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Plant disease - Fighting for survival
Student Sheet
In this activity, you will learn about plant disease and how plants respond to infection.  
As you work through this activity sheet, completing the various questions, you should develop a better understanding about communicable diseases in plants and how plants respond to infection. You will also have to recall other areas of biology you’ve already studied and make synoptic links. Some of the ideas may be unfamiliar if you have not yet studied them. In these cases you may want to come back and revisit these questions when revising at the end of your A level course.
Aims
1 To know and understand the different types of pathogens that can cause communicable diseases in plants, and their means of transmission.
2 To know and understand how plants defend themselves against pathogens 
3 To develop the ability to apply knowledge in new contexts.


Fighting for survival 
Look around any field, woodland, garden or your local park. It may not look like a ward at the local hospital; however lots of the plants will be fighting infections caused by pathogens, usually microorganisms. In some cases, there are diseases endangering whole species. 

Before you start the sections below read the ash dieback case study at the end of the activity to see how one disease is threatening the survival of ash woods across Europe. 
Although plants are frequently exposed to potentially pathogenic microorganisms, only some of these encounters result in disease. This raises lots of questions. How do some avoid infection? Do they defend themselves against pathogens? Do they have an immune response, or are they resistant to infection? What enables a pathogen to successfully infect one plant but not another? Read on to find the answers.


Disease triangle
There are three conditions necessary for disease to develop: a virulent pathogen (i.e. one that will successfully infect and cause the disease), a susceptible host plant, and environmental conditions favourable for pathogen growth, infection and dispersal. The interaction of these three factors is known as the disease triangle; a lack of any one means no disease. If all three meet, then disease will occur. 

Pathogens 

Which types of microorganisms are plant pathogens? 

A huge variety of microorganisms are pathogens causing diseases in plants, including viruses, fungi, bacteria, and protoctista (also known as protista). 

Q1a Recall what you already know about cell structure and classification of organisms. Use these ideas to help you identify the four types of organisms described in Table 1. b Sketch diagrams that the author could have included to show the cell structure of eukaryotes and prokaryotes. c Look at the images in Figure 1 and match each with one type of organism described in Table 1. d State what type of organism is responsible for ash dieback disease.
Table 1 - Features of the four types of organisms: viruses, fungi, bacteria, and protoctists. 
There is on-going debate among biologists about numbers of species in each group. Although the online Catalogue of Life project recorded 132,848 fungal species in 2016, some estimates drawing on molecular sequencing techniques suggest there may be as many as 5 million species of fungi.  Microbiologists’ estimates of bacteria species numbers range from 10 000 to over 10 million. The Catalogue of Life currently (2016) records 9982 bacteria species. Only a few of these microorganisms are pathogens.
	1
These small organic particles have a very simple structure. They consist of a strand of nucleic acid (RNA or DNA) within a protein coat. Their DNA can be single or double stranded. They may have an outer envelope taken from the host cell’s surface membrane They come in a wide variety of sizes and shapes They enter the cells of the organisms they infect (the host) and use the host’s metabolic systems to make new particles which may bud from the cell surface or be released when they cause the cell to split open. This is called lysis; it kills the cell and damages the surrounding cells.
	2 

These are eukaryotic organisms. They can be single-celled however more often they are multicellular, made up of tiny filaments called hyphae. They release enzymes for extracellular digestion of food before absorbing the nutrients released. They reproduce by part of the filament differentiating to form complex structures that are sometimes called fruiting bodies. They produce millions of tiny spores that can spread over long distances. Sometimes filaments of two individuals will fuse and merge their DNA. This evolutionary group includes: moulds, yeasts, and mushrooms, but not slime moulds or water moulds.

