
1. Introduction

Global climate has changed since pre-industrial
times, but in recent years the attention focused on this
phenomenon has rapidly increased because of its eco-
nomical, social and environmental consequences.

The scientific community largely holds anthro-
pogenic emissions of carbon dioxide (CO2) and other
greenhouse gases responsible for the global climate
system modification [Fuhrer 2003]. Indeed, on the ba-
sis of different greenhouse gas emission scenarios, the
Intergovernmental Panel on Climate Change (IPCC)
has concluded in its recent fourth assessment report
that a change in global mean temperature of 0.6 –
4oC, in combination with changes in precipitation and
an increased frequency of extreme weather events, is
likely to occur until 2100 [IPCC 2007]. 

It seems clear that consequences for agriculture
and forestry could be remarkable. 

Even if temperature change is well within the lim-
its of current climatic variability, a modest warming
can cause significant increase in heat sums above a
critical temperature threshold to affect crop physiolo-
gy and resistance to disease [Chakraborty 2000]. In
addition, changes in temperature, precipitation and the
frequency of extreme events will influence disease
epidemiology [Liu 2005; Matyssek 1999; Norby
1999; Curtis 1998; Marek 1995; Ceulemans 1994].

Changes in agricultural productivity can be the re-
sult of direct effects of these factors at the plant level,
or indirect effects at the system level, for instance,
through shifts in nutrient cycling, crop–weed interac-

tions, insect pest occurrence, and plant diseases [Gar-
rett 2006].

Despite the paramount importance of plant disease
for agricultural and natural ecosystems, little is known
of how plant interactions with pathogens will change
under future climatic conditions [McElrone 2005;
Runion 2003; Percy 2002; Chakraborty 2000; Coak-
ley 1999]

The expression of disease symptoms is influenced
by three main components: (1) host, (2) pathogen, and
(3) environmental conditions. Because plant predispo-
sition to disease is altered by abiotic factors, changes
in environmental variables such as elevated CO2 will
also likely affect the severity and range of pathogens
[Salinari 2006]. Understanding such relationships is
vital to making predictions about overall plant health
and for managing agricultural and natural ecosystems
in the future.

The shortage of critical epidemiological data on in-
dividual plant diseases needs to be addressed using
experimental approaches. In the first instance, studies
in a controlled environment may be used to formulate
hypotheses and to determine critical relationships to
help develop process-based approaches. Field-based
research examining the influence of a combination of
interacting factors [Norby 1997; Senft 1995] would
be needed to provide a more realistic appraisal of im-
pacts.

A useful tool for such a type of study is phytotron,
which can be defined as a closed greenhouse that can
be used for the study of environmental conditions on
plant growth and for plant gas production (consump-
tion) monitoring.

Phytotrons permit to maintain precise control over
environmental conditions (e.g. soil type, air tempera-
ture, relative humidity, light levels, carbon dioxide
(CO2) and ozone (O3) concentration) and the organ-
isms under study (e.g. mixtures of plant species and
their spatial arrangement). Such a degree of rigor and
control is virtually impossible to achieve under natu-
ral field conditions.

Phytotrons have been exploited to provide con-
trolled and reproducible conditions for several types
of studies in plant physiology and phenology [Nunn
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2005; Sasaki 2002; Grams 1999; Espigares 1993],
plant biochemistry [Liu 2005; Gorissen 1995] agrono-
my [Tahir 2005; Harnos 1998], ecology [Dormann
2004], plant morphometry [Fukui 2004a; Fukui
2004b; Fukui 2004c; Kim 1995], food quality [Rosen-
feld 1998] and plant pathology [Reignault 2001]. 

On the contrary, their use for studying climate
change effects on pathosystems has not yet been fully
exploited, in particular when CO2 level is considered.
In this regard, phytotrons can play a key role in exper-
imental research on global change by providing re-
searchers with tools to aid in disentangling the com-
plexities of natural ecosystems. 

At present, at least in Europe, several kinds of phy-
totrons are already in use for studying the effect of en-
vironmental conditions and stresses on plant diseases,
but in most cases experiments were carried out in small
chambers, on seedlings or small plants, without moni-
toring and controlling carbon dioxide concentration and
not specifically designed for studying plant-pathogens
interactions, in particular on foliar diseases [Tani 1996;
Thiel 1996; Uprety 1998; Schmadel-Hagebolling 1998;
Gutierrez 2000; Grote 2001; Yazaki 2004; Cherukuri
2005; Luedemann 2005; Pritsch 2005]. Consequently,
available phytotrons are not really suited to study the
effect of climate change on plant disease or there is no
scientific evidence of the possibility to use commercial-
ly available chambers for such purposes. 

