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There has been increased interest in understanding the variability one sees in soil test 
potassium (K) levels within a field. Of particular interest is why after 3 or 4 years the soil test K 
(STK) levels are less than or greater than expected based on prior STK levels and nutrient 
budgets for K additions (fertilizer and/or manure) and removals (crop removal of K). It must be 
remembered that K availability is assessed by chemical extractions (soil tests). And any soil test 
only measures a fraction of the K in soil, specifically soil solution K and exchangeable K. This 
paper will highlight factors that affect exchangeable K and subsequently STK levels. 
 
Drying/Wetting 

Exchangeable K can either increase or decrease upon drying and is dependent upon the 
clay minerals present. Potassium fixation (K becomes non-exchangeable) can occur from drying 
soils with high exchangeable K or recent K fertilizer applications. Fixation is a result of K 
becoming trapped within clay sheets as they dry and collapse. While K release (K becomes 
exchangeable) can occur when soils low in exchangeable K are dried because the clay sheets roll 
back and release K (McLean and Watson, 1985). The net effect is dependent upon whether 
fixation or release dominates and is dependent upon the types of clays and the amount of 
weathering they have undergone. Thus, the time of soil sampling in relation to field wetting and 
drying cycles may influence soil test K levels. 
 

In Ap horizon soils of Ohio, Large (1969) found that air-drying on average increased 
exchangeable K by 14.3% compared to field moist soils. However, it must be noted that this was 
an average, and release and fixation were both observed. Past research in Iowa found STK 
increased on average about 25% when soil samples were dried at 35 to 40ºC (95 to 104ºF) (as 
reported by Mallarino et al., 2004). Mallarino et al. (2004) explain that their research “suggests 
that the effect of sample drying (and the temperature used) on extracted K varies greatly across 
soil series, with the soil moisture content when the sample is collected, and with other unknown 
factors.”  These differences in STK brought on by drying soil highlight the point that it is 
important for all soil testing laboratories to follow the same protocol for sample handling. 
Following a uniform protocol, with regard to drying, will minimize using soil test data that are 
not valid because they deviate from conditions that were used to obtain a correlation between 
STK and crop yield response to fertilizer K application.  

 
Freeze/Thaw 

In soils with considerable amounts of mica clays, freezing and thawing cycles will release 
fixed clay. Whereas, in soils containing smaller amounts of mica and having greater amounts of 
exchangeable K, freezing and thawing have no effect on K fixation/release. Thus, depending on 
clay mineralogy present in a soil and type of winter weather pattern, STK from samples in the 
spring may be different than STK from samples taken in the fall. 
 
Oxidation State of Iron 

Iron (Fe) is a component in the structural lattice of clay minerals. Iron can be either 
reduced (Fe2+) or oxidized (Fe3+) depending upon the oxidation/reduction (redox) status of the 
soil. Low oxygen conditions, which may result from saturated soil, cause a change in the 
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biochemical pathway of soil organisms such that Fe3+ is reduced to Fe2+. Shen and Stucki (1994) 
explain results of several studies that indicate that when the Fe in smectites (a type of clay 
mineral) is reduced, K fixation is increased and likely results in reduced K availability. They also 
showed that reduction of Fe in illites (another type of clay mineral) results in K release and 
increases in exchangeable K. In soils containing both smectitic and illitic clays the net effect of K 
fixation or release when Fe is reduced would depend upon the relative amount of each clay in the 
soil (Shen and Stucki, 1994).  
 
Clay Minerals in Wisconsin 

If one were to know the dominate clay minerals in a given soil, predictions about how STK 
may change under different environmental conditions might be possible. However, knowing 
which types of clay minerals dominate in soils of different regions of Wisconsin is not 
straightforward because of various glacial activities throughout the state. Thus, we might expect 
that environmental impacts on STK may vary differently depending upon region (e.g., driftless 
region, eastern red soils, northern soils, and central soils) (C.A. Stiles, 2004; personal 
communication). 
 
