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DRYLAND WINTER WHEAT VARIETY PERFORMANCE TRIAL 

J.J. Johnson, S. Haley, E. Asfeld, J. Hain, S. Sauer, 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 44 varieties from seven states and six companies were tested during the 
2014-2015 growing season at 11 dryland locations across eastern Colorado.  The Akron trial was 
planted on September 18, 2014 using a wheat drill with 10 inch row spacings.  Nitrogen was 
applied at a rate of 44 pounds per acre, along with 14 pounds per acre of phosphorus.  The trial 
was harvested on July 14, 2015 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 Akron trial had good emergence and very lush growth until a November freeze.  
A late-spring frost occurred in mid-May and again on May 28.  The trial received over 6 inches of 
rain during May.  Stripe rust caused significant damage before fungicide was applied around June 
1.  Russian wheat aphids were also present in the trial.   

The trial averaged 44.4 bushels per acre with a difference of 81.6 bushels per acre between the 
highest (KS11HW39-5-4) and lowest (Bearpaw) yielding varieties (Table 1).  Two of the top five 
highest yielding varieties were experimental or Colorado State University/PlainsGold released 
lines, while the remaining three top yielding varieties were a company entry and two lines from 
the Kansas.  KS11HW39-5-4, the top yielding variety, had a test weight much higher than the trial 
average, excellent stripe rust resistance, an above-average plant height, and good winter survival.  
The varieties with good stripe rust resistance had the highest yields in the trial due to the heavy 
rust pressure and late spraying control the rust. 

Table 1. 2014-2015 Dryland Winter Wheat Variety Performance Trial at Akron 

Variety Brand/Source Yield 
Test 

Weight 
Stripe 
Rust 

Plant 
Height 

Winter 
Survival 

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

KS11HW39-5-4 Kansas State Univ. exp. 90.2 63.3 1 38 3 
CO11D1767 Colorado State Univ. exp. 81.5 58.5 1 37 2 
SY Monument AgriPro Syngenta 75.3 60.6 1 34 2 
Oakley CL Kansas Wheat Alliance 75.0 59.1 2 34 6 
Antero PlainsGold 71.5 58.3 2 39 3 
TAM 114 Adaptive Genetics 68.5 60.5 2 38 3 
CO11D1306W Colorado State Univ. exp. 65.9 60.9 7 39 3 
CO11D1236 Colorado State Univ. exp. 65.2 57.8 7 38 2 
NE10589 Univ. of Nebraska exp. 64.5 62.2 2 37 3 
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CO11D1539 Colorado State Univ. exp. 59.4 59.1 2 40 3 
WB-Grainfield WestBred Monsanto 58.4 58.8 2 37 8 
Denali PlainsGold 57.6 59.2 8 42 2 
SY Wolf AgriPro Syngenta 54.6 54.9 3 36 6 
TAM 204 Watley Seed 53.4 54.6 2 32 7 
CO11D1298 Colorado State Univ. exp. 52.1 54.9 6 38 4 
LCS Pistol Limagrain 51.3 58.3 6 37 4 
LCS Mint Limagrain 45.6 57.4 4 38 7 
Winterhawk WestBred Monsanto 44.1 56.7 4 36 6 
T158 Limagrain 43.5 59.7 2 35 4 
Cowboy Crop Res. Found. of WY 42.4 55.2 9 36 5 
Gallagher Oklahoma Genetics 41.0 52.3 4 33 8 
MTS1024 Montana State Univ. exp. 40.1 50.9 6 37 4 
TAM 113 AGSECO 39.3 54.2 6 38 9 
Hatcher PlainsGold 39.0 52.2 4 37 7 
LCH13DH-5-59 Limagrain exp. 38.6 53.2 8 38 3 
Sunshine PlainsGold 38.2 57.7 4 38 3 
CO11D1353 Colorado State Univ. exp. 38.0 49.7 7 37 6 
KanMark Kansas Wheat Alliance 36.2 56.6 7 33 5 
Snowmass PlainsGold 35.6 52.5 8 41 3 
CO11D174 Colorado State Univ. exp. 34.6 51.8 8 41 3 
CO11D446 Colorado State Univ. exp. 34.6 59.2 2 34 2 
Settler CL Husker Genetics 32.2 52.0 7 33 4 
TAM 112 Watley Seed 31.7 57.8 9 37 5 
Brawl CL Plus PlainsGold 30.9 56.7 6 39 5 
Iba Oklahoma Genetics 30.5 54.1 6 31 8 
Byrd PlainsGold 30.1 54.6 8 37 2 
CO11D1397 Colorado State Univ. exp. 30.0 51.4 7 34 2 
CO11D1316W Colorado State Univ. exp. 27.9 45.8 9 35 6 
Prairie Red PlainsGold 22.2 53.5 8 36 2 
Above PlainsGold 21.9 54.3 8 35 5 
Akron Colorado State Univ. 18.1 50.8 9 42 6 
Ripper PlainsGold 16.9 50.5 9 36 2 
CO11D1174 Colorado State Univ. exp. 16.2 47.0 9 37 3 
Bearpaw Montana State Univ.  8.6 48.8 8 33 5 
 Average 44.4 55.4 5 37 4 
 cLSD (P<0.30)  5.1     
aStripe rust score: 1 equals no stripe rust and 9 equals severe stripe rust infection. 
bWinter survival score: 1 equals excellent winter survival and 9 equals severe winterkill. 
cIf the difference between two variety yields equals or exceeds the LSD value then they are 
significantly different with less than 30% probability that the difference is due to random error. 
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FUTURE PLANS:  Another wheat variety performance trial has already been planted at Akron 
and our other locations for the 2015-2016 growing season. The trial results will provide reliable 
and unbiased results for wheat producers to assist with planting decisions in fall 2016. 

 
WHEAT COLLABORATIVE ON-FARM TEST (COFT) RESULTS 

J.J. Johnson, B. Bosley, W. Trujillo, R. Meyer, D. Kaan, and S. Sauer 
 
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 18th year and the majority of Colorado’s 2015 winter 
wheat acreage is planted to varieties that have been tested in the COFT program. On-farm testing 
leads to more rapid replacement of older inferior varieties and wider and faster adoption of 
improved varieties.  

APPROACH:  In the fall of 2014, thirty-five eastern Colorado wheat producers received seed for 
on-farm tests across eastern Colorado. Each farmer planted the six varieties in side-by-side strips 
at the same time and seeding rate as they seeded their own wheat using their own wheat drills. 
Twenty-four viable harvest results were obtained from the thirty-five sets of the seed that were 
distributed. Failed tests were due to drought conditions and hail. The COFT results need to be 
interpreted based on all tests within a year and not on the basis of a single variety comparison on 
a single farm in one year.  In 2015, six varieties were included: Byrd (popular HRW), Brawl CL 
Plus (herbicide tolerant HRW), Denali (HRW), Snowmass (extremely high quality HWW), 
Sunshine (newly-released very high quality HWW) and WB-Grainfield (new HRW from 
Monsanto –WestBred).  
 
RESULTS:  2015 there was excellent precipitation in many parts of the state from mid-April 
through June. There were extremes in yield this year across Colorado. The highest yielding strip 
was over 100 bu/acre while the lowest recorded yield this year was 15 bu/acre. Yields were 
affected strongly by winterkill, spring freeze, and stripe rust infections although other factors 
reduced yields as well – winter drought, viruses, Russian wheat aphid infestations, cutworm 
infestations, and losses to brown wheat mite. Often, more than one of these factors was at play in 
a single field. The varieties tested in COFT this year fit different farmer needs. It’s important to 
plant more than one variety. For those looking for control of winter annual grasses, Brawl CL 
Plus is the obvious choice even though its yield this year was lower than the past few years. 
Farmers wanting to grow white wheat with exceptional quality and qualify for a premium should 
be growing Snowmass or Sunshine. The statistically different yield this year among the three 
remaining varieties (Byrd, Denali, and WB-Grainfield) can be seen in the COFT table. In past 
years under more typical conditions (drought), Byrd and Denali have been substantially higher 
yielding than WB-Grainfield in the variety performance trials. Byrd and Denali are moderately 
susceptible to stripe rust while WB-Grainfield is more resistant. WB-Grainfield is early 
maturing, Byrd is medium maturing, and Denali is later maturing. WB-Grainfield has shown 
similar test weight compared to Byrd but lower test weight compared to Denali. One variety not 
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included in this year’s test, Antero, would be the choice to make for a farmer who wants an 
extremely high-yielding and stripe rust resistant white wheat. The superior yield more than 
compensates for the lack of a premium. Don’t select a variety to plant based upon the results 
from a single on-farm test. Combined, the 2015 COFT results are a powerful tool for selecting 
varieties.  

 

Table 1. 2014-2015 Collaborative On-Farm Test (COFT) Variety Performance Results 

 
 
FUTURE PLANS:  More COFT tests have already been planted for the 2015-2016 growing 
season. The results will provide information and unbiased results for wheat producers to assist 
with planting decisions in fall 2016. 

County/Nearest Town Yieldb
Test 

Weight Yieldb
Test 

Weight Yieldb
Test 

Weight Yieldb
Test 

Weight Yieldb
Test 

Weight Yieldb
Test 

Weight Yieldb
Test 

Weight
bu/ac lb/bu bu/ac lb/bu bu/ac lb/bu bu/ac lb/bu bu/ac lb/bu bu/ac lb/bu bu/ac lb/bu

Adams/Bennett N 47.7 62.3 48.2 62.5 46.2 61.2 47.8 61.0 40.4 61.5 35.2 64.5 44.2 62.2
Adams/Prospect Valley 47.4 59.6 49.5 59.5 49.4 57.4 59.1 57.6 50.7 59.2 36.8 56.2 48.8 58.3
Arapahoe/Deer Trail 16.6 53.4 14.6 53.5 21.9 53.5 17.1 54.5 18.6 52.5 18.7 54.0 17.9 53.6
Baca/Pritchett 59.3 64.4 54.2 63.7 65.2 62.6 61.5 62.6 53.5 62.6 54.3 63.2 58.0 63.2
Baca/Vilas 57.1 60.9 43.4 58.3 48.4 60.5 52.3 59.4 51.3 60.5 49.1 60.3 50.3 60.0
Bent/Lamar 31.2 60.2 25.3 60.8 27.5 59.0 29.5 60.1 31.7 58.3 22.2 60.0 27.9 59.7
Cheyenne/Cheyenne Wells 21.1 58.1 19.5 57.1 24.8 58.2 20.8 57.2 25.8 57.4 16.2 55.9 21.3 57.3
Crowley/Olney Springs 35.9 58.6 24.4 57.8 27.2 59.0 32.6 58.3 39.8 58.7 27.1 58.4 31.2 58.5
Kit Carson/Bethune 43.4 52.6 41.2 60.5 41.4 57.8 40.6 56.6 32.2 63.0 44.8 56.1 40.6 57.8
Kit Carson/Bethune N 68.7 58.3 56.8 59.3 64.2 58.5 58.0 56.2 67.2 61.1 58.6 57.8 62.3 58.5
Kit Carson/Burlington N 85.4 61.4 100.6 63.0 88.6 61.0 89.3 62.8 75.8 62.4 83.9 59.0 87.3 61.6
Lincoln/Arriba 64.4 60.9 60.8 59.4 47.5 54.8 49.3 57.5 42.7 51.9 28.9 54.9 48.9 56.6
Morgan/Orchard 78.3 59.6 69.1 59.6 77.1 59.4 62.6 59.7 72.2 59.4 59.5 59.0 69.8 59.5
Otero/Manzanola 46.0 57.1 42.8 55.9 58.3 58.1 57.8 58.2 56.4 57.2 51.3 57.4 52.1 57.3
Phillips/Haxtun 87.8 60.0 79.1 61.0 85.0 61.0 89.0 60.5 64.9 60.0 72.9 60.0 79.8 60.4
Prowers/Lamar S 29.5 57.1 26.7 57.8 32.6 58.2 26.8 58.2 31.7 58.2 27.9 57.4 29.2 57.8
Washington/Akron 48.1 55.0 45.7 57.0 32.1 53.0 35.3 56.0 26.0 51.0 21.6 53.0 34.8 54.2
Washington/Akron S 58.2 55.0 77.3 59.0 58.9 57.0 55.9 57.0 57.9 55.0 46.3 58.0 59.1 56.8
Washington/Central 65.2 - 67.0 - 61.1 - 68.6 - 50.7 - 46.5 - 59.9 -
Weld/Keenesburg 75.3 58.3 89.6 59.7 68.0 58.7 72.2 59.5 66.0 56.5 55.0 60.3 71.0 58.8
Weld/New Raymer SE 60.0 58.7 57.2 58.5 69.0 59.5 58.0 58.8 57.5 58.8 68.7 57.6 61.7 58.7
Weld/New Raymer SW 106.5 60.5 98.3 61.0 104.8 60.5 97.2 60.0 96.0 60.0 64.8 60.0 94.6 60.3
Weld/Roggen 83.4 60.0 78.1 58.8 73.2 59.4 65.3 58.3 69.5 57.7 52.6 57.5 70.4 58.6
Yuma/Yuma 55.6 61.8 57.6 60.9 49.9 59.3 48.5 60.4 41.9 60.8 46.5 61.9 50.0 60.9
Average 57.2 58.9 55.3 59.3 55.1 58.6 54.0 58.7 50.9 58.4 45.4 58.4 53.0 58.7
Yield Significancec A A,B B B C D
Test Weight Significancec B A B,C B,C B,C C
LSD (P<0.30) for yield = 2 bu/ac  
LSD (P<0.30) for test weight = 0.4 lb/bu
aVarieties are ranked left to right by highest average yield.
bAll yields are corrected to 12% moisture.

cYield and test weight significance: varieties with different letters have yields or test weights that are significantly different from one another.

