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Introduction 
Good agricultural practice recommendations have always stressed the importance of the ready availability 
of nitrogen, phosphorus and potassium for plant growth and development regardless of cropping system.  
However, for managed grazing systems, while there has been a good deal of recent research on nitrogen 
fertility, there has been virtually none on potassium.  With the ever increasing costs of fertilizers and the 
demands on livestock farmers to develop nutrient management plans, it is critical that nutrient 
recommendations are based on sound research. This four-year research study examined the relationship 
between grazed pasture yield and other parameters with varying rates of potassium fertilization based on 
University of Wisconsin-Extension fertility recommendations.   

How the recommendations are made 

For a variety of reasons, with cost being a major one, the current fertilizer recommendations for pastures in 
Wisconsin are not based on research performed with grazing animals.  They are based on mowed forage 
stands (without grazing animals) in Wisconsin and in other states and the recommendations have been 
extrapolated to pasture situations.  They do not take into account nutrient cycling in managed grazing 
systems where animals are carefully rotated through a series of paddocks in order to optimize forage 
removal and nutrient recycling. 
 
Not applying needed phosphorus and potassium has commonly been thought to have a negative impact 
on the pasture yield and seasonal distribution of dry matter for grazing animals.  It also has an effect on the 
species present in pastures.  Grasses are more competitive for phosphorus and potassium than are 
legumes.  Low soil levels of phosphorus and potassium give grasses a competitive advantage and may 
decrease the legume portion of the pasture over time.   

How the study was done 

These two Grazing Lands Conservation Initiative (GLCI) on-farm demonstration and research (project nos. 
628-2 and 935-3, respectively) projects aimed to demonstrate to graziers the importance of soil testing and 
the application of needed rates of phosphorus, potassium, and lime.  These projects were conducted on 
two farms per county in Clark (4, 5) and Marathon (1, 2) from 2007 to 2010.  In 2010, Farm 4 dropped from 
the project due to needed changes in the farm acreage. 
 
Plots were arranged in a completely randomized block design.  There were two replications per farm site.  
The soil types and phosphorus and potassium soil test levels for the farms were as follows: 
 
 Farm 1 - Fenwood-Rozelville silt loam (high and low) 
 Farm 2 - Fenwood-Rozelville silt loam (optimum and very low) 
 Farm 4 - Withee silt loam (excessively high and low) 
 Farm 5 - Flambeau silt loam (low and very low) 
 
The amount of lime, phosphorus, and potassium applied were based on University of Wisconsin-Extension 
fertility recommendations in “Nutrient Application Guidelines for Field, Vegetable, and Fruit Crops in 
Wisconsin, Bulletin A2809”.  Lime was not required at any of the farms.  Phosphorus was applied annually 
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at the optimum recommended rate.  Potassium fertilizer was applied annually at different percents of the 
recommended optimum recommended K2O rate: 0 percent (treatment 1); 20 percent (treatment 2); 60 
percent (treatment 3); and 100 percent (treatment 4). Three farms (2, 4, and 5) had a predicted yield of 2.0 
to 3.0 tons of dry matter per acre and an optimum K2O rate of 130 pounds K2O per acre.  One farm (1) had 
a predicted yield of 3.1 to 4.0 tons of dry matter per acre and an optimum K2O rate of 180 pounds K2O per 
acre.   
 
The two Marathon County farms (1 and 2) grazed beef herds.  The two Clark County farms (4 and 5) 
grazed dairy herds. 
 
Soil tests were done in spring 2007, fall 2008, and fall 2010.  The legume content of the pastures was 
measured in the spring 2007, fall 2008, and fall 2010.   
 
Pasture growth was measured before and after grazing events and dry matter production and amount 
grazed were calculated.  Pasture forage quality was measured at alternate grazing events and a mean 
seasonal value for the measured parameters was used in the analysis.  The net value of production for 
total grazed/clipped was calculated by comparing the cost of fertilizing with K2O with the yield and value of 
the fertilized pastures.  The value of the fertilized pasture was set at $98.53 per ton dry matter which was 
the mean value of Grade One large round bales in the Midwest (from Jan. 1, 2007 to August 31, 2009).  
Potash was valued at the fall 2009 price of $550 per ton. 
 
An additional GLCI funded study (533-2) was performed at the Marshfield Agriculture Research Station 
(ARS) starting in 2006 and continued through spring soil sampling in 2010 to better understand the 
influence of fertility on common pasture forage species in the absence of the live cattle variable.  Fertility 
treatments were based on soil test results with recommendations for 3.1 to 4.0 tons of dry matter per acre 
of forage based on “Nutrient Application Guidelines for Field, Vegetable, and Fruit Crops in Wisconsin, 
Bulletin A2809”.  Treatments included an untreated check, 210 pounds K2O per acre, and two tons of 
manure spread after each harvest.  Initial soil test levels measured in 2006 on this Withee silt loam soil 
were 6.7 to 6.8 soil pH, 2.8 to 2.9% soil organic matter, 53 to 56 ppm soil K2O, and 30 to 31 ppm soil P2O5.  
The potassium level at the start of the study was in the “very low” soil test category.   