The aim of this paper is to describe in detail a new
phytotron specifically developed for plant pathology
studies, with particular attention to climate change ef-
fects, its possible constraints as well as reporting the
results of the first experimental trials where the im-
pact of variation in CO2 and temperature on Uncinula
necatrix and Plasmopara viticola, two important
pathogens of grapevine, has been assessed. 

2. General plant overwiew and phytotron 
technical features

This phytotron has a volume of 10 m3 and its inter-
nal useable dimensions are 2 × 2 × 2.5 m (W × L × H).
The entrance door features a large glass window; the
internal space is divided by a walkway into two parts,
where two lots of 10 pots each can be set. Pots have a
15 l capacity and their dimensions are 27 × 27 × 35
cm. Each pot series is placed in a PVC container lo-
cated on a bench manually adjustable in height
through a pressure cylinder. The ceiling above the
pots is equipped with two lighting systems (Master-
color CDM-TD metallic iodure discharge lamps and
TLD Reflex 18/830 neon lamps Philips) a data acqui-
sition system, supplied with I/O and RS 485 inter-
faces (CR1000 data logger, Campbell Scientific,
U.S.A.), allows to manage the phytotron cycles and
data collection.

Up to six phytotrons, connected by an RS485 net-
work to a supervisor computer, were built (Fig. 1).

The internal space in the phytotron is divided in

two sectors, in order to maintain as constant as possi-
ble the conditions above and below the ground, mini-
mizing potential, negative interactions. Environmental
parameters in each sector can be monitored, and
maintained within a set range of variation.

The above-soil sector occupies most of the internal
space and the specific environmental parameters
measured and kept under control are the most affected
by the climatic changes in progress.

Table 1 lists these parameters, showing their varia-
tion range and their maximum rate of change.

As for relative humidity, a minimum threshold of
25% at a temperature of 8°C was fixed to avoid tem-
perature falling below the dew point in the dehumidi-
fier exchanger. Lower temperatures would require
very frequently de-icing cycles causing possible rela-
tive humidity overshoots.

Other parameters, such as air speed, leaf tempera-
ture and leaf wetness, are also measured and recorded
in order to better characterize the inside environment.

In the pot containers, soil temperature and soil wa-
ter content (absolute volumetric moisture content) can
be monitored, the latter being used to activate the au-
tomatic irrigation system whenever a user-set thresh-
old is reached. 

Pots are housed in a sealed container and the sepa-
ration between the above- and below-ground plant
parts is achieved by a transparent PTE bag (Fig. 2).

Such a division is necessary to avoid that a very

2

Fig. 1 - Two of the six phytotrons developed.

TABLE 1 - Main environmental parameters monitored in-
side the phytotron together with their variation range and their
maximum rate of change.

Parameter Variation Range Maximum rate of change
Air temperature 8-40°C 15°C/h
Relative Humidity 18-90% 20%/h

P.A.R 0 -1 20 0 µmo l m-2 s-1 in th ree step s: 0 , 1 /3 , 2 /3 , 3/3 

CO2 concentration 400-2000 ppm
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high CO2 concentration inside the potting medium
may influence air CO2 concentration, preventing an
exact carbon balance determination. Moreover, by
running cycles at low air relative humidity values, the
pot medium could dry quickly requiring very frequent
irrigation cycles.

A series of water traps are placed on the bottom of
the container to collect water in a large bottle outside
the phytotron. This keeps pot percolation water from
stagnating on the container floor. An air circulation
system exchanges continuously the inside air at a rate
set by an electronic speed regulator, reducing the risk
of moulds developing.

2.1 Air temperature and relative humidity control 
system (ATU Air Treatment Unit)

Two sections form the ATU: the first provides tem-
perature control, while the second allows to monitor
relative humidity. To control temperature, the air is
blown through a heat exchanger (THW11.00,
Biemme S.a.s, Italy) by an electric fan. In the heat ex-
changer a pump circulates a glycol solution whose
temperature can either be raised or reduced by a resis-
tor series or a freezing coil. Both these elements are
installed inside the glycol volume tank. 

