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OF 
AN 

849 14 Avignon  Cedex 9, 

Abstract : 
the for this to the following 

to extend the the potential  yield;  (ii) to manage the climate 
(iii) to 

with the the low  investment  capacity of 
the scientific  and  technical  issues  that  have to be to 

in the the 
be the 

in the 
establishment  of the to 
evidence the the of the of 

the ...) in the heat  and  mass  balance of 
the way to by the 

- the key of the with to 
the of 
techniques  (ventilation,  fog-system,  shading ...) be 

the conclusion,  we  deal  with the 
the necessity to combine  both  physical  and 

ecophysiological  studies,  because  of the by the crop the 

in the 
...) the last two the 

plastic (Tognoni  and 1988) have  been the main to the displacement 
to 

skillfùl 
enabled the of 

total is about 60.000 with 
of plastic 

is by 
to open-field system. is that use only a small 

the the 
the best  case,  have  some 

the lack of heating 
to the 

and the shape flat often  unadapted to 
the  climatic  conditions of the 
alleviating the 

The  consequence  of  this  situation  is that the is fiom.being 
the of the the 
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in the lack  of 
the 

use of the 

The  effects of this the components  of the quality) 
the to take  advantage  of the 

late the 
the 50 % 

than in the to obtain 
levels  of  yield  and  quality  in the of the 
yields  of  good  quality obtained  in the of the 
the the 

- the the 
to maintain an 

- of of 
climate  management,  with the 

As stated by is a  tendency  in the to optimk the 
to attain the potential  crop  production. in the 

the to adapt  the  plant to an "non-optid" 
environment. is  a  limit to this be judicious to 
look that can alleviate the 

now 
that the that 
the can be basic the 
management  of the 

the adapting 
and  equipment  and  managing  skillfully the the 

...), to achieve the following  objectives: 

- to extend the the of use of the 
- to 
- to the net  income 

to be  solved.  The  existing  technology  and  know- 
to the 

out of most  of the 
is to the modest  investment  capacity  of  these 

is to the 
the the case they  could be used, an in 

Taking  into  account this tasks the 
that 

the can 
alleviate the conditions that inhibit the the development  of the 

the basic elements  of the 
its balance and the 

that the 
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A global view 

can be as a system. is composed  by (i) 
the outside  climate  and  (ii) the acts on the in to 
the can be divided 
components that way : the the the 
soil. as the mass.of the system. of the 
whole  system  depend on these also on the 
the actions that the components of the system  via the equipment 
(heating,  cooling, COz the its own 

is fundamental in the of the 
When the set-points can the outside  climate  and the 

the the the is optimal in the sense 
that to the objectives  and  planning of the This is the case in the 

When  only  a is possible,the on the changes  of 
the of the plant to its the 

will depend at some  extent  of the of the 
This type  of  "feedback"  loop  between the the is the 

that the the 1990; 1993). This is why the 
knowledge  and  modeling of the 
photosynthesis) to fundamental the 

the 

The greenhouse climate 

. .  

of the to be  kept in mind : 

The fust one is that the (the soil is the 
which  implies that the be not signifcantly 
the itselc at the So, the 

an efficient  climate- 

The second  one  is that the is mainly  due to the confining  of the in 
the to the the that ventilation is 
one  effective  way to the the 
coefficient  of the 

one is the of the the of the 
That is 

why the of is so in 
to point out 

- Air is close to that, in  many situations, the 
the the the soil  will be limited  by the 

the 

- is in to the the 
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All  these  specifities of the in 
the the fact, the 

to positive  changes in the 
when the outside  climate is so that it is possible,  without  sophisticated  means, 
to maintain the the suitable This is mainly the 
case in late cliiates. the the 
the the is that have to be 

The components of energy  balance 

To analyze the is to use 
models 1993) that allow to 
investigate  the  effects  of the in the the 

the COz) balances  of the 
the 

"sinks". 

of can as 
an the 

1974) is the 
to the the 

we can that the gain of the is splitted  into two components 
1): 

Figure 1. Simplified energy balance of an unheated 
greenhouse (Symbols : see text) 
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- A that to the main 
of that an  aíi 

- A latent that the of 

is 
the = E, that depends  upon  the  intensity  of  the 

1979). this  section,  we  adopt the following 
: 

= (1 -a) 

Eqn. 2 is an the 

The  sensible  heat  losses mainly  composed  by : 

(i) the losses by Cl+., that can as : 

is the global  heat  loss  coefficient (W mm2 OC'l), and is the the 
T and the To. 

