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Food Security 
Teacher’s Notes – Second Level
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This learning journey is planned to take around 15 hours, it looks at how technological advancements have helped communities affected by disaster. Le
work towards a challenge where they will design and make their own rescue boat and bridge to restore transport links to a community.
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What is food security? 
Food security is about people having a dependable supply of food in order to survive.  

A lack of food security can result in malnutrition, disease and death.  

Many factors affect food security around the world. These include changing weather patterns, crop diseases and also the natural biodiversity of plants from which we choose our crops. Food security can also be affected by decisions about types of agriculture, the way in which agriculture is supported, methods of food distribution or bio-fuel production.

Learning experiences

Learning should involve activities to process new material, linking it to what a learner already knows.  
Initial assessment of prior learning should take place and chosen activities to support second level Experiences and Outcomes should take into account how best to ‘undo’ misconceptions’ and build on what is known already avoiding repetition. Tasks should be authentic: set in a meaningful context, and related to the real world.  They should not just involve repeating back facts as this causes ‘surface’ learning.  
Learners need to process information given to them through activities which require them to make personal sense of the material and so construct their own meanings, which improves recall.  Learning this way may involve errors so tasks should offer opportunities for self-assessment, correction, peer discussion, teacher feedback and other ‘reality checks’.  For this approach higher order thinking skills should be integrated or taught along with content, not separately, to avoid superficial rote learning.

Evaluation is integral to most activities, whether through plenary sessions or drawing conclusions and suggesting modifications or improvements with self-assessment, peer assessment or teacher feedback.  Learners should, from early on, be reminded to review what they have done and consider what they have learned, what they think worked or didn’t work, or what they could improve upon.  

Learning Journey 1      

Biodiversity and energy flows in ecosystems 

The food security context at Level 2 should build upon learners’ experiences and exploration of a variety of foods (the beginnings of the idea of biodiversity at species level) and a basic understanding of where they are sourced and how they are packaged for distribution and sale.  Learners should have an understanding of simple food chains, and be able to suggest possible consequences of eliminating an organism in a food chain. They should have investigated simple plant structure, be able to use simple plant nomenclature and have basic knowledge of the conditions required for healthy plant growth.   

Level 2 will apply previous learning to understand and develop the concept of biodiversity and develop the realisation that a biodiverse ecosystem is a healthy and sustainable system important to food security.
Biodiversity policing
A decree is made that all foods that are of plant origin will be banned in an attempt to reduce the loss of plant biodiversity. The teacher reads out a letter from e.g. the head teacher, the local council, or the government as follows:
Regarding plant biodiversity protection: In an attempt to reduce the loss of plant biodiversity, it has been decided that we shall ban the consumption off all foods that are of plant origin. I hope that you will work with us in our attempt to achieve this.
Learners analyse different foods and discuss which they won’t be able to eat and why (saying how they think a food item links to plants). Only water should be left.

Learners express their understanding to each other of food connection with plants.  They may not yet be aware of the term biodiversity and its significance, but this is excellent for raising their awareness of our dependence on plants for food.  

Books


· ”The Man Who Planted Trees” by Jean Giono; Pub. Peter Owen Publishers: ISBN 0-7206-0739-6.
· “The Global Garden” by Kate Petty & Jennie Maizels; Pub. Eden Project Books: ISBN 978-1-903-91916-3.
Video

· Legends & Tales - Johnny Appleseed - http://www.youtube.com/watch?v=sfyvL_HV2rw 
Resources 
Energy in food

Video of burning peanut 
http://www.youtube.com/watch?v=uz6201OJ1Qo
Written information on how to burn foods for their energy

http://www.nuffieldfoundation.org/practical-biology/how-much-energy-there-food
Biodiversity
• Visit a botanic garden or large garden centre

• Survey wild land near the school, photograph different plants

• Plant biodiversity poster pack for schools: Pack of 20 posters by Royal Botanic Garden Edinburgh. Contact Tel. 0131 248 1040
Video clips 
• Kew views: Why does plant diversity matter? 
• Filming plants: Discovery Channel - http://dsc.discovery.com/tv-shows/life/videos/filming-plants.htm
• Kingdom of Plants 3D with David Attenborough - http://www.youtube.com/watch?v=hcKuq9W7IPg
• The Secret World of the Plants (55mins) - http://www.youtube.com/watch?v=8QSWP56J8DA
Eco-columns

Learners research and follow instructions to construct an eco-column or a food-chain model. 
The websites below make numerous suggestions of how a column can be modified and used for extended investigations to elaborate on both construction techniques and on the biology of the food chain.

· Bottle Biology from http://www.bottlebiology.org/
· SAPS (Science and Plants for Schools) – http:www.saps.org.uk
Energy in food 
Using nutritional labels: http://kids.niehs.nih.gov/explore/hliving/food3_foodlabels.htm
Energy flow
Selection of energy flow diagrams for compare/contrast:
· Heat/energy loss: http://utahscience.oremjr.alpine.k12.ut.us/sciber99/8th/energy/sciber/ecosys.htm
· The flow of solar energy: www.cd3wd.com
· Energy flow in a biosphere: www.tutorvista.com
· Mineral cycling and energy flow: www.fisherycrisis.com
· Energy flow: www.iteachbio.com
Concept Cartoons: identification, classification & use of keys

Activities for learning plant parts, flower parts and their functions and explanations of how to use terminology to interpret and make keys for identification. 
 • Plant identification for children: http://www.ehow.com/facts_7856339_plant-identification-children.html
• Science & Plants for Schools (SAPS):   http://www.saps.org.uk/primary/teaching-resources 
Simply labelling diagrams is NOT recommended unless used as an assessment.  
Food chains and webs
Learners compare different food web diagrams explaining what they do/ don’t like about each.

