
Carbon Farming:  
Reducing Greenhouse Gases 
with Crops
Can storing carbon in the soil reduce 
greenhouse gas emissions? This long-running 
project looks at carbon sequestration in 
dryland and irrigated cropping systems.
The overall goal of this research project 
is to improve our understanding of 
biophysical controls on soil carbon 
(C) sequestration and to apply this 
knowledge towards development of more 
accurate methods to predict annual C 
sequestration in light of observed climate 
variability. Research focuses on C balance 
measurements within the context of 
the major agroecosystems of the north-
central USA. Nebraska is uniquely 
situated for this research because 
of its location at the intersection of 
major continental climate zones with 
both rainfed and irrigated cropping 
systems. 

There is a cluster of three research sites 
located at the Eastern Nebraska Research 
and Extension Center.  Each site is 
between 120 and 160 acres in size.  Two 
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sites are irrigated using a specially designed center pivot system which will clear the 25 
ft tall instrumentation tower located near the middle of the field.  The third site is rainfed.  
Each site employs best management practices to make efficient use of inputs, such as 
seeding density, fertilizer and pesticide applications.  With the cooperation of the ENREC 
farm management team, we comprehensive studies are performed of soil C sequestration 
in these important agroecosystems.
     

The net exchange of trace gases is quantified between these agricultural ecosystem and 
the atmosphere.  The eddy covariance technique provides a measure of the vertical flux 
of a transported entity at a point in the atmosphere by correlating the fluctuations in the 
concentration of that entity with the fluctuations in the vertical wind speed. This is an in 
situ technique which causes minimal disturbance to the micro-environment being studied. 
It requires fast response instrumentation and provides a theoretically sound and relatively 
direct means of measuring fluxes. The eddy covariance sensors “see” a wedge of the 
surface extending upwind of the sensors for a distance depending on surface roughness, 
the height of measurement and wind direction, and provide “spatially-integrated” fluxes.

WHAT WE’RE LEARNING 
• The corn/soybean crops absorb a tremendous amount of carbon but also respires 

considerable amounts of carbon.  Over 15 years, the two irrigated sites (continuous corn 
and maize/soybean rotation) are weak sources of carbon while the rainfed site is carbon 
neutral.

DRONES ON THE FARM

Unmanned aircraft, or drones, 
are an emerging technology that 
have the potential to increase 
production and improve efficiency 
of farming operations.  
Agricultural production and natural resources 
management across large expanse of land in the 
Great Plains and Midwest presents a significant 
challenge.  The large land areas encompass 
complex, dynamic biological and natural 
systems.  Data, information and modeling are 
playing an increasing role in management.  
Historically, data sources have been largely 
“land-based” or “satellite-based”.  Robotic aerial 
platforms for data collection can fill the gap between land and satellites. Unmanned 
aircraft will offer an unparalleled opportunity to place sensors, robotics, highly precise 
crop spraying systems, and advanced information systems at desired locations across 
production operations, in near real time, for increasing production and improving 
efficiency of agricultural production.  

The NU-AIRE research program began about 5 years ago, and has logged over 200 flights 
and about 80 hours of flight time, while deploying a large variety of unmanned aircraft 
platforms.  These platforms range from fixed wing aircraft for long flight duration, to 
vertical take-off and landing systems, and even smaller multi-rotor aircraft for video 
capture and “first person view” flying.  The NU-AIRE research program consists of flight 
operations, data capture while airborne, synthesis of data into meaningful information, 
followed by decision making based on the remotely sensed information.

This new state of the art 
research project helps measure 
and monitor the health of crops 
with an aerial spider cam. 

FIELD PHENOTYPING FACILITY 
This new one-acre field phenotyping site 
features an automated cable suspended 
carrier system (Spidercam©, Austria) 
that holds multiple cameras and sensors 
(e.g., visible RGB, near infrared, lidar, and 
multispectral), which can be accurately 
positioned over a small plot for sensing 

PLANT PHENOTYPING - A BIRD’S EYE VIEW

and plant imaging. The site is also equipped with advanced automated weather station, 
and a state of the art subsurface drip irrigation system for water and nutrients delivery 
and manipulations at plot level (15*20 ft2).