Results and Discussion 
Increasing the potash fertilization levels up to a maximum of 215 (farms 2, 4, 5) to 300 (farm 1) pounds per 
acre did not result in a significant increase in the total forage produced or grazed/clipped.  There were 
significant fertilizer treatment effects for the net value of production for total grazed/clipped.  For the net 
value of production for total grazed/clipped (Table 1), treatment 1 was significantly greater than treatments 
2 to 4.  Treatment 4 was significantly less than treatments 1 to 3.  The increase/decrease in total forage 
grazed/clipped (pounds dry matter/acre) compared to the control was as follows: treatment 1: 0; treatment 
2: -178; treatment 3: -15; and treatment 4: +129.  Since there was increasing costs as more potash 
fertilizer was applied and either a decrease or little increase in total forage grazed/clipped, these results 
were not surprising.  
 
There were significant year effects for all three production parameters.  The 2008 values for the total 
forage produced were significantly higher than the other three years.  The 2010 values for total forage 
grazed/clipped and net value of production for total grazed/clipped were significantly greater than the other 
three years.  There were significant farm effects for the total forage produced.  Farm four had the highest 
level of forage production and farm two had the lowest.  For the total forage grazed and net value of 
production, there were no significant effects. 
 
None of the forage quality parameters (Table 2) were significantly affected by the fertilizer treatments.  
One would have assumed that an increase in potassium fertilizer would have improved some of the forage 
quality parameters.  There were significant year effects for all the forage quality parameters.  There were 
no patterns in the differences.  There were significant farm effects for all the parameters analyzed.  There 
were no patterns in the differences.   
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Table 1.  Production values by treatment, year, and farm 
 

 
 

Total 
Forage 

Produced 
lbs dry matter/acre 

Total 
Forage 

Grazed/Clipped 
lbs dry matter/acre 

Net Value 
of Production 

Value for 
Total 

Grazed/Clipped1 
$/acre 

Treatment  
1 6708 2911 146 a 
2 6663 2733 125 b 
3 6793 2896 109 c 
4 6817 3040 88 d 

Year  
2007 6201 c 2527 c 104 c 
2008 7741 a 2430 c 89 c 
2009 6506 bc 2986 b 123 b 
2010 6566 b 3874 a 161 a 
Farm  

1 6223 c 3373 127 
2 4097 d 2821 123 
4 9451 a 2408 97 
5 7898 b 2891 116 

 
1 Means within a column for treatment, year, or farm followed by the same letter are not    
  significantly different at the 0.05 probability level. 

 
 
 
Table 2.  Forage quality parameters by treatment, year, and farm 
 

 
Crude 
Protein 
% of dry 
matter1 

ADF 
% of dry 
matter 

aNDF 
% of dry 
matter 

TDN 
% of dry 
matter 

RFV 
 

NEL 
Mcals/lb 

Treatment  
1 14.6 28.7 45.1 64.3 137 0.66 
2 14.3 28.9 45.5 64.1 134 0.66 
3 14.1 28.9 45.8 64.2 135 0.66 
4 14.1 29.6 46.5 63.7 132 0.65 

Year  
2007 13.3 b 31.4 a 50.9 a 64.2 b 121 c 0.66 b 
2008 14.2 b 29.2 b 46.4 b 65.8 a 136 b 0.68 a 
2009 14.2 b 26.4 c 40.5 c 60.5 c 132 b 0.62 c 
2010 16.0 a 29.0 b 44.8 b 66.4 a 154 a 0.69 a 
Farm  

1 16.0 a 28.0 b 45.4 b 66.7 a 140 b 0.69 a 
2 11.5 d 33.0 a 50.1 a 62.9 b 119 d 0.65 b 
4 14.1 c 25.0 c 40.8 c 59.5 d 124 c 0.61 c 
5 15.7 a 29.1 b 45.3 b 66.3 a 153 a 0.69 a 

 

1 Means within a column followed by the same letter for treatment, year, or farm are not  
 significantly different at the 0.05 probability level. 
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The 2007, 2008, and 2010 values for soil pH, soil percent organic matter (OM), soil phosphorus (P), soil 
potassium (K), and legume content data were analyzed separately.  Farm four was not included in the 
analysis since soil tests and legume content data were not taken in 2010.  The high treatment (four) had a 
higher soil K level (104.7 ppm) than the other three treatments (Table 3).  Treatments one and two were 
not significantly different from each other.  Treatment one had the lowest value and was significantly 
different than the other three treatments.  Since the potassium fertilizer rate was based on a higher yield 
than was achieved at the farms, it was not a surprise that the potassium level increased in the soil.  There 
were significant year effects for soil percent OM, soil P, and soil K.  Soil percent OM, soil P and soil K were 
higher in 2008 and 2010 compared to 2007.  There were significant farm effects for soil pH, soil percent 
OM, and soil P.  Farm one has significantly higher values for soil pH, soil %OM, and soil P than the other 
farms. 
 