The cooling system employs an air condenser and
an electric compressor. It also provides, through an-
other coil, air dehumidification through water vapor
condensation. An ultrasonic humidifier is used to in-
crease the relative humidity. The water used by the
system is derived from the public water network after
passing through a deionizer and a demineralizer unit. 

Temperature and humidity control is performed via
two electronic regulators whose set- point values are
set by the software running on the supervisoring com-

puter. The temperature and humidity transducers are
located inside the ventilation duct.

2.2 Lighting control system

The lighting system is provided with two different
light sources to obtain the best spectrum for plant
growth. The lights used are: Gas discharge lamp type
Philips CDM-TD 150 W/942 and Neon lamp type
Philips Tl-D reflex 18W/830. Both lamps’ emission
spectra are available, respectively, at: http://www.ecat.
lighting.philips.com/l/catalog/catalog.jsp?userLan-
guage=en&userCountry=gb&catalogType=LP_PROF_
ATG&_dyncharset=UTF-8&categoryid=LP_CF_
DCDMTD_EU_FA_GB_LP_PROF_ATG&produc-
tid=928084805133_EU_GB&title=MASTER-
Colour%20CDM-TD%20150W/942%20RX7s%
201CT&ctn=928084805133_EU and http://www.ecat.
lighting.philips.com/l/catalog/catalog.jsp?userLan-
guage=en&userCountry=gb&catalogType=LP_PROF_
ATG&_dyncharset=UTF-8&categoryid=LP_CF_TL-
DR8ECO_EU_FA_GB_LP_PROF_ATG&produc-
tid=928048183079_EU_GB&title=MASTER%20TL-
D%20Reflex%2018W/830%201SL&ctn=9280481830
79_EU. To maximize the light flux, all lamps are
equipped with a reflecting shield. In particular, the
neon lamps are a “reflex” type, meaning that they have
an internal upper reflecting shield.

The lamp housing is separated from the space in-
side the phytotron by two hinged plexiglass doors, to
make lamp replacement easy and to reduce tempera-
ture influence inside the chamber.

The lamps are electrically connected into three dif-
ferent groups allowing to obtain four different light-
ing levels: 0-1/3-2/3-3/3.

Moreover, it is possible to adjust the light flux just
by changing the pot container height and setting
plants at different distances from the light source.

The lighting system is fully managed in automatic
mode by the supervisoring computer.

PAR (Photosynthetically Active Radiation) can be
monitored by a 400-700 nm radiation transducer
(SKP-215, Skye Instruments, U.K.) positioned on top
of a telescopic stand to allow placing it anywhere on
the pot container.

The lamps are located below the ceiling of the phy-
totron, where two centrifugal electric cooling fans en-
sure air circulation. 

To avoid dangerous overheating, two air tempera-
ture sensors are placed in the lamp compartment; the
control system turns the lights off whenever the tem-
perature exceeds 70°C.

2.3 CO2 concentration control system

CO2 concentration is monitored and measured by a
non dispersive infrared gas analyzer (GMW21D,
Vaisala, Finland) situated on the rear wall, at 1.5 m
height, giving the concentration mean value surround-
ing the plants.

3

Fig. 2 - PTE hose useful to separate theepigeal from the hypogeal
part of theplant. It shows how the epigeal part of the plant is separated
from the hypogeal part.
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When it is necessary to increase the concentration,
the control system operates a solenoid valve allowing
the entry of a minimum quantity of CO2 in the phy-
totron ventilation duct. The solenoid valve opening /
closing time is obtained by means of an optimized al-
gorithm to avoid large oscillations of CO2 concentra-
tion values. The same algorithm manages the decrease
of the concentration value, carried out by two motor-
ized (1/2) valves installed on the ventilation system
input and output. In this way, the external air, having
a CO2 concentration of about 400-500 ppm, is contin-
uously mixed in small quantities with the inside air,
decreasing the mean value. As the external air is the
air of the laboratory the phytotron is situated in, it
could be necessary to carry out a ventilation system to
allow air exchange between the laboratory and the
outside.

Great attention was paid to assure good insulation
between the internal and external phytotron environ-
ments. This aim was achieved thanks to special neo-
prene washers for the door, the frame panel joints and
the plexiglass lamp doors. Special, solvent-free resins
were used to seal hermetically all possible air leaks.
Once the phytotron was placed in the laboratory, the
inside CO2 concentration was increased to a very high
level (2000 ppm). Then, all the frame joints were test-
ed using a high speed CO2 analyzer and, if necessary,
sealed again.

