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If you are a microbe in soil, how do you say something to your
neighbors? Well, speaking English, French, or Italian would not do you
any good underground. Instead, you would have to use molecules
as words! Soil microbes like bacteria and fungi communicate with
each other and with other organisms, such as animals or plants,
by producing different kinds of molecules. Many organisms use
these molecules as chemical words. These molecules can be volatile
molecules, which means that they are like gases, just like the air.
They can travel easily through small pockets of air in the soil and
can also travel really far. It is like long-distance communication.
Other molecules are soluble so they can dissolve in water, allowing
the communication between organisms close to each other. The
organisms that receive this communication can respond in different
ways, such as by growing faster or producing other molecules in
response. In this article, we will explore the exciting and mysterious
world of belowground chemical communication and its role in the
interactions occurring between microbes and plants.
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ECOSYSTEM

The set of different
organisms (plants,
animals, and microbes)
that interact with the
non-living matter in a
specific area.

RHIZOSPHERE

The portion of the soil
surrounding the roots
where plants and
microbes talk to each
other by

using molecules.

CHEMICAL
COMMUNICATION

The communication
that occurs between
two or more different
organisms (plants,
animals, and microbes)
by using molecules.

SOLUBLE

A substance that
dissolve in water, like
salt and sugar.

VOLATILE

A substance that tents
easily to become gas
and spread in the air,
like the smell of

a flower.
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LIFE IN THE SOIL

The soil is one of the most fascinating and complex ecosystems on
Earth. It is not only the outer surface of our planet where plants
grow, but it is also a spectacular and hidden world where many kinds
of organisms live. The soil is composed of irregular pieces of rocks,
small air-pores, and organic matter (dead plants and animals). This
environment is a wonderful place for microbes, insects, and plants
to live. Can you believe that soil is so full of life? Depending on the
soil characteristics (size of the rocks, types of food, amount of water,
etc.), different organisms can live in it. These different organisms build
a specific community, which is a unique set of different organisms
living together.

Do you know what soil microbes are? They are very tiny organisms
that live attached to soil particles or other living things. There are
fungi that have a shape similar to very thin roots, so that they can
touch and exchange information with their neighbors. There are
also bacteria, which are organisms that consist of a single cell that
you can usually see only by using a microscope. If these organisms
live in the rhizosphere (the portion of soil surrounding the plant
roots), they are called rhizosphere microbes. They can also live on
the root surface or inside the roots [1]. In the rhizosphere, you
can find beneficial (good) microbes, which help plants to survive
and grow, or harmful (bad) microbes, which attack plants and make
them sick.

HOW DO SOIL MICROBES AND PLANTS
COMMUNICATE?

What is particularly exciting is the ability of soil microbes to
communicate amongst themselves as well as with other organisms,
including plants and animals. The communication between microbes
and plants has been studied by many scientists. This communication
is based on the use of molecules as words, and it is called chemical
communication. You can imagine a molecule as a group of many
little balls (that we call atoms), connected to each other. These
atoms are important chemical pieces, like carbon (C), hydrogen
(H), oxygen (O), and nitrogen (N), that join together (like a puzzle)
to form molecules like water (H>O) or carbon dioxide (CO»).
The specific combination of atoms creates molecules that have
different properties.

Soil microbes can produce many types of molecules, which can be
divided into two main categories: soluble molecules and volatile
molecules. Soluble molecules dissolve in water, like a sugar cube in tea,
and they can be transported by water in the soil. They are used to talk
with plants that grow close to the microbes. Volatile molecules, also
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Figure 1

Plant-microbe
interactions in the
rhizosphere. The
picture shows three
types of

interactions: (A)
interactions between
plants and microbes
living on the root
surface or near the
roots, with the help of
soluble molecules; (B)
interactions between
plants and microbes
living far away from the
roots, with the help of
volatile molecules; and
(C) interactions with
microbes living inside
the roots, directly in
contact with root cells.
These interactions take
place in the soil, which
is composed of rocks,
air pores, and organic
matter.

VOCS

The volatile organic
compounds that are
produced by different
organismes, like plants
and microbes, to
communicate with
each other by distance.
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called volatile organic compounds (VOCs), are used to communicate
over long distances (Figure 1). These volatile compounds are gases,
which travel easily through the air-pores of the soil. Plant roots
can smell these gases, like your nose can smell a flower or freshly
baked bread [1]. Chemical communication does not happen only
in one direction (from the microbes to the plants), but in two
directions—plants also produce molecules that can be understood
by microbes.

WHAT ARE THE EFFECTS OF COMMUNICATION
MOLECULES?

Here are some examples of what happens between microbes and
plants when they start to talk to each other.

Plants and Microbes Help Each Other to Get Food

Many soil microbes can help plants grow, because the microbes
make necessary nutrients more available for the plants. For example,
a bacterium called Rhizobium can transform the nitrogen in the air
(N») into a different molecule: ammonia (NHz). This transformation is
called nitrogen fixation and it happens in the soil. Nitrogen fixation is
really important for plants because they need nitrogen to grow and
they are only able to get NHz from the soil. By transforming N» into
NHz, Rhizobium helps plants to grow and makes them stronger!

