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Session Summaries

Building Strong Business Dynamics in Tough Economic Times, What Does it Take to
Succeed?: Take a look at how family, employee/employer, and other relationships play a
role in achieving success, and how to keep those relationships strong when times are
tough.

Herbicide Resistant Weeds: Lessons Learned and the Need for Diversity: Herbicide
resistance is a growing challenge. The progression of resistance in Kochia and Palmer Am-
aranth, what the future holds, and how to manage for it will be discussed.

Economics of Soil Fertility Management: With thinning margins, there are opportuni-
ties to manage crop nutrients in order to gain the best possible financial return to your
bottom line.

Forage Sorghum and Cover Crop Management: Take a look at how some management
options can maximize your potential economic returns to growing forage sorghum or cov-
er crops for livestock use.

Learning from Long-Term Rotation and Tillage Studies: Long-term studies in Western
Kansas provide valuable data for making both long and short-run management decisions.

Managing Bin Stored Grain: Gain an understanding of aeriation principles and how to
best manage the grain in your bin for quality, condition, and safety.

Grain Marketing Outlook and Storage Economics: Examine the driving factors in to-
day’s global commodity market, possible outcomes, and a long-term look at the economic
returns from grain storage.

Profitability in Northwest Kansas Operations: Using NW Kansas data, take a look at
drivers in profitability and where producers should be looking to make management
changes as margins tighten.

Soil Biology: A look at who and what is living in our soil and how these organisms con-
tribute to soil quality, nutrient cycling, and other benefits.

Weed Management Strategies: To tackle troublesome weeds, this session will be an
overview of the latest field trial data for timings, rates, and products.

Producer Panel Discussion: An exchange of ideas and experiences on the topic of
on-farm grain storage.

Proceedings from prior years of the Cover Your Acres
Winter Conference can be found online:
www.northwest ksu.edu/coveryouracres

K-State Research and Extension is an equal opportunity provider and employer.

Cover Your Acres Winter Conference. 2017. Vol. 14. Oberlin, KS. ii



Presenters

Charlie Griffin- Charlie Griffin is a Research Assistant Professor in the School for Family
Studies and Human Services, College of Human Ecology, at Kansas State University. He began his
career assisting with the impact of the 80's farm crisis and has continued to support agricultural fami-
lies as they work together, make decisions together, and nurture their families and businesses.

Lucas Haag- Lucas Haag was raised on a diversified dryland farming and ranching operation
near Lebanon, Nebraska along the Kansas/Nebraska line. He received his B.S. in Agricultural Tech-
nology Management in 2005 and a M.S. in Agronomy (crop ecophysiology) in 2008 from K-State.
Lucas completed his Ph.D. in Agronomy in 2013. He is an assistant professor of agronomy and North-
west Area Agronomist stationed at the Northwest Research-Extension Center, Colby, Kansas. He has
extension agronomy responsibilities for 26 counties in northwest and north-central Kansas. He con-
ducts research and extension activities in a variety of areas but specializes in precision ag and dryland

cropping systems. Lucas remains actively tied to production ag as a partner with his brothers in Haag
Land and Cattle Co.

John Holman-Cropping Systems Agronomist at Kansas State University. John received his B.S.
degree in plant science and agriculture business and his M.S. degree in weed science from Mon-
tana State University. His Ph.D. was from the University of Idaho. He joined Kansas State Univer-
sity in 2006 and is currently an Associate Professor with a 70% Research and 30% Extension ap-
pointment. His research is primarily on dryland cropping systems of western Kansas, with an em-
phasis in soil-water, crop rotations, integrated weed management, and annual forages. He manages
the state-wide forage variety testing program. In addition, he and his wife Marcella, operate a 4™
generation cow/calf and farming enterprise near Dodge City, KS.

Kevin Moore- Kevin Moore is a Research Engineer and PhD candidate in Biosystems and Ag-
ricultural Engineering at Oklahoma State University (OSU). He received his BS degree in Chemical
Engineering and his MBA from OSU. Kevin worked for eight years as an Applications Engineer at
Sulzer Chemtech in Tulsa, OK before returning to OSU as Manager of Proposal Services for the
College of Engineering, Architecture, and Technology. He later became the Director of Student
Academic Services, leading the recruiting, academic advising, and career services activities of the
college for six years. Since returning to graduate school, Kevin’s research topics have included post
-harvest grain storage, agricultural safety, and electronic sensing of grain quality.

Daniel O’Brien— Extension Agricultural Economist. Dr. Daniel O’Brien received his B.S. in
Agricultural Economics from the University of Nebraska and his Ph.D from Iowa State University.
The focus of Daniel O’Brien's extension and applied research efforts have been in the areas of grain
and bioenergy market analysis - with emphasis on of wheat, feed grain, oilseed, and ethanol supply-
demand and prices. He also has been working in the areas of irrigated and dryland cropping systems
and natural resource-related issues in western Kansas. He also works extensively with agricultural
audiences on issues such as farmland leasing and crop enterprise profitability.

Dorivar Ruiz-Diaz- Dr. Dorivar Ruiz Diaz is a soil fertility and nutrient management special-
ist at Kansas State University. He holds a Ph.D. in soil fertility from Iowa State University and MS
in soil fertility from the University of Illinois at Urbana-Champaign. He does research and exten-
sion work on the efficient use of fertilizers, phosphorus and micronutrient management, and land
application of by-products with an emphasis on crop—available nitrogen.
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Presenters

Alan Schlegel- Alan Schlegel joined Kansas State University in 1986. He is a Professor and
Agronomist-in-Charge at the Southwest Research-Extension Center in Tribune. His primary
research efforts have been with water and nutrient management strategies for cropping systems in a
semi-arid environment. The objectives for the dryland cropping systems research program is to
develop cropping strategies that reduce tillage, increase capture of precipitation, reduce evapora-
tion and erosion potential while enhancing crop yields. The focus his nutrient management re-
search is to optimize fertilizer use efficiency, crop production, and profitability while maintaining
environmental quality. Current irrigation research is focusing on limited irrigated cropping sys-
tems to reduce groundwater depletion while maintaining profitability.

Phil Stahlman-— Phil was raised on his family’s small grains and dairy farm in northwest Ok-
lahoma. He received his B.S. in Agronomy from Panhandle State College, M.S. at NDSU, and
Ph.D. and Univ. of Wyoming. He is a Professor and Weed Scientist at the K-State Agricultural
Research Center-Hays where he has directed weed management research in dryland cropping sys-
tems for the past 39 years. Previously he was Agronomist-in-Charge of the Harvey County Experi-
ment Field in Hesston and Assistant Agronomist at the North Central Branch Experiment Station at
Minot, ND. His research focuses on crop weed interactions and integrated weed management with
recent emphasis on herbicide-induced weed spectrum shifts and the ecology and management of
glyphosate resistant kochia.

Curtis Thompson-Curtis Thompson is a Professor and Extension Weed Science Specialist for
Kansas State University, Agronomy. Native of North Dakota, he received his BS and MS and
NDSU and a Ph.D. at the University of Idaho. His area of focus includes weed management in field
crops emphasizing sorghum, corn, sunflower, and resistant weed management. Thompson contin-
ues to focus on glyphosate resistant kochia management in western Kansas and has worked exten-
sively on HPPD resistant Palmer amaranth in the central part of the State. Efforts to manage
glyphosate resistant Palmer amaranth are intensifying.

Peter Tomlinson- Peter Tomlinson - Peter Tomlinson is an Assistant Professor and Extension
Environmental Quality Specialist for Kansas State University. He received B.S. degrees in Animal
Science and Agronomy from the University of Connecticut and M.S and Ph.D. degrees in Crop,
Soil and Environmental Sciences from the University of Arkansas. Peter’s passion for agriculture
began as a 4-Her and motivates his current research and extension programs addressing the com-
plex environmental challenges facing agriculture. Drawing on his diverse background in animal
science, manure management, agronomy, soil science and ecology Peter conducts applied research
and extension programing in the areas of soil biology, nutrient management, and soil, water and air
quality.

Mark Wood-Mark Wood is an Extension Agricultural Economist with the Farm Management
Association in Northwest Kansas. He has been assisting Association member families with record
keeping, analysis, management and generational transfer issues in Northwest Kansas for over 28
years. He graduated from North Dakota State University with a Master’s degree in Agriculture
Economics in 1986 and Kansas State University with a Bachelor’s degree in Agricultural Econom-
ics in 1982. Mark grew up on a farm near Wakefield, Kansas.
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Building Strong Business Dynamics in Tough Times

Charles L. Griffin, M.S., LM.F.T.
School of Family Studies and Human Services,
A22 Edwards Hall, Kansas State University, Manhattan, KS 66506
Phone: 785-532-2025 or 5510 E-mail: cgriffin@facts.ksu.edu

Building Strong Business Dynamics in Farm and Ranch Families

Strong successful businesses do not just happen. They grow and develop because of the
application of very specific practices and strategies over time. These practices are based in strong
core values that guide the development of the business over time coupled with careful,
thoughtful planning, and rely at the everyday level on successful communication, teamwork, and
the satisfaction of life goals of every member of the team.

These practices are challenging and difficult in the best of times, but become essential during
“tough times.” Those tough times may be financial/economic in nature, but they may well arise
from the unforeseeable life crises that may befall anyone.....health crises, weather and other
natural disasters, relationship changes, and simply the development of lives as times go by.
During those tough times, careful attention must especially be paid to the basics of good
management, communication and decision making.

Agricultural families and businesses are traditionally rooted in intergenerational relationships
and continuity of those relationships with the land itself. Tough times highlight the need for
families to learn and utilize successful coping strategies, both on a day to day basis and in regard
to intergenerational farm transfer.

Understanding Farm Family and Small Business Dynamics

Small business and farm family businesses are challenging for a number of reasons. They
combine, much more than other businesses, three spheres, (1) the family/personal relationships
where we have fun, find security, nurturance, and support, (2) the management system which is
how we get things done day by day and maintain productivity, and (3) the ownership system,
who actually owns the business assets and gains the return on investments. Those three spheres
are not easily nor naturally compatible on a day to day basis. But they are woven together
throughout the day, with the “factory work floor” and the family recreational area and even the
child rearing and day care all rolled together in a way that other workplaces simply do not do.
And our team relationships must shift from one role to another as we move from one role to
another. Not a simple thing to do. These business dynamics bring their own unique challenges,
stressors, and sources of conflict for farm and ranch families to manage. At the heart of that
successful management is good effective communication, which is likely to be the last farm
management skill that gets attention in a busy operation.

Successful farm businesses must carefully plan for the future at the same time as they negotiate
the day to day challenges of making a living. In the larger picture, it is essential that those
businesses recognize the need to weave together the Career Development of younger entering
members of the family with the Professional Development of all members while looking ahead
to the Retirement Process for the older generation. Just as farmers and ranchers understand the
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yearly seasonal cycles and life cycles of crops and animals, they need to understand how their
Family Life Cycles and Business Cycles intertwine, sometimes with 3 generations all at different
points in those cycles.

The key point is that all these decisions regarding the structure and practice at the family and
business level will be made simultaneously, not one at a time. And it‘s best if they are made at
an early point in the business planning process, knowing that they may well need to be re-
examined and perhaps changed at major transition points throughout life.

Business Planning in a Nut Shell
Given the points made above, there are clear practices that support successful businesses.

Step 1: Have a Vision, a clear Mission! This provides the long term orientation. It’s what holds
a team together so that they are all working in tandem toward a common outcome and not
fighting against each other at a basic level. The business needs to have a commonly understood
and motivating mission that all team members care about! Understand that each individual
member may well have their own goals, motivations, vision, passions which provide their
satisfaction with their life. It’s vital that they do! But the individual visions should mesh
together and complement each other in support of the primary vision. So, developing a clearly
motivating Vision and Mission is the first step of business planning, and generally the most over
looked.

Step 2: Develop a carefully thought out strategy as to how to accomplish the Vision. What is
the path that the family/business is going to pursue to make their vision real? For example, will
they raise cattle, cow-calf, backgrounding, feedlot finishing, hogs, only raise crops, irrigate or
dry land, develop niche markets for farmers markets, organic outlets, do value added processing,
put land in CRP, lease the land and work off farm? Each strategy may depend on understanding
the resources available, the skills and competencies of the team members, the motivation and
inclinations of each person, and external market realities, etc. And strategies need to be
reevaluated on a regular basis. Is it working successfully, are there new and better strategies,
have the external realities changed? Most farm and ranch families have pursued many different
strategies at different times in their life, due at times to their own choices, at other times to the
realities of the changing world around them.

Step 3: Execution....this term really points to how we work together every day to get things
done in light of the first two steps. It points to the daily decision making, coordination, and
communication necessary to keep the show moving to a successful outcome.

These three steps offer a self-evaluation outline for each business to determine where their
strengths and weaknesses lie and to work on improvement of their management skills. But often,
the failure is at the level of Step 1. Most farm and ranch business management advisors will
recommend at least a yearly business planning meeting to re-examine at a broad level Vision,
Mission, Guiding Principles and Values and to give all members of the team on opportunity for
input, re-thinking and adjustment. Some families find a meeting of this sort is helpful every six
months. Communication about Execution is ongoing every day!

Finally, it’s worth pointing out that these business management practices are essential for
successful businesses at all levels. But when times get tough, due to difficult financial times or
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unexpected life crises, they are essential. And yet it’s very challenging in the midst of daily
stressors and crises to find the space to pull back and attend to the larger picture. Below is a ‘tip
sheet’ from the Kansas Agricultural Mediation Service for steps to take with our own families as
well as with friends and neighbors who may be experiencing those hard times, focusing on the
hardest part of the equation, the communications!

Tips to Help Others

Listen
° Take time.
° Listen to what is being said and NOT being said.
° Give time to share thoughts — Silence is okay.
° Tears are okay, not something that needs to be fixed.

Starting the conversation

. Get acquainted.
° “Tell me about your farming operation.”
° Start slow, don’t jump into the heavy stuff.

Keep them focused

° “Why did you call us today?”

° “What is your biggest concern?”

° “If today you could change ONE thing, what would it be?”

° Take time to listen to the tough stuff and acknowledge the emotions, then.....

° Focus on the present—things that CAN be changed not on what can’t be
changed

Encourage connection. Don’t be alone.

° “Who’s your best friend?”, “Who do you talk to?” —then say, “Talk to them.”

° Those closest may not be aware of what’s happening

° A support system may include family member, friends, pastors, hired man,
employer, accountant, attorney, etc. Professionals are often the “helper of last
resort.”

. Encourage them not to face stressful situations alone.

Empower them

° Help them learn how to help themselves.

° Encourage them. It’s OK to ask for help.

° Pride is important for every farmer. Support them in asking for help.

° Give homework to do and ask for a report. Make a follow up call, if for no other

reason to just to say “How are you doing?”
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Confidentiality

. Assure that what is shared is confidential.

° It requires a lot of trust on the producer’s part to share their whole story.
° Transparency is vital to be able to help them.

. Gaining respect and trust is vital.

Elephant in the room

. “So what else is going on?” “Tell me what’s going on?” often uncovers real
issues.

. These kinds of statements sometimes gives permission to open up.

. It is often more than loan delinquency at the bank. i.e. no money for family

living expenses, depression, guilt, domestic violence, substance abuse,
addictions, health issues etc.

° Be ready when you ask these questions. You may learn more than what you
expect.

Include the whole team
. Talk with all the members of the operation (family, intergenerational, etc.) when
appropriate.

Don’t try to solve every problem
° Assure the person that there is help and support.
° May require a different approach, you are helping them find a solution.

Making a referral

. Know SAFE places to call.

° Remember a bad referral is worse than no referral.

. Know the resources that are available.

° Network with helping agencies.

. Include a contact person when making the referral.

° Encourage them to report back about how the referral went.

Show that you care
° Be as “non-judgmental as your dog.”

“Your most important gift to your clients is your listening, your acceptance and

your sincere interest in them. To know that you are not alone gives courage.”

Kansas Agricultural Mediation Service 1-800-321-3276
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Herbicide Resistant Weeds: Lessons Learned and the Need for Diversity

Phillip W. Stahlman
Research Weed Scientist

KSU Agricultural Research Center-Hays

Weed management through the ages. From
the beginning of organized farming by ancient
man through the mid-20" century, weeds in
agroecosystems were mostly pulled by hand or
removed using specialized tools. Romans were
known to apply salt to fields of enemies to
prevent crop growth and by the mid-19™" century
it was learned how to use lime and salts to
control weeds in crops and orchards.

The modern era of chemical weed control began
with the discovery of chlorophenoxy acetic
herbicides in the early 1940’s. This family of
herbicides, especially 2,4-D and MCPA, not
only transformed agriculture by revolutionizing
weed control, but also gave rise to the scientific
disciple of weed science and an entire new crop
protection industry. During the next three
decades, many new broad-spectrum herbicides
were developed that were simple to use and
typically provided exceptionally good weed
control with far less need for labor compared to
mechanical weed control. Over time farmers
increasingly relied on intensive herbicide use for
cropland weed management. Crop yields and
production efficiency increased and allowed
many farmers to increase the size of their
farming operations. Life was good!

Prior to the first commercialization of
glyphosate-resistant (GR) crops in 1996,
glyphosate was already to top selling global crop
protection chemical. The introduction of GR
crops arguably began the fastest adoption of new
technology in American agriculture. Declining
glyphosate costs helped fuel the rate of adoption.
Benefits included simple and cost-effective
weed control with “over-the-top” glyphosate
without need for other herbicides, lower
production costs, greater flexibility in farm

management, and improved soil and water
conservation. Within only a few years a large
majority of the corn, cotton, soybean and
eventually sugarbeet acreage in the United
States was planted to GR varieties. In many
instances multiple applications of glyphosate
alone were made to these crops every year, in
addition to preplant and fallow applications.
Use of pre-emergent herbicides was nearly
abandoned in GR crops. All this was good for
farmers, or so many believed, but was not good
for the crop protection industry!

Evolved weed resistance to herbicides. An
unintended consequence of intensive herbicide
use, especially in monoculture and limited
rotational cropping systems, is shifts in species
composition and selection for rare existing
resistant biotypes within weed populations.
Frequent, repeated use of any herbicide mode of
action over large areas without use of other
alternative control tactics will eventually
eliminate susceptible biotypes and allow
resistant biotypes to increase in proportion to the
point of weed control failure. Using multiple
herbicide modes of action will delay but will not
prevent selection processes leading to enhanced
metabolism or stacked (multiple) resistant traits
within the same species.

Species with high genetic diversity, prolific
production of seeds that readily germinate, and
short seed-life (e.g., kochia and Palmer
amaranth) are more prone to evolved herbicide
resistance than species with low genetic
diversity and long seed-life. The dramatic
increase in glyphosate use owver vast areas
increased  selection  pressure on  weed
populations at an unprecedented rate. Herbicide
resistance (HR) is widely recognized as the
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adaptive evolution of weed populations to
intensive herbicide selection pressure.

The first confirmed case of GR weeds in the
United States was in horseweed in Delaware in
2000. Horseweed also was the first weed species
in Kansas to evolve resistance to glyphosate in
2005, followed by tall waterhemp, common and
giant ragweed, and kochia in 2006 and 2007.
Within only 5 years, GR kochia had spread or
evolved independently throughout the entire
North American Great Plains and into the
Pacific Northwest. GR Palmer amaranth was
first confirmed in Kansas in 2011, and is now
present throughout most of central and western
Kansas and into Nebraska and Colorado.

Some impacts of HR. One of the first realized
impacts of HR weeds is unacceptable weed
control following use of a previously effective
herbicide program. Depending on extent of the
control failure, this could result in negative
economic and environmental impacts of reduced
crop yields and lower grain and/or forage
quality, lower short- and long-term profitability,
and if severe, possibly lower land value. Social
impacts include damages to self-esteem of being
a good farmer, possible strained relationships
with neighbors and landlords, and perceived or
actual affected reputation within the community.

