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Summary 
 

Both corn and soybeans require large amounts of potassium (K) for optimum yield.  Because K is 
commonly applied as potassium chloride (KCl), high application rates of K often include high rates 
of chloride (Cl).  Cl is an essential nutrient, but yield losses due to Cl excess may occur, more often 
in soybeans than in corn.  This risk can be mitigated in soybeans by (1) applying KCl or manure 
only during the year before soybeans are grown and (2) using K sources such as potassium sulfate 
(K2SO4) that do not supply Cl.  In this study, nine K and Cl treatments were applied during the two 
corn years in three years of a corn-soy rotation, and two were applied in both the corn and soybean 
years.  In addition to a check treatment without K or Cl and a zero-K treatment receiving Cl as 
calcium chloride (CaCl2), six treatments involved KCl or K2SO4 applied at three rates (50, 100, and 
150 lbs/ac K2O).  In another treatment, manure was applied, providing 150 lbs/ac K2O and 62 lbs/ac 
Cl.  Two treatments received 50 lbs/ac K2O as either KCl or K2SO4 in each year (100 lbs/ac total).  
In general, soil Cl concentrations were related to the application rate of Cl late in the corn years, 
with no significant effects of treatment remaining in the soybean year.  Soil K concentrations were 
related to the application rate of K through the spring of the soybean year.  Soil water Cl leaching 
load was significantly related to the application rate of Cl only in the soybean year, though 
numerical trends were similar in the second corn year.  Corn grain yields were not related to the 
application rate of KCl in 2023 or 2025, when most of the treatments were applied, and the use of 
K2SO4 in place of KCl had no effect on yield in any year.  In contrast, the use of manure as a K 
source decreased corn grain yield in 2023 but increased soybean grain yield in 2024.  This 
difference between the two years may have been due to poor nutrient release from manure in 2023, 
which was a dry year.  Tissue Cl concentration and uptake increased with the application rate of 
KCl in years when corn was grown, but not in 2024, when soybean was grown.  In contrast, 
although most treatments received no added Cl in 2024, soil water Cl leaching load in 2024 was 
significantly greater in treatments that had received Cl in fertilizer in the previous year, with no 
effect of treatment on leaching in 2023 or 2025, although numerical trends in 2025 were similar to 
2024.  Overall, we saw little evidence that K supply limited corn or soybean grain production in 
this system, nor that Cl deficiency or excess substantially affected yields.  Given this, it was not 
surprising that K source had little effect on yield or K uptake but only affected Cl pools.  Cl applied 
in one year affected Cl leaching and uptake in the following year, perhaps in part because a large 
portion of Cl applied was taken up and held in crop stover, to be released in the following year, 
especially following a dry year.  

 
Background 
 
 Both corn and soybeans have high potassium (K) requirements for optimum yield.  For 
example, on a soil with a soil-test K concentration of 101 – 150 ppm, 90 lbs/ac broadcast K2O is 
recommended for a yield of 201 - 225 bu/ac corn, while 50 lbs/ac K2O is recommended to 
produce 50 – 59 bu/ac soybeans. 



 The most commonly used K fertilizer is potassium chloride (KCl; 0-0-60-47Cl), which 
means that chloride (Cl) is often co-applied with K at a 4:5 ratio.  Cl has received little attention 
in research on crop K responses.  It is a plant micronutrient, in that small amounts are sufficient 
to meet plant needs, but it is often taken up in macronutrient amounts.  It has been shown to 
improve disease resistance in some crop species, but in excess, it competes with other anions 
such as sulfate (SO42--S) and nitrate (NO3--N) for plant uptake, and it can be toxic if taken up in 
large amounts.  

Extreme chloride excess can reduce soybean yield substantially.  Crop yield reductions 
from excessive chloride can be mitigated by using a non-chloride K source to meet crop K 
requirements.  For example, using potassium sulfate (K2SO4) in place of KCl is known to 
improve tuber specific gravity in potatoes.  However, K2SO4 is much more expensive per pound 
of K2O than KCl, so its use as a K source is usually restricted to higher value crops. 

Another option for reducing soybean crop losses to excessive Cl in a corn-soybean 
rotation is to apply KCl only in the corn year, supplying enough K for both crops in one 
application.  Corn is less susceptible to yield losses from Cl excess than soybeans, and except 
where soil salinity is high or crops are irrigated with water high in Cl, excessive Cl from 
fertilizer applied before the corn crop is planted should leach from the soil before the soybean 
crop is planted the following year. 

In 2023, the first year of this study on a corn-soybean rotation at Rosemount, MN, K was 
provided to field corn as KCl or K2SO4 at rates of 50, 100, or 150 lbs/ac K2O or as manure at 150 
lbs/ac K2O.  In addition, a check treatment was included in which no K or Cl was applied, as was 
a Cl-only treatment in which Cl was supplied at 75 lbs/ac (similar to 100 lbs/ac KCl or the 
manure treatment) as CaCl2.  In 2024, soybeans were grown in the same plots.  Most of the 11 
treatments received no additional K or Cl fertilizer, but two treatments that had received 50 
lbs/ac K2O as KCl or K2SO4 in 2023 received the same fertilizers at the same rate in 2024.  In 
2025, corn was again grown in these plots, which received the same treatments applied in 2023. 

The objectives of this study were to evaluate the effects of K and Cl management 
strategies on crop and soil K and Cl balances and crop yields in a dryland corn-soy rotation.  A 
manure treatment was included because manure can contain significant amounts of Cl, the fate of 
which has not been extensively studied.  We predicted that the rate of K or Cl applied in 2023 
would be positively related to soil, water, and tissue concentrations and tissue uptake of these 
elements in 2024.  We also predicted that Cl rate in 2023 would have no discernible impact on 
soybean yield, but that the treatment receiving KCl in 2024 would have lower yield (and higher 
tissue Cl concentration and uptake) than the treatment receiving K2SO4 on 2024 due to a slight 
Cl excess, consistent with previous research.  Finally, we predicted that corn responses to K and 
Cl treatments in 2025 would be similar to those observed in 2023 except possibly in the 
treatments receiving K fertilizers in both corn and soybean years, as we expect very little of the 
nutrients applied in 2023 to still be available in the soil in 2025. 
 
Methods 
 
 The study was conducted at the Rosemount Research and Outreach Center (RROC) in 
Rosemount, MN, on a Waukegan silt loam soil.  The 2022 crop was soybeans, followed by field 



corn in 2023, soybeans in 2024, and field corn in 2025.  Initial soil characteristics based on 
samples from the top two feet (for nitrate-N and chloride) or six inches (for other characteristics) 
of soil, collected on May 13, 2023, are presented in Table 1.  Daily rainfall during each season 
was measured with an on-farm weather station and is presented in Figure 1.  The field was not 
irrigated. 
 A total of 11 treatments were tested in a randomized complete block design with four 
replicates.  A summary of these treatments across all three years is presented in Table 2, and a 
more detailed summary of treatments applied in 2025 is presented in Table 3.  Each plot was 15 
feet wide by 30 feet long.  The plots were marked out within a field 260 feet long and 235 feet 
wide divided at 70-foot intervals by 20-foot-wide access alleys. 
 On May 17, 2023, preplant fertilizers were broadcast according to treatment.  The 
application rate for manure (treatment 8) was based on a desired N rate of 150 lbs/ac.  In this 
treatment, liquid dairy manure was applied at 6,800 gal/ac, providing 150 lbs/ac N, 150 lbs/ac 
K2O, 4 lbs/ac Cl, 35 lbs/ac S, and 190 lbs/ac Ca (nutrient content analysis by Agvise 
Laboratories, Benson, MN).  Gypsum (17% S, 24% Ca) was applied to all treatments except the 
manure treatment as needed to provide a total S application rate of 51 lbs/ac.  A crop of field corn 
was planted on May 18 (DeKalb 4375, planted at 32,500 seeds/ac). 
 On May 9, 2024, the second application of K fertilizer was made to plots in treatments 10 
and 11. The remaining treatments did not receive K, Cl, or S in this year.  The soybean crop was 
planted (Xitavo 1.9, planted at 114,000 seeds/ac) on May 14.   
 The third K fertilizer application was made on May 9, 2025, providing K2O, Cl, S, and 
Ca at the rates indicated in table 3.  The liquid manure applied to treatment 8 had a lower N 
concentration than in 2023.  To achieve 150 lbs/ac N, 15,200 gal/ac of liquid manure was applied 
to this treatment, providing 228 lbs/ac K2O, 77 lbs/ac S, and 380 lbs/ac Ca (nutrient content 
analysis by Agvise Laboratories, Benson, MN). 
 Whole-plant corn samples were collected at the R6 stage on September 29, 2023, and 
September 17, 2025.  Samples consisted of six plants per plot in 2023 and eight plants per plot in 
2025.  In both years, samples were divided into stover (including the ear leaves) and shucked 
ears.  The stover samples were weighed and then passed through a wood chipper.  The ears and a 
subset of the chopped stover were separately weighed, dried at 140 °F to a constant weight, and 
weighed again.  The kernels were then removed from the ears and the dry kernels and cobs were 
weighed separately. 
 On September 13, 2024, at the R6 stage, a sample of two plants, cut off at ground level, 
was collected from each plot to determine the relationship between stover dry yield and grain dry 
yield.  The samples were dried at 140 °F to a constant weight, then the grain was weighed 
separately from the stover (including pods).  The sample dry weights were converted to dry yield 
per acre by dividing the sample weight by 2 to obtain weight per plant and multiplying by 
114,000 to obtain weight per acre.  Stover dry yield was found to be a linear function of grain dry 
yield with the equation: 
 
 DYS = 1.6886 * DYG + 0.6116 (R2 = 0.8805), 
 
 



where DYS is stover dry yield and DYG is grain dry yield.  The two-plant samples were too small 
to provide meaningful estimates of grain or stover yield, but grain yield at 13% moisture was 
determined by harvesting the central 25 – 31 feet the middle two rows of soybean in each plot 
with a combine on October 10, and this value (multiplied by 0.87 to find dry yield) was used to 
estimate stover dry yield per acre using the equation above. In both 2023 and 2025, the central 
25 – 31 feet of the middle two rows of corn in each plot were combine-harvested in each plot to 
measure yield at 15.5% moisture.  Because the whole-plant samples taken in corn years were 
larger and more representative than the soybean samples, dry yields for cobs and stover were 
estimated based on these samples rather than being extrapolated from combine grain yields.  
Grain dry yield in all years was based on combine yields. 
 In each year, portions of the dried grain and stover samples (both crops) and cob samples 
(corn only) were ground and sent to Agvise Laboratories (Benson, MN) to be analyzed for K, Cl, 
S, and Ca concentrations.  Each tissue element concentration was multiplied by the dry yield per 
acre of that tissue to determine the per-acre uptake, in pounds, of that element into that tissue.  
Stover, grain, and (for corn only) cob element uptake were added together to find combined 
nutrient uptake. 
 Lysimeters six feet deep were originally installed on May 13 and 15, 2022 in five 
treatments: the check treatment (treatment 1), the treatments receiving 100 lbs/ac K2O as KCl 
(treatment 4) and K2SO4 (treatment 5), the treatment receiving manure (treatment 8), and the 
treatment receiving 75 lbs/ac Cl- as CaCl2 (treatment 9).  In 2023, water samples were collected 
on May 15 and 26, June 1, 12, and 28, July 10, 21, and 28, August 7 and 17, September 6, 19, 
and 28, October 20 and 30, and November 14.  In 2024, water samples were collected on March 
13; April 4; May 1, 10, 24, and 30; June 7 and 21; July 3, and 16; August 2, 14, and 30; 
September 13; October 25; and November 18.  In 2025, water samples were collected on April 
11; May 23; June 5, 16, and 27; July 14 and 24; August 4 and 20; September 8 and 26; and 
October 24.  Chloride concentrations were determined on samples collected using an Epock 2 
Microplate Spectrophotometer (BioTek).  Soil water chloride concentrations for each day in the 
growing season were extrapolated based on these samples, with the assumption that chloride 
concentration changed linearly over time from one sample date to the next.  These daily chloride 
concentration estimates were combined with daily precipitation data from the on-farm weather 
station and daily evapotranspiration data from UW Extension AgWeather 
(https://agweather.cals.wisc.edu/weather/et) to estimate Cl leaching from planting from May 15 
through October 31 in each year using the methods described in Bohman et al. (2020).  Crop 
coefficients for evapotranspiration were taken from the University of Minnesota Extension 
Service (https://extension.umn.edu/irrigation/evapotranspiration-based-irrigation-scheduling-or-
water-balance-method#how-to-estimate-crop-evapotranspiration-1929410).   

Data were analyzed using the GLIMMIX procedure in SAS 9.4 software (SAS Institute, 
Inc., 2016).  Each response variable was analyzed as a function of treatment as a fixed effect and 
block as a random effect.  In 2023, the treatments receiving 50 lbs/ac K2O as KCl or K2SO4 
every year (treatments 10 and 11, respectively) were identical to the treatments receiving 50 
lbs/ac K2O from the same sources in corn years only (treatments 2 and 3), and  these four 
treatments were therefore combined into two treatments, one for each K source, when analyzing 
the 2023 data.  In 2024, three plots had gopher damage at harvest, and yields were low in these 



plots.  Gopher damage was therefore included as a random effect in models analyzing yield and 
element uptake (which is the product of yield and element concentration) in that year.  
Denominator degrees of freedom were determined by the Kenward-Roger method and the data 
were assumed to be normally distributed.  Pairwise comparisons were evaluated where the effect 
of treatment was at least marginally significant (P < 0.10).  Pairs of treatments were considered 
significantly different if the P value of the pairwise comparison was less than 0.10. 

For all data except lysimeter data and soil K data, 10 CONTRAST statements were 
applied to compare (1) the check treatment (treatment 1) and CaCl2 treatment (treatment 9) 
versus the treatments receiving KCl or K2SO4 (treatments 2 – 7), the (2) linear and (3) quadratic 
responses to KCl rate (treatments 1, 2, 4, and 6), the (4) linear and (5) quadratic responses to 
K2SO4 rate (treatments 1, 3, 5, and 7), (6) the treatments receiving KCl in corn years (treatments 
2, 4, and 6) versus those receiving K2SO4 in corn years (treatments 3, 5, and 7), (7) the check 
treatment (treatment 1) versus the treatment receiving CaCl2 (treatment 9), (8) the manure 
treatment (treatment 8) versus the treatments receiving conventional K at the highest rate 
(treatments 6 and 7); (9) the treatments receiving KCl or K2SO4 every year (treatments 10 and 
11) versus the treatments receiving K at the same rates only in corn years (treatments 2 and 3), 
and (11) the two treatments receiving KCl or K2SO4 every year with each other (treatment 10 
versus 11).  No CONTRAST statements were applied to lysimeter and end-of-season soil K data, 
neither of which included the full suite of treatments. 
  
Results 
 
Rainfall 
 Daily and cumulative precipitation in each year are presented in Figure 1.  Average 
monthly rainfall totals in Rosemount are 4.15 inches in May, 4.84 inches in June, 3.91 inches in 
July, 4.39 inches in August, 3.07 inches in September, and 2.56 inches in October, for a total of 
22.92 inches over these six months.   
 Precipitation was below average in 2023, with 1.5 inches in May, 1.86 inches in June, 
3.52 inches in July, 1.29 inches in August, 4.35 inches in September, and 5.63 inches in October, 
for a total of 18.15 inches.  Conditions were especially dry relative to average in May, June, and 
August, with above-average rainfall arriving in late September through October, after the bulk of 
plant growth and yield production was complete. 

In contrast, 2024 was much wetter than average in May and June, slightly wetter than 
average in August, and dry in September and October.  The monthly total rainfall was 7.25 
inches in May, 7.58 inches in June, 3.92 inches in July, 5.77 inches in August, 0.95 inches in 
September, and 1.53 inches in October, for a total of 27 inches in these six months. 

In 2025, rainfall was average in May and slightly below average in October, but it was 
otherwise substantially above average, particularly in September, when total rainfall was more 
than twice the average for the month.  A total of 4.18 inches of rain fell in May, 7.53 inches in 
June, 5.12 inches in July, 6.06 inches in August, 6.62 inches in September, and 2.03 inches in 
October, for a total of 31.54 inches. 
 
 



Grain and stover yield 
 Results for corn and soybean grain and stover yield are presented in Tables 4, 5, and 6.  
 In 2023, treatments 10 and 11 were pooled with treatments 2 and 3, respectively, in the 
statistical analysis, as the two pairs of treatments were identical prior to 2024.  The main 
treatment effect on corn grain yield was not significant, but the treatment receiving liquid dairy 
manure (treatment 8) had lower yield than the treatments receiving the same rate of K from 
conventional K sources (treatments 6 and 7), as a group.  The contrast comparing manure with 
conventional sources showed the same trend for cob yield, but it was not significant for stover 
yield.  The manure treatment (treatment 8) had significantly lower cob yield than any other 
treatment, while the treatment receiving 100 lbs/ac K2O as KCl (treatment 4) had significantly 
higher stover yield than any other treatment.  Cob yield in the treatment receiving CaCl2 
(treatment 9) was significantly lower than cob yield in the check treatment (treatment 1). 

In 2024, because R6 samples were too small to be representative, soybean stover dry 
yield was estimated as a linear function of grain yield, with the result that statistical results are 
identical for the two variables.  The treatment receiving manure during the corn year (treatment 
8) had significantly higher yield than any other treatment.  The treatment receiving 50 lbs/ac K2O 
as KCl in both the corn and soybean years (treatment 10) had significantly higher yield than the 
treatment receiving the same rate and timing of K2O as K2SO4 (treatment 11), as well as the 
treatment receiving 50 lbs/ac K2O as K2SO4 in the corn year (treatment 3) and the treatment 
receiving 150 lbs/ac K2O as KCl in the corn year (treatment 6). 

In 2025, corn grain and cob yields were not significantly related to treatment.  Stover 
yield increased linearly with KCl rate (among treatments 1, 2, 4, and 6), and the treatment 
receiving manure (treatment 8) had lower stover yield than the treatments receiving 150 lbs/ac 
K2O in 2023 and 2025 from conventional sources (treatments 6 and 7).  Stover yield was 
somewhat lower in the treatments receiving K2SO4 (treatments 3, 5, and 7), as a group, than in 
the treatments receiving KCl (treatments 2, 4, and 6). 
 
Tissue element concentrations 
 
2023 
 Results for elemental concentrations in corn grain, cob, and stover in 2023 are presented 
in Table 7.  Corn grain and cob K concentrations in that year were unrelated to treatment, while 
stover K concentrations increased with the application rate of either KCl (among treatments 1, 2, 
4, and 6) or K2SO4 (among treatments 1, 3, 5, and 7).  The check treatment (treatment 1) had a 
significantly lower stover K concentration than any other treatment except the treatment 
receiving CaCl2 without K (treatment 9). 
 Like grain K concentration, grain Cl concentration was unrelated to treatment.  Both cob 
and stover Cl concentrations were higher among treatments receiving KCl (treatments 2, 4, and 
6) or CaCl2 (treatment 9) than they were in the check treatment (treatment 1) or the treatments 
receiving K2SO4 (treatments 3, 5, and 7).  The manure treatment (treatment 8) had similar cob 
and stover Cl concentrations to the treatments receiving KCl or CaCl2, despite the low calculated 
Cl application rate in that treatment. 