	3
These microorganisms are eukaryotes; their DNA is contained in a nucleus within the cell. The group includes single-celled organisms and cells that group into colonies.  Some can photosynthesise whereas others feed on organic matter from other sources. They include unicellular algae, protozoa, slime moulds, and water moulds.
	4
These are prokaryotes; their cells do not have nuclei or other membrane-bound cell organelles. They are extremely small with diameters between 0.5 and 5 μm. Their DNA is free in the cytoplasm and is not associated with proteins. A cell wall is always present in prokaryotic cells. They reproduce asexually by binary fission; after replication of their DNA they divide into two identical cells.


You will probably have seen some of these types of organisms yourself (Figure 1), except viruses, which are too small to see with the naked eye.  Protoctists are not so easy to spot, although you can observe them in pond water using the hanging drop techniques, (see http://www.nuffieldfoundation.org/practical-biology/observing-protoctista-water-using-hanging-drop-technique).
Remember only some members of each group described in Table 1 are pathogens (disease causing organisms), the majority of microorganisms are beneficial with many essential to maintaining life on earth both in natural ecosystems and for human activities. 
Figure 1. Look at these image and answer question 1c. 
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Q2 State some of the ways that ecosystems and humans rely on microorganisms.

Identifying plant pathogens 
Almost all plants are colonised with microorganisms all the time. Some are pathogens and cause disease, whereas others are not and may even be beneficial. The bacteriologist, Robert Koch (1843-1910), working on cholera and tuberculosis, developed a set of criteria designed to establish a causal link between a microorganism and a disease. The criteria are known as Koch’s postulates (Table 2). If all the criteria are met, then the organism is a pathogen and is the causal agent of the disease. Koch was aware that some diseases did not fulfil his postulates, and advances in knowledge about microbes, microbiology and molecular techniques have revealed limitations to Koch’s ideas. However, they still inform the methods used in the identification of plant pathogens.
Table 2 Koch’s postulates (proof rules)
	Association
	- the suspected pathogen must be present in all cases of the disease.

	Successful isolation
	- the suspected pathogen can be isolated from the diseased host and grown in pure culture.

	Inoculation
	- when a healthy host is inoculated with the suspected pathogen from the pure culture it should cause the same disease.

	Successful re-isolation
	- the same pathogen must be re-isolated from the new host. 


Q3 The fourth step was a later addition by the American plant pathologist E.F. Smith in 1905, although now considered to be part of Koch’s postulates. Explain why this final step is needed to confirm the causal link. 

Q4 Koch was aware that the postulates did not always work. Using your knowledge of pathogens and disease suggest circumstances when the steps are not achievable. 
You can demonstrate Koch postulates using the SAPS resource – Koch’s postulates. http://www.saps.org.uk/secondary/teaching-resources/302 
Successful pathogens

A pathogen will only be successful if it can complete a disease cycle. It must invade the host, grow and produce propagules that successfully infect another host. Propagules are structures that transmit the disease from one host to another; they may be part of the pathogen itself or a structure produced specifically for transmission such as a spore. The disease cycle usually mirrors the life cycle of the microorganism. 
Use the disease information leaflets on pages 8 and 9 to help answer the following questions.
Q5 Describe the type of propagules produced by each type of organism: viruses, fungi, bacteria, and protoctista.  
Q6 Summarise the different methods by which propagules are transmitted from plant to plant.

Q7 A successful pathogen must also be able to survive adverse conditions for example from one season to the next. Explain how pathogen can survive over winter.
Q8a Sketch an annotated diagram showing the disease cycle of late potato blight, caused by Phytophthora infestans.
Q8b Describe two ways P. infestans is adapted to aid dispersal.
Q8c Suggest why infection by P. infestans is greater in cooler damp conditions. 

You can watch a video that explains how P. infestans infects plants by following this link: https://www.youtube.com/watch?v=2Y77KEYuw_g
Q9 Suggest why Ash dieback has been able to spread quickly across Europe.
A susceptible host 

A pathogen may reach a plant but fail to infect it if the plant is not susceptible to infection by the pathogen. The plant may have physical and chemical characteristics that make it resistant to infection, for example bark, a thick waxy cuticle or antimicrobial chemicals that are toxic to the pathogen. However, if this first line of defence is not effective, the plant may be able to detect the pathogen and trigger further defences preventing the pathogen colonizing and infecting the plant.  