(ii) the convective  losses  due to leakages  and  ventilation, 

(W m-* 'C-') is the that as a 
function  of the N (S-'): 

= Cp N (V&) (5 )  

= m-3), Cp = heat  capacity of (J kg-' O C 1 )  and V/S = 

volume to 

we can deduce the the state conditions  (dT/dt=O): 

can be 7 that,  if  we  want to the is 
possible to act on the : 

- 
- the the 
- on the 
- the N; 
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- To (cooling  pads); 
- the volume  of the V. 

The  water vapor balance 

the same way than can establish the balance of the 
2) with the to 

' / h  E=TR + Es 

Figure 2. Water vapor  balance of a  greenhouse 
(Symbols : see text) 

of the of the volume  can be as 
follows: 

: 
dq/dt = of  change of humidity m" S-'); 

q = water ) of the 
V, S = 

= of the (kgwate, m-2 S-'); 

E, = der mm2 S-'); 

F = the ... mm2 S-'); 

Qv = mm2 S-'); 

C = condensation mm2 S-'); 

the the 
E = + Es, and  on the Qv the day 

the condensation cannot be is 
if is if the soil 

is a in the of 
system),  we  have : 

state conditions,  we  get : 

Qv 
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As a can be assumed equal to Qv. estimates of the 
N available, it is possible the of the whole 

the exchange of the 1986). 

. . .- 

Using eqn. 2 E, and Qv by : 

q 0  is the outside. humidity, we get : 

Eqn. 10 indicates that the can 

- the humidity; 
- 
- N : the the humidity. 

10 is an the it is 
assumed that E is to fact, the 

E and  q. A 
in to take 

The  importance of evaporative procases in the  greenhouse  system 

of the 
sections  (eqns. 7 and 10). A the 

A 
a is of sub-optimal  to  optimal 

can 

to the of and soil 
mot devote  much  attention  on  humidity  and  tend to its possible 

effects on the is an 
attitude that the of 

on the to use the 
deficit", as it  allows to as is now 

the physiologists. the the 
1986), which  is the the couple of 

humidity  set  points that to know that 
the  latent  heat of in a the main  mechanism 
the that it  is  essential to to get 

of the 1993). 

of the between  sensible  and  latent  heat  in  a 
30/70, i.e.  about 2/3 of the the canopy  is  dissipated 
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to the case can be  seen that 
to adjust  the  potential  climatic 

demand, Ep, by acting on This means that he  can  play  both  on  the 
Ep (or W, its 

system. 

The concept of a 
system : the status 
system can by the 

an can 
al in 

Greenhouse  crop transpiration 

The by 
= e,(T) - e,  e,(T)  being the humidity at 

of 
to the as a "big leaf': 

: 
= net by the  canopy (W m-2); 

1 = (J kg-'); 
g* = g (1 + g and g, (m the 

to 
= at  T; 

The stomatal  conductance, g,, 
1987, al., 1995)  found a dependence of on 

gs as : 

We can see fiom equations l) and (12) that it exists a complex  feedback between  the 
humidity  and  the of the stomatal 
conductance g, in as the in 

the << g,), in does 
not  influence  significantly  the total conductance  and  the 1993), until 

is a due to high deficit.  Only  ín  this  last  case,  stomatal 
to affect  significantly the of 

The  key  role of ventilation in the  greenhouse  system 

An 
by 

to that the 
of coupling  between the the the 
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to the the This analysis  indicates that 
to of the to 

the 3). g~ can g, and  will 
constitute the main  limitation to A minimum  ventilation is 
to maintain gN than allowing the to its maximum  value  imposed 
by !i%ì* 

f 

Figure 3. The conductances governing the water exchanges 
in a greenhouse (Symbols : see text) 

the the the 
can be  seen that is that tend to 
stabilize the the is a  positive  feedback  loop 
that tends to enhance the to the low 

and &) the 
to play a the conditions 

this the the is 
to avoid the of to 
iadicate that 15 mb 1991) 20 mb 

1995) can induce the in in 
the deficit,  and so on ..., until a complete stomatal 

all it can that ventilation 
establishing the the the to these  conditions.  The 

is without  doubt  one of the diffkult, 
because  these two 
but by the the the only 
mean to two is also about the  only  way  to 
avoid  condensation  on  plants at night,  and this is now a in many  locations. 

, 
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Figure 4. The  different  feedback  loops in the  control of transpiration in greenhouse 
(Tf = leaf temperature,  e* = saturated  vapor  pressure  deficit.  Others symbols : see text) 

TO BE 

the the of of the 
to its 

development,  without  the  need  to  add COZ light. This is one of the 
to the and  the  shape 

of the than glasshouses. 
of the 

Temperature 

of of and soil 

nights  and  too 

The of too low can be solved  by  some  heat  supply to the 
The is not technical, as it is easy to heat  an 

as 
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late is 
one  of the to ...) 

