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Project Summary Points 

• Potassium application rate and timing had inconsistent impacts on corn leaf and soybean trifoliate K 
concentration. Leaf and trifoliate K concentration was related to corn or soybean yield response. 
Calculated values for R1 sampling indicated that the current range for corn ear leaf (1.8-3.0%) and 
soybean trifoliate (1.7-2.5%) appears to be accurate. Corn grain yield was at maximum when V10 
corn upper leaf K concentration was 0.81% or greater. 

• Leaf Cl concentration increased greater with spring application of potash fertilizer. Fall application 
either did not increase or only slightly increased Cl concentration. Results show that increased Cl 
concentration in the leaf tissue did not result in decreased corn or soybean grain yield. 

• Time of K application did not affect corn grain yield. Corn grain yield was maximized when 80-120 
lbs K2O was applied across locations. 

• Soybean grain yield was significantly lower when K was applied in spring. Across locations, soybean 
grain yield was not increased by K fertilizer but was 1 bushel per acre less when K rates were applied 
in spring. There was no difference in yield between fall and spring K applications when only 40 lbs 
K2O was applied. Yield decreased when 80 lbs K2O or greater were applied to soybean. Fall 
application is the best option if K is applied ahead of the soybean crop. 

• Soybean seed protein and oil concentration were not impacted by K application rate or timing. 
• There was a relationship between the K base saturation ratio and relative corn or soybean grain yield. 

However, this relationship was because there was also a relationship between soil test K in June and 
relative corn grain yield. There was no advantage of using K base saturation ratio to predict yield. The 
optimal K base saturation ratio was 1.0 to 1.5 for corn and soybean. 

• Change in soil test K from application to a sampling in mid-June was similar regardless of K timing. 
• At the sites studied, there was no increase in non-exchangeable K measured in June due to K fertilizer 

application. The K applied did not appear to be ‘fixed’ in non-exchangeable forms. 

Introduction 

Potassium is an important nutrient for crops. The goal of this study is to establish whether corn and 
soybean yield is impacted by the timing in which potassium fertilizer, applied as potassium chloride, is 
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applied ahead of the crop. Many growers prefer to apply dry fertilizer containing phosphorus and 
potassium in the fall since both nutrients are immobile and should not leach in most soils. While recent 
research has been conducted looking at potassium response in corn and soybean none of that work 
compared timing of fertilizer application to determine whether there is a difference in yield potential for 
similar rates of potassium applied in the fall versus in the spring. 

Application of fertilizer in the fall does give more time for nutrients to react with the soil which can 
impact nutrient availability. Potassium does not form covalent bonds with other nutrients like phosphorus 
and should be less impacted by when the fertilizer is applied. Potassium can be fixed in soils high in 
smectite clays which can reduce availability. Recent increases in the price of potash coupled with greater 
potassium deficiency induced by dry weather conditions require further research to fine tune potassium 
guidelines to ensure application is both economical and will increase yield. 

Recent research in Minnesota has demonstrated that soybean yield can be reduced by the application of 
potassium chloride (KCl) fertilizer directly ahead of the soybean crop. The bulk of this research was 
conducted with KCl applied in the fall the year prior to soybean being grown. In conversations with other 
researchers and retailers the negative impact of Cl on soybean is generally assumed to be worse with an 
application in the spring close to when the soybean crop is planted. One goal of this study is to better 
determine how timing may impact soybean yield both positive and negative. Soybean seed quality will 
also be assessed to follow up on differences in seed protein and oil concentration commonly found in 
other research studies. Information is needed if KCl fertilizer does reduce yield as to how much can be 
applied before the soybean crop and whether the risk for damage is greater based on when the fertilizer is 
applied. 

Additional data on plant tissue K concentration and whether tissue K can predict final grain yield needs to 
be measured to provide better guidance on the use of tissue sampling and whether tissue concentrations 
can be predictive of final grain yield. For corn two key timings are commonly sampled, mid-vegetative 
and early reproductive samples. For soybean only early reproductive samples are commonly collected 
which will be added to past data collected in Minnesota correlating relative yield response in corn and 
soybean to plant tissue K concentrations. 

Objective 

The objectives of this study will be: 

1. Determine the optimal rate of K applied as KCl for corn and soybean and determine whether the 
optimal rate of K varies whether fertilizer is applied in fall compared to spring? 

2. Determine whether soybean yield is decreased by the application of KCl, is the decrease less if 
KCl is applied in the fall? 

3. Evaluate potassium rate and timing impacts on soybean seed quality. 
4. Determine if plant tissue K concentration can be a predictor of final grain yield. 
5. Evaluate the impact that fall and spring K application have on soil test change for samples 

collected in June 
6. Assess the impacts of K application timing on fixed potassium as extracted by the sodium 

tetraphenylboron. 
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Materials and Methods 
 

Six locations will be established in each of three growing seasons starting in Fall of 2021, 2022, 2023, 
and 2024 Three corn and three soybean trials were established each year. Sites were selected based on 
current soil test values targeting locations testing 150 ppm or less in K by air dried samples. Corn and 
soybean will be the only crops studied. 
 
Each site is established using a split plot design where larger main plots are established representing one 
of five K fertilizer rates (0, 40, 80, 120, and 160 lbs K2O per acre). Each main plot was split into two sub-
plots four rows wide which represent time of fertilizer application (fall versus spring). Potassium fertilizer 
was applied as potassium chloride (KCl). Additional nitrogen, phosphorus, and sulfur were applied as 
needed such that yield is not limited by any nutrient other than potassium. 
 
Table 1. Soil series information and planted crops at each location and initial soil test data from 
potassium studies. Soil test data was collected in the Fall at trial establishment from each main plot. 
   Soil Test K Soil Test/1  

Year Location Crop Air 
Dry Moist 5 min 

TBK P pH SOM Soil Series 

   Ppm  %  
2022 Crookston Corn 123 54 348 12 8.2 3.4 Wheatville 

 Lamberton Corn 181 102 646 8 6.8 4.7 Normania 
 Rosemount Corn 69 43 294 12 6.3 4.4 Waukegan 
 Lamberton Soybean 131 69 285 15 5.3 4.3 Normania 
 Rochester Soybean 88 52 284 7 6.7 4.5 Mt Carroll 
 Rosemount Soybean 105 83 222 41 7.0 2.6 Waukegan 

2023 Lamberton Corn 115 59 491 9 5.7 4.2 Normania 
 Rochester Corn 95 72 412 7 6.9 4.2 Mt. Carroll 
 Rosemount Corn 105 78 321 15 5.3 3.7 Waukegan 
 Crookston Soybean 186 137 482 15 7.7 3.7 Wheatville 
 Faribault Soybean 107 80 466 18 6.6 2.8 Lester 
 Le Sueur Soybean 148 131 487 35 6.5 3.7 Cordova 

2024 Becker Corn 85 89 244 45 6.5 1.2 Hubbard 
 Crookston Corn 114 94 441 6/2 7.8 3.0 Wheatville 
 Rosemount Corn 89 77 428 10 6.2 3.7 Tallula 
 Faribault Soybean 95 69 521 20 6.6 3.0 Lester 
 Lamberton Soybean 162 151 695 43 5.4 4.4 Normania 
 Rosemount Soybean 87 58 419 11 7.3 3.8 Waukegan 

2025 Crookston Corn 138 70 589 11 8.0 3.2 Wheatville 
 Lamberton Corn 168 83 817 18 6.0 4.2 Normania 
 Rosemount Corn 86 61 403 6 7.2 3.7 Waukegan 
 Becker Soybean 110 134 365 10 6.1 2.1 Hubbard 
 Rosemount Soybean 83 67 355 7 6.2 3.8 Waukegan 
 Waseca Soybean 148 59 624 6 6.7 5.4 Webster 

1/ K, Soil test potassium (K-ammonium acetate); P, Bray-P1 phosphorus; SOM, soil organic matter. 
2/ Soil test P results are summarized based on the Olsen P test instead of the Bray-P1. 

 



4 
Kaiser – K timing report 2025 

All soybean plots will be harvested with a small plot combine. Corn will either be harvested with a plot 
combine or by hand. Grain samples will be collected from each location and analyzed for total K 
concentration. Soybean grain will be analyzed by NIR for protein and oil content on whole soybean seeds. 
 
Table 2. Summary of non-traditional soil test data collected for all site-years. Data summarized are 
for samples collected the previous fall before the cropping year at each location. 
   Particle Size  K base Sat 
Year Location Crop Sand Silt Clay CEC Dry Moist 

   --------%-------- meq/100g % 
2022 Crookston Corn 29.1 32.2 38.7 21.4 1.47 0.65 

 Lamberton Corn 27.2 28.4 44.4 26.7 1.73 0.98 
 Rosemount Corn 7.2 57.5 35.3 20.0 0.88 0.55 
 Lamberton Soybean 27.8 30.9 41.3 22.3 1.50 0.79 
 Rochester Soybean 2.0 60.2 37.8 20.7 1.09 0.64 
 Rosemount Soybean 35.3 36.3 28.4 11.8 2.28 1.80 

2023 Lamberton Corn 40.9 28.5 30.0 22.9 1.28 0.66 
 Rochester Corn 30.0 46.3 23.8 17.3 1.41 1.07 
 Rosemount Corn 11.6 62.2 26.3 20.9 1.29 0.96 
 Crookston Soybean 41.0 31.9 27.2 22.6 2.10 1.55 
 Faribault Soybean 51.6 25.6 22.8 16.2 1.69 1.26 
 Le Sueur Soybean 47.2 26.6 26.2 21.4 1.77 1.57 