The same method was employed to assess pot con-
tainer sealing.

2.4 Data acquisition and control system (DACS)

The DACS use a CR1000 a Campbell Scientific
data logger to acquire, process and store data. It is
equipped with an input/output interface and a serial
RS485 type interface. This configuration allows a
connection between phytotrons and the supervising
computer through a local network.

The DACS provides the following tasks:
a) data acquisition, processing and storage;
b) control of temperature and relative humidity regu-

lator program cycles;
c) running and monitoring the lighting system cycles;
d) management of cycles set up for the CO2 concen-

tration control system;
e) management of all the alarm conditions;
f) administration of the RS 485 local network inter-

face.
Connection to DACS is possible not only through

the RS485 network but also through a local PC con-
nected by another port, RS232 type, available on the
CR1000 unit.

The software running on the supervisor computer
allows to: (i) communicate with the six remote DACS
units; (ii) set the operating cycles and alarm thresh-
olds; (iii) receive and display all measured values to-
gether with the cycles status .

The user can start and stop any cycle, on any phy-
totron, simply using a Plant Synoptic software.

3. Phytotron operation cycle and testing results

The operation cycle is usually programmed by the
supervisor computer, but it can also be controlled by a
local computer RS 232 connected to the phytotron.
The operation cycle running on the DACS can be
started and stopped through manual commands and
consists of 24 hourly segments synchronized by the
CR 1000 internal real time clock. For each hourly
segment, it is possible to set the following parameter
values:
– air temperature, from 8 up to 40°C;
– air relative humidity, from 18% up to 90 % (with a

minimum of 25% at the temperature of 8°C);
– CO2 concentration, from 400-500 up to 2000 ppm;
– lighting, from 0 up to 1200 µmol m-2 s-1 in four

steps (0-1/3-2/3-3/3).
Once programmed and set in “start” mode, the op-

eration cycle runs continuously until the user passes
to “stop” mode.

In addition to the parameters mentioned above,
DACS measures and stores the following parameters
with a sampling time set at 5 s:
– Leaf temperature (2 sensors)
– P.A.R
– Air speed
– Leaf wetness
– Soil temperature (two sensors)
– Soil water content (two sensors)

The CR 1000 provides both the signals’ digital fil-
tering and measure validation.

After a suitable testing period on a phytotron pro-
totype, several operation cycles were performed in or-
der to assess the control system’s stability and to opti-
mize the management of all systems involved. Analy-
sis of collected data shows that the oscillation values
were very close to the set point for each controlled pa-
rameters. 

In particular, the oscillation values pointed out are:
• Air Temperature : + / - 0.2°C
• Air relative humidity : + / - 2%
• CO2 concentration : + / - 30 ppm

Obviously, larger oscillations were detected during
the opening time of the two motorized valves used to
mix inside with outside air. This fact is due to the dif-
ferent temperature and humidity values of the two
mixed airs.

In order to overcome this problem, a phytotron
plant implementation is being taken into account. The
working hypothesis is to use an air pre-conditioning
system that should be able to supply the six phy-
totrons with air at mean temperature and humidity
values (i.e 18°C, 50%).

The system could also be improved with a chemi-
cal cell system to decrease the CO2 concentration. In
this way it could be possible to operate with inside
concentration values lower than 400 ppm. 

Good results were obtained with the air circulation
system installed in the pot container. In fact, operating
the manual air speed control, good and stable thermo-
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hygrometrical conditions were achieved, not only en-
suring a right substratum water evaporation, but also
avoiding rot or mould proliferations.

4. First experimental trials

4.1 Materials and methods

The aim of this experimental activity was to study
the impact of climatic condition variation on two im-
portant pathogens of grapevines: powdery and downy
mildew. The attention was focused on temperature
and CO2 concentration, important factors for plant
growth processes and disease organism development.

The main phytotron’s features were exploited to
simulate three different environmental conditions as
described in Table 2.

The “Ambient” condition has to be considered the
reference point, since it reproduces values of tempera-
ture and relative humidity detectable at the end of
spring in Piedmont, when primary infections occur.