Bacteria, fungi and oomycetes (fungal-like protoctists) invade the extracellular space in plant tissue, where they release protein, carbohydrate, and lipid molecules that do not occur in the host plant. For example, flagellin a bacterial globular protein, or chitin a fungal polysaccharide. 
Q10 Recall the structure of bacterial cells. State which structure in a bacterial cell is composed of the globular protein flagellin. 

Q11 Chitin is a polysaccharide found in the cell walls of all fungi. It is made up of linked monosaccharides derived from glucose. Look at the structure of chitin shown in Figure 3. a Compare and contrast the primary structure of the chitin molecule with that of cellulose. b The polymer is folded and has a similar arrangement to that of cellulose in plant cell walls. Recall the structure of cellulose and describe how the chitin may be arranged. Give a possible reason for this arrangement.
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Figure 2 The primary structure of chitin.
Detecting and responding to pathogens

Receptor proteins called pattern recognition receptors (PRRs) are located in plant cell membranes (Figure 3). Resistance genes (R genes) code for these transmembrane receptors. The PRR receptors recognize pathogen associated molecular patterns (PAMPs), molecules released by the pathogen bind to the complimentary receptor. The PRR then interacts with a membrane located kinase protein to form an active PRR complex, which initiates a signal pathway that results in a plant immune response known as PAMP-triggered immunity (PTI). Plants can also respond to molecules released due to cell damage when pathogens attack, for example fragments of cell wall or cuticle. These are called danger associated molecular patterns (DAMPs). 
Pathogens evolved the ability to suppress the PTI response, producing molecules known as effector proteins that enter the host cell and block the signal pathway. In turn, plants evolved, producing R proteins that recognize the effector protein inducing further defences in what is known as effector- triggered immunity (ETI).
Q12 Look at Figure 3. Describe how the diagram could be modified to make it clear to the reader that the pattern recognition receptor (PRR) and kinase are transmembrane protein molecules.
Q13 In Figure 3 the PRR and protein kinase appear to move together and interact in the formation of the active PRR complex. Using your knowledge of the structure of cell membranes explain how this would be possible. 

Q14 Look at Figure 3 and suggest how the proteins in the signal cascade carry the message to trigger the immune response.

Q15 Explain how the signal pathway brings about the immune response in the cell.
Q16 It is not yet known why some trees are resistant to the fungus that causes ash dieback. Suggest one way that the resistant ash trees may be able to avoid infection. 
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Figure 3 Bacteria, fungi and protoctists release molecules in the extracellular space. These molecules are recognized by receptors in the cell membrane initiating PTI (pathogen associated molecular patterns triggered immunity) or by receptors within the cytoplasm initiating ETI (effector triggered immunity). 

The plant immune response 

When a plant cell detects an invading pathogen, a hypersensitive response is triggered. The cell produces anti-microbial chemicals such as alkaloids and flavonoids. Wall strengthening molecules such as lignin are also produced. Cell suicide may occur isolating the pathogen and preventing its spread. Cell walls of the surrounding the dead cell are reinforced, and produce toxins and enzymes to breakdown any invading pathogens. The infection fails. Cells affected by the hypersensitive response also release signal molecules, in particular salicylic acid, that are transported throughout the plant switching on defence related genes. This response is known as systemic acquired resistance; it provides protection for several weeks. 

Immune response fails in susceptible plants

However, all pathogen PAMPs and effectors are not detected by all plant species. For example a plant cannot detect a PAMP if it does not have the appropriate PRR. This makes the plant susceptible to infection by that invading pathogen. 

How a plant responds to an invading pathogen may also depend on the stage of development and the health of a plant. A host plant may only be susceptible at particular stages of development. For example, the fungus Botrytis mainly infects buds although it can occur in flowers, fruit and leaves.  Older plants may be more susceptible. Poor nutrition and any damage to the plant may also make the plant more susceptible to infection. 

