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In unheated greenhouses in mild-winter areas, low-cost, fixed, water-impermeable plastic

screens are frequently installed in winter cycles of the vegetable crops more sensitive to

fungal diseases. They are used to prevent rain and condensation falling on the crop and to

improve the greenhouse air temperature. Two experiments were carried out to quantify

how fixed and movable impermeable screens affect microclimate and crop behaviour in an

unheated greenhouse in a mild-winter area. The fixed screen improved the night-time

temperature and humidity of the air below the screen, and reduced the water condensa-

tion on its inner plastic surface or the proliferation of fungal diseases, but did not

completely prevent it. Compared to the greenhouse without screen, the movable screen,

usually unfolded at night, increased the night-time temperature of the air and the crop,

reduced the night-time relative humidity of the air below the screen, prevented the water

condensation on the screen or the crop, accelerated melon crop development, and

significantly increased early marketable yield of melon fruits and their quality, but it did

not substantially affect the substrate temperature, or the total marketable yield of melon

fruits. In the comparison of the greenhouse with fixed versus movable screen, no sub-

stantial differences were found for a winter cucumber cycle in night-time temperature and

relative humidity of the air below the screens, in shoot biomass or in fresh weight of total

and marketable cucumber fruits. This can be mainly attributed to the small differences

between both treatments in the shortwave radiation reaching the crop.
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1. Introduction

Environmental assessments of greenhouse production in

Europe have shown that energy consumption is responsible

for most of the environmental impact, particularly in North

Western Europe where heating accounts for 81e96% of all

impact categories (Montero, Anton, Torrellas, Ruijs &

Vermeulen, 2011). Energy-saving technologies are increas-

ingly used in the greenhouse industry to reduce fossil fuel

consumption and associated environmental impacts. Most

heated greenhouses in temperate regions have increased their

airtightness (very low ventilation rate through leakages) and

are equipped with thermal screens to reduce heat losses and

energy consumption (Campen, Kempkes & Bot, 2009). How-

ever, these changes usually increase and make more difficult

the control of the greenhouse air humidity around the crop,

which is usually conducted by heating and/or ventilation

systems. Air humidity is often excessive during the heating

period in these greenhouses, especially at night, and they

have to be ventilated with cold outside air for dehumidifica-

tion, which increases the heating energy consumption. In

most of these greenhouses, thermal screens are commonly

unfolded horizontally over the crop around sunset and folded

around sunrise, although the optimal opening strategy de-

pends on outside weather conditions, prices of energy and

horticultural product, etc (Bailey, 1988; Dieleman & Kempkes,

2006). These screens save energy influence the greenhouse

microclimate and can therefore affect crop behaviour (Bailey,

1981; Baille, Aries, Baille & Laury, 1985; Dieleman & Kempkes,

2006; Kittas, Katsoulas, & Baille, 2003).

In greenhouses frommild-winter areas, such as the coastal

areas of the Northern and Southern Mediterranean Basin, the

greenhouse air temperature and humidity in winter are usu-

ally outside the optimum range for fruit vegetable crop pro-

duction, especially at night (Bartzanas, Tchamitchian, &

Kittas, 2005; Montero, Castilla, Gutierrez & Bretones, 1985),

but active heating systems are not normally used because

they are not considered economically viable (Bartzanas et al.,

2005; L�opez, Baille, Bonachela & Perez-Parra, 2008). In these

greenhouses, passive solar heating methods and measures to

enhance the greenhouse energy efficiency are usually rec-

ommended (Montero et al., 2011). In a typical plastic green-

house with a bare gravel mulched soil on the SE Spanish

Mediterranean coast, Baille, L�opez, Bonachela, Gonz�alez-Real,

and Montero (2006) found that the soil acted as a substantial

source of air heating during winter nights (about 20 W m�2 on

average in February). For the same greenhouse system and

area, Bonachela et al. (2012) concluded that using a black

mulch was a simple and low-cost heating system recom-

mendable for the early stages of crop cycles starting at the end

of autumn or in winter, when canopy leaf area index is small

and most of the soil surface is free of vegetation, especially

when the ventilation rate is low.

The roofs of most Spanish Mediterranean greenhouses

consist of plastic sheets held in place between two galvanised

steel meshes (Parra, Baeza, Montero, & Bailey, 2004). Wires

puncture the covering, attaching themeshes to tension wires,

which allows some rainfall to enter the greenhouse, especially

in those with flat roofs. Moreover, during the winter period,

especially at night, water often condenses and accumulates

on the inner cover surface and may drop due to the slight

slope. The fall of condensation and rainwater onto the crop

creates more favourable conditions for the proliferation of

fungal diseases (Baptista, 2007), whichmight reduce crop yield

and quality. Although conventional thermal screens are

commonly used in greenhouses in temperate regions, they are

rarely used in Mediterranean greenhouses because they are

relatively expensive. In addition, as they are not totally

impermeable, they might not fully prevent the fall of rain-

water and condensation onto the crops.

In Spanish Mediterranean greenhouses, low-cost, fixed,

water-impermeable plastic screens are frequently installed

during the colder cropping period (around winter), especially

for the vegetable crops more sensitive to fungal diseases, like

late cycles of cucumber crops. They consist of thin PE sheets

joined hermetically by wires and located between the crop

canopy and the greenhouse roof. Fixed screens affect green-

house air temperature and humidity, and water condensation

by reducing heat loss, natural ventilation and leakage rates, as

well as air volumearound the crop. These topics have generally

received little attention, especially as regards impermeable,

fixed screens, such as those commonly used in Mediterranean

areas. Baille et al. (1985) studied the role of optical screen

properties for unheated greenhouses and concluded that the

greatest heat loss reduction was obtainedwhen an aluminised

side faced directly upwards, but these conclusions cannot be

directly applied to impermeable fixed screens. Moreover, the

use of fixed screens may produce some unwanted daytime

microclimate effects, such as reducing the greenhouse trans-

mission of shortwave radiation, which usually limits crop

production in winter (Soriano et al., 2004) and intensifying the

daytime CO2 depletion (S�anchez-Guerrero et al., 2005), as the

greenhouse air volume directly in contact with crops is

reduced. In order to reduce these drawbacks, the development

and improvement of low-cost, impermeable movable screens

could be of great interest for Mediterranean greenhouse areas.

Overall, little is known about the greenhouse microcli-

mate effects of using fixed and movable impermeable

screens for low-cost greenhouses in mild-winter areas

(Montero et al., 1985; Montero et al., 2013; Plaisier, 1992), and

even less knowledge is available about the effect of these

screens on crop response. Therefore, the main objective of

the present study was to quantify how fixed and movable

low-cost impermeable screens affect the microclimate and

crop behaviour in an unheated greenhouse in a mild-winter

climate area.

2. Materials and methods

2.1. Greenhouse and experiments

Two greenhouse crop experiments were carried out at Las

Palmerillas research station (2� 430 W; 36� 480 N; and 155 m

elevation), Cajamar Caja Rural, El Ejido (Almerı́a, Spain). Ex-

periments were conducted in two identical, arch-roofed (4.5 m

high to the ridges and 3.0 m to the eaves), three-span, EeW

oriented greenhouses of 630 m2. Greenhouses were covered

with a three-layer thermal polyethylene film (200 mm
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