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Turkey feathers? Yes! This is made from turkey feather and enriched with or-
ganic fertilizer from, turkey manure. Looks a lot like ADA aqua soil, but has too 
much tannins to be of any use to aquarist except in very small amounts. Adding 
this with a cation/anion binding clay and having it rolled into specific grain 
sizes would make an ideal aquarium substrate. Worm castings, loam and vari-
ous other soil amendments can be added to kitty litter like clays and non expan-
sive clays to yield a nice suitable product.  
 
Previous reports have addressed various nutrients and their roles in plant 
uptake, metabolism, enzymatic adaptations, physiology and cycling. 
This month’s article will address two main methods for supplying nutri-
ents to submersed aquatic macrophytes: the substrate and the water col-
umn. These two locations have been hotly debated over the last 20 years 
and very intensely since the advent of PMDD(Poor Man’s dosing 
Drops, or some referred to them as Poor Man’s Dupla Drops) back 
around 1995-1996. I highly suggest that everyone reading this also read 
the paper and then read this link to comments, they gave very good 
feedback. 
 
The paper: 
http://www.thekrib.com/Plants/Fertilizer/sears-conlin.html 
 
The feedback: 
http://www.thekrib.com/Plants/Fertilizer/sears-conlin-feedback.html 
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Water column Ferts? You bet, 
Seachem has led the way for 
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to do so with a strong commit-
ment to the hobby and to the 
planted hobbyist. 
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Background history: 

 
Water column: 
Paul Sears and Kevin Conlin among many others from the Aquatic Plant’s Digest mailing list 
helped to developed a cheap simple plant nutrient formulation using KNO3, MgSO4, K2SO4 
and the CMS+Boron trace mix. This idea was based upon Liebig’s law of minimums and the 
prevailing limnology of northern lakes and papers from such researchers as Phillips et al 1978. 
The main tenet was to provide enough PO4 for plant growth, but not enough for algae to thrive. 
I had high PO4 in my tap water while dosing KNO3, K2SO4 and good traces, along with high 
CO2. Most aquarist at the time (early to mid 1990’s) had 2-3 mm plain sand substrates, with 
laterite mixed into the lower 1/3 of the layer. Essentially this method was relying mostly on the 
water column for plant nutrition. 

 
 
 
 
 

  or     
 
 
 
 
 
 

Several Dutch and German aquarist had been adding soil and loam and getting good results as 
well and not adding KNO3 and K2SO4, but generally used Tropica Master Grow which has 
some Mg2+ and K+ added. Scientific support based on natural systems had significant support 
for this culture method (Barko and Smart, 1985, Phillips et al, 1978).  This allowed both meth-
ods to work well but neither has dramatic growth over long time frames without re-enrichment 
of the soil, often experiencing unexplained lulls in plant growth and problems with growing 
particular species. It is also important to note, past light intensities where much lower than by 
today’s standards in terms of efficiency, color spectrum and reflector use. 1.5 to 2.0 watt per 
gallon where the normal ranges using T12 fluorescent lighting without reflectors at that time. 
15ppm of CO2 was the normal suggesting CO2 range. Trace elements where added based on 
test kits for Fe. This means that growth was much slower and the aquarist had much more room 
to work with in terms of the sources of nutrients, smaller loading from fish waste still provided 
enough for the plants to get by fairly well, substrates alone could supply most of the nutrients at 
the slower growth rate. Then high light power compact fluorescent lighting dropped in price as 
did metal halide lighting. There was a strong trend to more light and higher color temperature. 
This in turn, led to more dependency upon inorganic fertilization methods, much like farms that 
require fertilizers to grow their crops year after year rather than a “balanced ecology” concept 
where food is gathered from natural areas and no fertilizers are utilized to enhance production. 
When discussions of “balance” are brought up, the focus should be on balancing the fish waste 
with the plant uptake and nutrient needs. 

Table 1. Amount of biomass of the plants is also critical and stability of nutrient and CO2 sup-
ply 
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Fish food/waste <=> plant demand for nutrients.  
Too much fish waste => algae, too little, poor growth of the plants and algae.   
Too much light => plants rapidly removes the nutrients and CO2, growth 
limitation after a quick period of rapid growth. 
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Barko et al’s  research has shown what I have been 
arguing for many years.  “Under low light (ca. 125 mu 
E/m super(2)/s at midday), effects of sediment fertility 
and inorganic carbon availability on biomass produc-
tion were relatively minor. Maximum biomass pro-
duction in both species was achieved under high light 
(ca. 550 mu E/m super(2)/s at midday) on fertile sedi-
ment with a ten-fold increase in ambient CO sub(2) 
supply.” (1991). 

