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The Climate & Corn CAP (Coordinated Agricultural Project) 
began in 2011 thanks to a grant from the U.S. Department of 
Agriculture National Institute of Food and Agriculture, which 
was seeking to invest in sound science that helps producers 
adapt or transform their corn-based cropping systems to be 
more resilient and sustainable under changing weather patterns 
and more frequent and extreme weather events.

Field Trials, Analysis and Modeling
Project scientists are collecting and analyzing data from 35 
sites in eight states in the Corn Belt, using standardized 
protocols and a centralized database. They also are measuring 
crop production, pests and carbon (C), nitrogen (N) and water 
footprints as they examine the effects of various crop 
management practices. They are using models to evaluate the 
impacts of the practices on C, N and water footprints for different 
climate and economic scenarios. The practices include no-till, 
extended and diverse crop rotation, drainage water 
management, cover crops and canopy N-sensors. Team 
members aim to develop a suite of practices for corn-based 
cropping systems that: 

> Retain and enhance soil organic matter and nutrient  
and carbon stocks

>	 Reduce	off-field	nitrogen	losses	that	contribute	to	 
greenhouse gas emissions and water pollution

>	 Better	withstand	droughts	and	floods

> Ensure productivity under different climate conditions

Social and Economic Research
The effectiveness of any adaption or mitigation action in Corn 
Belt agriculture depends on the degree to which the region’s 
farmers are willing and able to act. Project social scientists 
are conducting social science research to assess farmers’ 
understanding of climate change impacts and attitudes toward 
adaption and mitigative practices and strategies.

Extension and Education
Through our extension team, who work at land-grant 
universities, we work with farmers to connect our science 
to their on-farm decisions and to learn from each other. And 
through the education aspect of the project, we involve graduate 
students	and	train	teachers	to	ensure	learning	and	scientific	
investigation of climate change impacts on Corn Belt agriculture 
continues.

Institutions
Field Research  
(may represent more  
than one research site)

The Climate & Corn CAP at a Glance...

CLIMATE & CORN CAP TEAM
> 46 principal investigators (PIs)
> 11 project partner PIs
> 58 research or technical staff
> 23 extension educators 
> 19 postdoctoral associates
> 86 graduate students
> 22 advisory board members

> University of Illinois
> Iowa State University
> Lincoln University
> Michigan State University
> University of Minnesota
> University of Missouri
> The Ohio State University

> Purdue University
> South Dakota State University
> University of Wisconsin
> USDA Agricultural Research 

Service, Columbus, Ohio

Team members are associated with the following institutions:

Management Practices
Corn-Soybean Rotation, Cereal Rye Cover Crop, Extended 
Crop Rotations, Organic Cropping System, Drainage Water 
Management, Nitrogen Fertilizer Management, Tillage 
Management, Landscape Position

(Numbers are cumulative)
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Addressing the complexities of climate 
and cropping system resilience requires 
Climate & Corn CAP* next generation 

scientists to work hard to excel as scientists 
within their own discipline, as well as learn how 
to work collaboratively with scientists in other 
disciplines. 

Each individual is housed within a land-grant 
University and must meet their institutional 
requirements as well as contribute to project 
goals. They progress in their comprehension 
and ability to participate in transdisciplinary 
work as they participate in the opportunities 
offered through the project, such as field and lab 
research, team meetings, science webinars, and 
sharing what they’ve learned with fellow team 
members through field demonstrations and 
poster presentations.

To-date, 133 undergraduate students, 86 graduate students (29% minority and 49% women) and 19 
postdoctoral associates (74% minority and 10% women) have been involved with the Sustainable 
Corn team. This equates to a total of 3833 months of experience for this cohort. Our team’s current 
contingent includes 40 graduate students and 6 postdoctoral next generation scientists. Next 
generation scientists have been highly engaged in the science of the team and extending that out by 
coauthoring journal articles. To-date, 69 journal articles have been coauthored by next generations 
which is an important success metric and will help them move into science based careers.

*USDA-NIFA Climate and Corn-based Cropping Systems Coordinated Agricultural  Project

1-10 Corn Field by Davis Staedtler CC 2.0

Next generation scientists
rising
to the

 challenge
 of climate change 

August 2015
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Selected
Research
Summaries
Thirty-three of the project’s 
next generation scientists 
explain the research they 
conducted while participating 
in the Climate & Corn CAP...
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My research
The objective of my research was to assess the effect of four years of tillage/no-till, rotation and 
cover cropping on the yield of soybean.

Why I’m doing the research
Worldwide, soybean is an important and inexpensive source of protein for humans and livestock. 
The U.S. accounts for 35 percent of global soybean production, of which more than 85 percent 
is produced in the north central region known as the Corn Belt. But soybean, like all row crops, 
has environmental impacts. There are also concerns that a changing climate may reduce soybean 
yields and worsen its environmental impacts. Conservation tillage, cover cropping and crop 
rotation have been proposed as effective climate adaption strategies for soybean, as well as a way 
to reduce its environmental impacts. They also improve soil quality by increasing soil carbon, soil 
aggregation, and soil water infiltration, and thus show promise to reduce year-to-year variability 
in yield. My research seeks to show how these practices affect yield and, thus, provide farmers 
information for making decisions on their farm.

How my research is conducted
The study was conducted in a 10-acre field plot at Lincoln University’s Freeman farm. Twenty four 
plots of soybean plants were laid out in a randomized complete block design with 8 practices and 
3 replications. Practices were: conventional tillage and no tillage; cover crop and no cover crop; 
and continuous soybean and soybean/corn rotation. I compared yields of each plot annually, from 
2011 – 2014.

Notable findings
In the first three years of research, soil management practices did not significantly affect corn and 
soybean yields.

By the fourth year, soybean yield significantly benefited by the interaction of no-till and 
continuous soybean

Since crop management systems take longer time to stabilize soil physical and chemical 
characteristics, more research should be done over a longer period of time to understand the long-
term effects of these practices.

Shanta Acharya, Lincoln University - Missouri
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My research
I am exploring whether winter rye cover crops, which keep soil covered in the winter and early 
spring when corn and soybeans are not growing, can be managed in a way that their weather-
buffering benefits outweigh their costs. In addition, I want to know if winter rye cover crops can 
be used to reduce nitrous oxide—a powerful greenhouse gas—in corn-soybean cropping systems. 

Why I’m doing the research
Climate projections for the Midwest tell us we should expect more heat extremes, heavy 
downpours, flooding and droughts in the future. Winter cover crops have the potential to improve 
soil health and make corn-soybean systems more sustainable and resilient in response to the 
effects of climate change. But adding cover crops to a corn-soybean system is expensive and can 
include costs for seeds, pest management, equipment rental and adjustments, herbicides for 
terminating the crop in the spring, and potential yield loss in the cash crops. Findings from my 
research can help farmers compare some of the short- and long-term costs and benefits of adding 
cover crops to their specific cropping system.

How my research is conducted
I am using computer models to explore, over time and given expected climate trends, the impacts 
of winter cover crops on soil health, soil erosion, soil water dynamics, crop yields and nitrous 
oxide emissions, in a corn-soybean cropping system. I am also utilizing data that has been 
collected for fifteen years on cover crop/no cover crop comparison plots to test the accuracy of our 
computer simulation model.

Notable findings
Under anticipated changes in climate, use of a winter rye cover crop: 
• decreased soil erosion by 11 to 29 percent
• reduced soil carbon decline
• did not significantly reduce cash crop yields

Winter cover crops have the potential to store water for use throughout the cash-crop growing 
season, as demonstrated by higher soil water levels found deeper in the soil profile in plots that 
had included a winter rye cover.

A meta-analysis of twenty-six cover crop studies found that cover crops may increase nitrous 
oxide emissions directly measured from the soil surface, but when measured over longer periods 
of time the increase is minimal.

