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Mission Statement 

USDA-ARS Central Great Plains Research Station 

To enhance the economic and environments well-being of 

agriculture by development of integrate cropping systems and 

technologies for optimal utilization of soil and water resources. 

Emphasis is on efficient use of plant nutrients, pesticides, and 

water and soil conservation/preservation. 
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SUMMARY OF 2017 WEATHER 

CENTRAL GREAT PLAINS RESEARCH STATION 
AKRON, CO 

D.J. Poss
Dr. R.W. Shawcroft and M.F. Vigil 

The 2017 weather year can be characterized with warm temperatures and average precipitation. 
However, the precipitation was not evenly distributed, with the first half being well above average and the 
second half being below average.  As with any year, numerous records were set, primarily temperature 
records were set in 2017.  One precipitation record was set for April 27th when we received 0.89 inches of 
precipitation (recorded on 28 April; previous record was 0.48 inches).  Sixteen temperature records were 
broken and 8 were tied.  All records broken were either record highs or record high-minimums.  There was 
only one record low temperature (actually a tie) at 67 degrees on 8 August. 

The year 2017 was the 3rd warmest on record with the annual mean temperature of 52.06 degrees.  
The last three years have all been warm which currently rank 3rd, 4th, and 5th for the years 2017, 2016, and 
2015, respectively.  The maximum temperatures were the 3rd warmest whereas the minimum temperature 
were the 6th warmest.  Five of the seven warmest years on record have occurred since 2005.  We have 
certainly been warmer in recent years than previously.  This can also be indicated by looking at what years 
hold the record maximums and minimums.  There was not a single record low set for maximum, minimum, 
or mean monthly temperatures since the year 2000.  The most recent record low was in 1995 for the month 
of May when a record low was set for maximum and mean monthly temperature.  There has not been a 
record monthly low for minimum temperatures set since 1983 and the most recent prior to that was 1945.  
Even though the temperatures this year ranked very high, the number of days of 90+ and 100+ was very 
close to average at 5 days of 100+ and 45 days of 90+ when the averages are 4 and 44 days. 

Temperature summary: 
Monthly maximum, minimum, and mean temperatures are shown in tables 1, 2, and 3.  January 

was slightly warmer than average with a mean temperature of 1.14 degrees above the long-term average.  
As in recent years, the minimums were higher relative to the average minimums. The minimum 
temperatures were nearly two degrees above average in January 2017.  A weeklong cold front went through 
the area dropping temperatures to single digits and below zero for about a week starting January 3rd.   The 
lowest minimum for the year was recorded on the morning of January 6th at -14 degrees. 

While the temperatures in January were slightly above average, the temperatures in February were 
significantly above average at 38.7 degrees (long term average for February is 30.1 degrees).  The maximum 
temperatures in February were especially high at over eleven degrees above average.  The mean 
temperatures in February were the 2nd highest on record while the maximum was 4th and minimum was the 
11th highest.  Five records were broken in February, two for the highest maximum and three for the highest 
minimum.  The warm trend continued into March with similar statistics.  March was the 2nd warmest on 
record with the mean temperature at 9.1 degrees above the average.  The maximum was also the 2nd warmest 
while the minimum was the 6th warmest.  With the warm temperatures in February and March there was 
some concern of a repeat of a hot and dry 2012 (2012 did not have elevated temperatures until almost the 
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2nd week of March though).  Temperatures continued to be elevated but not to the extent of 2012, however 
precipitation was above average which will be discussed later. 

Temperatures in April continued to be above average but not nearly to the extent of February and 
March.  Monthly mean temperatures in April were 2.3 degrees above average.  The minimums in April 
were the 16th warmest on record. 

The month of May was only one of two months in which the monthly mean and maximum was 
below average.  Not a single month in 2017 had monthly minimums below average.  The monthly mean 
temperatures in May were 0.24 degrees below average, maximum temperature was 1.04 degrees below 
average and the minimum temperatures were very near average at 0.09 degrees above average.   

June brought temperatures that were above average again by about two degrees; the 28th warmest 
June on record. The month of July was also warmer than normal at a 93.06 degree average; which is 4.00 
degrees above average, the 13th warmest on record.  Even though the maximum temperatures relative to the 
average in July were more than the minimums or monthly mean, both the minimums and monthly mean 
ranked higher at 10th and 9th for minimum and monthly mean, respectively.  This is because the maximum 
temperatures have a tendency to fluctuate more due to differences in solar radiation during the day.  The 
standard deviation of the maximum is more than double the minimums at 8.0 degrees compared to 3.9 
degrees for the minimums.  Four of the five days of temperatures of 100 degrees or more, and 22 of the 45 
days of 90 degrees or more occurred in July. 

The month of August was the other month that was below average for both maximum and monthly 
mean temperatures at 1.03 and 0.69 degrees below average, respectively.  August was also the month that 
saw the only record low tied.  The minimum on the morning of August 8th was 67 degrees.  This record was 
originally set in 1915 and has not been tied since. 

For the remainder of the year the temperatures would remain elevated.  The monthly mean 
temperature during the month of September was 2.46 degrees above average.  The first twenty days of 
September were well above average with the maximum temperatures being about 3 ½ degrees above 
average for that time period.  The fifth day of 100 degrees or more occurred on September 4th.  This 
temperature tied the record set in 1960.   

Temperatures in October were seasonal, only slightly above at 0.2 degrees.  As with most months, 
there were still extremes within the month.  The maximum on October 10th was only 38 degrees, only one 
degree from tying the record, and 30 degrees below the average.  Then about a week later temperatures for 
five consecutive days were at least 14 degrees above average.   

November brought temperatures that were significantly above average, similar to February and 
March.  The average maximum temperature in November was 60 degrees which is nine degrees above 
average.  Sixty degrees for the average maximum is the 4th warmest on record for November.  The monthly 
minimum, while higher, was not above average as much as the maximum at 3.65 degrees above average, 
the 15th warmest on record.  Six record high temperatures were broken and one tied during November. 

The temperatures in December continued the November trend.  The first three weeks were very 
warm for a winter month.  The maximum temperatures were nearly twelve degrees above average at 53.2 
degrees for that time period.  The minimum and mean temperatures were similarly high.  However, starting 
on the 22nd of December temperatures dropped significantly.  For the last 1 ½ weeks of December the 
average maximum temperature was 9.3 degrees below average at 29 degrees.  The first three days of 
January 2018 continued to be cold similar to the end of December.  

For the year, the maximums were the 3rd highest on record at 66.92 degrees.  2012 was the warmest 
on record at 68.84 degrees.  The minimum was the 6th warmest on record with 2015 minimums setting the 
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record at 38.21 degrees.  The annual mean was 52.06 degrees with 2012 also setting the record at 53.40 
degrees.  All of the annual record lows were set in 1912. 
 With above average temperatures during the growing season growing degree-days were also 
above average.   There were 2,607 growing degree-days accumulated from May through September, which 
was about 5% above the average of 2,492 growing degree-days.   
 
Precipitation summary:   
 Precipitation in 2017 was only 0.10 inches above the long-term average at 16.58 inches (Tables 5 
& 6). The year did not start that way though with significant changes starting the month of March. The 
months March through June were all significantly above average; averaging 30% above for the four months.  
This early season precipitation produced outstanding winter wheat yields and a good start for the summer 
crops. June was the wettest month with 3.54 inches or 39% above average.  Three other months with 25% 
or more above average precipitation were January, March, and April. July was well below average receiving 
only 1.12 inches.  The months of August through October received precipitation amounts that were close 
to the long average for those months. 
 A late hailstorm went through the area on the evening of October 1st.  By this point, the only crops 
that we had in the field were corn and grain sorghum. The hail caused some shattering of the grain sorghum, 
estimated at about 10%, with no noticeable damage to the corn.   
 The fall and winter months, October through December were dry, receiving only about 25% of 
average.  Only 5.5 inches of snowfall was measured October through December 31 in 2017. All of the 
precipitation in November fell as rain indicating how warm it was compared to a ‘normal’ November. 
Snowfall during 2017 was well below average at 16.40 inches.  The largest snow event was 5.2 inches in 
early January, which provided six day of snow cover. 
 The driest month was December at 0.11 inches.  However, this is not uncommon since the expected 
precipitation in January is low.  November was the driest month relative to the long-term average at only 
24% of average; however December was just behind November at 26% of average.   
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USDA-ARS Research Station; Akron, CO
Table 1.  Average Monthly MAXIMUM Temperatures.

2017 110-Year 2017 Rank
MONTH Average Average Departure High/Low Average Year Average Year

deg F deg F deg F deg F deg F
JAN 38.87 38.64 0.23 61/47 52.35 2006 20.77 1937
FEB 54.18 42.93 11.25 4/104 55.96 1954 28.61 1929
MAR 62.55 50.61 11.94 2/106 64.23 2012 28.74 1912
APR 62.83 60.77 2.07 35/76 69.87 1908 45.67 1920
MAY 69.10 70.13 -1.03 68/43 81.90 1934 57.48 1995
JUN 84.23 81.65 2.58 29/82 92.87 2012 70.03 1928
JUL 93.06 89.07 4.00 13/98 97.58 1954 81.16 1915
AUG 85.61 86.98 -1.37 70/41 93.84 1937 77.48 1927
SEP 80.53 78.24 2.29 35/76 85.77 1998 65.63 1965
OCT 66.06 65.88 0.18 61/47 75.48 2016 50.77 1969
NOV 59.93 50.94 8.99 4/104 62.23 1949 33.03 1929
DEC 45.42 40.44 4.98 21/87 51.61 1947 22.35 1983
Annual 66.92 63.09 3.83 3/105 68.84 2012 57.95 1912

Table 2.  Average Monthly MINIMUM Temperatures.
2017 110-Year 2017 Rank

MONTH Average Average Departure High/Low Average Year Average Year
deg F deg F deg F deg F deg F

JAN 15.03 13.11 1.92 44/64 22.94 1953 -5.26 1937
FEB 23.18 17.20 5.98 11/96 26.55 1992 2.24 1936
MAR 29.74 23.63 6.11 6/102 32.19 2007 11.03 1912
APR 35.07 32.59 2.47 16/95 39.97 2012 26.10 1920
MAY 43.16 42.51 0.65 41/69 48.61 1934 29.27 1917
JUN 53.87 52.12 1.75 25/86 58.63 2015 46.00 1945
JUL 61.00 58.27 2.73 10/101 62.61 1966 54.10 1915
AUG 56.45 56.36 0.09 51/59 62.06 2007 52.19 1920
SEP 49.57 47.05 2.52 19/91 53.83 2013 41.17 1912
OCT 35.29 35.08 0.21 48/59 43.03 1963 28.94 1917
NOV 27.00 23.35 3.65 15/93 30.20 2016 13.97 1929
DEC 16.35 15.04 1.31 44/64 21.90 1946 3.06 1983
Annual 37.21 34.79 2.42 6/102 38.21 2015 31.76 1912

Table 3.  Average Monthly MEAN Temperatures.
2017 110-Year 2017 Rank

MONTH Average Average Departure High/Low Average Year Average Year
deg F deg F deg F deg F deg F

JAN 26.95 25.81 1.14 55/53 37.60 2006 7.76 1937
FEB 38.68 30.08 8.60 2/106 41.09 1954 16.00 1929
MAR 46.15 37.06 9.08 2/106 47.66 2012 19.89 1912
APR 48.95 46.65 2.30 31/80 54.22 2012 35.88 1920
MAY 56.13 56.37 -0.24 56/55 65.26 1934 48.05 1995
JUN 69.05 66.90 2.15 28/83 75.07 2012 59.05 1945
JUL 77.03 73.73 3.30 9/102 79.94 1934 67.63 1915
AUG 71.03 71.72 -0.69 64/47 77.02 2011 65.32 1927
SEP 65.05 62.59 2.46 30/81 69.10 2015 53.82 1965
OCT 50.68 50.46 0.22 51/56 59.05 1963 40.74 1969
NOV 43.47 37.12 6.35 6/102 45.77 1949&2016 23.50 1929
DEC 30.89 27.71 3.17 27/81 36.31 1980 12.71 1983
Annual 52.06 48.94 3.12 3/105 53.40 2012 37.53 1912

Record High Record Low

2017 TEMPERATURES

Record High Record Low

Record High Record Low

5



MONTH 2017 Average 2017 Average 2017 Average >=90 >=100 <=55 >=90 >=100 <=55
in. in. deg F deg F deg F deg F

MAY 2.96 2.93 56.1 56.3 305 319 0 0 31 1.0 0.0 30.3
JUN 3.54 2.46 69.1 66.9 547 491 5 0 20 7.7 0.7 21.1
JUL 1.12 2.61 77.0 73.7 710 646 22 4 4 16.6 2.2 8.0
AUG 2.17 2.16 71.0 71.7 603 609 9 0 11 13.7 0.8 12.7
SEP 1.25 1.27 65.1 62.6 443 427 9 1 24 5.1 0.1 26.2
TOTAL 11.04 11.43 67.7 66.2 2607 2492 45 5 90 44.0 3.8 98.2

29% 3% 59% 29% 2% 64%

Table 5.  Precipitation Amounts by Month, USDA-ARS Research Station, Akron, CO.
2017 110-yr. % of High Low 2017 110-yr Depart. % of 

MONTH TOTAL Average Depart. Average Total Year Total Year Cum Avg Cum Cum. Average
in. in. in. in. in. in. in. in.