This concept applies to both sediment sources and water column sources for nutrient supplies 
when light intensities are changed, as they have been and increased roughly 2-5x in recent years 
(1990-2006). Thus light intensities are very important in the context of any discussion of how a 
particular method of fertilization may or may not work well. Often this is left out of the discus-
sion, but given it is the main energy input and driver of uptake and demand, it would wrong to 
overlook this critical piece of information. I chose to use as much light as I could when I did my 
investigations for this reason (450umol for 12 hours). At lower light, there will always be much 
more flexibility with a particular method, but by pushing the upper light intensity limits, we 
find a better understanding of the ranges each method/nutrient location, nutrient type has. When 
less light is used, more methods can be used and become successful, allowing more “wiggle 
room” for any routine the aquarist might use. Fertilizers are not even required at all at low light 
with good fish populations, although such systems can be amplified and enhanced with minor 
dosing routines 1-2x a weekly. 
 
Many aquarist have heard of these so called “excess nutrients” being a problem, but clearly they 
were not causing any algae in my tanks and the growth difference was very dramatic. The ob-
servation did not suggest what is was, only that it could not possibly be due entirely from high 
PO4 concentrations. This observation eventually led to the dosing of PO4, first very conserva-
tively and then later wide ranging concentrations up to the 3-4ppm in the water column. After 
noting this observation, I began to search why the research and hobby text suggested this and 
why aquarist thought this. I noted that many aquarist never did any controls, thus they had never 
tried to induce a particular species of algae or any algae for that matter to see if their hypothesis 
was correct or not. It became very clear that neither the aquarium companies nor the hobbyists 
had reported it and noted the observations. A few had mentioned small amounts of PO4, namely 

from fish foods appeared to help in some cases, but it is much more 
Page 3 

Volume 2, Issue 8 

 

Water column dosing alone 
is suitable for most all 

aquatic plants, but it would 
not be a good assumption 

to insist that the best 
method is the water column 
for supplying nutrients ... 

Methods to supply nutrients to aquatic plants 

Too many fish per gallon? 



Continued on page 5 

difficult using organic foods to measure PO4 uptake and algae inducement specifically in rela-
tion to inorganic PO4 or total PO4 in aquariums. KH2PO4 was used for this and is a common 
place PO4 fertilizer for agriculture and aquatic plant horticulture (e.g. SeaChem, ADA, Kent, 
Tropica) 
 
Further investigation into this why such assumptions where prevalent showed that Florida’s 
shallow sub tropical lakes had no such patterns and that Phillips data had not fairly compared 
the phytoplankton contribution to the water column’s PO4 content to that of the submersed 
aquatic macrophytes (Fox, 2004). When the contents of the PO4 and other nutrients from the 
aquatic macrophytes was added to the data there was no pattern, algae and macrophytes were 
now being compared in a similar equal manner and there was no pattern in the water column, 
both oligotrophic (nutrient poor) lakes and eutrophic (nutrient rich) lakes both had aquatic 
macrophytes  (Canfield et al, 1983, 1984, Canfield and Hoyer, 1988, Brown et al 2000). Algae 
did not out compete the plants in the richer nutrient systems as predicted by the aquarium hob-
byists nor typical northern lake limnology studies. Further, Florida lakes where shallow which 
allows a large percentage of lake bed for rooted plant growth, warmer, never freeze and many 
replicated for strong comparative support (672 lakes where analyzed) . Such lakes are much 
more applicable to plant aquariums which tend to have 50% or more substrate coverage devoted 
to rooted plants. 

I came a long a bit later after PMDD’s, had high PO4 concentration 
in my tap water and no algae. The pieces of the puzzle where all 
fitted together for water column dosing. At that time, it was as-
sumed that excess PO4 induced algae, note: this does not imply that 
PO4 was absent or at zero ppm. Generally, hobbyist had a 0.2ppm 
target levels of PO4. Contrary to popular belief, I was not the one 
that discovered adding high PO4 did not cause algae, that was 
Steve Dixon. He tested my water since I had no trouble growing 
about any plant by the bagful. My tap water had 1.2ppm of PO4 as 
measured by two different high quality test kits. I’d been adding 
KNO3, K2SO4 and Tropica Master Grow (TMG). I essentially just 
looked at the plants, and kept adding more and more TMG till I no 
longer had any more response from the plants. I’d added KNO3 and 
K2SO4 at moderately high levels compared to most and found no 
harm in that. I had more light than many hobbyists so I justified 
adding more TMG, KNO3, and K2SO4 as well as adding more 
CO2. Most had been adding 15 ppm of CO2, I added more up to 
about 25-30ppm CO2 and no longer had any black brush algae 
(BBA). There was a great deal of guessing going on then also. 
 

