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m Vertical light distribution

e Most light intercepted by upper leaves
e Lower leaves contribute less to photosynthesis
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Diffuse light =
Scattered light

= Horizontal light distribution
e (Cast shadow from greenhouse construction elements

¢ No uniform growth and development in greenhouse
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Greenhouse covering materials are able to scatter light rays,
transforming direct light into diffuse light

Research question:

= Do plant benefit if sunlight is scattered and re-distributed,
S0 upper leaves intercept less, lower leaves more light?
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Cucumber - Spring/summer

Global radiation
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m Clear/Diffuse, duplicated greenhouses
= Cucumber, 4 species potted plants

= Controlled and logged climate
(temperature, humidity, radiation, light,
CO,, ventilation)

= Cucumber
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Light interception:

= |n crop with sunscan system from Delta-T
= Different distances, crop heights
= Clouded and clear sky conditions

Crop observations:
Destructives harvests (fresh and dry weight of
stem, leaves, fruits in different crop layers, LAI)
Photosynthesis in different crop layers
Full light-response-curves
SPAD, RuBisCo, Proteins
Yield, growth rate
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Equal climate between treatments,
small differences North/South

PAR [mol m? day]
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= Clear South 4 Diffuse South

20 40 60 80
outside

3-5% less light
under diffuse covering
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April 25, 2006
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more fruits
4.3% more fruit weight

= Diffuse light is positive because...
o Changed light penetration in crop

o Diffuse light is absorbed more by middle leaf
layers of cucumber

o Higher photosynthesis in those leaf layers
o Higher yield
m 1% light = 1% growth rule
has to be re-defined
= Optimum diffusing properties have to be
found
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Clear covering 117 of October 2006

Light transméssion [%]

= Potplants
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Week 41

| | Clear Diffuse
Flant height [cm] 3215 3475
Mumber of branches H 450 550
Murber leaves H 71.0 93.2
Leaf area fen] 900 1148
Leaf dry weight [g] 1.96 2,42
Stem dry weight [g] 1.39 1.78
SLA [m* g - -
RGH [average g g’ k'] .56 0.70
Number flowers [] - -

_Flower dry weight [g] | -l
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= Diffuse light is positive because...
Changed light distribution in crop
Diffuse light is absorbed better than direct light
Higher photosynthesis under diffuse light
Lower crop temperature (chrysanthemum)

Week 41 Week 49 |

Clear Diffuse Clear  Diffuse
Plant height [cm] 39.2 411 - 64.1 63.0
Mumber of branches H 9.25 9095 ** 12.8 13.0
Mumber leaves H 315 34.0 68.8 65.2
Leaf area [env] 496 1340 1247
Leaf dry weight (g] 2.02 211 5.66 5.06
Stem dry weight [g 0.93 0.92 3.38 3.21
RGR [average g &' wk'] 0.49 0.65 0.59
SLA m gl I -1 -] 0.024

Higher growth rate &

= Lower light transmission of covering material =%
negative in winter T
- choose material without light loss
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Research questions:
= Covering materials : : : ; :
= Optical properties of available diffuse materials

= Simple method to characterise diffuse materials and
impact on crop
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_ Measurement method

mro B g
= Optical properties measured: ke e _
o Total transmission for photosynthetic active radiation - ok
(tpag) in the range of 400-700nm
o Light incidence on sample: perpendicular (z,) (NEN 2675)
e Light incidence on sample: hemispherical (t;) (no norm!)
-> measured = calculated ouse ey
o Amount of scattered light by sample: haze (nppg) (ASTM

D1003-07)
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1.00 ¢ PAR [mol m2dag?]

= Hemispherical light i :” .aﬂ:::ﬁ::f_?‘::v-nu:ﬂ::u 60 P
consists of light under all E -2 L. 507 =00
angles of incidence E |§ bl A5% 2%
In average all angles g E o0 — zz 1
occur on greenhouse, £ 3 0% S — o
even in areas with a lot of =Rou| | o0 e o L o somseron
direct Ilght | | 300‘;0 i;u w:' :.;m w:l o.;ya 7o 0 20 40 60 80

o |E :6 3a 46 5.0 s.n .’ﬁ s.u a0 wavelength fm outside

angle of ight incidence [7] Measurements of daily PAR integral
in- and outside experimental greenhouses

with diffuse and clear covering

Perpendicular and hemipherical light
transmission of diffuse and clear
covering

AGC F-Clean clear = AGC F-Clean diffuse

Apr.-Sep. 2006 in NL
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_ Measurement method

= Transmission for perpendicular light <, is no suitable
measure for diffuse materials!

