
New ICP Vegetation smart-phone App for recording 
incidences of ozone injury on vegetation 

Gina Mills, Katrina Sharps, Jim Bacon, Harry Harmens, 
 Felicity Hayes, Karolis Kazlauskis 

 

Centre for Ecology & Hydrology, UK 
 
  With financial support from Department for Environment, Food and Rural Affairs 

(Defra), Natural Environment Research Council (NERC) , Trust Fund (UNECE) 

52nd Session WGSR, 3 July 2014 

1 

Presenter
Presentation Notes
Picture 1: Soybean Giacomo Lorenzini, Picture 2: Musk melon, D. VelissariouPicture 3: Watermelon Al HeaglePicture 4: Trifolium pretense, red clover, Patrick Bungener



Hayes et al., 2007; Mills et al., 2011: Global Change Biology 
 

Over 500 records of ozone-induced damage in 
ambient air in 16 European countries: 
 

 There is widespread occurrence of ozone damage to 
crops and (semi-)natural vegetation across Europe 
 

 Flux-based risk assessment better predictor of effects 

Impact on LRTAP Convention policy  
(ECE/EB.AIR/96, paragraph 23d): 
 

 Flux-based method recommended for 
Protocol Revision and now included in 
integrated assessment modelling 
 

 Impacts of ozone on vegetation to be 
considered in addition to health impacts 

Flux-based ozone risk map 

                     ICP Vegetation ‘Evidence Report’ 
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New Smart phone App (http://icpvegetation.ceh.ac.uk)  

Recording incidences of leaf ozone injury Smart-phone App 
linked to ICP 
Vegetation web site 

Location on interactive map  

Purpose: 
(1) Quantify extent of damage in changing profile 
(2) Validate risk maps 
(3) Possibility of quantifying aesthetic effects of ozone 
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Examples of ozone injury 
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Soybean Ash 

Presenter
Presentation Notes
Before the user records any injury, the app can provide information, firstly on ozone damage. There will be a general page with information on ozone, a page with information on ozone symptoms (including photos), plus a page with information on causes of leaf damage that may be mistaken for ozone damage, e.g. leaf disease and insect damage.Then secondly, with photos of examples of ozone damage on a variety of species (call for more photos please!)Photographs of  plant injury  are organised by category. The user can expand each category and select a species to view photographs. Photographs fit to the screen size but the user can zoom in form more detail.



Ozone injury brochure* 
* Available in English and Russian Trees 

Crops 

In collaboration with ICP Forests Expert Panel on Ambient Air Quality 
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Smart phone App: Step by Step 

• Registration (or log in) 
 

• Go to website: http://icpvegetation.ceh.ac.uk   
 

• Asking for level of experience 
 
 

    - No previous knowledge 
 

    - Experience of recognising plant diseases and insect damage 
 

    -  Ozone effects specialist with < 2 years experience 
 

    - Ozone effects specialist with > 2 years experience  
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Presentation Notes
Website address: this is currently the working email address, not live on the main ICP Vegetation website yet. This will be sorted out within the next week or two. If really keen to try it soon, this is the address to use. Registration: We will ask the participant for their name, a contact address, and contact email. These details will not be shared, they are for our records only. We may need to get in touch to clarify details of the injury record.The participant will be asked for their level of experience, which will assist with quality assurance.Remember you have to wait until your registration has been accepted, not instantaneous. 

http://icpvegetation.ceh.ac.uk/


Smart phone App: Step by Step 
• Asking for permission to use data 
 

   - Research purposes only, including exact location 

   - Research purposes only, including location as grid square 

   - Research purposed only, excluding exact location or grid square 

After registering, you can: 
 
• Download the App (link on Record home page) 
 

• Or fill in online form 
 
• Also use the App offline 
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Presentation Notes
Permission to use data: important to allow this option. Farmers may be hesitant to report ozone injury on their own crops if competitors or buyers are able to see their exact location on a map. Also there may be problems with the general public recording injury on land they do not own – they can’t give full permission and have to go for the second option.     Once you have registered successfully, you will have a username and password that can be used to log in.Having logged in the side-bar menu includes four items, Examples, Online Form and Mobile App. Or Main menu, then Record menu. Choose ‘Mobile app,’ the app will begin to download onto the phone (will probably get a message saying this) and you will see the front cover of the App. If you want to be able to use the app offline, e.g. no internet access while out in the field, then (on an iphone), click on this icon and add to home screen. You will then have an icon on your homepage (clover) that you can click on when you want to use the app. (This process will vary between phone brands, e.g. on Android phone, click on menu button (bottom left corner of phone) and choose ‘Add to homescreen.’Can explain that saving the App to homescreen is an optional extra. The user can also enter the website address to the browser while offline and as the App has been downloaded, the form can still be filled in and then submitted when back online. When records are submitted they will be sent immediately if online or saved for sending at a later time. When the user is back online and goes to the App, there will be an extra menu option called ‘Saved forms.’ These can then be submitted.



