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4.1 Photosynthesis  
 

4.1.1 Photosynthetic reaction  
Photosynthesis  

• An endothermic reaction in which energy comes from sunlight is transferred from environment to 
the chloroplasts by light 

  
Equation 

 
Adaptations of leaves 

1. Large surface area - absorb light 
2. Thin walls - short diffusion distance 
3. Chlorophyll in chloroplasts - absorb light 
4. Veins - transport water in xylem & glucose in phloem 
5. Air spaces - CO2 in, O2 out by diffusion 

  
Uses of glucose 

1. Respiration - release energy 
2. Produce amino acid - make protein 
3. Produce cellulose - strengthen cell wall 
4. Store as lipids in seeds 
5. Store as insoluble starch in root, stem & leaves 

  
How do plants make proteins? 

• Amino acids made from glucose and plants combine these with nitrate ions absorbed from the soil 
to make proteins. 
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Possible words: sucrose, chloroplast, glucose, respiration, starch, carbon-dioxide, 

xylem, concentrated, photosynthesis, chloroplasts, oxygen, water, mesophyll, 

chlorophyll, energy, stomata, diffusion, guard, palisade, spaces, concentration. 

 

 

The products of photosynthesis 

 
 

(1)  Set up the apparatus as shown in the diagram.  Switch the lamp on.                                                                       

It is important to have a really healthy piece of pondweed.  Cut the stem at an angle.  

If it does not produce bubbles after a couple of minutes in the tube, tell your teacher – 

or try another piece of pondweed! 

 

(2) When the pondweed has settled down, and is producing bubbles, start your stop 

clock.  Count how many bubbles are produced in 2 min.  Without changing anything, 

do the same thing twice more.  Record all your readings, and work out the average 

number of bubbles per minute 

 

(3) Now switch off the lamp.  If the room is still bright, you can arrange some sort of 

shade around your apparatus.  Leave the weed for at least 5 min to settle down.  Then 

count bubbles as before.  Repeat it two more times and work out the average number 

of bubbles per minute. 

 

Questions: 

 

(1) Why did you take three readings each time? 

____________________________________________________________________

____________________________________________________________________ 

 

(2) Was there any difference in the rate of bubbling with and without the lamp? 

____________________________________________________________________

____________________________________________________________________ 
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(3) Temperature can affect the rate of photosynthesis.  Can you see anything wrong 

with this experiment?  How could you solve this problem? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

  

(4) How could you test the gas collected for the presence of oxygen? 

____________________________________________________________________

____________________________________________________________________ 

 

Limiting factors 

 

When we try the last experiment, we notice that the plant produces oxygen more 

rapidly when the light is closer to it.  Photosynthesis is a chemical process, and as the 

light intensity is increasing the rate of this process increases.  Because the rate is 

dependent on light intensity over this range, we say that light is a ‘limiting factor’ 

for photosynthesis.  To put it another way we can say that the lack of light limits the 

rate at which the plant can photosynthesis. 

 

Instead of plotting a graph of rate of photosynthesis (average number of bubbles of 

oxygen produced per min) against distance of lamp to pondweed, we can firstly 

calculate a value that is relatively the same as light intensity i.e. 

 

 

 
                                                               2 

Light intensity = 1 / distance of lamp 

 

 

 

 

 

 

Then we can plot a graph as follows: 

 

 
Question: On this graph mark the region, which shows that light, is acting as a 

limiting factor during photosynthesis.  How does this correlate to the experiment with 

the lamp and pondweed? 
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____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

 

Question: On this graph mark the region, which shows that light, is no longer acting 

as a limiting factor during photosynthesis.  How does this correlate to the lamp and 

the pondweed? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

 

The graph shows that when the lamp is really close to the pondweed, and the light 

intensity is very high, the curve flattens out.  The plant is not able to photosynthesis 

any faster, no matter how much light it gets.  Light is not a limiting factor any more. 

 

It is clear from the plateau on the graph from the previous page that something else 

must be limiting the rate of photosynthesis.  In other words, there is/are other factors 

operating which could make the rate of photosynthesis increase if they themselves 

were increased.  They are acting as limiting factors, preventing photosynthesis from 

working at an even faster rate? 

 

Question: Photosynthesis is a chemical process.  What could this/these other 

factors be?  Draw on the graph the effect of increasing one of these limiting 

factors when light is no longer limiting. 

____________________________________________________________________ 

 

Question: One factor needed in photosynthesis is water.  However, in this 

particular case, it can never be a limiting factor.  Explain why. 

