Download 2.3_2.0a 'Questions about Plants'


Questions about plants

These questions and the background ideas that follow can be used with trainee teachers, both primary and secondary, to assess any misconceptions they hold and to get them thinking about how plants work. The PowerPoint in download 2.1 contains many of these questions, so it can be used to get the group thinking about plants – giving them 10 or 20 seconds to discuss their response with a partner followed by collecting responses from individuals (and asking – does anyone agree?) is a useful method of involving the whole group.

Personal elicitation 
To help you consider where the materials come from for a plant to grow, and how it gets all the things it needs, try answering this question (tub-tree): 
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Now try these 
1. Which of these are classified as true plants:

i) seaweed

ii) ferns

iii) Scotch Pine

iv) Poppy

v) Phytoplankton

vi) Moss 

vii) Chestnut 

viii) mushroom

2. Why do daffodils produce flowers? Why do apple trees produce apples?

3. What help do bees give flowers, and what help do flowers give bees? 

4. Why and how do flowering plants produce seeds? How and why do they get their seeds away from the parent? (this leads on from qns 1 and 3) 

5. What conditions are essential for (a) germination of a seed and (b) onward growth of a seedling? 

6. What is/are the source(s) of energy for a seed to germinate and for a seedling to grow? 

7. Are these fruit or vegetables: tomato, pea, rhubarb, potato, cucumber?

8. Name as many vegetables or fruits as you can that come from these parts of the plant:

i) Flower

ii) Fruit

iii) Leaf

iv) Stem

v) Root

Background ideas 

These questions challenge our views about the life cycle of plants and the life processes that keep them alive. 

Plants form one group of living things. This group includes both flowering and non-flowering plants. Strictly speaking the single celled phytoplankton and multi-cellular seaweeds are not classed as plants, even though they photosynthesise and form the start of food chains. Fungi are not plants, they are a separate group which rely, like animals, on ready made organic matter, and with bacteria are responsible for recycling of materials in ecosystems through decay processes. 

Tub-tree: The Van Helmot experiment*

When Van Helmot (see footnote*) did this experiment in the 17th Century he concluded that a tree must be made entirely of rain water. Children and adults still find it hard to believe that the solid wood is made from stuff from the air. For example, the well-known film made for the BBC called ‘Simple Minds’ features interviews with Massachusetts Institute of Technology students on their graduation day, expressing surprise that solid wood could be built from carbon dioxide – a gas found in the air.(BBC 1994)

Q1 Plant classification

Of the 500 000 or so types of plants on the planet, half do not have flowers. These groups of plants do not reproduce using seeds, instead they produce spores. One common feature is that they all contain some form of vascular tissue (water transporting xylem or nutrient transporting phloem) in their structure.  This distinguishes them from other photosynthetic organisms. So in the list of living things in question one, seaweed and phytoplankton are not classed as plants, even though they contain chlorophyll and photosynthesise. Mosses, ferns and conifers are classed as plants, but are ‘non-flowering’

Qns 2-4 – Reproduction in plants. Most young children will say that flowers are there to look pretty and fruits are there for us to eat. It takes some re-organisation of thinking to realise that plants have their own needs, and that flowers and fruit are their way of reproducing. Of course humans have selectively bred or ‘domesticated’ plants so they are of more use to us, so in a way the domesticated daffodil’s survival depend on us thinking it looks pretty. As plants don’t need to move because their material needs for photosynthesis (water and carbon dioxide) are around them, flowers have evolved to be attractive to bees and other animals so that pollen is transferred to other flowers for sexual reproduction. Richard Feynman (BBC 1981) pointed out that, as we also find flowers attractive, this suggests that we may share some common features of our senses with a range of other animals. 

Q2 is interesting. This is discussed in detail in the unit: K2.5 Living things in their environment.  Please see Download K2.5_4.0a ‘Living things are there for our benefit’ paragraph 4.
Q3 leads to the fascinating stories, first of all of how pollen is transferred and then of how the seeds are dispersed. These will be familiar to most trainee teachers, but we can spring a few surprises. Again, it is important to stress that plants don’t move, but they use other means (e.g. wind, insects, water, explosion) to move seeds away from the parent to avoid competition).

http://www.bbc.co.uk/schools/ks3bitesize/science/biology/flower2_3.shtml  

Qn 5. What conditions are essential for germination and onward growth? 

Pupils and students need to distinguish conditions for germination of a seed (oxygen, warmth and water) from the additional conditions needed for growth once the green leaves have appeared (carbon dioxide, sunlight and minerals). We need to encourage pupils in school to do experiments either on germination or on growth where you:

· start from a seed and stop at the first signs of leaves

· or you start with a set of similar seedlings and see the effect of depriving them of different factors on their onward growth

Germinating seeds show the properties of living things and are good subjects for a range of investigations. They need water, which enters through a hole (micropyle) in the seed coat, to mobilise the food stores, which can then be digested (broken apart) by enzymes. 

The seeds need oxygen (in air) to oxidise the digested food (now in the form of sugar) through the process of respiration. This is obtained from the air surrounding soil particles, so seeds and plants usually die in waterlogged soil. Respiration of the sugars releases energy for growth. A warm environment is needed for the enzymes to act. If it is too cold the action slows or stops, whilst excessive heat kills them (enzymes, which are proteins, become 'denatured'). Other digested food in the seed is used for growth until the green leaves are formed and the seedling can begin to photosynthesise.

Onward growth of seedlings. When photosynthesis starts the plant can make its own food. If no light is present, or the lighting is poor the seedling grows tall, stringy and yellow (etiolated) in an effort to reach the light. This is important in overcrowded conditions. Now the growing seedling needs carbon dioxide (from the air) and water (from the roots) for photosynthesis. All the cells still need oxygen for respiration, however during the day the cells with chlorophyll will also be producing oxygen, so if the light is bright enough the cell will be a net exporter of oxygen. Carbon Dioxide produced during respiration can be used directly in photosynthesis.

