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AQUATIC MACROPHYTE MINERAL COMPOSITION 
AND SEDIMENT-WATER COLUMN LINKING 
 
• SEDIMENT-WATER COLUMN LINK 
• MINERAL COMPOSITION OF AQUATIC MACROPHYTES 

AND ASSIMILATION BY MACROPHYTES 
 
INTRODUCTION—SEDIMENT-WATER COLUMN 
LINK 
 
 Macrophytes play a key role in linking the sediment 
and the water column. In recent years, there has been sub-
stantial research on sediment-water column linking for nu-
trient sources (Carignan, 1982). While many water columns 
are limited with respect to nutrient concentrations in natural 
systems (Kasslemann, 1998), enrichment of the water col-
umn through fertilization from agricultural runoff, or 
through aquatic horticultural methods such as those utilized 
by aquarist that maintain dense aquatic macrophytes growth, 
shows that many aquatic plants will use the water column as 
their primary source of nutrients (Cargreen, 2001). In the 
past, it has been assumed that aquatic macrophytes prefer 
sediment nutrients sources for several nutrients such as 
phosphate, ammonium, and iron(Barko, 1981). With respect 
to “preference”, this may be addressed by uptake rates (mg/l 
removed over time), removal of roots, observations of 
macrophytes lacking root sediment structures such as 
mosses and liverworts and the use of non-fertilized sub-
strates. The environmental conditions in the water column 
also plays a dominate role on “preference” as many of these 
nutrients are limited in natural environments whereas the 
aquarist has more control over the environment, dosing, bio-
mass and fauna. Nutrients may leech out of the plant from 
the sediment sources either actively or passively and can 
represent a large fraction of the water column’s nutrient 
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To broadly say that a 
plant prefers sediment 
uptake for a particular 
nutrient does not address 
a comparatively  review 
of a wide range of plants 
and conditions... 

He recognized the importance 
of iron in experiments …  

[see page 3.] 

“As organic material 
is remineralized, it 

becomes available to 
the plants for 

reassimilation..” 

source. All plants decay and slough off detrial material over time. This organic 
material is broken down by bacteria, fungi and some herbivores such as gastro-
pods (snails). As this organic material is remineralized, it becomes available to 
the plants for reassimilation as well as being translocated into the water column. 
While many ecosystems may have very low nutrient concentration measure-
ments in the water column, the removal is replenished rapidly, thereby support-
ing algae and bacteria which are well adapted to such ecosystems. 
 These groups of organisms do not possess a nutrient source from the 
substrate directly, but they do have a source indirectly from the plants leeching 
these nutrients into the water column. As the concentration gradient between 
the water column and the sediment increases, so does the flux of nutrients from 
the sediment into the water column (refer to Frick’s first law of diffusion). 
Given that neither algae nor bacteria require high nutrient demand, they are sel-
dom if ever limited where high density macrophyte growth and biomass occurs. 
This does not imply that algae and bacteria are not limited in all systems, but 
where macrophyte growth and biomass are high, it is very rare. The macro-
phytes themselves may still become potentially limited if no nutrient source is 
present in both the sediment and the water column thereby having only seasonal 
periods of high growth in lakes (Schröder, 1973; Wallsten, 1980). There will 
always be some algae and bacteria since their nutrient requirements are minute, 
where as the macrophytes may not be at all present from a limitation of nutrient 
sources. Whatever role these nutrients play depends more on the structure of the 
plant material, which changes with growth stage, and its consequent palatability 
for various organisms (Morrison et al., 1977) than on its elemental composition, 
although in certain stages of decomposition, N-shortage in particular may slow 
down the overall process (Nickels et al., 1979). This correlates well with aquar-
ium plant observations with high plant density. 
 With respect to nutrient leaching, it was shown that this process occurs 
during the whole year, i.e. not only during decay of the macrophytes, but also 
during their growth phase. This means that macrophytes serve the whole year 
long as a nutrient source in aquatic ecosystems. Since P loss from the plants is 
particularly high, this process will gain in importance in P-limited systems. N 
has a similar effect, although quantitatively smaller. The extent and quality of 
leaching is dependent on plant composition, which changes with age. Regular 
pruning in aquariums may help make this decomposition rate more stable, as 
well as regular water changes to remove this organic fraction and dose with in-
organic macrophyte bioavailable forms. 
 
