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Sustainable agriculture production in controlled environment – Greenhouse

✓ Design optimisation of greenhouse structures

✓ Rational management of hydroponic and aquaponic systems

✓ Development and evaluation of greenhouse climate control systems

✓ Plant based greenhouse climate control

✓ Development and evaluation of crop stress indices

Major projects:
➢ Intelligent crop-based environmental monitoring and control of sustainable greenhouse eco-systems (GSRT, 

Excellence)
➢ Optimisation of greenhouse climate control in high salinity soils using omic technologies (GSRT, Cooperation 2009)
➢ Sustainable use of Irrigation Water in the Mediterranean Region (FP7, KBBE 2009)
➢ Smart Controlled Environment Agriculture Systems (FP7, Marie Curie, IRSES)
➢ Online Professional Irrigation Scheduling Expert System (FP7, KBBE 2013)

Laboratory of Agricultural Constructions and 
Environmental Control

Objectives
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Controlled environment growth 
chamber



http://itema.cereteth.gr/

Rational use of water resources



Wirelles Systems

Leaf temperatureAir temp and relative humidity



http://itema.cereteth.gr/

GreenSense

Spatially distributed greenhouse 
climate control based on wireless 

sensor network measurements



http://itema.cereteth.gr/

GreenSense Reflectance and temperature indices for 
crop water status assessment



Running projects

• MED Greenhouses (Interreg MED) 
https://MEDGreenhouses.interreg-med.eu/

• Organic+ (H2020) https://Organic-Plus.net/

• FoodOASIS (EDK) http://FoodOASIS.eu/
• Alga4Fuel&Aqua (EDK) http://Alga4Fuel-Aqua.eu/
• InGreco (EDK)
• Fotokipia (EDK)

• CasH (Greece-Germany)
http://cascade-hydroponics.eu/
• AgriTexSil (Greece-Germany) 

http://www.agritexsil.eu/

https://medgreenhouses.interreg-med.eu/
https://organic-plus.net/
http://foodoasis.eu/
http://alga4fuel-aqua.eu/
http://cascade-hydroponics.eu/
http://www.agritexsil.eu/


Greenhouses: why?
How to increase circularity in horticulture?
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Need for higher productivity
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Volos, 

Latitude 39,22

Almeria, 

Latitude 37

Amsterdam, 

Latitude 52,22
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Protected cultivation: why? 
• Out-of-season/year round production

• Higher productivity per unit soil surface

• More reliable production (less affected by climate)

• Improved control of pests and diseases

• Higher quality/uniformity of production

Means:

• Improved control of:
• Temperature; Light; Humidity; CO2

• Irrigation and fertilization

• Pests and fungi 

WUR



Europe
North America

Asia

Top 5 Countries by Area (ha) 
700,000 ha

Worldwide greenhouse areas



Almeria - Spain





Low and High-tech greenhouses

• PE covered greenhouses

• Ventilation, shading, evaporative cooling

• Soil grown crops

• Fertigation

• PE or glass covered greenhouses

• Heating, energy shaving systems, ventilation, 
shading, evaporative cooling, air mixing, 
insect proof screens

• Soil or soilles crops in open or closed 
systems, Fertigation

• DSSs and automations



Netherlands (Venlo) Spain (Multitunnel)

Production (kg/m2) 55 16

Value (€/kg) 0.93 0.65

Gross income (€/m2) 51.15 10.40

Labour 12 2

Energy 13 0.1

Other costs 8.6 1.5

Financial costs 5 0.3

Payback and maintenance 5 1.3

Other fix costs 2.4 0.2

Total costs (€/m2) 46 5.5

Net income (€/m2) 5.2 4.9

Net / Gross Income (%) 10 47

Farm balance for a truss tomato crop 
under two production strategies

(Vanthoor et al., 2011)

Affected 
mainly by 
product 

value

Affected 
mainly by 
outside 
climate



Productivity of tomato

open field           unheated             heated              high-tech           high-tech
multi-tunnel     multi-tunnel          with CO2          with CO2&light

Yield  kg/(m2 ∙ year)

Control of production factors



Water and nutrients 
circularity in greenhouses



Cascade hydroponics

From a 
greenhouse 
to an open 
field crop

30%-
40%

The nitrogen balance for 
the two combined systems 
shows an important 
decrease in N leachate. 

