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Role of Nitrogen 
 Nitrogen plays perhaps the next largest role in sub-
mersed aquatic plant health and growth after light and Car-
bon. Nitrogen is important as a macro nutrient for plant 
growth. Generally limiting phosphate (PO4-3) will not slow 
growth, whereas nitrogen limitation will limit growth, but as 
we shall see, the two are related and can drive the other’s 
uptake rate. Nitrogen is essential for the formation of amino 
acids and the purine and pyrimidine bases, and consequently 
for protein and nucleic acid formation (Taiz and Zeiger, 
1998). It is also found in many coenzymes plus chlorophyll 
and other secondary compounds. Often in aquariums using 
CO2 enrichment, nitrogen deficiency is common and is of-
ten remedied via the addition of potassium nitrate (KNO3), 
and to a lesser degree fish waste as ammonium (NH4+) and 
urea or as end products of nitrification, nitrate (NO3-). A 
lack of nitrogen can greatly slow and harm plant growth far 
more than phosphate (PO4-3) limitation and cause algae 
problems as the plant health deteriorates. Low stable 
amounts of nitrate (NO3-) can influence color in a variety of 
plants such as Rotala and Ludwigia genera. Chlorophyll is a 
nitrogen rich molecule that requires nitrogen in substantial 
amounts. The effect is that the low nitrogen (N) level influ-
ences the plant’s ability to produce enough Chlorophyll to 
provide the plant’s green color. The result is that the other 
red pigments are more clearly seen and no longer masked 
over by the chlorophyll. This is one of the “tricks” used to 
get a lot of red out of plants (Aquatic Plants Digest, 1999-
2005). Adding NO3- will change the plant to back to green 
and this can be done in both directions many times. Many 
people hear this and then go too far and stunt their plants or 
cause problems because they went too low and caused a 
much more serious deficiency. The key is to have a stable 
low level that fits your routine. A very red plant indicates a 
nitrogen stress, many aquarist have assumed it means a 
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healthier plant in the past. Low light and a moderate fish load provide good 
conditions for this stability. Past myths suggested that high light induces the red 
coloration, this is easy to argue against as emergent plants out of the water and 
experience much more light turn green again (Rotala, Ludwigia etc). Most red 
plants are also lower light plants in terrestrial ecosystems and most desert plants 
are green, not red. Some other people slightly limit PO4-3 to slow the uptake 
down, but not completely turn off the NO3- uptake. These are not easy things to 
balance in a planted aquarium for most people. 
 
Is nitrate “bad”? 
  In the past, nitrate, nitrite and ammonia has been considered “bad” by 
aquarist and from a fish keeper’s perspective, this is generally true, less is bet-
ter. Many plant hobbyists often come from the ranks of “fish only” aquarium 
hobbies. Thus they often have the belief, less is better. With respect to fish, this 
may be true to some extent. With low light, low CO2, few plants, lots of fish 
and over feeding, the NO3- levels are in excess, but the production rate of 
NH4+ is what generally will cause an algae bloom, not the NO3- and PO4-3 so 
much in established tanks. Today, many planted hobbyist have looked more 
critically at their plants and nutrient levels and focus on the real goals, growing 
plants, not worrying about the algae. As one golden rule states: when the plants 
grow well, the algae do not. This is also true in natural systems even when the 
nutrients levels are high (Canfield et al 1983) in shallow semi tropical lakes 
with macrophytes growing in them(which would be fairly similar to our own 
tanks relative to northern lake studies which many assumptions about aquatic 
horticulture were based upon in the past). Canfield looked at a large number of 
lakes and no correlation between nutrient levels and presence absence of macro-
phytes. Other issue when determining the nutrient levels of PO4-3 and nitrogen 
are the nutrients locked up in the macrophytes were often ignored(as in Philips 
1978 often cited paper) while the algal components where often added to the 
sampling.  This sampling error, in effect, showed plants preferred less nutrients. 
Once you added the nutrients that are stored in the plants, then the pattern dis-
appears. 
 
