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Abstract

The greenhausa industry is expanding rapidly in Southern
Eurcpean countriss. Dus to the favorable meteorclogicsl condi-
tions, low cost unhaated greanhouses can be used to cultivete crops
from late summer through to the end of the spring season,

Very little information is aveilable on the microclimate that
exist under these simple plastic covered structures, The paper
describes the wind, temperature and humidity fluctuationes, redia-
tion and eveporation that characterizes the greenhouse: enviroment
in the Almeria area.

1l.- Introduction

During the past 20 yeers the arsa cf greennouse structures in
Spain has spread out along the Meditarranean Coast. The Campo de
Dalfias in Almerfa shows the biggest concentration, It is estimated
that about 10.000 Hectars of greenhouses ere located in this area,

Low cost structures mede with pole timber and steel wires are
used for raising plants from September through Jume. Summer
months are too hot to provide an adequate environment for plant
growth, Mild winters free of snowfall meke it possible to utilize
such kinds of simple grsenhouses. A single layer of polyethylene
is attached between two nets of gelvanized steel wires and anchored
to the ground, Rigid members have been partially substituted by
tensile supports.

Next, -the climate that exists uncer one of thess greenhousses
will be described, Data was recorded ot the Estecién Experimental
Las Pelmerillas, Caja Rurel de Almeria, from Octobar 1982 to
September 1983. Temperatures were measured by R T 0 sansars,
solar readiation was registered by two {ippleys black and white
pyranometers, wind speed by a three cdp anemometer and eveporation
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wes measured daily on two standardized Class A evaparation tanks,

2,- Mataobolqgical data

2.1 wind

Wind is the first factor to be con:idered wh.n analizing the
Almeria climete, Virtually no crop con be grown without sametype
of windbreak, Besides increasing temperature, greenhouses protect
plants against wind damape.

Table I shows the monthly average and peak speed during the
period Dctober 1982~-September 1983, Prevailing winds come from
wast-south west or east, MWaximum speed recorded for thar period
was 25 m/seg, Strong gusts are cammon in the area.

Table l.Monthly average and pealk wind speed,
October 1982-Septemner 1983.

MONTH QCT | NQV | DEC | JAN | FED [HAR APR | ¥aY | JuN {JuL MG | SEP
AVERAGE
SPELD 205, % [228, 4 1213,6 197,9{190, 5] 22, 6|621,9012%9,%} 214,08 222, 195 . 1B, 7
PEAK
CPRED CERED 22,7 18 17 2% 22 19,1 16,2 15,8 16,& xaiJl

AVERAGE SPECD - Km/day

PEAK SPEED - m/s.
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The air temperature inside an unheated greenhouse is higher
during the day but similer tc tha outside temperature at night.
Since there is very little air movement inside & gresnhouse, the
slow replacement of warm soler heated internal ezir by fresher
external air is responsible for the day time increase of tempera-
ture, The mousetrap theory is the sacond possible factor thai
would explain the temporature riss, Very little cata is available
on the internsl and externzl nat radiation in the Almeria area.
Resesrch iy being carried ocut on this subject, but it seems that
in many cases the nat radiatian inside the greenhouse is less than
outside, The so-called greenhouss effect needs to be befter
evaluatead, ’
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Figure 1 shows the average temperature fluctuation throughout
the period Qctober 1982-Septemi:er 1983.
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Fig. 1,- Greenhouse and autdoors temperature fluctua-
Li w8, Jctober 1982-September 1983,Thar~ no' ~ny
crop mh the greenhouse from June to Septamher,

Neither air nor soll temperature ere the optimals for plant
growth., Ouring the caoldest months growth is retarded, since
average minimum temperatures are between 7 and § 2C, 1In Fabruary
19683 the lowest temperatura of the year 2,8 % was reccrded
inside our greenhouses (Table 2),

On the other hand crops can also suffer from too much heat,
Ventilaticn is needed even in December when maximum temperatures
reech 20 °C, .Summer months are not suitable for growing plants
under plastic. It is common to register more than 40 9C fram June
ta September, Tempsraturss of 40 9C are frequently registered
during the summer months.
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Table 2.Greenhouse and outdoors maximum and
minimum temperatures.Greenhouse without plants
from June to September,

LEC |JAN | ruB Iaaie | arn | nay Joun | Jun {ara SEP
e o et e =
‘r.. : 259 12%,1 1354 [ 21 2f, 7 1uR,2]1 1,81 772,11.2 | 19.3119,%
masmmz. ’
TN AU 13,0f1:,0 9,1 H,7 7.3014,5 ({12 15,9 | 26,3 |22,6 23,4123,3
OUTDOORS
MAX.AVERE (| 22,9118,6 14,4 |L4,2 |32,7 [ 27,5 ] 19,1| 20,8 25,4 |28 28,7127.4
OUTDOOIS
MIN.AHWH] L6,4f1),8 | 9,7 | 8,6 7.3] 9.9]|1v,8]12,0( L6,7|38,1 | 17,Bf19

