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Introduction

" Humid tropical climates
" Consequences of high humidity
" Disease risk assessment: Botrytis case

Disease Severity (DS)is highly correlated with the cumulative hours of relative humidity higher than
90% and temperature lower than 10°C, which is unfavourable for the disease, and
temperatures between 20 and 25°C, that favours the disease. .

P (Baptista et al 2011)

Risk of infection

HIGH 9 or more| hours/day

RH
>90%

MODERATE| 4 to0 9 hours/day

LOW 4 or less | hours/day
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Main Objective

Find an economically feasible greenhouse
climate control (cc) strategy that minimizes
disease risk by minimizing hours with humidity

above a given threshold
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Study Object: Location
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Study Object: Description
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Approach and assumptions

Study case —_— Design —_—> Additional
greenhouse Improvement equipment

¢ l |

Natural Ventilation

Shading screen Natural Ventilation

Window control

l Shading screen
Covering materials
Cladding materials

Heating systems
Active Cooling
(Condensation)

High frequency of:

- high relative humidity Size of windows

* high temperature

l

sub-optimal ——
conditions

Disease
risk

€ Cost
é Yield
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Materials and Methods

Literature review Data analysis modelling Scenario analysis

=
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\q}/ « Internal «  Model « Scenario
microclimatological description development
A differences

Conditions « Disease Risk
Analysis
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Definition of conditions
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Internal microclimatological differences
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12062011 dry night, high wind/A/Sequence A
12062011 dry night, high wind/A/Sequence A
12062011 dry night, high wind/B/Sequence B
12062011 dry night, high wind/B/Sequence B
12062011 dry night, high wind/C/Sequence C
12062011 dry night, high wind/C/Sequence C

Model Description

Climatic Inputs

Global radiation

Temperature out

Vanthoor (2011)

Vapour pressure out

CO, out
Wind velocity

Sky temperature

Soil temperature outer layer

Structure
Cover type
Shade screen
Whitewash
Thermal screen
Heating system
Cooling system )
CO; enrichment

e

. Q€ .

Outputs

Temperature in

Total

investments
—

Net financial
result
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Model Vapour pressure in
Co, in
Yield
Net Financial Profit
(NFP)
Economic variables
Outdoor climate Indoor climate:
Climate management Greefnhouse Tcan, CO2air, RPAR Tomato Crop yield -
—) climate yield =y Economic
\__ Greenhouse design | 5401 Tair, VPAIr model model
—p
| |
Resource use:
water, energy, CO2, electricity
Investments

Source: Vanthoor (2011)



Scenario development

Nominal Case

N\
% ™

Natural ventilation

improvement —

T 5 Closed

greenhouse

) e
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Focus on night humidity
control

Increase ventilation rate
Increase capacity of air to
take moisture

Decrease humidity

Only Heating

Heat Pump

\ (condensation)



Risk assessment value

Disease Risk Analysis

Risk assessment

Risk of infection Conditions considered
value

None Relative humidity outside the disease favorable condition

High Relative humidity inside the disease favorable condition
Relative humidity and temperature inside the disease favorable

Very high condition/Conditions for the formation of condensation on the crop.

Risk of infection Cumulative risk assessment value

Very high 18 or more

High 12 to 18
Moderate 8to 12

Low Less than 8

None 0]

Hours per day on detrimental condition
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NOMINAL CASE

Disease Risk Analysis daily values
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Hours above 85% relative humidity per day

67,5% of the time, above 85%
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Natural ventilation improv. P

Still high risk values for most of the
series The improved natural ventilation

mechanism is unable to stop
detrimental conditions due to the

Decrease of hours above high amount of moisture in the outside
relative humidity alr.
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Heating: temp in opt. night range.. :

Disease Risk Analysis daily values
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Heating: temp in opt. night range. -

ol Temperature (°C)

= o Wil

1

N

WY

I

Relative Humidity (%)

i




Heat pump: 12°C at evaporator =

Disease Risk Analysis daily values
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Heat pump: lower evap temp. —»
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When the temperature of the evaporator is set at
8°C, the risk of diseases is minimal, for the periods
of high risk, a lower temperature of evaporator may
be applied.
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Preliminary conclusions

Natural ventilation ineffective

Solution towards dehumidification or heating (semi closed
greenhouse approach)

Lower temperatures of the evaporator are needed to
minimize risk

Feasibility analysis needed for implementation
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On-going research

B Fixed costs of scenarios

" Water/energy recovery analysis and efficiency
performance (detailed variable costs)

" Refining controllers to maximize performance
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Thank you for
your attention!

Discussion Points

® Other feasible , i M
solutions to lower gralivil WM
inside relative e
humidity

® Drying period
analysis
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Model adjustment

Change of modelled crop

Implementation of dehumidification routines

| I
I I

Photosynthesis

Tem

——-n

Growth respivation

MCaugue

Source: Vanthoor (2011)

|
|
1
|
|
1
|
1
|
i
1
! :
! 1
! 1
! i
1 & |
b : |
| : ! H Buffer !
| |
Lo i I ‘ Chur ‘ i
! i 1 ! |
! I 1 ! 1
! 1 1 ! 1
P : | |
| ¥ ¥ ' Cirowth rates !
! g 1
|
ol | MV q D MCogru_| MCasin_| D MCnaea | |1
|
N /i
1
: For detatled ovefview see Fig. 3.2 :
1 h I
i Sy I Creer LAl
: : T T
] I ]
1 1 1
1 . . ] ]
! Chlruitfn,.; NEruitgm,.} | |
| T i i
' | | |
i | Maintenancy respiratipn ! !
| ¥ oy
1
| MCrmch MCsumis | MCeair |
A A
P EE—
D MCrvuntiar [ LA |- TR LAT > LA Max
\_’/ T
1
DMt MCreattar
Dry matter vield Leaf pruning
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(Electron transport rate model)

Inhibitor
function

| Buffer of assimilates

| Growth respiration

(base on instantaneous temp.

and 24-hour mean canopy temp.)

gr_| =0.000005 /s
coef.

coef: 0.2 (0.8 conversion
of CH2O to dry matter)

gr_r =gr_|*0.07533/s
coef.,

Buffer
Roots

Maintenance Roots

optimal\
(hthanJ Buffer
Tean24 Leaves/shoots
detrimental  t (°c)
Maintenance
Leaves/stems
(0.03/day)
LAl =SLA*C_leaf Growth
Leaves/shoots

SLA =360cm2/g

Harvest
Leaves

Growth
Roots

(22.5 crop fresh weight to

dry weight)

plant density = 17 plants/m2

(0.01/day)

7% of the total crop dry
weight




Model performance
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