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Bubbling Pondweed 
Technical Notes

Introduction 
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Note: Cabomba caroliniana is no longer available in the EU, due to new regulations on the propagation of invasive species. Please see the associated document “Pondweed species” on the SAPS website for advice on which species of pondweed to use for this protocol.
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Pondweed has specialised tissue called aerenchyma that allows gases to diffuse inside the plant. If you cut through the aerenchyma these gases can escape and bubble out of the plant. 

It is important to remember that pondweed is a living plant and will take time to adapt to new conditions. You are more likely to have success with bubbling pondweed if you make sure that the pondweed is not too cold and that the light used is bright (over 1200 lumens). 

Pondweed can be used to investigate how light intensity affects the rate of photosynthesis. It is particularly suitable for 11-16 age ranges because it is quick to set up and reliable data can be collected in a lesson.

Overview

This document will explain how to prepare experiments for students to:

1) Count pondweed bubbles

2) Collect pondweed bubbles in a pipette

3) Collect pondweed bubbles in a microsyringe

Demo video

We have produced a demo video showing how to get the most out of this protocol in the lab, available at https://www.youtube.com/watch?v=2_0isgPU4bQ&t=1s 
Method and investigations
Setting up bubbling pondweed for class practicals

There is relatively little to do with the pondweed prior to the lesson. It should be kept under a bright light in aerated water. To save time it can be cut into 7-10 cm long sprigs beforehand and then returned to a large beaker/trough of water. When cutting into sprigs, ensure that there is only one cut end on the sprig and that there are plenty of leaves at the other end and along the stem. Students will need to cut the stems under water again during the practical. Cutting the stems under water helps reduce air traps forming in the plant tissues. 
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Setting up demonstrations

It would be a good idea to have a sample set up and bubbling already as a demonstration for the teacher to show the class. This would work well in a large measuring cylinder (e.g. 500ml) so that it could be seen easily by the class.
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Several pieces of pondweed could be set up to collect gases some days before the investigation (this way the teacher can demonstrate that the gas evolved is oxygen by using the glowing splint test). This can be done by placing the pondweed cut end upwards under a glass filter funnel that is then placed in a large beaker of water (or 1% sodium hydrogen carbonate solution). A boiling tube full of water is then inverted over the filter funnel spout to collect the rising oxygen. When left illuminated, the boiling tube will fill in a couple of days providing there is enough active pondweed in the beaker. 

Basic Method 

To set up pondweed to show gas bubbles emerging: 
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1. Half fill a boiling tube/measuring cylinder with water (or 1% sodium hydrogen carbonate)

2. Place a piece of pondweed into the boiling tube or measuring cylinder so that the feathery end is downwards and the cut stem is facing upwards

3. Gently push the pondweed down, taking care not to snap stem

4. Top up the boiling tube with water (or 1% sodium hydrogen carbonate) so that the cut stem is submerged

5. Place the boiling tube in a rack
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Position a lamp to shine onto the plant

7. Bubbles of gas should be seen emerging from the cut end after a short time (one minute is usually long enough)

If bubbles do not appear after 2 minutes, the cut end has probably started to ‘heal’ up, so it will need to be snipped off again to freshen it up

Investigation 1: counting bubbles in varying light intensity

Students require the apparatus listed on page 4. 

Students move their pondweed set distances away from the lamp and count the number of bubbles that emerge from the cut end of the plant. They should find that more bubbles are generated in a set time when the pondweed is closer to the lamp.

Starting close to the lamp and moving away seems to give more reliable results than moving towards the lamp. Small distances such as 2-5 cm work best as they enable more data to be collected before the plants stop producing bubbles. 
On reaching distances of greater than 20cm from a lamp, bubbling may stop completely.

Investigation 2: counting bubbles - wavelength (colour) of light

Students require the apparatus listed on page 4. 
They will also need

· Scissors

· Sticky tape

· Acetate film in clear / red / blue / green  (see ‘Suppliers’ for more info)
· 1% sodium hydrogen carbonate (or water)
Students wrap each of the different coloured acetates around their boiling tubes in turn, and will then count the number of bubbles produced per minute. They should find that bubbling will be minimal when the green acetate is around the boiling tube. 

Investigation 3: measuring the volume of gas produced with a pipette

Students require the apparatus listed on page 4.
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They will also need:

· Scissors

· Blu-tackTM
· Small beakers or weighing boats

· 2 x disposable plastic pipettes (1 or 3cm3)

1. Students fill one of the pipettes completely with 1% sodium hydrogen carbonate solution leaving some air still in the bulb 

2. With the tip pointing up, they will dry the tip end with a paper towel and then seal the end using blu-tack 

3. With the tip pointing down they will snip off the bulb of the pipette, catching the spilled liquid in a small beaker or weighing boat. 

