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Autotrophic Nutrition  
This is the synthesis of organic compounds from inorganic sources. 

There are two types autotrophic nutrition. 

(a) Chemosynthesis: is the synthesis of organic compounds from carbon dioxide and water 

using energy from oxidation of inorganic materials such as hydrogen sulphide, ammonia 

and iron II. 

(b) Photosynthesis is the synthesis of organic compounds from carbon dioxide and water 

using energy from light. 

 

Importance of Autotrophic nutrition 

1. Sugars resulting from autotrophic nutrition constitute structures of plants and animals 

2. Sugars obtained from autotrophic nutrition are source of energy 

3. Hyman depend on photosynthesis for energy containing fuel, which have developed over 

millions of years 

4. Photosynthesis maintains a constant concentration of carbon dioxide and oxygen in 

atmosphere. Oxygen is added to atmosphere as a result of photosynthesis while carbon 

dioxide is removed.  

 

Testing for presence of starch in leaves 

- The leaf is boiled in hot water to kill the protoplasm 

- The boiled leaf is placed in boiling alcohol to remove chlorophyll 

- The leaf without chlorophyll is placed on a white tile and a drop of iodine added 

- After a few minutes, the parts of the leaf that contain starch turn the iodine from brown to 

blue/black. 

 

 

Conditions necessary for photosynthesis 

(a) Carbon dioxide: is obtained from the atmosphere and water in case of aquatic plants. It is 

the source of carbon in carbohydrates. 

 

Experiment to show that carbon dioxide is necessary for photosynthesis 
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The experiment is set up as shown above 

1. Two younger seedling growing in pots are kept in the dark for 3 days (to remove 

starch) and a leaf from each plant is tested to confirm absence of starch. 

2. In experiment I the burning candle supplies carbon dioxide while in experiment II 

carbon dioxide is absorbed by caustic soda. 

 

3. After 3 hours, a leaf is taken from each plant and tested for the presence of starch. 

Starch is found in the leaf of experiment I which had carbon dioxide. 

 

(b) Water provides hydrogen for the carbohydrates 

 

(c) Light usually from the sun is the source of energy for photosynthesising tissues. 

 

 

(d) Chlorophyll: this is a green pigment which helps to trap light energy for photosynthesis. 

 

Experiment to show that chlorophyll is necessary for photosynthesis 

When a variegated leaf is picked from a plant on a sunny day and tested for starch. Starch 

is found only in parts that originally contained chlorophyll. 

 

(e) A suitable temperature: photosynthesis proceeds by a series of chemical reactions 

controlled by enzymes which are sensitive to temperature. By comparing the rates of 

photosynthesis, at different temperatures, optimum temperatures for various plants are 

obtained. 

 

 

The leaf 

In higher plant the major photo synthetic organ is the leaf. 

 

Functions of the leaves 

1. Carry out photosynthesis with subsequent production of organic materials 

2. Carry out gaseous exchange through the stomata 

3. Transpiration takes place mainly through the leaves resulting in the cooling of plant and 

absorption of mineral salts and water 

4. Some leaves such as those of peas are modified by tendrils for support. 

5. Some leaves suck those bryophyllum are modified for storage 

6. Some leaves such as for bryophyllum are modified for vegetative reproduction 
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7.  Some leaves possess itching hairs, thorns, spikes and poisonous substances for protection 

of plant. 

8. Some leaves e.g. Venus fly trap are modified for capturing and extracting nitrogen from 

animals 

9. Some produce substances that kill parasites. 

 

 
 

Functions of tissues in dicotyledonous leaves 
Tissue  Structure Function 

1. Upper and lower 

epidermis 

One cell thick 

External walls covered with 

cutin (waxy substance)  

Contain stomata (pores 

surrounded by guard cells) 

- Protective 

- Cutin is water proof and 

reduce water loss from the 

leaves 

- Allow gaseous exchange 

2. Palisade mesophyll Column-shaped cells with 

numerous chlorophyll in thin 

layer of cytoplasm 

- Main photosynthetic tissue. 

Chloroplast may move 

towards light 

3. Spongy mesophyll Irregular shaped cells fitting 

loosely to leave large air 

space 

- Photosynthetic, but fewer 

chloroplast than palisade 

cells. Gaseous exchange can 

occur through the large air 

space via stomata. 

