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Nutrient balances used to inventory nutrient flows often 

do not account for soil nutrient supply power nor the 

influence of deeper interactions in the soil profile.  

Research plots minimize variation to isolate treatment 

effects, potentially missing variability at the field scale on 

real world working farms. 

Nutrient use efficiency

Summary

▪ How variable are soils between and within sites? 

▪ Are there significant concentrations of plant 

available nutrient beyond typical soil testing depths?

▪ How do partial nutrient balances and nutrient use 

efficiency vary across and within sites?

Acknowledgements
This work is generously supported by Illinois 

Nutrient Research and Education Council 

(NREC) and Illinois Farm Bureau. 

Award #: 2023-2-360731-691 

Measuring nutrient balances and nutrient use-efficiency metrics at the field 

scale on working farms
Luke Bergschneider1, Andrew Margenot1, Michael Douglass1, Kato Ssentamu1,Tom Broeren2, Michael Ganschow2, Brian Joehl2, Alan Madison2, James Schoff2, Chris 

VonHolten2, Jill Frueh2, Lauren Lurkins3

Research Objective
Categorize soil nutrient supply power beyond typical soil 

testing depths, including the impact of native stocks and 

residual fertilizer applications on nutrient balances and 

nutrient use efficiency on working farms, therefore 

identifying further interactions affecting potential nutrient 

loss. Additionally, identify variability present in nutrient 

balances and nutrient-use efficiency at the field and farm 

scale.

4.2 ac sampling density on ~400 tile drained acres

11 sites in Bureau Co. Illinois

Experimental Design & Methods

▪ Agronomically significant Mehlich-3 phosphorus 

concentrations at depth in soils

▪ Strong depth-wise Mehlich-3 P variation across sites

▪ Phosphorus fertilization rates resulted in near neutral 

partial balances, potential N and K accumulation 

▪ Significant soil contribution to total nutrient recovery 

for P and K, soil N contribution less but high nitrogen 

use efficiency per bushel produced

▪ 3.5’ deep soil cores → soil nutrient stocks

▪ Grain/biomass harvest → Plant uptake & 

crop removal

▪ Field management info →

crop inputs & production 

data

P and K trends at 3.5’ depth for project fields. Blue lines 

represent Illinois Agronomy Handbook suggestions for local P 

and K soil test levels. (40lbs/ac P & 300lbs/ac K) 

P and K concentrations

of Mehlich-3 extractable 

nutrient stocks for sites above. 

Extractability may not result in 

plant availability, especially at 

depth but could affect plant 

nutrient utilization. 

Partial nutrient balance calculations for cornfields using field 
average rates for 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 − 𝑔𝑟𝑎𝑖𝑛 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑒𝑥𝑝𝑜𝑟𝑡. No 

nutrient loss data from tile or lysimeters included. 

Partial nutrient balances

Percentage of applied fertilizer recovered in grain & tissues on a 

per acre basis calculated by 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑟𝑎𝑡𝑒/(𝑔𝑟𝑎𝑖𝑛 +
𝑡𝑖𝑠𝑠𝑢𝑒 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠).  Assumes 100% fertilizer use 

efficiency (FUE) and no crop root contribution.

Soil contribution to recovered nutrients in pounds/acre calculated 

as 𝑔𝑟𝑎𝑖𝑛 + 𝑡𝑖𝑠𝑠𝑢𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛𝑠 − 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟 𝑟𝑎𝑡𝑒𝑠 for corn 

sites above. Assumes 100% FUE and no crop root contribution.

Total profile averages 

15cm = ~ 6”
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