Human behavior and decision-making is driving
resistance evolution. Farmers are very aware of
HR problems, but few are proactive in adopting
recommended integrated weed management
practices. The dilemma is that farmers are faced
with a complex mix of interacting operational,
economic and social considerations affecting
weed management decisions. HR fits the
sociological definition of a “wicked” problem
lacking simple solutions. Indeed, there are no
simple solutions to HR weeds.

What have we learned? Dale Shaner, retired
USDA-ARS scientist, recently reviewed the
history of HR and documented lessons learned
over the past 45 years (Shaner 2014). Here is a
brief summary of his learnings.

1. Reliance on herbicides alone for weed
management is not sustainable long-term.

2. Simple weed management systems are not
sustainable long-term because of the
selection pressure exerted on weed
populations.

3. Diversity is the key to weed management,
meaning using multiple tactics and tools.

4. Time constraints will limit farmer adoption
of HR weed management programs that
cannot be easily implemented.

5. HR will never be eliminated but can only be
managed.

Managing HR weeds. Because of the mobile
nature of resistance through pollen flow and
seed movement by multiple means, HR weed
management solutions will require a shift in
thinking and practice and will involve multiple
integrated tactics implemented on community-
wide or regional scales. The latter likely will
challenge and threaten the independence of
some individuals for the benefit of the
community. Yet, there are successful examples
of community-based programs for insect pest
eradication and control of invasive species that
can be used to help design and implement
“bottom-up” community-based programs. Most
successful community-based programs usually
involve incentives as well as regulations.

Simple or singly effective solutions are unlikely
in most situations. Rather, solutions will involve
adopting diverse practices in a more holistic and
longer-term approach to weed management than
from year to year. For many, this will require a
change in mind-set that cost-effective weed
management involves only herbicides. This can
be a hard sell unless there are clear and
immediate economic rewards associated with
change in weed management practices.
Unfortunately, integrated weed management
systems involving multiple tactics are more
complex and time consuming to implement than
herbicide-only reliant management systems, and
they may require greater short-term input costs.
Return on investment is uncertain and may not
be realized the same year of implementation.
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Much has already been written elsewhere about
proactive vs. reactive weed management and the
benefits of implementing a diverse tactile
approach to HR weed management. Here I will
address some supplemental tactics to be used in
combination with herbicides, which likely will
continue to be the main weed management tools
well into the future.

Alternative weed management tactics. Many
farmers report that the cost-effectiveness of
herbicides and operational issues, such as time
and labor constraints, are greater barriers to
adoption of diverse or alternative weed
management tactics than are higher associated
costs. Avid no-tillers strongly resist the idea of
tillage, believing even occasional or strategic
tillage will destroy gains in soil and water
conservation and improved soil productivity that
took years to achieve. Whereas this may be true
for deep inversion tillage, research indicates that
infrequent, shallow tillage does not substantially
negate those accrued benefits. In certain
instances, tillage may be the most effective and
reasonable way to prevent HR species from
producing seed and renewing the soil seedbank.
Consequently, tillage should not be a
disregarded component of integrated weed
management, but should be used judiciously
after considering possible environmental,
economic, and regulatory implications.

Cultural practices can aid in weed suppression
and help crop plants attain a competitive
advantage over weeds. Any practice that favors
crop plants while shading or otherwise inhibiting
weed growth shifts the competitive advantage to
the crop. Such cultural practices include
rotations of crops having different seasonal
growth patterns, adjusted planting dates, higher
seeding rates for some crops, narrow row
spacing and direction orientation, planting
configurations, crop plant architecture, fertilizer
placement, and others. Admittedly, no one of
these tactics is as effective as herbicides and
they are most effective when used in
combinations to supplement and improve
herbicidal weed control. When possible, choose

crop varieties known to be more competitive
with weeds.

Cover crops for weed control. An area
receiving considerable research attention and
considerable farmer interest in recent years is
that of cover crops. Recent and current research
in Kansas has shown that cover crops can
increase soil quality, reduce soil compaction,
and suppress weed growth, thus requiring fewer
herbicide applications during non-crop phases of
crop rotations. Though uniform stands of cover
crops can inhibit weed establishment and
subsequent growth, that’s just one aspect
producers should consider in deciding whether
to use cover crops and which cover crops are
best for their situation. Effects of cover crops on
yields of succeeding crops have been highly
variable, largely depending on seasonal rainfall
guantity and timeliness, when the cover crops
were terminated, and the extent of biomass
removal by livestock grazing. Ongoing research
and experience should help determine how best
to use cover crops for weed management and
whether cover crops should be part of the crop
rotation.

Concluding comments. HR weeds are not a
new problem; they are becoming more prevalent
throughout the world. The first confirmed case
of HR in Kansas was atrazine resistance in
kochia in 1976. And weed resistance to ALS-
inhibiting herbicides was first confirmed in
Kansas, ldaho, and North Dakota in 1987.
Though inconvenient, those problems have
largely been overcome and are not now major
issues. The problem with GR weeds, however, is
considerably more serious because of the
importance of glyphosate for weed management
in fallow and multiple cropping systems and
because of the lack of similarly cost-effective
alternative herbicides.

In a recent call to action, Coble and Schroeder
(2016) noted that farmers and pest management
practitioners are key to weed management
because they decide the practices to be used.
However, many other individuals, organizations
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and federal programs influence those decisions.
The crop protection industry, retail suppliers,
university and government scientists, and
regulatory agencies influence decisions through
retail promotions, research, extension, and
outreach education, and government agencies
through regulatory and incentive programs. It is
critically important that all groups work together
and communicate the same message that is
based on credible science.

There is general agreement among plant
biologists and weed scientists that diversity of
weed management tactics is needed to manage
existing HR populations and delay/prevent the
selection of additional cases of resistance to
additional mechanisms of action. The time to
implement more diverse weed management
strategies is now.

Online information and resources. Those
seeking additional information on the internet
are encouraged to visit the Herbicide Resistance
section on the Weed Science Society of America
website at http://wssa.net/wssa/weed/resistance/
This website contains a wealth of information on
herbicide resistance, including links to fact
sheets, infographics, control modules, and
numerous other credible resources.

Greater in-depth information on the contents of
this paper can be found in the following print
publications; most are accessible online.

Asmus A and Schroeder J. 2016. Rethinking
Outreach: Collaboration is Key for Herbicide-
Resistance Management. Pp 655-660 in Ward
(ed.) Special Issue: Human Dimensions of
Herbicide Resistance. Weed Science 2016
Special Issue. Vol. 64, Supplement, pp 551-666.

Beckie, HJ. 2006. Herbicide-Resistant Weeds:
Management Tactics and Practices. Weed
Technology 20:793-814.

Beckie, HJ and Reboud X. 2009. Selecting for
Weed Resistance: Herbicide Rotation and
Mixtures. Weed Technology 23:363-370.

Coble HD and Schroeder J. 2016. Call to Action
on Herbicide Resistance Management. Pp 661-
666 in Ward (ed.) Special Issue: Human
Dimensions of Herbicide Resistance. Weed
Science 2016 Special Issue. Vol. 64,
Supplement, pp 551-666.

Ervin ED and Frisvold GB. 2016. Community-
based Approaches to Herbicide-Resistance
Weed Management: Lessons Learned from
Science and Practice. Pp 609-626 in Ward (ed.)
Special Issue: Human Dimensions of Herbicide
Resistance. Weed Science 2016 Special Issue.
Vol. 64, Supplement, pp 551-666.

Hurley TM and Frisvold GB. 2016. Economic
Barriers to Herbicide Resistance Management.
Pp 585-594 in Ward (ed.) Special Issue: Human
Dimensions of Herbicide Resistance. Weed
Science 2016 Special Issue. Vol. 64,
Supplement, pp 551-666.

Norsworthy JK, Ward SM, Shaw DR, Llewellyn
RS, Nichols RL, Webster TM, Bradley KW,
Frisvold G, Powles SB, Burgos NR, Witt WW,
and Barrett M. 2012. Reducing the Risks of
Herbicide Resistance: Best Management
Practices and Recommendations. Weed Science
60 (Special Issue):31-62.

Owen, MDK. 2016. Diverse Approaches to
Herbicide-Resistant Management. Pp 570-584 in
Ward (ed.) Special Issue: Human Dimensions of
Herbicide Resistance. Weed Science 2016
Special Issue. Vol. 64, Supplement, pp 551-666.

Shaner DL. 2014. Lessons Learned From the
History of Herbicide Resistance. Weed Science.
Vol. 62, pp 427-431.

Watson S and Comstock D. Using Cover Crops
for Weed Control: Consider All Aspects. High
Plains Journal, December 25, 2016 edition.
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Managing crop nutrients to maximize your return on investment
Dorivar Ruiz Diaz, Soil Fertility, Kansas State University

Low grain prices require improved efficiency in the use of production inputs to maximize profits. Fertilizer
is one of the key inputs for optimum production, and require a combination of economic and agronomic
considerations for any adjustments in the short and long term. Reduced application rates may not
necessarily be the right decision for all fields. However, some fields with high levels of soil nutrients
(based on soil test) can reduce fertilizer application rates and may increase profits in the short term.

For nitrogen management consider the value of soil profile nitrogen testing

Soil testing to determine the available nutrients in the soil is the first step in developing an effective crop
fertilization program. Nitrogen, unlike phosphorus and potassium, is very mobile in the soil, and as result a
profile soil test is recommended to determine the amount of available nitrogen in the soil.

Using profile soil nitrogen test to verify nitrogen credits can provide valuable information to farmers. Most
farmers are unaware of the amount of nitrogen already present in their soils from the previous season. Plant
available nitrogen can be present in the soil from fertilizer carryover, previous manure applications or
legume plowdowns. Fertilizer nitrogen is applied based on production conditions and estimated yield
potential for that particular year. When the actual crop yield is lower than expected or fertilizer nitrogen
was simply over-applied, there is a high probability of some residual nitrogen present in the soil. Under
conditions of high rainfall this nitrogen is prone to loses by leaching or denitrification. However, under
conditions of low precipitation such as the high plains this nitrogen will likely stay in the soil and become
available for following crops.

Deep nitrate-nitrogen soil testing (0- to 24- inch profile nitrate test) can provide information regarding the
level of carryover nitrogen. Soil nitrate testing can be especially important after a crop failure due to
drought conditions. Crop growth can be extremely limited during a drought and therefore the applied
fertilizer nitrogen as well as mineralized soil nitrogen is typically not fully utilized. This carryover nitrogen
would be available for the next crop and some farmers will find that fertilizer nitrogen needs can be
significantly reduced. The relative “value” of the profile nitrate test will depend on several factors affecting
nitrogen carryover. Some of these factors can be related to soil and climate such as soil texture, rainfall, and
air/soil temperature, while management practice like crop rotation and manure application history will also
affect the value of this test (Table 1). Yield levels in recent years across Kansas varied, and some very good
yield levels were reported. Fields with recent history of high yields will likely have very low levels of
residual nitrate. This information is equality important, and may result in higher N fertilizer requirements
for this year’s crop.

When taking samples for nitrate analysis, late fall or early spring is a good time to sample. Nitrate levels
will fluctuate somewhat through the year, depending on soil temperatures and soil mineralization rates. The
best time to take the sample is considered to be during cool periods after the previous crop has been
harvested but before the soil warms up too much the following spring. This will give producers a good
reading on how much nitrogen remains from the previous crop, before mineralization begins to increase
nitrate levels the following spring.

Profile nitrate testing for residual nitrogen provides valuable information for precise fertilizer
recommendations and provides producers season-end information regarding crop N use and N remaining
for next year’s crop.
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Table 1. Likelihood of significant profile nitrogen carryover

Higher probability of significant profile n Lower probability of significant profile n
(profile nitrogen test more valuable) (profile nitrogen test less valuable)
e Medium-fine textured soils e Sandy soils
e Recent history of excessive N rates e Appropriate N rate history
e Previous crop e Previous crop
0 Lower than expected yield 0 Soybeans (immediately preceding)
o Drought affected 0 Higher than expected yield history
o Fallow 0 Expected yields history
0 Previously destroyed stands of e Excessive precipitation
alfalfa/clovers e No manure or biosolids application
e History of manure application history
e Warm, late falls and/or early, warm e Increased rotation intensity
springs

Adapted from: Leikam D. and D. Mengel, 2007. Nutrient Management in Corn Production Handbook,
Kansas State University.

Proper soil sampling and testing for immobile nutrients.

In addition to residual profile nitrate, in Kansas, mineralized nitrogen from soil organic matter is also
credited. For warm season crops is expected approximately 20 Ibs of available nitrogen per acre during the
crop year for each one percent of soil organic matter. For cool season crops (e.g. wheat) is expected
approximately 10 Ibs of available nitrogen for each one percent of soil organic matter. Information
regarding the level of soil organic matter would significantly improve the efficiency in nitrogen
management. Sampling depth for organic matter is established at the 0- to 6- inch.

Proper soil sampling and testing is very important for a good assessment of nutrient status in the soil.
Nitrate testing require yearly sampling of each field for accurate residual nitrogen estimations. For
immobile nutrients including OM, pH, P, K, and Zn samples should be collected at least every 3-4 years.
During years with a tight budget soil sampling every 2 years may be beneficial for optimum fertilizer rates
and management. Keep in mind the investment on soil sampling and testing is relatively low compared to
the economic implications of inaccurate fertilizer application rates (Fig. 1)

Using soil test information producers can decide if fertilizer rates can be reduced for a given year and crop.
However, producers should not reduce fertilizer application in soils testing very low. May slightly reduce
the rate in soils testing medium or high, and consider using a low starter rate in high-testing soils. The KSU
publication “Soil Test Interpretations and Fertilizer Recommendations” (MF2586) provide the
recommended rates for each soil test level.
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Gross value of soil test information across 10,000 fields
at adjustments to crop and fertilizer prices
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Figure 1. Simulated relative economic return to soil test information given crop and fertilizer
prices (T. Kastens and K. Dhuyvetter, 2004)

Grain nutrient removal and soil test levels in the medium and long term

The yield level and P or K removal should be used to determine the application rate needed to maintain
soil-test levels. Table 2 show the average removal rates by crop, is important to keep in mind the effect of
crop removal may not be evident in one year due to year to year variability. Fields with high testing soils
can decrease application rates and likely increase profits in the short-term, however higher nutrient rates
will be needed in the future because soil-test values will decline. Total nutrient removal rates is a key
information that should be considered along with good soil test data.

Table 2. Phosphorus and potassium crop

removal

Crop Unit P205 K20
Alfalfa & Clover  ton 12 60
Corn bushel 0.33 0.26
Grain sorghum bushel 0.4 0.26
Sorghum silage ton 3.2 8.7
Wheat bushel 0.5 0.3
Sunflowers pound 0.015 0.006
Soybeans bushel 0.8 1.4

From KSU publication MF2586
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The use of sensors and variable-rate technology application

Sensors (NDVI1) provide a good alternative for accurate nitrogen management particularly for wheat and
sorghum. This technology can help to adjust N rates based on in season N status of the crop. On the other

hand, the use of variable-rate lime, P and K fertilization is a good option to improve efficiency in fields that

have significant variation in soil-test or yield levels.

The use of sensors and variable rate fertilizer application can help to identify parts of a field that could
respond to higher rates of fertilizer; provide savings from reduced fertilizer application if non-responsive
areas of a field are identified. The benefits can only be determined on a field-by-field basis (Fig 2). The
challenge is to identify opportunities for increased net income with sufficient precision without excessive

cost.

Figure 2. Cost savings with the use of variable rate application of lime.

Fertilizer placement and application rates

Banding fertilizer can be considered as more efficient than broadcasting including reduced risk for surface
loses. However multiple studies in KS seldom show an increased efficiency in crop response with band
application of phosphorus. Therefore, reducing the P fertilizer rate for low-testing soils when banding will
increase the risk of yield loss, may reduce profits from crop production, and future fertilization rates will
need to be increased.

However, for nitrogen application, particularly under heavy residue cover (no-till), subsurface band
applications can increase efficiency significantly by reducing N immobilization and volatilization loses.

Summary

Use good soil test information to make the right decision.

Don’t reduce rate in low testing fields, profits are very likely.

Return to fertilizer in high testing soils may be limited with current conditions (use “reserve soil
nutrients”).

Low grain prices may require more soil sampling.

Consider variable rate application.

Placement can improve efficient for N under some conditions.
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NINE YEARS OF COVER CROP RESEARCH IN THE HIGH PLAINS
John Holman, Tom Roberts, Scott Maxwell, and Augustine Obour
Kansas State University
jholman@ksu.edu

ABSTRACT
Producers are interested in growing cover crops in place of fallow. Growing a cover crop during the
fallow period would increase system profit if the benefits of growing the cover crop exceed the expense
of growing the cover crop plus the potential negative yield impacts on the following cash crop. Benefits
of growing a cover crop were shown in high precipitation regions, but limited information is available on
growing cover crops in the semiarid Great Plains. A study from 2007-2016 evaluated cover crops, annual
forages, and short season grain crops grown in place of fallow. In the first experiment (2007-2012) the
crop rotation was no-till wheat-fallow, and in the second experiment (2012-2016) the rotation was no-till
wheat-grain sorghum-fallow. This report presents results from both experiments. Wheat yield was
affected by growing a crop in place of fallow, but there was no difference in wheat yield whether the crop
was grown for forage or cover. Wheat yield following crops grown in place of fallow was dependent on
the amount of precipitation received during the fallow period and the winter wheat growing season. In dry
years (2011-2014), growing a crop in place of fallow reduced wheat yields up to 75%, yet growing a crop
in place of fallow had little impact on wheat yield in wet years (2008-2010). The length of the fallow
period between cover crop termination and wheat planting also affected wheat yields. Fallow periods less
than 120 days between cover crop termination and wheat planting tended to reduce wheat yield greater.
Cover crops did not improve wheat or grain sorghum yields compared to fallow. Cover crops always
resulted in less profit than fallow, while annual forages increased profit compared to fallow in wet years.
In dry years fallow was the most profitable. The negative effects of annual forages on wheat yields and
profit might be minimized by using flex-fallow. Flex-fallow is the concept of only growing a crop in
place of fallow in years when soil moisture at the time of annual forage planting and precipitation outlook
for the coming year are favorable. This determination is made at the time of making the decision of
whether or not to plant a forage crop within the traditional fallow period. In years that soil moisture and
precipitation outlook are not favorable, then a forage crop is not planted and fallow should be practiced.

INTRODUCTION
Interest in replacing fallow with a cash crop or cover crop has necessitated research on soil water and
wheat yields following a shortened fallow period. Fallow stores moisture, which helps stabilize crop
yields and reduces the risk of crop failure; however, only 25 to 30% of the precipitation received during
the fallow period of a no-till wheat-fallow rotation is stored. The remaining 85 to 70% precipitation is
lost, primarily due to evaporation. Moisture storage in fallow is more efficient earlier in the fallow period,
when the soil is dry, and during the winter months when the evaporation rate is lower. It may be possible
to increase cropping intensity without reducing winter wheat yield. This study evaluated replacing part of
the fallow period with a cover, annual forage, or short-season grain crop on plant-available water at wheat
planting and winter wheat yield.