2024 Becker Corn 77.8 15.6 6.6 5.2 4.18 4.37 
 Crookston Corn 49.3 27.5 23.2 18.7 1.56 1.29 
 Rosemount Corn 18.4 58.8 22.8 18.3 1.24 1.08 
 Faribault Soybean 43.8 32.2 24.1 16.5 1.14 0.76 
 Lamberton Soybean 41.0 28.1 30.9 22.7 1.47 1.07 
 Rosemount Soybean 22.5 52.2 25.3 19.5 1.83 1.70 

2025 Crookston Corn 37.9 35.7 26.6 23.6 0.84 0.56 
 Lamberton Corn 36.3 31.6 32.2 24.5 0.75 0.55 
 Rosemount Corn 20.0 53.2 26.9 17.2 1.54 1.44 
 Becker Soybean 83.1 3.7 13.1 7.9 2.14 2.61 
 Rosemount Soybean 22.4 50.1 27.5 19.3 0.77 0.62 
 Waseca Soybean 32.9 31.9 35.3 30.8 1.07 0.43 

CEC, cation exchange capacity 
7 Day TBK, Sodium tetraphenylboron K concentration after a 7-day incubation period. 
K base Sat based on fall soil test K values for based on extraction of dry or moist soil samples 

Soil samples will be collected from each main block (20 samples per site consisting of 8 to 10 0-6” cores) 
prior to fall treatment application and in June (all plots) and will be kept in a moist state, sieved, then 
split. Part of the Fall sample will be air dried, ground, and analyzed for Olsen P, pH, organic matter, and 
ammonium acetate K. June samples will be run for K only. The remaining moist portion of the soil 
sample will be analyzed without drying using the “direct sieve” method. Soil moisture will be calculated 
to weigh out 2 g of oven-oven dry equivalent moist soil which will be extracted with 1M ammonium 
acetate like the method used for the air-dried samples. Leaf samples will be collected from each plot for 
corn at V8-V10 (uppermost fully developed leaf) and R1 (leaf opposite and below the ear) and for 
soybean at the R1-R2 growth stage (uppermost fully developed trifoliate) and will be analyzed for total K 
concentration.  The fixed potassium fraction will be assessed on air dried samples collected both in the 
fall and in June following a 7-day incubation with sodium tetraphenylboron. 
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Location data are summarized in Table 1. Sites were targeted that had soil test K values less than 200 
ppm. Sites were preferred if they had soil test K values less than 150 ppm and ideally closer to 100-120 
ppm or less. Additional chemical properties are listed in Table 2. Table three summarizes cultural 
practices used at each location. 

Table 3. Summary of cultural practices for studies. Fall fertilization data is for the fall preceding 
the calendar year where the trial was conducted at each location. 
    Date of 
Year Location Crop Cultivar† Fall Fert. ‡ Spring Fert. Planting 
2022 Crookston Corn DK 29-89 1-Nov 27-May 27-May 

 Lamberton Corn DK 49-44 27-Oct 4-May 23-May 
 Rosemount Corn P 9489AM 4-Nov 3-May 16-May 
 Lamberton Soybean S 19EC12 27-Oct 5-May 24-May 
 Rochester Soybean AG 17XF2 5-Nov 4-May 6-May 
 Rosemount Soybean NK 18-J7E3 4-Nov 4-May 23-May 

2023 Lamberton Corn DK 52-18 3-Nov 4-May 24-May 
 Rochester Corn DK 50-87 2-Nov 3-May 19-May 
 Rosemount Corn P 9211 7-Nov 2-May 13-Jun 
 Crookston Soybean NK 008E3 4-Nov 10-May 13-May 
 Faribault Soybean P 18A73E 10-Nov 27-Apr 25-May 
 Le Sueur Soybean P 18A73E 10-Nov 27-Apr 4-May 

2024 Becker Corn NK 9771DV 8-Nov 23-Apr 24-Apr 
 Crookston Corn DK 32-12 14-Nov 24-Apr 13-May 
 Rosemount Corn DK 45-74 15-Nov 12-Apr 9-May 
 Faribault Soybean GH 22992E3 20-Nov 12-Apr 9-Jun 
 Lamberton Soybean P 18A73E 17-Nov 24-Apr 14-May 
 Rosemount Soybean X 1971 15-Nov 12-Apr 14-May 

2025 Crookston Corn DK 29-89 29-Oct 5-May 12-May 
 Lamberton Corn DK 104-08 15-Nov 21-Apr 22-Apr 
 Rosemount Corn DK 101-43 15-Nov 16-Apr 5-May 
 Becker Soybean B 0650E3 11-Nov 21-Apr 7-May 
 Rosemount Soybean NK15-G9E3S 15-Nov 5-May 6-May 
 Waseca Soybean P19A37E 15-Nov 7-May 12-May 

†AG, Asgrow; B, Becks; DK, Dekalb; GH, Golden Harvest; NK, Northrup King; P, Pioneer; S, Stine; X, 
Xitavo. 
‡ Fall fertilizer (fert.) was applied the fall the previous year in which the study was harvested. 
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2022 Data Summary 

Table 4 and 5 summarize main effects and main effect interactions for the ANOVA for the measured 
variables for the 2022 corn and soybean trials, respectively. Tables 5 and 6 summarize the potassium (K) 
rate and timing main effects for corn and soybean, respectively. Interactions were generally not 
significant, and the interaction data are not summarized for most of the measured variables. A lack of 
significant interaction is an indication that there is no impact of K timing on fertilizer use by either crop. 
Exceptions however will be noted. 

Soil samples were collected in June to assess potential differences in K availability based on application 
timing. While samples were analyzed following air drying and on field moist basis, only the field most 
data are summarized. Potassium application rate impacted soil test K change at four of six locations (two 
corn and two soybean). Timing itself was not significant but the timing by rate interaction was significant 
at 2 of the 4 locations where K rate was significant, and one location, Crookston, where rate was not 
significant. Figure 1 summarizes data for both the corn and soybean locations. Tables 4 and 5 also 
summarize K extracted by sodium tetraphenyl boron (Na-TBK) which sh 

Corn data are summarized in Table 5. Potassium fertilizer rate affected most measured variables at 
Rosemount and seldom affected variables at Crookston and Lamberton, which one exception, leaf Cl 
concentration. At Rosemount, there was a general increase in leaf and grain K concentration with 
increasing K application rate. Corn grain yield was increased when up to 80 lbs K2O was applied per acre. 
Time of K application did affect V10 and R1 leaf K concentration at Rosemount. In both cases the 
concentration of K was greater with spring applied K at Rosemount. Time of application did not affect 
measured variable at Crookston or Lamberton. 

Leaf Cl concentration was affected by both K rate and timing at both V10 and R1 samples at Lamberton 
and Rosemount. Leaf Cl concentration was only affected for the R1 sampling at Crookston where both 
Rate and time were significant. In all cases where rate and time were significant, the rate by timing 
interaction was also significant. Figure 2 summarizes the impact of K rate on leaf Cl concentration. The 
significant interaction at Lamberton and Rosemount was a result of a greater effect of K applied in the 
spring on leaf Cl concentration as evident by the greater slope of the line for spring versus fall data. The 
effect was opposite at Crookston where K application rate impacted leaf Cl concentration at R1 but only 
for Fall applied K. 

Soybean main effect significance data are summarized in Table 6. Potassium application did not affect 
leaf tissue and grain K concentration and grain yield and quality parameters at Lamberton. For some 
reason application timing did affect grain yield at Lamberton with Fall application yielding more than 
spring K application. However, K application rate was not significant so it is unclear why timing was 
significant at Lamberton but there was no effect of K on soybean grain yield.  

Response trends were similar at Rochester and Rosemount. In both sites K application rate affected R1 
leaf K concentration and soybean grain yield. At both locations leaf K concentration was increased when 
up to 120 lbs K2O per acre were applied. Soybean grain yield responses did differ by site. At Rochester, 
yield was increased when up to 80 lbs K2O per acre were applied. At Rosemount, technically the control 
did not produce a significantly different yield from any of the applied fertilizer rates but the 40 lb K2O 
rate did produce yield similar higher application rates. The 120 lb K2O rate statistically produced the 
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lowest yield at Rosemount but that effect was likely a result of within site variability as the 80 and 160 lb 
K2O rates had greater grain yield and did not differ from each other. Time of application did impact leaf 
K concentration at Rochester where K concentration was greater for spring application. Application 
timing did not affect soybean grain yield at Rochester or Rosemount. Grain K concentration did increase 
with increasing K application rate to Rochester and K removal was greater at both Rochester and 
Rosemount because of greater grain yield with applied K. Seed protein and oil concentration were not 
affected by K application rate at any of the three locations.  

Leaf Cl concentration at R1 was impacted by K application rate at all locations while timing was 
significant at two of the three locations. All locations showed a significant interaction between K 
application rate and timing for leaf Cl concentration. The interaction between K application rate and 
timing is summarized in Figure 3. In all three cases, there was little to no effect of fall applied K on the 
concentration of Cl in the leaf tissue at all three locations while the spring K tended to result in linear 
increases in Leaf Cl concentration. Soybean grain yield was not negatively impacted by K application rate 
at any of the locations so the overall impact of the extra Cl in the plant appeared to be negligeable. The Cl 
data gathered in this study does begin to answer one question regarding timing and Cl uptake.  
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Table 4. ANOVA summary for measured variables (potassium rate and timing) for the three corn trials conducted in 2022. 