COFT Average
2015 Varietiesa

Denali WB-Grainfield Byrd Sunshine Snowmass Brawl CL Plus
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DRYLAND GRAIN SORGHUM HYBRID PERFORMANCE TRIAL 

J.J. Johnson, E. Asfeld, S. Sauer, and M.F. Vigil 
 

PROBLEM: Colorado dryland grain sorghum producers need access to unbiased crop 
performance information to help make hybrid selection decisions.  The grain sorghum hybrid 
testing program helps Colorado sorghum farmers evaluate the adaptability and yield performance 
of early and mid-season hybrids in this area. 
 
APPROACH:   Sixteen cultivars from seven companies were tested at Akron in 2015 using a 
randomized complete block design with four replications.  The sorghum variety trial was planted 
on June 4th using a cone planter into a Platner loam soil.  Plots were four rows wide and 30 feet 
long with 30-inch row spacing.  Nitrogen was broadcast applied at a rate of 50 pounds per acre. 
Lumax and Roundup herbicides were applied before crop emergence to control and prevent early 
season weeds.  The trial was harvested on November 16th. 
 
RESULTS:  The trial was planted into good soil moisture and received rain a few days after 
planting.  Trial had consistent stands and very good emergence.  Weed control was good 
throughout the season.  Temperatures were mild through most of the summer. The trial suffered 
extensive hail damage from a storm on August 1st.  Lodging occurred after a wind/snow storm in 
early November.   
 
The 2015 dryland sorghum trial had an average grain yield of 33.2 bushels per acre.  The difference 
between the highest and lowest yielding hybrids was 24.1 bushels per acre.  The top-yielding 
hybrid, DKS29-28, was significantly higher yielding (47.5 bu/ac) than the rest of the hybrids in 
the trial.  It had above-average test weight, an average lodging percentage, and is an early maturing 
hybrid with a bronze grain color.  
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Table 1.  2015 Dryland Grain Sorghum Hybrid Performance Trial at Akron 

 
 
FUTURE PLANS:  Another grain sorghum hybrid performance trial will be planted at Akron 
for the 2016 growing season. 
 

Brand Hybrid
Grain 
Yielda Yield

Test 
Weight Lodgingb

Harvest Plant 
Population

Plant 
Height

50% 
Bloom GDDc

Maturity 
Groupd

Grain 
Color

bu/ac % of test avg. lb/bu percent plants/ac in days after 
planting

Dekalb DKS29-28 47.5 143 58.5 29 27,443 36 71 1619 E Bronze
Mycogen Seeds 1G557 41.1 124 58.5 24 32,234 36 71 1622 E Bronze
Alta Seeds AG2115 38.3 115 57.8 11 26,644 41 85 1923 M Red
Gayland Ward Seed GW-1160 36.8 111 58.3 2 31,291 41 82 1852 M Bronze
Sharp Brothers Sprint II 36.5 110 58.7 52 26,644 38 74 1685 E Red
Dekalb DK28E 35.5 107 58.1 18 31,000 33 67 1516 E Bronze
Sorghum Partners K35Y5 35.1 106 58.8 47 25,628 35 72 1663 ME Cream
Mycogen Seeds 1G588 34.3 103 58.5 34 28,750 41 75 1708 ME Bronze
Dekalb DKS28-05 34.0 102 57.9 29 31,363 38 66 1498 E Bronze
Alta Seeds AG1201 33.4 100 58.2 58 24,103 34 73 1688 ME Bronze
Gayland Ward Seed GW-1180 31.7 95 57.5 44 25,410 39 74 1702 ME Bronze
Alta Seeds AG2105 28.8 87 58.0 36 24,176 42 82 1851 M Red
Gayland Ward Seed GW-9417 26.1 79 56.4 11 30,782 42 87 1979 ML Red
Richardson Seeds Swift 24.9 75 58.2 49 27,733 35 64 1456 E Red
Alta Seeds AG1101 24.5 74 56.8 23 28,387 34 67 1515 E Red
Alta Seeds AG1203 23.4 70 56.6 8 23,377 42 86 1952 ME Bronze
Average 33.2 57.9 30 27,800 38 75 1702
eLSD  (P<0.30) 5.8
aYields adjusted to 14% moisture and hybrids ranked by yield within maturity group
bLodging was a result of a severe mid-season hail storm and a late-season snow and wind storm
cGDD: Growing degree-days to 50% bloom date
dMaturity Group: E=early; ME=medium-early; M=medium; ML=medium-late
eIf the difference between two varieties yields equals or exceeds the LSD value, there is a 70% chance the difference is significant.
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SLOT TILLAGE IN DRYLAND AGRICULTURE 

J.G. Benjamin 

 

PROBLEM: Long-term use of sweep plows for weed control in wheat rotations often results in a 
restrictive layer immediately below the depth of tillage. This restrictive layer may be dense enough to 
impede root penetration through the layer. When transitioning to no-till, it is conjectured that 
disrupting this restrictive layer by tillage slots may improve root penetration through the layer, making 
water and nutrients deeper in the soil more available for crop production. 

APPROACH: A slot tillage experiment was started at the Central Great Plains Research Station in 
2011. The study site was acquired in 2010. The soil is a Rago silt loam. The site had been cropped with 
a sweep tillage system for many years prior to acquisition with wheat, proso millet and fallow crops 
grown in an undetermined sequence. The entire site was fallow immediately before the start of 
experiment. A preliminary survey of the study site indicated a potentially restrictive layer in the 4 to 5 
inch soil depth, indicating the existence of a tillage pan.  

A wheat - corn - fallow rotation with four replications was established where each phase of the rotation 
appeared each year. Three tillage treatments were introduced: 1) No till, where no tillage was used in 
crop production for any crop; 2) Slot 1, where slot tillage was applied before corn planting in the early 
spring, directly below the proposed corn rows, and no other tillage applied; and 3) Slot 2, where tillage 
was applied as in Slot 1 plus additional tillage in the summer before wheat planting, splitting the 
centers of the first tillage. All tillage was on 30 inch centers, 12 inches deep. Penetrometer 

measurements were made in the standing corn crop in 
July and penetrometer measurements were made in the 
wheat crop in July after wheat harvest. 

RESULTS: After the first tillage operation, in corn, slot 
tillage was effective for reducing the cone index in the 
tilled row. There was little effect of slot tillage 7.5 and 
15 inches from the row, which agrees with the predicted 
failure zone from soil failure theory. 

After the second tillage operation and wheat crop, the 
cone index distribution under the row showed residual 
effects of the first tillage operation, but the differences 
between tillage and no tillage were found only in the 3 
to 4 inch depths. There was an indication of natural 
amelioration of the high-strength layer in the no till 
plots, reducing near-surface strength in the row as 
compared with the initial conditions. The effects of the 
second tillage operation was evident in the non-tracked 
interrow, with Slot 2 treatment showing a reduction of 
cone index in the 0 to 7 inch layer compared with Slot 1 
and No till. There were no differences among 
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treatments in the tracked interrow, indicating that benefits of tillage to reduce soil strength may be 
negated by the pressure of wheel traffic.  

There were no apparent yield benefits of slot tillage in either corn or wheat so far in the study. Corn 
yields varied from an average of 17 bu/ac in 2012 (extremely dry year) to 60 bu/ac in 2014 (favorable 

growing conditions) 
depending on rainfall and 
summer temperature. Tillage 
had no effect on corn yields 
through the wide variety of 
weather conditions. No corn 
yield is reported for 2015 
due to severe hail damage in 
August.  

Wheat yields varied from 9 
bu/ac in 2013 (dry fallow 
period in 2012) to 70 bu/ac 
in 2014 (favorable fallow 
and growing season 
precipitation). Tillage had no 
effect on wheat yields over a 
wide variety of growing 
conditions. 

  

 

 

 

 

 

 

 

FUTURE PLANS: The experiment will continue in 2016 to examine long-term amelioration of soil 
strength and residual effects on tillage on soil strength and crop yield.  
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SEQUENCING SUNFLOWER IN SEMI-ARID DRYLAND CROP ROTATIONS 

J.G. Benjamin 

PROBLEM: Sunflowers are a well-adapted crop for the central Great Plains. However, sunflower 
extract water to lower water contents and extract water to deeper depths than many other crops. Often a 
long fallow period is recommended before planting the next crop in rotation to allow for soil water 
recharge. In a semi-arid climate, full water recharge often does not occur prior to the planting 
subsequent crops, leading to dry soil conditions and low yields for crops following sunflower.  

Water storage efficiency (the ratio of change in soil water storage to the rainfall that occurs) is often 
low for rainfall occurring during the summer. High evaporation demand caused by high temperatures 
and low relative humidity causes much of the rainfall that falls during the summer to evaporate and not 
be stored in the soil. Water storage efficiency is much greater for precipitation that occurs during the 
cooler fall, winter, and spring months. We hypothesize that growing a crop to use summer precipitation 
may benefit total crop production while not affecting water storage prior to planting winter wheat. 

APPROACH: A study was established in 2010 at Akron, Colorado to investigate possible rotations 
with sunflower in the semi-arid Great Plains. Rotations included sunflower – extended fallow – winter 
wheat (Sun-exF-W), sunflower – proso millet – fallow – winter wheat (Sun-M-F-W), sunflower – field 
pea – fallow – winter wheat (Sun-P-F-W), and sunflower – grain sorghum – fallow – winter wheat 
(Sun-So-F-W). The experiment was conducted under natural Akron weather conditions and with 
supplemental irrigation to simulate the rainfall typical of central Kansas. 

 

RESULTS: 

Approximately 70% to 80% of the rainfall during the winter fallow period and approximately 40% to 
50% of the water received by the fallow plots during the summer months was retained as stored soil 
water. Available water (AW) at wheat planting in 2012 was 2.5- to 5.0-cm less when a summer crop 
was included in the rotation compared with extended fallow for both water regimes. Lower AW at 
planting reduced wheat yields by 590 kg ha-1 to 975 kg ha-1 compared with extended fallow for Akron 
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conditions and 130 kg ha-1 to 650 kg ha-1 compared with extended fallow under simulated KS 
conditions. Even though wheat yields were reduced due to water use by summer crops, total grain 
production was increased by including a summer crop such as millet or grain sorghum. For simulated 
KS conditions, even though there was a 20% reduction in wheat yield, total productivity doubled. 
When including sunflower in a winter wheat rotation, the producer may consider adding a short season 
spring/summer crop following sunflower. The summer crop will use summer rainfall more efficiently 
than fallow and still allow soil water recharge for the subsequent winter wheat crop. 

