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Foreword

DEAR STUDENTS
Welcome to the module Microbial Ecology (MIB2602).

This is an online module, but you could also use this printed document (study guide) to study for
this module. This document is essentially a printed version of everything you will find on the
module web site on myUnisa. It is a convenient document that you will be able to refer to at any
time, page through, and make notes on. However, we would still like to encourage you to use the
module web site, as this has several advantages. For example, you can easily access any part of
your study material by clicking on the links in table of contents of the learning units, and you can
interact with your lecturer and fellow students on the module's discussion forum.

This document starts with the message on the Welcome page of your module web site. It then
goes on to the text of the learning units of the module

At the end of this study guide, there is a list of the Discussion forum topics that will be available
for your use on the module site.

I wish you all the best with your studies.

Your lecturer
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Learning unit 1
Biogeochemical Cycling and Global Climate ChangeLearningunit1

Contents

1.1 Introduction 1

1.2 Learning outcomes 1

1.3 Textbook reference 2

1.4 Biogeochemical Cycling 2

1.4.1 Activity 2.1: Biogeochemical cycles 2

1.4.2 Feedback 2

1.5 Global Climate Change 2

1.5.1 Activity 1.2: Climate change 3

1.5.2 Feedback 3

1.5.3 Activity 1.3: Reflection 3

1.6 Summary 3

1.1 Introduction
It is thought that the outbreak of vector-borne diseases such as malaria and lyme disease have
increase due to the global climate change. What do you think the link between disease and
climate change might be, and how do microorganisms fit into this picture?

In this learning unit we will learn about the role of microorganisms (microbial processes), physical,
and chemical processes that cause elements to move between sediments, water, and the
atmosphere. This process is known as biogeochemical cycling.

The link between disease and climate change will become clear as you study biogeochemical
cycles.

If you have access to the internet you can read more about climate change and vector-borne
diseases here:

● http://oregonstate.edu/ua/ncs/archives/2015/feb/climate-change-may-affect-tick-life-cycles-
lyme-disease

1.2 Learning outcomes
After completing this learning unit, you should be able to:

● Define the term 'biogeochemical circulation' and explain the importance of this circulation in
the global context

● Describe and illustrate the role of microorganisms in the various biogeochemical cycling
processes

● Identify and explain the influence of microorganisms on the toxicity of various metals
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2

● Explain the link between greenhouse gas accumulation and the microbial cycling of carbon
and nitrogen

1.3 Textbook reference
This learning unit is found in Chapter 28 pages 633 to 644, Prescott’s Microbiology.

1.4 Biogeochemical Cycling
Biogeochemical cycling can be defined as the oxidation and reduction of substances carried out
by living organisms (which also includes microorganisms) and abiotic processes (non-living
processes) that results in the cycling of elements within and between different parts of the
ecosystems.

The redox potential of an environment is extremely crucial in determining microbial activity. The
redox potential is the oxidation-reduction potential and is a measure of the tendency of a system
to accept or donate electrons. The microbial environment such as soil, sludge or sterile growth
medium’s redox potential can be measured by finding the electrical potential difference between
the environment and a standard hydrogen electrode (set to zero volts).

You may want to check the below links for further reading:

● http://www.eoearth.org/view/article/150616/
● https://www.youtube.com/watch?v=09_sWPxQymA

Table 28.1 on page 633 in Prescott’s Microbiology shows the major forms of important elements
in biogeochemical cycling. The elements involved in biogeochemical cycling are namely, carbon,
nitrogen, phosphorus, sulphur, iron, manganese and mercury.

1.4.1 Activity 2.1: Biogeochemical cycles
1. What are some important microbial genera that play a prominent role in manganese

cycling?
2. Suggest how a chemolithoautotroph might link the carbon and sulphur cycles.
3. Do question no. 3 (Compare, Hypothesize, Invent) on page 645 Prescott’s Microbiology.

1.4.2 Feedback
You should have mentioned that the manganese cycle involves the transformation of the reduced
form, manganous ion (Mn2+ ) , to the oxidized species, MnO2. Shewanella spp., Geobacter spp., and
other chemoorganotrophs do the work of complementary manganese reduction process, using
MnO2 as an electron acceptor.

For the function of chemolithoautotroph study in detail the carbon and sulphur cycle.

For information on nitrite, nitrate, and nitrification with regard to sewage sludge study the
nitrogen cycle in detail.

1.5 Global Climate Change
Our biosphere absolutely need microbial activity in maintaining the dynamic equilibrium.
Microorganisms have adapted to the changes in the physical and chemical environment over a
period of time. During the beginning of the twentieth century carbon dioxide (CO2), methane
(CH4) and other so-called greenhouse gases have entered the atmosphere at a much faster rate
than anticipated at any other time in history of life on earth. This greenhouse gas accumulation is
related to the microbial cycling of carbon and nitrogen. Carefully read the explanation of this in
the section on global climate change in Prescott.
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Should you wish to do some further reading on this topic, the following links has articles on
greenhouse gases and how they affect climate change:

● http://climate.nasa.gov/
● http://www.epa.gov/climatestudents/

Global climate change has caused serious disasters in some part of the world. See the below link:

● http://www.nrdc.org/globalwarming/

1.5.1 Activity 1.2: Climate change
1. Forests could play a role in the control of CO2, discuss their role.
2. Explain the link between greenhouse gas accumulation and the microbial cycling of carbon

and nitrogen
3. Given that each group of microorganisms has an optimum temperature range, try to predict

changes to a soil microbial community living in your neighbourhood (local area).

