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Wheat Yield, Quality and Plant Health Parameters
from Starter Applications of MicroEssentials in NW MN

Nancy Jo Ehlke, Dept. of Agronomy and Plant Genetics, University of MN, St. Paul

Research Questions

  New formulations of phosphate fertilizers have been re-
ported to increase phosphorous uptake (up to 30%) by 
plant roots (Source: MicroEssentials - The Mosaic Com-
pany).  An increase in phosphate uptake by wheat roots is 
theorized to improve plant growth and development which 
may lead to increased wheat yields, improved quality, and 
ultimately profitability.  In addition, coated nitrogen products 
are available for use in wheat and other crops.  In these 
field trials a coated nitrogen (ESN) product from Agrium 
was applied at planting.   ESN can be applied broadcast 
or in-furrow at nitrogen rates up to three times the current 
safe rate of urea.  A benefit of this polymer coated urea 
is the time released formulation that, in theory, will supply 
nitrogen to the crop throughout the entire growing season.  
Further, this formulation has the potential to reduce nitro-
gen loss through volatilization, denitrification, and leaching.

  
Producers are interested in obtaining unbiased data on the 
use of MicroEssentials and ESN in spring wheat and pe-
rennial ryegrass seed production systems under northern 
Minnesota’s environmental conditions.  The objective of 
this research is to compare MicroEssentials alone and with 
ESN compared to a standard phosphorus fertilizer starter 
program in spring wheat under seeded to perennial rye-
grass.  In addition to phosphorus, the MicroEssentials prod-
ucts contain sulfur and zinc which have been reported to 
be involved in protein synthesis and may increase protein 
levels in wheat.  A coated urea product may offer the poten-
tial to improve wheat yield and quality (protein), especially 
if the product is not released into the soil solution until later 
in the plant developmental stages of the spring wheat.  The 
combination of this coated urea and MicroEssentials offer 
the potential to improve both wheat yields and seed quality.

Results

  Results from the large plot trial are reported in Table 2 
and 3.  The three treatment average wheat yield was 66.5 
bu/a, test weight 63.3 #/bu and protein 12.4% in 2011 and 
68.6 bu/a, test weight 61.8 #/bu and protein 15.9% in 2012 
.  The average wheat yield in Roseau county over the last 
five years is 43 bu/A.  The 2011 and 2012 growing season 
produced wheat yields well above the five year average.  
However, dry conditions in July and August had a negative 
impact on wheat growth and development at this location.  
Wheat plants showed visible signs of drought stress due 
to the lack of precipitation in July and August, 2011.  No 

significant treatment differences were detected based on a 
statistical confidence level of 10% in either year. 
Small plot trial results are presented in Table 4 and 5.  The 
twelve treatments average wheat yield was 87.2 bu/a, test 
weight 61.4 #/bu and protein level of 13.7% in 2011 and 
the average wheat yield was 62.4 bu/a, test weight 60.9 #/
bu and protein level of 15.9% in 2012.  Wheat yields from 
the small plot location was well above the Roseau county 
five year average wheat yields of 43 bu/A and was higher 
in 2011 than 2012.  The wheat plants at the small plot loca-
tion didn’t show visible symptoms of late-season drought in 
2011 which was observed at the large plot location.  How-
ever, dry conditions in 2012 negatively impacted wheat 
yields.

  Statistical differences in wheat yields from the small plot 
trials were detected at the 10% confidence level (Table 4 
and 5).  In both 2011 and 2012, the highest wheat yields 
were obtained with a starter fertilizer applied at planting 
compared to phosphorus and potassium applied broadcast 
or no starter.  No statistical differences at the 10% level of 
confidence were detected from any of the MicroEssentials 
products compared to the standard phosphorus source 
(MAP).  Further, in 2011, no treatment differences in wheat 
yields or protein levels from ESN applied with MicroEssen-
tials were detected at the 10% confidence level.  In 2012, 
the application of ESN with MicroEssentials produced in-
consistent results on wheat yield and quality. 

