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SESSION 7:  SUPPORT AND TRANSPORT SYSTEMS IN PLANTS 
PART 2 
 
KEY CONCEPTS 
 
In this session we will focus on summarising what you need to know about: 
 

- Relationship between water loss and leaf structure factors that affect the rate 
of transpiration: 

 

 Temperature 

 Light intensity 

 Wind 

 Humidity 
 

- Uptake of water and minerals into xylem in roots  
- Transport of water and minerals to leaves 
- Translocation of manufactured food from leaves to other parts of plant 

 
TERMINOLOGY & DEFINITIONS 
 

- Transpiration is the evaporation of water from the leaves of plants. Water is 
lost from the leaf through special pores called stomata, Guttation. 

 
- Stomata are found on both surfaces of the leaf but there are usually more on 

the ventral (bottom of the leaf). This is to reduce the amount of transpiration 
that will occur because the top of the leaf is exposed to more sunlight than the 
bottom. 

 
- Xylem: the vascular tissue that transports water and mineral solutes upward 

through the plant body, it contains vessel elements and tracheids. 
 

- Guttation: the liberation of water droplets from the edges and tips of the 
leaves through stomata. 

 
- Diffusion is the movement of molecules from a region of higher to lower 

concentration, it requires no energy and tends to lead to an equal distribution. 
Diffusion can occur in gases, in liquids, or through solids. An example of 
diffusion in gases occurs when a bottle of perfume is opened in your class. 
Within minutes students further and further from the source can smell the 
perfume. 

 
- Osmosis is a case of diffusion that involves the passive transport of water 

molecules. In osmosis water moves through a selectively permeable 
membrane (being permeable to only certain molecules and not to all 
molecules)from a region of its higher concentration to a region of its lower 
concentration. The membrane selectively allows passage of certain types of 
molecules while restricting the movement of others 

http://www.phschool.com/science/biology_place/glossary/o.html#osmosis
http://www.biology-online.org/dictionary/Molecule
http://www.biology-online.org/dictionary/Molecule
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- A potometer is a device that measures the rate at which a plant draws up 

water. Since the plant draws up water as it loses it by transpiration, you are 
able to measure the rate of transpiration.  

 
X-PLANATION 
 
Transpiration is the major mechanism that drives the movement of water through a 
plant.  
 
MOVEMENT OF WATER UP THE STEM OF A PLANT: 
 
 Water moves up the xylem from the roots to the leaves.  
 
Xylem: 
Xylem tissue is very important for the transport of water and mineral salts from the 
roots of up the stem to the leaves. The water is sued during photosynthesis. Xylem 
gives support and structure to the plant. 
 

 
http://online.santarosa.edu/presentation/page/?48542 

 

 In the root xylem is called the stele 

 In the stem, is forms part of the vascular bundles 

 In the leaf, xylem is found in the vein 
 

http://online.santarosa.edu/presentation/page/?48542
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Diagram of Xylem: 

 
http://bio1903.nicerweb.com/Locked/media/ch35/ 

 
Adaptations of Xylem for Transporting Water: 

 Long, elongated tubes joined end-to-end without any cross-walls.  

 The cell walls are thickened with lignin for support (annual or spiral 
thickening).  

 Pitted vessels allow for lateral movement of water into neighbouring xylem 
vessels. 

 
Three forces are responsible for the movement of water up the xylem –  

1. capillarity, 
2. root pressure and  
3. transpiration suction force. 
 
1. Capillarity involves forces of cohesion (forces of attraction between water 

molecules) and adhesion (forces of attraction between water molecules and 
the sides of the xylem vessels). Because the xylem‟s lumen (opening) is so 
tiny, water will move up by capillary.  
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2. Root pressure is a force that pushes water up the xylem. As water enters the 
root by osmosis, it pushes the water that is already in the xylem of the stem 
upwards. 
 

3. Transpiration suction force is a very important force that pulls water up the 
xylem of the stem. As water evaporates from the stomata of the leaves during 
transpiration, it creates a sucking force that will pull the water up the xylem. 
Plants use the process of transpiration pull to move water from the soil up into 
the leaves. 

 
When water enters the roots, hydrogen bonds link each water molecule to the next 
so the molecules of water are pulled up the thin xylem vessels like beads on a string. 
The water moves up the plant, enters the leaves. 
 
Water moves from the xylem of the stem to the xylem of the leaves. The xylem is 
found in the veins of the leaf. Water diffuses from the xylem of the leaf into 
surrounding mesophyll cells. Water circulates amongst the cells of the leaf to supply 
them with their water requirements. Excess water diffuses into the sub-stomatal air 
spaces. Heat from the environment causes the water in the sub-stomatal air spaces 
to evaporate out of the stomata. There are hundreds of stomata in the epidermis of a 
leaf. Most are located in the lower epidermis. This reduces water loss because the 
lower surface receives less solar radiation than the upper surface. This process is 
called transpiration. Transpiration is therefore defined as the loss of water vapour 
from the leaves of a plant. Transpiration only occurs during the day when the 
stomata are open. At night the stomata are closed. 
 
