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Objectives 
1. Determine optimum phosphorus and potassium fertilizer application rates for corn and

soybean.
2. Evaluate the timing of broadcast phosphorus and potassium fertilizer application on

corn and soybean yield.
3. Determine if starter fertilizer for corn after broadcast P for soybean can maintain

yields of both crops.
4. Evaluate the impacts of P and K fertilizer rates and timing on soybean quality.
5. Study the impacts of P and K fertilizer application rates and crop removal on long term

trends in soil test levels
6. Evaluate critical soil test P and K levels utilizing long-term P and K trials
7. Compare soil test potassium analysis on air dried versus field moist soils

Data Summary 
• The optimum fertilizer rate to maintain maximum yield varied by location and block

within location and varied from year to year.
• Over years, the economic optimum rate of P or K based on a two-year application

within the corn-soybean rotation varied from site to site
o Phosphorus Studies, which all initially tested low in soil P:
 Lamberton: Optimum P rate varied from 30-40 lbs P2O5
 Morris: Optimum P rate varied from 50-90 lbs P2O5
 Saint Charles: The optimum P rate was zero but some response to P has been

found following 7-8 years of cropping where 20 lbs P2O5 resulted in maximum
yield.

o Potassium Studies
 Delavan: Optimum K rate varied by block from 30-50 lbs K2O.
 Lamberton: Optimum K rate was 20-30 lbs K2O.  Soybean grain yield was

decreased with increasing K rate in 2015
 Morris: Optimum K rate was 20-30 lbs K2O.  Soybean grain yield was

decreased with increasing K rate in 2016
• Timing of application of P and K has not shown to impact yield potential of corn or

soybean in the long-term.
• Application of P and K at rates of exact crop removal result in an increase in soil test P

or K over time.  After 8 years of cropping, application of P fertilizer at 50% of crop
removal has maintained STP while the need for K to maintain soil test was less.
Maintenance of soil test K is difficult to estimate due to seasonal fluctuations in the K
soil test.

• The difference between soil test K assessed with field moist versus air dried samples
varies by soil.  At Delavan and Lamberton, the moist test tended to extract less K than
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the air dried test when the moist test was less than 200 ppm and extracted more K 
when the soil test was greater than 200 ppm for samples collected in June 2015.  The 
moist test always resulted in the extraction of more K for the soil collected at Morris. 

• At this time, data on comparing crop response to soil test values to determine the 
critical soil test level has been partially summarized.  The data comparing the relative 
yield produced and soil test before the crop did not provide a clear critical level for P 
or K.  Work is on-going in this area. 

• The effect of P and K on soybean grain quality is not summarized in this report.  
However, there has been no impact of P on soybean protein or oil concentration.  In 
contrast, application of K does appear to impact soybean grain quality as protein has 
typically decrease with increasing rate of K while oil has increased.  The effect on 
grain protein concentration cannot be attributed to a dilution of protein through and 
increase in soybean grain yield. Corn grain quality was never impacted by P or K. 
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INTRODUCTION 
 
Optimum P and K management is important when farmers are obtaining high crop yields.  
Large amounts of P and K can be removed when grain is harvested off the field.  In terms of a 
2-year rotation, corn can remove a large amount of phosphorus while soybeans can remove a 
large amount of potassium.  Applying the correct rate at the appropriate time is important to 
make sure yield potential is maximized.  Phosphorus and potassium can be a limiting nutrient 
for soybeans and previous research has shown a benefit for a direct application of both to 
soybean; however, farmers want to save time and money by applying nutrients only to one 
crop.  Research has shown that soybeans respond better to broadcast fertilization than banded 
fertilizer, and banding fertilizer is not always a feasible method for all producers.  One form of 
banded fertilizer is starter applied with the planter.  In Minnesota many farmers utilize starter 
fertilizer for corn and seldom for soybeans since potential for response is low and potential for 
damage from fertilizer placed near soybeans is high.  Often starter is applied only for early 
growth benefits while the amount of fertilizer is not regarded when planning broadcast 
fertilization.  Application costs and time at planting limit the benefit for applying P to both 
crops. However, the combination of starter fertilizer with broadcast fertilizer in a rotation 
could potentially benefit soybean producers by obtaining yield increases from broadcasting P 
for soybean and maintaining high yields in corn with starter P.  Research information is 
needed to determine broadcast P and K rate and time of application as well as the feasibility in 
a long-term rotation. 
 
Many research projects have been conducted focused on single year applications of P or K.  
However, most farmers prefer to apply rates for more than one cropping year in order to save 
on application costs.  Furthermore, soybeans do not always respond to direct applications of P 
or K in the magnitude of corn response.  Current work in Minnesota funded by AFREC which 
focuses on fertilizing corn-soybean rotations with P have shown that both crops can 
significantly benefit from the application of P.  Therefore it is important to take a systems 
approach to look at both crops in the rotation and focus on timing of application.  In western 
Minnesota crop producers question if fertilizer should be applied both years in the rotation 
therefore a continued effort studying the effect of direct fertilization of soybean should be 
completed to provide information for corn and soybean growers as to the best time to fertilize 
their crops.     
  
Objectives 
 

1. Determine optimum phosphorus and potassium fertilizer application rates for corn and 
soybean. 

2. Evaluate the timing of broadcast phosphorus and potassium fertilizer application on 
corn and soybean yield. 

3. Determine if starter fertilizer for corn after broadcast P for soybean can maintain 
yields of both crops.  

4. Evaluate the impacts of P and K fertilizer rates and timing on soybean quality. 
5. Study the impacts of P and K fertilizer application rates and crop removal on long term 

trends in soil test levels 
6. Evaluate critical soil test P and K levels utilizing long-term P and K trials 
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7. Compare soil test potassium analysis on air dried versus field moist soils

MATERIALS AND METHODS 

Research studies were initiated at 4 locations across Minnesota in 2009.  Phosphorus and 
potassium trials were established at the West Central Research and Outreach Center at Morris 
and Southwest Research and Outreach Center at Lamberton.  Along with these on station 
studies two locations on farmers’ fields were selected at Delavan (K trial) and St. Charles (P 
trial).  At each location side by side plots were established with corn and soybean.  
Phosphorus and potassium were applied at rates from 0 to 240 lbs P2O5 and 0 to 300 lbs of 
K2O.  Application will be made before corn, before beans, and a split of 2/3 rate for corn and 
1/3 rate for soybean.  In addition to broadcast P, 5 gallons of 10-34-0 was applied to corn 
followed by broadcast to soybean and multiple rates in the P study.  Rates were applied to 
small research plots measuring 10’ wide by 40 to 50 feet long.  All treatments were replicated 
four times at each location.  Treatments are to be reapplied to the same plots according to an 
annual or biennial application.  All fertilizer was broadcast either in the fall or spring.  
Additional crop nutrients (nitrogen, phosphorus, potassium, and or sulfur) were applied based 
on crop needs.   