Learners prepare own diagram using what they think is best from the diagrams provided.
Game Models 

Activities for showing energy loss in a food chain. 
Groups of 4/5 learners represent food chains and model energy loss in the chain through a race to transfer water (representing energy) from the producer (a bucket) to the  top of the chain consumer using containers full of holes (representing energy loss).  What is left in the final bucket (without holes) represents the energy that is passed through the chain.  Start with 2L of water.
http://utahscience.oremjr.alpine.k12.ut.us/sciber99/8th/energy/sciber/ecosys.htm 
Definitions:  food chains, webs & systems

A food chain is the transfer of food energy from one organism to another as each organism consumes a lower member of the chain.  A chain is made up of producers and consumers.  

A producer is a green plant that can make its own food through photosynthesis. Chlorophyll (the ‘green’ in plants) uses the energy from the sun to combine carbon dioxide (from the air passing into leaves via stomata) and water (from the soil by way of the roots and the plant’s vascular system) to manufacture glucose (a simple carbohydrate) and give off oxygen as a waste product.  This simple carbohydrate is then used to make the complex organic molecules needed to survive and grow. In order to make these complex compounds plants must take up inorganic minerals from the soil dissolved in water.

Consumers are any living things that eat other living things and use their stored energy.  Consumers are divided into primary consumers, the herbivores, which only eat plants; and secondary consumers which eat the herbivores. Secondary consumers can either be carnivores (only eat meat) or omnivores (eat plants and animals).  Decomposers, often ignored in food chain studies, are also consumers that break down plant and animal tissues of dead organisms to return the nutrients to the soil.  Examples of decomposers are bacteria and fungi.

Food Webs

The idea of a 'food chain' as a simple linear chain is a bit misleading.  Simple food chains rarely exist in isolation from others but interact to form complex networks like spiders’ webs.  These food webs show how plants and animals are connected in many ways to help them survive.  Despite our interest in and study of these webs it is difficult to know what the impact might be on all of the different organisms in any one food web when humans interfere, whether knowingly or accidentally, in the natural functioning of those interactions.  

Food Systems

A food system is a human extension of the basic biological idea of a food chain, by which food is produced, processed, and distributed.  The food is grown, shipped, processed, shipped again to markets, purchased in stores, transported home by consumers, and eaten.

The energy needed for the food system is not just the energy moving through a food chain but also includes the energy related to transportation, processing, preserving, planting, and harvesting.  

Food & Energy
All living organisms need energy to live.  Energy is needed for all voluntary as well as involuntary functions. 

For all animals, including humans, energy is obtained from food that is consumed. Food also provides us with nutrients, minerals, vitamins and proteins. Energy from food is released by the metabolism of food in living organisms.  The energy flow through living organisms starts with sunlight and photosynthesis, and then travels through the food chain in small amounts.  Producers (plants), primary consumers, secondary consumers, tertiary consumers and decomposers are all part of the food chain.  As the energy moves through a food chain, the amount of energy transferred diminishes.

The Figure ‘Heat’ http://utahscience.oremjr.alpine.k12.ut.us/sciber99/8th/energy/sciber/ecosys.htm demonstrates how energy flows from the sun to consumers.  At each level in a food chain 10% of the energy is passed to the next organism.  Most of the energy (90%) is lost in the form of heat.  The amount of energy transferred to the next level of the food chain is one tenth of the amount it receives from the previous level.  Producers receive the maximum amount of energy.  One percent is transferred from the producer level to the primary consumer (the first animal to eat it).  The secondary consumer receives 0.1% (or 10% of what the primary producer has), the tertiary consumer receives 0.01%, and so on.  The higher the level on the food chain, the less energy there is available.  Living organisms located at the top of the food chain require a large amount of food to meet their energy needs.  

Energy from food is produced through the process of cellular respiration.  Energy produced is measured in calories.  A calorie (abbreviated cal.) is the amount of energy or heat required to raise the temperature of 1 gram of water by 1 degree Celsius.  The number of calories present in food demonstrates the amount of potential energy in food.  When the food is metabolised (broken down) the potential energy (calories) is released in a form of energy that can be used for all functions for living things.

Note:  This is important when considering energy that goes into food production and the types of food we eat.  Humans are at the top of a food chain. All of the energy in our food directly or indirectly comes from the sun.  Meat that we eat requires much more input of energy for us to ‘get what we need’.  Eating plants is a more direct way of getting the sun’s energy with less loss along the way - hence the quote: “A meat-eater with a bicycle is more environmentally unfriendly than a vegetarian with a 4x4”.
For example, if 100 calories is stored in 100 grams of soybeans, and one living organism consumes the 100 grams of soybeans, the living organism is able to retain for use only 10 calories from the soybeans.  The rest of the 90 calories are lost as heat and waste.  If the same 100 grams of soybeans are fed to pigs, the pigs gain 10 calories.  Then if another living organism consumes the pig, the living organism gains only 1 calorie (from the original energy source).  The next living organism to consume whatever has consumed the pig will receive less that 1 calorie when the energy is transferred to the next level.

Food security, food systems & biodiversity

World food production more than doubled from 1950 to 1984.  However, the average food production per capita (globally) has decreased by more than 20%.

A glance at seemingly ‘always full’ shelves in our supermarkets makes it easy to think that we in Scotland (and the UK) need have no worries about food.  However, we are not self-sufficient in our food production - behind the visions of plenty in our shops is an intricate and extensive supply chain reaching around the world. This chain is sensitive to environmental events (e.g. a disease wiping out livestock industries; too little rain or too much destroying crop yields) and to economic events which, more often than not, are closely linked e.g. food prices increasing because of scarcity in provision with increased demands.
Worry about food prices soaring is one thing, but the issue of prices is one that comes behind many other more pressing issues - one of which is, simply, availability of global food.  Pressures on global food provision will not disappear, in particular:

· The world’s increasing population reached 7 billion in 2011 and is predicted to reach 9 billion before 2050. The pressure of all these mouths to feed is not going to diminish.  

