A Single-Blind, Double Cross-Over Study to Investigate Freshwater Aquaria Plant Growth with High Kelvin Light Bulbs 

Lead investigator – John W. Apsley, MD, DC. Snoqualmie, WA. (Additional co-lead investigators are invited.)
© by John W. Apsley, 2005.

Proposed Study Start Date: Fall - September 1st, through December 3rd, 2005.
Introduction

Over the past several decades, various anecdotal evidence and observations have propagated the promotion of full-spectrum and high Kelvin rated light bulbs over cool white light bulbs to the home aquarist. Cool white light bulbs are used in most university studies focused on investigating aquatic plant growth, and are the predominant choice by commercial interests in aquaculture due to their lower cost and efficacy. Higher cost full-spectrum light bulbs with Kelvin of 8000 or higher are gaining popularity among the home aquaria hobbyist because they are believed to enhance plant growth and aesthetics. However, no definitive scientific investigations have substantiated this observation. It is hoped that this study will shed light on the matter. Among the few qualified academics in our hobby is the plant physiologist Tom Barr, PhD. His experience includes utilizing light bulbs that have spanned over the ranges of 3050K with the QTL's to 6700K to 8000K MV bulbs within the freshwater environment. He has not observed that unique Kelvin rated bulbs offers any type of significant advantage over cool whites if the overall wattage (intensity) is sufficient. He has stated that:
· Basically all lights work well but the 6700 Kelvin to 5000 Kelvin appear to be the best;
· Many plants grow prolifically at the redder color wavelengths; and

· Some blue does help but to a lesser degree than red. (Italics added for emphasis.)
To what degree blue does “help” is at present unclear. On the other hand, many experienced hobbyists have noted that when they simply changed one or more of their bulbs to one that was a higher Kelvin bulb, their plants did better, including their coloration. For example, to many there appears to be some type of connection to blue wavelengths enhancing the red coloration of certain plants. This observation might have been due simply from installing a brand new bulb that replaced an older bulb that had lost much of its overall intensity. Also, with the greater intensity of the new bulb, the nitrate is driven out of the water column more efficiently. A lower nitrate level in the water column is associated with redder foliation. On the other hand, there might actually be something else involved in the experience full-spectrum, high Kelvin bulbs imbue to the home aquarium, which is as of yet unrecognized within the academic community, as suspected by many hobbyists. This study will aim at determining if there might be value to these higher Kelvin bulbs (watt per watt) over the cool white bulbs for the home aquarist, especially as it may apply to a certain set of circumstances of great interest to the hobby.
Aim of the Study

The aim of this study is to determine whether or not under a certain set of circumstances (that are common to home aquaria) plant growth and aesthetics can be enhanced by the use of high Kelvin bulbs. These circumstances are:

· Deeper tanks;
· Heavily planted tanks;
· Plants comprised of mixtures of both shade and sun loving spp.;

· Plants high in non-green pigmentation; and

· Aquaria heavily populated with fish.
Proposed Study Parameters 
Economy will predominate this study as well as innovation to simplify the parameters, while insuring reproducibility. 

This experiment will incorporate up to two variables during three testing periods:

(I) Controls with cool white bulbs; 
(IIa) NO full spectrum bulbs; or 
(IIb) CF full spectrum bulbs.

Group IIa and IIb bulbs will be rated at 8000 Kelvin or higher (not to exceed 10,000K) in order to favor the blue wavelengths (>350 nm to <500 nm). In all cases, the wattage in each of the three testing periods will be identical regardless of the bulbs used.
To have a minimally acceptable, statistically significant, experiment, 25 participants (aquariums) will be needed. 30 or more aquariums would be ideal. The participants will each utilize repeatedly a single aquarium tank to achieve a single-blind, double-cross-over study by:

(Double-Cross Over Instructions)
(1) Maintaining their tanks under constant/reproducible parameters as set forth herein for three consecutive 30 day testing periods (94 days total);