 

FUTURE PLANS: Sunflower will be planted 
in the plots in 2016 to repeat the rotation 
sequence. Measurements on soil water content, water storage efficiency, plant growth and crop yield 
will be repeated to replicate the results across years. 
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COMPOST EFFECT ON SOIL MICROBIAL ACTIVITY, BIOMASS QULAITY AND 
GRAIN QUALITY IN ORGANIC WHEAT AND FORAGE FIELDS 

 
F.J. Calderón and M.F. Vigil. 

 
PROBLEM: Organically managed systems have the disadvantage that the tillage used for weed 
control can promote soil organic matter and moisture losses. Feedlot composts are a valuable 
resource in the Central Great Plains, and they can be used as fertilizer in organic systems. 
Compost deployment can have immediate results by adding organic matter directly to the soil. 
Feedlot compost is especially rich in P, and a significant portion of the P in compost is inorganic 
and thus largely plant-available. Nitrogen in compost is considered slow-release relative to non-
composted manure. For this reason, when using compost as a N fertilizer, it should be taken in 
account that P might become excessive before the N demands of the crop are met.  Soils under 
long-term grass cover such as CRP tend to accrue soil C and have increased soil quality. This 
means that converting grassland into organic production will lessen the fertilizer requirements of 
the organic crop, although few studies have evaluated this. Microbial soil enzymes are the 
catalysts for the degradation of plant residue polymers as well as the formation of the stable 
organic matter necessary for soil C buildup. Soil enzyme activities are affected by application of 
organic amendments and cultivation. Previous research has demonstrated that compost additions 
can increase the biomass of different groups of soil microbes and significantly affect the 
activities of important C, N. and P cycling enzymes.  
 
APPROACH: We are carrying out a multi-year field experiment to study the long term soil C, 
N and P dynamics in compost-based wheat and forage production at the CGPRS. The project 
includes three compost levels and two crop rotations: wheat-fallow (W-F), and a forage winter 
crop of triticale+Austrian winter pea (T/P-F). The three compost treatments are: a nothing-added 
control, a 1x treatment according to expected N demand (10.3 American t/a), and a 5x rate (48.9 
t/a). The 1x treatment was based on an expected 40 lbs/acre available N for first season, which 
assumes that approximately 11% of the compost N is released. Weed control has been done by 
sweep tillage as needed, and the wheat has been harvested with a stripper header. The forage was 
harvested by mowing and baling at pea flowering time. Measurements have included: Grain 
yields, biomass at harvest, pre-plant soil moisture, grain and biomass C and N content, soil 
enzyme activities, soil C, N and P content, and soil quality according to infrared spectroscopy. 
Enzymes assyed were: β-1,4-glucosidase (BG), β-D-cellobiohydrolase (CB), β-Xylosidase 
(XYL), and α-1,4-glucosidase (AG), which denote potential C cycling activities. β-1,4-N-
acetylglucosaminidase (NAG) and L-leucine aminopeptidase (LAP), which denote N cycling 
activities. Phosphatase (PHOS) represents P cycling activities. Here we present data from the 
2011-2015 harvest seasons. The experiment was interrupted during the 2012-13 season due to 
extreme drought, triticale was uniformly planted on all research plots for soil conservation 
purposes, so no wheat grain yield data is available for that year. Compost was re-applied in the 
fall of 2012 and again in 2014. 
 
RESULTS: Crop yield and biomass data was presented last year.  Briefly, the forage T/P-F 
biomass was higher in the 5X compost treatment relative to the 0X. The 1X rate had no 
significant effect. Wheat biomass or grain yields did not increase with compost addition, but the 
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1X and 5X treatments had high wheat biomass N content. Wheat grain zinc content was 
increased by the compost. Soil extractable P reached excessive levels on the 5X treatment. 
The 1X and 5X compost treatments had 14% and 10% higher wheat biomass N concentration 
than the 0X (Table 1). The N concentration in the triticale or pea biomass was not affected by 
compost.  

Our results from 2015 show that 
after 3 applications of compost, the 
grain zinc content increased 
significantly with compost 
application (Table 2). The 5X and 
1X treatments increased wheat grain 
zinc content by 71% and 53% 
respectively. The grain N, P, K, and 
S contents, however, were not 
affected by the compost treatments. 

 
Changes in soil C and N content after three 
compost applications were not as great as those 
changes measured for soil extractable P (Table 
3). We were surprised to measure no 
significant effect of the 1X compost treatment 
on total soil N or C after three compost 
applications.  

 
On the other hand, the 5X treatment increased soil 
N by ~43%, in the 0-30.5 cm depth. A 40% 
increase was observed for soil C in the same soil 
layer. Soil % N and % C in the 61-122 cm depths 
ranged from 0.4-1.2 and 8.7-14.3 respectively, 
with no significant compost or rotation effect. The 
increases in C in the 5X are not trivial, given that 
C increases in the adjacent Alternative Crop 
Rotations (ACR) experiment, which relies on 
conservation tillage and crop residue management 
to accumulate C, have taken much longer to 
achieve similar results.  
The soil N contents are high, more than twice 

than those of the ACR, indicating a relatively high amount of N available for future crops via N 
mineralization of compost-derived N. 
After the three compost applications, the activities of several C and N cycling enzymes were all 
significantly higher under the growing wheat crop than under the fallow (Table 4). The activities 
of BG, CB, XYL, AG, and NAG increased significantly with compost rate, with the 5X 
treatment being higher than the 0X. The increases due to the 5X compost rate ranged from 32% 
in BG to 78% in NAG. The 1X treatment resulted in BG, CB, XYL, AG, and NAG activities that 
were indistinguishable from the 0X. LAP and PHOS did not respond statistically to the compost 
rates. Microbial enzymes enable nutrient cycling in soil because they catalyze all biochemical 

Table 1. Biomass C and N data for 2011, 2012, and 2014. 

  
2011 2012 2014 

    N% C% N% C% N% C% 
0X Peas 2.9 42.6 4.5 41.7 3.0 41.9 
1X   3.3 42.5 4.7 41.5 3.1 40.7 
5X   3.0 42.4 4.6 41.1 3.4 40.6 
                
0X Triticale 1.6 42.4 2.2 42.9 1.4 40.7 
1X   1.5 42.3 2.3 42.5 1.6 40.8 
5X   1.5 42.1 2.2 42.4 1.6 40.5 
                
0X Wheat 1.6 42.1 1.9 43.1 1.4 40.8 
1X   1.7 42.0 2.0 42.8 1.7 40.9 
5X   1.7 41.8 2.2 42.7 1.8 40.7 

Table 2. Wheat grain nitrogen, phosphorus, potassium, sulfur and zinc 
concentrations. Samples obtained in 2005. Means not sharing a letter 
within a column are significantly different (alpha 0.05). 
Compost N% P % K % S % Zn mg kg-1 

0X 2.70a 0.40a 0.50a 0.18a 32.22c 

1X 2.89a 0.42a 0.50a 0.18a 49.29b 

5X 2.71a 0.40a 0.51a 0.17a 55.09a 

Table 3. Soil C and N content (0-30.5 cm depth) in the organic 
plots. Samples taken in October 2014 after manure application.  
Compost rate Crop N 

g kg-1 

C  

g kg-1 

0X T/P-F 1.9x 15.2x 

1X T/P-F 1.7x 14.1x 

5X T/P-F 2.4y 19.0y 

    

0X WF 1.5b 12.6b 

1X WF 1.8b 14.4b 

5X 

 

WF 2.4a 19.4a 

0x Grass  1.5 14.0 
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processes. Soil enzyme activities respond relatively rapidly to soil management, sometimes 
before changes on soil total C and N are evident. Soil enzymes are correlated with labile SOC 
and nutrient cycling, and are thus used as indicator of overall soil quality. In this study, The 5X 
treatment had a significant effect on several soil enzyme activities, while the 1X treatment did 
not. Our results indicate that relatively large amounts of compost are required in this soil type 
and agronomic system in order to enhance soil microbial functioning. These plots were in long-
term grass before the experiment, and possibly had a substantial amount of mineralizable C and 
N at the start of the experiment. We observed an increase in BG with the 5X compost treatment, 
which acts on low-molecular-weight carbohydrates to generate glucose, which is indicative of 
high SOM turnover rates and microbial growth. Together with BD, XYL acts to decompose 
polysaccharides in soil. In our study, the 5X compost treatment increased the activity of BD and, 
XYL, which shows an increase in the C cycling capacity of the soil. NAG and LAP are N-
acquiring enzymes. The activity of BG was increased with the 5X compost, which suggests that 
soil microbes are responding to the addition of organic N by producing the enzymes necessary to 
liberate organic forms of N from the compost. This is consistent with the observed increase in N 
concentration in wheat biomass, and suggests that the soil N increase due to compost will result 
in enhanced N supply to the crops in future years. 
The non-significant average decline in our study suggests that P was not a limiting nutrient to 
microbial activity in these soils, precluding an increase in PHOS activity. 
 
Table 4. Soil enzyme activities from the summer of 2015. Means not sharing a letter within a column are significantly different (alpha 0.05) 
according to Duncan's Multiple Range Test.  
 AG BG CB XYL NAG LAP PHOS 
Fallow 38.8b 368.3b 115.1b 78.0b 221.6b 398.0a 712.4a 
Wheat 72.9a 508.1a 175.6a 125.0a 336.1a 535.3a 736.1a 
Grass 58.1 412.0 123.1 81.9 158.8 411.8 629.6 
        
0X 48.9a 376.3b 112.5b 80.0b 202.0b 411.5a 780.0a 
1X 54.2a 429.1ab 141.9ab 101.9ab 275.9ab 382.5a 683.6a 
5X 64.6a 509.3a 181.8a 122.6a 358.7a 606.1a 709.2a 

 
These results show that beef feedlot compost is effective in enhancing forage yields, wheat grain 
quality, soil C, and N, as well as specific microbial enzymes important for nutrient cycling.  
Our results show that under the conditions observed in this experiment, relatively large amounts 
of compost are necessary to enhance soil quality measures such as total soil C and soil enzyme 
activities. The impact in soil extractable P occurs at a faster pace than C and N, so applying 
feedlot compost to meet crop N demands will eventually result in high or excessive levels of soil 
P. The application of readily available chemical N fertilizers together with the compost would 
ameliorate this problem, but this would go against organic management practices. Our results 
indicate that the compost applied under these conditions improved nutrient uptake, forage yield 
and sometimes forage and grain quality with compost applications but were not able to increase 
wheat grain yields. 
 
FUTURE PLANS: This is a long term study, and as long as funding allows, we will continue to 
study organic wheat and forage production in these plots, with emphasis on soil quality issues 
and crop performance. 
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OPTIONS FOR HAILED CORN 
 

J.P. Schneekloth and C. Shelley 
 
PROBLEM:  Hail is a common occurance in NE Colorado.  There are many options available to 
producers when this occurs.  Options include leaving corn in the field and harvesting in the fall, 
abandonment of those acres or destruction of the crop and planting to an alternative crop.  If the 
hail occurs late enough in the growing season and is severe enough to warrant abandonment or 
destruction, what is a viable option?  Where producers have a livestock enterprise, one of those 
options is to plant a forage and harvest by either haying or grazing.  A major concern of 
complete abandonment late in the season is that a majority of the nitrogen has been applied and 
is highly leachable.  Planting to either a cover crop or forage, what is the production capability as 
well as potential uptake of nitrogen by that crop.  Also, what is the response in yield and nitrogen 
uptake to irrigation and the economics of that management. 
 
APPROACH:  Hail occurred at Akron, CO on August 1, 2015.  This hail was severe enough 
and occurred at R1 growth stage that evaluation of 2 trials showed the yield potential to be 
between 0 and 20% of potential.  One trial was destroyed and planted to a forage for evaluation 
of yield potential, quality and nitrogen uptake under 2 irrigation strategies of dryland and limited 
irrigation (2 inches of water per cutting). 
 
Spring triticale was planted on August 15 at a rate of 50 lbs of seed per acre.  Yield was 
evaluated at boot stage and samples sent for nutrient analysis.  The crop was then mowed to 
allow for a second growth which would mimic a mob grazing practice with livestock.  Spring 
triticale was utilized for planting  because of 2 reasons.   The first was that we had seed available 
and second, a freeze would kill that crop and regrowth in the spring would not have to be dealt 
with. 
 
