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2016 was a year of change at the NGPRL. Matt 
Sanderson, who had been the Research Leader 
for almost 6 years, retired in September, so the 
three of us are sharing Acting Research Leader 
duties until Matt’s position is filled. We thank 
Matt for his leadership while at the lab. During the 
time Matt was at the lab, he took an active role in 
building connections between the NGPRL and other 
organizations, including the National Ecological 
Observatory Network (NEON), NRCS Conservation Effects Assessment Project (CEAP), and Northern Great Plains 
Research Triangle with ARS locations in Cheyenne, WY and Miles City, MT. 

An important achievement during Matt’s tenure was in getting the NGPRL named as a Long-Term Agro-ecosystem 
Research (LTAR) network site. This was a natural fit for the lab, building on the rich history of long-term research 
conducted at the lab and, with the support of the Area IV Soil Conservation Districts, on the Area IV Research Farm. 
A major focus for NGPRL in the coming year will be fully implementing the LTAR project, while continuing our other 
research efforts.  

Going forward, NGPRL is exploring the potential for greater collaboration with the ARS Centers in Fargo and Grand Forks.  
The customer focus group asked about the possibilities of exploring the Soil-Food-Health continuum and the three ARS 
locations in North Dakota are uniquely situated to develop this interaction. 

In this annual Research Results report you will find summaries of the research completed by NGPRL scientists and 
collaborators over the past year, along with updates on ongoing research and activities at the Area IV Farm.  We hope 
that you find the information useful.

Message from the Acting Research Leaders                                 
Drs. John Hendrickson, Dave Archer, and Mark Liebig
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Many people are familiar with Kentucky 
bluegrass because it is one of the most 
common lawn grasses in the northern United 
States.  However, on rangelands in North 
Dakota, it has rapidly increased in the last 
30 years (Fig. 1).  The invasion of Kentucky 
bluegrass onto rangelands is not just limited to 
North Dakota but has occurred throughout the 
northern Great Plains (Fig. 2).   

The rapid spread of Kentucky bluegrass caught 
the eye of range scientists in North Dakota and 
they began to look for control strategies.  The 
Northern Great Plains Research Laboratory, 
NDSU and the US Forest Service collaborated 
on research that evaluated combinations of fire 
and herbicides as potential control strategies 
on the Sheyenne National Grasslands.  

Treatments included a fall burn (October 2005) 
or a spring fire (April 2006) (Fig. 3) and the 
application of either glyphosate (Roundup ©) 
or imazapic (Plateau ©) (Fig. 4).  On sites that 
were burned in the fall, herbicide treatments 
were applied the following spring after the 
burn (May 2006).  On spring burned sites, 
herbicide treatments were applied in the fall 
prior to the burn (October 2005).  Besides 
the plots that were burned and sprayed with 
herbicide, there was also plots that the only 
treatment was a spring burn, plots that only 
had a fall burn and also untreated controls.  
Each treatment was applied to sites with either 
LOW, MODERATE or HIGH levels of Kentucky 
bluegrass abundance.  

Figure 5 shows treatment results in both 
2006 and 2007 for the site that had a high 
level of Kentucky bluegrass abundance.  Prior 
to applying the treatments (summer 2005), 
Kentucky bluegrass made up 91% of the species composition on this site.  However in 2006, the fall burn 
followed by a spring application of glyphosate (Fall + Glyph) treatment resulted in native grass increasing to 
over 50% of the species composition while introduced grasses (primarily Kentucky bluegrass) decreased to less 
than 20% of the species composition.  While treatment effects diminished in 2007, native grasses still made up 
the majority of the species composition on this heavily invaded site.  

There are increased concerns about how management can impact forb species which are critical for pollinators.  
There were no differences in forb abundance between any of the treatments, including the untreated control, 

Using Fire and Herbicides to Control Kentucky Bluegrass
Dr. John Hendrickson, USDA-ARS Research Rangeland Management Specialist

Figure 1. Change in percent Kentucky bluegrass (Poa pratensis L.) and native 
species in the relative species composition at a long-term (98 years) lightly 
grazed pasture at Mandan, North Dakota. Data modified from Printz and 
Hendrickson (2015).

Figure 2. Proportion of rangeland with Kentucky bluegrass based on 
USDA-NRCS National Resources Inventory (NRI) data between 2003-2006. 
Percentages refer to percent of acres with Kentucky bluegrass present 
within a Major Land Use Area polygon. Figure fron Toledo, et al. (2014)
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on the high site.  While there were some treatment differences on the moderate site, these disappeared after 
one year.  

The information gained from this research indicates that burning plus herbicide can be a powerful tool for 
managing invasions on rangelands.  However, the effects of these treatments are short-lived.  Land managers 
need to look at changes in species composition caused by these treatments as opportunities for additional 
management.  Grazing, burning, hay or additional herbicide application may be needed to continue the 
effectiveness of these treatments.  

Figure 3. U.S. Forest Service burn crew burning research plots on 
Sheyenne National Grasslands near Lisbon, ND. 

Figure 4. NGPRL technician spraying research plots on Sheyenne 
National Grasslands near Lisbon, ND.

John Hendrickson 701.667.3015  john.hendrickson@ars.usda.gov

The use of trade, firm, or corporation names in this publication is for the information and convenience of the reader. Such use does 
not constitute an official endorsement or approval by the United States Department of Agriculture or the Agricultural Research 
Service of any product or service to the exclusion of others that may be suitable. This research was funded by a grant from the US 
Forest Service.

Printz, J.L. and Hendrickson, J.R., 2015. Impacts of Kentucky bluegrass invasion (Poa pratensis L.) on ecological processes in the   
Northern Great Plains. Rangelands 37:226-232.
Toledo, D., Sanderson, M., Spaeth, K., Hendrickson, J. and Printz, J., 2014. Extent of Kentucky bluegrass and its effect on native plant 
species diversity and ecosystem services in the northern Great Plains of the United States. Invas. Plant Sci. Manage. 7:543-552.
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In the United States, rangelands and pasturelands have traditionally been assessed using different methods 
and indicators (Fig. 1). When taking into account the dichotomy in grazingland terminology, it is important to 
note that for some parts of the United States, and many parts of the world, the difference between rangelands 

and pasturelands is less clear and land considered a 
pasture to some might be considered an intensively 
managed rangeland to others. The most commonly used 
rangeland health assessment protocol on US rangelands 
is the Interpreting Indicators of Rangeland Health 
assessment, while pasturelands are usually assessed 
using the Pasture Condition Score system. At the NGPRL 
we have developed an improved grazingland assessment 
protocol that is applicable to range and pasturelands 
that highlights the complementarity of both assessment 
approaches. This improved assessment and monitoring 
protocol allows evaluators to assess site conditions 
and to make interpretations regarding management 
based on site-specific attributes. Standardized 
grazingland assessment and monitoring protocols 
based on ecological and land management principles 
will ultimately improve national level assessments and 
will provide a valuable and efficient tool for assessing, 
managing, and monitoring grazinglands.

The integrated grazingland assessment approach 
expands on the strengths of previous methods to provide 
a detailed assessment of the ecological attributes of 
an area and assess how an area is being managed. For 
this, the integrated approach is based on attributes 
of rangeland health as well as an attribute related to 
grazingland management. These foundational attributes 
include soil and site stability, hydrologic function, 
biotic integrity, and livestock carrying capacity (Fig. 2). 
These attributes contribute to the primary ecosystem 
service provided by grazinglands, that of forage/
fodder production, and to additional services such 
as sequestration of soil carbon, nutrient cycling, and 
prevention of soil erosion.

Management interpretations based on this attribute 
are based on the ecological potential of a site. The baseline potential is based on climatic, topo-edaphic, 
and ecological factors, which are included in Ecological Site Descriptions. However, this potential can be 
exceeded for livestock management purposes through the use of conservation practices and other agronomic 
management techniques. Assessing the potential for livestock production of a site and the capacity to increase 
that production based on site-specific attributes provides a way of realistically optimizing management based 
on a site’s ecological potential. Our approach allows evaluators to determine management actions that are 
likely to result in cost effective enterprise efforts that will result in improved grazingland health and increased 
carrying capacity.

Assessing and Optimizing Grazinglands
Dr. David Toledo, USDA-ARS Research Rangeland Management Specialist

Figure 1. The largest area of grazingland in the United States 
occurs west of the 100th meridian, in water-limited rangelands. 
The eastern portion of the country, where water is not a 
limiting factor, contains substantial areas of improved pastures. 
Together, these grazinglands represent a substantial proportion 
of agricultural lands in the United States.

Figure 2. Foundational ecological attributes that contribute 
to livestock carrying capacity and livestock management 
interpretations.

David Toledo 701.667.3063 david.toledo@ars.usda.gov
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Scott Kronberg, research animal scientist, USDA-Agricultural Research Service, Northern Great Plains Research 
Laboratory, encourages livestock and crop producers throughout the region to focus on net rather than gross 
profit.

He suggests they start 
thinking more like 
entrepreneurs and look for 
ways that they can evolve 
into producing unique 
products, rather than 
produce only the standard 
crops and livestock, which 
can frequently have prices on 
commodity markets that are 
too low to produce enough 
net profit.

“The prices paid for 
commodity crops are 
generally low and the prices 
paid for commodity cattle 
have come down also,” said 
Kronberg. “There is too much 
production of commodity 
crops and livestock and too 
little production of unique crops and livestock.”

Marketing of those unique products derived from special crops and livestock is lacking as well, according to 
Kronberg.

