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     Phosphorus is perhaps one of the most contentious elements in 
aquatic biology. It has numerous forms and this has caused some confu-
sion. The main two components are inorganic and organic phosphorus. 
Inorganic forms can come from many sources: AlPO4·2H2O(Variscite), 
FePO4(Strengite) in acidic conditions, a host of various compounds in 
alkaline conditions: Ca(H2PO4)2, CaHPO4·2H2O, Ca8(H2PO4)6, Ca3
(PO4)2, Ca5(PO4)3OH, Ca5(PO4)3F. Many aquarist rely on KH2PO4 
(monobasic potassium phosphate), H3PO4(Phosphoric acid) or sodium 
phosphate (Na3PO4) for dosing inorganic PO4 to plants. Another group 
of aquarist use organic forms of phosphorus to supply the nutrient needs 
for macrophytes. In reality, all aquarist use the organic fraction of phos-
phorus, although some may need to add more in the inorganic form to 
prevent limitations from occurring. Organic forms include: fish waste, 
fish food waste, decaying organic matter such as dead plant leaves, mi-
crobial biomass, soil, peat and clays. Even if there are no fish present in 
a planted aquarium, the plants themselves are a source of organic phos-
phorus. The organic fraction need to be reduced and broken down for 
incorporation and uptake into the plant, thus releases phosphorus at a 
slower reduced rate than dosing inorganic bio-available forms. At higher 
growth rates, supplementation from inorganic sources becomes required 
to maintain non limiting growth. This also applies to other nutrients 
such as nitrogen. 
 
Scientist divide phosphorus components down into four main 
groups: 
 
• Particulate organic phosphorus = (POP), derived mainly from dead 

plant material and microbial biomass. 
• Dissolved organic phosphorus = (DOP), organic P in dissolved 

from that may pass through a 0.45 µm filter. 
• Particulate inorganic phosphorus = (PIP), Inorganic P associated 

with minerals such as Fe and Al oxides or calcium carbonate. 
• Dissolved reactive phosphorus = (DRP), the P that is bio-available. 

Sometimes referred to as : soluble reactive P (SRP) 
 

     For aquarist and scientist alike, the dichotomy with phosphorus is 
that while clearly it is an essential macrophyte nutrient, it also is an algal 
nutrient. Many aquarist have speculated that limiting PO4 in their 
aquariums will reduce algae. Correlations do not imply causation 
though. If causation was the reason, then adding high levels of PO4 in 
inorganic form, should induce algae blooms in planted tanks. Clearly 
that is not the case. Only recently have aquarist realized this (1996) and 
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… the dichotomy with 
phosphorus is that while 
clearly it is an essential 
nutrient, it also is an algal 
nutrient …. 

Many aquarist have speculated 
that limiting PO4 will reduce 
algae.  Correlations do not 
imply Causation.  If causation 
was the reason, then adding 
high levels of PO4 should in-
duce algae blooms.  Clearly this 
is not the case. 

“Phosphorus is 
perhaps one of the 
most contentious 

elements in aquatic 
biology” 

communicated it with others (Barr and Dixon, 1996). Historically, it has been implicated for 
many environmental problems in aquatic ecosystems, namely eutrophication and degradation of 
water quality. Much of the research done to date has focused largely on algal blooms and less so 
on macrophytes as algae is much more prevalent in aquatic systems. Many regions are unsuit-
able for macrophytes due to wave action, water depth, lack of light, pressure at depths greater 
than 10-12 meters for vascular plants. Many studies do not address both macrophytes and algae 
impacts of one another stimultaneously, but rather, in individual context. Many lakes simply do 
not have any submersed macrophytes, but virtually all lakes have algae and bacteria. There is 
also a temperate bias to much of the research. Many of the research institutions are in northern 
regions where the lakes and streams tend to freeze yearly. Cold water vegetated macrophyte 
lake species (Potamogeton species) are adapted to survive either through seed or turion (small 
vegetative bud) formation during winter. These typically die off during the winter and many 
species have tubers resistant to cold and desiccation (Rybicki et al, 2001). More recent research 
with tropical and subtropical shallow lakes suggest a different picture (Bachman, Hoyer and 
Canfield, 2004). These suggest that if more phosphorus is introduced to a shallow lake, with 30-
50% macrophytes surface/sediment coverage, the addition will give rise to more macrophyte 
biomass, not an algae bloom. For comparison purposes to aquariums, tropical and subtropical 
lakes are much closer than the northern lakes and streams. 
  