Main Effect 
Moist K 
Change 

June 
TBK 

V10 Leaf 
K 

V10 Leaf 
Cl 

R1 Leaf 
K 

R1 Leaf 
Cl 

Grain 
Moisture 

Grain 
Yield 

Grain 
%K 

Grain K 
Removal 

   ----------------------------------------P>F----------------------------------------  
    Crookston     
K rate 0.17 0.86 0.34 0.34 * * 0.63 0.74 0.67 0.86 
Timing 0.44 0.55 0.56 0.88 0.85 * 0.42 0.77 0.28 0.34 
K rt x Time * 0.82 0.34 * * *** 0.80 0.15 0.30 0.08 
    Lamberton     
K rate ** 0.32 0.61 ** 0.15 *** 0.29 0.20 0.29 0.41 
Timing 0.17 0.44 0.88 *** 0.54 *** 0.66 0.94 0.89 0.79 
K rt x Time 0.07 0.73 0.72 *** 0.28 * 0.99 0.30 0.13 0.12 
    Rosemount     
K rate *** 0.29 *** *** *** *** *** *** * * 
Timing 0.67 0.41 * *** * *** 0.31 0.20 0.31 0.62 
K rt x Time 0.11 0.61 0.17 ** * *** 0.17 0.25 0.09 0.13 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 5. ANOVA summary for measured variables (potassium rate and timing) for the three soybean trials conducted in 2022. 
Main 
Effect 

Moist K 
Change June TBK R1 Leaf K R1 Leaf Cl 

Grain 
Yield Grain %K 

Grain K 
Removal 

Grain 
Protein Grain Oil 

  ----------------------------------------P>F----------------------------------------  
     Lamberton     
K rate * 0.13 0.29 *** 0.73 0.45 0.99 0.55 0.77 
Timing 0.16 0.13 0.49 *** * 0.94 0.08 0.61 0.94 
K rt x Time 0.56 0.57 0.71 * 0.64 0.93 0.84 0.49 0.95 
     Rochester     
K rate 0.22 0.74 ** 0.09 *** * ** 0.38 0.71 
Timing 0.91 0.47 ** 0.12 0.13 * * 0.51 0.38 
K rt x Time 0.25 0.86 0.21 0.08 * 0.10 0.06 0.77 0.52 
     Rosemount     
K rate 0.09 0.65 *** * 0.09 0.71 ** 0.87 0.59 
Timing 0.69 0.67 0.67 *** 0.28 0.88 0.29 * 0.14 
K rt x Time * 0.52 0.19 ** 0.39 0.53 0.46 *** 0.26 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 6. Summary of treatment main effects for three corn locations where K fertilizer rates were 
applied in Fall or spring ahead of the 2022 cropping season. Treatments are considered 
significantly different at P<0.10. Numbers followed by the same letter for individual site 
treatment main effects are not significantly different. 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 --------------------------------- V10 Upper Leaf %K---------------------------------- 
Crookston 1.70 1.79 1.79 1.85 1.79  1.77 1.79 
Lamberton 1.99 2.00 1.93 2.11 2.03  2.01 2.02 
Rosemount 0.55c 0.57c 0.70b 0.86a 0.87a  0.67b 0.74a 
 --------------------------------- V10 Upper Leaf Cl (ppm)---------------------------------- 
Crookston 983 1191 1352 1340 1283  1221 1239 
Lamberton 1388c 1645b 1790ab 1841ab 1917a  1543b 1890a 
Rosemount 671e 1696d 2552c 3399b 3884a  1909b 2972a 
 -------------------------------------- R1 Leaf %K -------------------------------------- 
Crookston 1.33b 1.54a 1.61a 1.53a 1.63a  1.53 1.52 
Lamberton 1.74 1.71 1.72 1.93 1.88  1.79 1.81 
Rosemount 0.92d 1.04c 1.25b 1.34a 1.36a  1.15b 1.21a 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Crookston 1175 1306bc 1735ab 1566abc 1945a  1752a 1323b 
Lamberton 1434c 2041b 2652a 2502a 2722a  1905b 2608a 
Rosemount 571e 1629d 2437c 3144b 3487a  1803b 2668a 
 --------------------------- Moisture in harvested grain %---------------------------- 
Crookston 14.1 14.1 14.2 14.0 14.0  14.1 14.0 
Lamberton 15.3 15.2 15.4 15.6 15.5  15.4 15.5 
Rosemount 14.0c 15.3ab 15.7a 15.1b 15.0b  14.9 15.1 
 -------------------- Corn grain yield at 15.5% bushels per acre--------------------- 
Crookston 160 165 163 157 165  162 161 
Lamberton 182 185 191 191 181  186 186 
Rosemount 163b 169b 186a 192a 192a  178 183 
 ---------------------------------- Corn Grain %K ---------------------------------- 
Crookston 0.33 0.33 0.34 0.35 0.34  0.34 0.33 
Lamberton 0.31 0.28 0.30 0.30 0.30  0.30 0.30 
Rosemount 0.38a 0.34b 0.38a 0.34b 0.35ab  0.36 0.35 
 ---------------------- K Removed in Corn Grain (lb K2O/ac)--------------------- 
Crookston 29.9 30.8 31.3 30.8 30.5  31.1 30.3 
Lamberton 32.1 29.6 32.6 32.1 30.6  31.3 31.5 
Rosemount 33.4bc 32.1c 40.5a 36.6ab 37.6ab  36.4 35.7 
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Table 7. Summary of treatment main effects for three soybean locations where K fertilizer 
rates were applied in Fall or spring ahead of the 2022 cropping season. Treatments are 
considered significantly different at P<0.10. Numbers followed by the same letter for 
individual site treatment main effects are not significantly different. 

 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 -------------------------------------- R1 Leaf %K -------------------------------------- 
Lamberton 2.41 2.33 2.35 2.43 2.54  2.43 2.39 
Rochester 1.96c 2.15b 2.31ab 2.33a 2.45a  2.16b 2.32a 
Rosemount 2.39cd 2.34d 2.59bc 2.92a 2.68b  2.57 2.60 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Lamberton 511c 563bc 600b 615b 723a  551b 654a 
Rochester 535b 535b 580ab 603a 575ab  551 580 
Rosemount 383b 478b 702ab 1050a 1003a  415b 1031a 
 ---------------------- Soybean grain yield at 13% bushels per acre----------------------- 
Lamberton 57.2 55.2 55.5 55.1 54.4  56.5a 54.4b 
Rochester 65.6c 67.8b 69.6a 69.0ab 69.3a  67.9 68.7 
Rosemount 57.7ab 61.1a 62.3a 59.8b 62.1a  60.1 58.4 
 ---------------------------------- Soybean Grain %K ---------------------------------- 
Lamberton 1.58 1.62 1.60 1.62 1.66  1.62 1.61 
Rochester 1.65c 1.71bc 1.78a 1.76ab 1.76ab  1.71b 1.75a 
Rosemount 1.72 1.75 1.75 1.79 1.78  1.76 1.76 
 ---------------------- K Removed in Soybean Grain (lb K2O/ac)--------------------- 
Lamberton 56.6 56.0 55.4 55.9 56.3  57.1a 55.0b 
Rochester 68.1c 72.4b 77.5a 75.9ab 76.2a  72.8b 75.2a 
Rosemount 62.1bc 66.9ab 68.4a 58.8c 69.4a  66.1 64.1 
 ---------------------------------- Soybean Grain Protein % ---------------------------------- 
Lamberton 33.9 33.8 33.7 33.9 34.1  33.9 33.8 
Rochester 34.2 34.0 34.0 34.1 33.8  34.0 34.1 
Rosemount 35.8 35.6 35.8 36.0 35.7  35.7b 35.9a 
 ---------------------------------- Soybean Grain Oil % ---------------------------------- 
Lamberton 18.7 19.0 18.8 18.8 18.8  18.8 18.8 
Rochester 17.9 17.9 17.9 17.7 17.8  17.8 17.9 
Rosemount 17.2 17.1 17.1 17.3 17.0  17.1 17.2 
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Figure 1. Summary of change in June ammonium acetate K extracted from moist soil samples K 
application ahead of corn or soybean in Fall 2021 or Spring 2022. 
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Figure 2. Summary of the impact of potash application in Fall or Spring on V10 or R1 corn leaf Cl 
concentration for three field sites established in 2022. 
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Figure 3. Summary of the impact of potash application in Fall or Spring on R1 soybean trifoliate Cl 
concentration for three field sites established in 2022. 
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Figure 4. Summary of the amount of K extracted by incubating soil for 5 minutes with tetraphenylboron 
minus the amount of K extracted by the moist soil ammonium acetate test for samples collected in June of 
2022. 

 

  

!
"!

#!!
#"!
$!!
$"!
%!!
%"!
F!!

! %! '! (! #$! #"!

)*
+,

-"
./

0+
-1
23

-3
-45

5/
6

3-789,-4J;-3$K=8>6

?@AABC9A+-$!$$-. ?A@+

D8JJ E5@0+F

!

"!!

#!!

$!!

%!!

F!!

! $! '! (! "#! "F!

)*
+,

-F
./

0+
-1
23

-3
-45

5/
6

3-789,-4J;-3#K=8L6

?8/;,@9A+-#!##-. BAC;,8+

D8JJ B5@0+E

!

"!!

#!!

$!!

%!!

F!!

! $! '! (! "#! "F!

)*
+,

-F
./

0+
-1
23

-3
-45

5/
6

3-789,-4J;-3#K=8L6

?8/;,@9A+-#!##-. BA@+

C8JJ D5@0+E

!
"!

#!!
#"!
$!!
$"!
%!!
%"!
F!!

! %! '! (! #$! #"!

)*
+,

-"
./

0+
-1
23

-3
-45

5/
6

3-789,-4J;-3$K=8>6

7?>@,A9,B-$!$$-. C?D;,8+

E8JJ C5B0+F

!
"!

#!!
#"!
$!!
$"!
%!!
%"!
F!!

! %! '! (! #$! #"!

)*
+,

-"
./

0+
-1
23

-3
-45

5/
6

3-789,-4J;-3$K=8>6

7?@,/?*+9-$!$$-. A?B+

C8JJ D5B0+E

!
"!

#!!
#"!
$!!
$"!
%!!
%"!
F!!

! %! '! (! #$! #"!

