“From Seed to Sandwich: where does our food come from?”

Dr Philip H. Smith and Mrs Maxine Woods
Welcome to a unique learning experience, a chance for your children to learn more about where their food comes from and a chance to do practical science, with a ‘real scientist’. In our partnership we are fortunate to be able to work together for whole days in school and the enclosed lesson plans are based around activities that we have used and that link together well in our ‘science days’. We accept no liability for accidents or injury arising from others conducting these activities. The majority of the activities are designed so that each child can set-up his/her experiment. We have tried to estimate the time required for each activity in order that you may use them in shorter science lessons. In this pack you should find 3 sheets of photographs and 4 lesson plans.

The photographs enable you to form a ‘time line’ or farming calendar, emphasising the length of time it takes to go ‘from seed to sandwich’; from the sowing of the seed in October to the harvest, the following August. It is important to emphasise this timescale to the children - what they see in the field at the end of the day has survived cold, excesses of heat, wind, rain and attack by insects and micro-organisms, so that we can have bread and farmers can make a living. 

The photographs show real plants in real fields (an application of the time line is given in Lesson 3). They are accompanied by a series of lesson plans that are designed to show a relationship between science and the world of farming and thereby show science to be real. The subjects addressed in each topic, parallel what is happening during the farming year, to the seed in the ground. Thus, at the start of the farming year the farmer prepares his field – he cultivates the soil in readiness for planting – Lesson 1, Rocks & Soils. Shortly after preparing the land, the farmer sows the seed, not by hand but by using some form of mechanised ‘drill’, inserting the seed into the soil at the required depth. Here, the seed will germinate - Lesson 2, Seeds & Germination. In the UK, most cereals are winter sown (Oct) and they therefore survive quite a drop in temperature, and are capable of germinating and growing at very cold temperatures. There is also lots of rain during winter, sometimes snow, so Lesson 3 explores Changes in Substances, with an emphasis on freezing, thawing and waterlogging. As the weather improves, there is a period of rapid growth and the plants are sprayed with pesticides to protect against insects, micro-organisms and weeds. Finally, they start to flower and the pollinated flower gives rise to the seed. Some of these aspects are investigated in the final lesson, Lesson 4, Growth.  This seed must mature & harden before it is harvested. More processing is required before the seed gives us flour (the harvest process will form part of the educational activity on the day).

We gratefully acknowledge the support of the Royal Society (Partnership Grant) and BBSRC (School & Community Award) in funding this project, and most importantly everyone at Marsh Farm & Country Park who have kindly hosted and arranged our crop display and been tremendously supportive & helpful of our ideas from the outset. We are also grateful to Asda and the Home Grown Cereals Authority (HGCA) for their additional support. Altogether it has enabled more than just our partnered school (Hockley Primary) to benefit from our combined passion for sharing real-life science with our children. We hope you and your children enjoy the learning experience and make displays about the project to benefit others in your school.
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Lesson Plan 1. Rocks & Soils

Science under your feet (30 min)

Start by asking the children to stamp on the spot, then “march” them outside asking them to think at all times what is below their feet – try to vary the surfaces you are walking on. The teacher should take a spade with them to dig out a cross-section of field/garden. Then ask questions, “what is below your feet, why did we not make a hole in the floor when stamping, what are puddles?

Demo: “looking below the sea” (to be set-up now, and discussed at the end of the day)

Take a bucket full of river sludge/water or seawater (inc sand & shingle) and pour it into a large settling-tower / clear plastic cylinder. Children make predictions about what will happen. 

Looking at Rocks and Soil (45 min)

Take a large collection of rocks and soils so that each child can easily access 3-4 different ones. Provide a table to be completed by the children encouraging description of colour, size, shape, texture, can the rock be snapped – gross features. Then, using hand-lenses look closer and make predictions of porosity (for rocks only). Define porosity and think about how it could be tested.