1.5.2 Feedback
As we have indicated in the beginning of the section 1.3, that greenhouse gases started to
increase during the beginning of the twentieth century. These gases are the result of actions of
industrial era. You have an idea what entails the industrial era. The burning of fossil fuel releases
about 70 billion tons of CO2 each year. The deforestation due to industrial era has also contributed
to the addition of about 1.2 billion tons of CO2.

The production and use of fertiliser in the past 70 years have resulted in the addition of a great
deal of ammonium (NH4

+) to the soil. Normally, ammonium is converted into nitrates by nitrifying
microorganisms in the soil (as well as by some plants), and is then re-used by plants and animals.
Thus, the larger the number of nitrifying microorganisms present in the soil, the more
ammonium can be converted in this way. However, if the amount of ammonium present is so
great that it exceeds the ability of nitrifying microorganisms and plants to convert it, the excess
ammonium is denitrified by denitrifying microorganisms and ultimately converted into the
greenhouse gases nitrogen oxide and nitrogen dioxide. In this situation, the larger the number of
denitrifying microorganisms present, the more of these greenhouse gases are produced.

If you have access to the internet you can view the below links:

http://e360.yale.edu/feature/the_microbe_factor_and_its_role_in_our_climate_future/2279/

With regard to optimum temperature in which microorganisms grow, bear in mind that some
microorganisms are adapted to thrive in extreme temperature, thermophiles. It is only those
microorganism that are adapted to grow at certain temperatures that will survive.

Forests play important role in the control of CO2 as follows:

● The plants take in CO2 during the process of photosynthesis
● and give out O2

1.5.3 Activity 1.3: Reflection
What were the three most important insights you gained in completing this learning unit? In other
words, what might you realise now about microorganisms and ecosystems that you did not know
before?

1.6 Summary
In this learning unit you were introduced to the biogeochemical cycling and global climate
change. We have learned about the role of microorganisms in in redox potential. We have learned
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about the role of redox potential of microbial activity in different media. We have also learned
about the major forms of important elements in biogeochemical cycling. We have also learned
how microbial activity is crucial in maintaining the dynamic equilibrium that defines our earth.
Last but not least we have learned about the global climate change as well as the greenhouse
gases that are involved. In this next learning unit we will learn microbial interactions.

LEARNING UNIT 1: BIOGEOCHEMICAL CYCLING AND GLOBAL CLIMATE CHANGE
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2.1 Introduction
Did you know that there has been an increase in the number and types of infections caused by
microorganisms? One example of this is infection by the bacterium, Clostridium difficile, found in
small numbers in the human gut. If you have access to the internet, you can read more about this
infection here:

http://www.nhs.uk/Conditions/Clostridium-difficile/Pages/Introduction.aspx

In this learning we are going to learn about how microorganisms interact with each other and also
with other organisms.

Study Prescott, chapter 32, pages 700–721 to complete this learning unit.

2.2 Learning outcomes
When you have completed this learning unit, you should be able to:

● Explain relevant terms including ectosymbiont, endosymbiont, normal microbiota, microbiome,
and pathogen

● Explain and differentiate between the various types of symbiosis, namely mutualism, coopera-
tion, commensalism, predation, parasitism, amensalism, and competition, and give examples
of each

● Explain in detail the rumen ecosystem
● Give examples of the effects of human microbiota on health and disease
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● Explain the role of germfree mice in evaluating how microorganisms regulate health and
disease

● Explain how disease may be caused by opportunistic pathogens
● Identify innate and environmental factors that impact the diversity and stability of the human

microbiota
● Explain why it is useful to know which species of human microbiota are typically found at dif-

ferent body sites

2.3 Microbial Interactions
You have probably heard of the word ‘symbiosis’. What is your understanding of this term? Try to
explain it in your own words.

Symbiosis is usually used to describe mutual association of two different organisms that benefit
both organisms. This definition is however not the scientific one. The scientific definition is simply
that symbiosis is the living together of any two organisms.

For a detailed explanation of different terms relating to symbiosis, and different types of symbiosis,
read Prescott’s Microbiology, Chapter 32. You should make sure that you know the following:

● What the symbiont, ectosymbiont and the endosymbiont is
● The meaning of the different types of symbiosis: mutualism, commensalism, cooperation, pre-

dation, parasitism, amensalism, and competition.

If you have access to the internet, you can also consult the following web sites:

● http://study.com/academy/lesson/symbiont-definition-lesson-quiz.html
● http://examples.yourdictionary.com/examples-of-symbiosis.html
● http://www.newworldencyclopedia.org/entry/symbiosis

2.3.1 Activity 2.1: Symbiosis
1. Compile a table in which you show the various types of symbiosis and summarise the

meaning of each.
2. Describe the mutualistic relationship between the ruminants and the methanogens (Refer to

the Rumen Ecosystem in your answer).
3. How does commensalism differ from cooperation?
4. Define predation and parasitism. How are these similar and different?

2.3.2 Feedback
To describe the mutualistic relationship between the ruminants and the methanogens, on has to
first know and understand what mutualism is. Mutualism is the symbiotic relationship where both
organisms involved derive benefit from their association. Methanogens synthesised vitamins that
are needed by the animal host (ruminant), and also remove H2 which is needed by them. The
ruminants oxidise organic matter and produces CO2, H2 and an a lesser acetate which are used by
the methanogens. This oxidation process is known as syntrophy (Greek syn, together, and trophe,
nourishment).