JAN 0.43 0.32 0.11 132% 1.51 1988 0.00 6 yrs 0.43 0.32 0.11 132%
FEB 0.16 0.36 -0.20 44% 1.68 1915 0.00 9 yrs 0.59 0.69 -0.10 86%
MAR 1.45 0.84 0.61 174% 3.06 1909 0.00 1908 2.04 1.52 0.52 134%
APR 2.37 1.66 0.71 143% 5.19 1915 0.17 1928 4.41 3.18 1.23 139%
MAY 2.96 2.93 0.03 101% 7.79 1917 0.13 1974 7.37 6.11 1.26 121%
JUN 3.54 2.46 1.08 144% 6.11 1965 0.12 2012 10.91 8.57 2.34 127%
JUL 1.12 2.61 -1.49 43% 7.22 1946 0.10 2002 12.03 11.18 0.85 108%
AUG 2.17 2.16 0.01 101% 7.36 1918 0.08 2011 14.20 13.34 0.86 106%
SEP 1.25 1.27 -0.02 99% 4.83 1950 0.00 1978 15.45 14.61 0.84 106%
OCT 0.89 0.91 -0.02 97% 3.71 1993 0.00 4 yrs 16.34 15.52 0.82 105%
NOV 0.13 0.54 -0.41 24% 2.67 1946 0.00 3 yrs 16.47 16.06 0.41 103%
DEC 0.11 0.42 -0.31 26% 3.27 1913 0.00 4 yrs 16.58 16.48 0.10 101%

TOTAL 16.58 16.48 0.10 101% 26.79 1946 8.71 2012 16.58 16.48 0.10 101%

Mean Number of Days

Table 4.  Summer Growing Season Rainfall, Temperature, and Growing Degree Days Summary at 
USDA-ARS Research Station, Akron, CO.

2017 GROWING SEASON

2017 Precipitation

% of total (153) days in 5 months.

Precipitation Degree Days
Growing

Avg Mean Temp Number of Days in 2017
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Table 6.  Precipitation in 2017 by Day.  Data time period is Midnight to Midnight.
Day of Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Month

1 0.08 0.47
2 0.02 0.01 0.05 1.15 0.02
3 0.03 0.06 0.01 0.08
4 0.30 0.03
5 0.01 0.04
6 1.12
7 0.01 1.96 0.37 0.01 0.03
8 0.93 0.01
9 0.08 0.18 0.27
10 0.02 0.16 0.19
11 0.01 0.30
12 0.02 0.01
13
14 0.04 0.03 0.02
15 0.03 0.02
16 0.13 0.29
17 0.08 0.03 0.12
18 0.26
19 0.43
20 0.13 0.13
21 0.88 0.02 0.97 0.01 T
22 0.24 0.01
23 0.02 0.17 T 0.89 0.05
24 0.14 1.00 0.06 0.05 0.04
25 0.07 0.03 0.02 T
26 0.03 0.22 0.01 0.01
27 0.89 0.01
28 0.04 0.25 0.02 0.10 0.03
29 0.06 0.01 0.03
30 0.03 0.06 0.01 T
31 0.15 0.12 0.05

by Month Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec
Sum 0.43 0.20 1.49 2.29 3.08 3.42 1.12 2.17 1.25 0.89 0.13 0.11

110-yr Mean 0.32 0.36 0.84 1.66 2.93 2.46 2.61 2.15 1.27 0.92 0.54 0.42
Departure 0.11 -0.16 0.65 0.63 0.15 0.96 -1.49 0.02 -0.02 -0.03 -0.41 -0.31

% of Mean 132% 55% 178% 138% 105% 139% 43% 101% 99% 97% 24% 26%
Cumulative

Cum. 0.43 0.63 2.12 4.41 7.49 10.91 12.03 14.20 15.45 16.34 16.47 16.58
110-yr Mean 0.32 0.69 1.52 3.19 6.11 8.57 11.19 13.34 14.61 15.52 16.06 16.48

Departure 0.11 -0.06 0.60 1.22 1.38 2.34 0.84 0.86 0.84 0.82 0.41 0.10
% of Mean 132% 92% 139% 138% 123% 127% 108% 106% 106% 105% 103% 101%

2017 PRECIPITATION

-------------------------------------------------- inches --------------------------------------------------
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2017 TEMPERATURES
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2017 PRECIPITATION
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2017 GROWING DEGREE DAYS
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DRYLAND WINTER WHEAT VARIETY PERFORMANCE TRIAL 

J.J. Johnson, S. Haley, S. Jones, E. Asfeld, and M.F. Vigil 
 
PROBLEM:  Colorado dryland wheat producers need access to reliable and unbiased crop 
performance information to help make variety selection decisions.  The wheat variety testing 
program helps Colorado wheat farmers evaluate top yielding lines from both public and private 
entities and gives them variety trial results to assist them in their planting decisions. 
 
APPROACH:  A total of 46 varieties from six states, four companies, and four marketing 
organizations were tested during the 2016-2017 growing season at 11 dryland locations across 
eastern Colorado.  The Akron trial was planted on September 14, 2016 using a wheat drill with 
10 inch row spacings.  Starter N was applied at a rate of 8 pounds per acre, along with 28 pounds 
per acre of phosphorus.  Herbicides applied included Affinity BroadSpec, Velomax, and 2,4-D 
LV6 on April 20th.  The trial was harvested on July 7, 2017 using a modified Case IH plot 
combine.  The plot area was about 180 square feet (6 feet wide by 30 feet long) and the trial was 
planted at a seeding rate of 700,000 viable seeds per acre.   
 
RESULTS:  The trial was planted into moisture and received rain the day after planting.  We 
had average stand establishment. The topsoil was dry down to 4" by mid-November.  It was very 
dry from mid-October through mid-March.  The wheat received consistent and significant 
rainfall from late March through mid-June.  By early May, growing degree-day accumulation 
was 10 days ahead of the long-term average. Significant infection of stripe and leaf rusts were 
observed in addition to mite-transmitted virus symptoms caused by WSMV and HPWMoV. A 
few russian wheat aphids were also found in the trial. 

The trial averaged 92.4 bushels per acre with a difference of 55.1 bushels per acre between the 
highest (CO13D1299) and lowest (Loma) yielding varieties (Table 1).  Four of the top five 
highest yielding varieties were experimental or Colorado State University/PlainsGold lines, 
while the remaining top yielding variety was from Kansas Wheat Alliance.  CO13D1299, the top 
yielding variety and a CSU experimental, had a test weight right at trial average.  The varieties 
with good stripe rust resistance had the highest yields in the trial due to the heavy rust pressure. 

Table 1. 2016-2017 Dryland Winter Wheat Variety Performance Trial at Akron 

Variety Brand/Source 
Market 
Class Yield 

Test 
Weight 

Plant 
Height Stripe Rust 

   
bu/ac lb/bu in score (1-9)a 

Langin PlainsGold HRW 107.7 61.4 34 3 
Joe Kansas Wheat Alliance HWW 107.1 60.0 38 2 
WB-Grainfield WestBred Monsanto HRW 100.4 61.6 37 3 
Sunshine PlainsGold HWW 99.8 57.5 34 5 
Antero PlainsGold HWW 98.0 59.5 38 3 
Oakley CL Kansas Wheat Alliance HRW 96.0 58.9 38 2 
SY Rugged AgriPro Syngenta HRW 95.6 58.4 32 3 
Ruth Husker Genetics HRW 94.9 59.4 37 3 
Byrd PlainsGold HRW 93.5 60.0 38 7 
SY Wolf AgriPro Syngenta HRW 92.1 57.1 34 5 
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Tatanka Kansas Wheat Alliance HRW 92.0 60.5 36 4 
Hatcher PlainsGold HRW 91.8 58.8 36 4 
Snowmass PlainsGold HWW 90.3 59.0 39 8 
Larry Kansas Wheat Alliance HRW 90.3 59.3 37 2 
SY Monument AgriPro Syngenta HRW 88.6 58.1 33 3 
Avery PlainsGold HRW 88.6 59.8 37 7 
LCS Mint Limagrain Cereal Seeds HRW 88.5 60.1 36 5 
WB4462 WestBred Monsanto HRW 87.4 60.2 40 7 
Brawl CL Plus PlainsGold HRW 85.9 59.0 39 7 
LCS Chrome Limagrain Cereal Seeds HRW 85.9 59.1 35 2 
WB4721 WestBred Monsanto HRW 85.2 60.8 35 3 
TAM 114 AGSECO HRW 84.4 59.0 35 2 
Denali PlainsGold HRW 82.7 58.3 39 8 
Winterhawk WestBred Monsanto HRW 81.1 58.5 35 7 
Cowboy Crop Research Foundation of WY HRW 80.8 55.6 34 8 
Settler CL Husker Genetics HRW 80.6 56.1 35 8 
Loma Montana State University HRW 54.6 54.3 34 4 
Experimentals 

      CO13D1299 Colorado State University exp. HWW 109.7 58.9 36 3 
CO13D1638 Colorado State University exp. HWW 106.3 59.1 39 2 
CO12D597 Colorado State University exp. HRW 103.7 59.3 37 3 
CO13D1714 Colorado State University exp. HWW 102.2 59.7 38 3 
CO13W187 Colorado State University exp. HWW 100.2 61.2 37 3 
CO12D296 Colorado State University exp. HRW 99.6 60.8 33 2 
CO12D1770 Colorado State University exp. HRW 99.1 60.4 32 3 
CO13D1783 Colorado State University exp. HRW 98.8 56.6 40 2 
CO12D2011 Colorado State University exp. HWW 98.6 61.2 37 3 
CO13D1383 Colorado State University exp. HWW 96.8 59.5 37 3 
CO13D0787 Colorado State University exp. HRW 96.2 60.6 37 2 
CO13D1379 Colorado State University exp. HWW 94.8 58.4 33 4 
CO12M0367 Colorado State University exp. HRW 94.6 57.3 37 4 
CO13D1479 Colorado State University exp. HWW 94.4 58.8 35 2 
CO13D1164 Colorado State University exp. HWW 93.9 60.5 38 3 
CO13003C Colorado State University exp. HRW 93.6 58.0 38 7 
CO13D2042 Colorado State University exp. HWW 86.3 60.1 36 2 
CO14A058 Colorado State University exp. HRW 80.1 53.6 37 7 
CO14A065 Colorado State University exp. HRW 79.6 53.8 37 6 

 
Average 

 
92.4 58.9 36 4 

 
bLSD (P<0.30) 

 
 3.3 

   aStripe rust score reflects overall reaction (1=resistant to 9=susceptible) to stripe rust infection. 
bIf the difference between two variety yields equals or exceeds the LSD value, there is a 70% chance the 
difference is significant.  Variety yields in bold are in the top LSD group. 

FUTURE PLANS:  Another wheat variety performance trial has already been planted at Akron 
and our other locations for the 2017-2018 growing season. The trial results will provide reliable 
and unbiased results for wheat producers to assist with planting decisions in fall 2018. 

12



WHEAT COLLABORATIVE ON-FARM TESTS (COFT) RESULTS 

J.J. Johnson, W. Trujillo, R. Meyer, D. Kaan, J. Spring, K. Roesch, and S. Jones 
 
PROBLEM:  The objective of the on-farm testing program is to compare the performance of 
wheat varieties that are of most interest to Colorado farmers. The COFT program provides 
unbiased information on varieties that are tested under farm field-scale conditions with farmer 
equipment. The COFT program is in its 21st year and the majority of Colorado’s winter wheat 
acreage is planted to varieties that have been tested in the program. On-farm testing leads to 
more rapid replacement of older inferior varieties and wider adoption of improved varieties.   

APPROACH:  In the fall of 2016, over thirty eastern Colorado wheat producers received seed of 
the four varieties and planted them in side-by-side strips under the same conditions as the wheat 
in the rest of the field. Four varieties were tested in 2016-2017: Langin (newly released HRW), 
Denali (HRW), Sunshine (high quality HWW), Avery (newer HRW). 
 
