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Want to change the world? 
Poster - Teaching Notes
Introduction
Plants – and plant scientists – are in many ways our hope for the future. Plants are key to human life on Earth, from providing us with food and mitigating against the worst effects of climate change to supporting mental well-being, sourcing many medicines and providing us with materials for building, clothing and packaging. Plants are the often-unsung heroes of human existence, and we need students to both recognise their importance and choose to move into one of the multitude of plant-based careers out there. Some of these careers are high-powered, demanding academic excellence, degrees and research experience. Others are more pragmatic, requiring practical skill and application on a day-to-day basis. 
These teaching notes provide you with a few ideas to share with students about how plants will be involved in meeting global challenges going forward, and how they – working with plants – might change the world for the better. Careers and career requirements are changing all the time, so we are not going to be too specific here. In each category we’ll highlight just some of the ways plants have the potential to change our world for the better, and how students might become involved. We’ll spread examples of career choices between those that will appeal to more able students who might consider plant science as a future direction of study, and those who will are more likely to take apprenticeships or move straight into the world of work when they leave school.
There is an accompanying PowerPoint presentation containing photos of plants in different contexts. This will help you share more of the amazing world of plants with your students, and maybe inspire some of them to consider a plant -based career.
On the website Plant Science Futures there are more detailed and specific examples of plant science careers and the organisations where students might aspire to work. Many of them target young adults planning to obtain PhD level qualifications – but there are ideas for everyone and certainly useful information for you as a teacher of the types of areas where students might find future work as plant scientists or simply with an interest in biology. Students can also find study advice and guidance on writing a CV.
 www.plantsciencefutures.org.uk 
There are also six detailed careers resources in the SAPS resource collection Careers in Science: https://www.saps.org.uk/resource-collections/careers-in-science/ 
The Royal Horticultural Society has lots of information about careers in horticulture. https://www.rhs.org.uk/education-learning/careers-horticulture/careers-information 
Other posters in the series:
· Awesome Plants – aimed at 11-14 year-old students
· Amazing Plants – aimed at 14-16 year old students
· Incredible Plants – aimed at students aged 16+




Food security
Engineer, breed and grow more efficient and resilient crops, helping us feed our growing global population.Food security – the ability to grow enough food to feed everyone in the world not just now, not just for the next few years but for the foreseeable future – is a major challenge. Just some examples of what we need include:
· more crops
· more nutritious crops
· plants that are resistant to attack by fungi and pests
· plants able to withstand the challenges of climate change both in terms of temperatures and water availability and in terms of surviving extreme weather events
· to develop plant-based meat substitutes to reduce the amount of meat eaten (and so make crops go further)
To deliver the food security we need, we are using traditional plant breeding and gene editing techniques to produce more efficient and more resilient crops to help feed the global population. We need more effective but less environmentally damaging fertilisers and pesticides. And we need food technologists to develop alternative foods to reduce the use of crops to feed animals for human consumption.
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Graduate roles:
· [bookmark: _Hlk81819414]Academic roles in plant research – finding out more about how plants work
· Plant breeding and testing – working with current crop plants to increase productivity and resilience
· Gene technologists – editing the genes of current crops, adding or removing genes to produce more resilience, disease resistance etc
· Food technologists – working to develop plant-based food which are nutritious, delicious, acceptable to the market and able to be produced at scale and economically
· Climate scientists and modellers – investigating the impact of climate change on crop plants and modelling future impacts
· Teaching – inspiring the next generation of plant scientists!
· Biochemistry and agrichemicals – producing effective but environmentally friendly agrichemicals such as fertilisers and pesticides
· Sales and marketing – making growers and consumers aware of the need for change and the options available
Non-graduate roles:
· Technical roles in plant research – supporting research programmes and carrying out the practical investigations in many areas including pure research,  gene technology, food technology and agrichemicals
· Plant growers – working in the field to grow test crops and manage farm land
· Farming – growing and harvesting crop plants to feed people 
· Food industry – from hydroponics to supermarket buying chains
· Sales and marketing – making growers and consumers aware of the need for change and the options available