The supply of trace elements in the seed is soon exhausted as they become assimilated during growth.  The roots need to bring these up as minerals dissolved in the water, which is taken up to the leaves (in the xylem vessels; hollow tubes within the plant’s stem).

Like the germinating seed, a plant needs to be warm enough for the plant’s metabolism to work, but not too hot, when enzymes begin to denature.

Other conditions that affect germination and growth. Acid (in acid rain) can damage young seedlings, whilst fire normally kills the seeds (however, some grass seeds need scorching for them to germinate). Freezing usually has no effect and some species need a cold spell for them to germinate successfully (eg apple, ash, sycamore). This is a useful mechanism to prevent early germination in a warm autumn, which would be followed by the harsh conditions of winter that would kill the young seedling.

Q 6 Energy from the sun (photosynthesis) and respiration

Plants make up their structures (biomass) mainly from water and carbon dioxide using the energy of sunlight in the presence of their green pigment (called chlorophyll). This process is called photosynthesis or 'building up by light'. It is best thought of as the pulling away of oxygen from both water and carbon dioxide, leaving biomass in the plant. The energy stored by this splitting process is released when oxygen and biomass rejoin during respiration (by the plants themselves or organisms that have eaten the plants) or burning. In summary, carbohydrate is a building material for plants and is a fuel for either respiration or combustion. Using the energy from respiration the simple carbohydrate can be reformed into biomass, usually by adding additional elements from the minerals taken up by the plant (protein needs nitrogen and sometimes sulphur; DNA needs phosphorus and nitrogen; chlorophyll needs magnesium and nitrogen). 

So, although sunlight starts the process, the actual workhorse energy to drive living things comes from respiration of the fuel when it joins with oxygen. There are a few ecosystems which are based on chemosynthetic bacteria, such as the dark hot thermal vents at the mid-ocean ridges, where carbohydrate synthesis is driven by the oxidation of sulphur or other chemical reactions (one of the latest ideas is from UV radiation from geothermal vents).

http://people.cornellcollege.edu/m-mariorenzi/geo105/Chemosynthesis.htm 

Q7 & 8 Plant parts 

Much confusion occurs because we use terms differently in everyday life from the way they are used in science. Fruits, like the cucumber, are fertilised ovaries, holding the seeds of the plant, and tempting animals to eat them, allowing the seeds to pass through their digestive tract to become deposited some distance from the parent plant, with an automatic dollop of fertiliser. Q8 is useful as it allows children to think of the plant part first, then find an example from the food they eat. Cauliflower and broccoli are flowers; rhubarb and asparagus are stems (but so are potatoes, since both leaves and roots grow from them); carrots and parsnips are roots; lettuce & cabbage are leaves; tomatoes, apples, cucumbers and peppers are fruits.

Non-flowering plants

Mosses and liverworts (spores) Mosses have rows of thin, almost transparent leaflets, which hold water like a sponge. Liverworts have a fleshy body without obvious leaves. They both require shady damp conditions and are found near water. 

Ferns and horsetails (spores) Some of the more obvious non-flowering plants, ferns, were once the commonest land plant 250 million years ago. They produce spores under their large fronds (not true leaves) and are still very dependent on water for sexual reproduction. As climate conditions changed, swamps where many ferns grew became filled in with sediment. We now extract these fern remains as coal, several million years later. 

Conifers (seeds)
In evolutionary terms, these were the first of the seed bearing plants and were the commonest land plant about 65 million years ago. They produce seeds in a cone and are independent of water for sexual reproduction. They are generally evergreen, but some, e.g. larch, are deciduous. 

Flowering plants 


These are the commonest land plant today and have successfully colonised most habitats on the planet. They produce a seed that is dispersed in some form of fruit, ensuring that the new seedlings will be transported away from the adult plant, avoiding direct competition for nutrients. They are completely independent of water for sexual reproduction. 

Pupils have difficulty in recognising the wind-pollinated flowers as flowers – e.g. the grasses, and many trees. To them a flower is ‘pretty’ and colourful. 

Like the wind dispersal of seeds, wind pollination is a wasteful process where most of the pollen is lost, so the pollen grains are small, and it is these that cause the most problem to hay-fever sufferers.

*Footnote

Jean Baptista van Helmont (1577-1644) performed one of the classic experiments in plant physiology.  His research was published posthumously in Ortus Medicinae (in 1648) and is one of the first examples of the use of the ‘scientific method’.  Interestingly, this work was not truly original (it was mentioned by the Greeks and Da Vinci did a similar unpublished experiment with pumpkins).

But I have learned by this handicraft-operation that all Vegetables do immediately, and materially proceed out of the Element of water onely .For I took an Earthen vessel, in which I put 200 pounds of Earth that had been dried in a Furnace, which I moystened with Rainwater, and I implanted therein the Trunk or Stem of a Willow Tree, weighing five pounds; and atlength, five years being finished, the Tree sprung from thence, did weigh169 pounds, and about three ounces: But I moystened the Earthen Vessel with Rain-water, or distilled water (alwayes when there was need) and it was large, and implanted into the Earth, and least the dust that flew about should be co-mingled with the Earth, I covered the lip or mouth of theVessel with an Iron-Plate covered with Tin, and easily passable with many holes. I computed not the weight of the leaves that fell off in the four Autumnes. At length, I again dried the Earth of the Vessell, and there were found the same two hundred pounds, wanting about two ounces. Therefore164 pounds of Wood, Barks, and Roots, arose out of water onely. (Helmont,1662).
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