SUITE OF EXPERTISE - A unique element that distinguishes UNL from other public and 
private sector institutions investing in phenotyping platforms is our stellar history of 
canopy level image capture and analyses. UNL’s faculty from across the campus and its 
aligned Centers, including the Center for Plant Science Innovation, Center for Advanced 
Land Management Information Technologies (CALMIT), and National Drought Mitigation 
Center (NDMC), collectively offer a suite of expertise that greatly aid in addressing the 
Consortium of Integrated Translational Biology (CITB) mission.

Information by: Yufeng Ge, Assistant Professor, Biological Systems Engineering 
and Frank Bai, Post Doctoral Fellow, Biological Systems Engineering

A close-up look at the spidercam and image analysis of corn in the field

Learn more at:  enrec.unl.edu

• Second generation biofuel production could lead to 
more rapid depletion of soil carbon in these agricultural 
ecosystems

• Remote sensing products developed at these research sites 
will improve our monitoring and management capabilities.

• The data collected is available to scientists/students 
around the world.  To date, this  data has been downloaded 
more than 1,100 times  to be used in crop models and 
global circulation models and in classrooms across the 
world.  The quality and the breadth of our dataset has 
merited long term funding through the United States 
Department of Energy.

Information provided by: 
Andy Suyker, Associate Professor, School of Natural Resources

WHAT WE’RE LEARNING - We are still in the formative 
stages of developing this research program, with significant 
advancements in deployment of unmanned aircraft, sensor 
integration into the aircraft, and synthesis of the remotely 
sensed data into information.  The longer-term goal is to 
utilize high resolution information, captured in near real-time 
conditions, to improve the efficiency of production agriculture.  
Thereby reducing input costs, increasing yield, and improving 
economic return, even under high stress conditions.

Information by: Wayne Woldt, Biological Systems Engineering

The over-arching hypothesis is two-
fold: (1) by improving understanding 
of biophysical controls on annual C 
balance, effects of altered climate 
regimes and diverse management 
practices on soil C sequestration 
in these agroecosystems can be 
predicted and (2) through the use of 
innovative management practices that 
increase plant primary production 
and minimize adverse environmental 
effects, the major agroecosystems 
in the north-central USA will 
substantially increase present rates of 
C sequestration.

A specially designed center 
pivot system that clears the 
25 ft tall instrumentation 
tower is utilized at 2 sites.
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NEBRASKA:  THE BEEF STATE 

Cow/Calf - Teaching & Education
One of the largest problems facing the 
beef industry in the U.S. is the shortage of 
qualified human capital. The UNL Teaching 
Herd supplements in-class learning objectives 
with hands-on experience.  The UNL Teaching 
Herd also serves as the University’s seedstock 
herd and is used for various projects (disease 
susceptibility, reproductive efficiency, use of 
genomics) where knowledge of breed and/
or pedigree is advantageous. These often 
collaborative projects that could inform 
genetic selection decisions.

All animals are registered with either the American Angus Association or the American 
Simmental Association.  All calves born are genotyped with a high-density (e.g., 150,000) 
single nucleotide polymorphism (SNP) panel.  This information is used to increase the 
accuracy of genetic merit estimates (Expected Progeny Differences; EPD).  Traits recorded 
include birth, weaning, and yearling weights, ultrasound measures of intramuscular fat 
percentage, ribeye area, fat thickness, antral follicle counts, pregnancy status, udder 
scores, docility scores, disease phenotypes, mature cow weights and body condition 
scores, and routine carcass data for cull animals. 

The annual student run bull sale merchandises approximately 40 bulls to producers in 
Nebraska and surrounding states.  This herd also supplies germplasm to other UNL herds 
and animals from it are used for numerous courses on campus as well as youth extension 
events. 