Andrea Basche, Iowa State University
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My research
I want to determine if different topographies in crop fields - summit, slope, and depressions - and 
the presence of cover crop influence soil carbon. I hope to find that we can increase soil carbon in 
corn-soybean cropping systems. 

Why I’m doing the research
Carbon is the building block of life. In soil, it makes crops and gardens grow and thrive. When 
soil has sufficient carbon, plants grow larger and more vigorously, are better able to resist pests 
and disease, and tolerate drought better—soaking up water and releasing it when needed. Carbon 
is most commonly accumulated in soil through plants, as they decompose. In addition, carbon 
moves from the atmosphere to plants and from plants to the atmosphere in the form of carbon 
dioxide (CO2), which is a greenhouse gas. By measuring and assessing inputs and outputs of 
carbon in a corn and soybean cropping system, we can understand how much carbon the soil is 
able to store and then take action to increase the amount of soil carbon. 

How my research is conducted
I am collecting and recording data from two field sites in Michigan, where I am collecting soil 
samples, to measure carbon, and taking CO2 emissions measurements from the soil at various 
times during the year and at three topographical positions: summit, slope and depression. 
Additionally, I am using data collected over the past five years to compare soil carbon values at our 
field sites.

Notable findings
Soil carbon data from 2013 suggests nutrient poor, sandy soil has the potential to store more 
carbon, in the presence of a cover crop.

The input of carbon as cover crop biomass is dependent on weather conditions in early spring 
which affect cover crop growth. In 2014 for example, cover crop was stunted because of excessive 
rain and subsequent flooding of the research field.

At one site in Michigan, cover crops increase CO2 emissions on summit positions.

Jordan Beehler, Michigan State University
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My research
My research involved evaluating programs developed by the Corn CAP’s Education and Outreach 
Team. Programs included a webinar series, climate camp workshops, and a graduate level course 
at The Ohio State University’s Stone Laboratory. The audiences for these programs included team 
members, in-service science and agriculture teachers, and graduate students. Programs were 
evaluated for effectiveness in raising awareness and increasing understanding of key agricultural 
and environmental issues.

Why I’m doing the research
Evaluating educational programs provides insights into what aspects of the programs worked 
well and what aspects need to be further developed or discarded. This allows for continual 
improvement and modification of educational programs to fit the needs of participants as well as 
the ability to stay attuned to ever-changing issues and methods. There is a need for professional 
development and continuing education for teachers and students working in the field. As such, 
it is important to ensure these educational opportunities are having the intended outcomes. 
Conducting evaluations of these programs provides the feedback needed to continue to improve 
participant experience and program objectives. 

How my research is conducted
I developed evaluations to match the content and activities for each program. Participants were 
asked to fill out evaluation forms upon completion of the webinar series, climate camps, and Stone 
Laboratory course. I then analyzed the results to measure knowledge gained, satisfaction with the 
program, ways in which the information would be used after the completion of the program as 
well as activities that were particularly useful to the participants. 

Notable findings
Overall, participants found the programs to be an engaging and worthwhile learning experience.

The webinar series was an effective method for communicating ideas and information, and could 
be adapted to address other topics or issues to diverse audiences.

87 percent of teachers who participated in the summer climate programs intend to share what they 
learned with their colleagues, while 93 percent intend to incorporate what they learned into their 
classroom and/or other educational settings.

Evaluation data from the climate programs and graduate course at Stone Lab show an increase in 
participant knowledge in areas of climate change, agriculture, soil, water resources and wildlife.

Kimberly Chapman, The Ohio State University
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My research
Through field studies and computer modeling I am quantifying effects of two agricultural best 
management practices (BMPs) on agricultural systems in Iowa, including 1) the use of a cereal 
rye winter cover crop and its related effects on soil temperature and moisture, and 2) impacts that 
drainage water management techniques, such as shallow drainage and controlled drainage, will 
have with future climate conditions.

Why I’m doing the research
In Iowa, subsurface drainage systems—a kind of underground plumbing—are important for 
crop production on poorly-drained agricultural lands in Iowa, however, they also send nitrate 
to downstream surface waters, ultimately making it to the Gulf of Mexico and contributing to 
a condition called “hypoxia,” a depletion of dissolved oxygen needed to support aquatic life. In 
controlled and shallow drainage systems, it has been found that the amount of water and nitrate 
leaving a field can be better controlled and sometimes reduced, however more needs to be known 
about how these systems will work with changing climate conditions.

Additionally, the use of a cereal rye cover crop is an effective tool for reducing the left-over soil 
nitrate in fields and eliminating some soil erosion, however less is known about the how a cover 
crop will alter soil temperature and moisture content. 

How my research is conducted
At a cover crop field study in Central Iowa, I am measuring the effects of cover crops on soil 
moisture and temperature within a corn-soybean system. At a drainage field study in Southeast 
Iowa, measurements of drainage volume and nitrate loss have been taken from corn-soybean 
systems with subsurface drainage. I am applying a systems model, The Root Zone Water Quality 
Model (RZWQM), to simulate the impacts of drainage that have been measured in these field 
studies. With successful simulations, the model will ultimately be run using climate projections to 
draw conclusions of the future impact of drainage on the sustainability of agricultural systems. 

Notable findings
There is strong evidence that RZWQM is capable of simulating conventional, shallow, and 
controlled drainage with various climates and agronomic systems. Additional model testing is 
being done to minimize simulation error with field-collected data and apply model parameters to 
future climate predictions.

Cover crops generally reduce the daily fluctuation of soil temperature and increase the soil water 
storage within the top 30 centimeters of soil in Central Iowa, however statistical analysis is still 
being completed.

Kristina Craft, Iowa State University
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My research
I am new to the Corn CAP and to The Ohio State University. My research interests revolve around 
sustainable agriculture, climate change, and food systems around the world. I will be assisting 
with the evaluation of educational activities of the Corn CAP. In addition, I will be summarizing 
overall project findings for dissemination to researchers, Extension and outreach specialists and 
educational planners.

Why I’m doing the research
An important aspect of the Corn CAP is preparing graduate students—the next generation of 
scientists—as transdisciplinary researchers and scholars. Project leaders and graduate students 
developed a “roadmap” that would guide and document graduate student activities such as 
participation in professional meetings and webinars, professional presentations, and publications. 
Conducting evaluations of these programs provides the feedback needed to continue to improve 
graduate students’ experiences and learning opportunities.  

It is important to publicize findings to wider audiences who can benefit from the lessons learned 
and develop similar educational activities in other regions of the country.  

How my research is conducted
I am currently reviewing evaluation materials and working in collaboration with project faculty, 
staff, and graduate students to develop several journal articles on key findings. Additionally, I am 
preparing a survey, to be completed by past and present students and postdoctoral associates, in 
order to learn more about their experiences, accomplishments and ways that their involvement 
with the project has contributed to their professional development.  

Notable findings
Webinars and the graduate level course held at The Ohio State University Stone Laboratory have 
been beneficial for participants and have raised awareness and understanding of key issues related 
to climate and agriculture.  To date, 132 undergraduate students, 85 graduate students, and 20 
postdoctoral associates have been involved with the Corn CAP. Sixty-six journal articles have been 
published by graduate students and postdoctoral associates as lead or co-authors. 

Laura Di Giulio, The Ohio State University
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My research
I measured how two crop management strategies, the addition of a rye-cover crop and the use of 
extended rotations, interact with key pest and beneficial arthropod populations.

Why I’m doing the research
Pest management is an important component of corn-based cropping systems, as pests, 
including insects, have the potential to significantly reduce crop yields.  Increasing diversity 
within agroecosystems, such as the addition of a cover crop or the addition of another crop to 
a rotation scheme, is theorized to reduce pest pressure. Diverse agroecosystems compliment 
Integrative Pest Management (IPM), which combines multiple management strategies, including 
chemical pesticides and crop rotations, with knowledge of pest ecology to manage pest pressure 
in an economically and environmentally viable way. Therefore, increased diversity within both 
agroecosystems and IPM strategies should help maintain the efficacy of pest management tools 
against the evolution of pest resistance (Insect Resistance Management).   