RESULTS:  In 2017, there were extremes in yield across Colorado. The highest yielding strip 
was over 92 bu/acre while the lowest recorded yield this year was 11 bu/acre. Twenty-four viable 
harvest results were obtained. Failed tests were due to drought conditions and hail. Yields were 
affected by stripe rust, winter drought, viruses, and hail. The varieties tested in COFT this year 
fit different farmer needs.  Langin is a newly released early maturity HRW variety that is high-
yielding and has high test weight.  Avery is a newer HRW option that is medium-maturing and 
has average test weight.  Farmers wanting to grow white wheat with high exceptional quality 
should consider Sunshine, which has average test weight and had high protein this season.  
Denali is a great HRW option that is medium-late maturing and has above-average protein. It is 
very important to use results from multiple locations.  Don’t select a variety to plant based upon 
the results from a single on-farm test. Combined, the 2017 COFT results are a powerful tool for 
selecting varieties.  

FUTURE PLANS:  More COFT tests have already been planted for the 2017-2018 growing 
season. The following varieties included this year: Avery, Breck (new HWW release), Byrd, 
Langin, and Snowmass. The results will provide information and unbiased results for wheat 
producers to assist with planting decisions in fall 2018.   

Table 1. 2017-2018 Collaborative On-Farm Test (COFT) Variety Performance Results 

Variety Yielda Test Weight Protein 

 
bu/ac lb/bu percent 

Langin 56.9 59.2 10.6 
Avery 52.4 58.6 10.6 
Sunshine 49.9 58.9 11.4 
Denali 48.2 57.8 11.0 
Average 65.8 58.6 10.9 
LSD(0.30) 1.8 0.4 

 aYield corrected to 12% moisture. 
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DRYLAND CORN HYBRID PERFORMANCE TRIAL 

J.J. Johnson, S. Jones, E. Asfeld, and M.F. Vigil 
 
PROBLEM:  Colorado dryland corn producers need access to reliable and unbiased crop 
performance information from a non-commercial source to help make hybrid selection decisions 
for their production system.  New and improved corn hybrids are being released every year, and 
keeping up with these new releases and comparing their performance to previously tested lines 
makes hybrid performance trials an important resource. 
 
APPROACH:  Twelve cultivars from four seed companies were tested at Akron in 2017 using a 
randomized complete block design with four replications.  The corn variety trial was planted on 
May 25th into a Weld silt loam soil.  The trial was planted to achieve a target population of 
13,000 plants per acre and nitrogen was applied shortly after planting at a rate of 50 pounds per 
acre. Herbicides applied were glyphosate at 2 qt/ac, Status at 3 oz/ac, Starane at 4 oz/ac, Sterling 
Blue at 3 oz/ac, and Harness Xtra at 2.3 qt/ac applied on June 13th.  All hybrids entered into the 
performance trials were Roundup Ready hybrids.  The trial was harvested on October 29th. 
 
Table 1. Dryland Corn Variety Performance Trial at Akron in 2017 

Brand Hybrid 
Insect and Herbicide 
Technology Traitsa Yieldb 

Relative 
Maturityc Moisture 

Test 
Weight 

Ear 
Height Population Lodging 

   
bu/ac 

 
percent lb/bu in plants/ac percent 

Pioneer P0805AM AM, RR2, LL 76.0 108 13.8 58.9 30 12,778 7 
NuTech 5F-601 AM, RR2, LL 66.9 101 13.2 59.0 27 12,705 6 
Allegiant 10117 VT2PRIB VT2PRIB, RR2 65.2 101 12.7 59.2 24 12,778 0 
Dyna-Gro Seed D44VC36 VT2Pro, RR2 62.3 104 12.8 57.6 27 13,286 0 
Dyna-Gro Seed D47VC29 VT2Pro, RR2 62.1 107 13.1 59.0 27 12,560 1 
Dyna-Gro Seed D46VC62 VT2Pro, RR2 61.4 107 13.3 59.5 27 13,141 1 
Dyna-Gro Seed D39DC43 VT2Pro, RR2 59.0 99 12.7 57.9 26 12,415 1 
Dyna-Gro Seed D41VC71 VT2Pro, RR2 56.7 101 13.4 59.5 26 12,778 12 
Dyna-Gro Seed D41SS71 STXRIB, RR2, LL 53.6 102 13.5 59.5 26 12,560 26 
Dyna-Gro Seed D45VC65 VT2Pro, RR2 53.3 105 13.0 60.5 29 12,124 3 
Dyna-Gro Seed D45SS65 STXRIB, RR2, LL 52.3 105 13.2 60.2 31 12,705 0 
Allegiant 9458 VT2PRIB VT2PRIB, RR2 50.7 94 12.8 58.6 25 12,560 13 
Average 

  
60.0 103 13.1 59.1 27 12,699 6 

dLSD (P<0.30) 
  

5.6 
      aTechnology trait designations: AM=Optimum AcreMax; LL=LibertyLink; RR2=Roundup Ready 2; STXRIB=Genuity SmartStax Refuge 

in the Bag Complete; VT2PRIB=Genuity VecTran Double Protection Refuge in the Bag Complete; VT2Pro=Genuity VecTran Double 
Protection. 
bYields corrected to 15.5% moisture.         
cRelative maturity is provided by the respective companies and is the approximate time from planting to harvest maturity.   
The method of calculation of the relative maturity ratings may vary among companies. 
dIf the difference between two hybrid yields equals or exceeds the LSD value, there is a 70% chance the difference is significant. 
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RESULTS: The 2017 dryland corn trial had an average grain yield of 60 bushels per acre, which 
is above the average long-term yield at Akron.  The trial was planted into good soil moisture and 
it experienced hail in early August.  It was very dry from mid-June through mid-July, but timely 
rains in late July and early August helped increase yield substantially.  The difference between 
the highest and lowest yielding hybrids was 25 bushels per acre, and the highest yielding hybrid 
(P0805AM at 76 bu/ac) yielded significantly higher than the 2nd highest yielding hybrid (5F-601 
at 66.9 bu/ac). 
 
FUTURE PLANS:  This trial will be conducted again in 2018, with new hybrids being included 
along with older, previously tested hybrids.  
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FIELD-BASED MEASUREMENTS OF SOIL QUALITY AND IMPLICATIONS FOR 
PROSO MILLET PERFORMANCE 

 
F.J. Calderón  

 
PROBLEM: Field scale soil variability in the Central Great Plains can result in less than expected 
crop yields due to poor crop growth in relatively areas scattered within fields. It is not uncommon 
in our region to see yellow patches of Proso millet, corn, or sorghum, because they are highly 
sensitive to  soil quality issues like high soil pH, which is indicative of shallow soils in which the 
caliche layer is partially exposed. Crops establishment and subsequent yields are sometime 
spatially variable due to soil moisture, residue, and/or soil quality distribution in the field. Our next 
project plan for the station will focus on field level studies to quantify the variability in crop yields 
at a fine scale, and how variable seeding and fertilizer rates can improve poor soils in low yielding 
portions of the field. 

With that in mind, the objective of this work 
is to test if diffuse reflectance infrared 
spectroscopy (FTIR) can be used to quickly 
and easily to determine fine scale variations 
in soil quality, and also relate the FTIR data 
to crop growth parameters. FTIR has been 
used in my lab to study soil organic matter 
chemistry, and this would be the next step in 
this line of research. Soil FTIR spectra have 
important information related to soil 
characteristics such as carbonates, clay, 
silicates, as well as several peaks for different 
forms of resistant and labile forms of organic 
matter. Recent FTIR analyzers have been 
made portable, enabling direct field 
measurements that bypass laboratory work 
and sample processing. 
 
APPROACH: The purpose of this research 
was to get detailed measurements of soil and 
yield field variability, and determine if FTIR 
data could be related to the productivity of a 
millet crop. We started the experiment in 
2016, and for two summers now we have 

established and sampled grids within proso millet fields, 3 different grids per year.  Besides a 
detailed FTIR sampling of each grid (top 1 inch of soil, as well as direct field measurements taken 
with a portable instrument), the grids were also sampled for soil total carbon and nitrogen 
sampling, canopy cover using photographic data, normalized difference red edge index (NDRE), 
and normalized difference vegetation index (NDVI). Proso head counts were carried out in August 
each year. 
 

Figure 1. One of the three experimental 
fields, 2017, showing field variability in 
the millet establishment. 
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RESULTS: The three fields studied in 2017 showed different extents of field spatial variability, 
with gaps where the grids had reduced germination and chlorosis. Figure 2 shows one of the fields 
and a clear gradient in NDRE, which is a measure of plant greenness. The main research question 
then becomes: How does this millet growth variability relates to soil quality as measured by 
spectroscopy? 

The FTIR readings taken at the soil 
surface were highly variable and 
noisy, and are thus not presented here.   
The spectra from the laboratory-based 
spectrometer show a number of 
absorbance bands that offer 
information about soil quality 
variations within the grids. The FTIR 
data from the three different fields 
indicates clear between-field 
variations associated by the different 
soil types.  Because of this, the 
relationship between spectral data and 
the millet yield parameters was 
explored for each grid separately.  
Figure 3 shows a multivariate analysis 
of the spectral data.  This type of 
analysis is necessary because mid 

infrared spectra are made up of more than 1800 absorbance points, so the data needs to be reduced 
to a few components to illustrate how the absorbances relate to a variable, such as NDRE in this 
case. The analysis shows clearly that grid points that vary in the millet plant health also have 
specific FTIR spectral properties.  This is a strong indication that the spectral data is able to “see” 
soil properties that have a relationship with field crop performance variability. The absorbance 

Figure 2.  NDRE of field S6 during millet 
development 

Figure 3. Field S14 N, PCA of IR data. Different symbols represent several NDRE 
ranges. 
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bands that are responsible for the separation of the soils with high NDRE include 1650 and 1480 
cm-1. Absorbance at 1650 cm-1 represents amide C=O, and other forms of C=O, C=C and/or C-O
in soil organic matter. Absorbance at 1480 cm-1 could be due to CH or C=C. Absorbance at 2515

cm-1 is due to carbonates, and while it is higher in the high NDRE grid points, it did not have a 
strong influence in the results of the multivariate analysis. The clay band around 3630 cm-1 was 
also higher in the soils with high NDRE. The spectral band at 1340 cm-1 was stronger in grid points 
with poor plant health. This band could be indicative of some forms of C-O bonds in soil organic 
matter.
The three grids examined in 2017 all showed that spectral data could be used to tell apart the more 
productive sols from the leass productive soils. The specific absorbances that were useful for the 
separation sometimes varied between grids, indicating that soil type needs to be taken into 
consideration when relating the spectal data to plant performance.

FUTURE PLANS: We plan to incorporate the FTIR approach into the broader long term 
experiments that are being planned as part of the new 5 year project plan for the station.  The 
interaction of soil quality, as determined from FTIR, with crop yield spatial variability for two 
types of dryland rotations will be evaluated. Our results to date show that potentially, the use of 
FTIR to inform variable planting rates and variable fertilizer applications might be a valuable tool 
for achieving more uniform fields with high dryland yields. 

2515 

1340 

Figure 4.  Component loadings for the PCA in Figure 3. 
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IMPACTS OF RESIDUE REMOVAL ON IRRIGATED CORN PRODUCTION 

J.P. Schneekloth, F.J. Calderon, D.C. Nielsen and M.F. Vigil 

PROBLEM:  Continual removal of corn residue can have significant impacts on soil properties 
as well as the potential productivity without the additional input of nutrients to offset those 
removed in the residue.  A study began in 2014 at Akron, CO looking at the impact of residue 
removal and tillage upon the soil characteristics important to crop production as well as crop 
production and the economics.  Two tillage treatments, No-Till (NT) and Tilled (T) were 
incorporated with residue removal (NR) and no residue removal (R). 

APPROACH:  Tillage and residue management treatments were initiated in 2014 on irrigated 
continuous corn plots at Akron, CO.  Residue was harvested in the spring or fall prior to the 
planting season depending upon conditions after harvest.  Tillage was done after residue removal 
and prior to planting. 

Measurements of infiltration rates were taken in the fall (August or September) each year after the 
majority of the irrigation season was over.  A Cornell Infiltrometer was utilized to make several 
measurements of time to first runoff, total infiltration and steady state infiltration. 

RESULTS:  One of the benefits of residue and reduced tillage has been the resulting increase in 
infiltration by previous research.  Increasing tillage destroys macro and micro pore structure which 
reduced infiltration of water.  Maintaining or increasing infiltration is important for irrigation 
sprinkler package design to reduce runoff potential without increasing system pressure to increase 
the wetted diameter and reduce the maximum application rate.  In the fall of 2014 to 2017, a 
Cornell Infiltrometer was used to measure infiltration patterns of the treatments to determine the 
impact of tillage and residue management. 

When looking at what the main impact to total infiltration of tillage or residue management (Figure 
1), residue was the significant impact in 2 of the 4 years and for the average of the 4 years.  
However, residue management (average of NT and T), residue removal significantly impacted 
total infiltration.  In 2016, no significant impact to total infiltration were observed.  No intense 
precipitation or irrigation events occurred until after full canopy development.  In 2017, tillage and 
residue management were not significant but there was a significant tillage x residue interaction. 
NT/R was significantly better than NT/NR.  With no residue cover or tillage to mix soils, removing 
residue had a significant impact.  We hypothesize that the degradation of the soil surface is having 
a major impact on infiltration. 