(2) Placing (a) an easily readable measuring ruler next to each species of plant in the foreground and mid-ground areas of the aquarium, plus (b) adhering (taping) a clear, accurate and easy to read “graded white wallpaper” onto the three sides of the aquarium demarcated with easy to read height measurements in inches for the background plants. The measuring rulers should be white with large print, made of plastic or wood. The outer-glass wallpaper can be home-made and color coded with large numbers and thick colored-coded horizontal lines for easy reading;

(3) Precise determination of each plant’s starting height. This height will be carefully recorded and be referred to as the “plant’s starting point (PSP).” The PSP for each plant will be utilized precisely again and again at the startup for each testing period. The participant will be responsible for insuring that the exact portion of each individual plant is repeatedly measured, and not some previously remote part of the plant. Wherever possible, a single stem should be identified and maintained as the chosen part of the specific plant to measure. It may be advisable to place fish line around the specific stem and ruler to insure compliance with the parameter;

(4) Pruning back the foliage to the original lengths (PSP) after the completion of each test period immediately prior to the next;
(5) Providing for a wash-out period of 48 hours in between testing periods to remove plant “lighting adaptation” generated from the light configuration of the just completed test cycle. Lights will be kept off for this 48 hour period to accomplish this washout phase of the study;
(6) Installing fresh, brand new bulbs at the beginning of each testing period;
(7) Recording and maintaining regular testing of all parameters at least once every three days, and more often wherever time allows; and
(Single-Blinded Aspects)
(8) A panel of experienced judges who will not know the lighting configuration corresponding to any photo and data of any aquarium to be evaluated. Judges will make their determinations in two areas:
(a) plant growth according to the recorded measurements taken by the participants for each plant; and 
(b) aesthetic qualities of the Aquascapes, with special emphasis being placed on the coloration of all plants.
(9) Instructions for precise photographic technique to photographically record the final day of each test period of each Aquascape will be carefully laid out in the final draft of this study proposal. Experienced photographers are now requested to establish reproducible and reliable guidelines for this part of the experimental record and submit it to the lead investigator(s). These photographs must be made with digital cameras to allow for internet transmission.
Lighting Fixture: 
The lighting fixture must have a specular mirror reflector that achieves a 95% or better light focus onto the surface of the water. The fixture(s) must run the entire length of the aquarium.
 Distance from Light to Substrate (LS):

· In all cases the LS will be precisely 22”;
· Preferentially, aquariums 18” or more in height (depth) should be used (i.e., a 29 or 37 gallon aquarium). However, by raising or lowering the light fixture accordingly, adjustments can easily be made for almost any tank to achieve the LS target of 22”;
· Distance from top of water to substrate should be recorded and must be kept constant throughout the experiment.

Surface Conditions:

· No top covers are to be used during this entire experimental period.

· No turbidity during daylight hours on top surface is allowable.
· Aeration or additional filtration which agitates the top surface should be added during off-light hours if needed to assure a DO of 8ppm or more. This can be conveniently achieved with an automatic timer.
Control Bulbs: 
Brand new unused Cool whites with a Kelvin under 4500K.

Tester Bulbs: 

· Wattage range will be used according to the Amano formula for each tank;

· Duration of lighting will be constant - 11 hours “on” and 13 hours “off” each day. The extra hour for the “off” cycle is intended to provide additional rest and tissue growth for plants under high intensity light;
· Bulb types/Spectrum and Kelvin – Brand-new unused NOs or CFs will comprise the Test Groups. The non-control bulbs will be full-spectrum 8000K bulbs with a high blue to red ratio of wavelengths.

· To narrow above choices - Lumen/watt will be constant between the controls and the tester bulbs. 
Plant Evaluation Criteria will include both Specific Morphological and Aesthetic Measurements:

· Rate of Growth per plant (or stem);

· Rate of Growth combined for all plants in a given Aquascapte (i.e., summation);

· Final height increases per plant (stem); and

· Final total combined height increases for all plants in a given Aquascape will be the four key scientific indicators; 

· Aesthetic evaluation - A panel of volunteer independent final judges will be used, who are all irrefutably respected in the hobby to determine the coloration and overall beauty aspects of the study tanks. This will be a blind comparison in that the judges will not be told which Aquascapes are from the control aquaria vs. the tester aquaria. Experienced judges are now invited to contact the lead investigator(s) of this study.
· Photographic Quality Control - Careful instructions for photographic quality and reproducibility must be adhered to as stated above.

