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Why we need artificial 
lighting?

1. For photosynthesis
2. For morphology control
3. For flowering control



What light spectra are good for 
photosynthesis, plant growth?

100% indoor or in 
Greenhouse as 
supplemental light.



Llewellyn & Zheng, unpublished





Kim et al 2004





McVannel, Llewellyn & Zheng, not published



McVannel, Llewellyn & Zheng, not published
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Ying, Lywellyn & Zheng unpublished



Take home message?



In Greenhouse as Supplemental Light
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Zheng, Llewellyn & Vison, 2014



Zheng, Llewellyn & Kong, 2015



Take home message?



Light for Morphology Control



LED 

R:FR

Fluorescent

Mah, Llewellyn & Zheng (2017)



Mah, Llewellyn & Zheng (2017)

LED Fluorescent



Llewellyn & Zheng, unpublished



Take home message?



For Flowering (photoperiod) 
Control

1-2 µmol/m2/s



Runkle, 2016



Not all the LEDs are the same!



Different manufacturers may use different 
technologies and the LEDs can be very different!!



• Highest measured efficacies (so far)

Lamp type Power
consumption (W)

Efficacy 
(μmol/J)

INC 102.4 0.32
CFL 61.4 0.89
LED (INC 
replacement) 17.2 1.39

HPS (mogul) 700 1.56
HPS (double ended) 1,077/1234 1.59
LED (Horticulture) 214 2.39
From:
Wallace, C. and A.J. Both. 2016. Evaluating operating characteristics of light 
sources for horticultural applications. Acta Horticulturae 1134:435-443.



• Proposed 
horticultural 
lighting 
label

Manuscript in preparation:
Both, A.J., B. Bugbee, C. Kubota, R. Lopez, C. Mitchell, E. Runkle, C. Wallace. 
20xx. Proposed product label for electric lights used in horticulture and plant 
biology.



Then how do I choose the right 
one for my operation then?
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