     One of the main misconceptions is that adding phosphorus to a lake will cause an algae 
bloom. The answer is not so simple. Without macrophytes, this is likely true if the lake is phos-
phorus limited. Often times, many aquatic systems are nitrogen limited. In nitrogen limited sys-
tems, adding PO4 will not increase the plant biomass significantly. Some research papers have 
addressed the mechanisms for a decline of macrophytes and a shift to more algal dominated 
systems with increasing levels of phosphorus (Phillips et al 1978). Such papers have been 
widely cited. Thus it is no surprise to see a number of aquarium plant books suggest that small 
excesses of PO4 cause plants to become covered with algae if it’s in excess levels (non-
limiting). One error in the PO4 correlation in the Phillips’ paper was they sampled the water 
which also included the algae for their determination for PO4 levels. They did not sample the 
plants’ PO4 in their test procedure. Therefore they had a strong bias towards high levels of PO4 
locked up in the algae, but had not also taken the PO4 locked up in the macrophytes and pe-
riphyton. When they added the plant fraction of PO4 present in the water column, there was no 
longer any correlation. In Florida lakes, most lakes with a 30-50% cover of submersed aquatic 
vegetation (SAV) are generally very clear, while less than this SAV tend to be algal dominated. 
Thus higher % of SAV, (much like our tanks) will produce more SAV when more nutrients are 
added, not algae. This is a good reason to add as many plants from the start as possible in an 
aquarium. This same approach also works with ornamental pond keepers. Maintaining 50% 
water hyacinth cover effectively eliminates most algae pond issues. The trade off here is that the 
water hyacinth, sometimes called the world’s worst aquatic weed, need regulated and removed 
as the biomass increases otherwise the pond will be covered 100% and oxygen levels are de-
creased greatly as a result. A number of researchers in Florida have shown that high nutrients 
levels do not imply high algae biomass in a number of papers on Florida lakes (Canfield et al 
1984, Bachmann et al 2003, Bachmann, et al 2004). Florida is ideal since most lakes are shal-
low, much like aquariums, subtropical and warm, again, much like aquariums, high number 
(7800 lakes, Florida Lake Watch, 2003) and wide variety of various nutrient statuses. Many 
researchers at the University of Florida combine limnology, botany, and weed management to 
understand macrophyte dynamics and roles in lakes. These studies are much more suitable for 
application to aquatic macrophyte horticulture and study in aquariums and ponds. It is therefore 
no wonder that Florida produces so many aquatic domestic macrophytes for the aquarium trade. 
The natural background levels of total phosphorus are generally less than 0.03 mg/l in natural 
waters. The natural levels of orthophosphate (the fraction that is bio-available) usually range 
from 0.005 to 0.05 mg/l (Dunne and Leopold, 1978). 
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Ohko (Dragon) rock 
layout in a 5 gal tank 

with ADA soil  

“Phosphate Starvation 
responses include 
changes in […] 

anthocyanin 
accumulation (the red 

color found in red 
plants) … ” 

• Phosphate’s role in plant metabolism (microscopic) 
 
Plants absorb soil solution phosphorus in both the H2PO4

-1 and HPO4
-2 forms.  Phosphorus is the 

least available macronutrient in the soil/hydro soil. Consequently, plants have developed numer-
ous morphological, physiological, biochemical, and molecular adaptations to acquire phosphate. 
Enhanced ability to acquire PO4 and altered gene expression are the hallmarks of plant adapta-
tion to PO4 deficiency. The intricate mechanisms involved in maintaining PO4 homeostasis 
reflect the complexity of PO4 acquisition and translocation in plants. Algae also possess similar 
such mechanisms and some are far more advanced than macrophytes in several cases (Horne 
and Goldman, 1994). P is an important plant macronutrient, making up about 0.2% of a plant's 
dry weight. It is a component of key molecules such as nucleic acids (DNA and RNA), phos-
pholipids (cell and vacuolar membranes), ATP, NADPH and consequently, plants cannot grow 
without a reliable supply of this nutrient. PO4 is also involved in controlling key enzyme reac-
tions and in the regulation of metabolic pathways (Theodorou and Plaxton, 1993). A diagram-
matic pathway is not provided at the cell level as it extremely complex due to the many func-
tions and roles the nutrients provides. Some examples of various pathways are provided here: 
http://www.aspb.org/publications/biotext/intros/ch13.cfm 
 