  A foliar nitrogen treatment (28% UAN) applied at wheat 
anthesis was included in this trial as a method to improve 
protein levels in wheat.  Ten gallons of 28% UAN was 
mixed with 10 gallons of water and this mixture was applied 
with a hand boom sprayer delivering a spray volume of 20 
GPA.  In 2011, the liquid nitrogen applied at wheat anthesis 
caused significant wheat leaf burn which was resulted in 
an average wheat yield of 84.5 bu/A.  In 2012, the applica-
tion of foliar nitrogen increased wheat protein with a slight 
reduction in grain yield.

Application/Use

  The rationale for this research is to compare MicroEssen-
tials alone and with ESN compared to a standard phospho-
rus fertilizer starter program in spring wheat.  In addition 
to phosphorus, the MicroEssentials products contain sulfur 
and zinc which have been reported to be involved in pro-
tein synthesis and may increase protein levels in wheat.  
A coated urea product may offer the potential to improve 
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wheat yield and quality (protein), especially if the product is 
not released into the soil solution until later in the plant de-
velopmental stages of the spring wheat.  The combination 
of this coated urea and MicroEssentials offer the potential 
to improve both wheat yields and seed quality.

Materials and Methods

In 2011, the on-farm trial was conducted in Lake of the 
Woods County and in 2012, the on-farm trial was conucted 
in Roseau County.  The farmer cooperators for the on-farm 
research trial was Mr. Steven Helmstetter of rural Roos-
evelt, MN and Mr. Richard Magnusson of Roseau, MN.  
The farmer cooperators equipment was used for all field 
operations from field preparation, planting, spraying and 
harvest.  Individual plot size was 85 feet wide by 500 feet 
long.  This site had three treatments and three replications 
for a total of 9 strips in the field.  Flags marked each strip to 
help with field observation and harvest. The three at plant-
ing treatments were: 1) MAP + potassium (7-30-20); 2) 
MES10 (9-30-20-7s) and 3) MES10 + ESN (39-30-20-7s).  
Urea nitrogen was applied for a 70 bushel yield goal.  The 
amount of nitrogen was adjusted such that each treatment 
had the same amount of nitrogen (Table 2 and 3).  

  In 2011 and 2012, the small plot replicated trials were con-
ducted at the Magnusson Research Farm.  The experimen-
tal design was a randomized complete block with 4 replica-
tions.  Wheat and perennial ryegrass were seeded with and 
without a starter fertilizer.  The starter fertilizer was applied 
down the tube with the wheat and ryegrass seed.  Manage-
ment of these small plots is similar to area wheat produc-
tion fields.  Plots were harvested for yield with a small plot 
combine.  Sub-samples from each plot were used to deter-
mine wheat seed quality assessments.

  The small plot fertility trials had twelve fertility treatments 
including a control (no starter fertilizer) treatment for a total 
of 12 treatments replicated four times for a total of 48 indi-
vidual plots, (Table 4 and 5). Three MicroEssentials prod-
ucts are included in these trials: MES10 (12-40-0-10S), 
MES15 (13-33-0-15S) and MESZN (12-40-0-10S-1ZN).   
The standard rate of P2O5 and K2O will be 30 units.  The 
standard MAP fertilizer was compared to;  MES 10, MES15 
and MESZN, a 2X rate of MES10 and K2O all applied in-fur-
row; a single broadcast soil incorporated MES10 treatment; 
MES10 plus ESN at 30 and 60 units applied in-furrow;  30# 
ESN only and MES10 + a foliar nitrogen treatment applied 
at wheat anthesis.  The amount of nitrogen was adjusted 
so each treatment had the same amount of total applied 
nitrogen by the end of the growing season.
 
 A crop protection regime followed a similar pattern in both 
the large and small plot location.  Herbicides were applied 
at early tillering stage which included a half rate of a fungi-

cide.  A second fungicide treatment with an insecticide was 
applied at Feekes 9 and a third fungicide treatment was 
applied at Feekes 10.5 for scab protection.

