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Introduction 

Soil analysis is an important tool 
when evaluating soil nutrient status . . 
The results of soil tests are frequently 
taken as a basis for fertilizer recom­
mendations. This is justified in such 
cases where a correlation exists 
between soil test results and crop 
response to fertilizer application. As 
a rule, the effect of a fertilizer nutrient 
should be the lower the higher its 
content in the soil. 
As to potassium, however, many cases 
are known in which no correlation has 
been found between soil test data 
and yield response to potash appli­
cation. In hundreds of trials with rice 
in India good responses to applied 

potash were observed on soils testing 
high in "available" or exchangeable 
K, but sometimes low or no effects of 
potash on soils with poor K status. 

In extreme cases, even negative cor­
relations may exist between exchange­
able K and yield, while the correla­
tion between the K concentration of 
the soil solution and the yield is posi­
tive and highly significant (fig. 1 ). 

The scientific background of these 
phenomena and practical consequen­
ces for soil test interpretation and 
fertilizer application are the subject 
of this leaflet on potassium dynamics 
in the soil. 

Availability of potassium in the soil 

Only a small fraction of the potassium 
requirements of the plant is attained 
by direct contact through root inter­
ception. The largest proportion of the 
K needed by the plants has to be 
transported in the soil to the roots 
(fig. 2). This transport of potassium 
ions is an important factor of K 
availability. lt occurs mainly in the 
soil solution, the liquid phase of the 
soil, by mass flow (with the water 
moving to the plant root) and diffusion 
along a concentration gradient that is 
built up by the absorbing root. In the 
immediate vicinity of the roots, the 
soil solution is rapidly exhausted of 
nutrients due to removal by the plants 
(fig. 3). Continuous potassium supply 
to the growing plant is only ensured 
when the rate of potassium release 
to the soil solution and transport to 
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the roots keeps pace with the rate of 
nutrient uptake. 

Clay minerals are the most important 
source of soil K. They hold the bulk 
of mobile K and release it when the 
concentration of the soil solution falls 
due to plant uptake or to an increase 
in soil moisture. A good K saturation 
of the clay minerals results in an 
equilibrium with a high K concentra­
tion of the soil solution, whereas poor 
K saturation is in equilibrium with 
low K concentration in the soiU>tion 
(fig. 4). 

The composition of the soil solution 
can change rapidly due to variations 
in soil moisture, nutrient uptake by 
plants and other factors. Nevertheless, 
it has been found experimentally that 
the K concentration of the equili-



In numerous cases it 
is difficult to find any 
correlation between 
crop yield or potassium 
uptake and soil test 
potassium 
(exchangeable K), while 
there is a close corre­
lation with the K con­
centration in the soil 
solution. 

Only a very small 
fraction of the total 
amount of K taken up 
by a plant is attained 
by direct contact 
between the roots and 
the soil particles. The 
bulk of K has to be 
transported to the roots 
in the soil solution. 

Plant roots take up 
nutrients from the soil 
solution. The more 
potassium ions are 
dissolved in the soil 
solution, the more are 
available to the plants. 
The K concentration of 
the solution depends 
on the release of K 
from soil minerals. 

', 
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brated soil solution is a reproducible 
value if determined at a suitable 
"standard moisture", e.g. field 
capacity or water saturation. 
Under these conditions the concen­
tration in the soil solution depends on 
the K saturation of the inorganic 
cation exchange capacity (CEC) of 
the soil. At a given content of 
exchangeable K a soil with many K 
adsorbing particles (clay soil) usual­
ly has a lower K concentration in the 
soil solution than a sandy soil with 
less clay (fig. 5). At equal clay 
content, the K concentration of the 
soil solution depends on the nature 
of the clay minerals. 
0 Kaolinitic clay minerals have no 
interlattice binding sites for potas­
sium and a low cation exchange 
capacity. They do not hold non­
exchangeable K. Therefore, they 
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behave similarly to sand and soil 
organic matter, as far as K dynamics 
are concerned. 
8 111itic clay minerals, vermiculite and 
chlorite, on the other hand, adsorb K 
selectively. 
8 The selectivity of montmorillonitic 
clay minerals (smectite) for potassium 
is lower than that of illitic but greater 
than that of kaolinitic clay minerals. 
0 AIIophanes contain very small 
amounts of K, but experiments 
indicate, that K is p-referentially 
adsorbed. 
Depending on the degree of K 
saturation or depletion of these 
minerals, they will either release K 
into the soil solution or adsorb it from 
the solution. Apart from the type of 
mineral the selectivity of the clay 
minerals for potassium depends on 
the site of K adsorption (see below). 