Table 1. Average, minimum and maximum soil test data at phosphorus trials from 0-6” 
samples collected in spring 2009. 

Bray P1 Olsen P Soil Test† 

Location Crop Avg Min Max Avg Min Max K pH OM 

-----------------------ppm----------------------- ppm -%- 

Lamberton Corn 21.7 11 42 10.2 3 21 109 5.4 4.1 

Beans 16.7 10 28 7.7 4 14 109 5.5 3.9 

Morris Corn 10.4 2 31 6.2 2 17 156 8.0 4.0 

Beans 18.6 2 40 9.9 4 25 171 8.0 4.2 

St. Charles Corn 12.8 8 27 5.4 2 11 77 6.2 2.6 

Beans 14.2 10 25 6.1 3 14 81 6.4 2.7 

† K, ammonium acetate K; pH, 1:1 soil pH; OM, soil organic matter (LOI). 

Soil samples were collected from each individual plot prior to the initial treatment application 
from the top six inches.  In the spring or fall before treatments were reapplied, soil samples 
were again collected from all plots in order to track incline and decline of soil P or K.   Plant 
samples were collected at V5 to establish uptake response and to potentially determine critical 
P or K tissue concentration in the plant.  Grain samples were collected at harvest and analyzed 
for total P and K in order to determine the nutrient uptake in the harvested grain.  Harvesting 
was completed with research grade plot combines at all locations.   
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Table 2. Average, minimum and maximum soil test data at potassium 
trials from 0-6” samples collected in spring 2009. 

Ammonium Acetate K Soil Test† 

Location Crop Avg Min Max P pH OM 

----------ppm---------- ppm -%- 

Delavan Corn 146 118 194 9 6.8 5.6 

Beans 135 106 175 5 6.3 4.9 

Lamberton Corn 118 85 154 4 5.4 3.5 

Beans 120 100 178 4 5.4 3.5 

Morris Corn 104 73 144 5 8.0 3.1 

Beans 116 94 143 10 7.0 3.8 

† P, Olsen-P; pH, 1:1 soil pH; OM, soil organic matter (LOI). 

The purpose of this study is to gather yield, grain uptake, and soil test change data in corn-
soybean rotations.  Since this study originally began in 2009 there have been two years of data 
collected at each location.  It is our intention to maintain the project locations for a period of 4 
to 6 years.  Therefore we are seeking funding to cover plot fees and limited travel to ensure 
we can maintain the trial locations.  Funding was provided on a yearly basis, but longer term 
funding is sought to ensure we can maintain the trials for the intended time span.  This project 
has similar overtones as currently funded research from AFREC.  However, it differs in that it 
is focused on fertilization in medium soil test categories only and can complement some of the 
current research by providing soil test incline and decline rates to use for soil test calibration.  
This is important in the current long-term P project funded by AFREC in which rates need to 
be fine-tuned in order to achieve the intended differences in soil test P.  In addition to funding 
for the associated plot fees we are also requesting money to analyze plant and grain samples 
collected in 2009 that were not covered that year.  These numbers are important in the 
understanding of soil test change from season to season and to look at early availability of 
nutrients. 

RESULTS AND DISCUSSION 
2011 Data 

Summary statistics are given in Table 3 for the 2011 yield data.  Phosphorus application 
increased corn yield at Morris and soybean yield at Lamberton (P data summaries are given in 
Figure 1).  At Morris, maximum yield was achieved with 60 lbs P2O5.  Yields were slightly 
depressed at this site due to excessive rainfall and wet soils more most of the early season.  At 
Lamberton, the soybean yields increased in a linear fashion and did not appear to be 
maximized by the highest P rate.  The actual yield difference between the high and low P rates 
was only 3 bu/ac.  There did appear to be a linear increasing yield trend at St. Charles.  
However, within site variability prevented this trend from achieving significance 
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For the potassium trials, corn yield was increased at Morris while soybean yields were 
increased at Delavan (Figure 2).  At both Morris and Delavan the 0 lb K2O plots could be 
easily distinguished late in the season.  The area between the rows could still be seen late into 
the season.  However, this only affected yields at the one location.  It took 80 lbs K2O to 
maximize corn yields at Morris and 90 lbs to maximize soybean yields at Delavan.  We have 
not fully conducted an economic analysis on this so it is unclear if the yield increases would 
cover the cost of the fertilizer itself.  It is likely that it will since the yield increases were 
significant enough to give an adequate return. 
 
Table 3. Summary statistics for the 2011 yield data of the P and K trials.  Main effects 
studies were fertilizer timing (all before corn, all before beans, split, and starter), 2 year 
total application rate, and the interaction between the two.  Main effects are considered 
significant at P<0.05. 
  Timing Rate Timing x Rate 
  ----------------------------P>F-------------------------- 
LTP Lamberton Corn 0.84 0.82 0.11 
 Lamberton Soybean 0.08 0.007 0.06 
 Morris Corn 0.72 0.03 0.71 
 Morris Soybean 0.65 0.82 0.61 
 St Charles Corn 0.69 0.80 0.60 
 St Charles Soybean 1.00 0.95 0.43 
LTK Delevan Corn 0.52 0.95 0.70 
 Delevan Soybean 0.43 0.07 0.38 
 Lamberton Corn 0.86 0.94 0.53 
 Lamberton Soybean 0.24 0.28 0.37 
 Morris Corn 0.77 0.03 0.03 
 Morris Soybean 0.007 0.67 0.40 
 
Early plant growth was measured but the data are not available at this time.  Plant samples 
have been sent out to the lab for analysis but the data has not come back yet.  In addition, we 
did collect grain samples to measure total P and K uptake.  Those samples have just come 
back from the lab but have not been fully analyzed. 
 
