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Light control with covering materials,
screen and/or lamps
for plant growth and quality control

= [nintensive horticultural
cultivation the natural light
Silke Hemming, Wageningen UR Greenhouse Horticulture levels often limit crop
production during several
periods - too low / too high

light intensity, light spectrum
and photoperiod have to be
adapted to the needs of the
plants at every moment

Covering, screen, lamp

m Light intensity limiting factor in Northern latitudes,
winter period

m 1% more light is 0.5-1% more production
= - depending on crop, season, other growth factors

Il vacenimaen pre - Il vacenimaen pre Marcelis et al., 2006




More light
More light by

= Advanced covering material
o White glass (+1-2%)
o Modern coatings on glass (+5-8%)

o New plastic films ETFE (+3%)
o New surface structures (+5-8%)
m Lighter greenhoues construction (max +5%)
= Less installations (+1-3%)
= Roof angle (<1%)
m Greenhouse orientation
= Cleaning (up to 10%)
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Measure hemispherical light
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m Spectral transmission of glass with different =
anti-reflection coatings from three different producers (SA, CS, GG)

¢ Increase of PAR by
AR coating
- Higher crop
production

armmevson b

* Changed spectrum

* Possibilities for
cooling

* Possibilities for
energy saving with
double materials

Hemming et al., Greensys 2009
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thickness

4mm
4 mm
4mm
4mm

ETFE (F-Clean)

200 pm
100 pm

PC sheet
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12 mm
16 mm

Clouded sky

light transmission

perpendicular
89-90%
90-9:
95-97%
90-91%
85-91
93%
80%
89%

hemispherical
82%

86%
61%
76%

= PAR transmission different materials

oducer 1-1 PE-EVA-film
Froducer 1-2 PE-EVA film
Producer 1.3 PE-film +

B 0%
894N
B20%

Producer 2-1 PE-EVA-film 90.1%

Producer 2-2 PE-EVA-film

B4.7%
BAT%
80.3%
90.0%
825%

Producer 2-3 PE-EVA-film
oducer 2-4 PE-EVA-film
Producer 2.5 PE-flm
Producer 3-1 PE-EVA-film

Producer 3-2 PE-EVA-film 90.6%

Fraduces 4-1 ETFE Film
Froducer 4-2 ETFE Film

29%
A%

WADHE NI NG E N TN

aterial perpendicular hemispherical
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Bakker et al., Greensys 2007




Greenhouse covering materials are able to scatter light rays,
transforming direct light into diffuse light
-> Better light penetration in high-grown ¢
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Lightresponse cucumber on 77, 87, 107 of July 2008
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Net photosynthesis (umel i s}
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diffuse, upper leaves - diffuse. middie leaves
clear, upper leaves claar, middle loaves

Hemming et al., 2008

Diffuse light: materials, haze and light transmission
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Diffuus glas 2
Diffuus glas 1
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Hemming et al., 2008
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Light interception cucumber 237 of May 2006

250

g H

Crop height [em]
3

- diffuse
clear |

20 40 60
Light Interception [%]

Hemming et al., 2007

Spring crop
2008

Autumn crop
2008

Dueck et al., Lightsym2009
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_ Other spectrum: nets & screens
= Development of colored nets in order to reach
desired physiological crop responses

Wstative Transmitzance of Total Light Spectrs of ScaTered LiGht unser Nets

Fig. 1. Spectra of tamsnuitance of total (direci+scattered) light (A} and spectra of
ptensity nader colored pers (B). The wansmintance spectra

upder ench net divided by the spectium

sty was 1894 and 295 (no-net). 1379

221 (black) pmol/m™/'snm. respectively. measured ar

Shahak et al., 2008




= Higher number of fruits results at comparable light intensity >
changed light spectrum, more diffuse light

" . . bet=ied,
PAK BN BIK B BN
Hareesace; ate
2. Cumlative ful yield (A mwmber of frats harvested per 0.1 ha) and fut

srodiction rate (B, # fautsplantiday) in *Vergasa' pepper under the colored vs
lack net during the 2006 season at the Besor experimental station

T Shahak et al., 2008

= Number of fruits - strawberry

Cummadathos 1otal numbar of ity
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Spectrum changes are often combined with light reductions

Hemming, 2006
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= Higher production of strawberry under UV-blok films

Fig. 1. Average weight harvested fio

Comaross’ plants under trestments
sharing the campaign 200520

Control 1 (common polyethylene film), Control 2 (film with high transmittance above
300 nm), PAR + UV-A (UV-B blocking film) and PAR (UV-B/A blocking film)