MATERIALS AND METHODS
A study from 2007-2016 evaluated cover crops, annual forages, and grain peas grown in place of fallow
in a no-till cropping system. In the first experiment (2007-2012) the rotation was wheat-fallow, beginning
in 2012, the crop rotation was modified to wheat-grain sorghum-fallow. Treatments that stayed the same
between experiments 1 and 2 were maintained in the same plots so that long-term treatment impacts could
be determined. Fallow replacement crops (cover crop, annual forage, or short-season grain crop) were
either grown as standing cover, harvested for forage (annual forage crop), or harvested for grain and
changed slightly over time to identify the best crops for the environment (Table 1).
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In experiment 1 (2007-2012) both winter and spring crop species were evaluated. Winter species included
yellow sweet clover (Melilotus officinalis (L.) Lam.) hairy vetch (Vicia villosa Roth ssp.), lentil (Lens
culinaris Medik.), Austrian winter forage pea (Pisum sativum L. ssp.), Austrian winter grain pea (Pisum
sativum L. ssp.), and triticale (xTriticosecale Wittm.). Spring species included lentil (Lens culinaris
Medik.), forage pea (Pisum sativum L. ssp.), grain pea (Pisum sativum L. ssp.), and triticale
(xTriticosecale Wittm.). Crops were grown in monoculture and in two-species mixtures of each legume
plus triticale. Crops grown for grain were grown in monoculture only. Winter lentil was grown in place of
yellow sweet clover beginning in 2008. Crops grown in place of fallow were compared with a wheat-
fallow and continuous wheat rotation for a total of 16 treatments. The study design was a split-split-plot
randomized complete block design with four replications; crop phase (wheat-fallow) was the main plot,
fallow replacement was the split-plot, and fallow replacement method (forage, grain, or cover) was the
split-split-plot. The main plot was 480 ft wide and 120 ft long, the split-plot was 30 ft wide and 120 ft
long, and the split-split plot was 15 ft wide and 120 ft long.

In experiment 2 (2012-2016) spring crops were grown the year following grain sorghum. Grain sorghum
is harvested late in the year and in most years does not allow growing a winter crop during the fallow
period. Spring planted treatments included spring grain pea, spring pea plus spring oat (Avena sativa L.),
spring pea plus spring triticale and spring oat, spring oat, spring triticale, and a six species “cocktail”
mixture of spring oat, spring triticale, spring pea, buckwheat var. Mancan (Fagopyrum esculentum
Moench), purple top turnip (Brassica campestris L.), and forage radish (Raphanus sativus L.). In
addition, spring pea, oat, and triticale were grown for grain. Additional treatments initiated in 2013 was
spring oats planted in a “flex-fallow” system and in 2014 was cocktail planted in a “flex-fallow” system
(Table 1). The flex-fallow treatment was planted when a minimum of 1.5ft of PAW was determined using
a Paul Brown moisture probe at spring planting; otherwise the treatment was left fallow. The flex-fallow
treatment was intended to take advantage of growing a crop during the fallow period in wet years and
fallowing in dry years. Crops grown in place of fallow were compared with a wheat-grain sorghum-fallow
rotation for a total of 12 treatments (Table 1). The study design was a split-split-plot randomized
complete block design with four replications; crop phase (wheat-grain sorghum-fallow) was the main
plot, fallow replacement was the split-plot, and fallow replacement method (forage, grain, or cover) was
the split-split-plot. The main plot was 330 ft wide and 120 ft long, the split-plot was 30 ft wide and 120 ft
long, and the split-split plot was 15 ft wide and 120 ft long.

Winter wheat was planted approximately October 1. Spring crops were planted as early as soil conditions
allowed, ranging from the end of February through the middle of March. Spring cover and forage crops
were chemically terminated or forage-harvested approximately June 1. Biomass yields for both cover
crops and forage crops were determined from a 3-ft x 120-ft area cut 3 in. high using a small plot Carter
forage harvester from within the split-split-plot managed for forage. Winter and spring grain peas and
winter wheat were harvested with a small plot Wintersteiger combine from a 6.5-ft x 120-ft area at grain
maturity, which occurred approximately the first week of July.

Volumetric soil moisture content was measured at planting and harvest of winter wheat, grain sorghum,
and fallow using a Giddings Soil Probe by 1-foot increments to a 6-ft soil depth. In addition, volumetric
soil content was measured in the 0-3-in. soil depth at wheat planting to quantify moisture in the seed
planting depth. Grain yield was adjusted to 13.5% moisture content, and test weight was measured using a
grain analysis computer. Grain samples were analyzed for nitrogen content.

RESULTS AND DISCUSSION
Winter Wheat Yield in Wheat-Grain Sorghum-Fallow

In 2013, 6.25 inches of precipitation occurred during the growing season between planting and harvest.
This was about 50% of normal (12.5 inches) for this time period, and was the third consecutive year of
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drought. The 30 year average precipitation during the fallow period (Nov-Oct) of a wheat-grain sorghum-
fallow rotation averaged 18.03 inches, and 12.88 inches of precipitation occurred during fallow between
November 1, 2011 and October 1, 2012. Below normal precipitation during fallow and the winter wheat
growing season resulted in any treatment other than fallow significantly reducing wheat yield 50% or
more. The cover crop cocktail treatment yielded 79% less than fallow. Wheat following fallow yielded 14
bu/a and all other treatments yielded between 2 to 7 bu/a (Figure 1).

In 2014, 14.57 inches of precipitation occurred during the growing season between planting and harvest.
This was above average, but most of the rain came in June (10.5 inches) which was too late to benefit the
wheat crop. Therefore wheat yields were significantly reduced by 40-80% by any treatment other than
fallow (Figure 2).

In 2015, 12.18 inches of precipitation occurred during the growing season between planting and harvest.
This was about average, but most of the rain came in May (6.38 inches) which benefited the crop but not
before early season moisture stress reduced the crop’s yield potential. The late precipitation resulted in
most of the cover crop treatments yielding similar to fallow. Except oats grown for hay or grain and
peat/triticale, which reduced wheat yield 47% (Figure 3).

The 2016 crop was lost due to a combination of dry conditions at planting with a severe rabbit infestation
feeding newly emerging plants that resulted in stand loss.

Grain Sorghum Yield in Wheat-Grain Sorghum-Fallow

In 2015, 12.9 inches of precipitation occurred during the growing season between planting and harvest.
The 30 year average precipitation during this time period (Jun-Nov) averaged 11.61 inches. The high
rainfall in 2015 during the growing season plus 6.38 inches in May before planting resulted in good
sorghum yields ranging from 84 to 109 bu/acre (Figure 4). Interestingly enough, an effect of the cover
crop grown two years previous was found on sorghum yields, which was caused by differences in water
use efficiency or in-season moisture use. Those cover crops that reduced 2014 wheat yield resulted in
almost an exact proportional yield reduction of 2015 grain sorghum. In fact, the only treatment that did
not fit the same response over two years was peas grown for grain, which ranked has the 7" highest wheat
yield treatment in 2014, but the 2" highest grain sorghum yield treatment in 2015. Grain sorghum’s yield
response may have been in part due to less wheat stubble in those cover crop treatments that reduced
wheat yield. More years of data are necessary to see if this is a consistent response across years.

In 2016, 11.7 inches of precipitation occurred during the growing season between planting and harvest.
The 30 year average precipitation during this time period (Jun-Nov) averaged 11.61 inches. The high
rainfall in 2016 during the growing season plus 4.6 inches in April before planting resulted in good
sorghum yields averaging 63 bu/acre. Unlike the previous year, there were no differences between
treatments. Grain sorghum was likely not affected due to better wheat yields in 2015. Wheat averaged 13
bu/acre in 2015 and only 2 bu/acre wheat in 2014. The very low wheat yields in 2014 effected the next
year’s grain sorghum in-season water use efficiency, but this was not observed in 2016.

Cover vs. Annual Forage

Similar to the first experiment, there was no difference in wheat or grain sorghum yields whether the
previous crop was left as cover or harvested for forage. Despite slightly more plant available water
following cover than forage harvest. This indicates the previous crop can be harvested for forage rather
than left standing as a cover crop without negatively affecting wheat or grain sorghum yields.
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SUMMARY

Fallow helps stabilize crops in dry years. Annual precipitation in this study has ranged from 12.1 to 23.3
inches. The 30 year average precipitation was 19.24 inches. In dry years (2011-2014), growing a crop
during the fallow period reduced wheat yields, but in wet years (2008-2010), growing a crop during the
fallow period had little impact on wheat yield. The length of the fallow period also affected yields of the
following wheat crop. Growing a cover or hay crop until June 1 affected wheat less than if continuous
wheat, grain peas, oat, or triticale were grown until grain harvest, which was approximately the first week
of July.

Forages can provide an economic return, whereas cover crops left standing were less profitable than
fallow. The cropping system can be intensified by replacing part of the fallow period with annual forages
or spring grain crop to increase profit and improve soil quality; however, in semiarid environments, wheat
yields will be reduced, particularly in dry years. The risk of reducing wheat yield is greater when a spring
crop is grown for grain rather than hay. Winter wheat yield reduction in part, can be compensated for by
the sale of a forage or grain crop in years with above normal precipitation, but not with a cover crop. The
negative impacts on wheat yields might be minimized with flex-fallow. Flex-fallow is the concept of only
planting a spring forage or grain crop when soil moisture levels are adequate and the precipitation outlook
is favorable. Under drought conditions such as 2011-2013, using flex-fallow, a crop would have not been
grown in place of fallow. Implementing flex-fallow may help minimize the negative impacts of reduced
fallow. However flex-fallow will not prevent reduced yield in years that growing season precipitation
levels are below normal. Additional years of data are required to determine the effects of replacing fallow
in a wheat-summer crop-fallow rotation.

Table 1. Fallow treatments 2007-2016.

Season Crop Cover|Hay| Grain Year produced
20071 2008] 2009} 2010f 2011} 2012]2013]2014]2015] 2016

Spring  |Fallow X X X X X X X X X X

Cocktail mix" X |x - - - - x ] x| x| x| x
Cocktail mix' (flex)"" X Ix S R I I I -In] 2
Spring oat (flex) X - - - - - - Y| N 2
Spring oat X - - - - - X X X X X
Spring oat (grain) X - - - - - - X X X %
Spring pea X X X X X X - - -
Spring pea (grain) x | - -]- x | x | x | x| x
Spring pea/Spring oat X X - - - - - X X X - -
Spring pea/Spring triticale X X - - - - - X X X -
Spring triticale X - - - - - X X X - -
Spring triticale X - X X X X - - - X X
Spring triticale (grain) X - - - - - |- - - X X
Spring oat/triticale/pea X - - - - - |- - - x | x
Spring triticale/oat X - - - - - |- - - x | x
Spring triticale/pea X - Ix X X X - - - - R
Spring triticale/lentil - Ix X X X - - - - R
Spring lentil X X X X X - - - - R

1 oat, triticale, pea, buckwheat, forage brassica and forage radish
+1 Flex: Plant when soil moisture is 1.5' or > and precipitation outlook is neutral or favorable
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2013 Winter Wheat Yield
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Figure 1. Wheat grain yields following fallow or cover/hay crops. Garden City, KS. 2013.

2014 Winter Wheat Yield
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Figure 2. Wheat grain yields following fallow or cover/hay crops. Garden City, KS. 2014.
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2015 Winter Wheat Yield
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Figure 3. Wheat yields following fallow or cover/hay crops. Garden City, KS. 2015.

2015 Grain Sorghum Yield
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Figure 4.Grain sorghum yields in a W-S-F rotation with either fallow or cover/hay crops
during the fallow period. Garden City, KS. 2015.

Cover Your Acres Winter Conference. 2017. Vol. 14. Oberlin, KS.



FORAGE SORGHUM IN ROTATION
John Holman, Tom Roberts, and Scott Maxwell
Kansas State University
jholman@ksu.edu

ABSTRACT

Producers are interested in growing annual forages, yet the region lacks proven recommended crop
rotations such as those for grain crops. Forage production is important to the region’s livestock and
dairy industries and is becoming increasingly important as irrigation well capacity declines. Forages
require less water than grain crops and may allow for increased cropping intensity and opportunistic
cropping. Two forage rotation experiments were established.

The first study compared several 1-, 3-, and 4-year annual forage rotations with no-till and minimum-
till (min-till). Data presented are from 2013 through 2016. Winter triticale yields were increased by
tillage. Double-crop forage sorghum yielded 23% less than full-season forage sorghum across years.
Oats failed to make a crop in 2013 and do not appear to be as drought tolerant as spring triticale or
forage sorghum. Subsequent years will be used to compare forage rotations and profitability.

The second study evaluated forage sorghum grown in rotation with winter wheat and grain sorghum.
Grain crops were more sensitive to moisture stress than forage crops. Growing a double-crop forage
sorghum after wheat reduced grain sorghum yield the second year, but never reduced second-year
forage sorghum yield in the years of this study. As long as double-crop forage sorghum is profitable,
it appears the cropping system can be intensified by growing second year forage sorghum. Caution
should be used when planting double-crop forage sorghum by evaluating soil moisture condition and
precipitation outlook, since other research has found cropping intensity should be reduced in dry
years. The “flex-fallow” concept could be used to make a decision on whether or not to plant double-
crop forage sorghum to increase the chance of success. Of important note, this research showed
forages are more tolerant to moisture stress than grain crops and the potential exists to increase
cropping intensity by integrating forages into the rotation.

MATERIAL AND METHODS-STUDY 1 (ANNUAL FORAGES)

An annual forage rotation experiment was initiated in 2012 at the Southwest Research- Extension
Center in Garden City, Kansas. All crop phases were in place by 2013, with the exception of T-S-O
(oats), which had all crop phases in place by 2015. The study design was a randomized complete
block design with four replications. Treatment was crop phase (with all crop phases present every
year) and tillage (no-till or min-till). Plots were 30 ft wide and 30 ft long. Crop rotations were one-,
three-, and four-year rotations (see treatment list below). Crops grown were winter triticale
(xTriticosecale Wittm.), forage sorghum (Sorghum bicolor L.), and spring oat (Avena sativa L.).
Spring triticale was grown in place of spring oat beginning in 2015. Tillage was implemented after
spring oat/triticale was harvested in treatments 3 and 5, using a single tillage with a sweep plow with
6-ft blades and trailing rolling pickers.

Treatments included:

1. Continuous forage sorghum (no-till): (S-S)

2. Year 1: winter triticale/double crop forage sorghum; Year 2: forage sorghum; Year 3: spring
oat/triticale (no-till): (T/S-S-O no-till)

3. Year 1: winter triticale/double crop forage sorghum; Year 2: forage sorghum; Year 3: spring
oat/triticale (single tillage after spring oat, min-till): (T/S-S-O min-till)
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4. Year 1: winter triticale/double crop forage sorghum; Year 2: forage sorghum; Year 3: forage
sorghum; Year 4: spring oat/triticale (no-till): (T/S-S-S-O no-till)

5. Year 1: winter triticale/double crop forage sorghum; Year 2: forage sorghum; Year 3: forage
sorghum; Year 4: spring oat/triticale (single tillage after spring oat, min-till): (T/S-S-S-O min-
till)

6. Year 1: winter triticale; Year 2: forage sorghum; Year 3: spring oat/triticale (no-till): (T-S-O)

Winter triticale was planted the end of September, spring oat/triticale was planted the beginning of
March, and forage sorghum was planted the beginning of June. Crops were harvested at early
heading to optimize forage yield and quality (Haun scale 9.5). Winter triticale was harvested
approximately May 15, spring oat/triticale was harvested approximately June 1, and forage sorghum
was harvested approximately the end of August. Forage yields were determined from a 3 x 30 ft area
(from each plot) cut 3 in. high using a small plot Carter forage harvester. Forage yield and quality
(protein, fiber, and digestibility) were measured at each harvest. Gravimetric soil moisture content
was measured at planting and harvest to a depth of 6 ft using 1-ft increments. Precipitation storage
efficiency (% of precipitation stored during the fallow period) was quantified for each fallow period,
and crop water use efficiency (forage yield divided by soil water used plus precipitation) was
determined for each crop harvest. Crop yield response to plant available water at planting is being
used to estimate yield and develop a yield prediction model based on historical or expected weather
conditions. Most producers use a soil probe rather than gravimetric sampling to determine soil
moisture status, so soil penetration with a Paul Brown soil probe was used four times per plot at
planting to estimate soil water availability. Previous studies found a soil moisture probe provided an
accurate and easy way to determine soil moisture level and crop yield potential.

MATERIAL AND METHODS-STUDY 2 (ANNUAL FORAGE AND GRAIN ROTATIONS)
A study beginning in 2013 evaluated various integrated grain and forage rotations compared to a no-
till wheat-grain sorghum-fallow rotation. Crop phases were in rotation beginning in 2014. A total of
11 crop rotations were evaluated. The study design was a split-plot randomized complete block
design with four replications; crop phase (wheat-sorghum-fallow) was the main plot and alternative
crop choices were the split-plot. Each split-plot was 30 ft wide and 120 ft long.

Treatments included:

Wheat-Grain Sorghum-Flex Fallow (ww-gs-x)
Wheat-Grain Sorghum-Fallow (ww-gs-fl)

Wheat/Forage Sorghum-Forage Sorghum-Oat (ww/fs-fs-0)
Wheat-Forage Sorghum-Oat (ww-fs-sg)

Wheat/Forage Sorghum-Grain Sorghum-Oat (ww/fs-gs-0)
Wheat-Grain Sorghum-Oat (ww-gs-0)

Wheat-Forage Sorghum-Oat (tilled) (ww-fs-o(T))

Wheat-Forage Sorghum-Fallow (ww-fs-fl)

Wheat-Forage Sorghum-Flex Fallow (ww-fs-fx)

10 Wheat/Forage Sorghum-Forage Sorghum-Flex Fallow (ww/fs-fs-fx)
11. Wheat/Forage Sorghum-Grain Sorghum-Flex Fallow (wwi/fs-gs-fx)

CoNOR~WN P

“Flex-fallow” is a spring planting decision based on current soil moisture condition and seasonal
outlook. Spring oats were planted when 14 inches or more plant available water (PAW) was
determined available by using a Paul Brown moisture probe and seasonal precipitation forecasted
outlook was neutral or favorable; otherwise the treatment was left fallow. The flex-fallow treatment
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was intended to take advantage of growing a crop during the fallow period in wet years and fallowing
in dry years. A flex-fallow crop was planted in 2013 and 2016, but not 2014 or 2015.

Winter triticale was planted approximately October 1 in all years. Spring crops were planted as early
as soil conditions allowed, ranging from the end of February through the middle of March. Spring
forage crops were harvested approximately June 1 in all years. Forage sorghum was either planted
around June 1 for full-season or following wheat harvest around July 1 for double-crop. Forage
biomass yields were determined from a 3-ft x 120-ft area cut 3 in. high using a small plot Carter
forage harvester. Winter wheat and grain sorghum were harvested with a small plot Wintersteiger
combine from a 6.5-ft x 120-ft area at grain maturity.

RESULTS AND DISCUSSION

STUDY 1: ANNUAL FORAGE

ROTATION YIELD

Annual rotation yield was determined by measuring total yield for the rotation and dividing by the
number of years in the rotation. This method allows for comparing rotations of different years to each
other for annual forage production (Fig. 1). Low crop yields and no spring oat yield were the results
of a very dry year in 2013. In 2014, annualized yield was comparable across treatments except for
T/S-S-0 (no-till), which had lower yield than T/S-S-S-O (min-till) and was comparable to all other
treatments. The crop rotation of T-S-O was not in phase until 2015, so no comparison was made to
that rotation until 2015. In 2015, T/S-S-O (no-till) yielded less than S-S, but more than T-S-O and
comparable to all other treatments. T-S-O annual yield was less than all other treatments in 2015.
Tillage increased the yield of triticale and thus the yield of T/S-S-O and T/S-S-S-O were improved
with tillage, and annual yield of the three-year rotation was improved more than the four-year
rotation due to triticale occurring more frequently in the rotation. In 2016, S-S produced the greatest
yield. Rotations that grew oats more frequently yielded less total forage, and no-till triticale yielded
less then min-till triticale.