Corn grain and cob S concentrations in 2023 were unrelated to treatment.  Stover S 
concentration was significantly lower in the treatment receiving manure (treatment 8) than any 
other treatment except the treatments receiving 50 lbs/ac K2O as either KCl or K2SO4 (treatments 
2 and 3, respectively).  Treatments receiving K2SO4 (treatments 3, 5, and 7), as a group, had 
higher stover S concentrations than those receiving KCl (treatments 2, 4, and 6), and stover S 
concentration increased with the application rate of K2SO4 (among treatments 1, 3, 5, and 7). 

Ca concentration was unrelated to treatment in all corn tissues in 2023.  Grain Ca 
concentrations were consistently below the threshold of detection, preventing statistical analysis. 
 
2024 

Results for elemental concentrations in soybean grain and stover in 2024 are presented in 
Table 8.  Soybean grain K concentration was marginally significantly higher in the check 
treatment (treatment 1) than the treatment receiving CaCl2 (treatment 9).   Grain K 
concentrations were also marginally higher in the treatments receiving 50 lbs/ac K2O in all years 
(treatments 10 and 11), as a group, than the treatments receiving K at the same rate only in corn 
years (treatments 2 and 3).  Stover K concentration was lowest in the check treatment (treatment 
1), followed by the treatment receiving CaCl2 in 2023(treatment 9), while the treatment that 
received manure in 2023 (treatment 8) had the highest stover k concentration. 

Grain Cl concentration decreased with the application rate of either KCl (among 
treatments 1, 2, 4, and 6) or K2SO4 (among treatments 1, 3, 5, and 7), though the effect of KCl 
rate was only marginally significant.  The treatment receiving KCl in all years (treatment 10), 
which was the only treatment to which Cl was applied in 2024, had a significantly higher stover 
Cl concentration than any other treatment. 

Grain S concentration was unrelated to treatment.  The treatment that received manure in 
2023 (treatment 8) had a significantly lower soybean stover S concentration than any other 
treatment. 

The check treatment (treatment 1) had a marginally significantly higher grain Ca 
concentration than the treatment that received CaCl2 in 2023 (treatment 9).  Grain and stover Ca 
concentrations were otherwise not related to treatment in 2024. 
 
2025 

Results for elemental concentrations in corn grain, cob, and stover in 2025 are presented 
in Table 9.  Grain K concentration was not significantly related to treatment.  Among treatments 
receiving various rates of KCl in corn years, cob K concentration was lower when K was applied 
at 50 or 100 lbs/ac K2O (treatments 2 and 4) than when it was applied at 0 or 150 lbs/ac K2O 
(treatments 1 and 6).  Although it received more K2O than any other treatment in 2025, the 
treatment receiving manure in corn years (treatment 8) had a marginally significantly lower 
average cob K concentration than the treatments receiving 150 lbs/ac K2O in corn years as either 
KCl (treatment 6) or K2SO4 (treatment 7), as a group.  Stover K concentration generally 
increased with the application rate of K2O as either KCl (among treatments 1, 2, 4, and 6) or 
K2SO4 (among treatments 1, 3, 5, and 7). 

Grain, cob, and stover Cl concentrations were significantly higher in the treatments 
receiving KCl (treatments 2, 4, 6, and 10) or CaCl2 (treatment 9) than in the check treatment 



(treatment 1) or the treatments receiving K2SO4 (treatments 3, 5, 7, and 11) in all pairwise 
comparisons between treatments in the two groups.  The treatment receiving manure in corn 
years (treatment 8) had grain and stover Cl concentrations intermediate between these two 
groups, but a similar mean cob Cl concentration to those observed in treatments receiving KCl or 
CaCl2. 

The treatments receiving K2SO4 in corn years (treatments 3, 5, and 7), as a group, had 
higher grain and stover Cl concentrations than the treatments receiving KCl in corn years 
(treatments 2, 4, and 6).  The treatment receiving 50 lbs/ac K2O as K2SO4 in every year 
(treatment 11) also had a significantly greater mean grain S concentration than the treatment 
receiving the same rate of K2O as KCl every year (treatment 10).  There was a marginally 
significant tendency for grain S concentration to decrease with increasing application rate of KCl 
among treatments receiving 0 to 150 lbs/ac K2O as KCl only in corn years (treatments 1, 2, 4, 
and 6).  The check treatment (treatment 1) had a relatively high stover S concentration, while the 
treatment receiving 100 lbs/ac K2O as KCl (treatment 4) had the lowest stover S concentration in 
the study, resulting in a marginally significant quadratic effect of KCl rate on stover S 
concentration. 

As was true in 2023, corn grain Ca concentrations were consistently below the threshold 
of detection.  Cob Ca concentration was higher in the treatment receiving KCl in every year 
(treatment 10) than the treatment receiving K2SO4 in every year (treatment 11).  Cob and stover 
Ca concentrations were otherwise not significantly related to treatment. 

 
Elemental uptake 
 
2023 
 Results for elemental uptake into corn grain, cob, and stover in 2023 are presented in 
Table 10.  K uptake into the grain of the corn was not significantly related to treatment.   
K uptake into cobs was significantly higher in the check treatment (treatment 1) than the 
treatments receiving manure, CaCl2, or 100 lbs/ac K2O as K2SO4 (treatments 8, 9, and 5, 
respectively).  The treatment receiving manure (treatment 8) had significantly lower cob K 
uptake than any other treatment.  Stover K uptake was lowest in the check treatment (treatment 
1), followed by the treatment receiving CaCl2 (treatment 9).  Among treatments receiving K 
(treatments 2 – 8), the treatment receiving 100 lbs/ac K2O as KCl (treatment 4), had significantly 
greater stover k uptake than the treatments receiving 50 lbs/ac K2O from either conventional 
source (treatments 2 and 3), the treatment receiving 150 lbs/ac K2O from K2SO4 (treatment 7) or 
the treatment receiving manure (treatment 8).  Results for total K uptake were similar to those for 
stover K uptake alone, except that total K uptake in the treatment receiving 100 lbs/ac K2O as 
KCl (treatment 4) was significantly greater than the treatment receiving the same rate of K2O as 
K2SO4 (treatment 5), but not the treatment receiving 150 lbs/ac K2O as K2SO4 (treatment 7). 
 Cl uptake into corn cobs in 2023 was not significantly related to treatment.  Cl uptake 
into cobs and stover, as well as total Cl uptake, were greater in the treatments receiving KCl 
(treatments 2, 4, and 6) or CaCl2 (treatment 9) than in the check treatment (treatment 1) or the 
treatments receiving K2SO4 (treatments 3, 5, and 7).  In the manure treatment (treatment 8), Cl 
uptake into cobs was intermediate between what was observed in treatments that received Cl and 



those that did not, while uptake into stover was more similar to that of treatments that received 
Cl.  Total Cl uptake for the treatment receiving manure was greater than Cl uptake into 
treatments that received no Cl and only significantly less than that of the treatment receiving 100 
lbs/ac K2O as KCl (treatment 4). 
 S uptake into corn grain and cobs in 2023 was not related to treatment.  S uptake into 
stover was positively related to the application rate of K2SO4 (among treatments 1, 3, 5, and 7) 
and was higher in the treatment receiving 150 lbs/ac K2O as K2SO4 (treatment 7) than in the 
treatment receiving the same rate of K2O as KCl (treatment 6).  The treatment receiving manure 
(treatment 8) had the lowest S uptake into stover in the study, and only the check treatment 
(treatment 1) and the treatment receiving 50 lbs/ac K2O as K2SO4 (treatment 3) did not have 
significantly greater S uptake.  The manure treatment also had notably low total S uptake. 
 Ca uptake was almost entirely unrelated to treatment, except in the grain, where Ca 
concentrations were consistently below the threshold of detection and uptake results were 
entirely shaped by variations in yield. 
 
2024 

Results for elemental uptake into soybean grain and stover in 2024 are presented in Table 
11.  K uptake into soybean grain, stover, and grain and stover combined in 2024 was 
significantly greater in the treatment that received manure in 2023 than in any other treatment.  K 
uptake into grain was marginally significantly greater in the treatment receiving KCl every year 
(treatment 10) than the treatment receiving K2SO4 every year (treatment 11).  

Grain Cl uptake in 2024 tended to decrease with the application rate of K among 
treatments receiving 0, 50, 100, or 150 lbs/ac K2O as either KCl (treatments 1, 2, 4, and 6) or 
K2SO4 (treatments 1, 3, 5, and 7) in 2023.  Grain Cl uptake was also lower in the treatments that 
received 150 lbs/ac K2O as KCl or K2SO4 in 2023 (treatments 6 and 7), as a group, than in the 
treatment that received manure (treatment 8).  The treatment receiving KCl in all years 
(treatment 10) had higher stover and total Cl uptake than the treatment receiving K2SO4 in all 
years (treatment 11). 

The treatment that received manure in 2023 (treatment 8) had lower S uptake into grain 
than the treatments receiving 150 lbs/ac K2O as either KCl or K2SO4 (treatments 6 and 7), as a 
group.  S uptake was not otherwise significantly related to treatment. 

The treatment that received manure in 2023 (treatment 8) had the highest Ca uptake into 
grain, stover, and grain and stover combined of any treatment in 2024, with significantly greater 
Ca uptake in all three categories than the treatments receiving 150 lbs/ac K2O as KCl or K2SO4 
(treatments 6 and 7), as a group.  The treatment receiving KCl in every year (treatment 10) had 
marginally significantly greater total Ca uptake than the treatment receiving K2SO4 every year 
(treatment 11). 
 
2025 

Results for elemental uptake into corn grain, cob, and stover in 2025 are presented in 
Table 12.  Grain K uptake into the treatment receiving manure in corn years (treatment 8) was 
marginally significantly lower than in the treatments receiving 150 lbs/ac K2O as KCl or K2SO4 
in corn years (treatments 6 and 7), though the application rate of K was greater in 2025 in the 



treatment receiving manure.  This difference was statistically significant for cob K uptake.  The 
quadratic contrasts of cob K uptake against KCl rate and K2SO4 rate were both significant, with 
lower uptake at intermediate rates than in the check treatment (treatment 1) or the treatments 
receiving 150 lbs/ac K2O as KCl or K2SO4 (treatments 6 and 7, respectively).  In contrast, stover 
K uptake increased with the application rate of either KCl (among treatments 1, 2, 4, and 6) or 
K2SO4 (among treatments 1, 3, 5, and 7).  Total K uptake followed the same trends as stover K 
uptake alone. 

In all tissues, separately and combined, corn Cl uptake in 2025 was higher in treatments 
receiving KCl (treatments 2, 4, 6, and 10) or CaCl2 (treatment 9) than in the check treatment 
(treatment 1) or treatments receiving K2SO4 (treatments 3, 5, 7, and 11).  Stover and total Cl 
uptake increased with the application rate of KCl among the check treatment plus treatments 
receiving KCl in corn years (treatments 1, 2, 4, and 6), while grain and cob Cl uptake were 
simply greater in treatments receiving KCl in corn years (treatments 2, 4, and 6) than in the 
check treatment (treatment 1).  The treatment receiving manure in corn years (treatment 8) had 
similar Cl uptake in all tissues to the treatments receiving KCl or CaCl2. 

The treatments receiving K2SO4 in corn years (treatments 3, 5, and 7), as a group, had 
greater grain, stover, and total S uptake than those receiving KCl in corn years (treatments 2, 4, 
and 6).  Similarly, the treatment receiving K2SO4 in all years (treatment 11) had greater grain S 
uptake than the treatment receiving KCl in all years (treatment 10).  The treatment receiving 
CaCl2 (treatment 9) had marginally significantly lower grain S uptake than the check treatment 
(treatment 1). 

The treatment receiving CaCl2 (treatment 9) had marginally greater Ca uptake into stover 
and overall Ca uptake than the check treatment (treatment 1).  Ca uptake was not otherwise 
significantly related to treatment in 2025. 
 
Soil K and Cl concentrations 
 Results for soil K concentrations are presented in Table 13.  Results from 2023 and 2024 
are limited to the zero-K check treatment (treatment 1), the treatment receiving 150 lbs/ac K2O 
as KCl in the corn years (treatment 6), the treatment receiving 150 lbs/ac K2O as manure in the 
corn years (treatment 8), and the treatment receiving 75 lbs/ac Cl as CaCl2 in the corn years 
(treatment 9).  In the fall of 2025, the treatment receiving 150 lbs/ac K2O as K2SO4 in the corn 
years (treatment 7) was also included.  All treatments were included for spring 2025.   

The treatments that were included in all sample dates that received K2O (treatments 6, 7, 
and 8) had significantly higher soil K concentrations than the other treatments (treatments 1 and 
9) in fall 2023, spring 2024, spring 2025, and fall 2025.  A similar trend was evident in fall 2024, 
but it was not statistically significant.  In fall 2025, the treatment receiving K2SO4 (treatment 7) 
also had a higher soil K concentration than treatments not receiving K (treatments 1 and 9).  In 
spring 2025, when all treatments were included, the soil K concentration increased with the 
application rate of either KCl (among treatments 1, 2, 4 and 6) or K2SO4 (among treatments 1, 3, 
5, and 7).  There was no effect of K source, and the treatment receiving manure (treatment 8) had 
a similar soil K concentration to the treatments receiving 150 lbs/ac K2O from KCl or K2SO4 
(treatments 6 and 7, respectively).  Spring soil samples in 2025 were collected before fertilizer 
applications for that year were conducted, indicating that treatment effects on soil K 



concentrations were primarily the result of K applications from two years before, aside from the 
treatments receiving K in every year (treatments 10 and 11). 
 Results for soil Cl concentration are presented in Table 14.  In fall 2023, soil Cl 
concentration increased with the application rate of KCl (among treatments 1, 2, 4, and 6), and 
treatments receiving KCl (treatments 2, 4, and 6) had higher soil Cl concentrations, as a group, 
than those receiving K2SO4 (treatments 3, 5, and 7).  The zero-K check treatment (treatment 1) 
had a significantly a significantly lower soil Cl concentration in fall 2023 than the treatment 
receiving CaCl2 (treatment 9).  In both spring and fall 2024, soil Cl was not significantly related 
to treatment, likely due to significant leaching rainfall during the growing season, especially in 
May and June.  Only the treatment receiving KCl in every season (treatment 10) received 
supplemental Cl in 2024.  In the spring 2025 sample, which was taken before fertilizers were 
applied in that year, the highest soil Cl concentration was found in the treatment receiving 100 
lbs/ac K2O as K2SO4 (treatment 5), while the lowest Cl concentration was found in the treatment 
receiving 150 lbs/ac K2O as K2SO4 (treatment 7), resulting in a significant quadratic contrast of 
soil Cl concentration as a function of the application rate of K2SO4.  It is unlikely that this 
statistical outcome is an effect of K2SO4 rate, given that no Cl was applied to any of the 
treatments assigned to receive K2SO4. 
 
Soil water Cl leaching load 
 Results for soil water Cl leaching load are presented in Table 15.  Results are limited to 
the zero-K check treatment (treatment 1), the treatments receiving KCl or K2SO4 at 100 lbs/ac 
K2O in the corn years (treatments 4 and 5, respectively), the treatment receiving manure in the 
corn years (treatment 8), the treatment receiving CaCl2 in the corn years (treatment 9), and the 
treatment receiving 100 lbs/ac K2O KCl split between the corn and soybean years (treatment 10). 
 In 2023, due to a lack of rainfall, very little Cl leached to a depth of four feet below the 
surface, and Cl leaching load was not significantly related to fertilizer treatment.  In 2024, 
conditions were wetter, and the fertilizer treatments applied in 2023 affected leaching loads.  The 
treatments receiving 75 lbs/ac Cl as KCl (treatment 4) or CaCl2 (treatment 9), as well as the 
treatment receiving manure (treatment 8), had significantly higher Cl leaching loads than the 
check treatment (treatment 1) or the treatment receiving K2SO4 (treatment 5), which received no 
Cl in fertilizer.  The check treatment had a significantly lower Cl leaching load than the treatment 
receiving K2SO4.  The treatment receiving 38 lbs/ac Cl as KCl in both 2023 and 2024 (treatment 
10) had a Cl leaching load similar to that of the treatment receiving manure and not significantly 
greater than that of the treatment receiving K2SO4.  In 2025, Cl leaching load was not 
significantly related to treatment.  However, numerical trends were similar to what was observed 
in 2024, except that the treatment receiving KCl in every year (treatment 10) had the highest Cl 
leaching load instead of the intermediate load it exhibited in 2024. 
 
Discussion and conclusions 
 
 Based on pre-planting available soil K concentrations and the use of broadcast 
application, University of Minnesota Extension guidelines recommend 135 lbs/ac K2O to achieve 
the corn yields observed in 2023 (Kaiser et al. 2024), and 100 lbs/ac K2O to achieve the yields 



observed in 2025.  Effects of K rate on corn yield were therefore expected at least among 
treatments receiving 0 – 100 lbs/ac K2O, with smaller potential for increases in yield at rates 
above 100 lbs/ac.  For soybeans, based on the observed pre-planting soil available K 
concentrations and yields close to 50 bu/ac, the recommended K rate would be 30 – 50 lbs/ac 
(Kaiser et al. 2026).  Treatments that received K in 2024 (treatments 10 and 11) might therefore 
have been expected to have higher yields those that did not.  Similarly, and consistent with the 
treatments with high soil test K in the spring of 2024 (treatments 6 and 8, and presumably 
treatment 7, which was not analyzed but had the same K rate as treatment 6) should have had 
similar soybean yield advantages.  
 As it was, corn yields in 2023 and 2025 and soybean yields in 2024 did not respond 
significantly to K rate, nor did the treatments receiving K in 2024 (treatments 10 and 11) have 
higher soybean yields than the remaining treatments.  Grain K concentration and uptake were 
similarly unresponsive to K rate.  The treatments receiving K in 2024 did have marginally 
significantly greater grain K concentrations than those that received the same rate of K in 2023 
without additional K in 2024 (treatments 2 and 3), but this did not translate into significantly 
greater grain K uptake.  K rate effects were more apparent in stover than grain.  Corn stover K 
concentration and uptake increased with increasing K rate in both 2023 and 2025, and soybean 
stover K concentration (but not uptake) was higher among treatments that received KCl or 
K2SO4 only in 2023 (treatments 2 – 7) than in the check treatment (treatment 1).  K rate also 
affected soil K concentrations, although the difference between treatments receiving K and those 
not receiving K was starker than the effect of K rate among the treatments receiving K.   