Choose 4 stones and ask the children to place them in order of weight. Then make predictions about their weight, and, using scales, weigh and record the actual weight of the stones.

Demo: porosity

Pick 3 rocks (chalk, limestone, granite) and drop them into a large clear tank of water. Observe carefully and quietly (!!) – all will probably produce air-bubbles on their surface due to surface cracks and holes (bubbles produced from displaced air), but there will be a continuous flow of bubbles from the porous rocks (chalk & limestone) possibly accompanied by ‘whistling’ 

Porous Shapes & Absorbency (30 min): care with definitions of porosity & absorbency!!
Take up to 4 different soil samples (eg. Peat, sand, clay, peat & sand mix), and place the same amount of soil in 4 different tubes, note where on the tube the soil goes up to. Gently add an equal amount of water to each sample, observe what happens, shake the tubes gently and allow to settle.

Meanwhile, use a range of coloured card shapes, some of which interlock or fit tightly next to one another and others which don’t. Ask half the class to create a porous ‘rock’ and half to make a non-porous ‘rock’ by sticking the shapes to a piece of A4 paper. This will test their understanding of the term porosity and leaves time for the water to be absorbed by the soils.

Go back to the soil work, which soil has soaked up the most water and is therefore the most absorbent? If you use graduated tubes this works very well, 10 ml of soil + 10 ml water, does it give 20 ml? If less than 20, why? Clay or peat are the most absorbent. Discussion about spaces between soil particles, displacing air with water – what do plant roots grow through?

Rapid Rivers (30 mins)

Thinking about the deposition of rocks down a riverbed – large ones travelling shorter distances because they are heavier. The forces involve the movement of water.

First create your riverbed: guttering or half drain-pipes lined with white paper are ideal.  Start with the top of the river slightly higher than the bottom. Get a bucket of muddy, stone-filled water (make your own if no river nearby) and giving everyone a turn, take out a beaker of the muddy water and “throw” it down river bed and observe the size distribution of the particles. After the first person has had their turn, subsequent waves of water will move the larger particles ‘down river’.  Introduce a bend in the river and investigate further. We found the paper lining the riverbed to be essential otherwise EVERYTHING ends up at the bottom very quickly.

Lesson Plan 2. Seeds and Germination

Seed searching (1hr)

Take a collection of fruits (apples, grapes, kiwi fruit, tomatoes, peaches, melon) and ask the children to dissect them in search for the seed(s). Collect and count them (estimate in the case of the kiwi!). Try planting some of the seeds in mini-pots of soil and keep the pots in grip-seal plastic bags to create a particularly warm and humid environment to encourage germination. 

Edible roots (20 min)

Begin with a carrot top (inc. leaves) buried in a box of soil or sand so that only the top is showing. Do a quick survey of the class and we would suggest that <50% will guess that it is a carrot. When you reveal its identity, ask them what part of a plant is a carrot – have they ever eaten roots since carrots are swollen roots. Discuss other ‘root vegetables’

Germination (45 min – 1 hr)

What is germination? You need a definition before you start this experiment. We consider it the production of both roots and shoots from a seed. Germination is a great subject for designing ‘a fair test’ and looking at the factors that affect germination. There are many you can test and we are always led by the children in terms of which factors they wish to investigate eg. water, food, sunlight, warm temp,  - worth remembering here that seeds will germinate in a fridge (they just take longer), give them too much water and they may become waterlogged. All the energy a seed needs for germination is packed within it, so additional food is not necessary – as you will see below, we germinate on wet filter papers. If they want to place their seeds in the freezer, try it, they will not germinate but it may not kill them: the petri-plate can then be left in optimal conditions for an extra week to show this. Again, this links nicely to the survival of seed under snow (in fact, farmers used to store grain in this way).

