Evolution

Forest Soil Ecosystem in Action

What is the soil like in a forest? What kind of ecosystem surrounds it? Who lives there and what do
they need to survive?

Soil is an incredible life-sustaining entity, whose functions and diversity are easily unnoticed by
the human evye. If we take a closer look at the soil, we can see that it consists of different
components. These components are various minerals, living organisms, dead organic matter, air,
and water. The ratio of these components determines how the soil appears to us: for example, is it
very dry mineral soil (little water and lots of minerals) or nutrient-rich humus soil (lots of water
and organic matter)? And what do we know about the surface layer, the topsoil?

Soil is involved in many life-sustaining processes, such as nutrient cycling, water transport and
filtration, and providing a habitat for many soil organisms. Water is essential for life, and soil
plays a key role in maintaining water reserves by filtering it into drinkable form and storing these
water resources. In addition, soil helps reduce flood risks and plays a crucial role in transporting
water and nutrients to plants. Soil participates in the cycling of essential substances for life, such
as carbon and various nutrients. These cycles support the continuity of life, as even dead organic
matter is broken down into smaller parts and reused. This complex system provides a favorable
habitat for various soil organisms, which in turn contributes to the functioning of the soil. Thus,
soil also serves as a growth medium for plants.

Life in the Soil

Soil is home to an incredibly diverse range of life forms. It contains the roots of plants and is
inhabited by many animals and microbes. Microbe is a collective term for microscopic life forms,
but it is not a single unified group: microbes include bacteria, archaea, viruses, as well as very
small animals and fungal mycelia. However, not all animals or fungal fruiting bodies are microbes!
Soil organisms play a significant role in the cycling of many substances within the ecosystem.

Many soil organisms are decomposers, but there are also predators among them. Some soil species
are generalists, meaning they can utilize a wide variety of resources, while others are specialists
with specific requirements, such as the quality of food, soil pH, or moisture levels. Many are also
dependent on companion species—for example, certain fungi thrive in association with specific
tree species. (Read more about the cooperation of fungi and trees here)


https://www.evolutioninaction.fi/symbiosis.html

Soil organisms have evolved in interaction with each other and with organisms living above the
ground. Plants cannot use nitrogen in its gaseous form from the air unless microbes convert it
into a usable form. Nitrogen-fixing microbes live also freely in the soil, but some have developed
symbiotic relationships with specific plant species. Plants provide space and nutrients in
specialized root nodules for the bacteria, and in return, the plants receive valuable nitrogen in a
usable form, allowing them to grow and reproduce more effectively. This can improve their chances
in competition for example of space or sunlight. (Learn more about the evolution of communities
and their resource competition here)

Another example of biological interaction is truffle fungi, which have developed underground
fruiting bodies that do not release spores freely into the environment. Instead, truffles spread by
animals. When an animal like a beetle, rodent, or wild boar eats them, and the spores are
deposited in a new location after going through the animal's digestive system. The animals gain
nutrition, and the fungus might spread farther than it might by wind alone. Truffles have evolved
to emit aromatic compounds to help animals smell them and locate them underground. Did you
know that a few truffle species also grow in Finland?

It is also important for soil organisms to protect themselves from predators and to compete
successfully for resources. Many bacteria in the genus Pseudomonas live near plant roots, in the
rhizosphere. They secrete toxic substances, called toxins, to defend themselves against soil
organisms that feed on bacteria, such as nematodes and amoebas. These toxins also help them
compete for space against other bacteria. From the plant's perspective, these toxin-producing
bacteria are beneficial, as they protect the plant's roots from many disease-causing bacteria while
defending themselves.

Soil's Impact on the Health of Different Species

Microbes link the health of soil, plant, animal and humans, and microbial communities connect
different ecosystems. Soil contains the most diverse and complex microbiome on Earth and, thus,
can act as a kind of “microbe bank.".

Various microbes also live inside and on the surface of animals, including humans. Most are
bacteria, and they are crucial for health. An animal without any microbes would be very sick!
Microbes are especially abundant in the gut. They help extract important nutrients from food and
act as a defense against pathogens—microbes that can cause disease. To prevent these harmful
microbes from taking over, it is better for the normal microbial community to occupy the available
living space.

Research has shown that exposure to a diverse microbial community is beneficial to human health,
as it can for example support the normal functioning of the immune system. This exposure can
occur, for example, by spending time in the forests or gardening. Research into the diverse
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significance of microbiomes has only begun in recent decades as methods have developed, and it
remains unclear, for example, which microbial groups are the most important for the development
of the immune system in other species. The significance of rapid changes in microbial
communities for the health of wild animals is also still partly unknown.

Glossary:

o [Ecosystem: A system formed by organisms living in the same area and interacting with
each other and their non-living environment.

o Decomposer: An organism that feeds on dead organic matter.

o Soil: The layer above bedrock composed of loose earth materials, including mineral and
organic soils. Soil composition affects land use and load-bearing capacity.

o Topsoil: The surface layer of soil that has developed a layered structure due to climate and
vegetation. The typical topsoil in Finnish coniferous forests is podzol.

« Microbe: An organism smaller than 10 micrometers (one hundredth of a millimeter),
invisible to the naked eye and requiring a microscope.

o Microbiome: A microbial community and its genetic makeup in a specific environment,
such as soil or an animal's gut.
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