A summary of change in soil P and K over the first two years of the study are given in Figures 
3 and 4.  The two year application rates affected post-harvest soil test at the Lamberton and 
Saint Charles P locations and the Lamberton and Morris K locations.  It is unclear why we did 
not see any clear trends for the Morris P and Delavan K sites other than the simple effect of 
soil test variability across the locations.  Listed in Table 4 is the average amount of fertilizer P 
that was needed to raise each P soil test by 1 ppm.  At the Lamberton site it took 13 lbs P2O5 
to increase the Bray-P1 test by 1 ppm and 21 lbs for the Olsen test.  The difference between 
the two tests is reflective of the fact that the two tests do not measure the same pools of P in 
the soil and that the scale for the Olsen test is much smaller.  It took more P to raise the soil 
test at Saint Charles.  However, this site was limed between the first and second years of the 
study so that likely had a large impact on the soil P test at this site.  For K (Table 5), it took 15 
lbs K2O to increase the K test by 1 ppm at Lamberton and 8 lbs at Morris.  These numbers 
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were fairly consistent between locations.  We could not draw any clear data from the Delavan 
site.  That site had the largest change in soil test K from the initial to sampling at the first 
cropping season.  This site has been managed with no-tillage so there may be some 
stratification of K occurring in the upper soil surface 
 
Table 4. The average amount of P fertilizer (in lbs P2O5/ac) that was needed to increase soil 
test by 1 ppm over a three year period for the Bray-P1 and Olsen P soil tests.  (ns, there was 
no significant evidence that the fertilizer treatments increased soil test values). 

 Lamberton Morris Saint Charles 
 --------------------------lb P2O5/ppm------------------------- 

Bray P-1 13 ns 41 
Olsen P 21 ns 69 

 
Table 5. The average amount of K fertilizer (in lbs K2O/ac) that was needed to increase soil 
test by 1 ppm over a three year period for the ammonium acetate soil test.  (ns, there was no 
significant evidence that the fertilizer treatments increased soil test values). 

 Delavan Lamberton Morris 
 --------------------------lb K2O/ppm------------------------- 

Ammonium Acetate Ns 15 8 
 
2012 Data 
 
Table 6. Summary statistics for the 2012 yield data for the P and K trials.  Main effects studies 
were fertilizer timing (all before corn, all before beans, split, and starter), 2 year total 
application rate, and the interaction between the two.  Main effects are considered significant 
at P<0.05. 
  Timing Rate Timing x Rate 
  ----------------------------P>F-------------------------- 
LTP Lamberton Corn 0.22 0.18 0.16 
 Lamberton Soybean 0.70 0.22 0.38 
 Morris Corn 0.93 0.40 0.88 
 Morris Soybean 0.60 0.02 0.93 
 St Charles Corn 0.76 0.18 0.60 
 St Charles Soybean 0.36 0.61 0.68 
LTK Delevan Corn 0.93 <0.01 0.78 
 Delevan Soybean 0.37 0.58 0.92 
 Lamberton Corn 0.32 0.52 0.42 
 Lamberton Soybean 0.23 0.71 0.27 
 Morris Corn 0.32 0.99 0.10 
 Morris Soybean 0.79 <0.01 0.60 
 
Yield data significance for both P and K studies in 2012 is given in Table 6.  For the P studies, 
yield was only significantly increased at the Morris soybean location.  Yield increased up to 
about 120 lbs P2O5 and there was no difference between application timing either when 
fertilizer was applied before corn, before soybeans, or split applied both years (Figure 5).  
Yield did trend higher for the Lamberton and Morris corn locations but the effect of rate failed 
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to reach significance. At this time we have not looked at outliers in the data thus plot 
variability may be preventing any significance at these locations.  A yield response would be 
expected at Morris since soil tests have significantly trended downward in the four years of 
this study.  Overall, soil test P was maintained with a 30 lb annual application or 60 lbs 
applied over a two year period.  Even though starter fertilizer increased early plant growth 
there was no effect on yield.     
 
For the K studies, yield was increased at the Delavan corn location and Morris soybean 
location.   At Delavan, yield was increased up to the 60 lb rate (Figure 4).  Again, time of 
application in the corn soybean rotation did not significantly affect yield.  At Morris, soybean 
yield was increased up to 180 lbs K2O with no difference between times of application.  There 
was no clear decrease in soil test K at any location (Figure 6).  What is interesting is that the 
effects on yield seem to be significant for only one block out of the two at each location.  If 
you compared data from Table 1 there were significant treatment effects in the same block but 
with other crops (for example the block with corn at Lamberton in 2012 would have been the 
block with soybean in 2011).  This indicates some significant variability in the areas being 
studied at each location and will likely necessitate separate analysis over years when this is 
conducted.  
 
A summary of change in soil P and K over the first two years of the study are given in Figures 
5 and 6.  The two year application rates affected post-harvest soil test at all P and K locations.  
Listed in Table 7 is the average amount of fertilizer P that was needed to raise each P soil test 
by 1 ppm.  At the Lamberton site it took 6.4 lbs P2O5 to increase the Bray-P1 test by 1 ppm, 
7.8 lbs at Morris, and 17.8 lbs at Saint Charles for the Bray-P1 test.  For the Olsen test, it took 
10.9 lbs at Lamberton, 11.3 lbs at Morris, and 27.5 lbs at Saint Charles.  The difference 
between the two tests is reflective of the fact that the two tests do not measure the same pools 
of P in the soil and that the scale for the Olsen test is much smaller.  It took more P to raise the 
soil test at Saint Charles.  However, this site was limed between the first and second years of 
the study so that likely had a large impact on the soil P test at this site.  For K (Table 8), it 
took 2.7 lbs K2O to increase the K test by 1 ppm at Delavan, 6.4 lbs at Lamberton, and 5.4 lbs 
at Morris.  These numbers were fairly consistent between locations.  Previously we had not 
seen any soil test increase after 2-years at the Morris P and Delavan K sites.  However, after 
four years it is clear the treatments are starting to significantly impact P and K soil test values. 
 
Table 7. The average amount of P fertilizer (in lbs P2O5/ac) that was needed to increase soil 
test by 1 ppm over a four year period for the Bray-P1 and Olsen P soil tests.  

 Lamberton Morris Saint Charles 
 --------------------------lb P2O5/ppm------------------------- 

Bray P-1 6.4 7.8 17.8 
Olsen P 10.9 11.3 27.5 

 
Table 8. The average amount of K fertilizer (in lbs K2O/ac) that was needed to increase soil 
test by 1 ppm over a four year period for the ammonium acetate soil test.   

