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O- level biology 

 

Transport in plants  
It involves absorption and transport of water from roots to the leaves and  transport of food from 

leaves to other parts of the plants. 

 

Absorption of water 

It occurs through the root hairs located on the young part of root. 

 

Location of root hairs on the root tip 

 

 

 

 

 

 

 

 

 

 

 

 

 

Functions of parts of the root 

a. Root cap protects the root tip 

b. Zone of cell division: cells divide to allow for growth. 

c. Zone of cell elongation: cells become bigger and longer to elongate the root. 

d. Zone of differentiation: cells specialise to perform different functions. 

 

Adaptations of root hairs to absorption of water 

Water is absorbed by osmosis; the root hairs have the following adaptation for efficient 

absorption of water. 

(i) Numerous to increase the surface area for water absorption. 

(ii) Have thin epithelium to reduce the absorption barrier 
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(iii) Have high salt concentration to aid osmosis. 

 

Routes followed by water from root hairs to the xylem 

 

From the root hairs water follow three routes 

1. Through spaces in the cell wall: the route is called apoplast pathway. This is the major 

route. 

2. Through the plasmodesmata and then vacuole: this is called Symplast pathway. 

  

 

 

 

 

 

 

 

 

 

 

 

Plasmodesmata are living connection in plant cells 

 

From the roots to the leaves 

Water passes through the xylem. 

Three forces aid water to ascend a tall tree. 

1. Root pressure: This is hydrostatic pressure that develops into the roots due to higher 

solute potential than the surrounding soil. Continued absorption of water forces water 

into the xylem. 

2. Capillarity: water ascend by cohesion and adhesion forces. 

3. Transpiration pull: loss of water by leaves causes more water to rise in the xylem. 

 

Transpiration 

This is the loss of water from the leaves through evaporation. 

 

Factors affecting the rate of evaporation 

1. Temperature 

The higher the temperature, the higher the rate of water loss because high temperature 

provides heat of evaporation. 

2. Wind:  -     gentle wind increases the rate of evaporation because it blows away water  

                  vapour around the stomata which promotes water loss 

- Strong wind reduces the rate of transpiration because it causes the stomata to 

close. 

3. Humidity: this is the amount of water vapour in air. High humidity lowers the rate of  

      evaporation and thus transpiration. 

4. Light:  light increases the rate of evaporation because it causes the stomata to open. 

 

Cell wall 

Apoplast pathway 

Symplast pathway 

Plasmodesmata 
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Internal factors 

1. Number of stomata: the higher the number of stomata the higher the rate of loss of water 

 

Experiment to demonstrate transpiration 

If a leaf is covered by a polythene bag for some time, droplets of water are seen inside the bag. 

 

Measuring the rate of transpiration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Fill the photometer with water 

2. Allow air bubble into the capillary tube and insert capillary tube in water beaker. 

3. The rate of movement of the air bubble in the capillary tube is the measure of the rate 

transport. 

 

Precautions 

1. The plant is cut in water to prevent air entering the xylem. 

2. Measurement should begin when leaves are dry. 

 

Importance of transpiration 

(i) helps in absorption of water 

(ii) absorption of mineral salts 

(iii) cooling of the plant. 

 

Adaptation of plant to live in dry area 

 

1. Extremely long vertical roots absorb water deep in the soil e.g. Acacia. 

2. Superficial roots have an advantage of absorbing water quickly before it has a chance of 

evaporation e.g. cacti. 

3. Some plants have got succulent leaves and/or stem to store water e.g. giant saguaro 

cactus of North America. 
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4. Stomata are more on the lower shaded epidermis than upper epidermis to reduce the rate 

of transpiration 

5.  plants have sunken stomata. these create small pockets of humid air that reduce the rate 

of transpiration. 

6. Thick cuticle reduce water loss. 

7. Lamina is hairy. 

8. reduced size of the leaves to reduce surface area over which transpiration occurs 

9. rolling of leaves. Rolled leaves trap water vapour to create a humid environment to 

reduce the rate of transpiration 

10. vertical arrangement of leaves such that upper leaves shield lower leaves form sunlight 

and heat. 

