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Weed simulates the photosynthesis experiment using Canadian Pondweed








System requirements:


486/66 or faster processor


Windows 95, 98, 2000, XP


at least 8Mb RAM


at least 4MB free disk space


at least 256 colour VGA display


�Introduction





Weed is a simulation of the Elodea (Canadian pondweed) experiment which some schools use when teaching photosynthesis.  The experiment can take days to produce any significant oxygen and it has been known for a test-tube full of oxygen to appear suddenly in the prep. room overnight when it is needed next day.  The weed simulator can avoid the need for anyone to “help” the experiment and gives pupils an instant result from changing the variables.  I intended it to run in parallel with a real pondweed experiment, though if you are short of time, it may prove more useful as a teaching aid.





WEED IS ONLY A SIMULATION, it does not model exactly the effects of the variables involved and is not intended to do so, merely to introduce the variables as ways to affect the results.  See “The simulation” below for further details.





Photosynthesis





�


Photosynthesis is simple in principle, following the reaction 





It is an enzyme-catalysed reaction and only occurs in the presence of chlorophyll, the green pigment in plants.  The rate of the reaction and, therefore, the amount of oxygen produced, depends on three main factors.  


Intensity of light - no light, no photosynthesis.  In a wider sense, the light has to be of a certain range of energy (defined by its wavelength or frequency) to be effective.  The rate of oxygen production is roughly proportional to the intensity of the light, up to the point at which the other factors become limiting.  Since the light has to be of a certain energy and the energy of light depends on its wavelength, which we percieve as colour, it follows that some colours are better than others at producing oxygen by photosynthesis.


Carbon dioxide - absorbed from the air or water around the plant.  The leaf has small holes in its surface, called stomata, into which air can diffuse, placing the carbon dioxide in contact with cells that will use it.  Lack of carbon dioxide will limit the rate at which the plant can photosynthesise, indeed, it is suggested that the current rise in global CO2 concentration will help plants all over the world to grow better.  This could be a useful class discussion point, if pupils are amenable; should we gamble on The World’s green plants giving a new equilibrium in global CO2 concentrations.  At low light levels, the CO2 concentration is not a limiting factor as it is at high light levels.  In the pondweed experiment, carbon dioxide is added as sodium hydrogen carbonate, but too much can be harmful to the plant, eventually killing it.


Temperature - has some effect on the rate of the reaction. As with most chemical reactions, the reaction is faster as the temperature rises, though because the reaction is enzyme-catalysed, this is not a directly proportional relationship, but is less effective at high temperatures, when the rate actually goes down.  The optimum temperature for each plant can sometimes be deduced from its environment and will vary from one species to another.





The simulation





In the simulation, all three main factors are represented and adjustable, though there are some limitations to what you can do with simple rules in a computer program.  





The temperature can be adjusted in 5º steps, as the rate depends on a set of fixed values, representing the way that reaction rate changes with temperature.  The rate is fastest at 35ºC and falls off after that, as the enzymes become less efficient.  I have not included the permanent denaturing of the enzymes above 50ºC as I feel that pupils will be discouraged by sudden death when they parboil the plant by clicking too many times.  If the light source is too intense (close), it heats the water and you cannot take the temperature below 10 degrees.





The CO2 can be adjusted in arbitrary steps on a scale from 1 to 10.  The oxygen production is directly proportional to this, allowing for rounding errors.  The CO2 level is reduced every 40 seconds as the plant uses it up and needs to be checked every time you take a reading.  As the level is adjusted past 9, a box appears, warning that high CO2 levels will damage the plant.  If the high (9 or 10) level is maintained for more than 1 minute, the plant dies and the program ends with a message box explaining why.  The box is captioned “Kenny” for reasons which are clearer if you watch “South Park”.





The light intensity is set in two ways, the light source can be changed by clicking on its picture, offering white light, red, green and blue lamps or candle.  It can also be moved towards the plant or away again, using a scroll bar, giving a nearly continuous variable.  Light intensity should be an inverse squared law, that is, you get 4 times the output if you halve the distance.  I have not implemented this law, as the change is rather abrupt for pupils to work with, but there is a straight inverse law, giving a similar curve.





As the oxygen rate approaches 100%, the rate of change will slow down, reflecting the saturation effects and making it more difficult for the rate to attain 100%.  This is most noticeable for changes in the carbon dioxide level, as this would otherwise be linear.





As I said earlier, this is only a simulation and an extension exercise for able pupils would be to spot the flaws in it, for example, the Sun is no longer implemented as a light source, as I felt silly implementing a scroll bar to move it!