You can read more about the rumen microbial ecosystem by visiting the following link:

http://www.iisc.ernet.in/currsci/jul102005/124.pdf

With regard to commensalism and cooperation, one has to first know the definition of each before
you try to answer the question. I will not give you the full answer for this one. I will only define
give the definition of each and form there you will figure out the full answer.

Commensalism: It is a relationship in which, the commensal (one symbiont), benefits, while the
host is neither harmed nor benefit (helped). The example of commensalistic relationship is
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between microorganisms, in situations in which the waste product of one microorganism is a
substrate for another one. For example between Nitrosomonas spp and Nitrobacter spp (For the
detailed explanations see Prescott’s Microbiology page 709).

Cooperation: A positive but not obligatory interaction between two different organisms.

You are all probably quite familiar with parasitism and predation. As I have explained above, in
answering this question you should first give the definition of each and then you will be able to
compare them.

2.4 Human-Microbe Interactions
As we have seen in learning unit 2.2 that many microorganisms live in different ecological
relationships as part of their environment with a member of another species. One of the species
with which microorganisms have a relationship is humans. As we have indicated in the
introduction at the beginning of the learning unit that the microorganisms, C. difficile lives in the
gut of humans. The human body constitute specific niches of the microbial ecology. An adult
human carries an average of about 1014 microbial cells, compared to an average 1013 of human
cells.

The microbes usually associated with the human body are known as normal microbiota (the
‘normal flora’). For detailed information on the normal microbiota, study the section on this topic
in Prescott’s Microbiology. You can also read more about the normal microbiota on these web
sites:

● http://www.textbookofbacteriology.net/normalflora_3.html
● http://www.ncbi.nlm.nih.gov/books/NBK7617/

The study of germfree mice is one way in which the impact of the normal microbiota on the
human body is investigated. This is done by comparing the germfree animals with animals that
have normal microbiota. These studies have suggested that normal microbiota has a strong
impact on human health. See Prescott for specific examples of how microbiota influence health.

Microbiota may promote health, but in certain circumstances they may also cause disease. Any
disease-producing microorganism is called a pathogen. Disease is sometimes caused by
‘opportunistic’ pathogens. Make sure that you can describe what this term means and how
opportunistic pathogens cause disease.

2.4.1 Activity 2.2: Impact of microbiota
1. Give two examples of how microbiota influence human health.
2. Why are germfree mice used to study interactions between humans and microorganisms?
3. Explain why a germfree mouse would be more susceptible to pathogens when compared to

a normal mouse.
4. Mention two insights that have been obtained as a result of experiments with germfree

mice.
5. What are opportunistic microorganisms or pathogens? Also define ‘compromised host’.

2.4.2 Feedback
Prescott (p713– 714). provides a variety of examples of how microbiota influence human health.
For example, the exoenzymes of Bacteroidetes in the colon degrade complex carbohydrates and
so assist with digestion. Colonic bifidobacteria, in turn, produce proponiate, which improves the
functioning of the immune system, and acetate, which helps to reduce certain forms of
inflammation.

The association of microorganisms with germfree animals has helped microbiologists understand
the highly complicated interactions that cannot be easily studied in conventional hosts. The
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germfree mouse has not been exposed to pathogens before and therefore its immune system
would be weak, which would make it more suscpetible to pathogens.

Germfree experiments have assisted the microbiologist to understand how the colonization of the
vertebrate host intestine with bacteria stimulates the host immune system. Colonization has been
shown to help in digestion of complex dietary components and to trigger anatomical changes of
the intestine. The association of specific microorganisms with the germfree host’s skin has assisted
to explain the role of these microorganisms in colonization strategies and some diseases.

See the discussion of opportunistic pathogens in Prescott. You can also read more about this topic
on the following web sites:

● http://medicine.academic.ru/5861/Opportunistic_microorganism
● http://www.biology-online.org/dictionary/Opportunistic_pathogen
● http://www.slideshare.net/gurya87/opportunistic-pathogens

2.5 Normal Microbiota of Human Body
Do you have idea how new born babies acquire most of the microorganisms? Babies that are born
of natural birth (vaginally) acquire most of their microorganisms form their mother, whereas those
born by the caesarean operation acquire microorganisms of their first caretakers (nurses, doctors,
midwives, parents, etc.).

The normal (resident) microbiota changes within the host as the time goes on. Table 32.1 in
Prescott’s Microbiology shows the innate (inborn) and environmental factors that impact the
diversity and stability of the human microbiota. Study the table to see how the diversity and
stability of the microbiota change in various life stages (the more plus signs in the table, the
greater the diversity/stability).

Table 32.2 (Prescott’s Microbiology) provides information on the various human microbiota which
are routinely cultured form various body sites. Knowing the resident microorganisms helps in
speedily identification and treatment of the involved pathogens.

Here are few examples of microorganisms that are normal microbiota of specific body sites, as
shown in Table 32.2:

Body System Body Site Microorganisms

Eye Conjunctiva Coagulase-negative staphylococci

Hemophilus spp.

Staphylococcus aureus

Streptococcus spp.

Outer ear Coagulase-negative staphylococci

Diptheroids

Pseudomonas spp.

Enterobacter (occasionally)

You can continue and study in detail the rest such as the skin; nose, pharynx and mouth;
respiratory tract; eye and external ear, gastrointestinal tract; genitourinary tract.