Plant Density and Layout: 
· A total of up to 12 species of aquatic plants will be selected by each participant. 2 from the high light requiring spp. (Foreground Sun Plants), up to 5 from the low to moderate light requiring spp. (Mid-ground Shade Plants), and up to 5 of the red/orange/pink pigmented spp. (mixture of Background plants);
· Plant density must insure that the substrate should not have bare spots except around the specific areas where the measuring rulers are embedded;

· Planting layout will be largely dictated by maintaining a “direct line of sight” for each measuring ruler proximal to their respective plant spp.

Plant Selection: 
Careful selection of high light requiring plants, mixed with moderate light requiring plants, plus the red/orange/pink pigmented plants. Select from the ones most commonly used in the top prize winning Aquascapes, which include:

· Riccia fluitans, Chlorella vulgaris, Elatine triandra, and Glossostigma elatinoides as the foreground plants (Sun Plants) – Select 2, 

· Echinodorus spp., Cryptocoryne spp., Ammannia gracilis, Hygrophila polysperma, Nymphaea lotus, Myriophyllum tuberculatum, and Ludwigia spp. as the mid ground plants (Shade plants) – Select up to 5; and

· Rotala macrandra, wallichii and indica, Alternanthera spp., Cyperus helferi, Limnophila sessiflora, Vesiculariana dubyana, Micranthemum micranthemoides as background plants (white/red/orange/pink colored species) – Select up to 5.
Fertilizers: 
(See Water Chemistry.) 

Substrate:

· The simpler and more economical the better

· Including in an iron rich substrate, like Fluorite or Eco-Complete, would be a good idea.

· No heating cables – for the purposes of this experiment, since this is an expensive item and thus many participants will not have heating cables, no heating cables will be introduced.
Water Chemistry (most values adapted from Dr. Barr):

· CO2 – within normal limits (WNL) for this experiment is 15ppm to 30ppm.

· O2 (Dissolved oxygen or “DO”) – WNL for this experiment is 8ppm or higher, tested at the 7 hour mark after the lighting system is turned on. This should fall within the “peak” production hours of photosynthesis, and hence will reflect the highest oxygen production levels for the day.
· GH – WNL for this experiment is 6 to 8 degrees (dGH).

· KH – WNL for this experiment is 4 to 6 degrees (dKH).

· pH – WNL for this experiment is 6.5 (pre-light), 6.8 (midday) to 7.0 (end of lighting cycle), with a target pH of 6.6 to 6.8.

· Temperature – WNL for this experiment is 76oF. This will aid maintaining the desired DO levels.
· PO4  - WNL for this experiment is 0.4ppm to 0.5ppm.

· Potassium (K+) – WNL for this experiment is 20ppm to 30ppm.
· Iron (Fe+++) – WNL for this experiment is 0.5ppm to 1.0ppm in the water column. If you have a substrate high in Fe, then aim for 0.2ppm to 0.5ppm in the water column.
· Ammonia (NH3/NH4) – WNL for the purposes of this experiment is not to exceed 0.1ppm, if it does – perform a 15% water change immediately. 

· Nitrite (NO2) – WNL for the purposes of this experiment is not to exceed 0.1ppm, if it does – perform a 15% water change immediately.
· Nitrate (NO3) – Minimum of 10 ppm, ideal will be closer to 20 ppm with high intensity lighting. But if the NO3 goes to 50 ppm, this is still within normal limits for the purposes of this experiment. The high intensity light will rapidly cause the plants to assimilate this excess NO3 anyway.
· Water flow – WNL for the purposes of this experiment are 5 to 10 turnovers per hour.

· Fish population – WNL for this experiment is 1 fish inch per gallon. Populate your tank well and include a variety of algae eaters!