 

Wilting 

This is the loss of rigidity of non woody plant due to excess loss of water than can be 

replaced from the soil. 

 

Significance of wilting 

stomata lose turgidity and close which reduces water loss from the plant. secondly, the 

surface of the leaves over which transpiration occurs reduces. 

 

Guttation 

is the oozing out of drops of water from leaf margins and tips in cool, humid conditions. it 

occurs when the rate of absorption of water is higher than the rate of transpiration 

 

Translocation  

Translocation is the transport of food in the plant. It occurs in the sieve /phloem. 

 

 

 

 

 

Exercise 

1. Hairy leaves with sunken stomata is typical of plants living in soils which 

A. Face shortage of water 

B. Have a high concentration of salts 

C. Are well supplied with water 

D. Grows in a shaded area. 

2. The following activities as result of transpiration in a plant except 

A. Absorption of mineral salts from soil, by the plant 

B. Movement of water up the plant stem 

C. Absorption of water from the soil, by the plant 

D. Cooling the plant 

3. Which one of the following is not a structural feature of leaves to reduce water loss by 

transpiration 

A. Hairy lamina 

B. Thin lamina 
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C. Waxy lamina 

D. Sunken stomata 

4. The figure shows part of the epidermis of a plant leaf. 

               
The major difference between X and Y is that 

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 

 

5. The most likely habitat of a plant with many stomata on the upper surface of its leaves is 

A. Water 

B. Salty marsh 

C. High altitude 

D. desert 

6. which of the following is not adaptation of plant to reduce water loss? 

A. fewer and small leaves 

B. leaves reduced to spines 

C. Roll up leaves 

D. Alternate leaf arrangement. 

7. Which one of the following maintains a transpiration stream in flowering plants? 

A. Capillarity 

B. Osmosis 

C. Diffusion 

D. Active transport. 
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Structure questions 
 

8. The figure below shows a set up used in an investigation on water loss and uptake in a 

green plant 

                                    
The set up was left in the open and the mass of the plant together with the beaker were recorded every 

2hour for 14 hours. The result are shown in table below. Use the information to answer the questions that 

follow. 

 

Time  Mass of plant and beaker (g) 

8.00 a.m 

10.00 a.m 

12.00 noon 

2.00 p.m 

4.00 p.m 

6.00  p.m 

8.00  p.m 

10.00 p.m 

368 

363 

358 

353 

347 

344 

342 

341 

 

(a) Why was oil used in the experiment? (01mark) 

(b) Plot a graph in the space below to represent the formation in Table above (07mark) 

(c) From the graph, determine what the mass of the plant at 1.00pm (01mark) 

(d) Calculate the volume of water lost by the plant during the period of the experiment 

(02marks) 

(e) (i) Using your graph, state the time of the highest rate of transpiration. Give a reason 

for your answer. (02marks) 

(ii) Give two reasons why the time in  €(i) had the highest rate of transpiration 

(02mark) 

(f) Suggest two ways that this plant could benefit from the transpiration. (02marks) 

(g) Suggest three ways that this plant may reduce water loss. (03marks) 
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9. (a) what is transpiration? 

(b) Figures A and B show how temperature and humidity affect the rate of transpiration. 
        

                    
 

 

(i) From fig. A, describe how the rate of transpiration changes with temperature (01mark) 

(ii) From fig. B, describe how the rate of transpiration changes with humidity. (01mark) 

 

(c) Explain why: 

    (i) temperature affect the rate of transpiration as shown in figure A (02marks) 

    (ii) humidity affects the rate of transpiration a shown in figure B (02mark) 

(d) State the importance of transpiration in plant. (02marks) 

 

10. The figure below shows an experimental set up to demonstrate transpiration in plants 

 
(a) Explain why  

(i) Vaseline is smeared between the glass plate and bell jar (1mark) 

Polythene bag is wrapped around the pot and tied at the base of the plant. (1mark) 

(b) (i) What will be observed in this experiment?  (01mark) 

(ii) How do you test for the identity of substance observed in (b)(i)? (3marks) 

(c) Describe the set up of the control experiment (02marks) 

(d) State two factors which affect the results of the experiment. (2marks) 
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11. The water loss in two plants was recorded over a 12 hour period. Study the information 

below and then answer the questions that follow. The results for the two plants were 

recorded in the following table. 

