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Polycoated Urea to Enhance Fertilizer  
Utilization Efficiency 

Albert L. Sims, Northwest Research & Outreach Center, U of M

Research Question

1)  Evaluate, compare, and contrast the fertilizer N 
utilization of polycoated urea and straight urea by 
hard red spring wheat.
2)  Determine if hard red spring wheat varieties that 
vary in their grain yield and protein potential respond 
differently to the two sources of N

Results

General Comments:
Cold temperatures dominated 2009 throughout 

much of the small grain growing season.  This re-
sulted in later than normal grain harvest cause by de-
layed crop development.  It also resulted in remark-
able hard red spring wheat (HRSW) grain yields not 
only in this experiment, but also in commercial fields 
throughout the region.  Grain yields in experimental 
plots are frequently higher than those of the field in 
which the experiment is placed. Experimental plots 
are generally located in the better locations within the 
field.  The exceptionally high grain yields recorded 
for this experiment were probably higher than those 
experienced by most growers, but grower yields were 
also exceptional in 2009.  This experiment is a com-
parison study so treatment comparisons are still valid 
even though yields are higher than normal.  

Soil moisture conditions were good in the spring.  
Periodic rainfall throughout the growing season 
ensured little if any moisture stress.  At Site 1, there 
was a prolonged dry period in the middle of the 
growing season and large cracks in the soil were 
evident as the clay minerals shrank in response to 
water loss through evapotranspiration.  Nevertheless, 
there were no visible signs of moisture stress in the 
wheat crop at this site at any time during the growing 
season.

The experimental site conditions at planting were ok 
at Site 1 and perhaps less than ideal at Site 2 consid-
ering the planting equipment we use.  Both locations 
were cropped to soybean in 2008, but Site 2 had not 
been tilled the previous fall.  Prior to planting using 
a field cultivator the experimental area was tilled 
and as much soybean residue as possible removed 

from the area.  A second pass with the field cultivator 
improved conditions considerably, but there were is-
sues with plant stand due to excess soybean residue 
in isolated areas within the experimental area.  Site 
1 was tilled the previous fall and a pass with the field 
cultivator just prior to planting left a reasonably good 
seed bed to plant into.  Residual soil nitrate-N at 
planting time was 28 and 24 lbs. N A-1 at Sites 1 and 
2, respectively.  

Unforeseen plot-to-plot variability became evident 
at Site 2 as the growing season progressed.  This 
variability was greater than at Site 1 and was not ac-
counted for in our experimental design. Comparisons 
of four control (0 N) plots in each block or replica-
tion indicated a north south yield gradient within the 
experimental area with less grain yield on the south 
side than towards the north.  Statistical analysis of 
treatment comparisons were conducted after spatial 
variability was accounted for at Site 2.  Statistical 
analysis of Site 1 was conducted as normal for a 
randomized complete block design.

Grain Yield:
Treatment mean grain yields ranged from about 75 

to 120 bu A-1 at Site 1 and 45 to 115 bu A-1 at Site 2.  
There was a significant grain yield response to ap-
plied N rates and variety (Table 1).  But, there was no 
response to N source  and there was no significant 
interaction among the treatment factors.   Grain yield 
response to N rates was best described using qua-
dratic regression in most situations.  This indicates 
maximum grain yield was achieved at N rates less 
than the maximum used in this experiment.  Figure 
1 illustrates maximum yield was achieved with 90 to 
120 lbs. N A-1 at both sites regardless of N source or 
variety.  The one exception was at Site 2 where yield 
was still increasing at the highest rate of polycoated 
urea.  However, the highest yield with polycoated 
urea was the same as with straight urea.  Essentially, 
there was no difference in grain yield using either N 
source.  Knudson had greater grain yield than Alsen 
at all N rates, N sources, and at both sites. 
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Grain Protein Concentration (GPC) or  
Percentage:
Generally GPC will increase throughout the entire 

range of N rates used in most experiments even 
though yield may have leveled off at some N rate 
less than maximum.  GPC response to N rates in this 
experiment was no different.  GPC was significantly 
affected by applied N rates, N sources, and Variety 
at both sites (Table 1).  There was also a significant 
N source by Variety interaction at both locations and 
a N rate by N source interaction at Site 2.  At Site 1, 
GPC increased over 2 percentage points over the 
range of applied polycoated urea and just under 2 
percentage points over the range of applied straight 
urea (Fig 2).  Polycoated urea resulted in greater 
GPC than straight urea at Site 2 as well, but the 
response to N rates was more difficult to discern, no 
regression was applied to GPC response to N rates 
at Site 2 (Fig 2).  At both sites, Alsen had higher GPC 
than Knudson at all N rates (Fig 2).  The N source by 
Variety interaction was caused by GPC differences 
between N sources in Knudson being nearly twice 
that in Alsen.  Polycoated urea increased GPC 0.3 to 
0.5 percent compared to straight urea in Alsen.  This 
difference was 0.5 to 1.0 percent in Knudson.