 Delavan Lamberton Morris 
 --------------------------lb K2O/ppm------------------------- 

Ammonium Acetate 2.7 6.4 5.4 
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2013 Data 
 
Table 9. Summary statistics for the 2013 yield data for the P and K trials.  Main effects studies 
were fertilizer timing (all before corn, all before beans, split, and starter), 2 year total 
application rate, and the interaction between the two.  Main effects are considered significant 
at P<0.05. 
  Timing Rate Timing x Rate 
  ----------------------------P>F-------------------------- 
LTP Lamberton Corn 0.08 0.26 <0.01 
 Lamberton Soybean 0.77 0.63 0.30 
 Morris Corn 0.02 <0.001 0.21 
 Morris Soybean 0.31 0.04 0.28 
 St Charles Corn 0.82 0.34 0.77 
 St Charles Soybean 0.13 0.84 0.26 
LTK Delevan Corn 0.12 0.02 0.80 
 Delevan Soybean 0.29 0.37 0.42 
 Lamberton Corn 0.03 0.28 0.93 
 Lamberton Soybean 0.63 0.27 0.64 
 Morris Corn 0.71 0.18 0.97 
 Morris Soybean 0.08 0.40 0.27 
 
Table 9 summarizes the statistical significance of yield data collected in 2013 from both the P 
and K locations.  Overall yield levels were low at some locations, especially Morris where 
lack of rainfall significantly reduced yields and potentially yield response.  There was a clear 
response to P for corn at the Morris location while the corn K plots were not significant at the 
accepted level.  However, examination of the data showed a sizeable difference between the 
no K treatments and the lowest applied rate (30 lbs K2O) per acre.  A regression was run on 
the data and the relationship between yield and K rate was found to be significant.  Thus this 
site would likely be considered responsive.  The only other site that was responsive was the K 
soybean but examination of the yield data in Figure 10 shows very little yield response (~ 2 
bu/ac).  There was a significant corn grain yield response to K at Delavan but similar to 
Morris the low K rates supplied enough needed K for the crop.  The greatest overall fertilizer 
requirement occurred for the corn P site at Morris where yield was increased to 143 lbs P2O5 
per acre.  One thing to remember is that fertilizer is applied and reapplied to the same plots on 
a yearly or bi-yearly basis thus fertilizer has been applied at least 2 to 3 times on some of the 
plots.  Thus, one factor we are interested in studying is the long term feasibility of the rates as 
well as the timings within the rotation.  For the first five years of the study timing has had 
relatively little importance in the corn-soybean rotation.  Fertilizer rate has been the important 
factor which indicates that both crops would respond equally as well to a two-year applied 
ahead of either crop.  We are starting to better analyze some of the timing data, in particular 
the starter fertilizer treatments, but at this time there only has been one site year out of 15 
where starter increased yield seemingly further than the broadcast alone.  We have not found 
there to be any advantage to the starter for corn plus broadcast for soybean treatments.  
Broadcast fertilizer appears to be adequate to supply the needs of the crop long term as long as 
the correct rate is applied. 
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2014 Data 
 
Table 10. Summary statistics for the 2014 yield data for the P and K trials.  Main effects 
studies were fertilizer timing (all before corn, all before beans, split, and starter), 2 year total 
application rate, and the interaction between the two.  Main effects are considered significant 
at P<0.05. 
  Timing Rate Timing x Rate 
  ----------------------------P>F-------------------------- 
LTP Lamberton Corn 0.02 <0.01 0.11 
 Lamberton Soybean 0.10 0.77 0.24 
 Morris Corn 0.11 <0.01 0.53 
 Morris Soybean 0.99 <0.001 0.03 
 St Charles Corn 0.69 0.03 0.15 
 St Charles Soybean 0.56 0.18 0.06 
LTK Delevan Corn 0.61 <0.01 0.36 
 Delevan Soybean 0.58 0.58 0.24 
 Lamberton Corn 0.24 0.42 0.29 
 Lamberton Soybean 0.12 0.12 0.03 
 Morris Corn 0.48 0.09 0.66 
 Morris Soybean 0.73 0.71 0.50 
 
Table 10 summarizes the statistical significance of yield data collected in 2014 from both the 
P and the K study.  Fertilizer rate affected yield at all corn P locations and one soybean P 
location (Morris).  Fertilizer K rate affected yield only for corn at Delavan and Morris.  The 
greater impact of P is not surprising due to P soil tests gradually lowering more rapidly than K 
which has shown a greater degree of variation over the years the project has been in place at 
the three locations.  Timing did not have a great impact on corn or soybean yield.  The only 
site where timing significantly affected corn yield during 2014 was at Lamberton.  There was 
no impact of fertilizer application timing in the soybean plots in 2014 and there was no 
instance where rate or timing of fertilizer application was significant and there was an 
indication that a significant interaction occurred.  The sites were a significant interaction was 
shown, such as the K soybean site at Lamberton, could not be clearly identified as to the cause 
of the interaction.  There were likely small differences due to timing that were indicated 
among some of the P or K rates.  However, there was no general trend where timing of 
application within the two year rotation always resulted in differences in yield across P 
application rates.   As with previous years, the main consideration for fertilization in a two 
year rotation should be the amount of fertilizer applied and it does not matter if the fertilizer is 
applied before the corn or soybean crop or as a split application to both crops.   
 
2015 Data 
 
Table 11 summarizes the statistical significance of yield data collected in 2015 from both the 
P and the K study.  Fertilizer rate affected corn yield at Lamberton and Morris and Soybean 
yield at St Charles.  Fertilizer K rate affected corn yield and Lamberton and soybean yield at 
Lamberton and Morris.  What is interesting is that there was less response overall in 2015 than 
was seen in 2014.  We theorized that the continued removal of P and K would increase a sites’ 
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responsiveness to the nutrients over time.  The greater than average yield at the locations in 
2015 should have put increased pressure on soil P and K concentration.  However, we are still 
encountering unpredictability in some of the locations response to P or K.  Some of the 
unpredictability could be due to soil tests maintaining around the medium classification over 
the seven years of the study.  The only exception to this maintenance has been the Morris P 
site where the soil P tests have declined to low for many of the low rate plots and response to 
P has been consistent across years.   
 
Table 11. Summary statistics for the 2015 yield data for the P and K trials.  Main effects 
studies were fertilizer timing (all before corn, all before beans, split, and starter), 2 year total 
application rate, and the interaction between the two.  Main effects are considered significant 
at P<0.05. 
  Timing Rate Timing x Rate 
  ----------------------------P>F-------------------------- 
LTP Lamberton Corn 0.84 <0.01 0.23 
 Lamberton Soybean 0.87 0.29 0.02 
 Morris Corn 0.13 <0.001 0.53 
 Morris Soybean 0.89 0.23 0.95 
 St Charles Corn 0.03 0.66 0.32 
 St Charles Soybean 0.33 0.04 0.14 
LTK Delevan Corn 0.24 0.61 0.45 
 Delevan Soybean 0.71 0.76 0.70 
 Lamberton Corn 0.68 0.03 0.03 
 Lamberton Soybean 0.20 0.10 0.06 
 Morris Corn 0.72 0.53 0.27 
 Morris Soybean 0.75 0.02 0.34 
 
There was very little interaction between P or K rate and time of application.  For P the 
interaction with rate and timing was only significant for soybean grain yield at Lamberton.  
The reason for the interaction was not clear as soybean grain yield at Lamberton generally 
increased with rate of P applied.  The only discrepancy was that soybean grain yield for the 0 
P control for the timing before corn yielded greater than the 0 P control for the before soybean 
treatment.  Data were checked for outliers but none could be clearly identified.  The yield for 
the 0 P treatments for the before corn treatments was 7 bu/ac greater and was not different 
than plots that received at least 20 lbs P2O5.   
 