)*
+,

-"
./

0+
-1
23

-3
-45

5/
6

3-789,-4J;-3$K=8>6

7?@,/?*+9-$!$$-. A?B;,8+

C8JJ A5D0+E



16 
Kaiser – K timing report 2024 

2023 Data Summary 

Table 8 and 9 summarize main effects and main effect interactions for the ANOVA for the measured 
variables for the 2023 corn and soybean trials, respectively. Tables 10 and 11 summarize the potassium 
(K) rate and timing main effects for corn and soybean, respectively. Interactions were generally not 
significant outside of selected plant tissue measurements. Interaction data are not summarized for most of 
the measured variables in the tables but are included in separate figures. A lack of significant interaction 
is an indication that there is no impact of K timing on fertilizer use by either crop. Exceptions for 2023 
will be noted. 

Soil samples were collected in June to assess potential differences in K availability based on application 
timing. While samples were analyzed following air drying and on field moist basis, only the field most 
data are summarized. Potassium application rate impacted soil test K change at all six locations. Timing 
itself was not significant but the timing by rate interaction was significant only at Lamberton in 2023. 
Figure 5 summarizes data for both the corn and soybean locations. Tables 10 and 11 also summarize K 
extracted by sodium tetraphenyl boron (Na-TBK) using a 5-minute extraction. The 5-minute extraction is 
thought to represent the most active fraction of non-exchangeable K. The 5-minute extraction includes 
both exchangeable and non-exchangeable K. Subtracting the moist K values from the data gives an 
estimate of the actual non-exchangeable K. All locations though showed no impact of K rate and timing 
on the non-exchangeable K fraction indicating that fertilizer K stayed in the soil solution rather than being 
“fixed”. There was a mixture of soils dominated by illite and by smectite but not major difference in how 
the non-exchangeable K fraction was impacted by K application. The same effect was also noted in the 
2022 data. Figure 4 as well as Figure 8 summarize non-exchangeable K data.  

Corn data are summarized in Table 10. Potassium fertilizer rate affected most leaf K and Cl tissue 
concentrations. Timing and the time by rate interaction was significant for leaf Cl concentration due to a 
greater increase in leaf Cl when K was spring applied. Corn grain yield was only increased by K at 
Rochester even though there were slightly increasing yield trends at Rosemount. Time of application did 
not have any impact on corn grain yield in 2023. 

Soybean main effect significance data for 2023 are summarized in Table 11. Potassium applications more 
commonly impacted leaf K and Cl concentrations across the 3 locations but did not affect soybean grain 
yield, seed protein, or oil concentration. The time main effect was significant for soybean grain yield at 
Crookston and Le Center. In both cases fall application outyielded spring. Soybean R1 leaf Cl 
concentration was similarly impacted by the rate x time interaction as was seen for corn. While trifoliate 
Cl concentration did increase regardless of timing the increase in trifoliate Cl concentration was greater 
when KCl was applied in the spring compared to the fall.  
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Table 8. ANOVA summary for measured variables (potassium rate and timing) for the three corn trials conducted in 2023. 

Main Effect 
Moist K 
Change 

June 
TBK 

V10 Leaf 
K 

V10 Leaf 
Cl 

R1 Leaf 
K 

R1 Leaf 
Cl 

Grain 
Moisture 

Grain 
Yield 

Grain 
%K 

Grain K 
Removal 

   ----------------------------------------P>F----------------------------------------  
    Lamberton     
K rate * 0.74 0.37 * 0.07 0.18 0.92 0.48 0.99 0.83 
Timing *** 0.33 *** *** *** *** 0.74 0.53 0.95 0.68 
K rt x Time ** 0.39 0.10 *** * ** 0.44 0.79 0.20 0.21 
    Rochester     
K rate * 0.11 *** ***   0.08 *** 0.52 * 
Timing 0.28 0.08 * ***   * 0.09 * * 
K rt x Time 0.94 0.11 0.09 **   0.09 0.57 0.10 0.39 
    Rosemount     
K rate *** 0.13 *** *** *** *** 0.08 0.17 0.57 0.20 
Timing 0.69 0.53 0.28 *** 0.13 *** ** 0.18 0.52 0.09 
K rt x Time 0.86 0.53 0.28 *** 0.06 *** 0.13 0.71 0.18 0.06 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 9. ANOVA summary for measured variables (potassium rate and timing) for the three soybean trials conducted in 2023. 
Main 
Effect 

Moist K 
Change June TBK R1 Leaf K R1 Leaf Cl 

Grain 
Yield Grain %K 

Grain K 
Removal 

Grain 
Protein Grain Oil 

  ----------------------------------------P>F----------------------------------------  
     Crookston     
K rate * 0.94 * ** 0.44 0.21 0.29 0.63 0.19 
Timing 0.66 0.89 0.28 ** * 0.88 0.21 1.00 0.40 
K rt x Time 0.68 0.70 0.20 0.25 0.65 0.10 0.62 0.70 0.96 
     Faribault     
K rate * 0.31 ** *** 0.34 0.07 0.41 0.49 0.20 
Timing 0.92 0.32 0.23 ** 0.73 0.44 0.64 0.32 0.38 
K rt x Time 0.76 0.18 0.91 0.09 0.27 0.95 0.38 0.94 0.98 
     Le Center     
K rate * 0.52 * 0.21 0.47 0.52 0.73 0.46 0.77 
Timing 0.99 0.22 0.74 0.45 * 0.62 0.11 0.10 0.18 
K rt x Time 0.92 0.74 0.33 0.18 0.84 0.08 0.69 0.80 0.36 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 10. Summary of treatment main effects for three corn locations where K fertilizer rates 
were applied in Fall or spring ahead of the 2023 cropping season. Treatments are considered 
significantly different at P<0.10. Numbers followed by the same letter for individual site 
treatment main effects are not significantly different. 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 --------------------------------- V10 Upper Leaf %K---------------------------------- 
Lamberton 1.19 1.06 1.31 1.38 1.30  1.01b 1.48a 
Rochester 0.40d 0.48c 0.59b 0.55b 0.76a  0.52b 0.58a 
Rosemount 1.01d 1.26c 1.46b 1.57b 1.76a  1.38 1.44 
 --------------------------------- V10 Upper Leaf Cl (ppm)---------------------------------- 
Lamberton 1185b 1899a 2385a 2373a 2387a  1111b 2979a 
Rochester 531d 2091c 3020b 3993a 3979a  2037b 3408a 
Rosemount 703d 1971c 2452b 2789ab 3148a  760b 3665a 
 -------------------------------------- R1 Leaf %K -------------------------------------- 
Lamberton 0.97b 0.96b 1.15ab 1.15ab 1.27a  0.92b 1.27a 
Rochester -- -- -- -- --  -- -- 
Rosemount 1.26c 1.62b 1.65b 1.72b 1.94a  1.60 1.68 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Lamberton 1374 1658 2055 2086 2127  1191b 2529a 
Rochester -- -- -- -- --  -- -- 
Rosemount 491c 1073b 1647a 1862a 1652a  626b 2064a 
 --------------------------- Moisture in harvested grain %---------------------------- 
Lamberton 17.8 17.6 18.1 17.8 17.9  17.8 17.9 
Rochester 20.9b 21.7a 21.0b 21.8a 21.1b  21.4a 21.1b 
Rosemount 23.2b 25.4a 26.5a 25.4a 25.3a  24.7a 25.7a 
 -------------------- Corn grain yield at 15.5% bushels per acre--------------------- 
Lamberton 193 189 202 193 198  194 197 
Rochester 155a 168c 173bc 178ab 184a  168b 174a 
Rosemount 166 177 181 181 177  179 174 
 ---------------------------------- Corn Grain %K ---------------------------------- 
Lamberton 0.29 0.29 0.29 0.30 0.30  0.29 0.29 
Rochester 0.30 0.29 0.30 0.30 0.29  0.29b 0.30a 
Rosemount 0.35 0.34 0.36 0.35 0.35  0.32 0.35 
 ---------------------- K Removed in Corn Grain (lb K2O/ac)--------------------- 
Lamberton 32.2 31.5 33.7 32.3 33.4  32.4 32.9 
Rochester 25.9b 27.6ab 29.3a 29.9a 29.9a  27.6b 29.5a 
Rosemount 32.9 34.4 36.9 35.9 35.2  35.8a 34.4b 
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Table 11. Summary of treatment main effects for three soybean locations where K fertilizer 
rates were applied in Fall or spring ahead of the 2023 cropping season. Treatments are 
considered significantly different at P<0.10. Numbers followed by the same letter for 
individual site treatment main effects are not significantly different. 