RESULTS:  Irrigation of plots occurred at planting to ensure establishment and at that point 
plots were split to either dryland or limited irrigation.  Irrigation was limited to a maximum of 2 
inches per cutting to allow for utilization of soil moisture available.  After establishment, growth 
of the triticale appeared to have been enough to allow for potential grazing after September 1 for 
the first cutting.  Growth after the first cutting was limited due to the above average temperatures 
in early October and growth was seen approximately 15 days after the first harvest.  Harvest 
occurred twice during the fall of 2015 of the spring triticale.  The harvest dates were Oct 5 and 
November 16.  Samples were taken for yield and nutrient quality at this time.   
 
Total yield for irrigated was approximately 3000 lbs acre-1 with nealy 2/3rds of that occurring on 
the first cutting.  Yields for dryland were 1700 lbs acre-1 with approximately 70% of that 
occurring on the first cutting.  Yields were significantly greater for irrigated compared to dryland 
with 4 inches of water applied.  Crude protein was not significantly different between irrigated 
and dryland. 
 
One consideration of growing a forage after a hailed corn crop is nutrient uptake.  At the time of 
hail, most if not all the nitrogen needed by the corn crop had been applied.  Nitrogen is a mobile 
nutrient and would have the possibility of leaching with moisture.  Growing a forage would 
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either remove the nitrogen or place it in an organic form that is not leachable.  Irrigated triticale 
had a total uptake of nearly 95 lbs N acre-1 compared to 52 lbs N acre-1.  At current prices, 
irrigation stabilized an additional 40 lbs N equivilent to about $20 acre-1. 
 
Potential income from either grazing or haying a forage is a potential income source.  At current 
prices for good quality grass, hayed income potential would be approximately $180 acre-1 
irrigated and $102 for dryland.  Grazing potential would allow for approximately 1300 lbs and 
600 lbs of beef capacity or 1.3 and 0.6 AUM’s acre-1 for first and second cutting respectively for 
irrigated and 800 lbs and 270 lbs of beef capacity or 0.8 and 0.3 AUM’s acre-1. 
 
 
Table 1.  Yield, Crude Protein (CP), Nitrogen uptake and estimated carrying capacity of forage 
production. 
 Dryland Irrigated  Dryland  Irrigated  Dryland  Irrigated 
  Cutting 1   Cutting 2   Total 
Yield (lbs/acre) 1210.6 1835.7   516.1 1177.0   1726.7 3012.8 
CP % 19.3% 20.8%   18.1% 18.0%     
Nitrogen (lbs/acre) 37.1 60.7   14.8 33.7   51.9 94.3 
Lbs  carrying 
capacity (lbs/acre) 862 1308   276 629       
Carrying capacity calculated @ 50% efficiency and 2.6% consumption of weight.  

 
FUTURE PLANS:  Unless a severe hail storm occurs again, there is no future plan to continue 
this work. 
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IMPACTS OF RESIDUE REMOVAL ON IRRIGATED CORN PRODUCTION 
 

J.P. Schneekloth, D.C. Nielsen and F.J. Calderon 
 
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:  Impacts of residue management had the greatest impact on water infiltration.  
Maintaining residue in the field increased overall infiltration, steady state infiltration and the 
time to observe the first runoff.  Treatments with residue remaining in the field showed an 
increase of 0.5 inches infiltrated in 30 minutes over when residue was harvested regardless of 
tillage management.  Maintaining residue in the field also had an increase in steady state 
infiltration of 0.4 to 0.5 inches hour-1 in 2014.  In 2015, tillage had a significantly lower steady 
state infiltration than NT by 0.5 to 0.8 inches hour-1. 
 
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 and 2015, a 
Cornell Infiltrometer was used to measure infiltration patterns of the treatments. 
 
Differences were observed in the pattern of measured infiltration by residue management in 
2014.  Where residue was not removed, infiltration was greater than that of when residue was 
removed no matter what tillage system was utilized.  The major changes in infiltration rates were 
within the first 300 seconds when water was applied.  Positive impacts when residue remained in 
the field were observed for the 3 major factors of infiltration.  The time for measurement of first 
runoff (Table 1) was doubled when residue remained in the field and was left on the surface or 
incorporated.  When residue was removed, average time to observe runoff was approximately 
110 seconds but when residue was not removed the average time to observe runoff was 235 
seconds. 
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The total water infiltrated in 30 minutes was approximately 0.50 inches greater when residue was 
not harvested (1.36 inches vs 0.81 inches).  Intensive precipitation events can better utilized 
when larger amounts of residue remain on the surface of the soil allowing for reduced irrigation 
needs.  Irrigation system management and design can be minimized by increased infiltration 
rates which can either reduce energy inputs required for increased pressure for larger wetted 
diameters to compensate for reduced infiltration rates and runoff potential.  With greater 
infiltration as a result of not harvesting residue, irrigation depths can be increased without the 
potential of runoff which is important on land with greater slopes.   
 
Differences from 2014 to 2015 occurred in infiltration (Table 2).  Time to first runoff was similar 
to 2014 for all treatments.  Total infiltration did increase in 2015 compared to 2014 for all 
treatments with the greatest increases in treatments where residue was removed.  However, total 
infiltration was still greater for treatments where residue remained in the field.  The most 
dramatic change was in steady state infiltration.  In 2014, residue management was the key factor 
in steady state infiltration.  However, in 2015, tillage management was the significant factor with 
NT having greater steady state infiltration than T treatments.  Steady state infiltration was 
approximately 0.6 to 0.9 inches hour-1 greater for NT compared to T. 
 
Table 1.  Infiltration parameters for residue and tillage management (2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2.  Infiltration parameters for residue and tillage management (2015). 
 
 
 
 
 
 
 
 
 
 
 
 

   Time to   
Steady 
State  Total  

   
first 

runoff  Infiltration  Infitration 

Tillage 
Residue 
Mgt.   Seconds   in hr-1   Inches 

No-till Residue   253  1.04  1.36 

 
No 
Residue   111  0.61  0.81 

Tilled Residue   217  1.21  1.35 

 
No 
Residue   112  0.69  0.81 

   Time to   
Steady 
State  Total  

   
first 

runoff  Infiltration  Infitration 

Tillage 
Residue 
Mgt.   Seconds   in hr-1   Inches 

No-till Residue   241  1.69  1.52 

 
No 
Residue   114  1.46  1.20 

Tilled Residue   212  0.91  1.91 

 
No 
Residue   151  0.91  1.37 
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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.  We are trying to collect at least 2 
years of yield data not tainted by either hail or a significant nutrient deficiency.  After that time, 
water management practices will change to a limited/deficit irrigation management to look at the 
impact of water deficiency on residue and tillage management. 
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SOIL AGGREGATION AND AGGREGATE-ASSOCIATED CARBON IN LONG-TERM 
MOLDBOARD PLOWING AND MANURE 

 
M.M. Mikha1, G.W. Hergert2, J.G. Benjamin1, J.D. Jabro3, 

and R.A. Nielsen2 

 
PROBLEM:  Management practices that include continuous moldboard plowing could influence 
soil structural stability and reduce soil organic matter (SOM) content.  Measuring changes in soil 
quality presents a challenge and requires long-term studies because of the gradual changes in soil 
parameters that occurred with time.  Therefore, long-term studies are valuable to improve our 
understanding with the changes of soil quality parameters influenced by management that may 
be difficult to assess with short-term studies.  Previous research documented that continuous soil 
disturbance through tillage reduced soil macroaggregates formation and stabilization, increase 
soil microaggregates, and increase SOM decomposition and loss.  Increasing soil 
microaggregates portion relative to soil macroaggregates could enhance wind erosion potential 
and soil losses especially in dry and low precipitation environment such as the central Great 
Plains Region.  Nevertheless, it has been documented that manure amended could increase soil 
macroaggregates formation and stabilization and conserve SOM by enhancing aggregate-
associated organic matter (C and N).  Increased SOM with manure addition and improved soil 
macroaggregates was found to reduce soil runoff, increase water infiltration by decreasing rust 
formation, and reduce soil erodibility, especially wind erosion.  
 
OBJECTIVE:   This study evaluates soil organic carbon (SOC), water stable aggregates, and 
aggregate-associated C in long-term continuous corn plots (Knorr-Holden) as influenced by 
nitrogen sources (solid beef manure (M), commercial fertilizer (F), and the combination of F+M) 
in moldboard plowing and furrow irrigation systems.  
 
APPROACH:   The study site was initiated in 1910 after plowing the short-grass prairie in a 
semiarid climate region near Mitchell, Nebraska.  Annual precipitation average of 16 inches and 
Tripp, very-fine, sandy loam soil type with clay contents of 18%, sand content of 50%, and silt 
content of 32%.  In 1911, the study area was planted to oats (Avena sativa L.).  In 1912, rotation 
study was established that included corn, sugar beets (Beta vulgaris L.), potato (Solanum 
tuberosum L.) and alfalfa (Medicago sativa L.).  For the first 31 years (1910-1941), no N source 
was added to the study site.  In 1942, the corn plots were split into two halves.  One half received 
cattle beef manure (Bos taurus) at 12 T a-1yr-1 and the other half received 0 N (control).  In 1953, 
the manure and control treatments were split into six subplots for commercial fertilizer 
treatments (0, 40, 80, 160 lb N a-1, and 120 lb N a-1+40 lb P a-1). The commercial fertilizer used 
was ammonium nitrate (34-0-0), but after 1995 it was changed to urea (46-0-0).  The commercial 
fertilizer treatments that will be discussed in this report are 0, 80, and 160 lb N a-1.  The study 
site is in furrow-irrigation and yearly moldboard plowing to the depth of 10 inches. 

Soil samples were taken in the spring of 2011 which was approximately 100 years of yearly 
moldboard plowing, 70 years of annual manure amendment, and 58 years of annual commercial 
fertilizer addition.  Soils were sampled from control treatments (0 N added), F treatment at (0, 
80, and 160 lb N a-1), and F+M treatments at 0+M, 80+M, and 160+M.   Soil samples from 0-1, 
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1-2, and 2-3 feet were analyzed for SOC  Soil samples taken from 0-1 feet were fractionated into 
macroaggregate (> 1000, 500-1000, 250-500 µm) and microaggregate (53-250 µm) and reported 
as sand-free water stable aggregates (WSA) on an oven-dry basis (221oF).  Aggregate-associated 
C contents were also determined by direct combustion. 

 
RESULTS:  Since the initiation of this study, moldboard plowing and furrow irrigation were the 
standard practices that were performed annually for the entire study site regardless of N 
treatments.  Therefore, N treatments (manure vs fertilizer) were the main factor that may 
influence various parameters discussed in this report.  The SOC was affected by N treatments at 
0-1 and 2-3 ft depth, but not with 1-2 ft depth (Table 1).  An approximate increase of 85% in 
SOC was observed with F+M compared with F alone treatments. In the meantime, SOC at 0-1 ft 
depth was greater by approximately 54% for F and by 192% for F+M treatment than SOC at 2-1 
ft depth. At no N addition treatment (control), there was an increase in SOC at the 0-1 ft by 
approximately 27% compared with 1-2 ft.  The increase in SOC associated with control 
treatments was possibly related to the moldboard plowing operation (10 inches deep) that 
overturns the corn residues underneath the surface and slows down the decomposition.  The 
increase in SOC associated with F+M treatment was due to the addition of manure as organic C 
associated with manure in addition to the corn residue whereas; the SOC associated with F 
treatments was only related to corn residue. 
 

Table 1.  Long-term nitrogen treatments (manure (M); inorganic fertilizer (F); and no nitrogen 
added) influenced soil organic carbon (SOC) at different depths. Adapted from Mikha et al. 
(2015). 

