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José 
and 

E-O4120 

Abstract: is  an in 
(e.g. 

(glass and 
climate  conditions  and  lighting  (high  investments  in 

the 
of the so punishing the 

the the 
which little  efficient, to the quality and the 

the study  of the the modelling  of the 
the the no necessity of high 

investments.  We  emphasize in to bc  demanded  to  make  a  good  design 
to  accomplish the hctionality conditions that 
1. Capacity to modify the the that is  delimited by its 
the 

to the 

3. to (in the seasonal  planification of the 
to the addition of the new  technologies to the the system. 
conclusion,  we  show the we two the most 

fi-om the the of the 
and we as the much  less 

efficient. 

that 
is to investment, 

also the consequences  with the 
to the 

the  system of the 
be 

the that to 
the became an 

and  optimization of (such as to avoid hi& 
and gaseous with which  allows to at obtaining an 

that the 

with mild the 
is the most advisabli geemhouse  option,  mainly in view  of its 
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adaptability to the also due to 

to 
to to the 

the to look new  modalities  of 
technological  innovation that, being  acceptable  in  cost.  may be of  benefit to the 

This is the the 
to this on 

OF 

the the 
to Japan 

plastic the the sixties,  got  established in 
the the eighties. 

The of the as heat 
used to the 

as the to less 
competition  because  of the absence of 

the the 
supply, so that the the to To 
maintain the the to to 

plastics, 
the by GO2 of 

humidity,  etc.) the knowledge. 

to 

is to lose the the the 

of two 

a) the of to the glasshouse,  although 
once an to the cost  of  this  kind  of  typology is taking place, the plastic 

the be to the in 
to the point that by the 

of a the 
without this element. 

OF 

the to 
to water as vital  plant 

sustenance,  which  constitutes an essential the plant  tissue, 

31 30 
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and k a n ,  the basic 
that in as a 

invo1ving.p that as 

the to the needs of the 
involved  and act as this what  we 

h o w  as pesh or diseases, which combated  by  means  of  plant  health  techniques. 

the of each 
to as shown in 1. 

- the the 
one  of  visible  light  (between 400 and 700 nm and 380 to 760 nm 

the is 
m, is of the 

of the of 
act as a  heat as wave 

to the use 
efficient  inside the limited  due to 

COz is 
as plant  consumption is not  compensated by an additional “ 9 2  supply  fiom the 

of 
the healthiness of to dust suspension  in the au  

phenomena  which the 
the the an excellent 

that succeed in getting- into the 
the development  of  diseases  caused  by fingi, etc. 

I 
I . OF I 

Figure 1. of the  greenhouse  agrosystem on crop variables 
This means,  in the 

shall view  of the fact that the  closed 
of the of 

of the feasibleto the 
that the 
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in the most way quality,  which  could  not  be  done 
easily  in an 

P AS 

Each  one  of the that influence the to 
the the 

can be example,  heating is 
used to special lamps employed to the light that 
photosynthesis of addition  of COZ a 

of 
the impact  of  pests  and  diseases. 

the competitivity  of  the 
the the system  does  not  always 

the in the 
as as in the case of so that 

to pay the to modifi the 
actions, such as the 

The the obligation  of  looking that, the 
tendencies  of the the sense that the 
high  investment. 

that an 
that conditions the this 

would  be an to 
sense. 

to the the following  objectives: 

1. the value negatively  affected as a consequence  of the existence 
of the COz 

2. Optimiie the that the existence  of the 

of the the out on the 
to the of in (latitude: 36" SO'N), have  allowed 

us to establish the the and the 

1. which is as obstacles 
the 

should  have the 

a) of (including the of the ~ 

to the mound occupied  bv the the of: 

0 greenhouses (walls  of 3.5 m up to 6.0 m as 
the to the wind 
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(depending  on the situation of the the 

Q The roof orientation and geomew @-W 
in the the 

incidemce of the of  sunlight  gets to 
available  inside the a to 
sunbeams. 

b) Substantial the be that 
The  less the the as wood  and 

m* the the 
light  catchmg.  On the as the usually  built  in 

by span width  (always  taking  into 
account the limits  established  by the the 

c) as heating  pipes, 
At the same time, 

the soil  with  a  white  plastic  sheet) 
the 

~ that to the 
to the 600 to 700 nm (the light one)  which  is 

the the we 
use those the 

that best suit The  plastic 
(polyethylene) 

which  has the as glass. 

