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A. 
849 9 

Abstract : of in a 
a good and  efficient  management of 

availability of is needed to 
to of aim of 

of the basis  and  hypothesis  that sustend the used 
in 

is as  an the 
As it is 

to the supply of to 
satisfy the of to 

cause soil 

to to 
of 

the to all 

As in open  field, of an efficient  use 
as 

the the 
is to that allow the maximization  of 

the fluxes. 

of is needed on the 
(climate, soil) of the has to 

in to the data that to 
'scheduling  and  management. 

the last of 
the &op The aim of this is to an the basis and  hypothesis 
that 

The the fate of the the 
of is that of fact, the 

balance is to the 
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the state and  content of the soil and its is 
affected  by,  and in affects, the way the fluxes the soil is 

the be based  on  simultaneous 
of both the the 

Two  components of the to to 
one is the soil the balance is an account of all 
quantities of the 
of  time. 

[Storage] = [Gains] - Fosses] 

this can as follows: 

is the quantity of the is the the soil 
the actual of last difficult to 

''evapotranspiration" (ET = Es + 

is still to in the the component 
of the is the 

To obtain the W, fiom the (es. l), we  must  have 
of the of the equation. a the change in of 

the is likely to be small in to the total Soil is 
negligible if is if the soil is 

we  neglect Es, W is equal to the sum  of 
plus the is equal to the by the plant, A, minus the 
the . Then : 

aspects have to be in the : 

1 .-.W is NFT 
is is effective  and can 

the the to be taken into 
account, as act as the plant)  between the demand  and 
the to the of the high 

is of 

2 - The actual of the at its 
fully  open. by lack of plant 

may in -and 
likely to 

can 

3 - A, depends on many : length  and age soil 
potential at the vicinity of the the of the plant .... A 

of A is in spite of 
in the 
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That is why the is of 
in the that many  methods of based 
on the estimation of if is included),  estimation that is 

to in a is the the 
its can be as follows : 

v dq 
S dt 

: 

dqldt = of change of humidity (kgruo m-3 
q = (kgmo ) of the 
V, S = (m') 

= actual of (kgmo m-2 S-'); 

E, = mo m-' 
F = 
Qv = (kgmo m-2 S-'); 

C = condensation (kgmo m-' 

the the and 
on the Qv. 
significant if the 
nighttime). 

Thus,  ín  steady-state  conditions  (dqildt =O), we  have : 

(4) 

The depends  on the amount of the 
on the = e,(T) - e,  e,(T)  being  the at 

T. is of 
1973) extended to the as a  "big  leaf": 

: 

= (kg 
= by the canopy (W m-2); 

1 = latent  heat of (J kg"); 
= of (J m" "C-'); 

g* = g (1 + g being the S-') 

of the  canopy to 
= slope  of the at T; 

5, it  can be seen that an to the is to evaluate the 
Qv, i.e. if the ventilation of the 

if the outside  and  inside  humidity available. This points  out 
the the ventilation 1995) when  ones 
intends to estimate the of the 1986). 
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is 
1983). 

obviously  depends on both the (G, T", 
Wind)  and the state of the 

suppose that to be a definable  ET the special case in which the is 
that this should  depend  only  on the 

is an  attempt to the climatic 
of its the that the 

capable of 
thus said to the climatically (1956) defined 

as the  "amount of in 
shading the 

As a  useful the 
w i t h  is conditioned, of  all,  by 

the flux of the via the field  specific of 
of the the is often  assumed to depend 

on the inputs  and to of 
the The simplest  methods 

based  on T",  since  this  climatic is of 
is still used,  but the of 1990).. 

The (1948), (1973) is physically  based, 
than the the 

the eq. 5 )  the ET that 
when the at the is  at the point. This definition  is  not 

to a and has lead to 
scientists  have  used ET such as alfalfa to is 
essential that to be explicit  in its definition so that the can 

the use is in many by the 

Two  main  definitions  of  ETo et al., 1983): 

(i) ETo is "the of an extensive of 8 to 15 of 
the 

1977). 

(ii)  ET0 is that 
of  alfalfa, 30 to 50 c m  of top al., 1971). 

the method  selected estimating ET is based  upon ETo,  then the decision 
to use - alfalfa - 
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B. Pan  evaporation 

view  of the complexity  of the physically  based  estimations  of  potential  ET,  it  is  not 
that many to the 

past than of 
mechanisms. 

the 
an estimate of 

the most used the 
an 

widely  adopted is the Tlass A" by the 
inexpensive  and easy to 

(i) tank is  not  a plants 
and  soils.  the  daytime of  heat  within the tank can cause at night 
(10 to 40% of the is 5 % 
(with the exception of Also, of the 

the exact  placement of the to 
and  advection outside the field.  The use 

. can 
indeed  be  used to 

G. Crop 

The daily of actual (ETa) qua l  the potential 
the stage of 

of the all affect actual ET. The  maximal 
to 

0.6 and 0.9 of total the in 
as the is often  taken to 

the is affected  by  both  the  climate  and the 
the it the field 

in the field by using  a 
it is the effect of 

on using an 

soil 
0.6 to 0.9. 

coefficients is 
stage, even  method  of to 

(1994), can be significant. 
the is low,  and values the 

basis to This explains  why so 
to to 

1977). 
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a successful 
of 

accepted by in 

OF 

A. Specific problems  related  to ET estimations of greenhouse  crops 

The that the 
affected by the outside  climate, the 
feedback  between the So, 

to to 
calculation  methods basd 01p the outside  climate  is 

to is 
also somewhat  difficult  and  delicate to be  applied to 
the two not c o m o d y  The 

fiom affkctd by the spatial of 
the contimuous evolution  of the vegetation. 

is to (1990) developed  an 
as the of the 

fiom 5 assurnimg comductance, gs) to a They 
that this  coefficient is a functiom 

that it is a coimcidence that 
was  "almost"  constant h its to the lucky  combination of two opposite  effects. 