· Also, our changing consumption patterns - It is predicted that if this pattern of demand continues 60% of men, 50% of women and 25% of children in Britain will be obese by 2050.  

Humans have affected food production throughout history, for example, with over-hunting a food source such as buffalo; or fear-driven eradication of a species such as wolves; in clearing forests for farming or other purposes or when using pesticides to kill unwanted insects.  Each of these examples has impacted a food chain/web in some way, usually by causing species imbalances either by decreasing numbers of consumers by eliminating their food/prey or the opposite, for example, causing proliferation of deer numbers by removing a top predator which would have naturally kept their numbers under control.

Though humans are omnivores and able to eat meat, our diet still has, as its base, plants.  Around the world human cultures have chosen and refined a small selection of plants to eat from their local environment to the extent that, despite numerous plant foods, only 20-25 plant crops form the staples of all diets - about 80% of our food.  In recent years several of these staple crops have been stricken with disease and threatened with global decimation (e.g. rice, bananas).  Other crop plants are sensitive to temperature, so climate change could prove devastating to these, especially as many are grown in vast monocultures.  Corn/maize, for example, could be seriously affected by a mere 1 or 2° rise in temperature.  It is essential that we nurture other species or relatives of these crops, whether conserved in the wild, in seed banks or in nature reserves or botanical gardens, so that in the event that we should need to use their variations to counteract or combat problems they will still be available - this is one important aspect of maintaining biodiversity.  For this we need to be able to identify the crop plants, their species relatives, and of course, continue to seek out new plants that could potentially be major providers as crops in the future.

Biodiversity is a relatively new word, composed of biological (=living) and diversity (=variety), thus: the variety of living things.

Aside from these crop staples, our requirements in food have changed.  We no longer are content with eating only the staple crops.  We want other things, new flavours. We want things that aren’t from our local environmental so we crave the exotic, and import foods from around the world.  We aren’t happy with just apples, or just carrots.  We want to indulge in tastes of a huge selection of fruits or vegetables.  We want choice.  Choice of all these different fruits and vegetables is one aspect of biodiversity - species diversity. Put simply, we want to sample the biodiversity of the plant world.

However, even within a species, for example, apples - there are many types, called cultivars, with different flavours and textures e.g. Cox’s Orange Pippin, Braeburn, Bramley, Discovery, Granny Smith to name a few amongst over 7,000 known worldwide.  These are examples of genetic diversity - their differences are coded for in the DNA of their genes.  Loss of any one of these cultivars, of any species, means loss of the individual, distinctive code for that plant, and, aside from loss of choice, who knows whether within that one lost code there might not have been a variation for the plant to resist diseases or to adapt to different temperatures?  Any such loss is to be avoided.

Already these individual DNA codes have made it possible for plants (and animals) to evolve, to adapt and change to live in hugely varying conditions around the world, creating an enormous number of different environments. These differing environments support many natural services for humans, such as clean air, fresh water and fertile soil. They form another aspect of biodiversity: ecosystem diversity. Without it we would not be able to survive.

Plants generally get a poor press, often being regarded as of less interest than animals.  Yet, quite simply, ALL life depends on plants - for food and drinks, clothes, medicines, materials, aesthetic pleasure and of, course, for oxygen which they produce as a ‘waste product’ of photosynthesis. Interestingly, children can often name most animals (even extinct ones like dinosaurs and dodos) but they can rarely name more than a handful of plants (many don’t even recognise plants as living things!).  Given that all food chains begin with a plant as the producer, the capturer of the sun’s energy at the bottom of the energy pyramid. Or, in reverse, given that there is no food that cannot be traced back to plants, it is strange that we are so ignorant of plant names and variety.  We need to be able to identify known and new species.  In order to do that we need to know about structure and function of living species to be able to describe them in terms that can be understood by others - in terms that allow others to find and identify the species themselves.  There is a reason and importance for labelling and classifying and that is to give us the language for this all-important task of conserving biodiversity.  And conserving biodiversity is an important aspect of providing food security.

Resources 
Background reading


Science: Interpreting Excellence - A resource for planning, for teaching and for learning
Pub. Bob Kibble for ASE Scotland, Edinburgh, 2010. ISBN: 987-0-9559665-1-4

· Theme 1a. Biodiversity and interdependence- biodiversity pp35-37

· Theme 1b. Biodiversity and Interdependence- the importance of plants pp38-44

Assessment activities

· Active Assessment: Thinking Learning and Assessment in Science by Stuart Naylor & Brenda Keogh with Anne Goldsworthy; Millgate House Publishers; ISBN 1-84312-145-X

· Concept Cartoons in Science Education by Stuart Naylor and Brenda Keogh; Millgate House Publishers;  ISBN 0-9527506-2-7

Websites


Hotspots from Conservation International:  http://www.conservation.org/where/priority_areas/hotspots/Pages/hotspots_main.aspx
Food Security Portal (facilitated by IFPRI) 

http://www.foodsecurityportal.org/news
Books
‘Plants’ by Janice Van Cleave, Pub. Jossey Bass: ISBN-13: 978-0471146872.
‘Science Around the World: Activities on Biomes from Pole to Pole’ by Janice Van Cleave, Pub. Jossey Bass; ISBN-13: 978-0471205470.
‘Waking Up: using plants to investigate sustainable development at KS2’.

Partnership: Birmingham Botanical Gardens Education Base with Tidec.org: ISBN-13: 978-0-948838-65-1. http://www.tidec.org/primary-early-years/waking-0
Learning Journey 2       

From plant lifecycles to plate

This learning journey will apply previous learning to develop understanding of plant life cycles and how growth conditions may alter or be altered, both by nature but also, artificially by humans when farming. Learners should begin to realise that sometimes our intervention may have consequences beyond good growth of the plant. For example, with the addition of inorganic fertilisers there can be repercussions beyond the growing area of the farm. 