Q17 In wild plant populations, individuals of the same species carry different combinations of R genes. Explain what impact this will have on the population’s resistance to infection. 

Q18 Due to plant breeding, crop plants are usually genetically very uniform. a Explain how this might affect the crop’s resistance to infection. b Explain how making  genetically diverse seed ‘mixes’ would help increase the crop's resistance to disease.   
Q19 Suggest how the signal molecules produced in the hypersensitive response could be transported around the plant.

Q20 Suggest how a farmer might be able to treat his crop chemically to induce the systemic acquired resistance and so protect his plants from infection.

Q21a Suggest how a biotechnologist might genetically modify a crop plant to improve their resistance. b Describe what might be the consequences for the growth of the crop and size of the harvest if the plant was successfully modified. 

Q22 Compare and contrast the immune response in plants and humans.

Environmental conditions

Favourable environmental conditions must exist for pathogens to cause disease. Different pathogens require specific conditions for a long enough period of time to allow successful colonization of the host.  Environmental conditions affect propagule survival, transmission and ability to infect. They also affect the susceptibility of the host and activity of the pathogen. 

Moisture (rainfall, humidity and dew) and temperature are the most important factors. Soil conditions, such as temperature, water availability, nutrient levels and pH can be critical.

Q23 Read the disease information leaflets and describe the environmental conditions that increase the incidence of a ring rot in potatoes, and b black sigatoka in bananas. 

Q24 Gardeners are often advised not to grow lilac bushes in the shade because they are more susceptible to fungal infection than those growing in full sunlight. Suggest why shade grown plants may be more likely to become infected.
Q25 Two gardeners are planting tomatoes on their allotments. Ms X places her tomato plants 40 cm apart whereas Ms Y want to maximize her crop and plants rows 15 cm apart. Explain why Ms Y may not be more successful than Ms X if the allotments are hit by tomato blight.
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Q26 A student has drawn Figure 4 to represent the disease triangle. How might they annotate the diagram to show more clearly the conditions that must be present for disease to occur? 
Figure 4 The disease triangle. 
If all three conditions in the disease triangle are met, then a plant disease may threaten the survival of a whole species. For example, the UK has experienced two major epidemics of Dutch elm disease. The first, in the 1920s, was caused by the fungus Ophiostoma ulmi spread by a bark beetle (Scolytus spp.). The second epidemic, which started in the 1970s, was caused by a fungus called Ophiostoma novo-ulmi and also spread by a bark beetle. This second fungus has caused the death of an estimated 60 million UK elm trees (Ulmus species). Although the population of elms in southern Britain was devastated, it is a myth that there are no elms left. There are few mature trees, but numerous young elms regenerated from seeds, and from roots that survived. 

Q27 Suggest why novo-ulmi is the species name for the fungus that caused the second epidemic. Novo means new.
Q28 It is often said that plants are in an ‘evolutionary arms race’ with pathogens. Explain what scientists mean when they say this. 
You could look for evidence of disease in your neighbourhood using the SAPS ‘How healthy are your trees?’ resource. It also includes some activities that allow you to use statistical tests.  For help identifying diseases look at the British Society for Plant Pathology information sheets: https://www.bspp.org.uk/education/gcse-a-levels/ , the RHS advice pages at  https://www.rhs.org.uk/advice/plant-problems/diseases-disorders , and the American Phytopathology Society plant disease lessons https://www.apsnet.org/edcenter/foreducators/Pages/Plant-Disease-Lessons.aspx You can also investigate how plants can be infected by pathogens using the SAPS resource ‘Plant pathogens and pests’.
Applying the disease triangle concept 
Plant health scientists use the disease triangle concept when considering the implications of a disease outbreak and the actions to take in response. The ash dieback case study provides insight into the impact of one pathogen on UK tree health. There are growing concerns that the pathogen Phytophthora ramorum, a fungus-like Protoctist, could have a significant impact on a range of trees in the UK. It causes a disease known as Sudden Oak Death, which has killed millions of trees in the USA. A collaborative study by the University of Cambridge, University of California, and North Carolina State University published in May 2016 reported that the disease was unstoppable in California. They concluded that eradication of the disease was impossible and it is likely to flourish, killing more trees and the associated wildlife. In the UK it was first recorded in 2003 and has killed large numbers of larch trees in south west England. In the UK it is sometimes called larch tree disease; however, a range of tree species are susceptible to infection including oak, beech, sweet chestnut, horse chestnut and douglas fir. If UK conditions are right for the pathogen, then our trees are potentially facing a catastrophic disease. 

