
GREENHOUSE TECHNOLOGICAL 
PACKAGES FOR HIGH-QUALITY 

CROP PRODUCTION
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S-06. Advances in Environmental Control...



In the last decades the increase of the
greenhouse industry around the world

has been enormous



There are many types of greenhouse agrosystems and
not every system is cost effective in each location

Two basic “greenhouse agrosystems”



Effects inside greenhose:

Greenhouse effect

Shading effect

Windbreak effect

Oasis effect

Umbrella effect



THIS PAPER PRESENTS:
-GENERAL OUTLOOK ON:

-GREENHOUSE GROWING STRATEGIES FOR 
HIGH-QUALITY PRODUCTION OF 
VEGETABLES YEAR-ROUND

-INFLUENCE OF GREENHOUSE CLIMATE ON 
VEGETABLES QUALITY (TOMATO)

-”GREENHOUSE TECHNOLOGICAL 
PACKAGES” USED

-FOCUSED ON THE MEDITERRANEAN AREA



Greenhouse agrosystems extreme options
Option 1

Passive climate control

Limited yields
Good quality in limited periods

Irregular production
Low costs

Option 2
Sophisticated Active 

climate control
High yields

Good quality almost year-round
Regular production

High costs



Option 1 vs option 2
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Best growers yields
(Verhaegh & de Groot, 2000)



Cost (euros/kg -1)
Production Market

(Germany)
Tomato Spain 0.27 0.62

Netherlands 0.55 0.73
Pepper Spain 0.57 0.98

Netherlands 1.18 1.50
Cucumber Spain 0.23 0.52

Netherlands 0.49 0.65

Option 1 vs option 2
Spain / Netherlands

BEST  GROWERS

(Verhaegh & De Groot, 2000)



Greenhouse energy consumption

Netherlands
Sophisticated glasshouse
43 m3 natural gas/m 2

Over 12 euros/m 2

Mostly use for heating and CO2
injection

(Per year and m2)

Spain
Passive plastichouse
0.10 euros/m 2



North-European countries
20,500  ha (in 1999)
95% glasshouses

Mediterranean countries

65,000 ha (in 1987)
144,000 ha (in1999)
Over 95%  plastichouses

Greenhouse Area



JAPAN:
40,259 ha (in 1983)
52,571 ha (in 1997)
95% plastichouse

CHINA (Zang, 2006):

IN 1980: Practically none

IN 2004:
598,000 ha (Lean-To type) 
890,000 ha (high tunnels)

KOREA:
Similar trend

Greenhouse Area



MARKET DEMANDS

The consumer is demanding, 
unfaithful, well-informed, and very 
interested in quality

Buying habits have evolved, 
influenced by new socio-economic 
characteristic of markets 



MARKET DEMANDS
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- High quality
- Way of production

Environmental friendly
Labour safe
Hygienic way



MARKET DEMANDS
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- Market-driven approach
- Production standards

Detailed protocols
Traceability

-Year round supply



MARKET DEMANDS
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- Cold areas, high latitude
High-tech greenhouse
No production around winter solstice

- Temperate, subtropical and tropical areas
Plastichouses
Seasonal production
Limited quality (some periods)



ENVIRONMENTAL IMPACT

Developped countries

Society: More concerned with environment

Trend: Reduced use of energy, pesticides
chemicals and waste

Limiting environmental impact

Saving natural resources

Reduction of waste: Recycling



ENVIRONMENTAL IMPACT

Primary fuel comsumption for cultivation
and transport

per Kg of produce (in greenhouses)

Tomato: 13 times greater in Holland than in Spain

Pepper: 14-17 times greater in Holland than in Spain

Cucumber: 9 times greater in Holland than in Spain

(Van der Welden et al, 2004)



quality!
Quality is a combination of attributes, 
properties or characteristics that give each 
commodity value in terms of intended use

Quality concept varies between producers, 
handlers and consumers



Quality components

Appperance factors

Textural factors

Flavour factors

Nutritional factors

Quality norms (fruits and vegetables)
Generally based on external quality and critical
concentration of pesticides and nitrates (Europe)



Tomato fruit quality (basic points)

General appearance
Colour
Shape
Size
Firmness
Absence of defects

Taste and flavour
Ripening behaviour
Shelf life
Shipping resistance



Tomato fruit quality
(other points)

NUTRITIONAL FACTORS
HEALTHY
SAFE

WAY OF PRODUCTION
ENVIRONMENTAL 

FRIENDLY
HYGIENIC
LABOUR SAFE



ENVIRONMENTAL QUALITY

Reduced use of energy, pesticides, 
chemicals and waste

Limiting environmental impact

Saving natural resources

Recycling of waste



HIGH QUALITY IN GREENHOUSE: HOW?

