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Abstract: The increase in atmospheric carbon dioxide concentration [CO2] during the last century has been one
of the causes of climatic global changes. In general, crops react to a greater availability of CO2 with an increase
in leaf photosynthesis, biomass and yield. In order to evaluate the effect of CO2 on crops, experimental trials need
to be carried out using different approaches: closed (greenhouses, growth chambers, tunnels, closed top chambers),
semi-open (open top chambers= OTCs) and open systems (Free-Air Carbon dioxide Enrichment facilities=FACEs).
In this paper, a review of Open Top Chamber (OTCs) systems is presented as well as their uses, construction and
operational details. OTCs are suitable tools for this type of experiment: they have the advantages of providing the
crop with conditions that closely correspond to reality, can be placed in open field for several seasons and are easy
to transport. However, the disadvantages are that inside the OTC, CO2 is lower than in the normal concentration
of air and temperatures are higher than those found externally. Nevertheless, these systems are useful for this
type of research, principally for crops with short growth cycles.
Keywords: climatic global change, OTC shapes and materials, measurement instruments, atmospheric CO2
concentration
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by many studies (among others, Cure and Acock,
1986; Drake et al., 1997; Drake and Rasse, 2003;
Kimball, 1983; Norby et al., 1999). When CO2
concentration is approximately doubled (from 350 to
700 ppm), crops react to elevated CO2 with an
increase in biomass (32% on average), yield (43%)
and leaf photosynthesis (54%) (Gifford, 1977); in
general the increase in biomass is higher in C3 plants
(58%) than in C4 (22%) and CAM plants (15%)
(Poorter, 1993). Several studies carried out on wheat
(a C3 plant) show grain yield increases of 15%
(Mitchell et al., 1993), 24% and 33% (Weigel et al.,
1994, in two different cultivars) and of 35% (Cure and
Acock, 1986) with doubled CO2 concentration. The
effects of elevated CO2 are beneficial on plant
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INTRODUCTION
CO2 concentration in the Earth’s atmosphere has
increased from approximately 280 to 370 ppm since
1750 (Fig. 1) and it is expected to reach 600-1000
ppm by the end of this century (IPCC, 2007). Along
with atmospheric CO2, the air-temperature at the
Earth’s surface has also increased during the past
200 years and mathematical climate models predict
that rising CO2 will cause additional warming
(Tubiello and Ewert, 2002).
Elevated atmospheric CO2 concentration induces an
initial stimulation of plant growth, as demonstrated

Italian Journal of Agrometeorology - 1/2010

Riassunto: Una delle cause dei cambiamenti climatici globali è l’aumento della concentrazione di anidride
carbonica nell’atmosfera, costantemente in ascesa nel corso dell’ultimo secolo. In generale, ad una maggiore
disponibilità di CO2, le colture agrarie rispondono con un aumento della fotosintesi e, di conseguenza, della
biomassa e della resa. Per osservare e valutare l’effetto della [CO2] sulle colture, occorre impostare prove
sperimentali utilizzando varie strumentazioni: sistemi chiusi (serre, camere di crescita, tunnel, camere chiuse in
alto), semi-aperti (camere a cielo aperto= OTCs) e aperti (sistemi in cui l’aria libera è arricchita da diossido di
carbonio=FACEs). Questa nota è una review sui sistemi delle camere a cielo aperto (Open Top Chambers = OTC),
delle quali si riportano le esperienze, i dettagli costruttivi ed operativi. Le OTC sono sistemi idonei per questo tipo
di sperimentazione: hanno il vantaggio di porre la coltura in condizioni molto vicine alla realtà, sono poste in
campo per diverse stagioni e sono facilmente trasportabili; hanno degli svantaggi poiché al loro interno la [CO2]
risulta un po’ più bassa della concentrazione normale dell’aria e la temperatura un po’ più alta di quella esterna.
Sono comunque utili sistemi per questo tipo di ricerche specie per colture con cicli colturali non eccessivamente
lunghi.
Parole chiave: cambiamenti climatici globali, forme e materiali delle OTC, strumenti di misurazione,
concentrazione atmosferica di CO2
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Fig. 1 - Atmospheric concentrations of CO2 over the last
10,000 years (large panel) and since 1750 (inset panel) (from
IPCC, 2007).
Fig. 1. Concentrazione atmosferica della CO2 per gli ultimi
10,000 anni (riquadro grande) e dal 1750 (riquadro piccolo)
(da IPCC, 2007).
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photosynthesis (Fig. 2) (Bacon, 2006; Morison and
Lawlor, 1999), but reduce stomatal conductance and
increase water-use efficiency in C3 plants (Lawlor and
Mitchell, 1991), so the beneficial effects of elevated
CO2 on yield may in fact be due to changes in
photosynthesis, water-use or water-use efficiency or
even all these three factors.
The wide range of responses to elevated CO2
concentration, among and within species and the
effects of environmental variables on these
responses, make it difficult to define a general model
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Fig. 2 - Relationship between CO2 concentration in
atmosphere and rate of photosynthesis (modified from
Bacon, 2006).
Fig. 2 - Relazione tra la concentrazione di CO2 in atmosfera
e il rapporto di fotosintesi (modificato da Bacon, 2006).