MINERAL COMPOSITION OF AQUATIC MACROPHYTES AND AS-
SIMILATION BY MACROPHYTES 
 
 History: The importance of mineral nutrients for plant nutrition was 
addressed by J. Liebig and Karl Sprengel. A. L. Polstorff repeated and con-
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“it did become 
apparent that plants 

need a number of 
additional elements, 
the so-called trace 
elements for their 

nutrition … ” 

firmed their findings in 1842. The question of the nature of the mineral nutri-
ents remained unanswered since the composition of a plant's ashes does not 
show whether a certain element found is actually necessary for the survival or 
whether it is merely taken in as by product. Gold and other elements are re-
moved by plants yet gold has no function nor is an essential element for growth. 
The problem was solved when the plant physiologist J. v. Sachs (1832-1897) 
rediscovered the hydroculture technique (hydroponic). It allows to compose ex-
actly defined nutrient solutions and to study the effects of every cation and an-
ion on the growth of the plant. Earlier experiments of J. Woodward (1665-
1728) had shown that plant grow better in water from a river than in rain water 
and that growth was promoted after the water had taken up solutes from the 
soil. The first useable synthetic nutrient solution was produced by J. v. Sachs 
together with the chemist J. A. Stockhardt. It contains: 
 
1g KNO3, 0.5g CaSO4, 0.4g MgSO4 x 7 H2O, 0.5g CaHPO4 and a trace of 
FeCl3 per 1000 ml water. 
 
 He recognized the importance of iron in experiments with iron-free nu-
trient solutions. In 1882, he wrote: ".....But after some time when the third or 
fourth leaf of our experimental plant unfolds, the symptoms of an illness be-
come apparent: the leaves that begin to unfold from now on are completely 
white and produce no chlorophyll. The microscopic analysis shows that no 
chlorophyll grains exist in the protoplasm of such colourless leaves. This now is 
the proof that something was missing in our nutrient mixture; we know from 
earlier observations by GRIS that the illness of our plant, the so-called chlorosis 
is caused by the lack of iron.....it is sufficient to add a small amount of a soluble 
iron salt to the water that the roots take up,....to let the previously completely 
white leaves become green......This observation proves very obviously that iron 
is necessary for the production of chlorophyll though it does not show whether 
the iron is actually a component of the green colour itself." 
 These experiments allowed Sachs to understand the importance of the 
root hairs for the uptake of solute nutrients. At about the same time (1861), J.W. 
Knop developed the nutrient solution still used very often that is called after 
him: 
 
1g Ca(NO3)2, 0.25g MgSO4 x 7 H2O, 0.25g KH2PO4, 0.25g KNO3 and a 
trace of FeSO4 per 1000 ml water. 
 
 The experiments showed that the cations K+, Ca2+, Mg2+ and small 
amounts of Fe2+ or Fe3+, as well as the anions SO42-, H2PO4- (or H3PO4) and 
NO3- are essential for the growth and survival of the plants. Oxygen, carbon 
dioxide and hydrogen that are taken up from the air or the water (respiration, 
photosynthesis) are also imperative. The lack of one of these elements cannot 
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“Today, research has 
show the trace 

elements boron, 
copper, manganese, 

zinc and molybdenum 
are necessary for the 

plants normal nutrition 
… [see page 5]” 

be made up for by the surplus of another, chemically closely related one. Potas-
sium, for example, cannot be replaced by lithium, sodium or rubidium. Atmos-
pheric nitrogen, metallic potassium and elementary sulphur are just as useless. 
Only the respective ions are necessary. The problem of nitrogen use has been 
touched by H. Hellriegel and Wilfarth in 1886 at the meeting of natural scien-
tists in Berlin (cited from Sachs 1887 according to a story of the Kölnische Zei-
tung, 1886): 
 