Compromise: Yield and quality

Optimal microclimate

Seasonal growing (low-tech)
Climate control (high-tech)

Cultural practices



Climate control and quality Light
Temperature
Air humidity
CO2



Climate control and quality Light in greenhouses

Roof geometry Orientation
Structure shades Cladding material

Ligth transmission depends on:



i

Climate control 
and quality

Light in greenhouses

Orientation dependent on
Latitude
Local climate (Radiation conditions)
Season of production

i



Climate control and quality Light in greenhouses

Covering materials
Glass
Plastics

Light quantity (transmission)

Light quality
wavelength
diffusing conditions
etc



Climate control and quality Light in greenhouses

Suplemental artificial lighting



cracking

Climate control and quality Air humidity

High VPD levels: Physiological disordes (B.E.R.,...)
Low VPD levels: Tomato cracking, ...

Affects water relations, growth, 
yield and quality



Decision Support for Growing High Quality, 
High Yield Hydroponic Tomatoes 

Most greeenhouse fruit vegetable crops are 
affected when temperatures are below 12ºC or
exceed 30ºC

Climate control and quality Temperature



High temperature

Climate control and quality Temperature

Affects growth, yield and quality

Inhibits lycopene synthesis
Yellow tomato fruit

Poor fruit set



-Affects growth, tield & quality
-Low temperatures during winter
can be solved by some heat supply
-It is not a technical problem, but
economical
-High costs. 
-In some cases the profitability is
not clear

Low temperature

Climate control and quality Temperature



Air heaters are used as the primary heating
sources in greenhouses areas where the heating

needs are low

Climate control and quality Temperature- Heating



Climate control and quality

AIR HEATERS OFTEN ARE ONLY USED AS 
AN EMERGENCY HEATING SYSTEM



Climate control and quality Temperature
Steel heating pipes are 

useful for mechanization



COOLING
When natural ventilation is insufficient to
avoid plant stress:

-Mechanical ventilation
-Shadding nets (inside or outside)
-Whitewashing
-Evaporative cooling

-Fan and pan
-Fogging

-A combination of them

Climate control and quality Temperature



Climate control and quality Temperature

COOLING

In the South of Spain, mechanical ventilation
was less efective than fogging or whitening



COOLING: 
Shading limits irradiance and, 
consequently, air temperature

Climate control and quality Temperature



Climate control and quality Temperature

COOLING:
External shading is more efficient than
internal shading for cooling the greenhouse



COOLING: Whitening is most effective
in high radiation period
Low cost

Climate control and quality Temperature



Climate control and quality Temperature

COOLING: Whitening in big greenhouse farms



Evaporative cooling is most
efficient in dry climate areas.

Climate control and quality Temperature



COOLING: Low cost low-pressure misting
nozzles can be useful for cooling simple 
greenhouses or screen houses.
A good controller is required to avoid
excesive plant wetting.
Good quality water

Climate control and quality Temperature



CO2 injection is extended in high-tech
greenhouses, but scarcely used in low-cost
greenhouses

Climate control and quality CO2



Compromise: Yield/Quality

Salinity, irrigationCultural practices and quality

Moderate water stress conditions may 
improve tomato quality

Increasing salinity of nutrient solution
rises tomato quality, but can reduce yield

Proper irrigation scheduling can avoid
yield reduction (due to salinity)

Climate control can offset yield reduction
(due to salinity)



IPM (Integrated pest manag.)
IPP (Integrated Production & 
Protection) Management
strategy:

Hygienic measures
Residues removing
Cultivars
Fertigation scheduling
Rotation
Grafting
Bees & bumble bees, …

Cultural practices and quality

Safe, healthy and chemical residues free products



Production strategies for supplying the market

Growing in high-tech greenhouse year-round

Site selection is a key point



Growing in two or more locations

Production strategies for supplying the market

Site selection is a key point



Production strategies for supplying
the market

SPAIN

HOLLAND

GROWING IN TWO OR MORE LOCATIONS
SEMIGRATION



Table 1. Average investment costs in the south of S pain (in 2006) for 
three different levels of greenhouse technological packets (structure 
and equipment). Prices of the land and climate and fertigation
computers are not included. Costs calculated for on e ha size minimum 
area. Polyethylene (PE) film cladding is included.

  
Euros m-2 

LEVEL 1 Low roof slope (parral type) greenhouse 8.5 
 Drip irrigation system 2.2 

 TOTAL 10.7 
LEVEL 2   High slope (parral type) greenhouse 11.3 

 Drip irrigation system 2.2 
 Hot air heating system 3.1 

 TOTAL 16.6 
LEVEL 3   Arched multispan greenhouse 18.0 

 Drip irrigation system 2.2 
 Heating system (steel tubes) 13.6 
 Fans (air mixing) 1.2 
 Misting system (low pressure) 2.0 
 Shading-thermal screen 5.0 

 TOTAL 42.0 
 Source: Dr. I. Escobar (personal communication)

Simple soilless system (without drip) costs 1.5 euro s m-2.
Greenhouses with motorised side and roof vents (sim ple system).