4. Vascular tissue Extensive finely branching 

network through leaf 

- Conduct water and mineral 

salts to the leaf in xylem 

- Remove photosynthetic 

products through phloem 

- Provide a supporting skeleton 
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to the lamina, aided by 

turgidity 

 

 

Adaptation of leaves to photosynthesis 

1. The leaf is only a few cells thick for easy penetration of light and gases. 

2. Wax cuticle prevent excessive water loss 

3. The palisade cells that contain numerous chloroplasts are well positioned to receive light. 

4. Presence of xylem that supply the leaf with water for photosynthesis 

5. The spongy mesophyll has many air space. Gases can readily diffuse to all photosynthetic 

cells 

6. They are broad and flat to offer a large surface area exposed to light and air 

7. Stomata control passage of gases 

8. The arrangement of leaves to the plant is such way that each leaf receives light. 

 

Modification of leaves to their functions 

(i) Flattened surface to reduce diffusion distance 

(ii) Shiny waxy cuticle to reduce water loss 

(iii) Mosaic arrangement to increase light absoption 

(iv) modified into tendrils to support weak climbing stems e.g. Gloriosa, peas 

(v) Some leaves are modified into spine in order to reduce water loss. Spines also protect 

the plant from herbivorous animals  

(vi) Some leaves are modified into scale leaves (thin, membranous, dry colorless 

structures) for protection. E.g. onion outer leaves 

(vii)  Phyllode : It is a green, expanded structure formed by the modification of petiole or 

rachis of leaf. Many xerophytes reduce the size of their leaves to minimize water loss. 

Such plant develop phyllodes to carry out photosynthesis e.g., Acacia, 

Melanoxylon and Parkinsonia. 

(viii) Some leaves are flesh to store water and food 

(ix) Some leaves develop vegetative bud for reproduction, e.g. bryophyllum 

(x) In some rootless, aquatic plants, the submerged leaves are modified into root like 

structure to absorb water and mineral salts. Such modified leaves are called absorbing 

leaves. e.g., Utricularia. 

(xi) Some leaves are brightly colored to attract insect pollinator, e.g. Bougainville  

(xii) Some leaves are modified to trap insects. 

 

 

Measuring the rate of photosynthesis 
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Method 

a. The apparatus is filled with carbonated water to enrich it with carbon dioxide. 

b. The setup is allowed to adjust to light intensity for 2-3 minutes. The rate of bubbling 

should be adequate such as 10 bubbles per minute. 

c. Light intensity is varied by increasing the distance, d, between the light source and the 

apparatus such as 10, 15, 20, 40 and 45cm. the bigger the distance, d, the lower the light 

intensity. 

d. The rate of formation of bubbles per minute at different distances, d, is an empirical 

measure of photosynthesis at a given light intensity. 

e. Temperature change is buffered by using a beaker of bigger capacity. 
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Chemistry of photosynthesis 

In the process of photosynthesis obtain energy from sunlight is trapped by chlorophyll and used 

for the manufacture of carbohydrates from carbon dioxide and water. 

The process is summarised by the following equation 

 

 
 

Importance of bacteria 
 

(1) Harmful effects 

(a) Bacteria are agents of disease of animals and plants such as syphilis, cholera, tetanus 

(b) Bacteria cause milk and food deteriorate 

(c) Denitrifying bacteria such as Thiobacillus lead to deterioration of soil fertility. 

(2) Useful effects 

(i) Saprotrophic bacteria cause decay of waste materials and lead to formation of 

humus and recycling of minerals. E.g. Bacteria (Nitrosomonas and nitrobacter) 

convert organically combined nitrogen (e.g. protein) to nitrate which are absorbed 

by plants. 

(ii) Nitrogen fixing bacteria e.g. Azobacter fix nitrogen into the soil. 

(iii) Aerobic and anaerobic bacteria are useful in digestion of sewage into harmless 

substances. Methane gas given off is sometimes used for fuel. 

(iv) Mutualistic bacteria in ruminants’ assist ruminants to digest cellulose, and 

synthesis of vitamin K and B group. 

(v) Some bacteria on the skin of humans enable it to obtain protection again inversion 

of pathogenic organism 

(vi) Bacteria and fungi are useful for making of cheese. 