How my research is conducted
To test how the addition of a rye-cover crop and extended rotations affected beneficial arthropod 
abundance and diversity, I sampled arthropod communities on university research farms in four 
Midwest states. To test how a rye-cover crop and extended rotations affect key pest species, I 
measured pest populations on commercial fields throughout Iowa.   

Notable findings
• Predatory arthropods were captured in significantly greater densities in research plots that 

included a rye-cover crop, which supports the theory that increasing crop diversity can 
support greater abundance of natural enemies

• Crop rotations increased weed-seed predator densities
• True armyworm abundance and corresponding corn injury were both significantly greater in 

cornfields planted into a rye-cover crop compared to cornfields without a cover crop
• Fields with a history of crop rotation were at less risk from western corn rootworm injury 

compared to fields planted in continuous corn

Mike Dunbar, Iowa State University
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My research
I am investigating the contribution of winter rye cover crops, in no-till corn-soybean rotations, to 
enhance physical and chemical properties of soil. Additionally, I am integrating some of the soil 
property enhancements from cover crops into a soil quality index, which is under development 
and which is aimed at quantifying the capacity of different soils to grow crops.

Why I’m doing the research
Cover crops—crops grown to provide ground cover during the time when cash crops are not 
growing—have been shown to provide several cropping system benefits, including reduced soil 
erosion. However, cover crops increase costs for labor, seeding in the fall and terminating in the 
spring, but do not directly increase cash crop yields. These costs, with no direct and immediate 
benefit to yield make it difficult for farmers to adopt the practice of cover cropping. Current 
estimates suggest that cover crops are being included on only 8-14 percent of corn-soybean acres 
in the U.S. Corn Belt. My research will show that though cover crops may not directly improve 
grain yields they can be used to enhance soil properties and overall soil quality, and thus provide 
long-term benefits that help to build resiliency into corn-soybean systems in the U.S. Corn Belt.

How my research was conducted
I used a regional database, created by our Corn CAP team members, to look for differences in soil 
physical and chemical properties attributable to the inclusion of winter rye cover crops in no-till 
corn-soybean systems. Sites in Michigan, Indiana, and Iowa were selected based on differences in 
both local climate (temperature and precipitation) and soil types. Measured soil properties were 
then integrated, using an assessment framework, into a unit less score representing overall soil 
quality.     

Notable findings
Long-term inclusion of winter rye cover crops in a corn-soybean rotation combined with no-till 
management can increase soil organic carbon (SOC) concentrations of sandy loam soils.

Enhancement of soil physical and chemical properties through the inclusion winter rye cover 
crops, particularly the SOC pool, can lead to quantifiable increases in overall soil quality.

Corn and soybean grain yields were unaffected by the inclusion of winter rye cover crop 
throughout the 4-year duration of this study. 

Christopher Eidson, The Ohio State University
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My research
My research explores the effects of cover crops (crops grown to provide ground cover during the 
time when cash crops are not growing) on cash crop yields and soil properties such as soil stability 
and nitrogen cycling over a four-year period, in a corn-soybean rotation.

Why I’m doing the research
As greater weather variability occurs in the Midwest, such as increased temperatures and 
precipitation events, cover crops have the potential to improve soil health and make corn-soybean 
systems more sustainable and resilient in response. 

How my research is conducted
From years 2011 through 2014, corn and soybeans were grown in rotation, with cover crop 
treatments (rye vs. no rye). I measured and studied the growth of a cereal rye cover crop, rye 
nitrogen uptake and release, soil aggregate stability, soil organic carbon and total nitrogen, soil 
fertility, cash crop growth and yields, and corn grain and stover nitrogen concentrations. 

Notable findings
When rye was grown longer in the spring before soybean planting, greater growth and nitrogen 
uptake was achieved. Greater growth can lead to increased soil organic matter, which, as it breaks 
down, creates fertile soil.

Lower soil nitrogen concentrations were found when cereal rye was actively growing as compared 
to the no cover crop. This indicates less potential for nitrogen loss from the soil when cereal rye is 
actively growing.

Cash crop growth and yields were generally unaffected by cover crop treatment during this four-
year study, indicating that a rye cover crop is not detrimental to cash crop yields. This occurred 
both with the drought conditions in 2011 and 2012, and the less variable weather patterns in 2013 
and 2014. We hypothesize that with additional years of cover crop growth, cash crop yields may 
increase as compared to the no cover crop control.

Trevor Frank, Purdue University
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My research
My research is exploring how Midwestern corn/soybean farmers’ abstract faith in human 
ingenuity influences their use and support of farming practices that can ensure long-term 
sustainability of their farm.    

Why I’m doing the research
In an increasingly globalizing society, people are ever more reliant on abstract or expert systems 
for managing risks. This is especially relevant with regards to large-scale hazards from which 
people cannot easily withdraw, e.g. nuclear warfare or where people have to make decisions under 
conditions of uncertainty, such as climate change.

People’s trust in expert systems has been characterized as an abstract faith in human ingenuity. 
Within this paradigm, people believe that continual improvements in science and technology will 
ultimately provide remedies to many current and future hazards.

This research can help extension educators to develop outreach programs that are sensitive to 
farmers’ views about the ability of science and technology to solve climate change-related issues. 
Such programs can provide Corn Belt farmers’ with a balanced view about the limitations and 
possibilities of science and technology for solving climate change-related issues.  

How my research is conducted
I am applying a statistical model to a survey of ~5000 corn/soybean farmers across 11 Midwestern 
states. My survey respondents (farmers) are from a geographical region that is responsible for 
more than one-third of the global corn supply and represent nearly 65 percent of all corn acres 
and 55 percent of soybean acres in the U.S.

Notable findings
Higher faith in human ingenuity is associated with higher levels of self-confidence in technical 
capacity to adapt.

Higher self-confidence in technical capacity to adapt is associated with lower levels of climate-
related risk perception.

Higher faith in human ingenuity is related to lower levels of support for climate change adaptation.

Maaz Gardezi, Iowa State University
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My research
My research investigates the benefits and impacts of a winter rye cover crop on energy 
consumption, soil loss, greenhouse gas emissions, nitrate leaching and crop productivity. 

Why I’m doing the research
When measured by economic value, total acres, and tons harvested, corn is the most important 
crop produced in the United States. But corn, like all row crops, has environmental impacts. There 
are also concerns that a changing climate may reduce corn yield and worsen its environmental 
impacts. Planting winter cover crops has been proposed as an effective climate adaptation strategy 
for corn, as well as a way to reduce its environmental impacts. Assessing the lifecycle costs and 
benefits of cover crops will improve our understanding of the economic and environmental trade-
offs. The findings will also inform farm managers and policymakers about management options to 
increase the sustainability of corn production in a changing climate.

How my research is conducted
I am comparing field data on plots of corn and soybeans with cover crops to plots with no cover 
crops, in research fields in Iowa, Indiana and Missouri. I am also using future climate models to 
investigate how fields with and without winter cover crops might perform under changing climate 
conditions. 

Notable findings
• Cover crops reduced soil erosion 
• Cover crops reduced nitrate leaching; the amount of reduction depended on site specific 

weather and soil conditions
• Cover crops did not cause reductions in cash crop yields under current conditions nor under 

future climate scenarios
• Nitrogen fertilizer is the largest contributor to life cycle energy use and global warming 

potential

Lei Gu, University of Wisconsin-Madison
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My research
The focus of my research is on understanding the influence, both positive and in some cases 
negative, of tillage, cover crop and crop rotation on soil nutrients in a corn-soybean cropping 
system. 

