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     Potassium (K+) is the third major essential plant nutrient 
along with Nitrogen (N) and Phosphorus (P) and often fer-
tilizers list the amounts of these three main nutrients on the 
bags as NPK ratios. Its importance in plant growth and de-
velopment has been known for over 150 years (Liebig, 
1840). The letter K, used to symbolize potassium, comes 
from the German word kalium. During Colonial times, peo-
ple burned wood and other organic matter in pots to manu-
facture soap. The ashes were rinsed and the water was al-
lowed to evaporate, leaving a residue of potassium salts. 
People called the residue “pot ashes” or potash. These salts 
were boiled with animal fat to produce soap. In 1868, Sam-
uel William Jackson, a botanist in Connecticut, burned 
plants and analyzed the ash. Jackson found plants consisted 
of large amounts of potassium, as well as other minerals. 
His work led to the use of fertilizers to promote an in crease 
in crop yields. Normally, potassium is not limited in aquatic 
ecosystems (Wetzel 1975), and most submersed plants can 
readily obtain this element out of the water column (Barko 
and Smart 1981). It is essential for the growth and develop-
ment for all plants. It is absorbed by plant roots as well as 
through the leaves as the cation (K+), a form in which it 
freely moves within growing plants. Barko et al has showed 
that aquatic plant uptake is mainly through foliar leaf uptake 
(Barko et al, 1988) in the species studied. While this study 
is often cited, it does not imply that all aquatic plant spe-
cies are capable of this uptake mode but it does appear to 
hold true in horticultural experiences with most aquatic 
plants grown in aquariums. Aquarist without scientific 
background should be careful about how they apply the 
knowledge and realize it takes many studies on a wide num-
ber of plants (comparative studies and review articles on 
current and past research) to make such generalizations 
about all or most plant species. Further research indicates 
that more species also typically uptake K+ from the water 
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column (Barko 1991) (Carignan.1982). Unlike all the other major elements, po-
tassium does not enter into the composition of any of the important plant con-
stituents, such as proteins, chlorophyll, fats and carbohydrates, concerned in 
plant metabolism. For this reason its role is more difficult to determine and in 
spite of much study it cannot be said that the functions of potassium are clearly 
understood.  
     The element is present in all parts of plants in large or fairly large propor-
tions. It seems to be of special importance in leaves and at growing points, as 
these are especially rich in potassium. Probably the whole of the potassium in 
plants is present in soluble form and most of it seems to be contained in the cell 
sap and cytoplasm. It is outstanding among the nutrient elements for its mobil-
ity and solubility within the plant tissues and these properties no doubt account 
for the ready way in which potassium can be re-utilized by young tissues when 
the element is in short supply. In natural settings, typically prior to the onset of 
the growth season, K+ levels are highest (as is true of most major nutrients) 
(Hwang et al, 1996). It has been shown in many instances that the potassium 
content of plants is frequently much higher than is necessary for healthy growth 
and it is generally considered that luxury (i.e. unnecessary) absorption of potas-
sium often takes place.  
 
Function: 
     Potassium activates no less than sixty enzymes. It is involved in all major 
plant growth processes. Unlike N and P, K+ is not incorporated into the plant’s 
structure. K+ is not bound to organic forms. Potassium is absorbed by plants in 
larger amounts than any other mineral element except for perhaps Nitrogen and 
Calcium is some cases. Its role with respect to other nutrients is becoming in-
creasingly more complex as research develops further, but still, a great deal is 
simply not known. Potassium is the most abundant cation in the cytoplasm of 
the plant, and potassium salts are responsible for the osmotic potential of cells 
and tissues. The high concentration of potassium in the cytoplasm and chloro-
plasts are responsible for maintaining the pH of the cell and tissue between 7 
and 8. In potassium deficient plants if the pH drops below 7 many plant proc-
esses will stop. An example of this is that a cell pH of 6.7 nitrate reductase ac-
tivity almost completely stops. In order for a plant to use nitrogen, it must com-
bine NO3 with K+ at the root surface for transport up the Xylem of the plant. It 
is difficult to imagine a growth or reproduction process in plants that is not di-
rectly or indirectly impacted in a very significant way by K. Potassium plays a 
significant role in Photosynthesis. A plant that possesses optimal K+ levels in 
the cytoplasm will be more efficient in photosynthesis. 
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       Table 1 
     Table 1 shows how efficiency correlates to plant production and K+ levels. 
Based on this table it could be implied that higher K+ levels improve plant pro-
duction/growth rate. 
 
