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Objective & Relevance:
I see a need to do a thorough on-farm study of corn yield response to rescue nitrogen
applications.  I have observed nitrogen-deficient corn due to wet weather and N loss
somewhere in Missouri nearly every year over the past 20 years.  The scale of N loss
has increased recently, with widespread deficiences seen in Missouri and adjacent
states in 2008, 2009, and 2010.  I also saw many N-deficient fields in 2011 and 2013. 
About 340 aerial photos of N-deficient fields from 2008-2010 can be seen in the
Nitrogen Loss Aerial Photo Galleries on my N loss web page:
http://plantsci.missouri.edu/nutrientmanagement/nitrogen/loss.htm

I have cobbled together 5 on-farm studies of rescue N between 1998 and 2010, and
Wayne Flanary has conducted another.  Average yield response to rescue N in these
six studies was 34 bushels/acre.  It’s clear from these preliminary results that rescue N
can be a highly profitable practice, but I am not aware of anyone who has done a
systematic study of this question.  The objective of the proposed research is to study
the yield response of fully fertilized production corn fields to rescue N applications when
N loss is suspected.

Procedures:
! Experiments will be conducted in production cornfields in Missouri where the full

intended rate of N fertilizer was applied before planting.  If there are no areas in
Missouri with excess spring rainfall and N deficiency, experiments will either be
conducted in neighboring states where these conditions exist, or be deferred for a
year.  I welcome input from the Fertilizer and Ag Lime Council on which of these
options is preferable.

! Experimental fields will be chosen based on the existence of visible N deficiency
symptoms.

! Treatments will be field-length strips of N fertilizer alternating with strips that do not
receive fertilizer.  At least 3 pairs of strips will be included in each field.
" The base design will be strips receiving 50 lb N/acre
" In fields where high levels of N stress are seen, some or all strips may receive

higher rates of N
" When time and logistics allow, and the cooperating producer is interested, strips of

variable-rate N may be used
- These could be based on either canopy reflectance sensors (I have 5 sets

which will be available to this project) or on aerial photos (I have developed a
method to predict N need from aerial photos)

- These could replace the flat-rate strips, or be used in addition to the flat-rate
strips

" Nitrogen treatments will be applied with whatever equipment and N source is most
available and affordable for each field from the following:
- Urea applied with a ground machine (spinner or air-boom)
- UAN solution applied with a sprayer equipped with drops to well below ear

height
- Urea applied with an airplane



! When possible, the level of N stress will be measured at the time of N application
with either aerial photos, canopy reflectance sensors, or a hand-held chlorophyll
meter.  We will then relate N stress level to the size of the yield response.

Current status and importance of rescue nitrogen applications to corn:
! Results from the five rescue N experiments in that I have helped to organize, plus

one that Wayne Flanary conducted in northwest Missouri, are shown in Table 1.  Key
points that have been learned in this set of impromptu experiments are:
" Response to rescue N can

be highly profitable. 
Average response over all
experiments was 34
bushels/acre.  This
indicates that in fact a
large proportion of the
nitrogen supplied before
planting had been lost.

" The worse the corn looks,
the more it responds.  In
the two fields with areas
where I classified stress
as “high”, yield response
to rescue N was 57
bushels/acre in both
cases.

" Large yield responses can
occur with N applications
as late as tasseling.  In
2010, all 3 tests had the
rescue N applied at the
tasseling stage and in the
most stressed areas, yield responses ranged from 42 to 57 bushels/acre.

! An aerial photo of rescue N trial 3
(from Table 1) is shown in Figure 1.  In
areas with visible N stress, the 100-
foot strips with rescue N are clearly
visible, and a highly profitable yield
response was observed.  In areas
without visible N stress, the rescue N
strips are not visible and no yield
response was found.

! Surprisingly little research has been
done given the size of the problem.

! Farmers and fertilizer dealers have
reacted by investing a tremendous
amount of money into high-clearance
N application equipment over the past
5 years.

Table 1.  Results from on-farm rescue N experiments over
the past 17 years.  Yield response to rescue N was highest
in the areas with highest visible N stress, and was high
even when rescue N was applied at the tassel (VT) stage. 

Figure 1. Rescue N experiment from 2005. 12 gal
per acre of 32% UAN solution (40 lb N/acre) was
dribbled between rows on June 29.



Expected economic impact:
Over the past seven years, we have experienced
wet springs over large areas of Missouri and the
midwest, leading to widespread N loss, N
deficiency, and yield loss.  A Missouri field where
the producer lost about $45,000 due to N
deficiency is shown in Figure 2.  Yield was 170
bushels in the dark green areas of the field and 80
bushels in the yellow-green areas.

Based on data from fields like the one in Figure 2,
4500 aerial photos, and 6000 miles of August
windshield survey, I estimate that Missouri corn
producers have lost about 300 million bushels of
potential yield due to N deficiency, with a value of
about $1.2 billion at current prices.  Much of this
loss could have been recovered with rescue N
applications.  Better understanding of how to
identify and quantify N stress (as I hope to do with aerial photos and other tools) will
help corn producers make good decisions about when to invest in rescue N, and will
increase their profitability.

Timetable:
Feb-March 2015 Calls to fertilizer retailers over a range of geographies to explain

the project and discuss their possible interest
April 2015 Begin tracking rainfall maps to identify areas with the highest risk of

N loss
May 2015 Followup calls to fertilizer retailers in affected areas
June 2015 Visit candidate fields for rescue N trials, select based on visible N

stress and logistical details (yield monitor, suitable N applicator),
acquire aerial photos, apply rescue N treatments (with untreated
areas between them)

Sept-Oct 2015 Harvest trial areas with a yield-mapping combine
Nov-Dec 2015 Analyze yield maps, determine yield responses to rescue N,

analyze relationship between yield response and aerial photos,
write report

Feb-Dec 2016 Repeat 2015 activities
Feb-Dec 2017 Repeat 2016 activities, write final report

Strategy for application/transfer of knowledge:
! Written and oral (presentation) educational materials will be developed to promote

understanding and application of results.
! Written materials will include newsletter articles, press releases, my web page, and

farm press articles–I am regularly used as a source by many ag journalists.
! Presentations will be used in Extension meetings and conferences, sent to regional

Extension Agronomists for their use, and shared with anyone who requests them.

Figure 2.  August 2009 aerial photo of
a Missouri field with severe N
deficiency due to fertilizer loss. 
About $45,000 was lost due to N
deficiency in this field.



Budget:
Fertilizer and application costs $10,000
Aerial photos 2,000
Research specialist salary 15,000
Benefits 5,000
Total year 1 $32,000

Total year 2 $32,000

Total year 3 $32,000

3-year total budget $96,000
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