  Data collected included: background soil fertility, plant 
emergence, stand counts, vigor ratings, crop color rating, 
flag leaf tissue test, plant dry weights, crop yield, and crop 
quality parameters (test weight, protein), biomass produc-
tion for wheat and perennial ryegrass.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

  If small or large plot research demonstrates a wheat yield 
or quality advantage compared to the standard phosphate 
or nitrogen fertilizer products, northern Minnesota wheat 
producers would be able to put more dollars on the “bottom 
line”.  However, in 2011 and 2012, statistical differences 
in wheat yield or quality were not observed between the 
premium phosphate and coated urea products compared to 
the standard fertilizer products.  However, the environmen-
tal conditions in both years were not conducive to fertilizer 
loss due to in-seasons rainfall patterns.  
 
Related Research

  Producers are interested in obtaining unbiased data on 
the use of MicroEssentials and ESN in spring wheat and 
perennial ryegrass seed production systems under north-
ern Minnesota’s environmental conditions.  This research 
is part of a larger research program investigating fertility 
requirements for grass seed cropping systems that inte-
grate spring wheat into the production system.

  Spring and winter wheat variety trials are planted, main-
tained and harvested by field staff at the U of MN Magnus-
son Research Farm in collaboration with the University of 
Minnesota wheat breeding project.   In Roseau in 2010, 
the spring wheat variety trial under normal and intensive 
management systems had 45 entries for a total of 270 
plots, the winter wheat variety trial had 22 entries for a 
total of 66 plots, and 108 advanced breeding lines were 
evaluated for a total of 216 plots.  The variety trials are 
managed by Donn Vellekson, Research Plot Coordina-
tor.  Herbicide screening, growth regulators, fungicide, 
and fertility trials are conducted to help meet the needs of 
producers in the region.

  Fertility rate and timing trials are conducted annually in 
grass seed cropping systems at the CFANS Magnusson 
Research Farm. These research trials are a subset of 
numerous agronomic trials involving large plot, on-farm 
research and small plot trials investigating the fertility 
requirements of northwestern Minnesota cropping sys-
tems.  Our current research activities include two small 
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plot fertility trials involving 16 and 22 fertility treatments 
replicated four times on fall and spring planted perennial 
ryegrass respectively for a total of 152 plots plus 3 on-farm 
locations with treatments replicated 3 or 4 times for a total 
of 84 plots.  

Recommended Future Research

  In future fertility research, we will continue to evaluate 
ESN as a nitrogen source and MicroEssentials as a starter 
fertilizer in wheat.  Future research with foliar treatments 
will be conducted in both small and large plots.  Additional 
sources of foliar nitrogen and timings of application will be 
evaluated to determine wheat response (yield and protein) 
to various foliar applied nitrogen sources.

Table 1: Background soil test values for small and large plot fertility trials in 2011.

Soil pH Phosphorus Potassium Nitrogen Nitrogen Sulfur
(Olsen) ppm ppm (0-6”) ppm (6-24”) ppm ppm

Small plot 8.0 7 132 25 30 8
Large plot 7.8 6 106 32 22 4

Appendix

Other Sources of Funding for this Project

  Minnesota Agricultural Fertilizer Research and Education 
Council grant through the Minnesota Department of  
Agriculture.

Publications

  An article which summarized the projects first year’s re-
sults was published in the late-fall 2011 edition of the Prairie 
Grains Magazine.  In addition, a presentation on the first 
year’s results will be given at the Prairie Grains Confer-
ence, December 7& 8, 2011at the Alerus Center in Grand 
Forks, ND and at the Grass Seed Institute on February 21, 
2012 in Roseau, MN.

Table 2:  Large plot wheat yield, test weight and protein in ‘Barlow’ spring wheat from various MAP 
and MES 10 treatments in 2011. Cooperator: Steve Helmstetter Roosevelt, MN.