This chapter’s link shows the many aspects of plant nutrient that P is involved in for growth and 
maintenance and may provide some bio chemistry background for those interested in more de-
tail. As you can see from this simplified link, it’s not simple! 

 
• Macrophytes’ response to PO4 limitation: 

 
     A thin (or no) cuticle on submersed aquatic macrophytes allow their leaves to acquire PO4 
directly through their leaves as well as many other nutrients. The primary function of cuticles is 
to prevent water loss, thus most hydrophytes have no need for cuticles. Below is a list of adapta-
tions submersed macrophytes possess:  

 

 
Adapted from Sculthorpe, 1967, The Biology of Aquatic Vascular Plants 
 

     Stomata provide a gateway for nutrients in the water column to enter into the plant’s leaves. 
Some aquatic macrophytes, such as water lilies, have stomata on the adaxial side, the top side of 
the leaf. Ricca, many ferns, as well as bladderworts, floating plants, Egeria and hornwort rely 
only on the water column in many cases exclusively. The same stomatal pathway used for as-
similation by leaves, also applies to leakage of nutrients such as PO4. This leakage supports a 
diverse community of periphyton (An algal/fungal/bacterial matrix) that attached to leaves and 
increases in biomass over time. It is a wise horticultural practice to prune the lower stem por-
tions and replant the tops only to maintain a low level of periphyton on the macrophytes. After a 
few trimmings with good rapid growth, the macrophytes are periphyton free. 

 
 
 
 

• Stomata that are open most of time: water is abundant. This means that guard cells on 
the stomata are generally inactive. 
• An increased number of stomata that can be on either side of leaves. 

• Smaller roots: water can diffuse directly into leaves. 

• Feathery roots: no need to support the plant. 

• Specialized roots designed to take in oxygen. 
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“… leaves themselves 
can uptake P-PO4 

directly  ...” 

• Macrophyte responses to starvation/limitation: 
 

     Plants have developed a number of alternate pathways that are used when the supply of PO4 
is limiting, but these pathways are used only under a limiting condition as they are not as effi-
cient. Phosphate starvation responses included changes in: (a) the root-to-shoot ratio; (b) root 
hair formation; (c) anthocyanin accumulation(the red color found in red plants); (d) the activi-
ties of phosphate starvation-inducible nucleolytic enzymes, including ribonuclease, phosphodi-
esterase, and acid phosphatase; and (e) steady-state mRNA levels of phosphate starvation-
inducible genes. These genes regulate different pathways plants have to deal with very low lev-
els of PO4. Algae are even more adapted to PO4 starvation (Horne and Goldman, 1994). Some 
species have been shown to store enough reserves to last many generations before becoming 
limited. Phosphorus is often a limiting nutrient but wetland soils can also be very good at retain-
ing phosphorus: FePO4, Ca5 (PO4)3 (OH) At any one time, most P in a wetland is tied up in 
organic litter, peat and inorganic sediments. While this applies to natural systems, the aquarium 
is seldom natural, aquariums more analogous to horticulture and gardening. 

 
     Below are some uptake experiments using Ludwigia peploides ssp.montevidensis. water 
primrose, and the measurement of milligrams of P-PO4 per gram of fresh weight plant material 
(Barr, 2005). The x axis represents various soil types: DI = deionized water, SM= salt marsh, 
high salinity (plant stress), Hoag= Hoagland’s solution: provided for non limiting nutrients, 
like heavy water column fertilization (EI dosing), CO= Cosumnes wetland soil, PM: Pope 
marsh wetland soil (high organic matter). These two soils are nitrogen limited for the most 
part. In all cases, the PO4 content is higher per plant organ/part. 