For farmers and ranchers, changing a mindset that they have been operating under for years, or even as long 
as the family farm has been in business, can be a challenge.

“Many challenges come with changing one’s approach to crop and/or livestock production, but one must keep 
in mind the ‘no pain, no gain’ concept,” he said. “Is it too hard to find that niche? What is ‘too hard’ varies from 
person to person, so it may be too hard for some people, but not too hard for others.”

Kronberg said there are various books and courses available to help producers looking to transition their 
operation toward being more entrepreneurial.

“They have to be willing to learn and apply new approaches and be willing to be persistent as they grow and 
adapt to a new approach for doing business,” he said.

First, it starts with evaluating what they as a producer can produce, and what products are viewed as unique or 
valuable to the marketplace. As an example, Kronberg suggested a producer could produce crops or cattle with 
more specific types of healthy fatty acids and/or minerals.

Secondly, Kronberg said producers must develop proper marketing skills to get their products out and known 
by a lot of people.

Examples of entrepreneurial operations include Brown’s Ranch near Bismarck, ND (Gabe and Paul Brown); 

In a Price Challenged Economy, Thinking ‘Entrepreneurially’ Can Be of Financial Benefit 
Ryan Crossingham Farm & Ranch Guide Assistant Editor
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Scott Kronberg 701.667.3013 scott.kronberg@ars.usda.gov

Bessy’s Best in Sterling, ND, and Wheat Montana in Three Forks, MT. Kronberg said these are just a few 
of many businesses that are examples of farming and ranching operations -- that because they are more 
entrepreneurial, they are less sensitive to ag commodity prices.

Brown’s Ranch practices holistic management and strives to solve problems in a natural and sustainable way. 
With an intent to improve soil health as a priority, they have no-till farmed since 1993. Their diverse cropping 
strategy includes cover and companion crops. They have also eliminated the use of all synthetic fertilizers, 
fungicides and pesticides on their crops. These steps and others have resulted in increased production, net 
profit and higher sustainability.

Bessy’s Best, owned and operated by Blaine and Kathy Goetz, discovered a niche market for their all-natural 
dairy products. They milk 120 Holstein cows twice a day and all their milk is processed right on the farm to 
make a number of dairy products. They run a small processing plant where they sanitize everything between 
all processes with a bleach-like solution. Their milk goes into cooling tanks and is then separated. It is 
pasteurized at a low heat, creating ultra-pasteurized milk.

Wheat Montana has been farming and milling in southwest Montana for three generations, growing their 
grain sustainably and milling it just down the road, meaning they can guarantee their products are top quality, 
healthy and farm fresh. Whether their customers are interested in flour, bread, specialty grains, pancake mixes, 
cereals, bakery items or even a homemade deli sandwich, their products are both healthy and fresh.

“These three businesses are just examples, that neither I nor the USDA-Agricultural Research Service are 
endorsing, but nonetheless are good examples of farm-based business that are producing some unique 
products and selling them directly to consumers,” said Kronberg.

Finally, he preaches patience and persistence to anyone looking to make changes to their operations.

“To be successful, entrepreneurs with unique crops and/or livestock will require serious effort and may be 
considered unusual by one’s neighbors. A patient and persistent attitude will probably be needed, as well as a 
good sense of humor and willingness to do things that are at least a little different from what one’s neighbors 
are doing in agriculture,” Kronberg concluded.   
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ARS Scientists Eye Management Impacts on Soil Inorganic Carbon
Drs. Jonathan Halvorson and Mark Liebig, USDA-ARS Research Soil Scientists

After 18 years of a long term study, conducted at the 
USDA-ARS Northern Great Plains Research Lab near 
Mandan, ARS scientists observed a general trend 
of increasing soil C, but did not detect significant 
differences among the various crop sequences. They 
concluded that various cropping strategies could 
increase soil organic matter (Halvorson et al., 2016). 
In addition to organic forms of soil C, the scientists 
also noted significant amounts of inorganic-C present 
at depth together with a trend of increasing pH (Fig. 
1). Because the pH scale is logarithmic, the pattern 
they observed in the research plots showed the soil 
was 1000 times more acidic near the surface than at 
4 feet of depth. Not only was the change of pH large, 
but it also traversed across a critical range; from 
acidic conditions (< pH 7) near the surface to alkaline 
conditions with depth. Associated with this pattern was 
a clearly apparent change in the distribution of organic 
and inorganic forms of C in the soil. 

Organic-C in soil originates from plant inputs while 
inorganic-C results from weathering of the soil parent 
material or from reactions of soil minerals with 
atmospheric CO2. On research plots, total soil C in the 
top 4 feet averaged about 69% organic C and 31% 
inorganic-C (carbonates). However, organic soil C was 
the dominant form near the soil surface, where the 
pH was relatively low, accounting for 100 and 81% of 
the total soil carbon at the 0-1 and 1-2 foot depths, 
respectively. However, at depths below about 2 feet, where pH was higher, both organic and inorganic forms  of 
C were present in about equal proportions. When added to organic-C, the inorganic-C increased estimates of 
total standing stocks of soil C from 114, 156, and 196 Mg ha-1 to 126, 209, and 286 Mg ha-1, in the surface 2, 3, 
and 4 feet respectively. Importantly, the lowest amounts of total C were found to occur at about 2 feet depth 
suggesting a management critical zone where inputs of organic-C were relatively small and losses of inorganic-C 
were relatively large.

The impact of different management strategies on pH and organic and inorganic-C in soil requires further 
study because total soil C may be more responsive to different crop sequences than organic-C alone (Fig. 
2). Management of organic-C in soil is tied to the balance between inputs from crop plants or manure and 
losses due to soil microbial activity. Management of inorganic-C is linked to soil pH and emphasizes retention 
of existing pools because the rate of its formation is relatively slow compared to the rate of potential losses. 
Dissolution of inorganic-C occurs at a soil pH of less than about 7, but may not occur as a gradual response to 
decreasing pH. Instead, there may be a critical threshold of pH below which dissolution occurs rapidly. In North 
Dakota this critical pH may vary with depth and soil characteristics, and vary with location. 

A growing appreciation of the implications of changing patterns of soil pH with depth, together with its 

Figure 1. Average concentrations of soil organic (SOC)                
and inorganic (SIC) carbon as a function of depth and soil pH.
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Jonathan Halvorson 701.667.3094 jonathan.halvorson@ars.usda.gov

Figure 2. Distribution of organic, inorganic, and total soil C as a function of depth. Treatment averages are presented on an equivalent 
mass basis for grass (Grass, n=3), spring wheat–fallow (SW–F, n=12), continuous spring wheat with crop residue left on the soil surface 
(CSW+, n=6), continuous spring wheat with crop residue removed (CSW−, n=6), spring wheat–millet (SW–M, n=12), spring wheat–saf-
flower–rye (SW–S–R, n=18), and spring wheat–safflower–fallow (SW–S–F, n=18).

link to management practices, has led to new research questions for NGPRL scientists, (Reeves and Liebig, 
2016). These require studies to detect subtle changes in patterns of soil pH and their effects on soil functions 
particularly fertility and C sequestration. Such basic information, in turn, must be linked to knowledge of those 
management practices that affect soil pH in both the short and long term. In addition, the consequences and 
possible mitigation of the less manageable drivers of pH change such as the projected patterns of increased 
temperature and moisture need to be considered. Another important property, related to pH and affected 
by soil C, is buffering capacity, a measure of soil ecosystem resilience. Little is currently known about how 
buffering capacity in managed soils has changed historically or in response to agricultural management.

Halvorson, J. J., M. A. Liebig, D. W. Archer, M. S. West, and D. L. Tanaka. 2016. Impacts of crop sequence and tillage management on 
soil carbon stocks in South-Central North Dakota. Soil Science Society of America Journal 80: 1003-1010.

Reeves, J. L., and M. A. Liebig. 2016. Depth Matters: Soil pH and dilution effects in the northern Great Plains. Soil Science Society of 
America Journal 80: 1424-1427.



9

Crop Rotations and Soil Acidification
Outcomes from a complementary study on the Area IV farm found cropping sequence had differential 
impacts on soil pH in near-surface depths.  In the study, soil pH was evaluated in small grain – fallow and three 
continuously cropped rotations (three year, five year, and dynamic).  Soil pH was also evaluated in a nearby 
grazed pasture with the same soil type as the crop rotations.

Soil acidification was found to be greater in the three year rotation compared to the small grain – fallow and 
dynamic rotations.  Acidification is expected to be greater where N is applied each year compared to crop-
fallow, where N is applied biannually.  Decreased acidification in the Dynamic versus the 3-yr rotation was 
likely the result of differences in applied N over time.  Soil pH in cropped sites was over one pH unit lower than 
under grazed pasture.

Acidification in Cropland Soils – Depth Matters
Dr. Mark Liebig, USDA-ARS Research Soil Scientist

In the northern Great Plains, surface sampling depths 
of 0-6 or 0-8 inches are suggested for testing soil pH.  
Soil acidification, however, can be most pronounced 
near the soil surface.  This is especially the case 
on croplands where no-tillage is practiced and N 
fertilizers are surface applied.

To evaluate sampling depth effects on soil pH, 
researchers at the USDA-ARS Northern Great Plains 
Research Laboratory quantified soil pH change in two 
long-term dryland cropping studies at the Area IV 
SCD Cooperative Research Farm.  Soils were sampled 
at multiple depths in both studies for more than 15 
years, allowing for evaluation of pH change at surface 
(0-3 inch) as well as deeper (0-6 and 0-12 inch) depths.