WHAT WE’RE LEARNING - General beef cattle genetics information can be found at 
www.eBEEF.org.  The opportunity to have hands-on experiences is well received from 
students.  The annual bull sale class allows the opportunity to merge  translational 
research, extension, and teaching into a student led event whereby they interact with area 
beef cattle producers.  The website for the annual sale is bullsale.unl.edu.

CROP MANAGEMENT EDUCATION 

Crop Management and 
Diagnostic In-Field Training

The Need for Training  - Keeping up with 
the latest in genetics, pest management, 
technology and crop production  in a timely 
manner is a constant challenge for agricultural 
producers and professional consultants.

Goal - Increase crop production, improve 
profitability and protect the environment 
through research based management practices.

Crop Management Systems Approach -  
Four interrelated areas
-  Crop Management
-  Nutrient management
-  Pest management
-  Soil/water management

Impact - Over 8,500 agriculture business 
representatives, ag producers, crop consultants 
and educators have attended from 1996-2016.

Examples of Impact
Geographic representation - 
48 Nebraska Counties, 7 states

Producer impact - 90,534 total acres 
managed or influenced

Advisor/Employee Impact - 2.25 million total 
acres (15% of Nebraska’s row crop acres)
managed or influenced 

$7.27 increased dollar value of program 
on a per acre basis or $17.2 millon

Information provided by: 
-  Keith Glewen, Extension Educator

Beef Feedlot Research and Teaching
The beef cattle industry is the largest segment of ag in Nebraska, 
and growing/finishing cattle is larger than the cow-calf industry. 
For every calf born in Nebraska, another 1.5 calves are brought 
in from elsewhere to use the grain, byproducts, and forages 
we produce so well in Nebraska. This allows us to add value to 
Nebraska by finishing those cattle here. 

A thriving beef feedlot industry in Nebraska, which is now 
the same size as Texas’ cattle feeding industry, results in 
cattle being the highest priced beef cattle anywhere in the 
world. Nebraska sets the price of cattle for all other calves 
in the United States because the price of a calf anywhere 
in the U.S. is the price of the calf in Nebraska, minus the 
cost to transport him to Nebraska. 

In terms of performance evaluations, cattle are normally 
purchased once per year in the fall, and the largest cattle 
are finished as calf-feds and smaller cattle are “grown” 
throughout the year on growing studies prior to finishing. 
All cattle that are in the beef nutrition area are on 
research studies, and all are marketed on a carcass finish 
basis with graduate students collecting data in abbatoirs. 
At any point, as many as 20 different graduate students 
have projects at ENREC working with 4 different faculty 
based on campus.

For specific experiments, cattle are weighed multiple 
times to ensure accurate measures of growth. Many 
times, cattle are sampled depending on the trial. These 
may include fecal samples, manure samples, blood, 
or other samples to evaluate impact of treatments on 
different measures of interest. For GHG emissions, 
different sophisticated systems are used. On pasture, 
sensors are taking samples of air concentration of 
methane or gas of interest in milliseconds and used to 
calculate flux or emissions from that entire pasture. A 
new facility was built that monitors air in and air out 
to quantify methane emissions from pens of cattle. In 
addition to pen studies, we also utilize grazing pastures, 
corn residue fields, and our individual feeding facility for 
research trials depending on the objective.

WHAT WE’RE LEARNING - Research is reported 
annually in the Nebraska Beef Report, at scientific 
meetings with presentations by students, in theses 
and dissertations as students finish their M.S. or Ph.D. 
programs, and in peer-reviewed scientific journals.  Some 
of our key findingins include:  1.  Distillers grains and 
other byproducts are excellent cattle feeds, prevents 
waste streams at plants, improves growth in many cases, 
and leads to a more competitive ag industry in Nebraska 
than anywhere else in the world; 2.  We are learning what 
factors control GHG emissions from cattle production 
systems, and testing ways to decrease the carbon 
footprint;  3.  Improving how grain is utilized and new 
ways to use the entire corn plant whether that is silage, 
residue, or improved hybrids; 4.  Use of technology is 
critically important to beef producers and to maintain a 
cost-effective production system and affordable beef; 5.  
Cattle can be grown many different ways and with many 
different resources and be economical. However, growth 
performance and carcass performance need to be known.

