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For millennia, farmers have been at the mercy
of the sun, depending on it to grow quality gl 5 &
crops. Then came metal halide lamps and O :
greenhouses to create artificial sun and -
summer. Now, with technologies such as LEDs, -
crops can be grown with tailored spectral X
distributions. Metal halide lamps are blackbody \;", .
radiators, which means they have a broadband
spectrum and generate heat. LEDs emit narrow
wavelengths and no heat. This means that
LEDs can target specific photoreceptors in
plants — such as chlorophylls, which absorb
blue light, and photosystems, which absorb red

light — to influence how the plants grow. The StellarRAD Handheld SpectroRadiometer measures
Conversely, uv Iight — which generates free the spectral output of different grow lights
electrons and causes oxidative stress — can be used to improve sensory qualities, like taste and
smell. Stress generally causes plants to activate metabolisms that contribute to their sensory
qualities. For example, the California drought stressed wine grape vines in Napa and produced
some of the best recent vintages.

(i

With such a wide array of possibilities, it is crucial to characterize light sources carefully. This
can easily be accomplished with StellarNet’s line of spectrometers for the UV and visible
ranges, aided by light receptor accessories. Here are a few examples of how StellarNet
spectrometers are being used to do just that:
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Metal Halide Lamps Versus LEDs

Bergstrand et. al. tested how LEDs and HPS
lamps affected the growth of roses and
tomatoes when both light sources had the
same photosynthetically active radiation
(PAR) intensities [1]. They used an BLUE- :

Wave spectrometer to characterize the light §§383383FREE3BEE
sources and ensure that the same PAR Opsctral g 1o nanomsters
intensities hit the plants. The LEDs caused

more photosynthetic activity in the plants, but the HPS lamps induced greater leaf areas and
also penetrated the canopy more efficiently. These competing effects led to no significant
difference in the fresh and dry weight between the treatments.
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Gomez and Mitchell also compared HPS lamps and LEDs, but they decided to place the LEDs
within the canopy of the plants, which is possible because LEDs do not generate heat [2]. They
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used an BLUE-Wave spectrometer to calibrate a handheld light meter to measure the
photosynthetic photon flux density (PPFD) at different heights among the plants. The authors
also found that the plants subjected to LEDs had more photosynthetic activity, but the yields
were similar between the treatments. This suggests that the placement of the LEDs may not
matter. However, the LEDs still performed better than the control. The authors also measured
energy consumption of the light sources and found that LEDs consumed less energy, as
expected.

Improving Sensory Quality With UV-A Light

A common complaint among grocery shoppers is that
greenhouse tomatoes do not have as much flavor as
open field grown tomatoes. Dzakovich et. al.
hypothesized that this is because greenhouses block
UV light [3]. They used UV bulbs, characterized by a
BLACK-Comet, to subject tomatoes to UV-A light (315-
400 nm) and UV-A+B light (285-400 nm). Many
compounds in the tomatoes were measured in an
attempt to find a chemical culprit for taste, but none of
the compounds measured in the study were affected by
the treatments. However, in a randomly designed taste ! ;
test, subjects indicated that the UV-A treated tomatoes tasted better than the UV A+B treated
tomatoes and the control tomatoes. The authors speculated (with literature support) that volatile
organic compounds, not measured in the experiment, were the likely cause of the increased

quality.

In a similar vein, Miyauchi et. al. sought to discover

how different wavelengths of light affected the quality

of green tea leaves [4]. They used a StellarNet VISIBLE (NERARED

spectrometer to measure the spectral distribution of
their LEDs and fluorescent lamps. Then, they
examined how far-red (700-800 nm), white, and UV-A [0 280 315 400 wavelengih ()
light affected the quality of the tea leaves by measuring the amino-acid profiles and comparing
the profiles to entries in a contest. They found that UV-A light led to similar amino-acid profiles
to leaves that scored high in the contest, suggesting that UV-A light could lead to improved
quality, like with the tomatoes.

Manipulating Plant Responses by Varying Color Ratios

The sun’s red light (600-700 nm) to far-red light (700-800 nm) ratio is ~1. When a plant is
shaded by other plants, red light gets absorbed, the red to far red (R:FR) ratio decreases, and
the plant knows that it has to get out of the shade. Shibuya et. al. tried to modify the shade-
avoidance response of cucumber plants by exposing them to fluorescent lamps with a R:FR of
~11 [5]. They used a BLACK-Comet-SR to measure the spectral distribution of the lamps and
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calculate the ratio. As hypothesized, the shaded cucumber plants under fluorescent lights kept
growing under the shade, instead of avoiding the shade by growing towards the light.

Another study by Petrella et. al. tried to increase anthocyanin production in bluegrass by using
different wavelengths of light [6]. Anthocyanins have health-promoting properties, but few plants
produce them and even fewer plants produce good yields. The authors used metal halide lamps
and blue, red, and far-red LEDs to increase anthocyanin production in bluegrass, measuring
spectral distributions with a BLACK-Comet. They found that the optimum light condition was
70% blue light, 30% red light at 200 umol m= s+ PPFD.

A similar result was found by Fraszczak et. al. with dill [7]. The authors used a BLACK-Comet to
measure the flux of visible LEDs in order to find the optimum blue to red ratio for stimulating
growth in dill. While the effects of the blue to red ratio were varied for nutrients in the plants, the
authors discovered that 60/20% and 50/30% (red/blue) with 20% green and orange were
optimum ratios for growth and photosynthesis.

As can be seen, there are a variety of projects even within the field of horticulture that require
the use of a spectrometer. Light source characterization is fundamental to each of these
projects and requires precise quantities to be measured, such as PPFD. A fundamental and
precise measurement deserves a reliable and precise StellarNet spectrometer system.
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