Suggested activities:
· Explore the Plant Science Futiures website for more plant science careers inspiration and advice. https://www.plantsciencefutures.org.uk/careers/what-can-i-do-with-a-biology-education
· Students choose an aspect of food sustainability that interests them and carry out some background research into a) the perceived problem with food supply b) possible solutions c) impact going forward and if appropriate for the age and ability range d) career opportunities in the field that interest them
· The video from Cristobal Uauy in Breeding Better Wheat discusses his job as a researcher. The resource can be found here: https://www.saps.org.uk/teaching-resources/resources/1458/selective-breeding-and-genetic-engineering/ The video is at: https://www.youtube.com/watch?v=LpW3LWtceCc 
· Making Money from Plants features a research scientist who is now running a food-based startup https://www.saps.org.uk/teaching-resources/resources/1467/uses-of-glucose The video featuring the researcher is in activity 2A
· Students could also increase their knowledge of food production and the potential career avenues it offers with the free online course Improving Food Production with Agricultural Technology and Plant Biotechnology https://www.futurelearn.com/courses/food-production-agricultural-technology-plant-biotechnology















Climate change
Research plants that can mitigate climate change by protecting landscapes and storing more carbon.
The impacts of anthropogenic climate change are being observed everywhere. Raised levels of carbon dioxide and methane in the atmosphere, often produced by burning fossil fuels, and farming both cattle and rice, are affecting global climate, ice coverage, sea level and the frequency of extreme weather events. Apart from the research into crop plants that are more resilient to these climate changes, we need plants to mitigate climate change by protecting landscapes and storing more carbon..

Graduate roles:
· Academic roles in plant research – finding out more about how plants work, their roles in mitigating climate change in different ecosystems and through evolutionary history, and their carbon storage capacity, finding the most effective ways to plant trees for carbon storage
· Gene technologists – editing the genes of plants to change the process of photosynthesis to make them more efficient carbon stores
· Ecologists – researching both the impact of plants in protecting landscapes and evaluating interventions designed to increase the levels of protection, exploring nature-based solutions
· Climate scientists and modellers – investigating the impact of climate change on plants in different ecosystems and modelling future impacts
· Teaching – inspiring the next generation of plant scientists!
Non-graduate roles:
· Technical roles in plant research – supporting research programmes and carrying out the practical investigations in many areas including pure research, and field studies on landscape protection and carbon storage
· Forestry – working to maintain woodlands and forests, planning planting programmes and working with trees as a sustainable and valuable resource.
· Land management – nationally and internationally working to develop planting programmes to protect landscapes and to manage agricultural and industrial development to reduce the loss of important mitigating plants such as mangroves 
· Park, municipal and urban gardening – planting to maximise carbon dioxide uptake and managing and increasing green spaces 

Suggested activities:
· Explore the Plant Science Futiures website for more plant science careers inspiration and advice. https://www.plantsciencefutures.org.uk/careers/what-can-i-do-with-a-biology-education
· Produce a podcast explaining the impact of climate change on ecosystems using a specific example, followed with an explanation of how plants can help mitigate the effects using as examples EITHER planting more trees/plants OR modifying plants to become more effective carbon stores OR using plants to protect landscapes threatened by climate change.
· Explore the Nature-based Solutions Case Study Platform to find projects in which plants are being used.   https://casestudies.naturebasedsolutionsinitiative.org/case-search/ 
· Explore nature-based solutions being used in urban areas around the world at https://una.city Students could discuss if any of these are things they would like to see in their local area. 
· Watch the video and explore the other content at https://www.forestryengland.uk/climate-action 





















New medicines
Investigate plant compounds to discover new medicines. Develop plants that can grow drugs and vaccines.
Since the earliest records, plants have been used in medicines to treat a wide range of human diseases, infectious and non-communicable. Some of these treatments were effective but some were simply soothing, or just disgusting – or actively poisonous and harmful! Now, in the 21st century, it is estimated that 80% of the global population rely mainly on plant-derived drugs, and that around 23% of the new drugs involved in clinical trials are based on compounds originally derived from plants.
A recent report showed that in the US, at least 118 of the 150 most common prescription drugs are based on natural resources. Two drugs alone, derived from Madagascan periwinkle plants, mean up to 95% of childhood leukaemia patients can be cured.
Computer modelling is a commonly used modern tool for designing drug molecules, but drugs are still widely developed from biologically active compounds initially identified in plants. These molecules are then modified to make them more effective, better targeted, less poisonous and more easily broken down and excreted from the body once their job is done.
In addition, using gene editing, plant scientists are developing plants which grow and produce drugs and vaccines, so parts of the plant e.g. the fruit may be used to deliver vital medicines in parts of the world with relatively little health care infrastructure or facilities such as fridges etc. which are often needed to keep medicines at a particular temperature.