Are the forms of nitrogen important? 
 There are several forms of nitrogen but most aquarist are familiar with 
some of these such as NH4+ and NO3- which are the two forms that plants will 
use. There is also a distinction between Dissolved organic (DON) and dissolved 
inorganic nitrogen (DIN) in the water column. Plants can use the DIN but have 
trouble with the DON fraction. While there is some scant evidence that plants 
will use a small amount of NO2-, it is generally a toxic anion that plays an in-
significant role in our tanks after a period on new tank cycling. Try adding 
NO2- and see if the plants remove any significant amount. Try many species. 
The concentration levels will sit there unless you have bacteria to covert it to 
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NO3- in which case the NO3- will be removed. While we can use science to 
back up our claims, seek insight, we should also use common sense approaches 
and just plain old try it and see. These are not difficult myths and speculations 
to put to rest. Some things might surprise us. In scientific research there are 
fewer nitrogen studies than with PO4-3 (because of algal influences). Large 
amounts of nitrogen in water (50%) may exist bound in organic dissolved nitro-
gen (DON) in natural aquatic ecosystems. This fraction is generally not avail-
able to macrophytes but periphyton can access this fraction as can microbial 
actions. The same is true with PO4. Stable isotope 15N studies showed uptake 
in submersed macrophytes was proportional to [N] in sediment or water col-
umn, but they tended to prefer NH4+ to NO3- (unlike many terrestrial species) 
in some species like Hyrilla (Bowes 2004). NH4+ can be much higher in sedi-
ments than in water column, the predominant source for N is the sedi-
ment. Bacteria will convert the NH4+ into NO2- and NO3 in aerobic regions, 
but deeper in the substrate, there is not enough oxygen for these bacteria to exist 
and the NH4+ persist. This is not always true for example; the Potomac River 
can have NH4+ > 100 micrograms/L in macrophyte beds. Unlike P, fertilizing 
with N often increases growth, thus nitrogen concentrations below 140 ug/L in 
sediment may limit growth. In general, N pools in sediment are more easily de-
pleted than P pools (less exchangeable N than P) if substantial macrophyte 
growth exist (Bowes 2004). Barko et al (1991), Carigan (1982) and also 
Madsen and Carghreen (2001) address the issues of sediment vs. water column 
uptake. Manti and Newton 1982 also showed some shoot to root ratios with dif-
fering sources (sediment vs. the water column) of N and P concentrations with 
some ratios going to 1 in infertile sediments. Many aquarist seem to believe 
plant prefer something because that is what exist in the habitat, but why would a 
plant not use or produce roots if there was plenty of nutrients in the water col-
umn? 
 
Using KNO3 to add nitrogen 
 High nitrogen levels can potentially lead to potassium (K+) deficiency 
but using KNO3 allows the aquarist to have a buffer of about four times the K+ 
over the need of NO3- using KNO3. The ratio of K+ to N is four times greater 
using this salt relative to the plant’s need. This means in simple terms that you 
could have about 75% of your NO3-/NH4+ coming from fish waste and still 
add a little KNO3 for the reminder of the Nitrogen needs and still have enough 
K+. Many higher light, CO2 enriched plant tanks are lacking more than this so 
adding KNO3 takes care of this K+ issue. If the fish load is very high or the 
tank is a non CO2 enriched tank, has tap water with high NO3- levels, K2SO4 
or KCl can be used in place of KNO3. 
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Do high levels of NO3- derived from inorganic sources hurt fish and 
fauna? 
 How much is too much NO3-? I recently tested this and found that at 3 
day exposure to 120ppm of NO3- (derived solely from KNO3) a 50% mortality 
rate occurred with C. japonica (Amano algae eating shrimp), while fish health 
was not effected with 20 South American species of fish (Barr, 2005). This 
level is extremely high and will occur only if extremely large doses are applied 
or if no water changes are done and KNO3 is added and/or very high fish load-
ing rates are introduced to the tank. It is important to note that there are differ-
ences between NO3 derived from fish waste and NO3- derived from KNO3. 
Virtually all fish waste is first NH4+ and urea and needs converted into NO2- 
and NO3- by bacteria. Ignoring this cycle is dangerous when assuming how 
NO3- may or may not impact an aquarium and when addressing algae related 
issues. Algae are inducible with small amounts of NH4+, whereas even at 
120ppm of NO3-, no algae were induced. This gives the aquarist a huge range 
to work with for aquatic horticulture. 
 
