lose its balance [5]. This could
mean that soils could lose their fertility in the long term. The result
would be that not only grasses but also the wheat and maize in our
fields would no longer grow so luxuriantly, and we would eventually
have problems feeding all the people on Earth. We are therefore
dependent on the well-being of all soil creatures and should keep
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their importance inmind as wemake future decisions that could a�ect
our soils.
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