 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 -------------------------------------- R1 Leaf %K -------------------------------------- 
Crookston 2.43c 2.65ab 2.56bc 2.78a 2.77ab  2.61 2.66 
Faribault 1.61c 1.62c 1.89b 1.97ab 2.12a  1.87 1.81 
Le Sueur 2.02b 2.12b 2.18ab 2.31a 2.31a  2.20 2.18 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Crookston 977b 927b 921b 997b 1141a  957b 1028a 
Faribault 326b 354b 460a 530a 510a  377b 495a 
Le Sueur 384 432 431 479 476  432 451 
 ---------------------- Soybean grain yield at 13% bushels per acre----------------------- 
Crookston 45.4 42.5 43.1 43.6 43.4  44.1a 43.0b 
Faribault 48.2 41.9 42.9 48.7 41.1  44.3 44.8 
Le Sueur 54.2 57.7 52.0 55.7 56.1  55.6a 53.7b 
 ---------------------------------- Soybean Grain %K ---------------------------------- 
Crookston 1.89 1.84 1.87 1.91 1.93  1.89 1.89 
Faribault 1.75b 1.75b 1.83a 1.83a 1.85a  1.80 1.81 
Le Sueur 1.88 1.81 1.89 1.82 1.86  1.84 1.86 
 ---------------------- K Removed in Soybean Grain (lb K2O/ac)--------------------- 
Crookston 53.7 49.0 50.5 52.2 52.5  52.3 50.9 
Faribault 53.0 45.9 49.2 55.8 47.8  49.9 50.7 
Le Sueur 63.6 65.2 61.3 63.6 65.4  65.3 62.3 
 ---------------------------------- Soybean Grain Protein % ---------------------------------- 
Crookston 32.9 33.0 32.7 33.0 33.2  33.0 33.0 
Faribault 33.5 33.4 33.6 32.9 33.4  33.5 33.2 
Le Sueur 34.2 34.1 33.9 34.7 33.8  34.0b 34.2a 
 ---------------------------------- Soybean Grain Oil % ---------------------------------- 
Crookston 19.2 19.3 19.5 19.5 19.3  19.3 19.4 
Faribault 20.1 20.3 20.0 20.7 20.4  20.2 20.4 
Le Sueur 19.7 19.8 19.7 19.5 20.1  19.8 19.7 
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Figure 5. Summary of change in June ammonium acetate K extracted from moist soil samples K 
application ahead of corn or soybean in Fall 2022 or Spring 2023. 
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Figure 6. Summary of the impact of potash application in Fall or Spring on V10 or R1 corn leaf Cl 
concentration for three field sites established in 2023. 
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Figure 7. Summary of the impact of potash application in Fall or Spring on R1 soybean trifoliate Cl 
concentration for three field sites established in 2023. 
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Figure 8. Summary of the amount of K extracted by incubating soil for 5 minutes with tetraphenylboron 
minus the amount of K extracted by the moist soil ammonium acetate test for samples collected in June of 
2023. 
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2024 Data Summary 

Table 12 and 13 summarize the main effects and main effect interactions for the ANOVA for the 
measured variables for the 2024 corn and soybean trials, respectively. Tables 14 and 15 summarize the 
potassium (K) rate and timing main effects for corn and soybean, respectively. Interactions were generally 
not significant outside of selected plant tissue measurements. Interaction data are not summarized for 
most of the measured variables in the tables but are included in separate figures. A lack of significant 
interactions is an indication that there is no impact of K timing on fertilizer use by either crop. Exceptions 
for 2024 will be noted. 

Soil samples were collected in June to assess potential differences in K availability based on application 
timing. While samples were analyzed following air drying and on field moist basis, only the field most 
data are summarized. Potassium application rate impacted soil test K change at five of six locations. 
Timing itself was not significant. Figure 9 summarizes data for both the corn and soybean locations. 
Tables 14 and 15 also summarize K extracted by sodium tetraphenyl boron (Na-TBK) using a 5-minute 
extraction. The 5-minute extraction is thought to represent the most active fraction of non-exchangeable 
K. The 5-minute extraction includes both exchangeable and non-exchangeable K. Subtracting the moist K 
values from the data gives an estimate of the actual non-exchangeable K. All locations though showed no 
impact of K rate and timing on the non-exchangeable K fraction indicating that fertilizer K stayed in the 
soil solution rather than being “fixed”. There was a mixture of soils dominated by illite and by smectite 
but not major difference in how the non-exchangeable K fraction was impacted by K application. The 
same effect was also noted in the 2022 and 2023 data. Figure 12 summarizes non-exchangeable K data for 
2024.  

Corn data are summarized in Table 14. Potassium fertilizer rate affected most leaf K and Cl tissue 
concentrations. Timing and the time by rate interaction was significant for leaf Cl concentration due to a 
greater increase in leaf Cl when K was spring applied. Corn grain yield was not affected by K application 
rate at any of the corn locations. Time of application only affected corn grain yield at Becker, but rate was 
not affected at Becker in 2024. 

Soybean main effect significance data for 2024 are summarized in Table 15. Potassium applications more 
commonly impacted leaf K and Cl concentrations across the 3 locations. In contrast to corn, soybean 
grain yield was affected by K application rate at Faribault and Rosemount. The time main effect was 
significant for soybean grain yield at Lamberton where fall application outyielded spring. Soybean R1 
leaf Cl concentration was affected by time of application and K rate, but the interaction was not 
significant. While trifoliate Cl concentration did increase regardless of timing the increase in trifoliate Cl 
concentration was greater when KCl was applied in the spring compared to the fall.  
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Table 12. ANOVA summary for measured variables (potassium rate and timing) for the three corn trials conducted in 2024. 

Main Effect 
Moist K 
Change 

June 
TBK 

V10 Leaf 
K 

V10 Leaf 
Cl 

R1 Leaf 
K 

R1 Leaf 
Cl 

Grain 
Moisture 

Grain 
Yield 

Grain 
%K 

Grain K 
Removal 

   ----------------------------------------P>F----------------------------------------  
    Becker     
K rate ** 0.67 0.45 0.78 0.11 0.43 0.27 0.88 * 0.25 
Timing 0.80 0.12 0.52 0.32 0.39 0.94 0.43 0.08 0.44 * 
K rt x Time 0.99 0.59 0.48 0.27 * 0.71 0.70 0.11 0.49 0.96 
    Crookston     
K rate * 0.58 ** ** 0.71 * 0.63 0.41 0.80 0.75 
Timing 0.34 0.77 0.66 * 0.12 * 0.88 0.99 0.33 0.28 
K rt x Time 0.79 0.80 0.62 0.11 0.84 0.26 0.06 0.48 0.09 * 
    Rosemount     
K rate *** 0.67 0.77 ** *** *** 0.15 0.64 0.06 0.06 
Timing 0.29 <0.01 0.71 *** 0.45 *** 0.31 0.54 0.36 0.28 
K rt x Time 0.47 0.18 0.14 ** 0.55 *** ** 0.66 0.11 0.22 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 13. ANOVA summary for measured variables (potassium rate and timing) for the three soybean trials conducted in 2024. 
Main 
Effect 

Moist K 
Change June TBK R1 Leaf K R1 Leaf Cl 

Grain 
Yield Grain %K 

Grain K 
Removal 

Grain 
Protein Grain Oil 

  ----------------------------------------P>F----------------------------------------  
     Faribault     
K rate *** 0.77 * 0.10 * * * 0.23 0.35 
Timing 0.36 0.52 0.95 0.39 * 0.80 0.10 0.94 0.79 
K rt x Time 0.32 0.75 0.58 0.80 0.14 0.25 0.12 0.83 0.99 
     Lamberton     
K rate 0.44 0.80 0.31 * 0.71 0.85 0.90 0.68 0.15 
Timing * 0.32 0.73 * 0.64 0.36 0.16 0.89 0.80 
K rt x Time 0.82 0.61 0.96 0.28 0.27 0.29 0.81 0.88 0.15 
     Rosemount     
K rate *** 0.42 * 0.69 0.06 * ** 0.76 0.52 
Timing 0.96 0.70 *** * 0.41 0.29 0.74 0.11 0.35 
K rt x Time 0.35 0.10 0.15 0.89 0.68 0.92 0.71 0.43 0.45 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 14. Summary of treatment main effects for three corn locations where K fertilizer rates 
were applied in Fall or spring ahead of the 2024 cropping season. Treatments are considered 
significantly different at P<0.10. Numbers followed by the same letter for individual site 
treatment main effects are not significantly different. 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 --------------------------------- V10 Upper Leaf %K---------------------------------- 
Becker 2.18 2.29 1.86 2.19 2.10  2.14 2.11 
Lamberton 1.19d 1.26cd 1.37bc 1.49b 1.72a  1.39 1.42 
Rosemount 1.52 1.60 1.73 1.69 1.71  1.64 1.66 
 --------------------------------- V10 Upper Leaf Cl (ppm)---------------------------------- 
Becker 1728 1861 1650 1419 1835  1764 1633 
Lamberton 698d 1035cd 1484bc 2077ab 1806a  1161b 1680a 
Rosemount 463c 656bc 693b 952a 1044a  518b 1005a 
 -------------------------------------- R1 Leaf %K -------------------------------------- 
Becker 2.02 2.25 2.28 2.20 2.31  2.23 2.19 
Lamberton 2.16 2.78 2.72 2.97 2.38  2.50 2.70 
Rosemount 1.39b 1.49b 1.71a 1.81a 1.82a  1.66 1.63 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Becker 1506 1413 1479 1283 1622  1465 1457 
Lamberton 981b 1326b 2199a 2035a 2116a  1495b 1968a 
Rosemount 514c 895b 941b 1191a 1218a  633b 1271a 
 --------------------------- Moisture in harvested grain %---------------------------- 
Becker 15.2 15.4 15.4 14.9 15.1  15.1 15.2 
Lamberton 14.9 14.9 14.8 14.8 14.8  14.8 14.8 
Rosemount 15.1 15.4 15.4 15.4 15.5  15.3 15.4 
 -------------------- Corn grain yield at 15.5% bushels per acre--------------------- 
Becker 189 201 197 194 189  197a 191b 
Lamberton 202 203 210 209 206  206 206 
Rosemount 227 230 229 232 223  229 227 
 ---------------------------------- Corn Grain %K ---------------------------------- 
Becker 0.27b 0.27b 0.32a 0.29b 0.29b  0.29 0.28 
Lamberton 0.31 0.30 0.33 0.31 0.33  0.32 0.31 
Rosemount 0.27c 0.31ab 0.29bc 0.31a 0.30ab  0.30 0.29 
 ---------------------- K Removed in Corn Grain (lb K2O/ac)--------------------- 
Becker 34.4 35.4 42.0 37.3 35.7  38.1a 35.8b 
Lamberton 41.5 40.9 45.9 42.9 44.2  43.9 42.3 
Rosemount 40.5c 46.4ab 43.6bc 48.3a 43.8bc  45.4 43.6 
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Table 15. Summary of treatment main effects for three soybean locations where K fertilizer 
rates were applied in Fall or spring ahead of the 2024 cropping season. Treatments are 
considered significantly different at P<0.10. Numbers followed by the same letter for 
individual site treatment main effects are not significantly different. 