Rate of Transpiration: 
 
Transpiration is affected by various conditions in the plant's environment in this 
section you will investigate factors that influence the rate of transpiration.  
 
Transpiration increases in conditions of … 

 High light intensity (bright sunlight)  
 Increased temperatures (hot weather)  
 Wind  
 Low humidity (dry conditions)  
 Soil water 

 
- Light: Plants transpire more rapidly in the light than in the dark. This is largely 

because light stimulates the opening of the stomata. Light also speeds up 
transpiration by warming the leaf.  

 
- Temperature: Plants transpire more rapidly at higher temperatures because 

water evaporates more rapidly as the temperature rises. At 30°C, a leaf may 
transpire three times as fast as it does at 20°C.  

 
- Wind: When there is no breeze, the air surrounding a leaf becomes 

increasingly humid thus reducing the rate of transpiration. When a breeze is 

http://www.phschool.com/science/biology_place/glossary/e.html#epidermis
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present, the humid air is carried away and replaced by drier air. So a steep 
diffusion gradient is maintained. 

 
- Humidity: The rate of diffusion of any substance increases as the difference 

in concentration of the substances in the two regions increases. When the 
surrounding air is dry, diffusion of water out of the leaf goes on more rapidly.  

 
- Soil Water:  A plant cannot continue to transpire rapidly if its water loss is not 

made up by replacement from the soil. When absorption of water by the roots 
fails to keep up with the rate of transpiration, loss of turgor occurs, and the 
stomata close. This immediately reduces the rate of transpiration (as well as 
of photosynthesis). If the loss of turgor extends to the rest of the leaf and 
stem, the plant wilts.  

 
In order to measure some different rates of transpiration, we will use a potometer. As 
the leafy twig transpires, the air bubble moves to the left. The quicker the air bubble 
moves the faster the leafy twig is transpiring. 
 
Experiment: 
 

 

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/G/GasExchange.html#leaves
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Movement of Manufactured Food: 
 
Plants use carbon dioxide and water to manufacture glucose and oxygen is the 
waste product. Sunlight and enzymes are necessary for photosynthesis to occur. 
Once the food is manufactured in the leaves it needs to be distributed to the entire 
plant so that the glucose can be used by each cell for respiration (manufacture 
energy). 
 

Sunlight and enzymes + water + carbon dioxide -------------------- glucose 
(carbohydrates) + oxygen 
 
The glucose is manufactured mainly in the palisade cells and then passes into the 
phloem. Transport of food material from leaves to other parts of the plant is called 
translocation. This food may be stored in roots, stems or fruit. 
 
Phloem tissue is made up of two different types of cells which are sieve tubes and 
companion cells.  
 

 
http://ridge.icu.ac.jp/biobk/BioBookPLANTANAT.html 

 
Phloem transports nutrients dissolved in water up and down the plant.  

 Phloem are found in the stele of the roots 

 In the vascular bundles in the stems 

 And veins in the leaves 
 
Phloem consists of sieve tubes and companion cells, sieve tubes are cylindrical cells 
with perforated cross walls, which from sieve plates. The cells have thin cell walls, no 
nucleus and contain strands of cytoplasm, which pass from one cell to the next. They 
transport nutrients dissolved in the water. The companion cells are found next to the 
sieve cell, it assists the sieve tubes to function. These cells have cross walls and a 
nucleus.  
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X-AMPLE QUESTIONS 
 
Question 1: 
 
Write a small paragraph explaining why plants need water. 
 
Question 2: 
 
2.1. The Casparian strip affects 

a. How water and minerals move into the vascular cylinder 
b. how water but not minerals move 
c. how minerals move but not water 
d. neither the flow of water nor the flow if minerals 

 
2.2. Stomates are usually open 

a. at night, when the plant requires a supply of oxygen 
b. during the day, when the plant requires a supply of carbon dioxide  
c. whenever there is excess water in the soil 
d. all of these are correct 

 
2.3. Water flows from the – 

a. higher water potential to the lower water potential 
b. more positive water potential to the more negative water potential 
c. more positive osmotic potential to the  more negative osmotic water 
potential 
d. All of these are correct 

 
2.4. The flow model for phloem transport states that: 

a. phloem sap always flows form the leaves to the root 
b. phloem sap always flows from the root to the leaves 
c. water flow brings sucrose form the source to the sink 
d. Both a and c are correct 

 
2.5. Root hairs do not play a role in 

a. oxygen uptake 
b. mineral uptake 
c. water uptake 
d. carbon dioxide uptake 

 
Question 3 
 
Concepts and critical thinking: 
 
3.1 Living things are physical and chemical machines. 

How does transport of water in xylem support this concept? How does 
transport of organic substances in phloem support this concept? 
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3.2 Plants, like other living organisms, are highly organised. 
How does the structure of xylem contribute to the coordination of plant 
processes and parts? 