The rate by timing interaction was significant for K for both corn and soybean yield at 
Lamberton.  For corn yield at Lamberton, there was a gradual increase in yield with applied K 
rate for the plots where K was applied before the soybean crop and there was more plot to plot 
variation where K was applied before the corn or where K was split applied.  The variability is 
insignificant and has no bearing on wheat would be recommended for rate of application at 
Lamberton for corn.  For soybean at Lamberton the effect of the interaction on soybean yield 
was clear.  There was no impact on soybean grain yield for rates of K applied before corn.  
Soybean yield was decreased by rates of K applied directly before the soybean crop and for K 
that was split applied.  A decrease in soybean yield due to application of KCl is not unheard of 
and has happened previously and the KCl is 50% K (not K2O) and 50% Cl.  There have been 
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reports of Cl toxicity in soybean thus an application of enough KCl could induce a toxicity.  I 
took around 200 lbs of KCl to decrease soybean grain yield at Lamberton.  If high rates of 
KCl are applied they should be applied before corn to reduce any negative impact of the 
fertilizer source on soybean grain yield. 
 
Table 12. The average amount of P fertilizer (in lbs P2O5/ac) that was needed to increase soil 
test by 1 ppm over a seven year period for the Bray-P1 and Olsen P soil tests.  

 Lamberton Morris Saint Charles 
 --------------------------lb P2O5/ppm------------------------- 

Bray P-1 14.3 14.3 25.0 
Olsen P 25.0 25.0 50.0 

 
Table 13. The average amount of K fertilizer (in lbs K2O/ac) that was needed to increase soil 
test by 1 ppm over a seven year period for the ammonium acetate soil test.   

 Delavan Lamberton Morris 
 --------------------------lb K2O/ppm------------------------- 

Ammonium Acetate 5.3 6.7 7.7 
 
A summary of the change in soil test P and K is given in Tables 12 and 13.  Seven cropping 
years have been completed as of the end of 2015.  Previously, the incline/decline rates of P 
and K were calculated based on the amount of fertilizer applied in a 2-year rotation.  Data was 
recalculated following the 2015 crop using the total amount of P or K applied over the seven 
crop years.  It took between 14 to 25 lbs P2O5 to increase soil test P by 1 ppm according to the 
Bray P1 test and 25 to 50 lb P2O5 to change the Olsen test by 1 ppm over the seven years of 
the study.  The 14 lb P2O5 value fits with typical rules of thumb for increasing soil test P in the 
northern Corn Belt.  For K the amount needed to increase the soil test ranted from 5 to 8 lb 
K2O.  A typical rule of thumb is 7 lb K2O.   
 
2016 Data 
 
Table 14 summarizes the statistical significance of yield data collected in 2016 from both the 
P and the K study. Phosphorus fertilizer rate affected corn yield at St Charles and Soybean 
yield at Morris.  Fertilizer K rate affected did not affect corn grain yield at the accepted 
probability level (P<0.10) but soybean grain yield was affected at Lamberton and Morris.  
There was less response in 2016 than 2015. It was anticipated that as time progressed more of 
the sites would respond to both P and K. There were a few instances, such as both the corn 
and soybean crops at Delavan, where a response model could be fit to the yield data by using 
the 2-year application rates (data are shown in Figure 26). The large number of treatments 
included in the study makes it difficult to fully assess the impact of P or K rate.  In addition, 
the design used in unbalanced which also results in significant interaction effects that are due 
to a lack of response within the split application treatments.  Since there is no 0 control for the 
split there tends to be little difference among the yield levels produced for the various rates.  
Interactions shown to be significant in Table 14 are a result of no response to P within the 
split application rate treatments and not a difference in response based on timing.  There has 
been, and still is no indication that the corn and soybean crop are impacted by the timing of 
fertilizer application.  The primary consideration should the selecting the appropriate 
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application rate and the timing of application should not be considered for P.  For K there may 
be some benefit to application before the corn crop which will be discussed below. 
 
Table 14. Summary statistics for the 2016 yield data for the P and K trials.  Main effects 
studies were fertilizer timing (all before corn, all before beans, split, and starter), 2 year total 
application rate, and the interaction between the two.  Main effects are considered significant 
at P<0.05. 
  Timing Rate Timing x Rate 
  ----------------------------P>F-------------------------- 
LTP Lamberton Corn 0.08 0.48 0.73 
 Lamberton Soybean 0.84 0.35 0.36 
 Morris Corn 0.62 0.80 0.97 
 Morris Soybean <0.01 <0.001 0.36 
 St Charles Corn 0.66 0.03 0.02 
 St Charles Soybean 0.70 0.50 0.51 
LTK Delevan Corn 0.31 0.21 0.26 
 Delevan Soybean 0.41 0.23 0.98 
 Lamberton Corn 0.97 0.14 <0.01 
 Lamberton Soybean 0.94 0.04 0.12 
 Morris Corn 0.07 0.58 0.49 
 Morris Soybean 0.92 0.07 0.52 
 
Soybean yield again decreased at 1 location (Morris) with increasing K rate.  A similar 
response occurred in 2015 at Lamberton.  The exact cause of the decrease is unclear and there 
was no indication of a interaction similar to which occurred at Lamberton where the decrease 
was greatest when K was applied directly before the soybean crop.  The impact of Cl on the 
crop should be studied to determine if there is an issue and if application prior to corn can 
mitigate potential yield reductions in soybean. 
 
Table 15. The average amount of P fertilizer (in lbs P2O5/ac) that was needed to increase soil 
test by 1 ppm over a eight year period for the Bray-P1 and Olsen P soil tests.  

 Lamberton Morris Saint Charles 
 --------------------------lb P2O5/ppm------------------------- 

Bray P-1 12.5 16.7 33.3 
Olsen P 20.0 25.0 50.0 

 
Table 16. The average amount of K fertilizer (in lbs K2O/ac) that was needed to increase soil 
test by 1 ppm over a eight year period for the ammonium acetate soil test.   