The capacity of a soil 
to release sufficient K 
into the soil solution 
depends on the nutrient 
saturation of the clay 
particles. Only clay 
minerals well supplied 
with potassium ensure 
an adequate K concen­
tration in the soil 
solution. 

For equal saturation of 
the clay minerals, 
heavier soils need 
much more potassium 
than light soils because 
of their higher clay con­
tent. 15 mg exchange­
able K20 per 100 g soil 
can mean high satura­
tion in a sandy soil but 
poor saturation in a 
clay soil. 

The relationship between 
exchangeable K and K 
concentration in the 
soil solution of two soils 
clearly shows that a 
heavier soil requires tar 
more exchangeable K 
than a sandy soil to 
reach the same K con­
centration in the soil 
solution. 
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Planar positions do not represent 
specific K binding sites. 

Edge positions bind K more selec­
tively. 

lnterlattice positions have the highest 
K selectivity. Potassium held at 
interlattice positions is generally 
"non-exchangeable". 

Adequate K concentration in the · soil 
solution (above 0.5 me/1) is attained 
only when the K selective sites have 
been saturated with K so that no 
fixation of K takes place, and a 
sufficient number of planar positions 
are occupied by K. 

The exchangeable (or "available") 
potassium, as determined by soil 
analysis, does not give satisfactory 
information on the level of the 
actually available soil potassium 
unless related to the clay content and 
to the nature of clay minerals. 15 mg 
K20 per 100 g soil (150 ppm) means 
high availability in a sandy soil but 
poor saturation in a clay soil contain­
ing illitic or montmorillonitic clay 
minerals (fig. 5). In laboratory tests 
it is possible to assess the amount of 
exchangeable potassium which is 
needed in a heavy soil to raise the 
soil solution concentration to an 
adequate level. In a clay loam with 
predominantly illitic clay minerals this 
may amount to 60 mg K20/100 g soil 
(600 ppm) or even more (figs. 5 and 
6). In other words: heavy soils require 
considerably more fertilizer potas­
sium to attain a high level of K 
availability than light soils (fig. 7). 

On the other hand, clay soils possess 
a better K buffering capacity than 

6 

sandy soils. They can maintain the K 
concentration of the soil solution at a 
similar level for a long time (fig. 8). 
-In sandy soils, the soil solution con­
centration decreases rather fast so 
that split applications of potash may 
be exped ient. 

As the soil solut ion is depleted of 
nutrients in the immediate vicinity of 
plant roots, the disturbance of the 
equilibrium will result in a release not 
only of exchangeable K but also of 
potassium which initially had been 
non-exchangeable. This release of K 
from non-exchangeable sources can 
be considerable. 

In most cases, however, the rate at 
which non-exchangeable K is set free 
is too low to ensure an adequate K 
supply for high yields. Experiments 
have shown that yields were lowest 
on soils where the plants were left 
to the release of K from non-ex­
changeable reserves (fig. 9). 



• 
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These graphs are to 
demonstrate that with 
the same quantity of 
exchangeable potassium 
present in the soil the 
concentration in the soil 
solution may be different, 
depending on the capacity 
(e .g. clay content) to 
adsorb K. At equal levels 
of exchangeable K, 
a light soil will release K 
at a higher rate into the 
soil solution than a heavy 
soil. The same is true for 
added fertilizer potassium. 