Why I’m doing the research
The global human population is expected to reach 9 billion in 2050. By that time, it has been 
projected that the current agricultural production needs to increase by about 70 percent to 
maintain the current food availability. Since plants need nutrients from the soil for growth, 
maintaining and improving soil nutrients are essential to combating food shortage. Tillage can 
improve soil nutrient availability initially, but can lead to rapid nutrient depletion over time. 
If cover crops, like rye, are killed and returned to the soil, they have the potential to improve 
nutrient availability in the soil. My research findings can help farmers make decisions about farm 
management practices, to avoid harmful practices and improve crop yields.

How my research is conducted
This research was conducted over a three year period; from 2011 to 2013. I took soil samples, in 
each year, from research plots that included tillage, cover crop and crop rotation managements. 
These soil samples were taken from the surface of the soil down to a depth of 24 inches (60 cm) 
and analyzed in the laboratory. The results were computed using statistical methods.

Notable findings
During the first year, soil nitrate was 40 percent greater when the soil was tilled compared with 
no tillage. This can improve crop productivity. However, soil nitrate moves with water in the soil 
and, when not taken up by plants, can quickly leach into underground water and eventually into 
streams and rivers.

During the second year of the study, cereal rye reduced soil calcium and magnesium by five 
percent and 8 percent respectively. By taking up these nutrients, loss is reduced; these nutrients 
can be returned to the soil when cover crop residues are incorporated into the soil for the 
subsequent cash crop.

During the third year, potassium was greatest with a combination of cover crop and soybean/corn 
rotation. This can reduce the out of pocket cost of potassium fertilization in subsequent years.

Samuel Haruna, Lincoln University - Missouri
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My research
My research is a preliminary investigation into what specialty crop growers (fruit, vegetable, 
floriculture and nursery) perceive to be their biggest climate change challenges.  

Why I’m doing the research
In 2012, fruit growers in Michigan experienced early warming followed by late spring frosts which 
decimated the fruit crops that year. This unusual weather may become more frequent; little is 
known about the possible impacts of climate change to Midwest specialty crops. Findings will be 
used to focus future research and inform individuals developing a region-wide plan of work for 
the Midwest Climate Hub.  

How my research is conducted
Researchers and specialty crop industry leaders from Michigan and Ohio gathered in Toledo, 
Ohio, in October 2014 to discuss the impacts of climate change on the Midwest specialty crop 
industry. We asked participants to brainstorm a list of anticipated climate challenges. They came 
up with 85 statements. Then we asked them to rank the importance of the statements and group 
them into clusters based on their similarities. Participants were then asked to reach out to their 
grower contacts in the industry and invite them to participate by also ranking and clustering the 
statements. I compiled responses from 19 growers and gauged which statements and which topic 
clusters were of greatest concern. Cluster names were chosen subjectively by the researchers. 

Notable findings
The number of layers in each cluster represents the grand mean of the importance ratings that 
participants assigned to the statements in the cluster. The clusters with the highest grand means, 
and therefore of the most importance to participants, were Pest and Disease, Farm Economic 
Sustainability, and Farming as a Livelihood.    

Anna Johnson, Iowa State University
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My research
The main objective of my research is to investigate whether the addition of more crops into a crop 
rotation cycle will reduce nitrous oxide emissions. Nitrous oxide is a greenhouse gas.

Why I’m doing the research
Although nitrous oxide accounts for a relatively small proportion of total U.S. greenhouse gas 
emissions, approximately 2/3 of nitrous oxide emissions come from the agricultural sector, mainly 
through nitrogen fertilizer applications. Corn has a high demand for nitrogen and, in the Midwest, 
using a continuous corn rotation is a dominant practice. Therefore, rotating corn with other cash 
crops, which require less or no nitrogen applications, has the potential to reduce agriculture’s 
overall nitrous oxide emissions, while still providing farm income. 

How my research is conducted
I was able to collect data on three long-term rotation experiments in Wisconsin. I compared 
greenhouse gases emissions of continuous corn with corn-soybean and corn-soybean-wheat 
rotations. Using this field data I was able to calibrate and validate a biogeochemical modeling 
program (DAYCENT) to simulate future rotation behaviors in terms of nitrous oxide emission and 
crop yield responses under different climate change scenarios.  

My research also included the study of changes in soil physical properties among rotations and the 
emissions of two other major greenhouse gases, carbon dioxide and methane.

Notable findings
• A corn-soybean rotation or the corn-soybean-wheat rotation can reduce nitrous oxide 

emissions 
• Nitrous oxide emissions can be mitigated by improved weather prediction and application 

methods that increase nitrogen use efficiency, such as split-applications of nitrogen and 
nitrogen-stabilizers

• Current field measurements of nitrous oxide emissions are in agreement with the emissions 
predicted by a computer modeling program (DAYCENT) which is commonly used in research

Maciej Kazula, University of Wisconsin-Madison
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My research
Subsurface drainage systems—a kind of “plumbing” installed under farm fields—remove excess 
water from agricultural land. I am investigating how agricultural management practices such as 
tillage methods, nitrogen application timing and a winter cereal rye cover affects crop yields and 
nitrate-nitrogen concentrations in water discharging from a tile drained agricultural field in Iowa. 

Why I’m doing the research
In Iowa, subsurface drainage systems are important for crop production on poorly-drained 
agricultural lands. Subsurface drainage outlets drain not only water, but also nutrients that move 
with water, such as nitrate, into nearby streams and ditches. The waters and nitrate from these 
ditches and streams can eventually make their way to rivers and as far downstream as the Gulf of 
Mexico, causing a condition called “hypoxia,” a depletion of dissolved oxygen needed to support 
aquatic life. 

The practices I am researching have been recommended as part of the Iowa Nutrient Reduction 
Strategy to reduce nitrogen loss for agricultural soils to downstream waters. Findings from my 
research can be used by farmers to evaluate these practices for their operation, as a part of their 
nutrient-reduction strategy.

How my research is conducted
My research is being conducted at the Gilmore City Drainage Research and Demonstration site 
located in Pocahontas County, Iowa, from 2011 to present, on 40 experimental plots with a corn-
soybean rotation. The practices we’re studying are no-till/tillage, various nitrogen application 
times, and a winter cereal rye cover crop. I am comparing subsurface drain flow measurements, 
nitrate concentrations leaving the drainage outlets, and crop yield measurements to quantify the 
effects of practices.

Notable findings
Winter cereal rye cover crop and no-till practices showed the potential to reduce nitrate-nitrogen 
concentrations in subsurface drainage. 

Fertilizer application timing had little impact on nitrate-nitrogen concentrations in drainage 
water, during the corn phase.  

During the soybean phase, nitrate-nitrogen concentrations were lower in drainage water when 
nitrogen application for the previous corn crop was done in the fall, rather than the spring. 

The treatments with the highest corn yields during 2011-2014 were observed for the spring and 
fall nitrogen application with conventional tillage, as compared to no-till.

Ainis Lagzdins, Iowa State University
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My research
As a postdoctoral associate in project management with the Corn CAP, I want to know what 
project management strategies help participants make progress towards their goals and what 
strategies aid the project’s overall success. For example, I want to know if there is any relationship 
between project accomplishments and attendance in project meetings. To this end, I am 
measuring participant involvement and accomplishments and identifying trends. 

Why I’m doing the research
Traditionally, research has been conducted by scientists in distinct, departmentally-based 
specialties, with little collaboration outside specialties. Conducting research in collaboration with 
large numbers of scientists from diverse disciplines is a new phenomenon in agricultural research. 
Little is known about managing success for large, multidisciplinary research projects, such as the 
Corn CAP, which has 160+ team members from 11 institutions and from a number of diverse 
disciplines, e.g., agronomy, economics, climatology, rural sociology, plant pathology, etc. 