The limited response of corn and soybean grain to K rate in terms of yield, K 
concentration, and K uptake was not expected, nor consistent with recommendations to apply K 
at particular rates in order to obtain particular yields.  The lack of yield response may indicate 
that yield was limited by another nutrient that did not vary in application rate among treatments.  
For example, all treatments received 150 lbs/ac N in corn years and no N in the soybean year.  
However, this alone would not explain why K rate had no effect on grain K concentration or 
uptake.  Possibly, grain K concentration is under physiological control and therefore not highly 
responsive to available soil K. 
 We expected the two main K sources in the study – KCl and K2SO4 – to produce similar 
results in terms of crop K concentration, K uptake, and soil K concentration.  This expectation 
was largely met, aside from marginally significant tendencies toward higher cob K 
concentrations and lower stover K uptake in treatments receiving K2SO4 compared to KCl in 
2023.  The primary differences expected between the two K sources involved tissue, soil, and 
soil water Cl concentrations, as well as Cl uptake, with Cl concentration and uptake being 
proportional to the application rate of Cl as KCl.  Most of the expected differences between K 
sources related to Cl rate were observed in corn years.  However, in 2023, grain Cl concentration 
and uptake were not related to K source or Cl rate.  Possibly, grain Cl concentration is at least 
partially under physiological control, although if this is the case, such control was only evident in 
the cultivar planted in 2023 (DeKalb 4375), and not the cultivar planted in 2025 (DKC-101-
33RIB).  Treatments applied in 2023 had no significant effect on soybean stover Cl concentration 
or uptake in 2024.  However, soybean grain Cl concentration and uptake in 2024 were both 
negatively related to the application rate of either K source in 2023.  It is not clear why higher 



application rates of K would lead to decreased tissue Cl concentrations or decreased Cl uptake, 
especially given that there was no significant biomass response to K rate.  The K and Cl ions 
have opposite charges and are not expected to compete directly for access to plant ion uptake 
channels.  In contrast to these soybean responses to K treatments applied in 2023, and consistent 
with expectations, soybean stover had greater Cl concentrations and uptake in the treatment that 
received KCl in 2024 (treatment 10) than the treatment that received K2SO4 (treatment 11). 

While K source was expected to affect metrics related to Cl concentration and uptake 
without affecting metrics related to K concentration and uptake, its expected effects on yield 
were more nuanced.  Given an initial soil Cl concentration of 45 lbs/ac in the top two feet of soil 
in the spring of 2023, Cl deficiency was not expected.  Cl excess is also unusual in corn and was 
not expected in this study.  However, soybeans are reported to be more sensitive to excessive soil 
Cl than corn, so a negative yield response to the highest Cl rates was possible, especially given 
that relatively little Cl leached from the soil in 2023.  As expected, corn grain, cob, and stover 
yields were largely unresponsive to K source.  There was a marginally significant tendency in 
2025 for stover yields to be higher in treatments receiving KCl than those receiving K2SO4, but 
K source did not affect corn yields otherwise.  In 2024, while soybean yields were not affected 
by the amount of K applied in 2023, the treatment receiving KCl in 2024 (treatment 10) had 
marginally significantly greater yield than the treatment receiving K2SO4 (treatment 11), 
contributing to the difference between the two treatments in Cl uptake described above. 
 The purpose of adding Cl without K in the form of CaCl2 (treatment 9) was to isolate the 
effect of supplemental Cl from the effect of supplemental K.  As expected, compared to the 
check treatment (treatment 1), which received neither K nor Cl, the CaCl2 treatment had few 
effects on tissue elemental concentrations or uptake beyond positive effects on corn Cl 
concentration and uptake and a marginally significant positive effect on corn stover Ca uptake in 
2025.  In 2024, the CaCl2 treatment had marginally lower soybean grain K and Ca concentrations 
than the check treatment, but these did not translate into differences in yield or uptake.  Overall, 
there was no evidence of Cl deficiency or excess in any year based on the effects of CaCl2 
application.  This is consistent with the similarity in yields observed between treatments 
receiving KCl and those receiving K at the same rates as K2SO4.  
 The use of manure as a K source carries a similar risk of Cl excess to the use of KCl.  
However, because manure contains multiple nutrients, the possibility of meeting additional crop 
nutrient requirements or providing some nutrients in excess is expanded.  In addition to K and 
Cl, the manure used in this study contained substantial amounts of N and P.  The amount of 
manure applied in corn years was based on the amount required to supply 150 lbs/ac N, which 
provided 150 lbs/ac K2O and 62 lbs/ac Cl in 2023 and 228 lbs/ac K2O and 88 lbs/ac Cl in 2025.  
It also supplied 100 lbs/ac P2O5 in both years.  The treatment receiving manure (treatment 8) 
had lower grain and cob yields than the treatments receiving K at similar rates as KCl or K2SO4 
(treatments 6 and 7) in 2023.  In contrast, in 2024, the treatment receiving manure had 
significantly greater grain and stover yields than any other treatment.  Similarly, in 2025, this 
treatment had the highest grain yield in the study, though the overall effect of treatment on grain 
yield was not significant.  The yield results for soybeans in 2024 and corn in 2025 may indicate 
that the phosphate content of the manure was beneficial for crop yields in those years.  The slight 



detrimental effect of manure on corn yield in 2023 may be a result of the low precipitation rate in 
that year, possibly resulting in poor nutrient release. 
 Very little Cl leaching occurred in 2023, which was a dry year.  The greatest leaching 
loads were observed in 2024, and this was the one year in which fertilizer treatment significantly 
affected Cl leaching load in the soil water.  Apparently, much of the Cl that was not leached in 
2023 was held in the soil or the corn stover (which was left in the field) until 2024, when 
precipitation was sufficient to cause Cl leaching proportional to the amount of Cl applied in 
2023.  For the most part, Cl leaching in 2025 was correlated with leaching in 2024, but the 
treatment receiving KCl every year (treatment 10) had greater leaching in 2025 than expected 
based on its leaching in 2024.  This, coupled with the significant relationship between Cl 
leaching in 2024 and Cl application rates in 2023, may reflect a tendency for Cl captured in 
stover in one year to be leached from the soil in the following year.  In both 2024 and 2025, the 
manure treatment had numerically lower leaching loads than the treatments receiving similar 
amounts of Cl as KCl or CaCl2, possibly indicating that the Cl content of manure is less 
susceptible to leaching than those of KCl and CaCl2. 
 Overall, we saw little evidence that K supply limited corn or soybean grain production in 
this system, nor that Cl deficiency or excess substantially affected yields.  Given this, it was not 
surprising that K source had little effect on yield or K uptake but only affected Cl pools.  Cl 
applied in one year affected Cl leaching and uptake in the following year, perhaps in part because 
a large portion of Cl applied was taken up and held in crop stover, to be released in the following 
year. 
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Table 1.  Soil characteristics of the top 12 inches of soil in the study field based on samples taken on May 
13, 2023, prior to treatment application. 
 

  
 
 

Table 2.  Summary of K2O and Cl rates applied to each treatment across all three years.  The indicated 
fertilizers were applied to treatments 1 – 9 only in corn years (2023 and 2025), while treatments 10 and 11 
received fertilizer treatments in the soybean year (2024) as well. 
 

 
 
  

Bray P K SO4-S Fe Mn Zn Cu Ca Mg Na B

3.6 5.6 22 93 5 56 18 1 1 1762 280 5 0 15 45

0 - 2 feet

pH Organic 
matter (%)

NO3
--N 

(ppm)
Cl- 

(lbs/ac)----------------------------------------------  (ppm)  ----------------------------------------------

0 - 6 inches

2023 
(corn)

2024 
(soybean)

2025 
(corn)

2023 
(corn)

2024 
(soybean)

2025 
(corn)

1 0 lbs/ac 0 0 0 0 0 0
2 50 lbs/ac as KCl1 50 0 50 38 0 38
3 50 lbs/ac as K2SO4

2 50 0 50 0 0 0
4 100 lbs/ac as KCl 100 0 100 75 0 75
5 100 lbs/ac as K2SO4 100 0 100 0 0 0
6 150 lbs/ac as KCl 150 0 150 113 0 113
7 150 lbs/ac as K2SO4 150 0 150 0 0 0
8 150 lbs/ac as manure3 150 0 228 62 0 88
9 0, CaCl24 0 0 0 75 0 75
10 50 lbs/ac as KCl yearly 50 50 50 38 38 38
11 50 lbs/ac as K2SO4 yearly 50 50 50 0 0 0

1 Potassium chloride:  0-0-60-47Cl
2 Potassium sulfate:  0-0-50-17S
3
 In 2023, manure had 22 lbs K2O and 9.1 lbs Cl per 1,000 gal and was applied at 6,800 gal/ac.

     In 2025, manure had 15 lbs K2O and 5.8 lbs Cl per 1,000 gal and was applied at 15,200 gal/ac.
4 Calcium chloride:  60% Cl, 34% Cl

Treatment K2O rate (lbs/ac), source
K2O rate (lbs/ac) Cl- rate (lbs/ac)



Table 3.  Treatments applied to corn plants in 2025. 
 

 
  

Treatment Gypsum5 Total
1 0 lbs/ac 0 0 0 51 51 39
2 50 lbs/ac as KCl1 50 38 0 51 51 39
3 50 lbs/ac as K2SO4

2 50 0 17 34 51 26
4 100 lbs/ac as KCl 100 75 0 51 51 39
5 100 lbs/ac as K2SO4 100 0 34 17 51 13
6 150 lbs/ac as KCl 150 113 0 51 51 39
7 150 lbs/ac as K2SO4 150 0 51 0 51 0
8 150 lbs/ac as manure3 228 88 77 0 77 380
9 0, CaCl24 0 75 0 51 51 82
10 50 lbs/ac as KCl 50 38 0 51 51 39
11 50 lbs/ac as K2SO4 50 0 17 34 51 26

1 Potassium chloride:  0-0-60-47Cl
2 Potassium sulfate:  0-0-50-17S
3

 In 2025, manure had 15 lbs K2O, 5.8 lbs Cl, 3.3 lbs S, and 25 lbs Ca per 1,000 gal and was applied at 15,200 gal/ac.
4 Calcium chloride:  60% Cl, 34% Ca
5 Gypsum:  17% S, 24% Ca

Ca rate 
(lbs/ac)Treatment K2O rate (lbs/ac), source K2O rate 

(lbs/ac)
Cl rate 
(lbs/ac)

S rate (lbs/ac)



 

 

 
 

Figure 1.  Daily (columns) and cumulative (lines) rainfall at RROC in each year.  Data were collected 
from an on-farm weather station. 



Table 4.  Effects of K and Cl treatments on corn grain, cob, and stover yield in 2023.  Values within a 
column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise 
comparisons.  Pairwise comparisons are presented only for effects where P ≤ 0.10. 
 

 
  

Treatment Source K2O 
(lbs/ac)

Cl     
(lbs/ac)

1 Check 0 0 0.81 a 3.4 b
2 KCl 50 38 0.74 b 3.6 b
3 K2SO4 50 0 0.73 b 3.4 b
4 KCl 100 75 0.78 ab 4.2 a
5 K2SO4 100 0 0.77 ab 3.6 b
6 KCl 150 113 0.73 b 3.3 b
7 K2SO4 150 0 0.75 ab 3.5 b
8 Manure 150 62 0.61 c 3.2 b
9 CaCl2 0 75 0.70 b 3.5 b190

0.0484

199
198
197
195
198
208
200
185

Contrasts

0.0188
0.1024
0.1640
0.7632

0.9101

0.9047
0.4522 0.0366

0.4726
0.8385 0.6570

0.3998
0.3393

0.6212
0.0477 0.0044 0.4575

0.7817 0.1696

0.2331
0.5593
0.0036

Cob dry yield 
(T/ac)

Stover dry 
yield (T/ac)

Treatment effect (P-value)

K2SO4 rate, quadratic (1, 3, 5, 7)
KCl v K2SO4 (2, 4, 6 v 3, 5, 7)

Check v CaCl2 (1 v 9)
Manure v conventional K (8 v 6 & 7)

Grain yield (bu/ac 
@ 15.5% moisture)

Effect of K (1 & 9 vs. 2-7)
KCl rate, linear (1, 2, 4, 6)

KCl rate, quadratic (1, 2, 4, 6)
K2SO4 rate, linear (1, 3, 5, 7)

0.6824
0.9521
0.4767
0.3252



Table 5.  Effects of K and Cl treatments on soybean grain yield and dry stover yield in 2024.  Stover yield 
was estimated as a linear function of grain yield in this year, and statistical results are therefore identical 
for the two variables.  Values within a column that are followed by the same letter are not significantly 
different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for effects where P 
≤ 0.10. 
 

 
 
 
 

  

2023 2024 2023 2024
1 Check 0 0 0 0 51.1 bc 2.9 bc
2 KCl 50 0 38 0 51.3 bc 2.9 bc
3 K2SO4 50 0 0 0 47.9 c 2.7 c
4 KCl 100 0 75 0 50.2 bc 2.8 bc
5 K2SO4 100 0 0 0 49.1 bc 2.8 bc
6 KCl 150 0 113 0 46.5 c 2.7 c
7 K2SO4 150 0 0 0 49.5 bc 2.8 bc
8 Manure 150 0 62 0 62.5 a 3.4 a
9 CaCl2 0 0 75 0 49.8 bc 2.8 bc
10 KCl 50 50 38 38 54.2 b 3.0 b
11 K2SO4 50 50 0 0 48.0 c 2.7 c

Estimated stover 
dry yield (T/ac)

0.0055
0.4936
0.1703
0.4217

Grain yield at 13% 
moisture (bu/ac)

0.5329
0.0865

0.7471
0.4517
0.8080
0.6936

<0.0001

K2O (lbs/ac) Cl- (lbs/ac)

Contrasts

Treatment Source

All years v corn years (10 & 11 v 2 & 3)

Treatment effect (P-value)

KCl v K2SO4 (2, 4, 6 v 3, 5, 7)
Check v CaCl2 (1 v 9)

Manure v conventional K (8 v 6 & 7)

Effect of K (1 & 9 vs. 2-7)
KCl rate, linear (1, 2, 4, 6)

KCl rate, quadratic (1, 2, 4, 6)

All years KCl v K2SO4 (10 v 11)

K2SO4 rate, linear (1, 3, 5, 7)
K2SO4 rate, quadratic (1, 3, 5, 7)



Table 6.  Effects of K and Cl treatments on corn grain, cob, and stover yield in 2025.  Values within a 
column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise 
comparisons.  Pairwise comparisons are presented only for effects where P ≤ 0.10. 
 

2023 2024 2025 2023 2024 2025
1 Check 0 0 0 0 0 0
2 KCl 50 0 50 38 0 38
3 K2SO4 50 0 50 0 0 0
4 KCl 100 0 100 75 0 75
5 K2SO4 100 0 100 0 0 0
6 KCl 150 0 150 113 0 113
7 K2SO4 150 0 150 0 0 0
8 Manure 150 0 228 62 0 88
9 CaCl2 0 0 0 75 0 75
10 KCl 50 50 50 38 38 38
11 K2SO4 50 50 50 0 0 0

0.8009
0.4519
0.8504

0.58
0.63

0.65
0.66
0.56
0.57
0.71
0.67
0.62
0.60

0.1667

Treatment Source

All years v corn years (10 & 11 v 2 & 3)

Treatment effect (P-value)

KCl v K2SO4 (2, 4, 6 v 3, 5, 7)
Check v CaCl2 (1 v 9)

0.0932
0.1661
0.0312

4.1
4.5
4.3

Manure v conventional K (8 v 6 & 7)

Cl- (lbs/ac)K2O (lbs/ac)

Effect of K (1 & 9 vs. 2-7)
KCl rate, linear (1, 2, 4, 6)

KCl rate, quadratic (1, 2, 4, 6)

Estimated stover 
dry yield (T/ac)

Grain yield at 15.5% 
moisture (bu/ac)

4.1
4.5
4.1
4.4

Cob dry yield 
(T/ac)

0.3377
0.7769
0.3916

All years KCl v K2SO4 (10 v 11)

K2SO4 rate, linear (1, 3, 5, 7)
K2SO4 rate, quadratic (1, 3, 5, 7)

0.1680
0.0848
0.0365
0.3719

0.2285

0.3389
0.7802
0.6881
0.6921
0.9458

0.6645
0.1812
0.2202
0.4049

4.7
4.7

0.63

Contrasts

0.7035
0.2708

239
245
241
236
240
246
240
253
227
235
245

0.9323
0.6968
0.1624

0.4656
0.2929

0.1278
0.3318

4.7
4.0



Table 7.  Effects of K and Cl treatment on concentrations of K, Cl, S, and Ca in corn grain, cobs, and stover in 2023.  Values within a column that 
are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for 
effects where P ≤ 0.10. 
 

 
  

1 Check 0 0 0.56 d 0.13 bc 0.10 c 0.06 bc
2 KCl 50 38 0.73 abc 0.28 a 0.25 b 0.05 cde
3 K2SO4 50 0 0.68 bc 0.14 bc 0.14 c 0.05 bcde
4 KCl 100 75 0.76 ab 0.29 a 0.34 a 0.05 de
5 K2SO4 100 0 0.74 abc 0.15 b 0.10 c 0.06 ab
6 KCl 150 113 0.79 a 0.28 a 0.38 a 0.06 bc
7 K2SO4 150 0 0.74 abc 0.12 c 0.09 c 0.07 a
8 Manure 150 62 0.76 ab 0.27 a 0.35 a 0.05 e
9 CaCl2 0 75 0.64 cd 0.30 a 0.36 a 0.06 bc

Stover Stover Stover
Tissue K concentration (%) Tissue Cl concentration (%) Tissue S concentration (%) Tissue Ca concentration (%)
Grain Grain Grain GrainCob Cob Cob CobStover

0.4243
Manure v conventional K (8 v 6 & 7) 0.2700 1.0000 0.29660.0801 <0.0001 1.0000 1.00000.8950 0.0068 0.0011 0.6109

Check v CaCl2 (1 v 9) 0.9147 0.4610 0.54450.6455 <0.0001 0.4002 0.58140.2283

0.2920 0.6280
KCl v K2SO4 (2, 4, 6 v 3, 5, 7) 0.3811 0.6403 0.7010 .0.4521 <0.0001 0.3523 0.12220.2934 <0.0001 0.0113 0.1055

<0.0001 0.5747

0.40800.1171 0.0900 0.0961 0.2659
K2SO4 rate, linear (1, 3, 5, 7) 0.8773 0.8127 0.6272 .0.7783 0.9227 0.1258 0.92950.0070 0.6434 0.0129 0.1560

0.4264 0.30010.1777 0.3998

0.95130.0011 0.0018 0.6641 0.5303
KCl rate, linear (1, 2, 4, 6) 0.5955 0.6360 0.7704 .0.7835 <0.0001 0.2279 0.72360.0017 <0.0001 0.7189 0.5989

Contrasts

Effect of K (1 & 9 vs. 2-7) 0.7406 0.4160 0.7784 .0.5156 <0.0001 0.2126

KCl rate, quadratic (1, 2, 4, 6) 0.2786 0.0999 0.4923 .0.1557 <0.0001 0.7494

K2SO4 rate, quadratic (1, 3, 5, 7) 0.2148 0.2675 0.4923 .0.0999 0.1157

0.29 0.05 0.08 0.010.71 0.03 0.02 0.38
Treatment effect (P-value) 0.6411 0.5746 0.5187 .0.4520 <0.0001 0.7279 0.37680.0407 <0.0001 0.0122 0.4787

0.29 0.04 0.08 0.010.77 0.03 0.02 0.39
0.31 0.04 0.07 0.010.66 0.03 0.02 0.37

0.26 0.05 0.07 0.010.65 0.02 0.02 0.40
0.27 0.04 0.08 0.010.73 0.03 0.02 0.38

0.28 0.04 0.08 0.010.72 0.03 0.01 0.36
0.31 0.05 0.08 0.010.66 0.03 0.02 0.33

0.29 0.04 0.08 0.010.73 0.03 0.02 0.35
0.29 0.04 0.08 0.010.69 0.03 0.02 0.35

Treatment Source K2O 
(lbs/ac)

Cl     
(lbs/ac)



Table 8.  Effects of K and Cl treatment on concentrations of K, Cl, Ca, and S in soybean grain and stover in 2024.  Values within a column that are 
followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for effects 
where P ≤ 0.10. 
 