Major functions/role of potassium in crop growth are as follows: 
• Potassium promotes photosynthesis, thus lead to the formation of carbohy-

drates, oils, fats and proteins (photosynthates). 
• Potassium promotes the transport of photosynthates to storage organs of 

crops (seeds, roots, fruits, tubers). 
• Being essential for the formation and translocation of sugars in plants, po-

tassium is of utmost importance for crops like sugarcane, sugar beet, sweet 
potato and other tuber crops. 

• Potassium enhances the production of protein and thus improves the effi-
ciency of fertilizer nitrogen. 

• Potassium increases the ability of plants to withstand stresses such as attack 
of pests and diseases, drought and frost. 

• Potassium can be important in making plants more resistant to lodging. 
• Potassium enhances the absorption of water by the roots and leads to water 

economy of the plant in general. 
• Potassium is essential for the development of a healthy root system and 

makes plants more resistant to poor soil aeration or conditions of poor 
drainage. 

• Potassium improves the quality of crops and prolongs their shelf life. It is 
thus most important for crops when quality is of special concern (tobacco, 
fruit and fiber crops). 

• Potassium increases the size and improves the color of fruits thus increasing 
their market value and consumer acceptance. 

• Potassium favors the production of oil in crops such as oil palm, rape-seed, 
peanut and soybean. 

• Potassium is essential for efficient biological nitrogen fixation by various 
organisms. 

 
     The amount of potassium removed through crop harvests is quite large. 
Typical concentration of potassium in healthy foliage range from 1 to 4% on a 
dry matter basis. It is reasonable to assume the same with aquatic plants given 
their rapid growth rates. In several crops, K removals are much larger than ni-

Leaf K+, mg/
gram dry 
weight 

Photosynthesis 
(gram dry weight/
day) 

Photorespiration 

12.8 11.9 4.0 

19.8 21.7 5.9 

38.4 34.0 9.0 
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trogen and in some cases it is as high as 3 to 4 times that of nitrogen. It is used 
in larger amounts than any other element except N. Many plants have "luxury 
consumption", the plants take up more than is needed. K is not a part of any 
structural component of the plant as it is located in the cell sap as an inorganic 
salt. All the foodgrain crops required more potash than nitrogen for production 
of 1 ton of grain. When the previous article on nitrogen compared K+ to N ra-
tios, this uptake difference was not addressed, but the ratio itself is of less con-
cern and more whether the K+ are limiting or not. Epstein (1972) suggested a 
ratio of dry weights of about 1:1 and the mineral assimilation tables on a wide 
range of aquatic Macrophytes also showed a range of close to 1:1(Barr 2005), 
so while uptake may be higher in food crops, adding a higher ratio of K+ will 
neither hurt nor help in typical aquatic horticultural practice. This also is gener-
ally agreed upon by consensus of most aquatic plant growers and hobbyists. 
 
Using KNO3 as the sole source of K+ in practical dosing methods for 
aquariums. 
 
An old post from Tom Barr: 
 
