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GRADE 11A: Biology 2 

Transport systems in dicotyledonous plants 

About this unit 
This unit is the second of eight units on biology 
for Grade 11 advanced. 

The unit is designed to guide your planning and 
teaching of biology lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and Grade 7. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
describe how water and nutrients enter and pass through a plant, and know 
that nitrogen and other nutrients are required for plant growth. 
 

Expectations 
By the end of the unit, students understand the need for a transport 
system in multicellular plants. They recall the structure, function and 
distribution of phloem and xylem in the roots, stems and leaves of a 
dicotyledonous plant. They describe translocation and transpiration. They 
explain water movement between cells, and between cells and their 
environment, in terms of water potential. 

Students who progress further know that organic materials are 
transported in plant phloem by translocation and that there are several 
hypotheses to explain the mechanism. They understand the factors affecting 
the rate of transpiration and the adaptations of xerophytic plants for water 
conservation. 

 

Resources 
The main resources needed for this unit are: 
• microscopes, prepared slides and stain(s) 
• microtome 
• video camera plus monitor 
• overhead projector (OHP) and transparencies (OHTs) 
• large number of 1 cm3 cubes 
• visking tubing 
• potometer(s) 
• anhydrous cobalt chloride paper 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• surface area to volume ratios  
• xylem, phloem 
• translocation, transpiration 
• water potential 
• symplast pathway, apoplast pathway 
• cohesion tension theory 
• source, sink, mass flow 
 

UNIT 11AB.2 
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Standards for the unit 

4 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

 11A.8.1 Explain why large plants need transport systems for gases, water and food 
in terms of their surface area to volume ratios. 

 

 

 11A.8.2 Describe the vascular systems of the roots, stems and leaves of 
dicotyledonous plants and relate the structure and distribution of xylem and 
phloem to their functions. 

 

 11A.8.3 Explain the movement of water between plant cells, and between plant 
cells and their environment, in terms of water potential. 

 

7.9.1 Describe how water and nutrients 
enter a root hair and pass up through 
a plant. 

12A.8.1 Explain how temperature, wind speed 
and humidity affect the rate of 
transpiration and how plants control 
their water loss by regulating stomatal 
opening. 

12A.8.2 Explain some of the adaptations that 
help xerophytic plants to conserve 
water. 

12A.8.3 Explain some of the hypotheses being 
put forward to explain translocation. 

2 hours 

Plant organ 
vascular systems
 

1 hour 

Movement of 
water 
 

1 hour 

Transpiration 
and translocation 7.9.2 Know that nitrogen and other 

nutrients are required for plant 
growth. 

11A.8.4 Describe the processes of translocation of photosynthetic products in the 
phloem and transpiration of water and dissolved minerals in the xylem. 

 

12A.8.4 Know how autoradiography and 
aphids have been used in the study of 
translocation. 
 

Unit 11AB.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Ask students why large plants need transport systems and collate the answers on the board or 
OHP and discuss. 

An alternative introduction is to adopt a historical or evolutionary approach, if this is appropriate. 
Tell students that many millions of years ago the largest land plants were mosses (Bryophyta), 
which were only about 15 cm tall. Then ask students how plants have changed since then to 
enable them to be so tall today, with some even in excess of 100 m tall, making them the largest 
living organisms on the planet. 

A discussion on the evolution of vascular systems and on the advantages these systems confer 
on plants will provide an answer this question. 

 Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Ask students what problems are faced by plants (or animals) on land as they become larger. Collate 
the answers on the board or OHP and discuss. Their answers may include references to weight, 
water retention, supplying materials to cells and gas exchange, or they may refer directly to diffusion. 
All these issues can be addressed by considering adaptations to the plant transport system. 

 
One example of an adaptation is the xylem 
acting as both supporting tissue and transport 
tissue, so it can act as the plant’s skeleton. 

 

Address the issue of diffusion limitations by asking students to work in pairs to investigate how 
the relationship of surface area to volume alters as a plant becomes larger. Distribute enough 
1 cm3 cubes to allow students to construct three cubes of increasing dimensions as a simulation 
exercise. Discuss the relationships. 

Demonstrate the rate of diffusion by investigating how long it takes for a drop of coloured dye to 
diffuse completely in different volumes of water. 

Give each pair about 40 identical 1 cm3 cubes; 
this will enable students to construct cubes of 
1 cm3, (2 cm)3 and (3 cm)3. 

 
Ensure water is absolutely still before adding 
dye. 

