Friend or Foe: Teaching Plan

Lesson Overview
« Talk about plant root system.

« How do plants defend against soil microbes? Plants not only communicate
with each other but also communicate with microbes (microorganisms).

« Are microbes always a plant’'s enemy, or can they sometimes be their friends?
Is their relationship mutualistic, parasitic or commensalistic?

e Focus on Mycorrhiza (fungus—plant friendship) and Nodulation (bacteria—
legume friendship).

Key Concepts
1. Foe microbes = pathogens: cause disease and steal nutrients.
2. Friend microbes = symbionts: help plants obtain water or nitrogen.

3. Symbiosis = mutually beneficial partnership: exchange sugar for
water/nitrogen.

Part 1 — Introduction to symbiosis

> Slides1-6

¢ Introduce the three categories of symbiosis: mutualism, parasitism, and
commensalism with examples for each category.

1. Mutualism: win-win relationship
e You and your friend go on a picnic. You bring snacks and your
friend brings drinks. You both share the drinks and snacks and
enjoy the picnic.
2. Parasitism: win-lose relationship
e Someone stole your lunch! They now have a full stomach, but
you are hungry!
3. Commensalism: win-neutral relationship
e Abird builds a nest in a tree. The bird gets a home, and the tree
doesn’t really mind as it isn’t affected by the bird’s nest at all.

» Slide 7
e Card matching game to learn about examples of mutualism, parasitism
and commensalism in nature. Print the photos in the file “Friend or Foe-
Part 1 — Photos for card matching game”.



Card matching game answers:

Water Buffalo and Cattle Egret = Mutualism
Honeybee and Flower = Mutualism

Clownfish and Sea Anemone = Mutualism
Humpback Whale and Barnacle = Commensalism
Head louse and Human Child = Parasitism

Dog and Flea = Parasitism

Part 2 — Introduction to plant symbiosis

> Slides1-7

e Part 1 introduced the concept of symbiosis using familiar examples
from the animal kingdom. Part 2 will focus on examples of
symbiosis in plants.

We use the analogy of a house — you can open the door of your
house to let friends in or close it to keep foes out.

The root of a plant is like the door to the rest of the plant.

The plant root takes up proteins, lipids, minerals, water, sugar and
other nutrients.

Microbes also live in the soil. Some are friends of the plant, and
some are foes.

The plant root can open its door to microorganisms that are friends
and close its door to microbes that are foes.

» Slides 8 — 12: Experiment time!

¢ While we can’t determine the species of a microbe from its shape,
we can use information about the shape to determine which
category it belongs to and determine some aspects of its behaviour.

e We can take a soil sample from the garden, add some water, put a
drop of this water on a microscope slide and use a basic light
microscope (or Foldscope) to see some microbes in our own
backyard! If your school doesn’t have access to a microscope, you
can use the photos on slide 11 of this presentation to show your
students the different shapes of some microbes.



Beet necrotic yellow vein virus

Foe

This virus causes abnormal root proliferation (hairy roots), which leads
to a decrease in sugar content.

Trichoderma
Friend
Protects roots from disease

Fusarium
Foe
Causes root rot

Mycorrhiza (AMF) - fungus
Friend
Helps roots absorb nutrients

Rhizobia - bacteria
Friend
Helps roots absorb nitrogen and makes it usable by the plant

Tobacco rattle virus
Foe
Stunts plant growth and distorts the leaves

Part 3 — Plant Friends: Mycorrhizal fungi and Rhizobia

» Slides 1 — 6 — Mycorrhizal fungi

e The relationship between a plant root and its mycorrhizal fungi is
called mycorrhiza.

e Mycorrhizal fungi can be on the surface of the root =
ectomycorrhizal fungi OR inside the root cells = endomycorrhizal
fungi.

e Mycorrhizal fungi help roots absorb nutrients by increasing the
surface area of the roots and therefore nutrients and water that the
plant can access.



e Most plants have mycorrhizal fungi associated with their roots. You
can see mycorrhizal fungi under the microscope by staining the root
cells with ink. They look like little trees inside the roots.

» Slides 7-10 — Rhizobia

e The relationship between a plant root and its rhizobia is called
nodulation. Rhizobia are bacteria that fix’ nitrogen, meaning that
they convert the nitrogen from the atmosphere into a form of
nitrogen the plant can use.

¢ Rhizobia cause the formation of nodules on the plant root,
specifically in legumes such as peas and beans.

e If the rhizobia bacteria are healthy, then they are called effective
bacteria, and the nodules they cause are pink in colour. If they are
unhealthy bacteria, then they are ineffective, and the nodules they
cause are pale in colour.

e You can cut a healthy nodule in half to see the pink colour, which is
caused by the protein leghemoglobin.

e Leghemoglobin is similar to the haemoglobin in our blood in that it
carries oxygen to keep the rhizobia bacteria alive, so they can
continue to help the plant get the nitrogen it needs.

¢ You can make your own nodules using playdough and stick them to
a plant. Plants need just the right number of bacteria and, therefore
nodules.

Part 4 — How plants distinguish friends from foes: microbial
recognition and plant immunity

> Slide 3

Castle = Plant’s root system

Guards = Plant’s immune system

Robbers = Pathogens (bacteria, viruses, fungi, parasites)
Guests = mutualistic microbes (Mycorrhizal fungi and Rhizobia)
The robbers are chased away by the guards.

The guests show identification that is recognised by the guards



»> Slide 4
e The immune system of a plant: receptors on the surface of plant
cells recognise chemical signals. If the receptor senses a pathogen,
it prevents the pathogen from entering the root. If the receptor
senses a ‘friend’, the plant allows the microorganism to enter.

» Slides 5 and 6 — Guarding the Gate game
e Print several copies of the photos on slide 6 (or can just use sticky
notes with the name of one of the microorganisms listed in part 2 of
this series, page 3 of this document).

> Slide7
e Summary so far

» Slide 8 - Why mutualism is so important

« Why don’t legume crops need a lot of fertiliser? Because of root
nodule nitrogen fixation. Here, we can compare soils that have
been treated with too much nitrogen fertiliser (yellow patches in the
photo) and why natural fertilisers, like microbial partners, are so
important.

o Mycorrhizae can be made into “biofertilizer,” which reduces the
need for chemical fertilisers.

« Soil degradation or excessive use of chemical fertilisers —
microbial partners disappear — crops become weaker.

e Legumes (beans, peas, lentils, soybeans, peanuts) would be harder to
grow without rhizobia.

e Cereal crops (wheat, corn, rice) would struggle in poor soils without
mycorrhiza.

e Vegetables and fruits also depend on mycorrhizal support (tomatoes,
peppers, grapes, apples).
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