Using PO4 dosing to increase NO3 uptake rates 
 A similar situation can occur with PO4 (phosphate) and Nitrogen. As 
planted aquarist add KNO3, light, CO2 and trace elements, plant uptake forces 
the PO4-3 levels down to zero or only non plant available dissolved organic 
phosphate (DOP) forms. Additions of inorganic PO4-3 can greatly increase the 
uptake of NO3- in a planted aquarium by two to ten times in a limited PO4-3 
tank. A number of aquarist used LaMotte test kits to determine general ranges 
by adding PO4-3 to their tanks. NH4+ uptake is also greatly enhanced by re-
lieving the strong PO4-3 limitation. Measuring the NH4+ fraction is exceed-
ingly difficult without doing 15N enrichment and tracer studies. These studies 
are not perfect either but maybe good enough to get an idea of the rates and 
amounts. The problem is that it is assimilated as fast as it’s produced. This pre-
sents a very challenging measurement problem because it never builds up 
enough in a well run planted tank to measure. The same situation also applies in 
natural systems with macrophytes and the microphytes. These issues also ex-
tend to other nutrients. The nutrients are used up before we can measure the 
concentration. 
 
How can we test, as aquarist, to find out if these differences are relevant? 
 We can work backwards and add NH4 to a planted tank while limiting 
NO3 vs. non limiting NO3- levels to see what happens. By setting up a tank 
with no fish, no filter, no NO3- are added, then the tank is supplied with good 
CO2 (30ppm), K+ (20ppm), PO4-3 (1ppm) and Traces (5mls of Tropica master 
grow/80 liters of tank three times weekly) added to a test tank. Small low levels 
of dosing provided with good growth but very small amounts needed to be dose 
very often, otherwise the dosing produced algae blooms or nitrogen stunted 



Continued on page 6 

Nitrogen Cycling in Planted Aquariums 

Page 5 

Volume 1, Issue 6 

 

“… many seek to 
increase the red 

coloration by 
maintaining low but 
non plant stunting 

levels of NO3 in order 
to increase red 

coloration.” 

plants or both cases. Even relatively small amounts of NH4+ allowed to exist in 
the water without bacteria oxidizing it to NO2-/NO3- first will trigger many 
algae species to bloom. Any aquarist can try this experiment themselves to see 
if this is true and use a UV sterilizer to remove the green water algae. Even a 
residual of NH4+ for 30 hours or less can trigger a bloom. The test also tried 
high levels of NO3- (75ppm) and PO4-3 (1.2ppm) combined to attempt to pro-
duce a bloom. No bloom was noted, (Green water which had appeared after one 
day after adding NH4+) even though the tank had recently had an outbreak un-
der the same conditions and only had a UV to remove the existing Green water. 
When NH4+ was added back, the Green water reappeared (Barr, 2000). This is 
a repeatable experiment that any planted aquarist can do. 
 
What about bioloads to supply NH4+? 
 The next step was to consider adding incrementally more and more 
shrimp until the planted tank produced a visible algae bloom. The PO4-3 and 
NO3- levels were below the previous levels before the outbreak of algae in this 
tank, the only missing significant factor was NH4 and urea from the shrimp 
waste. Each shrimp is a small unit of NH4+ loading on this finite system. The 
only variable in this case was the amount of shrimp load on the tank and it pro-
duced the same results but this time Compsopogon, staghorn alga, also appeared 
as did Oedogonium. Green water was particularly sensitive to blooming with 
NH4+ for inorganic forms while some algae bloomed when the bioload of 
shrimp exceeded plant uptake and microbial processing/reminerlization rates 
(Barr, 2003). What is not known with this respect of forms of nitrogen is the 
influence of urea versus NH4+. It is possible that these two forms play a role in 
the species of algae that blooms. 
 
