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Humans use land to grow crops for food, and the farming methods
we use can influence the organisms that live in the soil. Soil organisms

KONSTANTIN  do important work, like decomposing organic matter and releasing

AGE: 14 nutrients for plant growth. By adding more pesticides and fertilizers
to farmland, we can produce more crops in a smaller space. But those
methods can also harm soil organisms and the work that they do. In
contrast, we can use gentler methods to grow crops, which are better
for soil animals, but those methods require more land. People in all
countries need food from crops to live healthy lives. Because we all
share one land surface, when we decide how to use land, we need to
remember how agriculture influences soil animals.
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Figure 1

The soil food web is
composed of many
kinds of soil organisms:
(1) bacteria, (2) fungi,
(3) arbuscular
mycorrhizal fungi, (4)
protozoans, (5)
bacteria-feeding
nematodes, (6)
fungal-feeding
nematodes, (7)
root-feeding
nematodes, (8)
collembolans, (9)
predatory nematode,
and (10) predatory
mites. Arrows point
from the organisms
that are eaten to the
organisms that eats
them. Interaction
pathways form three
main energy channels:
bacteria-based channel
(orange arrows),
fungal-based channel
(yellow arrows), and
root-based channel
(green arrows). The
magnifying glass shows
that nutrients and
energy flow through
each soil organism
when it eats

and respires.

SOIL ORGANISMS

All of the types of life
forms that live below
ground. This includes
single celled organisms
like bacteria, and
multi-cellular
organisms like
earthworms, protozoa,
nematodes, and mites.

ECOSYSTEM
SERVICES

The important things
environments do for
people. In soils
ecosystems, examples
include recycling
nutrients, retaining and
draining water, and
mixing organic matter.
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Figure 1

7.8 BILLION PEOPLE, AND COUNTING, EAT FOOD THAT
GROWS IN SOIL

There are 7.8 billion people and all of them need to eat healthy food.
Vegetables and other crops are part of a healthy diet. But producing
food for so many people comes with a cost to the environment. First,
we need enough farmland and then we need farming practices that
keep the environment healthy. The organisms that live in soil can tell
us if our farming practices are good or bad for the environment.

In the soil, there are billions of organisms, such as bacteria, fungi,
nematodes, and isopods that live in soil (Figure 1). They all eat,
and grow, and use oxygen and release carbon dioxide, just like
we do. When soil organisms carry out these life processes, they
release nutrients from their food that are useful for plant growth
(Figure 1, inset). They also mix organic matter (i.e., dead plants and
organisms) throughout the soil. They improve the structure of the soil,
which improves water availability for plants. Soil organisms supply the
resources that help plants grow the food that humans like to eat. Soils
provide important ecosystem services, such as water filtration and
nutrient recycling, that help keep humans alive and healthy.

SOIL ORGANISMS FORM A FOOD WEB UNDER YOUR
FEET

The organisms in the soil do not work alone; they are connected
with each other in a network of interactions called the soil food web.
Changes in the abundance of one species can affect the abundance
of their predators and prey, in a chain of interactions called an energy
channel (Figure 1). Soil food webs have three main energy channels:
one fueled by bacteria, another fueled by fungi, and a third fueled by
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Three common ways
that natural
environments are used.
Extensive land use does
not involve much
plowing and harvesting
or the addition of lots
of fertilizers and
pesticides, and it
produces diverse
ecosystem services.
Medium-intensity land
use needs some
plowing and harvesting
and yields intermediate
harvests. High-intensity
land use requires lots of
work plowing and
harvesting, as well as
lots of chemical use, to
produce a lot of crops
from a smaller area. In
high-intensity land use,
some ecosystem
services are reduced in
favor of high-output of
crop production.

The network of feeding
interactions among soil
organisms. The
interactions start from
three main resources
(roots, fungi, bacteria)
that form

energy channels.

Preparing soil for
agriculture by plowing
or digging. Tilling
buries weeds and
makes it easier for crop
roots to enter the soil.