2. Temperafure, which  may be a to 
fiom the to the the 

at any  given  moment: fdl the has to be 
achieved so that the the is 
sufficient to satis6 plant  needs;  on the the in which is high 
enough, it should be to minimize the the if 
possible  below the case the is too high. A to 

such the 

a) the it has to comply  with 
of the by the 

the 
of the the cultivated soil and the 
of the the by 

b) the to be as as 
so that the 

when the the 
to the its 

the soil  and the plants  inside the 
the kind of 
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c) A the hot by  convection, which 
zenithal  and openings to should  allow 

to volume to to modi@ 
to 

the meenhouse  ensemble, 
such as 

as as (to 
maintain the (to cooling  and  fogging  systems,  which 
obtain at 
the same  time  a  ventilating  system. 

3.  Water, which is of in the due to the 
this 

and the of the same  in  plant  physiology,  due  to the fact that it 
than tissue composition, as all 

is an 
of the vital  system of the 

plants.  The  plant takes the it the its the 
its leaves  and tissues). view  of the fact that in the is 
than the the the 

it to so that the 
the most each to be  able to 

demand  and  consumption,  we  have to know the the soil  and of the 
the have to meet the 

a) 
the humidity  of the of the in 

each case to eliminate  it);  on the the 
ventilation all the the 

the the the suitable ones 

b) Efficient  ventilation to 
to facilitate convection, of an 

adequate 

c) the (“anti- 
p1astic”j‘to the plant  which has to 

diseases. 

d) Availabiliw  of complements, such as heating,  fogging  and cooliig devices,  which 
humidity  inside the 

4. “ D 2 ,  which is the essential  component of as it is an  indispensable  basic 
the the the 

of the in 1 O0 to 
2,000 ppm 0.2 to 4.0 g m3 of 

its the C82 but at a which is 
the the an oscillatio.n, in 

volume, is 100 ppm (at noon) to 450-500 ppm (at dawn). the 
of the 350 ppm, 

which  would  be suficient this 
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to 
an CO2 has to 

The  most suitable 
which  combines  the  following  conditions: 

gas in to obtain a 
COZ 

by  means  of the gases  emitted by the “humus” of 
a good  method to follow in case 

to invest liited). 

b) Efficient  ventilation  which  allows to 
daytime at the level of the This is in the hot  seasons as, at 
the cooliig 

5. Protection of plant health the necessity  of  fighting  pests  and 
as 

The of a a to 

a) to the of  diseases 
to establish an the as 

b)  Efficient  ventilation to in 
the 

that determined  actions on the  structures  could 
significatively  improve  variable  behaviour, which  means that we able to 
‘quality the of 

OF ON 
OF 

the to 
we to in a 

in  evolution  than  the  conventional  one we  have 
the efficiency  of  an  adequate in 

the 
-with 1800 m2, 
as follows: 

a) a of  22.5 X 26 
equivalent to 586 m2. 2.5 m 4.5 m above soil 

and  the  minimum  height 3.3 m. 
the  plastic  film  being  fastened by means  of a the type.  (Type 

to the fype 
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b) roof, by an the 
of  type 2), which  we call 2.5 m  high  and the maximum 
height  was 4.25 The 14.4 m  wide  and 40 long  naves 

total extension of 1.728 m2. 

c) two naves,  each  one  of 11.25 
total 1.126 3.0 the 4.5 

had  a  metallic and  a plastic the plastic being  fastened  by  means of a  classic 
w%ing system  of  the in 2). 