 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 -------------------------------------- R1 Leaf %K -------------------------------------- 
Faribault 2.08b 2.49a 2.52a 2.69a 2.69a  2.50 2.49 
Lamberton 2.70 2.69 3.00 2.77 2.92  2.82 2.81 
Rosemount 1.72bc 1.61c 1.85ab 1.87ab 2.02a  1.90a 1.73b 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Faribault 461b 451b 464b 575a 491b  478 498 
Lamberton 287c 314bc 334ab 339ab 357a  313b 346a 
Rosemount 561 557 551 568 537  570a 540b 
 ---------------------- Soybean grain yield at 13% bushels per acre----------------------- 
Faribault 39.5b 45.0a 43.7ab 47.2a 42.3ab  44.4a 42.7b 
Lamberton 60.7 60.8 60.6 59.8 61.3  61.7 62.3 
Rosemount 39.4b 43.5a 43.5a 45.7a 46.0a  44.1 44.8 
 ---------------------------------- Soybean Grain %K ---------------------------------- 
Faribault 1.65c 1.73b 1.75ab 1.77ab 1.82a  1.75 1.74 
Lamberton 1.82 1.83 1.81 1.85 1.84  1.82 1.84 
Rosemount 1.49b 1.50b 1.61a 1.61a 1.61a  1.58 1.55 
 ---------------------- K Removed in Soybean Grain (lb K2O/ac)--------------------- 
Faribault 40.9b 48.4a 49.1a 50.2a 49.4a  49.2a 47.1b 
Lamberton 69.0 69.6 68.5 69.3 70.7  68.5 70.6 
Rosemount 37.1c 40.8b 43.9ab 46.2a 46.3ab  44.0 44.2 
 ---------------------------------- Soybean Grain Protein % ---------------------------------- 
Faribault 34.6 34.2 34.3 34.2 33.6  34.2 34.2 
Lamberton 34.8 34.6 34.5 34.8 34.5  34.6 34.6 
Rosemount 34.1 34.4 34.0 34.2 34.1  34.0 34.3 
 ---------------------------------- Soybean Grain Oil % ---------------------------------- 
Faribault 18.4 18.4 18.4 18.6 18.8  18.5 18.5 
Lamberton 19.9 20.3 20.1 20.2 20.0  20.1 20.1 
Rosemount 20.0 19.6 20.0 19.7 19.8  19.9 19.8 
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Figure 9. Summary of change in June ammonium acetate K extracted from moist soil samples K 
application ahead of corn or soybean in Fall 2023 or Spring 2024. 
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Figure 10. Summary of the impact of potash application in Fall or Spring on V10 or R1 corn leaf Cl 
concentration for three field sites established in 2024. 
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Figure 11. Summary of the impact of potash application in Fall or Spring on R1 soybean trifoliate Cl 
concentration for three field sites established in 2024. 
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Figure 12. Summary of the amount of K extracted by incubating soil for 5 minutes with tetraphenylboron 
minus the amount of K extracted by the moist soil ammonium acetate test for samples collected in June of 
2024.
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2025 Data Summary 

Table 16 and 17 summarize the main effects and main effect interactions for the ANOVA for the 
measured variables for the 2025 corn and soybean trials, respectively. Tables 18 and 19 summarize the 
potassium (K) rate and timing main effects for corn and soybean, respectively. Interactions were generally 
not significant outside of selected plant tissue measurements as we have found in previous years. 
Interaction data are not summarized for most of the measured variables in the tables but are included in 
separate figures. Time of K application did not affect any measured variables other than leaf tissue 
concentration and for soybean yield at two of the three locations and for soil test change at two of the 
three soybean locations. 

Soil samples were collected in June to assess potential differences in K availability based on application 
timing. While samples were analyzed following air drying and on field moist basis, only the field most 
data are summarized. Potassium application rate impacted soil test K change at all locations. Timing itself 
was only significant at the Rosemount and Waseca soybean location (Table 17). Figure 13 summarizes 
data for both the corn and soybean locations.  

Tables 16 and 17 also summarize main effect significance for K extracted by sodium tetraphenyl boron 
(Na-TBK) using a 5-minute extraction. The 5-minute extraction is thought to represent the most active 
fraction of non-exchangeable K. The 5-minute extraction includes both exchangeable and non-
exchangeable K. Subtracting the moist K values from the data gives an estimate of the actual non-
exchangeable K. All locations though showed no impact of K rate and timing on the non-exchangeable K 
fraction indicating that fertilizer K stayed in the soil solution rather than being “fixed”. There was a 
mixture of soils dominated by illite and by smectite but not major difference in how the non-exchangeable 
K fraction was impacted by K application outside of Waseca where K rate was significant. I included 
Waseca on purpose as the soil is high in smectites and I expected more of the applied K to show up in the 
non-exchangeable pool. For all the remaining sites the exchangeable soil test value was impacted by 
fertilizer application.  

Corn data are summarized in Table 16. Potassium fertilizer rate affected most leaf K and Cl tissue 
concentrations. Timing and the time by rate interaction was significant for leaf Cl concentration due to a 
greater increase in leaf Cl when K was spring applied. Corn grain yield was not affected by K application 
rate at any of the corn locations. Time of application Did not affect corn yield at any location. 

Soybean main effect significance data for 2025 are summarized in Table 17. Potassium application did 
not impact leaf K or Cl concentration at most locations. Soybean grain yield was also not affected by K 
application but was impacted by time of application where yield was reduced when K was applied in the 
spring at Becker and Rosemount. Soybean R1 leaf Cl concentration was affected by time of application 
and K rate and the interaction between time and rate was significant for leaf Cl concentration at Becker 
and Rosemount where Cl concentration increased more when fertilizer was applied in the spring. Seed 
protein and oil concentration were seldom impacted by K rate and timing.  
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Table 16. ANOVA summary for measured variables (potassium rate and timing) for the three corn trials conducted in 2025. 

Main Effect 
Moist K 
Change 

June 
TBK 

V10 Leaf 
K 

V10 Leaf 
Cl 

R1 Leaf 
K 

R1 Leaf 
Cl 

Grain 
Moisture 

Grain 
Yield 

Grain 
%K 

Grain K 
Removal 

   ----------------------------------------P>F----------------------------------------  
    Crookston     
K rate * 0.21 ** *** ** *** 0.21 0.08 0.85 0.31 
Timing 0.35 0.87 0.29 0.62 0.77 0.79 0.95 0.41 0.74 0.55 
K rt x Time * 0.67 0.30 0.10 0.10 0.43 0.70 0.60 0.36 0.30 
    Lamberton     
K rate * 0.88 *** *** *** *** * *** * ** 
Timing 0.29 0.65 *** * 0.08 *** 0.81 0.13 0.34 0.10 
K rt x Time 0.15 0.80 * 0.82 0.70 0.42 0.11 0.70 0.51 0.49 
    Rosemount     
K rate *** 0.44 *** *** *** *** 0.14 * * * 
Timing 0.19 0.61 0.76 *** 0.44 *** 0.47 0.40 0.26 0.89 
K rt x Time 0.38 0.19 0.49 ** 0.07 * 0.11 0.36 0.55 0.48 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 17. ANOVA summary for measured variables (potassium rate and timing) for the three soybean trials conducted in 2025. 
Main 
Effect 

Moist K 
Change June TBK R1 Leaf K R1 Leaf Cl 

Grain 
Yield Grain %K 

Grain K 
Removal 

Grain 
Protein Grain Oil 

  ----------------------------------------P>F----------------------------------------  
     Becker     
K rate *** 0.42 0.76 0.16 0.34 0.98 0.25 0.26 0.19 
Timing 0.34 0.87 0.66 0.10 * 0.20 * 0.69 0.15 
K rt x Time 0.58 0.31 0.58 * 0.86 0.60 0.63 0.65 0.46 
     Rosemount     
K rate ** 0.90 0.16 * 0.26 * 0.15 0.61 0.62 
Timing * 0.94 0.27 *** * 0.69 * * 0.95 
K rt x Time 0.27 0.63 0.11 * 0.55 0.23 0.12 0.21 0.89 
     Waseca     
K rate * * 0.27 0.43 0.79 0.54 0.94 0.94 0.96 
Timing * 0.90 0.07 0.32 0.34 0.27 0.53 0.14 0.84 
K rt x Time 0.15 0.85 0.41 0.68 0.60 0.64 0.80 0.98 0.48 
Asterisks denote significance at P<0.001 (***), P<0.01 (**), and P<0.05 (*) probability levels. 
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Table 18. Summary of treatment main effects for three corn locations where K fertilizer rates 
were applied in Fall or spring ahead of the 2025 cropping season. Treatments are considered 
significantly different at P<0.10. Numbers followed by the same letter for individual site 
treatment main effects are not significantly different. 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 --------------------------------- V10 Upper Leaf %K---------------------------------- 
Crookston 1.52b 1.47b 1.56b 1.81a 1.71a  1.63 1.60 
Lamberton 1.08c 1.07c 1.41b 1.41b 1.61a  1.40a 1.24b 
Rosemount 1.10c 1.18bc 1.29b 1.51a 1.63a  1.35 1.34 
 --------------------------------- V10 Upper Leaf Cl (ppm)---------------------------------- 
Crookston 803c 1153b 1459a 1518a 1591a  1317 1293 
Lamberton 843d 2378c 2532bc 2960ab 2972a  2143b 2531a 
Rosemount 552e 1470d 1921c 2385b 2699a  1422b 2189a 
 -------------------------------------- R1 Leaf %K -------------------------------------- 
Crookston 0.80c 0.86bc 0.94b 1.09a 0.98ab  0.93 0.94 
Lamberton 0.78d 0.85cd 1.02b 0.95bc 1.18a  0.98a 0.93b 
Rosemount 0.76d 0.88c 0.91c 1.00b 1.09a  0.94 0.92 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Crookston 647d 909c 1136b 1353a 1348a  1073 1084 
Lamberton 611d 1347c 1661b 1899a 2005a  1344b 1666a 
Rosemount 545d 1262c 1842b 2316a 2374a  1338b 1998a 
 --------------------------- Moisture in harvested grain %---------------------------- 
Crookston 16.3 16.5 16.2 16.7 16.4  16.4 16.4 
Lamberton 15.6c 16.8ab 16.1bc 16.9a 15.8c  16.2 16.3 
Rosemount 13.5 13.9 13.8 14.1 13.8  13.8 13.8 
 -------------------- Corn grain yield at 15.5% bushels per acre--------------------- 
Crookston 226bc 225c 235a 235a 234ab  230 231 
Lamberton 258c 263bc 281a 280a 272ab  274 268 
Rosemount 226b 225b 243a 237ab 247a  237 234 
 ---------------------------------- Corn Grain %K ---------------------------------- 
Crookston 0.25 0.25 0.24 0.25 0.25  0.25 0.25 
Lamberton 0.23b 0.23b 0.25a 0.24ab 0.25a  0.24 0.24 
Rosemount 0.27b 0.29a 0.29a 0.29a 0.30a  0.29 0.29 
 ---------------------- K Removed in Corn Grain (lb K2O/ac)--------------------- 
Crookston 37.4 37.0 38.0 39.0 39.1  37.9 38.3 
Lamberton 39.3 39.9 45.7 44.4 44.6  43.5a 42.0b 
Rosemount 40.7c 43.5bc 46.8ab 46.2ab 48.8a  45.1 45.3 
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Table 19. Summary of treatment main effects for three soybean locations where K fertilizer 
rates were applied in Fall or spring ahead of the 2025 cropping season. Treatments are 
considered significantly different at P<0.10. Numbers followed by the same letter for 
individual site treatment main effects are not significantly different. 