 
Figure 1. Stem N-N03 and P-P04 content in mg/gram of fresh weight for Ludwigia peploides 
ssp.montevidensis.   
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“… Luxury uptake is a 
common aspect of 
macrophte uptake, 

macrophytes often will 
take up more PO4 
than they need and 

store it ....”  
Figure 2. Leaf N-N03 and P-P04 content in mg/gram of fresh weight for Ludwigia peploides 
ssp.montevidensis.   

 
Figure 3 Root N-N03 and P-P04 content in mg/gram of fresh weight for Ludwigia peploides 
ssp.montevidensis.   
 
Leaves possessed the highest % of P-PO4. Using a water column fertilizer will allow the plant 
to translocate the needed P-PO4 rapidly since the leaves themselves can uptake P-PO4 directly, 
rather than through the substrate, to the roots, then to the stem, then to the leaves. Plants have 
several back up plans, such as strong root uptake potential should there be little available P in 
the water column and metabolic pathways that minimize the need for P (Theodorou and Plax-
ton, 1993). Barr(1999) tested uptake rates for P-PO4. 
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Figure 4. This figure shows the average decline and standard error of four tests to measure PO4 removal from the water column in a 
fully planted high light, CO2 fertilized aquarium.  It should not be assumed that all of the PO4 is going into plant biomass, some may 
be precipitated, bacterial uptake or bound by organic molecules. Additionally, luxury uptake is a common aspect of macrophyte up-
take, macrophytes often will take up more PO4 than they need and store it as polyphosphate. 

 
Phosphate’s role in wetland biogeochemistry (macroscopic)   

 
Figure 5. Adapted from IFAS, UF Gainesville, FL. 
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     This figure 5 is important in terms of macrophyte horticulture as well as natural system processes. One aspect often overlooked 
by aquarist is the detrital component from the plants themselves. As the macrophyte detritus is slowly decomposed, it releases PO4 
at low levels and algae, macrophytes, and bacteria respond to this. Thus the PO4 (or NH4, Fe etc) is used up under limiting condi-
tions as fast as it is used up leaving virtually none present in the water column. The rapid cycling of nutrients under limited condi-
tions is common throughout many diverse ecosystems types beside aquatic ecosystems. This makes testing the water column a poor 
indicator of limitations. It also is important to consider what the test method is really testing, the available PO4, or the PO4 locked up 
in particulate matter, the PO4 locked up in peat, soil and organic complexes. Additionally, this diagram also does not show the leech-
ing component from the living macrophyte. This should be included. 
 
• Sediment Phosphorus or the Water Column? 
 
     In natural system studies on aquatic macrophytes there has been strong interest around the respective role of sediment and water 
as nutrient source (Best and Mantai, 1978; Rattray et al., 1991). Carignan and Kalff (1980) have shown that for P sources, that sedi-
ment plays a key role in the nutrition of macrophytes. In studies involving macrophyte roots;) showed a strong similarity between 
aquatic and terrestrial plant roots (Agami and Waisel, 1986). Mantai and Newton (1982) showed an increase in root growth with 
decreasing nitrate and phosphate concentrations in sediment. With high levels of N and P in the water column, plants tend to expend 
more resources in acquisition. However, water parameters such as trophic level (e.g. Lachavanne, 1985), temperature (e.g. Pip, 1989) 
and light penetration (e.g. Chambers and Kalff, 1985) are also of importance, especially when plant communities of different water 
bodies are compared. The major remineralization takes place in the sediment providing a steady supply of NH4+ and PO43- and a low 
redox potential assuring that PO43-, Fe++ and Mn++ are accessible in soluble forms whereas these ions tend to precipitate in the overly-
ing oxygenated water column (Barko et al., 1991). Though, most aquatic plants are able to absorb nutrients over the entire plant sur-
face (Denny, 1980), due to a thin cuticle (Arber, 1920), most authors have shown that aquatic plants predominantly grow with the 
sediment as the main source of nitrogen and phosphorus (Carignan & Kalff, 1980; Barko & Smart, 1981; Chambers et al. 1989). In 
the case of phosphorus, 90-100% of the uptake can be derived from the sediment (Carignan & Kalff, 1980; Barko & Smart, 1981). 
However, this may be merely an artifact of the differences of storage of the pool of PO4 rather than a plant’s “preference” of a 
source of PO4 over another. Other researchers have shown that even without any roots at all (they were cut from the plants), in nutri-