If you have access to the internet, you can read more about the normal microbiota on the
following sites:

● http://global.britannica.com/EBchecked/topic/1806911/human-microbiome
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● https://www. boundless. com/microbiology/textbooks/boundless-microbiology-textbook/path-
ogenicity-14/overview-of-microbe-host-interactions-162/normal-microbiota-and-host-relation-
ships-811-6435/

2.5.1 Activity 2.3
1. At which stage of life are the normal microbiota the least diverse and the least stable? Why

do you think this is so?
2. At which stage of life do the normal microbiota start to decline in terms of stability? Why

might this be?
3. Give three reasons why it is important to understand the normal human microbiota and to

obtain information on the types of microbiota that normally occur at specific body sites.

2.5.2 Feedback
You should have used table 32.1 in Prescott to guide you In answering the first two questions. The
normal microbiota are the least stable and diverse during infancy, and their stability decreases
during old age and senescence. You should have referred to innate and environmental factors
that cause this: the immune system of infants are still developing, they are only starting to eat
solids, and they are experiencing their first infections; and senior citizens typically start suffering
from muscle atrophy and declining immunity, and may experience diet change, loss of mobility
and so on.

It is important to know the normal human microbiota because:

● an understanding of it provides greater insights into the possible infections that might result
from injury to these body sites.

● it is noted that when the normal microbiota grows outside its assigned niche, it can be patho-
genic. The knowledge of normal microbiota assists in comprehending the causes and
consequences of colonization and growth by microbes normally absent at a specific host site.

● an increased awareness of the role played by microbiota in stimulating the host’s immune re-
sponse can be gained. This is important because the immune system provides protective
mechanisms against potential pathogens.

2.6 Activity 2.4: Reflection
1. After completing this first learning unit, do you feel that the way you are studying is effec-

tive? Are you using the best study strategies, or are there perhaps better ones? You may
wish to visit the web site of Unisa's Directorate Counselling and Career Development (DCCD)
which has information on study skills in general: http://www.unisa.ac.za/default.asp?Cmd=
ViewContent&ContentID=96773.

2. This is a discussion question that you should answer in the discussion forum of the module
web site.

Nowadays we see numerous advertisements that warn us of the dangers of microorganisms and
urge us to do everything in our power to keep our environment ‘germ-free’. We are told to clean
all surfaces in our home with antibacterial detergents, and to use antibacterial handwash,
mouthwash and bath soap daily. The frequent use of antibacterial remedies such as garlic is
recommended, and antibiotics are routinely prescribed.

Now that you have worked through this learning unit, do you agree with these measures? Give
reasons for your answer.

Post your answer in the discussion forum and respond to at least two postings by other students.
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2.7 Summary
In this learning unit we have learned about the interactions of microorganisms with other
microorganisms and other organisms. We have learned specifically more about different types of
interactions which involve microorganisms. We have learned about different symbioitic
relationships such as mutualism, commensalism, cooperation, predation, parasitism, amensalism,
and competition.

With regard to human-microbe interactions we have learned that microbes are part and parcel of
human body and these are known as normal human microbiota. The study of human-microbe
interaction has helped us to understand the important role of these microbiota, and also concepts
such as pathogenicity, opportunistic microorganisms or pathogens, and a compromised host.

LEARNING UNIT 2: MICROBIAL INTERACTIONS
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3.1 Introduction
In this learning we are going to learn about how microorganisms that thrive in marine and fresh
water ecosystems. We are going to pay attention to the two main disciplines of aquatic biology
namely, oceanography and limnology.

This discipline seeks to comprehend marine microorganisms at the level of the individual taxon
and simultaneously elucidate how they influence biogeochemical cycling at a global level.

For a more detail explanation of the aforementioned disciplines study Prescott’s Microbiology
chapter 30 (pages 660 to 667) and the below links:

● http://cmore.soest.hawaii.edu/microbes.htm

In this learning unit, I will first discuss some general considerations about water as a microbial
habitat. We will then examine microorganisms in marine ecosystems: first those in coastal
ecosystems, and then those in the open ocean. Finally, we will investigate the role of
microorganisms in a variety of freshwater ecosystems.
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3.2 Learning outcomes
When you have completed this learning unit, you should be able to:

● Identify the factors that influence oxygen solubility in aquatic ecosystems, and discuss the im-
pact of oxygen solubility on the distribution of microorganisms in aquatic environments

● Explain the carbonate equilibrium system and why it is important in the study of marine micro-
bial biology

● Explain the ecological and economic importance of estuaries and harmful algal blooms
● Describe the Winogradsky Column
● Illustrate the microbial loop and evaluate its importance in the open ocean
● Explain the role of viruses in maintaining and influencing marine microbial populations, as well

as their contribution to nutrient cycling
● Compare and contrast the microbial communities found in lotic systems with those in lentic

systems
● Describe how seasonal changes influence lake microbial communities and how these changes

can lead to algal blooms

3.3 Water as a Microbial Habitat
Microorganisms are the drivers of marine and aquatic ecosystems. The importance of microbial
activities in oceans, rivers, and lake has focus our attention to the global climate change. We are
now talking about the role of microbes in influencing the worldwide cycling of nutrients and
greenhouse gases.

Microbes like all other organisms on earth they depend on primary producers. Primary producers
are organisms that produce carbon sources – they are autotrophic. Macroscopic algae and plants
are the main primary producers in streams , lakes and coastal marine ecosystems.

If you have access to the internet, you can read more on the following web sites:

● http://journal.frontiersin.org/article/10.3389/fmicb.2010.00004/full
● http://global.britannica.com/EBchecked/topic/365256/marine-ecosystem/70730/Biological-

productivity#ref588556

A variety of factors influence the nature of water as a microbial habitat, including:

● Temperature
● Light penetration
● Dissolved oxygen
● The presence of primary producers
● pH
● Carbon dioxide

All these factors are interrelated; see the discussion in Prescott which highlights some of these
interrelationships. One of the most important factors is the presence of carbon dioxide, which has
an effect on the pH of the water, which in turn affects microorganisms. We take a more detailed
look at the role of CO2 in the next section.

