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Strategies for Maintaining Grain Protein in  
Diverse Spring Wheat Varieties

Joel Ransom, Dept. of Plant Sciences, NDSU, Fargo

Research Questions

  Can the need for in-season N management applica-
tions in order to enhance protein be predicted with plant 
measurements prior to flowering? What is the best way to 
enhance the protein content of the grain for cultivars that 
differ in their protein characteristic, with in-season N ap-
plications?

Results

  Experiments were conducted in 2012 at Prosper and 
Crookston. In the first experiment we evaluated a number 
of quantitative measurements prior to anthesis (“predic-
tors”) for their ability to predict the final grain protein in four 
cultivars grown under different N fertility levels.  The best 
and most consistent predictor across cultivars was the basil 
stalk N concentration at the time of flag leaf emergence.  
The chlorophyll and N content of the flag leaf were good 
predictors in some cultivars, but not all.  These data sug-
gests that in-season plant predictors can be used to esti-
mate the final grain protein content. There was a cultivar 
by predictor interaction; not only did some predictor work 
better in some cultivars, cultivars also differed in the ab-
solute value of these predictors (a seemingly low value for 
one cultivar might actually be a medium to high value for 
another cultivar).  This suggests that the predictive relation-
ship is cultivar dependent. 
 
  A post anthesis application of UAN was found to be more 
effective than urea solution or urea applied as granules at 
the boot stage for elevating grain protein content. The best 
responses resulted in about a one percent increase in pro-
tein content, though typically the increase was about 0.5%.  
Protein level, even in the untreated checks, was high due 
to the excellent N mineralization conditions during the 2012 
growing season.   

Application/Use

  This research needs verification and refinement, but it 
does appear that we should be able to make available to 
growers a process whereby they can predict the protein 
content of their grain at the flowering stage, and then make 
an assessment as to whether a post anthesis application 
of N would likely be profitable. Our research also verified 
that the current recommendation of applying 30 lbs of N 
as a 50-50 mix of UAN and water, post anthesis, will raise 
protein levels by 0.2 to 0.7 percent regardless of cultivar or 
base protein level.

Materials and Methods

  This project was conducted at three locations in eastern 
ND and northwestern MN.  The research has two compo-
nents.  The first determined in-season measurements that 
predicted grain protein content at harvest in diverse geno-
types.  Measurements made were: Greenseeker readings, 
leaf and stalk tissue nitrogen content, and leaf chlorimeter 
readings at key growth stages.  These data were compared 
to grain protein at harvest and yield of four cultivars (Faller, 
Barlow, Glenn and RB07), grown at three different levels of 
N fertilization.  The second component of this study verified 
the effectiveness of various in-season practices on increas-
ing protein content in new cultivars with diverse grain pro-
tein characteristics.  This study was a factorial experiment 
with three cultivars receiving a range of in-season N treat-
ments (see Table in appendix for list). 

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

  The results of this work have the potential of increasing 
the value of a bushel of wheat produced by $0.50 to $1 in a 
year when protein premiums are significant.  If a farmer has 
an average yield of 50 bu/ac, this would mean that he/she 
could increase the value of the crop by $12,500 to $25,000 
for a 500 acre wheat enterprise. If there are no protein 
premiums/discounts, the practices described here will not 
likely improve farmer income.

Related Research

  The PI is also leading research looking at the impact of 
late season N applications on the functional quality of the 
grain produced. 

Recommended Future Research

  Additional research is needed to verify the relationships 
between in-season plant predictors and grain protein. Ad-
ditional analysis is needed to determine techniques that will 
be the most easily adopted by growers. The relationship 
between the in-season nitrogen content in vegetative tis-
sues and the ultimate grain protein content between cul-
tivars is also interesting. Does that mean that high protein 
cultivars could be selected from tissue tests prior to grain 
fill. This relationship needs further exploration.
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Appendix

Figure 1. Relationship between N stalk content at boot stage and grain protein at harvest, 2012.

Table 1. The effect of N management on grain protein (%) at three locations, 2012.

N preplant N in-season N Source Application method Hettinger Crookston Prosper
120 0 Urea Pre-plant 16.4 15.3 15.6
90 0 Urea Pre-plant 16.0 15.1 15.6
90 30 UAN Post anthesis (PA) as UAN 16.7 15.3 16.1
90 30 Urea PA as urea solution 16.5 15.1 16.1
90 30 UAN Boot stage as UAN 16.5 15.5 15.6
90 30 Urea Boot stage as dry Urea 17.1 15.4 15.7
90 30 UAN Roundup stage as UAN 16.1 14.8 15.6
90 30 UAN PA urea solution w/urease 

inhibitor
16.5 15.2 16.0
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