UK plant health scientists must apply the disease triangle concept to help determine whether the UK is threatened with a sudden oak death epidemic and, if yes, recommend the actions to be taken to prevent or at least limit spread of the disease. (Although it may already be a problem, or hopefully a problem solved, by the time you are reading this sheet.)
Q29a Imagine you are a plant health scientist, undertake some research into sudden oak death caused by Phytophthora ramorum. Using the idea of the disease triangle make your own judgement about the likelihood of a sudden oak death epidemic in the UK similar to that seen in the USA. Explain your conclusion. b Suggest what actions might be needed to limit the impact of the disease. 

	Potato Late Blight 
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Photo: I.Sáček, senior (Own work) [CC0], via Wikimedia Commons
	Potato Ring Rot
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Photo by William M. Brown Jr., Bugwood.org [CC BY 3.0 us (http://creativecommons.org/licenses/by/3.0/us/deed.en)], via Wikimedia Commons

	Pathogen: Phytophthora infestans

 – a fungus-like oomycete (water mould) (a type of protoctist)
	Host: Potatoes and tomatoes
	Pathogen: Clavibacter michiganensis subsp. sepedonicus – a bacterium


	Host: Potatoes

	Symptoms: Dark patches appear on leaves and stems which are water soaked and have yellow edges. Tuber tissue goes a brownish red colour. White mould appears on the lower leaf surfaces and on tuber surfaces. The plant can collapse within a few days. 
	Symptoms: Leaves wilt, go yellow, then brown and die. In tubers the ring of vascular tissue rots, looking water soaked with a creamy ooze, eventually the inside of the tuber breaks down. Symptoms depend on environmental conditions with some varieties not showing symptoms.

	Disease cycle:

P. infestans reproduces asexually, specialized branched hyphae emerge through stomata on the lower leaf surface. Packets of spores, called sporangia, form at the ends of the stalks. The sporangia can be spread by the wind or water to other plants. They may also be washed into the soil infecting potato tubers. At temperatures of about 20-25°C the sporangia germinate directly producing a tube that penetrates the plant.  

In cool damp conditions, a sporangium produces 6 -8 zoospores. Zoospores have two flagella and can swim across the damp surface of the plant before they encyst (become enclosed in a thickened wall), these cysts then germinate and infect the plant. The P. infestans hyphae grow within the plant and new sporangia start to form after several days. 

P. infestans also produces oospores, their thick walls allow the pathogen to survive overwinter on dead plant material or in the soil. The oospores germinate and infect plants the following year. 

The lifecycle of P. infestans is completed in about five days. Read more and view a life cycle diagram at https://www.apsnet.org/edcenter/disandpath/
oomycete/pdlessons/Pages/LateBlight.aspx

	Disease cycle:

The bacteria are able to overwinter in the soil associated with unharvested potatoes or plant debris.  The bacteria infect new tubers through wounds where it multiplies by binary fission. The bacteria move throughout the plant via the water conducting vascular tissue. 