Traditionally we use wheat seed for this experiment but beans or maize (sweetcorn) seeds are probably more easily obtained and work just as well. Place 10 seeds on a petri-plate lined with a piece of wet filter paper. Do not have water splashing around. Try to give each child a plate. Place in different environments (eg. light/dark – cover with foil) and leave for no more than a week. Determine the % germinated under each condition that you test and determine the optimum conditions for germination. With bean seeds, completely cover with water and soak for 24 hrs to ensure they germinate – imbibing water from a filter paper will take too long! 

The colour of germination (15 min)

As an extension activity to the germination test, children should be challenged to observe the colour of the shoot as it appears from the seed and to compare this between plates germinated in the light and in the dark. Remember it’s dark below the soil surface and so chlorophyll production as a result of photosynthesis will not have occurred and shoots will be white/colourless. What colour are roots?

Investigating Root Power (45 min)

Advance preparation required here – begin with some already germinated seeds (again use beans or sweetcorn as they are large and germinate fairly quickly). Also enough egg shells for the whole class – half of one each.

Working with hand-lenses the children should draw a germinated seed in detail, looking for root hairs, seed coats & shoots and recording colours, and finally label all the parts (note colours – see above). Place a teaspoonful of soil in the base of the egg-shell and plant the germinated seed in the soil. Children may like to paint the egg shells in advance or write on them the words ‘root power’. Place the eggs on some paper/card in a warm place. Keep the soil moist and in less than a week the roots should have grown through the egg shell. Think about what they have to negotiate in the field!

Lesson 3. Changes in Substances

Changes in the Field (30 min) 

Make photo-copies of the ‘farming year photographs’ and challenge the children to arrange the pictures in chronological order, adding captions to the pictures describing the changes that are happening to the plants and the land (answers supplied).

Melting Chocolate (25 min).

Make foil “baskets” large enough to support a piece of cooking chocolate or chocolate button held over a nite-light. Nite-light holders are available and recommended. Describe the solid chocolate, observe carefully the melting process (caused by heating), describe the liquid chocolate, allow to cool and describe the solid formed upon cooling – CARE foil baskets will be hot. They can be placed on ice to speed cooling.

Waterlogging (25 min). Two different experiments here …

(i) Imitating what may happen in the field and designing a fair-test. The children should prepare a small plant pot (strips as used in garden centres are ideal as they use less soil & take up less space) - put soil in the pots and sow seeds – make predictions about what will happen, any seeds should do, again wheat is our staple. Water regularly but stand the ‘waterlogged set’ in water at all times and place all the pots in a warm, sunny position. Grow for about a month and see if there are any differences – seeds may rot and thus fail to germinate, otherwise the waterlogged plants may grow shorter/taller, be yellow in colour or have a damaged root system. 

(ii) Soak mung-beans overnight in water and then divide into 2 sets – treat one set as in Lesson 2 (germination), using wet filter papers, but keep the waterlogged set totally covered with water and therefore deprived of oxygen – links to “lights-out” – see below.

Natures Anti-Freeze (20 min)

Advance Preparation: Make a collection of leaves, a mixture of rhodedendron leaves (or any evergreen bush) and lettuce leaves is ideal. Place in a bag and freeze (preferably overnight). 

Take the frozen leaves out of the freezer, observe, allow to thaw and examine again. Annuals, such as lettuce, will have become soft and mushy while the evergreen will have kept their shape.

How cold is ice? – with an ICT-link (40 min)

Begin with predictions about the temperature of ice. A number line may help here.

Give each child a small tube/container of crushed ice. Measure its temperature using a thermometer – ensure thermometer is used correctly. Record class temperatures on a spreadsheet and calculate an average. Note amount of variation between readings. Small.

Defrost the ice to make a solution of cold water and as soon as the ice has melted – requires careful observation and challenge the children to think how they are making the ice melt, an input of energy – remeasure the temperature. Record class values on the same spreadsheet and calculate an average again. The values given will be much more variable. Why? The volume of liquid will vary, particularly if you give out variable amounts of ice in the first instance. Larger volumes will take longer to heat-up and will therefore have lower temperatures. A good way to demonstrate the importance of repeat readings. 

