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How healthy are your trees?
Technical & Teaching Notes
Relevance to current and future studies
This activity is designed to get students thinking about plants as living organisms that have to survive, breed and defend themselves against disease.  

It fits with the current A-level ecology units, raising awareness of plants and using plant diseases as a tool to practise statistical tests. It would be a useful field activity to encourage students to think about appropriate sampling methods. 

The new science GCSE proposal includes the study of plant disease. Activity 1 would be a good starting point to raise GCSE student awareness of disease.

Follow up activities at GCSE and/or A-level could include:

· Studying fungal pathogens under the microscope. 

· CSI Trees resource, also from SAPS (http://www.saps.org.uk/secondary/teaching-resources/1273-csi-trees-investigating-plant-pathogens-)

· Creating an annual log of tree health that could be used by subsequent year groups to look at the trend in tree health in your area. 

· Diseased trees can be reported to the forestry commission: http://www.forestry.gov.uk/treealert
· OPAL also like to collect tree survey data from around the country: http://www.opalexplorenature.org/TreeSurvey
Before you begin

Prior to using this activity, it is highly recommended that you perform a quick survey of the plants to be studied and check for the presence of some disease. Additional help may be found from a local botanical garden, who usually have experts that can assist in the identification of disease in trees. The RHS is also a good place to get additional guidance.

There are 3 suggested statistical tests in the activity. Choose the one that is most appropriate to the plants in your area and the time of year. Not all diseases are found widely in all parts of the country and some do not develop until late spring or summer. Well managed woodland and public areas will have trees removed later on in the year if they become diseased and dangerous. Horse Chestnut leaf miner, Sycamore tar spot and Rose black spot are not life threatening to the plants and so are more commonly found.

Objective

The most important objective is to get your students thinking of and asking questions about plants.

Activities 

The time of year is significant when choosing the activity you wish to do, as well as the mix of species growing in your area.

Activity 1 – Catalogue the health of the trees in an area.

Use the picture table to help you identify the trees in your neighbourhood. Record each tree and any evidence of disease. This may include lack of canopy (the leaves of the tree), dead branches, weeping or oozing from the bark, loose bark, the presence of fungal brackets from the trunk or around the roots. The table of diseases may help you put the name to some of the diseases, but more importantly it gives you the symptoms to look out for. 
You could also record the age of the tree by measuring trunk diameter 1m above the ground (see www.opalexplorenature.org/sites/default/files/7/file/TreeAge2.pdf for guidance).‎
This activity is best performed in summer or early autumn when the trees have leaves well established and before they fall.

Activity 2 - Horse Chestnut Leaf Miner damage

Use statistics to compare the damage caused by this pest of the horse chestnut.

To perform a valid statistical test you could either need to compare different species/subspecies of horse chestnut; compare trees from different areas; or different individual trees in one area.

This activity is best completed from late spring to late summer.

1. Identify the trees you wish to sample. Collect 15-20 leaves from each tree by cutting the petiole with scissors. The leaves should be chosen randomly, however access to the branches will be a limiting factor as to which leaves can be sampled and safety should be considered before collection begins. 

2. Ensure that any damage is due to the leaf miner by holding the leaves up to the light. The burrows of the larva should be clear within the tissues of the leaf.

3. Write a null hypothesis for the experiment.

4. Estimate the percentage damage caused by the leaf miner for each leaf from each tree.

5. Calculate the mean and standard error for each tree.

6. Compare the data from the different trees. Is your null hypothesis upheld or rejected?

Questions

· Some species of horse chestnut can resist this pest better than others. Why do you think this may be?

The answer is down to the genetics of the tree. The natural genetic variation found between plants from different parts of the world allows some to be more resistant to the pest.
·  The leaf miner causes trees to lose their leaves early, 3-6 weeks before autumn begins. How do you think this will affect the trees and their ability to survive?

The trees will not be photosynthesising for as long in the summer and so will produce less food to store to help them survive the winter and make leaves for the following spring.
Activity 3 – Bracket fungal infection of hardwood trees

Use Chi squared to establish whether a significant number of hardwood trees are affected by fungal growth in their xylem and roots.

This activity needs to be completed in autumn when the fungi are forming their fruiting bodies. 
Look for the presence of the fungi at the base of the tree or on the trunk. The presence of dead branches in the canopy can also be considered a sign of fungal infection. The assumption (and so null hypothesis) is that all trees are healthy and free from infection.