  
 

  

2023 2024 2023 2024
1 Check 0 0 0 0 1.09 c 0.03 bcd 0.15 ab
2 KCl 50 0 38 0 1.35 b 0.03 cd 0.16 a
3 K2SO4 50 0 0 0 1.32 b 0.02 d 0.15 ab
4 KCl 100 0 75 0 1.31 bc 0.05 b 0.16 a
5 K2SO4 100 0 0 0 1.45 ab 0.04 bcd 0.14 b
6 KCl 150 0 113 0 1.33 b 0.03 bcd 0.15 ab
7 K2SO4 150 0 0 0 1.39 b 0.03 cd 0.15 ab
8 Manure 150 0 62 0 1.68 a 0.03 bcd 0.12 c
9 CaCl2 0 0 75 0 1.26 bc 0.04 bc 0.16 ab
10 KCl 50 50 38 38 1.38 b 0.06 a 0.15 ab
11 K2SO4 50 50 0 0 1.35 b 0.03 cd 0.16 a

0.60270.5398
All years KCl v K2SO4 (10 v 11) 0.3912 0.3473 0.80470.51750.8556 0.0010 0.42800.3875

Treatment effect (P-value)

Contrasts

All years v corn years (10 & 11 v 2 & 3) 0.0749 1.0000 0.29820.54160.7576 0.0039
Manure v conventional K (8 v 6 & 7) 0.8034 0.5856 1.00000.70810.0115 0.8823

KCl v K2SO4 (2, 4, 6 v 3, 5, 7) 0.2189 0.7847 0.25820.11120.4578 0.2411

K2SO4 rate, linear (1, 3, 5, 7)

Treatment Source
K2O (lbs/ac) Cl- (lbs/ac)

Stover Stover Stover
Tissue K (%) Tissue Cl (%) Tissue S (%)

Grain Grain

0.55210.0050
Check v CaCl2 (1 v 9) 0.0921 0.3473 0.09090.51750.2217 0.4436 0.65850.4645

0.20160.1394
K2SO4 rate, quadratic (1, 3, 5, 7) 0.2281 1.0000 0.22640.54160.1394 1.0000 0.39510.6452

1.0000 0.0430 0.18980.34140.0224 0.7458 0.99260.6309
KCl rate, quadratic (1, 2, 4, 6) 0.7605 0.7380 0.60050.28830.2133 0.7171 0.11560.1733

0.90060.0257 0.3391 0.68930.5959
KCl rate, linear (1, 2, 4, 6) 0.6828 0.0590 0.24590.53910.1250 0.5177 0.67500.8366
Effect of K (1 & 9 vs. 2-7) 0.2674 0.2245 0.5217

1.83 0.04 0.320.30 1.46
0.2510 0.5353 0.66590.38500.0530 0.0117 0.64800.0223

1.70 0.04 0.300.28 1.56
1.88 0.04 0.310.30 1.52

1.80 0.03 0.300.28 1.52
1.83 0.03 0.310.28 1.45

1.75 0.03 0.300.28 1.47
1.83 0.03 0.310.29 1.47

1.75 0.04 0.300.29 1.47
1.80 0.04 0.310.29 1.61

1.80 0.04 0.320.29 1.52
1.80 0.04 0.310.30 1.57

GrainGrain Stover
Tissue Ca (%)



 
Table 9.  Effects of K and Cl treatment on concentrations of K, Cl, S, and Ca in corn grain, cobs, and stover in 2025.  Values within a column that 
are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for 
effects where P ≤ 0.10. 
 

 
  

2023 2024 2025 2023 2024 2025
1 Check 0 0 0 0 0 0 1.05 cd 0.04 d 0.13 bc 0.10 d 0.078 ab
2 KCl 50 0 50 38 0 38 1.13 bcd 0.06 ab 0.27 a 0.38 c 0.078 ab
3 K2SO4 50 0 50 0 0 0 1.18 abcd 0.04 d 0.14 bc 0.10 d 0.080 a
4 KCl 100 0 100 75 0 75 1.24 ab 0.06 ab 0.29 a 0.63 a 0.070 d
5 K2SO4 100 0 100 0 0 0 1.28 ab 0.05 cd 0.15 b 0.11 d 0.080 a
6 KCl 150 0 150 113 0 113 1.28 ab 0.06 b 0.28 a 0.70 a 0.075 bc
7 K2SO4 150 0 150 0 0 0 1.20 abc 0.04 d 0.12 c 0.12 d 0.080 a
8 Manure 150 0 228 62 0 88 1.33 a 0.05 c 0.27 a 0.48 b 0.078 ab
9 CaCl2 0 0 0 75 0 75 1.03 d 0.07 a 0.30 a 0.63 a 0.075 bc
10 KCl 50 50 50 38 38 38 1.18 abcd 0.06 ab 0.28 a 0.37 c 0.073 cd
11 K2SO4 50 50 50 0 0 0 1.14 bcd 0.04 d 0.13 bc 0.11 d 0.080 a

Treatment Source
K2O (lbs/ac) Cl- (lbs/ac)

Treatment effect (P-value)

Contrasts

Effect of K (1 & 9 vs. 2-7)
KCl rate, linear (1, 2, 4, 6)

KCl rate, quadratic (1, 2, 4, 6)
K2SO4 rate, linear (1, 3, 5, 7)

All years KCl v K2SO4 (10 v 11)

K2SO4 rate, quadratic (1, 3, 5, 7)
KCl v K2SO4 (2, 4, 6 v 3, 5, 7)

Check v CaCl2 (1 v 9)
Manure v conventional K (8 v 6 & 7)

All years v corn years (10 & 11 v 2 & 3)

0.40
0.40
0.40

Grain Cob Stover Grain Cob Stover

0.77
0.66
0.71
0.74
0.72

0.73

0.73
0.65
0.72
0.66
0.65

0.0377 0.8341 .
0.5080 0.0151 0.0761 .

0.9548 0.0001 0.0044 .

0.0035 0.0068 .

0.4187

0.6212 1.0000 0.1811 .

0.4855 <0.0001 0.3407 .
0.3162 0.6047 1.0000 .

0.7107 0.5266 0.4988 .
0.7619 <0.0001 0.0005 .

0.8623
0.1279 0.1254 0.2345 0.2494

0.9787 <0.0001 0.2866 0.8623
0.0633 <0.0001 1.0000 0.69840.0156 0.1811 .

0.7765 0.3657 .

Tissue K concentration (%) Tissue Cl concentration (%) Tissue S concentration (%) Tissue Ca concentration (%)

0.2494
0.7362 <0.0001 1.0000 0.0341

0.0787 <0.0001 1.0000 1.0000

0.2476 <0.0001 0.3299 0.2107
0.6435 <0.0001 0.3980 0.5841

0.7899 0.8888 0.1849

Cob Stover

0.0509 <0.0001 0.1309 0.6431

0.088

0.108
0.085
0.123
0.073
0.110

0.103
0.098
0.095
0.100
0.105

<0.0001 0.6589 0.4383

0.01
0.01
0.01
0.01

0.9170

0.01
0.01
0.01
0.01
0.01

0.1396

Stover Grain

<0.0001 0.1444

0.01

0.01

Grain Cob
0.033
0.028
0.025
0.030
0.023

0.1558
0.9284

0.7180

0.39
0.40
0.39
0.39
0.40
0.38

0.9373

0.8025
0.2661

0.1277
1.0000

0.7090
0.0639

0.0222
0.0098

0.3009

0.4206

0.8611

0.3259
0.7821

0.7893

0.39
0.40

0.02
0.02
0.02
0.03
0.02

<0.0001

0.02
0.02
0.01
0.02
0.02
0.020.025

0.025
0.025
0.028
0.033
0.033

0.8109

<0.0001

0.3452
0.1316
0.0831
0.5609
0.2906
0.0014

<0.0001
0.0178
0.6880
0.9522

<0.0001
<0.0001 0.4047

0.8466
0.9056
0.7376 0.2448

0.38
0.35
0.39
0.33
0.37
0.37

0.8209
0.3884
0.5508
0.6389
0.4987
0.1900

0.7130

0.35
0.38
0.44
0.41
0.35

0.6164
0.8002



Table 10.  Effects of K and Cl treatment on corn grain, cob, stover, and combined uptake of K, Cl, Ca, and S in 2023.  Values within a column that 
are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for 
effects where P ≤ 0.10. 

 

 
 

  

1 Check 0 0 11.8 a 39 c 78 c 2.1 c 6 c 12 d 3.7 bcd
2 KCl 50 38 10.2 abc 52 b 89 b 4.1 a 18 b 26 c 3.7 bc
3 K2SO4 50 0 10.5 abc 47 bc 83 bc 2.0 c 10 c 16 d 3.7 cd
4 KCl 100 75 10.2 abc 62 a 101 a 4.5 a 28 a 37 a 4.1 abc
5 K2SO4 100 0 10.0 bc 53 ab 88 bc 2.4 c 7 c 14 d 4.3 ab
6 KCl 150 113 10.5 abc 54 ab 91 ab 4.0 a 26 a 34 ab 3.8 bc
7 K2SO4 150 0 11.6 ab 52 b 91 ab 1.9 c 7 c 12 d 4.5 a
8 Manure 150 62 8.0 d 49 bc 83 bc 3.3 b 23 ab 30 bc 3.1 d
9 CaCl2 0 75 9.9 c 45 bc 81 bc 4.2 a 25 a 33 ab 4.0 abc

Total

0.44140.1737 0.0953 0.0076 0.3835

K uptake (lbs/ac)
Grain Cob Stover Total

Cl uptake (lbs/ac)
Grain Cob Stover Total

S uptake (lbs/ac)
Grain Cob Stover Total

Ca uptake (lbs/ac)
Grain Cob Stover

Manure v conventional K (8 v 6 & 7) 0.7757 0.5564 0.0523 0.04770.0016 0.2051 0.3786 0.44250.4501 0.0703 0.0037

0.53670.0703 <0.0001 0.8100<0.0001 0.3345 0.15410.0997 <0.0001 0.1732

0.1194

0.5158
Check v CaCl2 (1 v 9) 0.6574 0.6251 0.3379 0.45220.0749 <0.0001 0.1307 0.88800.2898 <0.0001 0.4754 0.34750.5718 <0.0001 0.6492 0.3573

KCl v K2SO4 (2, 4, 6 v 3, 5, 7) 0.3296 0.6992 0.6500 0.78170.4589

0.1129
K2SO4 rate, quadratic (1, 3, 5, 7) 0.1911 0.3049 0.5453 0.83850.0376 0.3731 0.2761 0.29970.2437 0.4440 0.6636 0.45730.7684 0.3443 0.4824 0.4231

K2SO4 rate, linear (1, 3, 5, 7) 0.9369 0.7768 0.8045 0.91010.7786 0.6772 0.0807 0.97060.0204 0.8905 0.01790.0303 0.9107 0.4258

0.56070.0143 <0.0001 0.7921 0.5634
KCl rate, quadratic (1, 2, 4, 6) 0.7129 0.2595 0.8321 0.32520.1888 <0.0001 0.7427 0.41910.0095 0.0157 0.4848 0.26880.0150 0.0060 0.8311 0.2723

0.9388 0.5371 0.7677 0.47670.2237 <0.0001 0.1152 0.63300.0061 <0.0001 0.6263

0.56770.0351 <0.0001 0.2823 0.5084

Contrasts

Effect of K (1 & 9 vs. 2-7) 0.7646 0.4529 0.8945 0.95210.1102 0.0007 0.0962 0.82430.0030 0.0027 0.2951 0.23340.0107 0.0018 0.8157 0.2287
KCl rate, linear (1, 2, 4, 6)

Treatment effect (P-value) 0.9120 0.7174 0.5375 0.68240.0453 <0.0001 0.3092 0.40500.0321 <0.0001 0.0401
26 4.1 6.7 0.90.4 0.3 2611.1 28
27 3.5 6.4 0.90.3 0.2 249.8 25
28 3.8 7.3 0.90.4 0.3 2712.2 28
27 3.9 7.4 1.00.4 0.3 2511.5 26
25 4.6 6.8 0.90.3 0.2 2911.5 30
28 4.8 7.4 0.90.5 0.3 2712.0 28
26 4.0 7.4 0.90.4 0.2 2411.5 26
27 4.0 7.1 0.90.4 0.3 2511.3 27
27 3.8 7.3 0.90.5 0.3 2411.5 25

Treatment Source K2O 
(lbs/ac)

Cl     
(lbs/ac)



Table 11.  Effects of K and Cl treatment on soybean, grain, stover, and combined uptake of K, Cl, Ca, and S in 2024.  Values within a column that 
are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for 
effects where P ≤ 0.10. 
 

 
  

2023 2024 2023 2024
1 Check 0 0 0 0 47 bc 65 c 112 c 1.7 bc 2.9 bc 8.6 bc
2 KCl 50 0 38 0 48 bc 80 bc 127 bc 1.3 c 2.4 bc 8.5 bc
3 K2SO4 50 0 0 0 43 c 75 bc 118 bc 1.0 c 2.1 c 7.7 c
4 KCl 100 0 75 0 46 c 77 bc 122 bc 2.4 b 3.5 b 8.1 bc
5 K2SO4 100 0 0 0 44 c 82 bc 126 bc 1.9 bc 2.8 bc 7.8 bc
6 KCl 150 0 113 0 44 c 73 bc 116 c 1.6 bc 2.4 bc 7.6 c
7 K2SO4 150 0 0 0 46 c 80 bc 126 bc 1.3 bc 2.2 c 7.9 bc
8 Manure 150 0 62 0 59 a 117 a 175 a 1.9 bc 3.0 bc 10.1 a
9 CaCl2 0 0 75 0 44 c 74 bc 118 bc 2.1 bc 3.2 bc 8.0 bc
10 KCl 50 50 38 38 53 b 85 b 138 b 3.7 a 5.0 a 9.0 ab
11 K2SO4 50 50 0 0 45 c 75 bc 120 bc 1.5 bc 2.4 bc 8.0 bc

0.2805
0.2606 0.5108 0.6794

Grain Stover Total Grain GrainGrainStover StoverStoverTotal

0.6853 0.12380.10670.2232 0.6085
0.8294

0.78610.2967 0.2404

0.1367

0.09540.6709
0.9759

<0.0001 0.2266 0.01050.1813
0.9789

0.8607 0.3557 0.24160.3863

All years KCl v K2SO4 (10 v 11) 0.0600 0.0563 0.15060.34770.3133 0.0025 0.10050.95830.1956 0.0009
All years v corn years (10 & 11 v 2 & 3) 0.1532 0.8891 0.42770.40290.6910 0.0049 0.96310.25000.4644 0.0067 0.2321

Manure v conventional K (8 v 6 & 7) <0.0001 0.0318 0.00040.0027<0.0001 0.4910 0.01660.5515
Check v CaCl2 (1 v 9) 0.3376 0.3125 0.35300.60910.3605 0.5498 0.95360.96080.6331 0.7360 0.5999

KCl v K2SO4 (2, 4, 6 v 3, 5, 7) 0.5914 0.5753 0.48610.43960.6740 0.4395 0.23690.4035
K2SO4 rate, quadratic (1, 3, 5, 7) 0.2577 0.6760 0.31230.42630.4027 0.9287 0.29210.39550.7178 0.8518 0.3439

K2SO4 rate, linear (1, 3, 5, 7) 0.9268 0.0419 0.40690.62940.1247 0.8836 0.71070.9700
KCl rate, quadratic (1, 2, 4, 6) 0.5826 0.6161 0.66320.29200.1977

0.45040.9459

0.1213
KCl rate, linear (1, 2, 4, 6) 0.3063 0.0405 0.13150.21790.5407 0.7441 0.31230.31500.8363 0.8484

0.20000.3897

Contrasts

Effect of K (1 & 9 vs. 2-7) 0.9325 0.1789 0.40800.70160.1877 0.3908 0.4658
Treatment effect (P-value) 0.0038 0.2055 0.04010.13500.0040 0.0236 0.24410.37730.0015 0.0125

0.27910.2023

0.9 7.6 818.6 8816.1
1.2 8.3 948.5 10316.6
0.9 7.2 907.9 9814.5
1.1 9.0 1007.0 11015.9
0.8 7.2 867.8 9415.0
0.8 6.8 817.0 8913.7
0.8 7.0 827.3 9014.2
1.0 7.5 948.2 10215.6
1.0 7.1 827.4 9014.3
1.0 7.9 938.4 10116.2
1.1 7.6 897.8 9815.2

Treatment Source
K2O (lbs/ac) Cl- (lbs/ac)

TotalTotal
K uptake (lbs/ac) Cl uptake (lbs/ac) S uptake (lbs/ac) Ca uptake (lbs/ac)



Table 12.  Effects of K and Cl treatment on corn grain, cob, stover, and combined uptake of K, Cl, Ca, and S in 2025.  Values within a column that 
are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for 
effects where P ≤ 0.10. 