Lights-Out (20 min)

Ignite a single nite-light. Cover with one of 3 or 4 differently-sized glass mixing bowls from the kitchen. Time how long it takes for the flame to be extinguished. Make repeat readings, vary the number of nite lights?? It all comes down to oxygen deprivation again, as per the waterlogging experiment. Extension activity – find out the volume of air each nite-light is burning within, by adding water to the bowl and measure how much water.

Lesson Plan 4: Growth

Seed to Sandwich link (20 min)

Compare the set of photographs to see evidence of growth. Note how long the process has taken and when it was quickest – warm months. Remember that the pests, diseases and weeds will also have grown rapidly at this time (not just the crop) and this is the challenge for the farmer (photo 14).

Microbial growth & its control (30 min)

The children are each given a piece of bread and cut it into two – wet both halves with a few drops of water. Additionally spray a dilute solution of bleach onto one half only – must be done by an adult!  Place on a plate or in a shallow tray, cover with cling-film and place somewhere warm. Leave for upto a week and examine. Spores from micro-organisms are all around us, although we can’t see them. They land on the bread, germinate and grow giving symptoms of bread mould except were we have ‘protected the bread’ (bleach kills the microorganisms). Best if the bread was a couple of days old when you do the experiment. If you want another variable, cut into 3 and toast one piece (thus drier).  

Observing plant growth (1 hour)

How will we know if our germinated mung-beans have grown. Consider differences/similarities between germination and growth. Using a tube, provide the germinated bean seed with a support and a water supply using a piece of blotting paper as a wick with water in the bottom of the tube. Although growth is occurring all the time at the cell level we only see the effects over time so measure daily root length, shoot length, count leaves, note shoot colour etc. Setting up this experiment is awkward but it is another scientific skill well worth developing.

Runner Bean Challenge (1 hour)

Provide a blacked-out box with a hole in the lid and a runner bean seed that has been soaked in water overnight. Sow the seed in about 2cm of soil, moisten and then place pieces of card in the box to provide an obstacle course for the bean-shoot in its search for the light – coming through a narrow hole in the top of the box. Keep soil watered and place boxes in the warm and the light. 

Physical theatre – the wheat seed drama (15 min)

Out of the lab and into the sports hall for this one! Children are wheat seed, they go through the process of germination and growth responding to your description of events – watering, drought, sunshine etc etc. A great way to round-up the cycle of events in a memorable fashion.

Human Growth  (40 min) Potential ICT-link
Take advantage of the extra space in the hall and let’s do some more science.

In advance, challenge the children to calculate their exact age in years and days. Arrange children in a line of increasing age: note smallest children will not always be the youngest, but if growth occurs as they get older why is this not true? Discuss. Investigate other size relationships in humans – eg. height and foot size; length of arm from elbow to wrist compared with foot length.

Demo; Freeze-thaw in ‘rocks’ (Links to Lessons 1 & 3, but couldn’t fit on the page in Lesson 3!)

Find a small, thin-walled glass bottle. Fill completely with iced water ensuring there are no air-bubbles. Screw the top on tightly and place it in the middle of a medium-sized beaker. Surround the sealed bottle with a ‘freezing mixture’ of crushed ice and salt: start with a centimetre depth of ice, then a liberal amount of salt, and repeat until bottle is completely covered. Final proportions should be approx. 3 ice:  1 salt. Observe fall in temp – it occurs quickly and is quite dramatic – a data-logger would be ideal but we used a standard thermometer. The temp will drop to approx –20oC. If the glass bottle is sufficiently thin, then shattering will occur quickly (5-10 min) even before its contents are completely frozen, by cracking at the base due to a build up of pressure. Including food colouring in the bottle may help visualise when this has occurred.