My current research findings provide the quantitative data needed to assess relationships between 
team members’ involvement and project outcomes. Additional efforts are needed to complete a 
study of how to manage these types of projects for success.

How my research is conducted
I studied quantifiable participation and achievement data, collected from March 1, 2011 through 
July 31, 2015, for example: number of meetings attended by participants, number of refereed 
journal articles, conference and extension presentations delivered, media pieces, etc. I plotted the 
results by date (funding year).

Notable findings
Preliminary analysis of these data reveals a number of trends associated with activity level of the 
team and productivity. 
• The number of meetings increased over time to meet project goals, integrate multi-

disciplinary efforts in meaningful ways, and complete milestones and tasks for each year. 
• A substantial increase in total outputs occurred over time with 63 outputs in Y1 increasing to 

309 in Y2, to 322 in Y3 and 455 in Y4. (Y = year)
• We found that the number of team co-authored papers that integrated disciplinary sciences 

and/or education and extension increased with time, with the greatest increases occurring in 
Y4 and Y5. 

Suresh Lokhande, Iowa State University



20

My research
As an agronomist in the modelling component of our project, I am investigating how cover crops 
influence corn productivity. I am also studying the critical periods of winter rye development in 
response to changing climate conditions. 

Why I’m doing the research
Despite the undeniable contribution of cover crops to promoting sustainability in our cropping 
systems, widespread adoption of the practice still faces many challenges. For example, many 
farmers see cover crops as a risky investment that brings potential competition for soil resources 
to their cash crops, leading to eventual reductions in yields and diminished profitability in their 
operations. My research will help to clarify unfounded perceptions, or even reinforce anecdotal 
evidence on the farm, about the field practices that minimize the risks of planting a cover crop 
under challenging conditions. My research will also add to what is known about agronomic 
practices that suit the growing conditions of the Midwest and maximize the expected benefits of a 
cover crop system.

How my research is conducted
I look at past records of cover crop performance in the U.S. and apply statistical methods to 
identify agronomic practices in minimal conflict with corn productivity. The practices may relate 
to the cover crop species utilized and/or the differences in weather conditions for a region. In 
addition, I track down the times at which winter rye germinates and reaches new stages through 
its development in the field. I later pair this information with weather information to improve the 
accuracy of our prediction cropping models.

Notable findings
Cover crops promote or maintain corn yields. Depending on the species utilized, the last 10 years 
of cover crop data in the US show that corn following a cover crop has neutral to six percent gains 
in yield.

To optimize the benefits of cover crops with minimal impact to corn yields, farmers need to 
explore and determine optimum cover crop management practices for their fields and crop 
rotations. These include but are not limited to knowing when to plant and terminate the cover 
crop, the characteristics of the species of cover crop they are planting, and when and how much 
nitrogen to apply.

Guillermo Marcillo, Iowa State University
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My research
My research explores the effects of tillage, cover crop and corn-soybean rotations on soil pore 
space indices and its relationship to greenhouse gas (GHGs) emissions/consumption in soil, 
specifically carbon dioxide (CO2) and nitrous oxide (N2O).

Why I’m doing the research
Climate change-related threats to agriculture are leading to increasingly urgent calls for farmers 
to adopt agricultural practices that contribute to the mitigation of climate change and to the 
resilience and sustainability of Midwest agriculture. Several farm management practices have been 
proposed as ways to do this. Many researchers are focusing on how these management practices 
improve soil quality and resilience, e.g., soil’s capacity to hold moisture and release it as needed. I 
want to know if the same practices that make cropping systems more productive and resilient can 
also be used to manage GHG emissions from soil and consumption/storage in soil in farm fields.

How my research is conducted
I collected soil samples from 2011-2014, on a Lincoln University research farm, on 48 plots 
with various practices, including tillage/no-tillage, cover crop/no cover crop and corn-soybean 
rotation/soybean-corn rotation/continuous corn/continuous soybean. Using the soil samples 
and 5 diffusivity models, I computed two indices of soil pore space and structure: gas diffusion 
coefficient and pore tortuosity factor. CO2 and N2O flows were also measured in the samples.  

Notable findings
The combination of tillage, cover crop and crop rotation made greenhouse gas movement easier 
in surface layer than deeper one, suggesting that adopting these practices could increase soil 
consumption of GHGs.

Soil pore space and structure improved more when tillage with cover crop, and tillage with crop 
rotations were combined than any individual treatment, for all models from 2012-14.  

Increases in soil pore space indices showed increases in carbon and nitrogen flows. Thus the 
inclusion of soil pore space indices in predictive models will certainly improve our understanding 
of the dynamics of greenhouse gas fluxes (emissions and consumption).

Dinesh Panday, Lincoln University - Missouri
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My research
To further understand winter cereal rye cover crop’s nitrogen uptake and effectiveness for 
scavenging and recycling nitrogen, I studied the amount of root/shoot biomass production and 
nitrogen and carbon partitioning at time of rye termination. 

Why I’m doing the research
Nitrogen loss from applied fertilizer can be a significant economic loss in corn production systems 
as well as an environmental quality issue if nitrate moves to surface or ground water. Cover crops 
are plants that are primarily grown to cover and provide protection to the soil when no cash crop 
is growing in the field. The Iowa Nutrient Reduction Strategy science assessment has identified 
winter cereal rye as a cover crop that can significantly reduce nitrogen and phosphorus losses 
(31% nitrate-N and 29% P reduction) from corn-soybean cropping system. 

However, previous studies have shown that there might be a potential yield loss in corn when it is 
grown following a rye cover crop. This yield loss in corn may be attributed to the changes in soil 
dynamics due to the cover crop. Understanding how cover crops affect soil can lead to finding 
crop management solutions to eliminate or minimize yield loss. 

How my research is conducted
The study was conducted at an Iowa State University research site on fields with a corn-soybean 
rotation system grown with a winter cereal rye cover crop. I installed two root ingrowth tubes per 
plot between rye rows shortly after the rye was seeded in fall after corn and soybean harvest. The 
ingrowth tubes and above-ground shoot biomass samples were collected the following spring, just 
before the rye was chemically terminated. I then analyzed root and shoot biomass for total carbon 
and total nitrogen.

Notable findings
The largest fraction of total nitrogen uptake (~85%) and carbon assimilation (~70%) by the 
rye cover crop was contained in its aboveground biomass which suggests that rye cover crop’s 
potential to recycle nitrogen and sequester carbon in soil depends mainly on shoot (above ground) 
growth.

The carbon/nitrogen ratio of the rye root material was high enough to likely cause nitrogen 
immobilization (make it not available for uptake by the next crop).

Swetabh Patel, Iowa State University
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My research
My research combines field studies and modeling to explore how farm management practices, 
such as controlled drainage and tillage, affect nitrogen and phosphorus fertilizer loss, from farm 
fields to subsurface drainage systems. 

Why I’m doing the research
Coastal areas and lakes worldwide are experiencing algal blooms, similar to those in the Gulf of 
Mexico, Lake Erie, and the Chesapeake Bay. Algal blooms can threaten drinking water supplies 
and cause harm to ecosystems in lakes and oceans. In the U.S., the main cause of algal blooms is 
believed to be losses of nitrogen and phosphorus from agriculture. Nitrogen and phosphorus are 
essential nutrients for corn and soybean growth. Farmers apply these nutrients to their fields as 
fertilizer to ensure they will get consistent, high yields from year to year. However, nitrogen and 
phosphorus are also essential nutrients for algae growth, so even relatively small losses from farm 
fields encourage algal blooms. Farmers need to reduce their fertilizer losses, but need strategies 
that do not interfere with crop production. My work aims to find mutually beneficial solutions 
which will protect public health and aquatic ecosystems while ensuring sustained agricultural 
production. Understanding how management practices change fertilizer loss will help to provide 
solutions for reducing losses.