Annual Treatment Yield
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Figure 1. Annual Forage Rotation Yields.
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RESULTS AND DISCUSSION

STUDY 2: ANNUAL FORAGE AND GRAIN ROTATIONS

FORAGE SORGHUM YIELD

Forage sorghum yield was highly correlated with plant available moisture at planting (Fig. 2), but not
as high as grain sorghum. Plant available moisture at planting explained approximately 40% of the
variability in forage yield. Approximately 530 Ibs of forage was grown for every inch of plant
available water at planting.

Forage sorghum yields were not different across treatments in 2014, except ww/FS-fs-0 which
yielded 2,200 Ib/acre less than ww/fs-FS-o (Fig. 3). This lower yield was most likely due to less plant
available water at planting, 1.3 versus 2.1 inches. In 2014 plant available water averaged 1.0 inch
ahead of double-crop forage sorghum and 4.1 inches ahead of full season forage sorghum. In 2014
most of the annual precipitation occurred later in the year (Jun-Sep), which likely helped improve the
yield of double-crop forage sorghum relative to full-season forage sorghum. In 2014, double-crop
forage sorghum yielded on average 17% less than full-season forage sorghum (3,300 versus 3,900
Ibs/acre). In 2015 most of the precipitation occurred earlier in the year (May-Aug) than 2014, which
helped increase wheat yields but also resulted in comparatively less moisture at planting double-crop
forage sorghum, 1.6 versus 7.2 inches. As a result, in 2015 double-crop forage sorghum yields were
reduced 70% compared to full-season forage sorghum (2,400 versus 8,000 Ibs/acre).

Surprisingly, second year forage sorghum yields following double-crop forage sorghum were similar
to full-season forage sorghum following wheat with fallow between wheat harvest and sorghum
planting. Yet forage sorghum following double-crop forage sorghum had an average of 3 inches less
soil moisture compared to fallow ahead of forage sorghum. In dry years this difference in plant
available soil water may result in yield differences, but did not affect yield in this study. These results
suggest that as long as the benefits of growing a double-crop forage sorghum crop exceeded costs, an
extra crop could be grown in the rotation without adversely affecting full-season forage sorghum
yield in a wheat/forage sorghum-forage sorghum rotation under favorable moisture conditions. A
partial enterprise analysis of this phase of the rotation only, indicated double-crop forage sorghum
needs to yield at least 30% of full-season forage sorghum or at least 2,000 Ibs/acre, for a double-crop
forage sorghum crop that is grazed to be profitable. The additional variable expenses of growing
double-crop forage sorghum would be around $25.00/acre.
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Long —Term Tillage Intensity in a Wheat-Sorghum-Fallow Rotation*
A. Schlegel and L. Haag

Summary

Grain yields of wheat and grain sorghum increased with decreased tillage intensity in a wheat-sorghum-
fallow (WSF) rotation. In 2016, available soil water at wheat and sorghum planting was greater for
reduced till (RT) than no-till (NT) and least for conventional till (CT). Averaged across the 16-yr study,
available soil water at wheat and sorghum planting was similar for RT and NT and about 1 inch greater
than CT. Averaged across the past 16 years, NT wheat yields were 4 bu/a greater than RT and 7 bu/a
greater than CT. Grain sorghum yields in 2016 were 15 bu/a greater with long-term NT than short-term
NT. Averaged across the past 16 years, sorghum yields with long-term NT have been 70% greater than
with short-term NT (68 vs. 40 bu/a).

Procedures

Research on different tillage intensities in a WSF rotation at the Tribune unit of the Southwest Research-
Extension Center was initiated in 1991. The three tillage intensities in this study are conventional (CT),
reduced (RT), and no-till (NT). The CT system was tilled as needed to control weed growth during the
fallow period. On average, this resulted in four to five tillage operations per year, usually with a blade
plow or field cultivator. The RT system originally used a combination of herbicides (one to two spray
operations) and tillage (two to three tillage operations) to control weed growth during the fallow period;
however, in 2001, the RT system was changed to using NT from wheat harvest through sorghum planting
(short-term NT) and CT from sorghum harvest through wheat planting. The NT system exclusively used
herbicides to control weed growth during the fallow period. All tillage systems used herbicides for in-crop
weed control.

Results and Discussion

Soil Water

The amount of available water in the soil profile (0 to 8 ft.) at wheat planting varied greatly from year to
year (Figure 1). In 2016, available soil water at wheat planting was greater RT than NT and least with CT.
Averaged across the 16-yr study, available soil water at wheat planting was similar for RT and NT (about
7 inches) and about 1 inch greater than CT.

Similar to wheat, the amount of available water in the soil profile at sorghum planting varied greatly from
year to year (Figure 2). In 2016, available soil water at sorghum planting was greater with RT than NT
and least with CT. On average, available soil water at sorghum planting was similar for RT and NT and
about 1 inch more than CT.

Grain Yields

Wheat yields in 2016 were 55 to 65 bu/a greater than the long-term average (Table 1). Since 2001, wheat
yields have been depressed in 10 of 16 years, primarily because of lack of precipitation, while winterkill
reduced yields in 2015. Reduced tillage and NT increased wheat yields. On average, wheat yields were 7
bu/a higher for NT (24 bu/a) than CT (17 bu/a). Wheat yields for RT were 3 bu/a greater than CT even
though both systems had tillage prior to wheat. NT yields were significantly less than CT or RT inonly 1
of the 16 years.

The yield benefit from RT was greater for grain sorghum than wheat. Grain sorghum yields for RT
averaged 16 bu/a more than CT, whereas NT averaged 28 bu/a more than RT (Table 2). For sorghum,
both RT and NT used herbicides for weed control during fallow, so the difference in yield could be
attributed to short-term compared with long-term NT. In 2016, sorghum yields were 15 bu/a greater with
long-term NT than short-term NT. This consistent yield benefit with long-term vs. short-term NT has

! This research project was partially supported by the USDA-ARS Ogallala Aquifer Program.
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been observed since the RT system was changed in 2001. Averaged across the past 16 years, sorghum
yields with long-term NT have been 70% greater than with short-term NT (68 vs. 40 bu/a).

Table 1. Wheat response to tillage in a wheat-sorghum-fallow rotation, Tribune, Kansas, 2001-
2016.

Tillage ANOVA (P> F)
Year  Conventional Reduced  No-till (IC‘)SO% Tillage Year Tillage x year
—————————— bua----------

2001 17 40 31 8 0.002

2002 0 0 0 --- ---

2003 22 15 30 7 0.007

2004 1 2 4 2 0.001

2005 32 32 39 12 0.360

2006 0 2 16 6 0.001

2007 26 36 51 15 0.017

2008 21 19 9 14 0.142

2009 8 10 22 9 0.018

2010 29 35 50 8 0.002

2011 22 20 20 7 0.649

2012 0 1 5 1 0.001

2013 0 0 0 --- ---

2014 10 11 18 12 0.336

2015 10 9 9 9 0.966

2016 72 85 82 18 0.239

Mean 17c 20b 24a 2 0.001 0.001 0.001

Table 2. Grain sorghum response to tillage in a wheat-sorghum-fallow rotation, Tribune, Kansas,
2001-2016.

Tillage ANOVA (P>F)
Year  Conventional Reduced  No-till (I68()[5)) Tillage Year Tillage x year
---------- bua----------

2001 6 43 64 7 0.001

2002 0 0 0 --- ---

2003 7 7 37 8 0.001

2004 44 67 118 14 0.001

2005 28 38 61 35 0.130

2006 4 3 29 10 0.001

2007 26 43 62 42 0.196

2008 16 25 40 20 0.071

2009 19 5 72 31 0.004

2010 10 26 84 9 0.001

2011 37 78 113 10 0.001

2012 0 0 0 --- ---

2013 37 51 78 32 0.053

2014 38 72 94 28 0.008

2015 56 60 102 55 0.153

2016 55 124 139 47 0.010

Mean 24c 40b 68a 6 0.001 0.001 0.001
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Figure 1. Available soil water in 8-ft profile at planting of wheat in a WSF rotation as affected by

tillage intensity, Tribune, Kansas, 2001-2016.
The last set of bars (Mean) is the average across years.
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Figure 2. Available soil water in 8-ft profile at planting of grain sorghum in a WSF rotation as
affected by tillage intensity, Tribune, Kansas, 2001-2016.

The last set of bars (Mean) is the average across years.
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Water Infiltration

A common question relating to no-till adoption and other soil health initiatives is the effect of farming
practices on water infiltration. Research from a long-term study in western Kansas offers some insight
into this.

In July of 2000, 10 years into the study, infiltration measurements we obtained. Infiltration was measured
using large dual-ring infiltrometers with diameters of 36 and 48 inches. The ponded, steady-state
infiltration rates, measured in inches per hour, are shown in Figure 1.

Infiltration rates were significantly higher in the freshly harvested no-till wheat stubble than any other
treatment, including native prairie. Infiltration in the no-till wheat stubble was significantly higher than in
the growing no-till sorghum or chem-fallow. Infiltration also tended to be numerically higher in wheat
stubble than in growing sorghum or fallow for the reduced-till and conventional-till systems as well. Even
though the sorghum was always no-till planted into wheat stubble in all tillage systems, the effect of
tillage during the fallow period prior to wheat resulted in lower infiltration rates in the sorghum.

When averaged across crops, infiltration in the no-till system was 1.2 in hr'!, significantly higher than the

reduced-till (0.60 in hr'") or conventional till systems (0.45 in hr'') and not statistically different from
native sod (0.96 in hr'!).
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Long-Term Dryland Rotations with Wheat and Grain Sorghum
A. Schlegel and L. Haag

Summary

Research on 4-year crop rotations with wheat and grain sorghum was initiated at the Southwest Research-
Extension Center near Tribune, Kansas, in 1996. Rotations were wheat-wheat-sorghum-fallow (WWSF),
wheat-sorghum-sorghum-fallow (WSSF), and continuous wheat (WW). Soil water at wheat planting
averaged about 9 in. following sorghum, which is about 3 in. more than the average for the second wheat
crop in a WWSF rotation. Soil water at sorghum planting was only about 1 in. less for the second
sorghum crop compared with sorghum following wheat. Grain yield of recrop wheat averaged about 80%
of the yield of wheat following sorghum. Grain yield of continuous wheat averaged about 65% of the
yield of wheat grown in a 4-year rotation following sorghum. Generally, wheat yields were similar
following one or two sorghum crops. Similarly, average sorghum yields were the same following one or
two wheat crops. Yield of the second sorghum crop in a WSSF rotation averages ~65% of the yield of the
first sorghum crop.

Introduction

In recent years, cropping intensity has increased in dryland systems in western Kansas. The traditional
wheat-fallow system is being replaced by wheat-summer crop-fallow rotations. Is more intensive
cropping feasible with concurrent increases in no-till? Objectives of this research were to quantify soil
water storage, crop water use, and crop productivity of 4-year and continuous cropping systems.

Procedures

Research on 4-year crop rotations with wheat and grain sorghum was initiated in 1996 at the Tribune unit
of the Southwest Research-Extension Center. Rotations were WWSF, WSSF, and WW. No-till was used
for all rotations except for the first two years where reduced tillage was used for wheat following
sorghum. Available water was measured in the soil profile (0 to 6 ft) at planting and harvest of each crop.
The center of each plot was machine harvested after physiological maturity, and yields were adjusted to
12.5% moisture.

Results and Discussion

Soil Water

The amount of available water in the soil profile (0 to 6 ft) at wheat planting varied greatly from year to
year (Figure 1). In 2016, available soil water was slightly greater for wheat following sorghum and
slightly less for wheat following wheat compared to the long-term average. Soil water was similar
following fallow after either one or two sorghum crops and averaged about 9 in. across the 20-year study
period. Water at planting of the second wheat crop in a WWSF rotation was generally less than at
planting of the first wheat crop, except in 1997 and 2003. Soil water for the second wheat crop averaged
more than 3 in. (or about 40%) less than that for the first wheat crop in the rotation. Continuous wheat
averaged about 0.8 in. less water at planting than the second wheat crop in a WWSF rotation.

Similar to wheat, the amount of available water in the soil profile at sorghum planting varied greatly from
year to year (Figure 2). Soil water was similar following fallow after either one or two wheat crops and
averaged about 8 in. over 21 years. Water at planting of the second sorghum crop in a WSSF rotation was
generally less than that at planting of the first sorghum crop. Averaged across the entire study period, the
first sorghum crop had about 1.3 in. more available water at planting than the second crop.
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Table 1. Wheat response to dryland crop rotation, Table 2. Grain sorghum response to crop rotation,
Tribune, Kansas, 1997-2016. Tribune, Kansas, 1996-2016.
Rotation ANOVA Rotation ANOVA
(P>F) (P>F)
Year Wssf! Wwsf wwWsf WW LSDO0.05 Rotation Year wSsf! wsSf wwSf LSD0.05 Rotation
|||||||||| bua---------- --------bula--------
1996 58 35 54 24 0.117
1997 57 55 48 43 8 0.017 1997 88 45 80 13 0.001
1998 70 64 63 60 12 0.391 1998 117 100 109 12 0.026
1999 74 80 41 43 14 0.001 1999 99 74 90 11 0.004
2000 46 35 18 18 10 0.001 2000 63 23 67 16 0.001
2001 22 29 27 34 14 0.335 2001 68 66 73 18 0.673
2002 0 0 0 0 --- --- 2002 0 0 0 --- ---
2003 29 27 66 30 14 0.001 2003 60 41 76 18 0.009
2004 5.7 6.1 0.4 0.5 1.6 0.001 2004 91 79 82 17 0.295
2005 45 40 41 44 10 0.690 2005 81 69 85 20 0.188
2006 28 26 7 2 8 0.001 2006 55 13 71 15 0.001
2007 75 61 63 41 14 0.004 2007 101 86 101 9 0.008
2008 40 40 5 6 5 0.001 2008 50 30 57 12 0.005
2009 37 39 50 24 15 0.029 2009 89 44 103 53 0.080
2010 63 60 29 23 9 0.001 2010 98 52 105 24 0.004
2011 25 22 25 17 8 0.152 2011 119 47 105 34 0.005
2012 14 20 10 9 15 0.380 2012 0 0 0 --- ---
2013 0 0 0 0 --- --- 2013 105 98 100 23 0.742
2014 51 45 31 12 18 0.004 2014 91 5 84 29 0.001
2015 49 36 24 24 12 0.001 2015 125 82 124 22 0.005
2016 78 77 58 52 12 0.001 2016 134 98 139 10 0.001
Mean 40a 38b  30c 24d 2 0.001 Mean 8la  52b 8la 4 0.001
1 W, wheat; S, sorghum; capital letters denote current year’s crop 1'W, wheat; S, sorghum; capital letters denote current year’s crop

30
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Grain Yields

In 2016, wheat yields were greater than the long-term average for all rotations (Table 1). Averaged across
20 years, recrop wheat (the second wheat crop in a WWSF rotation) yielded about 80% of first-year
wheat crop in WWSF. Before 2003, recrop wheat yielded about 70% of first-year wheat. Wheat yields
following two sorghum crops are 2 bu/a greater than following one sorghum crop. In most years,
continuous wheat yields have been similar to recrop wheat yields, but in several years (2003, 2007, 2009,
and 2014), recrop wheat yields were considerably greater than continuous wheat yields.

Sorghum yields in 2016 for all rotations were 46 t058 bu/a greater than the long-term average (Table 2).
Sorghum yields were similar following one or two wheat crops, which is consistent with the long-term
average. The second sorghum crop yields were 73% of the first sorghum crop in 2016 which is slightly
greater than the long term average of about 65%.
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OKkLAHOMA COOPERATIVE EXTENSION SERvICE BAE-1101

Aeration and Cooling
of Stored Grain
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Many stored grain problems, such as mold, insects, fungi
and spoilage, start with or are worsened by improper grain
moisture and temperature. Internal air currents driven by tem-
perature differentials in the grain cause moisture to migrate
to the top and center of the grain mass; molds develop, and
insects feed and reproduce. Aeration is used to cool and main-
tain uniform temperatures and moisture in masses of stored
grain. In aeration, a fan is used to pump outside air through
grain in a storage facility. The grain temperature eventually
attains the temperature of air traveling through void spaces in
the grain mass. Without aeration, stored grain develops wide
temperature differentials, increasing the chances of mold and
insect development.

Each type of grain has different storage requirements
for temperature and moisture and thus has a unique aeration
protocol. In Oklahoma early summer crops such as wheat
can be cooled during relatively frequent cool nights soon
after harvest. Crops harvested later in summer may have
limited cooling opportunities immediately after harvest. Oil
seeds generally require cooler and dryer storage conditions
than wheat or corn to prevent development of rancidity and
spoilage.

This document discusses design and operation of aera-
tion systems for grain storage structures.

Aeration is an Integral Part of Integrated

Pest Management Practices

Stored graininsectsthrive at 75 F to 85 F. Aeration systems
should be operated immediately after binning when nighttime
temperatures allow to lower temperature to unfavorable levels
for insect feeding, growth, and reproduction. Later in Septem-
ber aeration systems should be used to lower temperatures
to the lower 60s. If the grain will remain in storage through
the winter into summer, another cooling cycle is needed in
mid-winter to lower the grain mass to 30 F to 35 F to reduce
insect activity and equalize grain mass temperatures.

The bin’s doors, unloading auger, under floor spaces,
and aeration fan openings should be cleaned and sprayed
with a residual insecticide. Openings should be sealed before
harvest to keep insects from inhabiting or entering lower bin
areas from the outside, to keep cool air from flowing out of the
bin, and to keep winds from blowing into fan openings. Keep
these openings sealed year round, except when aeration fans
are operating.

Aeration System Design Considerations
The design procedure for an aeration system involves first

determining the airflow rate and direction needed to achieve

specific aeration goals. After the aeration rate is determined

Oklahoma Cooperative Extension Fact Sheets
are also available on our website at:
http://osufacts.okstate.edu

the air distribution system can be designed and fans selected
to deliver the required air volume. For specific design informa-
tion see the following OSU Fact Sheets:

BAE-1102 Aeration Systems for Flat-Bottom Round Bins
BAE-1103 Aeration Systems for Cone-Bottom Round Bins

Choosing Airflow Rate

Airflow used for aeration is usually expressed as CFM/
bu (cubic feet of air per minute, per bushel of stored grain).
Aeration rates start at about 0.05 CFM/bu and increase as
shown in Table 1.

Table 1. Aeration time required to cool wheat and corn
versus CFM/bu.

Time (hours)

Grain Condition Aeration

CFM/Bu. Clean High F.M. Classification

0.05 240 300-350 Light

0.1 120 150-175 Light

0.2 60 75-85 Medium
0.3 40 50-60 Medium
0.4 30 35-40 Fast

0.5 24 30-35 Fast

0.6 20 25-30 Fast

0.8 15 18-20 Fast

1.0 12 14-16 High speed
2.0 6 8-10 High speed
3.0 4 5-6 High speed
5.0 25 3-4 High speed

Light aeration systems, 0.1 CFM/bu or less, require long
operation times to lower grain temperatures and are best
suited to cooler climates.

Medium and Fast aeration systems, 0.2 CFM/bu through
0.8 CFM/bu, are operated periodically to lower grain tempera-
ture and equalize temperatures in stored grain. Just a few
nights of operation will lower grain temperature to nighttime
air temperature. In Oklahoma a minimum 0.2 CFM/bu is
recommended.

For high speed grain cooling, 1 CFM/bu or greater is
required. In this case, grain can be cooled in one or two nights
of fan operation.