4. The snipped pipette can be topped right up to the top with the spilled liquid and then carefully inverted over a cut pondweed stem in a boiling tube of 1% sodium hydrogen carbonate solution. 

5. If left with suitable illumination, gas generated by the plant will now build up in the pipette below the blu-tack seal and can be measured using the volumetric markings on the pipette. 

Students could set up several of these, using equal lengths of pondweed, at different illumination levels to compare the volumes of gas produced.
Investigation 4: measuring the volume of gas produced with a microsyringe

Students require the apparatus listed on page 4.
They will also need:
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Blu-tackTM 

· 2 x Microsyringes and 1 x yellow micropipette tips

· Clothes peg 

· Beaker, 100 or 250ml

1. Students seal off the end of a dry microsyringe with blu-tack. They then use another microsyringe fitted with a tip to fill the microsyringe with 1% sodium hydrogen carbonate solution. 
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This will then be inverted over a cut pondweed stem in a boiling tube of 1% sodium hydrogen carbonate solution. A clothes peg can be used to keep it in place.

3. If left with suitable illumination, gas generated by the plant will now build up in the microsyringe below the blu-tack seal and can be measured using the volumetric markings on the microsyringe. 

Students could set up several of these, using equal lengths of pondweed, at different illumination levels to compare the volumes of gas produced. 



Safety Notes

· Care with use of water near electrical equipment. Ensure hands are dry when using lamps.

· Keep all containers of water away from sockets and from areas where spills could drip into sockets. Boiling tube racks could be placed into trays to catch any spills and prevent water running onto electrical equipment. 

· pondweed is not native to the UK and should disposed of in domestic rubbish and not put into ponds or waterways. 
 

Apparatus 

Equipment needed per group

· Approx 7cm long piece of pondweed
· Boiling tube (or glass measuring cylinder)

· Boiling tube rack (type that allows light to illuminate whole tube)

· Lamp (see lighting guidance notes)

· Meter ruler / measuring tape

· Stop clocks / timers

· 1% sodium hydrogen carbonate solution, 40cm3 per student (Water can be used instead, but sodium carbonate solution ensures that CO2 will not become a rate limiting factor)



Materials and suppliers 

Sourcing pondweed
Cabomba caroliniana is no longer available in the EU, due to new regulations on the propagation of invasive species. Please see the associated document “Pondweed species”  on the SAPS website for advice on which species of pondweed to use for this protocol. 
Pondweed is used in fish tanks and can be purchased all year 

round locally in aquarium shops, pet shops and garden centres. It is usually sold in small bunches from £2 - 4 per bunch (plus delivery if ordering online).  

There are several online suppliers but you could use:

· Urmston Aquatics, 20 The Circle, Barton Road, Lostock, Manchester, M32 9TR

www.urmstonaquatics.com
· Blades Biological: www.blades-bio.co.uk
Maintaining pondweed 
The best way to maintain pondweed for any length of time is in a gently aerated tank (a simple aquarium pump is sufficient) filled with tap water. 

The plants do best near a window at 10-21°C.
Lighting 

We recommend using lightbulbs with a rating of 1200 lumens (lm) or more for photosynthesis experiments. You can buy LED lightbulbs to retrofit older laboratory desk lamps in most DIY stores or online. LEDs also have an advantage in that they do not have a heating effect.

You could also use energy saving bulbs. Energy saving bulbs also produce much less heat so that any heating effect of the bulb when close to the pondweed is reduced. 

Some caution is advised when using energy saving bulbs in ordinary desk lamp fittings as these bulbs contain small amounts of mercury that is exposed if the bulbs are broken. Always make sure that the absolute wattage of the bulb does not exceed the safe wattage specified on the lamp setting and try to pick double envelope bulbs where the fluorescent tubes are contained behind another layer of glass or plastic.

CLEAPSS Bulletin 145 (Autumn 2012) has a note on safety guidelines for these bulbs. 

When distance from the lamp is investigated, the illumination levels drop very quickly over small distances, so it is suggested that intervals should be kept short over a 1-30cm range. 

Filters

Accurate filters can be obtained from specialist suppliers. We have successfully used filters from Lee Filters in these investigations. The products we have used and their codes are: Primary Red (106), Primary Green (139) and Bray Blue (722) www.leefilters.com  

Using sodium hydrogen carbonate 

For all of these investigations we suggest using 1% sodium hydrogen carbonate solution to fill the boiling tubes as this provides a source of CO2 for the plants and will prevent this becoming a rate limiting factor. 
If this is not available, tap water is also suitable. However, water should be allowed to reach room temperature before placing the pondweed into it.
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Sprig of pondweed with the cut stem facing upwards 
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Collecting oxygen for demonstration with a glowing splint
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