The “Elevated CO2” condition was set up for eval-
uating the effect of high CO2 concentrations on plant
growth and pathogen epidemic.

Finally the “Elevated T and CO2” condition aims
to mimic one of the most extreme IPCC climate
change scenarios, predicting an increase in tempera-
ture of 4°C and in CO2 concentration of 100% over
the next 100 years [IPCC 2007].

Inside each phytotron, five “Moscato” and five
“Barbera” potted grapevines were placed when pow-
dery mildew was assessed or five “Nebbiolo” and five
“Barbera” potted grapevines were placed for assess-
ing downy mildew. In order to allow a good adapta-
tion to the artificial environment all plants were al-
lowed to grow in an “Ambient” condition for ten
days. At the end they were inoculated with a conidial
suspension concentration of 1×105 CFU/ml of
pathogens and environmental parameters inside the
phytotrons were changed according to the scheme re-
ported in Table 2.

Two trials were carried out for each pathosystem.
Disease assessment was carried out every seven days,

visually evaluating the percentage of leaf area infect-
ed (severity) and the percentage of leaves infected (in-
cidence). Trials were considered concluded when
mildews growth stopped.

In order to both exploit all the six climatic cham-
bers available and have a larger sample number, each
trial was carried out setting up the same environmen-
tal condition in two different phytotrons.

A statistical data analysis was performed with
SPSS17.0 for Windows, using an analysis of variance,
Student-Newman-Keuls post hoc test, Kruskal-Wallis
non-parametric test and Levene’s test for homogeneity
of variance. According to convention, the level of sig-
nificance was set to a p value of 0.05. Significance lev-
els of 0.05 or lower are marked with an asterisk (*).

4.2 Technical aspects and constraints

A small-quantity constant ventilation was detected
and showed to positively affect the development of
powdery mildew, that also infested naturally the
plants. On the contrary, this ventilation system
showed not to favour the infections of downy mildew
and it prevented the formation of a thin layer of water
on the leaf surface that is necessary for disease devel-
opment. In order to overcome this problem, plastic
films were used to create removable tunnels inside the
phytotrons and they were used to increase air humidi-
ty and in particular to keep a thin layer of water on the
leaf’s surface, avoiding at the same time mould prolif-
erations.

4.3 Results and discussion

4.3.1 Powdery mildew
The second trial confirmed the results observed

during the first one. Results reported in both Figures 3
and 4 and the subsequent data analysis refers to the
first trial. 

The analysis of variance shows differences be-
tween environmental conditions in both severity
(mean percentage of leaf area infected) and incidence
(mean percentage of leaves infected) of powdery
mildew infection. No differences between cultivar

5

TABLE 2 - Environmental conditions simulated inside the phytotrons during experimental trials.

Temperature Relative humidity

Phytotron
Powdery
mildew

Downy mildew

CO2
Powdery
mildew

Downy
mildew

Condition

1
from 22°C to

30°C
from 24°C to

26°C
800ppm

from 40% to
85%

~90% Elevated T and CO2

2
from 18°C to

26°C
from 20°C to

22°C
800ppm

from 40% to
85%

~90% Elevated CO2

3
from 18°C to

26°C
from 20°C to

22°C
450ppm

from 40% to
85%

~90% Ambient
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were detected (Tab. 3 and 4). Levene’s test showed
that the assumption about homogeneity of error vari-
ances among groups is violated for this variable.
Thus, the Kruskal-Wallis test was used to confirm the
analysis of variance results (Tab. 5). In order to un-
derstand how environmental conditions could affect
pathogen development a Student-Newman-Keuls was
applied to find out differences between data coming
from differently set-up phytotrons (Tab. 6 and 7).

A combination of increasing temperature and car-
bon dioxide concentration reduce both severity and
incidence. On the contrary, disease infection in “Ele-
vated CO2” is similar to the “Ambient” environmental
condition without any difference. It seems that plants
in “Elevated T and CO2” conditions were more dis-
ease-resistant thanks to the fact that they were carbon
dioxide fertilized in better environmental conditions
than the other ambient.

6

TABLE 3 - Analysis of variance results for powdery mildew infection severity.

Source Type III Sum of Squares df Mean Square F Sig.