A 4G Casal et al., 2009

UV also influences morphogenetic
responses

First experiments with different UV
transmitting materials were
carried out in 1996-1999:

o Stem elongation

e Coloring

e Cholorophyll reduction

WASEN NG EN BT Hoffmann (Hemming), 1999

= Better color of red lettuce under UV-transparant film
- effect on anthocyanin, cyanidin 3-(6-malonyl)

glucoside synthesis N
= But lower fresh weight gﬁi

Onitside S0 T Lexan
100% light t 1 (s light

Aruba’ Oak Leaf

Dark
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Pp— Shioshita et al., 2007
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= UV transmission of different materials

—&— PE film with UV
—o—glass

—e—PE film traditional

J PE film with UV-blok
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_ Screen less in summer _ Screen lessin summer
= During periods / In regions with
high irradiation plants have to be | Lightsum (J/(cm?2 day)) more light
protected against too much light 3 s g highly conditioned greenhouse
= However.... 1 2 -
= More light (less screening)
increases plant production even
with potplants
= More light is possible if other
climate factors are adapted:
o High humidity level during daytime
(80%)
o Allow higher temperatures
o Allow higher CO,

Reference

'l vacening - | Gijzen, 1995 ﬁwnu I = ] Van Noort, 2008

_ Screen less in summer

Daily average temperature (°C) more light Daytime average CO, level (ppm) more light
highly conditioned greenhouse highly conditioned greenhouse

altemperatuur [oC \centratie overdag [ppm]

Reference Reference
Highly conditioned greenhouse — less ventilation — more CO,

| o [ — Van Noort, 2008 | w [ —— Van Noort, 2008




_ Screenlessin summer

Relative humidity in summer (%) more light
highly conditioned greenhouse

t/m 29 il

Highly conditioned greenhouse - less variation in rh — Reference

more light possible without leave damage

Van Noort, 2008
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= Keep screen longer closed
- energy saving (1.6 m3/m2/year)
- small effect on production (-0.3kg/m2/year)
- higher humidity levels

Table 1. Effects of screen opening criterion on the number of screening hours, BH. energy
comsumgption. production and financial evaltion of energy costs (0,18 € m™ gas) and
production loss (0.90 € kg': reference is opening at 1 Wm™).

Screen open Screens RH = G Production  Energy costi-
criterion clossd  setpoint  consumption production loss
(W ) (hours)  (hours) (' w veart) (ke o year®) (€ ha")

1 1673 156 39.6 6156 -

2 1650 170 396 61.86

5 1718 168 39.4 61.86

10 1759 176 39.2 6185

25 1853 175 388 61.80

50 1924 190 354 61.75
100 2004 203 3

2049 214 38.0 61.57

E g WADHE NI NG E N TN

N
Dieleman and Kempkes, 2006
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_ Screen less in suymmer

Anthurium ‘Saxo’

Left: highly conditioned greenhouse;
Right: reference

S . Nonvisible NIE

Experiment NIR-reflecting inside screen
(800-1100 nm)

e Screen: 40% reflection of NIR energy
e Crop: 45% reflection of NIR radiation

¢ |nstallation parallel to roof

Greenhouse climate control:

e Temperature

o Artificial lighting (100 micro mol m2 s1)
* CO, injection (1000ppm)

Kempkes et al., 2008

They also carried out an experiment:
“Durinta” (ented)
Planted 12 January 2004 50

2 treatments:
e Screen open at irradiation of 5 W/m?
o Screen open at irradiation of 50 W/m?

Productie (giplant)

o 5 10 15
Tiid na planten (weken)

Screen: SLS 10 Ultra plus ; Fears
End of experiment: 1 May 2004 « .ﬁﬁi %}@?ﬁ
Dieleman and Kempkes, 2006 i S

600 800 100 1200 1600 1600 1600 2000
Tidtip van de deg (wur-min)
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S Nl NIR
Results: ventilation opening

e NIR N-vENt == REF N-vent
——NIR S-vent —— REF S-vent
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Kempkes et al., 2008




le NIR

nspiration
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Transpiration VS global NIR VS REF transpiration

radiation outside
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Kempkes et al., 2008
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= Highest production in 18
h lighting with high
intensity
Difference in production
continues to end of light
period + 6 weeks;
thereafter similar
Given the same light
sum, a higher light
intensity results in more
production
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Dueck, 2006
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reens: NIR

Results: crop development
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Photosynthesis at onset of lighting

Net photosynthesis (umol m #s%)

2:00
Time (hour:min)

Start with half of artificial lighting
- saves energy (k€25 d?! or M€3.75 season’ Dutch greenhouse sector)

l?ué WA ENINGE N N m\‘! boae
ernd

Dueck, 2006

Traditional HPS: light intensity vs. duration

Intensity > duration
(same light sum - to wk 20)

