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Opportunities and challenges of light-
emitting diodes for greenhouse 

supplemental lighting

Celina Gómez and Cary A. Mitchell
LED Symposium

Tucson, AZ
Feb. 20th, 2015

Can LEDs be used as alternative 
supplemental lighting (SL) sources?

Å Light quality effects on plant growth

Å Physiological responses and productivity

Å Energy savings potential

Å Tomatoas a model crop
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Metrics for plant lighting

ÅPhotosynthetically Active Radiation 

(PAR, 400-700 nm)

ÅPhotosynthetic Photon Flux 

(PPF, ˃mol·m-2·s-1)

ÅDaily Light Integral 

(DLI, mol·m-2·d-1) 

Rationale
Average greenhouse (GH) DLI across the contiguous US

December June

2.5 - 5
5 - 7.5
7.5 - 10
10 - 12.5 

12.5 - 15
15 - 17.5
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20 - 22.5
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25 - 27.5
27.5 - 30

After Korczynskiet al., 2002
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GH tomato production in the US

Supplemental light (SL)

Important PAR source in 
Northern latitudes

ÅAdditional DLI to enhance 
canopy photosynthesis 
and crop growth

ÅFrequently perceived as 
too expensive
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Overhead (OH) high-pressure sodium (HPS) lamps
(currentstandard)

Wavelength (nm)
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Sunlight

HPS

13%, 49%, and 38% broadband blue, green, and red light, 
respectively*

*Broadband definitions:
Blue (400-500 nm)
Green (500-600 nm)
Red (600-700 nm) 

Backyard Farms, Madison, ME 

Light-Emitting Diodes (LEDs)
alternative sources for plant lighting

ÅPhoton-emitting surfaces are not hot

ÅPlacement close to leaves = lower photon emission

ÅReduced photon emissions draws lower power

ÅPotential for advances in light distribution

ÅEfficiency is improving rapidly

ÅWavelength selectable
Cool surface

Adequate PPF

Close to plants

Lighting system built by ORBITEC
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SL for transplant propagation

Ånatural light (control) 

Ånatural + 100-W HPS lamp

Ånatural + supplemental LEDs:

ï100% red (R) 

ï95% R and 5% blue (B) 

ï80% red R and 20% blue B

ÅSL DLI: 5.1 mol·mн·d м 

Gómez,C. andC.A. Mitchell. 2015. HortScience50:1-7.

tŜŀƪ ˂ ƻŦ ǊŜŘ ŀƴŘ ōƭǳŜ [95ǎ ǿŜǊŜ снт ƴƳ ŀƴŘ прл ƴƳΣ ǊŜǎǇŜŎǘƛǾŜƭȅ
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Broadband percentage of sunlight's 
blue, green, red (BGR)

The BGR percentages of midday solar PPF were similar across seasons

Treatment
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Light quality effects

Average solar DLI per experiment
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Blue light in SL has potential to increase overall seedling growth compared to blue-
deficient LED SL treatments in overcast, variable-DLI climates. 

100% red
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Mutual shading between foliar canopies 

Leaves under direct light

Shaded leaves

Intracanopy lighting (ICL)
(from the work of Jonathan Frantz and Cary Mitchell, Purdue University)
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Reconfigurable ICL- vs. OH-LED arrays
(from the work of GioiaMassa and Cary Mitchell, Purdue University)

Intracanopy LED (ICL-LED) SL
Technology developed byORBITEC
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Four consecutive 5-month experiments: 

ÅTwo winter-to-summer (Expt. 1 and 3) 

ÅTwo summer-to-winter (Expt. 2 and 4) 

ς Overhead high-pressure sodium (OH-HPS) lamps
ς Intracanopy LED (ICL-LED) towers (95% red and 5% blue)
ς Unsupplemented controls

Gómez,C. andC.A. Mitchell. 2014. ActaHort. 1037:855-862.

Gómezet al., 2013. HortTechnology23:93-98.

Experiment No.
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In general, there were no differences between the two SL treatments for any of the 
growth or yield parameters evaluated.
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Expt. 1

DAT
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Expt. 2
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Expt. 4
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Expt. 3
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Daily energyconsumption

winter-to-
summer

summer-to-
winter

Constant DLI of 9 mol·m-2·d-1

Reduction in energy consumption due to ICL-LED

*DAT= days after 
transplanting

1. 600 W OH-HPS lamps
2. Hybrid lighting (OH-HPS + interlighting) 
3. Intracanopy-LED towers
4. Unsupplementedcontrol

LL1*

LL3

LL2

*LL = leaf layer