The bacteria can be transmitted by direct contact between infected and healthy tubers during handling and storage, more than half of the infected tubers may show no symptoms. The bacteria can also be transmitted through contact with contaminated equipment and sacks. They can dry out and survive for several years. The bacterium can survive in water although there is no evidence that it is spread long distances in water, washing potatoes in contaminated water will transmit the disease. 

The bacteria favour cool climates with rapid growth occurring around 20° C.

	
	Impact: Ring rot occurs in northern and eastern Europe and the USA. In the US up to 50% of individual crops has been lost to ring rot. There have been outbreaks in the UK however it is a notifiable disease, any cases must be reported to the relevant UK Plant Health Authority with action taken to stop the disease spreading and establishing in the UK. All seed potatoes planted in the EC must be disease free. 

	Impact: It has been estimated that without spraying losses can be between 5 and 78% of the crop. 
	

	Tobacco Mosaic 
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TMV on orchid leaves by Department of Plant Pathology Archive North Carolina State University - USDA Forest Service, http://www.forestryimages.org/browse/detail.cfm?imgnum=1525471, Public Domain, https://commons.wikimedia.org/w/index.php?curid=12089927
	Black sigatoka
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Photo: (By CIAT (Platano_Colombia2  Uploaded by mrjohncummings) [CC BY-SA 2.0 (http://creativecommons.org/licenses/by-sa/2.0)], via Wikimedia Commons

	Pathogen: Tobacco mosaic virus (TMV)


	Host: Tobacco, tomatoes and related species
	Pathogen: Mycosphaerella fijiensis – a fungus 
	Host: bananas and plantains

	Symptoms: Brown mosaic pattern of spots on leaves, with areas of the leaf yellowing and dying. Mottling of fruit. Leads to stunted growth of the plant and poor yields. The symptoms depend on the particular host plant and environmental conditions.
	Symptoms: Tiny yellow spots appear on the bottom surface of leaves; these develop into brown streaks along the leaf veins. They enlarge and darken to give a black streaked appearance to the leaves. Tiny black fruiting bodies appear on the underside of the leaf. 

	Disease cycle:

TMV is transmitted from an infected plant to a healthy host when the leaves rub against each other. The virus can also be transmitted on contaminated tools or hands. Seeds can also be contaminated and the virus spreads to the new plant after germination. 

TMV enters a plant cell through wounds, once inside, the coat protein and virus RNA molecule separate. The TMV RNA acts as mRNA in the cell and its four genes are translated on host ribosomes. Replicases, coat proteins and movement proteins are produced. New virus particles are assembled from newly replicated TMV RNA and the coat proteins. The virus particles are released if the cell is damaged or dries out. 

The TMV RNA can infect adjacent cells; it associates with the movement protein enabling it to move through plasmodesmata. Moving from cell to cell the virus reaches the vascular system and rapidly spreads through the phloem to all parts of the plant.  TMV can survive for long periods outside the host; it can overwinter in infected plant debris. 
	Disease cycle:

Sexually reproducing fungus forms fruiting bodies called spermagonia on the lower surfaces of the leaves. They release large quantities of male reproductive cells (spermatia) onto the leaf surface. These fertilize nearby female hyphae. Cup-shaped sac structures form containing eight sexual spores (ascospores). The ascospores can be dispersed long distances by the wind.  This is the main dispersal method. 

In humid conditions with a film of water on the leaf surface, the asexual form of the fungus produces asexual spores (conidia) on specialized hyphae branches, which emerge through stoma. They spread the disease to adjacent plants through rain running off leaves and in raindrop splash. 

The spores and conidia germinate and hyphae grow, entering the leaf through stoma on the underside of the leaf.  

	
	Impact: Large scale produces control the disease by fungicide use, spraying up to 50 times a year. Smaller scale farmers who cannot afford chemical control suffer reduced yield of up to 50% when conditions are favourable for the pathogen. In parts of Africa plantain is the staple food crop so the pathogen can threaten food security. Agricultural practices such as wider planting, removal of diseased leaves and better drainage can help control the disease. Research in to the development of resistant varieties and biological control methods is ongoing.

