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BACKGROUND
LED in Public Lighting

The key to savings and the improvement of efficiency, with
regards to traditional lighting using discharge lamps, is essentially
the improvement in the usage factor:

E=Erefmefy

LESS FLOW TOWARDS THE UPPER HEMISPHERE AND FACADES
BETTER DISTRIBUTION OF LIGHT ON THE GROUND
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BACKGROUND

HORTICULTURE

Horticultural lighting is traditionally carried out using fluorescence
or discharge.

Using LED technology the plant can be '"given" only the
wavelengths it needs for its development
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The light composition affects the growth, form, development
and flowering of a plant (plant photo-morphogenesis)
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Eye sensitivity Photosynthesis related efficiency
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Plants are sensitive to a similar portion of the light spectrum as
the human eye (400-700nm). However, the plant's response
within this region, is very different to that of people.

The eye has a maximum sensitivity peak of 555m, whereas plants
respond more effectively to red and blue.

Lumen is not the correct way of measuring light for horticultural
applications.
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MEASUREMENT TERMS AND UNITS

PAR (Photosynthetic Active Radiation): Photosynthetically active light

The Photosynthetic Flux Photon (PFP) is a unit of measure that measures the
number of photosynthetically active light photons:

> Y 2t o _
I:> This is the equivalent of lumens for plants

S
The Flux Photon Density (FPD) measures the number of photosynthetically
active light photons on a determined surface area per second:

> Y 2 {
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Luxmeter measurements are misleading.

There are conversion factors for converting light to photon-flux density, which
vary according to the particular spectrum of the type of lamp.
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Traditional methods for measuring the influence of the light spectrum on plants are not the
most suitable.

Current situation More realistic approximation

The entire spectrum of the PAR
light has the same repercussion

on the plant.
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Each different wavelength has a different influence on
the plant, depending on the plants spectral sensitivity
curve, which is based on its absorption of chlorophyll a
and b.

Plant sensitivity curve according to
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Absorption curves of the plant's primary photoreceptors

Chlorophyll a = Chlorophyll b Carotenoid
== Phytochrome Pr s Phytochrome Pfr

PHOTOSYNTHESIS PROCESS
Chlorophyll a and b are extremely
important
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The advantage of the LED is that its
wavelength can be selected
precisely enough.
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The plant needs different wavelengths during different growth phases

Seedling Vegetative growth
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Some wavelengths appearing on the graphs don't provide any
photosynthetic energy at all to the plant

Sometimes, specific wavelengths are "simply" markers needed to
stimulate the biological processes of the plant: They act by "indicating"
to the plant what it should do: Grow, flower, etc...

To determine the amount of light (> Y 2 -t-m~?jneeded from each
wavelength, ETI is working with scientists Salomé Prat and Carlos

Alonso-Blanco of the Centro Nacional de Biotecnologia, belonging to
the CSIC
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They are carrying out the following tests:

ATomatoes: Germination (seedbed)

Very good germination. Strong seedlings

Investigating the provision of different wavelengths and their combinations
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AArabidopsis Thaliana: In greenhouse. Sun + Light supplement

Sun + Mercury vapour lamp Sun + LED Lamp

Flowering Acceleration
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APotato: In dark chamber.
Tests are being carried out at high temperature (28°) to
accelerate the affects of light, as well as in anticipation of
global warming.
The VSAP lamp damages leaves (the leaves of the potato
plant are very sensitive to light, which is why the tuber is
being used for testing).
Tests are being carried out with new wavelength
combinations.
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CONCLUSIONS

Savings by using LED in horticulture arises from the option of
selecting specific wavelengths.

Measurement units are not the same as those used in
conventional lighting.

Investigation is required into the wavelengths and the "quantity"
of light from each one needed.

ETI, in collaboration with National Biotechnology Centre (CNB-
CSIC).
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