 Delavan Lamberton Morris 
 --------------------------lb K2O/ppm------------------------- 

Ammonium Acetate 7.1 5.9 10.0 
 
A summary of the change in soil test P and K is given in Tables 15 and 16.  Eight cropping 
years have been completed as of the end of 2016.  t took between 12 to 33 lbs P2O5 to increase 
soil test P by 1 ppm according to the Bray P1 test and 20 to 50 lb P2O5 to change the Olsen 
test by 1 ppm over the seven years of the study.  The wide range in values are consistent with 
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previously conducted research in Minnesota.  Soil test K was increased 1 ppm by 6 to 10 lbs 
K2O per acre. 
 
Summary of the amount of P and K required to maximize corn and soybean grain yield 
 
The amount of fertilizer required for a two year rotation to maximize yield within a single 
year is summarized in Tables 17 and 18.  Since there were two block on each site in order to 
have both crops each year, each block was studied separately in order to determine if blocks at 
each location differed in their responsiveness to P or K.  The starting soil test for each block is 
given in Tables 14 and 15.  Average soil test values were somewhat similar but did differ 
between blocks.  For instance, the P site a Morris tested 6 ppm for the North block while the 
south block averaged 10 ppm.  The difference between the soil test values for each block was 
evident when studying responses at the North block responded to P application in five of the 
six years studied.  For K, the North block at Delavan five out of six years.  The area with the 
second highest rate of response was the East block at Morris which responded three out of six 
years. 
 
Table 17. Summary of phosphorus response of corn or soybean from each plot at each study 
location.   
   2009† 2010† 2011† 2012† 2013† 2014† 
 L‡ ST§ CR CL CR CL CR CL CR CL CR CL CR CL 
  ppm  lb/ac  lb/ac  lb/ac  lb/ac  lb/ac  lb/ac 

Lamberton N 10 C 65 S ns C ns S ns C ns S ns 
 S 8 S ns C ns S 180 C ns S ns C lin 
Morris N 6 C 80 S ns C 60 S 120 C 143 S 64 
 S 10 S ns C ns S ns C ns S 40 C 204 
St. Charles E 5 C ns S ns C ns S ns C ns S 17 
 W 6 S ns C ns S ns C ns S ns C 30 
   2015† 2016†         
  ST§ CR CL CR CL         
  ppm  lb/ac  lb/ac         
Lamberton N 10 C 92 S 64         
 S 8 S ns C ns         
Morris N 6 C 36 S 100         
 S 10 S 20 C ns         
St. Charles E 5 C ns S ns         
 W 6 S ns C 20         
†CR, crop; CL, fertilizer rate that produced the greatest yield if response to P was significant. 
‡Designates the trial area location within each study: E, east; N, north; S, south; W, west half. 
§ST, Olsen soil test value for each half of the study at a single location. 
 
The amount of fertilizer needed to maximize agronomic yield is far different that the amount 
required achieving the greatest economic benefit.  Figures in the appendix show the relative 
response of yield at the given locations to fertilizer rate.  Soil test should decline in some of 
the low rate treatments over time to which all sites should eventually respond to P or K.  What 
is surprising is the lack of response at both the P and K sites at Lamberton and P site near 
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Saint Charles.  Soil test P was High at the start of the Lamberton study so the soils still could 
be supplying adequate amounts of P at this site.  At Saint Charles soils tested low but there 
has been no indication of a yield response at this site.  We have not studied any soil test levels 
below 6” at any site.  High subsoil P levels could explain some of the lack of response at the 
locations.  We are planning on taking deeper samples in upcoming years to determine the 
effect of subsoil fertility.  For the K sites, the soil test can vary considerably depending on the 
time of year.  Thus, a true measure of availability can be difficult to achieve.  We are running 
different soil analyses for K but the data are not yet analyzed.  It should be noted that samples 
were collected in the fall.  Thus, any potassium still within any crop stover may not have been 
accounted for in the soil test.  We are not currently studying the amount of K in the stover.  
However, other research has shown that stover has a great capacity to take up K in amounts 
over what the crop needs.  This make getting an accurate soil test for K difficult unless 
samples are collected always at consistent time frames within the year. 
 
Table 18. Summary of potassium response of corn or soybean from each plot at each study 
location.   
   2009† 2010† 2011† 2012† 2013† 2014† 
 L‡ ST§ CR CL CR CL CR CL CR CL CR CL CR CR 
  ppm  lb/ac  lb/ac  lb/ac  lb/ac  lb/ac  lb/ac 

Delavan S 146 C ns S ns C ns S ns C 60 S ns 
 N 135 S ns C 272 S 90 C 60 S 179 C 323 
Lamberton N 118 C ns S ns C ns S ns C ns S ns 
 S 120 S ns C ns S ns C ns S ns C ns 
Morris E 104 C ns S ns C 80 S 180 C 30 S ns 
 W 116 S ns C 300 S ns C ns S ns C 197 
   2015† 2016†         
 L‡ ST§ CR CL CR CL         
  ppm  lb/ac  lb/ac         
Delavan S 146 C ns S 108         
 N 135 S ns C 180         
Lamberton N 118 C 56 S 139         
 S 120 S -lin C 69         
Morris E 104 C ns S ns         
 W 116 S 180 C -lin         
†CR, crop (C, corn; S, soybean); CL, fertilizer rate that produced the greatest yield if response 
to K was significant. 
‡Designates the trial area location within each study: E, east; N, north; S, south; W, west half. 
§ST, Ammonium acetate soil test value for each half of the study at a single location. 

 
A full economic analysis was conducted for each block within each P or K site (tables 19 and 
20, respectively) over the eight years of data collected through the end of the 2016 cropping 
season.  The eight years included four years of corn and four years of soybean where model 
was fit to the average response based on the 2-year application rate of P or K.  Timing was not 
considered due to the effect of timing not being significant for any locations when analyzing 
the 8-year data.  The economic optimum rates of P or K application are summarized assuming 
a fixed price ration of 0.10 according a cost of $0.40 per pound of P2O5 or K2O and a corn 
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value of $4 per bushel.  The price ratio was not calculated for soybean.  The EOPR and 
EOKR values in Tables 19 and 20 represent the 2-year application rate that produced the 
maximum net return to P or K based on the data in Figures 29 and 30 in the Appendix. 
 
Table 19. Economic response to phosphorus based on location and block studied summarized 
for a 2-year application of P in a corn-soybean rotation. 

Location Block EOPR† 
  -lb P2O5/ac- 

Lamberton 1 42 
 2 27 

Morris 1 50 
 2 87 

Saint Charles 1 0 
 2 0 

†EOPR, economic optimum phosphorus rate for a 2-year application based on a 0.10 price 
ratio ($/lb P2O5 / $/bu corn) 
 
Application of P over the eight cropping years did provide a positive economic response at 
Lamberton and Morris and never produced an economic response at Saint Charles in spite of 
low P soil tests.  In general, there was little yearly response to P at Saint Charles until the 7th 
and 8th crop year where only a small rate, 20 lbs P2O5, was enough to achieve maximum yield 
(Table 17).  At Lamberton the maximum economic rate of P ranged from 30-40 lbs P2O5 
which the rate was greater at Morris ranting from 50-90 lbs.  There has been a clearer 
response to P for Morris in Block 2.  Block 1 has responded but there is little difference in the 
net return to P for rates ranging from 30-100 lbs P2O5. 
 