"Buckwheat, rape, mustard, sugar beets, oat and potatoes can take up 
their complete nitrogen from nitric acid or its compounds. If these plants 
are fed with nitrogen in the form of ammonia, then they can use it only 
as far as it is transformed into nitric acid by micro-organisms of the soil. 
Peas, lupines, seradella, vetches and clover in contrast do not depend on 
nitrogen bound in the soil but are able to take up nitrogen from the air; 
they do not use the bound forms but the free nitrogen of the air. These 
plants live and use the free nitrogen with the help of bacteria that form 
so-called nodules at their roots." 

 
 Certain other ions can be taken up by some plants without being used. 
Halophytes, for example, take up Na+ only because they have a stronger resis-
tance against it than other plants. They have thus opened up an ecological niche 
for themselves. Silicon (SiO2) is found in the ashes of horsetail and in the 
shoots of grasses sometimes even in considerable amounts. But it is not essen-
tial. Only diatoms and some other algae need it for the production of their 
shells. Some marine algae (especially brown algae) accumulate iodine but noth-
ing is known about its significance. The average share that the single mineral 
elements have in the dry weight of plants is: 
 
NO3

-: 1- 3%, K+: 0.3- 6%, Ca2+: 0.1- 3.5%, HPO4
2-: 0.05- 1%, Mg2+: 0.05- 

0.7%, SO2
2-: 0.05- 1.5%.1 

 
 When in the 20th century the demands to the purity of chemicals grew, 
it did become apparent that plants need a number of additional elements , the 
so-called trace elements for their nutrition. R. D. Hoagland (1884- 1949) de-
veloped a solution of trace elements he called the A-Z solution, 1 ml of which is 
added to one of the standard nutrient solutions (for example the nutrient solu-
tion of Knop): 
 
0.5g LiCl, 1g CuSO4 x H2O, 1g ZnSO4, 11g H3BO3, 1g Al2(SO4)3, 0.5g SnCl2 
x 2 H2O, 7g MnCl2 x 4 H2O, 1g NiSO4 x 6 H2O, 1g Co(NO3)2 x 6 H2O, 0.5g 
KI, 1g TiO2, 0.5g KBr in 18 l water. 
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“… many seek to increase the red coloration by 
maintaining low but non plant stunting levels of NO3 in 

order to increase red coloration.” 

 Today, research has 
shown the trace elements 
boron, copper, manganese, 
zinc and molybdenum are 
necessary for the plant's 
normal nutrition. If the 
other components of 
Hoagland’s solution are 
really - and especially for 
all plant species - required 
is unknown. There are hints 
that certain algae need Co2+ 
for the synthesis of vitamin 
B12. The lack of certain ele-
ments leads to characteris-
tic symptoms. The defi-
ciency of Fe2+, Mn2+ and 
molybdenum causes a 
brightening of the leaves 
(chlorosis, originating from 
a loss of chlorophyll). A 
zinc deficiency induces the 
stunted growth of leaves, 
the lack of boron acid leads 
to heart blight in sugar 
beets suggesting an effect 
of boron on meristematic 
tissues. The significance of 
the respective mineral com-
ponents for the plant me-
tabolism can be found in 
the table below. 
 