Graduate roles:
· Academic roles in pharmaceutical research – these range from field work in every area of the globe, investigating potential local plant remedies or finding previously unknown plants to analyse for potential biologically active compounds, to modifying molecules in the laboratory, and developing potential new medicines
· Running clinical trials on plant based medicines
· Ecologists –  observing and recording biodiversity and identifying ‘plant hotspots’ for potential new drug sources
· Gene technologists able to edit the genes of plants grown in different parts of the world to produce specific drugs or vaccines.
· Teaching – inspiring the next generation of plant pharmacists and gene technologists!
Non-graduate roles:
· Technical roles in pharmaceutical research – supporting research programmes and carrying out the practical investigations in many areas including pure research, helping run clinical trials etc
· Research assistants supporting scientists in the field investigating plant sources and in the lab
· Plant growers – working to grow native and non-native plants for research and drug production, and also growing gene edited plants for research to test efficacy etc

Suggested activities:
· Explore the Plant Science Futiures website for more plant science careers inspiration and advice. https://www.plantsciencefutures.org.uk/careers/what-can-i-do-with-a-biology-education
· Investigate and tell the story of one widely used medicine with plant origins – a few suggestions include digitalin, aspirin, docetaxel, paclitaxel, St John’s wort, vinblastine, vincristine.
· Students look into the development of edible plant-based vaccines and produce a spider diagram to show how the research is progressing, what diseases and plants are involved, possible benefits and problems holding up the work.
· SAPS resource Introducing STEM Careers: Investigating the antibacterial properties of plants.  In this resource, students investigate the antibacterial properties of plants. Their investigation is placed in the context of a case study of Julian Ma, Professor of Molecular Immunology and joint head of the Infection and Immunity Research Centre at St George’s Hospital Medical School in London. https://www.saps.org.uk/teaching-resources/resources/845/investigating-the-antibacterial-properties-of-plants-introducing-stem-careers/ 
· SAPS resource Introducing STEM Careers: Investigating the anti-cancer properties of plants. In this resource, students carry out an investigation into the presence of vitamin C, an antioxidant, in the different parts of different plants. This is put in the context of Dr Jess Chu, a young scientist researching Malaysian rainforest plants to see if they have any antioxidant, anti-cancer or antibacterial properties. Students learn about how a scientist goes about her research, compare their investigations with Jess’s, and discuss the similarities and differences. https://www.saps.org.uk/teaching-resources/resources/841/investigating-the-anti-cancer-properties-of-plants-introducing-stem-careers/ 
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Sustainable energy
Explore plants as sustainable sources of energy and how they could produce the fuels of the future.
Burning fossil fuels results in millions of tonnes of carbon dioxide being released into the atmosphere. We have to change our energy sources – but this isn’t easy. One alternative already being used is plant power. In many societies around the world, biomass produced by plants (e.g. wood) is burned to produce heat for cooking and, when needed, to keep warm. Biomass may be fermented to make ethanol, which in turn is used as an alternative energy source for vehicles. Biomass is also burned to heat water to turn turbines and generate electricity. These solutions sound ideal – plants absorb carbon dioxide as they grow, so when they are burned as an energy source they are carbon neutral. And plant energy is renewable – more plants will grow to supply more of our energy needs.
There are some problems in the use of plants to produce biofuels. Early models used plant material such as maize – so land was used to grow energy crops rather than food in a world where people still starve. Plant scientists have worked with others to develop technologies which use plant material that would otherwise be wasted as the source of bioethanol, or for electricity generation. 
Artificial photosynthesis is another research area that is being explored. Biologists, chemists and physicists are working together to recreate the reactions of photosynthesis to produce fuels and energy. 


Graduate roles:
· Academic roles in research – these range from investigating plants that grow fast and absorb a lot of carbon dioxide as potential biofuels to developing fermentation processes that are effective on plant material that is otherwise of no use to people to developing methods of artificially recreating photosynthesis outside of plants.
· Developing engines/generators that use biofuels effectively and efficiently
· Engineering skills developing biofuel fermenters or biomass generators that work both at large scale for industrial fermentation/generation or at the scale of individual families/villages in a global context
· Publicity/ marketing/advertising – convincing the world that biofuels are a sustainable, efficient and effective way of reducing our dependence on fossil fuels and developing a carbon neutral economy
· Teaching – inspiring the next generation of plant pharmacists and gene technologists!