Stimuli

Show a picture of Albert Einstein and his quote: “If the bee disappears from the surface of the earth, man would have no more than four years to live. No more bees, no more pollination … no more men!” 
Think-Pair-Share: what do learners think this means?  This should introduce the interconnectedness of living things and the important role bees play in pollinating flowering plants.  

It could be followed up with a short video on the plight of the bumble bee: 
· Disappearing bees (1.35mins) (simple but fast):  https://www.youtube.com/watch?v=uwskhz4Cx44
Possible learning opportunities

Identify different stages of plant life cycles – opportunity for outdoor learning.  
Life cycle activities

· Groups of learners form a large circle and are given a picture of a living thing - different plants, animals, birds, insects, etc.  The card may contain the organism’s name and a little information about it. Teacher scatters many cards with information (without pictures) about the different life cycles of the organisms (but not mentioning the organisms’ names).  Groups gather as many cards as they think pertain to their particular organism.  Since there are many stages in common, some cards could be gathered by more than one group, though some cards should have information specific to only on organism.  Groups read out their cards and discussion/argument may ensue as other groups try to claim a card by justifying why they should have it.  Once cards are correctly distributed to groups, each group should then arrange their cards in a circle showing their organism’s life cycle.
· A variety of plants at different stages of their life cycle could be displayed.  Learners identify the stage of the life cycle and predict what they think will happen next - explaining their answers.
Reproduction

Reproduction is vital to the continuance of a species so it is important to understand how this takes place in the life cycle of flowering plants.  Having begun by discussing the importance of bees, learners should find out about flowers by examining them closely.  Flowers can be easily and relatively cheaply obtained and their component parts named and scrutinised.  The SAPS website suggests simple activities for doing this in an engaging way.

When looking at the stages after pollination learners should discover what exactly a fruit is (contains seeds).  The supermarket definition of fruit (and vegetable) is not a biological definition - many vegetables are true fruits because they contain seeds.  From a variety of produce have learners select those that are fruits, or extend this by setting up a mock supermarket display (with pictures) and adding the sign “All fruits half price”- those learners that add tomatoes, cucumbers and aubergine etc. to their list/basket have got the message!

· Have learners model dispersal of fruits:  blow seeds with fans to see how far they travel; listen for the popping of gorse seeds in autumn; walk through a wild growth area in old socks, examine what they have ‘collected’ after a while and try planting their socks! The opportunities for technology and other science principles are numerous when studying the many ways seeds and fruits are dispersed (helicopters, pepper pots, catapults, parachutes, etc.).
· Learners demonstrate or extend their knowledge about flower parts by building a model or by performing a role-play activity enacting the pollination of two flowers of the same species (see SAPS website).
Planning experiments 

· Elicit learners’ prior knowledge and ideas through Concept Cartoons (6.1 Seeds in the Dark; 6.2 Upside Down Seeds; 6.5 New Plants; 6.9 Heavy Plants; 6.12 Seeds). Fair testing should be discussed and implemented in experimental procedures (see Resources list). 
Growth experiments 
Learners can watch the life cycle, as well as investigate conditions needed for growth, including how humans try to ‘improve’ on nature by adding things, for example, like fertilisers.  
· Learners should be recording what is happening with their growth experiments and asking questions - What happens if the flowers are not pollinated (or are, with a cotton bud)?  What happens if different amounts of water, fertiliser or compost are added?  Do the plants need soil in order to grow? What about light?

· Learners could, at the same time, design, make and set up their compost columns.  Studying these over a period of time parallels the natural decomposition of plants - an important part of the life cycle of all organisms.
· Parallel studies for use of fertilisers should be set up (SAPS website) using the exudates from their compost columns (which equate to organic liquid fertiliser- produced naturally).  Similar questions can be ‘asked’ of the compost columns:  does decomposition require water, warmth, air etc. in order to take place?

Note:  Acquisition of a light bank which simulates sunlight will help ‘speed up’ growth experiments.  Also, use of the Wisconsin Fast Plants (available from Blades Biological Ltd - see Resource List) makes plant life cycle and growth experiments much more feasible for study because these plants complete a full life cycle in approximately 40 days.
· If learners have already done investigations on growth conditions in earlier years these can be ‘stepped up’ by using environmental monitoring equipment with sensors (for temperature, humidity etc.) which many schools have.  This promotes the quantification of results as opposed to the more subjective aspect of observation.  Use of time-lapse photography is another excellent way to study both life cycles and growth experiments and is relatively easy to set up.
· Invite learners to reflect on the results from their growth experiments and do some research on farming techniques. They could then compile a list of as many ways agriculture, farming or gardening targets some aspect of a plant’s life cycle in order to produce more, bigger, tastier or healthier plants.

Science background

A life cycle is defined as a succession of changes that happen during an organism’s life.  In every life cycle there are distinct processes and stages.  The number of changes and the amount of time a life cycle takes to come full circle may differ for each species, but every living thing on the Earth, including every person, has a life cycle. 

The life cycles of plants and animals may seem very different at first glance, but there are many biological similarities between them.  Although each individual animal and plant species has its own specific life cycle, all life cycles are the same in that they begin with fertilisation in one generation (to ‘give birth’ to the new embryo) and end with death. There are a further two main components of any life cycle - growth and reproduction, the latter leading to fertilisation and production of the next generation (and the life cycle of the species continuing).

Without realising it, our daily lives through the year are affected by life cycles - particularly of plants.  We identify seasons by the observations we make as plants develop and progress through their life cycles - from emergence of shoots and new leaves in spring, flowers opening into summer, fruit developing through autumn to death and decay in winter.  What we see as the delights of flower beauty and scent are important aspects of flowering plant reproduction: the fun of watching a bee or butterfly visiting flowers is yet another aspect of a plant’s life cycle where it has ingeniously enslaved these animals to perform the delivery of its male sex cells. Even the hay-fever many suffer is a result of some plant’s reproductive imperative to spread its pollen to another plant of the same species using the wind as its agent. 

