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BOX1 Calculations based on rates of change in CO, concentration

if the rate of CO, uptake or production is known, then it can provide a means for calculating the
equivalent number of glucose molecules that this amount of CO, represents, either being made

during photosynthesis or broken down during respiration. if this assumption is made, then it is possible
to estimate the amounts of energy being used in photosynthesis or released in respiration as below.

@ Select an area of the graph, and select the rate button to get the rate of CO, change figure for this
region. The software provides units for the rate of CO, change in ppm/second.

@ This rate of change in CO, would be different for different-sized containers, so the next step is to take
account of the volume of gas in the container being used, in units of cm?:

If we assume that six CO, molecules are (used in photosynthesis to form/are released by the respiration
of) a glucose molecule, then the number of moles of glucose being formed per second
= (rate of change {(ppm per second) x volume of container (cm?) / 144 ) x 10

@ The complete aerobic respiration of glucose is worth 2840 kJ mol-. So the rate of release of energy
(or uptake of energy in photosynthesis) by the organism in kJ per second
= (moles of glucose per second) x 2840 kJ.

For many purposes, it would be a good idea to have an Excel worksheet set up so that simply entering
the volume of the container, and the ppm/second figure, leads to the automatic calculation of glucose
and energy equivalents (see Figure 1),

Naturally this figure can be adjusted to provide a rate in kJ per minute, per hour, or per day. To allow fair
comparisons between different samples, the figure should also be related to the mass of biological
material involved, to provide a rate as units of energy/unit mass/unit time.
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AT T T ET
Carbon Dioxide change calculator
Volume of | CO2 change | Equivalent Moles
Description of contents airlem3 ppm/s glucose/ s !
v X G = (VX/144) x 107 /s |
lab & 13 iit bunsens 216000000 0.832 0.01248 .
lab & 26 people 216000000 0.581 0.008715
1 young radish seedling (light) 250 1.903 3.30382E-08
.4 {1 young radish seedling (dark) 250 0.498 8.64583E-08
1 honey bee 250 7.707 1.33802E-07
large earthworm 250 0.423 7.34375E-09
hoverfly 250 2.148 3.72917E-08
garden spider 250 0.102 1.77083E-08
large garden snail 250 0.859 1.49132E-08

Notes: 70 kJ boils the water for one cup of tea
1 gram sugar contains 17 kJ
~data in blue represents falling CO2 due to photosynthesis |

Figure 1 Screen shot of Excel spreadsheet for converting carbon dioxide figures.
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BOX 3 Suggested investigations using the CO, sensor

Effects of the following on leaf photosynthesis:

® CO, concentration
temperature

light intensity

light wavelength

daily rhythms

stomatal density
light/dark leaf adaptations
herbivory

action of herbicides

C4 and CAM versus C3 plant leaves

Effects of the following on teaching room
gaseous CO, concentrations:

® air-flow through the room

@ number of people in the room
® biomass of people in the room
o

physical activity in the room (compare a day
when everyone is doing test, with another day)

size of the room
@ combustion sources of CO, (Bunsen burners)

@® presence of plants

Isolate the different parts of a shrub in the field
to study the carbon budget:

@ in different aspects (shade-adapted leaves
versus light-adapted leaves)

@ at different times of the day
@ in different weathers

@ at different times of the year

Isolate the carbon budget of plant roots and
associated soil, from the above-ground carbon
budget (with a potted plant) to study investments
in shoots/roots:

@ when grown at different angles

@® when mechanically stimulated/stressed

Effects of the following on respiration of small
invertebrates:

@ temperature
@ activity (walking/flying)
® food sources
@ stage of development

@ species

Effects of the following on soil respiration:

® moisture content @ pesticides
® percentage organic @ salinity
matter
@ acid rain
@ temperature
@ soil invertebrate
@ pH population
@ litter type @® microbial
populations
@ mineral content
@ season
® mineral skeleton
® weather
® supplements of
nutrients
@ living plants
@ organic and

inorganic fertilisers
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the x-axis, and CO, level/ppm on the y-axis). At this
stage, even before you collect any data, there will
be a glow at the tip of the probe, about once every
second, as it begins to register CO, levels.

To start collecting data, simply select the Collect
button on the tool-bar at the top of the screen. The
graph should immediately show data being collected.
You can stop collecting at any time by clicking on the
Stop collecting button. Tt is worth bearing in mind that
there is a warm-up time of approximately 90 seconds
before the data makes much sense. The usual default
time for collecting is 300 seconds, but if you want to
cxtend this time (which can be done whilst data is
being collected), click on Experiment and then select
Extend collection from the drop-down menu. If you
wish to extend further, just keep selecting the same
drop-down option. The scrolling columns on the left
of the screen will show the numerical values of the
readings as they are being taken.

You can enhance your view of the data as it is
being collected by stretching or shrinking either or
both of the x and y axes of the graph. To do this,
move the cursor to just outside the border of the axis
you wish to change (it will show a sort of squiggly
line), and then right-click and drag away from or
towards the origin of the axis to respectively stretch
or shrink the axis of the graph. Don’t worry if you
have lost the scrolling data, you can move to where
you want on the graph by clicking on the direction
arrows found either side of the title for each axis. In
this way you will be able to enlarge any portion of the
developing graph to increase its dramatic impact.

Another very useful feature of the software is
that labels, titles and other features can be added to
the graph — cven when data is still being collected.
The most immediately useful analysis feature is the

gradient function, which will get the software to
calculate the slope of a best-fit line between any two
points on the graph; and you can identify different
parts of the graph for separate analysis. To do this
simply highlight the portion of the graph you wish
to study by clicking and dragging the cursor so that
the area of interest is highlighted, and then click
the Linear Fit (R=) button on the toolbar at the top
of the page. A box will appear on the page, which
indicates the slope as well as providing a correlation
coefficient for the data in the region of interest.
This box can be dragged to wherever it seems
most appropriate on the page (if data are still being
collected, the calculation will not be completed until
the data collection stops).

If you select the Stop collecting data button, then
you can save the file if you so wish. When you select
Start collecting data again, the program will ask you
if you want to erase the current data, or append the
new data to the previous set. Normally you will want
to start with a ‘clean sheet’, but occasionally you
may wish to leave the previous trace on-screen and
run the new trace over the same area of the graph;
in this case you should select Experiment and then
Store latest run. Then you can start to collect a new
set of data, with the previous trace on screen in the
background.

More investigations

Box 3 lists some suggestions for using the CO,
sensor and data-logger for investigations both in and
outside the classroom. These suggestions go well
beyond the scope of fieldwork, but should give some
idea of the range of uses to which the CO, probe
might be applied.
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