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Abstract  

The greenhausa industry is expanding rapidly i n  Southarn 
Eurcpean countrias. Que to the favorable metaorclogical condi- 
t ions, low cose unhaated greenhauses can be used t o  c u l t i v a t e  crops 
f r o m  l a t e  summer through t o  t h e  end o? the spring season, 

Very l l t t l e  informatiun 1s available un the microc l imate  that 
e x i s t  under thG!~% siniple plas t i c  eovsred  s t r u c t u r e s .  The paper 
doscribes the wind, temperature and humidity Pluctuationes, radia-  
tion and evaporetion that chmacterizes the greenimuse. enviroment 
in the Almerla area. 

During ths past SO y e a r s  t h e  Ares o f  graenhouse sfructures i n  
Spain has spread out along the  Mediterranean Coast. The Campo de 

Dalias i n  Almerfa shows the biggest  concentratiun. I t  is ostirnated 
that about 10.000 Hectars o f  greenhousss ara locatad in t h i s  arsa, 

Lotv cost  structures mode with pole tirnber snd steel wires a r e  
used for raising plants frm S~ptsmber through June. Summsr 
months are t oo  ho t  t o  pravfde an adequate environment f o r  p l a n t  
grawth. h i i l d  winters frae o f  snawfall -nieke it p o s s i b l e  to u t i l i z e  
such k i n d s  of s i m p l e  greanhousea. A s ingle  layer of  polyathylene  
1s attached between two nefs o f  galvanized steel wires and anchored 
t o  t h e  ground, A i g i d  members have been pert ia l ly  substituted by 
tensile s u p p o r t s .  

Next, the climate t h a t  exists under une a f  thesa greenhouses 
w i l l  be described.  Data was recorded ttt the Estación Experimental 
Las Palmerillas, Caja Rural de Almer la ,  f r o m  Octobar 1982 to 
Septernbar 1983. Temperatures wsre mce'sured by R T O sensors ,  
salar radiation was registered by two kppleys  blnck s n d  a h i t e  
pyranorneters, wind speed by a three cdp anemometer and eveporation 



wes moasured daily on two standardized Class k avaparaticn tanks. 

2. - Mateorological data 

\Yind 1s the first P~ctor tu be coni idered wha.n snalizing the 
Almeria climate, Vir tua l ly  no crup can be grown without  sametype 
o f  \vindbreak, Besides i n c r e e s i n g  temperature, wecnhouses protect 
plants  against wind damage. 

Tabl8  1 showa tho monthly average and peak spead during the 
period Dctober 1382-September 1983. Prevailing winds come from 
west-south west car eest. Usximum spaed recardod Por thar period 
\vas 25 m/seg. Strong gusts are  common in the are&. 

T a b l e  1.lionthly average and pealc wint l  speed .  
October 1982-Septemner 1903. 

:.VERtCE: SPELU - ~rn/day 

Pela SPEED - m/s. 

2 . ~ , - T ~ m ~ e p ~ u ; e  - 
Tho air tempereture i n s i d e  an unheeted greenhouse is higher 

during the day b u t  similer t o  t h e  outaida temperature at night. 
Since there is very í itt5e air movement i n s i d e  e greenhouse, t h e  
slow replacemant o? w a r m  solar heated  interna1 cir  by freshor 
externa1 n i r  is respansible f o r  the day time increase 04 tsmpera- 
t u r o ,  The niousetrap thoory i s  the aücond possibla f a c t o r  tha4; 
would expla in  tho temp:-sature rise, V e r y  l i t t l e  deta is ovailable 
on the in te rno1  snd externel not radistion 5n the Almeria area; 
Rosebrch if boing carried out on this subject,  b u t  it seems t h a t  
in ineny caces the n e t  red ia t i an  inaida the greenhouse is less than 

auts ide .  The. so-called greenhouse ef fec t  needs to  be befter  
evníuatsd. 