 

 K application rate (lb K2O ac-1)  Application Time 
Location 0 40 80 120 160  Fall Spring 

 -------------------------------------- R1 Leaf %K -------------------------------------- 
Becker 2.53 2.39 2.46 2.41 2.53  2.48 2.45 
Rosemount 1.83 2.02 2.11 1.99 2.37  2.03 2.10 
Waseca 1.36 1.32 1.53 1.49 1.53  1.40b 1.49a 
 -------------------------------------- R1 Leaf Cl (ppm) -------------------------------------- 
Becker 492a 465ab 447ab 475a 423b  452b 469a 
Rosemount 250c 266bc 372ab 368ab 428a  259b 415a 
Waseca 250 232 250 258 254  244 253 
 ---------------------- Soybean grain yield at 13% bushels per acre----------------------- 
Becker 58.2 56.7 55.7 54.7 55.2  57.1a 55.2b 
Rosemount 47.8 47.6 53.6 47.2 49.5  50.1a 48.1b 
Waseca 59.6 57.5 59.6 60.4 58.0  59.4 58.7 
 ---------------------------------- Soybean Grain %K ---------------------------------- 
Becker 1.44 1.43 1.44 1.42 1.43  1.45 1.42 
Rosemount 1.18bc 1.15c 1.22ab 1.20b 1.24a  1.20 1.19 
Waseca 1.36 1.42 1.37 1.26 1.37  1.32 1.39 
 ---------------------- K Removed in Soybean Grain (lb K2O/ac)--------------------- 
Becker 52.6 50.9 50.4 48.8 49.6  51.8a 49.1b 
Rosemount 35.3 34.4 41.0 35.4 40.3  38.2a 36.3b 
Waseca 51.1 51.0 51.1 47.9 49.7  49.3 51.0 
 ---------------------------------- Soybean Grain Protein % ---------------------------------- 
Becker 34.0 34.0 33.9 33.7 33.8  33.9 33.9 
Rosemount 33.8 33.4 33.4 33.4 33.1  33.1b 33.7a 
Waseca 32.2 32.3 32.3 32.1 32.2  32.2 32.3 
 ---------------------------------- Soybean Grain Oil % ---------------------------------- 
Becker 17.0 17.2 17.3 17.3 17.3  17.3 17.2 
Rosemount 18.6 18.6 18.5 18.7 18.7  18.6 18.6 
Waseca 18.3 18.3 18.3 18.3 18.2  18.3 18.3 
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Figure 13. Summary of change in June ammonium acetate K extracted from moist soil samples K 
application ahead of corn or soybean in Fall 2024 or Spring 2025. 
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Figure 14. Summary of the impact of potash application in Fall or Spring on V10 or R1 corn leaf Cl 
concentration for three field sites established in 2025. 
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Figure 15. Summary of the impact of potash application in Fall or Spring on R1 soybean trifoliate Cl 
concentration for three field sites established in 2025. 
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Figure 16. Summary of the amount of K extracted by incubating soil for 5 minutes with tetraphenylboron 
minus the amount of K extracted by the moist soil ammonium acetate test for samples collected in June of 
2025.
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ANALYSIS ACROSS YEARS (2022-2025) 

 

 

Figure 17. Summary of corn and soybean grain yield response to K as KCl applied in the fall versus in the 
spring. Data are summarized across six total site years from 2022-2025. 
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Potassium rate and timing effects on average corn and soybean yield across nine-years is summarized in 
Figure 17. For corn there was no effect of K timing on corn grain yield. However, yield was increased by 
the application of K up to 80-120 lbs K2O applied per acre. The model fit showed a response past 120 but 
there was not statistical difference between grain yield at 80, 120, and 160 lbs K2O per acre. There was no 
further increase or a decrease in corn grain yield when rates above 120 lbs K2O per acre were applied.  

Soybean grain yield did not significantly differ among the different K application rates considering the 
data analyzed across sites. When averaging only the five responsive sites there was an increase in yield to 
80 lbs K20 when applied in the fall and 40 lbs applied in spring. There was a significant interaction 
between K rate and timing which indicated no difference in grain yield for the 0 and 40 lbs K2O 
treatments and spring application yielded 1-2% less when 80 lbs K2O or greater were applied. This yield 
reduction is consistent with past data collected in Minnesota but was not as severe as the yield reduction 
that occurred at Becker in 2025 following spring K application (data not shown).  

There were instances where K rate did not impact yield, but time of application did and consistently that 
effect was due to a loss in yield with spring application. From this data it is clear that time of application 
is not critical for corn but application of KCl ahead of soybean should be done in the fall to limit potential 
for yield loss.  

The effect of K application rate and time on corn V10 and R1-R2 leaf Cl and K concentration across 
twelve site-years is summarized in Figure 18 and 19, respectively. Increasing rate of K application as KCl 
increased the concentration of Cl and K in leaf tissue as expected. The increase though was less for fall 
application compared to spring. In most cases the concentration of Cl was double when KCl was applied 
in the spring versus the fall for both crops. It is not known if the decrease in Cl concentration is directly a 
result of Cl leaching out of the root zone from fall application or Cl being tied up in the soil over time. If 
Cl uptake is of concern, then the data indicates fall application of K would be best to reduce the amount 
of Cl taken up by a crop. Leaf K concentration increased linearly with increasing rate of K up to the 
highest application rate and there was no impact on timing. Conversely, leaf Mg concentration decreased 
with increasing K application rate with no difference in timing (Figure 19).  

Soybean R1 trifoliate Cl and K concentration are summarized in Figure 21 for twelve site-years. The 
effect of application timing on trifoliate Cl concentration was similar for soybean as corn where K 
application rate increased trifoliate Cl concentration considerably more when applied in the spring than 
fall. Trifoliate K concentration was impacted by K rate but not by timing. The K in the potash fertilizer 
appears to stay available in the root zone no matter when fertilizer is applied; however, the Cl either 
leaches or becomes less available as the longer the fertilizer sits before the crop is planted. The effect of 
timing on Cl concentration was expected; however, past data has indicated that high rates of potash 
applied in the fall still may have some negative impact on soybean yield. Trifoliate Mg concentration was 
similarly decreased with increasing rate of K application as was seen for corn (Figure 22). 
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Figure 18. Summary of the effect of K application rate as KCl on the concentration of Cl in the uppermost 
fully developed corn leaf at V10 and the leaf opposite and below the ear at R1. Data are summarized 
across twelve total site years from 2022-2025. 
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Figure 19. Summary of the effect of K application rate as KCl on the concentration of K in the uppermost 
fully developed corn leaf at V10 and the leaf opposite and below the ear at R1. Data are summarized 
across twelve total site years from 2022-2025. 

!"!!#!"!$%C'()%*+"%,%-+!%K'L01O')34

56%,!7%0L
#+

" U" V" +!" +:"

C
'(
)%
;
<<
=(
%K
=0
>%,
%C
')
L?
%-<
<@

4

"?$

+?"

+?$

!?"

!?$
!"##
$%&'(F

!"!!#!"!$%C'E)%*+%,%-+!%K'L01O')34

R6%,!7%0L
#+

" 8" 9" +!" +:"

C
'E
)%
;0
E%K
<0
=%,
%C
')
L>
%-?
?@

4

">$

+>"

+>$

!>"

!>$
!"##
$%&'(F



47 
Kaiser – K timing report 2025 

 

 

Figure 20. Summary of the effect of K application rate as KCl on the concentration of Mg in the 
uppermost fully developed corn leaf at V10 and the leaf opposite and below the ear at R1. Data are 
summarized across twelve total site years from 2022-2025. 
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Figure 21. Summary of the effect of K application rate as KCl on the concentration of K and Cl in the 
uppermost fully developed soybean trifoliate at R1. Data are summarized across twelve total site years 
from 2022-2025. 
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Figure 22. Summary of the effect of K application rate as KCl on the concentration of Mg in the 
uppermost fully developed soybean trifoliate at R1. Data are summarized across twelve total site years 
from 2022-2025. 
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Figure 23. The relationship between the concentration of K at V10 or R1-R2 in corn leaves to the relative 
yield potential of the crop. Colors of the dots represent different ranges in cation exchange capacity 
(CEC) of the soils in the study. Data are summarized across six total site years from 2022-2025. 
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Figure 24. The relationship between the concentration of K at R1-R2 in soybean trifoliate samples to the 
relative yield potential of the crop. Colors of the dots represent different ranges in cation exchange 
capacity (CEC) of the soils in the study. Data are summarized across six total site years from 2022-2025. 