1. Chose a large sample area with many trees. 

2. Count all different species of tree. (For a more complex statistical test different species could be compared).

3. Record each tree as healthy or as having fungal infection. 

4. Perform a chi squared statistical test on the data. Use p=0.05.

5. Is your null hypothesis supported or rejected?

6. You could repeat the test in a different habitat and compare the results of the two.

Questions 

· From your observations were some species more susceptible than others?
The answer to this question will depend on the trees that you are sampling. You should expect to see some differences though.
· How do you think the genetics of the tree may affect its susceptibility to fungal infection?
You are looking for an answer that refers to genetic diversity. Fungal spores first have to germinate. Some plants may not produce the right conditions for this to happen. Then the fungal agents have to attack the plants and enter their cells using a number of enzymes that they produce. Some plants may be able to resist the actions of these enzymes.  
· Could you identify any environmental stresses that may affect the trees in your sample area?
The answers here will depend on your sample area. You may look for answers that refer to water, either stress brought on by drought, or water logged soil. Plants may also become more susceptible if their roots are restricted by tarmac or buildings.
· Some fungi can track down a new host through the soil and can move many meters to reach it. How do you think you could limit the spread of pathogens that move this way?
Any logical answer that may suggest barriers between plants that fungi may not be able to move through.
Activity 4 – Incident rate of tar spot on sycamores or black spot on roses.

Use statistics to compare the presence of black spot or tar spot on leaves and the sub-species of plant.

Tar spot is a very common and non-damaging fungal disease of sycamore trees (Acer pseudoplatanus). Sycamores are just one species of the genus Acer. There are many types of Acer in the UK. Compare a sycamore tree with a different species of Acer.

Alternatively black spot is a fungal disease found on roses. There are many types of roses and some have been bred to be resistant to some common rose diseases like black spot. Compare different types of roses (you could use a wild dog rose, a climbing rose, a shrub rose such as Rosa rugosa and / or a cut flower variety such as the tea rose).

1. Decide on your null hypothesis.

2. Randomly collect 20 leaves from each of the two plants.

3. Record the degree of fungal disease found in each sample as % cover of the upper leaf surface.

4. Calculate the mean and standard error of disease for each plant.

5. Compare the two plants.

6. Is your null hypothesis accepted or rejected?

7. Can you explain the data that you have collected?

Acer Questions

· How do you think the fungal disease passes from one plant to another?

They are both mainly spread by rain. Fallen leaves from the previous season carry the fungal spores into the soil. Rainfall causes these spores to become airborne and infect the leaves. They could also be spread on animal feet.
· Why do you think the disease is not found on young leaves?
The sign of infection is often the fruiting bodies of the fungus. It takes time for the fungal spores to germinate and invade the plant cells. The fungus then has to grow and spread its mycelium. None of this is likely to be visible to the naked eye. Young leaves have not had the time for the full visible infection to develop.
· Why do you think some species of Acer are not affected by the disease?

This is due to genetic variation making some plants resistant to the pathogen’s mode of entry.

· How do you think plant breeders could go about developing a strain of sycamore resistant to this unsightly fungal disease?

Cross breeding and looking for resistance.

Rose Questions

· How do you think the fungal disease passes from one plant to another?
· They are both mainly spread by rain. Fallen leaves from the previous season carry the fungal spores into the soil. Rainfall causes these spores to become airborne and infect the leaves. They could also be spread on animal feet.
· Why do you think the disease is not found on young leaves?
The sign of infection is often the fruiting bodies of the fungus. It takes time for the fungal spores to germinate and invade the plant cells. The fungus then has to grow and spread its mycelium. None of this is likely to be visible to the naked eye.  Young leaves have not had the time for the full visible infection to develop.
· Why do you think some species of rose are not affected by the disease?

Dog roses, rambling roses and rugosa cultivars are more resistant than other shrub and tea roses. The answer here should refer to genetic variation. Heavily interbred species of plant can lose the alleles that make them more resistant to a fungal infection.
· Roses are commercially a very important crop. How do you think plant breeders could go about developing a beautiful rose resistant to this fungal disease?
You would be looking for any answers that refer to the idea of cross breeding the commercial roses with resistant species/ strains and selecting for both flower form and resistance to fungal infection.
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