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� ↑ Greenhouse microclimate : ↑ Productivity

� Development of new systems: closed and semi-closed greenhouses

� ↑ Climate control (temperature, humidity, CO2) using geothermal systems to ensure cooling 

and/or heating (Nederhoff et al., 2010); ↓ Rate of CO2 supply (Opdam, 2005)

� Heuvelink et al. (2007) suggested that the density could be increased by at least 17% in a 

closed greenhouse

� No study has previously focused on stem density and fruit load control in semi-closed 

greenhouse. 

Compare density and fruit load treatments in a semi-closed greenhouse context

by analysing yield, fruit size, crop growth, climate parameters and fruit quality.



� Two semi-closed double polyethylene 225 m2 compartments (R2 and R3) located at Les

Serres Jardins-Nature, Qc, Canada (48.15°N, 65.84°W)

� Cooled using water from the water table (12°C) which was directed in a heat exchanger

� Polyethylene tubes located above the canopy to ensure the airflow

� 2015 growing season (January-October)

� Three stem density treatments (3.0, 3.3 and 3.6 plants/m2) in R2

� Three fruit load treatments (70, 85 and 90 fruits per m2) in R3

� Climate monitoring, crop growth, yield, fruit size and fruit quality

Cooling capacity R2 > R3



Table 1. Climate parameters for the two semi-closed compartments   

for 2015 growing season.

� 24h T°C, day T°C, relative humidity higher in R3 compartment (lower cooling capacity)

� CO2 concentration was 46 µL L-1 higher in the R2 than in R3 compartment

Table 4. Air CO2 concentration and injected CO2 in the two semi-

closed compartments for 2015 growing season.

Compartment
CO2                                 

(µL L
-1

 )

CO2 injected 

(g/m
2
)

R2 681 ± 138 97 ± 41

R3 635 ± 136 111 ± 43

(⬆	7%) (⬇13%)



Table 2.Production results in terms of fruit yield and 

fruit size for 2015 growing season in two semi-

closed  compartments 

Fig. 1. Percentage of dry matter for

the three fruit load treatments

for August 2015 harvest

� For the density treatments in R2, both week yield and cumulative yield were higher at

density 3.0 plants/m² than at 3.3 or 3.6 plants/m²

� In the R3 compartment, it was the lowest fruit load that presented the highest yield and

fruit size. This is consistent with the dry matter results, where the percentage of dry matter

was decreasing with the increase of the fruit load as showed in Fig. 1.



Table 3. Growth parameters for the six treatments

means for 2015 growing season in two semi-closed

compartments(D= stem density; C= fruit load)

�Growth parameters as plant stem elongation, stem diameter, and

apex-flower cluster distance were higher in R3 than in R2

compartment (3.6 plant/m² and fruit load between 70-90

fruit/plant depending on the treatment)



� Climate and CO2 differences: different system efficiencies

� Lowest fruit density treatment in R2 and lowest fruit load

treatment in R3 both showed the best agronomic

performance

� Semi-closed systems improved with a heat pump (night

temperature/humidity control)

� Higher yield was achieved under semi-closed greenhouse

growing conditions as compared to the commercial yield

performance

� Soil � Soilless organic growing system (Verticillium)
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