The adoption of the 
‘cascade’ crop system 
reduced environmental 
impact for climate change 
category by 21%, but 
increased eutrophication 
category by 10% because of 
the yield reduction.
Muñoz et al. (2012)



Aquaponics
Integration of aquaculture and 

hydroponics.

Symbiotic growing of fish and vegetables 
in recirculating water systems – is 

emerging as one important area of 
sustainable agriculture.



Organic Plus
Cultivated organic areas in the Mediterranean region and 
inputs used

What is done in WP3-Plants of Organic Plus
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T3.1: Current use of contentious inputs in 
organic production

Mapping of Cu and mineral 
oils use. Current policies 

and legal status

T3.2: Identification of available alternatives to 
copper and mineral oils for plant protection in 

organic production in Europe (M1-9)

D3.1: Mapping (available)

D3.2a: Available alternatives (available)

D3.2b: Factsheets (4) on transfer/adaptation of alternatives (available)

Countries: Denmark, France, 
Germany, Greece,  Italy, Norway,
Poland, Spain, Turkey and UK 











Legal status for Cu and Mineral oils

• The legal status of Cu, S and mineral oils in the EU is 
regulated by the European Commission regulation (EC) No 
889/2008 of 5 September 2008

• Cu as fungicide is allowed up to 6 kg per ha per year
For perennial crops, the 6 kg limit can be exceeded in a given year provided that 
the average quantity actually used over a 5-year period consisting of that year 
and of the four preceding years does not exceed 6 kg.

• From 2019 to 2025 the EU limit is 4 kg/ha/year or 28 
kg/ha/year in total over 7 years

• From 2026 it may
– be increased to 6 kg (not likely)
– stay the same for another 7 years (likely)
– be reduced to 3 kg or 2 kg (most likely)
– be reduced to ZERO (not likely)



T3.1: Current use of contentious inputs in 
organic production (M1-6)

Countries: 
Denmark

France
Germany
Greece
Italy
Norway
Poland
Spain
Turkey
UK



T3.1: Current use of contentious inputs in 
organic production (M1-6)

.

Countries: 
Denmark

France
Germany
Greece
Italy
Norway
Poland
Spain
Turkey
UK

• Cu: 
• Grapes: 

– Low downy mildew pressure : 2.5 to 3.6 kg/ha/yr
– High downy mildew pressure: 4.3 to 6.4 kg.ha/yr

• Fruits:
– Apple : 2.1 kg.ha.yr
– Peach: 5 kg/ha.yr
– Apricots: 3 kg/ha.yr

• Vegetables
– Potato:    ware : 3 to 8 kg/ha;yr; earlies: 3,3 tyop 4 kg /ha/yr, according to LB 

pressure
– Tomato:  3,6 to 6,1 kg /ha yr according to disease pressure ( LB / bacterial 

diseases)

• MinOils: Very little information available (Main target: 
virus-transmitting aphids/ seed potato)

• According to the Brittany organisation of organic seed potato
growers, mineral oils are now almost entirely replaced by plant oils
( rapeseed) > not an issue anymore

• S: Not really considered contentious in France



T3.1: Current use of contentious inputs in 
organic production (M1-6)

.

Countries: 
Denmark
France

Germany
Greece
Italy
Norway
Poland
Spain
Turkey
UK

Farming area in Germany (2017):

• Number of farms: 267.651

• Number of organic farms: 29.174

– Share of organic farms: 10.9%

• Total area: 16.780.085 hectare

• Organic farming area: 1.375.967 hectare

– Share of organic farmland: 8.2%
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T3.1: Current use of contentious inputs in 
organic production (M1-6)

Countries: 
Denmark
France
Germany

Greece
Italy
Norway
Poland
Spain
Turkey
UK

(in ha) Olives Citrus

Fresh 

vegetables

Total (agricultural 

and grazed land)

