Measuring Light
Looking At Light

How do your plants feel today?
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How Does Light Affect My Plant Growth?

“Measuring DLI inside the greenhouse can

“ be very revealing, since growers usually

mliE] / \ rely on their eyes to determine the light
levels and the human eye is a terrible

——— = light sensor because it is so effective at

adjusting to different light environments.”

HUMAN EYE PERCEPTION

Foot Candle or Lux meters measure light similar to how the _ James E. Faust
human eye perceives brightness: strongest in the 500-600nm Associate Professor of Horticulture
range. Though this is desirable for photography and interior B orsity
design, plants react to light differently.
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WHAT IS LIGHT?

Waves: Light is electromagnetic waves. The wavelength is measured in
nanometers (abbreviated nm).

Particles: Light is photons, which are a quantum, or individual unit. Since g )
individual photons possess tiny amounts of energy, photons are measured QUALITY :

in units of moles (abbreviated mol), which are each 6.02 x 102 photons. Photons have different amounts

Micromoles (abbreviated pmol) are one-millionth of a mole. of energy, determined b_y their
\_ -/ wavelengths. Light quality is the

relative number of light particles at
each wavelength. Light quality refers
to the spectral distribution of light, or
e the relative number of photons of each
== " portion of the light spectrum (visible and
N invisible) emitted from a light source.

~ 1 N \ p,

PAR / QUANTUM LIGHT (400-700nm)
The light that drives photosynthesis in plants is Photosynthetically Active

Radiation, or PAR light. This is also referred to as Quantum light, because . %ﬁri T-’ i
D it is measured in units of moles striking an area over time. Though PAR i
T light ranges from 400 to 700nm, the region brightest to human eyes is the
area of least effect on plants. Measuring quantum light can tell you if your
3415FSE plants are getting a sufficient amount of usable light.
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Light meters measure light intensity — the instantaneous () st
amount of light delivered to an area. Units include foot candles and
lux (for people), Watts/m? (for solar radiation), and pmol/m?s (for plants).
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If photons were raindrops, light meters would show the intensity of a rainstorm.

A five minute rainstorm may look impressive, but often provides less water than an all-day
drizzle. As cumulative rainfall is measured with a rain gauge, the cumulative quantity of light is measured using a light sensor with a
data logger. Daily solar radiation is often measured in MJ/m?day. The daily total of quantum light is called the Daily Light Integral, or
DLI, and is measured in units of mol/m2day. DLI quantifies the light available to plants to perform photosynthesis.

On a sunny winter day in the middle latitudes, a plant receives about 9 moles/day. If it is cloudy, the DLI drops to 3 moles/day. In the
summer, the DLI for a sunny day is about 26 moles/day and 12 moles/day for a cloudy day.

Each type of plant has a different DLI range for optimal growth. DLI is directly correlated with plant quality, and a minimum amount
of light is required for marketable plants. Measuring DLI over a growing season and comparing it to results can help a grower decide
which varieties work for his or her location.
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LIGHT METERS

SOLAR RADIATION
The sun radiates a broad range of light from 300-1100nm. In agriculture, this total radiation is needed
primarily to calculate Evapotranspiration (ET). ET is the amount of moisture leaving the ground through

evaporation (from the ground) and transpiration (from the leaves), and is dependent upon light, wind speed,
temperature, and relative humidity.

Ay N UV (200-400nm)
Plants can suffer from sunburn; exposure to radiation in the mid-ultraviolet part of the
\‘—/ electromagnetic spectrum (UV-B) triggers stress responses, inhibition of photosynthesis
and DNA damage. As an initial defense, plants produce and accumulate UV-B-absorbing
chemical sunscreens, such as flavonoids and sinapate esters, to block low-dosage UV-B.

A UV meter can help detect if your plants are being exposed to high levels of detrimental UV radiation,
and to check the effectiveness of UV filtering materials. In general, a UV meter will measure the quantity of
light in the 250-400nm range. Specific meters are also available for individual UV ranges.