 ------------------------------------ Soil depth (ft) -------------------------------------- 

 0-1 1-2 2-3 

N Treatments ------------------------------------------ (%) -------------------------------------------- 

    0†     0.61 e§ 0.48 a 0.35 c 

  80   0.78 d 0.51 a 0.40 b 

160   0.85 c 0.55 a 0.41 b 

    0+M‡  1.36 b 0.47 a 0.53 a 

  80+M  1.37 b 0.49 a 0.47 a 

160+M  1.65 a 0.54 a 0.47 a 

† Represents inorganic fertilizer (F) treatment at different rates (0, 80, and 160 lb N a-1). 
  ‡ Represent manure (M) addition at approximately 12 T a-1 with inorganic F at the rates of (0, 

80, and 160 lb N a-1). 
§ Lowercase letters represent significant differences among the treatments within each depth 
for SOC or STN (ANOVA); P < 0.05. 
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Soil macroaggregates (> 250 µm) associated with M and F+M were greater than soil 
microaggregates (< 250 µm) whereas, microaggregates were greater with control and F 
treatments than macroaggregates (Fig 1).   The percent proportion of macroaggregate increased 
as the amount of F added to M increased as follows 160+M > 80+M > 0+M.    At the same time, 
the percent proportion of microaggregate decreased as the F addition to the M treatments 
increased as follows 0+M > 80+M > 160+M. The amount of F added to the F treatments (80 and 
160 lb N a-1) did not change the proportion of macroaggregates to microaggregates. In general 
microaggregates were greater than macroaggregates by an average of 166% for F+M and by 
374% with F alone treatments. These results indicate that not only the addition of M enhanced 
the proportion of macroaggregates compared with microaggregates, but the combination of F +M 
further increased soil macroaggregates formation and stabilization. The advantage of increased 
the proportion of soil macroaggregates over the microaggregates is to decrease soil erodibility 
potential especially in the central Great Plains Region that exhibit low precipitation, drought 
conditions, and high wind speed.  The potential for soil loss through erosion could be higher as 
the proportions of soil microaggregates are greater than macroaggregates because 
microaggregates are smaller, lighter, and can travel longer distances than macroaggregates.    

Nitrogen treatments (lb a-1)
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Figure 1:  Sand-free water stable macroaggregates (> 250 micron) and microaggregates (< 

250 micron) at 0-12 inches (%) as influenced by different inorganic fertilizer (F) rates (0, 80, and 
160 lb N a-1) and the combination of manure (M) at rate of 12 T a-1 and F at 0, 80, and 160 lb N 
a-1.  Lowercase letters represent significant differences (P ≤ 0.05) among N treatments within 
each aggregate-size classes.  The error bars represent standard errors of the mean.  Adapted from 
Mikha et al. (2015). 
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Strong relationships between SOC and aggregate-associated C was observed (r2 = 0.91 for 
F+M and r2 = 0.75 for F) indicating a significant proportion of SOC was associated and protected 
within soil aggregates (Fig 2).  Although the separation between M and F treatments is evident in 
this relationship, the slope of the two lines (0.81 and 0.90) was not significant.  These results 
indicate that similar proportion of SOC was accounted within soil aggregates regardless of N 
treatments. It is clear from (Fig 2) that the increase in SOC with M and F+M treatments led to 
increase aggregates–associated C compared with control and F treatments. 

Soil organic C (% C)
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Figure 2. Relationship between soil organic C (% C) and aggregate-associated C mass (% 
aggregate C recovered from soil mass; normalized to sand-free water stable aggregates) influenced 
by inorganic fertilizer (F) and the combination of F+ manure (M) at 0-1 ft depth. Adapted from 
Mikha et al. (2015). 

 
Aggregate C content (% aggregate C; normalized to sand-free water stable aggregates) was 

further evaluated in detail and presented as macroaggregate and microaggregate-associated C 
(Fig 3).   Aggregate-associated C measurements signify the portion of SOC that being protected 
from rapid decomposition within soil aggregates and it can be related to the SOC storage.  In this 
study, aggregate-associated C was influenced by N treatments at both aggregate size classes 
(macroaggregates and microaggregates).  The combination of F+M greatly increased 
macroaggregate-associated C compared with any other N treatments.  At any treatment even the 
control, C content associated with macroaggregates were greater than microaggregate. 
Macroaggregates-associated C was greater than microaggregate-associated C by 894% for 
control by an average of 1042% for F alone, and by an average of 556% for M and F+M 
treatments.  However, calculating aggregate-associated C on aggregate mass recovered from a 
fixed soil mass (% aggregate C recovered from soil mass) illustrate a contradictory results (Fig 
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4) to what was observed as aggregate-associated C (Fig 3) that was measured on a fixed 
aggregate mass (% aggregate C).  Average across all the treatments, microaggregate-associated 
C was greater by approximately 83% than macroaggregate-associated C (Fig 4). These results 
were expected because microaggregates mass recovered from fixed soil mass were 258% greater 
than macroaggregates mass (Fig 1).  Nevertheless, aggregate-associated C was almost evenly 
distributed between macroaggregates and microaggregates with F+M than any other treatments 
(Fig 4) in this study site.  

 
CONCLUSIONS: 

   The combination of F+M not only enhanced SOC and soil aggregation, but also improved 
the distribution of soil C between the macroaggregates and the microaggregates that could have a 
potential to reduce SOC loss with wind erosion.  It has been previously reported that 
microaggregates have greater erosion potential than macroaggregates and thus their associated 
soil C.  Therefore, evaluating aggregate-associated C on a fixed soil mass basis gives us a 
quantitative measurement of potential soil C loss due to erosion, specifically wind erosion.   
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Figure 3:  Aggregate-associated C (% aggregates C ; normalized to sand-free water stable 
aggregates) within macroaggregates (> 250 micron) and microaggregates (< 250 micron) at 0-12 
inches as influenced by different inorganic fertilizer (F) rates (0, 80, and 160 lb N a-1) and the 
combination of manure (M) at rate of 12 T a-1 and F at 0, 80, and 160 lb N a-1.  Lowercase letters 
represent significant differences (P ≤ 0.05) among N treatments within each aggregate-size 
classes.  The error bars represent standard errors of the mean.  Adapted from Mikha et al. (2015). 
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Nitrogen treatments (lb a-1)
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Figure 4:  Aggregate-associated C mass (% aggregate C recovered from soil mass; normalized to 
sand-free water stable aggregates) within macroaggregates (> 250 micron) and microaggregates 
(< 250 micron) at 0-12 inches as influenced by different inorganic fertilizer (F) rates (0, 80, and 
160 lb N a-1) and the combination of manure (M) at rate of 12 T a-1 and F at 0, 80, and 160 lb N 
a-1.  Lowercase letters represent significant differences (P ≤ 0.05) among N treatments within 
each aggregate-size classes.  The error bars represent standard errors of the mean.  Adapted from 
Mikha et al. (2015). 
 
FUTURE PLANS:  Further soil quality measurements will be evaluated from this study site. 
 
 
REFERENCE:  Mikha, M.M., Hergert, G.W., Benjamin, J.G., Jabro, J.D., Nielsen, R.X., 2015. 
Long-term manure impacts on soil aggregates and aggregate-associated carbon and nitrogen. Soil 
Science Society of American Journal,   79: 626-636. 



38 
 

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, J.G. Benjamin, 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 of 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)-PEA(NT), W-Sorg(skip row)-F(NT), W-M-SUN-F(NT), W-SUN-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,  SUN:sunflower, 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 th 
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, plant height, 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 17.51 2617 W-Sorg*-F sorghum 13.66 2432 
W-F(NT) wheat 17.01 2992 W-FSor-Flx forage sorghum 14.03 16595 
W-C-F wheat 16.99 3281 FSor-FM-FTrt forage sorghum 12.41 5340 
W-M-F wheat n/a 3274 W-M-SAF-F safflower 12.36 215 
W-Sorg*-F wheat 17.79 3382 W-SAF-M-PEA safflower 13.88 323 
W-C-M wheat 14.64 2181 W-C-F corn 13.09 1088 
W-C*-F wheat 16.37 3416 W-C*-F corn 13.34 778 
W-M-SAF-F wheat 15.96 3121 W-C-M corn 12.86 1313 
W-SAF-M-PEA wheat 15.32 2507 W-GC millet 10.79 513 
W-FSor-Flx wheat 14.29 2381 W-M-F millet 10.45 828 
W-Flx-Flx wheat 13.82 1906 W-C-M millet 10.01 419 
W-GC wheat 12.68 2404 W-M-SAF-F millet 10.49 551 
W-SAF-M-PEA pea 11.03 1614 W-SAF-M-PEA millet 10.14 450 
W-FSor-Flx pea 10.50 1889 FSor-FM-FTrt forage millet 10.42 6536 
W-Flx†-Flx forage pea 10.30 4869 FSor-FM-FTrt forage triticale n/a 10066 
W-Flx-Flx† forage pea 9.64 3467     

* indicates “plant 2 skip 2” skip row planting configuration 
† indicates the current phase of the rotation 
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INTERPRETATION:  A few rotations did not have soil water measurements taken this year 
due to lack of technician time (we were waiting for agency clearance to fill a vacant technician 
position), and consequently no evapotranspiration (ET) value was computed. Wheat yields 
ranged from 3416 lb/a (57 bu/a) for W-C*-F to 1906 lb/a (32 bu/a) for W-Flx1-Flx2 (where the 
previous crop was forage pea). Sorghum planted in the skip row configuration yielded 2432 lb/a 
(43 bu/a), which was relatively good considering the devastating hailstorm occurring on 1 
August The grain sorghum yield was what would be expected based on the amount of ET that 
was measured. Much of the sorghum yield came from tillers that developed subsequent to the 
hailstorm. Safflower, corn, and proso millet yields were far below what we would have expected 
for the level of ET that we observed most likely due to the hail damage. We should have seen 
safflower yields of 725 lb/a, corn yields of 2270 lb/a (41 bu/a) and millet yields of around 2800 
lb/a. The above average spring precipitation produced forage yields of about 4300 lb/a for forage 
pea, 5300-16600 lb/a for forage sorghum, 6500 lb/a for foxtail millet, and 10100 lb/a for triticale. 
Pea seed yield was about 1600-1900 lb/a. 
 
FUTURE PLANS: The experiment will continue as in past years. Modeling of rotations will 
continue. The grain sorghum and proso millet water use/grain yield relationships will be 
analyzed in further detail and submitted for publication. Wheat yield stability as influenced by 
crop rotation and cropping intensity is currently being analyzed.  
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DEFINING A CROP WATER USE/YIELD PRODUCTION FUNCTION FOR GRAIN 
SORGHUM 

 
D.C. Nielsen 

 
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: Data previously collected from a skip row grain sorghum experiment and 
currently being collected from the ongoing Alternative Crop Rotation experiment will be 
combined with new data collected from a graded water experiment. The graded water experiment 
was conducted in two adjacent areas. Each area had four strips with 12 measurement sites in 
each strip. The four strips in each area were to be irrigated with either 0”, 1.0”, 1.5”, or 2.0” of 
water per week during the growing season to produce a range of water availability. Soil water 
was measured with a neutron probe at planting, flowering, and harvest to calculate crop water 
use by the water balance method. In 2015 grain sorghum (Dekalb DKS 29-28) was planted in 
30” rows (east-west) on 2 June. Seeding rate was approximately 46,000 seeds/acre. Fertilizer 
applied at planting was 60 lb N/a and 15 lb P2O5/a. Weed control was accomplished with an 
application of Cornerstone Plus (32 oz/a), Preference (32 oz/100 gal), and Zippsol ammonium 
sulfate (272 oz/100 gal) on 8 June just prior to plant emergence. Atrazine 4L (24 oz/a) and 
Charger Max (12 oz/a) were applied on 10 June 2015. The first irrigation occurred on 2 July 
2015.  
 
RESULTS: A devastating hailstorm occurred on 1 August 2015. However, we decided to let the 
experiment continue to see what kind of yield recovery there might be. Most of the plants formed 
new tillers, and heading and flowering continued. This delayed maturity, but warmer than 
average fall conditions allowed the late developing crop to mature. A killing frost did not occur 
until 30 October 2015.  Dry down of the grain was slow in November and two snow storms prior 
to harvest resulted in significant lodging of sorghum heads. Harvest occurred on 23 November 
2015. 
 
INTERPRETATION: Fig. 1 shows some of the previously acquired data. The black line was 
the production function reported by Stewart and Steiner (1990) for grain sorghum grown in  
Bushland, TX. The slope of this line is 351.2 lb/a per inch of water use, which is lower than what 
we would expect for a C4 species such as grain sorghum. The blue open circles are from the 
2007 skip row grain sorghum experiment conducted at Akron. The slope of this relationship is 
787.5 lb/a per inch of water use. The red points are from the Alternative Crop Rotation 
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Experiment at Akron (2006-2015) in which grain sorghum has been grown in a skip row planting 
geometry. Two data points stand out as being anomalous: 2012 (an extreme drought year) and  
  
 

 
 

2014 (likely 3” of runoff from two extreme rainfalls on August 27 and Sept 22 and frosts on 12, 
13 September and 3, 4 October). Omitting those two points the slope of the relationship is 875 
lb/a per inch of water use.   
 