= Intensity: 18 L vs 18 H(135 vs 162 ymol m2 s1) &
e 8.4% more light
o 14.0% more production

m 1% more light -> 1.7% more production

= Duration: 15 H vs 18 H (3 hours more)
e 7.9% more light
e 8.2% more production
o more production
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= Interlighting with HPS

m Results in higher PPF in middle / lower in crop with increasing
amount of interlight used

m Interlighting

= Hypothesis: better utilization of the energy used for
the lighting by giving part of the radiation to the
middle/lower parts of the canopy

= (= compare diffuse light)
= Comparison of interlighting with toplighting

0 3t ciBerent heights Near e pIant row whon 98 T IMS are o0
Sasiaion (13 24

oy waceninoe o Gunnlaugsson and Adalsteinsson, 2006 ; : Hovi-Pekkanen and Tahvonen, 2008

Trouwborst et al., Lightsym2009
= Results in higher yield and better quality, especially in spring, Inter-
but not significantly in summer crop Absorbed  Control lighting
PR . i 2 % 2 %
= Here production in weight and numbers yearround light (mol/m?/s) % {mol/m%/s) %
natural light 286 17.9 275 17.3
HPS light 1314 82.1 798 50.1

LED light 520 32.6
sum 1600 100.0 1593 100.0

Yield in weight (kgm®)

: : : B
Based on light absorption an equal light sum > %
advantage of increase in light absorption has
:g‘nn;‘;ﬂjiu:;r?:':;:i::::nn ald ia_mgllal;n‘t':;nllrr!\::::.l:;n;r‘ Détfarent lattars indicate significant dffarences (< 0 05, d\Sappeaf'ed dUe to |eaf CLH"\ng
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3 g . PHILIPS " =
ﬁwwwm“”m Hovi-Pekkanen and Tahvonen, 2008 ﬁwww”“”m Lo Q(TILLC\W

LED-warm white

LED: spectrum f

cations

=D Lighting
r cooling

Reference: Hortilux Schréder, Sjaak Vergeer




pmol /s /W

HPS TL LED LED LED
white  red  blue
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©Green leaf
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®Red leaf L]

HPS
02 —— - 645nm LED !
—- - 680nm LED
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Speciral power density (normalized

S a0 40 S0 s 600 60 0 780

Wavelength (nm) Wavelengih (nm)

LED 645nm LED 680nm
Leaf Stage: JEICEIMMMCGIN Green Red Green  Red

Light Use Efficiency: JR{YO/SSI 136% 136% 128% 126%

= Paradiso et al. Greensys 2009
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L Marcelis et al., this conference
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Optimisation of LED on crops
Technical: improve knowledge on
action spectrum photosynthesis
Crops: major Dutch greenhouse crops
Energy: improvement of lighting

efficiency (gram product per Watt)
by > 10-15%

Snel, Hogewoning, van leperen et al.
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Practical e.xperiment RedStar - tomato

.

Tre'a_tfnerjtsf o

LED - 92 pmol/m?/s, 5% blue, 95% red
HPS — 207 pmol/m2/s (LOOOW lamps)
HPS - 45 pmol/m2/s (600W lamps)

Nederhoff et al., 2009

11200 W
t Dlngemans bell pepper E
N T J

Red

1
Morphogenetic
effects on fruit
setting

Nederhoff et al., 2009

Practlcal experiment Zuurbler roses
Wy

-w—l.-"-i_l-yi'. ] Hilini

93 pmol/m2/s HPS +
40 pymol/m2/sLED

" 105 pmol LED +
40 pmol LED interli

Dueck et al., Lightsym2009
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Make optimum Controlled
use of natural conditions #
= Production (tomato, bell pepper, rose) under LEDs in practice is - :'ght ~ itis fof greel_lt_uouse
comparable or higher than under HPS rf conditions
Physiological / morphogenetical process control via spectra Leaf level #
! crop level

LEDs are different from HPS (colour, lower crop temperature)
- “Learning to grow with LEDs” = new experiments

1 ght.is only one, ( "
production factol i
|iﬂ\£'acts with y" reiant echnologi

others developments ‘on
crop needs

Improvements of LEDs can be expected (energy-efficiency,
colour, costs)
Optimize LED within horticultural system
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Optimise light in the horticulturahsyst !

Wageningen UR Greenhouse Horticulture
Innovations for and together with the
horticultural sector

Thank you:
Tom Dueck, Filip van Noort, Ep Heuvelink, Govert

Trouwborst, Sander Hogewoning, Jan Snel a.m.m., WUR
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