We referenced the tap water source for PO4 and the tank’s water. We then called up the tap 
water supplier and asked what the PO4 levels where being delivered to this location and they all 
matched(1.12ppm low and 1.2ppm high). Steve was very bothered by this information. So he 
tried adding a little bit of KH2PO4 to his tank at home that had no PO4 in the tap or in the tank. 
Within 40 minutes, the plants started pearling vigorously. He waited for the algae to appear. It 
never showed up. I’d mentioned that adding higher CO2 caused my BBA to go away. Many 
where convinced that PO4 and NO3 caused algae, so Steve reduced each one of these nutrients 
down to zero for several months and still had BBA. Upon raising them and adding more CO2, 
the BBA stopped growing and went away. Such test elucidated the parameters required for 
healthy aquatic macrophyte growth without algae and under what specific conditions certain 
species of algae grow. None of this would have been possible without the water column dosing 
methods. 
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Ammonium’s [NH4+] role in algae management and plant growth: 
 
Water column dosing alone is suitable for most all aquatic plants, but it would not be a good assumption to insist that the best 
method is the water column for supplying nutrients. Several species of aquatic plants have clear growth preferences to both sources 
of nutrients. This might be due to microflora, texture of the substrate (Clay vs. sand or hard substrates), not necessarily nutrients 
alone. Given the mobility of NO3 and PO4 in the water column, a fraction of submersed plants may require the NH4+ in the root 
zone to grow well in culture. Adding NH4 other than as a balanced fish load to the water column is problematic due to fish health, 
O2 levels, and algae blooms induced by NH4. Therefore, a safer method of root extractable NH4 source maybe more useful. Occlud-
ing NH4+ in a soft texture clay maybe a solution to this. Allowing both the water column and the substrate to supply nutrients has 
yield tremendous results with such clays and water dosing with minimal NH4 presence in the water column.  A basic question often 
asked: why cannot the aquarist keep adding more and more fish to supply the nitrogen needs of the aquatic plants instead of adding 
KNO3? 
 
They can in non CO2 systems, the loading and plant demand is low due to CO2 limitations, so is 
the light. A smaller amount of NH4 is present. As that is increased, the algae will appear. A simple 
test by adding progressively more and more fish/shrimp to any planted aquarium will illustrate this 
observation. Going back and adding NO3 and other nutrients except NH4 from an inorganic 
sources will rule these other nutrients out as the possible causative agent inducing algae. Then one 
more test needs done: add NH4 and you get the same species of algae as well as response intensity 
as you do with the high fish/shrimp loading experimental treatment. Algae are also limited by CO2 
and light under these same conditions and CO2 concentration is limiting, but low and stable. Also, 
with some low light CO2 enriched systems, this can be done, as well as substrate fertilization alone 
with some trace element dosing to the water column periodically. 

Page 5 

Volume 2, Issue 8 

Methods to supply nutrients to aquatic plants 



Continued on page 7 

Substrate fertilization history is 
as old as pond keeping and as 
agricultural, even human civili-
zation itself is. The arguments 
for this method are very strong. 
The main support for it: it’s very 
easy once the substrate fertilizers 
have been added. The other main 
aspect many assumed: the plants 
can access the nutrients since 
they have roots, where as the 
algae cannot. This assumes the 
algae are in fact truly limited and 
that the plants do not leach out 
nutrients and that the substrate 
also does not leach out nutrients 
as well. All three assumptions 
are false (Carignan, R. and J. 
Kalff, 1982; Donk et al, 1993; 
Fisher and Reddy, 2001, Malecki 
et al, 2004). This is straight for-
ward in the research and the lev-
els required are minute for algae 
to grow and thrive. Often aquar-
ist make assumptions based on 
correlation and not on experi-
mentation and causation. Obser-