 
Question 4: 
 
Differentiate between the following: 

(a) Diffusion and Osmosis 
(b) Transpiration and Evaporation 
(c) Guttation and Transpiration. 

 
Question 5: 
 
Describe transpiration pull model of water transport in plants. What are the factors 
influencing transpiration? How is it useful to plants? 
 
Question 6: 
 
What are the forces that make water to flow within the xylem from the roots to the 
leaves? 
 
Question 7: 
 
True/ False (Change the false statements to make them true): 

1. Is a plant gets too hot, guard cells change shape and open the stomata 
2. Lower air pressure in the leaves “sucks” water to the tops of tall trees 
3. Minerals is carried from the roots to the leaves in the xylem 
4. Most of the organic material produced by a plant as it grows comes from 

material obtained from the air. 
5. Transpiration moves sugar form leaves to roots. 
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ANSWERS TO X-AMPLE QUESTIONS: 
 
Question 1: 
 
Plants need water to maintain turgor pressure. This helps provide support for the 
plant and when a cell absorbs water the cell membrane pushes against the cell wall. 
The cell is now turgid. If there isn‟t enough water in the plant the membrane moves 
away from the cell wall and the cell is now flaccid. This is when a plant begins to wilt 
and will eventually die. 
 
When the environment is extremely humid (moist) the rate of transpiration is very 
low. Leaves secrete water onto the surface of the leaves through specialised pores 
called hydathodes. So drops of water found on plants in the morning are usually the 
result of guttation not dew. 
 
Question 2: 
 
2.1. a 
2.2. c 
2.3. c 
2.4. c 
2.5. d 
 
Question 3: 
 
Concepts and critical thinking: 
3.1 A physical process accounts for the transport of water in xylem, causes 

the stomata to open, and accounts for the transport of organic substances 
in phloem. 
 

3.2 Because vessel cells are hollow and non-living, they form a continuous 
pipeline from the roots to the leaves, this allows plants to transport water 
and minerals from the roots to the leaves 

 
Question 4: 
 
(a) Diffusion and Osmosis:  
Diffusion is a form of passive transport which takes place anywhere and the flow 
happens from high concentration to low concentration. Osmosis happens across a 
semi-permeable membrane. For diffusion semi-permeable membrane is not a 
precondition. 
 
(b) Transpiration and Evaporation:  
Transpiration is the evaporation of water from the aerial parts of plants, especially 
leaves but also stems, flowers and roots. Leaf surfaces are dotted with openings 
called stoma that are bordered by guard cells. Collectively the structures are called 
stomata. Leaf transpiration occurs through stomata, and can be thought of as a 
necessary "cost" associated with the opening of the stomata to allow the diffusion of 
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carbon dioxide gas from the air for photosynthesis. Transpiration also cools plants 
and enables mass flow of mineral nutrients and water from roots to shoots. 
 
(c) Guttation and Transpiration:  
Guttation is the appearance of drops of xylem sap on the tips or edges of leaves of 
some vascular plants, such as grasses. Guttation is not to be confused with dew, 
which condenses from the atmosphere onto the plant surface. 
 
Question 5: 
 
Answer: Transpiration is the evaporative loss of water by plants. It occurs mainly 
through the stomata in the leaves. Besides the loss of water vapour in transpiration, 
exchange of oxygen and carbon dioxide in the leaf also occurs through pores called 
stomata (sing. : stoma). Normally stomata are open in the day time and close during 
the night. The immediate cause of the opening or closing of the stomata is a change 
in the turgidity of the guard cells.  
 
Factors Affecting Transpiration: Temperature, light, humidity, wind speed. 
 
As water evaporates through the stomata, since the thin film of water over the cells is 
continuous, it results in pulling of water, molecule by molecule, into the leaf from the 
xylem. This creates a „pull‟Importance of Transpiration: Transport of liquids and 
minerals is facilitated because of transpiration.  
 
Question 6: 
 
Water enters the roots due to the root pressure and a water column is maintained 
within the xylem from the roots to the leaves. The most important factor that makes 
water ascend is transpiration, mainly in the leaves. As leaves lose water by 
transpiration their cells tend to attract more water creating suction inside the xylem. 
The cohesion property of water that keeps its molecules bound (one pulls the other) 
by hydrogen bonds helps the process. 
 
Question 7: 
 
True/ False (Change the false statements to make them true): 
 

1. F – the guard cells close the stomata 
2. F – transpiration – cohesion – adhesion 
3. T 
4. T 
5. F – Pressure flow moves sugar to from the leaves to the roots 

 