Grain cooling should not be confused with natural air
grain drying, which requires high speed airflows greater than
1 CFM/bu. For natural air grain drying, damp grain is placed in
a bin and the fan is operated continuously for several weeks
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until all the grain has dried to a safe moisture content. Grain
cooling involves an initial period of fan operation to cool grain
followed by periodic operation to maintain even temperatures
throughout the grain mass.

The airflow rate should be chosen according to how
the aeration system will be used. If grain will be stored with
safe moisture content and the aeration system will be used
to prevent moisture migration, a light aeration system may
be chosen. When storage will be attempted with moisture
contents one or two percent above safe moisture levels, grain
temperature must be controlled more closely and a fast aera-
tion system is desirable. In general, if grain must be cooled
quickly, a faster airflow should be chosen.

Time Required for Cooling

Thetime requiredto cool grainto the approximate tempera-
ture of the ambient air depends largely on airflow rate, foreign
material in the grain, and the amount of evaporative cooling
(drying) that takes place. For dry grain, where evaporative
cooling is negligible, approximate cooling times are given in
Table 1. Doubling the airflow rate will cut cooling time in half.

Many on-farm aeration fans are sized for about 0.1 CFM/
bushel airflow which then require about 120 hours (five days)
of continuous operation for clean grain or 150 hours to 175
hours (six to seven days) for grain containing high levels of
foreign materials (f.m.).

Figure 1 shows temperature data with the number of hours
for the months of September and October where the air is
below 55 F. Cooling grain to 55 F or lower causes insects to
become dormant or die. It also eliminates grain temperature
differentials that cause moisture migration, top crusting, and
major mold problems.

To take maximum advantage of short duration cool
weather in early fall it is advised to use automatic aeration
controllers and higher capacity fans that deliver at least 0.2
CFM/bushel to cool grain in less than 60 hours to 85 hours.
The additional cost may be recovered in one or two seasons
from savings in grain damage, moisture losses, protectant,
and fumigation expenses.

Pressure System

Suction System

Figure 2. Direction of airflow in aeration systems.

Airflow Direction: Pressure vs. Suction

Pressure (upward) airflow is preferred by many grain
storage managers over suction (downward) airflow (Figure 2)
because: (1) aeration fans are designed to deliver maximum
airflow against pressure; fans push more mass of cool dense
airthanwarm light air; (2) pressure fans develop more uniform
airflow through the grain mass than suction systems; (3) with
pressure airflow, condensation on top of the grain is visible
and usually dries up by the end of the aeration cycle; the
problem is visible and solvable, whereas bottom condensa-
tion damage caused by suction fans cannot be seen until the
bin is unloaded; (4) pressure fans eliminate winter bin roof
collapse (roof vents may freeze over during suction cooling).
NOTE: Axial (Propeller) fans can usually be reversed simply
by turning the fan housing around and rebolting.

Selecting Fans

Aeration fans may be either axial (propeller) type or
centrifugal (squirrel-cage) type as illustrated in Figure 3. Axial
type fans are less expensive and are normally used when
static pressure will not exceed 4 or 5 inches of water.

Centrifugal type fans with backward-inclined blades give
more consistent air delivery over a range of pressures than
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Figure 1. Hours during September and October where temperature is less than 55 F in Oklahoma (30-year weather data).
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Figure 3. Centrifugal fan with backward-inclined blades
and an axial fan.

most axial type fans and, in special designs, can operate at
20 or more inches of static pressure.

The power required for aeration increases rapidly as air-
flow rate and grain depth increase. A doubling of airflow rate
or grain depth causes about a four-fold increase in power re-
quired. Different grain types have different resistance to airflow.
For these reasons aeration fans vary greatly in horsepower.
With light aeration systems in farm-size storage, fractional
horsepower fans are often used. As airflow rates increase
to 0.5 CFM/bu or more with grain depths of 20 feet or more,
the power requirement may exceed 1 horsepower for every
1,000 bu of bin capacity. In large bins, multiple fans of 20 or 25
horsepower may be required. An estimate of fan power can
be obtained from the fan power calculator located at: http://
storedproducts.okstate.edu/aerationcalc/aerationfan.aspx

Fans should not be selected by type or by horsepower.
Fans for aeration should be selected from the manufacturer’s
rating tables or curves to deliver the required air volume at
the expected static pressure.

Grain Bin Construction and Other

Considerations

Grain bins with fully perforated drying floors are ideal
for aeration, but cleaning under the floor can be difficult and
erection costs can be higher. Removable floor ducts are an
alternative to drying floors and can be obtainedin large square,
cross, “Y,” or “U” patterns.

Cross-flow aeration systems can be used to reduce the
resistance to airflow encountered in aeration of tall grain bins.
The lower power requirements reduce operating expense and
capital costs.

Bins must have adequate roof exhaust vents to minimize
roof condensation and maximize airflow. There should be a
minimum of one square foot of roof vent opening for every
1500 CFM of airflow. Atemporary alternative to installing roof
openings during aeration fan operation is to open roof fill caps
and access doors to allow air to escape. Roof vents that are
designedto openunder pressure or vacuum can remain closed
between aerations to help reduce insect infiltration.

Aeration fans can suck rain and snow into a grain bin.
Rain or snow storms of short duration (three hours to six hours)
usually do not create a moisture problem. During storms of
longer duration or continuous foggy weather, stop aeration
until weather improves.

Controls for Aeration

Aeration fans may be controlled by manual, semiautomatic
or automatic controls. Manual control requires only a single
on-off switch. Controls which can be used with aeration fans
include time clock or electric eye for night operation, high- or
low-limit thermostats and high- or low-limit humidistats. Sev-
eral commercial control packages are available, ranging from
simple temperature and humidity controls for a single bin to
elaborate controls for multiple fan operation.

When semiautomatic or automatic controls are used, an

elapsed-time clock should be placed inthe circuit. Ifthe aeration
system is not operating long enough to achieve temperature
equalization within the stored grain, then the control settings
should be changed to allow longer or more frequent opera-
tion. Aeration systems often must be operated several times
during cooling seasons, each time long enough to equalize
temperatures throughout the entire grain mass (Table 1).
Small motors can be started and run by temperature and
humidity control switches if the contacts are rated for these
loads. Magnetic motor starters should be used for all motors
of 0.5 horsepower or larger. Automatic aeration temperature
controllers using time-delay relays to minimize inrush current
and peak power loads can control two or more large fan motor
startersin sequence. Both thermostats and humidistats should
be carefully adjusted and maintained according to manufac-
turer’s recommendations. Controls should be cleaned at least
once a year and more often if operated in dusty surroundings.
An OSU-designed automatic aeration temperature control-
ler for controlling one to three small fans costs about $200-500
for component parts and can be assembled and wired by a
local electrician. Schematics and a listing of suggested parts
can be found at http://storedproducts.okstate.edu. This basic
design can be adapted to operate any number of larger fans.

Aeration Procedures

Filling the Bin and Managing Foreign Material

A level grain surface is an important part of controlling
grain temperature and insect activity. Temperatures and in-
sects in grain peaks are difficult to control. Level grain does
not vary as much in temperature as peaked grain, which
follows outside air temperatures because air blows against
grain slopes through roof eave openings.

Grain managers can reduce storage risks from insects
and mold by cleaning grain and/or using grain spreaders to
distribute foreign material (f.m.) and level the grain surface.
Level surfacesimprove temperature uniformity and allow easy
bin entry for inspection. Grain fines, weed seeds, and other
f.m. tend to accumulate in a column under the bin fill point.
This accumulation of f.m. restricts airflow and increases the
problems of insect and mold development, resulting in grain
heating and spoilage.

Coring is a simple method of leveling a peaked bin and
removing part of the center column of trash and foreign mate-
rial. Remove 10 bushels to 20 bushels from each 3- to 4-foot
layer of grain during bin filling (Figure 4). The peak is then
hand leveled at the end of filling. An alternate coring plan after
a bin is full is to unload 100 bushels to 200 bushels of grain
and fines with the unload auger a week or two after harvest,
reseal the auger, and hand level the surface. (WARNING!! DO
NOT enter grain bins while unload augers are running and
grain is being unloaded!) Since the removed grain contains a
high percentage of fines, it may be marketed, fed to livestock,
or cleaned.

Drying and Rewetting Grain During Aeration

Aeration is used to lower grain temperature and to equal-
ize temperatures in stored grain. It is not intended as a drying
system; yet minor changes to moisture content can occur.
The air surrounding stored grain has an equilibrium moisture
content (EMC) which is the point at which grain and air don’t
exchange moisture. The EMC changes with temperature and
moisture content of grain. If grain is aerated with air having
relative humidity above the EMC, the grain will slowly gain
moisture by absorbing water from the air. Conversely is the
air’'s relative humidity is below the EMC, the grain will dry by
transferring water to the air.

BAE-1101-3
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Figure 4. Coring a grain bin to distribute foreign material.

The amount of drying or rewetting that takes place during
aeration depends on how dry the grain is when placed in stor-
age, the airflow rate, how long the aeration system is operated,
and, of course, the air’s humidity. At low airflow, drying is a
slow process. Light aeration systems (less than 0.1 CFM/bu)
will rarely reduce average moisture content more than 1.0
percent, even when operated for long periods.

Fast aeration systems can cause greater moisture loss
if operated continuously. This moisture loss might be desir-
able if grain moisture content is above safe levels. It can also
be undesirable if the grain dries below the market standard
moisture content and the owner suffers additional shrinkage
when the grain is sold. If some drying is desired, fast aera-
tion systems can be operated continuously while periodically
sampling grain moisture. If drying is not desired, fast aeration
systems can be operated at night only as needed for cooling

and temperature equalization. Systems with grain cooling
and grain drying airflows are generally operated at night only
when used for aeration.

Rewetting of grain by aeration with humid air is a very
slow process. Operation of light or medium speed aeration
systems in humid weather will have little effect on moisture
content. However, if airflow rates above 0.5 CFM/bu are used
for aeration, fans should not be operated for more than a few
hours when humidity is extremely high. Because the higher
airflow will cool grain rapidly, it is practical to wait for lower
humidity before cooling.

Normal aeration rates are much too low for effectively
drying grain and can'’t keep wet grain safe in warm weather.
If harvested grain moisture is too high (13 percent for wheat),
solve the moisture problem before putting it in storage.

Aeration costs

The cost of installing an aeration system varies widely
and depends on the specific installation. Availability of elec-
tricity, existing bin equipment such as a drying floor and roof
vents, level of automation desired, and bin configuration all
affect the total capital cost.

Total annual operating costs to aerate three times (sum-
mer, falland winter) at 8 ¢/KWH to 10 ¢/KWH is approximately
0.7¢/bu to 0.9¢/bu, based on minimum aeration times from
Table 1.

The cost of grain moisture removed by aeration (0.3 to
0.5 Ibs/bulyr) at $5.00 to $5.50/bu wheat price is 2.5 to 4.5
¢/bulyr; for $7.00 to $7.50/bu wheat, moisture losses would
be 3.5 to 6.3 ¢/bulyr.

Aeration generally costs less than grain fumigants or
protectants, or losses from mold and insect damage, and
maintains grain quality.
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Other Grain Storage Resources

Emergency Storage of Grain: Outdoor Piling. Kansas State University.
Extension Publication MF-2363
http://www.bookstore.ksre.ksu.edu/pubs/mf2363.pdf

Aeration Systems for Flat-Bottom Round Bins. Oklahoma State University
Extension Publication BAE-1102.
http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Rendition-6318/unknown

OSHA Fact Sheet — Worker Entry into Grain Storage Bins.
https://www.osha.gov/Publications/grainstorageFACTSHEET.pdf

Aeration System Design for Cone-Bottom Round Bins.
Oklahoma State University Extension Publication BAE-1103.
http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Rendition-6320/unknown

Use of Silo Bags for Commodity Grain Storage in Indiana. Purdue Extension.
https://extension.purdue.edu/pages/article.aspx?intltem|D=6963

Preparing Grain Bins and Flat Storages Prior to Harvest or Incoming Product Storage.
Oklahoma State University Extension Publication BAE-1112.
http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Document-9983/BAE-1112web.pdf

Grain Handling Automation and Controls.
Oklahoma State University Extension Publication BAE-1290.
http://pods.dasnr.okstate.edu/docushare/dsweb/Get/Document-10349/BAE-1290web.pdf

Oklahoma State University Stored Product and Research Education Center
http://oaes.okstate.edu/frsu/sprec
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Corn, Sorghum, & Wheat Market Outlook Plus Storage Returns
Daniel O’Brien — Extension Agricultural Economist, K-State Research and Extension

Prepared on January 3, 2017

. 2017 Kansas Corn Market Outlook

Since the USDA’s December 9*" World Agricultural Supply and Demand Estimates (WASDE) report,
MARCH 2016 CME corn futures have moved sideways in a varying trend. On the day of the report,
MARCH 2016 corn futures closed at $3.59 % per bushel, and then moved to a high of $3.63 on
December 15", before closing at $3.55 % on Tuesday, January 3, 2017. The USDA’s forecast of a record
large 2016 U.S. corn crop 15.226 billion bushels (bb) and large 2016/17 marketing year ending stocks of
2.403 bb have continued to be the primary limiting focus of U.S. corn market prices.

Cash corn prices at major grain elevators in central and western Kansas on January 3™ ranged from
$2.86 to $3.09 in Western KS, from $2.78 to $3.11 in Central KS, and from $3.38 to $3.41 in selected per
Eastern KS terminals. Kansas ethanol plant bids for corn ranged from $3.27 to $3.52, with basis at
$0.25-50.00 under MARCH 2017 Corn futures. Although the “large supply and tight storage availability”
situation predominates in local Kansas grain markets, it is a positive sign that corn usage has provided
enough market support that Kansas cash corn prices have not fallen down to USDA loan rate — price
support levels near $2.05 (Central KS) to $2.19 (Western KS) per bushel.

Other market factors to consider that could affect the U.S. corn market in 2017 include: 1) the pace and
timing of U.S. farmer marketing of the 2016 corn crop — much of which had been placed in storage after
fall harvest and likely will be held for sale through the winter into at least early spring 2017, 2)
anticipation of continued strong use of 2016 crop U.S. corn for domestic U.S. ethanol production and
livestock feeding, 3) at least moderate strength in U.S. corn exports — driven partly by a poor harvest and
lack of exportable supplies in Brazil in 2016 as well as other World corn market factors, and 4) the
always present possibility of broader U.S. and Foreign economic and/or financial system disruptions
impacting grain, energy, and other commodity markets in 2017.

For example, U.S. financial policy announcements by the U.S. Federal Reserve in 2017 could lead to
increases in U.S. interest rates and the value of the U.S. dollar relative to other World currencies, which
could in turn have a negative impact on U.S. corn exports.

USDA Supply-Demand Forecast for “Current” MY 2016/17: With USDA projections of 2016 U.S. corn
plantings of 94.490 ma, harvested acres of 86.836 ma, record high projected yields of 175.1 bu/ac (vs
168.4 bu/ac in 2015 and the previous record high of 171.0 bu/ac in 2014), 2016 U.S. corn production is
forecast to be a record high 15.226 bb — up from 13.601 bb in 2015, the previous record of 14.216 bb in
2014, and 13.829 bb in 2013.

With forecast “current” MY 2016/17 total supplies of 17.031 bb (record high), total use of 14.610 bb
(record high), and projected ending stocks of 2.403 bb (16.45% S/U) — up from 1.738 bb (12.72% S/U) in
MY 2015/16 and the highest since 4.259 bb (54.90% S/U) in MY 2004/05 — U.S. corn prices are projected
by the USDA to be in the range of $3.05-$3.65 (midpoint = $3.35 /bu) — being down from $3.61 /bu for
MY 2015/16. (continued)
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USDA Supply-Demand Forecast for “Next Crop” MY 2017/18: With early USDA projections of 2017 U.S.
corn plantings of 90.000 ma (down 4.490 ma), harvested acres of 82.300 ma (down 4.536 ma), projected
yields of 170.8 bu/ac (vs the record high of 175.3 in 2016), 2017 U.S. corn production is forecast to be
14.060 bb — down from the record high of 15.226 bb in 2016.

With forecast “next crop” MY 2017/18 total supplies of 16.513 bb (down 500 mb from last year’s record
high), total use of 14.215 bb (down 395 mb from last year’s record high), and projected ending stocks of
2.298 bb (16.17% S/U) — down from 2.403 bb (16.45% S/U) in “current” MY 2016/17 — U.S. corn prices
are projected by the USDA to average $3.30 /bu. This scenario is given a 55% likelihood of occurring by
KSU Extension Ag Economist D. O’Brien.

Alternative KSU Forecasts for “Next Crop” MY 2017/18: Three alternative KSU-Scenarios for U.S. corn
supply-demand and prices are presented for “next crop” MY 2017/18. Each forecast scenario presents
the likelihood of lower U.S. corn yields and production than projected by the USDA in the December 1
USDA early supply-demand estimate for “next crop” MY 2017/18.

KSU “Next Crop” MY 2017/18 Scenario #1) “167.4 bu/ac — 13.777 bb” Scenario (25% probability)
assumes: 90.000 ma planted, 82.300 ma harvested, 167.4 bu/ac trend yield, 13.777 bb production,
16.230 bb total supplies, 14.215 bb total use, 2.015 bb ending stocks, 14.18% S/U, & $3.55 /bu U.S. corn
average price for “next crop” MY 2017/18;

KSU “Next Crop” MY 2017/18 Scenario 2) “165.0 bu/ac — 13.580 bb” Scenario (15% probability)
assumes: 90.000 ma planted, 82.300 ma harvested, 165.0 bu/ac yield, 13.580 bb production, 16.033 bb
total supplies, 14.215 bb total use, 1.818 bb ending stocks, 12.79% S/U, & $3.70 /bu U.S. corn average
price for “next crop” MY 2017/18;

KSU “Next Crop” MY 2017/18 Scenario #3) “150.0 bu/ac — 12.345 bb” Scenario (5% probability)
assumes: 90.000 ma planted, 82.300 ma harvested, 150.0 bu/ac yield, 12.345 bb production, 14.798 bb
total supplies, 13.460 bb total use, 1.338 bb ending stocks, 9.94% S/U, & $4.30 /bu U.S. corn average
price for “next crop” MY 2017/18;

World Corn Supply-Demand: Record high World corn production of 1,039.7 million metric tons (mmt) is
projected for “current” MY 2016/17, up 8.2% from 961.1 mmt in MY 2015/16, and up 2.5% from 1,014.0
mmt in MY 2014/15. Record high World corn total supplies of 1,248.7 mmt are projected for “new
crop” MY 2016/17, up from 1,169.3 mmt in MY 2015/16, and from 1,188.8 mmt in MY 2014/15.

World corn exports of 147.7 mmt are projected for “new crop” MY 2016/17, up 21.8% from 121.2 mmt
in MY 2015/16, and up 3.9% from 142.2 mmt in MY 2014/15. Projected record high World corn ending
stocks of 222.25 mmt (21.7% S/U) in “new crop” MY 2016/17 are up from 208.95 mmt (21.8% S/U) in
MY 2015/16, and from 208.3 mmt (21.2% S/U) in MY 2014/15.

Although World corn ending stocks are projected to be a record high in “new crop” MY 2016/17 at
222.25 mmt, World corn percent ending stocks-to-use in “new crop” MY 2016/17 are forecast to
actually decline marginally to 21.7% - indicative that strong World demand for corn at low prices is

expected to continue — especially in Europe where grain production has been hampered by extreme
weather conditions in the last year.
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Il. 2017 Kansas Grain Sorghum Market Outlook

The USDA’s forecast of a 462 million bushel (mb) 2016 U.S. grain sorghum crop along with record large
2016 U.S. corn crop of 15.226 billion bushels (bb), together with large 2016/17 marketing year U.S.
feedgrain ending stocks of 64.8 million metric tons (mmt) — up 35%-38% from the previous two
marketing years — and have continued to pressure both U.S. grain sorghum and corn market prices.

