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A user’s guide to

The CarbonCyCIe

Life as we know it is based on
carbon. The giant molecules that are
characteristic of living things — poly-
saccharides, proteins and nucleic
acids are all long chains of carbon-
containing units. The small mole-
cules — such as amino acids and
ATP — are also made of carbon. But
carbon is not a static constituent of
life — it travels to and fro throughout
the biosphere; its comings and
goings are known as the carbon
cycle. Duncan Hull explains.

4 arbon is the currency of life. It is

what we are made of, what was in
‘é\” your breakfast this morning and,
N as carbon dioxide gas, the cause of
global warming! As carbon is such a vital
element in our world, it is important to
understand how it moves around eco-
systems. Let us start with carbon dioxide.
Our bodies cannot use carbon dioxide to
any great extent to make anything useful
because it is highly oxidised and relatively
unreactive. Before you, or anything else in
the animal kingdom, can use carbon as
food, a plant will have to turn carbon dioxide
into food for you. This important process is
called carbon fixation. This is the crucial
bit of photosynthesis, because the carbon
dioxide becomes fixed (secured) in the form
of more complex carbon-containing (organic)
compounds such as sugars and fats.

Fixed carbon is eventually returned to
the atmosphere as carbon dioxide through
the processes of respiration and burning of
carbon-containing compounds. It is the two
processes of photosynthesis and respiration
that drive the carbon cycle (see Figure 1). If
either process stopped then the cycle would
cease and the majority of carbon would end

Figure 1 Simplified picture of the carbon
cycle. Carbon dioxide is removed from the
atmosphere by photosynthesis in plants, and
returned by respiration in plants, animals and
microbes, and also by the burning of fossil
fuels and other organic matter.
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up either in the form of elemental carbon or
in complex organic compounds.

Animal respiration is not the only process
that returns carbon dioxide to the atmos-
phere — microbial respiration also recycles
carbon. Without respiration by fungi and
bacteria, which feed on dead and decaying
organic matter, carbon would remain locked
up in dead organisms and eventually there
would be no free carbon left (see Figure 1).
In the carbon cycle carbon moves from ‘gas
to grass’ and back again.

GAS TO GRASS

How exactly do plants go about the import-
ant process of carbon fixation which provides

! 4 . 3

Decay of dead animals returns the carbon original
as carbon dioxide.
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us with all our food? First,
plants join carbon dioxide
molecules (containing one
carbon each) to 5-carbon
molecules (called ribulose
bisphosphate) to make two
lots of 3-carbon molecules
(called glyceraldehyde 3-phosphate),
as shown in Figure 2. It is not vital to
remember the names of these mole-
cules but it is important to remember
that this crucial reaction
(called the Calvin cycle,
after its discoverer) is how
carbon becomes available
to the rest of the living
world, which cannot fix it
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Carbon dioxide is fixed
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Glyceraldehyde
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Figure 2 Simplified picture of the Calvin
cycle. Carbon dioxide is converted to carbo-
hydrate in plant chloroplasts in this cyclic
series of reactions comprising three parts.
(1) Carbon dioxide is fixed (incorporated into
organic compounds) by combination with the
5-carbon ribulose bisphosphate. The 6-carbon
product immediately breaks down into two
3-carbon compounds, which ultimately form
glyceraldehyde 3-phosphate. (2) Some of

the glyceraldehyde 3-phosphate is used to
form glucose, sucrose, and other products.
(3) Some of the glyceraldehyde 3-phosphate
is used to regenerate the 5-carbon ribulose
bisphosphate, allowing the cycle to continue
and more carbon dioxide to be fixed.

themselves. Fixing enough carbon to ‘feed
the world” is one of the most pressing prob-
lems humans face today and it is all done
within tiny organelles called chloroplasts
inside plants. Unfortunately, fixing carbon is
not as straightforward as shown in Figure 2,
because the Calvin cycle needs energy to
drive it. Where does this energy come from?

SOLAR POWERED

The energy needed to power the all-
important Calvin cycle comes from the sun.
Plants harness the sun’s power by catching
photons (the particles of light) and using
their energy to excite electrons in chloro-
phyll (the pigment that makes chloroplasts
green). The electrical energy of these elec-
trons is converted to the chemical energy of
the phosphate-containing organic molecules
ATP and NADPH in a series of reactions
called the light reactions. Converting energy
from sunlight into chemical energy is very
important — it makes the energy available
to other living organisms.