Impacts of main treatments of tillage and residue management (Figure 2) show no impact on steady 
state infiltration in each of the 4 years as well as the average of the 4 years.  At this point in time 
with 4 years of management, leaving the residue in the field tends to have slightly higher steady 
state infiltration while tillage management has no impact but there is a trend to show for a tillage 
x residue interaction showing that NT may be more impacted by residue removal than tilled. 

Time to first runoff can show water movement potential on fields with greater slopes and the 
potential for soil erosion. Time to first runoff (data not shown) has a strong statistical to residue 
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management while tillage management is not significant.  There is a residue x tillage interaction 
which shows that residue removal with no till is significantly different than when residue remains 
with no till in the field.   
 

 
Figure 1.  Impact of tillage and residue management on total infiltration. 

 
Figure 2.  Impact of tillage and residue management on steady state infiltration. 

FUTURE PLANS:  The plan is to continue this study as a long term residue and tillage 
management study.  This study will continue in its current format for at least 2 more years with 
full irrigation management as the primary water management.   
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SOIL CHEMICAL PROPERTIES INFLUENCED BY LONG-TERM TILLAGE AND 
FERTILIZER  

M.M. Mikha, A.K. Obour, and J.D. Holman

PROBLEM:   In the semi-arid environment of the Great Plains Region, long-term cropping with 
fertilizer N as the only nutrient source could have a potentially reduce soil macronutrients and 
micronutrients content.  The reduction in soil macronutrients and micronutrients, in the semi-arid 
environment, may intensify due to the following: (1) low crop biomass production; (2) nutrients 
removal with grain yield; (3) drought conditions; (4) low residue decomposition rate; and (5) the 
inclusion of fallow period within the cropping system.  Residue decomposition rate could be 
critical because a portion of soil nutrient uptake by crop could return to the soil through residue 
decomposition process.  The drought condition could slow crop residue or soil organic matter 
(SOM) decomposition process and slow the nutrient replacement necessary for crop production. 
Therefore, nutrients addition could be required to compensate for the nutrient removal by grain.  
In the meantime, the inclusion of grain sorghum crop as a high biomass production crop in rotation 
could be economically beneficial to the producers, increase land productivity, and improve SOM. 

OBJECTIVE:   This study assesses the long-term tillage practices tillage [clean tillage (CT), 
reduced tillage (RT), and no-tillage (NT)] and different fertilizer N rates addition (0, 20, 40 and 
60 lb N ac-1) on soil macronutrients and micronutrients content in dryland cropping system of 
winter wheat–sorghum-fallow (W-S-F). 

APPROACH:   In 1965, a study site was organized at the Kansas State University, Agricultural 
Research Center near Hays, Kansas.  Three tillage treatments were designated for clean tillage 
(CT), reduced tillage (RT), and no-tillage (NT) with plot size of 67 ft by 100 ft for the each 
individual tillage.  The cropping system was maintained in winter wheat-sorghum-fallow (W-S-F) 
from the start of the study until present. The soil series is Harney silt loam (fine, montmorillonite, 
mesic Typic Agriustoll).  The slop of the field ranged between 0 to 7%.  The mean annual 
precipitation is approximately 22 to 23 inches (146 years average), where 77% of the precipitation 
is received from April to September of every year (Table 1).  Soil texture at the surface 0-6 inches 
depth ranged from 32 to 56% sand, 18 to 43% silt, and 24 to 36% clay. Mean annual temperature 
is approximately 53.6 OF. 

Crop residue was incorporated by plowing and disking up to 6 inch depth using a tandem disk, 
a one-way plow and a mulch treader with the CT treatment. Tillage of approximately 3 to 4 
operations was performed during the fallow phase of the CT treatments and prior to winter wheat 
planting.  The residue was left on the soil surface with the RT treatment and the tillage operations 
were done with a V-blade or sweep plow.  Prior to winter wheat planting and during the fallow 
phase of the RT treatments, approximately 2 tillage operations were performed.  However, one 
tillage operation was conducted in both CT and RT treatments prior to sorghum planting. 
Herbicides were used to control weed during the fallow period with NT treatment. Appropriate 
herbicides were used as needed for weed control across all tillage practices during the growing 
season. Two to four applications of glyphosate [isopropylamine salt of N-(phosphonomethyl) 
glycine] and 2,4-dichlorophenoxyacetic acid were applied to kill emerged weeds prior to winter 
wheat planting.  Urea was considered as N fertilizer source after ammonium nitrate was 
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discontinued in 2002. The N fertilizer rates were applied from the beginning of the study at 0, 20, 
40 and 60 lb/ac. The N fertilizer was broadcasted in the fall prior to wheat planting and 
incorporated in the RT and CT treatments while fertilizer addition remained on the soil surface 
under NT treatment. Soil test for available P were medium to high and exchangeable potassium 
(K) are inherently high in this soil. Therefore, fertilizer other than N was not added throughout the 
50-yr study period. The three tillage treatments were arranged in randomized complete blocks with 
four replications as the main plots and N rates were considered the sub-plot factor. 

 

Soil samples were taken during the fallow phase from each plot in May of 2015. Soil cores 
were randomly collected from each plot at 0-6 inches depth. The samples were air-dried and fine 
ground for different soil nutrients evaluation. Tillage treatments, N-rates, and depth effects on soil 
chemical properties were tested. All results were considered significantly different at the P < 0.05.  
  

Table 1.  Yearly precipitation and 145 years average at Hays, Kansas.  The black bold 
text represents wheat and sorghum growing season.  The (*) represents the 
precipitation period that calculate the seasonal precipitation for both crops.  The blue 
color represents the precipitation sorghum growing season.    
 --------------------------------------- Year ----------------------------------------

 Months 2013 2014 
Average 

1868-2012 
 ---------------------------------------- Inch ---------------------------------------

 
January 0.70 0.16 0.44 
February 1.19 0.92 0.72 
March 0.78 0.17 1.24 
April 1.06 0.91 2.07 
May 2.16 0.82 3.18 
June 2.73 9.45 3.33 
July 7.08 2.36 3.22 
August 0.59 1.64 2.91 
September 2.98 5.94 2.15 
October   0.99* 2.15 1.41 
November   1.16* 0.05 0.83 
December 0.05 0.73 0.65 
Yearly Total 21.53 25.30 22.15 
Wheat Growing Season   14.63 16.33 
Sorghum Growing Season 17.69  17.03 
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RESULTS:  In 2014, wheat grain yield was significantly influenced by N rates, but not by tillage 
treatments (Fig. 1A).  The wheat yield associated with control treatment (0-N rate) was 
significantly lower than any other N rates at any tillage treatment.  Wheat yield was not influenced 
by different N rates addition.  Sorghum grain yield increased as the addition of the N  
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Figure 1.  Wheat and sorghum grain yield as influenced by tillage practices and N rates (20, 40, 
and 60 lb N ac-1). The NT represents no-tillage; RT represents reduce tillage; and CT represents 
clean tillage. The error bars represent standard errors of the mean. The different lowercase letters 
represent significant differences among N-rates within each tillage practice (P < 0.05). 
 
rate increased compared with control treatment (Fig 1B).  In the NT treatment, the addition of 60 
lb N/ ac greatly increase sorghum grain yield compared with 20 lb N/ac and the control where the 
yield amount associated with 40 lb N/ac was no different than any other N treatment.  In the CT 
treatment, sorghum grain yield was greatly with 60 lb N/ac than the control treatment where the 
yield amount associated with 40 and 60 lb N/ac were no different than any other treatment.   The 
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sorghum grain yield associated with RT treatment and 40 lb N/ac was greater than the control 
treatment where the yield associated with 20 and 60 lb N/ac were no different than any other 
treatment.  In general, grain yield did not respond positively to increase N rate addition which 
could be related to other soil nutrients that are necessary for crop production. 

The SOM was influenced by tillage treatments at 0-6 inches depth, but not by N rates (Fig.2A).  
Significant amount of SOM was observed with RT and NT compared with CT which was probably 
related to less soil disturbance and less soil mixing with crop residue and SOM.  The deep soil 
disturbance (approximately 6 inches deep) with CT treatment promotes SOM and crop residue 
decomposition and thus reduced over all SOM content compared with RT and NT treatments. The 
increase N rate addition from the control (0-N) to the 60 lb N/ac did not improve SOM at any 
tillage treatments (Fig.2A). The low response of SOM to the N rate addition could  
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Figure 2.  Soil macronutrients content at 0-6 inch depth influenced by tillage practices and N rates 
(20, 40, and 60 lb N ac-1). The NT represents no-tillage; RT represents reduce tillage; and CT 
represents clean tillage.  The error bars represent standard errors of the mean. The lowercase letter 
represents significant (p ≤ 0.05) differences among tillage treatment for SOM.   
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probably be related to the low response of wheat yield (Fig. 1A) to the increase of N rate addition.  
The increase in sorghum grain yield with increasing N rates (Fig. 1B) did not increase SOM 
compared with the control treatment.  

Soil macronutrient mass such phosphorus (P) and potassium (K) did not increase with higher 
N rates or with changing the tillage treatments (Fig.2B and 2C).  Soil P and K mass associated 
with different N rates showed a potential to be lower than the control treatment especially with NT 
(Fig.2B).  The potential reduction with soil P associated with different N rates at NT treatment 
could be associated with increasing grain yield and thus grain P uptake that was removed from 
soil.  The potential P reduction associate with increasing N rate was more pronounced with NT 
than the other tillage practices (RT and CT).  The lack of soil disturbance with NT and low SOM 
decomposition, that possibly replenish soil P, could also contribute to the potential reduction in 
soil P compared with RT and CT treatments.  
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Figure 3.  Soil micronutrients content at 0-6 inch depth influenced by tillage practices and N 
rates (20, 40, and 60 lb N ac-1). The NT represents no-tillage; RT represents reduce tillage; and 
CT represents clean tillage.  The error bars represent standard errors of the mean.   
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Soil micronutrients such as iron (Fe), manganese (Mn), and zinc (Zn) were not significantly 
influenced by N rates or tillage treatments (Fig 3). There was a potential to increase soil 
micronutrients, specifically Fe and Mn (Fig 3D and 3E), with increasing N rates, but soil Zn mass 
associated with different N rates remained similar to soil Zn associate with control treatment (Fig 
3F).    

 
CONCLUSIONS:  Increasing yield with increasing N rates was not enough to increase SOM 
compared with control. There was a potential to decrease soil P content with increasing grain yield.  
The potential in decreasing soil P was expected because of the continual P removal with grain 
yield and no fertilizer P addition since the beginning of this study.  Therefore, the addition of some 
nutrients, specifically P, is necessary to be considered in the future management of this study site 
to further improve productivity and sustain soil nutrients necessary for crop production.    
 

 
FUTURE PLANS: Some soil parameters will be evaluated in the new National Program (216) 
project plan “Sustainable Agricultural Systems Research” for this location that will be finalized 
in the near future.  
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CROP ROTATION AND TILLAGE EFFECTS ON WATER USE AND YIELD OF 
ALTERNATIVE CROP ROTATIONS FOR THE CENTRAL GREAT PLAINS 

D.C. Nielsen, M.F. Vigil, M.M Mikha, F.J. Calderón, and D. Poss

PROBLEM:  Increased use of conservation tillage practices has made more soil moisture 
available for crop production in the central Great Plains, thereby providing greater opportunities 
for more intensive crop production as compared with conventional wheat-fallow.  Information is 
needed regarding water use patterns, rooting depth, water use/yield relationships, precipitation 
storage and use efficiencies, and water stress effects on crops grown in proposed alternative 
rotations for the central Great Plains. 

APPROACH: Nine rotations [W-F(CT), W-F(NT), W-C-F(NT), W-M-F(NT), W-C-M(NT), W-
C(skip row)-F(NT), W-Sorg(skip row)-F(NT), W-M-SAF-F(NT), W-SAF-M-PEA(NT)] are 
used for intensive measurements of water use and water stress effects on yield.  (W:winter 
wheat, C:corn, F:fallow,  M:proso millet, Sorg:grain sorghum,  SAF:safflower, PEA:pea; 
CT:conventional till, NT:no  till).  Additionally, several flexible rotations (Flx) are measured in 
which the cropping choice decision is made based on expected yield calculated from measured 
starting soil water content and assumed average growing season precipitation. GC in the W-GC 
rotation stands for grain crop and the choice of grain crop is made similarly to the decision for 
the Flx crops. A rotation consisting only of forage crops (FSor-FM-FTrt) is also included (where 
FSor:forage sorghum, FM:foxtail millet, FTrt:forage triticale). Measurements include soil water 
content, leaf area index, above-ground biomass, grain yield, residue cover, and precipitation. 