     “If you dose a fair amount of NO3 via KNO3, keep nice tank parameters, don't have much 
fish load, I'd suspect you don't need to add K separately. Steve Dixon and I did this for awhile; 
there were times when folks could not get any K2SO4 around the area, so we did without. We 
never really found much difference. Steve suggested we did not need any extra K as it was be-
ing supplied via KNO3. If you have 6.4 ppm of so of NO3, then you add 4 ppm of K using 
KNO3. Some products have K+, like TMG.I find it unlikely you really need MORE K+ to grow 
plants well and it's one less thing that folks need to dose which is my goal here. Looking at a 
mass balance of N/K+ ratios, __most/many__ plants have about 1.5:1 ratios of N: K (Epstein 
1972). Now take into account the O3 part of NO3 and to get elemental N and you suddenly find 
you have plenty of K+ for plant growth. So 1.5/4.4= .34 N's for every K+ you add. So you 
should theoretically have 3x as much K as you need relative to N x the 1.5/1 ratio = 4.5x as 
much K+ relative to N per dose. There are other sources of N, plant decomposition, fish waste 
but some K+ comes from these pools also. I really do doubt that adding K2SO4 to such a tank 
will make any significant difference. Unlike NO3 and denitrifying bacteria NO3=>N2 gas, there 
is not much to the K+ cycle except for plant uptake/leaching. So it certainly is something folks 
can skip if they add KNO3 as their main source of N. Now if you have a good fish load, over 
feed Discus, slow growth/non CO2 etc, adding K+ from KCl/K2SO4 is advisable since you 
already will have plenty of NO3. But for many, KNO3 as the source of both N and K should do 
the trick. I'd say you simply don't need but 3 things, KH2PO4, KNO3 and traces. Perhaps GH is 
its low or Mg is suspect. And then the other two parts: Light and CO2. I'm glad Mr. Ghori 
brought it up (Excess K+ supposedly causing stunting due to Ca++ blocking inhibition) as I've 
not thought about it since I guess 1997 or so. He suggested that levels above 10-20ppm K+ 
caused inhibition due to Ca++ blockage as evidence of stunted tips (but it should be noted that 
stunted tips in aquatic macrophytes may not be due to Ca++ but rather a host of potential is-
sues). But going through it, it should not be a problem even with all the different plant species 
needs and possible extra K+ needs a plant might have. I think it’ll be EVEN easier for the new 
folks and us too, to delete one more nutrient from the mix. That is a GOOD GOAL. The goal is 
to reduce down with simpler designs/methods/dosing routines for folks that still work very well. 
Importantly: Just remember if you have NO3 issues from the tap/fish load, you will still find a 



Continued on page 6 

Potassium dynamics in Aquatic Macrophytes 

Page 5 

Volume 1, Issue 9 

 

“… Potassium 
promotes 

photosynthesis, thus 
lead to the formation 

of carbohydrates, oils, 
fats, and proteins.” 

use for K+ dosing from KCl or K2SO4.” 
     So can excess K+ cause Ca++ uptake issues at the ranges suggested by a 
number of aquarist? 
 
K+ substitution studies. 
     There is scant evidence in the research on this but one studies done showed 
that Mg++ can substitute for K+ when K+ is low while Ca++ did not 
(Wallander and Wickman, 1999). In the case of the macronutrients, excessive 
amounts of Mg will compete with K for uptake and can possibly induce a K de-
ficiency as suggested by another study in the (Taiz Zeglar, 1998). Numerous 
studies have shown that NH4+ will compete with K+ for uptake (Wang et al, 
1996) (Gazzarrini et al, 1999). The confusion in this suggestion by aquarist was 
based on a lack of what the research was discussing when cited and reviewed. 
The citation used was based on Ca++ acting as a second messenger in K+ sig-
naling, this is not uptake or external concentrations. K+ levels are very high in 
many waters, 100ppm in some water but most of Florida’s lakes have a wide 
range from 2-50ppm (Florida Lakewatch, 2005) and most have aquatic plants 
growing in them.  
     Given that many aquarist do dose high levels of Mg as MgSO4 Epsom salt, 
they could very well be adding too much Mg, and that may be why they have 
stunting and other issues, quite unrelated to the Ca++ levels. Erik Leung re-
ported that the a plant species that was sensitive to Ca++/K+ stunting performed 
well in his award winning tank that won the Aquatic Gardener’s Association 
aquascaping plant contest was in excess of 100ppm K+, Tom Barr also investi-
gated the same species used, Ammannia gracilius , and at 50ppm found no evi-
dence of K+ stunting (Barr, 2004). Other studies discuss sodium’s role in block-
ing K+ uptake (Spalding et al, 1999). Based on the follow up studies and spe-
cific research, high levels of K+ do not appear to be the issue with respect to 
Ca++ in aquatic ecosystems. 
 