Because of the problems encountered during the 2015 growing season (hail on 1 Aug, regrowth 
from tillers, late maturing crop, lodging from snow), the yield vs water use data did not fit a 
clean linear response. In situations such as this where factors other than water use are limiting 
grain yield we can use the approach of French and Schultz (1984a,b) and eye-fit a water-limited 
yield frontier line. The slope of that line was 705.4 lb/a per inch of water use. Clearly, there is 
evidence from the previous data collected at Akron and the frontier line found in 2015 to suggest 
that grain sorghum shows a typical C4 plant response of yield to water use as opposed to the 
published relationship from Bushland, TX.  
 
FUTURE PLANS: The experiment will be conducted again in 2016 as it was in 2015. We will 
be striving to get data that encompasses the broad range of water use from about 10 to 25 inches 
in order to clearly define the water use/yield production function for grain sorghum applicable to 
this region.  
 
REFERENCES:  
French, R.J., and J.E. Schultz. 1984a. Water use efficiency of wheat in a Mediterranean-type 
environment. I. The relation between yield, water use and climate. Australian J. Agric. Res. 
35:743–764. doi: 10.1071/AR9840743 
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French, R.J., J.E. Schultz. 1984b. Water use efficiency of wheat in a Mediterranean-type 
environment. II. Some limitations to efficiency. Australian J. Agric. Res. 35:765–775. doi: 
10.1071/AR9840765 
 
Stewart, B.A., and J.L. Steiner. 1990. Water-use efficiency. p. 151–173. In R.P. Singh et al. (ed.) 
Dryland agriculture: Strategies for sustainability. Adv. Soil Sci. 13. Springer-Verlag, New York. 
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ASSESSING CROP ROTATION AND CROPPING INTENSITY EFFECTS ON WINTER 
WHEAT YIELD STABILITY 

 
D.C. Nielsen 

 
PROBLEM: Precipitation in the semi-arid central Great Plains is highly variable from year to 
year, resulting in widely varying wheat yields. Dryland no-till production systems employing 
crop rotations have been intensifying (reducing fallow frequency) due to greater precipitation 
storage efficiency than had been observed with conventional tillage systems. The effect of these 
more intense rotational systems on wheat yield stability has not been quantified so that farmers 
can better assess the risk involved in reducing fallow frequency. The objective of this analysis of 
long-term wheat production records is to assess the impact of varying cropping intensity on 
wheat yield stability. 
 
APPROACH: The Alternative Crop Rotation study conducted at Akron, CO includes wheat 
yield data from eight crop rotations collected over 23 years (1993-2015). The rotations range in 
cropping intensity from 0.5 (e.g., W-F(CT), one crop in two years) to 1.0 (e.g. W-C-M-P, 
continuous cropping). Growing season rainfall (October – June) over these years ranged from 
4.38” (2001-2001) to 19.53” (1994-1995), and wheat yields ranged from 0.8 bu/a (W-C-M, 
2004) to 73.5 bu/a (W-M-F, 2003). Yield stability was evaluated by plotting yearly yield values 
for each rotation against the average annual yield across all rotations for each year of  the 23-yr 
period, and then fitting linear regressions to the data. The slopes of the individual regressions 
were compared with one another. Greater slopes indicated less yield stability. Yield range, 
standard deviation of yield, and coefficient of variation were also calculated for each rotation as 
indicators of yield stability.  
 
RESULTS: 

 
The lowest slope of the yield stability 
regression lines was found for the W-
F(CT) system (0.841 bu acre-1 per bu 
acre-1) indicating that this system 
exhibited the greatest yield stability. 
The greatest slope was found for the W-
C-F system (1.093 bu acre-1 per bu acre-

1) indicating that this system exhibited 
the least yield stability. This difference 
in slope between these two rotations 
was statistically significant (p=0.03). 
However the only other statistically 
significant different slopes among the 
eight rotations were W-F(CT) vs W-M 
(p=0.05), W-F(CT) vs W-C-M-F 
(p=0.02), and W-F(CT) vs W-C-M-P 
(p=0.04).  

Wheat Yields from Eight Crop Rotations 
Plotted Against Wheat Yield Averaged Over All Rotations 

(1993-2015, Akron, CO)
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W-F(CT)   Y=215.7+0.841X   R2=0.87   P<0.01
W-F(NT)   Y=805.3+0.932X   R2=0.86   P<0.01
W-C-F      Y=371.8+1.093X   R2=0.88   P<0.01
W-C-M      Y=-737.9+0.931X  R2=0.71   P<0.01
W-M         Y=-975.2+1.065X  R2=0.89   P<0.01
W-C-M-F   Y=380.8+1.086X   R2=0.92   P<0.01
W-C-M-P   Y=-518.8+1.008X  R2=0.79   P<0.01
W-M-F       Y=458.3+1.044X   R2=0.93   P<0.01

W-C-F directly under
W-C-M-F
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Data for the three other measures of yield stability are shown in the table below.  
 

Rotation Cropping 
Intensity 

Average Range Standard 
Deviation 

Coefficient of 
Variation  

  -----------------(bu/acre)----------------- (%) 
W-F(CT) 0.50 31.81 53.18 11.89 37.4 
W-F(NT) 0.50 43.66 54.20 13.18 30.2 
W-C-F 0.67 42.71 64.32 15.35 36.0 
W-M-F 0.67 42.32 63.27 14.22 33.6 

W-C-M-F 0.75 42.60 67.29 14.92 35.0 
W-M 1.00 21.69 63.93 14.88 68.6 

W-C-M 1.00 20.67 64.24 14.53 70.3 
W-C-M-P 1.00 26.69 60.86 14.89 56.1 
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INTERPRETATION: The figure above indicates that for three of the parameters investigated 
(yield range, yield standard deviation, yield stability slope) there is a decrease in yield stability 
(increase in parameter value) as cropping intensity increases from 0.5 to 0.75 followed by a 
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small increase in yield stability (decrease in parameter value) as cropping intensity goes to 1.0 
(continuous cropping). The coefficient of variation, however, is stable at about 34% for cropping 
intensities of 0.5 to 0.75 and then increases to a value of about 63% for cropping intensity of 1.0. 
As farmers consider moving their cropping systems from the traditional wheat-fallow system to a 
system with greater cropping intensity and decreased fallow frequency, they should be prepared 
for an increase in year-to-year yield variability.  
 Cropping intensity did not affect average wheat yield (42.8 bu/a) for wheat following no-
till fallow (W-F(NT), W-C-F, W-M-F, W-C-M-F), but the W-F(CT) average yield (31.8 bu/a) 
was only 74% of the NT average yield. Wheat yield following millet was the same whether in a 
2-yr or 3-yr rotation, averaging 21.2 bu/a. Wheat following pea averaged 24.7 bu/a in the W-C-
M-P rotation.  
 
FUTURE PLANS: A paper detailing the results of this investigation will be prepared and 
submitted for publication in Field Crops Research. 
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FINAL CONCLUSIONS ON COVER CROPS GROWN IN MIXTURES vs SINGLE 

SPECIES IN THE CENTRAL GREAT PLAINS 
 

D.C. Nielsen and F.J. Calderón 
 

PROBLEM: Cover crops have traditionally been used to protect the soil surface from erosion 
during non-crop periods and to add organic matter and nutrients to the soil. However, in semiarid 
environments, the water that cover crops use may result in significant yield loss in following 
crops such as winter wheat. Recently, there have been reports that a cover crop mixture, 
consisting of at least 8 different plant species, uses much less water than a single-species cover 
crop (Berns and Berns, 2009). The reason given for this lower water use was greater soil 
microbiological activity with the mixture than with the single-species cover crop (K. Berns, K.A. 
Nichols, personal communications). This claim is difficult to believe despite its widespread 
circulation in the media and at meetings held throughout the region. It has also been stated that 
cover crops will use less water than is lost by evaporation from non-cropped areas. 
 
APPROACH: We requested a cover crop recommendation from Keith Berns at Green Cover 
Seed in Bladen, NE. He recommended and sent a 10-species mixture containing the following 
species: spring forage peas, lentils, common vetch, berseem clover, oats, spring barley, rapeseed, 
flax, phacelia, and safflower. For comparison purposes, we chose one species from each of the 
seed types, that is, legumes (spring forage peas), grasses (oats), Brassicas (rapeseed), and other 
broadleaves (flax), to plant as single-species cover crops along with the mixture to evaluate the 
claim that mixtures use less water than single-species plantings. We also included a no-till fallow 
with proso millet residue as a check treatment. All cover crop treatments were no-till seeded into 
proso millet residue in the early spring of 2012 and 2013. The experiment was laid out as a split 
plot design with four replications. The main plot factor was irrigation treatment (dryland or 
irrigated) and the split plot factor was cover crop species (mixture, flax, oats, peas, rapeseed, 
fallow). The experiment was conducted at both Akron and Sidney, NE. Two irrigation treatments 
were imposed at both locations. At Akron the two treatments were 1. irrigated every two weeks 
to simulate average precipitation at Bladen, NE (south-central NE, average annual precipitation 
of 27.2 inches); 2. Irrigated every two weeks to 80% of average precipitation at Akron (average 
annual precipitation of 16.2”). At Sidney the two treatments were: 1. Irrigated every two weeks 
to bring the total amount of precipitation and irrigation equal to the average precipitation (18.5”) 
for this location for the previous two weeks; 2. Rainfed (no irrigation). 
 Soil water content was measured bi-weekly with a neutron probe at six depths (0-180 
cm). At Akron the 0-30 cm soil layer had soil water content measurements taken with a time-
domain reflectometry unit (TDR).These soil water measurements were made approximately 
every two weeks during the cover crop growing season. The cover crops were terminated by 
chemical spraying in mid-June of 2012 and 2013, and planted to winter wheat the following 
September. Yields and water use of the following winter wheat crops were obtained.  
 
RESULTS AND INTERPRETATION: 
A summary of the results follow: 
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• Cover crops grown in multi-species mixtures in this environment will use water similarly 
to cover crops grown as single-species plantings (i.e., not less water use by mixtures).  

• Cover crop water use (averaged over all single-species treatments and the mixture at both 
locations in both years under all water availability conditions) was found to be 1.78 times 
greater than evaporative water loss from the no-till fallow treatment with proso millet 
residue.  

• The Central Great Plains region often has dryland cover crop biomass production limited 
by available water and consequently may not produce enough biomass to allow for 
profitable grazing while still maintaining erosion protection and soil organic matter 
levels.  

• Growing cover crops in mixtures does not improve the water use efficiency of biomass 
production. 

• Where previous crop residues are insufficient to provide erosion protection and a cover 
crop must be employed to provide ground cover, inexpensive monocultures are 
recommended.  

• Cover crop mixtures may be justified if a portion of the biomass produced is to be grazed 
and if a certain desired forage quality can be produced by proper mixture selection, but 
growing a cover crop mixture is not likely to produce greater biomass than a single-
species planting.  

• Wheat yields following the cover crop mixture were not different from wheat yields 
following the single-species plantings of cover crops.  

• The water use efficiency of wheat production was not different for wheat following a 
cover crop mixture compared with wheat following single-species plantings of cover 
crops or wheat following a fallow period as determined by the slopes of the water 
use/yield relationships. 

• Cover crop mixtures do not offer an added benefit in microbial community composition 
and microbial activity beyond that of individual cover crops. 

• There appears to be no justification to promote the use of cover crop mixtures over many 
different single-species plantings for which seed costs may be lower than seed costs for a 
mixture. 

 
The following publications have resulted from this study. 
 
Nielsen, D.C., D.J. Lyon, G.W. Hergert, R.K. Higgins, F.J. Calderón, and M.F. Vigil. 2015. 

