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The powdery mildew survey
Technical & Teaching Notes
Introduction and context
In this practical and data analysis activity students collect samples of leaves showing samples of infection with powdery mildew; the samples can be sent for analysis as part of the Powdery Mildew Survey citizen science project. Students analyse data from the survey at the end of this activity.

Ideas about communicable diseases in plants are included in the updated programmes of study for Key Stage 4 science published in December 2014. These ideas will be included in GCSE Science courses from 2016 (for first assessment in summer 2018).

This activity will help students to demonstrate the following learning outcomes at KS4:
· describe ways to identify a common plant disease in the lab and in the field

· explain how the spread of communicable diseases may be reduced or prevented in plants.
It also enables students to practice aspects of the ‘Analysis and evaluation’ strand of Working Scientifically, and to practice the following KS4 mathematical skills:

· M1c: Use percentages
· M2c: Construct and interpret frequency tables and bar charts

· M4a: Translate information between numeric and graphical form


Background information
In this activity, powdery mildew is used as an example of a plant disease common in Britain. Powdery mildew is caused by pathogenic fungi of almost 900 different species belonging to various genera in the family Erysiphaceae. The symptoms of infection include white, powdery patches of fungus that spread over the upper and lower surfaces of leaves, stems, and sometimes also flowers and fruit. The white, powdery patches can be seen easily with the naked eye.
The disease affects many different plant species in the UK. Each fungus has a limited range of host plants, but the large number of fungal species means the disease is commonly seen in apples, blackcurrants, gooseberries, grapes, courgettes, marrows, cucumbers, peas, honeysuckle, rhododendrons, azaleas, roses, oak trees, barley and other grasses.
Mildews are just one of the many fungal diseases that threaten our crops, particularly as climate change affects temperatures and rainfall. Powdery mildew can reduce wheat yields, for example, by up to 20%. 
The Powdery Mildew Survey is run by the Culham Research Group at the University of Reading and the Royal Horticultural Society. They are asking people to send samples of infected plant material as part of a citizen science project. The data contribute to a national database of powdery mildew fungal species, the host plants infected, and the locations in which they are found. This helps scientists to track the prevalence of UK species, the introduction of new species, and examples of fungal species shifting to new host plants.
Safety Notes

Fungal spores are usually present in normal air, so the risk of adverse reactions to the spores is minimal. However, keeping infected plant material inside plastic food bags as much as possible will eliminate most of the safety concerns. Transporting the infected material in sealed bags will prevent infection of other plants. It is not necessary to wear gloves when handling the infected plant material, but hands must be cleaned immediately after doing so. Students with a known allergy to fungal spores should avoid handling the infected plant material.
For any infected plant material not sent to the Powdery Mildew Survey:

Sealed bags should be disposed of after use. Infected plant material could be composted, as the composting process will sterilise the spores produced by the fungus. 


Apparatus and materials
Before the practical activity, the teacher/technician will have to find a location in which some plants are showing symptoms of powdery mildew infection.

Per student/pair:

· student activity sheet
· clear, sealable plastic food bag
· marker pen and sticky label
· access to:

· plant species identification key (appropriate for the chosen location)

· scissors (to remove infected leaves from plant)
· antibacterial hand gel

· smartphone, or a record of the GPS coordinates or postcode of the chosen location.


Suppliers

Susceptible species grow in all parts of the British Isles, and powdery mildew infection is widespread all year round. Powdery mildew is most likely to be found in damp locations that are sheltered from the wind. It is commonly found on roses, aquilegia, geraniums, hawthorn, oak, birch, willow, acers and fruit trees such as apple and cherry.
The following photograph of geranium leaves infected with powdery mildew is provided to aid identification when sourcing material for this activity. (Photograph courtesy of Oliver Ellingham, University of Reading)
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Teaching Notes

The OCR Gateway specification for GCSE Biology requires students to describe barley powdery mildew (Erysiphe graminis). 
Students could work in pairs to collect the infected leaves. However, each student should answer the questions on their own.
There are many free smartphone apps available that will give GPS coordinates of the user’s location (including the compass app that comes pre-installed on an iPhone). Alternatively, the GPS coordinates of the chosen location can be determined in advance using Google Maps (right click on the chosen location and select “What’s here?” to view the coordinates in decimal degrees).
More information about the Powdery Mildew Survey and photographs of plants displaying typical symptoms of infection are available at https://blogs.reading.ac.uk/crg/powdery-mildew-survey-2016/.

Sending samples to the Powdery Mildew Survey

Infected plant material should be placed in a sealed bag marked with the GPS coordinates or postcode of where the sample was found, the species or common name of the host plant, and your email address (so that a link to the record in the national database can be emailed back to you).
Post samples to: Powdery Mildew Survey, Oliver Ellingham, Harborne Building, School of Biological Sciences, University of Reading, RG6 6AS.
When species identifications have been received back from the survey, students can compare them to the list of species identified in the 2015 survey; the list can be found at http://blogs.reading.ac.uk/whiteknightsbiodiversity/campus-species-lists/fungi/campus-species-listsfungipowdery-mildew-2015/. Discuss whether the species in the students’ samples are common to the UK, or are (potentially invasive/new) species that have not been recorded in the UK before.
Additional support

Some students may benefit from the following additional support:

· During step 1 of the collection procedure, remind the students to look for white, powdery patches of fungus spread over the upper and lower surfaces of leaves and stems.
· In question 2a, point out that the table contains frequency data, and the data are discontinuous; if necessary, remind the students that this suggests they should draw a bar chart.
Answers to questions
1. Step 4 (seal the bag) and step 8 (keep the bag sealed during transport) help to reduce the risk of spores from the sample being carried away by the wind, which reduces the risk of spreading them to other plants/areas. Step 5 (use hand gel to clean hands after touching infected leaves) will kill or remove fungus/spores, to reduce the risk of transferring them to other plants by direct contact.
2. a. 
[image: image2.png]o
~

0O T NO OO TN O
=R I

s199ds JoaquinN

Genus





b. Erysiphe
c. 54/150 x100% = 36%

d. Lower ability students may agree with the conclusion and should support this with relevant data from the table. Higher ability students should discuss the idea that the conclusioin cannot be made from the 2015 survey data alone because e.g. the survey only looked at 353 samples, it’s only one year, did not (it’s impossible to) sample every infected plant/site in the UK, species from the Oidium genus may be present in the UK but weren’t present in the 2015 samples, etc.
3. Global trade / infected plant material imported from East Asia.
4. a. Sequence the DNA/genome and compare to sequences from known species of fungi, or use gene probes/DNA finger-printing to test for particular sequences/alleles/genetic variants in the DNA. Also the idea that this is more accurate that identifying species from symptoms/appearance.
b. It helps scientists to: track the spread of different fungus species around the UK; identify invasive species that are new to the UK; give advice to farmers/gardeners/public/the government to help stop the spread.
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