Figure 1 showe the average temperatura Pluctuation thraughout 
the perlod October 1982-Septam!:er 1983. 
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Fig. 1, - Greenhou~e and autdoors ternperntiirc! fluctuoi- 
L A ,rd . Jctober 198'2-~eptember 1983.Th~v8, i10 '  -ny 
crop 0.h the greenhouse Prom Jimn f.o Saptemlmr. 

Neither a i r  nar sal1 temperature are the optimals for plant  
growth. Ouring the ca ldest  months growth i s  retarded, since 
average minimum ternperatures are batween 7 and 9 QC. I n  February 
1983 the lowest temperatura o f  the year 2.8 QC wes reeorded 
i n s i d e  our greenhousea ( ~ a b l e  2). 

On the other hand crops can elso suf fe r  f r a m  too much heat. 
Venti lat ion $8 needed even in December when maximum temperetures 
reech 2U QC. .Summer months are not  suitable Por groiving plenta  
undar p l a s t i c .  It i a  common t o  register more than 40 gC fram June 
t o  September. Temperatures o f  40 QC  re frequently rsgistsred 
during the surnmer rnonths. 



Table 2 .Qreenhouse and autdoors maximum and 
m i n i m u m  temperatures.Greenhouse without plants 
fram June f o' September. 

Figure 2 shows the diurna1 variatiun inside the greenhuuse and 
outdoor air temperatura and relatfve humidity durfng a sunny winter  
day. I t c a n  be seen t h a t  a t  night ,  indoor and open air  temgera- 
t u r e s  run close together. I n  f a c t  unheatad greenhouse tenperatures 
can be lawer than t h e  air a u t s i d e .  This  is specie1ly time on clear 

'n ights when most thermal radiation loasss take placa. Nighttime 
transp5rat5on requires energy, which is part ia l ly  released to the 
greenhouse air through condensation, As fsr as we know, no 
svaluation has been mada i n  Almsria on the e f f e c t  a f  nighttime 
t r ansp i r e t i on  and condensation un the  interna1 temperature. 

Figure 2. 
Temperature and r e l n t i v e  hurnidity t* luc tu i t i '~ns  
on a sunny w i n t e r  day. 



Thaf a be t te r  vent i la t ion  1s needed can be seen i n  figura 3. 
Where the climatic variation an a spring day is represented.High 
femperatures can cause crap streas while reletive hurnidity 
decreases t a  a undesirable levels, ef fect ing  not  only crops but 
working conditions, 
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Figdre 3.~em~ecatuke and re la t ive  hurnidity fluo- T,HE 
tuation on a spring d n y ,  

I 

Monthly average radiation fs  given in figure 4. Transmlssivity 
MY change fram manth t o  month due t a  dusf accumulation on the 
cover end to the'changing angla of incidence o f  salar rays alang 
the yearm 
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' In the  provfnce o f  Almeria, rainfet l l  is scarce and unevenly 
distributed. Natural vagrtation is paar and dust is carried slong 
tha wind and deposited on top  o f  the greenhouse plastic. An 
increasa aP 14% in solar radistian trensmissfvity was measured on 
August 1983 aftsr washing the greenhouse covar with a garden hose. 

Mast greenhouses i n  Almeria sre flat or slightly s l o p e d  (les8 
than 10~). In many cases the ridge exis f s  east to west ariented 
to combat the p r e v e i l i n g  winda. Durfng winter ,  ths a n g l e  o f  
inc idenee  o f  salar radiation on a flet surface is such that a lot 
of  radiation is r e f l e c t e d  ( ~ a b l e  3) chwiging the roof s lope  
increases the transmit tance ,  bu* the number or strength o f  
atructurel members needa to be increaaed too. 

~ a b l e  '3,- An4:le of incidente and P.E. fransnt i ss iv i ty  on 
a Flat surface at noon. 
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Wetor is the limiting factor i n  the Almeria area. An accuratq 
estimate a? Lhe watar consumption is extrsmaly important to the 
growers. Table 4 givea the racinthly average ::-eenhouse m d  out- 
daors evaporation measured in a gtsndardized class A evaparation 
tank . 