Significant differences existed between sampling depths for both final soil pH and change in pH (ΔpH) in both 
experiments (Table 1).  In the majority of cases, all three sampling depths were significantly different than each 
other for both pH metrics examined.  Final pH values were higher (and pH changes smaller) as sampling depth 
increased.

Implications for soil sampling were evident from the evaluation.  If the regionally suggested depths for fertility 
testing were used for soil pH, pH readings were likely to be confounded (increased), as acidification was most 
pronounced at the soil surface.

Soil acidification can affect herbicide persistence, decrease nutrient availability, and contribute to metal 
toxicity, all of which can compromise crop production (Fig. 1).  Potential negative outcomes from low soil 
pH underscore the importance of mitigating negative impacts of surface acidification through efficient lime 
application.  Applications directed to specifically address acidification in near-surface soil depths will foster 
more efficient use of liming materials, as recommendations encompassing deeper soil depths contribute to 
higher application rates.  Additionally, recommendations mitigating soil acidification based on measurements 
at near-surface depths will detect potential problems earlier than if recommendations were based on deeper 
soil depths.

In summary, findings from this evaluation suggest the regionally-recommended sampling depths of up to 8 
inches may be too deep for early detection of surface acidification.  Adoption of surface sampling depths 3 
inches (or less) is recommended for testing soil pH in the northern Great Plains.

Figure 1. Relative nutrient availability at different pH values (after 
NRCS, 1993). 

Mark Liebig 701.667.3079 mark.liebig@ars.usda.gov
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Table 1.  ANOVA results for comparisons of final pH and ΔpH by sampling depth within 
fertilizer N and tillage treatments for two long-term cropping experiments at the Area IV 
SCD Research Farm near Mandan, North Dakota.  Values for final and ΔpH represent mean 
± 1 standard error.  Different letters represent significantly different values among the three 
sampled depths (adapted from Reeves and Liebig, 2016)

Reeves, J.L., and M.A. Liebig. 2016. Depth matters: Soil pH and dilution effects in the northern 
Great Plains.  Soil Sci. Soc. Am. J. 80:1424-1427.

Crop diversity effects on pH at 0-4” for long-term cropping treatments near 
Mandan, ND (Liebig et al., 2014).
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Planting Perennials can Help Provide Ecosystem Services
Ryan Crossingham Farm & Ranch Guide Assistant Editor
It’s time to reconsider perennials in rain-fed 
cropping systems, according to M.A. Liebig, 
Research Soil Scientist, USDA-Agricultural 
Research Service, Northern Great Plains 
Research Laboratory.

Liebig said despite land use projections 
suggesting a limited role for perennials 
in conventional crop production systems, 
cropping systems are increasingly looked 
upon to provide ecosystem services beyond 
the provision of food, feed, fiber and fuel.

He believes supporting, regulating, and 
cultural ecosystem services both directly 
and indirectly benefit human welfare, and 
should be included within a larger rubric of 
expectations for agricultural landscapes.

Furthermore, those expectations 
complement the multiple functions of perennials, which include soil fertility enhancement, targeted 
remediation, wildlife habitat or water quality protection.

Combined with the anticipated changes in climate in most regions of North America, the important roles of 
permanent ground cover is further highlighted.

Liebig noted agroecosystems in the northern Great Plains are currently undergoing a transition toward more 
intensified production, mostly due to climate-driven shifts with greater early-season water availability and an 
extended growing season.

“Our growing conditions have slowly become more adaptable to warm-season crops, plus seed companies 
have invested significant resources to adapt these crops to our region,” said Liebig.  “It’s tough to pinpoint a 
start to the transition, but the wet cycle beginning in the early 1990s is often referred to as the ‘tipping point’ 
toward wetter and warmer growing seasons in our region.”

Liebig said this transition to a wetter, warmer and more variable climate will increase the susceptibility of soil 
degradation on agricultural lands through increased rates of erosion, nutrient loss and salinization.

Adding perennial grasses, and the permanent ground cover they can provide, can serve as a buffer to climate-induced 
stresses while concurrently improving soil conditions to facilitate agroecosystem resilience, according to Liebig.

Which perennial is a good place to start? Liebig suggests alfalfa is a good choice.

“It has a proven track record of good production in the area, and you can often seed it with a nurse crop to get 
a small economic return during the establishment year,” he said.

For growers looking to implement perennials in their operation, Liebig said identifying a market for the forage 
(i.e. nearby dairy, cattle producer, etc.) is the place to start.

“Once you have a buyer, review your land base to determine where a perennial makes the most sense to 
plant,” he said. “While all cropland can benefit from inclusion of perennials, there can be significant benefits to 
overall farm sustainability if the perennials are placed on strategic parts of the landscape.”

Liebig also noted, though it goes against prevailing trends, returning livestock back to the farm will also help 
when implementing perennials.

“Returning livestock back to the farm offers a clear path for a greater role for perennials on cropland,” he said.

Mark Liebig 701.667.3079 mark.liebig@ars.usda.gov

mark.liebig@ars.usda.gov
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Forage and Grasslands as Pollinator Habitat in North Dakota 
Midwest Forage News, May 25, 2016

The northern Great Plains has significant amounts of perennial 
grassland, which in addition to supporting livestock, provides critical 
habitat to both native and domestic pollinators. 

According to large scale analyses, crop diversity in the northern Great 
Plains has increased during the past 35 years. The increase in crop 
diversity, however, has been accompanied by a significant change in 
land use from perennial crops to annual crops. Thus, it is important 
to understand immediate land use around bee yards (apiaries) to 
accurately gauge potential pollinator resources. 

In 2014 and 2015 the land use around 320 bee yards in North Dakota 
was documented in roadside surveys and site visits. 

The number of crops or land uses surrounding the bee yards ranged 
from 1 to 5 with hay crops the most common followed by wheat and 
pasture. 

The reconnaissance of bee yards in 2014 and 2015 demonstrated 
that forage and grazingland in North Dakota provides an essential 
ecosystem service in providing landscapes that support diverse floral 
resources for both native pollinators and commercial apiaries. 

Understanding the links among agroecosystem diversity, management intensity, land use, and pollinators will 
enable better decisions to be made on where pollinator habitat is best enhanced on the landscape and inform 
government programs designed to assist farmers with developing better habitat.
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Inhibition of Forage Seed Germination by Leaf Litter Extracts 
of Overstory Hardwoods Used in Silvopastoral Systems                                                                                                                                 
Dr. Jonathan Halvorson, USDA-ARS Research Soil Scientist, Dr. David P. Belesky, Research Assistant Professor, 
West Virginia University, and Mark West, USDA-ARS Statistician, Northern Plains Area

Silvopastures are an intentional combination 
of trees, forage plants and livestock designed 
to expand spatial and temporal boundaries 
of forage production, promote ecosystem 
integrity and generate multiple income 
opportunities Silvopastoral management 
strategies include a combination of tree 
thinning and establishment of understory 
pastures that are mixtures of several 
functional classes of forage plants such as 
legumes, and both cool and warm-season 
grasses. Such mixtures can create a more 
dependable supply of herbage across 
heterogeneous landscapes that can supply 
an appropriate balance of energy (carbon) 
and protein (nitrogen) to animals. Successful 
establishment of silvopastures is affected 
by the biological, chemical, and physical 
interactions with overstory trees, including 
allelopathy. Allelopathy has been widely 
studied and occurs when plants produce 
secondary compounds that affect neighboring plants. 

We examined the possible inhibitory effects of water extracts of leaf litter from three species of overstory hardwood 
trees, yellow poplar, red maple, and white oak, on germination of important forage species. Forages included legumes: 
red clover, white clover; and alfalfa; cool season grasses: orchardgrass, and tall fescue; and a warm season grass: 
crabgrass. We assessed effects on seed germination as a function of litter source, extract concentration, and forage 
species, and tested to see if effects on germination were permanent or could be alleviated by rinsing.

Litter extracts reduced germination in red and white clover in a concentration dependent manner with greatest effects 
observed for poplar > maple > oak extracts (Fig. 1). These reductions were linearly related to increasing osmolality and 
electrical conductivity of the leaf extracts (Fig. 2). Modified Gompertz growth curve models, fit to data, further indicated 
treatment with litter extracts, especially poplar, delayed and slowed germination. Similarly, cumulative germination of 
a variety of grasses was inhibited by filtered 6% (w/v) litter extracts with the effects of poplar > maple > oak. However, 
germination of all forages resumed after rinsing extract-treated seeds with water indicating inhibition could be due, in 
part, to osmotic effects of extracts or water-soluble allelopathic compounds. Final germination varied with forage species 
and extract type, but in most instances, did not reach the level of the control further suggesting specific ion toxicities as 
well (eg. Fig.3). 

Management practices that account for the interactions between trees and forages are needed to ensure successful 
establishment and persistence of mixed species swards in silvopastoral systems. Our data suggest establishment of some 
forage species may be significantly delayed or inhibited under poplar trees, but less affected by an overstory of maple or 
oak trees. However, we caution that germination results should not be equated with effects on the vegetative growth of 
established swards. 

Jonathan Halvorson 701.667.3094 jonathan.halvorson@ars.usda.gov
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1.5, 3.0 and 6.0% extracts of oak, maple, and poplar leaf litter at the end of experiment 1.