Can moderately limiting PO4-3 help maintain a steady nitrogen level? 
 Many have believed in the past that PO4 limitation will limited algae. 
This has been shown not to be true in both theory (see Canfield et al 1983) and 
practice. Plants need more PO4-3 per unit biomass and in terms of total biomass. 
Algae ratios, although this is a general ratio and individual species vary widely, 
are at about 14:1, N: P. Macrophytes are closer to 10:1 N: P. These ratios are 
from a large comparative assortment on percentage dry weights of various spe-
cies and locations. They are not absolute. Algae (Microphytes) are not in the 
same niche in most cases as the larger macrophytes, they have much less nutri-
ent requirement needs than “plants” do. A number of studies have shown the 
limits of submersed aquatic macrophytes become limited at roughly 20-50 parts 
per billion of SRP(soluble reactive phosphorus) whereas periphyton algae mats 
have no real known PO4-3 level where it limits growth (less than 3ppb) since 
this pushes the limits of good testing resolution for PO4-3 (South Florida Water 
Management District, 2004). Limiting PO4-3 can be used to slow and keep the 
Nitrogen levels steady in an aquarium and since PO4-3 limitation is not as great 
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an issue as Nitrogen limitation, some might prefer to have a slight limitation to keep the nitrogen levels more 
stable. While CO2 enrichment is not needed for growing plants, nor is high light, these also could limit or sta-
bilize the Nitrogen levels in a planted tank. Non CO2 tanks can get all their nitrogen from fish waste only 
while many CO2 enriched tanks need addition of Nitrogen from an inorganic source. As previously mentioned, 
many seek to increase the red coloration by maintaining low but non plant stunting levels of NO3- in order to 
increase red coloration. Therefore maintaining some form of control over NO3- maybe of use to some advance 
planted aquarist wanting to try CO2, PO4-3 or light limitation. 
 
The cellular level 
 At the cellular level, two forms of Nitrogen are taken in: NH4+ the most reduced form, and NO3-, the 
most oxidized form. It takes 8 electrons to reduce the NO3 into NH4 for assimilation and this is one of the 
most energy expensive reactions that occur in plants. 
 
NO3- + 8H+ + 8e- ---> NH3 + 2H2O + OH- (eq 1) 

Note that one of the by 
products in the reac-
tion is OH-. This will 
increase the pH when 
nitrate assimilation oc-
curs. Also note that 
NH4+ is assimilated 
and not stored in the 
vacuole. NO2- is toxic 
to the plant cell and is 
quickly converted into 
NH4+ by Nitrite re-
ductase (NO2-
=>NH4+) which has a 
faster enzymatic veloc-
ity than Nitrate reduc-
tase (NO3-=>NO2-). 
This prevents any ac-
cumulation of NO2- 
inside the cell (Taiz 
and Zeiger, 1998). The 
NO2- is used at a 
much faster rate and 
therefore never accu-
mulates inside the cell. 

You can see if plants use NO2 by watching a fishless Nitrogen cycle occur in a planted tank, while the NH4 
and NO3 will be used by the plants, you can still see that the NO2 does not decline without the presence of ni-
trifying bacteria, but after a couple of weeks have pasted due to the bacterial NO2-=>NO3- colonies establish 
and the NO2- is removed via NO3-=> plant assimilation. Both NH4+ and NO3- uptake are actively trans-