8,4 m  width, as t -  
50 m of 420 of 3.0 the maximum 

height  being 4.0 m. being  fastened  by 
of  a  system of of the in 2). 

e) Curved named 7.5 m  wide  and 42.5 m long 
The total amounts to 956 m2, 3.0 m high, 

the maximum  height  being 4.6 m. had  a  metallic the plastic 
being  fastened by  means of of the as such (Type  V in 

2). 1996 and its to 
by the 

the place we  made of 
each of the set up 
the the be to 

to the The 
been the following: 

L 

TYPE V Ö h e :  3,191 m3/m2 
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[ml:] b 

TYPE Asymmetric  greenhouse.  Volume: 3,749  m3/m2 
-. 

TYPE 3,964 m3/m2 

Figure 2. Typologies and format of the analyd greenhouses 

TO 
::.e. 

We fiom the assumption that the to the 
that its the suitable 

would be the one that of the of would 
even be if, the is an excess of its 
opacity  would be than the 

The data indicate that the fiom l .99 
to 7.23 in July,  while  inside the 60 

and 73% of the as shown in Table 1. 
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(e) Type (*) Type (*) Type (*) Type (*) 

2.95 64.1 62.4 60.3 (**l 
F e b k  3.54  61.3 63.8  64.4 (**> 

4.65 68.2 69.7 69.5 (**) 
6.13 72.3 72.8 70.3 (**l 

Juqie 7.23 63.5 57.0  62.0 (**l 
July 7.30  64.7 38.4 67.0 71.0 
August 6.61 64.3 45.5 62.5 67.0 

5.37  62.9 67.6 63.3  68.0 
3.84 69.5 68.2  64.1  69.0 
2.67  65.7 67.0  61.4  73.0 
1.99 (**l 66.8  63.3 (**l 

(*) of the outside the (e). 
(**) Without  valid  values, due to of the 

7.10  65.6  58.7 60.8 (**) 

Annual mean 4.96 65.6 61.5 64.1 (**l 

it may be that in efficiemcy Global 
the type which is a 

by is the cold  months @%), but much 
the hot  months (17% less to 

to that fiom the 
to neglect too many that the 

a plastic fastening is than in the 
of the 

us to 
of the analyzed 

than the to the 
in Table 2. capacity of is 4% case of the 

most  efficient of the but 
is to of the 

(Table 3). 

Table 2. four months of 1.996 one of the 
greenhouse typologies 

(e) Type (*) Type (*) Type (*) Type V (*) 

2.29 76.0 66.8 72.5 75.1 

3.58 67.6 69.3 73.7 75.7 

4.71 76.2 74.3 68.8 75.6 

5.86 70.8 72.5 73.4 - 76.1 

of 4.1 1 72.6 70.7 72.1 75,6 

of the outside the (e). 
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the values  of  this Table the ones  ,of  .the  following Table, it-may be  seen 
that just by  modifying the of 
achieved. 

Table 3. registered  inside  the  greenhouses  during  the  first  four months of 1996 

(*) Type (*) Type (*) Type V (*) 

0.70  61.4 67.1  84.3  98.6 

.O7 54.2 67.3  84.1  93.5 

, 1.39  69.1 77.0  84.9  99.3 

1.71  74.8 82.5  85.4  99.4 

of 
the four months 1.22 64.9  73.5  84.7  97,7 

(*) of the outside the (e). 

TO 

that should  be an 
this the 
of the the values  shown Table 

Table 4. Correlation  between  the physical  variables  which deke the  microclimate of 

1 

-0.98 1 

0.96 1 

say that the by the itself, 
than of of 

while an 
to be  established the as as 

would confu the to and 
the data the to 

enable us to sustain such an 

Obviously, the value of the also depends  on the 
to the situation would be to 

the cold  months  and to manage to dissipate the of heat to the 
the hot  months. This may achieved  with  a  structure  that  permits  water-tightness  but 

also possesses an  efficient  ventilafion  system  that  may be regulated  at will by  the  grower. 
1 to 

V and the coldest  one  type that 
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in is still the 
the types 

minimum has 

OF ON 

Evaluation of this -out  to case of the 
at 

is m2, of gas 
the to avoid the complications 

a which to 
we  have  conducted an in 
the following: 