Uniformity 
     Not all tissues of a plant are at the same nutrient status during times of stress 
and growth. Leaves on the same plant that are exposed to different environ-
mental conditions, (such as light), or those of different ages may have consider-
able differences in nutrient status (Asher and Ozanne, 1967). K+ stability on the 
growth of plants has been suggested for better horticulture, a good reference: 
Asher, C.J., and P.G. Ozanne. 1967. Growth and potassium content of plants in 
solution cultures maintained at constant potassium concentrations. Soil Sci. 
103:155-161. Growth rate also affects nutrient status. When the nutrient supply 
is barely inadequate for growth under existing environmental conditions, many 
plants adjust their growth rate to match that supported by the available nutrient 
supply without displaying typical visual deficiency symptoms. This especially 
true of PO4 more than most other nutrients as well as the trace elements. Agri-
cultural systems differ from natural systems in that crop plants have been se-
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lected primarily for rapid growth under low stress conditions. This rapid growth rate results in a high nutrient 
demand by these plants and a higher incidence of nutrient deficiency unless supplemental fertilizers are sup-
plied. While many aquarist and hobbyists seek to use natural studies, these are often poorly applied when mak-
ing an argument for support, whereas agriculture references are often more specific in terms of gardening, 
which is more similar to what an aquatic horticulture hobbyist would do. A mix of both fields allows better 
conclusions and stronger argument for support as well as using tropical lake and stream studies rather than 
cold northern temperate lakes that freeze over or have a low % of plant biomass relative to lake area. 
 
Electric potential: 
     Research has shown that plants can create an electric potential of almost 0.25 volts across the cell mem-
brane (Sussman 2002). That differential allows root cells to draw the positively charge potassium ions from 
soil water into the negatively charged cells. The nutrient moves through special membrane proteins called po-
tassium channels. The electrical gradient in plants is several times greater than the one in animal and human 
nerves. It allows plants to take up and concentrate enormous amounts of potassium from soils that have rela-
tively little of the element. This same idea is very likely to occur in freshwater and salt water macrophytes. Re-
search with Arabidopsis thaliana, a small mustard relative species, and researchers created 14,000 mutant 
plants. Using a method called reverse genetics, the team found one plant that contained a defective mutant po-
tassium channel gene. By comparing the mutant with plants with a functioning gene (the control), the research-
ers could test just how well the potassium channel really worked in plants. Many crops may not have the exact 
same potassium channel gene as the one in Arabidopsis, but many will have a very similar gene. Plants have a 
family of potassium channel genes. By identifying and testing each separately, researchers can evaluate all of 
them with an eye toward developing plants that grow well with less potassium fertilizer and understanding the 
limits of K+ concentrations in the environment. 
 
Some examples of Relative ratios with aquatic macrophytes 
 

 

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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     Adapted from (Amadec 1999): Table 2. Mineral content in shoot segments of successive ages of adult Al-
drovandra 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 
 
                         Unit of            Range or single 
                         measurea            observation 
  Element                                    (referenceb) 
------------------------------------------------------------------- 
 
  Carbon (C)                %                  35.7-39.5 (4) 
  Calcium (Ca)             %                  0.16 (5)-22 (1) 
  Chlorine (Cl)             %                  0.55-2.35 (7) 
  Cobalt (Co)             ppm                2.8 (8)-26.0 (4) 
  Copper (Cu)            ppm                8 (8)-103 (3) 
  Iron (Fe)                    %                  0 03 (5)-5 0 (1) 
  Potassium (K)           %                  0.59 (1)-5.34 (5) 
  Magnesium (Mg)      %                  0.05 (9~6.08 (1) 
  Manganese (Mn)       %                  0.01-0.53 (5)  
  Molybdenum (Mo)   ppm                <65-<110 (4)  
  Nitrogen (N)              %                  1.24 (5~6.01 (10) 
  Sodium (Na)              %                  0.10 (9)-4.00 (5) 
  Phosphorus (P)          %                  0.07 (11)-1.11 (5) 
  Silicon (Si)                %                  0.5-1.05 (1) 
  Zinc (Zn)                 ppm                12 (1~340 (6) 
    
-------------------------------------------------------------------- 
                                            
                                                               Table 3  
 
     Elemental composition of above ground green tissues of sago pondweed. 
 