(vii) Used for production of useful chemicals in genetic Engineering such as insulin 

 

 
Effects of Light on organisms 
1. Effect of light on protoplasm: sun rays may penetrate such covers and cause excitation, 

activation, ionization and heating of protoplasm of different body cells. Ultraviolet rays are 

known to cause mutational changes in the DNA of various organisms. 

 

2. Effect of light on metabolism: 

The metabolic rate of different animals is greatly influenced by light. The increased intensity 

of light results in an increase in enzyme activity, general metabolic rate and solubility of salts 

and minerals in the protoplasm. Solubility of gases however, decreases at high light intensity. 

Cave dwelling animals are found to be sluggish in their habits and to contain slow rate of 

metabolism. 

 

3. Effect of light on pigmentation: 
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Light influences pigmentation in animals. Cave animals lack skin pigments. If they are kept 

out of darkness for a long time, they regain skin pigmentation. The darkly pigmented skin of 

human inhabitants of the tropics also indicate the effect of sunlight on skin pigmentation. The 

skin pigment’s synthesis is dependent on the sunlight. 

 

Light also determines the characteristic patterns of pigments of different animals which serve 

the animals in sexual dimorphism and protective colouration. Animals that dwell in the 

depths of the ocean where the environment is monotone, though pigmented do not show 

patterns in their colouration. 

 

 

4. Effect of light on animal movements: 

Some animals move in response to light light called phototaxis. Positively phototactic 

animals such as Euglena, move towards the source of light, while negatively phototactic 

animals such as planarians, earthworms, slugs move away from the source of light. 

 

5. Growth response such as phototropism  

 

6. Photoperiodism and biological clocks: 

Regularly occurring daily cycles of Light (day; and darkness (night) have been known to 

exert a profound influence on the behavior and metabolism of many organisms. 

Underlying such environmental rhythms of light and darkness are the movements of the 

earth relative to the sun and the moon. 
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Exercise 

1. The type of plant leaf shown in figure below is 

                         

A. Compound palmate 

B. Compound pinnate 

C. Simple palmate 

D. Simple pinnate 

2. Which of the following is not an adaptation of plant leaves to photosynthesis? 

A. Possession of chloroplast 

B. Possession of intercellular space 

C. Being hairy 

D. Having thin lamina 

3. Which of the following functions is performed by only modified leaf? 

A. Food manufacture 

B. Gaseous exchange 

C. Transpiration 

D. Vegetative reproduction 

4. The aim of experimental set up in figure below is to demonstrate that 

 
A. Oxygen is produced during photosynthesis 

B. Chlorophyll is necessary for photosynthesis 

C. Carbon dioxide is necessary for photosynthesis 

D. Light is necessary for photosynthesis 
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5. Figure below represents types of leaves 

 
Which of the above does not represent a modified leaf? 

6. Which one of the following features is used to determine whether leaves are compound 

A. Type of venation 

B. Presence or absence of leaflets 

C. Type of stalk 

D. Nature of margins 

7. Which of the following adaptations of leaves is most important for uptake of carbon 

dioxide during photosynthesis? 

A. Well distributed network of veins 

B. Large air spaces in mesophyll layer 

C. Large number of stomata on leaf surface 

D. Flat and broad shape of a leaf 

8. The figure below shows epidermis of a plant leaf. 

 
The difference between X and Y is that X 

A. Is round while Y is cylindrical 

B. Is pigmented while Y is transparent 

C. Is living while  Y is dead 

D. Cannot carry out photosynthesis while Y can 

9. Which of the following characteristics of a leaf is important in ensuring maximum 

absorption of light energy? 

A. Numerous stomata on lower epidermis 

B. Well spaced spongy mesophyll cells 

C. Compacted palisade cell 

D. Waxy cuticle on upper epidermis 
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10. Part of a section of a leaf showed irregularly shaped cells which were loosely packed 

with few chloroplasts. The part of the leaf is likely to be that of  

A. Spongy mesophyll 

B. Palisade mesophyll 

C. Upper epidermis 

D. Lower epidermis 

11. Which one of the following statements is true when testing for starch? 

A. Placing the leaf in water removes chlorophyll 

B. Boiling a leaf with water allows penetration of iodine 

C. Dipping the leaf in cold water softens it 

D. Boiling the leaf with methylated spirit dissolves chlorophyll 

12. Which of the following is an adaptation of the leaf for transportation of manufactured 

food? 