Total 

(agricultural land)

Organic 44752 2300 290 342582 102166

Conventional 821206 42640 73812 3152600 2432524

% 5.4% 5.4% 0.4% 10.9% 4.2%

Organic and conventional crops of O+ interest in Greece (2016)

Cu use:
In conventional olives (worst scenario) 1 application in October (CuOH), 2 
applications in February (calcium copper sulfate), 1 application in 
March(CuOH) and 1 application in June-July (oxychloride Cu), total Cu: 
16.5 kg/ha/year
Best scenario, total Cu: 7 kg/ha/year. (In conventional, concentration of 
Cu in soil >1.5 ppm)

In organic olives: 1 application in October (CuOH), 1 application in 
February (calcium copper sulfate), 1 application in June-July (oxychloride 
Cu). Total Cu: 6 kg/ha/year

In organic fresh vegetables: 2-4 kg/ha/year



T3.1: Current use of contentious inputs in 
organic production (M1-6)

.

Countries: 
Denmark
France
Germany
Greece

Italy
Norway
Poland
Spain
Turkey
UK

             2015        2016       2017  

      

Italy ha         150,047 146,000    138,000 -  3% 

 ton     3,151,564 2,500,000 2,900,000 + 6% 

      

 

Conventional citrus areas in Italy

Organic citrus areas in Italy

             2015        2016  

     

Italy ha    31,869   36,125 + 13,4%  

 ton 524.990 596,000  

     

 
Organic citrus area In conversion Converted Total  organic area 2016 (ha) Var.% 2016/15 

Oranges 5.321 12.897 18.218 15 

Lemons  1.990 5.353 7.343 14,4 

Grapefruits 22 105 127 32 

Others  3.150 7.287 10.437 9,7 

Total 10.483 25.642 36.125 +13,4 

 

Organic citrus

areas in Italy in

conversion and

converted (ha)

Organic citrus area in Italy (ha) = 36 kha/146 kha =25%

Among the investigated crops (citrus, olive, tomato and potato), high amounts of copper are 
used by Sicilian growers in lemon orchards and potato.

For these two crops the limit of 6 kg per ha and per year is generally not respected.
In olive orchards in Calabria the amount of copper applied exceeds greatly 6 kg/ha per year. 



T3.1: Current use of contentious inputs in 
organic production (M1-6)

.

Countries: 
Denmark
France
Germany
Greece
Italy

Norway
Poland
Spain
Turkey
UK

In 2016, certified organic agricultural area, including area under 
conversion, =4.8 % of the total agricultural area in use.

Number of holdings with organic farming was 2 100 = 5.0 % of the 
total agricultural holdings in Norway.

• Cu: Up to 6 kg copper per ha per year. Was approved as a 
pesticide in organic growing in March 2017.

• Mineral oil: Commercial product containing  >94% parrafin oil, 
approved for use in OF in Norway: Fibro (Belchim Crop 
Protection).

• Sulphur and Lime sulphur (calcium polysulphide) allowed without 
tresholds or other limitations.



T3.1: Current use of contentious inputs in 
organic production (M1-6)

.

Countries: 
Denmark
France
Germany
Greece
Italy
Norway
Poland

Spain
Turkey
UK

SPAIN (2016)
SURFACE (Ha) SURFACE (Ha)

ORGANIC TOTAL
Cereals 216.481 6.240.000
Dried legumes 38.057 460.000
Tubers 639 74.584
Industrial crops 16.522 952.806
Arable crops 24.144 1.064.379
Vegetables 17.182 375.073
Strawberries 163 6.867
No citrics fruits 144.957 939.066
Citrics 10.183 295.331
Grapevine 106.720 936.788
Olive 196.567 2.521.694
TOTAL SURFACE 771.615 13.866.588

SPAIN (2016)
% organic 
SURFACE

% organic 
PRODUCTION

Yield Organic 
(kg/Ha)

Yield Conventional 
(kg/Ha)

Yield difference 
(organic/conventional)