vation and correlation alone does not tell the entire story about the mechanisms and what is actually occurring. Still, many folks had 
algae issues they could not explain and the plants often had a lull in the growth. Algae are very competitive and there are many spe-
cies, this is due to the habitat. The temporal and spatial fluctuations in aquatic system are huge and certain species respond well to 
stimuli rapidly, much faster than macrophytes (Sommer, 1984). Macrophytes tend to prefer stable systems and they actively modify 
there habitat to stabilize it even more(Donk, 2002, Alleopathy is discussed as well as a possible role). This allows for the huge diver-
sity we see in the algae, each alga has a specific niche in the ecosystem and they need to know when is the right time and location to 
grow and complete their life cycle/s. Comparing them on the same temporal and spatial scales in seldom a fair comparison, yet, 
many hobbyists often make this mistake with algae and macrophytes. 
 
There have been many aquarist that have speculated the causes of algae, but few to date have done much in the way of testing for 
these specific conditions that allow algae to bloom and grow,  Many theories abounded, meanwhile, one by one, I started test on the 
various species of algae, some I thought I’d never beat many of them (Green spot algae: Choleochaete orbicularis), but one by one, 
over the years, each has fallen by tenacity. PO4 allowed many aquarist the freedom to focus more on the plant’s needs whether it was 
in the water column or the substrate as well. Nutrients do not stay in the substrate unless they are bound to something, they will leach 
out into the water column at a fairly rapid rate. Roughly 0.5 liters per day per meter squared. This is about optimal for root growth as 
well. 

 
While aquatic plants possess roots, algae do not. This difference often was and is discussed in context of 
limiting algae. The logic is simple, the nutrients are where the algae do not have access to them. This 
assumes there is no exchange via the substrate and via the plants leaching the nutrients, but this is not the 
case in aquariums nor natural systems (Carignan and Kalff, 1982; Fisher and Reddy, 2001, Malecki et 
al, 2004). It can be argued due to the smaller pore sizing of the substrates and blockage by organic mate-
rials in natural sediments that there is even less flux in the natural systems. I have suggested this and 
have also suggested periodic removal of organic detritus from the substrates every few months or at least 
yearly to prevent blockage. This treatment has reduced the O2 demand by the bacteria that are decom-
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posing the detritus and allows more O2 down into the sediment. Some organic matter is good though (e.g. a new tank), so this is a 
balance. Even a field needs to be plowed every now and then after a good year of growth. The same is true for aquatic plant farms 
and tanks. The lull in growth is generally due to the CO2 fertilization being reduced inadvertently by the hobbyist. 
  Often this was attributed to “aged” substrates or toxic chemical build up in the substrate. Such assumptions where hard to test for 
hobbyists and test methods more complex than the water column.  Perhaps some plants “prefer” substrate sources? Barko et al has 
done a significant amounts of work with specific nutrients and both locations, a good paper that reviews this from (Barko et al, 
1991): 
  
 “Empirical modeling of the relative contribution of sediments and open water to the P economy of submerged macrophytes predicts 
that more than 50% of the supply of P is from sediments. N can be supplied to the submerged macrophytes readily from both the 
sediments and the open water. Macrophyte growth decreases on sand and highly organic coarse-textured sediments and increases on 
fine-textured inorganic sediments. ” 
 
 Mobilization of nutrients such as PO4 to the shoot leached into the water column accounted for 10% (Barko and Smart 1980). This 
is very significant in terms of what is available for algae, aquatic macrophytes enhance the nutrient status of the water column to 
favor the algae, not the reverse, yet observations clearly show a reduction in algae with higher standing biomass of aquatic macro-
phytes. Another mechanism must be occurring that controls algae. Enrichment of the water column induced algae growth in the pe-
lagic zone, but it was rapidly converted into benthic biomass (Blumenshine et al, 1997) This argument has still been debated recently 
in the hobby. In terms of plants “preferring” once source over another, several things must be considered. What is preference? How 
is this defined? Plant biologists typical define it as growth rates, as defined by the amount of dry weight of a plant produced over 
time. The faster the growth rate, the greater the preference.  Cedergreen and Madsen did several studies on nutrient uptake and in 
nutrient rich streams (2001). They found that by cutting off the roots of three submerse plants in such streams, that the growth rates 
where identical, thus they concluded that root uptake was not a significant factor in the growth of these plants with high water col-
umn nutrients. It was only when the water column became limiting, did the growths change to favor the richer substrate sources. Fur-
ther, Xie et al found that water column nutrients in addition to sediment type increase the N and P content of plant tissues in Vallise-
ria natans (2005). 