Vegetation type and species 

• Crops 
 

• Trees 
 

• Grassland 
 

• Heathland 
 

• Wetland and coastal 
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Presentation Notes
Crop, Tree, Grassland, Heathland, Wetland and coastal.1. Agricultural crops (photo taken at Aber, wheat?).2. Horticultural crop (lettuce, Lactuca sativa)3. Fagus sylvatica (beech)4. Species rich grass meadow5. Heathland (Heather (Calluna vulgaris), Bell Heather (Erica cinerea) and Tormentil (Potentilla erecta)). Orkney, UK.6. Saltmarsh in Eastern Scotland, UK.After selecting: Crop , splits into: Agricultural (cereal); Agricultural (non-cereal); Fruit crops; Leaf salad crops; Cooking herbs; Other crop.Trees, splits into: Beech, birch, ash; Oak, poplar, maple; Fruit trees; Conifers; Shrubs; Other tree.Grassland, splits into: Clovers; Grasses; Other grassland herbs. Other.Heathland, splits into: Open heathland; Mediterranean Macchia; Other.Wetland and coastal: Bog or fen; Coastal; Other.Each broad veg also has an ‘Other’ option. You can then write the species name in the final box if it does not appear in the list.Species list at the moment contains 51 species. The list was developed (F Hayes) based on:  As part of the Evidence Report, participants sent us details of species where they had observed ozone injury symptoms in the field. I used this list as my starting point, then added some additional species for the more sparsely covered habitats based on species that we and other groups had worked with in ozone exposure experiments and that are thought to be sensitive to ozone, whilst trying to ensure that the species chosen would be fairly widespread and easy to identify. I had made my best guess at the Mediterranean species in the draft list, based on ozone sensitivity and observations from the field that I had received.Explain reasoning for choosing from a list rather than being given the option of entering the species name. If an empty text field was provided, with no species list, the names may be mis-spelled. This would lead to difficulties when trying to query the database. This way, everyone will use the same name for each species. Can enter ‘Other’ though and also try and name the species. If verified, this could be added to the main species list. 

http://www.cs.man.ac.uk/%7Edavid/orkney/pic28.jpg


Leaf injury symptoms 
• Upload photos of injury, then answer the following questions: 
 

 
 
 

Colour? In between veins? 

Which leaf surface? Older leaves more affected? 

 Is there evidence  
     of other damage, 
     for example pests 
     or diseases? 
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These will be drop down menus on the App. (options, e.g. Colour: bronze/deep red/purple; Pale yellow/yellow; White/cream; Other. Where are the symptoms? Between veins; on veins; both).There will also be a question on how widespread the damage is (on a few leaves; on many leaves).These questions allow us to collect information for a) validation purposes, for example, ozone symptoms tend to be species specific, e.g. pale cream in clover and between the veins, on older leaves more than younger and on the upper surface of the leaf initially; b) on the severity of the ozone damage (e.g. both sides of the leaf are damaged and damage can be seen on many leaves); c) on symptoms in different species.Can also discuss here the difficulty in identifying ozone injury and possible mistakes. The website will have an ‘Examples’ page showing photos of ozone damage compared to disease and insect damage. Verification of records will be important. On the website, users will have varying levels of access. There will be an administrative page, with limited access. Here, records can be reviewed and marked as accepted or rejected. Therefore when presenting data, it will be possibly to only display those that have been accepted.------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Additional info:In terms of how many leaves (in the symptoms category): during the clover bio-monitoring experiments, ozone injury was given an injury score (6 levels), from <1% of leaves affected to 100% leaves affected. Therefore this question will give some information on the extent of the ozone injury. Similarly with the location of the symptoms on the leaf, they can spread to the underside in severe cases. Therefore this question also gives an idea of the severity of the damage. (May also be a clue that the identification of ozone injury should be double checked if taken by a member of the public, as usually on the upper surface of the leaf). Ozone injury guide booklet (ICP Veg 2002):When ozone has entered the leaf (via stomata) , it undergoes a transformation, producing a variety of cell damaging compounds (free radicals). These destroy pigments, membranes and other biochemical compounds. Ozone pollution leaves no elemental residue that  can be detected using analytical techniques, therefore visible injury is the only easily detectable direct evidence in the field. Usually the injury is present on the upper surface of the leaf as pale or bronze coloured pinhead-sized spots, which in severe cases join up to form large damaged areas across the leaf’s surface.The ozone injury pattern is not normally seen on the underside of the leaves; this may be an indication of some other factor affecting the leaf’s appearance, for example, insect damage, disease or weather.However: note (ICP website) - Blotches can appear first on the upper surface of leaves and as damage worsens can be found on both sides of the leaf.More info on ozone damage: A few signs are typical of ozone visible injury. Visible injury develops on leaves that are well-exposed to sunlight, and middle-aged and older leaves suffer more damage than younger leaves, whilst shaded portions (i.e. if two leaves overlap) do not usually show any injury. Visible injury does not normally extend throughout the leaf tissue, visible symptoms being usually confined to the upper leaf surface, typically expressed as tiny purple-red, yellow or black spots or sometimes as discolouration, reddening or bronzing. Both stippling and discolouration occur only between the veins. Severely injured leaves appear to age faster and drop sooner (UN/ECE 2004).Interesting paper: Matoušková et al. 2010. Identification of ozone injury can be problematic, therefore validation is necessary.Useful website: Ozone injury in Switzerland - http://www.ozone.wsl.ch/ (Schaub, 2002)---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Photos: 1) Pale cream stippling on white clover (Gina Mills); 2) Bronze spots between the leaf veins in hornbeam (Innes et al. 2001); 3) The underside of leaves is not affected by ozone damage in Arbutus unedo (strawberry tree, Mediterranean macchia species) (M J Sanz); 4) Older leaves are more severely affected in Black cherry (Prunus serotina) (M Schaub).



