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y AN\
Kennedy Space Center )
Flight Experiments Ground Experiments NASA




Using WLEDs for Plant Growth

White light

YAG:Ce phosphor
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Epoxy resin InGaN chips

Wire bond

Phosphors in phosphor-converted white light-emitting diodes: Recent
advances in materials, techniques and properties. S. Ye, F. Xiao, Y.X.
Pan, Y.Y. Ma, Q.. Zhang. Mater. Sci. Eng. R 71 (2010) 1-34.
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Spectral Effects of Three Types
Cool of White Light-emitting Diodes
- ;*L'::‘:r:ﬂ' on Plant Growth and Development:
Absolute versus Relative Amounts
of Blue Light 2013

Kevin R. Cope' and Bruce Bugbee
Department of Plants Soils and Climate, Utah State University,
4820 Old Main Hill, Logan, UT §4322-4520
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Objectives:

1. To examine the effects of B, G, R, and FR LEDs on lettuce growth when
supplemented with WLEDs as a background.

2. To identify an optimal combination that could be used for ‘Outredgeous’
lettuce grown in the future Advanced Plant Habitat (APH).

3. To determine any effects of these light treatments on phytonutrient
accumulation (ongoing).
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METHODS




Growth Measurements (14, 21, and 28 DAP)

* Shoot Length

* Shoot Diameter
Leaf Area
* Leaf Number
e Relative Chlorophyll (SPAD)

Fresh and Dry Mass



Cultural Conditions

* Aurcillite clay media (< 1 mm particle size) S8

 Nutricote controlled-release fertilizer
(NPK=18:6:8, Type 70 day)

* Air Temperature: 23 °C
* CO,: 1200 pmol-mol-
* RH:70 %

 Pots rotated 3 times a week

* Photoperiod: 18 hr light/6 hr dark




LIGHT TREATMENTS
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Treatment 1 (White Control)

PAR: ~180 pmol-m-
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PAR l
W= ~140 umol-m2-sec’!
G = ~40 umol-m=2-sec?
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PAR:
W= ~140 umol-m2-seq
R = ~40 pmol-m=2-sec}
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PAR:
W= ~150 umolim2-sec’
| FR ="~30 umol-m2-sec?
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Chlorophyll a
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Treatment 1

Total PPF: ~180
B=20%,G=47%,R=31%




Growth




3 DAP

Treatment 2 =

e
~
2
>
=
'
a2
/ B e 3:
F - T, e - 4 . r - @ | -
F -~ . - £ - -
4 ~ -~ .I'li - . {
4| ;
;

;-Whitel(cgntrol).' oz _ White +B

! gg\! __J g;atment 4

lue (460 nm)

. P—— _: ’_, = :
é’ i “ ""

-

White + Red (635 nm) White + Far Red (745 nm)




-

{
|

-
-9y

" White + Bluye (460 nm)

—-.,

T

- oA -"Igil'

Red (745 nm)




Whlte + Far Red (745 nfn)




White- ‘Control

.

-

-
B
T o P et
P
nm). o
.

- White +Red (635.nm) - _‘White * Far Red (745




7 DAP (Initial Thinning)

1. White (Control)

2. W + B (460 nm)
3. W+ G (525 nm)
4. W + R (635 nm)

5.W + FR (745 nm)

6. Helio (425 nm + 525 nm + 660 nm + 733 nm)

NASA



ea;gment a4




11 DAP
- —g!l

~ White + Red (635 nm) ‘ ‘ White + Far Red (745 nm) io——




14 DAP
RESULTS



Shoot Length (14 DAP)
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Total Fresh Mass (14 DAP)

Light Treatment

m TMT 1 (W)
B TVT 2 (W+B)
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Total Dry Mass (14 DAP)
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White + Red (635 nm)

20 DAP

Treatment 2
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21 DAP
RESULTS



Shoot Length (21 DAP)
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Light Treatment

TMT 1 (W)
TMT 2 (W+B)
TMT 3 (W+G)
TMT 4 (W+R)
TMT 5 (W+FR)
TMT 6 (Helio)
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Light Treatment

TMT 1 (W)
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28 DAP
RESULTS



Shoot Length (mm)
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Shoot Diameter (mm)
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Leaf Number
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Leaf Number (28 DAP)
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Light Treatment
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Total Fresh Mass (g)
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Conclusion

Supplementing WLEDs with equal amounts of light from various
monochromatic LEDs caused differences in plant morphology and growth
that depended on their age and progression during the cycle.

W+B Dwarfed Plants, Increased pigment
W+G Early leaf expansion, Shade avoidance
W+R Delayed leaf area/biomass increase
W+FR Maintained shade avoidance response
Helio Optimal leaf expansion and biomass
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Next Steps

1. Phytonutrient analysis for anthocyanin and elemental analysis.
2. Comparing 2 Heliospectra lamps with Chl a and b wavelength targets.
3. Explore a treatment that switches W+G to W+R around 21 DAP

4. Testing species such as Chinese cabbage and dwarf tomatoes is underway.
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