ent rich streams, the plants had the 
same growth rates as the control plants 
with roots (Madsen, Cedergreen, 
2002). Given this conflict in the re-
search, adding PO4 to both locations 
appears prudent. Aquarists have the 
control to add PO4 in either location 
and without fear of algae blooms. This 
reduces the transport cost associate 
with nutrient allocation. As substrates 
clog with organic matter and become 
depleted of nutrients, the transfer of 
PO4 (and O2 as well as other nutri-
ents) from the water column to the 
root zone becomes reduced. Periodic 
stirring or gravel vacuuming of the 
substrate can help to minimize this 
effect. Even if the PO4 is added to the 
substrate, without O2, the plant’s roots 
(and the bacteria which reply on O2) 
cannot function at optimal capacity. 
So this approach to maintaining the 
substrate’s porosity may help macro-
phyte growth no matter where the nu-
trients are added. 
 

Phosphorus’ Role in Aquatic Macrophyte Horticulture 

The Vampire pleco 



Continued on page 9 Page 8 

Barr Report  

• Planted aquariums:  
 
     PO4 has long been implicated in the cause of algae in planted aquariums (Dupla, Kasslemann, Amano, PMDD) but this is un-
founded ands cannot be replicated. Large amounts of PO4 in bioavailable forms can be added to aquariums with high plant biomass 
and not produce any algae, often times plant production will go very fast and produce large amounts of O2 gas that is visible on the 
plants. Often this occurs under limited conditions in about 40 minutes after dosing KH2PO4 to the water column. Clearly, foliar up-
take must plant a very significant uptake role as this time suggest that is would be difficult to diffuse the PO4 into the substrate up 
through the plants via bulk flow, into the growing leaves. Many have claimed that PO4 excess causes algae, yet with some species of 
green algae, so called green spot algae (Coleochaete orbicularis), high levels of PO4 (2-3ppm) appear to retard this alga with higher 
CO2 levels also (30ppm). If we accept their hypothesis that algae will bloom when high PO4 is present, then why do we not see al-
gae in proliferation in aquariums? To date, no arguments exist to counter this and many aquarists all over the world have been adding 
PO4 for many years now with great success. Aquarists today routinely add PO4 to their planted aquariums with excellent growth and 
no visible algae growth. Older references still appear and many people have stayed with past references that have since been shown 
to be incorrect. This causes confusion to new planted aquarist. Are algae truly limited in the water column in a planted tank or a wet-
land? Is that even possible? 
 

 
 

• Ratios: 
 

     Ratios are popular for becoming accustomed to a routine for many aquarists. While this may be useful for human habits, under 
aquarium situations, the cost of adding and wasting a little KH2PO4, KNO3 or K2SO4 is insignificant. Natural systems must reply 
solely on cycling, we amplify crop production by adding more nutrients for plant growth. 
 
Redfield 
 
The Redfield ratio is often cited as 16:1 N:P, but this is an atomic ratio, not a mass ratio which many often confuse. 16 atoms of Ni-
trogen (atomic mass= 14 g/mole) for each atom of Phosphorus (atomic mass= 30.97 grams/mole). If this ratio is converted into mass: 
16 atoms x 14 g/mole of N = 224 grams of N: 1 atom x 30.97 g/mole = 30.97. Now the mass ratio is: 224grams N/30.97 grams P = 
~7:1. Not 16:1 atomic ratios. 
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Some examples of Relative ratios with aquatic macrophytes 
Inorganic P from various plant species 

 
  

 
 
Adapted from (Amadec 1999): Table 2. Mineral content in shoot segments of successive ages of adult Aldrovandra vesiculosa and 
in turions. Last living whorls were still yellow-green, while the successive first dead ones were brownish. Data given in % of dry 
mass.  
 