[See Table 1:  SIGNIFI-
CANCE OF MINERAL 
COMPOUNDS FOR 
PLANT CELLS] 
 
 Plants require min-
eral elements for survival. 
Not all species require the 
same complement of min-
erals in the same amounts, 

SIGNIFICANCE OF MINERAL COMPOUNDS FOR PLANT CELLS 

mineral significance 

nitrate  amino acids, proteins, nucleotides, chlorophyll, 
etc.  

potassium  

co-factor of many enzymes, necessary for 
regulatory processes 
(like guard cell movements) and for syntheses, for 
example protein biosynthesis  

calcium  
regulatory functions, has part in cell wall 
structure; stabilizes membranes, 
controls movements  

phosphate  

energetic bonds (ATP), component of nucleic 
acids, 
has part in phosphorylations, for example of 
sugars and proteins  

magnesium  chlorophyll component, counter ion of ATP, 
important for protein biosynthesis  

sulphur  amino acid and protein component, coenzyme A  

iron  necessary for chlorophyll synthesis, component of 
cytochromes and ferredoxin  

chloride  takes part in osmotic processes  

copper  co-factor of some enzymes  

manganese  like copper, component of protein biosynthesis  

zinc  like copper (for example carboxypeptidase, DNA-
dependent RNA polymerase)  

molybdenum  controls nitrogen metabolism  

borate  influences use of Ca2+  

Table 1 
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but the differences between species are much less variable than the differences between the amounts of spe-
cific minerals within a single species. Each plant requires minerals in various proportions. Large amounts of 
some minerals (C,H, O, P, K, N, S, Ca, Fe, Mg), called MACRONUTRIENTS, are essential. Other elements 
(Mo, Cu, Zn, Mn, Fe, B, Cl) are needed in much lower quantities and are therefore called MICRONUTRI-
ENTS. Micronutrients may be just as important to survival as macronutrients, the amount needed is simply 
less. In addition to those elements listed above, certain plants need special nutrients (Si, Co, Na, V) for proper 
growth and survival (Horsetails ferns for example, require Si). 
 
 Below is data from Epstein which is widely cited and referenced. 
 
Table 2:  Adequate tissue levels of nutrients that may be required for growth. 
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 While aquatic macrophytes are variable in their mineral ratios and terrestrial plants tend to have more 
support tissue, this table is useful and correlates well with a number of mineral analysis on submersed aquatic 
macrophytes (SFWMD, 2000-2005).2 

  Below is a relative mobility table for various nutrients in plants from Epstein 1972. It is important to 
note that the aquatic water column baths plants leaves as well as their roots to these nutrient sources, whereas 
terrestrial and hydroponically grown plants do not have access to these nutrients unless foliar applications of 
fertilizers are included. Therefore it is not entirely known if this influences growth in a similar manner in 
aquatic plants as in terrestrial systems. For example, even in high Ca++ water, signs that might be assumed to 
be terrestrial Ca++ deficiencies occur. Additionally, while these terms convey an absolute mobility or immo-
bility, the actual case is that these are relative mobilities, some movement can and does occur (How could a 
terrestrial plant get the Ca, Fe, S, B, Cu to the grow tips if the nutrients came from the roots?) Plants have in-
ternal chelators for transport of Fe and other so called immobile nutrients. 
 
 
 
 
 
 
 
  
 
 
 
 
 Table 4 (on the following page) reproduces the collected data of Landolt and Kandeler (1987). This 
data is for duckweed, Lemnacae. It makes a good model for the water column as the plant is floating and there-
fore not influenced by DIC carbon(CO2) limnitation and this focuses the issue upon the other mineral nutri-
ents. He also indicated (1987, p 11) that the K/Ca ratio varies from  1 to 2, the Ca/Mg ration from 0.05 to 
20.  This is not surprising, because duckweeds store varying amounts of calcium as calcium oxalate crystals in 
the vacuole, as demonstrated by the work of V.R. Francesci.  The C/N ratio varies more modestly, in the range 
of 6.7 to 8.6. 
 From Landolt and Kandeler, 1987 p. 10 This shows the wide ranges that occur in the environment. 
Wetzel gives overall values of 1000 C : 175 N : 25 P (l P : 7 N : 40 C). This maybe for emergent plants as 
well. Bowes suggested a wide ranging average of approximately 1P : 10N and for microphytic algae and 
cyanobacteria about 1P : 14N (2004).  While many aquarist focusing on aquatic macrophyte fertilization meth-
ods seek to maintain close stable tolerances and ratios, the natural system show a very wide range of ratios and 
growth is only effected significantly when there is a limitation, the ratios of and in themselves have much less 
impact and significance. This observation is also supported in the wide ranging nutrient levels found in aquari-
ums that support good production and growth of macrophytes. It is reasonable to assume this plays much less 
significance than limitations. Some extremes may occur where it plays a significant impact, but test have 
shown these to be very extreme and generally influence other fauna prior to impacting submersed aquatic 
macrophytes (Barr, 1997-2005). 