	Impact: Yield losses for tobacco are low (1%) due to the use of resistance varieties, whereas in tomatoes losses of up to 20% have been reported.  Good horticultural practices reduce cross contamination, such as avoiding contact of watering hoses with plants and removing any plant debris that could blow around or digging up infected plants 
	


Ash dieback case study
In the autumn of 2012, the British Prime Minister called a meeting of ‘COBRA’, the Government crisis response committee. Senior government officials met in the Cabinet Office Briefing Room A to coordinate what government action to take in response to the first reported cases of ash dieback disease in the British countryside. COBRA usually meet to discuss terrorist threats and natural emergencies such as the recent wide spread flooding. 
What is ash dieback? 

Ash dieback is a fungal disease only affecting ash trees. Wilting of leaves, die back of shoots and ultimately death of ash trees started occurring in the 1990s.  It was first reported in Poland in 1992. However, the fungus responsible for ash dieback was not formally described until 2006 with its details published in the scientific literature. It was given the name Chalara fraxinea.  Little was known about this fungus, as it was new to science.  The significant damage caused by the fungus spreading across Europe prompted further study. 
Mycologists (biologists who specialise in the study of fungi) realized the fungus had an asexual phase (Chalara fraxinea) and a sexual phase: the latter was found and identified as Hymenoscyphus albidus based on its morphology. Previous work had suggested that H. albidus was not a pathogen, but an organism that colonised dying or dead material, a saprophyte. However, the plot thickened when molecular analysis of this new fungus demonstrated it was not Hymenoscyphus albidus but was a new species that was called Hymenoscyphus pseudo-albidus. The molecular evidence for a new species was supported by new studies showing the fungus was also morphologically different. Further taxonomic revision saw the asexual and sexual stages considered as the same species and given the name Hymenoscyphus fraxineus. However the disease is still known by the name Chalara fraxinea. During all this time while the identity of the organism and its role in ash dieback was being resolved, the fungus was spreading rapidly through Western Europe causing extensive dieback and death of ash trees. 
Microscopic spores may be carried many miles on the wind, although, movement of diseased plants is likely to be the major method of spread over longer distances. The spores land on the leaves of plants where they germinate, growing down through the branches and trunk. Symptoms of the disease are easy to identify in affected plants, Figure 1.
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Figure 1 Typical symptoms of ash die back. As the fungus colonises the leaves, they become discoloured (black-brownish), shrivel and die (A), leaving bare branches(B).  Diamond shaped lesions, known as cankers, appear on the tree trunk and branches(C). As the fungus girdles the plant, vascular transport is cut off, causing shoots and branches in the crown to wilt and dieback, leading to the death of the tree. D Fruiting bodies on ash twigs 

A Photo: Fera Science Ltd



    B Photo: Forestry Commission
 [image: image11.jpg]


 B    [image: image12.jpg]



C: Photo: Fera Science Ltd



D: Photo: Fera Science Ltd
UK responds 

The pathogen was found for the first time in the UK in East Anglia in the autumn of 2012. It is likely to have been windblown from Belgium or France, or have arrived on infected plants imported from Europe. There was a huge public outcry; people were concerned about the long-term future of ash trees having seen the devastating impact of another alien pathogen in the 1970s and 80s that caused Dutch elm disease. Reports in the media suggested that, based on what had happened in Europe, up to 90% of UK ash trees could be affected. The disease not only threatens ash woods but also the associated biodiversity, including rare woodland plants and invertebrates.  