Table 20. Economic response to potassium based on location and block studied summarized 
for a 2-year application of P in a corn-soybean rotation. 

Location Block EOKR† 
  -lb K2O/ac- 

Delavan 1 48 
 2 27 

Lamberton 1 0 
 2 24 

Morris 1 23 
 2 28 

†EOKR, economic optimum potassium rate for a 2-year application based on a 0.10 price 
ratio ($/lb K2O / $/bu corn) 
 
Net return per lb of P applied has typically been greater for P sites than for K sites.  However, 
the analysis by block did indicate that some K is warranted for most sites (except for 
Lamberton Block 1).  The relatively higher return at response sites to P is likely a result of soil 
P tests which were in the low classification for sites while K tests were medium for all sites.  
At Morris and Lamberton a rate of K from 20-30 lbs provided the maximum net return using 
the 0.10 price ratio.  The response was general greater at Delavan ranging from 30-50 lbs K2O 
which is surprising since the soil test was the greatest at trial initiation at Delavan compared to 
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the other locations.  The air dried test could be overestimating available K at Delavan.  Block 
1 at Delavan had a greater response to K than Block 2 which had a higher starting average soil 
test.  More work is being conducted studying the impact of drying on soil samples from these 
sites.  Soil sample data from 2016 has not been analyzed at the time of this report.  In 
addition, the economic analysis for both P and K were conducted over eight years.  Funding is 
being sought to carry each site through year ten before the studies are terminated.  If ten years 
of data can be obtained then the economic analysis will be broken down to early, middle, and 
the final cropping years to see how the economic optimum P or K rates may change over time.  
We would expect that the required rate should change based on crop removal of nutrients over 
the rotation. 
 
Impact of Crop P and K Removal on Soil Test Maintenance 

 
One item of interest in this study was to determine the effect of crop removal of P or K on 
change in soil test.  Many growers are interested in removal based application in order to 
maintain fertility within their fields.  Since soils can vary in their chemical properties there 
can be some differences in how P or K levels build over time.  Within most maintenance 
systems it is not recommended to use the past year’s yields to determine how much fertilizer 
to apply.  Even though it is seems logical, variation in yield and nutrient uptake in grain create 
great uncertainty on the exact numbers to use to where over-application of nutrients is highly 
likely if removal is based on previous yields.  Typically long term averages work better in 
order to determine include and decline of soil test.   
 

 
Table 19. Summary of annual soil test change based on crop removal of P or K following 
seven years for fertilizer application and removal.  Data are calculated from Figures 22 and 
23. 

Study Location 

Soil Test Change 
when applying P or K 

based on crop 
removal 

Annual P or K  
application required to 

Maintain Soil Test 
  ------ppm yr-1----- ----lb P2O5 ac-1 yr-1--- 

Phosphorus Lamberton 2.4 -30.1 
 Morris 0.9 -21.6 
 Saint Charles 1.0 -25.8 
   ----lb K2O ac-1 yr-1---- 

Potassium Delavan 12.0 -63.0 
 Lamberton 7.9 -52.5 
 Morris 9.3 -71.7 

 
The net amount of P or K removed was calculated following seven cropping years at all 
locations and is summarized in Figures 23 and 24.  Table 16 summarizes the annual rates of 
change based on if exact crop removal is targeted as well as the amount of fertilizer needed on 
an annual basis to maintain soil test levels.  For P, a removal based approach resulted in an 
increase in soil test P in the top 6” at all sites. The increase was the greatest at Lamberton at 
2.4 ppm per year and least at Morris averaging 0.9 ppm per year.  In order to maintain soil test 
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30 lbs P2O5 per acre per year could be removed at Lamberton, followed by 26 lbs at Saint 
Charles, and 22 lbs at Morris. 
 
Data generated over five cropping seasons is summarized in Figures 11 and 12.  In order to 
maintain soil test 59 lbs P2O5 per acre per year could be removed at Lamberton, followed by 
42 lbs at Saint Charles, and 17 lbs at Morris.  Comparing the data after seven years shows that 
more P could be removed up to year five which maintaining soil test P.  The decrease in the 
amount of P that could be removed is most likely a result of soil tests lowering to a 
concentration where deficiencies are more likely.  It is reasonable to assume that high 
removals of P will eventually result in mining of the soil and an increase in the need for 
fertilizer P to be applied.  Factoring in crop removal, applying the data suggests that applying 
up to 50% of crop removal could maintain soil test P in the top six inches.   
 
Since we are only measuring the top 6”, and given the fact that plants typically use 30% or 
less of fertilizer P applied, an increase in surface P could be happening at the expense of 
subsoil P.  This will need to be studied to determine if subsoil levels are dropping in the plots. 
 
Since the K soil test levels changed and were relatively higher than the initial tests, the annual 
rate to maintain the K soil test is difficult to determine.  The average soil test change if the 
exact removal could be targeted ranged from 7.9 to 12.0 ppm based on the air dried 
ammonium acetate K test.  However, we do not know if the change would be the same had the 
samples been taken in the spring rather than the fall following the crop being harvested.  In 
addition, the point at which we are measuring change against are the preliminary samples 
taken in spring of 2009.  At this time caution should be observed when trying to utilize this 
data to determine whether removal rates of K should are warranted. 

 
Comparison of Field Moist versus Air Dried Soil Test Values 
 
Multiple soil samples were collected from selected plots starting in 2013 to gauge the effect of 
air drying on soil test K values from the three LTK locations.  Plots were sampled that did not 
receive a fresh application of K the fall when the samples were collected.  Soil test values for 
K for the moist test were plotted against values for the air dried samples and we found no 
relationship between the two tests (data are not shown).  This lack of relationship is consistent 
with past findings.  We thus looked at the difference between the two (moist – dry test) versus 
the soil test level for either test.  There again was no clear relationship between the different 
between the tests and the amount of K extracted by the air dried samples.  When compared, 
there was a positive linear correlation between the difference from the moist to the dry and the 
amount of K extracted by the moist test across all locations and for both years (Delavan data 
for 2014 are not yet available).  What is interesting is that both tests appear to give identical 
values near 200 to 250 ppm K in solution.  When soils tests less than 200 ppm then the moist 
test tends to be lower than the dry while the opposite is true at levels higher than 200 ppm. We 
expected some differences among the sites but the 200 ppm threshold was consistent.   
 