Figure 1.  Average cumulative germination (N=5) of a) red clover and b) 
white clover seeds treated with three concentrations (1.5, 3.0, or 6.0%, 
w/v) of oak, maple, or poplar leaf litter extracts. Average % germination 
is indicated on the left ordinate while the right ordinate shows 
germination scaled relative to the Control (water).
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Figure 3. Cumulative germination of seeds treated with 6% leaf litter extracts 
followed by subsequent a rinse with deionized water (3 X 100 mL) for a) alfalfa; 
b) red clover; c) white clover. Average % germination (N=5) is indicated on the left 
ordinate while the right ordinate shows germination scaled relative to the Control 
(water) 
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Increased emphasis 
has been placed on 
developing Great Plains 
agroecosystems that 
are robust enough to 
resist or recover from 
external stressors, yet 
adaptable so as to be 
productive, profitable 
and environmentally 
benign under fluctuating 
economic and climatic 
trends. This has been 
a response in part to 
the recognition and 
appreciation that traditional management practices have contributed to the biological chemical and physical 
degradation of soil that limit agronomic productivity and enhance erosion

After 18 years of a study to evaluate effects of crop sequence and tillage, we measured soil properties at 
various depths to 91.4 cm (3 ft) and estimated soil carbon. We hypothesized that accrual of soil organic 
carbon (SOC) would be favored by no-till compared to minimum tillage and by continuous cropping sequences 
compared to cropping sequences with a fallow phase. The experiment, near Mandan, ND, was a split-plot 
design, with crop sequence as whole plots and tillage (minimum tillage or no-till) as subplots. Crop sequences 
included continuous spring wheat with crop residue retained or removed, spring wheat–millet, spring wheat–
safflower–fallow, spring wheat–safflower–rye, and spring wheat–fallow. We estimated soil carbon using two 
approaches, by fixed depth and by equivalent soil mass. 

Soil organic carbon, calculated by the equivalent mass method (SOCem), was consistently higher (P<0.001) than 
when calculated by the fixed depth method (Table 1). Disparities between the two methods, greatest near the 
soil surface, were attributable to tillage. Estimates of SOCem were not affected by cropping sequence at any 
depth, averaging about 26, 47, 73, 114, and 156 Mg ha-1 in the 0-7.6, 0-15.2, 0-30.5, 0-61.0, and 0-91.4 cm 
partitions. Tillage had no influence at depths <30.5 cm but no-till plots contained more SOCem than minimum 
tillage plots in the 0-61 cm (115 vs 112 Mg ha-1) and 0-91.4 cm (158 vs 153 ±2.3 Mg ha-1) partitions (P<0.05). 
Soil organic carbon in the 0-7.6 cm depth increased by an average 3.2 Mg ha-1 or 16% since 2001. 

Results from this study suggest estimates of SOC, determined with the equivalent mass method, are likely 
to be similar to those calculated by the fixed depth method in soil under reduced tillage, at depth, or for 
increasing layer thickness. The absence of treatment differences in SOC after 18 years was somewhat 
unexpected. Although differences among the cropping sequences or between minimum and no-till might 
become more apparent with time, the current data provided only limited support for our hypothesis that 
accrual of SOC would be favored by no-till compared to minimum tillage, and did not support our hypothesis of 
higher SOC accrual with continuous cropping sequences compared to cropping sequences with a fallow phase. 
Carbon sequestration in soil appears less impacted by the choice of crop sequence than other management 
choices like tillage

Halvorson, J.J., Liebig, M.A., Archer, D.W., West, M.S., Tanaka, D.L. 2016. Impacts of crop sequence and tillage management on soil 
carbon stocks in south-central North Dakota, USA. Soil Science Society of America Journal. doi:10.2136/sssaj2015.09.0331. 

Impacts of Crop Sequence and Tillage Management on Soil Carbon Stocks in South-Central 
North Dakota                                                                                                                                               
Drs. Jonathan Halvorson and Mark Liebig, Don Tanaka (Retired), USDA-ARS Research Soil Scientists, Dave Archer, 
USDA-ARS Agricultural Economist, and Mark West, USDA-ARS Statistician, Northern Plains Area

Jonathan Halvorson 701.667.3094 jonathan.halvorson@ars.usda.gov
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† Crop sequences include spring wheat–fallow (SW–F), spring wheat–safflower–fallow (SW–S–F), spring wheat–safflower–rye (SW–
S–R), spring wheat–millet (SW–M) continuous spring wheat with crop residue removed (CSW−), and continuous spring wheat with 
crop residue left on the soil surface (CSW+).

‡ Estimated using the approach of Ellert and Bethany (1995) assuming an equivalent baseline soil mass of 1163, 2318, 4459, 9108 
and 13937 Mg ha-1, for the 0-7.6, 0-15.2, 0-30.5, 0-61.0, and 0-91.4 cm depths, based on the heaviest plot value. For a given 
partition, data for each plot was adjusted by including additional amounts from a thickness of the adjacent subsurface layer required 
to attain the equivalent soil mass.

§ ∆% = 100 X (SOCem - SOCv) / SOCv. Values for nitrogen are identical to those for carbon because they are based on the same 
adjustments for equivalent mass.

Table 1 Stocks of soil organic carbon and total nitrogen under different crop sequences†, adjusted to an equivalent mass of soil 
(SOCem, TNem) ‡, compared to estimates based on a fixed depth basis (SOCv, TNv).
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Dust emissions from disturbed surfaces 
can impact air quality, human health, 
and transportation systems. Wind 
erosion can moderate the effectiveness 
of climate change mitigation and 
adaptation strategies, and contribute 
significantly to the global cost of land 
degradation. Land managers require 
information on wind erosion to assess 
the impacts of policy and management 
strategies, and the economics of 
remedial action or inaction.

The National Wind Erosion Research 
Network (Fig. 1) was established in 2014 
as a collaborative effort led by the USDA 
Agricultural Research Service (ARS), 
Natural Resources Conservation Service 
(NRCS), and the Department of the 
Interior’s Bureau of Land Management 
(BLM). 

The Network has three aims: (1) provide 
data to support understanding of basic 
wind impact across land use types, 
land cover types, and management practices, (2) support development and application of models to assess 
wind erosion and dust emission and their impacts on human and environmental systems, and (3) encourage 
collaboration among the wind erosion research community and resource managers. 

The Network currently consists of thirteen intensively instrumented sites providing measurements of wind 
sediment transport rates, meteorological conditions, and soil and vegetation properties that influence wind 
erosion. Network sites are located across rangelands, croplands, and deserts of the western US.

The Mandan National Wind Erosion Research Network site is managed by the USDA Northern Great Plains 
Research Laboratory (NGPRL) and is part of the Long Term Agro-ecosystem Research (LTAR) network. The site 
is located on the Missouri Plateau within the Temperate Steppe Ecoregion of North Dakota, approximately 3.7 
miles south of Mandan. The site is at an elevation of 1946 feet above sea level.

The Mandan Network site is located within a lease of 380 acres leased by the Area 4 Soil Conservation District 
(SCD). Since 1984, producers within the SCD have provided this land to NGPRL scientists to address production 
and environmental problems associated with dryland cropping systems. All crop production is under no-till 
management, and a broad portfolio of crop diversity treatments are investigated varying in scale (.024 to 27 
acres) and duration (6 to 27 years). 

Managing and planning for the impacts of wind erosion requires an understanding of the underpinning 
sediment transport processes and their interactions. This understanding is derived from field and laboratory 
studies of wind processes, and through conceptual and numerical models that explore interactions with 
biogeochemical, ecological and human systems. Application of this understanding requires that knowledge of 

National Wind Erosion Research Network
Dr. David Toledo, USDA-ARS Research Rangeland Management Specialist

   Fig. 1 National Wind Erosion Research Network
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David Toledo 701.667.3063 david.toledo@ars.usda.gov

wind processes can be reliably up-scaled to represent the 
many complex dynamic interactions within fields, across 
regions, and globally. Predictive models, developed from 
theory and empirical observation, play an important role in 
up-scaling process understanding.

Examples of the diverse research questions currently being 
addressed through the National Wind Erosion Research 
Network include: 
     1. What is the spatial variability in aeolian sediment 
transport and what are appropriate sampling   
         resolutions for measuring and monitoring wind 
erosion across land use and land cover types? 
     2. How can remote sensing technologies (airborne 
and space-borne) be applied in new ways to   
         measure land surface aerodynamic properties for 
integration into monitoring programs and models?
     3. How can the effects of land management on wind 
sediment transport be captured in physically-based  
         and generalizable numerical models that have 
application across land cover types?
     4. How can the accessibility of wind erosion/dust 
emission models to resource managers be improved to   
          inform decision making, planning and policy?

It is anticipated that the National Wind Erosion Research 
Network will raise public and policy awareness regarding 
the significance of wind erosion processes for Earth systems and society. 

By employing an intensive and standardized sampling design, and receiving ongoing input from collaborating 
partners as to projected management and research needs, the Network will produce novel outcomes for 
basic and applied wind erosion research across land use systems and across scales. 
This impact is particularly relevant today during a time of global environmental uncertainty arising from 
intensifying land use pressures, land degradation, and increasing climatic variability and climate change. 
Mitigating and adapting to these changes requires an understanding of the biophysical drivers, and the 
capacity to act through management strategies and policy in ways that promote ecosystem goods and 
services and the diverse socio-economic and cultural systems that depend on them. 