Corrected Model 1025.829 5 205.166 5.127 .001

Intercept 10140.574 1 10140.574 253.398 .000

Phytotron 942.547 2 471.273 11.776 .000*

Cultivar 32.887 1 32.887 .822 .369

Phytotron * Cultivar 50.396 2 25.198 .630 .537

Error 1920.882 48 40.018

Total 13087.285 54

Corrected Total 2946.712 53

TABLE 4 - Analysis of variance results for powdery mildew infection incidence.

Source Type III Sum of Squares df Mean Square F Sig.

Corrected Model 13337.492 5 2667.498 8.258 .000

Intercept 250859.901 1 250859.901 776.621 .000

Phytotron 12775.419 2 6387.710 19.775 .000*

Cultivar 1.112 1 1.112 .003 .953

Phytotron * Cultivar 560.961 2 280.480 .868 .426

Error 15504.695 48 323.014

Total 279702.089 54

Corrected Total 28842.188 53

TABLE 5 - Kruskal-Wallis test results for powdery mildew infection incidence.

Phytotron N Mean Rank Chi-Square df Asymp. Sig.

1 18 14.25

2 18 38.69

3 18 29.56

Total 54 22.192 2 0.000*

TABLE 6 - S-N-K test results for powdery mildew infection incidence.

Subset
Phytotron N

1 2

Elevated T and CO2 18 47.25

Ambient 18 73.42

Elevated CO2 18 83.80

Sig. 1.000 .089

001_Gullino(551)_01  28-03-2011  14:21  Pagina 6



4.3.2 Downy mildew
Two trials were carried out. The second trial con-

firmed the results observed during the first one and
data analysis refers to the first trial. 

The analysis of variance shows differences be-
tween environmental conditions in both incidence
(mean percentage of leaves infected) and severity
(mean percentage of leaf area infected) of downy
mildew infection. Differences between cultivar were
also detected (Tab. 8 and 9). Levene’s test showed
that the assumption about homogeneity of error vari-
ances among groups is violated for this variable.
Thus, the Kruskal-Wallis test was used to confirm the
analysis of variance results (Tab. 10). In order to un-

derstand how environmental conditions could affect
pathogen development a Student-Newman-Keuls was
applied to find out differences between data coming
from differently set-up phytotrons (Tab. 11 and 12).

A combination of increasing temperature and car-
bon dioxide concentration increased both the severity
and incidence of downy mildew. Disease infection in
“Elevated CO2” was higher than in “Ambient” envi-
ronmental conditions, while disease severity in “Ele-
vated CO2” was similar to “Ambient” environmental
conditions. It seems that plants in “Elevated CO2”
conditions were more disease-susceptible.

7

TABLE 7 - S-N-K test results for powdery mildew severity incidence.

Subset
Phytotron N

1 2

Elevated T and CO2 18 7.81

Elevated CO2 18 16.33

Ambient 18 16.98

Sig. 1.000 .760

TABLE 8 - Analysis of variance results for downy mildew infection severity.

Source Type III Sum of Squares df Mean Square F Sig.

Corrected Model 17138.63 5 3427.73 12.44 .001

Intercept 135271.1 1 135271.1 491.03 .000

Phytotron 10566.81 2 5283.41 19.18 .000*

Cultivar 5885.45 1 5885.45 21.36 .000

Phytotron * Cultivar 686.37 2 343.19 1.24 .297

Error 13223.17 48 275.48

Total 165632.9 54

Corrected Total 30361.8 53

Fig. 3 - Disease incidence trend in percentage. Fig. 4 - Disease severity trend in percentage.

D
is

ea
se

 in
ci

de
nc

e 
(%

)

Time

D
is

ea
se

 s
ev

er
it

y 
(%

)

Time
20-AUG-2007 27-AUG-2007 03-SEP-2007 20-AUG-2007 27-AUG-2007 03-SEP-2007

Phytotron Phytotron
100

80

60

40

20

0

25

20

15

10

5

0

1
2
3

1
2
3

001_Gullino(551)_01  28-03-2011  14:22  Pagina 7



5. Conclusions 

Phytotrons are innovative equipment where it is
possible to maintain all the environmental parameters
important for disease development constantly and
completely under control.

The opportunity of reproducing different climatic
and meteorological conditions for experimental pur-
poses can be very useful in simulating climatic sce-
narios and monitoring plants, pathogens and plant-
pathogen interactions responses to these different con-
ditions. In fact, because of the lack of resources and

proper facilities like phytotrons, climate change ef-
fects have until now been mainly studied on crops
grown in open field [Bernacchi 2006; Ainsworth
2002]. 