(a) What is the correct biological term for water loss in a plant? 

(b) from which plant was the greatest amount of water loss recorded. 

(c) Assuming the plants were kept in identical conditions, suggest two possible ways that the 

plant that lost less water may have different structurally form that that lost most water. 

(d) Which time of the day was the greatest water loss recorded for both plant A and B. Why 

do you think 

(e) What is the name of apparatus that is used to measure the rate of water loss in plants a 

and B. 

(f) What is the apparatus that is used to measure the rate of water loss in plant A and B 

 

Assay 

 

11. (a) What is transpiration? (02marks) 

(b) Explain how a plant benefit from transpiration (06marks) 

(c) Explain why some plants may dry out in water logged soil (07 marks) 

 

12.  (a) Describe the benefits of transpiration to plant.   (05marks) 

       (b) Explain how each of the following forces contribute to the movement of water and 

mineral salts up the xylem vessels of a plant (10marks) 

      (i) Transpiration pull 

     (ii) adhesion 

                 (iii) Capillarity  

13. (a) Describe how light, humidity and air movement affects the rate of transpiration in plants. 

           (09marks) 

(b) Describe an experiment to show that more transpiration occurs in the lower epidermis 

than the upper epidermis of a plant leaf.     (06marks) 

 

14. (a) Explain how a plant benefits from transpiration. (04marks) 

(b) Describe how plants in arid areas control excessive loss of water. (11marks) 

 

15. Three equal sized shoots X, Y, and Z bearing the same number of leaves from similar 

herbaceous plants were treated as follows: 

X – had upper epidermis of all its leaves covered with petroleum jelly. 

Y – had the lower epidermis of all its leaves covered with petroleum jelly 

Z – all its leaves were left uncovered. 

 

Time of Day 06:00 08:00 10:00 12:00 14:00 16.00 18:00 

Water loss in Plant A (cm3) 0.0 0.4 1.6 6.0 9.0 8.0 7.6 

Water loss in Plant B (cm3) 0.2 0.7 4.0 14.0 19.0 18.2 17.3 
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The three shoots were cut under water and each placed in one of the three identical 

potometers. All the potometer were then left under shade. After  5 minutes, the potometer 

bearing Z was transferred to sunny place. The movement of air bubble in each potometer 

was recorded every minute for 10 minutes. The results are shown in figure 3. 

 

Use the information to answer the questions that follow. 

         
(a) Describe the pattern of movement of the air bubble in each of the three potometer 

during the time of experiment 
(i)   X  (02marks) 

(ii) Y   (02marks) 

(iii) Z  (04marks) 

(b) Explain the pattern of movement of the air bubble in each potometer 

(i)   X  (02marks) 

(ii) Y   (02marks) 

(iii) Z  (05marks) 

 

(c) Why were similar shoot and potometer used and all the three potometer placed under 

a shade? (01mark) 

(d) The movement of the air bubble in the potometer is a measure of water uptake rather 

than water loss. Why is this so? (02marks) 

 

16. (a) what is transpiration? 

(b) describe an experiment to show that transpiration occurs in plants. 

(c) State the factors that affect transpiration in plants. 

 

17.  On a hot sunny day, the leaves of been seedling were seen wilted. However, at night, they 

recovered and regained their normal shape and size. 

(a) Explain the process which lead to the  

 (i) wilting        (07marks) 

 (ii) recovery and regaining shape and size    (05marks) 

(b) Explain the ecological advantage of wilting to plants    (02marks) 
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Guide 
1. A 2. A 3. B 4. B 5. A 6. D 7. A 

 

8. (a) oil prevents evaporation of  water from the surface 

 

 

 
 

(c) 342g 

(d) mass of water lost = 365 – 341 = 24g 

    but 1g = 1cm3 

   ∴ 24 g = 24 x 1 = cm3 
(𝑒) (𝑖) between 2.00p.m to 4.00pm 

    (ii)  it is the hottest time of the day providing heat for vaporization 

          there is light causing opening of the stomata 

(f)  evaporation of water cools the plant 

       the plant loses excess water 

      helps absorption of water from the soil 

 