For crop production it 
is of importance whether 
the concentration of 
the soil solution de­
creases rapidly during 
the growing season or 
is maintained at a fair 
level = well buffered. 
Sandy soils show poor 
K buffering and may 
need repeated K dress­
ings or a higher initial 
K concentration in order 
to ensure an adequate 
concentration during 
later growing stages. 

When the exchangeable 
K is depleted in the 
root zone, plants can 
take up potassium 
which was initially non­
exchangeable. But the 
speed of release from 
this source into the 
soil solution is too low 
as to sustain a high­
yielding crop, as shown 
by the results obtained 
on 19 different soils kept 
moist at field capacity. 

7 

.a 

9 

K dynamics (simplified) Ret~ase of K frorn two soils with equal 
le\Je)of exchangeable K and equal fertilrzer .. supply 

K puffering is essential 

K concentration 

K·concentration 
in the 

·soil solution 

in the soil solution 
(me/1) 

Yield and uptake of initially non-exchang~able K 
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Such conditions prevail in many 
heavy soils which have not received 
adequate potash applications for 
decades. These soils do riot only 
strongly bind the fertilizer potassium, 
but even fix it. Potassium then migra­
tes into the expanded clay minerals 
which contract, thereby trapping the 
K ions (fig. 1 0). Thus K is transferred 
into a sparingly available form instead 
of being readily available to the plant. 
lt goes without saying that under such 
circumstances the K concentration in 
the soil solution is too low for 
optimum plant growth. The lack of 
yield response to usual potash 
dressings sometimes observed on 
soils testing low or medium in "avail ­
able" K can often be ascribed to the 
strong fixation of fertilizer potash in 
the soil. This applies particularly to 
clay soils. There heavy rates of 
potash, e.g. several thousands of kilo­
grams per hectare, may be necessary 
to overcome fixation. When applied at 
lower rates, band placement is 
advisable. 

As mentioned before, diffusion is one 
of the major factors of potassium 
movement in the soil. lt increases 
with improved K saturation of the clay 
minerals. When comparing two soils 
with equal levels of exchangeable K, 
but different contents of clay, higher 
diffusion rates are found in the soil 
with lower clay content because of 
its higher degree of K saturation and, 
consequently, higher K concentration 
in the soil solution (fig. 11 ). 

The diffusion rate also depends on 
the moisture status of the soil. In 
laboratory tests it has been shown 
that K movement is faster in a moist 
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soil than in a dry soil (fig. 12). The 
influence of soil moisture on K 
availability has been confirmed in 
greenhouse trials and in field experi­
ments. The results show that at 
optimum soil moisture conditions, 
less K is needed to produce a certain 
yield level (figs. 13 and 14). 

In a relatively dry soil more K has to 
be given in order to overcome the 
decrease in K mobility. This is of 
special importance in rainless 
periods of short duration. Due to 
impaired movement of nutrients, 
potash deficiency and corresponding 
losses in yield and quality will occur 
in case of insufficient K saturation. In 
a wet soil additional potash supplies 
help to counterbalance the -dimin­
ished nutrient uptake capacity of the 
roots caused by poor aeration and 
to avoid unfavourable reduction pro­
cesses in the soil. 



When K fertilization is 
insufficient and plants 
have to rely on non­
exchangeable potassium, 
K is removed from the 
interlattice positions of 
the clay minerals (2). 
Subsequent potash 
supplies first of all 
replenish the clay mine­
rals (3) and are only in 
part available to plant 
roots. To overcome K 
fixation heavy rates 
of potash may be 
necessary. 

K movement by diffusion 
depends on soil moisture 
and soil solution con­
centration. At equal 
moisture status and 
exchangeable K content, 
a light soil shows a 
better K saturation and 
hence a higher K con­
centration in the soil 
solution than a heavy 
soil. Consequently, diffu­
sion proceeds faster in 
a light soil than in a 
heavier soil. 