Such experimental evidence is useful to hobbyists. It shows the 
individual isolated situations and what significances in terms of 
growth. What it does not tell the hobbyists is that it is for only one 
of a few weedy species of macrophytes that are very adapted to 
the permanently submersed habitat. Many species of aquatic 
plants hobbyist keep in cultivation are amphibious and are often 
seldom ever studied. Such studies can only discuss what specific 
species was tested. We must be cautious in assuming all plants 
have the same preferences for growth. In light of various substrate 
products and their observation upon plant growth, it would be 
safe to assume that some plants have clear preferences for sub-
strate fertilization. But is this really the case? It could be argued 
that way but rather than being general, what nutrient specifically 
is preference where and why? NH4 is present is ADA’s aqua soil. 
Soft clay without the NH4 has been used with wide success as 
kitty litter layered below the gravel as well (Quackenbush,1997) . 
This would suggest that the texture may play a very significant 
role, rather than nutrients alone. “If you use plain gravel or sand 
(without clay), the plants will not be able to extract much nutrient, 
if any, from the roots. This means they have to be fed liquid fer-
tilizers in the water column (same place as algae). Kitty Litter 
allows the plants to grow healthier roots, but also root hairs, that 

they won't grow in sand or gravel. This is very important in getting the roots to be the main entry point of the fertilizer. This allows 
you to feed the plants in the substrate, almost totally locked out of the water column.”(Quackenbush, 1997).  
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While Mr. Quackenbush was teased about this and many raised eye-
brows, essentially that are what is used by Flora Base and ADA, they 
no longer call the semi soft clay “cat litter” though. Tropica recently 
came out with a similar product, so Dan was on to something right all 
along. Further analysis by Jamie S. Johnson showed a nice comparison 
of the chemical properties as well. See link in the references below.  
Barko and Smart suggest that Nitrogen in the water column will en-
hance growth versus solely in the sediment and is often limiting. Addi-
tions of N increased growth presumably due to long distance transport 
from the sediments to the shoot tips (Barko and Smart 1986). Barko 
and Smart also looked into laboratory culture using nutrient poor water 
column and rich fertilized sediments  rather than rich water column 
dosing with better success (1985) . They typically used general house 

plant type fertilizers, Hoagland’s solutions etc. This would be predicted by aquarist after having seen the effects of NH4 on algae 
blooms. Thus using only NO3 as the source for Nitrogen would have yielded different results in terms of algal response more than 
likely. Their is a significant amount of conflicting , possibly misleading information in terms of algae responses with macrophytes in 
the scientific literature most likely due to the form of Nitrogen used and measured. Often the type of nitrogen that is measured is 
inorganic and organic total Nitrogen. So typically both NH4 and NO3 are included. With aquariums, the aquarist has the ability to 
control the various nutrients to a much higher degree. A few studies distinguish between NH4 and NO3, but measuring the NH4 is 
tricky since in many systems nitrogen is limiting and NH4 is rapidly cycled. Due to rapid internal cycling, the NH4 is very difficult 
to measure accurately. Adding to this problem in natural ecosystems are testing algae blooms. The water nutrient concentration lev-
els are measured after the algae bloom has been initiated typically. Several researchers in Florida have noted that wind driven resus-
pension of bottom sediments into the water column in shallow lakes can cause algae blooms (Scheffer, 2001; Bachmann 2000). In 
aquariums this also can occur after a large uprooting event and not followed by a water change within about 1-2 days time frame. 
Generally, about 1/3 of the tank maybe uprooted without such negative effects if no large water change is done. The time window is 
typically 30 hours before algae spores tend to bloom. Green water is the most sensitive to sediment suspension and often blooms 
easily under high light and CO2. Reductive sediment detritus tends to have a significant amount NH4 which appears the likely com-
ponent that induces the algae blooms. 

Several researchers have suggested that native microflora bacteria, specifi-
cally nitrogen fixing bacteria, may play a large role in aquatic macrophyte 
acquisition of N from the substrate (Barko and Gunnison, 1989). It is not 
clear if this might play a role in aquarium plant growth. Aquatic microbiol-
ogy in its role with macrophytes is quickly gaining ground and new research 
is being done actively in this and with respect to fungi as well.   
 