How the natural
environment is
managed and modified.
Examples in text
include Intensive land
use, extensive land use,
and natural areas.
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el (9 “
land use land use land use
Fertilizers (-) (+) (++)
Pesticides () (+) (++)
Ploughing (-) (+) (++)
Harvesting Grazing or mowing  Light machinery Heavy machinery

by hand

Mixture of naturally Rotation of species Human planted
occurring species planted by humans single plant species
(i.e. monoculture)

Plants grown

plant roots. Bacteria and fungi eat organic matter, such as dead roots
and leaves, and later they are eaten by other organisms. There are
also organisms that feed directly on living roots, such as root-eating
nematodes (tiny worms), which are also eaten by other animals. When
humans use the land in a way that disrupts these energy channels (such
as by tilling the soil or adding fertilizers), they may alter the ability
of soil food webs to provide their usual ecosystem services. But how
many species are affected by humans and how strong is our effect on
the processes soil organisms normally perform?

Scientists hypothesized that different types of land use would affect
the structure of the soil food webs (Figure 2) [1]. They thought
that intensive land use, such as tilling the land, would reduce the
number of soil organisms and limit the ecosystem services provided
by soils [1]. Scientists also thought that soil organisms would be more
abundant when farmers applied extensive land use practices (such as
hay meadows and pasture). In extensive land use, there is less plowing
and less fertilizer added, but more land area is needed to produce
the same amount of food. They thought that soil organisms would do
best in natural grasslands, where farmers do not use the land to grow
crops [1].

With the goal of using sites exposed to a broad range of
environmental conditions (temperature, precipitation, soil texture,
etc.), a team of scientists went to four countries across Europe:
Sweden, Czechia, United Kingdom, and Greece. In each country, they
went to sites with three types of land use: high-intensity agriculture,
medium-intensity agriculture, and natural grasslands [1] (Figure 2). At

frontiersin.org November 2020 | Volume 08 | Article 549486 |


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2020.549486
https://kids.frontiersin.org/article/10.3389/frym.2020.549486
https://kids.frontiersin.org/article/10.3389/frym.2020.549486

Hines and de Vries Land Use and Living Soil

each site, they measured a variety of soil organisms, including fungi,
bacteria, protozoa, nematodes, earthworms, enchytraeids, mites, and
collembolans. To find out how the ecosystem services differed
between the land uses, they also measured some of the important
processes performed by soil organisms.

INTENSIVE FARMING REDUCES BIODIVERSITY IN THE
SOIL

The scientists found that the type of land use was important for the
numbers and types of organisms that they found in the soil. They found
that more intensive land use reduced the biodiversity of the soil food
web: there were fewer groups of organisms present, and within these
groups, there were also fewer species [2]. They also found that the total
weight of most groups of soil organisms was lower where there was
high- and medium-intensity land use. The organisms that are fueled
by plant roots were the most reduced, and organisms that eat bacteria
and fungi were affected less. This is probably because tilling the soil
has strong effects on plant roots in medium- and high-intensity land
use, which has extended effects on the organisms that are fueled by
plant roots. But how much of the change was due to the direct effects
of the tilling on the soil, and how much was due to changes in the soil
food webs?

PROCESSES CARRIED OUT BY SOIL ORGANISMS

To evaluate the question above, the scientists looked at relationships
between groups of soil organisms and the processes that these
organisms carry out. The scientists focused on two processes:
respiration and the cycling of nitrogen. When we are talking about tiny
organisms, respiration is the name of the process that uses oxygen
and releases carbon dioxide, to produce the energy that the organisms
need to grow and perform their functions. Nitrogen is an essential
element for all life, including plants. It cycles through the environment
in several steps. Mineralization is the process by which nitrogen is
released from organisms into the soil (Figure 3), usually when they
decay. Nitrogen in the soil can be lost through leaching, which means
being flushed out of the soil by water, or by denitrification, in which
the nitrogen is turned into a gas called nitrous oxide (NO;) produced
by bacteria and escapes from the soil into the atmosphere.