(Figure 1 from Purdue University web site, 2004) 
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ported. NO3- needs reduced to NH4+ to be used. NH4+ is taken in directly to the plastid. Anion, cation bal-
ance is important inside the cell. This can be overloaded by too much NH4+ or too much NO3-, but since NiR 
and NR (nitrite and nitrate reductase) are activated, thus controlled by the cell, NO3- levels can be regulated, 
although it does take more energy to take it in and more steps to convert it to NH4+. 
  Plants can take up NH4+ faster and since there are fewer steps involved, far less energy, but plants are 
not as adapted to NH4+ in their aquatic environment compared to algae. Generally plants/algae have very sen-
sitive NH4+ uptake transporter enzymes, but little is known about them. A lot is known about NO3- uptake 
enzymes and Nitrite Reductase and N03- reductase and their involvement, but much less is known about 
NH4+ to set off the uptake process. These enzymes are always "on". There are some like this for NO3- as well 
but they generally require high levels of NO3- and both plants and algae also have a low level NO3 uptake en-
zyme. These both appear to be inducible in some cases, some plants have constitutive (always on) NO3- up-
take enzymes also that only require a tiny amount to activate the uptake process. Higher concentrations of 
NO3- may allow the NO3- channels to push more NO3- into the plant cell by means of a concentration gradi-
ent (see figure 1) whereas the high NO3- concentration will allow enzymes to be induced to handle more up-
take (carriers). 
 Aquatic plants are likely set up like this: NH4+, plant remove from the environment all of the time, it's 
always being produced and cannot supply the growth needs entirely at higher rates without algae and fish re-
lated health issues. The cell cannot regulate this that much but generally it’s in low supply and energetically 
easy to assimilate. NO3 at low levels is always "on" as well. When we add more NO3, say 10ppm, perhaps 
more, then this second lower affinity NO3 uptake enzyme kicks in and is controlled by the plant cell. So keep-
ing a good NO3 level over time will allow for that momentum to be maintained and these enzymes fully func-
tioning. All the enzymes in plants require nitrogen so every process and control is nitrogen related at some 
level. 
 Having some fish waste or other sources of low level NH4, but not enough to stop NO3 uptake seems 
to be the best approach. Also, I’ve noted with a number of low NO3 sensitive species that maintaining higher 
levels of NO3 will help growth and health. 
 These include Micrantherum umbrosum, as well as P. stellata (Eustralis). Limiting PO4 will not slow 
growth generally, limiting Nitrogen will, but NO3 uptake will decrease if PO4 limitation is severe. So why do 
plant cells have two systems of uptake for NO3? Well, when nutrient supplies are good, the plants and algae 
can grow without limitation, but when the nutrient levels decline the plants and algae don't waste energy trying 
to grab something that's not there and maintaining the enzymatic machinery.  The low affinity enzyme is able 
to grab much more NO3 than the high affinity transporter, but needs a lot more NO3 concentration in the water 
column or roots zone in order to do this and time to induce the formation of the enzymes needed. Dual enzy-
matic systems are quite common, but have only been recently found in many plants. There are even dual up-
take rates within a single transport enzyme, sort of like a two speed bike. While many of these studies people 
search out are done on specific plants, it only suggests that it might occur in other aquatic plants. 
 
Nitrogen cycling: the ecological scale 
  In Wetlands, the Nitrogen Cycle inputs are generally due to human influences or N2 gas and di-
azeotrophic bacterial fixation. Denitrification releases N2 gas back into the atmosphere and the cycle is com-
plete. This cycle is being over loaded in many regions of the world due to fertilization with nitrogen for crops 
and pollution. This is causing large scale economic weed and algae problems that often exceed the agricultural 
gains using the fertilizer; it also contaminates the drinking water supplies in many agricultural regions costing 
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first law of 
diffusion ...” 

more for potable and waste water treatment. It might be more useful to think 
about plants as a sink, a semi long term depot for the storage of nutrients like 
Nitrogen or Phosphorus. Plants can be removed and export the nitrogen as cut-
tings and detrital plant waste. Nitrogen is poorly studied in aquatic plant uptake 
although there is some research that’s been done and more being done in the 
Everglades National Park in Florida, USA in particular. 
 Natural wetlands have profound impacts on the biogeochemical func-
tions in watersheds, such as sediment trapping; nutrient removal, storage and 
release; and transformation of inorganic nutrients to organic forms. The N cycle 
in wetlands plays an important role in transport, storage and biological avail-
ability of N in the surrounding watershed. An overview of the key physical, 
chemical and biological processes associated with N cycling in wetlands is pre-
sented here. 

Figure 2 
• Diffusion: Dissolved forms of N can be transferred from surface water to 

soil solution (pore water) and vice versa, through the process of diffusion. 
The driving force behind diffusion is the concentration gradient: a dissolved 
compound in the soil or water will diffuse from a region of high concentra-
tion to regions of lower concentration. The flux can be determined by Fick’s 
first law of diffusion. 