Total Grain Protein:
The price paid for HRSW is often affected by the 

GPC.  While premiums of GPC over 14% are some-
times offered, more frequently a penalty is imposed 
for GPC under 14%.  In recent years, and especially 
in 2009, the excitement of substantial grain yields 
is often off-set by disappointment in the GPC.  GPC 
and grain yield are often inversely correlated.  That 
is, as grain yield increases GPC decreases. The 
total amount of protein produced in a given year may 
be similar to another year, but the higher grain yield 
dilutes the protein resulting in lower GPC.  Unfortu-
nately, it is almost impossible to measure total grain 
protein directly.  Total protein produced is the product 
of dry grain yield and GPC.  But, it may be informa-
tive to look at total grain protein production.  Total 
grain protein produced in response to the experimen-
tal factors is illustrated in Figure 3.  Total grain protein 
was significantly affected by N rates, N sources, 
Variety, and a N rate by N source interaction at Site 1 
(Table 1).  At Site 2, only N rate affected total pro-
tein produced (Table 1).  At Site 1, polycoated urea 
produced more protein than straight urea at all but 
the highest N rate.  Total protein reached maximum 
at 120 lbs. N A-1 with polycoated urea but increased 
throughout the entire range of straight urea.  Total 
protein response to N rates was similar for both N 

sources at Site 2.  Interestingly, Knudson produced 
more total protein than Alsen at all N rates at both 
sites. The interaction between N source and Variety 
at Site 1 was significant at the 0.08 level.  This was 
manifested in a 10% increase (averaged over all N 
rates) in total protein with polycoated urea compared 
to straight urea in Knudson.  There was very little dif-
ference between N sources in Alsen.

Conclusion:
The unusual growing conditions experienced in the 

two years of this trial make hard conclusions difficult.  
The 2008 growing season tended to be cool and 
dry resulting in straight urea producing more grain 
yield than polycoated urea.  It was hypothesized the 
cold, dry conditions inhibited diffusion and release 
of N from the polycoating.  This hypothesis was not 
tested.  At the same time,  grain protein concentra-
tion was enhanced with polycoated urea compared 
to straight urea.  The 2009 growing season was cold 
and moist.  This year there was no grain yield differ-
ence between the N sources, but polycoated urea 
produced greater grain protein concentration.  This 
suggests that polycoated urea may delay the release 
of at least some N until later in the growing season 
when available N can be absorbed and perhaps 
translocated to the grain as protein.  The evidence 
for this statement is speculative at best.  Interestingly, 
there may be some evidence to suggest that the 
biggest benefit of polycoated urea to increase protein 
may be in HRSW varieties that tend to put more 
resources into grain yield.  In 2009, the enhancement 
of grain protein production with polycoated urea com-
pared to straight urea was observed only in Knudson 
and not necessarily in Alsen.

Application/Use

Results of this experiment were still inclusive.  This 
year’s data suggests that if growers would have used 
polycoated urea as their N source instead of straight 
urea in the spring of 2009, grain protein concentra-
tion in the higher than normal yields may have been 
as much as 1% higher than they were and the price 
penalty for low protein may not have been as severe.  
However, polycoated urea is significantly more ex-
pensive than straight urea and given the differential 
yield response between polycoated urea and straight 
urea in other years,  recommendations to use poly-
coated urea will require more research. 

I believe some of the enhanced efficiency N 
sources currently on the market may hold promise 
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of possibly enhancing HRSW grain protein in some 
situations.  I am currently conducting a second 
experiment testing various combinations of urea and 
polycoated urea as well as multiple enhance effi-
ciency N sources.  This experiment is still in progress 
and the results will be available to growers in the next 
year or two.

Materials and Methods

  Experiments were conducted at 2 sites located 
about 10 miles apart near the Northwest Research 
and Outreach Center near Crookston, Minnesota.  
Site 1 was a Bearden sicl soil with 28 lbs. soil residu-
al nitrate-N A-1.  Site 2 was a Glyndon vfsl soil with 24 
lbs. soil residual nitrate-N A-1.  Previous crop at both 
sites was soybean.  Experimental design was Ran-
domized Complete Block with 4 blocks.  Both sites 
received broadcast application of P fertilizer prior to 
initial spring tillage and planting.  All plots were 25ft 
long and 5 ft wide.