(g)  leaves are reduced to spines 

      having fewer stomata on upper surface of the leaf than on lower part of the leaf 

having hairy lamina 

having sunken stomata 

having thick cuticle 

shedding of leaves 

rolling of leaves 

   

 

 

 

9 (a) Transpiration is loss of water from the leaves by evaporation 
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   (b) (i) the rate of transpiration increases with temperature 

        (ii) Rate of transpiration decreases as humidity increases 

  (c) (i) the rate of transpiration increases as temperature increases because increase in 

temperature supplies energy required for evaporation to take place. 

      (ii) the rate of transpiration decreases as humidity increases because increase in 

humidity reduces the diffusion gradient between the surface of the leaf and the air 

which reduces the rate of evaporation. 

      (d) importance of transpiration 

 - absorption of water 

 - absorption of mineral salts 

 - cooling of the plant 

10. (a) transpiration 

      (b) Plant B 

      (c)  - has smaller 

 - has hairy leaves 

 - has fewer stomata 

 - has sunken stomata 

 - has thick cuticle 

 - has curled leaves 

      (d) 2pm. it’s the hottest part of the day; high temperature increases rate water 

evaporation; bright light causes the stomata to open. 

       (e) – sunshine reduced, stomata closed 

            - temperature reduced reducing the rate of evaporation 

       (f) potometer 

 

11. (a) transpiration is the loss of water through stomata of plant 

     (b)  - evaporation of water cools the plant 

            -  transpiration creates a tension that draws water and mineral salt up the plant 

            - transpiration helps the plant to lose excess water. 

  - transpiration maintains water pressure within the cells keeping them rigid  to 

provide support to non woody plants. 

(c) (i) a lack of oxygen in a waterlogged soil damages or kills plant roots.  

                      (ii)  anaerobic microbes in a waterlogged soil produce toxic waste products that can 

harm plant roots. For example, in waterlogged soils, nitrate is converted to 

ammonium, sulfate to sulfide and manganese ion +4 to manganese ion +2. 

12. (a) - evaporation of water cools the plant 

           -  transpiration creates a tension that draws water and mineral salt up the plant 

           - transpiration helps the plant to lose excess water. 

           - transpiration maintains water pressure within the cells keeping them rigid  to provide 

support to non woody plants. 

(b) (i) Transpiration pull or the suction force is the force which aids in drawing the water 

upward from roots to leaves. 

(ii) Capillarity is the tendency of water molecules to cling to each other 

(cohesion) and cling to the sides of xylem vessels (adhesion). These two 

forces together cause capillarity – the make a water column in xylem 
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continuous, so it ‘creeps up’ the xylem and is easily moved up by transpiration 

pull. 

(iii) Adhesion occurs when the water molecules cling to the xylem 

tissue. Adhesion provides the force to pull water up the sides of the tube in the 

xylem.  
13. (a) (i) Wind: -     gentle wind increases the rate of evaporation because it blows away  

                        water vapour around the stomata which promotes water loss 

- Strong wind reduces the rate of transpiration because it causes the stomata 

to close. 

      (ii) Humidity: this is the amount of water vapour in air. High humidity lowers the rate  

                         of evaporation and thus transpiration. 

(iii) Light: light increases the rate of evaporation because it causes the stomata to open. 

 

(b) Two equal sized shoots X and Y bearing the same number of leaves from similar 

herbaceous plants were treated as follows: 

X – had upper epidermis of all its leaves covered with petroleum jelly. 

Y – had the lower epidermis of all its leaves covered with petroleum jelly 

 

The two shoots are cut under water and each placed in one of the two identical 

potometers. The potometer are then placed in shade. The movement of air bubble in 

each potometer was recorded every minute for 10 minutes. 

 

      The rate of movement of the air bubble indicates the rate of transpiration. the rate 

of movement of air bubble for the potometer containing a shoot with upper 

epidermis smeared with jelly (stomata on upper epidermis closed while those on 

the lower epidermis left open)  moves faster than the potometer in which the 

lower epidermis is smeared with jelly showing that transpiration is faster at the 

lower epidermis. 