 

Relative corn and soybean grain yield was determined for each location by dividing the individual plot 
yield with the maximum yield as determined by statistics. Relative yield was used to normalize data 
across sites. Corn and soybean leaf tissue data were regressed with relative yield to determine the critical 
value or the value at which yield was not increased further. Corn V10 and R1 leaf tissue concentration 
data are summarized in Figure 23. Relative corn grain yield was at maximum when V10 leaf K 
concentration was 0.81%. There currently is no suggested sufficiency level for V10 corn so I do not know 
how this value relates to other data. However, the relationship between leaf K and relative yield was 
slightly better for the V10 data compared to the R1 data. Corn yield was maximized when R1 leaf K 
concentration was 2.93%. There was little difference though in relative yield between 2 versus 2.93%. 
The current sufficiency range suggested for corn is 1.8-3%, which is consistent with the data provided 
with the study.  

Soybean trifoliate data collected from R1-R2 is summarized in Figure 24. Relative soybean yield was at 
maximum when trifoliate concentration was 2.64% but like corn there was little difference in yield 
potential. between 2 and 2.64% The current suggested sufficiency range is 1.7-2.5%. One thing to note is 
when the samples were collected from this study the petiole was included with the trifoliate and it is not 
known whether the current range does or does not factor in the trifoliate. The numbers found in this study 
are not enough to make any suggested changes in the current sufficiency range.  
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Figure 25. The relationship between R1 corn ear leaf or soybean upper trifoliate Cl concentration and 
relative corn or soybean grain yield. Colors of the dots represent different ranges of cation exchange 
capacity (CEC) of the soils in the study. Data are summarized across six total site years from 2022-2025. 
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The relationship between relative corn or soybean grain yield and leaf or trifoliate Cl concentration are 
summarized in Figure 25. There was no relationship between relative yield of either crop or the tissue Cl 
concentration. Corn V10 Cl concentration was measured but the results were similar at R1 leaf Cl 
concentration that the data is not shown. I thought there might be some relationship between trifoliate Cl 
concentration and soybean grain yield where high Cl concentration in the trifoliate sample would be 
related to the decrease in yield of soybean. However, this was not the case and any potential decreases in 
yield could not be predicted for either crop just by measuring Cl concentration. It is not known how the 
leaf concentration related to whole plant Cl uptake of either crop which may have been more important in 
determining where a loss in yield may occur.  

Relative corn grain yield increased to around 101 ppm which it then plateaued (Figure 26). There was a 
fair amount of noise in the data, and I did not yet complete the analysis of the data with the air-dried soil 
samples which would relate more to the current suggested K application rates for corn in Minnesota. The 
relationship between relative corn grain yield soil test K was worse for air dried samples. Relative 
soybean grain yield was maximized when the June moist K was 85 ppm but the relationship was much 
poorer compared to corn likely due to fewer responsive sites and the responses were less of a percentage 
of the maximum yield for soybean compared to corn. Both the corn and soybean critical values are less 
than expected based on current guidelines, but it also may indicate some adjustment needs to be made as 
most of the responsive sites are on illite soils and may not need as high of a K soil test to achieve 
maximum yield. These numbers would be more consistent with the previous guidelines where the 
medium soil test K classification was 80-120 ppm.  
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Figure 26. The relationship between the soil test K concentration measured at a 6” sampling depth 
extracted by the ammonium acetate procedure on field moist soils collected in June to the relative yield 
potential of the crop. Colors of the dots represent different ranges in cation exchange capacity (CEC) of 
the soils in the study. Data are summarized across six total site years from 2022-2025. 
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Figure 27. The relationship between the K base saturation at a 6” sampling depth extracted by the 
ammonium acetate procedure on field moist soils collected in June to the relative yield potential of the 
crop. Colors of the dots represent different ranges in cation exchange capacity (CEC) of the soils in the 
study. Data are summarized across six total site years from 2022-2025. 
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Figure 28. The relationship between the K base saturation at a 6” sampling depth extracted by the 
ammonium acetate procedure on field moist soils collected in June to actual corn grain yield (corrected to 
15.5% moisture) for individual plots. Colors of the dots represent different ranges in cation exchange 
capacity (CEC) of the soils in the study. Data are summarized across six total site years from 2022-2025. 
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Figure 29. The relationship between the K base saturation at a 6” sampling depth extracted by the 
ammonium acetate procedure on field moist soils collected in June to soil test K concentration. Colors of 
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the dots represent different ranges in cation exchange capacity (CEC) of the soils in the study. Data are 
summarized across six total site years from 2022-2025, top graph are corn sites bottom are soybean. 

Farmers are told that maintaining a K base saturation of 2.0% is critical to ensure high crop yield. 
However, much of the base cation saturation ratio data is based on research studies in the 1940’s and 50’s 
well before routine soil analysis was utilized. Figure 19 summarizes the relationship between corn relative 
yield response and the K base saturation ratio of the June soil samples. There was a significant 
relationship between K base saturation ratio and relative corn and soybean grain yield (Figure 27). 
However, a relationship would be expected as there was also a relationship between relative yield and 
June soil test K which is used to calculate the base K saturation ratio. There also was a relationship 
between the measured yield and K base saturation ratio for corn only (Figure 28) but the relationship was 
poorer using actual yield versus relative yield. In both cases the maximum yield or yield potential (corn or 
soybean) was achieved with a K base saturation ratio of less than 2.0. Corn relative yield was at 
maximum when the K base saturation was 1.58 or greater and soybean it was 1.56 or greater. Some are 
now promoting a K base saturation ratio of 4.0 as optimal and return to K is likely if the base saturation is 
below this point but achieving that high of a ratio would take substantial amount of potash application 
with no benefit to yield.  

While increasing the K soil test will affect the K base saturation, the CEC of the soil has a greater impact 
on the ability to achieve targeted K base saturations versus the soil test. Figure 29 summarizes the 
relationship between K soil test and the K base saturation ratio with colors identifying ranges in soil CEC. 
What concerns me is that some may be focused on the actual yields of different fields and using measured 
K base saturations for those fields to promote the concept without noting that yield may be impacted by 
more than just the K base saturation. For example, I high yielding irrigated sand may have a K base 
saturation of near 4.0 but the high yield is probably not due to the K base saturation and is because there 
is irrigation. What works better across multiple soils is using the soil test and ensuring it is at an 
“optimal” level and not being concerned about the K base saturation. In fact, the highest yielding plots in 
this study the K base saturation ratio was anywhere between 0.7 and 1.2. I will look more closely at this 
for the final report including the soybean data, but I find now evidence that the K base saturation matters 
when determining rates of fertilizer application. 

Conclusions 

Determine the optimal rate of K applied as KCl for corn and soybean and determine whether the 
optimal rate of K varies whether fertilizer is applied in fall compared to spring? 

For the locations tested, on average corn grain yield could be maximized by 80-120 lbs K2O applied in 
the fall or spring, and 80 lbs K2O applied in the fall ahead of soybean. Time of application did not affect 
corn but fall application reduced the risk of yield loss due to excessive Cl uptake of soybean. If high 
rates of K2O are applied ahead of the soybean crop fall application would be a better option for soybean 
growers. Most of the sites were there was a response to K tested medium or lower (<150 ppm) according 
to current U of MN fertilizer guidelines. 

Determine whether soybean yield is decreased by the application of KCl, is the decrease less if KCl is 
applied in the fall? 
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Application of KCl (potash) fertilizer ahead of soybean does pose a risk for potentially decreasing yield. 
Application of 40 lbs K2O in the fall or the spring statistically did not result in a loss of yield but higher 
rates applied in the spring may reduce soybean grain yield by 1-2%.  

Evaluate potassium rate and timing impacts on soybean seed quality. 

The data indicates that the application of K fertilizer had little impact on soybean seed protein or oil 
concentration when focusing on the application rate of fertilizer. The effect that the application time had 
on reducing soybean grain yield did also impact seed protein concentration at some locations however 
the effect was relatively small and mostly impacted protein and not oil concentration. Past data has 
shown that applications of K can decrease seed protein concentration and increase seed oil concentration 
but that was not the case for this study.  

Determine if plant tissue K concentration can be a predictor of final grain yield. 

Corn and soybean grain yield was correlated to plant tissue K concentration. Tissue R1 concentration 
levels determined from this study are consistent with that for corn (1.8-3.0%) and soybean (1.7-2.5%). 
Corn V10 leaf K concentration of 0.81% resulted in maximum yield potential for corn.  

Evaluate the impact that fall and spring K application have on soil test change for samples collected in 
June. 

Time of K application does not have a major impact on the increase in soil test K from application to the 
June sampling. There were 3 of 24 sites where time of K application impacted the change in field moist 
ammonium acetate soil test K. Two of the three locations were soils with clay dominated by smectite.  

Assess the impacts of K application timing on fixed potassium as extracted by the sodium 
tetraphenylboron. 

The application of K seldom impacted the amount of K extracted by sodium tetraphenyl boron. For the 
soils at the sties in the study, application of K increased the exchangeable soil test K. The only site 
where tetraphenylboron K was increased was Waseca where I expected an increase in non-exchangeable 
K to occur. In this study, non-exchangeable K was not related to corn or soybean grain yield response. 
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