• Plant uptake: Inorganic forms of N (NH4+ and NO3-) are taken up by 
plants rooted in the soil or floating in the water (including algae). 

• Litter fall: Dead plant tissue (e.g., leaves and stems) falls from the live 
plants and collects at the soil surface to form a litter layer, also known as 
detritus. 
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• Sedimentation: Particulate matter (inorganic and/or organic sediment) entrained in the water column settles 
out, due to the reduced water velocity, shallow water depth and filtering action of emergent vegetation, and 
collects on the soil surface. 

• Decomposition: Organic matter, including plant detritus, organic sediments and peat, is broken down by a 
variety of microorganisms that utilize organic carbon as a source of energy. Organic N compounds, such as 
proteins and amino acids, are broken down to smaller organic molecules, both particulate and dissolved, 
and ultimately to ammonium (NH4+), which either may be utilized as a nutrient by the microorganisms or 
diffuse back into the soil or water. 

• Ammonia volatilization: Under high-pH conditions in the wetland floodwater, concentration of the un-
ionized form of ammonia (NH3) becomes appreciable compared to NH4+, and may be released to the at-
mosphere as ammonia gas. This process is not usually a major factor for N cycling in most wetlands, but 
can lead to substantial N losses for poorly buffered waters with high photosynthetic activity (due to the as-
sociated daily increase in pH). 

• Nitrification: Microbial conversion (by Nitrosomonas and Nitrobacter spp.) of reduced inorganic N 
(NH4+) to the oxidized nitrate form. This process occurs in aerobic, or oxygenated, regions of the wetland, 
usually confined to the surface water and the top few millimeters of the underlying soil. 

• Denitrification: Microbial conversion (e.g., by Pseudomonas spp.) of nitrate to nitrogen (N2) gas and, to a 
lesser extent, nitrous oxide (N2O), which are lost to the atmosphere. The release of nitrous oxide is of par-
ticular concern, because of ozone-layer impacts. Denitrification occurs only in the anaerobic, or oxygen-
depleted, regions of the wetland that typically exist below the soil surface. 

• Adsorption: Retention of N in the soil through the process of cation exchange, whereby the ammonium ion 
(NH4+) is weakly bound to soil particles by electrostatic attraction. Most soil profiles are negatively 
charged, so the corresponding retention of nitrate (NO3-) is rare. 

• Burial and peat accretion: Partially decomposed plant detritus and other organic matter is gradually buried 
and incorporated into the soil profile, with the buried material representing the portion of organic matter 
that is more resistant to decomposition. As this material ages, it becomes highly decomposed and com-
pressed, forming peat (i.e., peat accretion). 

 
Some basic pressing questions about Nitrogen and planted hobbyist: 

1. How much loss of NO3=> N2 gas occurs from bacteria? 
2. How much NH4 does a tank typically get? How important to health and growth of plants does NO3 

vs. NH4 provide in our tanks? 
3. Can/should we dose NH4 inorganically? 
4. How much NH4 causes algae blooms and what types of algae are impacted and their life histories? 

 
 Answering no#1, 2, and 3 are relatively easy to assess even if you cannot measure direct amounts in the 
water column. Question #4 is something than can be done in lab and perhaps by a few hobbyist but takes con-
siderable work and good methods and maintenance of the parameters. The listing of nitrogen processes in wet-
land soils is a good review of the cycling that occurs with just one single nutrient such as nitrogen. 
 As we can see, it is much more dynamic and complex than “plants need nitrogen”. There are many ar-
eas within the nitrogen cycle that are within aquatic plants, algae, agricultural crop production, cell and eco-
logical science, water treatment, environmental and weed management and aquaculture. Recently, I have been 
adding far more KNO3 to my tanks that have no fish or significant herbivores. I have been pleased with the 
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results. Ranges are 11ppm every other day in the form of KNO3 dosing and a 
weekly 70% water change. 
 This is a high light tank (1.5 w/liter) with good macronutrient, micronu-
trient and CO2 levels. This is far beyond the needs of the plants but the plant 
health has improved relative to lower levels of NO3. As a general rule, observing 
the plants growth and health is perhaps the single most powerful tool we have, 
since good healthy plant growth is our goal and good plant growth = poor algae 
growth in general. 
 