RESULTS:  

Rotation Crop 
ET 
(in) 

Yield 
(lb/a) Rotation Crop 

ET 
(in) 

Yield 
(lb/a) 

W-F(CT) wheat 19.19 3802 W-M-SAF-F safflower 13.83 397 
W-F(NT) wheat 18.18 3786 W-SAF-M-PEA safflower 11.66 122 
W-C-F wheat 18.74 3526 W-C-F corn 10.53 3551 
W-M-F wheat 18.67 4038 W-C*-F corn 9.96 3024 
W-Sorg*-F wheat 19.38 3939 W-C-M corn 10.15 3022 
W-C-M wheat 12.60 1416 W-GC corn 10.89 3106 
W-C*-F wheat 18.13 3811 W-M-F millet 7.67 1306 
W-M-SAF-F wheat 17.32 4344 W-C-M millet 7.17 714 
W-SAF-M-PEA wheat 11.54 543 W-M-SAF-F millet 7.42 1647 
W-FSor-Flx wheat 13.71 2284 W-SAF-M-PEA millet 7.51 814 
W-Flx-Flx wheat 12.66 1200 W-FSor-Flx forage sorghum 7.35 6338 
W-GC wheat 12.38 2111 FSor-FM-FTrt forage sorghum 4.83 4368 
W-SAF-M-PEA pea 9.44 725 FSor-FM-FTrt forage millet 6.49 3982 
W-Flx-Flx† pea 9.34 947 FSor-FM-FTrt forage triticale 5.67 3070 
W-Flx†-Flx sorghum 12.38 1498 W-FSor-Flx forage pea 9.33 4638 
W-Sorg*-F sorghum 14.07 1652 

* indicates “plant 2 skip 2” skip row planting configuration
† indicates the current phase of the rotation

INTERPRETATION:  Wheat yields ranged from 4344 lb/a (72 bu/a) for W-M-Saf-F to 543 
lb/a (9 bu/a) for W-SAF-M-PEA. Sorghum planted in the skip row configuration yielded 1652 
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lb/a (30 bu/a), while sorghum planted in conventional 30” rows in the W-Flx-Flx rotation yielded 
1498 lb/a (27 bu/a). Surprisingly, corn yields were much greater than sorghum yields and corn 
used less water than grain sorghum. Safflower yields were disappointingly low. All four 
rotations with millet showed similar amounts of millet water use, but yields for millet following 
pea or corn were approximately half of the millet yield following fallow. The greatest forage 
yield was seen for the forage sorghum (6339 lb/a in the rotation where forage sorghum followed 
wheat and for forage pea (4638 lb/a).  
 
FUTURE PLANS: The experiment will be significantly reduced in 2018 with only yields being 
measured in a few of the rotations and no measurements of water use, leaf area index, and 
biomass. 
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DEFINING A DRYLAND GRAIN SORGHUM PRODUCTION FUNCTION FOR THE 
CENTRAL GREAT PLAINS 

 
D.C. Nielsen and M.F. Vigil 

 
PROBLEM:  Grain sorghum is a potential alternative crop for the Central Great Plains. 
Advantages for the crop include being less expensive to produce than corn and being less prone 
to catastrophic yield reductions due to very dry conditions during flowering. Having a valid 
water use/yield production function would aid farmers in assessing the risk involved in growing 
grain sorghum under the widely varying precipitation conditions from year to year and across the 
region. However, a published water use/yield production function for northeast Colorado and the 
surrounding areas is not available, and a published relationship from the Texas Panhandle does 
not appear to show grain sorghum yield being as responsive to water use as would be expected 
considering that sorghum is a C4 plant. The objective of this study is to determine the water 
use/yield production function for grain sorghum grown in northeastern Colorado. 
 
APPROACH: Water use and yield data previously collected in years 2006 to 2016 in the 
ongoing Alternative Crop Rotation (ACR) experiment and from a graded water experiment 
(SPF) conducted in 2016 at Akron were combined. The ACR data point from 2012 was omitted 
because of the severe drought conditions experienced that year. The two data SPF data points 
from the two highest irrigation treatments were also omitted due to N deficiency that likely 
resulted from our inadequate N fertilizer application rate (60 lb N/a) that was insufficient to take 
advantage of the increased water availability. Linear regression was performed on the remaining 
data points to define the water use-yield production function.  

 
RESULTS:  
A water use-yield production function was 
determined that had a slope of 30.2 kg/ha 
per mm of water use (685 lb/a per inch) and 
water use offset of 259 mm (10.2 inches). 
This slope is very reasonable for a C4 plant 
growing in this region of the Great Plains.  
 

INTERPRETATION: The water use-yield 
production function provides a useful decision 
support tool that farmers can use to determine 
production risk. As an example we used the long-
term precipitation record (5 June to 4 October) at 
Akron along with four levels of plant available 
soil water at sorghum planting to get probability 
distributions of expected minimum grain yields. 
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The figure indicates that with 111 mm (4.4 inches) of plant available water stored in the soil 
profile at planting there would be a 16% chance of producing a yield of at least 4000 kg/ha (64 
bu/a). However, with 259 mm (10.2 inches) of plant available water at planting there would be a 
92% chance of producing at least 4000 kg/ha.  
 
FUTURE PLANS: This work was published in Agronomy Journal in 2017 (Nielsen, D.C., and 
M.F. Vigil. 2017. Defining a dryland grain sorghum production function for the Central Great 
Plains. Agron. J. 109:1582-1590. doi:10.2134/agronj2017.03.0131). No further work is planned. 
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WATER USE AND ENVIRONMENTAL PARAMETERS INFLUENCE PROSO 
MILLET YIELD 

 
D.C. Nielsen and M.F. Vigil 

 
PROBLEM: Proso millet is a short-season, drought-tolerant C4 species capable of making use 
of limited available water supplies and is suitable for dryland crop rotations in the Central Great 
Plains. Previously published water use/yield production functions for proso millet have slopes 
lower than reported for other C4 species in this region. The objectives of this experiment were to 
determine the water-limited yield relationship for proso millet and to identify environmental 
factors that cause yields to be lower than predicted by the water-limited yield relationship. 
  
APPROACH: Water use and yield data were obtained from a long-term crop rotation 
experiment conducted under dryland conditions in northeast Colorado from 1995 to 2016. Proso 
millet grown in 18 different crop rotations (2-yr, 3-yr, 4-yr, opportunity cropping). Variation in 
available soil water at planting and millet water use in a given year occurred because of 
differences in water use by the various preceding crops, which were wheat, corn, sunflower, 
safflower, or pea. Each phase of each rotation appeared every year. Individual plot size was 9.1 
by 30.5 m with east-west row direction. Each year of the study had three replications of each 
rotation. Soil water was measured at two locations near the center of each plot at 0.3-m intervals 
with a neutron probe. The depth intervals were 0.3-0.6 m, 0.6-0.9 m, 0.9-1.2 m, 1.2-1.5 m, and 
1.5-1.8 m, with the neutron probe source centered on each interval. Volumetric soil water in the 
0.0-0.3 m surface layer was determined using time-domain reflectometry with 0.3-m waveguides 
installed vertically approximately 40 cm from the neutron probe measurement site to average the 
water content over the entire layer. Water use was computed by the water balance method. 
Stepwise linear regression analysis was used to determine important environmental factors 
influencing yield, such as water use, plant available water at planting, timing of precipitation, 
pan evaporation, windiness, and high temperatures.  
 
RESULTS: The scatter plot of yield vs. water use (Fig. 1, upper panel) shows wide variation in 
the response from year to year. The water-limited frontier line was determined to be 
 
Yield [kg/ha] = 32.57 X (Water Use [mm] – 114) or 
Yield [lb/a] = 738.6 X (Water Use [in] – 4.48) 
 

The slope of this water-limited frontier line is similar to that reported previously by us for 
grain sorghum (30.2 kg ha-1 per mm of water use) and seems to be appropriate for a C4 species 
grown in this region. However, there are a great many years in which the yields produced by a 
given water use fall far below the water-limited yield frontier line.  

The stepwise linear regression analysis determined that the most important factors 
influencing millet yield were water use, plant available water at planting, precipitation during 12-
18 August (which all increased yield); and number of days in July and August when daily 
maximum temperature was greater than 36oC, maximum wind gust during the week before 
swathing, and average daily wind run during the week before swathing (which all decreased 
yield). 
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INTERPRETATION: All six of the 
parameters defining the regression make 
sense with regards to influencing proso 
millet yield. It is not likely that the six-
parameter regression model that was found 
to predict proso millet yields reasonably well 
in this study will be a useful prediction tool 
for farmers in this region because access to 
all of the necessary data is not easily 
obtained. However, when such data do exist 
they could be used with the regression model 
to construct cumulative probability yield 
exceedance graphs that farmers could use to 
assess production risk. The regression 
parameters identified as important to 
predicting proso millet yield suggest that 
plant breeding efforts should be directed 
towards improving shattering resistance and 
heat tolerance and that cropping systems 
management changes should be directed 
towards crop sequencing and no-till production methods that increase surface crop residues that 
improve precipitation storage during the non-crop period prior to proso millet planting to 
maximize available soil water at millet planting.  
 
FUTURE PLANS: The results of this analysis were recently published in Field Crops Research. 
No further work is anticipated. (Nielsen, D.C., and M.F. Vigil. 2017. Water use and 
environmental parameters influence proso millet yield. Field Crops Res. 212:34-44. 
doi:10.1016/j.fcr.2017.06.025)
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WHEAT YIELD AND YIELD STABILITY OF EIGHT DRYLAND CROP ROTATIONS 

 
D.C. Nielsen and M.F. Vigil 

 
PROBLEM: The winter wheat-fallow (WF) dryland production system employed in the Central 
Great Plains has evolved over the past 40 years to include a diversity of other crops, with a 
reduction in fallow frequency. Wheat remains the base crop for essentially all cropping systems. 
Decisions to change a farming system benefit from information about average wheat yields, yield 
stability, and probabilities of obtaining a specified minimum wheat yield. The objective of this 
experiment was to quantify wheat yields, yield stability, and the probability of obtaining a 
specified minimum yield in eight dryland rotational systems varying in cropping intensity. 
 
APPROACH: The study was conducted over a 24-yr period (1993-2016) at Akron, CO using 
yield data from eight crop rotations varying in length of rotation cycle (2-yr, 3-yr, 4-yr) and 
cropping intensity (CI, 0.50, 0.67, 0.75, 1.00; 0.50 is one crop in two years, 0.67 is two crops in 
three years, etc.). Variation in available soil water at wheat planting in a given year occurred 
because of differences in water use by the various preceding crops in the rotation (proso millet, 
corn, or pea), or the intensity of the rotation. Each phase of each rotation appeared every year. 
Individual plot size was 9.1 by 30.5 m with east-west row direction. Each year of the study had 
three replications of each rotation. Yield stability was characterized with six stability measures 
[range, standard deviation, coefficient of variability (CV), linear regression slope of yield on 
mean yield, POLAR stability index, Wricke ecovalence]. The probability of obtaining a yield 
less than 1500 kg ha-1 was also calculated for each rotation. 
 
RESULTS:  

Wheat yields were greatest in rotations where wheat followed a fallow period and least 
where wheat followed millet production. Rotations ranked from most stable to least stable wheat 
production (averaged over the six stability measures) were WF(NT), WF(CT), WMF, WCMP, 
WCM, WCMF, WM, WCF.  
 
Yield stability indicator ranks for winter wheat yield at Akron, CO (1993-2016) 
Rotation Range SD CV Slope† POLAR‡ Wi2§ Average 

Rank 
WF(NT) 1 2 1 2 2 3 1.8 
WF(CT) 2 1 5 1 1 4 2.3 

WMF 4 3 2 4 4 1 3.0 
WCMP 3 5 6 5 5 7 5.2 
WCM 6 4 8 3 3 8 5.3 

WCMF 8 6 3 7 7 2 5.5 
WM 5 7 7 6 6 5 6.0 
WCF 7 8 4 8 8 6 6.8 

†Slope of the yield vs mean yield line 
‡ POLAR is the Power Law Residuals as described in the text (Dӧring et al., 2015) 
§ Wi2 is the Wricke ecovalence  (Wricke, 1962; Stelluti et al., 2007) 
(W=wheat, C=corn, M=proso millet, P=pea, F=fallow, CT=conventional tillage, NT=no till) 
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INTERPRETATION: The six measures of yield stability shown in the table above exhibit 
some variability in relative rank by rotation. WF(CT) and WF(NT) were ranked as either the 
most stable or second most stable rotations by four of the stability measures. WCF was ranked as 
least stable or second to least stable rotation by four of the stability measures. WCMF was 
ranked as the least stable or second to least stable rotation by three of the stability measures. 
WMF was ranked as the fourth most stable rotation by three of the stability measures, the most 
stable rotation by the Wricke ecovalance, and second most stable rotation by CV. Two of the 
stability measures (slope of the yield vs mean yield line and the POLAR stability index) gave the 
same stability rank order, with WF(CT) and WF(NT) as most stable and WCMF and WCF as 
least stable. The WCF rotation ranked as the least stable rotation according to the average rank 
shown in the table because it showed the second greatest yield range, greatest standard deviation 
of yield, and the greatest yield response to favorable environmental conditions (greatest slope of 
yield vs mean yield line).  