= Transmission for hemispherical light t,, correlates in
average well with light conditions in greenhouse

- Transmission for hemispherical light 7, and haze n
to characterise diffuse materials
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Rovero Solar EVA 5 HD diffuse |
Rovero Solar EVA 5 clear
AGC F-Clean diffuse
AGC F-Clean clear |
Crepi diffuse
AGE/Glaverbel Glamatt diffuse |
AGE/Glaverbel Satinbel diffuse |
V diffuse
g Vetrasol 503 |
Holga/Vetrad Vetrasol 502 |
Holga/Vetrad Vetrasol 504
Centrosol diffuse |
Centrosol HIT diffuse |
Centrosol clear |
Standard glass clear
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ioht Diffusing Covering Mater

= Light loss and diffusing properties depend on
surface structure or pigments added
o Regular pattern (e.g. pyramides)
o Irregular pattern
e Macro-, micro-, nanostructures
o Diffusing pigments

= Surface treatments often become clear if wet,
materials with pigments remain diffuse
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y = 0.1145x + 0.0647
R’ = 0.8583

0.00 .
00 02 04 06 08 1.0
haze [-]
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Rovero Solar EVA 5 HD diffuse |
Rovero Solar EVA5 clear |
AGC F-Clean diffuse |

AGC F-Clean clear
Crepi diffuse |
Glamatt diffuse |
Satinbel diffuse

Vdiffuse |
Holga/Vetrad Vetrasol 503 |

Holga/Vetrad Vetrasol 502 |
Holga/Vetrad Vetrasol 504 |
Centrosol diffuse |
Centrosol HT diffuse |

Centrosol clear
Standard glass clear |
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hemispherical light transmission [-]
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m Irregular wavy microstructure on surface
e E.g. Centrosol diffuse, AGE/Glaverbel Glamatt, Hogla/Vetrad Vetrasol 504
= > small haze (up to 15%)
= - minor light loss (0-3%)

\l Foto up AGC Solatex, 2008
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= Sandblasted or chemical treated glasses
e E.g. Vdiffuse

= Very high light diffusion (>50%)
= Often high light losses (>5%)
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_ Future perspectives
= Potentials for increase light transmission:
o Basis glass: low-iron
o Treatment of regular or irregular micro-structures with anti-
reflection nano-structures
= Temporal coatings F

Tos
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Product Hazen Farpandicular Hemiézpherical
PAR transmission  PAR transmission

W20 30 40 50 60 To 80 o
angle of bght incidence [']

= Standard horicubral glans clear

= Microclimate and crop morphology
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= Regular structure
(e.g. micro-pyramides)
e E.g. Vetrasol 503

= - good combination of
high haze and low light loss
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_ Conclusions
= Diffuse materials can be characterised by
e hazen
o hemispherical light transmission <,
Materials with weavy structure or special

regular patterns (like micro-pyramides)
combine high light transmission and high haze | =

- better materials can be developed with
additional coatings

- costs?
- cleaning?
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Research questions:

= What is the relationship haze ~ light transmission?

m What is the effect of different haze factors on
greenhouse climate and therfore on production?




12/14/2009

= Febr 15 to July 20

= Greenhouse climate
= Crop growth

= Crop physiology

= Production

Control Low haze High haze
Haze 0% 30% 70%

Transmission 83% 83%
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Temperature  Humidity
(°C) (%)

Control 29.8 59.2

Highin  Lowin
the crop the crop

34.8 25.4
Low haze 29.4 59.7 34.4

High haze 29.1 60.8 33.7
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Stem Stem
length diameter

(cm/wk) (mm)
Control 71 8.5

Leaf LA fav
develop-  (m2/m2) (cm2/g) P

ment

(#/wk) f‘( :

6.1 4.6 344
Low haze (Y 8.8

5.7 4.2 338 E

High haze 68 8.7
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Wk 19-21 Wk 24-26 Fruit Production Production
(days) (days) _ weight (g)  (kg/m2)  (#/m2)

Control 1.5 16.3 i Control 401.3 54.4 135.9

Low haze 15.2 15.9 Y Low haze 4124 57.9 140.6
(6.5%) (+3.5%)

High haze 14.6 . ; High haze 417.0 59.4 142.9
(9.2%)  (+5.2%)
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m Diffuse light resulted in:

o Milder greenhouse climate on sunny days

o Lower head temperature during high irradiation
Spring crop o Changes in crop morphology
2008 = Roof materials with higher haze increase
Autumn crop . production
2008 ; = - high light losses might be negative in winter J
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Advantage in spring/autumn

z

Controllable

Light intensity on crop level o/+ >-15%
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e.g. Cucumber: no screens necessary with diffuse covering
e.g. Potplants: diffuse screens in combination with (high) shading
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Wageningen UR Glastuinbouw

Innovations in Horticulture

Special thanks for my collegues
Tom Dueck, Jan Janse, Filip van Noort
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