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Comparison of Nitrogen Use Efficiency
Indices for Corn Fertilized with
Commercial Urea & Poultry Litter

» Learn benefits of various nitrogen use efficiency (NUE) indices in dryland corn
production. Know how to calculate and compare indices for crops fertilized using urea

and broiler litter.

Nitrogen (N) is the most limiting plant nutrient in the soil.
It must be supplied externally through synthetic fertilizers
or manure to achieve an optimum agronomic yield.

Soil N retention is usually low in agricultural systems.
Applied nitrogen is either harvested in crop biomass
and becomes part of a microbial pool or lost from

the cropland via surface runoff, leaching, ammonia
volatilization, denitrification, and/or with soil erosion.
Despite this low retention, producers must avoid excess
N application as it results in economic loss and can
negatively impact the environment and human health.

For these reasons, it is crucial for producers to
understand the efficiency of the externally applied
nitrogen they are using.

Importance of Nitrogen Use Efficiency

Nitrogen use efficiency (NUE) is the efficiency with which
plants use applied N. It is also defined as the plant dry
mass produced per unit N applied.

Nitrogen use efficiency measurements by agronomists
are used to evaluate crop response to applied N under
different management scenarios, assess the cropping
system’s efficiency, and indicate potential N loss to

the environment. Calculating NUE helps to optimize N
inputs; this results in lower production costs, decreased
N losses, and increased agricultural productivity.

Calculating NUE

Several indices are used to calculate agronomic NUE
and have different interpretations. These indices
generally are calculated by comparing crop yield

and aboveground plant N uptake (plant biomass) at
physiological maturity in the fertilized versus unfertilized
plots. The indices can be compared between years

as well as between two different fields to judge the
efficiency of N application. Table 1 summarizes
commonly used agronomic indices for determining NUE.

Example

Corn yield in an N fertilized plot was 200 bushels per
acre™ or 11,200 Ib. per acre™ (1 bushel of corn = 56 Ib.).

Corn yield in an unfertilized plot was 90 bushels per
acre™ or 5,040 Ib. per acre™.

Amount of N applied via fertilizer was 180 Ib. per acre™'.

Aboveground plant N uptake in an N fertilized plot was
120 Ib. per acre™.

Aboveground plant N uptake in an unfertilized plot was
50 Ib. per acre™.
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Calculating Various NUE Indices

1. Partial factor productivity (PFP) = 11,200/180 = 62 Ib./
Ib. or 1.1 bu./lb.

2. Agronomic efficiency (AE) = (11,200 - 5,040)/180 = 34
Ib./Ib. or 0.60 bu./Ib.

3. Apparent recovery efficiency (RE) = (120 - 50)/180 =
0.39 or 39%

4. Physiological efficiency (PE) = (11,200 - 5,040)/(120 -
50) = 6,160/70 = 88 Ib./Ib. or 1.6 bu./lb.

Table 1. Common Agronomic N Use Efficiency Indices

Index Calculation* Interpretation

Partial factor productivity (PFP) PFP = Y/F The combined contribution of soil N and
fertilizer N to crop yield.

Agronomic efficiency (AE) AE = (Y -Y,)F The contribution of fertilizer N alone
to crop yield.

Apparent recovery efficiency (RE) RE = (U -U,)/F Percentage of fertilizer N taken up
by the crop

Physiological efficiency (PE)

PE = (Y-Y,)(U-U,)

Yield increase per unit of fertilizer N
uptake by crop

*Y = crop yield (Ib. per acre) in an N fertilized plot; F = amount of N applied (Ib. per acre™); Y, = crop yield (Ib. per acre!) in an unfertilized plot;
U = aboveground plant N uptake at maturity (Ib. per acre’) in an N fertilized plot; U, = aboveground plant N uptake at maturity (Ib. per acre™") in an

unfertilized plot

Comparison of Corn NUE Fertilized
with Broiler Litter & Commercial Urea

Crops NUE varies due to several factors. It can be
improved by applying the right source at the right rate
of N at the right time.

Referring to a 2019 study conducted at the Tennessee
Valley Research and Extension Center (TVREC), we
compared various NUE indices between corn fertilized
with broiler litter and commercial fertilizer urea (table 2).

The corn was fertilized with either broiler litter or urea

at N rates of 150 and 300 Ib. per acre™. The broiler litter
or urea was applied in a single application at planting
(treatments 1, 2, 5, and 6 in table 2) or applied as a split
application, where 25 percent N was applied at planting
and the remaining 75 percent at the V6 (sixth leaf with
collar visible) growth stage (treatments 3, 4, 7, and 8 in
table 2).

Two additional treatments were also studied. Treatment
9 consisted of 1.25 tons of broiler litter per acre (75 units
of N) applied 1 week prior to planting, followed by urea
application with 75 units of N at the V6 growth stage.
Treatment 10 consisted of 2.5 tons of broiler litter per
acre (150 units of N) applied 1 week prior to planting,
followed by urea application with 150 units of N at the V6
growth stage. A nonfertilized control also was included
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Table 2. Comparison of Agronomic

N Use Efficiency Indices for Urea
& Broiler Litter Treatments

Treatment’

(Source/Rate/Time) PFP? AE® RE PE?
1. Urea/150/Single 46 20 0.40 50
2. Urea/300/Single 23 10 0.42 24
3. Urea/150/Split 52 25 0.28 89
4. Urea/300/Split 31 18 0.31 56
5. BL%/150/Single 41 15 0.30 50
6. BL/300/Single 25 11 0.22 53
7. BL/150/Split 31 5 0.21 24
8. BL/300/Split 20 7 0.14 48
9. BL + Urea/150/Split 48 22 0.24 90
10. BL + Urea/300/Split 29 16 0.32 49

" Rate: Ib. N per acre™; time: single (100% N rate at planting) and split application
(25% N rate at planting + 75% N rate at V6 growth stage)

2 PFP: partial factor productivity

3 AE: agronomic efficiency

4 RE: apparent recovery efficiency

5 PE: physiological efficiency

6 BL: broiler litter

in the study for a total of 11 treatments. Table 2 provides
treatment-wise NUE indices measured in the study.