�
Analysing the results





The simple relationship between light source and rate gives the opportunity for all pupils to get a visual result, even if it is only 5 bars on a grid.  Changing the other 3 parameters gives 3 different graphs, linear proportion for the CO2, a rough curve, peaking at 35º for the temperature and an inverse proportion curve for the light position.





I have supplied blank graph sheets, which match the worksheets, but there is nothing wrong with making your own.  It is worth having a blank chart ready for the fourth set of results, the light intensity, since it does not go in simple jumps.  





The program also contains the graph unit, click on the “Chart” button to activate this.  You see one of the blank charts and a set of four tabs:





� EMBED Paint.Picture  ���





�


Click the tab that matches the chart you want and the blank chart will appear.  If you already have the data you need, you can enter it in the data grid.  This displays the data for the chart currently showing, with captions to match the worksheet.  Enter the data and the chart will revise itself each time you enter a new value.  It is possible to click alternately on the chart and the program to change a setting and then enter a new reading, especially at screen resolutions of 1024x768 and 800x600, just drag both parts of the program so you can see them simultaneously.





Printing


The “print” button does exactly what it says, and should produce a half-page chart on A4 on the default printer.  This will be in colour if you have a colour printer, black and white printers usually try to use shades of grey to simulate this.  If it is too small, because you have a laser or other 600 DPI printer, you will need to click the set-up button and change the print size. The program will reject an attempt to print a blank chart, but it is possible to print an incomplete chart.





Sample worksheets





Sample worksheets are included with this copy of Weed, however, you should feel free to make your own, based on these.  The graphs built into Weed are designed to match the worksheets, particularly the distance (light intensity) graph, for which the y-axis data has to match the distance shown on the x-axis.  It may be a worthwhile extension exercise for pupils to create their own graphs to match different experimental conditions.





Using a spreadsheet program





You could use Weed to generate data for any spreadsheet program, if you want to use one, this could be a useful way to give pupils contact with a spreadsheet to create graphs.  Some word processors, like Microsoft Word and Lotus Wordpro allow you to insert graphs into your word processed documents, again a useful skill for some classes.


�
Installation





You will need WinZip, available as a shareware trial or for purchase, from the authors on http://www.winzip.com. Copy the weed.zip file to a folder  on your hard disk and unzip it.





Unintentional program features (bug list!)( 





Weed is generally uncrashable, since it only uses clicks and drags and proven routines that are part of Windows or of Delphi, though there are a few known problems:





Problem�
�
Fix�
�
When you change from one chart to another, the cursor always goes back to the first data entry box.�
�
I don’t yet know how to make it remember which edit box you’re in.  Fix during 2002�
�
Any errors in graph values are reported in a box which does not clear if you go to a different graph or is clear because you have just come from another graph, even though there may be an error in the current graph data.�
�
Fix sometime in 2002�
�
The representation of the effects of carbon dioxide concentration is not accurate, it should not multiply the rate as at present, but set a ceiling on the rate, being a limiting factor�
�
When somebody notices.....


Oh, all right, sometime in 2003�
�
It has been suggested that a cumulative record of the gas volume produced, rather than a rate value, would be useful, in conjunction with a real-time or simulated-time stopwatch, so pupils could practice measurements.  I think this over-complicates a simple simulation but I shall attempt to implement it eventually.�
�
Free update will be available to users if this is implemented.  Sometime during 2003�
�
It would be nice to have a Windows 3.1 version as schools have often got old computers doing nothing, while the newer Pentium-class machines are groaning under the strain.�
�
Yes, wouldn’t it.  Your Zip file contains a 16-bit (windows 3.1) version, Weed2_2, without the graph module.  Weed is now written in Delphi4 and the Delphi4 objects are not backward compatible, so I would have to re-create the 11 forms and re-install the 50-odd graphics and I really don’t have time.  You can plot graphs on Excel or 123 or Word if you must, or do better-looking ones by hand.�
�
It has been suggested that the program could have a button that would transfer the current reading straight onto the graph�
�
This would involve the main weed form knowing what graph was showing and which edit box was waiting.  Perhaps by the end of summer holidays 2002�
�
I would like the graph modules to auto-range and to be derived from the same adaptable component�
�
When I can write components.....


I have had such problems adding (or failing to add) other people’s graph components that I wrote my own.  It makes “Weed” into one big program which simplifies installation and distribution, but makes changes harder to implement.�
�
Printing to 720 DPI printers, for example, most Epson printers gives a smaller graph than to a 600 DPI printer�
�
There may be a fixed version soon.�
�



Technical Support


Is available by telephoning (England) (0114) 266 6683, but not when I’m out.  


Or E-mail at   n.barnett@cwcom.net, it’s probably cheaper.





( “A bug which occurs consistently enough is a feature” - anon
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