How my research is conducted
I evaluated how nitrogen and phosphorus loss varies across a watershed using water quality data 
from eight farms. Using extensive monitoring of rainfall, soil moisture, and water losses at one 
of my field sites, I observed how drainage water management changes water availability for crops 
and how it affects fertilizer losses. Using computer simulations and modeling, I predicted how 
agricultural fertilizer loss will change under climate change.

Notable findings
Nitrogen and phosphorus losses are strongly influenced by farm management decisions. 
Phosphorus losses are increased when fertilizer is placed on the surface and has a short pathway 
to ditches and streams. Nitrogen losses are higher in the spring and during corn years, when the 
highest rates of fertilizer application takes place. 

Reducing drainage from an agricultural field reduces fertilizer loss, but it does not increase the 
water available for crop growth. Drainage reduction will become an important strategy to reduce 
fertilizer losses under future climate change. To prevent algal blooms in the future, farmers will 
need to reduce the volume of water lost through drainage to counteract increases in rainfall, 
particularly during winter and spring months.

Lindsay Pease, The Ohio State University
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My research
I investigate the microstructure of soil aggregates. Specifically, I am interested in seeing how 
adding a rye winter cover crop changes the soil aggregate.

Why I’m doing the research
Soil aggregates are groups of soil particles that bind to each other more strongly than to adjacent 
particles. The spaces between the aggregates provide pore space for retention and exchange of 
air and water. Soil aggregates are the building blocks of the soil like an atom is the building block 
of matter. Like an atom, the soil aggregate is a slight mystery because of its small scale.  Many of 
the processes that occur within it are vital to soil health and agricultural sustainability.  They are 
hinted at, but not fully known, such as carbon retention. By increasing our understanding of the 
small scale processes within soil aggregates that affect carbon storage, we should be able to, in the 
future, better advise farmers on management practices that would be most beneficial to their soil. 

How my research is conducted
Computed microtomography (uCT) is one way to look at this small scale. Similar to how a 
medical CT scan can help a doctor unobtrusively look at a patient, uCT allows me to look at soil 
aggregates in a non-invasive way. Pores, roots, and other intact organic material can be identified 
in uCT images.

In order to better understand the processes taking place in soil aggregates, I use uCT imaging 
to get 3D aggregate images and then identify roots and pores within them. I can then use these 
aggregates in more traditional measurements like total carbon to look at carbon protection at the 
aggregate scale. 

Notable findings
It has been found that total carbon is associated with the lower image values. This means we can 
use the image values to roughly “track” how carbon is distributed around pores. This information 
can be used in future studies to assess how adding a rye winter cover crop affects a soil aggregate.

Michelle Quigley, Michigan State University
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My research
I am comparing two methods of measuring carbon dioxide and nitrous oxide emissions from corn 
and soybean fields, to determine the best suitable method for accurate measurements.

Why I’m doing the research
Over the last few decades, scientists have predicted an increase in the temperatures of the 
atmosphere and oceans mainly due to the emissions of greenhouse gases (GHGs) such as water 
vapor, carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4). Nine percent of total U.S. 
greenhouse gas emissions are attributed to agriculture. In order to know how land use changes and 
soil management practices may serve to reduce those emissions, accurate and practical measuring 
methods must be developed and tested. 

How my research is conducted
Gas Chromatography (GC) is widely used, but it is manual and time consuming. Photo Acoustic 
Gas Analyzer (PAS) is a new option for accurate, in-situ and continuous measurement of GHGs, 
but its results need to be compared with other methods. I am taking measurements of GHGs 
fluxes (fluctuations) from corn and soybean fields using PAS and GC to compare their accuracy 
and efficiency. I am also utilizing the data from the previous years, where these two different 
methods were used.  

Notable findings
Even though they show good agreement for measuring of soil CO2 and N2O fluxes, there exists 
some discrepancy between PAS and GC measurements. The reason for discrepancy is not clear yet 
and further studies are needed.

Both the measurement methods show various advantages and disadvantages. Based on ease of 
operation and time efficiency, PAS method is helpful but is highly sensitive and selective for gas 
detection. The study is still continuing and will give more results. 
 

Dipti Rai, Lincoln University of Missouri
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My research
Cover crops are grown to retain soil and nutrients during periods of time when the soil is 
typically fallow. In the upper Midwest, crop systems are typically fallow from fall to spring. In 
these systems, cold-tolerant cover crops such as cereal rye are planted in the early fall and usually 
terminated with herbicides in the spring. In corn-soybean crop systems with a cereal rye cover 
crop, I studied the effects of herbicide type and termination date on soil nitrate levels. 

Why I’m doing the research
Nitrate is a critical nutrient for crop production, but in excess can impair water quality. It is found 
naturally in the soil, but is also included in fertilizer or manure that is added to the soil to improve 
crop yields. In Iowa, warm weather and rain in late fall and early spring when corn or soybeans are 
not vigorously growing lead to nitrate loss to waterways. Indeed, fallow fields rather than nitrogen 
fertilizer inputs are the main cause of nitrate loss to waterways. Cereal rye, a cold-tolerant cover 
crop, can reduce nitrate loss during these times because it is growing and using nitrate when corn 
or soybeans are not growing or using nitrate. 

Farmers can choose from a variety of herbicides and times at which to terminate a cover crop. 
However, herbicide type and termination timing may affect soil nitrate loss, as well as cash crop 
yield. Information from my research can be used by farmers to optimize cover crop management.

How my research is conducted
I monitored soil nitrate concentrations by sampling the soil weekly. I also collected rye shoot 
biomass and allowed it to decompose in the field, sampling it throughout the growing season to 
see how nitrogen is taken up and released from cereal rye.

Notable findings
A well-established rye cover crop significantly reduced soil nitrate concentrations from the fall 
through late spring, which is the time of year when most soil nitrate loss occurs.

In one year of the two-year study, herbicide type affected the release of nitrogen from the 
terminated cover crop residue. 

Terminating the cover crop at a later date significantly decreased soil nitrate.

The rye cover crop did not affect cash crop yields.

Rebecca Roberts, Iowa State University
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My Research
As a social scientist with the Corn CAP, I am conducting social science research to examine 
factors that influence farmers’ adoption and sustained use of agricultural practices on their 
farms, which are known conservation practices and/or are practices which have the potential to 
contribute to the mitigation of climate change and to the resilience and sustainability of Midwest 
agriculture.

Why I’m doing the research
Climate change-related threats to agriculture are leading to increasingly urgent calls for farmers 
to adopt agricultural practices that contribute to the mitigation of climate change and to 
the resilience and sustainability of Midwest agriculture. The effectiveness of any adaption or 
mitigation action in Corn Belt agriculture depends on the degree to which the region’s farmers 
are willing and able to act. If professionals, such as Extension specialists and policy analysts, are to 
assist farmers in this endeavor, they need to know the factors that influence farmers’ adoption and 
sustained use of these practices.

How my research was conducted
I used social science methods to analyze survey data collected from nearly 5,000 farmers across 
nine states in the Corn Belt. Additionally, I designed the research protocol and managed a team of 
extension educators in order to collect qualitative data from in-depth interviews with nearly 160 
farmers across the Midwest. 

Notable findings
Sixty-six percent of farmers believe climate change is happening and forty-one percent of them 
think that this is at least in part due to human activity.

Farmers who believe climate change is happening are more concerned about impacts and have 
been found to be supportive of both adaptation and mitigation actions.

Instructional, research and policy efforts focused on improving soil health have the potential to 
engage farmers in adaptive and mitigative actions, regardless of their beliefs about climate change.

Some actions farmers are taking in response to increased weather variability have negative impacts 
to soil and water conservation. Efforts need to be made to better understand the potential for 
maladaptive responses among farmers. 

