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Facility for studying the effects of elevated carbon dioxide
concentration and increased temperature on crops

D. W. LAWLOR, R. A. C. MITCHELL, J. FRANKLIN, V. J. MITCHELL, S. P. DRISCOLL
& E. DELGADO

AFRC Institute of Arable Crops Research, Biochemistry and Physiology Department, Rothamsted Experimental Station,
Harpenden, Herts AL5 2JQ, UK

ABSTRACT

The requirements for the experimental study of the effects of
global climate change conditions on plants are outlined. A
semi-controlled plant growth facility is described which
allows the study of elevated CO2 and temperature, and their
interaction on the growth of plants under radiation and
temperature conditions similar to the field. During an
experiment on winter wheat (cv. Mercia), which ran from
December 1990 through to August 1991, the facility main-
tained mean daytime CO2 concentrations of 363 and 692cm3

m~3 for targets of 350 and 700 cm3 m~3 respectively.
Temperatures were set to follow outside ambient or outside
ambient +4°C, and hourly means were within 0-5°C of the
target for 92% of the time for target temperatures greater
than 6°C. Total photosynthetically active radiation incident
on the crop (solar radiation supplemented by artifical light
with natural photoperiod) was 2% greater than the total
measured outside over the same period.

Key-words: CO2 enrichment; COa x temperature; environ-
mental control; climate change.

INTRODUCTION

The potential effects of global climate change on local,
national and world food supplies may be very severe.
Therefore, it is important to assess the effects of
environmental conditions associated with global climate
change, i.e. increased COa concentration and tem-
perature, on the productivity of agricultural crops. The
information derived from assessment of crop responses
under experimental conditions may be included in crop
simulation models, and thus, used to estimate the
consequences of changes in particular environmental
factors, different combinations of factors and interac-
tions with other conditions (e.g. soil nutrition) on the
productivity of plants.

The effects of the rapidly increasing CO2 concentra-
tion, currently increasing at l-5cm3 m~3 annum"1, have

Correspondence: D. W. Lawlor, AFRC Institue of Arable Crops
Research, Biochemistry and Physiology Department, Rothamsted
Experimental Station, Harpenden, Herts AL5 2JQ, UK.

been examined for some of the most important food
crops (e.g. soy bean and spring wheat), but fewer studies
have been made of the response of crops with a very long
growing season, such as winter wheat (Kimball 1983;
Cure & Acock 1986; Lawlor & Mitchell 1991). The
majority of the studies on crop plants have been
conducted in controlled environments, usually at
reduced radiation and at warmer temperatures relative
to field conditions (Lawlor & Mitchell 1991). It has been
suggested that a decrease in photosynthetic capacity in
response to COa enrichment is more likely to be
observed in controlled environments than in the field
(Arp 1991; E. Delgado, personal communcation). In
any case, the response of plants to elevated CO2 is very
dependent upon other environmental factors, particu-
larly water supply, temperature and nutrition (Lawlor &
Mitchell 1991). This is illustrated by the variability of
crop responses to a doubling of CO2 concentration
(Cure & Acock 1986); for example, increases in wheat
yield ranging from 0 to 37% have been reported even
under optimal water and nutrient conditions (Fischer &
Aguilar 1976; Krenzer & Moss 1975).

Temperature has profound effects on crop produc-
tion, affecting the rate of organ development, respi-
ration and senescence and altering the source-sink
relations of plants (Farrar & Williams 1991). Photo-
respiration increases in importance with temperature so
that a positive interaction between the effects of
increased temperature and CO2 concentration on
photosynthesis is expected in C3 plants (Long 1991).
Studies by Idso, Kimball & Mauney (1987) indicate that
such an interaction may occur on the productivity of
several species, but similar studies have not been made
in wheat. Increases in temperature of up to 4°C towards
the end of the next century have been predicted by
global circulation models to accompany increases of
CO2 from the current 350 to as high as 700cm3 m~3.
These conditions represent extremes but provide a base
line for testing the response of plants from which
responses to less extreme conditions can be judged.

The complexity of the interactions between CO2 and
temperature and other environmental variables means
that quantification of plant responses to novel climates
requires simulation models of the processes. However,
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