In particular, the possibility of mimicking future
climatic projections can lead to a consistent assess-
ment of climate change impact on agroecosystems
[Clifford 2000; Cheng 2006]. 

Phytotrons experimental activities offer a wide
range of operational and cognitive tools, whose appli-
cation could be extremely useful not only for re-
searchers but also for farmers, cooperative organiza-

8

TABLE 9 - Analysis of variance results for downy mildew infection incidence.

Source Type III Sum of Squares df Mean Square F Sig.

Corrected Model 2372.19 5 474.44 8.62 .000

Intercept 4011.06 1 4011.06 72.87 .000

Phytotron 695.89 2 347.94 6.32 .004*

Cultivar 1234.39 1 1234.39 22.42 .000

Phytotron * Cultivar 441.92 2 220.96 4.01 .024

Error 2642.17 48 55.05

Total 9025.42 54

Corrected Total 5014.36 53

TABLE 10 - Kruskal-Wallis test results for downy mildew infection incidence.

Phytotron N Mean Rank Chi-Square df Asymp. Sig.

1 18 39.42

2 18 25.78

3 18 17.31

Total 54 18.112 2 0.000*

TABLE 11 - S-N-K test results for downy mildew infection incidence.

Subset
Phytotron N

1 2 3

Elevated T and CO2 18 68.44

Elevated CO2 18 47.16

Ambient 18 34.54

Sig. 1.000 1.000 1.000

TABLE 12 - S-N-K test results for downy mildew severity incidence.

Subset
Phytotron N

1 2

Elevated T and CO2 18 13.05

Elevated CO2 18 8.54 8.54

Ambient 18 4.26

Sig. 0.090 0.074
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tions and public administrations. For example, several
environmental scenarios can be simulated in order to
analyze the activity of plants developing inside the
chambers under different environmental conditions
sets by measuring physiological parameters.

From a plant pathological point of view, the use of
phytotrons provides useful information concerning
pathogen development and plant-pathogen interac-
tions under different environmental conditions. In
particular, for crops of strategic economic importance,
information about the impact of pathogen develop-
ment on both yield and quality can be obtained.

These phytotrons, specifically developed for re-
search purposes in plant pathology, responded gener-
ally well to our expectations. Our reasons to develop
walk-in climatic chamber optimized for studying
plant-pathogens interactions and climate effects on
plant diseases have been met. The internal space in
each phytotron is divided in two sectors, in order to
maintain as constant as possible the conditions above
and below ground, minimizing the potential, negative
interactions related to CO2 and water vapour. It is
possible to collect the drainage water and also to cal-
culate a CO2 balance according to the foliar transpira-
tion and the water balance. Indeed, the large numbers
of parameters that can be monitored represents an in-
teresting opportunity and a useful tool for a wide
range of applications in several research fields. More-
over, experiments carried out in these kinds of cham-
bers can be compared to field data, not only in a qual-
itative way, but also in a quantitative one [Hsiao
2000; Moot 1996]. 

This approach can provide an opportunity to fur-
ther develop the application of laboratory techniques
for the analysis and forecast of plants activity in com-
parable environmental conditions.
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SUMMARY

The Intergovernmental Panel on Climate Change
in its recent fourth assessment report predicts that, be-
cause of higher concentrations of greenhouse gases in
the atmosphere, until 2100 the global mean tempera-
ture would rise between 0.6 and 4oC, in combination
with changes in precipitation and an increased fre-
quency of extreme weather events. Despite this trend,
the extent and mechanisms through which elevated
CO2 affects plant diseases remain uncertain. Increases
in CO2 and temperatures are also expected to induce
complex effects on plant pathogens. Although re-
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search on the effects of climate change continues to
be limited, new tools are permitting to study the ef-
fects of climate variables on infection rates in the case
of some pathosystems. The shortage of critical epi-
demiological data on individual plant diseases needs
to be addressed using experimental approaches. A
useful tool for such types of studies is represented by
phytotrons. Hereby, a new phytotron typology, built
with the specific aim of studying the effect of climate
change on plant disease, is described. Beginning from
a general plant overview, key mechanical and electri-
cal systems are described (i.e. air temperature and rel-
ative humidity control, lighting and CO2 control sys-
tem etc.) as environmental parameters and operation
cycle are summarized. In particular both parameters
which could be set and monitored and those measured

and stored are reported. After a suitable testing period,
several operation cycles were performed in order to
assess the control system’s stability and to optimize
the management of all systems involved and the first
experimental trials were carried out. The effect of
three different simulated climatic conditions: 450 ppm
of CO2 with standard temperature (ranging from 18 to
24°C or 18 to 26°C), elevated CO2 (800 ppm) with
standard temperature and elevated CO2 (800 ppm)
with elevated temperature (4°C higher than standard)
on the development of grape powdery and downy
mildew were tested.