If photosynthesis did not introduce
energy into food webs then life on earth
would eventually stop. Energy, unlike
carbon, cannot be recycled because, when
used, it is converted into different forms.
During energy conversions some energy is
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PETROL AND PEAT

All living things play an important
role in the carbon cycle, but humans
are affecting the carbon cycle in
ways that other animals do not.
Fossil fuels and peat are forms of
carbon that we find very useful in
today’s society. By burning petrol,
and other fossil fuels such as coal,
energy locked up in the organisms
that originally fixed carbon dioxide
can be released and used to power
domestic and industrial processes,
and also private and public trans-
port (see Box 1). Burning carbon
compounds releases carbon dioxide
into the air in the same way that
respiration does. Our burning of
fossil fuels is one of the main reasons for the
increases in carbon dioxide in the atmos-
phere observed over the last 50 years. The
way we use carbon has important implica-
tions for climate change because carbon
dioxide is a greenhouse gas. This means it
absorbs infrared radiation reflected from the
ground, causing air temperatures to rise (see
Figure 3).

Another form of carbon we find useful is
peat, which is used extensively in raising
plants in nurseries, and is sold in compost.
Peat is formed by bog mosses such as
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part from the importance of
arbon dioxide as a greenhouse gas,
carbon is the currency of life,
ause it is the building block of all
iological molecules. All living
things play a role in moving carbon
round the biosphere: animals
return carbon to the atmosphere
through respiration; fungi and
“bacteria return the locked-up carbon
in dead matter to the atmosphere;
plants fix carbon dioxide into food
that we can all eat. However, it is
humans who are having an increas-
ingly important impact on the
carbon cycle through our need for
energy. It remains to be seen what
the final effect of this will be. B

Sphagnum (see Figure 4) which de-
compose very slowly because of the
acidic conditions that the moss creates.
Peat bogs therefore store large amounts
of carbon, because fixation of carbon
by the moss greatly exceeds decompo-
sition by microbial respiration. Recent
research suggests that the world’s peat-
lands (mostly in the northern hemi-
sphere) store as much carbon as all of
the world’s forests. Therefore, from the
point of view of carbon, peat extraction
is equivalent to deforestation, because

Figure 4 Peat is formed when
the decomposition of dead
plant and animal remains is
slowed down in waterlogged or
acidic soils, or by extreme cold.
The partially decomposed
remains persist at the soil
surface and form peat. Partial
decomposition also increases
soil acidity, so that only certain
plants can live in the soil. The
most important example is
Sphagnum moss, which has
been estimated to cover over
one per cent of the land surface
of the globe. If old plants die
they do not decompose, but
new ones grow over them. Over
hundreds or even thousands

of years the plant remains
accumulate as peat to depths of
several metres and a compact,
carbon-rich, self-sustaining
system is established — unless
the plants are dug up when
peat is collected.

BOX 1 FORMATION OF FOSSIL FUELS

Fossil fuels are materials of biological origin
found in the earth’s crust. They contain carbon,
and can be burned as sources of energy. Most
oil and petrol is derived from single-celled
organisms (algae such as diatoms; cyanobac-
teria; foraminifers) that lived in shallow coastal
waters during the Palaeozoic era. When these
organisms died they sank to the bottom and
formed an ooze that did not decompose.
because of lack of oxygen. As a result of
changes in climate, these coastal areas became
buried under layers of earth and the ooze
provided organic matter for oil-forming
bacteria. These bacteria converted the remains
to kerogen, the precursor of petrol. As the
millennia passed, further sedimentation
pushed the kerogen into deeper and hotter
regions of the earth’s crust where it experi-
enced high pressures and temperatures for
millions of years. Chemical changes then
occurred, resulting in the formation of the
hydrocarbons of crude oil and petrol.

Coal was formed from plants growing near to
swamps in warm, humid regions. When they
died their remains accumulated, rather like
present-day peat-forming sites, and often in
layers up to 30m thick. In places where sudden
land subsidence occurred, water flooded in,
knocking over any growing vegetation. Sand
and mud carried in the water became
deposited as a sediment over the submerged
plants and peat — starting the burial and
compression process that eventually converted
the plant remains into coal.

BIOLOGICAL SCIENCESREVIEW




[image: image4.jpg]'SEAN EDWARD

(A) Slabs of peat have been cut from this
southern Irish bog and stacked in heaps to dry
3 before use as fuel. (B) Peat-cutter’s eye-view of £
Sphagnum, the basis of life in a bog and expert
trapper of carbon. (C) Side view of Sphagnum
showing the intact (carbon-rich) dead material
which lies underneath the green, living surface. :
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p. 10-14.
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such alternatives to peat by doing a project Biological Sciences Review, Vol. 8, No. 5,

1hat compares growth of plants in different pp. 32-34. (Describes coal me

nentdll friendly compos plants.)

FURTHER READING Xyg el

P. (1986) The Periodic Table.
(The final chapter gives an account of the
movements of a carbon atom through the
carbon cycle.)
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