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Plant disease practicals: brown rot fungus
Technical & Teaching Notes
Introduction and context
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).

In this practical activity, students explore how the technique of re-infection (using infected material to infect healthy plant tissue) can help to identify the cause of a plant disease.
The activity will help students to demonstrate the following learning outcome at KS4:
· describe ways to identify a plant disease in the lab and in the field.

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

· use of appropriate apparatus and techniques for the observation and measurement of biological changes and/or processes.


Background information
Plant diseases are a major threat to global crop yields, causing at least 10% and up to 30% of crops to be lost. This comes at a time when the world’s population is growing, and we need to increase our global food production sustainably. Understanding plant diseases is therefore a major concern for governments and scientists. UK scientists are experts in understanding plant disease, and innovative research is taking place across the UK, at centres of expertise such as the John Innes Centre, Norwich, and the James Hutton Institute, Dundee.   
In this activity, brown rot is used as an example of a plant disease common in Britain. Fruit infected with brown rot is readily available from mid-summer onwards and safe to use in a school laboratory if the advice given under ‘Safety Notes’ is followed.
The disease is caused by a fungus (Monilinia sp.) that infects a number of trees including apples, pears, plums, cherries, nectarines, peaches and apricots. Spores of the fungus are spread by the rain, via splashes and wind-blown raindrops. The spores infect blossoms during damp conditions in the spring. The fungus can grow hyphae down into the twig supporting an infected blossom flower, causing a canker (a dark patch of dead tissue). Infected blossoms and cankers are a source of spores that infect ripening fruit during damp conditions in summer, and can also infect fruit through wounds, especially those caused by birds. 
The fungus causes rotting of infected fruit, and cream/buff-coloured pustules of the fungus form on the surface of the fruit, often in concentric rings. Infected fruit eventually becomes mummified, and is a source of spores that re-infect blossoms the following spring.


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. Transporting the infected material in sealed bags will prevent infection of other plants. Students should be advised to keep infected fruit inside the clear plastic bags as much as possible. It is not necessary to wear gloves when handling infected plant material and samples of fungus, but hands must be washed thoroughly immediately after doing so. Students with a known allergy to fungal spores should avoid handling infected plant material and samples of spores (they can observe infected fruits inside sealed bags set up by others).

Disinfect benches after the practical work. Bags containing infected material should be sealed and disposed of in domestic waste after use. Alternatively, infected plant material and cocktail sticks 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 after use (using 1% VirKon, or 10% bleach, or 70% ethanol).



Apparatus and materials
Per student/pair/group:

· student activity sheet

· damp paper towel
· two pieces of damp kitchen roll

· healthy, uninfected fruit (e.g. an apple, any variety) 

· fruit of the same type (e.g. another apple, any variety) with pustules of brown rot fungus on its surface, in a sealed, clear plastic food bag
· two cocktail sticks

· marker pen
· empty, sealable, clear plastic food bag.


Suppliers

Suitable fruit trees, such as apple trees, grow in most parts of the British Isles. Fruit infected with brown rot fungi can be found from mid-summer onwards. Infected fruit can remain on the tree in a mummified state, but infected fallen fruit are commonly found on the ground in autumn. Look out for the cream/buff coloured pustules (2-5 mm) on the skin, often forming concentric rings.
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Infected fruit can be incubated at room temperature in a plastic bag or box with a little damp tissue to encourage growth of the fungus and the appearance of symptoms. 
After collection, infected fruit can be kept for many months in a cool, dry place such as a prep room, cupboard or garage. The infected fruit will become increasingly mummified during storage. Note that the bag or box containing the stored fruit should not be sealed, and the conditions should not be damp, as this will cause the fruit to rot very rapidly.


Teaching Notes

This activity will have to be completed over two lessons at least 2 weeks apart. Student should complete stages 1-13 and question 1 in the first lesson. Stage 14 is an incubation period, during which samples of fruit are incubated in plastic bags at room temperature. It is not necessary to use an incubator. Students should complete stage 14 and questions 2-7 in the second lesson.

Students could work in pairs/groups, depending on the availability of fruit. However, students should answer the questions individually.
The fungus grows in aerobic conditions, and uses a lot of oxygen while it rots the fruit. Therefore, during the incubation stage, best results will be obtained if the bag is not completely sealed. A small hole can be made in the bag (e.g. using a cocktail stick) to let air in.
Photographs and descriptions of infected fruit can be seen on the following web pages: 
· Royal Horticultural Society https://www.rhs.org.uk/advice/profile?pid=114
· American Phytopathological Society http://www.apsnet.org/edcenter/intropp/lessons/fungi/ascomycetes/Pages/BrownRotStoneFruits.aspx 
· Bugwood Network http://wiki.bugwood.org/Monilinia_%28brown_rot_of_stone_fruit%29 
Additional support

Some students may benefit from the following additional support:

· During stages 8 and 14, prompt them to describe the appearance (colour, shape, size, texture) of symptoms (rot) on the fruit, and on which side(s) symptoms are seen.

Answers to questions
1. Answer will depend on the specimen of infected fruit provided to the students, but typical symptoms of brown rot include rotting of the fruit spreading out from a wound, and cream/buff-coloured pustules of the fungus on the fruit surface fruit, often in rings.
2. Symptoms should match those described in question1. Students should note which side/hole (e.g. test (T) or control (C)) has developed symptoms. If the control side has developed symptoms, challenge the student to explain why.
3. If symptoms are the same, this is evidence (supports the claim) that the fungus causes the symptoms. If the symptoms are not the same, perhaps the fungus sampled from the infected fruit was not the cause of the symptoms, or the test fruit was contaminated.
4. To avoid contamination with other pathogens/microorganisms.
5. The fungus may cause different symptoms on a different variety of fruit; use same varieties so that symptoms can be compared. (Students should provide a fuller explanation than “To make it a fair test”).

6. Stop the fungus/spores from infected fruit reaching/infecting healthy fruit by, for example, using nets to keep birds away from the fruit, scare the birds away, avoid touching healthy fruit after touching infected fruit, spray with fungicide, remove and destroy infected fruits, etc.
7. Ethical objections to deliberately infecting a healthy person with a pathogen.


Further investigations
In addition to observing symptoms in the infected fruit and the test fruit, students could also record observations of samples of fungus taken from each and viewed using a light microscope. A slide can be prepared quickly using the sticky tape strip method, wherein tape is pressed against the pustule, then stuck (sticky side down) onto a drop of water on a microscope slide.

This activity presents a simplified implementation of the principles of Koch’s postulates (a standard procedure in plant pathology labs), omitting the isolation and purification steps. The activity uses readily-available, non-specialist apparatus, and is suitable for use up to KS4. A fuller treatment of Koch’s postulates, requiring specialist equipment, is provided in SAPS Student Sheet 18 - Koch's Postulates (http://www.saps.org.uk/secondary/teaching-resources/302-student-sheet-18-kochs-postulates).
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