Keywords: phytotron, controlled environment, cli-
mate change, grapevine, powdery mildew; downy
mildew.
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REPORT

Report on the 39th International Symposium 
Actual Tasks on Agricultural Engineering

22-25 February 2011, Opatija, Croatia

The 39th International Symposium Actual Tasks on Agricultural Engineering was held on 22nd-25th February
2011 in Grand Hotel ”Adriatic” Opatija, Republic of Croatia. The principle Organiser, Agricultural Engineering
Department, Faculty of Agriculture, University of Zagreb was supported by the following frameworks: Depart-
ment of Agricultural Engineering, Faculty of Agriculture, University J.J. Strossmayer, Osijek, Department of Bio-
systems Engineering, Faculty of Agriculture, University of Maribor (Slovenia), Agricultural Institute of Slovenia,
Hungarian Institute of Agricultural Engineering Gödöllö and Croatian Agricultural Engineering Society. In addi-
tion , CIGR, EurAgEng, AAAE and the Association of Agricultural Engineers of South Eastern Europe (AAE-
SEE) bestowed their support and endorsement on the Event.
This year 75 participants from 10 countries attended the Symposium. It consisted of an Opening Session and six
Topic Sessions covering all the broad subject-areas that fall under the scope of Agricultural Engineering. At the
Opening Session prof. dr. Edi Maletic, vice-dean of the Faculty of Agriculture, University of Zagreb, delivered his
speech emphasising the importance of the Event and its long tradition. Prof. Daniele De Wrachien brought the
greetings of EurAgEnd and CIGR and the Convenor, Prof. Silvio Kosutic ended the Opening Session with the
greetings of the Croatian Society of Agricultural Engineering to the audience. A number of lectures followed,
among which are worth mentioning: “Cab damping device evaluation on tractor vibration transmission and
operator comfort using four-poster test rig” presented by BEng Carlo Bisaglia from Italy, “Mathematical mo-
dels for flood and debris flow routing” given by prof. dr. Daniele De Wrachien from Italy, “About the noise
energy conversion from agricultural tractors engine” featured by prof. dr Nicolae Filip from Romania, ”Moni-
toring and assessing the performance of agricultural biogas plants” delivered by Mathias Effenberger from
Germany and Djordje Djatkov from Serbia, ”Sizing small wind generators according to probabilistic informa-
tion on wind conditions” proposed by Kaupo Toom from Estonia, “Drying investigation of hull-less pumpkin
kernels (Cucurbita Pepo L.) in batch driers” introduced by prof.dr. Milan Martinov from Serbia, “Development
on the field of agricultural biogas plants in Slovenia” highlighted by MSc. Tomaz Poje from Slovenia and “Te-
chnology of post-harvest residues cutting” presented by dr.sc. Viktor Jejcic from Slovenia. In the Topic Ses-
sions, each starting with a review report, 42 papers were discussed, in oral presentation. At the Closing Session the
Convenor emphasised the role of EurAgEng and CIGR in the ecologically sustainable development of agriculture
and in the preservation of the rural cultural heritage within the East-European countries. Participants were given
printed copies of the Proceedings consisting in Volumes of 472 pages ,containing 48 papers. Papers from the Pro-
ceedings have been indexed in database ISI Proceedings since 1997. Maziva Zagreb d.d.-INA group (national pe-
trol company) presented its new palette of bio-degradable oils emphasising the progress made in keeping pace
with well known worldwide competitors. Other companies like Same-Deutz Fahr, Agco, Trimble and Hardy high-
lighted their current programmes by means of video and oral presentations during afternoon Sessions.
Information regarding the 40th Symposium in the year 2012 will soon be available at the web site: http://atae.agr.gr

Prof. Silvio Kosutic, Convenor of the Symposium
Prof. Daniele De Wrachien, Past President of EurAgEng
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