Cover crop mixtures do not use water differently than single-species plantings. Agron. J. 
107:1025-1038. doi:10.2134/agronj14.0504 

 
Nielsen, D.C., D.J. Lyon, G.W. Hergert, R.K. Higgins, and J.D. Holman. 2015. Cover crop 

biomass production and water use in the Central Great Plains. Agron. J. 107:2047-2058. 
doi:10.2134/agronj15.0186 

 
Nielsen, D.C., D.J. Lyon, R.K. Higgins, G.W. Hergert, J.D. Holman, and M.F. Vigil. 2016. 

Cover crop effect on subsequent wheat yield in the Central Great Plains. Agron. J. 108:243-
256. doi:10.2134/agronj2015.0372 
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Calderón, F.J., D.C. Nielsen, Veronica Acosta-Martinez, M.F. Vigil., and D.J. Lyon. 2015. 

Cover crop effects on soil microbial communities and enzymes in semiarid agroecosystems 
of the Central Great Plains of North America. Pedosphere 26:XXX-XXX. (in press) 

 
Nielsen, D.C., D.J. Lyon, G.W. Hergert. 2014. Cover crop water use and impacts on subsequent 

wheat yields in the central Great Plains. Southeast Area Extension Farm and Ranch 
Newsletter 2:1-4. CSU Cooperative Extension, Ft. Collins. (Technical Bulletin) 

 
Nielsen, D.C., D.J. Lyon, F.J. Calderon, G.W. Hergert, and R. Higgins. 2015. High plains cover 

crop research. Proc. Cover Your Acres, 20-21 Jan. 2015. Oberlin, KS. Kansas State 
University. 12:7-12. www.northwest.ksu.edu/doc58099.ashx.  

 
Robinson, C., and D.C. Nielsen. 2015. The water conundrum of planting cover crops in the Great 

Plains: When is an inch not an inch? Crops & Soils 48:24-31. (available online at 
http://www.crops-and-soils-digital.com/cropsandsoils/january-
february_2015#article_id=550813) 

 
Nielsen D.C., D.J. Lyon, G.W. Hergert, R.K. Higgins, F.J. Calderon, and M.F. Vigil. 2015. 

Cover crop water use. CSA News 60:16. (available online at 
https://crops.org/publications/csa/pdfs/60/6/12) 

 
Nielsen, D.C. 2016. Cover crops can affect subsequent wheat yield in the Central Great Plains. 

Crops & Soils Magazine 49:XX-XX. (in press) 
 
 
21 presentations have been made regarding these results, with one more planned for March 2016.  
 
 
FUTURE PLANS: No future work on cover crops is planned at this time. 
 
 
Berns, K., and B. Berns. 2009. Cover crop water usage and affect (sic) on yield in no-till dryland 
cropping systems, final report. (available online at 
http://mysare.sare.org/MySare/ProjectReport.aspx?do=viewRept&pn=FNC07-
653&y=2009&t=1)  
 

http://www.northwest.ksu.edu/doc58099.ashx
http://www.crops-and-soils-digital.com/cropsandsoils/january-february_2015#article_id=550813
http://www.crops-and-soils-digital.com/cropsandsoils/january-february_2015#article_id=550813
https://crops.org/publications/csa/pdfs/60/6/12
http://mysare.sare.org/MySare/ProjectReport.aspx?do=viewRept&pn=FNC07-653&y=2009&t=1
http://mysare.sare.org/MySare/ProjectReport.aspx?do=viewRept&pn=FNC07-653&y=2009&t=1
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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 caused by precipitation patterns.  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:  On August 1st a devastating hailstorm caused significant damage to both the corn 
and sorghum.  The corn was near tasseling and the hail shredded most of the leaves, but left enough 
of the tassel for the plants to be able to pollinate.  The sorghum was in late boot stage and the hail 
also shredded most of the sorghum leaves leaving very little leaf area.  However, there were still a 
couple leaves left to emerge so yield losses were less than originally anticipated. 

The hailstorm likely influenced the results since the skip row planting seemed to have 
greater leaf loss due to the more open canopy, so discussion of the data will be minimal.  Sorghum 
panicle counts were taken at harvest and the 1G557 sorghum variety planted in the skip row 
configuration had significantly 
more lodging, at least partially, 
caused by the hail.  Sorghum 
yields were slightly greater 
than the corn yields (Table 1).   

For corn, the yields for 
the skip row were significantly 
lower than the conventional 
row configurations, however 
for sorghum the differences 
were small and not statistically 
different. 
 
FUTURE PLANS:  We will continue this study since results can very widely from year to year 
and since the hail influenced this year’s data. 

 

Table 1.  Grain yield by row configuration, crop, and variety in 2015. 
  Conventional Skip Row Mean 
Corn --------------- bu/ac --------------- 
 Dekalb DKC43-48 45.8 36.8 41.3 
 Pioneer P0157 51.8 46.5 49.2 
 Mean 48.8 41.7 45.2 
     
Sorghum    
 Dekalb DKS29-28 52.1 48.3 50.2 
 Mycogen 1G557 45.4 46.7 46.1 
 Mean 48.8 47.5 48.1 
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SOIL REMEDIATION USING BEEF MANURE AND VARIOUS TILLAGE 
TECHNIQUES 

 
M.F. Vigil, D.J. Poss, M.M. Mikha and J. G. Benjamin 

 
PROBLEM:  Driving across the Great Plains one can see hilltops and side-slopes that are lighter 
in color than the surrounding soils.  The light colored soils are signs these areas have lost top soil 
and organic matter through wind or water erosion. Much of the erosion is the result of the 
combination of both multiple years of tillage and exposure of the unprotected land to erosive forces 
of the regions winds. Corn, proso millet, and sorghum will typically show zinc and iron deficiency 
symptoms when planted in these eroded soils. 
 
APPROACH:  An on-farm study site was selected that showed sign of extensive top soil loss 
(erosion).  Proso millet planted on the field in 2005 showed obvious signs of micronutrient 
deficiencies.  The crops that have been planted since we initiated the study are Corn (2006) – Proso 
Millet (2007) – Forage Winter Triticale (2008) – Winter Wheat (2009) – Proso Millet (2010)—
Corn (2011)—Fallow (2012)—Wheat (2013)—Corn (2014)—Proso Millet (2015).  These crops 
are planted on all of the plots and alleys except for the eight grass and grass/legume plots.  For the 
grass and grass/legume plots forage sorghum was planted in June 2007 as a cover crop.  The grass 
and grass/legume seed was planted in November 2007.   
 Manure is applied in the fall to allow for winter precipitation to restore moisture lost during 
tillage operations.  The two manure treatments consist of a low and a high rate.  The low rate was 
determined by estimating the amount of nitrogen required to meet crop needs average over the 
next six years which was determined to be approximately 30 lb/ac.  Based on past studies, we 
assumed that 25% of the organic nitrogen would be available to the crop the first year.  The high 
rate is simply three times the low rate.  The high rate, we hope, is excessive enough to significantly 
increase soil organic matter content and change soil physical properties within the next six year 
cycle of the experiment.  Chemical N fertilizer rates are 30 and 60 lb/ac.  The chemical N fertilizer 
treatments are broadcast (as urea) on the surface annually to the un-manured plots including the 
deep tillage plots, just prior to planting. 
 In 2014, the plots that had manure applications were split in half. Half of the plot will 
continue to receive manure and on the other half of the plot no manure will be applied.  This will 
allow us to compare yields and N removal from plots that have continued manure application to 
plots that are depending on prior manure application for nutrients. For the deep tilled plots, the soil 
conditions had deteriorated causing yield reductions. Grain yields from plots that were  moldboard 
plowed were at best equal to the control, and often less than the control.  Thus, we decided to cease 
using deep tillage with the moldboard plow to incorporate manure. The plots that were moldboard 
plowed to incorporate manure are now (starting 2014) managed exclusively with no-till practices. 
 
RESULTS:  The results from the 2014 corn crop were impressive (discussed in the 2014 annual 
report).  Yield results for the 2015 proso millet crop were also good.  Precipitation in 2015 was 
above average, which resulted in good yields.  We will focus on the original treatments since the 
data collected in 2015 are still mostly the result of the original treatments.  This idea of no treatment 
effect in 2015 with the split plots is confirmed by observing that  the yields collected in 2015  with 
split plots have similar yields on both sides of the plot.  

Similar to 2014 the grain yields from all of the manured plots had statistically higher yields 
than any of the fertilizer plots (Table 1).  Yields for the manure treatments ranged from 56.6 bu/ac 
for the M/L/Dp2 to 75.2 for both the M/H/Swp and M/H/Dp6.  The M/H/Swp and M/H/Dp6 
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treatment yields were 30.0 bu/ac greater than 
the mean of the four fertilizer high/low and 
NT/sweep treatments.  At the current market 
price of proso millet this is an increase of $85 
per acre in gross receipts.  Costs are also higher 
since applying manure is more costly than 
applying N fertilizer.  This shows the need for 
more research on the difference in the costs of 
these systems and also the response on 
different soils. 
 Analyzing the yield data on the original 
no-till and sweep till treatments, going back to 
the beginning of the study is interesting.  We 
will average across the no-till and sweep till 
treatments and then compare the manure and 
no fertilizer or manure treatments to the 
treatments that received fertilizer, since 
fertilizer application is the most common 
practice in the area.  The check plots yields 
(plots that received no manure or fertilizer 
treatment) were 87% of the fertilizer treatments 
since 2007 while the manure treatments were 
136% of the fertilizer treatments (Figure 1).  
The impact manure has had on these soils 
compared to N fertilizer is encouraging and if 
you examine the data close you see that there 
has been a trend of increasing yields over time 
for the manure treatments.  The average benefit 
of manure over fertilizer the first three 
years was 124% of fertilizer while the 
average of the last two years was 151%.   
Will this trend continue to increase or 
has it leveled off?  We suspect it is 
leveling off.  Continuing this research 
will tell us if the trend has leveled off, 
will continue to increase or possibly the 
last couple years have been an anomaly 
and the real advantage of manure is 
actually somewhat less.  
 
FUTURE PLANS:  This study will 
continue for another 4 crops.  We will 
reevaluate at that time whether to 
continue, to change, or maintain the 
treatments going forward. 

Table 1. Millet Yields ranked from highest to 
lowest in 2015. 
Man or Fert Rate Tillage Yield 

   bu/ac 
M H Swp 75.2 a 
M H Dp6* 75.2 a 
M H NT 73.4 a 
M L Dp6* 69.9 a 
M L Dp2** 65.4 ab 
M L NT 64.6 ab 
M L Swp 61.8 abc 
M H Dp2** 56.6 abcd 
F L Dp6* 49.0 bcde 
F L NT 48.1 bcde 
F L Swp 45.4 cde 
F H Swp 44.6 cde 
F H NT 43.8 cde 
F H Dp6* 43.1 cde 
F L Dp2** 40.4 de 
F H Dp2** 35.2 e 
0  Swp 32.4 e 
0  NT 31.4 e 

*  Deep tillage with manure application in 2006 
only. 
** Deep tillage with manure application in 2006, 
2008, and 2010. 
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SPRING CANOLA ROTATION STUDY  
 

M.F. Vigil, D.J. Poss 
 

PROBLEM:  Canola production has been researched at the Central Great Plains Research Station for many 
years. Early studies primarily examined canola establishment, variety screening, water use and N 
requirements.  In 2012, we established a rotation study to evaluate how spring canola will fit into existing 
wheat based dryland rotations. 
 
APPROACH: Two four year, no-till rotations are being evaluated: Wheat-Corn-Millet-Canola (WCMCa) 
and Wheat-Canola-Corn-Fallow (WCaCF).  Since this study followed an existing stripper header study in 
a wheat-sorghum-millet-fallow rotation, every effort was made to match the new rotations with the old, 
with regard to cropping history, and to have the treatments from the previous study distributed evenly across 
each of the new rotations. Our primary focus of this study are yields, soil water use, and N use.  We also 
measure the total N of the grain samples and the oil content of the canola.   
 
RESULTS:   The experiment’s crop yields were low in 2012 and in 2013. The experiment was established 
in 2012, the driest year in our 107 year weather record.  Only 8.7 inches of precipitation were received in 
2012. Which is very dry considering the long term average annual precipitation of 16.4 inches at Akron. 
The 2012 drought resulted in low soil water storage for the 2013 crop. That shortfall in soil water storage 
is reflected in the low yields seen in the wheat and canola harvested in 2012 and 2013.   

