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Retrofitting Older Growth Chambers to
Improve PPF, Electrical Efficiency and
Uniformity

Jacob A. Nelson
B e Bruce Bugbee



USU Retrofit:
Conviron E15

Growth Chamber

T12 becoming
obsolete/hard to find

Higher light levels
Better Light Quality

Better Uniformity
More Efficient
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Sunlight-Solar Noon

26-May Clear
High Intensity Discharge

HPS Philips

Metal Halide GE

1:1 HPS MH Mix*

Ceramic Metal Halide

3100 K Phillips
Fluorescent

T12

T5
LEDs

Red/Blue Mix LSG®

White/Red Mix LSG®



Soybean elongation in response to blue light

Typical Ceramic Metal 1:1 mix T12 VHO
Sunlight Halide HPS/MH Fluorescent
PPF 2000 900 1000 520
% Blue 20% 14% 11% 18%
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T12 VHO Fluorescent
HPS/MH Mix

Ceramic Metal Halide



Watch
for “Hotspots”
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Painting the lamp

Cycloptics All-Bright lamp with reflective paint on tip of lamp.

Measurements taken 62 cm below lamp.
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Lamp Type Fixture

and Ballast Manufacturer
See Table 4 for more
information

High Pressure Sodium

400 W Magnetic Sunlight Supply

1000 W Magnetic Sunlight Supply

1000 W Electronic PARsource
LED

400 W Red/Blue Lighting Sciences Group

400 W Red/White Lighting Sciences Group
Ceramic Metal Halide

315 W 3100 K (Agro) Cycloptics



Importance of measuring in PPF

ED Peak PPF Electrical Luminous
Color Wavelength  Efficiency  Efficiency  Efficiency
orTemp.  (umol/)) (%) (Im/W)
Cool A
White 5650 K 1.52 >< 33 111
Red 655 nm 1.72 32 47

Blue 455 nm 1.87v 49 17



Average five year cost

When are LEDs most effective?
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Sunlight-Solar Noon

26-May Clear
High Intensity Discharge

HPS Philips

Metal Halide GE
1:1 HPS MH Mix*
Ceramic Metal Halide

4200 K Philips

3100 K Philips (Agro)
Fluorescent

T12

T5
LEDs

Cool

Red/Blue Mix LSG®

White/Red Mix LSG®
Compact Fluorescent

Cool White Sylvania
Incandescent

Ratios important to

Ratios important to

Photos Totals to 100%
%Violet- %Cyan- %Green-
Blue Green Yellow-Red
(400-475)  (476-550)  (551-700)
20.2 25.3 54.7
4.4 6.0 89.7
18.9 22.7 58.4
10.6 14.8 74.6
13.2 25.7 61.2
11.7 19.4 69.1
17.5 20.9 61.6
18.5 33.6 48.0
22.1 25.4 52.5
15.3 0.4 84.4
6.2 9.5 84.3
12.7 29.1 58.2
4.8 14.4 81.2
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