A. Numerous chloroplasts 

B. Numerous stomata 

C. Branching network of veins 

D. Large air spaces in spongy mesophyll 

13. The leaf in the figure below is modified for 

 
A. Absorption of nutrients 

B. Reproduction 

C. Photosynthesis 

D. Water storage 

14. When testing for starch in a leaf, it is boiled an alcohol in order to 

A. Kill protoplasm 

B. Make it permeable to iodine 

C. Remove chlorophyll 

D. Make it soft 

15. Which one of the following cell structures is possessed by both animal and plant cell? 

A. Chloroplast 

B. Cell wall 

C. Flagellum 

D. Cell membrane 
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E.  

16. The best description of the leaf in figure below is 

                

A. Pinnate and parallel venation 

B. Palmate and net veined 

C. Pinnate and net-veined 

D. Bipinnate and paralle veined 

17. Green plants give out less carbon dioxide during day than at night because during the day 

A. Thee rate of photosynthesis is low 

B. Transpiration interferes with escape of carbon dioxide 

C. Most stomata are closed 

D. Some of the carbon dioxide produced is used for photosynthesis 

18. When preparing a test for starch in a leaf, the leaf is boiled in alcohol in oder to 

A. Burst chloroplast 

B. Remove colored materials from the leaf 

C. Quicken the reaction of starch with iodine  

D. Soften leaf 

19. Which type of leaf is shown in the figure below 

          

A. Compound bipinnate 
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B. Compound trifoliate 

C. Compound pinate 

D. Compound palmate 

20. The figure below shows the structure of part of the lower epidermis of a leaf. 

 
What is the structure labelled T? 

A. Stroma 

B. Vacuole 

C. Chloroplast 

D. Guard cell 

21. Which of the following contains the least number of chloroplasts? 

A. Palisade cells 

B. Guard cells 

C. Epidermal cells 

D. Spongy mesophyll cells 

22. Photosynthesis is said to have a pair of raw materials, a pair of condition, and a pair of 

product. Which of these is the correct set? 

A. Carbon dioxide and light, water and chlorophyll, oxygen and sugars. 

B. Water and light, carbon and chlorophyll, oxygen and sugars 

C. Light and chlorophyll, carbon dioxide and sugar, water and oxygen 

D. Carbon dioxide and water, light and chlorophyll, oxygen and sugars 

Structured question 

23. (a) state four ways in which a leaf is suited for photosynthesis (08marks) 

(b) state two ways in which food transported to growing region is utilized by the plant 

(02marks) 

 

24. (a) Outline the adaptations of the following structures of a leaf to their functions 

(i) Cuticle (04marls) 

(ii) Pallisade mesophyll layer (04marks) 

(iii) Spongy mesophyll layer (04marks) 

(b) Describe the modification of leaves in plants on plants growing in hot areas. 

(03marks) 
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25. The figure below shows the amount of carbon dioxide in the air in a forest over a period 

of 24hours measured on a sunny day. 

              

(a) Explain the changes in carbon dioxide concentration 

(i) Between 08.00 hours and 16.00hours (04  marks)               

(ii) Between 16.00hour and 24.00hours (04marks) 

(b) (i) At what time was carbon dioxide highest? ( ½ marks) 

(iii) Why? (03marks) 

(c) (i) At what time was carbon dioxide lowest? ( ½ mark) 

(ii) Why? (03marks) 

(d) (i) on the same graph above, draw a sketch to show the variation in concentration of 

carbon dioxide over the same period of time if the measurement was carried out during a 

cloudy day. (02marks) 

(ii) Explain the variation in carbon dioxide in your compared to the original graph. 

(03marks) 

26. Describe an experiment to show that carbon dioxide is necessary for photosynthesis. 

(15marks) 

27. Describe an experiment to show that oxygen is produced during photosynthesis, 

(15marks) 

28. Describe how leaves of green plants suited for photosynthesis. (10marks) 
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29. The figure below is a transverse section of a leaf. 