Gabrielle Roesch-McNally, Iowa State University
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My research
I am researching how cover crops (crops grown to provide ground cover during the time when 
cash crops are not growing) and no-tillage affect soil physical and chemical properties over time, 
as well as the effects of cover crops on yield in a corn-soybean rotation. 

Why I’m doing the research
Long-term sustainability of soil is a critical component of maintaining and increasing crop yields 
in spite of extreme weather events. Cover crops and no-tillage are two possible management 
practices that may increase resiliency to climate stresses by lowering soil bulk density, increasing 
water infiltration rates, resisting erosion by increasing soil aggregation, and increasing water-
holding capacity. 

How my research is conducted
A field site was established in 2011 and was split into four blocks of four treatments each with corn 
and soybean alternating yearly with cereal rye or a no cereal rye control following each cash crop. 
I have taken soil measurements over time, including aggregation, infiltration, bulk density, water 
retention, soil nitrate and ammonium, and total soil nitrogen and carbon. 

Notable findings
Soil aggregation is a measure of the soil’s ability to resist destructive forces such as erosion. When 
the study began in 2011, there were no differences in soil aggregation between the cover crop 
and no cover crop treatments. In 2013, after only two years of overwinter cover crops there was 
a significant difference between average aggregate size. In 2015, after four years of a winter cover 
crop of cereal rye, soil aggregation increased greatly when compared to the no cover crop control 
treatments.   

We hypothesize that water infiltration rates will be greater with cover crop vs. no cover crop due to 
the increased soil stability and the cereal rye root growth, but data are still being analyzed.

Joseph Rorick, Purdue University
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My research
As an environmental and water resources engineer, I am exploring hydrological and 
environmental effects and best management practices of controlled drainage on farm fields in the 
Corn Belt. Controlled drainage is a water management practice, which uses underground control 
structures to manage the water table level. 

Why I’m doing the research
Climate change poses a potential threat to Midwestern agriculture due to higher intensity and 
less frequent rainfall events, as well as hotter and dryer conditions. Controlled drainage has the 
potential to contribute to climate change mitigation and adaptation. It can be used to hold water 
in the field, reducing nitrate loss, and give farmers control over water levels in the field during 
planting and growing seasons. However, controlled drainage may reduce the flow rate to the 
drainage pipe, and thus increase the time needed for the water table level to fall. Farmers want to 
know how to best manage this so it does not negatively affect crop yield or their ability to get out 
in the field to plant and harvest.

How my research is conducted
I analyzed observed data collected from Davis Purdue Agricultural Farm Center located in 
Indiana to investigate if controlled drainage lengthens the time needed for the water table to fall 
after a rainfall event.

Notable findings
• Analysis of water table recession rates indicated that controlled drainage has a statistically 

significant effect on the rate of water table fall. Controlled drainage decreased the average 
recession rate of water table between 37.6 percent and 54.3 percent.

• This means that the time it takes the water table to fall below 60 cm is between 26 to 38 hours 
longer when drainage is being controlled. 

• Changing the operation strategy of drainage from controlled to free-draining before storm 
events would reduce the amount of time that water table is at a detrimental level for either 
crop growth or trafficability. However this change during the rainfall events would probably 
have some disadvantages, like nitrate loss from the field.  Whether the benefits of this change 
outweighs the cost depends on the sensitivity of the crop and the probability of a severe storm. 

Samaneh Saadat, Purdue University
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Linda Schott, Iowa State University

My research
Subsurface drainage systems—a kind of “plumbing” installed under farm fields—remove excess 
water from agricultural land. I am investigating how two different subsurface drainage water 
management options impact drainage water volume, nitrate lost to subsurface drainage outlets, 
water table depth, and crop yields. 

Why I’m doing the research
In Iowa, subsurface drainage systems are important for crop production on poorly-drained 
agricultural lands. Subsurface drainage outlets drain not only water, but also nutrients that move 
with water, such as nitrate, into nearby streams and ditches. The waters and nitrate from these 
ditches and streams can eventually make their way to rivers and as far downstream as the Gulf of 
Mexico, causing a condition called “hypoxia,” a depletion of dissolved oxygen needed to support 
aquatic life.  Drainage water management, such as shallow and controlled drainage, has been 
recommended as part of the Iowa Nutrient Reduction Strategy to reduce nitrogen loss from 
agricultural soils to downstream waters.

How my research is conducted
I analyzed 8 years of data collected at the Iowa State Southeast Research Farm near Crawfordsville, 
Iowa. I also collected temperature and moisture data for three years. At the site are fields with 
two drainage water management types and a field with subsurface drainage pipes placed as 
they conventionally are in a field. (See illustrations below.) In addition, there is a field with 
no subsurface drainage tile system at all. Equal amounts of nitrogen are applied on each field 
annually. On each of these, I compared these measurements: total amount of water leaving 
drainage outlets, nitrate concentrations leaving the drainage outlets, soil temperature, the volume 
of water in the soil, and changes in water table depth and crop yields.

Notable findings
• Drainage water management reduced water volume and nitrate loss when 

compared to conventional drainage. Controlled drainage reduced drainage by 
45 percent and nitrate loss by 49 percent. Shallow drainage reduced drainage 
by 51 percent and nitrate loss by 42 percent.

• The two drainage water management types tested did not reduce soybean 
yields. 

• Shallow drainage, as a management type, did not reduce corn yields. 
Controlled drainage did reduce corn yields in wet years. However, this 
outcome could change if the control structure is used to more actively manage 
the water table after large rain events during the growing season, to more 
rapidly reduce the water table. More research is needed. 
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My research
The objective of my research was to assess the impacts of tillage, no tillage, crop rotation and cover 
cropping on the growth and yield of corn.

Why I’m doing the research
Corn, like all row crops, has environmental impacts. There are also concerns that a changing 
climate may reduce corn yields and worsen its environmental impacts. Conservation tillage, cover 
cropping and crop rotation have been proposed as effective climate adaption strategies for corn, 
as well as ways to reduce its environmental impacts. The practices are also known to improve 
soil quality by increasing soil carbon, soil aggregation, and soil water infiltration, and thus show 
promise to reduce year-to-year variability in yield. My research seeks to show how these practices 
affect growth and yield and, thus, provide farmers information for making decisions on their farm. 

How my research is conducted
The four-year study was conducted at Lincoln University’s Freeman farm in central Missouri. 
Forty-eight plots of corn were laid out in a randomized complete block design, with eight different 
practices and three replications. The practices were: tillage at two levels (tillage versus no tillage), 
cover crop at two levels (cover crop versus no cover crop) and rotation at four level of practices 
(continuous corn, continuous soybean, corn-soybean and soybean-corn rotations). I compared 
growth and yields of each plot annually, from 2011-2014.

Notable findings
Our results showed that in the first year of the study (2011), corn plots with no tillage had 
significantly lower yield than the plots with conventional tillage. No significant effects due to 
tillage, cover cropping or crop rotation were apparent in 2012 and 2013. However, in 2014, no 
tillage and no cover crop plots showed increased corn yield. 

In terms of growth parameters of corn, there was no significant effect as a result of any of the 
treatments on plant height in 2014. However, a significant effect of no tillage was observed on leaf 
area and top dry weight of corn. 

Across the years, our results did not show any consistent effect of any treatments on corn growth 
and yield. We anticipate that the effect of different treatments may be more consistent and 
conspicuous with the continuation of this experiment in future. 

Mandira Sharma, Lincoln University - Missouri
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My research
I investigate how interactions of cropping practices in the Midwest (tillage, crop rotation, crop 
residue, cover crops) control processes that occur in small-scale and are responsible for buildup or 
loss of soil organic matter and production of greenhouse gases from soil.  