Additional information 

• Weather 
 
 

      - In the last week, max. temp has been on average: 
       <20 °C, 20-30°C, >30°C?  
 
      - In the last week, has there been rain on:  
        0 days, 1-3 days, >3 days?  
 
• Ozone pollution? 
 

     - What was the maximum O3 concentration in the last week? 
       (<50ppb, 50-80ppb, >80ppb)   
 
     - On how many days did the O3 concentration exceed 50ppb? 
       (0, 1-3, >3)  

52nd Session WGSR, 3 July 2014 

10 

Presenter
Presentation Notes
Weather:Provide an indication of recent weather where the injury was seen...Ozone forms more readily in hot weather, but remember, high ozone doesn’t necessarily mean high uptake, conditions need to be right for stomatal opening. Ozone uptake by the plant is greater when there is sufficient moisture in the soil to open plant stomata (both temperature and rainfall affect stomatal opening).This will allow us to investigate relationships between weather conditions and incidences of ozone injury. For example, when the temperature is high but there has been no rain, intake of ozone through the stomatal pores will be reduced (pores closed), therefore the chance of ozone damage to leaves occurring is less likely. (i.e. Most ozone injury incidences expected when high rainfall and moderate temps).Ozone pollution:Visible ozone damage is seen on leaves straight after periods of high ozone concentration. Recording the ozone level (if known) would contribute to and strengthen this evidence.We may be able to add links to this section of the app, providing websites that give details of local ozone concentrations, for example, in Wales: http://www.welshairquality.co.uk/index.php?zone_id=4&lg, and DEFRA, http://uk-air.defra.gov.uk/latest/currentlevels?type=Current. This needs a bit more thought though because the units can differ between sources and this may be confusing! (e.g. DEFRA gives its measurements as a Running 8 Hour mean Ozone (µgm-3). 



Recording summary 
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Presentation Notes
Allowing users to see the results of the data that has been collected so far is important. Gets people involved and can see the data they have collected on the map.Users will be able to look at a map of all the records of ozone injury so far. The actual data (records tab) will only be accessible by website administrators.



Update ‘Evidence report’ in 2016 

Locations of records of visible leaf injury 
attributed to ozone on crops, shrubs and (semi-) 
natural vegetation (Hayes et al., 2007) 

 Add to field-based 
     evidence of ozone 
     impacts on vegetation 
     globally and update  
     ‘Evidence report’ in 2016 
 
 2014: experts, 2015: 
     wider general public 
 

Thank you for your 
attention! 
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Presentation Notes
Observations of ambient visible injury attributed to ozone are widespread across Europe. Generally speaking, the records of ozone injury are clustered around research groups that work on effects of ozone on vegetation, which is probably because researchers actively look for symptoms around their institute and can recognise injury symptoms when they occur.    Photos: Picture 1: Vitis (grape) and Picture 2: White clover, both C. Saitanis. 
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