
 

 
 

TRANSPIRATION              21 MAY 2014 

 
Lesson Description 

In this lesson we: 

 Discuss the uptake of water and mineral salts by the roots. 

 Explain how water moves up the xylem from the roots to the leaves. 

 Consider the relationship between water loss and the structure of the leaf. 

 
Summary 

The Uptake of Water and Minerals by the Root 

 The movement of water and minerals in to the root and through the plant is caused by two 

main processes: diffusion and osmosis. 

 The soil water has a higher water potential than the vacuoles of the root hair. A potential 

gradient exists between the soil and the cell. 

 

 

 

 

 

 

 

 

 

 

 The water then moves from the soil through the thin cell wall and semi-permeable cell 

membrane into the vacuole of the root hair by osmosis. 

 Mineral salts are absorbed against the concentration gradient. Therefore they are actively 

absorbed and energy is required. 

 

 The water potential of the in the vacuole is now higher in the root hair than in the adjacent 

parenchyma cells of the cortex. 

 Water now needs to travel through the root until it gets to the xylem in the central cylinder. 

  

Low water potential 

High water potential 



 

 
 

 

 Water can move through the cell walls 

and intercellular spaces between the cell 

– this is called the apoplast pathway 

 

 water can also move from cell to call 

through the cell membranes of each cell 

– this called the symplast pathway 

 

 Once the water reaches the endodermis, 

with the Casparian strips, it moves 

through theses passage cells, through 

the pericycle and into the xylem. 

 

The Upward Movement of Water from the Roots to the Leaves 

 The stem carries the water and dissolved minerals up the stem form the roots to the leaves. 

 Water moves up the stem by three forces: 

o Capillarity  

o Root pressure  

o Transpiration pull 

Capillarity 

 A process where liquids will spontaneously move up tubes that are very thin. The xylem and 

the tracheid’s of the stem are very narrow therefore water will move upwards due to 

capillarity.  

 Capillarity is a small force consisting of adhesion and cohesion factors. The water molecules 

stick to the walls of the xylem (adhesion) and stick to each other (cohesion), together the 

forces make the water move up the xylem. 

 

Root Pressure 

 This is a pushing force that results from the continuous influx of water from the soil. 

 Existing water is forced upwards into the lower part of the stem, once the water is in the xylem 

it is sucked and pulled up by the xylem 



 

 
 

 

Experiment to demonstrate root pressure 

Transpiration Pull 

 This is the main force that causes water to move up the stem against the force of gravity. 

 Transpiration is the loss of water in the form of water vapour through the aerial parts of a plant 

through stomata 

 

Experiment to demonstrate that transpiration occurs through the aerial parts of a plant 

 The water potential in the intercellular air spaces decreases 

when the water vapour is lost through the stomata. 

 Water molecules diffuse from the mesophyll cells into the air 

spaces. The water potential in the mesophyll is lower than 

the xylem.  

 A concentration gradients extends form the xylem to the 

mesophyll 

 A suction force develops at the top of the stem xylem, which 

pulls water up from the root xylem. 

 Cohesion forces cause the water molecules to be pulled up 

in a continuous stream.  

 The column of water that is pulled upwards is transpiration 

pull  

 

 

Experiment to demonstrate transpiration pull 

  



 

 
 

 

Movement of water through the leaf 

The Relationship between Water Loss and the Structure of the Leaf 

Structural Adaptations to Limit Water Loss  

 Some plants need to be able to limit the amount water they lose during transpiration 

especially xerophytic plants.  

 Position of stomata – ventral vs. dorsal – more stomata at the bottom (ventral) surface 

 

 Sunken stomata –air is trapped outside of stomata decreasing the diffusion gradient 

 Thickened cuticle – the cuticle prevents water loss the thicker the cuticle the less transpiration 

 Hairs on leaves – water vapour is trapped on the surface, decreasing the concentration 

gradient 

 

 Small leaf surface – the smaller the leaves the less surface area for evaporation 

 Thorns – fewer stomata   



 

 
 

 
 Leaf arrangement – arrangement of leaves that the lamina is not fully in the sun to decrease 

evaporation 

External factors that Influence the Rate (speed) of Transpiration 

Temperature 

 Heat increases the kinetic energy of water molecules.  