NATURAL GRASSLANDS ENHANCE SOIL RESPIRATION

First, scientists found that the respiration of soil organisms was higher
in natural grasslands and where there were more earthworms in the
soil. Earthworms mix the soil, and by doing this, they stimulate the
activity of other soil organisms. Just like us, when soil organisms
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Figure 3

Nitrogen is transformed
by soil food webs so
that it can move
through plants, water,
or air. Soil organic
matter (dead plants and
animals) is mineralized
to inorganic nitrogen
by the feeding activity
of soil organisms.
Inorganic nitrogen in
soil can be taken up by
plants and fungi, or it
can be lost from the
soil by either leaching
into ground water or by
conversion to NoO gas
by bacteria, in a process
called denitrification.
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Organic matter
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Figure 3

become more active, they need to eat more and respire more.
When there is more organic matter available as food, there will be a
greater number of active soil organisms. Because natural grasslands
have higher organic matter than the fields used for medium- and
high-intensity agriculture, respiration was higher in these sites.

MORE NITROGEN FLOWS INTO AND OUT OF INTENSIVELY
MANAGED FARMS

When scientists looked at the cycling of nitrogen, they found that
nitrogen mineralization was higher in food webs with a stronger
bacterial energy channel (see soil food web in glossary). Bacteria are
often very abundant in areas with intensive land use, where they grow
quickly and die quickly, releasing the nitrogen from their tissues into
the soil.

After they measured the mineralized nitrogen that was released into
the soil, the scientists wanted to know how land use affected where the
nitrogen went next. They found that, in areas with less intensive land
use where there were a lot of arbuscular mycorrhizal fungi, there was
less leaching of nitrogen into the water, meaning that more nitrogen
stayed in the soil where plants could use it. Farmers want to limit the
amount of nitrogen leaching, so that most of the nitrogen can be
used by crop plants instead of flowing out of the fields. Arbuscular
mycorrhizal fungi are a special group of fungi that attach to plant roots
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and help the plant take up nutrients, including nitrogen. These fungi
might take up nitrogen from the soil and prevent it from being lost
through leaching. So, the presence of arbuscular mycorrhizal fungi
could be a good indicator of reduced leaching across different types
of land use.

To evaluate the amount of denitrification, scientists measured
the concentration of nitrous oxide gas (N>O). They found lower
N>O concentrations where there was an increased number of
flagellates—tiny creatures that use a tail to propel themselves
forward in the water that is within the soil and that eat bacteria.
Importantly, denitrification is not actually done by flagellates, but
by a specific group of bacteria. Because flagellate increased in
areas where denitrifying bacteria were not abundant, we may be
able to use flagellate abundance as an important indicator of other
processes (e.g., denitrification) and soil organisms (e.g., denitrifying
bacteria). Understanding what is happening in soil food webs with
low concentrations of denitrifying bacteria is important because, when
nitrogen leaves the soil as N,O, it can make climate change worse.
N>O is a greenhouse gas that is 314 times stronger than CO,!

INCREASE SOIL BIODIVERSITY TO MINIMIZE THE IMPACTS
OF INTENSIVE FARMING

The question of the “right” way to use land to grow vegetables and
other crops is an ongoing scientific and social debate. How can
humans produce healthy and enough food for billions of people with
the minimal impact to the planet? Scientists are learning that soil
organisms are sensitive to changes humans make to the environment.
Farming practices do not just influence individual organisms, they
influence a complex network of species interactions. Changes in this
interaction network affect how energy flows through an ecosystem,
which nutrients are retained, which nutrients are lost, and how farmers
will have to rely on fertilizers and pesticides. While intensive land use
takes up less land area, which is positive, it also causes many negative
impacts since it decreases soil biodiversity and increases losses of
nutrients and carbon. In opposition, lower intensity land use produces
fewer crops but is more environmentally-friendly. So, one solution is
to restore soil biodiversity in intensive land use areas to make them
less dependent on fertilizers and pesticides, which is good for the
environment and therefore for humans. So, if you have the possibility
to grow your own vegetables you will be protecting the environment
because you will not be producing them through intensive agriculture
practices. If you cannot plant your vegetables, you can still protect the
environment if you can buy vegetables and other crops that are not
produced in intensive farmland. Little by little we can make our planet
healthier and healthier.
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YOUNG REVIEWER

KONSTANTIN, AGE: 14

Hi I am Konstantin, your nearby Young Mind! | am from Rousse, Bulgaria and
since | was little | had questions like: what is the point in recycling etc. Now, as
an adolescent, | really got into ecology and decided to help bring awareness of
some of the problems in our world has like the air pollution, species extinction, and
deforestation. If |, an ordinary student, can make a difference you can too-so what
are you waiting for my young reader!
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