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How “we” Do N and P & K.
I am not, can not tell you how to do it right.

I am not going to say anyone is doing it wrong.

I do hope I make you think. 

It just may not be today. 



The Future “for others” will be either



How N is done.
Yield goal * (factor)

+ or -

Soil and credits

Morris et al 2017



How N is done.



How do recs Do. 

Ransom CJ, Kitchen NR, Camberato JJ, Carter PR, Ferguson RB, Fernandez FG, Franzen DW, Laboski CAM, Nafziger ED, Sawyer JE, and Shanahan J. 2019. Corn 
nitrogen rate recommendation tools’ performance across eight U.S. Midwest Corn Belt states. Agronomy Journal. doi: 10.2134/agronj2018.12.0776



Ransom Et al. 



Box and Whisker Plot
Here are the types of observations one can make from viewing a Box Plot:

What the key values are, such as: the average, median 25th percentile etc.

If there are any outliers and what their values are.

Is the data symmetrical.

How tightly is the data grouped.

If the data is skewed and if so, in what direction.



Ransom Et al. 



Ransom Et al. 



Ransom Et Al. 



Stanford Equation



Stanford Equation



Theoretical Equation



Nitrogen in the Crop

NCrop
Yield Goal 

Soil Class

Yield Map

Biomass Map

Growth | Uptake Model 



Nitrogen in the Crop – Yield Goal

NCrop
Yield Goal 

Soil Class

Yield Map

Biomass Map

Growth | Uptake Model 



Nitrogen in the Crop - Removal

NCrop
Yield Goal 

Soil Class

Yield Map

Biomass Map

Growth | Uptake Model 
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Nitrogen provide by the Soil

NSoil
Soil Test
◦ Pre
◦ In-Season

Mineralization 

Losses 

N Addition and N Loss via Weather.  



Fertilizer Use
•eFert
• 4Rs
• Source

• Placement

• Time 

• Rate

• NUE –
Lbs of N per Bushel?????
• Consistent low v high?



Fine and Course Control

•eFert

•NCrop
• Yield Map

• Yield Goal N Recs 
1.0-1.1-1.2* Yield 

Making high resolution decisions using low resolution recs. 
Recommendation maps are at < 1 acre resolution and 1.2 
Lbs N per bushel grain.  How Precise is that.

Fine 
Control

Course 
Control



Fine and Course Control

•eFert

•NCrop
• Yield Map

• Yield Goal N Recs 
1.0-1.1-1.2* Yield 
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Average of 68 lbs with 49 BPA, 1.5 lbs N per bushel

Nitrogen Uptake Ncrop is correlated with yield.

Nsoil and eFert is Not correlated with yield 

Therefore Nfert is Not Correlated with YIELD



Combining the Components 

•NCrop

•NSoil

•eFert

Wheat 1.3 lbs N bu-1  Corn .75 lbs N 
bu-1



Where is the opportunity

• N-Crop: Is the yield Temporally Variable? Spatially Variable?

• N-Soil: Do you have 2% OM and inconsistent weather?

• E-Fert - is your texture or landscape spatially variable?

• Can you adjust based on Management. 

• Can you adjust based on Weather.



How we Do Phosphorus
Soil Testing was/is the basis

Determine immediately and potentially available P. 

Relate back to Correlation Calibration work. (50s-60s)

“Critical” Values Est.
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How we Do Phosphorus
Soil Testing

Multiple Extractions 
because of pH

Bray

Olsen

Mehlich

Resin



How we Do Phosphorus Recs

Sufficiency program

Feed the Plant

◦ Intended to estimate the long-term 

average amount of fertilizer P 
required to, on average, provide 
optimum economic return in the 
year of application. There is little 
consideration for future soil test 
values



Phosphorus Recs – Suff Does work



How we Do Phosphorus Recs

Build-Maintain
(Replacement)

Sounds good and makes 
sense right.

If we are using this
approach.

Does rate matter.

Build-up maintain fertilizer scheme suggested by the Ohio State University.

Nutrient response curve based on soil test, Rutgers Cooperative Extension.



How we Do Phosphorus Recs

Build-Maintain (Replacement)
Apply enough P to or K to build soil test values to a target soil test value 
over a planned timeframe (e.g. 4-8 years), then maintain based on crop 
removal and soil test levels

NOT intended to provide optimum economic returns in a given year, but 
minimize the probability the P or K will limit crop yields while providing for 
near maximum yield potential Crop Harvest unit P in yield

Corn Bushel .38

Soybean Bushel .8

Wheat Bushel .5



How we Do VRT Phosphorus Recs

How is it done?

Soil : Yield : Soil x Yield: Yield : Soil

Grid/Zone Sample, Yield Goal 3-5 yr

Grid/Zone, Multi Year Yield, 3 yr

Grid/Zone, Update Yield each year. 