 

2023 2024 2025 2023 2024 2025
1 Check 0 0 0 0 0 0 9.2 abc 87 e 140 c 4.5 c 1.6 c 8 c 14 c 8.8 ab
2 KCl 50 0 50 38 0 38 8.4 cd 101 bcde 156 bc 6.7 a 3.5 ab 34 b 44 b 9.0 a
3 K2SO4 50 0 50 0 0 0 9.6 abc 102 bcde 156 bc 4.6 c 1.9 c 8 c 15 c 9.1 a
4 KCl 100 0 100 75 0 75 7.4 d 118 ab 170 ab 6.4 a 3.3 b 59 a 69 a 7.8 d
5 K2SO4 100 0 100 0 0 0 7.4 d 102 bcde 154 bc 5.2 bc 1.8 c 10 c 17 c 9.1 a
6 KCl 150 0 150 113 0 113 10.3 ab 121 a 176 a 6.4 a 4.0 a 67 a 77 a 8.7 abc
7 K2SO4 150 0 150 0 0 0 10.4 a 112 abc 167 ab 4.6 c 1.6 c 11 c 17 c 9.1 a
8 Manure 150 0 228 62 0 88 8.2 cd 109 abcd 165 ab 6.0 ab 3.4 b 39 b 49 b 9.3 a
9 CaCl2 0 0 0 75 0 75 8.4 cd 92 de 144 c 6.9 a 3.6 ab 57 a 68 a 8.0 cd
10 KCl 50 50 50 38 38 38 8.6 bcd 97 cde 150 bc 6.4 a 3.3 b 31 b 40 b 8.1 bcd
11 K2SO4 50 50 50 0 0 0 9.0 abcd 101 bcde 156 bc 4.7 c 1.7 c 10 c 16 c 9.3 a

0.5299

32
34
35
32
31
37
34
33
41
35
32

0.8404
0.0830
0.5303
0.8677

0.6424
0.4570
0.6826
0.8725
0.9991

0.1731

18.1
17.2
20.0
14.9
18.1
17.4
19.0
17.6
16.9
16.7
18.9

0.0079
0.4447
0.6566
0.4867

0.8027
0.3907
0.1335
0.8585
0.6246

0.0132
0.0021
0.5721
0.0354
0.8745

<0.0001
<0.0001
0.0284
0.6142
0.9839

<0.0001
<0.0001
0.0510
0.6272
0.9331

0.5371

31
32
34
31
30
35
33
31
39
34
31

0.8562
0.0808
0.5273
0.8642

0.6424
0.4599
0.6864
0.8754
0.9857

0.0090
0.0011
0.4474
0.0298
0.7854

0.6032 0.5205

8.9
7.8
10.6
6.8
8.8
8.3
9.6
8.0
8.5
8.3
9.2

0.0209
0.8027
0.4575
0.6540

0.8267
0.5433

0.8472
0.1128

0.2
0.3
0.2
0.2
0.2
0.3
0.2
0.2
0.2
0.3
0.2

0.2207
0.7730
0.5823
0.5975

0.9301
0.8025
0.8358
0.8044

0.2081
0.9530
0.6534 0.2152

0.7594

0.4
0.4
0.3
0.3
0.3
0.4
0.3
0.3
0.3
0.4
0.4

0.4129
0.3248
0.6038
0.4221

0.2285
0.5227
0.5513
0.2751
0.2279

0.6881
0.6921
0.9458
0.9323

0.7269

0.0004
<0.0001
0.0236
0.9681
0.4507

<0.0001
<0.0001
0.0840
0.4423

<0.0001

0.4635
0.4489
0.0169
0.7696

0.7066
0.4940
0.0143
0.6424
0.0714

<0.0001
<0.0001

Treatment Source
K2O (lbs/ac) Cl- (lbs/ac) K uptake (lbs/ac) S uptake (lbs/ac)Cl uptake (lbs/ac)

0.2708

1.1
1.2
1.1
1.1
1.1
1.2
1.1
1.2
1.1
1.1
1.2

0.6968
0.1624
0.2285
0.7035

0.7802

Ca uptake (lbs/ac)

45
46
44

Grain Grain Grain GrainCob Cob Cob CobStover Stover Stover StoverTotal Total TotalTotal

48
45
45
45
44

0.33890.0633
46
45
43

0.0965 <0.0001 0.1731 0.76560.7633

Contrasts

Effect of K (1 & 9 vs. 2-7) 0.6881 0.0320 0.9466
<0.0001 0.8745 0.68730.0741 <0.0001 0.4914Treatment effect (P-value) 0.5965 0.0006 0.0113

KCl rate, quadratic (1, 2, 4, 6) 0.6599 0.0248 0.2594
0.8165 0.0124

All years KCl v K2SO4 (10 v 11) 0.4429 0.0118 0.0104
All years v corn years (10 & 11 v 2 & 3) 0.9748 0.8242 0.2509

Check v CaCl2 (1 v 9) 0.5474 0.0007 0.0987

0.7096 0.0034

0.6024
0.3959
0.7546

0.0013

0.7603
0.4936
0.7565

<0.0001
0.7681
0.8055

0.9006

KCl v K2SO4 (2, 4, 6 v 3, 5, 7) 0.9651 <0.0001 0.0289

Manure v conventional K (8 v 6 & 7) 0.0902 0.3742 0.3519

KCl rate, linear (1, 2, 4, 6)

K2SO4 rate, quadratic (1, 3, 5, 7) 0.7201 0.5062 0.6100
K2SO4 rate, linear (1, 3, 5, 7) 0.8156 0.7179 0.5167

0.3510

0.1791 0.2318 <0.0001



Table 13.  Effects of K and Cl treatment on soil K concentration in the top 6 inches of soil on November 
9, 2023, May 9, 2024, October 16, 2024, April 16, 2025, and October 30, 2025.  Values within a column 
that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  
Pairwise comparisons are presented only for effects where P ≤ 0.10. 
 

 
 
 
  

2023 2024 2025 2023 2024 2025
1 Check 0 0 0 0 0 0 111 b 131 b 115 c 119 b
2 KCl 50 0 50 38 0 38 132 ab
3 K2SO4 50 0 50 0 0 0 117 c
4 KCl 100 0 100 75 0 75 123 bc
5 K2SO4 100 0 100 0 0 0 131 ab
6 KCl 150 0 150 113 0 113 134 a 157 a 139 a 184 a
7 K2SO4 150 0 150 0 0 0 137 a 168 a
8 Manure 150 0 228 62 0 88 139 a 169 a 137 a 177 a
9 CaCl2 0 0 0 75 0 75 115 b 120 b 117 c 124 b
10 KCl 50 50 50 38 38 38 132 ab
11 K2SO4 50 50 50 0 0 0 123 bc

-
-
-
-
-

-
-
-
-
-

0.3084

Manure v conventional K (8 v 6 & 7) - - -
All years v corn years (10 & 11 v 2 & 3) - - -

0.0193
0.0174
0.9036
0.0028
0.7167
0.5190
0.8034
0.8857
0.5830

- -

- -
K2SO4 rate, quadratic (1, 3, 5, 7) - - -

All years KCl v K2SO4 (10 v 11) - - -

KCl v K2SO4 (2, 4, 6 v 3, 5, 7) -

0.0244

Contrasts

Effect of K (1 & 9 vs. 2-7) - - -
KCl rate, linear (1, 2, 4, 6) - - -

KCl rate, quadratic (1, 2, 4, 6) - - -
K2SO4 rate, linear (1, 3, 5, 7) -

0.0162 0.0007 0.1250Treatment effect (P-value)

- -
Check v CaCl2 (1 v 9) -

- -

-
-
-
-

-
-

122

152

149
119

0.0004

Fall 2023 soil K 
(mg/kg)

Spring 2024 soil 
K (mg/kg)

Fall 2024 soil K 
(mg/kg)

Spring 2025 soil 
K (mg/kg)

- - -
- - -

- - -
-

- - -

- - -
- - -

Treatment Source
K2O (lbs/ac) Cl- (lbs/ac) Fall 2025 soil K 

(mg/kg)



Table 14.  Effects of K and Cl treatment on soil Cl content based on 2-foot soil samples taken on 
November 9, 2023, May 9, 2024, October 16, 2024, April 16, 2025, and October 30, 2025.  Values within 
a column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise 
comparisons.  Pairwise comparisons are presented only for effects where P ≤ 0.10. 
 

 

2023 2024 2025 2023 2024 2025
1 Check 0 0 0 0 0 0 47 d 45 bc 48 b
2 KCl 50 0 50 38 0 38 61 cd 47 bc 56 b
3 K2SO4 50 0 50 0 0 0 51 d 60 ab 48 b
4 KCl 100 0 100 75 0 75 81 ab 64 a 55 b
5 K2SO4 100 0 100 0 0 0 54 d 64 a 49 b
6 KCl 150 0 150 113 0 113 80 ab 50 abc 80 a
7 K2SO4 150 0 150 0 0 0 54 d 35 c 48 b
8 Manure 150 0 228 62 0 88 73 bc 39 c 55 b
9 CaCl2 0 0 0 75 0 75 94 a 58 ab 57 b
10 KCl 50 50 50 38 38 38 58 ab 50 b
11 K2SO4 50 50 50 0 0 0 44 bc 44 b

K2O (lbs/ac) Cl- (lbs/ac) Fall 2023 soil 
Cl- (lbs/ac)

Spring 2024 soil 
Cl- (lbs/ac)

Fall 2024 soil 
Cl- (lbs/ac)

Treatment Source

106 50
82 60
85 51

82 51
80 60
84 51

90 42
69 49

Treatment effect (P-value) 0.0001 0.4036 0.5894

74 47
89 49
94 45

All years KCl v K2SO4 (10 v 11) . 0.1457 0.1363

Contrasts

Effect of K (1 & 9 vs. 2-7) 0.0460 0.8351 0.7258
KCl rate, linear (1, 2, 4, 6) 0.0007 0.4713 0.7118

KCl rate, quadratic (1, 2, 4, 6) 0.3159 0.3873 0.5158
K2SO4 rate, linear (1, 3, 5, 7) 0.5145 0.4878

KCl v K2SO4 (2, 4, 6 v 3, 5, 7) 0.0004 0.2171 0.8680

Manure v conventional K (8 v 6 & 7) 0.5265 0.3864 0.9638
All years v corn years (10 & 11 v 2 & 3) . 0.2752 0.9166

0.9697
K2SO4 rate, quadratic (1, 3, 5, 7) 0.7823 0.5842 0.2947

Check v CaCl2 (1 v 9) <0.0001 0.3865 0.4778

Spring 2025 soil 
Cl- (lbs/ac)

0.4346

0.6772

Fall 2025 soil 
Cl- (lbs/ac)

0.0546 0.0085
0.2508 0.2285
0.3010 0.0007
0.2423 0.1103

0.9667
0.0030 0.9761
0.9168 0.0020
0.2003 0.2696
0.6988 0.1947

.

.

0.4038
0.1663 0.4266



Table 15.  Effects of K and Cl treatment on soil water Cl leaching load – the estimated total amount of Cl in soil water reaching a depth of four 
feet below the surface between May 15 and October 30 in each year.  Values within a column that are followed by the same letter are not 
significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only for effects where P ≤ 0.10. 
 

 

2023 2024 2025 2023 2024 2025
1 Check 0 0 0 0 0 0 7.4 c
4 KCl 100 0 100 75 0 75 53.8 a
5 K2SO4 100 0 100 0 0 0 17.7 b
8 Manure 150 0 228 62 0 88 34.5 a
9 CaCl2 0 0 0 75 0 75 49.6 a
10 KCl 50 50 50 38 38 38 32.3 ab

Treatment Source
K2O (lbs/ac) Cl- (lbs/ac)

9.9
28.1
14.9
18.5
23.8
29.6

Treatment effect (P-value) 0.3736

Soil water Cl- load, lbs/ac
20252023

0.1

0.2

0.3
0.2
0.1
0.1

0.3070

2024

0.0007
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Summary 

Potatoes require large amounts of potassium (K) to promote yield and tuber bulking and minimize 
bruising.  There is strong interest in strategies to improve K use efficiency in this crop.  Banded K 
application is expected to improve K use efficiency by placing all applied K within the root zone 
of the potato crop.  Splitting K application between planting and hilling may also improve K use 
efficiency, if much of the K applied at planting is lost to fixation in the soil before tuber bulking 
begins and crop K demand increases.  Since K is commonly applied as potassium chloride (KCl), 
there is concern that the high chloride (Cl) content of this fertilizer may have detrimental effects on 
a potato crop, such as lower tuber specific gravity.  Using potassium sulfate (K2SO4) as a K source 
avoids this issue, but it is not clear if this advantage is worth the higher cost of K2SO4 compared to 
KCl.  Reported here are the results for the third year of a three year study.  The objectives of this 
study were to (1) evaluate the effects of KCl rate on tuber yield and quality, (2) determine whether 
banded KCl application decreases potato crop K requirements, (3) evaluate the effectiveness of 
split KCl application in improving K use efficiency, (4) determine whether using K2SO4 in place 
of KCl improves tuber specific gravity, and (5) evaluate the effects of Cl application on potato crop 
performance and Cl leaching. In 2025, The addition of K increased total and marketable tuber yield, 
tuber size, and the number of tubers per plant compared to the zero-K treatments.  Among 
treatments receiving KCl, total and marketable yield increased with the application rate of K, while 
tuber size did not.  Banded KCl application had no effect on yield compared to broadcast 
application, but the use of broadcast K2SO4 increased yield compared to broadcast KCl.  Tuber 
specific gravity decreased with the application rate of KCl and was higher in treatments receiving 
broadcast K2SO4 than those receiving broadcast KCl at the same rates.  Vine and tuber K and Cl 
concentrations increased with the application rate of KCl, and vine and tuber Cl concentrations 
were lower in treatments receiving K2SO4 than those receiving KCl.  Results were similar for 
elemental uptake.  The soil water Cl leaching load at a depth of four feet was much greater in 
treatments that received supplemental Cl than those that did not.  Only a small portion of the Cl 
applied with fertilizer and irrigation water was removed from the field in harvested tubers or left in 
the field with the vines, while a much larger proportion was lost through leaching.  End-of-season 
Cl concentrations in the top two feet of soil were not correlated with the application rate of KCl 
and were not higher in treatments receiving KCl than those receiving K2SO4.  Based on these results 
and results from the previous two years, Cl application rate can have negative effects on tuber yield, 
but perhaps only in dry years when large amounts of high-Cl irrigation water are required to meet 
crop requirements, unlike this year.  Cl application had a negative effect on tuber specific gravity 
in 2025 but not in previous two years.  However, if K fertilizer is fall-applied, such negative effects 
of excessive Cl application on tuber yield are unlikely to carry over to the following year, as Cl was 
readily leached from the top four feet of soil.  The effect of using 0-0-50 was year dependent, but 
if an effect of using 0-0-50 occurs, it will be positive for yield and specific gravity.    
 

 



Background 
 Potatoes require large amounts of potassium (K) to maximize yield and tuber bulking and 
to minimize bruising damage to tubers.  The soils in which potatoes are grown are often sandy, 
with low to medium K concentrations.  Therefore, K fertilizer is generally applied to irrigated 
potato crops, typically being broadcast in the fall or spring before the potato crop is planted. 
 A spike in K fertilizer prices in the U.S. in 2021 – 2023 prompted increased interest in 
approaches to maximize K use efficiency in crops.  One promising approach is banded K 
application, which places a greater share of the applied K within the crop root zone than 
broadcast application.  A second approach is to apply a portion of the K at hilling, which both 
places the K fertilizer close to the crop’s root zone and reduces the amount of K fixed or lost 
between the time it is applied and the time when crop roots are available to access it. 
 Potassium chloride (KCl, also known as muriate of potash; 0-0-60-47Cl) is the most used 
K fertilizer due to its low cost per unit weight of K.  When K is applied as KCl, a significant 
amount of chloride (Cl) is applied with it.  Like K, Cl is an essential plant nutrient, known to 
improve disease resistance in some plants.  However, potato Cl requirements are much lower 
than K requirements, so that co-applying these nutrients at similar rates may result in Cl excess.  
In potatoes, excessive Cl availability can result in decreased tuber specific gravity, which has 
been found to be an issue with KCl as a K source relative to sources such as potassium sulfate 
(K2SO4) that do not contain Cl.  While K2SO4 is more expensive than KCl, it may be a better 
option where tuber specific gravity is a concern, since low tuber specific gravity can decrease a 
potato crop’s value.   
 In addition to the potential negative impacts of excessive Cl on potato tuber quality, Cl is 
highly leachable and may be harmful to freshwater ecosystems in large quantities.  This presents 
a second reason to avoid applying Cl at rates well above crop requirements. 
 In 2025, we repeated a study conducted in 2023 and 2024 on K and Cl management in an 
irrigated system on sandy soils at the Sand Plain Research Farm (SPRF) in Becker, MN.  The 
objectives of the study were to:  (1) evaluate the effects of K rate on tuber yield and quality, (2) 
determine whether banded application reduced potato crop K requirements, (3) determine 
whether split application of K reduced crop K requirements, (4) determine whether the use of 
K2SO4 in place of KCl improved tuber specific gravity, and (5) evaluate the effects of Cl 
application on potato crop performance and Cl concentrations in soil water.  In addition to tuber 
yield and quality, crop responses were evaluated in terms of plant canopy cover; petiole, vine, 
and tuber element concentrations; and vine and tuber element uptake. 
 
Methods 
 As in 2023 and 2024, the study in 2025 was conducted at SPRF, on a Hubbard loamy 
sand soil following a previous crop of soybeans.  Soil samples to depths of six inches and two 
feet were collected on April 18.  Samples were dried at 95 °F to a constant weight and ground.  
Six-inch samples were sent to the University of Minnesota’s Research Analytical Laboratory 
(UM-RAL) to be analyzed for pH, loss-on-ignition organic matter; Bray P; ammonium acetate 
extractable K, Ca, and Mg; DTPA-extractable Mn, Fe, Zn, and Cu; and hot water extractable B.  
Two-foot samples were analyzed for their NO3--N and Cl concentrations at UM-RAL .  Results 
are presented in Table 1. 



 Twelve treatments were applied to plots of Russet Burbank potatoes in a randomized 
complete block design with four replicates: (1) a check treatment receiving no supplemental K or 
Cl; (2 – 5) treatments receiving broadcast KCl before planting to provide 80, 160, 240, or 320 
lbs/ac K2O; (6 – 8) treatments receiving banded KCl at planting to provide 80, 160, or 240 lbs/ac 
K2O; (9) a treatment receiving two equal applications of KCl, one broadcast before planting and 
one sidedressed at hilling, to provide a total of 240 lbs/ac K2O; (10 – 11) treatments receiving 
K2SO4 broadcast before planting to provide 160 or 240 lbs/ac K2O; and (12) a treatment 
receiving CaCl2 broadcast before planting to provide 180 lbs/ac Cl, equivalent to the rate 
provided when KCl is applied to provide 240 lbs/ac K2O.  These treatments are summarized in 
Table 2.  Each plot was 12 feet (four rows) wide by 20 feet long.  The central 18 feet of the 
middle two rows were used for end-of-season vine samples and tuber harvest samples.  A red 
potato was planted at each end of each of these two rows.  The field was three plots wide and 18 
plots long.  A three-foot buffer was planted on all sides of the field to reduce edge effects. 
 KCl, K2SO4, and CaCl2 were broadcast by hand according to treatment on April 23.  
Planting rows were then opened mechanically with 36-inch spacing between rows.  A mixture of 
whole “B” and cut “A” 3 – 4-oz. seed was planted by hand with 12-inch spacing between seed 
pieces.  Belay was applied in-furrow at planting for beetle control, along with the systemic 
fungicide Quadris.  At row closure, KCl was banded into the rows in treatments 6 – 8 
approximately four inches below and to either side of the seed potatoes.  At the same time, a 
planting fertilizer blend was banded into the rows in all treatments, providing 40 lbs/ac N, 100 
lbs/ac P2O5, 0.5 lbs/ac S, 1 lb/ac Zn, and 0.5 lbs/ac B in the form of 1.9 lbs/ac urea (46-0-0), 217 
lbs/ac DAP (18-46-0), 2.8 lbs/ac ZnSO4 (17.5% S, 35.5% Zn), and 3 lbs/ac Boron 15 (15% B).  
Weeds, diseases, and insects were controlled using standard practices.  Rainfall was 
supplemented with sprinkler irrigation using the checkbook method of irrigation scheduling.  
Samples of rainfall and irrigation water were collected periodically though the season for 
chloride and potassium determination.   
 The rows were re-hilled on May 12.  Prior to re-hilling, the rows were side-dress 
fertilized by hand.  The second application of KCl was applied to treatment 9.  All treatments 
except treatments 10 and 11 received 227 lbs/ac ammonium sulfate (21-0-0-24S) to supply 48 
lbs/ac N and 54 lbs/ac S (the same amount of S provided by K2SO4 in treatment 10).  Treatments 
10 and 11 received 48 lbs/ac N as urea (46-0-0).  Finally, all rows were mechanically-sidedressed 
with urea at 244 lbs/ac during hilling, supplying 146 lbs/ac N and bringing the total N rate in all 
plots to 240 lbs/ac. 
 Plant stand was assessed in the central two rows of each plot on May 28 and June 4.  The 
number of stems per plant was also determined for ten plants in one of these two rows on June 4.  
Canopy cover was measured with the Canopeo app on May 28; June 2, 10, 16, 23, and 30; July 
7, 14, 21, and 30; August 6, 11, 19, and 25; and September 2 and 8.  The greenness of the 
terminal leaflet of the fourth mature leaf from the shoot tip was measured on 20 shoots per plot 
using a SPAD-502 Chlorophyll Meter (Konica Minolta) on June 17 and 30 and July 15 and 30.  
The petiole of the terminal leaflet of the fourth mature leaf from the shoot tip was collected from 
20 shoots per plant on the same dates.  The petiole samples were dried at 140 °F to a constant 
weight, ground, and sent to Agvise (Benson, MN) to be analyzed for K, Cl, S, and NO3--N 
concentrations.   