Treatment Yield (bu/A) Test Weight (#/bu) Protein (%)
MES10 66.4 63.2 12.5
MAP 68.6 62.7 12.6
MES10+ESN 64.5 64.0 12.2
LSD (0.10) 4.6 1.1 0.6

Table 3:  Large plot wheat yield, test weight and protein in spring wheat from various MAP and  
MES 10 treatments in 2012. Cooperator: Richard Magnusson, Roseau, MN.

Treatment Yield (bu/A) Test Weight (#/bu) Protein (%)
MES10 71.3 61.9 16.0
MAP 66.1 61.9 15.8
MES10+ESN 68.5 61.7 15.9
LSD (0.10) NS NS NS
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Appendix (continued)

Table 4:  Small plot wheat yield, test weight, moisture, protein and visual color ratings in “Sampson’ spring wheat from 
various in furrow fertilizer treatments in 2011. Cooperator: U of Minnesota Magnusson Research Farm Roseau, MN.
Treatment In-furrow analysis Yield* Test weight Moisture Protein* Color**

Bu/A % % scale
MES10 9+30+30+7s 86.7 61.6 13.3 13.6 1.8
MES10+30# ESN 39+30+30+7s 89.3 61.1 13.5 13.6 1.3
MES10 (2x) 18+60+60+14s 89.2 61.5 13.9 13.7 1.8
MES15 9+30+30+14 88.1 61.1 13.7 13.5 2.3
MESZ 9+30+30+7s+1zn 89.0 61.7 13.5 13.5 1.3
MAP 7+30+30 88.6 61.3 13.9 13.8 1.5
No Starter None 81.8 61.6 13.6 13.6 3
MES10 Surface applied None 86.1 61.5 13.4 13.6 1.8
MES10+30#ESN 39+30+30+7s 89.5 61.1 13.6 13.9 1.3
MES10+60#ESN 69+30+30+7s 89.3 60.5 14.3 14.2 2
30#ESN 30+0+0 84.5 61.6 13.3 13.9 1.5
MES10+28%UAN at anthesis 9+30+30+7s 84.5 61.5 13.6 14.0 4
LSD (0.10) 4.5 0.7 0.7 0.3 1
*Corrected to 12% moisture   ** Visual rating 1 to 9 scale 1 green and 9 brown 

Table 5:  Small plot wheat yield, test weight, and protein in “Sampson’ spring wheat from various in furrow fertilizer 
treatments in 2012. Cooperator: U of Minnesota Magnusson Research Farm Roseau, MN.
Treatment In-furrow analysis Yield* Test weight Protein*

Bu/A %
MES10 9+30+30+7s 68.5 61.0 14.9
MES10+30# ESN 39+30+30+7s 63.0 60.6 15.8
MES10 (2x) + K20 (2x) 18+60+60+14s 74.9 60.8 14.9
MAP 7+30+30 68.3 61.2 15.5
No Starter None 43.6 61.1 16.8
MES10 Surface applied None 64.5 61.2 15.6
MES10+15#ESN 25+30+30+7s 70.7 61.0 15.2
MES10+60#ESN 69+30+30+7s 56.8 60.0 16.1
30#ESN 30+0+0 48.2 61.2 16.8
MES10+28%UAN at anthesis 9+30+30+7s 66.5 60.5 17.1
LSD (0.05) 4.8 0.3 0.5
*Corrected to 12% moisture

Year* April May June July Aug Sept Annual Total
2010 1.20 6.01 3.03 3.64 2.42 6.02 29.62
2011 3.14 2.63 3.87 2.38 1.63 0.89 17.72
2012 1.20 0.98 3.56 2.51 0.85 0.07
Mean** 1.43 2.44 3.50 3.23 2.91 2.43 22.25
*Precipitation data collected from Magnusson Research Farm and MN Climatology Working Group
** Precipitation data at Roseau, MN from 1891-2011. Source: Minnesota Climatology Working Group, St. Paul, MN for 
Means and 2010

Table 6: Precipitation totals from April through September at Roseau, MN in 2010 and 2011. 