of plant response to rising CO2 concentration. Other
recent results from long-term studies suggest that
the stimulation of plant photosynthesis and
growth is sustained in time, especially in nutrientrich systems (Ainsworth et al., 2003a; 2003b;
Idso and Kimball, 2001; Temperton et al., 2003),
but also in other native ecosystems (Ainsworth et
al., 2002).
Lawlor and Mitchell (1991) reported that in
comparison with the very large number of
controlled-environment studies, there are few
experiments conducted in the field. Almost all of
these studies were done in the United States and
were heavily biased in favour of few crops (wheat,
maize, cotton, rice, cowpea, sweet potato, carrot,
radish etc.) and particularly soybeans. The reasons
for this are due to the fact that controlledenvironment experiments provide long-term, stable
conditions with clear differences between treatments
and allow combinations of changes in conditions
(e.g. temperature and CO2). The obtained values of
productivity are very general and may not be true
in open field due to the conditions which may be
substantially different between the two environments
(light, radiation, nutrients, water, pests etc.). On the
other hand, field studies provide results from highly
variable conditions and consequently depend on the
season and site. Therefore, it is important that the
main environmental factors are monitored during a
field experiment.
Hence, long term field experiments are necessary
in order improve our understanding of the
ecological effects of elevated CO2 concentration.
In order to study the effects of elevated CO2 on crop
plants, many different experiments were performed,
according to Amthor (2001), Morison and Lawlor
(1999), Tubiello and Ewert (2002), using closed
systems (controlled environment chambers,
greenhouses and glasshouses, inside temperature
gradient tunnels, closed-top field-chambers and
solar domes) and open systems like Open-top
chambers (OTCs) and Free-Air Carbon Dioxide
Enrichment Facilities (FACE).
OTCs have been used since the early 1970s to
evaluate the effects of trace gases on vegetation
(Heagle et al., 1973; Mandle et al., 1973) for field
studies about the effects of air pollution (Bou
Jaoudé et al., 2008; Maggio et al., 2009) and were
also adapted for elevated CO2 research (Heagle et
al., 1979; Rogers et al., 1983).
They are highly suitable for studying the effects of
elevated CO2 on natural and agricultural ecosystems
and are also appropriate for the study of temporal
atmospheric CO2 concentration variations in plant
canopies (Ziska et al., 2001). These experiments

effect of ozone (or CO2) on plant growth, yield and
other characteristics.
The aim of this paper is to focus on the description
of the construction and operational details of
different Open-Top Chambers and the effects of
atmospheric CO2 levels, used in some experiments
listed in table 1.

often require long-term CO2 enrichment as plants
grow in their native soil and experience normal
fluctuations in climate (Drake and Leadley, 1991;
Owensby et al., 1993; Rogers et al., 1984). In recent
years, OTCs have received increasing levels of
attention (Marion et al., 1997).
Nevertheless, Open Top Chambers can be
considered semi-open systems, since they more or
less modify the microclimatic conditions (Fagnano
et al., 2004), even if the degree of the modifications
depends on construction and operational details of
the chambers (Norris and Bailey, 1996).
The advantages and disadvantages of OTC as a tool
for research on the effects of ozone pollution on
crops are discussed by Fagnano et al. (2009).
A study was carried out on soybean plants in OTCs
in the Mediterranean region at three levels of ozone
(Bou Jaoudé et al., 2008), which shows a significant
relationship between ozone exposure-gas exchanges
and the ozone exposure-daily evapotranspiration of
soybean crops grown in different watering
conditions. This type of chamber helps to verify the

Fig. 5 - The hexagon design of an OTC (modified from
Molau and Mølgaard, 1996).
Fig. 5 - La forma esagonale di una OTC (modificato da
Molau and Mølgaard, 1996).
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Fig. 4 - The cone design of an OTC (modified from Molau
and Mølgaard, 1996).
Fig. 4 - La forma a cono di una OTC (modificato da Molau
and Mølgaard, 1996).