 On September 22, vine samples were collected by hand from ten feet of row in each of 
the two middle rows in each plot (60 square feet in total).  The fresh weight of each vine sample 
was determined.  A subsample was taken from each sample and weighed.  The vine subsamples 
were then dried at 140 °F to a constant weight and weighed again.  The fresh and dry weights of 
the subsamples were used to determine vine dry matter content, which was used together with 
the fresh weights of the 60-square-foot samples to estimate dry vine yield per acre.  Dried vine 
subsamples were ground and sent to Agvise to be analyzed for K, Cl, S, and Ca concentrations. 
 The remaining vines were killed with a flail mower on September 23.  On October 8, 
tubers were harvested from the central 18 feet of the middle two rows (108 square feet).  On 
October 14 and 15, the tubers were sorted into six size categories: 0 - 3 oz., 3 – 4 oz., 4 – 6 oz., 6 
– 10 oz., 10 – 14 oz., and over 14 oz.  Tubers over 4 oz. were sorted into U.S. No. 1 and U.S. No. 
2 grade categories based on USDA standards for French fry processing potatoes.  Cull tubers 
were sorted into a single category regardless of size.  Total yield was measured as the sum of all 
non-cull yield.  U.S. No. 1 yield included all 3 – 4-oz.  tubers plus larger tubers graded as U.S. 
No. 1.  U.S. No. 2 yield included tubers over 4 oz.  graded as U.S. No. 2.  Marketable yield was 
the sum of U.S. No. 1 and U.S. No. 2 yield.  Plot yields were converted to hundredweight per 
acre. 
 A sample of 25 U.S. No. 1 tubers was collected from each plot at  harvest for internal 
quality assessments.  This subsample was used to estimate the prevalence of hollow heart, brown 
center, and scab, as well as tuber specific gravity and dry matter content.  Dry matter content and 
total tuber fresh yield were multiplied to find total tuber dry yield.  Dried, ground tuber samples 
were sent to Agvise to be analyzed for K, Cl, S, and Ca concentrations. 
 Vine and tuber dry yield per acre were multiplied by the K, Cl, S, and Ca concentrations 
of each tissue to calculate vine and tuber elemental uptake, and these were added together to 
calculate combined elemental uptake. 

On October 29 and November 4, soil samples to depths of two feet and six inches, 
respectively, were collected from each plot.  The samples were dried at 95 °F to a constant 
weight and ground.  Ground 2-foot samples were sent to UM-RAL to be analyzed for Cl 
concentration with a Lachat QuikChem 8500 Flow Injection Analyzer.  In addition, ground 6-
inch samples from treatments 1, 4, and 12 were analyzed by the same laboratory for ammonium 
acetate extractable K. 

Data were analyzed using the GLIMMIX procedure in SAS 9.4 software (SAS Institute, 
Inc., 2016).  Each response variable was analyzed as a function of treatment as a fixed effect and 
block as a random effect.  Denominator degrees of freedom were determined by the Kenward-
Roger method, and the data were assumed to be normally distributed.  Pairwise comparisons 
were evaluated where the effect of treatment was at least marginally significant (P < 0.10).  Pairs 
of treatments were considered significantly different if the P value of the pairwise comparison 
was less than 0.10.   

Five contrast statements were applied to compare (1) the check treatment (treatment 1) 
versus the treatments receiving broadcast KCl (treatments 2 – 5), (2) the linear and (3) the 
quadratic responses to KCl rate (among treatments 1 – 5), (4) broadcast versus banded KCl 
application (treatments 2 – 4 versus 6 – 8), and (5) broadcast KCl versus broadcast K2SO4 
(treatments 3 and 4 versus 10 and 11).   



Results and discussion 
 
Rainfall and irrigation 
 Daily and cumulative rainfall and irrigation from April through September are presented 
in Figure 1.  The average rainfall totals in Becker, MN, are 2.83” in April, 3.78” in May, 4.37” in 
June, 3.91” in July, 4.15” in August, and 3.07” in September, for a total of 22.11”.   

In 2025, rainfall was below average in April (1.45”), August (2.86”), and September 
(1.62”); close to average in May (3.83”) and July (3.89”); and above average in June (7.93”).  
Total rainfall in May through September was close to the average for the location, at 21.58”.    

This rainfall was supplemented by 1.35” of irrigation in May, 1.95” in June, 5.00” in July, 
3.25” in August, and 1.95” in September, for a total of 13.5” of irrigation and 35.08 total inches 
of water from April through September.  

On average, rainfall contained very little K (0.16 ppm) or Cl (0.33 ppm), depositing 
approximately 0.6 lbs/ac K and 1.6 lbs/ac Cl over the course of the season.  Irrigation water 
contained substantially higher concentrations of both K (2.28 ppm) and Cl (36.5 ppm) and 
deposited about 7.6 lbs/ac K and 122 lbs/ac Cl throughout the season. 

 
Tuber yield, size, grade, and number 
 Results for tuber yield, size, grade, and the number of tubers per plant are presented in 
Table 3.  Total tuber yield was higher in treatments receiving KCl (treatments 2 – 5), as a group, 
than in the control treatment, and yield generally increased with the application rate of KCl 
(among treatments 1 – 5).  The yield of U.S. No. 1 tubers also tended to increase with KCl rate, 
and the treatments receiving broadcast K2SO4 (treatments 10 and 11) had higher U.S. No. 1 
yields, as a group, than the treatments receiving the same rates of K2O as broadcast KCl 
(treatments 3 and 4).  In contrast, the treatments receiving broadcast K2SO4 had lower yields of 
U.S. No. 2 tubers than the treatments receiving the same rates of K2O as broadcast KCl, and total 
marketable yield was only marginally higher in the K2SO4 treatments than the corresponding 
KCl treatments.  Treatments receiving broadcast KCl (treatments 2 – 5) had higher U.S. No. 2 
yield and total marketable yield than the zero-K, zero-Cl treatment (treatment 1), while U.S. No. 
1 yield and total marketable yield both tended to increase with the application rate of broadcast 
KCl (among treatments 2 – 5).  The treatment receiving Cl without K (treatment  12) had 
significantly lower total than any other treatment except the zero-K, zero-Cl check (treatment 1) 
and had lowest U.S. No. 1 and total marketable yields, numerically, of any treatment. 

There was no significant effect of broadcast versus banded application of KCl (treatments 
2 – 4 vs. treatments 6 – 7) on any yield variable.  The split-application treatment (treatment 9) 
did not differ from the treatments receiving single applications of broadcast or banded KCl at the 
same K2O rate (treatments 4 and 8, respectively) in any yield variable, except that it produced 
more culls than the broadcast treatment (treatment 4) and more 4 – 6-oz. tubers than the banded 
treatment (treatment 8).  The number of tubers per plant was significantly related to treatment, 
but it was not related to K source, rate, or method of application.  The treatment receiving Cl 
without K (treatment 12) had the fewest tubers per plant, while the treatment receiving 160 lbs/ac 
K2O as K2SO4 (treatment 9) had the most. 



 The effect of K source on U.S. No. 1 and total marketable yield was similar in direction 
(with K2SO4 producing higher yields than KCl) to the effect of source on the same variables 
observed when this experiment was conducted in 2023.  In contrast, no effect of K source on 
yield was observed in 2024.  In 2024, the difference in the K source effect on yield between 2023 
and 2024 was attributed to a difference in early-summer rainfall and its effect on Cl deposition 
and leaching.  Compared to 2023, the growing season in 2024 was wet, particularly in June.  
This was thought to have possibly increased the rate of Cl leaching from the crop’s root zone 
while decreasing the amount of Cl deposition from irrigation water, diminishing the potential for 
Cl excess.  The results from 2025 do not support this interpretation, as early-season precipitation 
was similar to 2024, while the effect of K source on yield was similar to 2023. 

Like in 2024 tuber set was high in 2025 (13.0 – 14.7 tubers/plant).  The percentage of 
total yield in tubers over six ounces was intermediate between the previous two years (29 – 
40%).  Unlike marketable yield, the differences in bulking among years corresponded to 
differences in early-summer precipitation.  Early-summer precipitation would most likely be 
relevant to bulking if it (1) caused plants to set more tubers than they could adequately bulk or 
(2) flushed nutrients out of the crop’s root zone before they could be taken up.   

Alternatively, differences in early-summer air temperatures among years may explain 
differences among years in tuber bulking.  Mean temperatures were warmer in June 2023 (71.5 
°F) than in June 2024 (67.3 °F) or June 2025 (67.1 °F), with a similar but smaller difference in 
May (62.5 °F in 2023; 60.2 °F in 2024; 58.2 °F in 2025).  Warmer early-season temperatures in 
2023 may have inhibited tuber set in that year compared to 2024 and 2025.  In addition, daily 
temperature variations were greater, on average, in July 2023 than July 2024 or 2025.  In July 
2023, the mean high temperature was 84.1 °F, versus 83.8 °F in 2024 and 82.8 °F in 2025, while 
the mean low temperature in July 2023 was 56.7 °F, versus 61.6 °F in 2024 and 62.3 °F in 2025.  
Thus, the mean daily temperature variation was 27.4 °F in 2023, versus  22.2 °F in 2024 and 20.5 
°F in 2025.  Thus, the differences among years in both nighttime low temperatures and daily 
temperature swings were substantial, and either or both may have influenced tuber set and 
therefore tuber bulking. 
 
Tuber quality 
 Results for tuber quality are presented in Table 4.  The prevalence of both hollow heart 
and brown center was significantly related to treatment.  These conditions were least common in 
the treatment receiving 160 lbs/ac K2O as banded KCl (treatment 7) and most common in the 
treatment receiving Cl with Ca but without K (treatment 12).  Both hollow heart and brown 
center that occurred were numerically less frequent in the treatments receiving broadcast K2SO4 
(treatments 10 and 11) than in the treatments providing the same K2O rates as broadcast KCl 
(treatments 3 and 4), but the difference only approached statistical significance for total brown 
center.  The treatments receiving banded KCl (treatments 6 – 7) had lower total hollow heart and 
total brown center than the treatments receiving broadcast KCl at the same rates (treatments 2 – 
4), though this difference was not observed for disqualifying hollow heart or brown center. 
 The prevalence of common scab was not significantly related to treatment overall.  
Because the treatment receiving 80 lbs/ac K2O as banded KCl (treatment 6) had a relatively high 
prevalence of common scab, there was a marginally significant tendency for the banded KCl 



treatments (treatments 6 – 8) to have a higher prevalence than the corresponding broadcast KCl 
treatments (treatments 2 – 4) overall. 
 Among the treatments receiving 0 to 320 lbs/ac K2O as broadcast KCl (treatments 1 – 5), 
tuber specific gravity decreased as the application rate increased.  The treatments receiving 
broadcast K2SO4 (treatments 10 and 11) had higher tuber specific gravity than the treatments 
receiving K2O as broadcast KCl at the same rates (treatments 3 and 4). 
 These tuber quality results suggest that excessive Cl application was detrimental to tuber 
quality in two ways.  First, hollow heart and brown center tended to be lower in treatments 
receiving broadcast K2SO4 than treatments receiving broadcast KCl, although the effect was 
weak.  Second, treatments receiving broadcast K2SO4 had significantly higher tuber specific 
gravity than corresponding treatments receiving broadcast KCl, and tuber specific gravity 
decreased with the application rate of broadcast KCl as well as with Cl applied with Ca 
(treatment 12). 
 
Plant stand and stems per plant 
 Results for plant stand and the number of stems per plant are presented in Table 5.  Plant 
stand ranged from 98% to 100% on both May 28 and June 4.  The quadratic contrast on KCl rate 
was significant for May 28 plant stand, but the differences among treatments were very small.  
Neither the overall treatment effect nor any of the contrasts was significantly related to plant 
stand or the number of stems per plant on June 4. 
 
Leaflet greenness (SPAD readings) 
 Results for leaflet greenness are presented in Table 6.  Among treatments receiving 
broadcast KCl at 0 to 320 lbs/ac K2O (treatments 1 – 5), greenness decreased with increasing 
K2O rate on June 30 and July 15 and 30.  As a group, treatments receiving banded KCl 
(treatments 6 – 7) had lower leaflet greenness than treatments receiving broadcast KCl at the 
same rates (treatments 2 – 4) on July 15 and 30.  Given the negative relationship between 
greenness and broadcast KCl rate on these dates, this result is consistent with banded application 
providing available nutrients more efficiently than broadcast application.  On June 30, the 
treatments receiving broadcast K2SO4 (treatments 10 and 11), as a group, had higher leaflet 
greenness than the treatments receiving broadcast KCl at the same rates (treatments 3 and 4).  
However, this difference was due entirely to low greenness in the treatment receiving 240 lbs/ac 
K2O as broadcast KCl (treatment 4) on that date, a result that appears to be anomalous given that 
SPAD readings were higher at both higher and lower KCl rates (treatments 3 and 5). 
 
Canopy cover 
 Results for canopy cover are presented in Table 7.  Canopy cover increased rapidly 
between May 28 and June 23.  It declined gradually between July 14 and August 11, after which 
it declined more rapidly.   

Canopy cover in the treatment receiving no K or Cl (treatment 1) was lower than that of 
the treatments receiving broadcast KCl (treatments 2 – 4), taken as a group, on May 28, June 2 
and 10, and September 2.  This trend was reversed on August 6.  The treatment receiving 240 
lbs/ac K2O as broadcast KCl (treatment 4) had relatively high canopy cover on June 2, 



contributing to significant contrast statements measuring the quadratic response to KCl rate and 
comparing the broadcast KCl treatments to both the banded KCl treatments and the broadcast 
K2SO4 treatments.  
  
Petiole K, Cl, S, and Ca concentrations 
 Results for petiole K, Cl, S, and Ca concentrations are presented in Table 8.  The 
application rate of broadcast applied KCl was positively related to petiole K and Cl 
concentrations on all four sampling dates among treatments 1 – 5.  Petiole K concentration 
increased with the application rate of K on all four sampling dates.  On Jun 17 and 30, petiole K 
concentrations were greater in the treatments receiving KCl in a banded application (treatments 6 
– 8) than in the treatments receiving broadcast KCl at the same rates (treatments 2 – 4).   

Petiole Cl concentration increased with the application rate of Cl.  It was greater in the 
treatments receiving banded KCl (treatments 6 – 8) than those receiving broadcast KCl 
(treatments 2 – 4) on June 17 and 30 and July 30, although the difference was only marginally 
significant on July 30.  Petiole Cl was consistently lower in the treatments receiving K2SO4 than 
in treatments receiving any amount of KCl or CaCl2. 

Petiole S concentrations decreased marginally significantly with increasing KCl rate 
(among treatments 1 – 5) on July 30.  This may reflect a dilution effect due to increased plant 
growth at higher K rates (although this is not evident from canopy cover results) or competition 
for uptake between chloride ions an sulfate ions.  On July 15 and 30, the treatments receiving 
K2SO4 (treatments 10 and 11), as a group, had higher petiole S concentrations than the 
treatments receiving K2O at the same rates as broadcast KCl (treatments 3 and 4). 

Petiole Ca concentrations decreased as the application rate of broadcast KCl increased 
(among treatments 1 – 5) on June 17 and 30, though no similar trend was observed among 
treatments receiving banded KCl (treatments 6 – 8) or broadcast K2SO4 (treatments 10 and 11).  
Treatments receiving banded KCl (treatments 6 – 8), as a group, had lower petiole Ca 
concentrations than those receiving broadcast KCl at the same rates (treatments 2 – 4). 
 
Tuber and vine dry biomass yield 
 Results for tuber and vine dry biomass yield are presented in Table 9.  Among treatments 
receiving 0 to 320 lbs/ac K2O as broadcast KCl (treatments 1 – 5), tuber dry biomass was 
positively related to the application rate of KCl, though this effect was only marginally 
significant (0.05 ≤ P < 0.10).  Tuber dry biomass was not otherwise related to treatment.  Vine 
dry biomass yield at vine kill did not correspond significantly to treatment. 
 
Tuber and vine elemental concentrations 
 Results for tuber and vine elemental concentrations are presented in Table 10.  Tuber and 
vine K concentration increased with the application rate of KCl among the treatments receiving 0 
– 320 lbs/ac K2O as broadcast KCl (treatments 1 – 5).  In tubers, this response was only evident 
at application rates above 160 lbs/ac K2O.   

Tuber and vine chloride concentration increased with the application rate of broadcast 
KCl.  The treatments receiving banded applications of KCl (treatments 6 – 8), as a group, had 
significantly greater tuber Cl concentrations than those receiving broadcast applications of KCl 



at the same rates.  However, in pairwise comparisons, this difference between application 
methods was only significant at the highest rate, 240 lbs/ac K2O.  As expected, the treatments 
receiving broadcast K2SO4 (treatments 10 and 11), as a group, had lower tuber and vine Cl 
concentrations (though only marginally so for vines) than those receiving K2O at the same rates 
as broadcast KCl (treatments 3 and 4), with the difference in tuber Cl concentration being 
significant in pairwise comparisons at the lower rate, 160 lbs/ac K2O. 

Tuber S concentration was not significantly related to treatment.  Vine S concentration 
was greater in the treatments receiving broadcast K2SO4 (treatments 10 and 11) than in the 
treatments receiving K2O at the same rates as broadcast KCl (treatments 3 and 4). 

The treatments receiving banded KCl (treatments 6 – 8), as a group, had lower tuber Ca 
concentrations than those receiving broadcast KCl at the same rates (treatments 2 – 4).  The 
treatments receiving K2SO4 (treatments 10 and 11) had marginally significantly higher tuber Ca 
concentrations than those receiving K2O at the same rate as broadcast KCl (treatments 3 and 4).  
Vine Ca concentration was not related to treatment. 
 