 
Table 3.  Soil parameters and percent legume content by treatment, year, and farm 
 

 
 

soil 
pH1 

soil 
%OM 

soil P 
ppm 

soil K 
ppm 

Percent 
Legume 
Content 

Treatment   
1 6.2 3.3 18 65 c 20.0 
2 6.2 3.3 19 78 b 17.7 
3 6.2 3.3 19 84 b 17.1 
4 6.1 3.3 20 105 a 16.2 

Year   
2007 6.2 2.9 b 16 b 63 b 20.9 a 
2008 6.1 3.5 a 20 a 92 a 21.2 a 
2010 6.2 3.5 a 21 a 94 a 11.2 b 
Farm   

1 6.5 a 4.0 a 31 a 74 17.4 b 
2 5.8 c 3.4 b 12 b 76 24.7 a 
5 6.2 b 2.6 c 14 b 100 11.2 c 

 
1 Means within a column followed by the same letter for treatment, year,  

  or farm are not significantly different at the 0.05 probability level. 
 
Legume content (Table 3) which can be affected by potassium fertility (and other factors) was not 
significantly affected by the increasing rates of potassium fertilizer.  It was significantly lower in 2010 
compared to 2007 or 2008.  Farm two had significantly higher percent legume content than the other 
farms. 
 
In the Marshfield ARS study, the addition of manure and potassium fertilizer had mixed effects on soil 
parameters and yield but not the percent legume content (Table 4).  The addition of manure prevented soil 
organic matter from decreasing, as happened in the untreated and commercial fertilizer treatments.  
Manure maintained soil potassium levels similar to those at the beginning of the study resulting in a 
potassium level that was similar to the untreated check.  With annual fertilizer applications of 210 pounds 
K2O per year for four years, the commercial fertilizer treatment increased soil potassium by over 100 ppm.  
With an average annual yield of 2.6 tons of dry matter per acre, plots were over fertilized. 
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Table 4. Soil parameters, yield and percent legume content by treatment at the conclusion of the 
Marshfield ARS study.   

 

 
 

soil 
pH 

soil 
%OM1 

soil P 
ppm 

soil K 
ppm 

Average 
annual  
yield  

tons dry 
matter/acre  

Percent 
Legume 
Content 

Treatment  
Untreated 6.2 2.6 b 19 45 b 2.1 b 30 
Potassium 6.3 2.6 b 19 160 a 2.6 a 48 
Manure 6.2 2.9 a 19 62 b 2.6 a 35 

 
1 Means within a column followed by the same letter for treatment are not significantly different 

at the 0.05 probability level. 
 
The small plot study found four results similar to the on-farm studies: 
 
1. Adding potassium fertilizer did raise soil test potassium levels.  
2. Potassium fertilizer and manure, whether spread by hand or cattle, resulted in equal yields.  
3. Legume content was equal between potassium fertilizer and manure treatments. 
4. The Relative Feed Value (RFV) was similar between treatments at 172 to 176 per harvest. (Not  
 shown,  2006 to 2007)   
 

Summary 

In summary, increasing the amount of potassium fertilizer did not increase the amount of pasture forage 
produced or grazed or most of the other parameters measured.  The only significant fertilizer treatment 
effects were for the net value of production for total grazed/clipped and soil potassium level. 
 
These results were a surprise for two reasons.  One, the soil test potassium levels (0 to 6 inch soil depth) 
at the start of the demonstration were in either the very low (farm 2 and 5) or low (farm 1) ranges and one 
would have thought that adding potassium fertilizer would have a significant effect.  Second, potassium 
fertilizer was applied according to the University of Wisconsin-Extension fertility recommendations.  Thus, 
the results bring into question the potassium fertility rates for beef and dairy animals grazing on pasture as 
are currently recommended.   
 
It would have been interesting to have done soil sampling at 6 to 12 inch, 12 to 24 inch, and 24 to 36 inch 
soil depths to determine what occurred with the subsoil fertility levels over time.  The subsoil fertility groups 
are the underpinnings of phosphorus and potassium fertilizer recommendations.  The results of soil testing 
with the long-term cropping systems research with the Wisconsin Integrated Cropping Systems Trials have 
demonstrated that subsoil potassium levels may decrease over time if crop removal exceeds potassium 
applications.  The subsoil phosphorus levels appear to be unaffected.   
 
Further research on pasture potassium fertility around the state should be instituted soon.  This research 
should be at various sites around the state with different soil types and geographic locations.  The 
research could be done at both agricultural research stations and production farms for at least three years. 
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