For Reference: 

· A dKH of 4 with a pH of 6.6 will give you a CO2 reading of 30ppm;
· A dKH of 4 with a pH of 6.8 will give you a CO2 of 19ppm; and

· A dKH of 4 with a pH of 6.9 will give you a CO2 of 15ppm.

· Adding baking soda will get both the KH and pH up, which is sometimes necessary if in the morning your pH is low – 6.4 or lower.

· Instead of using baking soda, you could use Seachem’s Alkaline buffer.

· Adding CO2 injection will also drive the pH lower. At night time, when plants and fish are respiring, this adds CO2 to the water. Hence the morning water tends to be more acid (~6.5 to 6.4 in many cases) than what will occur at the end of a full day of light (6.9 to 7.0).

· As the high intensity light affects the plants, the pH will rise because the CO2 is being assimilated by the plants. If the pH goes to 7.0 at the end of the day, this is till within normal limits (WNL) for this experiment, because it is simply the temporary high of the 24 hour cycle. Later during the night and pre-dawn, the pH will go back down toward the 6.5 to 6.4 ranges. And this is a typical diurnal cycle of a healthy aquarium tank. Turning off CO2 injection at night is an option, but the parameters of this day/night fluctuation (i.e., 6.4 to 7.0) are typically not great enough to necessitate this option. The added aeration required in this study during the lights-off period will adequately insure that most of the injected CO2 will be expelled from the aquarium.
· According to Dr. Barr, keeping the NO3 on the low side will tend to intensify the red color pigmentation of plants (personal communication). For the purposes of this experiment using high intensity light, that would mean keeping the NO3 down close to the 10 ppm range or less.

· To raise GH, use Seachem’s Equilibrium Buffer.

· To raise Fe+++ levels, use Seachem’s Fourish.

· To raise K+, use K2PO4.
· To raise PO4 use K2PO4.

· To raise NO3 use KNO3.

Water Density:

· Detritus, dissolved organic waste particles (BOD) parameters: 1 to 2 ppm.

· Specific gravity (S.G.) near constant (target <1.002) throughout the testing periods. S.G. must never exceed 1.005 for purposes of this experiment. Add charcoal to the filtration and perform a 15% water change if necessary.
Filtration: 
· The simpler and more economical, the better. 
· Must turn over the tank’s water volume from a minimal of 5 times per hour to a maximum of 10 times per hour.

Fish Density: 
Fish constant at 1 fish inch per gallon (saturated). This is a significant divergence from other aquatic plant experiments or award winning Aquascapes that limit the fish population to less than ½ this amount.

Summary of Proposed Experiment
This experiment achieves a Single-Blind, Double Cross-over test that will help determine if higher Kelvin light bulbs enhance aquatic plant growth and aesthetics in aquaria that:

(a) Exceed an LS of 21”, 
(b) Are densely planted with multi-pigmented spp., and 
(c) House a high fish population (1 fish inch/gallon). 
Testing period will last a total of 3 months plus two 2 day washout periods (4 days in all). To minimize individual techniques that may differ between aquarists, each tank will be used three times under the same conditions with the exception of the different lighting configurations. NO and CF bulbs may be used so long as the wattage remains identical between groups. All bulbs used will be brand new at the onset of the respective test period. The first test period will utilize cool whites and will last for 4 weeks. After this initial 4 week period, the tanks’ plants will be pruned back to their respective PSP, and with the new higher Kelvin full spectrum lights installed in the same wattage amount, the same test will be repeated for 4 more weeks. After the completion of this second test period, brand new cool whites will again be placed into the lighting fixture to begin the final testing period again for 4 more weeks. There will be a 48 hour wash-out period in between setups to remove plant adaptation that might have accrued from the previous lighting specifications.
(NOTE: Lead Investigators must not have any vested interest in any recommended products for the purposes of this experiment).
Contact Dr. Apsley at: japsley@msn.com
7327 Silent Creek Ave., SE

Snoqualmie, WA 98065

Tel: 425-396-7532
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