Not all plants are flowering plants. Non-flowering plant life cycles differ in fascinating ways. However the greatest impact of plant life cycles is in the food they provide - for all animals- and the main source of food for the world’s population is from flowering plants (angiosperms). In some form or other we eat every part of flowering plants, though not necessarily of the same plant and not necessarily at the same stage in its life cycle!  
For example:  
· Roots - carrots, parsnips, turnips

· Stem -  celery, rhubarb

· Leaves - spinach, lettuce, cabbage

· Flowers - cauliflowers, broccoli

· Fruits - tomato, cucumber, apple, blueberry

· Seeds - nuts, pepper, peas, corn.  
Clearly when we eat any form of plant we impact on that plant’s life cycle, just as it, as food, affects us. Further, when we eat fruits and seeds we serve a function for the plant, as in nature we would be dispersing the plant’s seeds. 

Through farming or in gardening we concern ourselves closely with all the stages of development in flowering plant life cycles, and therefore need to know about them.

Flowering plant life cycle
Germination 

Sprouting - This is the beginning of growth of a plant from the seed which is a well-designed ‘survival pod’, containing the embryo. Certain conditions are required for a seed to germinate, most usually water, oxygen and a suitable temperature. The seed swells with water uptake and a root and shoot emerge followed by the cotyledons (first ‘leaves’) which begin to photosynthesise.

Growth and development  

As plants increase in size and develop into mature plants, individual differences can be observed. Growth arises from the addition of new cells and the increase in their size.  Development is the result of cells differentiating into a diversity of tissues that make up organs such as roots, shoots, leaves, and flowers.  Each of these organs has specialised functions coordinated to enable the individual plant to complete its life cycle. The plant height, number of leaves, number of hairs on leaf margins, and number of flower buds are all examples of measurable traits that can be observed, recorded and analysed to learn about individual plant development and diversity among individuals in a population.

When development and external conditions are appropriate, the plant enters the flowering period, putting all its energy towards sexual reproduction. This is one of the most important stages, beginning with flowering and encompassing all the following stages until new viable seeds are produced. These are the next generation and without them the organism would simply die and cease to exist. 

Interestingly, because plants possess meristematic tissue they are also able to reproduce asexually by vegetative methods such as tubers, runners, bulbs and corms. Meristem is the tissue in most plants consisting of undifferentiated cells (meristematic cells) found in zones of the plant where growth can take place. This is a feature which farmers and gardeners exploit frequently when they take cuttings or chit potatoes to start new plants.

Flowering 

What is a flower?  In human eyes, it is something to enjoy, with colourful petals and fragrance.  However, for many plants, the critical part of the flower is not the dramatic blossom, which functions only to attract attention.  Within that blossom are the organs of reproduction that allow the plant to reproduce sexually and create offspring slightly different from itself. Learning about flower anatomy and the purpose of each structure is important to understanding how pollination takes place. 

Pollination 

Pollination is the stage necessary for sexual reproduction to take place. Effectively it is the process of ‘mating’ in plants whereby pollen grains (the male sex cells), developed in the anthers, are transferred to the stigma (female) of different plants of the same species so that the pollen will be able to fuse with the ovule (the female sex cell in the flower’s ovary) to form a seed in the next stage.  

Because plants are sessile [stationary organisms that sprout from a single place in the soil or ground and remain there for the rest of their lives], floral sex is an ‘affair by proxy’. Flowers depend on outside agents to carry the pollen from one individual plant to another.  The most usual agents are wind, water and insects (and some bats and birds), and plants show various adaptations for wind pollination or insect pollination.  For animal pollination the flower entices with colour, perfume, nectar (and the pollen). For wind pollination the flower’s enticement of colour and scent is replaced by the production of pollen in huge quantities and large extra-sticky stigma to catch the pollen as it is carried through the air.

Sometimes self-pollination, but more often cross pollination, takes place. Self-fertilisation leads to in-breeding which may cause a decline in the species.  Cross fertilisation leads to ‘outbreeding’ and the offspring are generally more vigorous.  Accordingly, flowering plants usually have mechanisms which prevent self-pollination and promote cross pollination.
Fertilisation and seed development  

This will bring the plant’s life cycle full circle. Fertilisation takes place after pollination.
Once a pollen grain has landed on a compatible stigma, a pollen tube grows down to the embryo sac taking the male nuclei with it. The pollen tube enters the ovule (female egg or sex cell), and fertilisation takes place when one of the male nuclei fuses with the egg cell to give rise to the zygote- a new and genetically unique single cell- a viable potential plant.  This single cell (in the process of embryogenesis) develops into an embryo consisting of radicle (future root), plumule (future shoot) and one or two cotyledons (‘seed leaves’).  The ovule developing into a seed is usually contained in and often protected by the ovary of the flower which develops into the fruit around it. 

Seed or fruit dispersal  

As stated before plants are sessile. Although some plants may spread across a surface, such as ivies, many remain in a very small area from germination to death (or consumption). To avoid competition, flowering plants disperse their seed as far from the adult parent plant as possible. The type of fruit that develops determines the type of dispersal that will take place to spread those seeds. Seed (or fruit) dispersal is often confused with pollination since it also involves external agents - again, wind, water, animals (either internally or externally), or for some plants, mechanical propulsion.

Death
Death is part of nature and, ironically, part of any life cycle. The death of an organism, and its subsequent decay, is nature’s way of recycling the plant’s component nutrients and minerals and returning them to the soil for use by other growing plants. Interference in that decay step, by removing failed or dead organisms from the environment before they rot means that those nutrient elements are no longer available for the growth of other plants and can lead to nutrient deficiency with resulting poor growth. In farming, this provokes human intervention to add those same nutrients in the form of fertilisers.