____________________________________________________________________ 

 

 

 

Yes you are right! One of these limiting factors is the availability of carbon dioxide.  

Plants need carbon dioxide for photosynthesis, and there is only a very little carbon 

dioxide in the air.  So, at high light intensities, it is often a shortage of carbon 

dioxide, which limits the rate at which a plant can photosynthesise.  Carbon dioxide 

can be a limiting factor on a bright summer day. 

 

Temperature can also be a limiting factor.  The rate of chemical reactions in a living 

organism slows down at low temperatures.  So plants tend to photosynthesise more 

slowly at low temperatures.  If the temperature is raised, the rate of photosynthesis 

may increase.   

 

Question: If the temperature gets too high, it will start to have the reverse effect and 

slow down and even stop the rate of photosynthesis.  Explain how this is brought 

about, hint: photosynthesis is an enzyme-controlled process. 

____________________________________________________________________

____________________________________________________________________ 

 

Question: Consider the table below.  There may be one or more than one limiting 

factor operating during photosynthesis for each of the specified environmental 

conditions.  If you think a factor is limiting, put a tick.  If you do not think that the 

factor is limiting, put a cross. 
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Environmental 

conditions for 

pondweed 

 

Light intensity 

 

Carbon dioxide 

 

Temperature 

Bright but cold day 

in winter. Pond is 

made of granite 

rock 

   

Hot summer day 

Pond is made of 

granite rock. 

   

Hot summer day.  

Pond is made of 

limestone rock.  

   

 

Question: How might the availability of water nutrients such as magnesium and 

nitrate (mineral salts absorbed by roots), possibly in very rare circumstances, act as a 

limiting factor in photosynthesis? 

____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 
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Question: Complete the text using this diagram to help you: 

 

The glucose produced by chloroplasts in leaf cells during the process of ___________ 

can be used for many processes in the plant. 

 

The primary use for glucose is for the production of energy during ____________.  

This has to occur day and night.  This energy is used for growth and repair (building 

up larger molecules e.g. __________ from smaller ones).  It can also be used to 

transport useful molecules into cells such as amino acids during a process called 

________ ___________. 

 

The amount of glucose produced during photosynthesis, must be produced in excess 

of that needed for immediate respiration.  Some glucose must be stored as ________ 

by bonding together numerous glucose molecules.  During the night, this starch can 

then be broken back down into _________ and used to produce energy in respiration. 

  

Possible words: glucose, starch, active transport, respiration, cellulose, and 

photosynthesis. 
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B4 Topic (1) 

 

 
Across 
3. Type of structural sugar found in cell walls. 
5. Amino acids can be linked together to make these. 
6. Another name for fat molecules. 
7. Chemical reaction, which results in the breakdown of food to release 
energy. 
8. Pore in leaf surrounded by guard cells. 
12. Green pigment found in chloroplasts. 
13. Type of plant cell that has no need for chloroplasts. 
14. Type of mesophyll cell found underneath the cuticle. 
15. If you increase a certain factor, which is needed in a chemical reaction, 
and the rate increases then it is referred to as this. 
17. Sugar produced in photosynthesis. 
Down 
1. Photosynthetic cell in leaf. 
2. Found in a plant cell and takes up water by osmosis to keep the cell full 
and turgid. 
3. Liquid part of a plant or animal cell. 
4. Type of mesophyll cell with an irregular shape. 
9. This can be considered as a limiting factor. 
10. Most sugar is transported as this in a plant. 
11. Surrounds the plant cell membrane 
16. Organelle that contains chlorophyll, which traps light energy in 
photosynthesis. 
18. Gas produced in photosynthesis. 

 
Question: The diagram below shows several aspects of plant physiology.  With a blue 

colour pencil, trace the movement of water from the soil up into the leaf.  With a yellow 

coloured pencil trace the movement of glucose made in the leaf down to the root. 

Possible words: mesophyll, vacuole, 

spongy, respiration, lipids, proteins, 

cytoplasm, cellulose, chloroplast, 

limiting, oxygen, palisade, sucrose, wall, 

chlorophyll, temperature, stoma, root, 

glucose. 
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Question: The following text should be completed with reference to the previous 

diagram. 
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Water is taken into the root by a process called osmosis.  It then passes from root cell 

to root cell and then to special water conducting cells called _______ vessels by the 

same process.  Xylem vessels are long tubular cells, which extend end to end all the 

way up from the root to the stem and then the ________.  They die young; the 

cytoplasm drains away from their interior to allow the free passage of water from one 

xylem vessel to the next through pits (holes) in their end cell ______.  Xylem tissue 

transports water from the roots to the stem and leaves.  In the leaves, the water then 

diffuses to photosynthetic cells, which use it during the process of ___________. 