A - Shapes, dimensions and materials
Open-Top Chambers consists of three parts (Fig. 3)
(Allen et al., 1992; Drake et al., 1989; Strain et al.,
1991): the bottom half, the top half and the top
opening. In the bottom panel, a door can be built
on the side opposite the fan, to allow for a
convenient access to the inside of the chamber
(Bhattacharya et al., 1990). In the top the chambers
have a large opening of 50 to 100 % of the chamber’s
basal area (Ham et al., 1993), so they have inwardly
inclined sides (40°-60° with respect to the
horizontal). When the crops are very short (20-30
cm in height), the OTCs are formed only by the top
of chamber and therefore the cone (Fig. 4) and
hexagon (Fig. 5) designs are used (Marion et al.,
1997; Molau and Mølgaard, 1996).
The materials used included fabric, Plexiglas,
fibreglass, and plastic (Molau and Mølgaard, 1996).
Fibreglass material, is commonly used in
horticulture, especially for greenhouse applications.
Polycarbonate material is used all year round at
several European sites. Schapendonk et al. (2000)
Italian Journal of Agrometeorology - 1/2010

Fig. 3 - The cylindrical shape of an OTC (from Strain et al.,
1991).
Fig. 3 - La forma cilindrica di una OTC (da Strain et al.,
1991).

DESCRIPTION
Different kind of OTC have been developed and
used in the experiments listed in table 1.
Hereafter the OTCs shapes, dimension, constructive
characteristics , CO2 feeding systems, and measurement
systems adopted are described.
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Tab. 1 - Synoptic table of main OTC references.
Tab. 1 - Tabella sinottica dei principali riferimenti bibliografici sulle OTC.

used chambers made of 3-mm polycarbonate
without chamber supports. Plexiglas material is
recommended and most commonly used with a
thickness of 2-3 mm.

Different OTC shapes have been adopted:
– Cylindrical, the most common shape of OTC (Allen
et al., 1992; Drake et al., 1989; Rudorff et al., 1996)
(Fig. 6 and 7). Chambers (with a diameter usually

height of 1.95 m, and a volume of 3.8 m3. The
ground area inside the chamber is 1.95 m2. A
frustum of 0.25 m at an angle of 45° is added on
top. This chamber type was used for potato
(Schapendonk et al., 2000), for winter wheat
(Dijkstra et al., 1999) and for grassland (Leadley et
al., 1997).
– Octagonal, is 3.6 m in diameter and from 1.76 m
to 3.4 m in height, with each chamber enclosed in
a clear polyester film (Dore et al., 2003; Hall et al.,
2005).
Fig. 6 - The cylindrical form of an OTC [from CRA – SCA
(Agricultural Research Council – Research Unit for
Cropping Systems in Dry Environments), 2006].
Fig. 6 - La forma cilindrica di una OTC [da CRA – SCA
(Consiglio per la Ricerca e la Sperimentazione in Agricoltura,
Unità di Ricerca per i Sistemi Colturali degli Ambienti caldoaridi), 2006].

B - Soil and plants management
In open top field chambers, plants can be grown in
both natural soil and pots. Usually experiments are
carried out in soil: for example Harnos et al. (2006)
used OTCs (130 cm in diameter and 100 cm in
height) to grow winter wheat and grassland (Festuca
rupicola Heuff., Filipendula vulgaris Monch and F.
rupicola).
Sometimes pots are preferred (Fig. 9): Manderscheid
and Weigel (1997) and Weigel et al. (1992) studied
varieties of spring wheat using pots (42 cm height,
10.5 cm diameter) placed in open top chambers. The
pots were placed close together in a cylindrical

Fig. 8 - The hexagonal form of an OTC, from Leadley et al.,
1997.
Fig. 8 - La forma esagonale di una OTC, da Leadley et al.,
1997.