14. (a)  - evaporation of water cools the plant 

            -  transpiration creates a tension that draws water and mineral salt up the plant 

            - transpiration helps the plant to lose excess water. 

  - transpiration maintains water pressure within the cells keeping them rigid  to 

provide support to non woody plants. 

      (b) Leaves can have the following adaptations to reduce transpiration rate: 

(i) Small or narrow leaves to reduce the surface area over which water vapour is 

lost 

(ii) Leaves in a rosette arrangement to shade lower leaves and trap water vapour 

(iii) Curled up leaves to trap water vapour inside the leaf cavity 

(iv) Thick cuticles to prevent evaporation of water 

(v) Sunken stomata to trap water vapour in pits near the leaf 

(vi) Very few stomata or stomata only on the lower surface to reduce water loss 

(vii) Trichomes to make leaves reflective and trap water vapour 

(viii) hairy lamina 
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15. (a) X:  Between 0 – 5 minutes the rate of movement of air bubble is high but slows 

between 5 – 10 minutes. The distance moved in 10 minutes is 6cm. 

          Y: between 0 – 5 minutes the rat of movement of air bubble is high but 

decreases with time up to 10 minutes. The rate of movement of air bubble 

was lower than in x through the experimental period. 

          Z:  The rate of movement of air bubble was relatively high in the first 2 minute. 

the rate reduced up to 5minutes. It then rose steeply up to 10 minutes. 

   (b) (i)  X: Initially the rate of movement of air bubble water high due to fast 

evaporation resulting from steep division gradient between the leaves and 

atmosphere. The rate of movement then decreased as the diffusion gradient 

decreased with further evaporation. 

 

       (ii) Y: Initially the rate of movement of air bubble water high due to fast 

evaporation resulting from steep division gradient between the leaves and 

atmosphere. The rate of movement then decreased as the diffusion gradient 

decreased with further evaporation. The rate of transpiration in Y is lower 

than in X because evaporation occurred only on upper epidermis with fewer 

number of stomata. In X transpiration occurred on the lower epidermis with 

many stomata. 

     (iii)  In z, initially the rate of transpiration is relatively high due to steep diffusion 

gradient of water vapour. 

  

 After 2 minutes the rate of transpiration decreased due to decrease in water 

diffusion gradient. 

  

 The rate of transpiration in Z was higher than in X or Y because in Z 

transpiration occurred on both sides of the leaf. 

  

 After 5 minutes, the rate rose steeply because light caused the stomata to open 

and increased the temperature of the leaves providing heat for evaporation. 

(c) – similar shoots were used to have similar number of stomata or evaporation 

surface 

- potometers were placed in shade to prevent melting of the jelly 

(d) Not all water is transpired; some water is used for cellular reaction such as 

photosynthesis. 

        

 

16. (a) Transpiration is the loss of water from the plant through the stomata 

  (b) Experiment do demonstrate transpiration. 

            (i) Materials: white transparent polythene bag and string 

            (ii) Procedure enclose a dry leaf  on a plant in a transparent polythene bag and fasten 

with a string and leave for some time 
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(iii) Observation: water collects in a polythene bag. 

(iv) Conclusion: transpiration occurs in plant leaves. 

 

 (c) Factors affecting the rate of transpiration 

 - light 

 - humidity 

 - temperature 

 - wind 

17 (a) Wilting is the loss of rigidity of nonwoody plants due to excess loss of water than can be 

replaced from the soil. For wilting to occur, the cell lose water, the protoplasm shrinks, 

until a time when the cell membrane does not exert pressure on the cell wall. turgidity is 

lost the nonwoody parts droops.  

 

     (ii) at night, the rate of water loss decreases, the cells absorb water; the protoplasm expand 

that the cell membrane presses on the cell wall developing turgidity and support. 

  (b) Wilting cause the guard cells to lose turgidity and close. this reduces water loss from the 

leaves. secondly the surface of leaves reduces. 

END 