 

There are tiny holes in the leaf called _________.  Special cells lining their perimeter 

called _______ cells, which swell and shrink as they gain or lose water, control the 

size of the stomata.  This controls the rate at which air can move in and out of the leaf.  

Carbon dioxide is extracted from the air in the leaf by the photosynthetic cells and 

used with the oxygen to produce _________ and oxygen during photosynthesis. 

 

This glucose:  

(a) Can be used immediately and broken down during __________ to release  

energy.          

(b) Polymerised together with other glucose molecules and stored as ________ 

(c) Transported mainly as _______ in phloem cells to any cell in the plant that 

requires sugar e.g. root cells, the growing regions and the storage organs. 

 

Glucose can also be changed or modified and combined with minerals e.g. nitrate 

taken in with the soil water to make amino acids.  Once a plant cells has all the amino 

acids that it needs, they can then be polymerised together to form cell ________. 

 

There are several different types of mineral dissolved in the soil water and taken in by 

the root to be transported via the _______ to the stem and leaves.  They have vital 

roles as explained below: 

 

(1) Nitrates are needed for the synthesis of proteins.  If nitrate ions are deficient, 

the plant suffers from stunted _______ and ________ older leaves. 

(2) Phosphate has an important role in the reactions involved in __________ and 

respiration.  If phosphate ions are deficient, poor ______ growth and _______ 

younger leaves develop. 

(3) Potassium has an important role helping enzymes involved in photosynthesis 

and _________ to work.  If potassium ions are deficient ________ leaves with 

dead spots develop.  

 

Possible words: yellow, growth, photosynthesis, proteins, starch, respiration, glucose, 

sucrose, stomata, xylem, leaves, walls, guard, purple, root. 

 

Question: The transport of water in the xylem is a passive process (does not require 

energy) and the transport of sugar in the phloem is an active process.  

Flowering plants have separate transport systems for water and nutrients (sugars).   

Explain why the movement of water through the xylem only occurs in one direction 

whilst sugar movement in the phloem can be in both directions. 

_____________________________________________________________________ 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 
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Plants need minerals too 

 

Modern farmer’s put fertilisers on their crop plants.  They then grow the same crop in 

the field for several years. 

 

A farmer contains minerals such as: 

 

• Nitrates containing nitrogen (N) 

 

• Phosphates containing phosphorus (P) 

 

• Potassium (K) 

 

• Magnesium (Mg) 

 

Plants use these minerals to grow.  Fertilisers can be natural, such as manure, or 

manufactured. 

 

In a manufactured fertiliser the amount of each mineral can be controlled.  This is 

done because different plants need different minerals at different stages of growth. 

 

Question: Why did early farmers have poor crops? 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Name two types of fertiliser. 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Connect up the first statements to the second appropriately. 

 

Nitrates are used to make proteins which                    Magnesium is used to make 

Are needed for growth and repair                                chlorophyll molecules 

 

 

A plant uses phosphates in respiration                         Potassium is used to make some 

(releasing energy).  They are also needed                    enzymes.  Enzymes speed up  

for growth, especially in roots                                      chemical reactions and they are  

                                                                                      needed in photosynthesis and 

                                                                                      respiration. 

 

Potassium compounds are used in                               Phosphorus in phosphates is  

Respiration and photosynthesis.                                   used to make cell membranes 

                                                                                      and DNA (carries information). 

 

  

Magnesium compounds are needed                             Nitrogen in the nitrates is used 

in photosynthesis                                                          to make amino acids.  These can 

                                                                                      be joined together to make 

                                                                                      proteins such as enzymes.  
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Question: Suggest why a gardener gives his plants fertiliser every week in the 

summer months. 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Which elements are needed to makes enzymes and why are they important 

to the plant? 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: What are the signs of plant mineral deficiency? 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 
 

Question: Why should both a lack of nitrates and magnesium result in yellow leaves? 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Why should a lack of potassium result in poor fruits and flowers? 

_____________________________________________________________________

_____________________________________________________________________ 
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Question: Complete the following table: 

 

Mineral deficiency               Plant symptom         Reason for symptom 

 

 

Nitrates 

 

  

 

Magnesium 

 

  

 

Potassium 

 

  

 

Phosphates 

 

  

 

 

The food factory 

 

 
 



 25

Question: Complete the text using the previous diagram to help you: 

 

The glucose produced by chloroplasts in leaf cells during the process of ___________ 

can be used for many processes in the plant. 