UV-C light (200-280nm) can kill your plants. Fortunately, it is absorbed by ozone in the stratosphere.
UV-B light (280-315nm) is harmful as well and can cause plant color to fade.

UV-A light can be subdivided into two bands. The 315-380nm band has no effect on plant growth, while
the 380-400nm band begins the range for photosynthesis.

F \ RED/FAR-RED (660-720nm)

_F - Plants absorb red light (660—680nm) and reflect far-red light (720—740nm). Plants

I contain phytochromes, photoreceptors that control physiological and developmental
H _ reactions to fluctuations levels of red and far-red light. Some responses that are
[ regulated by phytochromes include germination, stem elongation, flowering, gene
y \ expression as well as leaf and chloroplast development.

Plant leaves filter light allowing more far-red light to pass through than red light. This changes the

red to far-red ratio below the canopy. Similarly, a low red to far-red ratio is created when plants are
close together.

Knowing your red to far-red ratio can help you determine plant spacing and decide when to apply
plant growth regulators. Greenhouses with high canopy closure or canopy density may need more
applications of plant growth regulators to keep the plants a marketable size.

“Far-red light plays a significant role in plant growth. ltis a
maijor factor in promoting the shade avoidance (stem elongation,
stretching) response in plants. We cannot sense far-red so having

EXAMPLE RED TO FAR-RED RATIOS a meter that lets us know how much far-red and red light (which
Sunlight 1.2 counteracts the effect of far-red) plants are receiving, especially
Under a canopy of leaves 013 within the canopy, is very useful. The meter can help a grower
ke B & el 0.88 appropriately space plants so that they are given enough space to

grow properly but not so much that space is wasted.”

Peggy McMahon
Associate Professor - Department of Horticulture and Crop Science

Ohio State University
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Measuring Light

Individual light sensors, available individually or as a bar of 3

or 6 sensors, allow you to measure site-specific areas. These
hand-held sensors feature cosine correction, built-in levels, and
mounting brackets for stationary measurements. Light Bars are
frequently used when measuring across a greenhouse bench.

3415FX Field Scout External Light Sensor Meter
3668l Quantum Light Sensor
366813 Quantum Light 3 Sensor Bar Leaf Area Index

366816  Quantum Light 6 Sensor Bar Leaf Area Index or LAl is the ratio of surface vegetation
3676l UV Light Sensor to total land area. One indirect method of calculation
36701 Silicon Pyranometer Sensor L .
of LAl measures light intensity above the canopy and
compares it to light intensity at ground level.

WatchDog® WeatherTracker - No Computer Needed
Model 305 Greenhouse Growth Tracker

How do | measure light?

Light Bars take the average light The Greenhouse Grqwth Tracker is_ a comprehensiye tool
reading for multiple sensors used to assess physiological maturity of plants — without
across a fixed length. This can the ne_ed of a computer. The G_rowth Tracker measures

be used to determine canopy plant light exposure over time (in moles/dgy) anc_i also ‘
density and light transmission. calculates day/night temperature differential. This stand- =

alone unit not only displays current conditions every
20 seconds but also stores up to 12 months of data
summaries — without needing a computer!

/!E‘F-ﬁ_..__"”‘ Outside Light vs. At The Bench
il e gl 1) .
- Glazing and greenhouse
H : A Above { : | materials can cause light
= Licw = | | Greenhouse (W transmission to vary from
~ T i I v I 50-90%. Using 2 light sensors,
k-. i - AN s Boncn | one on the outside of the
e | L greenhouse and another at the
. —— —_ ~—  bench, will allow you to calculate
i — + and track light transmission.
. \ /
WatchDog® Model 2475 Plant Growth Station

LS
. The Plant Growth Station monitors and records temperature, humidity, and light conditions
- within a greenhouse setting. Integrate with an additional quantum light sensor, and you are
— now able to compare available outdoor light to actual light reaching greenhouse benches -
| —— effective in tracking actual light transmission. Current and up to twelve months of historical
] = i data will display on the LCD screen. Average temperatures, light intensity, DLI, and
P = ;t’{ day/night temperature differential are displayed on the LCD.
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