


ing it a pretty effective system, on a par
with the energy yield of modern steam tur-
bines. Thus the mitochondria really do
earn their reputation as the cell’s power-
house. During the oxidation of organic
compounds, hydrogen is split off and
brought together with molecular oxygen to
produce water (4 H+ O, — 2 HyO). The
formation of water is the main energy-
yielding reaction. You could consider this
process (cell respiration, as it is called) as
being the opposite of photosynthesis: in
the chloroplasts, glucose and oxygen are
produced from CO; and water (with sun-
light providing the energy); whereas in the
mitochondria, glucose and oxygen are de-
graded again to CO; and water in order to
release energy.

Consequences for the farmer

The growth and yield of crop plants will
increase as the factors that are important
for photosynthesis approach their optimum
levels. Factors such as sunlight and tem-
perature are of course beyond the farmer’s
control (the temperature optimum for pho-
tosynthesis in full sunlight lies at 35°C).
Drought has a negative effect on photosyn-
thetic productivity because the plant pro-
tects itself from drying out by closing
its stomata, thereby limiting the exchange
of the gases necessary for this process.

Given the facts of climate change, it is in-
teresting to note that photosynthesis func-
tions most efficiently at an ambient CO»-
concentration range of 0.1 to 1 percent.
However, the CO,-concentration in the at-
mosphere currently lies at around 0.037
percent (370 ppm), meaning that plants are
working at below capacity. The anticipated
increase in the concentration of the green-
house gas CO,, which is expected to reach
about 500 ppm in the course of the coming
decades, is likely to boost the growth of
plants to some extent.

Laboratory studies have indeed shown
that considerable yield increases (of 20-30
percent) might be anticipated as the result
of this so-called CO,-fertilising effect. But
are these results really so easily translated
from the laboratory to the field? On the
other hand, would it really be possible to
simulate an enhanced CO;-concentration
in the field (for example over a cereal
crop) in order to obtain a realistic picture
in situ?

The effort involved is considerable —
but studies like this are indeed running at
several sites around the world. One of
these locations is the Johann Heinrich von
Thiinen-Institut (vTI), the former German
Federal Agricultural Research Centre, in

Brunswick, Germany. In the Brunswick
carbon project, which is running over sev-
eral cropping seasons, the CO,-concentra-
tion in the air above selected portions of a
field is being maintained at a constant 450-
550 ppm using controlled release of the
gas. The scientists are measuring growth,
but they are also monitoring other parame-
ters such as the plants’ water balance. The
results obtained so far are actually rather
sobering: biomass production in wheat and
sugar beet increased by a rather modest
6-14 percent; at the same time, water use
decreased. Moreover, protein content de-
creased by about 10 percent in the grain of
winter barley, for example. Thus, the yield
may increase, but the quality of the harvest
also changes.

This demonstrates once again how
highly complex the metabolism of plant
cells is; the capture, storage and use of
energy are only three aspects among many.
A glimpse into these biochemical processes
is fascinating, but it quickly becomes obvi-
ous that it is not easy to intervene or indeed
to steer them. And that’s another way in
which a microscopically small cell is simi-
lar to a large municipality. l



