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Student Worksheet











Activity 15:   Using a potometer to determine water uptake	





Results/conclusion














From the examiner


The rate of water uptake represents the rate of transpiration.





Procedure


NB.  It is important not to get water on the leaves.





Lay the capillary tube and rubber connector under water and fill both parts.


Carefully select a leafy shoot which has a stem as close in diameter to that of the rubber connector as possible. Keep the end of the shoot under water whilst you select and trim if necessary with a knife.


Quickly insert the shoot into the rubber connector making sure the fit is as tight as possible. Carry out this step under water.   


Now firmly clamp the capillary tube to the stand with the shoot at the top end. Place the bottom end of the capillary tube into the beaker of water. Two people may need to carry out this step to avoid the leafy shoot becoming detached.


Smear Vaseline around the join between shoot and rubber connector to ensure an airtight seal.


Leave the apparatus for five minutes to allow water to be drawn up into the end of the capillary tube and form a small air bubble.


If there is no air bubble, the tube can quickly be removed from the water and a piece of paper towel used to soak a little water from the open end. When the tube is replaced into the beaker of water a small air bubble should be visible.


Time the movement of this air bubble along the capillary tube for a set distance.


Reset the air bubble to the start by repeating steps 7 and 8.


Repeat the readings using different environmental conditions as instructed by your teacher. 

















Safety





		








Questions


Why is it necessary to form an airtight seal?


How can you calculate the rate of transpiration for each environmental condition tested using your data?


What are the limitations of this procedure?


What effect will these limitations have on your data?


Suggest ways of reducing the limitations to give more accurate and reliable data.  








Diagram


 





Equipment/materials


A large leafy shoot – the end cut and kept under water


Capillary tubing with stuck-on scale, with a short rubber connecting tube attached at one end 


Clamp stand


500  cm3 beaker


Stopclock


Vaseline











Objective				


To determine water uptake in a leafy shoot


To investigate the effect of environmental conditions on water uptake








Answers


The airtight seal is necessary or water will not be drawn up the capillary tube and no air bubble movement would be possible. 





Calculate transpiration rate by dividing the distance moved by the air bubble by the time taken. Measuring the distance over a set time, or timing how long for the air bubble moves a fixed distance will help to keep the variables constant.  





Limitations that alter the rate of transpiration include:


the size of the shoot


the number of leaves on the shoot


the total surface area of the leaves.


Limitations that slow water movement include:


the difficulty in making a seal between the shoot and the apparatus.





Affect of limitations:


Transpiration rate will increase if a larger leaf surface area is used or if there are more leaves present and vice versa.


The lack of an airtight seal will slow air bubble movement and may stop transpiration altogether and so give a lower value for the water uptake rate.





Reducing limitations:


Shoots must be the same size, with the same surface area of leaves. 


The seal between the shoot and the apparatus must be as airtight as possible. This may be achieved by fitting a flexible material to the neck of the potometer that holds the shoot to act as a seal (e.g. Plumber’s Mate).


Repeating the experiment two more times will give a measure of reliability and will allow a mean to be calculated.  Each group should compare their results with the rest of the class.

















Safety








From the examiner


The experiment measures the rate of water uptake.


As this is proportional to the rate of transpiration it can be taken as a measure of transpiration rate if we assume that the rate of water loss equals the rate of water uptake.








Objective


To determine water uptake in a leafy shoot


To investigate the effect of environmental conditions on water uptake











Activity 15:   Using a potometer to determine water uptake





Notes on procedure


The tubing must be filled with water before the practical starts.


The leafy shoot must have a stem diameter close to that of the rubber connector to avoid air leakages, which will stop air bubble movements.


The connection must be airtight. The shoot must be cut and remain under water to prevent air bubbles entering the xylem in the shoot. Otherwise the air bubble in the tube will not move.    


Ensure students dry the leaves and keep them dry throughout this procedure. 


Two people may be needed to clamp the tubing and shoot into position. It is advisable to check that students have not allowed the shoot to become detached. 


Students will need help in introducing an air bubble into the bottom of the capillary tube. Demonstrate the technique before they begin.


Timing the movement of the air bubble along the capillary tube is probably the best method as this avoids the air bubble disappearing and prevents other air bubbles forming in the xylem.


Students will need to practise this technique. It is recommended that one lesson is given to demonstrate the use of the potometer and a second to investigate the effect of environmental differences.


Different environmental conditions can be established in the laboratory – a fan for windy conditions and a dark cupboard for dark conditions. A small, light room with a humidifier could replicate humid conditions. The most difficult condition to achieve is temperature change but this can be simulated by standing the water beaker and apparatus in preset water baths which will alter the temperature of the water entering the shoot.
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