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Plant disease practicals: violet bramble rust
Technical & Teaching Notes
Introduction and context
In this practical activity, students use magnification to examine leaves showing symptoms of a common plant disease, and produce labelled drawings of the fungal spores.

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).

The activity will help students to demonstrate the following learning outcomes at KS4:
· describe a common plant disease
· explain how this communicable plant disease is spread

· describe ways to identify this plant disease in the lab and in the field.

It also enables students to practice the following KS4 practical techniques:

· use of appropriate apparatus, techniques and magnification, including microscopes, to make observations of biological specimens and produce labelled scientific drawings.


Background information
Rust diseases are a major threat to global crop yields. Coffee rust, for example, is the most economically important coffee disease in the world. Wheat rust has, at its worst, destroyed up to 70% of a crop, with a devastating effect on African farmers. Wheat rust appears to be becoming more severe with climate change. British scientists are working to predict the spread of rusts and likely outbreaks, and to breed new varieties of rust-resistant plant. 
In this activity, violet bramble rust is used as an example of a plant disease common in Britain. The disease is caused by a fungus (Phragmidium violaceum) that infects the leaves of the bramble/blackberry plant (Rubus fruticosus). The fungus causes dark spots on the leaves of infected plants, which can be seen with the naked eye. The spots commonly appear dark violet or brown in colour. After infection, the fungus grows filaments called hyphae that penetrate the protective waxy cuticle on the surface of the leaf and grow through the leaf tissue. The hyphae then produce spores.
The life cycle of the fungus includes multiple spore stages, but two distinct spore stages can be identified easily:

· orange/rust-coloured spores during summer

· black-coloured spores during winter.

Symptoms (dark violet spots) appear on both the upper and lower leaf surface, but the powdery spores are only found on the lower surface. During autumn and spring both spore stages may be observed together on infected leaves.


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 clear plastic food bags as much as possible will eliminate most of the safety concerns. Students should be advised to keep the infected leaf inside the clear plastic bag while performing steps 1-7. 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 washed thoroughly immediately after doing so. Students with a known allergy to fungal spores should avoid handling the infected plant material (they can examine the slides prepared by other students).
Disinfect benches after the practical work. Bags should be sealed and disposed of after use. Infected plant material could be composted, as the composting process will sterilise the spores produced by the fungus. Plastic take-away boxes (or similar) could be used instead of bags, but the boxes will have to be disinfected with 1% VirKon or 70% ethanol after use.

Students should be reminded not to look down the microscope without a slide on the stage, and to always start with the objective lens near the slide and then move it away (to avoid smashing the slide).


Apparatus and materials
Teacher/technician:
· bramble (blackberry) bush with leaves showing symptoms of infection with violet bramble rust

· thick gardening gloves (for handling thorny bramble stems)

· scissors or secateurs (to remove infected leaves from the bush)
· clear, sealable plastic food bags (to hold infected leaves).
It may also be helpful to collect a few healthy leaves, for comparison in the classroom.
Per student/pair/group:

· student activity sheet
· clear, sealed plastic food bag containing a bramble leaf showing symptoms of infection with violet bramble rust

· hand lens or magnifying glass

· small piece of clear sticky tape (about 1 cm2)
· dropper

· small beaker of tap water

· microscope slide

· light microscope

· pencil and paper.


Suppliers

Bramble/blackberry bushes grow in all parts of the British Isles and retain their leaves all year round. Photographs of bramble leaves infected with violet bramble rust (to aid identification when sourcing material for this activity) can be seen by following the web links in the ‘Teaching Notes’ section.
Teaching Notes

Students could work in pairs/groups to examine the infected leaves, depending on the availability of apparatus and time. However, if possible, each student should have a go at setting up and focussing the light microscope, produce their own labelled drawing to illustrate what they can see using the microscope, and answer the questions.
A microscope slide with a sample of spores is produced using the sticky tape strip method. No cover slip is needed, as the sticky tape performs this function. When producing a labelled drawing of the spores, it is best to view at 200x or 400x magnification (x20 or x40 objective). The orange/rust-coloured spores (aeciospores) should appear roughly spherical, orange and grainy, while the black-coloured spores (teliospores) will be short, multicellular chains with a transparent “tail”.
The BioImages Virtual Field Guide website has photographs of infected leaves and photomicrographs of the two spore stages as follows:

· orange/rust-coloured spores: http://www.bioimages.org.uk/html/r162288.htm 
· black-coloured spores: http://www.bioimages.org.uk/html/r164130.htm 
Additional support

Some students may benefit from the following additional support:

· During stages 2 and 3, prompt them to write down the colour, shape and size of symptoms (spots) and spores on the leaf, and which side(s) of the leaf they are found on.

· During stage 14, prompt them to clearly label the spores, and to make a note of the magnification used.
Answers to questions
1. Violet/brown/dark spots/patches on the leaves. (Also accept reference to spores).
2. Fungus

3. (Orange) spores carried by the wind.

4. Communicable

5. x400

6. Observe symptoms and compare to the symptoms of known diseases (for violet bramble rust: violet/brown/dark spots/patches on the leaves). Look for presence of powdery spores on undersides of leaves. Observe appearance of spores, ideally using magnification, then compare to identification key or descriptions of known fungal pathogens (for violet bramble rust: orange-coloured spores in summer, which appear roughly spherical, orange and grainy; black-coloured spores in winter, which are short, multicellular chains with a transparent “tail”).
Further reading

Wheat rust: the fungal disease that threatens to destroy the world crop (The Independent, 19 April 2014): http://www.independent.co.uk/news/uk/home-news/wheat-rust-the-fungal-disease-that-threatens-to-destroy-the-world-crop-9271485.html
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