The government responded to public concerns, calling the COBRA meeting and implementing a number of emergency measures. COBRA tasked government tree health inspectors (Forestry Commission) and plant health inspectors (Animal and Plant Health Agency) to undertake a rapid UK wide survey of Ash trees. No survey had ever been undertaken on this scale or with this speed. Within a week samples were sent to diagnostic experts at Fera Science Ltd to check for the presence of the disease. Fera scientists used molecular techniques that allowed very rapid testing (within 24 hours) of large numbers of samples for nearly 1000 survey sites. 
The survey revealed that the ash dieback in Norfolk and Suffolk were not isolated cases: the disease was present in other areas of the country. You can view the latest data on the spread of Ash dieback by following the link https://www.forestresearch.gov.uk/tools-and-resources/pest-and-disease-resources/ash-dieback-hymenoscyphus-fraxineus/
 The detailed information about the extent of the disease across the country allowed evidence-based policy decisions on how to tackle the disease: whether to attempt to eradicate the pathogen or manage the disease. Due to the widespread distribution, eradication was not possible; instead actions were taken to limit the spread (Figure 2). The import of ash trees into the UK, and the movement of infected trees and wood within the UK were banned. Some small scale felling of trees to prevent the spread occurred but due to the nature of the disease this is of limited value in stopping spread. 
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Figure 2 Everyone using woods can help prevent the spread of the disease.
Recognising the need for rapid on-site testing to help inspectors make rapid decision when the potential findings of ash dieback were reported, Fera developed a new in-field molecular diagnostic assay: loop-mediated amplification (LAMP). LAMP clones DNA at a single temperature using DNA loop primer. 

What is the future for UK ash trees? 

UK and European plant health scientists are working to understand the long-term impact of ash dieback disease and help mitigate its damage.  Research has focused on host pathogen relations and control strategies, learning from countries where the disease has been present for much longer.  Research into the genetic diversity of the pathogen and the host allows scientists to identify whether all ash trees in the UK are equally susceptible.  A European collaboration, the Nornex consortium led by the John Innes Centre in Norfolk, conducted genome sequencing of 182 infected ash trees in Denmark and developed three genetic markers in 2016. The markers enable scientists to predict whether or not a tree is likely to be mildly or strongly tolerant to the pathogen. This information will allow more resistant trees to be selected to replace those lost to the disease, and using selective breeding it may be possible to develop tolerant strains of ash trees. 

In April 2016, a 200-year-old healthy ash tree was discovered in Norfolk surrounded by infected trees. The tree, named ‘Betty’, was the first identified in the UK to be strongly resistant to the disease. Prof Nicola Spence, the U.K.’s Chief Plant Health Officer, said ‘it paved the way for tackling this destructive disease and will help ensure that Britain’s stock of ash trees, and its countryside, remains resilient against pests and diseases in the future’. The researchers suggest that 3% or more of British ash trees will show a fairly high level of tolerance to the fungal disease. Charles Lane of Fera, considered this new information to be a ‘game changer’ in our understanding and fight against the disease: hopefully, it means that many more trees than originally feared will survive this deadly disease. However, many questions still need to be answered. For example how many of the seeds produced by the resistant trees will produce resistant offspring?
Have a look at the websites below to find out more about the current situation with ash dieback and how you can get involved with monitoring tree health. 
· Forestry Commission Ash dieback information pages - https://www.forestresearch.gov.uk/tools-and-resources/pest-and-disease-resources/ash-dieback-hymenoscyphus-fraxineus/ 

· OPAL tree health survey - https://www.opalexplorenature.org/treesurvey
· Ash tree tagging project - https://www.ashtag.org
· Project to map all British tree - www.treezilla.org
New plant health strategy 
Ash dieback was the catalyst for a government-initiated review of the state of plant health in the country.  This resulted in a new GB Plant Health Strategy to further strengthen plant biosecurity in the UK.  One of the key developments was a new online Risk Register listing all the potential threats to plant health in the UK.  This dynamic register, currently (summer 2016) contains just under 900 plant pests and diseases of concern. It is constantly reviewed to identify new plant pests and diseases and strategies to prevent their introduction or minimise their impact. The UK Plant Health Risk Register can be accessed on the Department for Environment, Food and Rural Affairs website. (It is quicker to find using a search engine such as Google rather than navigating the Defra site.) 
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