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400+ M years of light fluctuations e

Evolution of light acclimation responses

Over 100 genes and 26 biochemical pathways
are regulated by light.

(Ma et al. 2001)
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What light do plants use?
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Action spectrum for photosynthesis
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Hogewoning et al. 2012
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Light
Controlled Environment Agriculture

1.Greenhouses

2. Plant factories/vertical farms
3. Converted warehouses
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Urban farming s
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Plant factories/\ertical farms /e
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Salad Hero, Japan Caliber biotherapeutics
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Converted warehouses o

12 RENSSELAER POLYTECHNIC INSTITUTE November 17, 2015



SMART
LIGHTING

13 RENSSELAER POLYTECHNIC INSTITUTE November 17, 2015



Annual energy consumption (GJ) i
Simulation
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(Harbick and Albright. In press)

Lighting = Heating = Vent/Cool
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SMART

To veg:
Relax to the point of complete Inertia. .
(Oxford Dictionary)




30 crops produce 95% human food energy needs.

Over 21,000 plant taxa used for medicine (WHO).
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Photon flux (pmol m2 s nm?)

Effect of spectrum on plants

SMART
LIGHTING

/e

500 600 700
Wavelength (nm)

800




SMART

Ocimum basilicum L. s
CWF LED1 LED2 LEDS3
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Lactuca sativa L. /e

CWF LED1 LED2 LEDS3

Green Iet_tuce
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Same genus, same species - Red lettuce e
LED 1 CWF LED 3 LED 4
Biomass (9) 0.86 = 0.06 0.36 = 0.02 0.53 = 0.03 0.57 = 0.03

Anthocyanin 00 +8 477+ 24 207 = 20
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High anthocyanin
Low biomass
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Case closed
Spectral control of anthocyanins e

Anthocyanin rich kale
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Anthocyanins .

* Eye health
e Cancer

e Heart

* Diabetes
« Cognition

(Lila, 2004; Cheng et al., 2014)
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CO, Anthocyanin biosynthesis LIGHTING

General phenypropanoid

PSN —
Flavonoid pathway l @

<«— Naringenin chalcone
'l' CHI

. Flavones_ <— Naringenin flavanone
isoflavonoids

V' F3H(F3'H, F3'SH)

l DFR

LAR Leucoanthocyanins
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Anthocyanidins

¥
Proanthocyanidins Cyanidin, Delphinidin, Pelargonidin
(condensed tannins)

Anthocyanins
Cyanidin-, Delphinidin-, Pelargonidin-Glycosides

O-methylated anthocyanins
Malvidin-, Peonidin-, Petudin-Glycosides

(Jaakola et al. 2013)
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Light regulated
B, R, FR light
 PFD
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CHS/PKS e
Biochemistry In trichomes

Photo: D. Potter Photo: T. Pocock
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Value added tt]lrough oelplife]
0
plant attributes
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Light regulated plant attributes /®

 Flowering

 Branching

* Plant height

» Biomass accumulation
 Plant Immunity and defense
» Stress tolerance
 Phytoceuticals
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HOW?

Five families of photoreceptors — 12 photoreceptors

ZTL/ADO PHY
FKF1,LKP2 A,B,C,D,E

(Pocock, 2015)
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Biosensing
Smart plant lighting
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The three fates of light energy e

x

NPQ

Heat _
Photochemistry

e~  CO, Fixation
Photorespiration
N and S metabolism

Fluorescence

2 H,0 0, + 4H*
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Sensing changes in CF /e

Www.nasa.gov

Detect stress, light use efficiency, pigmentation...
Before visual symptoms occur



http://www.nasa.gov/
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The whole ecosystem.
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Light acclimation responses C

27/150  5/20 5/150 27/2200

Cyanobacteria Green algae

(David M. Kehoe PNAS 2010;107:9029-9030; Huner et al. 1998)
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How to reduce energy consumption | wsime

1. Spatial, spectral and temporal light algorithms
Optimize Photosynthesis
Direct Plant Growth and Development
Regulate Biochemical Compounds

2. Biofeedback system - Automation
Physiological setpoints
Maximize light use efficiency in the plant
Early warning system
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