Length of life cycles

Flowering plants all go through the same stages of a life cycle, but the length of time they take varies a lot between species.  Some plants go through their complete cycle in a few weeks - others may take years.

For example, annuals are plants that grow from a seed, flower, make new seeds and die - all in less than a year. Some go through this cycle more than once in a year.  Biennials are plants that take 2 years to go through their life cycle. They grow from a seed, then rest over winter. In spring, they produce flowers, set seeds and die. New plants grow from the seeds.  Perennials are plants that live for 3 or more years. Some, such as trees, flower and set seed every year for many years. Others have stems and leaves that die away, but the plant continues to live in some vegetative form (bulb, corm, etc.) under the ground.
From a practical point of view, in agriculture and horticulture, humans have exploited both the plant life cycles and their vegetative reproduction in order to produce bigger, better and more food.  Knowledge about growth requirements allows us to monitor and intervene to improve results through:

· controlling water uptake

· adding fertiliser and eliminating pests

· planting according to a natural calendar most suited to optimal growth 
· ensuring pollination takes place when required or controlling where seed is dispersed.  
Of course, for every instance of human “improvement” in crop management there are often negative aspects.  To ensure food security in the future all the pros and cons of different types of agriculture will have to be weighed and judged. This necessitates further research of plant life cycles and growth.

Why do farmers use fertilisers?

According to the UN Food & Agriculture Organisation, world supply of fertiliser exceeded 200 million tons in 2007-8, and world fertiliser use is projected to increase in the years ahead.  Fertiliser has become essential to modern agriculture.

History

In the past, farmers used to rotate crops and allow fields to lie “fallow” or barren instead of using fertiliser.  When a field was left fallow for a year, the activity of soil bacteria and other organisms could gradually increase soil nutrient levels so that the farmer could plant crops there in the next year.  Rotating crops also helped to maintain soil nutrient levels, since some plants like legumes harbour symbiotic nitrogen-fixing bacteria that increase soil nitrogen levels. Modern agriculture, however, relies on fertiliser to achieve a higher rate of production.

Why is it needed?

Plants produce the sugars they need to synthesise organic compounds through photosynthesis.  They also require, however, a number of raw elements - ‘nutrients’ like nitrogen (N), phosphorus (P), potassium (K) and magnesium (Mg).  In nature, when plants die and decay, the nutrients they extracted from the soil are returned to the soil through decomposition.  When crop plants are harvested, however, the nutrients are not returned to the soil, so soil nutrient levels can decrease over time. 

Effects

Adding fertilisers compensates for the nutrients extracted by the plants to sustain their growth.  If fertilisers are not added, soil nutrient levels may eventually become insufficient to sustain crop production. Fertilisers are one of the most important tools at the disposal of any successful farmer or gardener.  Every soil is rich in some nutrients and deprived of others; using a fertiliser can supplement the nutrients that your soil otherwise lacks and increase your chances of successful growth of many types of plants. Understanding the differences between types of fertiliser is essential to knowing which one is right for your growing needs. It is possible to perform chemical tests to find out which minerals are deficient, but it is often more convenient to add a general fertiliser.  This is sometimes called NPK fertiliser because it contains the elements nitrogen, phosphorus and potassium. 

Organic v. chemical fertiliser

There are two basic kinds of fertilisers: organic and chemical.  Organic fertilisers consist of compost, manure and other naturally occurring substances.  Chemical fertilisers are manufactured, often using materials and compounds that are not naturally occurring in soil.  In terms of the long-term health of the soil, chemical fertilisers present more disadvantages than organic, although they may lead to higher yield in the short run.  Compost and manure are materials with higher concentrations of the beneficial compounds that already exist naturally in the soil, and can therefore be added to the soil without fear of changing its chemical balance.

The disadvantages of using fertilisers

Whether natural (organic) or artificial (chemical), people have been using fertilisers for a long time.  With the increase of interest in organic farming and knowledge of what’s in our food, some see many disadvantages to using fertilisers.  It can affect the soil, plants, animals and the humans who eat the food.  It is possible to add too much. Plus, it can add unnecessary costs.

Runoff

Use of fertilisers can lead to unintended secondary consequences.  One of these is runoff, which occurs when the fertiliser is moved by rainwater off of the land where it was applied and into nearby streams, rivers and lakes.  The results of this can vary from actual poisoning of plants and animals in the bodies of water to an excess of nutrients in the water leading to algal blooms and other unnatural growths.  These ‘blooms’ can upset the ecological balance of the bodies of water by unnaturally inflating some populations at the expense of others.  Further, they can use up and prevent oxygen dissolving into the water for other organisms, resulting effectively in ‘dead’ areas in the water where the biodiversity has been destroyed.

Cost

The expense of fertiliser can be a disadvantage, depending on what type of fertiliser you are using.  Large-scale conventional farmers spend huge amounts of money on chemical fertilisers.  Organic farmers can also spend substantial amounts on composting programmes and equipment to spread manure.  For small operations or home gardens, compost can be created from household food scraps and lawn clippings.  This is an inexpensive option but takes a lot more time to show results than the application of expensive and fast-acting chemical fertilisers.