In support of Network activities, http://winderosionnetwork.org was developed as a portal for information 
about the Network, providing site descriptions, measurement protocols, and data visualization tools to 
enable teamwork with scientists and managers interested in the Network and accessing Network products. 
Webb, Nicholas P., et al. 2016. “The National Wind Erosion Research Network: Building a standardized long-term data resource for 
aeolian research, modeling and land management.” Aeolian Research 22: 23-36. http://www.sciencedirect.com/science/article/pii/
S1875963716300568

Fig. 2. Example data visualization tools provided online 
for each National Wind Erosion Research Network 
site. Meteorological data are updated hourly by direct 
transmission from the Network sites to a serve. The graphs 
are interactive, allowing users to explore in detail the 
latest observations, while raw data from all meteorological 
sensors are publicly available through the Network Data 
Portal (http://winderosionnetwork. org/data-portal/access-
data).

http://winderosionnetwork.org
http://www.sciencedirect.com/science/article/pii/S1875963716300568
http://www.sciencedirect.com/science/article/pii/S1875963716300568
http://winderosionnetwork. org/data-portal/access-data)
http://winderosionnetwork. org/data-portal/access-data)
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National Wind Erosion Research Network site on the Area 4 SCD Cooperative Research Farm in Mandan.
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Sustainable intensification of agroecosystems may include integration of livestock and crops with all or part of 
the animal’s nutritional requirements derived from crops or residues, and excreta nutrients recycled locally.  
While the effects of condensed tannins on N dynamics in ruminants have been a topic of research for some 
time, much less work has focused on the effects of tannins on other nutrients in manure.

We employed a 4x4 Latin square sheep trial to determine if intake of sericea lespedeza (Lespedeza cuneate, 
SL; a condensed tannin source), at 0, 10, 20, or 40% of the ration, would affect concentrations of nutrients in 
manure and patterns of total excretion when fed with alfalfa (Medicago sativa). 

We analyzed samples of forages and manure by Inductively Coupled Argon Cooled Plasma Spectrometry after 
acid digestion to quantify the concentrations of C, N, P, (P2O5), K (K2O), S, Ca, Mg, Na, Zn, Fe, Mn, Cu, and B, 
and used this information together with measurements of manure production to determine SL effects on 
patterns of total excretion. Based on related studies of N, we hypothesized that tannins would increase the 
concentrations and total excretion of other nutrients in manure. 

We also examined 1:100 water extracts of manure to determine if tannins influenced the solubility of excreted 
nutrients. Previous work showed adding tannins to soil reduced the solubility of N, increased that of P, but 
had little effect on cations such as Ca, Mg and K. We hypothesized that dietary tannins would produce similar 
patterns of soluble nutrients in manure.

The data provided partial support for the hypothesis that lespedeza tannins reduce digestibility of nutrients 
and increase outputs in manure but suggest that tannins can independently affect manure composition as well 
as excretion rates. Adding SL to rations increased concentrations of total C, N, S, Na, Mn, and B in manure, but 
decreased concentrations of Ca, Mg, Fe, and Cu, and had no effect on concentrations of P, K or Zn. Lespedeza 
also increased average daily rates of excretion by about 23% with the consequence that total daily outputs of 
C, N, K, S, Na, Mn, and B in manure were increased. The effects of reduced concentrations of Ca, Mg, and Fe 
outweighed those of increased rates of excretion and total daily outputs decreased. The outputs of P, Zn, and 
Cu were not affected by increasing rates of excretion.

The ratios of outputs in manure to inputs from feed (O/I) increased for mass, C, N, and B indicating that 
tannins in SL not only reduced ration digestibility, and increased the amount of manure produced, but could 
also enhance the throughput efficiency of some important nutrients (Fig. 1). The O:I ratios for C increased 
in a manner similar to mass, indicating tannin effects on C throughput were due mainly  to their effects on 

Effects of Dietary Tannins on Total and Extractable Nutrients from Manure 
Drs. Jonathan Halvorson and Scott Kronberg, USDA-ARS Research Soil Scientist and Research Animal Scientist

Lambs grazing sericea lespedeza*     *Photo credit: Joan Burke, USDA-ARS, Dale Bumpers Small Farms Research Ctr., Booneville AR.
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digestibility. The O:I ratios for N and especially B appeared to increase more strongly than those for mass 
suggesting tannin effects in addition to reduced digestibility. The O:I ratios for P and Mg were not significantly 
affected by SL.

The data also provided partial support for the hypothesis that dietary tannins influence soluble nutrients in 
manure. Adding SL to rations resulted in increased concentrations of water-extractable P, Na, and Mn and 
decreased concentrations of N, Mg, Zn, Fe, and Cu but produced no effect for K, Ca, and a mixed response for 
S, and B. The accompanying pattern of increasing rates of excretion resulted in daily outputs of soluble P, K, S, 
Na, Mn, and B in manure that increased with SL additions. Outputs of soluble N, and Ca in manure were not 
affected by SL treatment whereas the effects of reduced concentrations of Mg, Zn, Fe, and Cu were stronger 
than increases in excretion, yielding a net reduction in daily outputs of these metals. 

Additions of SL also impacted the proportion of soluble nutrients in manure (S/O) for nearly every variable 
tested (Fig. 2). Additions of SL impacted the proportion of soluble nutrients in manure for nearly every variable 
tested. The S:O ratios for Ca, Mn, P, and Na increased while those for important macronutrients including N, S, 
B, Mg, and metals such as Zn, Fe, and Cu decreased as SL was added to the feed rations. Increasing O/I ratios, 
together with decreasing S/O ratios, observed for N and B, are consistent with interactions with condensed 
tannins that affix these two nutrients to insoluble fractions of manure and could thus affect nutrient cycling.

This work indicates that compounds in forages may affect manure quality and quantity that must be accounted 
for in integrated crop livestock systems.  Decreased digestibility resulting in increased rates of excretion and 
outputs of nutrients in manure may be less than optimal from the animal nutrition perspective, but increased 
throughput of C and nutrients is likely to be beneficial from the perspective of increasing soil fertility and 
improving soil quality. 

Figure 1. Average (n=4) ratios of total manure output to feed input (O/I). Error 
bars indicate the standard error of the mean. For each variable, differences among 
treatments are denoted by lower case letter (P≤ 0.05).
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Figure 2. Average (n=4) ratios of soluble nutrient to total nutrient output in manure (S/O). Error bars 
indicate the standard error of the mean. For each variable, differences among treatments are denoted by 
lower case letter (P≤ 0.05). 
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Since 2012 NGPRL has played a central role coordinating an international network to identify management 
practices that keep carbon and nitrogen in the soil and out of the atmosphere.  The network, referred to as 
MAGGnet (Managing Agricultural Greenhouse Gas Network) seeks to provide a platform for the inventory and 
analysis of agricultural greenhouse gas mitigation research throughout the world.

MAGGnet was initiated as a multi-national research effort facilitated by the Global Research Alliance 
on Agricultural Greenhouse Gases (www.globalresearch alliance.org).  The network currently includes 
experimental site information for 337 studies across 23 countries, many of which have similar site conditions 
and management practices as NGPRL.

Despite its recent emergence as a research network, MAGGnet has served to leverage limited resource 
investments within individual countries to produce an inclusive, shared meta-database for international use.  
MAGGnet has contributed to modeling efforts and has spurred other research groups in the Global Research 
Alliance to compile experimental site metadata for experiments focused on rice production.

Details about MAGGnet may be found in a recent article published by Carbon Management.
Adapted from Liebig, M.A., etal. 2016.  MAGGnet: An international network to foster mitigation of agricultural greenhouse gases.  
Carbon Management.  Available at: http://dx.doi.org/10.1080/17583004.2016.1180586

Mark Liebig 701.667.3079 mark.liebig@ars.usda.gov

Figure 1.  Experimental sites included in MAGGnet.

Experimental Site Network with Linkage to NGPRL has Global Reach
Dr. Mark Liebig, USDA-ARS Research Soil Scientist

http://dx.doi.org/10.1080/17583004.2016.1180586


25

USDA-ARS LAND RESOURCES (FEDERAL & STATE) A, B, C, D, AND E

AReA 4 SCD CooPeRATIve ReSeARCH FARM 

LAND ReSoURCeS F, G, H, AND I
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Figure 4.  Seasonal precipitation for 2016 and long term average

Figure 5.  Seasonal monthly average temperature for 2016 and the long term average.
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MANAGEMENT PRACTICES – 2016

AReA Iv SCD/ARS ReSeARCH FARM

AREA-F FIELD OPERATIONS, NW ¼ Section 17 T138N R81W

FIELD F1 This area has been excluded from the total acreage leased by AREA IV SCDs since 1987.

FIELD F2 GLENN SPRING WHEAT

  Previous crop – Pioneer sunflowers

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/03/16 Contractor sprayed field w/Durango @ 32 oz/ac + Sterling Blue @ 4.5 oz/ac + Downdraft            
                   (drift retardant) @ 4.5 oz/ac + Jackhammer @ 2 qt/100 gal.

05/12/16 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 85 lb/ac 11-52-0.

06/06/16 Contractor sprayed w/Perfect Match @ 16 oz/ac + 2,4-D, LV6 @ 8 oz/ac + Propimax EC                 
              @ 3 oz/ac + Linkage @ 1 qt/100 gal.

08/23/16 Field harvested w/JD 9650 combine and 35 ft head (45.9 bu/ac).

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate @ 4 oz/ac +  
              Jackhammer @ 2 qt/100 gal.

FIELD F3, OVERLAND WINTER WHEAT

  Previous crop – Spring wheat

10/01/15 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 70 lb/ac 11-52-0.

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/15/16 Contractor sprayed w/Gold Sky @ 16 oz/ac + Propimax @ 3 oz/ac + 2,4-D LV6 @ 8 oz/ac.