Diffusion rates are high 
when the soil is moist 
and low when the soil 
is dry. Consequently, 
dry soils need more 
potassium to maintain a 
high diffusion rate. With 
poor diffusion only a 
small part of the total 
nutrient potential of the 
soil is actually available 
to plants. 
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Restricted nutrient avail­
ability due to unfavourable 
soil moisture conditions 
can be counterbalanced 
to a certain extent by 
improving the K status 
of the soil, e.g. by 
fertilizer application. A 
similar yield can be 
obtained with K3 at low 
moisture as with K1 
at optimum soil moisture. 

Improving K availability 
by potash application is 
essential, particularly 
in case of unfavourable 
soil moisture: at insuffi­
cient rainfall to over­
come low mobility of K 
in the soil, at excess 
moisture to compensate 
for the restricted ab­
sorption power of roots 
caused by oxygen defi­
ciency. 

This graph summarises 
part of the processes 
concerning potassium 
dynamics in the soil. 
lt shows the state of 
equilibrium existing 
between the K concen­
tration in the soil solu­
tion and the K ions ad­
sorbed by the clay 
minerals. 
The K slightly bound 
on the surface of the 
clay is the first to be 
taken up by the plant 
root (1 ). Further extrac-



tion by intensive cropping causes ex­
haustion (2). When fertilizer K is applied 
(3) this will be trapped by K-depleted 
interlattice sites of the clay minerals ( 4 ). 
Only after the K selective interlattice 
positions have been filled up, external 
(planar) surfaces of the clay minerals 
become gradually occupied by K. As 
long as K is mainly bound by interlattice 

Under Central European conditions 
with soils containing predominantly 
illitic clay minerals, soil test values, 
as stated on the adjacent table, indi­
cate good K saturation (depending on 
the clay content). 
Once the given values have been 
attained, e.g. after corrective potash 
dressings, normal application rates 
based on the potassium removal at 
the expected yield level are sufficient. 

References 
Graphs were adapted from 

No. 1 Nemeth, K. & Forster, H: 
Die Bodenkultur, 27, No. 2, 111-119 
(1976) 

No. 2 Barber, S. A.: 
J. Agric. and Food Chemistry, 11, 

. 204-207 (1963) 

No. 5 Nemeth, K. & Grimme, H.: 
Soil Science, 114, No. 5, 349-354 
(1972) 

No. 6 Grimme, H., Nemeth, K. & 
v. Braunschweig, L. C.: 
Landw. Forschung, Sonderheft 26/1, 
165-176 (1971) 

No. 8 v. Braunschweig, L. C. & Mengel, K.: 
Landw. Forschung, Sonderheft 26/1, 
65-72 (1971) 

sites the K concentration in the soil solu­
tion remains low, because these sites 
have high selectivity (bonding strength) 
for K. Only if also a certain proportion of 
planar positions (external sites of low 
selectivity) is occupied by K ions, a K 
concentration is attained in the soil solu­
tion which is adequate for optimum plant 
growth. 

Exchangeable potassium 
Soil texture %clay mg K,O/ ppm 

Sand 

Loamy sand 

Sandy loam 

Loam 

Clay 
loam/clay 

0-5 

6-10 

11-15 

16-30 

> 31 

No. 9 Grimme, H.: 

100 g soil 

up to 15 

15-25 

26-30 

31-45 

> 45 

150 

151-250 

251-300 

301-450 

> 450 

Proc. 10th !PI-Congress, Budapest, 
131-136 (1974) 

No. 11 Grimme, H., Nemeth, K. & 
+12 v. Braunschweig, L. C.: 

Intern. Symp. Soil Fert. Eval. Proc. I, 
33-43 New Delhi (1971) 