     Measurements refer to oven-dry matter in whole plants or various tissues, except Va, which refers to ash. 
High levels of Ca, Fe, and Mg likely are caused by external encrustations. Reference: (1) Kollman and Wali 
1976 (2) Peverly 1985;(3) Adams et al. 1973; (4) Neel et al. 19i3; (5) Van Vierssen 1982b; (6) Adams et al. 
1980; (7) Ozimek 1978; (8) Varenko and Chuiko 1971, cited in Hutchinson 1975, (9) Riemer and Toth 1968; 
(10) Ho 1979; (11) Howard-Williams 1981, (12) Petkova and Lubyanov 1969, cited in Hutchinson 1975. 
 Given K+ ranges of nearly ten times in natural system, it is difficult to offer a single range or ratio for 
suggestions for horticulture. Other plant species may exhibit even wider ranges in natural systems. Aquarist 
will often ask for such data and information and many are reluctant to offer it without first making sure they 
realize and are aware of limits and ranges of parameters. Potassium levels for the upper stems, lower stems, 
and 
root crowns averaged from 30-60 mg g, while levels in the roots were from 2 to 4 mg g. These shoot potassium 
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levels are comparable to levels found for unplanted sediments, while previously planted sediment values were 
about 22 mg g (Barko et al. 1988). 
     Therefore it does depend greatly on what part of the plant is analyzed as well as the species. In the BarrRe-
port’s mineral assimilation article (August 2005), there was a discussion and table showing % NPK, this ratio 
was roughly 7:1:8 for some 19 aquatic plant species.  
Potassium has an unique role in plant development and yield formation 
     It is difficult to see any step in yield creating processes that are not influenced, directly or indirectly, by K 
because of its role in enzyme function and the creation of cell turgor responsible for the movement of water 
and solutes in the plants as the following examples show. 

     K plays a role in the transfer of nitrate from the roots to the 
shoots and leaves. Without adequate K, nitrate accumulates in 
the roots and a feedback mechanism to the root cells stops fur-
ther nitrate uptake (Figure 1). With respect to aquatic plant 
methods, if the aquarist chooses to use a root based Nitrogen 
fertilizer, this will play a large role.  
 

     Protein production in tobacco: 
     Nitrate in the plant is 
reduced first to amines 
and then incorporated 
into amino acids to ulti-
mately form protein. 
With an inadequate K 
supply, the plant not only 
absorbs less nitrate from 
the soil solution, but less 

is converted into protein. Consequently, nitrate accumulates in the shoot 
and the protein content remains low (Figure 2). Both factors, nitrate and 
protein content, are important contributors to crop quality and growth. 
 
See uptake figure 3 with co transporting of K+, sucrose and NO3: 
 
     A number of transporters use the same mechanism for uptake and 
ionic balance. Using high levels of NH4 can disrupt this ionic balance. 
Replace high levels of NH4 for NO3 in this case in Figure 3 and consider 
what would occur. These mechanisms are regulating and somewhat flexi-
ble, but far from absolute over a wide range of concentrations, while a 
plant may prefer NH4 when the levels are very high, say 2.0ppm , it may not when the levels of NH4+ are 
0.1ppm (Ozimek 1991). Energy conversion, carbohydrate formation and translocation, N metabolism and 
other metabolic processes in plants are controlled by enzyme systems, some 50 of which are activated by K. 
This again points to the versatile and multiple role, K plays in plants. In order to function properly, the meta-
bolic processes require an appropriate hydration and acidity of plant cells. Potassium again is involved in both 
processes. It helps to adjust the osmotic potential in plant cells in the roots, to enable them to absorb water 

Fig. 2. N metabolism of tobacco 
plants as affected by the K avail-
ability (redrawn from Koch & 
Mengel, 1974) 