3.3.1 The role of CO2 and the carbonate equilibrium system
Carbon dioxide plays an important role in chemical and biological processes. This is how CO2 pays
an important role:

1. The dissolved CO2 determines the pH of unbuffered distilled water in equilibrium with the air
and is approximately 5.0 to 5.5.

2. CO2 fixation can increase the pH of water.

As compared to freshwater, seawater is strongly buffered by the balance of CO2, bicarbonate
(HCO3), and carbonate (CO3

2-). When atmospheric CO2 enters the seawater it is either converted to
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organic carbon by photosynthesis or reacts with seawater to form carbonic acid (H2CO3) as
follows:

CO2 + H2O ↔ H2CO3↔H+ + HCO3
-↔ 2H+ + CO3

2-

This carbonate equilibrium effectively buffer the oceans between pH 7.6 and 8.2.

For more on this equilibrium check figure 30.1 on page 661 in Prescott’s Microbiology.

Higher levels of atmospheric CO2 in recent times have resulted in higher rates of CO2 dissolution
in seawater, which has resulted in ocean acidification, with potentially serious implications for
marine organisms. See the discussion of this in section 30.1 in Prescott.

If you are interested in the carbonate system in seawater, you will find a detailed discussion of this
topic at the following link:

● http://sundoc.bibliothek.uni-halle.de/diss-online/04/04H141/t5.pdf

3.3.2 Activity 3.1: Water as a microbial habitat
1. How does primary production in lakes and coastal ecosystems differ from that in the open

ocean?
2. Discuss factors that influence oxygen solubility. How is this important in aquatic
3. ecosystems?
4. Briefly explain the carbonate equilibrium system. Why is it important in the study of marine

microbial biology?

3.3.3 Feedback
With regard to question 1 remember that the primary producers such as macroscopic algae and
plants are found in streams, lakes and coastal ecosystems, but in the open sea, all organic carbon
is the product of microbial autotrophy.

Factors such colder temperature and increasing in atmospheric pressures influence the solubility
of oxygen. In very deep ocean, the dissolved oxygen concentration increases with depth, although
the water interface can be literally far away. On the other hand, the summertime temperatures
lakes and tropical lakes may become oxygen deficient only in meters below the surface.
Facultative microorganisms are able to survive in both oxygen deficient as well as in areas with
high dissolved oxygen concentration. For a discussion of the carbonate equilibrium system and its
importance, see section 3.3.1 earlier, as well as the discussion in section 30.1 of Prescott.

3.4 Microorganisms in Marine Ecosystems
In this section we will first discuss microorganisms in coastal ecosystems, and then take a closer
look at microorganisms in the open ocean.

3.4.1 Microorganisms in Coastal Ecosystems
Estuaries are part of coastal ecosystems. An estuary is a semi-enclosed coastal regions where river
meets the sea. An estuary is characterised by a mixture of freshwater and saltwater(seawater).

Microbes that are found in such conditions are known as halotolerant. They are able to withstand
major changes in salinity. Halophilic microbes have absolute requirement for high salt
concentrations/ high salt environments.

Estuaries are of economic importance but are also frequently highly polluted and vulnerable to
harmful algal blooms (HABs). Read more about the causes and effects of HABs in section 30.2 in
Prescott.
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Salt marshes differ from estuaries because they receive fresh water from a variety of sources, not
only one river. They have very dynamic microbial communities. These ecosystems can be
modelled in Winogradsky columns. A Winogradsky column is a glass cylinder into which
sediments, saltwater and other components are placed to mimic the salt marsh environment. In
the container, microorganisms and nutrients interact over a vertical gradient, which creates
conditions similar to those in a lake or salt marsh. A Winogradsky column thus makes it possible
for us to study these conditions in a laboratory situation.

● Winogradsky columns typically consists of a number of zones which each contain certain spe-
cies of microorganisms. Study figure 30.5 in Prescott to learn more about this. http://www.
personal.psu.edu/faculty/j/e/jel5/biofilms/winogradsky.html

For the detail information on this unit study Prescott’s Microbiology Chapter 30 pages 662 to 672.
For further reading, you can also consult the following web sites:

● http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3253124/

3.4.2 Activity 3.2: Microorganisms in coastal ecosystems
1. Explain the ecological and economic importance of estuaries and harmful algal blooms.
2. Compile a table or draw a sketch to illustrate a Winogradsky column, with its typical layers

and their components.

3.4.3 Microorganisms in the Open Ocean
The open ocean is sometimes known as ‘the invisible rain forest’. It is illuminated upper 200 to 300
meters of the open ocean, also known as the photic zone. The photic zone is rich with diverse
collection of microorganisms. Phytoplankton are the source of all organic matter in the open
ocean. Cyanobacteria help constitute the picoplankton (planktonic microbes), which can represent
20 to 80% of the total phytoplankton biomass.

Nutrient levels are low in the open ocean, and as a result nutrients need to be recycled as much as
possible. This cycle is known as the microbial loop. See section 30.2 and figure 30.6 in Prescott for
a detailed description of the microbial loop.

Aquatic viruses, in the form of virioplankton, are the most numerous members of marine
ecosystems. Study their role as described in Prescott, particularly their role in the microbial loop.

The seafloor and its sediments are referred to as the benthos. Vast numbers of microbes are
found here. You can read more about this in section 30.2 in Prescott page 662.