Resources
On investigations & fair testing

· It’s Not Fair- or is it? by J. Turner, B. Keogh, S. Naylor & L. Lawrence. Pub. Millgate House Education; ISBN-13: 978-0956264602

· Making Sense of Primary Science Investigations by A. Goldsworthy & R. Feasey for ASE; ISBN 9780863572821
· Farming Tales:  https://www.stem.org.uk/elibrary/resource/25672
Growth & germination and plant life cycles

· Science & plants for schools:  excellent for suitable activities for exploring the plant kingdom:  www.saps.org.uk › Primary › Teaching Resources
· Wisconsin Fast Plants Program:  http://www.fastplants.org/
· Growth, development and reproduction: exploring and explaining germination, growth and development. http://www.fastplants.org/resources/digital_library/index.php?P=FullRecord&ID=5
· For rapid-cycling brassica seed and other materials mentioned by SAPS and Wisconsin Fast Plants  http://www.blades-bio.co.uk/search.asp . Blades Biological Ltd (Tel. 01342 850 242). Email: sales@blades-bio.co.uk 
Decomposition

· Bottle biology - http://www.bottlebiology.org/ 
· Little Rotters Composting Handbook – http://www.littlerotters.org.uk
Websites
National Geographic: sustainable farming

http://environment.nationalgeographic.co.uk/environment/habitats/sustainable-agriculture/
Food security and sustainable agriculture (UN reports; Rio+20):  http://www.un.org/en/sustainablefuture/food.shtml
Let’s Talk: How to engage primary pupils in discussions about scientific issues (AstraZeneca; SAPS; Wellcome Trust)

https://pstt.org.uk/resources/curriculum-materials/lets-talk-science-and-health/lets-talk-plants-matter
https://pstt.org.uk/resources/curriculum-materials/lets-talk-science-and-health
Bee information
· Honey bee flowers/crops pollination (3.08mins):  https://www.youtube.com/watch?v=BvW4_c1dJqg
· Bee pollinators of crops (5.19mins):  https://www.youtube.com/watch?v=l_etyEdu9fQ
· Bees and plant pollination (0.24mins):  https://www.youtube.com/watch?v=YS1KCDVxcZg
· The Bee Cause (2.36mins): https://www.youtube.com/watch?v=I0oXz_PfmBw
Learning Journey 3         

Plants: Life’s foundation

The principle part of diets for people in the ‘western world’ depends on only a few plants out of a huge variety of plants.  Learners will recognise that different cultures often have different diets, yet in each there is dependency on a few plant species.  Learners should be able to extrapolate from these ideas to realise that were anything to happen to those few species there would be grave consequences for food security.  This should reinforce their recognition that conservation of biodiversity is important around the world.  Similarly, the methods used to cultivate these plants en masse to feed the world should be closely scrutinised.
Stimulus follow up activity
Watch video of an Eden Project display: “World Without Plants” 
‘Plant Takeaway’ https://www.youtube.com/watch?v=SvXATg3hjhs and/or http://www.youtube.com/watch?v=P5KsHqODwP8
Return to the previously studied photos and re-assess. Teacher may have to give some input- for example, any plastic products are made from oil, which is made from ancient plants and animals, etc.  Learners should end up with very little other than rock or metal in their picture recognising that so much depends on plants.

The ‘Biodiversity Policing’ activity outlined in Learning Journey 1 could also be used to emphasise to learners that all our food is dependent on plants.  Similar activities could be done with clothes fabric (all plant dependent if not directly from plants) and medicines (though the latter is less easy to demonstrate).
Possible learning opportunities

· Learners conduct surveys on foods eaten most at home, provided in lunches, what people had for dinner, etc.  Origins of ingredients of bread (and cakes) should be researched. 
Tables and graphs drawn up of foods/plants appearing most frequently should show some of the most commonly eaten crops, amongst which wheat, rice, bananas, potatoes and beans may appear.
“What the World Eats, Part 1”:  Photographs by Peter Menzel from the book “Hungry Planet”
http://www.time.com/time/photogallery/0,29307,1626519,00.html
· Present groups of learners with sets of 6-10 cards, each card giving information about one of the top 10 or top 20 crops grown.  Name, picture, where grown, any special requirements for cultivation should be given.  Groups read each card, then use the cards in a variety of ways according to specific learning intentions: e.g. order pictures from plants that learners: eat most to least , think are healthiest for the diet to least healthy like; dislike and ‘don’t know’ ; order according to what they think are the most important to the whole world.
· Learners then research the world’s top ten crops and present findings through chosen medium.

· Introduce the term ‘wild genes’, learners research then explain what this refers to.  
· Learners sequence cards for the cartoon “Lost Grains- the story of plant cultivation”.   Selecting one of the three sections, they could produce a short role-play/scenario to elaborate on what is happening in the pictures.
· Reintroduce the term biodiversity. Inform learners that, because of global warming, land may be lost.  To prepare for this they must select seven of the most important plants (the others will have to be left to die out).  Learners must discuss and decide which plants they will keep.

Science background

Animals, including humans, could not exist without plants. Plants provide power as fuel (whether fresh or in fossil fuels); more than half of all our medicines are plant derived; fabric and many building materials are from plants;  the very oxygen in the air we breathe is maintained by plants and of course, spiritually, their importance in providing beauty in our world is unquantifiable. And plants are the source of all our food.
Despite their importance, 1 in 5 species of plant is threatened with extinction. But there are at least 380,000 known and named species (and probably as many more unidentified as yet) so does it really matter?  The cry to preserve biodiversity is growing but if we lost a few species would we even notice?

The answer, in brief, is ‘yes’!  Even with hundreds of thousands of different plant species the principle part (about 80%) of most diets around the world- the staple- is provided by only 20-25 species and we get over half of our calories from just three of those.  

We may be able to boost yields from these 20-25 crops- already many are grown in colossal farming monocultures with huge technological input always looking for ways to increase production.  There are many issues that need to be investigated in this kind of farming and the related technology, but what if one or more of these few species were to be wiped out by a disease? 

One staple in tropical countries is cassava. A blight, caused by a virus, attacks cassava tubers and makes them inedible.  There are no cassava species remaining today that are resistant to the virus.  800 million people around the world depend on cassava as their staple food so blight will eventually lead to famine unless a replacement species is found or created.

Another staple, the potato, changed the history of Ireland.  The Great Famine of the 19th century was primarily caused by the potato blight disease which destroyed potatoes throughout Europe. In Ireland, where more than one-third of the population was dependent on it for food, it caused devastation.  The top three food crops are corn, wheat, rice.  All of these have been endangered in the past and rescued by crossing with related species from the wild.
So, to return to the question ‘Would we notice?’  The answer is a resounding ‘YES!!’ but it might be too late when we realise this, because through carelessness and ignorance we may have thrust more species into quick extinction.  Amongst those losses may have been potential food sources, as yet unknown, or relatives of the existing main staple crops which might have ‘wild genes’ that are resistant to diseases which already threaten our crops all too frequently.