The probability of producing less than 1500 kg ha-1 (22.3 bu a-1) was very low for 
rotations with wheat following fallow (about 0.03) and much higher for wheat following pea 
(0.35) or millet (0.48 to 0.58). The study results identified the WMF rotation as an intensified 
rotation with relatively high average wheat yields and yield stability. 
 
FUTURE PLANS: The results of this analysis will soon be published in Agronomy Journal, and 
are currently available at https://dl.sciencesocieties.org/publications/aj/first-look . A number of 
other analyses of data collected as part of the long-term Alternative Crop Rotation study are 
being planned. 
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INFLUENCE OF LATITUDE ON THE U.S. GREAT PLAINS EAST-WEST 
PRECIPITATION GRADIENT 

D.C. Nielsen

PROBLEM: Precipitation varies greatly from east to west across the US Great Plains. Farmers 
would have a better means of understanding the applicability of cropping systems research done 
in one part of the Great Plains to their specific location if they had an understanding of the rate of 
change of precipitation with east-west direction at their latitude. The objective of this analysis 
was to determine if a consistent, predictive relationship exists between the east-west precipitation 
gradient and latitude in the Great Plains. 

APPROACH: The east-west precipitation gradient was determined for 15 transects from Texas 
to North Dakota. Average annual precipitation data were obtained for pairs of locations at 15 
different mean latitudes from www.usclimatedata.com , with one location on the west side of the 
Great Plains (approximately 103.6o W) and the other on the east side of the Great Plains 
(approximately 95.6o W). The distances between paired locations at a given latitude were 
obtained from www.distancefromto.net. The precipitation gradient (km for a one mm change in 
precipitation) for each of the 15 latitudinal pairs was calculated as the distance between paired 
locations divided by the precipitation difference between the paired locations. The 15 
precipitation gradients were plotted against mean latitude (www.findlatitudeandlongitude.com) 
and several equations were fit to the data points using the curve fitting facility of SigmaPlot 
(Systat Software, Inc. San Jose, CA).  

RESULTS: The precipitation change 
with distance was found to be fairly 
constant at latitudes below 38o N, with 
precipitation changing rapidly with east-
west distance (about one mm every 0.85 
km or one inch every 13.4 miles). Along 
the Topeka, KS to Hugo, CO transect 
(36.08o N) precipitation changes one mm 
every 1.28 km (one inch every 20.2 
miles). Along the Omaha, NE to 
Cheyenne, WY transect (41.20o N) 
precipitation changes one mm every 1.99 
km (one inch every 31.4 miles). At the 
northern most transect (Grafton to 
Grenora, ND, 48.52o N), the 
precipitation changes one mm every 3.87 km (one inch every 61.1 miles). The data points of 
precipitation gradient vs latitude clearly exhibited a curvilinear form with very little change in 
the precipitation gradient at latitudes south of 38o N.  The distance required to obtain a set 
change in precipitation increased at a nearly constant rate with increasing latitude at latitudes 
north of 38o N. 
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INTERPRETATION: The rate at which precipitation changes in an east-west direction at a 
given latitude is easily and adequately quantified by either quadratic or cubic polynomial 
relationships; 2- or 3-parameter exponential relationships; or by a 2-stage linear relationship 
using latitude as the independent variable. We implemented the quadratic polynomial 
relationship (PrecGrad [mi/inch] = 237.9172 – 13.7724*LAT + 0.2096*LAT2)  
into a simple Excel spreadsheet calculator, available at  
 
(https://www.researchgate.net/publication/320880003_Precipitation_Gradient_Calculator)  
 
to use as a decision support tool. The support tool predicted a precipitation gradient of 24.9 miles 
for an inch change at 40.8o N (the mean latitude between Lincoln, NE and Scottsbluff, NE). This 
is essentially the same value as given by Martin (2012) for the precipitation gradient across 
Nebraska. However, using this single value to characterize the precipitation gradient across all of 
Nebraska would be inadequate because of the rapid change in the precipitation gradient with 
latitude. For southern Nebraska (Stratton to Falls City, average latitude of 40.11o N) the 
precipitation gradient is 22.7 miles per inch, while in northern Nebraska (Chadron to Hartington, 
average latitude of 42.72o N) the precipitation gradient is 32.1 miles per inch. This relationship 
and the decision support tool will be useful for farmers to quickly assess the likely transferability 
of research results that may be precipitation-dependent from one location to another location east 
or west of that first location. 
 
FUTURE PLANS: This work has been submitted to Agricultural and Environmental Letters 
and is currently under review. No further work is planned. 
 
REFERENCES:  
Martin, D.L., 2012. Deficit irrigation management. Deficit Irrigation Management Workshop for 
Limited Annual and Multiyear Water Supplies. 7 Dec. 2012. Gothenberg, NE. 
(https://www.youtube.com/watch?v=Nfb0WwPNvt0&feature=youtu.be)  
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PROBABILITIES OF HAVING MINIMUM AMOUNTS OF AVAILABLE SOIL 
WATER AT WHEAT PLANTING 

D.C. Nielsen and M.F. Vigil

PROBLEM: Winter wheat-fallow (WF) remains a prominent cropping system throughout the 
Central Great Plains despite documentation confirming the inefficiency of precipitation storage 
during the second summer fallow period. Wheat yield is greatly influenced by available soil 
water at planting, and that quantity will be influenced by cropping intensity, tillage intensity, 
crop grown prior to winter wheat planting, and length of the non-crop period prior to winter 
wheat planting. Because winter wheat is such an important part of dryland cropping systems in 
the Central Great Plains, farmers’ perceptions of the impact that a diverse intensive cropping 
system may have on the average yield and yield variability of the wheat phase of a system can 
influence a farmer’s decision regarding increasing the system’s cropping intensity (reducing 
fallow frequency). Farmers in this region of the Central Great Plains interested in intensifying 
their cropping systems beyond the traditional WF production system would benefit from having 
a reliable measure of the probability of having a minimum amount of available soil water at 
planting under varying cropping system intensities and previous crops in order to assess the risk 
involved in making such a cropping system change. The objective of this study was to determine 
the effect of cropping system intensity, tillage, and crop prior to wheat planting on available soil 
water at planting and the probabilities of having certain minimum amounts of available soil 
water at wheat planting. 

APPROACH: Available soil water was measured with a neutron probe and a TDR system at six 
depths (0-180 cm) at wheat planting for nine cropping systems varying in fallow frequency, 
tillage intensity, and crop prior to wheat over a 25-yr period (1992-2016) at Akron, CO. Each 
rotation treatment was replicated three times and each individual plot had two soil water 
measurement locations. The effect of rotation on mean available soil water at planting was 
determined by analysis of variance. Cumulative probability exceedance graphs of available soil 
water at wheat planting were created by ordering the measured available soil water values from 
smallest to largest for each rotation over the 25-year period and then plotting the yield against the 
cumulative probability for each of the 25 steps over the observation period. 

RESULTS: Available soil water at wheat 
planting was found to be greatest for NT 
and RT systems in which a fallow period of 
12 to 14 months preceded wheat planting. 
The lowest amounts of available soil water 
at wheat planting were found for the 
continuously cropped rotations. The 
cumulative probability exceedance graphs 
of available soil water at planting fell into 
three groupings: 1) the five rotations which 
had a no till or reduced till fallow period 
prior to the next wheat crop; 2) the WF 
(conventional till) rotation; 3) the three 

37



rotations with either pea (Pisum sativum L.) or proso millet (Panicum miliaceum L.) prior to the 
next wheat crop.  
 
 
INTERPRETATION: A fallow 
period prior to wheat planting allows 
for restoration of soil water used by the 
previous crop. Elimination of the 
fallow period by growing pea or proso 
millet does not allow for replenishing 
the soil water profile prior to planting 
wheat and the available soil water is 54 
to 61% (129 to 144 mm) lower than if 
fallow had been used (WF(NT)). 
Because there is wide variation in the 
amount of precipitation that falls 
during the non-crop period prior to 
planting wheat as well as year-to-year 
variation in the amount of soil water 
used by the crop prior to wheat, there is wide variation for each cropping system in the amount 
of available soil water at wheat planting.  
 The probability of having at least 150 mm (5.9 in, 50% of field capacity) of available soil 
water at wheat planting is 10 to 20% for the continuously cropping systems, 45% for the 
WF(CT) system, and 90 to 100% for the systems where wheat is preceded by a fallow period. 
These graphs provide a valuable decision support tool for helping farmers assess risk in moving 
from a WF cropping system to a system of greater cropping intensity and diversity. 
 
FUTURE PLANS: This work has been submitted to Field Crops Research and is currently 
being revised following review. A number of other analyses of data collected as part of the long-
term Alternative Crop Rotation study are being planned. 
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DROUGHT GENETICS HAVE LITTLE INFLUENCE ON CORN WATER STRESS 
UNDER VARYING WATER AVAILABILITY 

D.C. Nielsen and J.P. Schneekloth

PROBLEM: Irrigated corn in the Great Plains will be increasingly grown under limited 
irrigation management and greater water stress. Hybrids with drought genetics may decrease the 
impacts of water stress on yield. The objective of this experiment was to evaluate the effect of 
drought genetics on corn water stress, water use, grain yield, yield components, and water use 
efficiency under varying water availability.   

APPROACH: A three-year (2009-2011) study was conducted at Akron, CO in which corn water 
use, Crop Water Stress (CWSI) index by infrared thermometry, stomatal conductance, yield, and 
yield components were measured for isolines of three corn hybrids with and without drought 
genetics grown under three water treatments (fully irrigated, no irrigation until just prior to 
tasseling followed by full irrigation, and limited irrigation throughout the growing season). 

RESULTS: Due to timely rainfall in 2009, levels of water stress did not develop to adequately 
test the effects of the drought genetics. However, in that year and in the other two years under the 
fully irrigated treatment there was no evidence of the drought genetics causing a yield drag. In 
2010 and 2011 the CWSI and stomatal conductance measurements indicated adequate levels of 
water stress developed to test the effect of the drought genetics. We did not observe a consistent 
effect of drought genetics on water use, yield, or water use efficiency under water stress in those 
two years. However, there was a 7% increase in kernels per plant in 2011 and a 5% increase in 
1000 kernel weight in 2010 due to the presence of the drought gene. 

INTERPRETATION: It does not appear that the drought genetics tested in this experiment 
produced any consistent effect on mitigating water stress in corn or on corn water use and yield 
under varying levels and timings of water stress. Further research may be needed in which 
consistent levels of water stress are imposed during reproductive and grain-filling growth stages 
in order to verify the effects of drought genetics on corn yield. 

FUTURE PLANS: This work has been submitted to Agronomy Journal and is currently being 
revised following review. No further work is planned.  
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MANAGING SUMMER CROP YIELD VARIABILITY IN THE GREAT PLAINS 
REGION 

M.F. Vigil, D.J. Poss

PROBLEM:  Dryland corn has been a key crop in many producers’ cropping sequence the last 25 
years.  The number of dryland corn acres has varied from year to year due to precipitation patterns 
and grain prices.  Corn yields vary tremendously due to variability in precipitation patterns.  Grain 
sorghum has been grown in the Great Plains region with some success and may have less yield 
variability than dryland corn.  Also, skip row planting (a change in row configuration) of corn has 
been shown to reduce the year-to-year variability of dryland corn yields.  Since precipitation in the 
Great Plains region will always be variable, utilizing the summer crop and row configuration 
combination that best minimizes yield variability would be advantageous to producers. 

APPROACH:  A study was established in 2015 to evaluate grain yield variability of corn and 
sorghum, each under conventional (30” row spacing) and plant 1 skip 1 (60” row spacing) row 
configurations.  Two hybrids for each crop were selected and all crop/row configuration 
combinations were planted to each hybrid.  Soil water was measured at planting and harvest to 
evaluate soil water depletion in the row and between the rows for each treatment combination. 

RESULTS:  The yields for 2017 were good with a slight advantage for conventional planting for 
corn and no difference for sorghum (Table 1).  A hail storm occurred on 1 October that caused 
approximately 10% yield loss of the sorghum.  There was no noticeable damage to the corn.  If 
10% is added to the sorghum yield, the yield for the corn and the sorghum are nearly identical.  For 
2017 there wasn’t any difference in yield with respect to crop. 