Fig. 9 - Potted plants in an OTC (design of Laura D’Andrea).
Fig. 9 - Piante in vasi in una OTC (disegno di Laura D’Andrea).
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ranging from 1.5 to 4.5 m and a height ranging from
2.0 to 2.4 m) are composed by metal frame covered
with a transparent plastic film. This chamber was
used for cotton (Fangmeier et al., 1996), for wheat
(Manderscheid and Weigel, 1997; Weigel et al.,
1992) and for sweet potato (Bhattacharya et al.,
1990).
– Squared, with a basal area of 9 m2 (3.0 m x 3.0 m)
and 1.8 - 2 m high, surrounded by a transparent
plastic film (0.2 mm polyethylene) mounted on
wooden frames. This chamber was used for cotton
(Radin et al., 1988), for forage crops (Saebø and
Mortensen, 1995), and for wheat, barley and oats
(Saebø and Mortensen, 1996).
– Rectangular, with a basal area of 3.2 m wide by 6.5
m long. In each chamber, 160 plantlets of Agave
vilmoriniana Berger were grown (Idso and
Kimball, 1995).
– Hexagonal (Fig. 8), is constructed as equilateral
hexagons with side width and length of 0.87 m, a
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Fig. 7 - The cylindrical form of an OTC, from Rudorff et
al., 1996.
Fig. 7 - La forma cilindrica di una OTC, da Rudorff et al.,
1996.
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2002). There is a number of plants for each OTC
for herbaceous plants (the most frequent examples),
soybeans (Bou Jaoudé, 2006) (Fig. 12), grassland
(Harnos et al., 2006), cryptogam communities
(Bokhorst et al., 2007), wheat (Fangmeier et al.,
1996; Harnos et al., 2006; Manderscheid and
Weigel, 1997; Rudorff et al., 1996; Weigel et al.,
1992; Weigel et al., 1994;) and also in other cases.

Fig. 10 - Single plant in an OTC (design of Laura D’Andrea).
Fig. 10 - Pianta singola in una OTC (disegno di Laura D’Andrea).
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Fig. 11 - Multiple plants in an OTC (design of Laura D’Andrea).
Fig. 11 - Molte piante in una OTC (disegno di Laura D’Andrea).
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excavation (0.45 m depth, 1 m diameter) at the
bottom of each OTC to simulate a canopy with a
density of 140 plants m-2. Similarly, Srivastava and
Khanna (2003), used pots to study soybean response
to different CO2 levels, but in this case, the pots were
placed on the ground in OTC chambers.
Experiments, using the same instruments, were also
carried out on wheat by Fangmeier et al. (1996) and
on sweet potato by Bhattacharya et al. (1990).
In open top field chambers, the number of
individual plants can be one or many (Fig. 10 and
11). There is one plant for each OTC for tree plants,
such as grapevine (Perez Peña, 2004), sour orange
tree (Citrus aurantium L.) (Idso and Kimball,
2001), and forest plants such as Quercus ssp. (Dore
et al., 2003) and Betula pendula (Vapaavuori et al.,

C - Management of OTC
Open top chambers are usually placed in the field
after crop emergence (3 weeks in the case of wheat
and corn plants) and are removed at physiological
maturity (Rudorff et al. 1996). In perennial species
the chambers are normally removed from plots after
plant senescence and returned at the onset of the
growth period.
Air is usually forced into an OTC by means of an
axial fan positioned outside the chamber and a pipe

Fig. 12 - A number of soybean plants for an OTC [from CRA –
SCA (Agricultural Research Council – Research Unit for
Cropping Systems in Dry Environments), 2006].
Fig. 12 - Molte piante di soia per OTC [da CRA – SCA (Consiglio
per la Ricerca e la Sperimentazione in Agricoltura, Unità di
Ricerca per i Sistemi Colturali degli Ambienti caldo-aridi), 2006].

Fig. 13 - Flow systems in an OTC, from Norris et al., 1996.
Fig. 13 - Sistemi di flussi in una OTC, da Norris et al., 1996.

ADVANTAGE AND DISADVANTAGES
A - Shapes, dimensions and materials
Especially in North Europe, inclined sides help to
collect part of the heat within the chamber like a
greenhouse, to increase the temperature of the
environment. Furthermore, they are useful to
transmit solar radiation into the chamber (optimal
transmittance occurs when solar radiation strikes
the surface at a right angle) and are designed to
shield plants from wind, thereby providing a heating
effect immediately around the plant in the absence
of strong sunlight.
All chambers need to be staked to the ground.
Where strong winds are expected, one might also
consider guy wiring, especially in a windward
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D - Measurement instruments
In OTCs, different equipment can be used in order
to check environmental conditions and to measure
specific physiological variables.