No. 13 v. Braunschweig, L. C. & Grimme, H.: 
Z. Pfl. Ernahrung u. Bodenkunde, 134, 
No. 3, 246-256 (1973) 

No. 14 Younts, S. E.: 
Americ . Soc. of Agronomy, Spec. 
Publ. 20, 69-82 (1971) 

No. 15 /PI Press Service "ifc" 
Vol. XV, No. 1 (1974) 

11 



' ,; 

Other IPI - Publications 1977 (some examples) 

0 Proceedings of IPI Colloquia and Congresses 
~ Forest fertilization (e, f, g) **) (1967) . . . . . . . . . 
• Fertil ization of protected crops (e, f, g) (1968) . . . . . 
• Transition from extensive to intensive agriculture with fertilizers (e) 

(1969) . . . . . . . . . . . . . . . . . . . . . . 
e Role of fertilization in the intensification of agricultural production 

(e , f, g) (1970) . . . . . . . . . . . . . . 
e Potassium in biochemistry and physiology (e) (1971) . . 
e Potassium in soil (e) (1972) . . . . . . . . . . . . 
o Potass ium in tropical crops and soils (e , f) (1973) . . . 
• Potassium research and agricultural production (e) (1974) 
• Fertilizer use and protein production (e) (1975) 

0 Fertilization of various crops 
• The oil palm, its culture, manuring and uti lization (e) (1972) 
• Mineral nutrition of maize (e) (1975) . . . . . . . . 
• The fertilizer treatment of forest trees (e or f or g) (1970) . 
• Cafeto - Cultivo y fertilizaci6n (s) (1972) . . . . . . . 
• Sweet potato- Nutrient physiology and cultivation (e) (1971) . 
• I PI-Bulletin No . 1: Modern aspects of wheat manuring (e) (1974) . 
• !PI-Bulletin No. 2: Cotton - Culture and fertilization with special 

reference to potash manuring (e or f) (1975) . . . . . 
• !PI-Bulletin No. 3: Aspects of fertilizer use in modern, hjgh-yield 

rice culture (e) (1976) . . . . . . . . . . . . . 
• !PI -Bulletin No. 4: Citrus fertilization (e) 
• !PI-Bulletin No. 5: Maize fertilization (f) 
• IPI Research Topics No. 1: Fert i lizer experiments - the need for 

long-term trials (e) . . . . . . . . . . . . . . . 

8 IPI - Periodicals 
• Potash Review. 11 annual issues dealing with soil sc ience, plant 

nutrition and fertilization problems (e or f or g or s) . . . . . . 
• international fertilizer correspondent (ifc) and corresponsal inter­

nacional agricola (cia). 6 annual issues with short information on 
fertilization problems (e or s) . . . . . . . . . . . . . . 

C) IPI -Slide set 
• " Potassium dynamics in the soil" (15 colour slides) 

*) These prices do not include mailing charges 

Price *) in 
Swiss US-$ francs 

20.- 8.35 
20.- 8.35 

26.- 10.85 

32.- 13.35 
26.- 10.85 
26.- 10.85 
42 .- 17.50 
26.- 10.85 
28.- 11 .65 

15.- 6.25 
28.- 11 .65 
20.- 8.35 
22.- 9.15 
6.- 2.50 
4.- 1.65 

4.- 1.65 

5.- 2.10 

5.- 2.10 

32.- 13.35* **) 

12.- 5.- ***) 

24.- 10.-

**) e = in English ; f = in French ; g = in German ; s = in Spanish ; (e, f, g) means that the volume 
contains articles in the languages mentioned (e or f or g) means that the same volume is 
available in different language versions 

***) Annual subscription rates 

Please ask for the complete list of IPI-Publications: 

International Potash Institute 
P.O. Box · CH-3048 Worblaufen-Bern/Switzerland 

Phone (31) 58 53 73 · Telex 33 430 ipibe eh 

~~ ................ ~ .................................. ~~ .................. ~ ~ 