For further reading on these topics you can consult the following web sites:

● http://www.windows2universe.org/earth/Water/life_pelagic.html
● http://www.pnas.org/content/109/44/18000.full
● http://fuelcellstore.com/downloads/mfc/benthic-mfcs-for-long-term-power-sources.pdf
● http://global.britannica.com/EBchecked/topic/365256/marine-ecosystem/70723/Benthos

3.4.4 Activity 3.3: Microorganisms in the open ocean
1. What is the role of photoautotrophic microbes in the microbial loop?
2. Draw a basic diagram to show the cycle involved in the microbial loop. What is its impor-

tance in the open ocean?
3. What is the role of marine viruses in the microbial loop? How might community dynamic

change in the absence of viral lysis?

3.4.5 Feedback
You can check your answer to question 1 in the preceding activity in section 30.2 in Prescott.
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In microbial loop autotrophic and heterotrophic microbes are converted to particulate and
dissolved organic matter through viral lysis. This is believed to increase net community respiration
and decrease the efficiency of nutrient transfer to higher trophic levels.

3.5 Microorganisms in Fresh Water Ecosystems
While the bulk of the water on earth is in marine environments, freshwater is also important to our
terrestrial existence. You can read more about freshwater environments on this web site:

● http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/F/Freshwater.html

Table 30.1 (Prescott’s Microbiology page 674) list the physical and biological factors that assist to
regulate the microbial communities of the freshwater systems.

Microorganisms in freshwater systems occur in three types of environments: glaciers and
permanently frozen lakes, streams and rivers, and lakes.

Microorganisms in Glaciers and Permanently Frozen Lakes

Microorganisms within glaciers are not dormant. Glacial ecosystems are constrained by low
temperature and reduced solar radiation. Antarctic lakes are separated from macrofauna. In this
environment the phytoplankton, bacteria, and protists form simple food webs almost absent of
multicellular organisms.

You can read more about this topic here:

● http://www.polartrec.com/expeditions/microorganisms-in-antarctic-glacier-ice
● http://www.eolss.net/sample-chapters/c03/e6-73-03-01.pdf
● http://www.ramp-alberta.org/river/ecology/life/microorganisms.aspx

Microorganisms in Streams and Rivers

Rivers, lakes and streams can be broadly described as either lotic systems with free-running waters
(streams, most rivers, canals) or lentic systems with free-standing waters (e. g., ponds; lakes,
marshes; very broad, slow moving rivers). Table 30.1 (Prescott’s Microbiology page 674) list the
physical and biological factors that assist regulate the microbial communities of the freshwater
systems.

Microorganisms in Lakes

Lakes are lentic systems that are dominated by planktonic microbes and invertebrates. Because
the lake water comes from the surrounding land, the geology and use of the land that provides
the lake largely determine the chemistry of the inflow water. For example, mountain lakes are fed
water from relatively infertile land, resulting in oligotrophic conditions.

For detail information study Prescott’s Microbiology pages 675 to 677. Also pay attention to the
following terms littoral zone, pelagic zone (also are applicable to marine systems), epilimnion,
metalimnion, and hypolimnion.

For further reading you can consult the following web site:

3.5.1 Activity 3.4:
1. Compare and contrast the microbial communities found in lotic systems with those in lentic

systems.
2. Describe how seasonal changes influence lake microbial communities and how these

changes can lead to algal blooms.
3. What are some important effects of eutrophication on lakes?
4. How might it be possible to cleanse an aging eutrophic lake? Consider chemical, biological,

and physical approaches as your plan.
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5. Clostridium botulinum, the bacterium that causes botulism, sometimes causes fish deaths in
lakes where people swim. Currently there are limited, if any monitoring procedures for this
potential source of disease transmission to humans. Do you think a monitoring program is
essential, and if so, how would you implement it?

3.5.2 Feedback
Phytoplankton thrive in lentic systems but are limited in lotic systems. In the latter benthic
microbes play the most important part in nutrient cycling. This is discussed in more detail in
section 30.3 in Prescott.

Figure 30.20 in Prescott illustrates how seasonal changes affect a lake and may be associated with
blooms.

With regard to eutrophic think of the high organic matter that is added to the aquatic ecosystems
and how it going to impact on the survival of organisms that are part of the aquatic ecosystem
(coastal). The water may become anoxic and this will affect the growth of photoautotrophic
species such as algae or cyanobacteria, who grow at the expense of all other organisms in the
community.

With regard to questions 4 and 5 I want your views and able to substantiate your answer with
practical examples.

3.5.3 Activity 3.5: Reflection
1. Reflect on the role that microorganisms in aquatic environments might be playing in sustain-

ing our lives on earth. In doing this, take into account that the ocean is the most important
source of protein for more than a billion people on earth (http://www. oneworldoneocean.
com/pages/why-the-ocean).

2. Drawing your own diagrams and mind maps can be a very helpful aid in making sense of
new facts you are learning. Do you use these sufficiently? If you have not had much experi-
ence in drawing mind maps, you can consult the following web pages:

● http://www.wikihow.com/Make-a-Mind-Map
● http://www.mind-mapping.co.uk/make-mind-map.htm

3.6 Summary
In this learning unit we have learned about the role of microorganisms in aquatic ecosystems such
as marine and freshwater.

Coastal regions such as estuaries can be source of harmful algal blooms.

Eutrophic estuaries have a negative effect on the organisms that are part of the ecosystem.