Soil Sampling 

Soil sampling must be done correctly to obtain soil test results that are representative of a 
field. The most intensive soil sampling recommendation is to take one sample per five acres and 
each sample should be comprised of 10 to 20 soil cores that are thoroughly mixed. Less intensive 
sampling may be done in some situations, see UWEX A2100 for details. Mallarino and Wittry 
(1999) reported high small scale variability in STK across fields of Iowa. Depth of sampling can 
also cause large differences in STK results for example if a field is sampled to seven inches one 
time and only five inches another time. Thus, one must recognize that if a field is soil sampled 
once every 3 or 4 years, the expected STK value may differ from what was actually measured, 
solely because of inconsistent sampling. Inconsistent sampling may include: different number of 
cores composited per sample, different number or location of samples within a given field, or 
different depth of sampling.  
 

It must also be remembered that estimating changes in STK over time using nutrient budgets 
for a given field is not an exact calculation either (e.g., actual crop removal of K may be more or 
less than predicted). This is exactly why continued soil testing is essential to determining crop 
nutrient needs.  
   
Seasonal Variability in STK 

Ebelhar and Varsa (1996) reported seasonal variation in STK over a 1-year period (Fig. 1). 
In 1994, the reduction in STK from June through September was attributed to crop uptake of K 
and possible K fixation because of drier soil conditions in August. The rebounding of STK levels 
after September 1994 was attributed to increased soil moisture and decomposition of crop 
residues releasing K to the soil (Ebelhar and Varsa, 1996). At Belleville, April 1995 was very dry 
and Ebelhar and Varsa (1996) felt that the reduction in STK that month was a result of K fixation 
brought on by dry conditions. The data shown by Ebelhar and Varsa (1996) highlight the 
variability in STK that could potentially be seen over the course of a year. Similar variation may 
be expected in Wisconsin. 

 



 

  
 
Figure 1.  Soil test K levels for soils sampled monthly at Belleville, IL (left) and Dixon Springs, 

IL (right). On a given date at a given location, samples were composited across corn 
and soybean plots with the same treatment (thus, the same plots were sampled and 
composited each time). Treatments include: BDCT is 120 lb K2O/acre broadcast prior 
to planting in the spring of each year; and Check is no potassium fertilization. (From 
Ebelhar and Varsa, 1996).  

 
Summary 

Environmental conditions such as wetting and drying along with periodic or repeated 
saturation, in addition to soil clay mineral composition impact STK levels. Because seasonal 
variation in STK is known to exist, it is recommended that soil sampling occur at about the same 
time of year such that seasonal variation of STK within a field will be minimized. 
 
References 
 
Ebelhar, S.A., and E.C. Varsa. 1996. Tillage and potassium placement effects on potassium use 

efficiency in a corn-soybean rotation. p. 23-29. In Illinois Fertilizer Conference 
Proceedings. 29-31 Jan., 1996. (available on-line at: 
http://frec.cropsci.uiuc.edu/1996/report4/index.htm) (Verified 27 Dec. 2004).  

Large, R.L. 1969. The fixation and release of native and applied potassium from soils as affected 
by drying, chopping, and mineralogy. Ph.D. diss. The Ohio State University, Columbus, 
OH. (Diss. Abstr. Int. 31:469B, 1970). 

Mallarino, A.P., P.A. Barbagelata, and D.J. Wittry. 2004. Soil-test potassium field calibrations for 
soybean. Iowa interpretations and research update. p. 65-70. In Proceedings of the North 
Central Extension-Industry Soil Fertility Conference. Vol. 20.  17-18 Nov. 2004. Des 
Moines, IA. 

Mallarino, A., and  D. Wittry. 1999. Challenges for making intensive soil sampling and VRT pay. 
Ongoing Iowa studies with phosphorus. p. 104-109. In Proceedings of the North Central 
Extension-Industry Soil Fertility Conference. Vol. 15.  17-18 Nov. 1999. St. Louis, MO. 

McLean, E.O., and M.E. Watson. 1985. Soil measurement of plant-available potassium. Chapter 
10. p. 277-308. In Munson R.D. (ed.) Potassium in Agriculture. Soil Science Society of 
America. Madison, WI. 

Shen, S., and J.W. Stucki. 1994. Effects of iron oxidation state on the fate and behavior of 
potassium in soils. Chapter 10. p. 173-185. In Havlin, J.L., J. Jacobsen, P. Fixen, and G. 
Hergert (ed.) Soil testing: Prospects for improving nutrient recommendations. SSSA 
Special Publication 40. Soil Science Society of America, Madison, WI. 

Belleville, IL Dixon Springs, IL