The difference in CO2 concentration between air
entering the chamber and air inside the chamber is
measured with an Infra-Red Gas Analyzer (IRGA)
operating in differential mode. The effect of
elevated CO2 is often quantified by comparing
growth dynamics inside CO2-enriched chambers
with those in chambers with local environment air
(non-enriched). Although biomass measurements
provide an integrated assessment of treatment
effects, more explicit measurements of CO2
exchange are needed to evaluate the effect of
elevated CO2 on photosynthesis, respiration, and
the ecosystem C budget. Researchers often
measure single-leaf photosynthesis inside OTCs
using a portable gas exchange system (Wullschleger
et al., 1992).
Air temperature (Ta), soil temperature (Ts), soil
water content (SWC), wind velocity, net radiation
and photosynthetic photon flux density (PPFD) are
measured simultaneously inside and outside the
chambers and recorded with a data logger (Dore et
al., 2003; Hymus et al., 2003). Ta (°C) is recorded at
different heights (2.5-2.0-1.5-1.0-0.5 m), both in the
centre of the chamber and outside, using shielded,
cross-calibrated copper/constant thermocouples. Ts
(°C) is measured at a depth of 0.01-0.1 and 0.5 m.
SWC (% vol) is measured in each chamber using
water content reflectometers integrating over the
first 15 cm. Wind velocity (m s-1) is measured with
a three-dimensional sonic-anemometer, positioned
3.5 m above the soil. Net radiation is measured
above the vegetation with a net radiometer. PPFD
(µmol m-2 s-1) is recorded at canopy height in the
centre of each chamber and outside, using crosscalibrated quantum sensors (LI-COR). Air vapour
pressure deficit, inside and outside the chambers, is
calculated using water concentration and air
temperature, measured both inside and outside the
chambers.
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moves the air from the fan into the OTC (Fig. 13)
(Norris et al., 1996), where it is distributed within
the chamber by means of a double-walled
compartment: the inside wall has hundreds of
circular holes in order to uniformly distribute air
toward the vegetation (Allen et al., 1992; Drake et
al., 1989; Rudorff et al., 1996) (Fig. 3 and 7).
In field chambers, Saebø and Mortensen (1996)
used perforated (1 mm holes) pipes (4 mm
diameter) placed on the ground (13 holes m-2). Pure
CO2 gas from a container was supplied through the
tubes at a flow rate of 150 L CO2 m-2 (field chamber
area) h-1, day and night.
Schapendonk et al. (2000) blew air into the chamber
with a blower through a series of manifolds and
pipes placed in the soil before planting. Air entered
the chamber through small straight upward pipes.
A windbreaker, mounted over the pipes, reduced
the wind speed from 30 m s–1 in the pipes to less
than 2 m s–1 at soil level. A second air-inlet system
was a circular flexible transparent PVC tube, placed
at about 2/3 of the OTC height, well over the
canopy. Chamber air was replaced 3.6 times min–1.
Temperature and CO2 concentration were
measured in all chambers every 6 min. Pure CO2
was added at the ventilator inlet and thoroughly
mixed inside the OTC. CO2 concentration was
measured and adjusted when needed.
For winter wheat (Triticum aestivum L.) and corn
(Zea mays L.) Rudorff et al. (1996) blew in carbon
dioxide from Monday to Friday for 12 h per day-1
(7a.m. – 7p.m.), from emergence to physiological
maturity.
Rasse et al. (2002) used chambers, 0.8 m in
diameter and 1.1 m tall, that were ventilated at a
rate of three–four air changes per minute with air
drawn from 2.5 m above soil level. During the
periods of gas exchange measurements, the
chambers were fitted with a lid equipped with an
exit chimney to help prevent back flow of local
environment air.
Hymus et al. (2003) blew air through the OTCs at a
rate of approx. 27 m3 min-1, entering through four
circular ducts each 20.3 cm in diameter, with a total
surface area of 0.123 m2, and exiting through
exhaust ports in the lids with a total exit surface area
of 0.096 m2. The difference in the entrance and exit
area increased the chamber air pressure. The net
ecosystem CO2 exchange (NEE) was measured for
5–10 days per month.
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direction, for additional protection (Bokhorst et al.,
2007).
The cone shape (Fig. 4) (Marion et al., 1997; Molau
and Mølgaard, 1996) appears really interesting since
it is characterized by a simpler design (one piece)
which should be structurally stronger with less
ground shading than the hexagon (Fig. 5).
On the other side a more complex shape like the
hexagonal can be built with larger sizes and is less
wasteful in the use of fibre-glass material.
A disadvantage of both designs is that some form of
portable scaffolding is needed to provide access to
the interiors of the chambers for monitoring
purposes.
As far as covering materials are concerned:
– Fibreglass is characterized by high solar transmittance in visible wavelengths (86%) and low
transmittance in the infra-red (heat) range (< 5%).
It is flexible enough to be cold bent into the
proper cone shape and is held together with nuts
and bolts.
– Polycarbonate can be cold bent and is almost
unbreakable affording the use of simpler design.
This material is more expensive than fibre-glass
material.
– Plexiglas: the 2 mm thick sheets are cheaper than
3 mm ones but they are less stable and some
momentary deformation may be caused by heavy
snow pressure during winter on OTCs placed on
slopes. However, shields of 2 mm thick translucent
Plexiglas transmits about 90% of photosynthetically
active radiation (PAR) and is sufficiently flexible to
be bent at a right angle.
Plants that are grown in pots have only a small
volume of soil available to roots, which necessitates
frequent watering and application of nutrients,
whereas plants growing in soil are under conditions
which are close to the natural environment.
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B - Gas fluxes
The bottom half of OTCs cover is double-walled
and the inside wall is perforated and serves as a duct
to distribute air uniformly throughout the chamber.
Unfortunately, the large opening at the top of OTCs
makes it difficult to sample the exhaust gas
concentration accurately. During conditions of high
wind, the entry of outdoor air through the top
opening can contaminate gas concentration inside
the OTC. This problem is more pronounced in
CO2-enriched chambers, where large differences in
CO2 concentrations exist between the chamber and
outside air.
Another problem with the open-system approach is
to quantify the air flow rate through the chamber.
This measurement is often difficult and expensive