In the next learning unit we will learn about microorganisms in terrestrial ecosystems.
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4.1 Introduction
In learning unit 3 we studied the microorganisms in marine and freshwater ecosystems and this
learning unit we are we are going to learn about how microorganisms that thrive in terrestrial
ecosystems. We are going to pay attention to soil as a microhabitat, microorganisms in the soil
environment, and microbe-plant interactions.

For a more detail explanation of the these topics, study Prescott’s Microbiology chapter 31 and
the links below:

● http://www.uvm.edu/vtvegandberry/factsheets/SoilMicrobes.html
● http://www.discoverbiotech.com/wiki/-/wiki/Main/Soil+microorganisms+and+their

+interactions

You could also watch the following short video:

● https://www.youtube.com/watch?v=gSY-4AtqQG0

4.2 Learning outcomes
When you have completed this learning unit, you should be able to:

● Differentiate between a mineral and an organic soil, and describe the role of microbes in gen-
erating soil organic matter

● List the microbial genera that are easily cultured from the soil
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● List three reasons why soil organic matter (SOM)is important
● Predict how a specific carbon to nitrogen ratio will influence the microbial community within a

given soil
● Differentiate between the phyllosphere, rhizosphere, and rhizoplane environments and the mi-

crobes that dwell there
● give an overview of the microbial population that occurs on the external surfaces of plants
● describe the microbial populations that grow endophytically in plants and explain the advan-

tages this type of association has for both plant and microorganism
● Explain the importance of mychorrhizae to the growth of vascular plants
● describe nitrogen fixation by Rhizobium in association with the roots of plants
● Sketch the steps that result in the in the formation of rhizobium nodules on leguminous plant

roots
● discuss the interaction of mycorrhizae and actinomycetes with plant roots
● explain how growths come about when Agrobacterium interacts with plants, and how this

mechanism is applied in biotechnology
● give a short overview of viruses, bacteria and fungi as plant pathogens
● Discuss the impact of soil microorganisms on human health

4.3 Soils as a Microbial Habitat
Microbial diversity in the soil is massive and it is more than any other habitat on earth.

The soil microorganisms contribute to global cycling of elements and also make nutrients
available to plants.

Soil is divided into two general categories namely, a mineral soil, which contains less than 20%
organic carbon, and an organic soil.

Soil organic matter (SOM) assists to retain nutrients, maintain soil structure and hold water for
plants use. Table 31.1 in Prescott’s Microbiology provides information on fractions of soil organic
matter.

For more information on this topic, study section 31.1 from page 680 to 683 in Prescott.

If you have access to the internet, you can also read more about this topics by following these
links:

4.4 Microorganisms in the soil environment
A gram of forest soil contains an estimation of 4 x 107 bacteria and archaea, and a gram of
grassland or cultivated soil is believed to contain 2 x 109 cells. Microbial diversity in one gram of
soil may be more than the combined number of known archaeal and bacterial species – over
16 000 species.

Table 31.2 in Prescott’s Microbiology shows easily cultured gram-positive bacteria in soils. To read
more on this topic, study Prescott’s Microbiology pages 683 to 684.

For further reading, you could also consult this link: http://www.discoverbiotech.com/wiki/-/wiki/
Main/Soil+microorganisms+and+their+interactions

4.5 Activity 4.1: Soil as microbial habitat
1. Mention three reasons why soil organic matter (SOM) is important.
2. How do microbes contribute to generating soil organic matter?
3. Which of the following soils would a farmer be most likely to fertilize: A soil with a C:N ratio

of 23, 28, or 37? Substantiate your answer.
4. Define geosmin.
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4.6 Feedback
Soil organic matter assists in the retaining of nutrients in the soil, maintaining of the soil structure,
and to hold water for plant use.

[Please provide some brief feedback to question 2]

The answer for no.3 is about the importance of nitrogen element in a soil system in relation to the
soil's carbon content, as the organic carbon to nitrogen ration (C/N ratio). For detail explanation
on this aspect study Prescott’s page 682. In answering the question, remember that fertilizers
generally contain nitrogen. The less nitrogen is present in the soil, the more likely to soil would be
to require fertilization.

The genus Streptomyces produce an odour – causing compound called geosmin , which gives
soils their characteristic earthy smell.

4.7 Microbial-Plant Interactions
Aquatic plants evolution into terrestrial organisms was made possible 470 million years ago by
cooperation with soil microorganisms, and many of these microbe-plant interactions are still intact.

Note that the rhizosphere is the region surrounding a plant root where microbial growth is
elevated by an assortment of plant exudates (secretions) that are more easily degraded than lignin
and cellulose.

Table 31.3 in Prescott’s Microbiology shows different microbe- plant interactions known as
mycorrhizal association. For detail information on this microbial-plant interactions study pages
686 to 696 and the below web links.

● http://www.planta.cn/forum/files_planta/5_131.pdf
● http://www.bashanfoundation.com/ben/benrhizoremedia.pdf

The microorganism- plant interactions can be divided into two groups or classes. These are
interactions with:

● Epiphytes – microorganisms that live on the surface of plants
● Endophytes – microbes that colonize internal plant tissues
● Phyllosphere – phyllosphere microorganisms live on the aerial portion of the plant (stems and

leaves). They include Pseudomonas syringae, Erwina spp., and Pantoe spp.
● Rizoplane – rhizoplane microorganisms colonize the plant root surface, termed the rhizopane.

The rhizoplane provides gaseous, soluble material for microorganisms
● Mychorrhizae – mychorrhizal fungi use photosynthetically derived carbohydrate from their

plant hosts and in return provide the following to their hosts, increase the availability of nu-
trients in moist environments; in arid environments the mychorrhizae assist in water uptake.