Tuber, vine, and combined elemental uptake  
 Results for tuber, vine, and combined elemental uptake are presented in Table 11.  Tuber, 
vine, and combined K uptake increased with the application rate of broadcast KCl (among 
treatments 1 – 5).  K uptake was not affected by application method or K source. 
 Vine, tuber, and combined Cl uptake also increased with the application rate of broadcast 
KCl (among treatments 1 – 5).  Treatments receiving broadcast K2SO4 (treatments 10 and 11), as 
a group, had lower vine, tuber, and combined Cl uptake than those receiving K2O at the same 
rates as broadcast KCl (treatments 3 and 4), while application method had no significant effect.  
The treatment receiving Cl without K as CaCl2 (treatment 12) had significantly greater tuber and 
combined Cl uptake than the check treatment that received neither K nor Cl (treatment 1), as 
well as marginally significantly greater vine Cl uptake. 
 Vine and tuber S uptake were greater in treatments receiving broadcast K2SO4 (treatments 
10 and 11), as a group, had greater vine and combined uptake than those receiving K2O at the 
same rates as broadcast KCl (treatments 3 and 4). 
 Tuber Ca uptake was marginally significantly greater in treatments receiving a banded 
application of KCl (treatments 6 – 8), as a group, than those receiving the same rates of KCl in a 
broadcast application (treatments 2 – 4).  The treatments receiving broadcast K2SO4 (treatments 
10 and 11) also had greater tuber Ca uptake, as a group, than those receiving the same rates of 
K2O as broadcast KCl (treatments 3 and 4). 
 
Lysimeter soil water Cl leaching load 
 Results for soil water Cl leaching load at the 4 ft depth are presented in Table 12.  The 
treatments that received either KCl (treatments 4 and 8) or CaCl2 (treatment 12) had significantly 
greater Cl leaching loas than the treatments that received no supplemental Cl (treatments 1 and 
11). 
 Overall, the treatments receiving 190 lbs/ac Cl in fertilizer had leaching loads from 
approximately 225 lbs/ac (treatments 4 and 11) to 275 lbs/ac (treatment 8) greater than those of 
the treatments that received no Cl in fertilizer.  Factoring in losses due to Cl uptake into tubers 



(which were removed from the field), treatments that received supplemental Cl in fertilizer had 
an estimated change in soil Cl ranging from a 25 lbs/ac net loss (treatment 7) to a 30 lbs/ac net 
gain (treatments 4 and 12).  In contrast, treatments that received no supplemental Cl (treatments 
1 and 11) had an estimated net gain in soil Cl of approximately 70 – 75 lbs/ac, as inputs from 
irrigation water exceeded outputs from leaching and tuber Cl uptake.  
 
End-of-season soil K and Cl concentrations 
 Results for end-of-season soil K and Cl concentrations are presented in Table 13.  Soil K 
concentrations were higher in the treatments receiving 240 lbs/ac K2O as either KCl or K2SO4 
(treatments 4 and 11, respectively) than in the treatments receiving no supplemental K 
(treatments 1 and 12).   

Soil Cl concentrations in the treatment receiving 250 lbs/ac Cl as broadcast KCl 
(treatment 5) were the highest in the study and significantly higher than in any other treatment 
except the treatments that received 125 or 190 lbs/ac Cl as banded KCl (treatments 7 and 8).  The 
lowest end-of-season soil Cl concentrations were observed in the treatments receiving 65 lbs/ac 
Cl as banded KCl (treatment 6) or 160 lbs/ac K2O (and no Cl) as K2SO4 (treatment 9).  Among 
treatments receiving a single broadcast application of KCl (treatments 2 – 5), the treatment 
receiving 190 lbs/ac Cl (treatment 4) had the lowest soil Cl concentration, resulting in a 
significant quadratic effect of KCl rate on soil Cl concentration.  Overall, residual soil Cl 
concentration appeared to increase with Cl application rates at rates greater than 65 lbs/ac Cl.  
 
Further discussion and conclusions 
 In the first year of the study (2023), we found that, while applying some K improved total 
yields compared to applying none, yield tended to decline with K rate among treatments 
receiving KCl, whether it was broadcast or banded.  Split application and the use of K2SO4 were 
both beneficial to total yield.  Meanwhile, the percentage of yield represented by tubers over six 
ounces increased with the application rate of broadcast KCl, but it was not related to application 
rate among the other treatments.  In contrast, in 2024, while applying some K again resulted in 
greater total yields than applying none, application rate, application method, and K source had no 
significant effects on total yield.  The percentage of yield in tubers over six ounces again 
increased with the application rate of broadcast KCl, but unlike in 2023, the same was true of 
other K sources and application methods as well.  Split application and the use of K2SO4 were 
not beneficial to total yield or tuber size in 2024.   

We hypothesized that the differences in yield results between the two years was 
attributable to differences in the amounts of precipitation and irrigation received in each year or 
to differences in air temperature, 2023 having been a drier and warmer year, with greater daily 
fluctuations in air temperature, than 2024.  The difference in tuber bulking between the two years 
may be attributable to the effect of early summer weather on tuber set, with higher tuber set in 
2024 (11.6 – 14.0 tubers/plant, depending on treatment) than in 2023 (8.4 – 9.9 tubers per plant).  
Differences in precipitation may have influenced how susceptible total yield was to Cl excess, as 
more Cl was applied with irrigation water in 2023, while more applied Cl was leached out of the 
crop’s root zone by rainwater in 2024.  This would explain why the use of a non-Cl K source and 
split application of KCl were beneficial in 2023 and not 2024. 



 Yield results from 2025 were consistent with this hypothesis.  In terms of both air 
temperature and precipitation, particularly in early summer, 2025 was more similar to 2024 than 
to 2023.  As was true in each of the previous two years, applying some K resulted in greater total 
tuber yields than applying none.  Similar to 2024, the application rate, application method, and 
source of the K applied had little effect on total yield.  The percentage of yield in tubers over six 
ounces was not significantly related to treatment in 2025, but there was a numerical trend toward 
greater bulking at higher K rates, consistent with results from the previous years.  As expected if 
precipitation and air temperatures affect yield, similar weather conditions between 2024 and 
2025 resulted in similar treatment effects on yield.  Tuber set in 2025 (13.0 – 14.7 tubers/plant) 
was similar to 2024, as expected if years with similar weather conditions tend to have similar 
tuber set.  Tuber bulking was much better in 2025 (29 – 40% total yield in tubers over six 
ounces) than in 2024 (13 – 25% total yield in tubers over six ounces), but both were well short of 
2023 (51 – 70% total yield in tubers over six ounces). 
 In each of the first two years of the study, specific gravity decreased as the application 
rate of K increased, regardless of K source or application method.  This trend was observed in 
2025 between the two treatments receiving K2SO4 and, for the most part, among the treatments 
receiving a single application of broadcast KCl.  However, there was no relationship between 
specific gravity and K rate among the banded treatments.  Additionally, while K source had no 
effect on tuber specific gravity in 2023 or 2024, the treatments receiving broadcast K2SO4 in 
2025 had substantially higher tuber specific gravity than those receiving broadcast KCl at the 
same rates.  It is not clear why K source affected specific gravity in 2025 and not in the other two 
years.  These results suggest that the response of specific gravity to K rate is fairly consistent 
among years, while the benefits of using K2SO4 in place of KCl are more variable.  The fact that 
K2SO4 was beneficial to specific gravity in 2025, when precipitation was high and soil Cl was 
expected to be lower, but not in 2023 when the opposite was true, is not consistent with a 
negative effect of soil Cl on tuber specific gravity. 
 As expected, whole-season leaching was much greater in treatments that received 190 
lbs/ac Cl as KCl or CaCl2 than in treatments that received no Cl in fertilizer.  Both tuber and vine 
Cl uptake increased with the application rate of Cl, while residual soil Cl concentrations were not 
consistently related to the application rate of Cl.  These results indicate that the effects of 
excessive Cl application in one year are unlikely to carry over to the next year to any great 
degree.  Most of the excess Cl was leached from the soil, and most of the remainder was 
removed with the tubers at harvest.  The small amount remaining in the vines (6 – 28 lbs/ac, 
depending on treatment) would be unlikely to affect the performance of the following year’s 
crop, even if the full amount were retained between the two seasons. 
 Based on these results, Cl application rate can have negative effects on tuber yield, but 
perhaps only in dry years when large amounts of irrigation water with a high Cl concentration 
are required to meet crop water requirements.  Cl application had a negative effect on specific 
gravity in this year and not in previous years, and the reason for this difference between years is 
not clear.   
 
 
 



Table 1.  Characteristics of six-inch and two-foot soil samples taken at the Sand Plain Research Farm in 
Becker, MN, in 2025 prior to fertilizer application. 
 

 
 
 
Table 2.  Treatments applied to Russet Burbank potatoes at the Sand Plain Research Farm in Becker, MN, 
in 2025. 

 
 

Organic 
matter Bray P NH4OAc-

K
NH4OAc-

Ca
NH4OAc-

Mg
DTPA-  

Mn
DTPA-  

Fe
DTPA-  

Zn
DTPA-  

Cu
Hot water 

B SO4
2--S NO3

--N Cl

(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) lbs/ac
6.8 1.7 34 122 938 168 11 17 2.0 1.0 0.2 4 7.5 57

0 - 6 inches

pH

0 - 2 feet

Treatment 
#

Fertilizer 
source Method of application K2O rate 

(lbs/ac)
Cl rate 
(lbs/ac)

S rate 
(lbs/ac)

S as (NH4)2SO4
4 at 

emergence (lbs/ac)
1 None NA 0 0 0 54
2 KCl1 Broadcast preplant 80 65 0 54
3 KCl Broadcast preplant 160 125 0 54
4 KCl Broadcast preplant 240 190 0 54
5 KCl Broadcast preplant 320 250 0 54
6 KCl Banded at planting 80 65 0 54
7 KCl Banded at planting 160 125 0 54
8 KCl Banded at planting 240 190 0 54

9 KCl Half broadcast preplant, 
half sidedressed at hilling 240 190 0 54

10 K2SO4
2 Broadcast preplant 160 0 54 0

11 K2SO4 Broadcast preplant 240 0 82 0
12 CaCl23 Broadcast preplant 0 190 0 54

1KCl:  0-0-60-47Cl
2K2SO4:  0-0-50-17S
3CaCl2:  34% Ca, 60% Cl (94% pure)
4(NH4)2SO4:  21-0-0-24S



 
 
Figure 1.  Daily and cumulative rainfall and irrigation at Becker, MN, from April 1 through October 8, 
2025.



Table 3.  Effect of K and Cl treatments on yield, size, grade, and number per plant of Russet Burbank tubers grown at the Sand Plain Research 
Farm in Becker, MN, in 2025.  Values within a column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise 
comparisons.  Pairwise comparisons are presented only where the effect of treatment has P ≤ 0.10. 
 

 
 
 

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 0.6 cd 200 abc 594 de 443 cd 26 cd 469 cd 13.7 bcdef
2 80 K2O, broadcast, KCl 1.6 bcd 185 cd 624 cd 463 bcd 39 abc 502 abcd 13.3 ef
3 160 K2O, broadcast, KCl 0.4 d 201 abc 626 c 456 bcd 42 ab 499 bcd 14.1 abcde
4 240 K2O, broadcast, KCl 0.6 cd 210 ab 658 ab 490 ab 34 abc 525 ab 14.3 abc
5 320 K2O, broadcast, KCl 0.4 d 206 abc 637 abc 478 bc 40 ab 519 ab 13.8 bcdef
6 80 K2O, banded, KCl 1.6 bcd 219 a 638 abc 483 abc 30 bcd 513 ab 14.5 ab
7 160 K2O, banded, KCl 3.0 bcd 188 cdb 630 bc 471 bcd 34 abc 505 abc 14.2 abcd
8 240 K2O, banded, KCl 2.1 bcd 188 cdb 645 abc 484 ab 43 a 528 ab 13.6 cdef
9 240 K2O, broadcast+sidedress, KCl 3.6 ab 214 a 635 bc 467 bcd 43 a 510 ab 14.1 abcd
10 160 K2O, broadcast, K2SO4 6.1 a 221 a 667 a 520 a 21 d 541 a 14.7 a
11 240 K2O, broadcast, K2SO4 1.2 bcd 200 abc 652 abc 521 a 20 d 541 a 13.5 def
12 180 Cl, broadcast, CaCl2 3.3 abc 176 d 590 e 434 d 26 cd 464 d 13.0 f

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

Contrasts

Treatment effect (P-value)

Treatment Yield (cwt/ac)

0.0834

0.0302
0.0261
0.4428
0.61930.8892

0.1868

0.1391
0.07610.0065

0.4940
0.0081

% yield in tubers over:
10 oz.

Tubers / 
plant

0.5454

U.S. No. 1

0.03980.0284

0.7253

Marketable

0.0199
0.0382
0.1777
0.2188

7
9
7
8
9

34
38
35

29

8

6

0.5089
0.8596

Culled 0-3 oz. 4-6 oz. 10-14 oz. Over 14 oz. U.S. No. 2 6 oz.

0.0335
0.0069

0.7469
0.6962
0.2705

0.9029
0.7303

6-10 oz. Total

0.0054
0.8745

0.2696
0.0287

133
172

0.5373
0.0220

0.8788
0.2866

0.6668
0.3440 0.1482

0.0686
0.4117

0.4132

0.9244
0.5262
0.5154
0.9383
0.8683
0.6048

0.4057
0.0988
0.1767
0.6955
0.98460.3947

0.0504

0.5295
0.2918

0.8273
0.0569
0.2703
0.1226
0.2302
0.73560.1211

0.0479
0.9325
0.2263
0.6899
0.9590
0.6274

0.8401
0.1614
0.0119

0.0919
0.4621

3-4 oz.
125
122
128
134

0.8093
0.9796
0.9406
0.3908

111
126

125

0.1389
0.3676

118

125
117
125
126

158
177
186
159

151

0.2043
0.7389

93
91
94
85
80

99
84
83
89
93
82

105

158
174
175

164
194

38

32

2
13
14
13
11

13
8
7
13
11
9

5
42
53
48
40
51

42
40
32
43
46

8
9
9
8
9

29
36
32
35
36

34
40
33



Table 4.  Effects of K and Cl treatments on potato tuber defects, specific gravity, and dry matter content 
of Russet Burbank tubers grown at the Sand Plain Research Farm in Becker, MN, in 2025.  Values within 
a column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise 
comparisons.  Pairwise comparisons are presented only where the effect of treatment has P ≤ 0.10. 
 

 
 
 
Table 5.  Effects of K and Cl treatments on plant stand and the number of stems per Russet Burbank 
potato plant at the Sand Plain Research Farm in Becker, MN, in 2025. 
 

 
 

1 0 K2O or Cl 6 bc 3 cd 7 bc 3 cd
2 80 K2O, broadcast, KCl 8 bc 6 bcd 8 bc 5 bcd
3 160 K2O, broadcast, KCl 10 b 3 cd 11 b 3 cd
4 240 K2O, broadcast, KCl 10 b 10 ab 11 b 10 ab
5 320 K2O, broadcast, KCl 5 bc 3 cd 4 c 3 cd
6 80 K2O, banded, KCl 8 bc 7 bc 8 bc 7 bc
7 160 K2O, banded, KCl 2 c 1 d 2 c 1 d
8 240 K2O, banded, KCl 6 bc 6 bcd 6 bc 5 bcd
9 240 K2O, broadcast+sidedress, KCl 4 bc 3 cd 7 bc 3 cd
10 160 K2O, broadcast, K2SO4 7 bc 2 cd 7 bc 2 cd
11 240 K2O, broadcast, K2SO4 4 bc 3 cd 4 c 3 cd
12 180 Cl, broadcast, CaCl2 18 a 14 a 19 a 14 a

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

0.4649

1.0818
1.0814
1.0797
1.0770
1.0785
1.0791
1.0798
1.0790
1.0800
1.0820
1.0807
1.0789

21.7
21.4
21.7

0.3470
0.0154 0.5593

0.0648
1.0000

0.60230.6782
0.7691
0.4583

0.0052 0.7349
0.5348 0.4832

0.0503

Treatment

0.93710.4199 0.4036

0.0330
0.4102
0.5168
0.3260

Treatment effect (P-value) 0.1485

0.2926Contrasts
0.6161

0.0246 0.3998

0.1190 0.10680.1019

0.0250
0.6394
0.7402
0.0827
0.0522
0.0612

0.0258
0.4571
1.0000
0.1193
0.0760

0.3774

20.8
21.8
21.2
20.5
21.1
22.0
21.3
21.7
21.9

Number Nutrient rate (lbs/ac), method, source
Hollow hearrt

Total Disqualifying

0

1
1
0
0
1

0

Specific 
gravity

Dry matter 
content (%)

1
Disqualifying

Brown center
Total

Common 
scab

0
1
1
4

Tuber defects (% of tubers)

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl
2 80 K2O, broadcast, KCl
3 160 K2O, broadcast, KCl
4 240 K2O, broadcast, KCl
5 320 K2O, broadcast, KCl
6 80 K2O, banded, KCl
7 160 K2O, banded, KCl
8 240 K2O, banded, KCl
9 240 K2O, broadcast+sidedress, KCl
10 160 K2O, broadcast, K2SO4

11 240 K2O, broadcast, K2SO4

12 180 Cl, broadcast, CaCl2

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

4.6
100
99

100
100
100
100
99
100
99
99
100
99
100
100

99
99
99
100
99

99
100
100
100
98

Treatment

Treatment effect (P-value)

Contrasts

0.4801
0.2959
0.5523
0.0157
0.1301
0.3491

May 28
Plant stand (%)

0.1064
0.1702
0.2922
0.5169

0.5618

Stems / plant
June 4 June 4

0.6700 0.5332

4.1
3.9
4.4
4.9
4.0
4.6
3.9
4.2
4.3
4.8
4.4

0.6506
0.4671
0.3435
0.5126
0.8067



Table 6.  Effects of K and Cl treatments on the greenness (SPAD-502 readings) of the terminal leaflet of 
the fourth mature leaf from the shoot tip of Russet Burbank plants grown at the Sand Plain Research Farm 
in Becker, MN, in 2025.  Values within a column that are followed by the same letter are not significantly 
different (P ≤ 0.10) in pairwise comparisons.  Pairwise comparisons are presented only where the effect of 
treatment has P ≤ 0.10. 
 