                  Mobile                        Immobile 
Nitrogen Calicum 
Potassium Sulfur 
Magnesium Iron 
Phosphorus Boron 
Chlorine Copper 
Sodium  
Zinc  
Molybdenum  
 Table 3 
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“The ‘flux’ can be 
determined by Fick’s first 

law of diffusion ...” 

 In the past, and still today, many 
aquarist have erroneously assumed that 
plant- plant interactions and allelopathy 
are occurring when in fact it has been due 
that different species of SAM’s require 
more than other species of a particular 
nutrient. This leads some to conclude that 
a species is producing a chemical that 
suppresses the other species. The method 
of adding “just enough” for the plants is a 
popluar notion for a number of well 
know aquarist, but just enough for which 
plant? All SAMs? The observation is that 
some species are thriving yet some spe-
cies are waning and have poor growth, 
when more nutrients are added (CO2, 
light, NO3 etc), both species grow well in 
the same environment and this effect is 
no longer observed. This strongly suggest 
limitations are being assumed as allelo-
pathic interactions. If the impact of the 
allelopathy is occurring, it would also 
likely occur at higher nutrient concentra-
tions. When aquarist attempt to maintain 
very low levels of nutrients, this situation 
may often occur and lead them to assume 
that allelopathy is the cause. Unless they 
test this effect at higher nutrient concen-
trations, they cannot safely suggest that it 
is allelopathy that is occurring. In non 
carbon enriched systems, the nutrient lev-
els often can be very low and still main-
tain the plant growth, but many species 
will not grow well.  The addition of a 
small amounts of nutrients have shown to 
produce good growth in many species 

previously assumed unable for culture in non CO2 or carbon enriched aquari-
ums (Barr 2003-2005).  Additionally, this notion can be tested quite easily by 
aquarist by simply adding more nutrients at progressively slightly higher con-
centrations and noting plant health of the species of interest. Resource competi-
tion is not the same as allelopathic competition and aquarist should be keenly 
aware of this when approaching growth issues. 
 

Variation of content of elements,  % of dry weight
Ag  
Al  
As  
B  
Ba  
Br  
C  
Ca  
Cd  
Ce  
Cl  
Co  
Cr  
Cs  
Cu  
F  
Fe  
Ga  
H  
Hg  
J  
K  
La  
Li 

0.3 — 50 x10-6  
0.000—11.4  
0.2—23.5 x10-3  
0.02—3.25  
0.03—0.11  
0.25—0.65 x10-2  
30.5—43.7  
0.18—4.5  
<0.1x10-4 — 6.7  
0.2 x 10-3  
0.08—4.29  
0.9 x 10-4 —1.1  
0.3—17.8 x 10-3  
0.4—50 x 10-3  
0.2 X 10-3 - 3.2   
0.2 X 10-3  
0.007—3.2  
0.9 X 10-4  
5.4  
0.04—18 x 10-4  
0.4—25 x l0-4  
0.03—7.0  
0.9 x 10-4  
0.8—6 x 10-3 

Mg  
Mn  
Mo  
N  
Na  
Nb  
Ni  
P  
Pb  
Pr  
Ra  
Rb  
S  
Sb  
Se  
Si  
Sn  
Sr  
Ti  
V  
Y  
Zn  
Zr 