in OTCs because of the complex nature of the air
management systems. Leadley and Drake (1993)
overcame the problem of turbulent incursion by
temporarily adding a top or “chimney” to their 1.5 m
diameter OTCs that restricted the opening to 0.2 m
in diameter. This procedure eliminated incursions
and allowed accurate CO2 sampling required for the
net carbon exchange measurements in both local
environment and CO2 enriched chambers. A similar
solution was adapted by Grünhage et al. (1993), who
used OTCs with a “rain exclusion cap”.
Unfortunately, no techniques are currently available
in order to obtain continuous measurements of CO2
flux during long-term CO2 enrichment experiments,
even though this is crucial in determining whether
ecosystems are sequestering or outgassing C in
response to elevated CO2 and climate change.
C - Measurement instruments
CO2 measurements must be carried out at the
maximum height of the canopy. In fact, Hymus et al.
(2003) report that while photosynthesis of the lightlimited leaves within the canopy will still be stimulated
by elevated atmospheric CO2 concentration, due to
the competitive suppression of photorespiration, the
stimulation will be much less than that of sun-exposed
leaves.
The combination of this physiological response with
the fact that light penetrating the thicker canopy will
be greatly reduced in conditions of elevated CO2 is
extremely important. It has been shown that
through the combination of these two factors,
photosynthesis of Quercus myrtifolia leaves within
the canopy was only 6% higher in elevated CO2
compared with the 34% stimulation of sun-exposed
leaf photosynthesis.
The measurements of net ecosystem CO2 exchange
must be carried during the hours of maximum light
(between midday and 4p.m.), when the differences of
exchange are reduced. This is due to the fact that in
the morning increased air temperature inside the
chamber enhances photosynthesis and during this
period light is saturated (Dore et al., 2003).
CONCLUSIONS
There is a stringent need to confirm crop responses to
CO2 variations observed in a large number of
controlled-environment experiments using OTCs that
guarantee more realistic conditions. OTCs are
infrastructures which are especially useful for field
crops whose cycles are not excessively long to carry out
experiments on CO2 effects on crop growth and yield.
The comparison between the environmental
conditions in most of the controlled-environment
growth chambers with those in the field highlights

ventilation which involves ventilating the chamber
to limit the temperature excess (temperature above
ambient of 2 °-C) during conditions of high solar
flux and recirculating the chamber air at other times
to conserve the enrichment gas.
In conclusion, open top chambers represent the
best compromise between the need to control
climatic conditions in closed environments and the
high cost and complex technical demands of the
unrestricted release of CO2 in a FACE systems.
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substantial differences in the absolute values of key
factors (controlled environments are often hot, wet,
humid and poorly illuminated compared with the
field), and also in their variability and coupling. A
field-grown crop may experience rapid changes in
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