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Law of the Inoptimum:
"No species encounters in any given habitat ¢ptimum conditions for all of its functions”
-- Pierredan Serean, Canadian Biologist.

This really means we must try harder!

SUPPLEMENTAL LIGHTING IN GREENHOUSES

Providing for good lighting conditions for plagrowth and development is one of the more
difficult tasks in the design and operation afgreenhouse. It can become quite costly.
Furthermore procedures or techniques for en@wyservation, structural design, or others,
often conflict with the desired characteristi€a@reenhouse with optimum lighting conditions.

A good lighting system will provide a uniform sttibution of light energy across the entire
growing area. This refers to the intensity (watt), or the PAR measured in quanta of light
energy ((Moles m?s?). The spectral quality of the energy provideg the light source

must also be considered. The distributiorheflight spectrum varies among the various types
of lamps available. The most common lamps inclutieorescent, high pressure sodium, low
pressure sodium, and mercury vapor.

According to Poot lighting Co, using their lampsotatain an 80% light distribution
uniformity, the following equation is applied:



N = (25Qumol s* m? x 82lux x 10 A)/ 50,000 lumen/lamp = 4.1 HPS lamps
or

N = (25Qumol §* m?) / 4.98mol s m?/ Winf = 50.2 W/M / 123 War, Hpsx 10
m’ = 4.1 HPS lamps

Where, N = number of lamps.

Then determine the lamp-to-lamp spacing when mduntthe 10 m2 growing area, and
the height from plant canopy to lamp.
Equation from Poot Lighting.

H=[F/(4.2xE)]” and L <= 1.55 x H, and B <= 2.7 x H,
where ‘<=’ means ‘less than or equal to'.

Or

H=[F/(5xE)] ” andL<=1.8x H, and B<=2.8 x H,
For 80% uniformity accoding to Poot Lighting

Where H = height from plant canopy to lamp;

L = lamp to lamp spacing within a row;

B = spacing between rows;

E = lux of desired light intensity [see ThimijandaHeins publication];

F = lumens of output of the lamp [see Thimijan &ens publication].
Where PARimol s* m? is converted to lux if multiplied by 82, 71 orfo4 HPS, MH or CWF
lamps, respectively.
And where, footcandles are converted to RARI s' m? by the following equation,
footcandles =umol s' m? x 1000 mW/W / [10.8 Imfm ‘a’ mW/Lm x ‘b’zmol s* mi?/
W ni?, and ‘a’ & ‘b’ depend on the lamp source.

CARBON DIOXIDE ENRICHMENT

Whenever supplemental lighting systems are utllizenrichment of the atmosphere with
carbon dioxide is usually beneficial, and somesinge necessity. Plants are known to
respond with increased growth and developmertivgubjected to elevated €0
concentrations (>1000ppm). Normal atmospheri¢ €dhcentrations (355ppm) can be
maintained by proper ventilation of the gteamse, however, if lighting during winter
conditions, ventilation may not be desirable, tawsystem for generation and distribution of
carbon dioxide is necessary.

CO, SOURCES

* bottled (99.8% or purer), primarily for growthambers use. GC's may or may not be airtight
(a relative term). Typical greenhouses have 1 velamchange per hour. Many commercial
GC's are vented. Too expensive for greenhousasyosize

* generator -- from natural gas, or propdpeopane fairly expensive)



unorthodox source (not developed, yet)
* from biomass composter — output depends onviaictf composter.

Estimation of light intensity inside growth chambers
By Dr. Chieri Kubota
02/27/03

Unlike greenhouse light calculation, estimatiodigifit intensity inside the growth
chamber needs to consider reflections from inndasas of growth chamber. The
growth chamber inner walls are often finished wéfiecting materials, which can
provide significant increase in light intensity ichs the growth chamber. Instead,
changes in reflectance of either of the surfacesldvocause significant reduction of PPF
received by the same surface [such a differenenaiten between PPF measured with
empty chamber and with full canopy is a good exaygihce plant canopy has very
small reflectance in PAR region (about 20% or so)].

Light intensity is theoretically estimated using flollowing equation.
P=k (1)

whereP is PPF received by floor surfaqenfol m* s%); k_is a conversion factor from
lumen n¥? (=Ix) to umol m? s* [i.e., 0.012 gmol m? s*)/Ix for HPS lamps according to
Thimijan and Heins, 1983F is lumen per light fixture (i.e., 50,000 Im for@Q@V HPS,
according to Bartok, 1988Y is a coefficient of utilization (see Table 1) esited
according to the reflectance of inner walls andoshaf the growth chamber (room
index); M is a maintenance factavi(< 1.0), which is a ratio of current lumens over the
initial lumens due to aging and dust accumulatetherlamp surfaceyl is the number of
light fixtures placed in the growth chamber; &gds the floor area ().

Room index R), which is needed for estimation df(Table 1), is given using the
following equation.

R [Rw

"R.OR+R) @

whereR_, Ry, andRy are inner length (depth), width, and height ofygrowth chamber.

Note: Table 1 is provided from Matsushita EleciNorks and the range of reflectance is
based on what we normally have in offices and heu¥®éth growth chambers covered
all surfaces with high reflectance (e.g., over 9f¥oall surfaces including floor), U

could exceed 1.00 (or 100%). For estimating U akgireflectance, we need a reference
and | am getting this.



Table 1. Coefficient of utilization for lightingsaaffected by reflectances of ceiling, wall

and floor, and room index (Matsushita Electric W&rktd., FA81064P).

» | Ceiling 8 0% 7 0% 50% 30% 0%
2 & wall [709950%430%[10%070%50%30910%|70%50%430% 109 70%{50%430%410%| 0%
E | Floor 1 0% 1 0% 1 0% 1 0% 0%
Room inde Coefficient of utilization ¢ 0.01)
0.6 44| 32| 25 24 42 3| 19 37 p8 [p2 |18 (33 (25|20 18
0.8 52| 41| 33 271 49 39 26 44 B5 P9 [24 |39 (32 |27| 2B
1.0 58| 47| 39 33 5% 4b 32 49 40 B4 (30 |43 |36 |31| 22
1.3 63| 53| 45 39 60 5P 38 53 46 WO [35 |47 |41 |36| X
1.5 67| 58| 50 44 63 55 42 57 50 @4 |39 |50 (45 | 40| 3O
2.0 72| 64| 57| 52 69 6l 50 61 b5 B0 |46 |55 |50 | 46 | &5
2.5 76| 68| 62 571 72 65 55 65 59 B5 |51 |58 |54 | 50| 88
3.0 78| 72| 66 61 74 68 59 67 $2 B8 |54 |60 |56 | 53| 3@
4.0 81| 76| 71 671 78 78 44 70 $6 63 |59 |63 |60 | 57| 3
5.0 84| 79| 75 71 80 7b 48 72 $9 66 |63 |65 |63 | 60| 39
7.0 86| 82| 79 74 82 79 13 75 2 [70 |67 |68 |66 | 64
10.0 | 88| 85 83 80 84 8P 17 77 75 [73 |71 |70 |68 | 6% | &6