1. to be able to to 
soil 

the we  used  coconut as placed  in a 
We 

conducted a on 

the beimg a method that 
allows a the system is We  used two 

slab (in  the case of a of 
by  means of a at demand. 

two no specially 
the the the 

3. the of  type 
and  type than the ones of type and  type 

and  type 

4. The to a to 30 
the 24 to 7 

in Table 5 (tomato)  and 6 

case of  tomato, it that the of type 
to 30% to of 

in to be  the  less  efficient 
one, to its 

Table 5. of the greenhouse structures  on  water  cost  efficiency  in  tornato  crops 
type of of of kg of . 

C ~ O Q  h i t  
Type Coconut 444.0  267.0  43.1 

439.0  179.0  38.2 
sheet 408.0  246.0  41.6 

Type 509.5  306.9  46.3 
Type 523.5  315.4  50.3 
Type Coconut 431.9  260.2  34.6 
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Table 6. of the  greenhouse  structures  on  water  cost  efficiency in cucumber  crops 

of m2 of of kg 
type 

Type 210.0 168.0 26.9 

197.0 . 158.0 21.9 

223 179.0 24.2 

255.3 205.0  29.7 

225.7 181.3 28.6 

of h i t  . 

to type the 
to efficiency  is the same as tomato, the being  type 

in 
is 50% in the  greenhouse the 

most  adequate  formula  for  horticultural  crop  and  ornamentai  plant  growing in areas of arid 
climate,  which the case of  the  whole regiorn of the 

OF 
OF 

Using the as a tool to establish  models of to 
, total the is of 

it  allows us to define the 
model  (without the necessity of the 

The models  will  help to 
of the the 

in a 

1. The  best is the 
influence  caught 

2. as the capacity  of the also define  a  good 
they  have  not  yet  been  studied in detail in that a  good 

0 COz the the 
0 the of 

an of the 

3. A good must be able to the dvnamic of  the  winds  blowing in the 
the is by to the 

the data of the in Table 7, we  may obtain statistical 
as the 

plant. 
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Table 7. Productivity of each  one of the  greenhouse  structures  in  relation  to  global  radiation, 
in  a  winter  crop of 

‘ of % of kg 
typology (% of ha 

Type 72.6  1 O0 103,000 5.1  7,73  1.7 

Type 70.7  182 98,000 0.0 7,774.1 . 

Type 72.1  147 110,000 12.2  9,439.1 

Type 73.5 1 62 125,000 27.5  7,853.5 

Type 75.6  131 137,000 (*) 39.8 ? 
(*) of the in 

0.86) in 
be the  function  y = -502.9 + 8.47 X X 

may be that the amount of 
than the quantity of to to 

any  case,  we  have to point out that so no data available  on the 
type V  and that, the indicated data the 

in of 

the if we 
distinguish  between: 
a) 
b) the to the 
openings to the 
c) the of to 

Finally,  we  have to point out that aspect is the each 
which, all,  conditions the 
would be the of the be 
fully justified the economic  point of view  because,  with the in 

the of the type to type would  be  paid off only 
two  seasons. 

we  analyze the the point of Giew to 
the data in Table 8. 

Table 8. Productivity of each  one of the  greenhouse  structures  in  relation  to  global  radiation, 
in  a  winter  crop of cucumber  (Nov.-Feb.) 

temp. cost kg of % of to kg 

typology the of each 
(“C) 

Type 17.6  1 O0 78,000 0.0 435 1 .S 
Type 18.6  182 90,000 15.4  4,274.1 
Type 17.4  147 86,000 10.3  5,543.5 

IV 18.9 162 91,000 (*) 16.7 ? 
Type V 19.2  13 1 92,800 @j 19.0 ? 

(*) of the in with established 
between mean production 0.66) in The low 

not been taken  into  account. 
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of of than 15 % may 
still be expected,  which  would justify a  selection of of than 
the ones of use at in the most of the 

Afiican and type). 
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