Table 1.  Grain yield by row configuration, crop, and variety in 2016. 
Conventional Skip Row Mean 

Corn --------------- bu/ac --------------- 
Dekalb DKC43-48 81.6 78.3 80.0 
Pioneer P0157 81.9 74.8 78.3 
Mean 81.8 76.6 79.2 

Sorghum 
Dekalb DKS29-28 73 72.2 72.6 
Mycogen 1G557 68.3 68.2 68.3 
Mean 70.7 70.2 70.4 

*All values within the table followed by a different are statistically
different at the 0.10 alpha level by SNK mean separation.

When looking at the data across years, as expected the year to year variability has been 
significant.  The past three years growing season precipitation was above average in 2015 and 2016 
and slightly below average in 2017 and starting soil water was good all three years.   For both the 
corn and the sorghum, there has been a slight advantage for conventional 30” row spacing compared 
to skip row planting configuration.  The yields advantage for conventional 30 inch row spacing is 
expected when yields are greater than about 60 bushel for either crop and so the data in 2016 and 
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in 2017 supports what we have found in earlier studies. Advantages for skip-row planting or 60 
inch wide rows usually are not seen when yields for conventionally planted corn are above 60 
bushels/acre. In 2015 we had some hail damage and so it is hard to interpret the data found in that 
year.  

 
 

Table 2.  Corn and sorghum grain yields from 2015- 2017 by planting 
configuration. 
  Conventional Skip Row Mean 
Corn --------------- bu/ac --------------- 
 2015* 48.8 41.7 45.3 
 2016 106.0 103.7 104.9 
 2017** 81.8 76.6 79.2 
 Mean 78.9 74.0 76.5 
     
Sorghum    

 2015* 48.8 48.3 48.9 
 2016 89.7 73.1 81.4 

 2017** 70.7 70.2 70.5 

 Mean 69.7 63.9 66.9 
*Due to a hail storm on 1 August 2015 all yields were lower 
**Due to hail storm on 1 October 2017 some shattering of sorghum 
occurred. 

 

FUTURE PLANS:  We will continue this study since results can vary widely from year to year 
and since the hail has influenced the data two out of three years. 
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WINTER ANNUAL FORAGE VARIETY TRIAL 

M.F. Vigil, D.J. Poss

PROBLEM:  While there is much accessible information about variety and hybrid performance of 
major field crops, only limited information is available about winter annual forage varieties.  
Because of a lack of credible variety trial information most producers just call a seed dealer and 
purchase the variety they have in stock.  Also, most seed dealers carry only one variety and often 
that variety is ‘VNS’ (Variety Not Stated). The objective of this study is to compare the performance 
of a select group  of triticale and other annual forages, in an unbiased replicated field study. 

APPROACH:  For the second consecutive year several varieties of winter annual forages were 
planted in a randomized complete block design. For the 2016-17 crop year six hybrid ryes were 
also included in the trial along with 11 triticale varieties and one forage wheat variety.  The Triticale 
varieties were mostly procured from the University of Nebraska’s breeding program.  Some of the 
varieties were released over fifteen years while others in the trial are experimental and have not 
been released yet.  KWS seeds provided the six hybrid rye varieties for the trial.   

The plots were planted on 4 October 2016 at a seeding rate of 60 lbs/ac.  A cone drill was 
used with double disc openers at 7.5 inch row spacing.  Urea fertilizer was broadcast applied prior 
to planting at 72 lbs N/ac.  Plots measured 30 feet long by 5 feet wide, replicated four times.  Three 
passes were planted side by side to accommodate for two forage sampling dates and one grain 
sampling date making the plots a total fifteen feet wide.  While planting, the planter did have a few 
seed tubes become plugged, so some plots had blank rows.  Care was taken during harvest to not 
take samples from a row that was adjacent to a blank row.   

Forage samples were taken on 31 May and 15 June using a Carter forage harvester with a 
flail head leaving approximately six inches of stubble.  Five rows were harvested for a sampling 
width of 37.5 inches.  The samples were weighed using a balance on the machine.  A subsample 
was then taken weighed wet and then dried and weighed again to calculate  harvest moisture. 
Samples were dried  at 60 degrees C for several days in a forced air drying oven.  A subsample of 
each plot was then  mailed to Ward Labs in Kearny, NE for a feed quality  analysis.   

Grain samples were collected on 17 July using a Wintersteiger plot combine with a header 
width of 60 inches.  These samples were collected and returned to the lab where they were weighed 
and analyzed for moisture and test weight.        

RESULTS:  Precipitation prior to planting and during the growing season was above average 
which gave us very good yields (Table 1).  The driest period was immediately prior to planting 
during the months of August and September 2016.  Surface soil water was very dry, so planting 
was delayed until early October.  However, due to the abundant precipitation prior to that period, 
stored soil water was good.  Also, the spring precipitation following planting was very good which 
resulted in excellent forage and grain yields. 
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Table 1.  Precipitation for the pre-plant and growing season periods. 

 2015-2017 
inches 

Mean 
inches 

   Pre-Plant 
(Sept.’15-Sept.’16) 21.82 in. 17.75 

Growing Season 
(Oct. ’16-May ’17) 9.02 in. 7.99 

TOTAL 
(Sept. ‘15-May ’17) 30.84in. 25.74 

 
 On the first sampling date of 31 May, the rye yields averaged 8,100 lbs/ac and the top 6 
triticale varieties produced an average of 7,200 lbs/ac.Table 2).  However, fifteen days later when 
the second sample was taken, the top six triticale varieties caught up with the rye varieties.  This 
was due to the rye having an earlier maturity date so when the first sample was taken it was close 
to its peak growth curve compared to most of the triticale varieties, especially the higher yield 
triticale varieties.   

As expected, protein levels decreased during this time period.  The relative feed quality 
(RFQ) index however had mixed results.  With only one minor exception the RFQ increased from 
the first sampling date to the second sampling date for rye and decreased for triticale.  That one 
exception is for the higher yielding triticale, NT07403, the RFQ increased, but only by one point.   

We did not do a detailed growth stage analysis at each sampling time by plot.  In hindsight, 
growth stage data would have made it easier to interpret the yield and quality data and compare 
across varieties. 

We believe the timing of the first sampling should have been earlier.  For the first sampling 
date of 31 May the rye and a few of the triticale varieties were completely headed.  The plan was 
to collect the second samples one week later, however due to rain and conflicts, it was much later 
(15 days). All of the varieties in the trial were headed and more mature than a producer would want.  
Ideally we would sample each variety or hybrid by growth stage, however due the time requirement 
and the maneuvering the equipment in the plots this was not possible.  An attempt will be made in 
the future to take the first sample when the earliest maturing varieties are at the late boot to early 
heading growth stage and take the second sample when the later maturing varieties are at this 
growth stage. 

Grain yields were exceptional with rye hybrid yields ranging from 99.5 bu/ac to 113.2 bu/ac.  
Triticale yields were much lower, but still very good, with the highest yielding triticale variety 
being NT07403 which had a yield of 88.8 bu/ac.  The thrashing of the rye with the combine was 
simple and the grain cleaned easily, similar to wheat, however the triticale varieties were difficult 
to thrash leaving more chafe and head pieces in the grain sample.  This is likely one reason the test 
weight data for the triticale was lower than that of rye.  The test weight for the six rye hybrids 
averaged 54.7 lbs/bu compared to 50.1 lbs/bu for the five heaviest triticale varieties.   

In much of the Central Great Plains area rye has a very negative reputation.  This reputation 
is warranted due to persistent volunteer rye which originated from when it was planted decades ago.  
Other crops such as wheat and even triticale have not had these persistent volunteer issues.  The 
question is, will these hybrid rye varieties act more like the rye which has been planted in the past 
or more like other winter annual cereals with regard to the persistent volunteering?  To answer this 
question we have to ask, why has the rye planted in the past behaved differently than other winter 
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annual cereals in this regard?  While we have ideas as to why this difference exists, further research 
is needed to answer this question. 
 
FUTURE PLANS:  This trial with one additional rye hybrid for a total of seven rye hybrids was 
planted in fall 2017.  The Willow Creek wheat variety was dropped due to its late maturity and low 
yields.  For the next year we also included two older triticale varieties which were submitted by a 
producer to give us a total of 21 hybrids/varieties for the trial.  An attempt will be made to take 
samples at an earlier overall growth stage and to have more detailed documentation of each entry’s 
growth stage at harvest. 
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Table 2.  W
inter Annual Forage Variety Trial at Central G

reat Plains Research Station at Akron, CO
 in 2016-17 Crop Year. 

 M
ay 31 Forage 

June 15 Forage 
Grain 

Variety 
Species 

Yield 
Protein* 

RFQ
** 

Yield 
Protein* 

RFQ
** 

Yield 
TW

 
lb/ac 

%
 

lb/ac 
%

 
bu/ac 

lb/bu 
KW

S Daniello 
Rye 

8,571 
a*** 

12.8 
f 

123 
d 

12,316 
ab 

8.6 
e 

130 
ab 

108.2 
ab 

54.9 
a 

KW
S Progas 

Rye 
8,446 

a 
13.5 

ef 
125 

cd 
12,903 

a 
9.9 

bcde 
136 

a 
103.9 

ab 
54.0 

a 
KW

S Bono 
Rye 

8,294 
ab 

12.5 
f 

121 
d 

11,795 
abc 

8.7 
e 

131 
ab 

113.2 
a 

55.7 
a 

KW
S Gatano 

Rye 
8,178 

ab 
12.7 

f 
125 

cd 
11,333 

abc 
8.8 

e 
136 

ab 
104.0 

ab 
54.7 

a 
N

T05421 
Triticale 

7,711 
abc 

14.1 
cdef 

130 
abcd 

12,379 
ab 

10.1 
bcde 

128 
ab 

77.6 
cd 

49.8 
c 

KW
S Dolaro 

Rye 
7,644 

abc 
13.6 

def 
128 

bcd 
11,789 

abc 
9.0 

e 
134 

ab 
111.1 

a 
54.4 

a 
N

T07403 
Triticale 

7,567 
abc 

14.1 
cdef 

129 
abcd 

11,490 
abc 

9.8 
bcde 

130 
ab 

88.8 
bc 

51.8 
c 

Syngenta 718 
Triticale 

7,488 
abc 

14.1 
cdef 

129 
bcd 

12,718 
a 

9.4 
cde 

110 
c 

63.0 
de 

47.0 
de 

Brasetto 
Rye 

7,476 
abc 

13.5 
ef 

118 
d 

11,210 
abc 

9.2 
de 

128 
ab 

99.5 
ab 

54.5 
a 

N
T01451 

Triticale 
6,989 

abc 
15.8 

bc 
138 

abc 
10,769 

bc 
10.4 

bcde 
129 

ab 
82.9 

cd 
48.9 

cd 
N

E441T 
Triticale 

6,830 
abc 

15.0 
cde 

131 
abcd 

11,337 
abc 

11.0 
bc 

115 
c 

45.4 
f 

45.6 
e 

N
T11428 

Triticale 
6,757 

abc 
15.2 

cde 
144 

a 
11,555 

abc 
10.2 

bcde 
130 

ab 
72.6 

cd 
49.3 

c 
N

E422T 
Triticale 

6,676 
abc 

16.8 
b 

141 
ab 

11,262 
abc 

10.4 
bcde 

117 
c 

51.3 
ef 

48.9 
cd 

N
T094231 

Triticale 
6,467 

bc 
17.0 

b 
141 

ab 
10,349 

c 
10.1 

bcde 
132 

ab 
71.9 

cd 
50.1 

c 
N

T06422 
Triticale 

6,430 
bc 

15.0 
cdef 

137 
abc 

10,556 
bc 

10.8 
bcd 

133 
ab 

77.4 
cd 

48.1 
cd 

N
E426GT 

Triticale 
6,027 

c 
15.4 

bcd 
143 

a 
10,126 

c 
11.1 

bc 
133 

ab 
76.2 

cd 
49.5 

c 
N

T11406 
Triticale 

5,914 
c 

16.9 
b 

141 
ab 

10,447 
bc 

11.6 
b 

132 
ab 

64.4 
de 

48.9 
cd 

W
illow

 Creek 
W

heat 
4,529 

d 
20.7 

a 
130 

abcd 
8,747 

d 
13.3 

a 
121 

bc 
19.6 

g 
54.0 

b 
M

EAN 
7,111 

14.9 
132 

11,282 
10.1 

128 
79.5 

51.1 
*Dry w

eight basis.
**RFQ

 = Relative Feed Q
uality

***M
eans follow

ed by the sam
e letter w

ithin a colum
n are not significantly different at the 0.10 alpha level based on SN

K m
ean separation test.

45



CANOLA ROTATION STUDY UPDATE 

M.F. Vigil, D.J. Poss

PROBLEM:  Canola studies have been conducted at the Central Great Plains Research Station for 
many years.  These studies primarily examined canola establishment variety screening and N rates 
for canola.  In 2012 we established a study to evaluate the effect different crops preceding canola 
have on stand establishment and yield and the effect canola has on wheat following canola verses 
wheat following fallow. 