 

The primary use for glucose is for the production of energy during ____________.  

This has to occur day and night.  This energy is used for growth and repair (building 

up larger molecules e.g. __________ from smaller ones).  It can also be used to 

transport useful molecules into cells such as amino acids during a process called 

________ ___________. 

 

The amount of glucose produced during photosynthesis, must be produced in excess 

of that needed for immediate respiration.  Some glucose must be stored as ________ 

by bonding together numerous glucose molecules.    Carrots store starch in their large 

orange roots.  During the night, this starch can then be broken back down into 

_________ and used to produce energy in respiration. 

  

Possible words: glucose, starch, active transport, respiration, cellulose, and 

photosynthesis. 

 

 

Question: The diagram below shows several aspects of plant physiology.  With a blue 

colour pencil, trace the movement of water from the soil up into the leaf.  With a 

yellow coloured pencil trace the movement of glucose made in the leaf down to the 

root. 
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Question: Why can glucose be carried around the plant easily? 

_____________________________________________________________________

_____________________________________________________________________ 
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Question: Glucose is soluble and starch is insoluble.  Why is starch stored rather than 

glucose? 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: During the night explain what chemical processes take place in a plant. 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: When a plant grows it can turn glucose into cellulose for cell walls.  

Glucose can also be turned into fats and oils, a high-energy store.  What else can 

happen to the glucose that is made? 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Explain how a carbon atom in a carbon dioxide molecule in the air can end 

up as a carbon atom in a starch molecule in a root cell. 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

Balancing the photosynthesis equation 

 

The overall balanced symbol equation for photosynthesis is: 

 

6CO2 + 6H20                     C6H12O6 + 6O2 

 

Glucose is a small soluble molecule (C6H12O6), unsuitable for storage.  This is 

because it could easily dissolve and be lost from the cell.  Alternatively, if it stays in 

the cell and increases the strength of the solution in the cytoplasm, this would cause 

water to pass in by osmosis.  The pressure could damage the cell. 

 

For storage, the glucose joins together to make larger molecules of starch.  Starch is: 

 

• Insoluble and therefore not easily lost from the cell in solution. 

 

• Not very reactive making it a good storage molecule. 

 
 



 28

Question: Explain why being insoluble makes starch a better storage molecule than 

glucose. 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Name the elements present in a molecule of starch. 

_____________________________________________________________________ 

 

 

Summer growth 

 

February can be very cold.  Pea seeds have to be covered by glass if they are to 

germinate. 

 

When spring and summer arrive the pea plants get more light for photosynthesis.  The 

extra light and warmth help the peas grow faster, ready for picking in June. 

 

Question: Why do seedlings have to be covered by glass?  Why should they then 

grow faster in spring and summer? 

____________________________________________________________________

____________________________________________________________________ 

 

Conditions that speed up photosynthesis 

 

Plants grow better in a greenhouse.  This is because the following increase the rate of 

photosynthesis. 

 

• Keep the greenhouse warm. 

 

• Providing the greenhouse with extra carbon dioxide. 

 

• Increasing the amount of light in the greenhouse. 

 

Plants and respiration 

 

Carbon dioxide and water using energy makes oxygen and glucose during 

photosynthesis. 

 

carbon dioxide + water + energy = glucose + oxygen 

 

The same glucose can be broken down releasing energy, carbon dioxide and water. 

glucose + oxygen = carbon dioxide + water + energy 

 

This makes respiration the reverse of photosynthesis. 

 

Unlike photosynthesis, respiration never stops because the plant needs the constant 

supply of energy it releases. 

 

Question: Why does the plant need energy 24 hours a day? 

_____________________________________________________________________

_____________________________________________________________________ 
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Question: In bright sunlight what gas is released from leaves?  Explain. 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: What gas does a plant release from its leaves at night? Explain. 

____________________________________________________________________

____________________________________________________________________ 

 

Limiting factors 

 

When we try the last experiment, we notice that the plant produces oxygen more 

rapidly when the light is closer to it.  Photosynthesis is a chemical process, and as the 

light intensity is increasing the rate of this process increases.  Because the rate is 

dependent on light intensity over this range, we say that light is a ‘limiting factor’ 

for photosynthesis.  To put it another way we can say that the lack of light limits the 

rate at which the plant can photosynthesis. 