 

Demonstrate the structure of plant cross-sections using a video camera attached to a 
microscope and a monitor. 

Allow students to use the microscope and video camera to examine professionally prepared 
slides of sections of roots, stems and leaves. 

Ask them to make drawings of low-power views, indicating the distribution of tissues: a tissue 
map of the plant organ. Tell them to label the tissues and ascribe function(s) to each tissue. 
Then ask them to view the sections under high power and make drawings of selected tissues, 
showing details of the individual cells. They should relate the structures of the cells to their 
position and function(s) in the plant organ. 

You will need a microscope attached to a video 
camera and monitor, and commercial slides. 

Enquiry skills 11A.3.1, 11A.4.1 

 

2 hours 

Plant organ vascular 
systems 
Explain why large plants 
need transport systems for 
gases, water and food in 
terms of their surface area to 
volume ratios. 

Describe the vascular 
systems of the roots, stems 
and leaves of dicotyledonous 
plants and relate the structure 
and distribution of xylem and 
phloem to their functions. 

Ask students, working individually, to cut longitudinal and transverse sections of roots, stems 
and leaves, and then examine these with a microscope. The sections can be cut carefully by 
hand using safety razorblades or with a microtome (either hand type or a rocking model), if one 
is available.  

The herbaceous stems of members of the Cucurbitae and Labiatae families are suitable for 
cutting by hand. 

Show students how to carry out differential staining techniques to reveal specific structures 
more clearly. For example, differentiate xylem from phloem by using toluidene blue stain, which 
stains cellulose cell walls purple but stains lignified (xylem) structures bright blue. 

Safety: Take care when cutting sections by 
hand. Thin roots, stems and leaves can be 
supported by polystyrene pieces or by split 
carrots while sections are cut. 

 
 

Toluidene blue stain clearly distinguishes 
cellulose from lignin. Use a very dilute solution 
sparingly. 

 

Unit 11AB.2 
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Objectives Possible teaching activities Notes School resources 

Ask students to examine cut sections of a tree trunk or branch to identify the growth patterns. 
They should be able to see growth through the years (annual rings) and pick out seasonal 
variations, distinguishing spring from summer wood. They should be able to determine the width 
and extent of growth each year as well as the age of the structure. They should also be able to 
distinguish heartwood from sapwood.  

Tell them to examine very thin sections of a stem/branch under the microscope to see the 
different cellular elements of the xylem and phloem. 

Commercial microscope slides of woody 
branches should be available to students. 

 

 

Ask students to make a model root and stem to show the vascular bundles. They can use 
cardboard or plastic tubing for the shape, and position bundles of appropriately coloured wool, 
twine, rope or electrical cable inside the tubing. 

  

The following activity can be carried out as a demonstration or by students working in pairs or 
small groups. Make model cells from visking tubing. Fill one cell with water and put different 
concentrations of sugar solution in sets of other cells (e.g. 0.1, 0.2, 0.3, 0.4, 0.5 mol dm–3). 
Weigh all the cells. Place the cells so that the water cell is touching all the others. Leave for 
some time and look for signs of movement of water into the various cells (e.g. change in 
appearance and/or weight). 

  

The following activity can be carried out as a demonstration or by students working in pairs or 
small groups. Make slides of red onion epidermal tissue immersed in one of the following: 
water, 0.2 mol dm–3 sucrose, 0.5 mol dm–3 sucrose. Examine them under the microscope and 
make drawings of samples of cells from each slide. Then explain the differences in 
appearances. Plasmolysis will be clearly seen in the cells in 0.5 mol dm–3 sucrose. 

Red onion cells show plasmolysis very clearly 
because of the coloured sap vacuole. 

If doing this as a demonstration, use a 
microscope attached to a video camera and 
monitor to display the results of plasmolysis. 

 

Show students an OHT displaying a cross-section of a root in the root hair region. Explain the 
movement of water into the root hairs down a water potential gradient. Point out in particular the 
way a water potential gradient is established across the root from the xylem to the root hair cells, 
which draws water across it through the symplast pathway. In addition, explain the movement of 
water across the apoplast pathway to give a complete picture of water entry into the root. 

Show students an OHT displaying a cross-section of a leaf. Ask them to explain the pathway of 
water movement through the leaf from the xylem to the surrounding air in terms of water 
potential changes. 

Prepare OHTs of root and leaf cross-sections.  

1 hour 

Movement of water 
Explain the movement of 
water between plant cells, 
and between plant cells and 
their environment, in terms of 
water potential. 