Figura 2 shows the diurnal variation inside the greenhouse and
outdoor air temperature and relative humidity during a sunny winter
day. It can be seen that at night, indoor and open eir tempera- '
tures run close together. In fact unheated greenhouse temperatures
can be lowsr than the air outside, This is sgpecially tiwe on clear

‘nights when most thermal radiation losses take place, Nighttime
transpiration requires energy, which is partially released to the
greenhouse air through condensation, As fer as we know, na
evaluation has been mads in Almeria on the effect of nighttime
transpiration and condensation on the internal temperatura.
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That a better ventilation ig needed can be seen in figure 3.
Whare the climatic variation on a spring day is represented. figh
femperatures can cause crop stress while relztive humidity
decreases to a undasirable lsvels, affecting not only crops but
working conditions.
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Figire 3,Temperature and relative humidity flué— TiME
tuation on a spring day.

2.3._Sglar radiation

Monthly average radiation is given in figure 4., Transmissivity
may chenge from manth to month cue to dust sccumulation on the
cover and to the changing engle of incidence of soler rays along
the years
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- In the province of Almeris, rainfall is scarce and unevenly
distributed, Naturel vegetation is poor and dust is carried along
the wind and deposited an top of the greenhouse plastic. An
increasz of 14% in solar radietion transmissivity wes measured on

August 1983 after washing theé greenhouse cover with a garden hosa.

Mast greenhouses in Almeria sre flat or slightly sloped (1ess
than 10%). In meny ceses the ridge exis is east to west oriented
to combat the prevailing winds, Ouring winter, the angle of
incidence of solear radiation om & flat surface is such that a lot
of radiation is reflected (Table 3) changing the roof slope
increases the transmittence, bui the number or strength of
structural mambers needs to be increased too.

Table 3,- Angle of inc¢idence and P.E. transmissivity on
a Flat surface at noon.

DEC=15 | JAN-15 { FEB-15 J »MAlR=15 | APR—-15 [MAY=15
Angle of :
incidence 60 58 50 40 28 18
Transmiss. 0'82 0'82 0'84 0'87 088 0'90
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2.4, Eveporation

Water is the limiting factor in the Almeria area. An accurate
astimate of the water consumption is extremely important to the
growers. Table 4 gives the monthly average u: :reenhouse and out-

daors evaporation measured in a standardized class A evaparation
| tank,

Table 4,Average evaporation on a class 4 tank,
. October 1982-September 1983,

m.m,/day.
HOMTH oeT lxov DG Jak | rel fre Jaen I way {gun | gu, | e | §h{"
. grir|f
CREENNOUSL:
VEIWAGE 3170.04 10,79 11,0 li1o2lzla 3116 | Aasl s el v ol 4o
wiT i . . P i
svenson | 302 |52 fuien ziee 2,06 [3,67 {5,72 [6,07] 791 8,63 ] 7,28} 6,82

Sand mulching called "enarenado" is extensively used in Alme-
rie mainly to help tc contrel the salt accumulation and rsduce
soil eveporation, Methods of calculating evapotranspiration had
to be calibrated in situ because of the specific meteorological
conditions.

Experimental data on water consumption is available., Casti-
1la (1984). As an example, a well watered tomats crop grown from
October 15 to May 15 will need 313.6 mm. on average,

Goad correlation has been found between class A tank
evaporation and solar radiation. This information will soon be

published,

3, Conclusions

Low cost high tensile structures are very eppropriate to the
Mediterranean climate, Today, traditicnal greenhouses cannct
compete ecanomically with this kind of protection,

~Local growers have the expertise to repair their greenhouses
when required, Materials are readily available in the area
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~Greenhouses are affective wind breaks, Also day time
temperatures are increasad compared to the outsids eir. This
is specially intaeresting during the coldest months,

~Nightima tamperatures inside are similar to nightime
temperaturea outsida, Thermel inversion takas place on clear
nights when radiation lasses ars sbundant. Some heating
would ba desirable in the wintsr but so Tar it has proved to
ba unacaonomicel,

-In most casas, natural ventilation during the dey is not
encugh to laower the temperatures to the most convenient
levels. In cur apinion, ths davalopment of more efficient
natural ventilaticn systems has fop priority to improve the
growlng conditions.

=3alar radiation average transmissivity can be enhanced just
by washing the covers. A dusty cover reduces solar radiatioe
et the canopy leval which could be favoreble during warm
periods. Flat roofed greenhousas have not good transmissi-
vity in the winter due to the high angle ef solar incidence.

-Since the plastic film is punctured to be attached to the
supporting members, rain gets into the greemnhouse through
those holes. This leads to the development of fungal
diseases if there 1s a period of reiny weather in the area,
Considerable losses occurrad in 1978 due to this,

=In the future the expansion of low cost greenhouses ig
expectad to continue 4in those arees where the climate ig
favorable, The Technology that is being used in traditional
greenhouses is not suiteble for those simpler structures,
Appropriate sclution have to be developped to solve our
specific problems here, kesping in mind that low cost
unsaphisticated structures require unsophisticated technolagy
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