Cash grain sorghum prices in Kansas: At major grain elevators in western Kansas, cash grain sorghum
prices were in the range of $2.56 - $2.61 /bu on January 3™ with basis levels $0.95 to $1.10 under CME
MARCH 2017 Corn futures. As low as these prices were, they were still markedly higher than county FSA
marketing loan rates of $1.76-51.90 per bushel. Similarly, central Kansas cash grain sorghum prices
were in the range of $2.41 - $2.91 /bu with basis levels $1.00 to $0.65 under MARCH 2017 Corn, but still
above local FSA loan rates of $1.85-51.93 /bu.. At Topeka in east central Kansas, a higher bid was
reported of $3.11 /bu (basis = $0.45 under). Kansas ethanol plant bids for grain sorghum ranged from
$2.87 to $2.92, with basis at $50.65-50.60 under MARCH 2017 Corn futures. Just as with corn, wheat,
and soybeans, current cash bids for grain sorghum are below full economic cost of production in most
instances — although to a degree high yields in 2016 has helped to mitigating this factor.

Although the existing “large supply and tight storage availability” situation predominates in local Kansas
grain sorghum and corn markets in early January 2017, it is a positive sign that usage of these crops has
provided enough market support so that Kansas cash prices have not fallen down to USDA loan rate —
price support levels during the 2016 harvest and immediate post-harvest period.

Other market factors to consider that could affect the U.S. feedgrain markets in 2017 include: 1) the
pace and timing of U.S. farmer marketing of the 2016 grain sorghum and corn crops during 2017 — much
of which had been placed in storage after the 2016 fall harvest and likely will be held for sale through
the winter into at least early spring 2017, 2) anticipation of continued strong use of 2016 crop U.S.
feedgrains for domestic U.S. ethanol production and livestock feeding, 3) at least moderate strength in
U.S. grain sorghum exports — driven partly by a poor Brazilian feedgrain harvest and lack of exportable
supplies in earlier in 2016, as well as other World coarse grain market factors, and 4) the always present
possibility of broader U.S. and Foreign economic and/or financial system disruptions impacting grain,
energy, and other commodity markets in 2017.

USDA Supply-Demand Forecast for “Current” MY 2016/17: The USDA has projected of 2016 U.S.
sorghum plantings of 6.761 ma, harvested acres of 6.045 ma, record high yields of 76.5 bu/ac (vs 76.0
bu/ac in 2015 and 67.6 bu/ac in 2014), resulting in a 2016 U.S. grain sorghum production is forecast to
be 462 mb — down from 597 mb in 2015, but above 433 mb in 2014, and 392 mb in 2013.

With forecast “current” MY 2016/17 total supplies of 500 mb, total use of 465 mb, and projected ending
stocks of 35 mb (7.48% S/U), U.S. grain sorghum prices are projected by the USDA to be in the range of
$2.80-53.30 (midpoint = $3.05 /bu). Ending stocks of 35 mb (7.48% S/U) in “current” MY 2016/17
compare to 37 mb (6.28% S/U) in MY 2015/16, and 18 mb (4.10% S/U) in MY 2004/05. United States
grain sorghum prices of $3.05 /bu in “current” MY 2016/17 continue the downward trend from $3.31
/buin MY 2015/16, $4.03 in MY 2014/15, $4.28 in MY 2013/14, and the record high of $6.33 /bu in the
drought year of MY 2012/13.
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USDA Supply-Demand Forecast for “Next Crop” MY 2017/18: With early USDA projections of 2017 U.S.
sorghum plantings of 6.300 ma (down 461,000 acres), harvested acres of 5.400 ma (down 645,000
acres), projected yields of 67.1 bu/ac (vs the record high of 76.5 bu in 2016), 2017 U.S. grain sorghum
production is forecast to be 362 mb — down from 462 mb in 2016, and 597 mb in 2015.

With forecast “next crop” MY 2017/18 total supplies of 397 mb (down from 500 mb last year and 620
mb the year before), total use of 365 mb (down from 465 mb last year and 583 the year before), and
projected ending stocks of 32 mb (8.76% S/U) — down from 35 mb (7.48% S/U) in “current” MY 2016/17
— U.S. sorghum prices are projected by the USDA to average $3.10 /bu.

Note: This is a “large U.S. feedgrain crop” — “no major U.S. or Foreign crop problem” scenario.
Emerging production threats and the actual outcome of 2017 U.S. grain sorghum and corn production
will drive the U.S. grain sorghum market in “next crop” MY 2017/18.

World Coarse Grain Supply-Demand: Record high World coarse grain production of 1,329.35 million
metric tons (mmt) is projected for “current” MY 2016/17, up 6.4% from 1,249.65 mmt in MY 2015/16,
and up 1.8% from 1,306.1 mmt in MY 2014/15. Record high World coarse grain total supplies of
1,574.15 mmt are projected for “new crop” MY 2016/17, up from 1,495.0 mmt in MY 2015/16, and from
1,517.2 mmt in MY 2014/15. “Coarse grains” include grain sorghum, corn, barley, oats, rye, millet, and
mixed grains.

World coarse grain exports of 185.2 mmt are projected for “new crop” MY 2016/17, up 12.4% from
164.8 mmt in MY 2015/16, and down 0.5% from 186.1 mmt in MY 2014/15. Projected record high
World coarse grain ending stocks of 254.9 mmt (19.3% S/U) in “new crop” MY 2016/17 are up from
244.8 mmt (19.6% S/U) in MY 2015/16, but down from 245.4 mmt (19.3% S/U) in MY 2014/15.

Although World coarse grain ending stocks are projected to be a record high in “new crop” MY 2016/17
at 254.9 mmt, World coarse grain percent ending stocks-to-use in “new crop” MY 2016/17 are forecast
to actually decline marginally to 19.3% - indicative that strong World demand for coarse grains at low
prices is expected to continue — especially in Europe where grain production has been hampered by
extreme weather conditions in the last year.

I1l. 2017 Kansas Wheat Market Outlook

Since the USDA’s December 9" World Agricultural Supply and Demand Estimates (WASDE) report, U.S.
and World wheat futures market prices have traded in a sideways and volatile —with CME MARCH 2017
Kansas HRW Wheat futures gaining $0.08 % /bu to close at $4.13 % on 12/9/2016 — the day of the
report — and trading as high as $4.20 % per bushel through Wednesday, December 28™ before closing
down to $4.14 on January 3, 2017.

Cash wheat prices in Kansas: At major grain elevators in western Kansas, cash wheat prices were in the
range of $2.84 - $3.04 /bu on January 3™ with basis levels $1.30 to $1.10 unden CME MARCH 2017 KS
HRW wheat futures. These prices just below or equal to than county FSA marketing loan rates of $3.03-
$3.08 per bushel. Similarly, central Kansas cash wheat prices were in the range of $2.97 - $3.27 /bu with
basis levels $1.17 to $0.87 under CME MARCH 2017 KS HRW wheat futures, compared to local FSA loan
rates of $3.19-53.23 /bu.. At Topeka and Atchison in east central and northeast Kansas, higher bids
were reported of $3.19-53.39 /bu (basis = $0.95-50.75 under). Kansas wheat processor 11% protein
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wheat bids in Wichita ranged were $3.69 /bu, with basis at $0.45 under CME MARCH 2017 KS HRW
wheat futures, compared to 12% protein bids of $4.04 /bu at $0.10 under. Just as with corn, sorghum,
and soybeans (to a lesser degree), current cash bids for wheat in Kansas are below full economic cost of
production in most instances — although to a high yields in 2016 has helped to mitigating this factor as
with other crops.

Supply-Demand Trends: For the “current crop” 2016/17 marketing year (MY), the USDA projected: 1)
World wheat total supplies of 991.9 million metric tons (mmt) and total use of 739.8 mmt — both at
record high levels, 2) that World wheat exports are continuing to trend higher to 176.8 mmt in the
“current” marketing year — up from 172.5 mmt last year, and up from 164.4 mmt two years ago, 3)
World wheat ending stocks at a record high 252.1 mmt up from 240.65 mmt last year, and 217.2 mmt
two years ago, and 4) World wheat percent ending stocks-to-use (S/U) of 34.1% - up from 33.8% last
year, and from 30.8% two years ago — up to the highest level since MY 2005/06.

For a perspective on how historically large World total wheat stocks and World wheat percent stocks-to-
use now are, in MY 2007/08 the 34-year low in World wheat ending stocks of 128.1 mmt and at least a
57-year low in percent ending stocks-to-use of 20.75% stocks/use both occurred — the last major World
wheat “short crop” marketing year. The situation in MY 2007/08 compares to projections of 252.1 mmt
ending stocks and 34.1% ending stocks-to-use projected for “current” MY 2016/17. The “large crop-over
supply” situation that now exists in World and U.S. wheat markets continues to have a strong prevailing
negative influence on U.S. and World wheat prices.

However, the broader large crop-over supply-low price” situation in the World wheat market may be
“hiding” at least a couple of other important market issues. First, while the quantity of wheat available
in the World is plentiful, the available supply of high protein milling wheat is less so. This factor may
eventually help exports of both U.S. Hard Red Spring (HRS) wheat (higher protein — good quality) and
U.S. Hard Red Winter (HRW) wheat (moderate protein — good quality) relative to World wheat export
competitors. As evidence of this, exports of U.S. HRW wheat have been occurring at the pace needed to
meet USDA projections — helped by both low purchase prices and acceptable protein and quality. This
raises the outside possibility of improved U.S. HRW prices in coming months. Second, while the supply
of wheat in World markets overall has grown, the supply of wheat in the “World Less China” is projected
to have actually “contracted” or “diminished” in “current crop” MY 2016/17 compared to a year ago —
down to the tightest supply-balances situation since MY 2013/14. If this “China factor” eventually leads
to noticeably tighter available global supplies of exportable wheat to occur in coming months, it could
have a positive impact U.S. wheat market prices in Spring 2017.

Even so, given the broader World wheat market’s current focus — it is likely that significant World wheat
production problems and/or trade disruptions would need to occur in year 2017 in order to have wheat
prices recover significantly by spring-summer 2017. Ongoing strength in the U.S. dollar exchange rate is
a serious negative factor that is limiting the competitive affordability of U.S. wheat exports. These
factors have resulted in higher U.S. wheat ending stocks and % ending stocks-to-use, and have caused
U.S. and Kansas wheat cash prices to fall sharply — down to and below the marketing loan rate in most of
Kansas in fall / early winter 2016.

USDA U.S. Wheat Supply/Demand Forecast for “Next Crop” MY 2017/18: On December 1, 2016 the
USDA released their preliminary Long Term Agricultural Projections to 2026, in which they projected
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2017 U.S. wheat plantings of 48.500 million acres (ma) — down from 50.154 ma in 2015. The USDA also
forecast 2016 harvested acres of 41.100 ma which would be down from 43.890 ma a year ago.
Trendline 2017 wheat vields for 2017 are projected at 47.1 bu/a, down from the 2016 record of 52.6
bu/ac, while 2017 U.S. wheat production is forecast to be 1.936 billion bushels (bb), down from 2.310 bb
in 2015. Projected “next crop” MY 2017/18 total supplies are 3.199 bb (down from 3.410 bb in
“current” MY 2016/17), with total use of 2.206 bb (down from 2.267 bb in “current” MY 2016/17).

Given these numbers, the USDA projected “next crop” MY 2017/18 ending stocks of 933 million bushels
(mb) (vs 1.143 bb a year ago), with percent ending stocks-to-use of 45.0% S/U (vs 50.4% last year and
50.0% the previous year). United States wheat average prices are projected to average $4.00 /bu — up
from $3.70 in “current” MY 2016/17, but down from $4.89 /bu in MY 2015/16 and $5.99 /bu in MY
2014/15. Itis assumed by Kansas State University that these USDA projections for “next crop” MY
2016/17 have a 50% probability of occurring.

Three Alternative KSU U.S. Wheat S/D Forecast for “Next Crop” MY 2017/18: As an alternative to the
USDA'’s projection, three potential KSU-Scenarios for U.S. wheat supply-demand and prices are
presented for “next crop” MY 2017/18. These scenarios assume lower 2017 U.S. planted (47.624 ma)
and harvested (38.385 ma) wheat acres than the USDA — due to larger than normal amounts of “graze
out” and “crop switching” in 2017.

KSU Scenario 1) “Lower Acres, Trend Yield” Scenario (30% probability) assumes for “next crop” MY
2017/18: 47.624 ma planted, 38.385 ma harvested, 47.0 bu/ac trend yield, 1.804 bb production, 3.067
bb total supplies, 960 mb exports, 200 mb feed & residual use, 2.191 bb total use, 876 mb ending stocks,
39.98% S/U, & $4.00-54.50 /bu U.S. wheat average price;

KSU Scenario 2) “Lower Acres, Trend Yield, +20% Exports” Scenario (10% probability) assumes for “next
crop” MY 2017/18: 47.624 ma planted, 38.385 ma harvested, 47.0 bu/ac trend yield, 1.804 bb
production, 3.067 bb total supplies, 1.152 bb exports***, 200 mb feed & residual use, 2.383 bb total
use, 684 mb ending stocks, 24.10% S/U, & $5.25-55.75 /bu U.S. wheat average price;

KSU Scenario 3) “Lower Acres, Short Crop Yield” Scenario (10% probability) assumes for “next crop” MY
2017/18: 47.624 ma planted, 38.385 ma harvested, 43.6 bu/ac low yield***, 1.674 bb production, 2.937
bb total supplies, 925 mb exports, 200 mb feed & residual use, 2.156 bb total use, 781 mb ending stocks,
36.22% S/U, & $4.40-54.90 /bu U.S. wheat average price.
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Profitability in Northwest Kansas Operations
Mark A Wood, Agricultural Economist

Kansas Farm Management Association, Northwest
Email: mawood@ksu.edu, Office (785) 462-6664

The following are examples of charts and tables that are the basis for my presentation at the 2017 Cover
Your Acres conference in Oberlin, KS. I'll begin with a review of the average financial performance of the Kansas
Farm Management Association, Northwest membership from 2004 through an estimate of 2016. The value of
history can be the benefit of perspective. The 2007 through 2012 analysis years demonstrate income and equity
accumulation beyond historic proportions. The recent and projected declines simply return producers to a more
typical, longer term income and financial situation. Unfortunately, the excessive income (and equity
accumulation) will have to be “worked out” of the system like all business cycles. What can you do in your
operation that could enable your operation to fare better than the average or will you simply hold on until
better times return? The pressures of limited or negative returns will challenge us to become better, sharper,
stronger managers. These questions and more will be discussed in this presentation.

| look forward to visiting with many of you at the Cover Your Acres Conference. Let’s keep focused on
making sound financial decisions and not let the discouragement distract us. That’s what successful people do....

Net Farm Income, KFMA, NW
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Debt Structure, KFMA, NW
Average: 2004 - 2016
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Net Income -Living & Debt, 2004 - 2016
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Soil Biology: Who and What is Living in Our Soils

Peter J Tomlinson, Asst. Professor and Extension Specialist for Environmental Quality;
Department of Agronomy, Kansas State University

The unique interaction of soil’s physical, chemical, and biological properties has led to the
diversity of soils found around the world. Any given soil has intrinsic properties (i.e. mineralogy
and texture), that are not easily altered and dynamic properties (i.e. pH, N, P, K, S, micro
nutrients, organic matter, and the biological community), that are responsive to changes in the
environment and our management of the soil. The association of organisms in the soil biological
community has a diverse and intricate arrangement that result in processes such as crop
residue decomposition and nutrient cycling. The arrangement and interaction of these
organisms can be depicted in a food web (Fig. 1) that diagrams the conversion and movement

of energy and nutrients as organisms consume their respective food sources (Tugel et al. 2000).

The Soil Food Web
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Fig. 1. The soil food web.
Source: https://www.nrcs.usda.gov/Internet/FSE_MEDIA/nrcs142p2_049822.jpg
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Soil Biological Community Members:

Bacteria: Bacteria are the smallest of the cellular microorganisms found in soil, are single celled,
and have a wider range of metabolic capabilities than the other soil microorganisms. Many of
the soil bacteria obtain carbon from organic compounds (heterotrophic organisms) while others
obtain carbon from carbon dioxide (autotrophic organisms), and others shift their metabolism
in response to environmental triggers. Additionally, within each of these groups are organisms
that derive energy from organic, inorganic, or photochemical reactions in aerobic conditions
and others that require anaerobic conditions. Bacteria have many difference shapes. The
common cell shapes observed in soil bacteria include rod, spherical, twisted or spiral, and
slender branching filaments. In addition to the shape, the composition of the cell wall
distinguishes different bacteria. Four groupings based on cell wall composition are recognized
these include the gram positive (no outer membrane and thick cell wall), gram negative (outer
membrane surrounding a thin cell wall), acid-fast (outer membrane containing long-chain fatty
acids surrounding a thin cell wall), and mycoplasma (no outer membrane and no cell wall)

(Alexander, 2005).

The primary role of soil bacteria in the soil food web is as decomposers (Fig. 1) of organic
matter. Bacteria also play critical roles in the transformation of inorganic nutrients such as
nitrogen and sulfur. Other bacteria are pathogenic and cause disease in plants or other

organisms (Tugel et al. 2000 and Alexander, 2005).

Fungi: Fungi are distinct within the soil biological community because of the extent and the
filamentous nature of their structure. The filamentous structures are called hyphae and can
extend from a few cells to yards in length releasing a diverse range of enzymes that facilitate
decomposition of complex substrates to simple compounds that are subsequently taken up by
the hyphae. Fungi can be grouped into three functional groups based on how they obtain
energy. Decomposers (saprophitic fungi) breakdown organic materials such as lignin and
cellulose into fungal biomass, carbon dioxide, and small molecules like organic acids. Mutualists
(mycorrhizal fungi) colonize plant roots increasing the effective surface area of the plant roots

to absorb nutrients such as N, P, and micro nutrients; in exchange for carbon in the form of root
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exudates. Some mycorrhizal fungi have also been found to release P solubilizing compounds.
Mycorrhizal fungi are further differentiated based on how the hyphae interact with the plant
roots. Ectomycorrhizal fungi colonize the surface layer of the root, while endomycorrhizal fungi
grow within the root cells. The third group of fungi are pathogens, or parasites that negatively
impact the organism they infect and may cause death. While there are examples for pathogenic
fungi that negatively impact agriculture such as Pithium and Rhizoctonia other fungi in this
group are beneficial to agriculture such as nematode trapping fungi (Tugel et al. 2000 and

Morton, 2005).

Protozoa: Protozoa are aquatic soil organisms that live within the water filled pores of soil
aggregates. They are single-celled and range in size from 1/5000 to 1/50 of an inch (5 to 500
um) in diameter and are classified into three groups based on shape and motility. The
flagellates utilize one or more long wipe-like structures called flagella to move. The flagellates
tend to be the smallest and most numerous of the protozoa, feeding primarily on bacteria. The
Amoebae move by extending and contracting a temporary foot like structure called a
pseudopodia and are further divided based on the presence (testate amoebae) or absence
(naked amoebae) of a siliceous or chitin-based shell. The ability of naked amoebae to change
shape allows them to explore smaller soil pores than other protozoa. Amoebae like flagellates
are bacterial feeders and are common in the soil near roots. Ciliates move by beating short hair-
like cilia that cover the cell surface. The largest of the three groups, the ciliates consume

protozoa in the other two groups as well as bacteria.