  Treatments consisted of a 2 by 2 by 6 factorial treat-
ment design with 2 HRSW varieties, two N sources, 
and six applied N rates (including a 0 N control).  
The two HRSW varieties were Alsen and Knudson 
chosen for their inherit differences in grain yield and 
protein concentration differences.  Alsen tends to be 
a moderate yielding high protein concentration vari-
ety while Knudson tends to be a higher yielding mod-
erate protein concentration variety.  Both varieties 
were planted at 1.6 million seed per acre.  The two N 
sources were commercially available urea, referred 
to in this report as straight urea, and a polycoated 
urea (ESN, Agrium Inc).  Both sources of N were 
applied at rates to supply 0, 30, 60, 90, 120, and 150 
lbs. N A-1.  The fertilizer was hand broadcast on each 
plot just prior to spring tillage and planting.

  Weeds and disease were controlled with appro-
priate herbicides and fungicides.  Wheat was har-
vested on September 1, though the grain was very 
wet.  Grain was dried to keep it from spoiling prior to 
processing.  Processing consisted of weighing and 
measuring moisture content.  Grain yield was adjust-
ed for 13.5 % moisture.  Grain protein concentration 
was measured with NRI.

  Statistical analysis was done with Proc Mixed 
procedures in SAS 9.2 (SAS, 2007) .  At site 2, there 
was apparent spatial variability not accounted for 
in the experimental design.  A modified Proc Mixed 
procedure was used that adjusted plot values for the 

spatial variability to allow treatment comparisons.  
(Littell etal., 2006)

Related Research

  A second experiment is currently being conducted 
to evaluate various ratios of straight urea and poly-
coated urea and various other Enhanced Efficiency N 
sources.  

Recommended Future Research

  I, in cooperation with Jochum Wiersma,  have 
submitted a proposal to AFREC to examine the N 
uptake, distribution, and utilization of HRSW variet-
ies that vary in their yield and protein potential.  This 
work will not be directly applicable, but will help us 
identify how these varieties utilize the N they absorb  
and provide direction of future N management re-
search.  Another proposal has also been submitted 
to MWRPB to conduct a survey of Minnesota HRSW 
growers in an attempt to identify geographic regions 
where low grain protein may be a persistent problem.  
This work will help us identify geographic regions 
where more intense N management research should 
be conducted.
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Application/Use

Table 1.  Statistical table for the analysis of grain yield, grain protein concentration, and total grain protein 
content response to experimental factors of N rates, N sources, and Varieties at two experimental sites.

Site 1 Site 2
Gn Yield GPC§ Total Protein Gn Yield GPC§ Total Protein

Source of Variation ---------------------------------  significance level§§ --------------------------------------
N rates *** *** *** *** *** ***
   Linear contrast *** *** *** *** *** ***
   Quadratic contrast *** ns *** *** *** *

N source ns *** *** ns *** ns

N rate  by N source (0.08) ns *** ns *** ns
  Linear in PCU *** *** ** *** *** ***
  Quadratic in PCU *** ns *** (0.08) * ns
  Linear in Urea *** *** *** *** ** ***
  Quadratic in Urea *** ns *** *** ** *

Variety *** *** *** *** *** (0.08)

N rate by Variety ns *** ns ns *** ns
  Linear in Alsen *** *** *** *** *** ***
  Quadratic in Alsen *** Ns *** * ns (0.09)
  Linear in Knudson *** ** *** *** ** ***
  Quadratic in Knudson *** ns *** ** ** (0.10)

N source by Variety ns *** (0.08) ns * ns
§ GPC represents grain protein concentration or percentage
§§ ***, **,*, and ns represent significance at the 0.001, 0.01, 0.05, and non-significant, respectively.   
Significant levels greater than 0.05, but less than 0.10 are identified in parentheses.
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Figure 1.  Grain yield response to applied fertilizer N rates compared across two N sources and two hard 
red spring wheat varieties at two experimental sites.
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Figure 2.  Grain protein concentration response to applied fertilizer N rates compared across two 
N sources and two hard red spring wheat varieties at two experimental sites.
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Figure 3.  Total grain protein response to applied fertilizer N rates compared across two N 
sources and two hard red spring wheat varieties at two experimental sites.
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