Conclusions: 
 
Many aquarists have been led to believe that sources for nutrients are best 
kept in the substrate; others feel the best source is the water column. Heated 
debates often occur yet both methods clearly work well. Aquarist advise 
others to be conservative with nutrients in the water column, but past experi-
mental data and test have shown that these ranges are extremely wide rang-
ing and that such advice is based not on experimentation, hard data,  back-
ground research, but rather fear and hysteria. This is not to suggest throwing 
reason out the window either. Some common sense should always be ap-
plied. With respect to the two locations, the trade offs that each has can be 
further analyzed by looking at them critically. From this critical assessment, 
the aquarist and scientist can better understand their prospective roles in 
terms of growth of the plants and the algae. By understanding the water col-
umn’s role, we now have a much better understanding of the main causes of 
algae and what does not cause algae in the water column. Simply assuming 
that all N, Fe and P nutrients should remain in the substrate would not allow 
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more knowledge to be gained. Those sup-
porting lean water column concentrations for 
NO3 and PO4 nutrients as a mechanism for 
reduced algae would be wise to concede such 
disproved myths (Barr, 1996-2006). Like-
wise, those support water column fertiliza-
tion as the sole best method for fertilizing all 
plants would also be wise to concede that 
some species will do much better with a 
combination of substrate fertilization and 
water column fertilization. By looking at 
both regions for nutrient sources, the aquarist 
has a much better understanding and the abil-
ity to control algae and plant growth with 
specific information and data. The end re-
sults are better hypothesis as to why various 
opposing methods work and that a combina-
tion of both is typically best in terms of plant 
growth. But many aquarist who hold dear 
their own method of location seldom test 
both locations, they find one method that 
works for them and they stick with it, but 
that does not teach you why other methods 
work or not and limits the flexibility in your 
own method and your understanding about it. 
 
Barko and Smart often showed that aquatic macrophytes used the water column for K+, Ca, SO4, Mg, CO2 and PO4, NH4, NO3
(both locations), Fe from the sediment. But this information does not imply that is best for plant growth, it is just what is often found 
in natural systems. Only by actually dosing in experimental treatments would the information be available to make a reasonable ar-
gument for such points. Eminson and Phillips did do that, but used a general fertilizer with NH4, thus many have been left to con-
clude it was a bad idea for culturing aquatic plants in the water column for N and P (1978). The NH4+ fraction skewed the results. 
 
Thus: 

• NH4 from fish waste/food should be relatively minimized relative to plant biomass 
• NH4 can be added in occluded form to soft textured clays where plant roots can extract it without NH4 getting into the wa-

ter column 
• NO3, PO4, Fe and other nutrients do not induce algae in and of themselves over very wide ranges except when severely 

limiting for plant growth (stressed plant leech out NH4) 
• Good inorganic water column fertilization (without NH4) can enhance plant growth considerably in conjunction with good 

substrate fertilization for optimal growth of all plant species 
• Both the water column fertilization and the substrate fertilization routines will gain much more flexibility when both are 

combined rather than diametrically opposed 
• Through water column fertilization, less demand is placed on the root substrate sources, thus allowing longer time frames 

before replacement 
• Likewise, the water column may run lean on nutrients and the substrate will act as a back up source. Substrate fertilization 

reduces the demand on the water column and vice versa 
• While aquatic horticulture cannot help by having some nutrients in the water column even with the most rigorous substrate 

methods, which nutrients specifically and where is a very important question/distinction. 
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This is a generalized figure showing the conclusions 
above. The increase in growth in the WC+S treatment 
is most likely due to transport of nutrients and the form 
of nitrogen. The plant has much less nutrient stress 
with this treatment. It should be noted that each of 
these method do work and work well, there is a signifi-
cant amount of error bars around each treatment as 
well. This graph illustrates much of the discussion con-
tained in this article as well as the observations in 
aquariums. Certain plant species will have differences 
in their preferences, but all species will thrive when 
both sources are combined at all lighting levels. Nutri-
ent dosing for the above comparative analysis was stan-
dard EI dosing routines and using ADA’s powersand 
and other research studies (Barr, 2006). 
 
Riccia, obviously lacking roots, will prefer water col-
umn fertilization for all required nutrients including 
CO2, while Hemianthus callitrichoides may prefer 
substrate fertilization for NH4 and high CO2 in the 
water column. In order to keep the widest range of 
plants in good optimal growing conditions, both loca-
tions are best. Given that optimal plant growth is the 
best deterrent against algae as well as reduced NH4 in 
the water column and stable CO2 concentrations, it is 
the best advice to suggest both locations. 
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