Tñble 4.~verage evaporat ion on a class k tank. 
O c t  ober 1982-September 1983. 
m.m,/day. 

Sand mulching called "enarenadoIv 5s extansively used i n  Alma- 
rio mainly to h e l p  t a  contra1 the salt accumulation and reduce 
soil evaporation. Methods o f  calculating evapofxiinspiration had 
to be calibrsted i n  s f t u  becausa o f  the spec i f ic  rneteorological 
conditions. 

Experimental data on water consurnptlon 1s available.  Casti- 
lla (1984). As an example, a well watered tomato crop grown f r o m  
October 15 to May 15 will nead 313.6 mm. an average. 

Goad correlatfon hes besn found between class A tank 
evaporhtion and so lar  radiation, This informatiun will soon be 
published.  

3, Canclusions 

Low cost  high tensile structures srs very sppropriate  to the 
Mediterranean climate.  Taday, t r a d i t i o n a l  ~ e e n h ~ u s e s  cannot 
compete ecanornically w i t h  t h i s  kind of protectlon. 

-Local grawers have the sxpertise to repair their greenhousea 
when required, Meteriels are readily available in the area 



-Greenhouses are e f fec t ive  wind b reaks ,  Also day time 
temperatures are i n c r e a s e d  compared t o  t h e  o u t s i d e  sir. T h i s  
i s  apecially i n t e r e s t i n g  during the caldest months. 

-Nightime tamperetures f n s i d e  are similar t a  n ight i rne  
tornpereturse outs ide,  Thermal i n v a r s i o n  t a k e a  p l a c e  on c l e a r  
nights  when radiation laasas  are abundnnt, Some h e s t i n g  
would be desirable in the  w i n t e r  b u t  s o  Tar i t  h a s  p r w e d  t o  
be uneconomical.  

-In most casae, nktural v e n t i l a t i o n  dur ing  the day i s  n o t  
enough t o  lower the t e m p e r a t u r e s  t o  the  most c o n v e n i a n t  
levels .  I n  a u r  o p i n i o n ,  t he  d a v ~ l a p m e n t  o f  more e f f i c i e n t  
na tu ra l  ventilation s y s t e m s  has t o p  priority to irnprove the 
grawing c o n d i t i o n s .  

-Solar r a d i a t i a n  average t r a n s m i s s i v i t y  can  be enhanced j u s t  
by washfng the cavers. A dusty cove r  reduces solar r a d i a t i a ?  
st t h s  canopy leve1 which cou ld  be f a v o r a b l e  d u r i n g  warm 
periods. F l s t  roo fed  greenhousas have n o t  good trwismissi- 
vity i n  t h e  w i n t e r  due t o  the high angla of  s o l a r  i n c i d e n c e .  

-Since t h e  p l a s t i c  film is punctured t o  be a t t a c h e d  t o  t h e  
s u p p o r t i n g  members, rain gets i n t o  t h e  greenhause through 
t h a s e  h o l e s .  This lseds to the development a f  fungal 
d i s e e s s s  if there i s  a period af rainy wnather  i n  the a r e a .  
C o n s i d e r a b l e  lossea occurred i n  1978 due t o  this, 

-1n the f u t u r s  the expansion of low c o s t  greenhouses i s  
expected t o  c o n t i n u e  i n , t h a s e  areas where t h e  climate is 
f a v o r a b l e .  The Technolagy t h a t  is beFng used in t r a d i t l o n a l  
greenhoushs 5s not  su f t eb l e  f o r  thase s i m p l e r  structures, 
Appropriate s o l u t i a n  have t o  be developped t o  a'olve our 
s p e c i f i c  problerns hera, keeping I n  mind t h a t  low cost 
u n s u p h i s t i c e t e d  structurea require u n s o p h i s t i c s t e d  t echno logy  
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