Protozoa are abundant in cultivated land and play an important role in nutrient mineralization.
Protozoa have a C:N ratio of 10:1 or higher and thus excrete excess nitrogen as they consume
nitrogen rich bacteria (C:N ratio from 3:1 to 10:1). Protozoa release nitrogen in the form of
ammonium and can be taken up by bacteria, other soil organisms, and plants. Protozoa number
vary widely and are affected by soil fertility, bacterial populations, and soil moisture. Protozoa
tend to proliferate in the rhizosphere and can reach numbers in millions per teaspoon (Tugel et

al. 2000 and Amador and Goérres, 2005).
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Nematodes: Nematodes are non-segmented worms with tapered ends ranging in diameter
from 1/5000 to 1/250 of an inch (5 to 100 um) and in length from 1/250 to 1/25 of an inch (100
to 1000 um) allowing them to move within the existing pore structure of the soil and soil
aggregates. Similar to protozoa nematodes are aquatic organisms and inhabit water films and
water filled pores thus nematodes are sensitive to changes in the soil microenvironment.
Nematodes function at multiple levels in the soil food web (Fig. 1) from feeding on plants (first
trophic level) to grazing on bacteria and fungi (second trophic level) and other higher
organisms. Free-living Nematodes are categorized into four general groups based on their
esophagus, mouthparts, and food source. Bacterial-feeders (Bacteriovores) have a stoma
(mouth) and open channel. Predatory nematodes have a large stoma and tooth-like structure
and pray on nematodes and protozoa consuming their pray whole or attaching themselves to
larger nematodes. Fungal-feeders (Fungivores) have a small tooth —like structure to puncture
the fungal hyphae. Omnivores are less specialized eating a variety of organisms. Plant parasitic
nematodes (Plant and root-feeders) are not considered free-living although during certain life

stages they can be free-living in the soil such as the infectious larval stage.

Nematodes similar to protozoa facilitate nutrient cycling as they require less nitrogen than the
bacteria and fungi they consume. Nematode feeding is thought to play an important role in
regulating and stimulating the growth of pray ranging from bacteria to plants and even
nematodes. Nematodes tend to be found in association with their prey and numbers can range
from less than 100 in a teaspoon of agricultural soil to several hundred in a grassland or forest

soil (Tugel et al. 2000 and Amador and Gorres, 2005).

Earthworms: Earthworm species are generally grouped into three functional categories
(epigeic, endogeic, and anecic) based on habitat, feeding, and behavior. Epigeic species live at
the interface of plant residue and the mineral soil, do not form permanent burrows, and
consuming plant residue. Endogeic species inhabit mineral soil, do not form permanent
burrows and consume organic matter associated with the mineral soil. Anecic species form and

inhabit permanent burrow structures that extend from the soil surface into the mineral soil
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(Fig. 2) and feed on both plant residue and
organic matter. The basic physical structure
of an earthworm is a tube within a tube. The
outer tube is the segmented muscular body
wall. A characteristic feature of adult
earthworms is the thickened saddle-shaped

structure called the clitellum and its location

is used in earthworm identification (Fig. 3)

« Tle

and the inner tube is the digestive track. Fig. 2. Anecic earthworm burrow lined with plant residue

The general organization of the digestive extending from the soil surface into the mineral soil

(Photo by Peter Tomlinson, Kansas State University).
track is mouth, pharynx, esophagus,
gizzard, and intestine. Ingested material moves through the digestive track and is mixed and

ground in the gizzard before it enters the intestine.

The activity of earthworms accelerates decomposition of plant material and
mineralization of soil organic matter increasing the availability of plant available nutrients. A
complex relationship exists between earthworms and microorganisms. Microorganism can be
transported either through physical attachment or ingestion in one location and subsequent
excretion in another location. Fungi and protozoa and to a lesser extent algae are reported to
be an important source of nutrition in the earthworm diet. Bacteria are thought to be a minor

source of nutrition but have been found to proliferate in the earthworm gut and be excreted in

. R L
cast material. Thus, enhanced - . v
o7 o I
microbial decomposition of organic ,‘l y AP ocywe }
O ! S
matter fueled by the presence of 8 7

nutrient rich secretions begins in the
earthworm gut and continues in

earthworm casts. Earthworm

populations decrease with disturbance

Fig. 3. Adult non-native earthworm in a clump of soil from a
such as tillage and harmful chemicals no-till field in Northeastern Kansas

(Photo by DeAnn Presley, Kansas State University).

and increase with increasing soil
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organic matter. Earthworm populations in US cropland can range from 50 to 300 in square yard

or more depending on management (Tugel et al. 2000 and Amador and Gorres, 2005)

Other Soil Organisms: In addition to earthworms a diverse array of soil fauna exists in the soil

ranging from potworms (enchytraeids) to arthropods. Potworms serve a similar function to
earthworms but are smaller in size, lighter in color and the soil pore size and structure that they
influence are smaller. Arthropods are a diverse group of invertebrate organisms that derives
their name from jointed (arthros) legs (podos). Arthropods are grouped by their function in the
soil ecosystem. The four broad groupings are shredders, predators, herbivores and fungal-
feeders. Arthropods generally carry out beneficial functions in the soil food web but some

plant-feeding arthropods are considered parasites (Tugel et al. 2000).
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Chemistry in

Premixes.

Resistance Management:
Using multiple effective
modes of action is a
strategy to success.

Chemistry
in Premixes

Searching
for program
table.

Selecting an herbicide program

Annual broadleaf weeds Perennials

Annual grasses

Herbicide(s)

Preplant Incorporated or Preemergence

Resicore G|E E E E F F F E[G GGG GE G E GE E GE
SurcSeart 11, Tripke- F|E E E E P r Elc G G EFEGCEB M
FLEX 11, Trisidual

Herbicide discussion in guide

Herbicides for Corn

Herbicide® and

1h active ingredient  Formulated

needed/acre produci/acre Comments and limitations
BURNDOWN, PREPLANT, AND/OR PREEMERGENCE
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Herbicide discussion in guide

Herbicide
price?

Atrazine issues AGAIN!

» Complete EPA review, Timeline 3 yrs!
Outcomes?
« Cancel registration, very unlikely
+ Change labeled rates and total annual rates, likely
« Alter current uses, very possible
+ Add additional restrictions, very possible
* For 2017 production, likely no changes!

* Off target movement

« Atrazine is safe but finding atrazine in ground and
surface water, increases the overall problem!

* Need to be good stewards with atrazine use

Best Management Practices for Atrazine
KSU publication MF-2182

Incorporation reduces losses 67%

Applying atrazine prior to April 15, reduces loss by 50%

Split applications, 2/3 rate in March and remainder after planting,
reduces loss by 33%

Use to low atrazine rate PREmixes. le “Lite” formulations

Use POST vs PRE applications of atrazine.
Lower rates used POST. Can reduce losses by 67%

Reduce PRE atrazine rates to 1 pound or less followed by
POST 0.5 Ib if needed. Combined applications improve control.

Use other herbicides without atrazine. Can reduce losses by 100%
Vegetative filter strips reduce flow rate and reduce losses by 50%

Buffer zones. Avoid applications near water sources and
environmentally sensitive areas.

What's new for 2017?

* Resicore
* Acuron Flexi
* DiFlexx Duo

* Kochiavore for fallow
« also registered in corn & sorghum

*Inzen sorghum — Zest WDG

Herbicide registered for corn and soybean, but
cotton pending (anticipate by spring 2017)

Dow AgroSciences

Enlist Duo™
Herbicide

[orowe TGN TEIN eroicioes

Continue to wait for foreign trade approvals for corn and
soybean. Will contribute to Palmer amaranth management!
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Resicore (Dow AgroSciences) for all Corn

* Acetochlor (15) 2.8 Ib/gal + mesotrione (27) 0.30 Ib/gal +

clopyralid (4) 0.19 Ib ae/gal

* Rates are 2.25 to 3.0 qt/a PRE to field, silage, seed, and
popcorn 28 days before planting up to emergence

* Used at 1.5 to 3.0 gts/acre to field, silage or seed corn early

post up to corn 11 inches tall

* Add NIS at 0.25% v/v or COC up to 1% v/v to enhance
postemergence activity. Do not use MSO or adjuvants
containing nitrogen if corn has emerged. The exception
is 1.5 gts of Resicore may be applied postemergence
with glyphosate (on glyphosate resistant corn) or
glufosinate (on Liberty Link corn) and AMS at 8.5 1b/100
gallon + NIS at 0.25% v/v.

—_ For corn (grain, silage, seed,
A ‘Flexi sweet, and yellow pop),
~ AcuronFlexi gneenta

Bicyclopyrone 0.08 + mesotrione 0.32 +
S-metolachlor 2.86 Ib/gallon

Use rate 2.0 gt on soils < 3% OM and 2.25 qt on soils with
3% OM or more with a maximum of 2.25 qt / year.

« Apply from 28 days prior to planting postemergence from
emerged to 30 inches tall or up to the 8-leaf stage on field,
silage, and seed corn only.

If applied POST to corn and weeds, used NIS at 0.25% v/v.
COC can be used up to 1% v/v but will increase the risk of
crop injury. DO NOT use MSO, AMS, or UAN. Do not apply
postemergence to sweet or pop corn!

Weed management in corn with PRE herbicides, Ashland Bottoms,
Manhattan KS, 2016, 1605corn, Thompson and Peterson

Acuron* Pre
Acuron Flexi Pre
Zemax Pre
Resicore Pre
Resicore+atrazine Pre
SureStart Il Pre

SureStart Il +atrazine Pre

Degree Xtra* Pre
Corvus Pre
Corvustatrazine Pre
Verdict Pre
Verdict+atrazine Pre
Untreated

Prod. / acre

25qt
2qt

2qt

25qt
25+0.63qt
125qt
1.25+0.63 qt
3qts

5.6floz
5.6floz+0.63qt
15fl0z

15l 0z+0.63 qt

15D (0.05)

$/a

46.50
46.40

44.30
46.50
34.25
36.45
37.00
42.40
44.60
28.40
30.60

Bu/a

157
159
151
151
168
146
148
138
140
148
158
154

22
2

% control, July 14, 70 DAA

98 100 96

95 98 80
93 97 71
98 98 922
94 100 96
95 38 69
98 35 76
97 a7 82

97 100 56
96 100 64

96 81 88
97 83 84
7 16 8

* Contain atrazine

Pre’s = Applied May 5

DiFlexx Duo (Bayer Crop) for all Corn and in fallow

* Diglycolamine salt of dicamba 1.86 Ib ae/gal + Laudis
0.27 Ib/gal+ Safener - This CSA safener has soil and
foliar activity

* Use 24 to 49 fl oz/A may be applied preplant,
preemergence to field, silage, seed, and pop corn up
through V7 stage. With drop nozzles can be applied up
to corn at the V10 stage or 36 inch tall.

* At MSO or COC at 1% v/v when applied alone or
tankmixed with atrazine.

* AMS or UAN is recommended in the label.

* NOTE the addition of AMS or UAN will increase the risk
of dicamba volatility!

Weed management in Irrigated corn with DiFlexx Duo,
2016, 1609cornTR, Thompson and Schlegel. ALL POST!

[Teatment_________[Rate __________[Herb$/a [vield | paam | Kocz | vee | usss |
Prod. / acre Bu/a  %econtrol 7 wks after POST

DiFlexx Duo (DD) + atra 24floz+1pt+1%v/v+85  $2390 192 96 100 99 35

+Destiny HC+AMS Ib

DD+atratDestiny HC+AMS ~ 32floz+1pt+1%v/v+8.5lb  $3115 195 96 100 99 39

DD+RPM+atra+ Destiny 24432 fl 02+ 1pt+ 1%v/v + $2060 203 91 98 100 86

HC+AMS 851b

DD+Liberty280+atra+ Destiny ~ 24+22 fl oz+ 1pt+ 1%v/v + $37.30 198 96 100 100 41

HC+AMS 851b

Capreno+RPM+atra+Superb  3floz+320z+1pt40.5%+  $29.90 211 96 99 100 90

HC + AMS 851b

HalexGT +atraz +NIS+AMS  3.6pt+1pt+.25%+850b  $31.00 208 100 98 100 92

Armezon + atra +Status + IS 0.570z+1pt+30z+.25%+ $24.15 198 94 % 100 51

+AMS 851b

Armezon + atra +Status + 0.570z+1pt+30z+32 $2090 204 95 9% 100 9

RPM+ NIS + AMS +25% +8.51b

Armezon + atra + RPM + 057 0z+1pt+32 +1doz $45.65 200 98 97 9 9

Outlook + RPM+ NIS + AMS +.25% +8.5 b

15D 0.05 16 4 3 1 18

Weed management in conventionally tilled irrigated Corn,
Tribune KS, 2014 1410cornTR, Thompson and Schlegel.

App.  Prod./acre 2017 Cost/A Bu/a % control

Corvus+atrazine PRE 3o0z+1qt 22.70+4.50 114 85 81
Anthem ATZ PRE 2pt 28.5 106 84 90
Anthem ATZ/ PRE 2pt 2850/ 142 %0 85
Solstice+RPM+atra POST 3.15+32+1 pt 16.40+5.70+2.25

Harness Xtra/ PRE 32pt 26.18/ 131 91 83
Roundup Pmax POST 320z 5.70

Harness Xtra PRE 3.2pt/ 26.18/ 158 100 92
RPM+Iimact+Atra POST 32+1.00z+1pt 5.70+25.55+2.25

Harness Xtra PRE 3.2pt/ 26.18/ 160 100 %
Impact+At+Status POST 1.0+1pt+3 0z 25.55+2.25+12.57

Solstice+RPM+atra POST  3.15+32+160z 16.4045.70+2.25 99 78 7
Status+RPM POST  S50z+320z 20.95+5.70 84 48 59
Halex GT POST  36pt 28.70 103 60 91
Untreated/LSD 0.05 LSD 0.05 40/31 9 9

POST trts applied with 1.0% COC (Solstice) or MSO (Impact) + 17 Ib AMS/100 gal
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Weed management in corn, Ashland Bottoms,
Manhattan KS, 2015, 1506corn, Thompson and Peterson

[Treatment ___[Timing [Rate___| _Herbicide Cost | Yield |Palmer | Vele | Mogy |

Prod. / acre 2017 $/a Bu/a % control, June 22
SureStart Il + Atazine PRE 25pt+1qt 34.25+4.50 151 97 93 83
SureStartll+atrazine Prefb 2.5pt+1qt 34.25+4.50 163 100 98 89
Durango+AMS Post 1qt 4.95
SureStartll+atrazine+ EPost  2pt+1+1q+8.5 27.40+4.50+ 4.95 148 98 95 88
Durango
Resicore+atra Prefb 2.5qt+1qt 44.30+4.50 153 100 97 92
Durango+AMS Post 1qt+85lb
Resicore+atra Prefb 1.5qt+1qt 26.60+4.50 159 100 100 95
Restatra+Dur+AMS ~ Post  1.5+.5+1+8.5 26.60+2.25+4.95
Corvus+atra PREfb 3.30z+1qt 25+4.50 142 100 97 88
RPM-+atr+Diflexx+Adj Post 220z+1+80z 5.70+4.50+16.25
HalexGT+Atra+ Epost 3.6+1qt+ 28.70+4.50+ 16.25 165 99 95 91
Diflexx + NIStAMS 80z+.25+8.5 b
Untreated 0 0 114 = B B
LSD (0.05) 26 3 12 8

Pre’s = Apr 22, Epost = May 12 at V2, Post= June 6 at V7

Weed management in Liberty Link Corn, Manhattan kS, 2016
1606corn, Thompson and Peterson.

[Treatment _______[Time |Rate_____|Vield [Paimer_|vele __|mOGY _[suNF |
App.  Prod./acre Bu/a % control 6 wks after POST

Balance Flexx+Atra PRE  3floz+1pt 130 85 100 87 23

Balance Flexx+Atra PRE  3floz+1pt 164 95 100 93 100

Liberty 280+AMS POST 22floz+851b

Balance Flexx+Atra PRE  3floz+1pt 163 92 100 83 100

Liberty 280+AMS POST 29floz+851b

Balance Flexx+Atra PRE  3floz+1pt 154 97 100 95 100

Liberty 280+atra+AMS POST 220z +1pt+8.5

Balance Flexx+Atra PRE  3floz+1pt 150 % 100 9 100

Liberty 280+atratAMS  POST 29 0z+ 1pt+8.5

Balance Flexx+Atra PRE 3floz+1pt 150 100 100 93 100

Li iflexx+AM POST 5

Balance Flexx+Atra PRE 3floz+1pt 161 100 100 91 100

Li iflexx+AM POST 2 5

Balance Flexx+Atra PRE  3floz+1pt 163 100 100 86 100

Lib+atra+Laudi POST 5

Balance Flexx+Atra PRE  3floz+1pt 153 98 100 93 100

Lib+atra+Capreno+AM POST  220z+1pt+30z+8.5

Untreated/LSD 0.05 LSD 0.05 22/46 3 1 7 1

Balance Flexx+atrazine = $17, Liberty 280 at 22 fl 0z = $13.40, DiFlexx, Laudis, Capreno $/0z = 2.03,6.08, 7.32

Weed management in corn, Ashland Bottoms, Manhattan KS,
2015, 1506corn, Thompson and Peterson

[ Treatment ____[Timing [Rate___| _HerbCost _| Yield | paimer | _vele | Mogy |

Prod. / acre $/a Bu/a % control, June 22
Acuron Pre 25qt 46.50 161 100 97 88
Acuron+atrazine Pre  25+1qt 46504450 164 99 98 8
Acuron Prefb 1.25qtfb 23.25 173 100 99 97
HalexGT+NISYAMS ~ Post  3.6p+.25+2.5 28.70
Acuron prefb 125qt 2325 150 99 100 95
Acuron+NIS+AMS Post 1.25+.25+8.5 23.25
Acuron Prefb 1.25qt 23.25 164 100 100 89
Callisto GT+AMS Post  2pt+85lb 23.40
Degree Xtra PRE  3qts 37 155 100 40 85
Harness Xtra 5.6L prefb  3.2pt 37 151 100 97 92
Impact+At+MSO+AMS Post .7502+.5+.5+8.5 19.15+2.25
Untreated 114 - - -
15D (0.05) 26 3 12 8

Pre’s = Apr 22, Epost = May 12 at V2, Post= June 6 at V7

Kochiavore, Winfield Solutions

* 2,4-D LV 1.67 ae Ib, bromoxynil 1.67 Ib, &
Fluroxypyr 0.67 ae Ib/gallon

* Broadleaf weed control including kochia.

* Use 1 to 1.5 pints in corn Preplant, minimum of 7 days ahead of
planting, or post plant preemergence to notill planted corn, or
postemergence, v3 to v5. Postemergence to grain and forage
sorghum v4 to the pre-boot stage. Kochiavore will cause crop
injury. Can be applied up to 2.5 pints on fallow. Maximum is 3
pints/a for growing season.

« Do not feed or graze corn for 47 days following application or
harvest grain for 90 days of application. Do not harvest grain
within 70 days of application or allow meat or dairy animals to
consume fodder, forage, or graze for 45 days following application
to sorghum. Do not allow livestock to grazed fallow that has been
treated with Kochiavore.

Crop injury 4 weeks after post applications,
Tribune KS. Thompson, Schlegel, and Peterson.
1613cornTR.

25

., —

Kochiavore Kochia.+NIS+Inter. Kochiavore+AG 8050 Kochia.+AG 14039

= 1 pint 1.5 pint
$7.40 $11.15

Kochia control 4 weeks after post applications,
Tribune KS. Thompson, Schlegel, and Peterson.
1613cornTR.