Do macrophytes prevent microphytes from blooming due to their removal 
of NH4+? 
 A very low NH4+ in an ecosystem is a good indicator of competition by 
another autotroph or stable NO2-/NO3- bacteria. It stands to reason that under 
non limiting conditions for the other nutrients besides NH4+, microphytes will 
not bloom. This is very well correlated in aquarium observations as few well run 
aquariums have any measurable NH4+. Additionally, there is strong correlation 
of high dissolved oxygen in these tanks with low NH4+, allowing the bacteria to 
oxidize the NH4+ and compete with the microphytes for this nutrient. Overload-
ing these same tanks with NH4+ produces a microphyte bloom. Adding high 
oxygen levels with pure oxygen did not prevent the microphyte green water al-
gae bloom when NH4+ (at 0.5ppm) was dosed (Barr, 2003). 
 While this does not prove all algae bloomed due to NH4+ presence, it 
does have very strong correlation and is certainly a strong theory about why 
plants grow well at non limiting high nutrient levels other than NH4+ compared 
to the algae. 
 
Nitrogen testing 
 This has proven difficult and a great deal of error and confusion has oc-
curred due to poor test kit accuracy. The use a colorimeter is a better solution for 
serious testing. They are about 3-4x the cost of a high line test kit, but they are 
accurate to 0.01ppm for the low range and 0.1ppm for the high range of NO3 
and NH4 and cover a usable range of 0.0-30.0ppm. 
 
NH4 uptake vs NO3 uptake 
 Ozimek, Gulati and van Donk (1990) have suggested NH4+ and NO3- 
preferences in uptake and growth of Elodea nuttalli (see fig 3). It is often sug-
gested and assumed that plants prefer NH4+ over NO3-. It is reasonable to as-
sume that the more reduced NH4+ is the least expensive energetically speaking 
(see equation 1) and NO3- must be converted into NH4+ before being assimi-
lated into glutamine. At the cellular level this appears true in some cases, but 
there is a trade off with supplying the plant enough NH4+ and enough total ni-
trogen. NH4+ is not easily stored internally without toxic build up compared to 
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NO3- which can be stored in large amounts in the central vacuole as well as NH4+ role externally in the envi-
ronment on fauna (fish, shrimp) and inducement of algae blooms. 
 