 
(a) Name the parts labeled A, B, C and D. (02marks) 

(b) How are cells in layers A, B, and C adapted to perform their function? (3 ½ marks) 

(c) Name the material transported by structures E and F (1 ½ mark) 

(d) From the diagram, state three adaptations of a leaf for uptake of carbon dioxide for 

photosynthesis. (0marks) 

30. The diagram below shows an internal structure of a leaf. 

                     

(a) Label the layer a, b,c, and d on the diagram (02marks) 

(b) Give three differences between layers b and c, (03marks) 

(c) Using evidences from the diagram, describe how the structure of a leaf is suited for 

photosynthesis. (04marks) 

(d) What is the importance of wax on layer (a)? (01marks) 
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31. The figure below is an experiment set up to investigate the condition for photosynthesis. 

The plant is in light but had previously been kept in the dark overnight. 

 
(a) Which condition is being investigated?(01mark) 

(b) why 

(i) It was necessary to keep the plant in the dark overnight? (1mark) 

(ii) Is left attached to the plant? (01mark) 

(c) What is the purpose of sodium hydroxide in the flask? (01mark) 

(d) How would you test for starch after some time? (04marks) 

32. Table below shows results obtained from an investigation carried out on a fresh water 

plant. The plant was placed under water which had its carbon dioxide concentration 

varied as the number of bubbles of oxygen evolved per minute by the plant, was observed 

and recorded. The experiment was carried out under sunlight at 25
0
C. 

Table  

Carbon dioxide concentration  

(parts per volume) 

Number of oxygen bubbles per 

minute 

0.00 

0.02 

0.08 

0.14 

0.18 

0 

04 

20 

24 

24 

(a) What was the aim of the experiment 
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(b) In the space provided, draw a graph to represent the information in the table above

 
(c) Using the information explain the observation 

(i) At carbon dioxide concentration of 0.00. (03marks) 

(ii) Between the carbon concentration of 0.02 and 0.18. 

(d) Suggest an explanation for what would be observed in experiment if the 

(i) Carbon dioxide concentration was increase to 0.20 (01mark) 

(ii) Temperature was lowered to 5
0
C? (01mark) 
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Suggested answers 

1 C 5 B 9 C 13 B 17 D 21 C 

2 C 6 B 10 A 14 C 18 B 22 D 

3 D 7 C 11 D 15 D 19 D 23  

4 C 8 B 12 C 16 C 20 D 24  

 

23. (a) Adaptation of leaves to photosynthesis 

1. The leaf is only a few cells thick for easy penetration of light and gases. 

2. Wax cuticle prevent excessive water loss 

3. The palisade cells that contain numerous chloroplasts are well positioned to receive light. 

4. Presence of xylem that supply the leaf with water for photosynthesis 

5. The spongy mesophyll has many air space. Gases can readily diffuse to all photosynthetic 

cells 

6. They are broad and flat to offer a large surface area exposed to light and air 

7. Stomata control passage of gases 

8. The arrangement of leaves to the plant is such way that each leaf receives light. 

 (b) it is respired  to provide energy 

       It is used to build structures 

24. (a) (i) adaptation of the cuticle 

 - thin to allow easy penetration of light 

 - transparent to allow passage of light 

 - perforated to allow exchange of gases 

      (ii) Adaptation palisade layers 

 - cell have high concentration of  chloroplast  to increase light absorption 

 - cell closely packed to increase photosynthetic space 

 (iii) Adaptations of spongy mesophyll 

 - loosely packed to allow free movement of air 

 - contains chloroplast for trapping light energy and carry out photosynthesis. 

     (b) Modification of leaves in hot area 

 - hairy to reduce water loss 

 - thick cuticle reduce water loss 

 - become fleshy for water storage 
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 -stomata are concentrated at the lower cuticle to reduce water loss 

25. (a) (i) the concentration of carbon dioxide decrease because it being used for photosynthesis 

than can be replaced by respiration. 

 (ii) concentration of carbon dioxide  increase because it is produced by respiration than 

removed by photosynthesis 

   (b) (i) 7.00 am 

  (ii) carbon dioxide accumulates at night due to respiration 

  (c) (i) 4.00pm 

      (ii) because photosynthesis uses up carbon dioxide that can be eplaced by respiration 

(d)(i) Graph 

               

(ii) On cloudy day there is less light intensity leading to low carbon dioxide 

utilization. 