98

9
94
2g | LSDT
5
<90
£ 88
8
586
84
82

80
Kochiavore Kochia.+NIS+Inter.  Kochiavore+AG ~ Kochia.+AG 14039
8050

B 1pint © 1.5 pint

$740 _$11.15
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Palmer amaranth control 4 weeks after post
applications, Tribune KS. Thompson, Schlegel, and
Peterson. 1613cornTR.

Kochia control in fallow 5 weeks after post applications,
Tribune KS. Thompson, Schlegel, and Peterson. 1515kocz TR.

90

LSD=7

Kochiavore  Kochia.+NIS+Inter. Kochiavore+AG Kochia.+AG 14039
8050

® ® 0 0 0
o N B & ©®

%Control, Palmer Amaranth

~
>3

~
a

m 1 pint 1.5 pint
$7.40 $11.15

% Control, Kochia
uuo o N N0
ouwuwououwuowun

1.5 pint 2.5 pint

Application was made to 2 to 6” kochia on May 6, 2016.

Kochia control with Dec 20t applied herbicide
treatments. Tribune, KS 2015-16. Thompson,
Schlegel, and Peterson. 1601kocz.

100
920
80
70
60
50
40
30
20
10

o]

% Control, Kochia

24-Mar 27-Apr 25-May 8-Jun
— —Scoparia+atra 20z+1lb — Corvus+atra 4+1lb Atrazine 1 Ib
Atra+Clarity .75+1pt — - Clarity 1 pt ---Sencor 80z
——Zidua+Clarity 2.5 oz+1pt

Kochia control with Feb 15t applied herbicide
treatments. Tribune KS 2016. Thompson, Schlegel,
and Peterson. 1601kocz.

100
90
80
70
60
50
40
30
20
10

]

% Control, Kochia

24-Mar 27-Apr 25-May 8-Jun
Scoparia+atra 20z+1lb  $16 Scoparia+atra+Banvel 2oz+1Ib+120z $25
— Corvus+atra 4+1lb $35 — —Corvus+atra+Banvel 4+1lb+120z $44
——Atrazine+Banvel 1 Ib+1pt $24.60 ——Sencor+Banvel 8oz+1pt $19

— . Clarity 1 pt $12.10

Inzen Z sorghum development

* ALS resistant sorghum lines were developed at KSU

« ALS resistant shattercane from SW Kansas was
crossed with grain sorghum lines
(Tuinstra and Al-Khatib)

* Several ALS resistant lines were distributed by K-
State to all sorghum breeding programs

¢ Currently Pioneer and Advanta have agreements
signed with DuPont (Owner of this new
technology) and will produce & market hybrid
Inzen Z sorghum

Zest WDG (DuPont) for Inzen sorghum

+ Nicosulfuron 75% WDG, 0.67 to 1.33 oz prod./a
+0.25t0 0.5% v/v NIS or 1% v/v COC
2 qt/a UAN or 2 Ib/a AMS

* Apply to sorghum 5 collar to flagleaf visible, 4
to 20 inch sorghum.

* Annual grass control varies with species and
size of the grass at application.

« Start with an effective PRE applied herbicides.
» Zest should be the second part of a two pass system.
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Maximum grass species height

WEEDS CONTROLLED IN INZEN™ GRAIN SORGHUM
Weeds controlled with 0.67ounces (0.032 pounds of nicosulfuron active ingredient) ZEST™ WDG herbicide.
Grasses Maximum Height or Diameter
Bumyurdgranst S
Broadleal signalgrass
Crabprass tlargel’
Foxtails (bristly. giants _greent. yellowt]
Tichgrass
Panicum (Texas, browniop)
fall
Rycgrass (Italian, perennial) 1
Sandour (Field. longspine)*
Wild onts
Wild priso millet
Witchyrine 5
+ Naturally occorming resistint biotypes ane Known 10 ooear. I weed escapes oocur. real with an berbicide having a mode of action ather
than Grou 2 andfor use os-chemical methods 1o remove cscapes. as practicable, with the goal of preventing further seed production.
* Refir to Specific Weed fnstructions Section of this Label

A R B B 8 1

Zest WDG Restrictions

 Can be tankmixed with 2,4-D LV, dicamba,
atrazine, Starane Ultra, and Ally XP, 1/20 oz.

* DO NOT USE COC when tankmixing
2,4-D or dicamba.

* DO NOT tankmix with Huskie herbicide as
significant grass antagonism may result.

* Rotation back to sorghum is 18 months
* NOT CONTINUOUS SORGHUM!

Zest WDG Rotation Restrictions

The following rotational intervals should be observed when using ZEST™ WDG at » maximum of 1 33 ounces:
ZEST™ WDG ROTATIONAL CROP GUIDELINE - 1

No soil pH restrictions

Rotational Crop Taterval in Monthy
Cam (Tiekd. seed) Anytime
Com (pop, sweet)* 10

Soybouns 0515 days)
Cercals, spring (barley, outs, rye, wheat) 8
Cereals, winter (harley, oaty, rye, wheat)
Cotion

Dry Beans, ¥
Alfalfa**
Red Clover**

Sorghum (ATl types including hybrids containing the INZEN™ trait)
Other Crops el
* Except the sweet com vaneties “Merit”, “Camival”, and “Sweet Success™, foe which the mir terval is 15 months,

 for the states east of the line
mum time interval is 10 months,

up Beans

kansas, and Louisiana, where th

IDELINE - 2

Rotational Interval in Months
Crop pH 7S pH> 75
Sunflowers IS 18
Al other crops not listed in Rotational Guidelines 1 or 2 See Rotational Guideline 3
* Eoxcept in Texas and Oklahoma east of Highway 281, where the rotational interval is 10 months, regandless of pH
**Precipitation following application must exceed 14" prior to planting sunflowers

I s_Metolachlor+Atrazine (PRE)
120 o =S trazine/Ni
b, 1 Nicosulfuron (POST)
2 a a a
= 100 b a
o
) al
O &0
o
L b
&0 de
Cc
40 c
20 |_|
" large stinkgrass large yellow green
crabgrass crabgrass foxtail foxtail
Manhattan, Ks Hutchinson, Ks Hays, Ks
Annual grass control with 3 herbicide prog at3 i etal 2015.

Yield potential of test cross hybrids resistant to ALS inhibitor
herbicides as compared to commercial checks, 2015. Tesfaye
Tesso and his group, Agronomy Department, K-State.

Yield as % of the top
_ ChECk

PR14/15-119 x PR14/15-199 101

122 %
134 103
128 %
134 103

11 100
122 %
126 o7
19 2l
Pi 130 -
129 -

Curtis Robert Thompson
Extension Weed Specialist
K-State Agronomy, @KStateAgron
Cell (785) 532-3444 Office (785) 477-4639
http://www.ksre.ksu.edu/bookstore/pubs/SRP1132.pdf

P ! £ GElEE Ry
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Platinum Sponsors

YieldPoint &%

S g
..&3{--)4,- Y B
- A

Cnter Pivot Emitter Failure Disease Outbreak

subscription

aerial imagery RO
yields significant

For more information about
use-cases, contact your local
YieldPoint specialist.
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Platinum Sponsors

DECATUR COOPERATIVE ASSOCIATION

Oberlin » Kanona ¢ Jennings * Danbury * Herndon «
Ludell « Lenora « Norcatur « Edmond

SOYBEAN 4 LOCAL MANAGEMENT
SEED KNOWLEDGE INSIGHTS
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Platinum Sponsors

We've Got You Covered...From Start To Finish
We're Your No-Till Farming Headquarters!

Colby Ag Center, L.C.
785-462-6132

www.colbvag.com

Hoxie Implement Co., Inc.
785-675-3201
www.hoxieimplement.com

Oakley Ag Center, LL.C
785-671-3264
www.oaklevag.com

SPRAYERS.......Self-Propelled and Pull-Type
e (Case IH Patriot 2240, 3340 & 4440 Self-Propelled with
Exclusive AlM Command Pro System

Case IH Tractors.....Get The Job Done!!

s Farmall 90 HP-120 HP
e Puma’s 125 HP-205 HP
e NMagnums's 180 HP-380 HP
e Steiger 4D 370 HP-620 HP

No-Till Planters & Drills

for uniform stands & the best yields
Case IH—Kinze—Sunflower
Great Plains—Crustbuster

In No-Till Fields

Precision Fertilizer Placement

DMI - Orthman - Yetter - Ag Synergy

And The Most Important Step...
Harvest every bushel with a Case IH Axial Flow
Combine and leave your field ready for next year with a
Shelbourne Stripper Header

Financing Avallable on All Equipment-Attractive Rafes and Options!

“Doing What It Takes”

g Diesel Inc, -

KANSAS AG"EQUIPMENT LEADER

Certified Service Team - Extensive Parts Inventories

Full-Service Equipment Dealership Serving You
With 12 Locations Across Kansas

Trained Parts Professionals - Dedicated Sales Team -
- Product Specialists

Hays Ellinwood Hillsboro
785.735.2651 620.564.2255 620.947.3182
Smith Center Sabetha Topeka
785.282.6861 785.284.3401 785.267.8137
Colby Salina Chanute
785.462.2412 785.825.8177 620.431.6700
- »
www.langeli
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Garden City
620.260.9379

Dodge City
620.371.6906

Hutchinson
620.665.6565

MASSEY FERGUSON
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Platinum Sponsors

v Sunflower

WASSOCIATION

withthe High Plains Sunflower Committee

Enhancing sunflower production through education, research
and promotion

Please take a moment and assess the financial advantages

sunflowers can provide your farming operation this next

growing summer. Whether it be oils or confections, out-
standing opportunities are available for sunflowers this next
year. To view the latest information on yield trials, revenue

assurance, market prices, elevators taking sunflowers,
chemical options, and other important topics, please view
the National Sunflower association web site:
http://www.sunflowersnsa.com/

Variable Rate Prescriptions for Seeding & Fertilizer
Data Management - Grid Sampling

Full Service Raven & Precision Planting Dealer
Licensed & Insured

Precision

Simply improving your position.*

SV Ay ey
PLANTING

785-627-3100

510 Main St - Morland KS
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Platinum Sponsors

McCook, NE Oberlin, KS

Expanded
Visit with us about putting Mobile

youryield data to work! Service

Ask our Precision Ag Services
team about RTK, Field Connect
Soil Moisture Probes,

Stock up NOW on
John Deere Qil & Filters:

= E — o 15% Off Filters in JAN
== . 12%Off Filters in FEB
E B M « 10% Off Packaged Oil
= . =2 Sales end FEB 28, 2017

Wireless Data Transfer & more!

Visit: www.plainsequipmentgroup.com

Lﬂ%U’JSHﬂF‘T

Variable Rate Technology

Surefirs
7g5ysten;?

Ned X

SureFire Ag Systems is your source

- i
uickDraw
for precision applicaiton solutfions.

From standard liquid application

solutions for planters, drills, strip-till
machines to our wide range variable e
rate technology solution, LiquiShift.

Speak to one of our experts to Precision Anhydrous Ammonia Application

configure the system for your needs.
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Products

KILLING WEEDS BETTER

Of special interest to Farmers - ABSORB 100 is a soyhean oil
based adjuvant and was sprayed on more than 1 million acres last vear.
This MS0 heats up vour herbicide or pesticide to make it more potent.

Rounding out our product line to assist fellow farmers with problems
such as wind drift and glxﬁhosate tie-up are: Padl®ck a polymer
drift control, Padi®ck* which provides drift control along with
water condmoner surfactant and AMS, and our newest product
©Extend This product encapsulates vour chemical and lengthens
the window for incorporation, provides drift control, and leaves a
residual benefit,

4

Talk to your local chemical dealer
or call us to visit with a sales rep.

888-679-5103

wiww.egebio.com
PO Box 538 Minneola, KS 67865

old Sponsors

| A T
GREENCOVER

COVER CROPS SEED FORAGES

Our MissioN is to help farmers and WE STRIVE to honor and
ranchers protect, improve, and restore _ glorify God through our

our God-given soil resource through business ethics and practices, and
education, guidance, and fairly priced to follow the example of Jesus

cover crop seed for developing healthy soils,
growing healthy food, and
producing healthy people.

Christ in treating all of our custom-
ers and employees with honesty,
fairness, respect and humility.

Keith and Brian Berns « Bladen, NE « 402-469-6784
www.greencoverseed.com « keith@greencoverseed.com
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old Sponsors

O.

WIWIW:SHEIoUIne.com

CASEH

gmm fmm ,tﬁe plan\ leavmg the straw standmg —E
» § sided Stainless Steel fingered stripping rotor e Better soil moisture conservation
* Variable speed belt drive * More evenly distributed residue for No-Till

* Better No-Till soil/seed contact * An easier/faster harvest
* Available in sizes from 16’ to 42’ » Save fuel and combine wear and tear

SIMPSON

FARM ENTERPRISES, INC.

Ransom, KS Hays, KS Great Bend, KS Beloit, KS
1.800.235.5359 1.888.228.3611 1.866.379.1426 1.888.232.8558
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Gold Sponsors

¥MS

FERTILIZER & CHEMICAL

1006 Industrial Park Ave
Osborne, KS 67473

(785) 346-5681

www.simsfarm.com

Breakfast Sponsor

McCook National Bank

(800) 595-9286—www.mnbl.com
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Ag Valley Coop
Chris O’Hare

cohere@agvalley.com
308-927-3681

American Agriculture Laboratory

Christine Grooms
christine@amaglab.com
308-345-3670

Bayer
Ty Gerlits
ty.gerlits@bayer.com
620-617-3187

Chippertfield Ag Erectors
Calvin Chipperfield

cchipper@gmail.com
308-344-9700

DuPont Crop Protection
Justin Herman

justin.c.herman@dupont.com
970-571-4111

Farm Implement & Supply
Chadd Copeland
chaddc@ruraltel.net
785-434-4824

Golden Acres Genetics
Rusty Klitzke

rklitzke(@goldenacres.com
785-731-6847

Heartland Genetics
Justin Comer

comerseedsolutions@yahoo.com
785-443-3336

Kansas Corn Commission
Erin Rios

erios@ksgrains.com
785-448-6922

Silver Sponsors

Alta Seeds

James Puent
james.puent@advantaseeds.com
806-346-7568

Axis Seed/Select Seeds

Rod Spencer
selectseeds@gpcom.net
308-340-8720

Channel

Matthew Stevenson
matthew.stevenson@channel.com
785-202-0145

Decatur County Beef
Spring Louderback

spring@feedcattle.com
785-475-2212

Exapta Solutions
Leah Lanie

sales@exapta.com
785-820-8000

Frontier Ag Inc
Rachel Gilliland

rgilliand@frontieraginc.com
785-672-3300

Heartland Ag
Tyson Shelley
tysons@heartlandag.com
620-617-3187

JD Skiles Company
Frank Miller
frank@jdskiles.com
785-626-9338

Kansas Grain Sorghum Commission

Jill Barnhardt
jill@ksgrainsorghum.org
785-477-9474

Cover Your Acres Winter Conference. 2017. Vol. 14. Oberlin, KS. 70



Kansas Soybean Commission
Dennis Hupe

hupe@kansassoybeans.org
785-271-1040

Northern Sun/ADM

Jessica Swan
jessica.swan@adm.com
785-899-6500

Producers Hybrids
Marty Shafer

martin.shafer@producershybrids.com
308-655-0853

Rob-See-Co
Steve Pike
spike(@robseeco.com

Sharp Bros Seed Company
Jeff Allen

jeff.allen@sharpseed.com
800-462-8483

Tweed Agency LLC
Ben Hoeting
bhoeting@st-tel.net
785-462-7366
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Silver Sponsors

Mycogen Seeds
Bruce Keiser

bakeiser@dow.com
785-443-1301

NuTech Seed
Troy Westadt
troy.westadt@nutechseed.com
308-340-9768

Red Willow Chemical
Mark Vlasin & Tom Ott
tfott@yahoo.com
308-345-3635

Schaffert Manufacturing
David Sohl
308-364-2607

Star Seed
Devon Walter

devon@gostarseed.com
800-782-7311

Ward Laboratories Inc
Chelsie Michalewicz

chelsie@wardlab.com
308-234-2418
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Conference Notes
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Conference Notes

Websites

Weather:
National Weather Service-Goodland www.crh.noaa.gov/gld
CoCoRahs www.cocorahs.org
Drought Monitor www.droughtmonitor.unl.edu
K-State:
Cover Your Acres Conference www.northwest.ksu.edu/coveryouracres
K-State Research and Extension www.ksre ksu.edu
K-State Department of Agronomy www.agronomy.ksu.edu
K-State Ag Economics Extension www.agmanager.info
K-State Department of Entomology www.entomology.ksu.edu
K-State Department of Plant Pathology www.plantpath.ksu.edu
K-State Department of Bio and Ag Engineering www.bae.ksu.edu
K-State Mobile Irrigation Lab www.mobileirrigationlab.com
K-State Western Kansas Ag Research Centers www.wkarc.org
Herbicide Labels:
Greenbook www.greenbook.net
CDMS www.cdms.net
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The plan for the day...

Room 1 Room?2 Room 3 Room 4
745 815 Registration
815 8:20 Welcome
930 920 Profitability in NWKS Current State of Weed Forage Sorghum and Sunflower Update
' ' Operations' (M. Wood) Resistance'” (P. Stahlman) ~ Cover Crops ' (J. Holman) (Natl. Sunflower Assoc,) (I)
Marketing Grain and Managine Bin Stored Grain' Learning from Long-Term Rootworm Beetle and Sug-
9:30 10:20 Storage Economics' & g(K Moore) Tillage/Rotation Studies' arcane Aphid Management
(D. O’B}’iﬁn) ' (A. Schlegd e L. Haag) (Dupont Pioneer) (I)
10:20 10:50 View Exhibits
Weed Management Soil ]'3101‘0gy: Who and What Building Strong Business Plant Nutrition
10:50 11:40 , is Living In Our Soil Dynamics in Tough
Strategies"” (C. Thompson) & 1 v 5 (CPS) (1)
' (P. Tomlinson) Times' (C. Griffin)

1I:50  12:40

Economics of Soil Fertility' ~ Forage Sorghum Cover

(D. Ruiz-Diag) Crops' (J. Holman)
Lunch
1250 140 Current State of Weed =~ Marketing Grain and Stor-
' ' Resistance'” (P.Stahlman) ~ age Economics' (D. O'Brien)
Learning from Long-Term . . . .
. . 1 Weed Management Economics of Soil High Resolution Imagery
1:50 2:40 Tillage/Rotation Studies Strategies”? (C. Th ) Fertility! (D. Ruiz Diag) CHS) (1
(A Schlegel ¢ L. Haag) rategies ™~ (C. Thompson ertility’ (D. Ruiz-Di (CHS) ()
240 310 View Exhibits

Producer Discussion Panel

Building Strong Business ~ Soil Biology: Who and Improve Your Bottom Line

310  4:00 ) Dynamics in Tough Times' Whatis Living in Our , "
On-Farm Grain Storage (C. Griffin) Soil (P. Tomlinson)" (Sims Fertilizer) (1)
Managing Bin Stored Profitability n NlWKS ARadical New ,Vmonf T The Importance of Adju-
#105:00 Grain' (K. Moore) Operations Dryland Agriculture vants (EGE Products) (1)
' (M. Wood) (Green Cover Seed) (1)

(I) indicate industry sessions.

This conference is organized by a committee of
producers and K-State Research & Extension person-

"ndicate Certified Crop Advisor CEUs applied for.  nel. Lucas Haag, K-State Northwest Area Agronomist

*Indicate Commercial Applicator CEUs applied for.

Find us on:

facebook.

is the conference coordinator and proceedings editor.
Please send your feedback to lhaag@ksu.edu

www.facebook.com/NWKSAgronomy HCYA17

www.northwest.ksu.edu/CoverYourAcres
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