 
 

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 43.9 a 38.5 a
2 80 K2O, broadcast, KCl 43.8 a 37.4 abc
3 160 K2O, broadcast, KCl 43.0 ab 37.6 abc
4 240 K2O, broadcast, KCl 39.8 e 35.5 cde
5 320 K2O, broadcast, KCl 41.7 bcd 35.2 de
6 80 K2O, banded, KCl 42.2 bcd 35.8 cde
7 160 K2O, banded, KCl 41.4 cde 35.7 cde
8 240 K2O, banded, KCl 41.2 de 35.3 de
9 240 K2O, broadcast+sidedress, KCl 41.1 de 34.2 e
10 160 K2O, broadcast, K2SO4 42.7 abcd 36.4 bcd
11 240 K2O, broadcast, K2SO4 42.8 abc 36.0 bcde
12 180 Cl, broadcast, CaCl2 43.0 abc 38.0 ab

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

38.7
40.1

Treatment
June 17 July 15

37.4
37.6
37.0
38.8

37.9
38.9

39.2
38.7
37.8
37.4
37.6

July 30
Leaflet greenness (SPAD-502)

June 30

0.03280.0037

38.3
38.8

39.4
40.7
39.5
38.2
37.3
38.4
37.6
38.3

37.9

0.1420

Treatment effect (P-value) 0.4145 0.1299

0.8348

0.5761 0.0338
0.2697 0.0110 0.00340.0003

0.5901

0.0212

Contrasts

0.5983

0.1390
0.0454 0.0897

0.6118 0.9626 0.6650
0.2446
0.0562

0.0751



Table 7.  Effects of K and Cl treatment on canopy cover of Russet Burbank potato plants grown at the Sand Plain Research Farm in Becker, MN, 
in 2025.  Values within a column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons.  Pairwise 
comparisons are presented only where the effect of treatment has P ≤ 0.10. 
 

 
 
  

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 21 d 55 d 96 abc 95 ab
2 80 K2O, broadcast, KCl 23 abc 60 abcd 95 bcd 93 abc
3 160 K2O, broadcast, KCl 22 bcd 55 d 94 d 92 bcd
4 240 K2O, broadcast, KCl 25 a 64 a 97 a 96 a
5 320 K2O, broadcast, KCl 21 d 58 cd 96 ab 92 bcd
6 80 K2O, banded, KCl 24 ab 63 ab 96 ab 93 abc
7 160 K2O, banded, KCl 20 d 56 d 94 cd 89 de
8 240 K2O, banded, KCl 22 bcd 57 cd 96 ab 94 abc
9 240 K2O, broadcast+sidedress, KCl 24 abc 58 bcd 95 bcd 91 cde
10 160 K2O, broadcast, K2SO4 22 bcd 61 abc 95 bcd 93 abc
11 240 K2O, broadcast, K2SO4 22 cd 58 bcd 95 bcd 94 abc
12 180 Cl, broadcast, CaCl2 22 cd 58 bcd 94 d 88 e

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

98

97
96
96
97

98
97
96
96
98

10
9

98
95

96
95
95
97
96
96
96
96
97
95
95
95

98
98
98
97
97

97
97
98

0.9290 0.1824
0.3836 0.2637 0.1718

0.6682
0.0319 0.7169 0.7383

0.2195 0.1152 0.4153
0.1586 0.0819 0.9478

0.3714 0.9985 0.9194
0.4335 0.3836 0.4528 0.7341

0.0560 0.4910

0.6375 0.9001
0.0925 0.6340
0.2774 0.7406
0.1878 0.2339
0.4239 0.7805

0.2920 0.8906
0.7468 0.2670 0.4183
0.7989 0.9673 0.2683

11-Aug

0.3317

90
88
84

88
86
83
88
89
85
85
85
85
87
87

16-Jun 23-Jun 30-Jun 30-Jul

0.0667

14-Jul 21-Jul7-Jul

0.0248

97
97
96

0.19340.1616 0.2533 0.5140

88
89
90
93
90
93
88

99

Treatment effect (P-value) 0.1460 0.0101 0.0706

Treatment
29-May 2-Jun 10-Jun 6-Aug

8
8

87
88
90
89
89

10
8
9
10
10

8
10
9

Contrasts

0.0201 0.0159 0.0996
0.2989 0.2534 0.1790
0.0520 0.0040 0.2583
0.2207 0.0596 0.4430
0.4923 0.0286 0.8340

0.7479

0.6141
0.8649

0.8281

0.2183

89
89
85
88
89
87
86
86
85
89
90
85 83

89
85
82
85
84
83
88
86
85

0.7474
0.6362
0.4222
0.2264
0.9648

19-Aug
76
71
70
79
78
71
72
76

0.8055

25-Aug
66
65
65
69
73
60
62
67
67
68
71
66

0.9396
0.7806
0.3378
0.4763
0.4576
0.6738

79
77
74
73 52

0.2251
0.0164
0.0269
0.4356
0.2966

2-Sep
43
57
50
61
59
43
55
58

0.4765

Percent canopy cover (Canopeo)

35
41
38
26

0.3347
0.2707
0.0877
0.2081
0.7846

8-Sep
33
40
34
34
51
39
39
36

0.6609

55
54
53



Table 8.  Effects of K and Cl treatment on petiole K, Cl, S, and Ca concentrations of Russet Burbank potato plants grown at the Sand Plain 
Research Farm in Becker, MN, in 2025.  Values within a column that are followed by the same letter are not significantly different (P ≤ 0.10) in 
pairwise comparisons.  Pairwise comparisons are presented only where the effect of treatment has P ≤ 0.10. 
 

 
 

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 7.9 d 6.2 g 3.9 e 3.9 f 0.5 f 0.7 f 1.7 g 3.3 c 0.22 bcde 0.26 ab 0.96 ab 1.15 b 1.33 a
2 80 K2O, broadcast, KCl 8.6 bc 6.6 fg 5.3 cd 4.9 def 1.3 e 1.2 e 2.8 e 3.4 c 0.24 bc 0.24 abc 0.97 ab 1.17 b 1.22 bcdef
3 160 K2O, broadcast, KCl 8.5 bcd 7.1 def 4.9 de 4.6 ef 2.3 bc 1.8 bc 3.1 de 4.6 ab 0.21 de 0.24 bc 0.88 bc 1.16 b 1.26 abcde
4 240 K2O, broadcast, KCl 9.1 ab 7.9 ab 7.5 a 6.8 ab 2.1 c 1.8 bc 3.8 ab 4.5 ab 0.23 bcde 0.22 c 0.82 cd 1.01 cd 1.16 ef
5 320 K2O, broadcast, KCl 9.5 a 7.6 bcd 7.4 a 6.5 abc 2.7 a 2.2 a 4.1 a 5.0 a 0.23 bcd 0.23 bc 0.85 bcd 0.95 d 1.33 ab
6 80 K2O, banded, KCl 9.0 ab 7.2 cde 5.6 bcd 5.3 de 1.8 d 1.5 d 3.2 cd 4.3 b 0.23 bcde 0.25 abc 0.79 cd 1.10 bc 1.21 cdef
7 160 K2O, banded, KCl 9.4 a 7.8 abc 6.7 a 5.7 d 2.4 b 2.0 ab 3.4 bcd 4.5 ab 0.22 cde 0.22 c 0.74 d 1.01 cd 1.25 abcde
8 240 K2O, banded, KCl 9.7 a 8.3 a 6.9 a 6.9 a 2.5 ab 1.9 ab 3.6 bc 5.0 a 0.20 e 0.23 c 0.80 cd 1.08 bc 1.18 def
9 240 K2O, broadcast+sidedress, KCl 9.3 a 7.5 bcd 7.1 a 6.9 a 2.1 c 1.7 cd 3.5 bc 4.6 ab 0.24 bc 0.24 abc 0.85 bcd 0.96 d 1.32 ab
10 160 K2O, broadcast, K2SO4 8.5 bcd 7.3 cd 6.4 abc 5.8 bcd 0.5 f 0.7 f 2.1 f 3.3 c 0.27 a 0.27 a 0.78 cd 1.03 cd 1.13 f
11 240 K2O, broadcast, K2SO4 9.1 ab 8.1 ab 6.5 ab 6.6 abc 0.4 f 0.6 f 1.6 g 2.9 c 0.24 b 0.27 a 0.86 bcd 1.10 bc 1.30 abc
12 190 Cl, broadcast, CaCl2 8.1 cd 6.7 efg 4.7 de 4.5 ef 2.4 b 1.8 bc 3.8 ab 4.9 ab 0.22 bcde 0.25 abc 1.00 a 1.28 a 1.28 abcd

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11) 0.0012

0.0475
0.0782
0.0436
0.4634

0.2778

<0.0001
0.0024

<0.0001
0.6810
0.0877
<0.0001

<0.0001
0.0006

<0.0001
0.9141
0.1510

<0.0001

0.0636
0.1224

<0.0001
<0.0001
<0.0001
<0.0001

Treatment effect (P-value)

Contrasts

0.0013
0.0029
0.0003
0.9819
0.0129
0.9324 <0.0001

<0.0001
<0.0001
<0.0001

0.0303
0.0191

<0.0001
0.0014
0.0043

<0.0001

0.1741
0.0107
0.5123

<0.0001

0.2181
0.5681

0.26
0.29

0.27
0.29

0.1590

0.0026
0.6484
0.9357

Petiole K (%) Petiole Cl (%)

0.27

0.26
0.27
0.32
0.28

0.28
0.28
0.31
0.26

Petiole S (%)
7/30

<0.0001
<0.0001
0.9188

Treatment

<0.0001 0.2937

6/17

0.2156
0.8376

0.0002

0.6316

6/17 6/30 7/157/15 6/17 6/307/30

0.0003

0.30

0.30
0.29

0.28
0.28
0.30

0.2461

<0.0001 0.1215
0.9701

<0.0001
0.9717
0.8017
0.8986
1.0000 0.7954

0.31
0.30
0.30

0.29
0.28

0.7332
0.2563

0.0183 0.3483
0.0106 0.1109 0.9820 0.3019

0.1655 0.1047 0.0866 0.1344
0.0290

Petiole Ca (%)
6/17 6/30 7/15 7/30

0.0159 <0.0001 0.0322 0.4527

0.5302 0.5977 0.9121 0.3469

1.44
1.43
1.49

6/30 7/15 7/30
1.49
1.36
1.46
1.28
1.41
1.49
1.45
1.33
1.44

<0.0001 0.6380 0.2588
0.6792 0.0456



Table 8.  Effects of K and Cl treatment on tuber and vine dry biomass yield of Russet Burbank potato 
plants grown at the Sand Plain Research Farm in Becker, MN, in 2025. 

  
 
Table 9.  Effects of K and Cl treatment on tuber and vine K, Cl, S, and Ca concentrations for Russet 
Burbank potato plants grown at the Sand Plain Research Farm in Becker, MN, in 2025.  Values within a 
column that are followed by the same letter are not significantly different (P ≤ 0.10) in pairwise 
comparisons.  Pairwise comparisons are presented only where the effect of treatment has P ≤ 0.10. 

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl
2 80 K2O, broadcast, KCl
3 160 K2O, broadcast, KCl
4 240 K2O, broadcast, KCl
5 320 K2O, broadcast, KCl
6 80 K2O, banded, KCl
7 160 K2O, banded, KCl
8 240 K2O, banded, KCl
9 240 K2O, broadcast+sidedress, KCl
10 160 K2O, broadcast, K2SO4

11 240 K2O, broadcast, K2SO4

12 190 Cl, broadcast, CaCl2

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

6.99
7.10
7.09
6.46

0.80
0.81
0.82
0.85
0.93
0.81
0.87
0.77
0.91
0.94
0.82
0.87

0.2628
0.1275

Tuber dry 
biomass (T/ac)

Treatment

0.8813

Treatment effect (P-value) 0.9303

Vine dry biomass 
(T/ac)

6.45
6.67
6.81
6.83
6.93
6.77
6.44
6.81

0.6468

Contrasts

0.5668
0.2573
0.6295

0.0949
0.6462
0.5630
0.1885

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 0.16 ef 0.4 d
2 80 K2O, broadcast, KCl 0.17 def 0.9 bcd
3 160 K2O, broadcast, KCl 0.20 bcd 1.3 abc
4 240 K2O, broadcast, KCl 0.17 def 0.9 bcd
5 320 K2O, broadcast, KCl 0.26 a 1.6 a
6 80 K2O, banded, KCl 0.18 cde 0.9 bcd
7 160 K2O, banded, KCl 0.21 bc 1.2 abc
8 240 K2O, banded, KCl 0.23 ab 1.4 ab
9 240 K2O, broadcast+sidedress, KCl 0.19 cde 0.7 cd
10 160 K2O, broadcast, K2SO4 0.14 f 0.8 bcd
11 240 K2O, broadcast, K2SO4 0.14 f 0.6 d
12 190 Cl, broadcast, CaCl2 0.21 bcd 0.8 cd

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11) 0.7713 0.0053 0.4608 0.05970.3285 0.0992 0.0148 0.8924

K (%)
Tuber Vine

Cl (%)
Tuber Vine

S (%)
Tuber Vine

Ca (%)
Tuber Vine

0.8622
0.1033 0.0494 1.0000 0.04130.4887 0.5827 0.7172 0.3344

Contrasts

0.1412 0.0153 0.1910 0.38940.0357 0.0076 0.9209 0.8655
0.0044 0.0002 0.1252 0.83840.0240 0.0048 0.9440 0.4952
0.2484 0.1909 0.7920 0.12740.7169 0.5496 0.9527

Treatment effect (P-value) 0.1036 0.0001 0.3951 0.79490.2501 0.0722 0.3710 0.9761

1.8 0.14 0.0431.2 0.14 1.40
1.6 0.13 0.0430.4 0.13 1.41

1.8 0.13 0.0431.0 0.13 1.47
1.7 0.13 0.0451.3 0.16 1.33

1.9 0.14 0.0451.2 0.14 1.45
1.8 0.12 0.0431.3 0.13 1.44

1.9 0.13 0.0431.3 0.13 1.34
1.7 0.13 0.0450.9 0.12 1.47

1.6 0.13 0.0350.8 0.12 1.38
1.8 0.13 0.0381.2 0.13 1.33

1.6 0.14 0.0430.3 0.13 1.39
1.6 0.13 0.0400.9 0.13 1.44

Treatment



Table 10.  Effects of K and Cl treatment on tuber, vine, and combined K, Cl, S, and Ca uptake for Russet Burbank potato plants grown at the Sand 
Plain Research Farm in Becker, MN, in 2025.  Values within a column that are followed by the same letter are not significantly different (P ≤ 0.10) 
in pairwise comparisons.  Pairwise comparisons are presented only where the effect of treatment has P ≤ 0.10. 
 

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 207 e 212 d 20 d 6 e 26 e
2 80 K2O, broadcast, KCl 218 de 233 cd 23 cd 14 bcde 36 d
3 160 K2O, broadcast, KCl 221 cde 234 bcd 27 bc 22 ab 49 bc
4 240 K2O, broadcast, KCl 247 abcd 267 abc 24 cd 16 bcd 39 cd
5 320 K2O, broadcast, KCl 267 a 289 a 36 a 28 a 64 a
6 80 K2O, banded, KCl 233 bcde 248 bcd 24 cd 11 de 35 de
7 160 K2O, banded, KCl 245 abcd 266 abc 27 bc 20 abc 47 bc
8 240 K2O, banded, KCl 242 abcd 262 abc 31 ab 21 ab 53 b
9 240 K2O, broadcast+sidedress, KCl 254 ab 272 ab 27 bc 12 cde 39 cd
10 160 K2O, broadcast, K2SO4 243 abcd 266 abc 20 d 13 bcde 33 de
11 240 K2O, broadcast, K2SO4 251 abc 270 abc 20 d 9 de 29 de
12 190 Cl, broadcast, CaCl2 207 e 213 d 27 bc 12 cde 38 cd

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

K uptake (lbs/ac) Cl uptake (lbs/ac) S uptake (lbs/ac) Ca uptake (lbs/ac)Treatment

Treatment effect (P-value)

Contrasts

Tuber Vine

0.0459
0.6923
0.1611
0.0543
0.01720.0194

0.8242
0.9929
0.7094
0.1852

18
17
18
17
17
18
17
16

Combined

0.0014
0.4335
0.3033
0.3366

0.0572 0.0003
0.0050

<0.0001
0.2227
0.1049

0.7667

0.4208 0.0508 0.0446 0.5761

0.0147 0.0004 0.3722 0.4924
0.7589 0.7240 0.7241 0.6488

Vine Combined Tuber Vine

0.5327
0.8739

0.2082 0.0103

Tuber

0.6321
0.7502

Combined

4.8
5.1
5.9
6.1
5.8
5.8
5.9
6.5

0.0278 0.0022 0.5886

0.5380 0.8645 0.7988 0.50510.2946 0.3389 0.7792 0.2878
0.2945 0.0059 0.0798 0.2930

0.3186 0.96590.0304 <0.0001 0.4571 0.8751
0.0202 0.0001 0.9955 0.8088

19
20

0.0008 <0.0001 0.9771 0.4355
0.5741 0.7566 0.9327 0.4580

22
18

18
18
19
16

5.5
5.3

20
20
18
21
21

20
20
20

6.0
5.5

5
15
13
20
23
15
22
20
18
23
18
7

2.3
2.2

22
22
22
23
25
25
25
22
27
25
23
25

2.0
2.5
2.0
2.4
3.0

2.0
2.1
1.9
2.2
2.3

29
30

31
31
28
33
32

28
28
27
28
31

Combined Tuber Vine



 
Table 11.  Effects of K and Cl treatment on soil water Cl leaching load at the Sand Plain Research Farm 
in Becker, MN, in 2025.  Values that are followed by the same letter are not significantly different (P ≤ 
0.10) in pairwise comparisons. 

 
 
 
Table 12.  Effects of K and Cl treatment on end-of-season K and Cl concentration in the top six inches of 
soil at the Sand Plain Research Farm in Becker, MN, in 2025.  Values within a column that are followed 
by the same letter are not significantly different (P ≤ 0.10) in pairwise comparisons. 

 

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 29 b
4 240 K2O, broadcast, KCl 257 a
8 240 K2O, banded, KCl 305 a
11 240 K2O, broadcast, K2SO4 32 b
12 190 Cl, broadcast, CaCl2 255 a

0.0014

Treatment

Treatment effect (P-value)

Soil water Cl 
load (lbs/ac)

Number Nutrient rate (lbs/ac), method, source
1 0 K2O or Cl 121 b 96 bcd
2 80 K2O, broadcast, KCl 89 bcd
3 160 K2O, broadcast, KCl 91 bcd
4 240 K2O, broadcast, KCl 210 a 79 cd
5 320 K2O, broadcast, KCl 129 a
6 80 K2O, banded, KCl 71 d
7 160 K2O, banded, KCl 116 ab
8 240 K2O, banded, KCl 109 abc
9 240 K2O, broadcast+sidedress, KCl 97 bcd
10 160 K2O, broadcast, K2SO4 72 d
11 240 K2O, broadcast, K2SO4 199 a 81 cd
12 190 Cl, broadcast, CaCl2 120 b 96 bcd

Effect of KCl (1 vs. 2-5)
KCl rate, linear (1-5)

KCl rate, quadratic (1-5)
Broadcast v banded (2-4 v 6-8)

KCl v K2SO4 (3&4 v 10&11)

Treatment effect (P-value) 0.0023

Treatment
K (lbs/ac) Cl (lbs/ac)

End-of season soil

0.0917

.

.

.

.

.

.

.

.

0.9494
0.1892
0.0487
0.2584
0.5175

Contrasts

.

.

.

.

.