The crops harvested in 2014 (2013-2014 crop year) had more favorable precipitation resulting in 
better crop yields (Table 1).  Comparing the yields for the two rotations the WCaCF rotation had better 
yields for all crops than the WCMCa rotation in 2014. This was also true for 2012 and 2013 except for corn. 
This we would expect since corn follows wheat in the WCMCa rotation allowing slightly more time for 
soil water storage and also more residue lowering evaporation and increasing snow catch compared to 
following canola in the WCaCF rotation. In 2014, all crop yields were average to above average with the 
exception of the canola in the continuously cropped WCMCa rotation. In 2015, the canola yields were 
exceptional for both rotations. The wheat was 13 bushels better in the plots with fallow (WCaCF). However, 
a hail storm on August 1, 2015 damaged the corn and millet reducing the yield potential of both crops.  
 

 
 

 

 

 

 

 

FUTURE PLANS:  We plan to continue this study for four more years (till 2019), and then evaluate how 
well canola fits into existing dryland wheat rotations.  The WCaCF rotation has the best wheat and canola 
yields in 2014, in 2015 the canola yields are about the same for both rotations. We question if the rotation 
with fallow is better economically than WCMca.  Perhaps, the millet crop in the WCMca is good enough 
to compensate for the lower wheat, and sometimes canola yields seen with this rotation. It would be best to 
evaluate the study after another four years of data collection. The additional years are needed because the 
effects of the previous stripper header study can last several years.  Also, it takes four years, to complete 
one four-year rotation cycle and so the best data would most likely be collected in 2016 through 2019. 

Table 1.  Grain Yield from Canola Rotation Study in 2012-2014.

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

2012-2013 19.3 52 51.7 6.2 52.4 71.8 10

2013-2014 52.4 1044 82.2 46.4 75.5 42.6 679

2014-2015 53.9 1522 32 40.7 30 6.3 1549

WCaCF WCMCa
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NO TILL YIELDS FROM CANADA TO KANSAS  
 

M.F. Vigil, D.C. Nielsen, P. Miller, A. Schlegel, B. McConkey, G. Peterson and D.J. Poss 
 

PROBLEM: A recent paper published in Nature “Productivity limits and potentials of the principles of 
conservation agriculture” by Pittlekow et al (2014) concluded that overall no-till reduces yields. However, 
the authors add the caveat that “in certain situations no-till could have equal or better yields than 
conventionally tilled fields”.  Here we compare the yields of no-till to conventional till from four locations 
in the Northern and Central Great Plains and report that for our region we fit the caveat that most of the 
time no-till management increases crop yields. 
 
APPROACH: Grain yield data from four research locations in the Northern and Central Great Plains were 
compared when uncer no-till or conventional tillage management (Swift Current Canada, Bozeman 
Montana, Akron Colorado and Tribune Kansas). Experiments included in the data set were conducted for 
at least a 10 year cycle the Tribune research was a summary of 30 years of experimentation. We also 
evaluated preplant soil water measurements as a potential reason for explaining the measured difference in 
yield. Not all locations measured preplant soil water at the same soil profile depth. At Bozeman soil water 
was measured from the top 90 cm of the soil profile (2.95 feet). The Swift current used soil water 
measurements from the top 120 cm (3.9 feet); Tribune used the top 150 cm (4.9 feet) and the Akron 
measurements are from a 180 cm soil profile (5.9 feet).  The data presented in the table are the long term 
averages. For example the Swift current data is the 13 year average and the Akron data represents a 21 year 
average. 
 
RESULTS:   At all locations the average grain yields are greater with no-till management (Table 1). It is 
interesting that in the 13 year study at Swift Current (Brian McConkeys data) that in a 120 cm soil profile 
no difference in preplant soil water is detected. In a discussion with Brian he indicated that in the first few 
years of the study no significant differences in yield are measured. However, in the last 5 years the 
advantage in yields seen with no-till management become important. Brian notes that no-till is providing a 
better seedling microenvironment for the cool season crops grown in the wheat based rotations he studied. 
Also, he measured an increase in soil organic matter at the soil surface with no-till management. He believes 
that increase is improving soil quality enough to impact yields. The Bozeman data shows that irrespective 
of N regime no-till in a 10 year experiment is providing a significant advantage. The Kansas data show a 
large increase in sorghum yields and a small increase in wheat yields.  The biggest wheat yield increase 
measured is with Akron data. That location also shows the greatest soil water storage. Keep in mind that 
the Akron soil water data is from a 180 cm soil profile. All of the other locations measured soil water to a 
shallower depth. We have always believed at Akron that the yield increase we measure with no-till is related 
back to soil water storage. And our manuscript Nielsen and Vigil (20102) confirms that most of the increase 
can be attributed to soil water storage. 

The grain yields in the table are in kgof grain per hectare (kg ha-1) but the difference 
between no-till and conventional till has been converted to bushels/acre (see second to last column 
in the table). The last column gives the amount of preplant water found in the profile. The soil 
water data is a little misleading because each location measured soil water to a different depth. 
 

FUTURE PLANS:  We plan to incorporate data sets from a few more locations from the Northern and 
Central Great Plains and write a journal manuscript from the effort. 

 

 



54 
 

 

 

Reference Cited 

D.C. Nielsen and M.F. Vigil. 2010. Precipitation Storage Efficiency during Fallow in Wheat-Fallow 
Systems. Agronomy Journal 102:537-543.  

Cameron M Pittlekow, Xinqinag Liang, Bruce A Linquist, Kees Jan Van Groenigen, Juwan Lee, Mark E 
Lundy, Natasja Van Gestel, Johan Six, Rodney T. Venterea, and Chris Van Kessel. 2014. Productivity 
limits and potentials of the principles of conservation agriculture. Doi:10.1038/nature 13809. 

 

 

No-til l  Conv-ti l l Difference * preplant 

Location Years Crop bu/acre water (cm)

Swift Current 13 Cont Spring Wheat 1937 1696 241 3.6 0

Canada Wheat in wheat-pulse 2096 1997 99 1.5 0

Pulse in wheat-pulse 1764 1527 237 3.5 0

Bozeman, MT 10 Wheat full  N rate 4583 4376 207 3.1 2.2

Wheat half N rate 3915 3666 249 3.7 3.4

Akron, CO 21 Wheat in Wheat-Fallow 2892 2152 740 11 9.6

Tribune KS 30 Wheat in WSF, WF 3090 2952 138 2.2 3.8

Sorghum in WSF 5583 4619 963 15.3 4

All differnces in yield are significant at the 5% alpha level except at Swift Current, which is significant at the 10% level.

kg ha-1

Table 1.   Comparison of No-till Grain Yields across the Northern and Central Great Plains (Canada to Kansas)



55 
 

2015 HISTORICAL REPORT 
 
 
EVENTS 
 

o The annual Customer Focus Meeting was held on 29 January 2015. 
o The annual Field Day was held on 10 June 2015 with attendance of approximately 162. 
o The annual Tear Down the Walls Meeting was held at the Research Station on August 

12-13, 2015. 
o The annual Sorghum Field Day was held on September 29, 2015. 

 
VISITORS TO STATION 
 

o John Jensen, Director, USDA-OHSEC-Radiation Safety Division, 6 May 2015 
o US Senators Cory Gardner and Michael Bennett, 20 June 2015 
o US Congressman Ken Buck and Colorado Representative Perry Buck, 29 June 2015 
o The Research Unit Hosted the “Tear Down The Walls Annual Meeting at the Research 

Station on August 11, 12 and 13. A total of 24 regional scientists working on Dryland and 
irrigated production issues attended the meeting. 

o The Colorado RL meeting was hosted at the station Late in August, Lee Panela, Harvey 
Blackburn and Justin Derner attended with Merle Vigil as host 
 

CHANGES TO BUILDINGS AND GROUNDS 
 

o Repair and upgrade to Valley 600 Linear Three Span Irrigation System 
 

NEW INSTRUMENTATION AND EQUIPMENT 
 

o GPS and Auto-Steer for 6300 John Deere tractor 
o MiniTrase Moisture sensor for soil water measurements – Dr. David Nielsen 
o Infrared Gas Analyzer – Dr. Francisco Calderon 
o Handheld FTIR 4100 Exoscan – Dr. Francisco Calderon 

 
FUNDING CHANGES 
 

o Funding: The unit is experiencing a 5% “temporary” cut to existing funding until all 
Animal care facilities can be inspected by APHIS. 

 
PERSONNEL CHANGES 
 

o Amber Smith was hired to fill the Secretary (OA) position in May 2015. 
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o Cody Hardy was hired to fill the Agricultural Science Research Technician (Plants), 
ARS-S15W-0387 (DE) position which had been vacant since March 2012. He began 
work on 4 October 2015. 
 

o Thomas DellaRocco was hired to fill the vacant 2-yr term position on the oilseed grant, 
and began work on 15 November 2015. 
 

o ARS summer students in 2015 were Gail Hall, Morgan Woods, Taylor Krause, Cameron 
Lyon, Brock Benson, Jacob Williams, Jillian Shook, LeAnna Clarkson, and Lindsey 
Wagner. CSU summer students were Lexi Thompson, Kiara Guy, and Kelsey Guy. 
 

o Jim Hain retired from the CSU Crops Testing Program (over 30 years of service) and Ed 
Asfeld was hired as his replacement. 
 

o Karen Couch Research Technician for nearly 20 years retired on January 9th, 2016. 
 
INTERNATIONAL TRAVEL AND SIGNIFICANT INVITATIONS 

 

o Dr. Merle Vigil was invited to present data on Oilseeds for the Colorado Energy 
Summit on August 30 at the CSU Energy Lab. 

o Dr. Merle Vigil was invited to present an “Update on Oilseed Research” at the HRJ 
renewable fuels conference in Moscow, Idaho June 30.  

o Dr. David Nielsen was invited to present the talk “High Plains Cover Crop Research” 
at the following venues: 

o 12 January 2015, Independent Agricultural Consultants of Colorado Meeting, 
Denver, CO 

o 20-21 January 2015, KSU Cover Your Acres Conference, Oberlin, KS 
o Dr. David Nielsen was invited to present the talk “"Water Use Efficiency and Water 

Storage Strategies in Dryland Cropping Systems of the Semi-Arid Central Great 
Plains", at the CSU Crop Clinic held 1 December 2015 at Fort Morgan, CO 

o Dr. Merle Vigil was invited to present “Nitrogen Fertilizer Response of Winter 
Triticale Forage” at the CSU Crop Clinic held 1 December 2015 at Fort Morgan, CO. 

o Dr. Joe Benjamin was invited to present “Slot Tillage in Dryland Cropping Systems” 
at the CSU Crop Clinic held 1 December 2015 at Fort Morgan, CO. 

o David Poss was invited to present “ Remediation of eroded Hilltop soils” CSU Crop 
Clinic held 1 December 2015 at Fort Morgan, CO. 

o Dr. David Nielsen was invited to present the talk “Limitations to Use of Cover Crops 
in Dryland Cropping Systems of the Semi-arid Central Great Plains” at the Colorado 
Governor’s Ag Forum, Denver, CO on 26 February 2015 and to serve on a discussion 
panel at that meeting.  

o Dr. Merle Vigil was invited to present two talks at the ASA-CSSA-SSSA 
International Meeting, 15-18 November 2015 at Minneapolis, MN:  
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o  “Skip Row Planting as a Strategy for Drought Mitigation in the West Central 
Great Plains” 

o “Crop Yield Benefits of No-till in Semi-Arid Dryland Cropping Systems of 
the Northern and Central Great Plains” 

o Dr. David Nielsen was invited to present a talk to the faculty at the Noble Foundation 
in Ardmore, OK entitled, “Forage Production in Dryland Cropping Systems of the 
Semi-Arid Central Great Plains” and to provide input to the new Forages 365 
initiative on 6 November 2015 

o Dr. Merle Vigil was invited to present “Animal Manure as an organic amendment for 
soil Remediation” at the Western Sustainability Ag Crops and Livestock Conference 
on December 5th in Ogalla Ne. 

o Dr. Merle Vigil was invited to present “Fertilizing winter Triticale Hay”  at the Lamar 
Colorado Crop Clinic on January 6th, 2016 

o Dr. Vigil was invited to present “No-till yields from Canada to Kansas” for the Fort 
Morgan Conservation District meetings on February 13th, 2016.  
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