Variability in estimates of NUE indices was observed
among treatments. For urea treatments (treatments 1



through 4), treatment 3 (150 Ib. of N per acre applied in
a split application) had the greatest PFP, AE, and PE.
For broiler litter treatments (treatments 4 through 8),
treatment 5 (150 Ib. of N per acre applied in a single
application) had the greatest PFP, AE, and RE.

The partial factor productivity index decreased with a
greater N rate irrespective of the N source. In general,
crop yield and plant N removal increases with increasing
N input, reaching a plateau, and crop yield becomes
unresponsive to further N additions while N losses
increases rapidly.

Applied N increased corn yield up to 25 Ib. per Ib. N,
or 0.45 bushel per unit N, compared to no N control
plots (the highest AE in table 2). The RE indicates how
much of the applied N ended up in crop plants, with
the remaining subjected to potential N losses in the
environment.

The highest RE of 0.42 in table 2 suggests an N uptake
of 42 percent of the applied N. The remaining 58
percent portion was not harvested by crop biomass and
may get retained in soil into various inorganic (nitrate
and ammonium) and organic (soil organic matter and
microbial biomass) N pools or potentially lost to the
environment.

Low AE and RE in the study suggested high soil
inorganic N or mineralizable N supply, which contributed
substantially to corn yield and N uptake. In such
scenarios, native soil N supply may adequately meet
plant demand and obtain optimum yields with little to no
fertilizer applications. However, this N pool may deplete
over the long term and not sustain favorable crop yields,
thus necessitating additional N.

Physiological efficiency indicates how a plant uses the
absorbed N to produce grain, which is related to cultivar

type. The variability observed in PE from 24 to 89 Ib.
grain Ib.”" of absorbed N in the same cultivar suggested
that the PE can be significantly influenced by genotype x
crop management x environmental interactions.

Summary

Estimating NUE indices for individual fields is helpful for
growers but requires establishing control plots (zero-
nitrogen application). It is important to use different
NUE indices simultaneously when evaluating any N
management practice on the farm.

The PFP, AE, and PE of applied N in the study indicated
that split application of urea or a single application of
broiler litter at a rate of 150 Ib. N per acre™" (2.5 tons

of broiler litter) was the most efficient N management
practice for dryland corn production. The crop N removal
was only 28 percent

(42 of 150 Ib. N applied per acre™') for split urea
application and 30 percent (45 of 150 Ib. N applied

per acre™') for single broiler litter application. This
observation suggests that both N sources are equally
good when applied to meet 150 Ib. N per acre™ for
dryland corn in the TVREC region.

References

Dobermann, Achim R. 2005. “Nitrogen Use Efficiency—
State of the Art.” Agronomy & Horticulture —Faculty
Publications, 316.

USDA. 2018. Poultry Production and Value 2017
Summary. USDA National Agricultural Statistics,
Washington, DC.

Watts, Dexter B., H. Allen Torbert, and Eton E. Codling.
2019. “Poultry Production Management on the Buildup
of Nutrients in Litter.” Int. J. Poult. Sci., 18: 445-553.

Comparison of Nitrogen Use Efficiency Indices 3



=xtension FEERY

ALABAMA A&M & AUBURN UNIVERSITIES ALABAMA EXTENSION

Rajveer Singh, Research Associate, and Rishi Prasad, Extension Specialist, Assistant Professor, both in Crop, Soil, and
Environmental Sciences, Auburn University

For more information, contact your county Extension office. Visit www.aces.edu/directory.

Trade and brand names used in this publication are given for information purposes only. No guarantee, endorsement, or
discrimination among comparable products is intended or implied by the Alabama Cooperative Extension System.

In accordance with Federal law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, this
institution is prohibited from discriminating on the basis of race, color, national origin, sex (including gender identity and
sexual orientation), age, disability, and reprisal or retaliation for prior civil rights activity.

Program information may be made available in languages other than English. Persons with disabilities who require alternative
means of communication for program information (e.g., Braille, large print, audiotape, and American Sign Language) should
contact the Alabama Cooperative Extension System Human Resources Department at (334) 844-5531 or the State of Alabama
Governor’s Office on Disability (GOOD) at (888) 879-3582 or USDA’s TARGET Center at (202) 720- 2600 (voice and TTY)
or contact USDA through the Federal Relay Service at (800) 877-8339.

To file a program discrimination complaint, a complainant should complete a Form AD-3027, USDA Program Discrimination
Complaint Form, which can be obtained online at https://www.usda.gov/oascr/how-to-file-a-program-discrimination-
complaint from any USDA office, by calling (866) 632- 9992, or by writing a letter addressed to USDA. The letter must
contain the complainant’s name, address, telephone number, and a written description of the alleged discriminatory action in
sufficient detail to inform the Assistant Secretary for Civil Rights (ASCR) about the nature and date of an alleged civil rights
violation. The completed AD-3027 form or letter must be submitted to USDA by: U.S. Department of Agriculture | Office of
the Assistant Secretary for Civil Rights | 1400 Independence Avenue, SW | Washington, D.C. 20250- 9410 | Fax: (833) 256-
1665 or (202) 690-7442; or Email: program.intake@usda.gov.

This institution is an equal opportunity provider.

New March 2023, ANR-2976 © 2023 by the Alabama Cooperative Extension System. All rights reserved.
www.aces.edu





