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ñFixing the Global Nitrogen Problemò (Townshed & 

Howarth, Sci. Amer. Feb 2010)  

ÅTypical of titles in science-oriented media.  

ÅHuman fixation of N = ~2 x natural fixation 

ïfertilizer production and fossil fuel use 

ïbiological nitrogen fixation and lightning 

ÅCurrent fixation greatly exceeds 
denitrification  

ïan on-going accumulation of reactive N 

ïeffects on natural terrestrial and marine 
ecosystems 



Topics 

ÅWhat is nutrient (nitrogen) use efficiency 

(NUE)? 

ÅWhy is NUE important? 

ÅWhat are the components of NUE? 

ÅNebraska corn results 

ÅNebraska soybean results 



Nitrogen use efficiency 

ÅNUE = yield per unit of plant available N 

(from soil, fertilizer and other sources; 

bu/lb) 

ïMinimize losses 

ïHigh productivity per available N 

ïHowever, need to maximize profitability 

 



The Nitrogen Cycle 

Leaching of 

nitrate-N below 

the rooting zone 

Denitrification: 

reduction of nitrate-

N to N2 or nitrous 

oxide under low O2 

conditions 

Volatilization: surface 

applied manure or fertilizer 

ammonium N may convert to 

ammonia gas and be lost to 

atmosphere 

Runoff: causes 

N loss and water 

contamination 



N use efficiency (NUE): importance 

ÅProfitability 

ÅEfficient use of fossil fuel 

ÅEnvironmental protection 
üSurface water  

üGround water NO3-N 

üAir 

ÅGreenhouse gas emissions 
üFossil fuel use (CO2)  

üNitrous oxide (N2O)  



NUE: partial factor productivity 
ÅPFP = grain yield/N rate, lb/lb  

ÅComponents 

üRecovery efficiency of applied N 

üAgronomic efficiency: yield increase per 

lb of N applied 

üInternal efficiency: conversion of plant N 

to grain 

ÅNitrogen harvest index 

ÅGrain N concentration 

 

 



Grain yield and N fertilizer use for corn in  

      Nebraska 
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Nitrogen use efficiency 

y = 0.7153x - 1372.9

R2 = 0.7081
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Nebraska high yield corn N research 

Å12 trials with corn-corn 

Å16 corn-soybean 

ÅSplit application of N 

ÅMean maximum yield = 240 bu 

 



Response to applied N is a typically 

curvilinear-plateau response 
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EONR = 150 lb/ac N 

when 1 bu buys 8 lb N. 

Mean yield = 237 bu/ac  



N response: soybean - corn 
Corn following soybean

N rate (lb/acre)
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Å% of applied N recovered in the 

aboveground plant 

ÅRequires  

ühealthy crop with good root system 

üMinimal N losses 

 

 

Recovery efficiency 
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Residual soil nitrate 

after harvest (RSN) 

Soybean-corn 

Corn-corn 
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üWhen N is applied at 

EONR, RSN is not 

excessive.  

üRSN increases rapidly 

as N rate exceeds 

EONR. 

üLost profit 

üEnvironmental 

consequences 

  



A case from Iowa: target of reducing nitrate-

N loss to surface waters by 12,000 ton N /yr. 



Agronomic efficiency:  

 
increase in grain yield per lb of applied N; lb/lb.  

Depends on:   

recovery efficiency;  

physiological efficiency of conversion 

  



Agronomic efficiency (AE):  
increase in grain yield per kg of N; kg/kg 
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Grain N concentration 
ÅLow %N means more 

grain per unit of N, but 

also lower protein content 

ÅGrain N was 1.32% (8.8% 

protein) at EONR for high 

yield corn 

ïGrain N was 14% higher at 

EONR compared to N0. 

ïGrain protein could be 

increased with more N 

applied 

 

Corn-corn 

Soybean-corn 



Mean nitrogen for high yield corn 

at most profitable N rates (EONR)  
 Means Corn-

corn 

SB-corn 

Yield, bu/ac 237 231 

EONR, lb/ac 150 110 

Grain:fertilizer N efficiency 85 lb/lb 115 lb/lb 

Recovery efficiency 62% 76% 

Can we further improve efficiency? Can we 

predict EONR accurately?  



ÅHaving a healthy, vigorous crop 

ÅAppropriate N rate 

ÅWater management 

ÅFertigation during rapid growth 

ÅSidedress with on-set of rapid growth 

ÅPost-plant application 

ÅControlled release N 

ÅInhibitors 

ÅPre-plant application 

ÅFall application for next year 

Highest 

Lowest 