 When the air temperature rises water vapour diffuses out of the leaf faster. 

Light Intensity 

 In brighter light the stomata open more which allows for more transpiration  

 Transpiration occurs faster during the day than at night. 

Wind  

 Wind removes water vapour close to the surface of the leaf. 

 This increases the diffusion gradient between the air and the leaf spaces resulting in 
increased transpiration. 

Humidity  

 Air that is humid is filled with water therefore decreasing the diffusion gradient between the air 
and leaf spaces causing a decrease in the rate of transpiration. 

Soil Water 

 Water that is lost by the leaf is replaced by the root hairs absorbing water from the soil. 

 If the soil is dry and the root hairs are not absorbing water then transpiration will be slow 

Measuring Transpiration 

A potometer is used to measure the rate of transpiration 

 
 

 

Different types of potometers that can be used 



 

 
 

Guttation 

 When the humidity in the air is high, the 
diffusion gradient between the atmosphere 
and the air spaces in the leaf is very low 

 Transpiration is slow or stops completely. 

 The plant is absorbing water faster than it is 
losing it. 

 Water droplets are then squeezed out 
through small openings called hydathodes 

 
 

Translocation of Food  

 The food is transported by the phloem in the vascular bundles of 

the leaves to the vascular bundles of the stem and then to the 

stele of the root 

 Sugars that are produced during photosynthesis are 

converted to sucrose. 

 These sugars are dissolved in water from the xylem to 

produce a phloem sap. 

 The phloem sap is transported downwards or upwards in the 

phloem tissue.  

 

Important Terms 

Lamina  Cuticle Capillarity  
Petiole  Selectively permeable Root pressure 
Dicotyledonous  Water potential  Transpiration pull 
Epidermis  Concentration gradient Cohesion and adhesion 
Palisade mesophyll Transpiration  Guttation  
Spongy mesophyll Diffusion  Potometer  
osmosis Translocation   

  

  



 

 
 

 
Test Yourself 

Question 1 

Transpiration in plants is the process in which: 

A  Water travels from the leaves to the roots 

B Water travels from the roots to the leaves 

C Sugar produced in the leaves travels to the roots 

D Sugar produced in the leaves travels through the stem 

Question 2 

In plants water is usual lost from … 

A  Both surfaces of the leaves 

B The top surface of leaves 

C The bottom surface of leave 

D the roots 

Question 3 

The average temperature of a region is 28
0
C and the rainfall is low. Plants in this region are like to 

have 

A  large leaves 

B high rates of transpiration 

C modified small leaves 

D Large leaves with very few stomata 

Question 4 

Plants with waxy leaves are likely to have 

A  very high rates of transpiration 

B high rates of transpiration 

C high water loss 

D low water loss 

Question 5 

Capillarity describes how water moves  

A  into roots from the soil 

B up the stem of a plant 

C moves out of leaves 

D moves down the stem 

  



 

 
 

 
Improve your Skills 

Question 1 

Study the diagram below and answer the questions that follow. 
 

 

a.) Provide labels for region 3 and tissue 2.   
b.) Describe ONE function of part 4.  
c.) Identify structure 1, state its function and explain TWO ways in which this structure is adapted 

for this function.  
d.) Describe the THREE forces which develop in cells D to assist water travel up the stem.    
e.) Describe two adaptations of the cells labelled 6 which assist in its functioning.  
f.) What type of pathway of water movement is indicated by the arrows?   

Question 2 

Study the graph below which shows the rate of transpiration and water absorption in an herbaceous 
plant. 
 

 

a.) Name THREE environmental factors which could directly influence the rate of  transpiration 
from the leaves of the plant. 

b.) Choose ONE of the factors that you have mentioned and explain why it could cause the rapid 
decrease in the rate of transpiration after 16h00. 

c.) Describe what the plant might look like at 14h00, and explain why. 
d.) Give a reason why the rate of water absorption started to decrease in the late afternoon. 

  



 

 
 

Question 3 

a.) What is transpiration? What benefits may it have to plants?  
b.) Study the labelled diagram below that shows part of a section through a leaf adapted to 

reduce the rate of transpiration. 

 
Explain how any TWO features in the diagram contribute to a lower transpiration rate. 