APPROACH:  A study was established in spring 2011 to compare two possible crop rotations 
containing canola.  The two rotations are: Wheat-Corn-Millet-Canola (WCoMCa) and Wheat-
Canola-Corn-Fallow (WCaCoF).  Since this study followed an existing study every effort was made 
to match the new rotations with the old with regard to cropping history and to have the harvest 
treatment from the previous study be distributed evenly across each of the new rotations.   

Our primary focus of this study are yields, however measurements such as soil water and 
soil N at planting and harvest are also being taken.  We will also measure the total N of the grain 
samples and the oil content of the canola.   

RESULTS:  Yields in 2017 were mixed with some significant differences due to the rotations.  
Wheat planting conditions in fall 2016 were poor, similar to the previous year.  Precipitation during 
the fall months and through February was mostly below average.  Beginning the last week of March 
and continuing through June precipitation was above average.    

Wheat yields were excellent for the WCaCoF rotation but poor for the WCMCa rotation at 
71.9 and 18.0 bu/ac, respectively (Table 1).  Due to the dry late summer and fall of 2016 there was 
little residual soil water following canola in the WCMCa rotation.  The poor soil water conditions 
delayed emergence until moisture was received and also affected tillering so stands were thin in the 
spring.   

Canola yields were less than anticipated considering the amount of precipitation we received 
in the spring.  However, similar to continuously cropped wheat, there was limited stored soil water. 
Some soil water storage took place between wheat harvest in July 2016 and canola planting the 
following spring, but not nearly as much as for the wheat that followed fallow.  The canola yields 
in the WCMCa rotation were slightly better due to stands.  We have had much more success 
obtaining good stands following millet than wheat due to less crop residue for the canola seedling 
to come through.   

Corn yields were acceptable at slightly less than 60 bu/ac, but no difference between the 
two rotations. 
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Table 1.  Grain Yield from Canola Rotation Study in 2012-2016. 

WCaCoF WCMCa 

Year Wheat Canola Corn Wheat Corn Millet Canola 
bu/ac lb/ac bu/ac bu/ac bu/ac bu/ac lb/ac 

2012 32.5 0 9.1 21.6 17.2 4.7 0 
2013 19.3 52 51.7 6.2 52.4 71.8 10 
2014 52.4 1044 82.2 46.4 75.5 42.6 679 

2015 53.9 1404 32.1(hail) 40.7 30.4(hail) 6.3(hail) 1383 

2016 65.9 112 59.5 52.3 78.7 44.2 389 

2017 71.9 456 59.6 18.0 58.6 21.9 593 

MEAN 49.3 511 49.0 30.9 52.1 31.9 509 

Based on a rough economic analysis canola yields need to average greater than 1,000 lbs/ac 
for this crop to have any chance of fitting successfully in our dryland wheat based systems.  While 
we have been able to obtain these yields at times, it has not been consistent.  The very low yields 
pull the average down to well below this threshold.  The last two years harvest losses have been 
higher than we would like.  Part of the problem has been attempts to direct harvest and then losing 
the crop to pods shelling out the seed on the ground before we can get it into the combine.   

FUTURE PLANS:  We plan to continue this study examining how canola can fit into our systems 
for at least one more year.  If canola yields in 2018 are not significantly better than we have seen 
in the past this study will probably be terminated. 
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PRECISION FARMING STUDY WHEAT GRAIN YIELDS AND N RATES AS 
INFLUENCED BY TOPOGRAPHICAL ELEVATION

M.F. Vigil, F.J. Calderon, D. J. Poss, D.C. Nielsen, P. Campbell, M.M. Mikha

PROBLEM: The topographical elevation in a field greatly influence winter wheat grain yields 
and therefore the economic optimum N rate (EONR) will be different for different locations in a 
field. The change in yield with topographical elevation in a field is linked to changes in soil, as 
one moves from the high points in a field to the lower elevations in a field. The change in yield 
may also be the result of both run-off and run-on of rainfall water from high points in the field to 
lower elevations in the field.   

APPROACH:  Wheat grain yield maps were developed for several wheat fields in 2016 at the 
research station (Fig 1). The corresponding elevations in each field were then matched to grain 
yields at each location (Table 1). We know from previous research that to achieve 12% grain 
protein we need grain N to be at 2.105%; which translates to 1.263 lbs of N per bushel of grain. 
The total N needed from the soil and fertilizer needed to achieve a concentration of 1.26 lbs of N 
per bushel we will assume is about 1.5 lbs of N per bushel of grain. If we use that relationship 
between N required per bushel of grain and the yield found at a location in the field we can 
estimate potential N required to achieve that yield (last column in Table 1).   

Fig 1 Winter wheat grain yield map of field SB-4 (1 Mg/ha is approximately 15 bushels per 
acre). The high yields are associated with low points in the field and the low yields are associated 
with high points in the same field. The elevation difference was about 4.7 feet between the high 
points and the low points. 
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Table 1. Wheat grain yields and N required as related to field elevation in field SB-4. 

An analysis of the data in Table one, suggests poorer production potential in the areas of 
the field that were at the higher elevations. At those elevated areas, we measured low yields. 
Perhaps the soils at those locations do not have the yield potential of the lower portions of the 
field where yields were high. With a walk and visual inspection of the high points in this field we 
did find less stubble, and a lighter colored soil and texture. A walk to the lower elevations in the 
same field revealed better stubble and a darker soil. We suspect a shallower soil with lower 
organic matter and less water holding capacity on the high points and a better soil at the lower 
elevations. Those assumptions have yet to be proved through grid sampling of this field and 
intensive laboratory analysis.  

An analysis of the data in Table one also suggest that N required to achieve grain with 
adequate protein and yield in the good parts of this field will be 110 lbs of N greater than on the 
high ground in this field. That does not mean we apply 135 lbs of N on the lower portions of the 
field were yields were high and just 25 lbs of N on the lower yielding high ground in this field. 
The reason being we have not measured soil inorganic N or actual organic matter at each 
location yet. However, the data does suggest a large difference in N requirement that should be 
taken into account to precision manage this wheat field to maximize net returns to land labor and 
capital investment. 

We did a simple linear regression between elevation in field SB-4 and yield and found 
that for every meter  (3.28 feet) we go up in elevation that were losing about half of the yield 
potential found in the lowest portions in the field (fig 2.) 

FUTURE PLANS: We will grid sample all of the fields in this experiment on a 30 m (98.4 feet) 
by 30 m grid.  The experiment takes up about 150 acres and so the number of samples is extensive. 
At each gird point we will measure total N and C, inorganic N, available P, pH, EC, texture, Soil 
organic matter (SOM), avail Zn, Fe and Cu. The sampling and analysis will be done incrementally 
down to a depth of 4 feet (120 cm) starting at the 0-6 inch depth, 6-12 inch depth and then at 1 foot 
increments thereafter. Yield maps, elevation maps, and soil depth maps will be collected for each 
field and the grid data will be matched to try to best manage field areas in each field for optimal N 
management. This will require the establishment of variable N rates across soil types to obtain N 
response relationships with soil location.   

Elevation Grain yield N required 
-Ft- -Ft- bushels/acre lbs/acre 

4530.6 4.7 16.7 25 
4529.4 3.5 42.5 64 
4528.8 2.9 55.9 84 
4528.3 2.4 64.8 97 
4526.7 0.9 74.9 112 
4525.9 0.0 90.0 135 
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Fig 2.  Wheat yields versus elevation in field SB-4.  Six Mg/ha is about 89 bushels/acre, and 1 
Mg/ha is about 14.9 bushels per acre. And so the yield relationship in bushels per acre is: Yield 
(bushels/acre) = 92.2 bushels -47.6bushels*(elevation in meters). 
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VARIABLE N APPLICATION BY SOIL TYPE

M.F. Vigil, D. J. Poss, D.C. Nielsen, F.J. Calderon

PROBLEM: Economic optimum nitrogen (N) rates (EONR) are highly dependent on weather, 
residual soil N, native soil organic matter, management and soil type. In this study we evaluated 
12 years of a 20 year study of winter wheat yield response to N applied and residual soil N by soil 
type. 

APPROACH:  Winter wheat N response was measured in a wheat-corn-millet fallow rotation 
over a four year period. The four year rotation was established on a poor shallow soil (Norka-
Colby complex) in one replication, a good soil (Rago silt loam) and two replications on a Platner 
silt loam which is intermediate in soil quality and in production potential.  To determine total N 
requirement we collected biomass yields and biomass N at anthesis each year and compared the 
total N uptake at anthesis with total N in the grain. 

The soil at each of the 12 site-years was sampled to 4 feet for pre-plant inorganic N 
(nitrates and ammonium). Fertilizer N was top-dressed in broadcast applications at incremental N 
rates of 0, 30, 60, and 90 lbs of N/acre as dry urea (46-0-0); or as ammonium nitrate, (34-0-0). All 
experiments were replicated 4 times. We fertilized the wheat with a phosphorous (P) rate of 15-20 
lbs of P as P2O5 placed with the seed. Most years we used di-ammonium phosphate DAP 
(11-52-0) or ammonium polyphosphate (10-34-0). Grain yields were collected and quadratic N 
response equations were fit to the yield data as a function of N rate and pre-plant available nitrate-
N from the top 2 feet of the soil profile.

RESULTS:  The grain yield N response on the poor soil is flat (Table 1) for the 12 years used in 
the analysis. The 12 years used in this analysis all had average yields greater than 23 bushels per 
acre. This soil never showed a positive measurable grain yield response to applied N. The yields 
with no N applied, were essentially the same as in those plots that received N rates of 30, 60 and 
90 lbs of N per acre. Biomass yield and grain proteins did significantly increase on this soil with 
applied N. We were surprised that total N uptake at anthesis was about the same on average as the 
amount found in the grain at harvest. This suggest that translocation of N to the grain is very 
efficient and that anthesis N is a good proxy for the total that will be recovered in the grain at 
harvest.  

Table 1.  Grain yield, biomass yield, N uptake at anthesis, N uptake in the grain at harvest and grain 
protein from 12 years of an N response study established on a Norka-Colby complex. Drought years with 
less than 23 bushel/acres were not included in the analysis.  anthesis grain 

N rate grain yield biomass Yield N-uptake N-Uptake Protein 
lbs/acre bushels/acre ---------------lbs /acre-------------- % 

0 40 3430 37 43 10.4 
30 41 4340 44 52 12.4 
60 39 4480 68 54 13.4 
90 42 4850 57 64 14.5 

average 40 4280 52 53 13 

P > F 0.82 0.0259 0.0158  
 

0.001 <.0001 

51



For this poor yielding soil it probably still pays to apply about 30 lbs of N to keep proteins above 
11.5%. Flour needs to be greater than 11.5% protein to make a loaf rise adequately. Even though 
yields were the same with no N applied, the proteins drop to an unacceptable level of 10.4% with 
0 N application (Table 1).  
     Grain yield response to applied N on the good soil for the same years showed a significant 
increase in grain yield, biomass yield and protein (Table 2).    

Table 2.  Grain yield, biomass yield, N uptake at anthesis, N uptake in the grain at harvest and grain 
protein from 12 years of an N response study established on a Rago silt loam. Drought years with less 
than 23 bushel/acres were not included in the analysis. 

anthesis grain 
N rate grain yield biomass Yield N-uptake N-Uptake Protein 

lbs/acre bushels/acre ---------------lbs /acre-------------- % 
0 48 4390 39 50 9.9 

30 57 5910 60 61 10.2 
60 60 6480 69 71 11.4 
90 59 6170 70 69 11.7 

average 56 5740 60 63 11 

P > F 0.0259 0.0021 0.0005  
 

0.0001 .0019 

For the Rago soil, the average yields during the same years were about 16 bushels better than with 
the poor soil (compare grain yields in Table 1 with those in Table 2).  With the Rago soil we 
measured a classic grain yield and biomass yield response to applied N that increased with each 
increase in N rate up to 60 lbs of applied N per acre. The 90 lb N rate on average was required to 
keep proteins above the 11.5% level even though yields did not increase from the 60 lb N rate to 
the 90 lb N rate. Overall this soil produced average protein levels that were less than those of the 
poor soil but made up for it with greater yield. The highest biomass yield coincided with the highest 
grain yield at the 60 lb N rate. For this Rago soil 60 lbs of N was not enough to maintain adequate 
protein levels. On the other hand the 60 lbs of N was enough to maximize wheat grain yields and 
was slightly more than the calculated economic optimum N rate (EONR) for $3.30 wheat and 
$0.60 N of 56 lbs of N per acre.  

FUTURE PLANS: The effort to sort out the predictive relationships between EONR with soil 
type, available water at planting time, growing season precipitation, and residual inorganic nitrates 
is ongoing. We will use this data set as a beginning place for developing N rates on the precision 
farming project. 
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