Show students an OHT displaying three plant cells, each in a solution of different water potential 
(one higher than, one the same as and one lower than the plant cells). Ask students to explain, 
in terms of water potential, which way the water will move. 

Prepare a suitable OHT.  
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Objectives Possible teaching activities Notes School resources 

The following activities all require suitable OHTs 
and student worksheets to be prepared. 

 

 To introduce this topic, show students an OHT displaying a diagram of a complete plant. Ask 
one student to come to the front of the class and suggest the route taken through this plant by: 
• organic molecules; 
• water 
• minerals 

Show students an OHT displaying a longitudinal view of phloem sieve tube elements and 
companion cells, with numbered arrows pointing at the unlabelled structures. Give students a copy 
each. Have an overlay OHT sheet with the labels ready to place on the first OHT sheet. Ask 
students to label the diagram. Then, using the overlay, explain the structures and their relationship. 

Show students an OHT table displaying the composition of phloem sap. Ask them which of the 
substances in the table have been synthesised by the plant. (They should choose sucrose and 
amino acids.) 

Show students an OHT displaying the whole plant with the leaves as sources and the roots as 
sinks, and mass flow in the phloem. Give students a copy. Describe the mechanism of 
translocation by mass flow. Explain the flow by reference to sucrose loading at the source and 
sucrose removal at a sink. 

Ask students to make a table comparing and contrasting the structure and function of phloem 
sieve elements with xylem vessels. Discuss the tables as a class. 

Show students an OHT displaying a longitudinal view of xylem tissue with numbered arrows 
pointing at the unlabelled structures. Give students a copy and ask them to label it. Have an overlay 
OHT sheet with the labels ready to place on the first OHT sheet when students have finished 
labelling their copies of the diagram. Using the overlay, explain the structures and their functions. 

  

1 hour 

Translocation and 
transpiration 
Describe the processes of 
translocation of photosynthetic 
products in the phloem and 
transpiration of water and 
dissolved minerals in the xylem.

Ask students to examine microscope slides of sections of stems displaying xylem and phloem 
tissue. Tell them to draw diagrams of these tissues. 

Give students prepared microscope slides.  

 Demonstrate water loss by the leaves of a plant by tying a polythene bag over a few leaves and 
observing the result later. Test for water with anhydrous cobalt chloride paper (the colour 
changes from blue to pink). 

Show an OHT of the transpiration route through the plant. Explain the movement of water up 
the stem by the cohesion tension theory. Describe the mass flow of water molecules up the 
xylem vessels. 

Safety: Handle cobalt chloride paper with plastic 
gloves; store paper in a desiccator. 

 

 The following activities with a potometer can be carried out as demonstrations or by students 
working in pairs or small groups. 
• Use a potometer to investigate water loss by plants. Measure the rate of water loss and draw 

graphs of the results in each case. 
• Use a potometer to investigate factors that affect the rate of transpiration of a plant, for example: 
 – wind speed (use a fan at different speeds); 
 – humidity (use a clear plastic bag); 
 – air temperature (use a radiant heat source); 
 – low light intensity (compare semi-blackout with brightly lit laboratory); 
 – removal of 50% of the leaves; 
 – coating 50% of the leaves in petroleum jelly. 
 

Cut the stem carefully under water to avoid air 
bubbles blocking xylem elements. 

Enquiry skills 11A.1.1–11A.1.3, 11A.3.2, 
11A.4.1 

 

 



224  |  Qatar science scheme of work  |  Grade 11 advanced  |  Unit 11AB.2  |  Biology 2 © Education Institute 2005 

Assessment 

 Examples of assessment tasks and questions Notes School resources 

Use the accompanying diagram of a cross-section of a root to explain, by reference to water 
potential, how water enters the root. 

 

Give students a diagram of a cross-section of a 
root in the root hair region. 

 

Two neighbouring plant cells are shown in the diagram, each with a different water potential. 

In which direction will there be a net movement of water? Explain your answer. 

 

Give students a diagram of two plant cells with 
different water potential values (e.g. –250 kPa 
and –400 kPa). 

 

Complete the following task sheet by adding the most suitable word(s) to the spaces indicated 
by lines. 

 

Produce a task sheet with key words omitted 
(e.g. ‘xylem’, ‘phloem’, ‘potential gradient’). 

 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 
 

Describe how organic molecules are moved within a plant by reference to mass flow.   

 

 

Unit 11AB.2 
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