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Objectives

(1) Evaluate corn, soybean, and wheat grain yield 
responses to P and K fertilization

(2) Determine critical P and K soil test levels 
 for corn, soybean, and wheat



Objectives

(1) Evaluate corn, soybean, and wheat grain yield 
responses to P and K fertilization

(2) Determine
 for corn, soybean, and wheat



D1. Dataset #1
Annual Soil Fertility Reports: (1976 – 1999)
• 87 P trials, 110 K trials conducted
• 10 counties
• Small plot, many multi-year & multi-rate
• Corn, soybean, wheat



D2. Dataset #2

Long-term P & K Plots (2006-2021)

• 3 counties

• 252 P, 252 K Trials
• P & K Fertilization

• 3 rates (0, 1x, 2-3x)

• Corn and soybean

• Small plot, university farms

• Multi-year & multi-rate



D3. Dataset #3

On-farm omission strip trials (2014-2018)

• 37 counties

• 118 P trials, 96 K trials

• Single rate of P or K

• Large and small plots, private farms

• Corn, soybean, wheat





Distribution of Soil Test Variables Across Datasets

Median M3P = 21.7 mg kg-1 Median M3K = 98 mg kg-1
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MaxRY = 

(Unfertilized/
Max of all Trts)
x 100

Pearce et al., 2022



Percent Change = 
(Fertilized – Control)/ Control) 
x 100

75% P trials & 76% K trials were 
directionally positive

Compare to S grain yield response: 44% corn, 
65% soybean, 50% wheat trials. (n=96) 
Fleuridor et al., (2023) AJ
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Bias in model-derived in CSTVs 

• Similar bias is commonplace in studies that report multiple models
•  OK, NC, IA, TN & China (Antonangelo et al., 2019; Cox,1992; Dodd & 

Mallarino, 2005; Mallarino & Blackmer, 1992; Singh et al., 2019; Tang et al., 
2009)

• Our model fits were poor
• R2 < 0.35 across all models  

• AIC and AICc were nearly identical across models

• Criteria to select most appropriate model?



Using model CSTVs to classify responsive trials



Nature of P and K Response Data

1. Responses to fertilization were generally infrequent (∼25% of trials 
for both P and K)

2. Responsive trials occurred across a range of soil test values, not 
exclusively at low soil test values



Trying a different approach…

responsive rates classified into discrete categories…
arbitrary, but intuitive!
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Study Conclusions
• 457 P and 458 K trials, fertilizer increased yields ~10% in ~25% of trials

• General relationships between soil test levels and yield response, but…
• Models were weak, robust CSTVs were not identified

• Model-derived bias was systematic and consistent

• Evaluation criteria for model fit provided little insight

• No scientific consensus regarding objective criteria to select models

• Rather than finding binary CSTV, discrete classifications were fruitful
• >20 mg kg-1 M3P: < 15% chance of yield response to P

• >130 mg kg-1 M3K: < 5% chance of yield response to K



Discussion Questions for FRST Scientists

• Should we strive for a critical soil test value in P and K response trials?
• Is this the ‘right’ approach?

• If so, what are the (objective) criteria to evaluate model fit?

• Do farmers/ nutrient management providers conceptualize fertilizer 
need as binary? Yes/no? 
• Or more in lines with risk/reward, likelihood of response? Likelihood of ROI?
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