How we Do VRT Phosphorus Recs

Equation for soils below optimum is: 

P Rec = (Optimum P – Observed P) *16 / build years + Crop Removal 

For soils test in the optimum range:

Prec = Crop Removal

For Soils in High Range

Prec = Crop Removal *(((Optimum P level + 12.5) – observed P)/7.5) 
◦ This gradually tapers the rec to 0 once we are 12.5 ppm above optimum 

Optimum Range is 22.5-27.5 ppm for Row Crops , 20-25ppm for cool season grass and 
similar, 15-20ppm for Warm Season grass and similar 



How we Do VRT Phosphorus Recs
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Time to Poke holes, or the Bear

CAUTION: Remember the point of 
this discussion. 

Current Methods are VERY 
Accurate.

Current Methods are not Very 
Precise. 

Lets Break it down. 



Observations Plateau Joint P-value

68 83% 204 mg/kg 0.001

Relative Yield = mean of check lint yield divided by highest numerical treatment lint yield; multiplied by 100.

Data & Slide 
highjacked

from Dr. Katie 
Lewis TAMU

Mehlich III K 
critical level in 

Texas is 
currently 125 

mg/kg

Soil Test Correlation

204 mg K/kg



Lbs per Bushel.  

Crop Harvest unit P in yield

Corn Bushel .38

Soybean Bushel .8

Wheat Bushel .5



Lbs per Bushel
Where does it come from. 

Corn, soybean, and wheat grain nutrient removal rates for 
nitrogen (N), phosphorus (P), and potassium (K). The blue trend 
lines represent average grain nutrient removal rates.

https://ohioline.osu.edu/factsheet/anr-74

https://ohioline.osu.edu/factsheet/anr-74


Lbs per Bushel



Removal Based on..
Yield Goal

3-5 Year Yield Maps

Last years Yield Map



Spatial Variance….

I requested grid sample data straight from producers. 

Have entered 400 fields

The data you see is 268

Goal 500+ fields

Multiple Labs

Still Requesting data



Spatial Variance….



How we Do VRT Phosphorus Recs
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Mehlich III Extractable P Soil pH

Min Max Ave Min Max Ave

cm Mg P kg-1

2014 Stillwater 0 -5 2.2 41.1 11.8 5.9 8.1 6.9

5 -10 2.9 43.3 7.3 6.3 8.2 7.3

10 -15 2.3 12.7 4.9 6.2 5.2 7.3

15 -30 1.5 5.3 2.7 6.6 9.1 7.8



Microvariability in Soil Test, 

Plant Nutrient, and Yield 

Parameters in 

Bermudagrass. 1997 

W. R. Raun et al.

Vol. 62 No. 3, p. 683-690

Spatial Variance….



Spatial Variance….



Why is Lime most Accurate VRT?
Buffer Index
◦It measures soil response

P Buffer???

Change Soil Sampling intensity from 
Spatial to Temporal

Adjust P rate based on expected response and soil 
response. 



Arnall’s Adaptive Sampling Strategy
I am not saying to Stop soil sampling. 

But let me present 

Option B2



Adaptive Sampling Strategy
Same number of samples from Grid. 
◦ Decrease Spatial increase Temporal 

◦ We cant sample for space

Sample the same 20’ x 20 foot area every year.

In a Build/Maintain we are fertilizing to or for a goal.
◦ Target STP

Watch what the soil test values are doing in the sampled 
area. 



Adaptive Sampling Strategy
Watch what the soil test values are doing in the sampled 
area. 
◦ If Rate of decrease or increase is out side of planned rate

◦ Change the rate.

All soils don’t hold or release nutrients at the same rate. 

If you can figure out and area, change to a new spot, 
check original from time to time. 



More things at the wall
Why not Check/Reference Strips.  

The cover crop play ground



Thank You

Brian Arnall

b.arnall@okstate.edu
Twitter: @OSU_NPK
www.Facebook/OSUNPK
YouTube Channel: OSUNPK
Blog: OSUNPK.com
www.NPK.okstate.edu

mailto:b.arnall@okstate.edu


Pick 2 Nitrogen 



Nitrogen provide by the Soil - NRS

NSoil
Let the crop tell you.



Nitrogen in the Crop - Removal

NCrop
Biomass Map

Biomass is a Proxy for Yield

NDVI is a Proxy for Biomass

Therefore NDVI is a Proxy for Yield. 



Combining the Components 

•NCrop

•NSoil

NDVI plus a +/- Reference Strip.
Yield + Soil (Environment)



What is Your Missing Component
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Efaw Phosphorus 1x1 Experiment

60.0-65.0 55.0-60.0 50.0-55.0 45.0-50.0 40.0-45.0 35.0-40.0 30.0-35.0

25.0-30.0 20.0-25.0 15.0-20.0 10.0-15.0 5.0-10.0 0.0-5.0

Spatial Variance….