07/13/16 Field swathed w/Versatile 20 ft swather.

07/21/16 Field harvested w/JD 9650 and pickup head (73.1 bu/ac).

08/18/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 8 oz/ac + Detonate @ 4 oz/ac +  
               Jackhammer @ 2 qt/100 gal.

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate @ 4 oz/ac +  
               Jackhammer @ 2 qt/100 gal.

FIELD F4, NUTECH 09M2 SUNFLOWERS

  Previous crop- Winter wheat

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Spartan @ 4 oz/ac + Durango @ 32 oz/ac + Jackhammer @ 2 qt./100 gal.

06/06/16 Field planted w/JD 1750 MaxEmerge XP planter @ 24,000 seeds/ac.
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08/11/16 Contractor sprayed field w/Paradigm @ 4 oz/ac + Trophy Gold @ 2.2 oz/ac.

10/27/16 Field harvested w/JD 9650 and all-crop head (~2500 lb/ac).

FIELD F5, NEXERA 1012RR CANOLA

  Previous crop – Pioneer soybeans

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Durango @ 32 oz/ac + Jackhammer @ 1 qt/100 gal.

05/18/16 Field seeded w/JD 750 Drill @ 8 lbs/ac + 100 lb/ac ammonium sulfate.

08/15/16 Contractor swathed field w/ New Holland 30 ft swather.

09/01/16 Field harvested w/JD 9650 combine and pickup head (1285 lb/ac).

FIELD F6, PIONEER CORN

  Previous crop – Buckwheat

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Durango @ 32 oz/ac + Jackhammer @ 1 qt/100 gal.

05/19/16 Field planted w/JD 1750 MaxEmerge XP planter @ 24,000 seeds/ac.

06/19/16 Contractor sprayed field w/Durango @ 32 oz/ac + Status @ 3.2 oz/ac + Jackhammer                      
              @ 2 qt/100 gal.

10/07/16 Field harvested w/JD 9650 combine and all-crop head (151 bu/ac).

AREA-G FIELD OPERATIONS, SW ¼ Section 8 T138N R81W

FIELD G1 (FORMER TREE PLOT), CROPLAN 458E SUNFLOWERS

  Previous crop – Pioneer sunflowers

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Spartan @ 4 oz/ac + Durango @ 28 oz/ac + Jackhammer @ 2 qt./100 gal.

05/27/16 Field planted w/JD 1750 MaxEmerge XP planter @ 24,000 seeds/ac.

10/14/16 Field harvested w/JD 9650 combine and 6-row all crop head (~2500 lb/ac).

FIELD G1, GLENN SPRING WHEAT

  Previous crop – Spring wheat

03/18/16 Contractor broadcast urea @ 80 lb N/ac.
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05/03/16 Contractor sprayed field w/Durango @ 32 oz/ac + Sterling Blue @ 4.5 oz/ac + Downdraft                
              (drift retardant) @ 4.5 oz/ac + Jackhammer @ 2 qt/100 gal.

05/13/16 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 70 lb/ac 11-52-0.

06/06/16 Contractor sprayed w/Perfect Match @ 16 oz/ac + 2,4-D, LV6 @ 8 oz/ac + Propimax EC                      
  @ 3 oz/ac + Linkage @ 1 qt/100 gal.

08/25/16 Field harvested w/JD 9650 combine and 35 ft. straight head (43.8 bu/ac).

FIELD G2, CROPLAN 458E SUNFLOWERS

  Previous crop – Pioneer corn

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Spartan @ 4 oz/ac + Durango @ 32 oz/ac + Jackhammer @ 2 qt./100 gal.

05/27/16 Field seeded w/JD 1750 MaxEmerge XP planter @ 24,000 seeds/ac.

08/05/16 Contractor sprayed field w/Paradigm @ 4 oz/ac + Trophy Gold @ 2.2 oz/ac.

10/17/16 Field harvested w/JD 9650 and all-crop header (~2500 bu/ac).

FIELD G3, GLENN SPRING WHEAT

  Previous crop – Fallow

03/18/16 Contractor broadcast urea @ 30 lb N/ac.

05/03/16 Contractor sprayed field w/Durango @ 32 oz/ac + Sterling Blue @ 4.5 oz/ac + Downdraft          
  (drift retardant) @ 4.5 oz/ac + Jackhammer @ 2 qt/100 gal.

05/13/16 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 85 lb/ac 11-52-0.

06/06/16 Contractor sprayed w/Perfect Match @ 16 oz/ac + 2,4-D, LV6 @ 8 oz/ac + Propimax EC                 
  @ 3 oz/ac + Linkage @ 1 qt/100 gal.

08/25/16 Field harvested w/JD 9650 and 35 ft. straight head (43.8 bu/ac).

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate @ 4 oz/ac +   
  Jackhammer @ 2 qt/100 gal.

FIELD G4, FALLOW

  Previous management – Spring wheat

05/16/16 Field sprayed w/Durango @ 32 oz/ac + Jackhammer @ 1 qt/100 gal.

07/07/16 Contractor sprayed w/Durango @ 32 oz/ac + Jackhammer @ 2 qt/100 gal.

09/17/16 Contractor sprayed w/Duarango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate @ 4 oz/ac +   
  Jackhammer @ 2 qt/100 gal.
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AREA-H FIELD OPERATIONS, NE ¼ Section 18 T138N R81W

FIELD H1, VERNAL ALFALFA

  Previous crop – Alfalfa

06/04/16 First cutting done by Northern Lights Dairy (1.08 ton/ac @ 15% moisture).

07/14/16 Second cutting done by Northern Lights Dairy (0.92 ton/ac @ 15% moisture).

08/09/16 Third cutting done by Northern Lights Dairy (0.64 ton/ac @ 15% moisture).

FIELD H2, PIONEER SOYBEANS

  Previous crop – Pioneer corn

03/18/16 Contractor broadcast urea @ 50 lb urea/ac.

05/09/16 Field sprayed w/Cornerstone 5 Plus @ 32 oz/ac + Class Act @ 1 qt/100 gal.

05/22/16 Field seeded w/JD 1750 MaxEmerge XP planter @ 180,000 seeds/ac.

06/19/16 Contractor sprayed field w/Durango @ 32 oz/ac + Jackhammer @ 1.5 qt/100 gal.

09/27/16 Field harvested w/JD 6620 and 15 ft. flex head (39 bu/ac).

FIELD H3 WEST, PIONEER SOYBEANS

  Previous crop – Pioneer corn

03/18/16 Contractor broadcast urea @ 50 lb urea/ac.

05/16/16 Field sprayed w/Durango @ 32 oz/ac + Jackhammer @ 1 qt/100 gal.

05/20/16 Field seeded w/JD 1750 MaxEmerge XP planter @ 180,000 seeds/ac.

06/19/16 Contractor sprayed field w/Durango @ 32 oz/ac + Jackhammer @ 1.5 qt/100 gal.

10/13/16 Field harvested w/JD 6620 and 15 ft. flex head (39 bu/ac).

FIELD H3 EAST, PIONEER CORN

  Previous crop – Spring wheat

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Durango @ 32 oz/ac +  @ 1 qt/100 gal.

05/17/16 Field planted w/JD 1750 MaxEmerge XP planter @ 24,000 seeds/ac.

06/19/16 Sprayed field w/Durango @ 32 oz/ac + Status @ 3.2 oz/ac + Jackhammer @ 2 qt/100 gal.

10/08/16 Field harvested w/JD 9650 and 6-row all crop head (151 bu/ac).
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FIELD H3 SOUTH (“waterhole”), PIONEER CORN

  Previously – Flooded

  Identical management as above except no fertilizer was applied in anticipation that it might   
  eventually flood (did not happen).

  Estimated yield – ~45 bu/ac.

FIELD H4, SOIL QUALITY MANAGEMENT

  See ‘Management Strategies for Soil Quality’ on page 36

FIeLD H4, PIoNeeR CoRN

  Previous crop – Dry peas

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/16/16 Field sprayed w/Durango @ 32 oz/ac +  @ 1 qt/100 gal.

05/19/16 Field planted w/JD 1750 MaxEmerge XP planter @ 24,000 seeds/ac.

06/19/16 Sprayed field w/Durango @ 32 oz/ac + Status @ 3.2 oz/ac + Jackhammer @ 2 qt/100 gal.

10/07/16 Field harvested w/JD 9650 combine and all-crop head (132.5 bu/ac).

FIELD H4, GLENN SPRING WHEAT

  Previous crop – Pioneer soybeans

03/18/16 Contractor broadcast urea @ 50 lb N/ac.

05/03/16 Contractor sprayed field w/Durango @ 32 oz/ac + Sterling Blue @ 4.5 oz/ac + Downdraft          
  (drift retardant) @ 4.5 oz/ac + Jackhammer @ 2 qt/100 gal.

05/10/16 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 85 lb/ac 11-52-0.

06/06/16 Contractor sprayed w/Perfect Match @ 16 oz/ac + 2,4-D, LV6 @ 8 oz/ac + Propimax EC                 
  @ 3 oz/ac + Linkage @ 1 qt/100 gal.

08/19/16 Field harvested w/JD 9650 and 35 ft straight head (47.5 bu/ac).

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate                                
  @ 4 oz/ac + Jackhammer @ 2 qt/100 gal.

FIELD H4, OVERLAND WINTER WHEAT

  Previous crop- Spring wheat

09/30/15 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 70 lb/ac 11-52-0.