● Actinorhizae: This is an example of symbiotic nitrogen fixation that takes place between actino-
mycetes of the genus Frankia and eight nonleguminous plant roots. When infecting through
root hairs the bacteria induce plant cel division which lead to the development of a prenodule.
For more detail read Prescotts Microbiology pages 692-693.

● Agrobacterium: Agrobacterium is a n α- proteobacterium that has been studied intensely for
many decades. Agrobacterium tumefaciens cause crown galls disease which result in the forma-
tion of tumourlike growths in a wide variety of plants. A. tumefaciens has become the one of
biotechnology’s most crucial tools The molecular genetics by which it infects its host are the
basis for plant genetic engineering.

Examples of fungi and viruses that are devastating plant pathogens:

● The oomycete Phytophthora infestans, which causes the Irish potato famine ( and continues to
cause devasting economic problems),

● Tobacco mosaic virus (TMV), the first virus to be characterized.
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● Hypovirus (family Hypoviridae), it infects the fungus Cryphonectria parasitica, the cause of chest-
nut blight. Table 31.4 shows major plant disease caused by bacteria and fungi.

4.8 Activity 4.2: Microbial-plant interactions
Complete the following table:

Environment Explanation of what the environ-
ment is

Examples of microorganisms that
live in this environment

Phyllosphere

Rhizosphere

Rhizoplane

1. What advantages do endophytic microorganisms have for both plants and the microorgan-
isms themselves?

2. Why are mychorrhizae important for vascular plants?
3. List at least four bacteria that are considered rhizobia.
4. Explain how Rhizobium fixes nitrogen in association with the roots of plants.
5. Explain how growths come about when Agrobacterium interacts with plants, and how this

mechanism is applied in biotechnology.
6. Give two examples each of viruses, bacteria and fungi that are plant pathogens.

4.9 Feedback
You should check your answers to the activity above in the relevant sections in Prescott. Note the
following about some of the answers:

● Endophytes provide nutrients for plants, promote plant growth and may suppress diseases. In
turn some of them obtain photosynthetically derived carbohydrate from the plants.

● The interaction between plants and mycorrhizae has various benefits for both. Most impor-
tantly, mycorrhizae provide the plant with soil nutrients, particularly nitrogen.

● Bacteria that are considered to be rhizobia are bacteria that are able to form nitrogen-fixing
nodules with legumes. These are Azorhizobium, Allorhizobium, Bradyrhizobium, Mesorhizobium,
Sinorhizobium, and Rhizobium.

● Nitrogen fixation involves the conversion of nitrogen gas (N2) to ammonia (NH3). The bacte-
rium Rhizobium invades the roots of legumes and form nodules; these nodules then become
the sites of nitrogen fixation. The process involved is described in detail in Prescott, p. 690-692.

4.10 The Subsurface Biosphere
For years it was believed that life could exist only in the thin veneer of earth’s surface and that
microorganisms recovered from sediments hundreds of meter deep were contaminants obtained
during sampling. This view was changed at later stage when reports of microorganisms at great
depth gained credibility, and geologists and microbiologists have since recovered microorganisms
from thousands of meters below earth’s surface.

The subsurface includes at least three zones, namely:

● the shallow subsurface,
● the zone where gas ,oil, and coal accumulated;’ and
● the deep subsurface, where methane synthesis occurs.

You can read more about this topic on the following web sites:

● http://www.soest.hawaii.edu/oceanography/faculty/rappe/RappeLab/Deep_Subsurface.html
● http://usssp-iodp.org/research-highlights/in-search-of-microbes/
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4.11 Activity 4.3: The subsurface biosphere
How might you maintain organisms from deep hot subsurface under their in situ conditions when
trying to culture them? Compare this problem with that of working with microorganisms from
deep marine environments.

4.12 Feedback
Subsurface microorganisms are found in the following places:

● In the shallow subsurface where water flows from the surface moves below the plant root zone
● In regions where organic matter(coming from the earth’s surface in past times) has been con-

verted by chemical and biological processes to yield coal (from land plants), kerogens (from
ocean and freshwater microorganisms), and oil and gas

● In the zones where methane das is being synthesized as a result of microbial activity

4.13 Additional reading
If you have access to the internet, you can access the following articles to read more about
microorganisms in terrestrial ecosystems:

● http://doc. rero. ch/record/22458/files/Humbert_Sylvia_-_Discovrey_of_anammox_bacteria_in_
terrestrial_in_ecosystems_UniNE_THESE_2011_2193.pdf

● http://www.biogeosciences.net/10/3983/2013/bg-10-3983-2013.pdf
● http://www.webpages.uidaho.edu/envs501/downloads/Singh%20et%20al.%202010.pdf

4.14 Activity 4.4: Reflection
This is a discussion question that you should answer in the discussion forum on the module web
site.

Consider the following statement:

'Our survival as humans depend on having thriving populations of microorganisms in the soil.'

Give your own two examples to illustrate this statement.

Post your answer in the discussion forum. Also respond to at least two postings by other students
– do you agree with what they have said, or can you add to it?

4.15 Summary
In this learning unit we have learned about the role of microbes in terrestrial ecosystems and their
importance in maintaining the soil organic matter (SOM). We have also learned how microbes
make the important elements in soil ecosystems to be available, nitrifying bacteria are an example.
Microbes interact with plants in ways that hold benefits for the plants as well as, indirectly, for
humans, since we are dependent on the robust growth of plant crops for our food supply.
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