0.04—2.8  
0.003—6.4  
0.2—0.4 x10-3  
0.8—7.8  
0.03—1.3  
0.2 x 10-3  
0.7 x 10-4 — 0.2  
0.03—2.8  
0.2x10-4 — 0.02  
0.4 x 10-4  
traces  
0.0054  
0.33—7.0  
0.0015—0.012  
0.0018—0.012   
0.41-5.35   
0.2 - 3.6 x 10-2   
0.008 - 0.11   
0.0018 - 0.32  
0.3—10 x 10-3  
0.4 x 10-4  
0.004—0.14  
0.9 x 10-4 

 Table 4 
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Duckweed case study 
 
 The occurrence and composition of species of Lemnaceae in different lakes and ponds of the same re-
gion (with the same climate) may vary considerably. Though many differences in the composition of the spe-
cies are merely accidental as was shown in Wolek (1983), the chemical composition of the water is responsible 
in many cases. In addition, competition by other water plants, presence or absence of fish and other animals 
feeding on duckweed, occasional drying out, and use of herbicides play an important role. In spite of many 
field investigations with water analysis and extensive cultivation experiments, little is known about the optimal 
chemical composition which select different species in mature. This may be due to the following facts: 
• The nutrient content of the water changes during the year; to be able to compare the different locations, it 

is necessary to make several measurements during the course of the year; 
• The nutrients of the ecosystem are only partly in the water; many nutrients may be stored in the biomass of 

a thick Lemnaceae cover; 
• Some of the nutrients in the water (e.g. Fe, Mn) may not be accessible for the Lemnaceae due to precipita-

tion at a pH which is too high, and due to the absence of chelating organic substances; 
• Dust and clay particles in the water may contain some nutrients accessible for Lemnaceae (McLAY 1973, 

MEALY and McCOLL 1974b); these particles are filtered off before analysing the water and are therefore 
not measured. 

 While natural environmental conditions vary, the aquarist may greatly enhance and stabilize the growth 
needs of aquatic macrophytes, therefore it is not a direct application to take aquatic macrophyte research based 
solely upon natural field studies for application to aquarium horticulture. What the plants are subjected to in 
their environment is not implied as optimal conditions. Care must be taken so that many aquarist do not make 
this mistake in assuming natural systems equal optimal growth and environments. The field studies do show a 
wide range of nutrient content, elemental dry weight variation yet little differences in the growth rates. Aquatic 
macrophytes are therefore adapted to a wide range of nutrient ratios and concentrations that will yield similar 
growth rates. This also correlated with the aquarist’s observations and test. 
 The most important environmental factors affecting the abundance and distribution of aquatic macro-
phytes in lakes are light availability (Spence 1975; Chambers and Kalff 1985; Nichols 1992; and Canfield et 
al. 1985), lake trophic characteristics as they relate to nutrients and water chemistry, (Hutchinson 1975; Beal 
1977; Kando 1982; Hoyer et al. 1996), substrate (sediment) characteristics (Pearsall 1920; Barko et al. 1986; 
Nichols 1992), and wind energy (Duarte and Kalff 1986; Dieter 1990). Lake morphology (e.g., shape, depth 
etc.), size, and watershed characteristics are related to these factors independently and in combination (Pearsall 
1917; Spence 1982; Duarte and Kalff 1986; Gasith and Hoyer 1997). 
 To broadly say that a plant prefers sediment uptake for a particular nutrient does not address a com-
parative review of a wide range of aquatic macrophytes and a wide range of conditions. This occurred in the 
past and showed that phosphorus was not related to algae presence as once assumed, nor that aquatic macro-
phytes particularly prefer soft water as well as a number of previously held myths. As aquatic horticulture 
methods attempt to draw from scienctific research, the application and consideration of such research should 
be weighed carefully, discussed and tested. Observations are very useful, but care must be given to our as-
sumptions about these observations. 
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Footnotes: 
1. It is very important to note that there is a wide range here. Aquatic macrophytes are not organisms that re-

quire extremely narrow ranges geochemically and ecologically to survive. 
2. More references on variability shall be added to this portion of the article at a later date when the tables are 

completed 
 