Non-graduate roles:
· Technical roles in biofuel and biomass generation research – supporting research programmes and carrying out the practical investigations in many areas 
· Agricultural work – growing the plants required to supply the biomass waste for bioethanol production or biomass burning
· Engineering and building work – putting together the plants to ferment the biomass to make biofuels or to burn the biomass to generate electricity, scaling up new methods of producing energy or fuels
· Publicity/ marketing/advertising – convincing the world that biofuels are a sustainable, efficient and effective way of reducing our dependence on fossil fuels and developing a carbon neutral economy

Suggested activities:
· Explore the Plant Science Futiures website for more plant science careers inspiration and advice. https://www.plantsciencefutures.org.uk/careers/what-can-i-do-with-a-biology-education
· Draw up a table summarising the advantages and disadvantages of plant based sustainable energy or of the use of different species. Students could go on to consider addressing the disadvantages and imagine what the perfect biofuel might look like.
· Explore this summary article on artificial photosynthesis. Students could map the different areas of science that contribute to this technology and write a short paragraph on the importance of interdisciplinary work in this area. 
https://science.howstuffworks.com/environmental/green-tech/energy-production/artificial-photosynthesis.htm 
· Biofuels activities from the Gatsby Science Enhancement Programme https://www.stem.org.uk/resources/elibrary/resource/26875/biofuels 
· Practical biofuels activities from the BBSRC https://www.ukri.org/publications/practical-biofuel-activities/ 













Mental health
Study the wellbeing and mental health benefits of plants and how they could help with clinical conditions.
The importance of good mental health and mental as well as physical well-being is now more recognised than ever before. Many different studies have shown the importance of plants for mental well-being. This takes many forms – for example:
· spending time outside in nature surrounded by plants, whether in a natural woodland, a park or a garden has been shown to have a quantifiable health benefit equivalent to £300 per annum. 
· gardening, even simply looking after house plants in a flat, has been shown to have a big positive benefit on both mental and physical health.
· plants in your environment reduce stress levels, improve mood and give a greater attention span and productivity.  There is evidence that the benefits of plants are capable of counterbalancing the health divide between richer and poorer individuals.
· eating plenty of plant-based food is also valuable for mental health. An ERSC study showed that mental well-being improves and responds to the amount and number of times we eat fruit and veg.
· evidence has shown that hospital patients with window views of leafy planted areas – or even large, window sized photographs of woodlands -  report less stress, need less pain medication and are ready to leave hospital on average a day sooner than patients in rooms with no plant-filled views


Graduate roles:
· Academic roles in research – investigating ways in which exposure to plants in wild spaces, gardening and in the home or hospital  impact mental health and well-being
· Dietician – looking at ways to use plant-based foods to increase mental well-being
· Teaching – inspiring the next generation of researchers and horticulturalists!
Non-graduate roles:
· Work in plant nurseries - to grow the plants needed to supply homes, gardens and hospitals with plants to encourage mental well-being
· Forestry – maintaining biodiverse commercial and leisure woodlands for public access and mental well-being as well as commercial wood production 
· Park management/landscape gardening – to plan, develop and maintain public spaces where people can visit to absorb the plant rich atmosphere and maintain mental health, even in the middle of cities
· Work in garden centres – taking care of plant stock, advising people on plants to buy and so supporting plants and mental well-being
· Nursing assistant/care assistant/care home work – ensuring that in hospitals, care homes and nursing homes patients/residents have access to garden areas, ensuring there are plenty of plants in both public and personal rooms and that the plants are well tended and looked after to nurture the mental well-being of both patients, residents, visitors and staff


Suggested activities:
· Explore the Plant Science Futiures website for more plant science careers inspiration and advice. https://www.plantsciencefutures.org.uk/careers/what-can-i-do-with-a-biology-education
· Present a poster showing some of the research linking plants with mental well-being including data on the impact plants have on mental health in different circumstances.
· Explore the range of careers in horticulture on the RHS website and consider and compare the skills needed for each one.  https://www.rhs.org.uk/education-learning/careers-horticulture 
· The RHS Roots to Wellbeing resource pack has some suggestions of wellbeing activities that could be carried out by keen students or a science club. Students may want to go on to design (and even develop) a school garden for wellbeing https://schoolgardening.rhs.org.uk/Resources/Activity/Roots-to-Wellbeing 