The only major difference among the sites is that the difference between the two tests is 
greater at Delavan with the moist samples testing nearly 100 ppm lower than the dry test at 
low K application rates.  We have seen consistent yield response to K at Delavan in-spite of 
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the air dry test indicating that there should be little chance for a response.  The soils at the 
Delavan site appear to be such that drying the sample releases a significant amount of K and 
thus would over-estimate K supply to a crop.  For Morris and Lamberton there is less of an 
impact of drying on the lowest K test plots in the study.  It is more likely that the air dry test 
will underestimate availability at Lamberton and Morris.   

 
The collection of samples for moist K analysis was switched to June in 2015.  The change was 
made to try to obtain a better correlation between soil test and yield response to K from the 
locations.  Figure 22 summarizes data collected from selected plots in June 2015.  There was a 
strong correlation between the moist soil test for K and the difference between the moist and 
dry tests at Delavan and Morris.  There was more variability in the data at Lamberton.  
However, there was a general relationship between the moist test and difference between the 
moist and dry test at Lamberton.  The difference between the tests was 0 when the moist test 
was around 200 ppm at Delavan and Lamberton while the moist test always resulted in a 
higher soil test value at Morris regardless of the soil test which is different than past soil 
samples collected in the Fall.   

 
CONCLUSIONS 

 
This report contains data from an ongoing research study.  Medium testing P and K sites were 
selected to study the effect of timing of application and fertilizer rate in 2-year corn-soybean 
rotations.  Corn and soybean yield was significantly increased by P and K at over the years.  
Yield responded to low rates of both nutrients at either location.  Increase in soil test P and K 
varied by location and typically occurred more frequently within individual blocks within 
locations.   It took less fertilizer P to increase soil P at Lamberton and the most to increase soil 
P at Saint Charles.  However, greater rates of fertilizer could be removed at the previously 
mentioned sites in order to maintain soil test P.  The amount of K needed to increase soil test 
also varied.  However, sampling in the fall made it difficult to determine the effects of 
applying crop removal on change in soil test value.   
 
The data has shown no direct evidence that application of all the P or K before either corn or 
soybean affects yields of either crop in the rotation.  There has not been a significant yield 
advantage for using starter fertilizer as a substitute for broadcast P and any of the locations.  
Rate of fertilizer applied within a two-year rotation appears to be the most significant 
consideration within a fertilizer application program.  The rate required for maximum 
economic yield and to maintain soil test values in the top six inches is less than the amount of 
P or K removed over the 2-years in a corn-soybean rotation. 
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Figure 1. Corn and soybean yield summary for 2-year total P applications at three Minnesota locations.  Phosphorus rate is significant at 
the Morris corn and Lamberton soybean locations in 2011. 
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Figure 2. Corn and soybean yield summary for 2-year total K applications at three Minnesota locations.  Potassium rate is significant at 
the Morris corn and Delavan soybean locations in 2011. 
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Figure 3. Change in soil test P for the Bray-P1 and Olsen-P tests after two cropping seasons for three Minnesota locations. 
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Figure 4. Change in ammonium acetate potassium soil test after two cropping seasons for three Minnesota locations. 
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Figure 5. Corn and soybean yield summary for 2-year total P applications at three Minnesota locations in 2012.   
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Figure 6. Corn and soybean yield summary for 2-year total K applications at three Minnesota locations in 2012.   
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Figure 7. Change in soil test P for the Bray-P1 and Olsen-P tests after four cropping seasons for three Minnesota locations. 
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Figure 8. Change in ammonium acetate potassium soil test after four cropping seasons for three Minnesota locations. 
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Figure 9. Corn and soybean yield summary for 2-year total P applications at three Minnesota locations in 2013.   
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Figure 10. Corn and soybean yield summary for 2-year total K applications at three Minnesota locations in 2013.   
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Figure 11. Summary of net P applied (P applied minus P removed in grain) for each plot and soil test change from the initial soil sampling 
spring 2009 following five cropping years. 
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Figure 12. Summary of net K applied (K applied minus K removed in grain) for each plot and soil test change from the initial soil 
sampling spring 2009 following five cropping years. 
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Figure 13. Corn and soybean yield summary for 2-year total P applications at three Minnesota locations in 2014.   
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Figure 14. Corn and soybean yield summary for 2-year total K applications at three Minnesota locations in 2014.   
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Figure 15. Change in soil test P for the Bray-P1 and Olsen-P tests after six cropping seasons for three Minnesota locations. 
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Figure 16. Change in ammonium acetate potassium soil test after six cropping seasons for three Minnesota locations. 
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Figure 17. Comparison of the difference between the ammonium acetate K soil test on field moist versus air-dried soil samples versus the 
level of the field moist K test. 
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Figure 18. Corn and soybean yield summary for 2-year total P applications at three Minnesota locations in 2015.   
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Figure 19. Corn and soybean yield summary for 2-year total K applications at three Minnesota locations in 2015.   
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Figure 20. Change in soil test P for the Bray-P1 and Olsen-P tests after seven cropping seasons for three Minnesota locations. 
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Figure 21. Change in ammonium acetate potassium soil test after seven cropping seasons for three Minnesota locations. 
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Figure 22. Comparison of the difference between the ammonium acetate K soil test on field moist versus air-dried soil samples versus the 
level of the field moist K test. 
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Figure 23. Summary of net P applied (P applied minus P removed in grain) for each plot and soil test change from the initial soil sampling 
spring 2009 following seven cropping years. 
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Figure 24. Summary of net K applied (K applied minus K removed in grain) for each plot and soil test change from the initial soil 
sampling spring 2009 following seven cropping years. 
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Figure 25. Corn and soybean yield summary for 2-year total P applications at three Minnesota locations in 2016.   
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Figure 26. Corn and soybean yield summary for 2-year total K applications at three Minnesota locations in 2016.   
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Figure 27. Change in soil test P for the Bray-P1 and Olsen-P tests after eight cropping seasons for three Minnesota locations. 
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Figure 28. Change in ammonium acetate potassium soil test after eight cropping seasons for three Minnesota locations. 
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Figure 29. Summary of gross and net return to phosphorus application for individual cropping blocks at three locations in Minnesota. Data 
are summarized based on average crop response for corn and soybean within the individual blocks over eight crop years (4 corn and 4 
soybean crops). 
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Figure 30. Summary of gross and net return to potassium application for individual cropping blocks at three locations in Minnesota. Data 
are summarized based on average crop response for corn and soybean within the individual blocks over eight crop years (4 corn and 4 
soybean crops).  
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