All that the use of that take 
into as maximal  conductance)  and the 

to to 
all the  main  species 

is why the  classical  methods  based  on a ET still 
now 

B. The  pan evaporation method 

The to 
1988, 1987) 

to  the 

- 

method only  of  local  use, as they 
As to use in 

of the shading  of  the 
The the 

applicable  because 
of  the  lack of climatic  data,  this can be a fast step of by 
means  of an inexpensive  and  simple  system. 
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C. Solar  radiation based methods 

The main of the a 
the 60' 

a daily 
This constatation has given to the so 

the 
if the and the 

known: 

(ETo in m day", in 

is an is about  0.6 to 0.7. 

this the 
et 1, et al.,  1982). 

This method is still of use among 
system bas&  on this lime 

&en a 
cases distant fiom the site in question, 

the estimation of available. An extensive table of constamts 
fiom is given  by 

(1977). 

This method  gives is at a daily 
the of estimates 

of ET. this case, can be significantly  influenced  by the deficit  inside  the 
can fkom the 

hot and of the 

The  Penman method 

1977).  Although the in 1950 
1948),  it  may be vital today than when it  was in 
technology,  combined  with the the the 

data. the 
availability o€ is now the This allows the use of the 

(q. 51, with the of such as the 
that piedict stomata1  conductance  against 

C02 
1985, 1991, to 

calculate the maximum as well as the actual . 
With such models, it is  now  possible to get a the climatidemand and of 
the the plant to the equation 

of the : 
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a and b coefficients that 1992, al., 
1994b).  These  coefficients can also 

available  (Jemaa, 1995). 

This method  is  the  best  adapted to 
and as well as as the 

stomata1  conductance. an estimation  of the This last point  is  the 
is possible to tackle by 

between such a method  is 
not  possible to apply  in  most  of the by 

The of the of the that 
as A that 
optimizes  the spatial so as  to 
and to 

The 
now a highly 

the is the 
as 

used as a the 
still model if 

the mot be fully  confident  in a 
the of in making  decisions  and  will in 

the  long of fblly automtic, on 

The concept  of set  point  is a the specificity  of  the 
system : the flux, status 
system can by the 

if an of im sophisticated 
glasshouses with all in 

the two : 

(i)  the  lack  of infbmation. 

only  little infsmtion on the climatic in 
So, of the 

intuition  and the own now the key as 

that the 
contTol 

to 
of the a 

to that 
usehl and  beneficial  only to without  doubt still to 

~ --. 
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The to of 
than  on  the actual cost of these  technologies. 

(ii)  the  lack of to 
it will be to of 

to avoid  a  too high c l i i t i c  its negative  consequences on 
is by 

management. This is  one  of the to be  solved  in the 

PE 

. (199%). as affwtd by plastic  house 
287 : 35-44. 

($992). plastic  houses as a 
323 : 33  2-36. 

Aunandale J. G. and . (1994). Fluctuation of 
: a  sensitivity  analysis. Sci., 15 : 1-7. 

Avissar Avissar P., Y. and ravdo B. A. (1985). A model to 
plant  stomata to 34 : 21-29. 

Baille A.. (1992). status 304 : 15-27. 

Baille A. ( 1994). 
361 : 105-22 

Baille Baille A. and (1994a). of 
71 : 83-97. 

Baille Baille A. J. (1994b). 
vs. leaf 

: 217-232. 

Bakker J.C. (1986). by  means  of a 
37 : 133-41. 

Benzarti J. and (1982). 
Tunisie, (l), 22 p. 

Boulard T., Baille A., and  Villette F. (1991). 
la d'un 
11 : 259-74. 

Boulard and  Baille A. (1993). A the 
65 : 145-57 

Boulard T. and  Baille A. (1995). exchange in 
J. 61 : 37-48. 

vol31 185 

CIHEAM - Options Mediterraneennes



Burman and  Weiss A. (1983) 
in : 3  3  5-9  1. 

ogf 
119 : 241-7. 

O. (1974). sous Essai en 

FAO  n"  24, 144 pp. 

(1990). in n030, p. ,530, 
5371  1,  USA. 

Jemaa (1995). de de  tomate 
sous à la conduite de 

112 pp. 

E., Wright J. and  Pratt B. J. (1971). 
data. A.S.A.E.,  14 : 954-9. 

Jolliet O. and  Bailey  B.J.  (1992). The  effect  of  climate  on  tomato in : 
: 43-63 

B. W.  (1990). 
: 113-32. 

J., C., and O. (1977). sous 
Technique et : 185-93. 

J. V., Postlethwaithe  J. G.  and  Edwards J. (1966). Seasonal in the 
of : 167-196. 

J. (1973). of 

G.,  Neale F. E. and  Postlethwaithe J. of glasshouse 
to the J. : 11 1-22 

Penman (1948). fiom 
A, 193 : 120-45. 

Penman (1956) : an : 9-29 

au point  d'un  bac de 
: 133-42. 

Stanghellini C., Bosma A. Gabriels  P. C. J. and  Werkhoven C. (1990). 
consumption of affected by 

: 509-15. 

Cahiers options vol31 186 

CIHEAM - Options Mediterraneennes



Stanhill G. and Albert J. S. (1974). Solar  radiation and water loss glasshouse  roses. J. 
. Amer. Soc. Sci., 99 : 107-10 

Cak&rs  Option$ 187 

CIHEAM - Options Mediterraneennes