HAIL DAMAGE SIMULATION

Hail Damage Research and 
Education Using a 
Hail Simulator Machine
While most growers are happy to evade 
weather-related damage, using a hail 
simulation machine on crops provides 
valuable information about how plants 
recover from hail damage.  Research and 
education focus on the evaluation and 
management of early and late season 
hail damage in corn and soybeans 
through the use of a simulated hail 
machine pelting crops with crushed ice 
similar to hailstones. By replicating real 
world conditions, recommendations and 
evaluation strategies can be made that 
reflect and incorporate the complexity of 
the field environment. 
Information provided by: Justin McMechan, 
Crop Protection and Cropping Systems Specialist

Over 8,500 people 
have attended 
from 1996-2016.

Example of last year’s 
impact - participants placed 
a value of $7.27 per acre 
increased dollar value on 
attending the training - a 
total value of $17.2 million.

30-50 experiments are 
conducted per year in 
the ruminant nutrition 
area focused on beef 
cattle. Approximately 20 
large research studies 
are conducted at ENREC 
annually. There are some 
key focus areas for our 
program that include: 

• Beef systems 
evaluations including 
cow-calf and growing 
yearlings

• Impact of beef 
production on 
greenhouse gas 
emissions, and 
methods to cut 
methane

• Ways to improve use 
of fibrous and novel 
feed byproducts to 
make good use of 
those by cattle and 
improve performance 
and economics of 
beef production in 
Nebraska

• Growth promoting 
technologies such as 
feed additives, new 
feed additives, and 
implants

• Nutritional 
requirements of beef 
cattle with a primary 
focus on protein needs

• Methods to improve 
use of grains and 
starch by cattle to 
minimize challenges 
of using grains, and 
ways to get more out 
of grain when fed to 
cattle

• Impact of production 
on carcass quality, 
growth, and health of 
beef cattle.

Cow/Calf - Research
Beef cattle are a very important commodity in 
Nebraska.  Two of the primary costs to beef cow 
calf producers are dependent on reproduction – the 
development of fertile replacement heifers, and the 
establishment of pregnancies resulting in the birth of 
a live calf.  We are trying to determine what impairs 
female fertility in beef cattle.  We believe how a female 
(heifer) attains puberty may tell us something about 
how fertile she will be during her lifetime.  Heifers that 
have irregular cyclicity or delayed cyclicity may have 
future reproductive problems that result in infertility. If 
we can identify and cull heifers that are predisposed to 
abnormal estrous cycles and subfertility then we can increase profitability of cow-calf producers.

A long-term study is being conducted (2012-2018) where weekly blood samples are 
collected on heifers from weaning to breeding to determine when they start their 
reproductive cycles.  From these weekly progesterone samples we can determine when 
heifers start cycling (when progesterone concentrations are greater than 1 ng/ml) and if 
they continue to cycle.  Using these progesterone profiles females are identified that have 
irregular cycles and also those that do not start cyclic activity along with females that 
have normal cyclic activity. Those heifers that have problems (Start and then stop or don’t 
cycle) we believe will have problems later in life with fertility.  Research is being conducted  
to identify marker- hormone and genes that are used to identify these females that have 
problems with cyclic activity with the hope of developing a test to enable producers to use 
when making decisions about females to retain in the herd.

Information provided by: Matt Spangler, Nebraska Extension Beef Genetics Specialist
    and Andrea Cupp, Reproductive Physiologist/Beef Physiologist Information provided by:  Galen Erickson, Nebraska Extension Beef Feedlot Nutrition Specialist

 The annual bull sale class merges  
translational research, extension, 
and teaching into a student led event 
whereby they interact with area beef 
cattle producers.

Fertility research information 
can help increase profitability 
for cow-calf producers