26. An experiment to show carbon dioxide is necessary for photosynthesis 

    (i) A potted plant is kept in the dark for 24 hours to remove starch from its leaves. 

   (ii) one its leaves is enclosed in a conical flask containing   potassium hydroxide and 

another  in a flask containing water as shown in the figure below 
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(iii) The plant is then placed in sunlight for 3 hour. 

(iv) Each of the two leaves is tested for the presence of starch. 

(v) The leaf in a flask  that contained potassium hydroxide solution does not contain  

starch because potassium absorbed carbon dioxide which was necessary for 

photosynthesis. 

 

27. Experiment to show that oxygen is produced during photosynthesis   

 

 
 

Method 

a. The apparatus is filled with carbonated water to enrich it with carbon dioxide and placed 

in sunlight. 

b. The gas is allowed to collect in a test tube. 

c. When the gas is test, it relight a glowing splint showing that it is oxygen 

d. A similar set up placed in the dark produces no oxygen. 
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28. Adaptation of leaves to photosynthesis 

1. The leaf is only a few cells thick for easy penetration of light and gases. 

2. Wax cuticle prevent excessive water loss 

3. The palisade cells that contain numerous chloroplasts are well positioned to receive light. 

4. Presence of xylem that supply the leaf with water for photosynthesis 

5. The spongy mesophyll has many air space. Gases can readily diffuse to all photosynthetic 

cells 

6. They are broad and flat to offer a large surface area exposed to light and air 

7. Stomata control passage of gases 

8. The arrangement of leaves to the plant is such way that each leaf receives light. 

 

29. (a)  A- upper epidermis 

  B- palisade layer 

  C- spongy mesophyll 

  D- lower epidermis 

(b) A  – is water tight to prevent drying of photosynthesizing tissues. 

 - transparent to allow passage of light 

- thin to allow penetration of light 

  B  - contains high concentration of light to trap sunlight 

  - well placed to receive light 

  -  well packed to maximize space and expose each cell to receive light 

 C - cell loosely packed to allow easy flow of gases 

  - contain chlorophyll  to trap light for photosynthesis 

    (c) E - water 

 F -manufactured food 

     (d) - contain xylem to supply water for photosynthesis 

 -  phloem transport manufactured food 

 - stoma allows gaseous exchange 

 - chloroplast s trap light energy for photosynthesis 

 - spongy mesophyll has many air spaces for gaseous exchange 

 - the leaf is a few cell thick to allow penetration of gases and light 

30. (a)  a- upper epidermis 

  b- palisade layer 
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  c- spongy mesophyll 

  d- lower epidermis 

 

(b) Differences between layer b and c 

Layer b Layer c 

High number of chloroplast Low number of chloroplast 

Small air space Big air space 

Cell elongated Cells irregularly sghaped 

(c)  - contain xylem to supply water for photosynthesis 

 -  phloem transport manufactured food 

 - stoma allows gaseous exchange 

 - chloroplast s trap light energy for photosynthesis 

 - spongy mesophyll has many air spaces for gaseous exchange 

 - the leaf is a few cell thick to allow penetration of gases and light 

(d) reduce water loss 

31(a) carbon dioxide 

    (b)(i) to remove starch from the leaves 

        (ii) to enable the leaf to obtain water 

(c) To absorb carbon dioxide 

(d) Testing for starch in the leaves 

- A leaf is boiled in water to kill protoplasm and burst starch granule present 

- Then, it is boiled in alcohol to remove chlorophyll 

- Then, it is dipped in hot water to soften it 

- Iodine is applied on a white tile 

- The leaf is washed with water 

- Parts that contain starch remain blue 

 

33. (a)to show effect of concentration of carbon dioxide on the rate of photosynthesis 
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(b)  

 
(c) (i) at 0.00 concentration of carbon dioxide there is not bubbles because there is no carbon 

dioxide for photosynthesis to take place. 

(ii) the rate of photosynthesis increases with carbon dioxide concentration until another 

factor other than carbon dioxide become in short supply 

(d) (i) the number of bubbles remain 24 per minute 

(ii) number of bubble per minute decrease 

 