Loss of any species increases loss of resilience in nature.  The more different kinds of plant there are, the greater the chance that something will be able to adapt to survive the changes that either the planet or we bring down upon them. 

Differences in diet

More than enough grain is grown annually to feed the whole world. Despite this we still have not eradicated hunger and malnutrition.  The problem is not only one of its distribution but of the way in which we use it.  Dietary habits lie at the root of many of our troubles. Comparisons of average food intake in different continents can be made in 3 categories: fats, protein and calories- and they reveal some sharp divisions in the world. In the west a great deal of meat is consumed, and meat-producing animals need feeding.  In the United States nearly 90 percent of the grain harvested is now fed to these animals, apart from vast areas of grass and other fodder crops.  A westerner eats about 65kg of grain a year, plus meat enough to account for over 900kg of grain more.  By comparison, the average Chinese eats 160kg of grain products and under 20kg of meat.  

It is estimated that malnutrition affects ten percent of the world population- but in developing countries as a whole, the figure is nearer 20 percent.  
Then and now - the changing face of farming

Primitive people operated as hunter-gatherer from perhaps 20,000 to 8,000BC, killing wild animals for food, fishing, collecting molluscs, and gathering all manner of edible plant material. When demand for these resources exceeded the capacity of the ecosystem to supply them, a group simply moved on to another site. This way of life still exists in a small way, for instance, Australian Aborigines, Kalahari Bushmen and some central African tribes do not attempt any cultivation.
Cultivation offers potential to increase the amount of food available.  Farmers wished to make the crops more productive, and to achieve this they added plant selection to their farming skills.  Early farmers probably collected seeds from the most productive wild plants in the environment around them and sowed those.  Later steps would be taken to collect and save seed from the first plants cultivated so seed would be available for sowing.  Whether by accident or design, farmers may have selected for characteristics that they found useful so that over many generations the crops that were being grown resembled their wild relatives less and less.  Other characteristics that may have been desirable to the farmer would have led to further selection. The majority of modern crop species have arisen through this very selection of particular plants or their hybrids.

Over time, and in the past century in particular, agriculture has been characterised by enhanced productivity - this has come with intensification, concentration and specialisation of agriculture, relying upon new technologies of agricultural chemicals (fertilisers and pesticides), mechanisation and plant breeding (selection, hybrids and genetic modification).  This change in the image of farming, to increase yield, is often referred to as the Green Revolution.  Between the 1940s to late 1970s agriculture production changed markedly around the world.  It involved the development of high-yielding varieties of cereal grains, expansion of irrigation infrastructure, modernisation of management techniques, and distribution of hybridised seeds, synthetic fertilisers and pesticides to farmers.  Further industrialisation lead to the use of monocultures - planting only one cultivar in a large acreage.  

Inevitably each of these ‘steps in progress’, often replacing more labour-intensive methods, had negative repercussions.  In recent years there has been a backlash against the external environmental effects of this ‘conventional’ agriculture, despite its yield potential, with a move towards sustainability, integrating ideas of socio-economic justice and conservation of resources and the environment within a farming system.  This has led to the development of many responses to the conventional agriculture approach, for example: organic farming, urban agriculture, integrated farming, and agroecology, with an increased trend towards agricultural diversification.  Of course, there are downsides to these more eco-friendly methods. The most observable of these is to do with lower productivity which in a world with a still-growing population has to be considered if food security is to be ensured.

Resources

Videos to support teaching and learning about farming and the story of agriculture 
The story of agriculture and the green economy (4.10mins):  https://www.youtube.com/watch?v=twGev010Zwc
Farming First has many interesting short videos which can be used to highlight what dilemmas farmers may face with deciding what crops to grow.www.farmingfirst.org 
Farming First (3mins): https://www.youtube.com/watch?v=GKBMbuW0XFA
Graphs
AKSIS: Getting to grips with graphs (book and CD-Rom): by A. Goldsworthy, R. Watson & V. Wood-Robinson for ASE (Association for Science): www.ase.org.uk/   https://secure.ase.org.uk/membersarea/shop/details.asp?id=4
Crop staples
Important world food crops




http://oregonstate.edu/instruct/css/330/two/index2.htm
List of countries by food energy intake
http://en.wikipedia.org/wiki/List_of_countries_by_dietary_calorie_intake
Farming around the world
Green Inheritance: An education pack on plants, botanic gardens and conservation Book 2 by I. Edwards & K. McDonald, RBGE;  ISBN: 0-947613-28-5;   pp.100-101:  “Lost Grains- the story of plant cultivation” (cartoons to sequence)
Food for Thought - suggested articles and websites
On biodiversity
Hotspots from Conservation International:  http://www.conservation.org/where/priority_areas/hotspots/Pages/hotspots_main.aspx
On plants as staple foods/crops


A Future Without Potatoes:  Will Climate Change Force Us To Change What We Eat? by Kharunya Paramaguru, Nov3, 2012

http://newsfeed.time.com/2012/11/03/a-future-without-potatoes-will-climate-change-force-us-to-change-what-we-eat/
Bananas could replace potatoes in warming world by Matt McGrath (Science reporter, BBC WorldService, Oct 31, 2012)

http://www.bbc.co.uk/news/science-environment-20126452
Rice traced to single domestication event in China (BBC News Science & Environment, May 2011)

http://www.bbc.co.uk/news/science-environment-13266431
Partnership: Birmingham Botanical Gardens Education Base with Tidec.org; ISBN-13: 978-0-948838-65-1:  http://www.tidec.org/primary-early-years/waking-0 
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