Cereals 3,5% 0,7% 757 3.865 20%

Dried legumes 8,3% 2,0% 337 1.409 24%

Tubers 0,9% 0,4% 13.323 30.912 43%

Vegetables 4,6% 1,9% 16.649 40.202 41%

Strawberries 2,4% 1,3% 31.113 54.987 57%

No citrics fruits 15,4% 2,4% 729 4.623 16%

Citrics 3,4% 2,0% 13.986 23.993 58%

Grapevine 11,4% 3,5% 1.983 6.515 30%

Olive 7,8% 2,3% 835 2.809 30%

5.5%

Olive is the main 

organic crop in 

Spain (>39% 

surface of 

permanent 

crops)



Contentious inputs limits:
Copper: max. 6 kg/ha/year
Mineral oil: authorised only for trees.

CITRICS OLIVE VEGETABLES
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T3.3: Generation of additional knowledge required for
optimal use of alternatives (M1-20)

Alternatives work well in the lab but not in the field. Knowledge on the modes of action 
and interactions between different alternatives is missing. Knowledge gaps are 

addressed by coupling field trials with mechanistic and ecological investigations of 
potential key innovations

Field and lab trials (M1-20)
- early & late blight (INRA, SLU): BCAs & PDSs
- Botrytis c. & Fulvia f. (IFAPA): Alternatives
- Alternaria s. (MFAL): evaluation of landraces
- Cycloconium o./Spilocaea o. (MFAL-UTH), & Mycocent. cladosp.

(UTH), Colletotrichum sp (IFAPA): BCAs & PDSs
- Colletotrichum sp (UNICT): BCAs & PDSs, fertilisers, vegetable extracts, GRAS 

D3.3: Evaluation of alternatives (lab and field trials) (M20)



T3.4: Design of phase-out scenarios through substitution, 
combination or plant protection systems redesign (M1-20)

Field trials
- late blight (INRA, SLU): epidemiological simulation model, (AU) evaluation of
scenarios for use of alternatives by IPMBlight2.0

- Botrytis c., Alternaria spp & Leveillula t. (UTH): DSS
- (UNICT): Alternatives to Cu 

D3.4a: Design of phase-out scenarios for field evaluation (M20)
D3.4b: Analysis-modeling of disease dynamics in potato blight (M20)
D3.4c: Web-based DSS for disease risk in greenhouses (M20)

-Simple substitution strategies, combination & complete redesign.
-Determination of the need for specific experimental work.
-Data transfer to MODEL and IMPACT WPs.
-Preventive farm management methods for disease control in
greenhouse and open field will be identified and developed





T3.4-UTH_Greece: DSS



T3.5: Field evaluation of system solution scenarios to foster 
the application of available alternatives based on best 

practice examples (M7-43)

Field evaluation
- system approach: across EU with focus on North
- across EU with focus on South
- Mediterranean

D3.5: Field evaluation of system solution scenarios (M48)



T3.6: Evaluation of the 
acceptance of alternative 

solutions and barriers to further 
reduction of contentious inputs 

(M13-46)

T3.7: Stakeholder 
interaction and 

dissemination (M13-46)

Conferences                             .   
Seminars/workshops:                     . 

- 10 workshops with growers, advisors and policy makers in: Volos-Greece (UTH), Catania-
Italy (UNC), Almeria and Cordoba-Spain (IFAPA), Angers-France (INRA), Izmir-Turkey 
(MFAL);

- 8 open field days for growers and advisors in the field trials in: Volos-Greece (UTH), 
Catania-Italy (UNC), Almeria and Cordoba-Spain (IFAPA), Izmir-Turkey (MFAL);

- 6 publications in high-ranking peer-reviewed by: UTH, INRA, SLU, IFAPA, UNC, MFAL;
- 12 presentations in international conferences;
- Stakeholder briefing papers (7); project leaflets; press releases; and other

D3.6a: Evaluation of alternatives and design of complete systems. Cost/benefit analysis (M46)
D3.6b: Barriers to further reduction of inputs (M46)
D3.7: 3 set of factsheets for stakeholders and dissemination (M30 & M46)



Thank you
for your attention


