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Research Questions

Low protein can result in significant discounts at the el-
evator. Low protein often results when the crop’s nitrogen 
requirement exceeds the availability of nitrogen in the soil 
because of higher than expected yield. This project hopes 
to answer the question of whether yield can be predicted 
early in the season in order to inform the decison as to 
whether additional in-season nitrogen may be profitable.

Results

   Preliminary data from two locations show the value of in-
season nitrogen applications for both yield (4-leaf or boot 
stage) and for protein (4-leaf, boot and post anthesis).  
The best timing for N for a protein increase was using 
UAN post anthesis (typically about a 1% increase). The 
predictiveness of NDVI on yield varied between locations 
and when the readings were taken. NDVI values at the 4 
to 6-leaf stage were poor predictors of yield at both loca-
tions. At the boot stage, however, nearly 70% of the varia-
tion in yield at one location could be explained by NDVI 
values. Values of about 0.83, for example would predict 
yields of greater than 60 bu/acre. Based on an analysis 
of the relationship of weather and yield data from irrigated 
trials at Carrington (fifteen years), the number of days 
between planting and the boot stage could only explain 
about 8% of the variation in yield (poor predictor). In gen-
eral, these data suggest that the best tool for predicting 
yield is the Greenseeker, using measurements taken at 
the boot stage. Though our data found that an application 
of N at the boot stage resulted in both yield and protein 
increases, in practical terms with currently used machinery 
that application may not be possible. The best use of addi-
tional N at this late stage would probably be UAN applied 
foliarly, post anthesis for a protein increase. Variability be-
tween the locations in the relationship between the NDVI 
values, yield and protein, suggest that additional research 
is needed in order to better understand what environmen-
tal factors impact these relationships. 
      
Application and Use

   These results confirm the value of applying UAN for a 
protein enhancement. They also suggest that yield can be 
predicted with some certainty using NDVI values later in 
the season (around the boot stage is more predictive than 
earlier). This information could be used by the grower to 
evaluate whether applying the additional N post anthesis 
is likely to be needed due to greater than expected yields 
(if that is indeed the case).

Materials and Methods

   Experiments were established in five locations in Min-
nesota and North Dakota. These experiments included the 
following treatments: 70 and 100 lbs N/acre at planting, 
70 and 100 lbs N/acre at planting plus 30 or 60 lbs N/acre 
at the 4-leaf stage, 70 and 100 lbs N/acre at planting plus 
30 or 60 lbs N/acre at the boot stage, 70 and 100 lbs N/
acre at planting plus 30 lbs N/acre as a foliar application 
post anthesis. Greenseeker data (NDVI) were collected at 
the 6-leaf stage and at the boot stage. Yield, test weight 
and protein were collected at harvest and correlations and 
treatment differences were statistically analyzed.

Economic Benefit to a Typical 
500 Acre Wheat Enterprise

   Applying UAN, post anthesis, can increase grain protein 
levels by about 1%. In years when the protein premium/
discount is $1 per point of protein, this application could 
result in a net increase in income of $18,000 in 500 acres, 
assuming a 70 bu average yield [(500 acres x 70 bu per 
acre x $1 per bu of added value) - (500 acres x $34 per 
arce application cost and damage by wheel tracks) = 
$18,000]. When premiums/discounts are below 50 cent 
per point, this application is likely not to be profitable. 
Being able to estimate the yield and the protein market 
could help inform a decision that would have a profitable 
outcome.

Related Research

   We collected NDVI data on the other soil fertility related 
research that is being conducted in order to increase the 
database that can be used to better understand the rela-
tionship between NDVI and yield.

Recommended Future Research

This research needs additional replication in time. The 
addition of an N rich plot is recommended for next year. 
Additionally, estimates of yield after heading (but before 
the post anthesis application of UAN is made) using 
traditional yield predicting techniques should be also be 
included.
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