Fig. 1. K nutrition and nutrient cycling in plants 
(adapted from Marschner et al., 1996) 
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from the soil. In the 
whole plant, K acti-
vates the movement 
of water and solutes, 
it regulates the sto-
mata opening and 
thus, intake of car-
bon dioxide, the 
plants' carbon source 
and it affects the pH 
of plant cells. It is 
the dominant counter 
ion for the large ex-
cess of negative 
charge on proteins 
and nucleic acids. 
Typically in plants, 
cytosolic K+ concen-
trations are of the 
order of 80 to 100 

mM. Natural habitat levels of K+ encountered by both aquatic and terrestrial plants range from low micromolar 
(μM) to high millimolar (mM). Plants have evolved at least two pathways for root K+uptake to ensure suffi-
cient accumulation in the widely varying conditions. These are the high affinity uptake pathway and the low 
affinity uptake pathway, and they have been characterized using the patch clamp technique (see references be-
low, Allen and Sanders 1997 review) as well a genetic mutants (Very and Sentenac 2003). K+ uptake was sug-
gested to be more complex than the dual uptake mechanism by Epstein in the 1950’s. These two enzyme sys-
tems had a high affinity K+ uptake range of 10-40μM and was highly selective for K+ and another low affinity 
uptake system that had a range of about 10 mM but possessed a weak selectivity for K+ cations. Yet Very and 
Sentenac’s research and review has shown that is it is much more dynamic and complex than this simple two 
enzyme system and K+ channels as many locations in the plants have many different needs and requirements 
to balance K+ levels. 
     Many issues still remain unanswered with respect to K+. For aquarium horticulture, and aquatic Macro-
phytes, many of issues may be relevant and even less research is done on aquatic Macrophytes than agricul-
tural crops. General practical experience with some 300 species of aquarium plants over many years and by 
consensus with many aquarist has shown that good K+ levels are about 10-40ppm if the aquarium.   
 
More K+ studies on plant vacuoles  
K+ TRANSPORT AT THE VACUOLAR MEMBRANE 
(For review of Vacuolar Ion Channels of Higher Plants, see G.J. Allen & D. Sanders (1997)  
Adv. Bot. Res. 25: 217-252) 
K+ concentrations in plant vacuoles vary from 10 to 400 mM, and assuming a vacuolar membrane potential of 
-20 mV, there is no clear driving force for K+ in one direction or the other. This means that channel-mediated 
transport of the ion either into or out of the cytosol is possible. Three main channel types exist in plant vacu-

ATPase 

ΔpH 

Co transporter 
H+ 

NO3, K+, 
sucrose 
 

Outside 
the cell 

Inside 
the cell 

ATP 
 
 
ADP + Pi 

H+ 

Figure 3 
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oles which can transport K+. These are  Slow Vacuolar (SV) channels, Fast Vacuolar (FV) channels and 
Vacuolar K+(VK) channels, which have all been identified using the patch clamp technique. So far, VK chan-
nels have been identified only in guard cell vacuoles. Other channels that are K+- selective and active at nega-
tive potentials have been described in vacuoles from a number of species. 
 
Allen, G.J., Sanders, D. & Gradmann, D. (1998) Planta 204: 528-541  
Allen, G.J., Amtmann, A. & Sanders, D. (1998) J. Exp. Bot. 49: 305-318  
Allen, G.J. & Sanders, D. (1996) Plant J. 10: 1055-1067  
Allen, G.J. & Sanders, D. (1995) Plant Cell 7: 1473-1483  
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From IFAS database: 
 
EFFECT OF PHOSPHORUS, POTASSIUM AND ZINC FERTILIZERS ON IRON TOXICITY IN WETLAND RICE (ORYZA 
SATIVA L.)  
RAMIREZ,L.M. ** CLAASSEN,N. ** UBIERA,A.A. ** WERNER,H. ** ET AL  
2002  
PLANT AND SOIL 239(2):197-206  
 POTASSIUM LIMITS POTENTIAL GROWTH OF BOG VEGETATION UNDER ELEVATED ATMOSPHERIC CO2 AND N 
DEPOSITION  
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