The low  efficiency of the ventilation  systems in 

often  located in the the 
induced  because  of  inadequate  management of the to 

CO2 concentration 

CO2 the is 
to CO, depletion  (until 200 the 

in is 
because CO2 is in 

that .explain  why this  technique, usual in is the 
: (i) it is expensive, (ii) the of CO2 is 

due to the the season (Enoch et al., 1988) and  (iii)  it is 
as the in is 

Structure and shape 
-. 

. - .  

The  low-cost used in a good 
to the would be 

advisable to 
...) to the 

Zabeltitz, 1988). 
a to changes in 

humidity. 

Equipment  for climate control 

The  basic  device in is its 
influence  on all the is also 

Sometimes,  some  additional  equipment as 
systems , syste ms... also available.  The  use  of  unconventional 
(waste is often the 

Temperature  controï. 

Use of conventional is 
the is 

to to account the 
investment  and the et al., 1995). The use of is facing * 

than systems as 
heat 1986) can be but of l i i ted efficiency  when the 

vegetation is 
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not a : we  know  how to heat a 
to take the to use a heating  system,  and  this 

must  be  done an economical  point  of  view. 

Cooling. the to 
available: 

- Static 
- ...) 
- . .) 

expensive  and not  used in the the 

on the  knowledge of these  cooling 
mechanisms. The impact of 

al., 
data now a 
imight on the mechanism and that 
its (Femndez and et al., 1995, amd 

data allowed to develop  and 
estimating the vemtilation a vemts 

can 
high and 19&5), and the 

some in the  ventilatioi 
located at of the 

most eaicient way to 
1983;  Giacomelli  et  al., 1985; 1990), especially if  the is 
The of good quality. This is the 

to the  use of fog-system 

10 

O 

I I I sprinkling 
400 800 1200 

(W m-2) 
Figure 5: of different  cooling  techniques  on  greenhouse 

temperature = TmT - To). From Cohen et al., 1983 
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Shading  is the ultimate  solution to be wed the 
can be  obtained fiom 

howledge about the effkct  of  shading  on h i t  
to the optimal  intensity of shading  (Cockshull al.,  1992) 

The common by is the 
simultaneous use of 

the only is ventilation. 
on of 

1987;  Assaf et al.,  1988, ), ofthe in 

2 enrichment: This The 
linited, due to 

1986.). This is not  a tah ica l  an womomical  one. 

sect iq two importamt point  will be ad sed : the one the 
on the status of the geehouse and of the plant.  The  second  one 

the 

of the 
compoment that plays the in the 
especially though the the the little 

a big  challenge to keep 
at is 

does  not  want that 

That is why vemtilation  have to 
These two functions the 
balance of its has to be 
techniques  (plant  density,  defoliation ....) also may 

is to have,  when the 
in that it can hold  the mon-optimal 

A weak will  not last  long if 

The need of information for control and decision making 

for short-term control 

not be possible to control 
the 

and  knowledge  on the of the system. of 

only the climatic is 
available in the lack 

So, of the own the 
the of the 
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think that the 
is to 

that 
deficit useful  and  beneficial  only to 

I without  doubt still useful to .... to 
the actual cost  of  these  technologies. 

: the for a systemic  approach 

The to find a of maintaining a 
So, 

quipments decision), of the 
cultivation  (''tactical''  decision), we  have to 
of  decision.  This  is a difficult task, available. 
The 
and  objectives to take into  account is too high to allow an intuitive  solution. A "systemic" 

on the to 
adapted to now possible  because of the 

that can to the 
of the 

to the 
the only  way to achieve the 

optimization of 
we  know  how ... 

by Fang  (1995), 
who the following  questions: 

to the available  budget)? 

(ii)  what the  limits of in a given  climate,  and its efficiency 

can be grown in such a 

(iv)  what  is the potential  benefit that 

The  last  question is to as the of the to a given 
is to 

As stated by Castilla  (1990), the 
than to 

to the the l i tat ions to 
it is now time to to "help" the plant to 

best (in quality) in a in mind that the  technological 
solutions  must  be  adapted to the 

the the use of 
economics  may  limit the the to viability. 
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. still of think  that  the  most 
not  linked to the  development  of  specific  technology,  because the technical 

solutions known to the following  aspects : 

- the 

- assessment of the 

- of in to manage  adequately : 

the 

point,  and in 
the to be  the 
following: 

- the ventilation  devices  and  management 
- 
- 

the 
would  be  advisable to : 

- in  assessing the to the specific 
conditions o€ of 
shading on to 

- in the development of of 
that will  allow to evaluate  the  inputs  and 

outputs of This 

The is to in to 
to 

as as possible. We 
all know that the in managing  an system  depends on  the 
capacity  of the to to the of the whole  system of 
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