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Rose growers use CO
2
 enrichment over

the course of  the year.  During the
winter when temperature and light
levels are lower, many growers
supplement CO

2
 in the hope of boosting

production for Valentines Day. The idea
is that higher CO

2
 concentrations result

in more rapid movement of CO
2
 into the

leaves so that the plant is able to make
more use of the light that strikes the
leaf.

Recently, energy costs have driven
growers to try to reduce heating costs
in their greenhouses by lowering
thermostats. We were interested in
seeing what effect this would have on
the CO

2
 enrichment strategy that rose

growers currently use.

One catch is that for many plants the
positive effect of high CO

2

concentration on photosynthesis is
greatly diminished when temperature is
low because all the processes in the
plant are slowed down. Approximately
20% of ambient air is O

2
. The oxygen

competes with CO
2
 to enter the

photosynthetic pathway (this is called
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photorespiration). When the
temperature is high, that competition is
high too. Thus, raising the CO

2

concentration can suppress the oxygen
activity effectively, resulting in
increased photosynthesis. When
temperature is low, however, the
competition is already low so that the
effect of extra CO

2
 is low also.

Our results show that providing extra
CO

2
 would not make much difference

below 15 ºC (59 ºF)  (Fig. 1). There is
virtually no improvement in
photosynthesis by increasing CO

2
 up

to 1200 ppm from ambient CO
2
 level (370

ppm) at 15 ºC (59 ºF), which suggests
that keeping CO

2
 at ambient levels

would be adequate to sustain
production. On the other hand, CO

2

concentrations below 200 ppm result in
reduction in photosynthesis even at 15
ºC.  This suggests that while elevating
CO

2
 concentrations above the normal

ambient levels would result in virtually
no benefit at or below 15 ºC; it is
worthwhile to maintain levels at ambient

Heiner Lieth
Reports, Regular 34



0

5

10

15

20

25

30

35

40

15 20 25 30 35 40 45
Leaf temperature (C)

60 70 80 90 100 110
Leaf temperature (F)

Ph
ot

os
yn

th
es

is
 (

µm
ol

 m
2  s

-1
)

1200 ppm 370 ppm 200 ppm

Figure 1: Effect of temperature on photosynthesis of rose leaves at various CO2 
concentrations under high light conditions (PAR of 1500 µmol m-2 s-1)
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levels (350-400 ppm).

The light level (PAR of 1500 µmol m-2 s-1)
used in the experiment (Fig 1)  is the highest
level obtainable during the summer. Light
conditions are lower during the winter and
during overcast weather. Even when light
conditions are poor,  a positive effect of
CO2 enrichment is expected as long as
temperatures are above 15 °C. It should,
however, be noted that under lower winter
light conditions, the CO2 enrichment will
have only moderate benefits. The take-home
message here is: if you are going to be
dropping winter greenhouse air
temperatures below 15 °C, then don’t bother
to use CO2 except to keep it around the
ambient levels (i.e. to avoid starvation).
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