Table 2. Average investment costs in Greece (in 200 6) for three different levels 
of greenhouse technological packets (structure and equipment). Prices of the 
land and climate and fertigation computers are not i ncluded. Costs calculated 
for a 0.5 ha size minimum area. Polyethylene (PE) f ilm cladding is included.

  
Euros m-2 

LEVEL 1     Wooden structure (side and roof vents) 7.0 
 Drip irrigation system 1.0 

 TOTAL 8.0 
LEVEL 2      Tunnel greenhouse (no roof vents) 11.1 

 Drip irrigation system 1.0 
 Hot air heating system 3.0 

 TOTAL 15.1 
LEVEL 3      Arched multispan greenhouse  

     (roof vents; double cover –PE-)  
 
14.8 

 Drip irrigation system 1.0 
 Thermal screen 3.5 
 Heating system (air+plastic pipes) 10.0 
 Fans (air mixing) 1.2 
 Fan and pad cooling system 5.5 

 TOTAL 36.0 
 Source: Dr. N. Katsoulas (personal communication)

Soilless system (without drip) costs 1.8 euros m-2.  Misting system costs 3.0 euros m-2.
Alternatively, glasshouse (structure and glass) for  level 3 costs 20.0 euros m-2.



Table 3. Average investment costs in Sicily (Italy,  in 2006) for three different 
levels of greenhouse technological packets (structu re and equipment). 
Prices of the land and climate and fertigation compu ters are not included. 
Costs calculated for a 0.5 size minimum area. Polye thylene (PE) film cladding 
is included. Level 3 is mostly used for high value crops (ornamentals).

  
Euros m-2 

LEVEL 1  Wooden greenhouse (side vents) 8.0 
 Drip irrigation system 2.0 

 TOTAL 10.0 
LEVEL 2      Arched multispan greenhouse (no roof vents)(* ) 13.0 

 Drip irrigation system 2.0 
 Hot air heating system 3.5 

 TOTAL 18.5 
LEVEL 3      Arched multispan greenhouse (roof vents)  27.0 

 Drip irrigation system 2.0 
 Heating system (steel tubes) 20.0 
 Fans (air mixing) 2.1 
 Misting system (low pressure) 4.1 
 Thermal screen 6.9 

 TOTAL 62.1 
 Source: Dr. C. Leonardi (personal communication)

Soilless system cost is around 5.8 euros m-2.
(**** ) Depending on the height can vary from 10.0 to 16. 0 euros m-2.



Table 4. Average investment costs in Morocco (in 20 06) for three different 
levels of greenhouse technological packets (structu re and equipment). 
Prices of the land and climate and fertigation compu ters are not included. 
Costs calculated for a 0.5 ha size minimum area. Po lyethylene (PE) film 
cladding is included

  
Euros m-2 

LEVEL 1 Structure (wooden, Canary type) 3.3 
 Windbreaks 1.5 
 Drip irrigation system 3.5 

 TOTAL 8.3 
LEVEL 2 Structure (metallic, Canary type) 4.3 
 Windbreaks 1.5 
 Drip irrigation system 3.5 

 TOTAL 9.3 
LEVEL 3 Arched multispan structure (no roof vents)  5.3 
 Windbreaks 1.5 
 Drip irrigation system 3.5 
 Soilless system 7.0 

 TOTAL 17.3 
 

Source: Dr. A. Hanafi (personal communication)



Table 5. Average investment costs in the Netherland s (in 2005) for two 
glasshouse technological packets (structure and equ ipment). Price of the 
land is not included. Costs calculated for one ha s ize minimum area. 
Standard Venlo includes structure, wide single glass , energy screen, rain 
and condensation water collection, water heating sy stem (steel pipes), CO2 
injection, heat storage tank, drain water disinfect ion and soilless
recirculation systems

  
Euros m-2 

STANDARD Standard Venlo type greenhouse and equipment 96.0 
 TOTAL 96.0 

HIGH LEVEL Standard Venlo type greenhouse and equipment 96.0 
 Lighting system (600 W high pressure sodium 

lamps; one lamp per 12.5 m2) 
22.2 

 TOTAL 118.2 
 

Sources: Van Woerden (2005);  E. Van Os  (personal c ommunication).



FINAL REMARKS

Fresh vegetable markets are highly globalised and
competitive

Consumers require year-round safe, healthy and high-
quality products

Growers have to produce in an environmental-friendly, 
labour safe and hygienic way

Two basic greenhouse growing strategies:
Growing in two different locations
Growing in high-tech greenhouse year-round

Site selection is a key aspect for economical production

Profitable greenhouse production requires a compromise
between diverse technical options



Greenhouse
production

has no 
technical

problem (in 
any climatic
conditions)!

N.A.S.A. prototype.- C.E.A.C. (University of Arizona).



THANK YOU FOR YOUR ATTENTION!