The problem of plastics
Use plants to create new materials, making everyday products more sustainable, recyclable and compostable.
Plastics are amazing materials - they have many roles in our modern society, including packaging (much of it designed for a single use), furniture, kitchen containers and utensils, toys, parts of cars… The plastics used for packaging are in many ways ideal – they are strong, light, cheap and do not contaminate our food and drink BUT plastics also come with a number of major problems including:
· they are polymers made from compounds which themselves come from crude oil, a fossil fuel, so the plastics come from a non-renewable source
· they are extremely stable – most are not biodegradable. This means they cannot be broken down by the action of microorganisms.
As a result, plastic pollution is a major issue, with vast amounts collecting in our oceans and landfill sites around the world.
Plant-based plastics (more accurately plant and algae based plastics) - also known as bioplastics - may be part of the solution. The two most commonly used bioplastics are PHA (made with sugars grown from algae) and PLA, made using sugars from crops such as maize and sugar cane. 
Unfortunately many of the earlier bioplastics were also not biodegradable under normal conditions. Unless they were composted under industrial heat conditions, they did not break down for a very long time – and methane, a powerful greenhouse gas, was released during decomposition.
Around 50% of the bioplastics currently used for packaging come from plant starch. Starch is the plant energy storage molecule, produced from glucose made during photosynthesis. Bioplastics have been made with starch from a range of plants including corn, rice and cassava. Many more recent bioplastics claim to be ‘home compostable’. In other words, they will break down under the normal conditions of a garden compost bin. There is however still a long way to go before bioplastics are used as a replacement for oil-based plastics in many places – including the plastic drinks bottles that make up so much of the plastic waste in our oceans. 
Another, perhaps simpler, option is to replace plastics with cellulose-based materials – such as paper and card. In many situations, again especially relating to packaging – and sometimes in association with other natural materials such as beeswax -  these somewhat old-fashioned yet renewable, flexible and recyclable/compostable provide a very sustainable approach to the problems of modern life.
There are also other biomaterials out there and research is taking place to use plant-derived materials to replace many things, from cement produced by algae to improving the sustainability and environmental credentials of already familiar fabrics such as cotton and viscose.



Graduate roles:
· Academic roles in research – testing the properties and potential uses of current biomaterials, investigating new biomaterials for specific uses, investigating how to ensure that all biomaterials are biodegradable and home compostable when necessary etc. 
· Designer/materials scientist – looking for new ways to use plant-sourced materials including paper, cardboard and bioplastics as an alternative to oil-based plastics but also looking at other materials that can be replaced with bio-alternatives.
· Policy and lobbying – working to convince industries and Government to embrace plant-sourced materials to increase sustainability, making recycling and composting realistic ways to reduce waste
· Architecture and engineering – designing buildings that use biomaterials and ensuring that they are just as good, or better, than buildings built with less sustainable resources.
· Teaching – inspiring the next generation of plant scientists and sustainability advocates!
Non-graduate roles:
· Technician roles in biomaterials research – both developing new materials and testing characteristics such as strength, stretch, water-proofing properties, water-solubility and biodegradability of bioplastics
· Forestry – growing trees needed  for the raw materials for some bioplastics 
· Farming/agriculture – growing the crops needed to provide the plant starch or sugars needed for the biomaterials industry (maybe combining this with producing waste biomass for fuel sustainability)
· Work in retail – looking for new ways to use plant-sourced materials in the retail sector to minimise single-use plastics in packaging both in store and on-line shopping. 
· Construction – building new buildings and infrastructure using biomaterials. Persuading customers that these are good materials to use.

Suggested activities:
· Explore the Plant Science Futiures website for more plant science careers inspiration and advice. https://www.plantsciencefutures.org.uk/careers/what-can-i-do-with-a-biology-education
· Write an article titled ‘Bioplastics – the best thing since sliced bread or a big con?’
· Collaborate as a class to produce a list of plant-based materials that we already use every day. Students could then expand on this list as a homework by finding out about new biomaterials that are currently being developed.
· Produce a label for a product made with a biomaterial that tells the user why it is a good choice.
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