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▪ Filip van Noort, >30 years of Applied Research for WUR Greenhouse

horticulture

▪ Crop specialist

▪ Worked on vegetables, cut flowers, potted plants, (pod plants), 

tropical fruit and plants for ingredients

▪ Have grown about 80 different crops for research

▪ Developing growth protocols for protected enviroments (mostly in 

the Netherlands)

Introduction
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Protected cultivation
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▪ What will change?

▪A lot of things will 
change!

▪ What to do?



Growth in greenhouses – what do you need (1)?
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▪ Crop growth

● Photosynthesis

● Maintenance

● Sink strengths

● Organ growth

● Development

● Transpiration

-> Crop Production nutrients
water

sugars

Photosynthesi
s

CO2

temperature

Fruits
leaves
stems
roots

light



Growth in greenhouses – what do you need (2)?
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▪ Light

▪ Temperature

▪ Water

▪ Nutrients

▪ CO2

▪ Sometimes – certain 

daylength, temperatures, 

growth retardants

-> Crop Production

nutrients
water

sugars

Photosynthesi
s

CO2

temperature

Fruits
leaves
stems
roots

light



Protected Horticulture: 

15 times as much higher production



The advantages of protected horticulture
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increasing control of production factors 



Water Use efficiency (L/kgtomato)
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~4 l/kg

More control of 

production 

factors, increase 

of knowledge and 

production cost



Type of protected cultivation
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▪ Low, mid or high tech 

greenhouses (WUR (and others ☺) 

can design greenhouses based on location 

and crop needs)

▪ Indoor facility

Strawberrries



Different reasons to go protected
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▪ Diseases

● Substrates, IPM

▪ Sustainability

● Water/fertilization use 

efficiency

▪ Production/quality

▪ Less labour/automation

▪ Year round production

Vanilla



How do I start with a new crop?
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▪ Literature

▪ Get info from growers/researchers 

(if possible)

▪ Try to get some plants and try to 

grow them (in a research facility)

▪ Start a research with growers

▪ Growers start themselves (after 

some time (hopefully))

Young Papaya



Type of crop
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▪ Know or discover what optimal 

is for your crop (every phase 

or time of the year)

▪ And how you can/need to 

arrange that in the greenhouse

● Light, climate, 

water/fertilization

▪ Realise that you can make 

things more optimal – you 

have more grip

Dragon fruit



Light
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▪ Natural light

● To much – use 

screen (moving)

● Not enough? – 

maybe artificial 

light is needed

● Difuse light – is 

most of the time 

benificial

Annual PAR-Sum Netherlands
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Plants use light for 2 things:

◼ Growth via photosynthesis → Grow light

⚫ PAR  (400 - 700 nm)  

⚫ Light intensity * duration = light sum

◼ Quality (plant shape, flowering) → Steer light

⚫ UV, purple, blue (300 - 450 nm) 

⚫ Red (600 - 700 nm); 

⚫ Far red  (700 - 800 nm)

⚫ Day length (eg. SD plant)

⚫ Measure light outside and inside



Grow light – light for more biomass

▪ HPS - 1.8 µmol/W

▪ LED toplight - 2.3 µmol/W

▪ Hybrid HPS/LED 1.9 µmol/W



Lichttransmission

Diffuse light

Scattered light

Diffuse principle

Light

Diffuse structure



Direct light                             Diffuse light

0%

100% 50%

50%

Effect of diffuse light on a crop

Dueck, 2011

More photosynthesis
+ changed microclimate

= more production



Balancing light and temperature 
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Response curves (light, CO2)
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Cultivation system

20

▪ Different Possibilities:

I prefer:

▪ Not in soil – no grip on 

water and fertilization; 

diseases

● Peat/rockwool/perlite 

and pots

▪ Single plants systems

▪ Keep the crop manageable



Watering
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▪ Learn how much water plants need

● more light, more temperature -> 

more water 

● Growers (can) give water based on 

measured amount of light during the 

day

● Measure weight of the plant or water 

content in substrate is an option 

(water on evaporation)

● Be alert – how fast is your system!!



Fertilization

▪ Increasing light and water -> more 

fertilization needed

▪Measure frequently for control – 

water, substrate, drainage

▪Not only Ec, pH (weekly), but all 

needed elements (at least monthly)

▪There are standards for a lot of crops 

in combination with lots of water-

types

▪ Lack of fertilization can go fast!!



Measuring
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▪ Light on crop –> adjust the rest of the 

parameters based on the light level

▪ Temperature (energy)

▪ Water

▪ Water content 

▪ Fertilization

▪ CO2

▪ Maintenance on sensors - very 

important



Examples
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▪ Vanilla

▪ Black Pepper

▪ Papaya

▪ Avocado

▪ Coffee



Vanille (1)

• Not enough product

• Quality issues

• need more stable prices

• Orchid, Origin Mexico, Madagaskar big production

• Control on flowering – temp., water

• Hand pollination

• ‘Curing’
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Vanilla (2)
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Flowering in Greenhouse in the Netherlands:

6 weeks cold (16°C) and a dry substrate

Needed:

• Share knowledge

• More knowledge on flowering (indoor)

• Good, know varieties (outside and 

protected)

• In control of fusarium (disease free plants)



Black Pepper

• Product quality is an issue

• Cultivation protocol

• No to much direct light

• Temp not below 18°C

• High wire

• Year round product (greenhouse)

• Develop market for fresh product –> 

more taste and different varieties taste 

different
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Papaya

• Quality issues –> taste/shelf life

• Greenhouse cultivation

• 2 years research WUR, after 1 year, 

growers started

• Have had 4 ha of greenhouse Papaya 

for a short time in the Netherlands

• 2 till 3 years papaya with 1 tree – 

these plants have >50 kg fruit load

• Netherland – art. light needed for 

year round flowering
28



Avocado

• Quality issues –> taste/shelf life

• Cultivation system not good enough 

(yet) on production -> better 

greenhouse rootstock/variety 

combinations (more generative 

growth)

• Quality of fruit is promising

• Re-use of water and fertilization is 

important – lessons for outside?

29



Coffee
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• Questions about influences on taste 

and pathways

• Some research is easier in 

greenhouses

• Gain knowledge inside and try to use 

it outside

• Good news: year- round flowering 

and harvesting is possible



Thank you, for your 
attention

31



Greenhouse glass

photosynthesis + heat

heat

morphology, 

colour, insects, 

installations

temperature

CO2

humidit
y

photosynthesis, 

growth, production
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