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/15/16 Contractor sprayed w/Gold Sky @ 16 oz/ac + Propimax @ 3 oz/ac + 2,4-D LV6 @ 8 oz/ac.

07/14/16 Field swathed w/Versatile 20 ft. swather.

07/22/16 Field harvested w/JD 9650 combine and 35ft. pickup head (73.1 bu/ac).
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08/18/16 Contractor sprayed w/Duarango @ 32 oz/ac + 2, 4-D LV6 @ 8 oz/ac + Detonate                                 
  @ 4 oz/ac + Jackhammer @ 2 qt/100 gal.

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate                                     
  @ 4 oz/ac + Jackhammer @ 2 qt/100 gal.

FIELD H4, NETTE DRY PEAS

  Previous crop- Winter wheat

05/06/16 Field seeded w/JD 750 drill @ 140 lb/ac seed + 50 lb/ac 11-52-0.

07/29/16 Contractor desiccated field w/Durango @ 32 oz/ac + Sharpen @ 2 oz/ac + Jackhammer                     
  @ 2 qt/100 gal.

08/09/16 Field harvested w/JD 6620 w/15 ft flex head (44.2 bu/ac).

FIELD H5, GLENN SPRING WHEAT

  Previous year – Pioneer sunflowers

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/03/16 Contractor sprayed field w/Durango @ 32 oz/ac + Sterling Blue @ 4.5 oz/ac + Downdraft               
  (drift retardant) @ 4.5 oz/ac + Jackhammer @ 2 qt/100 gal.

05/09/16 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 85 lb/ac 11-52-0.

06/06/16 Contractor sprayed w/Perfect Match @ 16 oz/ac + 2,4-D, LV6 @ 8 oz/ac + Propimax EC                  
  @ 3 oz/ac + Linkage @ 1 qt/100 gal.

08/17/16 Field harvested w/JD 9650 combine and 35 ft. straight head (49.0 bu/ac).

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate @ 4 oz/ac +   
  Jackhammer @ 2 qt/100 gal.

AREA-I FIELD OPERATIONS, NE ¼ Section 20 T138N R81W

  Much of Area I has been designated for the establishment of plots and accompanying larger   
  field as part of a multi-location ARS research project known as the Long-Term Agricultural   
       Research (LTAR) project.  In preparation, the entire area was planted to spring wheat to help   
  establish a uniform starting point for this research.

FIELD I1, ELGIN ND SPRING WHEAT (Continuous spring wheat 31 yrs).

  This field will remain as a continuous spring wheat treatment.

  Yield - 56.8 bu/ac

  PREVIOUS FIELD DESIGNATIONS AND CROPS GROWN IN 2015

  Field I2 – SY Soren spring wheat

  Field I3 – Croplan 460E Sunflowers

  Field I4 – Elgin ND Spring wheat
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09/20/15 Field planted to winter wheat.

05/01/16 Contractor sprayed winter wheat in preparation for LTAR project.  Used Durango @ 32 oz/ac +   
  Banvel @ 4 oz/ac + Downdraft @ 4 oz/ac + Jackhammer @ 2 qt/100 gal.

Field I5 – Overland Winter wheat

Field I6 – Croplan 460E Sunflowers

  Yield measurement specific to this field was 31.5 bu/ac.

Field I7, Elgin ND Spring wheat

  Avg yield (I2 through I7) – 31.5 to 48 bu/ac

Current year’s management on Area I

03/18/16 Contractor broadcast urea @ 80 lb N/ac.

05/03/16 Contractor sprayed field w/Durango @ 32 oz/ac + Sterling Blue @ 4.5 oz/ac + Downdraft           
  (drift retardant) @ 4.5 oz/ac + Jackhammer @ 2 qt/100 gal.

05/06/16 Field seeded w/Bourgault drill @ 1.3 million seeds/ac + 80 lb/ac 11-52-0.

06/06/16 Contractor sprayed w/Perfect Match @ 16 oz/ac + 2,4-D, LV6 @ 8 oz/ac + Propimax EC                  
  @ 3 oz/ac + Linkage @ 1 qt/100 gal.

08/24/16 Field harvested w/JD 9650 w/35 ft straight head (avg. yield 40 to 48 bu/ac).

09/17/16 Contractor sprayed w/Durango @ 32 oz/ac + 2, 4-D LV6 @ 12 oz/ac + Detonate @ 4 oz/ac +   
  Jackhammer @ 2 qt/100 gal.

 

 

Integrated Crop Management www.ecifm.rdg.ac.uk
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2016 Crop Summary

Drs. Donald Tanaka (retired), Mark Liebig, and David Archer

Introduction

The ‘Management Strategies for Soil Quality’ study was established in 1993 by Dr. Don Tanaka to evaluate long-
term impacts of minimum and no-till cropping systems on crop yield, precipitation use, and soil properties.  
The study was designed with six crop sequences (whole plot) each split by tillage type (split plot).  All phases of 
each crop sequence are present every year, and treatments are replicated three times.

Beginning in 2012, three crop sequences were adjusted to reflect changing cropping practices in the northern 
Great Plains.  Specifically, millet and safflower were replaced with corn and soybean, and rye (partial fallow) 
was replaced with a full season cover crop mixture (Table 1).  Tillage treatments were left unchanged.

MANAGEMENT STRATEGIES FOR SOIL QUALITY

Field Activities

On May 16 Roundup (24 oz/ac), Savvy (½ gal/100 gal), and UAN (2 gal/100 gal) were applied to the cover crop plots.  
Sharpen was then added (1.6 oz/ac) and all remaining plots were sprayed.  Spring wheat was sprayed post-emergent 
on June 7 with Axial XL (16.4 oz/a) + Wolfpack (16 oz/a) + Headline (3 oz/ac).  Corn, fallow, and soybean (2yr rotation 
only) plots were sprayed June 15 with Durango (24 oz/a) + surfactant.  Volunteer (12 oz/ac) was then added to the tank 
and 3yr rotation soybean plots were sprayed where volunteer corn was a problem from last year’s high wind causing 
significant ear drop.  On June 23 continuous spring wheat plots were sprayed with Tacoma (5.3 oz/ac).
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Crop Yield Summary

1. Seasonal precipitation from April through September was over 4¼ inches higher than the long term average    
    (15.26 vs. 12.97in., Fig. 4).  Average monthly temperatures were also higher than the long term average through          
    the entire growing season (Fig. 5).

2. The 2016 season marked the fifth year after switching rotations within this study.  The largest difference among   
     the spring wheat yields was just under 15 bu/ac, ranging from 32.6 to 47.4 bu/ac; however test weights were    
     consistently between 60 and 62 lb/bu.  The two 2-yr rotations were the highest yielding with SW-S significantly   
     higher than all other rotations except SW-F (Fig. 1).

3. Because of nearly an inch above normal precipitation in July (3.46 in.), corn yields averaged 114 bu/ac for both 3yr   
     rotations (Fig. 2); however, test weights were generally low, ranging from 53.3 to 55 lb/bu.

4. Soybean yields were also high, averaging 42.5 bu/ac, but showed no difference between the two rotations (Fig. 2).    
    Similar to corn, test weights were somewhat low ranging 57 to 58 lb/bu.  

5. High rainfall also stimulated high cover crop biomass production (4740 lb/ac) which continues the steady upward   
     trend in this treatment since the beginning of this new phase of the experiment (Fig. 3).

6. No significant differences in yield were found between the minimum and no-till tillage treatments.
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Figure 1.  Spring wheat seed yield as influenced by cropping system.  Yields are the average of minimum and no-till.

Figure 2.  Corn and soybean seed yield and cover crop biomass yield within cropping system.  Yields are the average of 
minimum and no-till.
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Figure 3.  Production over time of cover crop treatment in the SQM study.



40

Drs. David Archer, Scott Kronberg, and Mark Liebig

Treatments (all combinations of the following crop rotation and residue removal treatments, all no-till)

Rotations:
 1. Spring Wheat – Dry Pea (W-P)
 2. Spring Wheat – Dry Pea/ Cover Crop mix (W-P/CC)
 3. Spring Wheat – Dry Pea - Corn (W-P-C)
Residue Removal:
 A. No residue removed
 B. Wheat straw baled and removed
 C. Wheat straw, corn stover, and pea residue baled and removed
 D. Wheat straw, corn stover, and peas residue grazed

Fertilizer rates based on soil test and NDSU fertilizer recommendations. Cover crop mix: 4.7 lb/a soybean, 11.2 lb/a spring triticale, 
10.4 lb/a Arvika pea, 6 lb/a Rosetown lentil, 1.6 lb/a red clover, and 0.13 lb/a purple top turnip. 

All plots were sprayed Apr 22 with Cornerstone (25 oz./a) + Class Act (64 oz./100 gal). Pea plots were sprayed 
June 8 with Basagran (32 oz./a) and Pursuit (2 oz./a), on June 9 with Section (8 oz./a) + crop oil (32 oz./80 gal.), 
and on July 22 with Cornerstone 5 Plus (48 oz./a) + Class Act (2.5 gal./100 gal). Spring wheat was sprayed June 
6 with PerfectMatch (16 oz./a) + Headline (8 oz./a). Corn was sprayed on June 13 with Cornerstone 5 Plus (25 
oz./a) + Class Act (32 oz./100 gal.), and on June 27 with Cornerstone 5 Plus (20 oz./a) + Class Act (128 oz./100 
gal). Non-grazed pea plots were sprayed after harvest with Cornerstone 5 Plus (25 oz./a) on August 28. Non-
grazed wheat and pea plots (except cover crop plots) were sprayed after harvest with Cornerstone 5 Plus (48 
oz./a) + Class Act (64 oz./100 gal.) on September 27.  Grazed wheat and pea plots were sprayed with Corner- 
         stone 5 Plus (625 oz./a) + Class Act (64 oz./a) after grazing.