What is even more interesting is that Rhizobium can talk with a specific
group of plants, including beans and peas. But how does this dialogue
work? First, the plant releases molecules called isoflavones into the
rhizosphere, which can attract Rhizobium. The bacteria "hear” the
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Figure 2

The effects of
plant-Rhizobium
interactions on root
structure. (A) Normal
root structure and the
beginning of chemical
communication. First,
the plant produces
isoflavones (1), then
Rhizobium responds by
producing nod-factors
(2). (B) Rhizobium goes
toward the root and
sticks to a root hair,
which then changes its
shape to hug the
bacteria so that the
bacteria can enter into
the root. (C) Formation
of the root nodule,
which is the space
where the bacteria
multiply and sugar and
nitrogen are traded.

BIOTIC FACTORS

The living components
of an environment, like
plants, animals,

and microbes.

ABIOTIC FACTORS

The non-living
components of an

environment, like rocks,

sunlight, and water.
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plant "talking” and go toward it. On their journey toward the plant, the
Rhizobium start to produce other molecules, known as nod-factors,
which tell the plant to create a space in the roots, called root nodule,
where the Rhizobium can live. In exchange for a place to live and
food (sugar) from the plant, the Rhizobium gives the plant a lot of
NHz (Figure 2). As a result, plants that allow Rhizobium to live with
them grow much more. For both the plant and the Rhizobium, living
together is an advantage, because both organisms have more food to
eat than when they live alone, and thus they can grow better [2].

Microbes Can Help Protect Plants From Pathogens and Pests

Biotic factors are the living parts of an environment, such as plants,
animals, and microbes (Figure 3). Biotic stress is stress felt by an
organism, like a plant, that is damaged by biotic factors like bad
microbes, called pathogens, or by bad insects, called pests. Good
microbes can help plants to fight against pathogens and pests in two
ways. First, the microbes can push the pathogen/pest away or kill it.
For example, some good microbes produce VOCs that can stop a
pathogen’s growth or a pest’s attack on the plant. The second way
good microbes can help plants to fight pathogens is by telling the plant
to prepare itself to fight by increasing its defenses. Probably also your
mum, during the winter, tells you to eat oranges because they contain
an important molecule, the vitamin C, which is able to increase your
Immune defenses protecting you from illnesses. The mechanism is the
same for microbes and plants! For example, the molecules produced
by the bacterium Pseudomonas fluorescens allow the plants to better
resist the pathogen attack [3].

Microbes Can Help Plants Survive in Difficult Areas

Abiotic factors are the non-living parts of an environment, which
include sunlight, temperature, and water (Figure 3). Abiotic stress is
the negative effect of such factors on a living organism. Examples of
abiotic stresses that weaken plants are low water availability and high
levels of salt. Good microbes can help plants to live in difficult areas
with bad living conditions. For example, the bacterium Pseudomonas
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Figure 3

Important biotic factors
and abiotic factors that
interact in the
environment. They
have an impact on
plants growth and they
can influence the
chemical
communication
between plants and
microbes in the soil.
Mushroom icon is from
Flaticon.com.
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chlororaphis O6 allows some plants to survive when there is not
enough water [4]. Other microbes, like the bacterium Bacillus subtilis,
help plants to survive in soil where there is a high concentration of salt,
by reducing the amount of salt that enters the plant’s roots [5].

WHY IS IT IMPORTANT TO UNDERSTAND CHEMICAL
COMMUNICATION?

Chemical communication between microbes and other organisms
started evolving millions of years ago. Four hundred and fifty million
years ago, plants moved from the sea and started to live on the
land. Scientists believe that soil fungi first helped plants to make
this move to land. The fungi helped the plants to use important
nutrients so that the plants could survive [6]. So, for millions of years,
chemical communication among soil organisms has been important
for plant well-being and growth. In this article, we explained how
plant-microbe interactions can give a plant more food or help plants
to fight against pathogens or to live in difficult areas. Unfortunately,
these interactions are in danger! The high use of antibiotics, pesticides,
and fertilizers in agriculture can change the soil and in doing so can
also change the soil community, causing some soil organisms to die
and others to grow. Changes in the microbial community can have
terrible effects on plants; for example, the microbes that grow might
be pathogens!

The human population is still growing, and since people need
food to survive, new methods of increasing plant growth and food
production must be found [2]. Microbes are increasingly used as
natural helpers to improve plant growth and food production. The
study of microbe-plant communication is necessary to understand
which microbes can be used to help plants grow. We must pay close
attention to choose the correct microbes! For example, you could
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think that the use of the fungus Fusarium culmorum would be a
good idea, because it helps certain plants to grow in difficult areas
that are rich in salt. However, Fusarium culmorum is a bad organism
for maize—it is a pathogen! For these reasons, researchers want to
understand as much as possible about chemical communication,
to increase our knowledge about soil ecosystems, to understand
how organisms interact in these ecosystems, and to help us use
plant-microbe interactions to increase plant growth for food while
protecting soil ecosystems.
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