Why I’m doing the research
It is well-known that soil management practices, such as tillage, incorporation of crop residue, 
crop rotation, and including a cover crop, affect soil functions such as long-term soil productivity 
and production of greenhouse gases (GHGS) from soil. However, soil functions with broad 
impacts are rooted in fine scale processes. Examples of fine scale processes are soil porosity 
(tillage-induced compaction), molecular composition of crop residue, microbial composition of 
soil, etc. These processes determine critical soil functions such as retention (vs. loss) of nutrients 
and organic matter, capacity of soil to restore carbon from atmosphere and intensity of greenhouse 
gas emissions from soil. Recent technological advances now enable us to interpret/predict 
response of soil to shifts in management practices and under changing climate scenarios. Findings 
from my research can help farmers make decisions about what practices to adopt to make their 
cropping systems more resilient and productive in the long-term, and what practices could help 
reduce greenhouse gas emissions.

How my research is conducted
I study soils that have been under long-term contrasting management systems, i.e. conventional 
vs. no-till/reduced tillage, and cover cropping. I combine isotopic, spectroscopic and imaging 
techniques to measure changes in amount and chemistry of organic matter and production of 
GHGs in the soil of these management systems.

Notable findings
Compared to conventional tillage, soil aggregates in no-till and cover cropping systems have a very 
diverse pore structure. This pore structure can increase protection of soil organic matter against 
decomposing microorganisms. This partially explains the buildup of soil organic matter after long-
term establishment of less intensive management systems.  

In the short term (days) loss of native soil organic matter is less when corn (compared to soybean) 
residue is returned to the soil after harvest. However, this depends on soil porosity. The loss of 
soil organic matter is greater in soils with lower porosity (i.e. compacted soil due tillage). I am 
currently conducting research to assess if the pattern changes in extended periods of time (i.e. 
months).

Ehsan Toosi, Michigan State University
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My research
I am exploring how cropping changes affect feedback to climate and how the water balance— the 
flow of water in and out of a system—is changing in the Corn Belt over time.

Why I’m doing the research
Water vapor is an important greenhouse gas—it can trap heat. The higher the concentration of 
water vapor in the atmosphere, the more heat that can be trapped.

There has been a large shift in parts of eastern South Dakota from grassland to cropland 
(especially corn). Understanding how these land use changes are changing the water balance, and 
may therefore affect the climate, will help scientists better predict future changes in the climate-
agriculture system. 

How my research is conducted
I am using the North American Land Data Assimilation System (NLDAS) dataset. NLDAS uses 
past satellite- and ground-based observations to model many atmospheric variables over North 
America. This allows me to get measurements in places where they are not taken, or at times they 
are not taken. I am looking at this output (36 years of data) from as many perspectives as I can 
to understand changes in the amount of potential evapotranspiration (PET) and when it occurs 
during the year.

Notable findings
Preliminary analysis has shown an increase in potential evapotranspiration (PET) during the 
summer months in the northern plains, from 1979 to 2014.

Cody Troop, South Dakota University
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My research
My research investigates the impacts of a winter rye cover crop on soil moisture and temperature.

Why I’m doing the research
In Iowa, subsurface drainage systems are important for crop production on poorly-drained 
agricultural lands. Subsurface drainage outlets drain not only water, but also nutrients that move 
with water, such as nitrate, into nearby streams and ditches. Nitrate in excess is harmful to human 
and aquatic health. In fact, the waters and nitrate from these ditches and streams can eventually 
make their way to rivers and as far downstream as the Gulf of Mexico, causing a condition called 
“hypoxia,” a depletion of dissolved oxygen needed to support aquatic life.  

Most nitrates are lost in the spring because that is when Iowa gets the most rain and agricultural 
soils are often bare. Cover crops—crops that cover the soil when no cash crop is growing—can 
reduce nitrate loss and, over time, improve soil health and the soil’s water holding capacity. 
However, cover crops increase costs for labor, seeding in the fall and terminating in the spring; 
increase pest management and can potentially reduce cash crop yields. These costs and potential 
losses make it difficult for farmers to adopt the practice of cover cropping. Therefore, it’s important 
to learn how the negative impacts of cover crops can be reduced.

My colleagues and I want to know how cover crops affect yield. We hypothesized that negative 
yield impacts from cover crops may be due to increased soil moisture and decreased soil 
temperature, which would result in later than normal planting dates for cash crops.

How my research is conducted
To measure soil moisture and temperature, we installed moisture sensors at 5 different depths on 
corn and soybean plots in a field in Northwest Iowa. Plots had different treatments: 1) no till and 
no cover crop; 2) conventional tillage and no cover crop; and 3) no till with a cereal rye cover crop. 
We then compared the moisture and temperatures of the treatments at various times, over a 4 year 
period. 

Notable findings
We found that most of the time, when cover crops affected temperature and moisture, they made 
them drier and warmer. This demonstrated that cover crops actually facilitate earlier planting of 
cash crops, rather than later. 

Emily Waring, Iowa State University
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My research
My sociological research involves advancing communication and application of climate and 
agricultural science for land use decision making, educational curriculum, and science-based 
policy. I use social science methods such as interviews and surveys to assess how farmers, 
scientists, or other agricultural stakeholders think about climate and agricultural science.  

Why I’m doing the research
Social factors such as beliefs, values, and perceptions of risk can influence willingness to accept 
and utilize scientific recommendations. My research seeks to uncover potential social barriers and 
facilitators that influence how climate science is perceived and used for agricultural and land use 
management. This helps us understand why (or why not) various farm practices and techniques 
are adopted and what impacts they may have on water, carbon, and nitrogen cycling on different 
landscape scales.   

How my research is conducted
I designed a research protocol that involved conducting surveys and interviews with extension and 
state climatologists in the North Central Region in 2012. The research questions were aimed at 
understanding how to best communicate climate science to agricultural audiences. Results of the 
climatologist study provided information to develop qualitative data analyses tools for 159 farmer 
interviews across the region, as well as survey questions for the 2015 Iowa Farm and Rural Life 
Poll.

Notable findings
Beliefs about climate significantly vary between stakeholder groups, such as scientists, extension 
educators, crop advisors, and farmers. 
 
Some extension educators (24.7 percent), crop advisors (22.4 percent) and farmers (31 percent) 
believe there is not sufficient evidence to know with certainty whether climate change is occurring 
or not.
 
Climate science information is better received by agricultural audiences when communicated in 
terms of benefits to climate risk management, as opposed to harms of climate change.

Adam Wilke, Iowa State University



36

My research
My research focuses on the effects of long-term crop rotation and tillage practices on soil quality.

Why I’m doing the research
Recently, changing corn prices have influenced the acreage of corn planted following corn 
rather than as a crop rotation. Crop rotation also influences the choice of tillage practice. These 
management practice decisions may have important implications for soil quality. I want to identify 
management practices that best maintain beneficial soil properties under long-term use.

How my research is conducted
I took soil samples at two Illinois experimental plots 15 years after establishment. These plots 
included four different crop rotations—continuous corn, corn-soybean, corn-soybean-wheat, and 
continuous soybean with both conventional tillage and no-tillage for each rotation. To assess soil 
quality, I analyzed the soil samples to determine many different soil properties including both 
physical and chemical properties.

Notable findings
No-tillage:
• After 15 years, the use of no tillage was beneficial to soil quality compared to conventional 

tillage. Increased soil organic carbon, total nitrogen and aggregate stability were found under 
no-till over the top 60 cm. These properties, especially soil organic carbon, are important 
indicators of soil quality. 

Crop rotation: 
• Crop rotations that produce greater crop residues, such as continuous corn and corn-soybean-

wheat, led to greater total nitrogen and aggregate stability. Measurements of soil organic 
carbon were not significantly different among rotations, although the trend was the same as 
for total nitrogen and aggregate stability.

• The use of an extended rotation by incorporating wheat as a third crop into the corn-soybean 
rotation may be beneficial, however, the use of continuous corn was similarly favorable. 

• Differences among crop rotations were the same regardless of tillage practice. 

Stacy Zuber, University of Illinois
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