Bioenergy Cropping Systems Study – 2016 Summary
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Summary: 

• Spring wheat yields were significantly higher for the W-P-C than for the W-P rotation, but were not 
   significantly different between W-P/CC and either W-P-C or W-P (Figure 1). There were no significant 
   differences in wheat yields between residue removal treatments.
• No statistically significant differences in pea yields were detected among crop rotation or residue removal 
   treatments (Figure 2).
• Corn yields were significantly lower when crop residue had been harvested and removed every year (C) 
   than for the no residue harvest or the grazed treatments (A and D) (Figure 3). This is the fourth year out of 
   the seven years of the study where a significant residue harvest and removal effect has been noted. Although 
   corn yield appeared to also be lower for where wheat residue had been baled and removed (B) it was not 
   significantly different from the other residue removal treatments.
• The amount of grazing provided by the cover crop phase of the W-P/CC rotation was much higher in 2016 
   than in previous years due to conditions allowing for early establishment of the cover crops and to an 
   extended fall growing season (Figure 4). 

Figure 1.  2016 spring wheat seed yield as influence by crop rotation and residue removal treatments.
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Figure 2. 2016 dry pea seed yield as influenced by crop rotation and residue removal treatments.

Figure 3. 2016 corn seed yield as influenced by residue removal treatments
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Figure 2. 2016 dry pea seed yield as influenced by crop rotation and residue removal treatments.

Figure 3. 2016 corn seed yield as influenced by residue removal treatments

Figure 4. 2016 grazing amount by crop and rotation. 
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Drs. Dave Archer, Scott Kronberg, John Hendrickson, and Mark Liebig

Late summer and fall grazing (Phase 3)

Phase 3 of the Integrated Crop/Livestock systems project was initiated in 2015 focusing on providing forages at 
times when native range may not be of adequate quality to maintain the rate of animal weight gain. Previous 
phases looked at the late fall (Phase II) and winter periods (Phase I). In this phase, we continue to focus on the 
late fall grazing period, but also include potential needs during the late summer. In Phase 3, we are also looking 
to increase grain production while meeting critical forage needs, so harvestable grain crops are included for 
two years out of a three year rotation.  
In order to improve the statistical integrity of the study the two 15 acre paddocks (i.e. the 2 replications) were 
split in half across existing strips.  Treatments were re-randomized in the resulting “new” half (the opposing 
end from the main entry to each paddock) to yield 4 replications.

Cropping system – integrated treatments:
 1. Spring wheat, which is inter-seeded at or around the 4-leaf stage with a 6-way mixture of   
      intermediate wheatgrass, alfalfa, hairy vetch, red clover, daikon radish, and chicory.
 2. Inter-seeded mix from previous spring wheat allowed to grow, then hayed during the growing 
      season3.   
 3. Corn for grain inter-seeded with soybeans.  
Check strips – grain-only treatments:
 1. Spring wheat
 2. Soybeans
 3.Corn
Grazing treatments – 20 yearling steers in each group (5 per replication):
 1. Graze cropping system grazing treatment strips beginning in the fall. Hay harvested from the strips    
      fed to the steers on those strips.
 2. Graze native and introduced pastures and feed hay as needed.

Spring wheat strips were sprayed May 2 with Cornerstone 5 Plus (24 oz/ac) + surfactant.  Spring wheat 
(integrated treatment and check strips) was seeded with a JD 750 drill on May 4 & 5.  All corn treatments and 
soybean check strips were sprayed with Durango (20 oz/ac) + 2, 4-D LV6 (10 oz/ac) + surfactant on May 17.  An 
11-row JD MaxEmerge II planter with 15 inch row spacing was used to plant the interseeded corn and soybean 
“integrated” treatment, with corn seed and soybean seed loaded in alternating planter boxes (6 rows of corn,  
5 rows of soybeans). Both corn treatments were seeded May 27.  The soybean check strips were planted June 
2.  Spring wheat was sprayed post-emergent on June 7 with Tacoma (10 oz/ac) + Moxy 2E (16 oz/ac).  Proso 
millet was interseeded in the cover crop strips on June 9 with a JD2 750 drill at a rate of 8 lb/ac on 30 inch 
centers.  The spring wheat integrated treatment was inter-seeded on June 13 with the 6-species cover crop mix 
using a JD 750 drill by planting at a slight angle to the spring wheat rows and removing the residue handlers 
in front of the openers.  All corn treatments and soybean check strips were sprayed June 15 with Durango 
(24 oz/ac) and surfactant.  All spring wheat treatments were combined Aug 30.  The soybean check strip was 
combined Oct 14. All corn treatments were combined Nov 4 & 5 without the straw chopper.  

Summary

Both corn and wheat grain yields were lower on the integrated strips where cover crops had been interseeded. 
Two cuttings of hay were harvested from the plots that had been seeded to cover crops in 2015. Grazing was 
planned on the integrated plots using 5 yearling steers per replication. Grazing was completed on the plots 
that had been seeded to cover crops in 2015. However, grazing was interrupted by deep snow, and will be 
completed in the spring if possible. 

Integrated Crop / Livestock Systems – 2016 Summary
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NDSU Hettinger Research Extension Center

Durum Wheat - 2016 Mandan, ND

Plant Plant Test Grain
Variety Height Lodge Weight Protein 2014 2015 2016 2 yr 3 yr

inches 0-9* lbs/bu %
Alkabo 31 2 55.0 11.7 74.2 25.3 62.5 43.9 54.0
Carpio 33 4 56.7 11.7 67.6 26.7 70.2 48.5 54.8
Divide 32 3 56.7 11.7 69.3 28.9 70.7 49.8 56.3
Joppa 32 4 56.4 10.5 74.9 26.2 69.8 48.0 57.0
Mountrail 31 2 57.1 10.8 76.0 24.8 73.6 49.2 58.1
Tioga 34 4 57.0 10.9 68.7 26.9 72.9 49.9 56.2

Trial Mean 32 3 56.5 11.2 71.8 26.5 70.0 48.2 56.1
C.V. % 3.3 22.5 1.0 4.0 7.4 9.1 4.8 -- --
LSD 5% 1.6 1.1 0.9 0.7 6.6 3.6 5.1 -- --
LSD 10% 1.3 0.9 0.7 0.6 5.5 3.0 4.2 -- --
* 0 = no lodging, 9 = 100% lodged.
Planting Date:  April 5
Harvest Date:  August 15
Previous Crop:  Spring Wheat

----- Grain Yield ----- Average Yield

------------ Bushels per acre ------------
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NDSU Hettinger Research Extension Center

Hard Red Spring Wheat - 2016 Mandan, ND

Plant Plant Test Grain
Variety Height Lodge Weight Protein 2014 2015 2016 2 yr 3 yr

inches 0-9* lbs/bu %
Barlow 32 2 55.1 12.4 73.4 31.9 60.9 46.4 55.4
Elgin ND 32 0 54.1 11.4 76.9 30.1 65.3 47.7 57.4
Focus 32 2 56.6 11.2 -- -- 65.5 -- --
Glenn 33 1 57.4 11.9 69.7 26.1 62.6 44.4 52.8
HRS 3419 30 0 53.4 10.4 -- 39.4 73.5 56.5 --
HRS 3530 32 0 55.2 11.4 -- -- 70.6 -- --
LCS Breakaway 28 0 55.0 11.6 -- -- 56.3 -- --
LCS Iguacu 29 0 53.8 10.6 -- 38.6 60.9 49.8 --
LCS Nitro 28 0 53.7 11.4 -- 33.2 67.6 50.4 --
LCS Prime 30 0 55.5 10.6 -- -- 70.0 -- --
Mott 34 0 54.9 12.1 76.0 31.0 61.3 46.2 56.1
MS Stingray 33 0 51.3 9.8 -- 36.7 63.9 50.3 --
Prestige 30 0 53.0 11.5 -- -- 64.3 -- --
Prevail 30 0 53.9 11.8 73.9 35.3 66.2 50.8 58.5
SY Ingmar 28 0 54.3 12.3 -- -- 58.8 -- --
SY Rowyn 28 0 53.3 11.3 74.7 34.7 61.5 48.1 57.0
SY Soren 27 0 53.7 12.0 72.5 32.6 59.4 46.0 54.8
Velva 29 0 52.9 11.5 72.9 24.4 62.6 43.5 53.3
WB9507 30 0 50.7 10.8 -- 34.7 59.8 47.3 --
WB9653 27 0 53.0 10.8 -- -- 70.1 -- --
SY605CL 30 1 55.7 11.3 72.8 37.1 66.8 52.0 58.9

Trial Mean 30 0 54.1 11.3 74.3 32.8 64.2 48.5 56.0
C.V. % 4.1 108.3 2.2 4.6 7.3 8.9 7.6 -- --
LSD 5% 1.8 0.6 1.7 0.9 6.5 4.2 6.9 -- --
LSD 10% 1.5 0.5 1.4 0.7 5.4 3.5 5.7 -- --
* 0 = no lodging, 9 = 100% lodged.
Planting Date:  April 5
Harvest Date:  August 15
Previous Crop:  Spring Wheat

------------ Bushels per acre ------------

----- Grain Yield ----- Average Yield
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