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1. New Facilities and Equipment

Adaptive control of LED lights. We have designed and built a custom LED light that can
be controlled based on how much light the crop receives. The principle is simple: the LED
light provides just enough supplemental light to prevent the light level at the crop from
dropping below a user-defined threshold. A quantum sensor measures the PPF at the crop
level and a microcontroller uses the measured light level to calculate the required duty
cycle of the LED light (fraction of time the LED light is on within a very short on/off cycle;
Fig 1). The microcontroller can then send a signal to a pulse-width modulation control
board to adjust the duty cycle. Our initial trials have shown that such an approach to
lighting control can greatly reduce energy costs with little impact on growth and flowering
of tuberous begonia.
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Figure 1. lllustration of the performance of the adaptive LED light. A quantum sensor
measures the total amount of light (sun + LED) at the crop level. A microcontroller adjusts
the duty cycle of the LED light to provide just enough supplemental light to maintain a
stable light level (200 pmol-m2-st in this example) at the top of the canopy. This results in
stable light levels for the crop, despite constant changes in the amount of sunlight reaching
the crop.
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Indoor, controlled environment plant growth facility. Using an unused old cold
room, we have constructed in indoor crop growth facility. The facility consists of three
separate racks with three shelves for plants on each rack. Each shelf in turn is divided into
8 separate growing sections of 30 x 60 cm?2. The facility is outfitted with white LED lights
and 48 of the 72 growing sections have far-red LED lights that can be controlled separately
from the white LEDs. We plan to add separately-controlled red LEDs as well. The facility
can be used to study the effects of light spectrum on plant growth and morphology.

2. Unique Plant Responses

Quantum efficiency of
photosystem Il is dependent
on spectrum

During the past year, we have

conducted research on how the
quantum yield of lettuce is affected
by the spectrum of the LED grow
light. We have found that a mixture
of red and blue light (peaks at 440
and 630 nm) is used much less
efficiently by lettuce than warm
white light (Fig. 4).

Quantum yield of PSII

The low quantum yield under red/blue
light appears to be at least partly the result
of a lack of far-red light: adding far-
red light (peak at 730 nm) greatly
increases the quantum yield of lettuce
under red/blue LEDs (Fig. 3). This is
consistent with Robert Emerson’s
work from the 1950s; he found that
far-red light (700 nm) synergistically
enhances the photosynthetic activity
of leaves exposed to red light (670
nm). Emerson’s work is mainly
remembered because it led to the
discovery that there are two different
photosynthetic reaction centers that
work together in the light reactions of
photosynthesis. What is too often
ignored is that his work also proves
that different wavelengths of light
do NOT act independently in the
light reactions of photosynthesis.

Quantum yield of PSII
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Figure 2. The effect of different levels or red/blue
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Figure 3. Adding far-red light (peak at 730 nm) to
red/blue LED light increases the quantum vyield.
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3. Accomplishment Summaries

We have developed a control system for LED lights that automatically adapts to changing
light levels, providing more light, when there is little sun light and dimming as there is
more sunlight. To the best of our knowledge, this is the first lighting control system that
controls LED lights based on the amount of sunlight that reaches the crop. The system has
been tested with multiple crops and has shown to be greatly reduce power requirements
for supplemental lighting. We expect that implementation of this technology in
greenhouses will give growers better control over crop growth and will reduce electricity
costs. The system also has great value for research facilities, since it can reduce
experimental variability induced by varying light levels.

Our work on spectral effects on photosynthetic efficiency has clearly shown that far-red
light can increase photosynthetic light use efficiency of crops that are grown with LEDs as
sole-source lighting. The effects of far-red light are greater when red/blue LEDs are used
than when white LEDs are used, presumably because white LEDs already provide some far-
red light. These findings have important implications for the design of LED grow lights, if
they are intended for use as sole-source lights. Including far-red LEDs in such light allows
plants to use the provided light more efficiently.

4. Impact Statements

Electricity costs for photosynthetic lighting make plant production in controlled
environments very expensive. The adaptive lighting system, developed in the Horticultural
Physiology Lab at the University of Georgia, can greatly reduce energy use by automatically
dimming the lights in response to increasing sun light. The technology is easy and cheap to
implement and thus has a very quick return on investment.

Many commercial LED grow lights use red and blue or white light. Research in the
Horticultural Physiology Lab at the University of Georgia has shown that adding far-red
light allows plants to use the provided light more efficiently. Adding far-red light to
red/blue or white LED grow lights that are intended to be used as sole source lighting (i.e.
indoor production) can thus increase photosynthesis and the overall energy efficiency of
controlled environment production systems.
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