The entire article can be viewed: http://bestcarnivorousplants.com/aldrovanda/papers_online/Rootless_aquatic.htm 
 
For more on carnivorous plant nutrition: http://bestcarnivorousplants.com/mineral_nutrition.htm 
 
     Based on the above plant species, we can say that some aquatic macrophytes translocate their P based on age and senescence. So 
depending on what fraction is tested, makes an important determination about how much P is there as well as a ratio. Ratios in the 
water column are not to be assumed to be the same as they are internally inside the macrophyte. As we can see, ratios’ utility is not 
nearly as useful based on plant health, the main issue and lesson is not to allow the nutrient levels to become limiting for optimal 
macrophyte health and growth. Oki et al measured the dry weight contents of 25 vascular aquatic plant species (1988). Of these spe-
cies, the typical range was about 2 to 10x the lowest and the highest, mean average ratios of N: P, roughly 5:1 to 7:1. 
 
     Adding PO4 to aquariums is often suggested for high light CO2 enriched tanks, yet even in vegetated shallow lakes, ornamental 
ponds, we can see similarities. Non carbon enriched aquariums also have been tested with high PO4 levels in the water column with-
out issue (Walstad, 1998; Barr, 2004) or any associated algal bloom. This we may state that excess PO4 concentrations in the water 
column do not induce algae blooms. Many correlate causation, but if it were truly causation, then it should be repeatable by adding 
PO4 to a limited system and induce algae. This has not been shown, thus the correlation does not imply causation. Some other con-
founding factors may exist that where not accounted for. Typical optimal ranges for aquariums vary widely, mainly due to a limiting 
factor and a dosing routine for aquarist. 2.0 to 3.0 ppm [PO4] are commonly used ranges that appear to give optimal results in green 

Hydrilla  0.07ppm 

Egeria     0.17 

Elodea     0.13 (Oki et al, 1988) 

Sago pondweed (Stucknia, formerly Potamogeton) (Howard-Williams 1981a, Van Vierssen 1982b) ranged 
from 0.07 to 1.11ppm 
Many references will cite a range, typically from 0.05ppm to 1ppm for Phosphorus dry weight mass. 
Table 1. 

Shoot segments N P Ca Mg K Na 
Apices 1.31 0.48 0.17 0.16 1.86 0.35 
1st – 6th whorls 0.98 0.30 0.32 0.21 2.11 0.59 
7th – 10th whorls 0.66 0.23 0.38 0.16 2.36 0.84 
11th – 14th 
whorls 

0.76 0.21 0.50 0.16 2.56 1.03 

15th – 18th 
whorls 

0.77 0.16 0.49 0.16 1.93 0.86 

Last living 
whorls 

0.10 0.10 0.75 0.16 2.30 0.56 

1st dead whorls 0.09 0.04 1.10 0.15 0.65 0.19 
Turions 1.76 0.58 0.13 0.15 0.87 0.05 
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spot algae control and plant health and growth. All tank PO4 concentrations in the images here in this article are in this range. All 
except the one with the Discus are the authors, although the author designed the Discus’ tank (seen 4 weeks later) and the owner fol-
lowed the advice (pure silica white sand, no substrate fertilization).  
 
• Testing PO4 
 
     Testing [PO4] maybe tricky for aquarist with limited resources and understanding of the various types of Phosphorus present. It is 
wise to calibrate a test kit with a known standard solution over a series of concentrations, preferably 0.1, 0.5, 1.0 5.0ppm [PO4]. 
Measuring the samples with the test kit in question should then be plotted into excel. If these are plotted in excel and graphed with a 
line, the result should be a straight line. Excel has a function under “Chart” at the top of the tool bar, click on this => “Add trend-
line”, click on this. A pop up box will appear. Chose “linear” and then chose the other tab labelled “Options”, click on display R^2 
value (and display equation on the line on graph if you want to see the rate/slope of the line). This R^2 value should be very close to 
1. If not, then the test method or kit is not accurate. This must be done each time something is measured with a testing method in 
water quality. Many aquarists assume someone else’s results apply to them, or that one concentration applies to any concentration 
the test method reads. This is not the case. If you chose to be precise and accurate and go to that much trouble, leave no stone un-
turned. Make sure no particulate material is present in a test sample also. This will help improve the results. If you suspect high or-
ganic content, a few water large changes will reduce the fraction and dosing KH2PO4 can add bio available PO4 back into the sys-
tem for a reset. As PO4 will combine with Fe under acidic conditions that typically are present in aquariums, care should be consid-
ered when dosing and testing within close time frames.   
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