NO3- and NH4 uptake in Elodea nuttalli 

 Figure 3 shows NH4 preference at levels between 2.0 to 0.5ppm and NO3- preference when the NH4+ 
is less than 0.5ppm. Is this range of NH4+ concentration applicable to our system? Not likely. In well run 
planted tanks, the NH4+ is often immeasurable. Measuring the NH4 when supplied from fish waste is a poor 
method and does not accurately indicate the amount removed by plants. This is due to the NH4+ being used up 
as soon as it’s produced as well as the low level of NH4+ that make test kits troubles at testing at these low 
ranges. Even having said this, figure 3 suggest that at 0.1ppm of NH4+, no NH4+ is removed in the presence 
of NO3-. Thus to rate of uptake of NH4 is zero when the concentration of NH4+ is low. Given that the data is 
in all cases of well run planted tanks is always and universally low with respect to NH4+ (immeasurable for 
most test kits) we can assume that in horticulture that plants prefer NO3 in the case of this study. Concentra-
tion also drives uptake as figure 3 demonstrates. NO3 levels are typically maintained at 10-20ppm, ten times 
the amount in this study while NH4 levels are much lower. Realistically attempting NH4+ levels in that range 
would result in fish death as well as algae blooms. These levels can easily be tested with ghost shrimp, guppies 
and without any animals to observe algae blooms. While initially this graph appears to support NH4+ prefer-
ence, and it does over a certain range, it also shows preference as the concentrations of each nutrient change. 
 The aquarist must ask the question: “does this apply to our planted tanks?” One may therefore conclude 
that NO3 is actually the preferred nutrient is our application to planted tank horticulture based on the above 
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graph (figure 3). A more simple approach is to simply try adding each form of nitrogen and see if it does in 
fact improve growth, retard algae or whatever question you are choosing to answer. Research references do 
offer support for arguments if applied properly, but the next step is experimenting in the field or in the aquarist 
case, in their planted tanks to see if the theory holds true. This was done by a number of aquarist over the years 
and the growth differences were not observed and algae blooms where induced at much less concentration than 
this graph suggest is needed for an uptake preference. A number of long held theories about aquatic plant hor-
ticulture have been addressed properly by some very simple test to see if these theories hold true and many did 
not because they did not take that next step and try them in the planted aquarium (dosing PO4- phosphate, 
higher levels of Fe-iron etc). 
 Some application of floating plants suggest faster growth rates with NH4+ (Nelson et al 1990), I have 
found this to be true with Limnobium (24% faster growth rates with a mix of both NH4+ and NO3- versus the 
NO3- alone), but algae blooms in the water are a constant battle as well even when coverage is at 100% and 
aerial growth is produced (Barr, Leavitt and Kratfield, 2005). Unless sterile conditions are maintained, NH4+ 
dosing is impractical for the aquarist. Invariably, the aquarist that doses NH4+ inorganically risk a much 
greater likelihood of an algae bloom, as is the case with adding more and more fish and shrimp to supply the 
nitrogen demands of planted tanks with CO2. In non CO2 application, the fish can supply enough nitrogen 
without over loading the system. As the growth rates are amplified, the demand for nitrogen increases. Limit-
ing growth by adding not CO2 or carbon enrichment slows the demand down enough to allow for this balance 
to be maintained. Inorganic NO3 can still be added, but often is not needed. 
 When considering the application of Nitrogen for plant growth, adding NO3 inorganically exclusively, 
without any fish or other fauna, does produce a very robust growth rate, and virtually no algae of any kind. Is 
faster growth better when risking a much larger chance of algae blooms? Is speed of growth everything? Is 
NH4+ practical in terms of dosing nitrogen without producing a negative effect? If a tank is limited by carbon 
(or some other nutrient) already, will this make a difference? And what will occur should the aquarium’s nutri-
ents become limiting with respect to some other nutrient besides NH4+? This has a high risk of an algae 
bloom. Many aquarist stock a moderate fish load and assume the plants remove the NH4+ produced and then 
top off the needed nitrogen by dosing KNO3 (potassium nitrate). As with many environmental parameters with 
aquatic macrophytes, they are highly adaptable and able to make do with various conditions, provided they 
have the basic building blocks. 
 
A partial listing of some good web sites on nitrogen, references and sources for further reading: 
http://www.users.nac.net/challoran/LDrxn.htm 
http://www.nstl.gov/research/nitrogen/ncd.html 
http://www.botany.ubc.ca/biol351/351f.htm 
http://www.acad.carleton.edu/curricular/BIOL/classes/bio359/study%20guides/nutrient%20uptake/12nutruptake2.html 
http://www.hort.purdue.edu/rhodcv/hort640c/nuptake/nu00001.htm 
http://www.utoronto.ca/env/jah/lim/lim05f99.htm 
http://www.plantphys.net/article.php?ch=e&id=158 
Barko J.W., Gunnison D. and Carpenter S.R., 1991. Sediment interactions with submerged macrophyte growth and community dy-
namics. Aquat. Bot., 41: 41-65. 
 
Barr, T.C., 1998-2005, Aquatic Plants Digest, The Aquatic Gardener (2004/5) 
 
Barr, Levitt and Kratfield, 2005, unpublished data, California Department of Food and Agriculture, Sacramento, CA, USA. 
 
Canfield, D.E., Jr., K.A. Langeland, M.J. Maceina, W.T. Haller, J.V. Shireman, and J.R. Jones. 1983. Trophic state classification of 
lakes with aquatic macrophytes. Canadian Journal of Fisheries and Aquatic Sciences 40:1713-1718. 
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A. Quiroz F., A. Novelo R., C.T. Philbrick, Water chemistry and the distribution of Mexican Podostemaceae: a preliminary evalua-
tion, Aquatic Botany 57 (1-4) (1997) pp. 201-212. 
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