 

Instead of plotting a graph of rate of photosynthesis (average number of bubbles of 

oxygen produced per min) against distance of lamp to pondweed, we can firstly 

calculate a value that is relatively the same as light intensity i.e. 

 
                                                               2 

Light intensity = 1 / distance of lamp 

 

Then we can plot a graph as follows: 

 
Question: On this graph mark the region, which shows that light, is acting as a 

limiting factor during photosynthesis.  How does this correlate to the experiment with 

the lamp and pondweed? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 

 

Question: On this graph mark the region, which shows that light, is no longer acting 

as a limiting factor during photosynthesis.  How does this correlate to the lamp and 

the pondweed? 

____________________________________________________________________

____________________________________________________________________

____________________________________________________________________ 
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The graph shows that when the lamp is really close to the pondweed, and the light 

intensity is very high, the curve flattens out.  The plant is not able to photosynthesis 

any faster, no matter how much light it gets.  Light is not a limiting factor any more. 

It is clear from the plateau on the graph from the previous page that something else 

must be limiting the rate of photosynthesis.  In other words, there is/are other factors 

operating which could make the rate of photosynthesis increase if they themselves 

were increased.  They are acting as limiting factors, preventing photosynthesis from 

working at an even faster rate? 

 

Question: Photosynthesis is a chemical process.  What could this/these other factors 

be?  Draw on the graph the effect of increasing one of these limiting factors when 

light is no longer limiting. 

____________________________________________________________________ 

 

Question: One factor needed in photosynthesis is water.  However, in this particular 

case, it can never be a limiting factor.  Explain why. 

____________________________________________________________________ 

 

Yes you are right! One of these limiting factors is the availability of carbon dioxide.  

Plants need carbon dioxide for photosynthesis, and there is only a very little carbon 

dioxide in the air.  So, at high light intensities, it is often a shortage of carbon 

dioxide, which limits the rate at which a plant can photosynthesise.  Carbon dioxide 

can be a limiting factor on a bright summer day. 

 

Temperature can also be a limiting factor.  The rate of chemical reactions in a living 

organism slows down at low temperatures.  So plants tend to photosynthesise more 

slowly at low temperatures.  If the temperature is raised, the rate of photosynthesis 

may increase.   

 

Question: If the temperature gets too high, it will start to have the reverse effect and 

slow down and even stop the rate of photosynthesis.  Explain how this is brought 

about, hint: photosynthesis is an enzyme-controlled process. 

____________________________________________________________________

____________________________________________________________________ 

 

Question: Consider the table below.  There may be one or more than one limiting 

factor operating during photosynthesis for each of the specified environmental 

conditions.  If you think a factor is limiting, put a tick.  If you do not think that the 

factor is limiting, put a cross. 

 

Environmental 

conditions for 

pondweed 

 

Light intensity 

 

Carbon dioxide 

 

Temperature 

Bright but cold 

day in winter. 

Pond is made of 

granite rock 

   

Hot summer day 

Pond is made of 

granite rock. 

   

Hot summer day.  

Pond is made of 

limestone rock.  
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Question: How might the availability of water nutrients such as magnesium and 

nitrate (mineral salts absorbed by roots), possibly in very rare circumstances, act as a 

limiting factor in photosynthesis? 

____________________________________________________________________ 

 

 

 

How a leaf is adapted to photosynthesis 
 

Leaves on deciduous trees change colour in autumn because the trees absorb the green 

pigment from the chloroplasts. 

 

Because leaves are specially adapted to carry out photosynthesis many cannot survive 

winter frosts and drop off the trees. 

 

How a leaf is specially adapted 

 

A leaf is adapted for photosynthesis by: 

 

• Being broad so that it has a large surface area to absorb light. 

 

• Being thin so gases do not have far to travel and light is able to reach all the 

way through. 

 

• Having chlorophyll, which absorbs light, in most of its cells. 

 

• Having a network of specialised cells in veins to support it and carry water and 

food, such as sugars, to different parts of the plant. 

 

• Having stomata to diffuse into it and oxygen to diffuse out of it. 

 

Did you know? 

 

Seaweeds can be green, red or brown.  Their colour depends upon the pigments they 

contain.  Green seaweeds are found in shallow water and brown seaweeds are found 

in deep water. 

 

 Question: Why is it important for leaves to have a large surface area? 

_____________________________________________________________________

_____________________________________________________________________ 

 

Question: Holly leaves have a thick waxy covering.  Suggest why. 

_____________________________________________________________________

_____________________________________________________________________ 

 


