“The producer as well as the
recipient of our continuing
growth and survival system is
that thin strip of soil that covers
small portions of this planet. The
single most important search
is learning how to maintain its
fertility and, at the same time,
have it absorb and assimilate
the massive carbon production
originating from this Earth and
its occupants. With Dr. Cotrufo
and her team, Colorado State
University has the opportunity
to continue to be a significant
contributor to that search.”
– Karl Hoppess, B.S., 1960,
agricultural sciences

Advancing Understanding

Black Carbon Research
Dr. Francesca Cotrufo, Professor of soil ecology in the
Department of Soil and Crop Sciences

M

any of the great global challenges faced by humankind involve research and
scholarship focused on sustaining our world’s fragile ecosystems for future
generations. Particular areas of focus include management of the earth’s
nutrients and food supply, access to clean air and water resources, and
changes to our climate. The stakes have never been higher, and our population has never relied
so heavily on the expertise and guidance of environmental scientists.
Research at Colorado State University is advancing our understanding of the impact
environmental changes on our lives and livelihoods. Studies of soil organic matter
dynamics, as well as of pyrogenic organic matter (black carbon) produced as a result
of wildfires and fire management practices, have tremendous global implications for
preserving soils and thus the ability to sustain croplands, wetlands, forests, and grasslands.
Basic research on black carbon is key to inform applied research on the use of biochar as
a soil amendment to sequester carbon and improve crop yields with the final overall goal to
improve food security and mitigate the impact of greenhouse gases in the atmosphere.

CSU is an internationally recognized leader in the study of soils and soil resources and has a well-established
legacy of ecological research in units and laboratories, such as the Natural Resource Ecology Laboratory; the
Department of Soil and Crop Sciences in the College of Agricultural Sciences; the Warner College of Natural
Resources; and the School of Global Environmental Sustainability. CSU is also home to the North Central
Climate Science Center, one of eight such U.S. Department of the Interior centers nationwide.

Through partnerships with corporations and private donors, CSU strives
to continue its breakthrough, unbiased research in the following areas:

Preserving Soil Organic Matter in a Changing World
Soil organic matter is the very thin skin on the world’s terrestrial surface,
and is the most chemically complex and least-understood component of terrestrial
ecosystems. This organic matter serves many functions vital to humanity, such as
regulating water flow and supplying nutrients to plants. Hence, the preservation of soil
organic matter is vital for the sustainability of food, fiber, and energy production.
Soil organic matter is formed through the decomposition of plant material by many
organisms living in the soil, and its persistence depends on a variety of factors, most
notably, its sensitivity to soil management and climate. Understanding the basic
processes that control soil organic matter formation and persistence under land use
and climate changes is imperative to propose soil management solutions that assure
the preservation of soil functions and a sustainable future for an ever-growing
global population. Professor Cotrufo uses advanced isotope techniques to study the
formation and persistence of soil organic matter. Her work has significantly advanced
our knowledge in the field, and she has been a key mentor to a new generation of
groundbreaking soil ecologists.

“Biochar has a number of properties and benefits that we believe, when used,
may provide opportunities to alleviate the pressures across the challenging
stress nexus of carbon, water, energy, and food. The work of Dr. Cotrufo at
CSU is helping us to understand and quantify these benefits, a key driver in
the future development of biochar.”
– Dr. Christian Andrew Davies, environmental biotechnologist, Shell

Dr. Francesca Cotrufo is a professor of
soil ecology in the Department of Soil
and Crop Sciences at Colorado State
University. She is an expert in litter
decomposition and soil organic matter
dynamics and in the use of stable isotope
methods in soil ecology. She is interested
in the understanding of carbon and
nitrogen fluxes from plant litter to soil
and the atmosphere, and their response
and feedback to global environmental changes and disturbances, such
as fire. She pursues applied research, such as the study of biochar

in soils, to propose sustainable soil management practices that
increase soil quality and fertility and mitigate climate change.
Dr. Cotrufo is also a senior scientist at the Natural Resource Ecology
Laboratory, and faculty co-director of the EcoCore Analytical Facility,
which is housed and managed by the NREL. The facility provides
analytical, training, and educational services related to ecology and
ecosystem research to clients across several colleges at CSU, as well
as local federal agencies and other universities and institutes. Its
mission is to provide and expand high-quality and cutting-edge
capabilities, facilities, and expertise to our scientific community and
to facilitate new and emerging research.

“Dr. Cotrufo and her black carbon research program are well-positioned to address
the challenges of a changing climate and the associated forest conditions that
are important to society. Her scientific efforts will advance understanding of the
consequences of high-severity wildfire on the ecosystem processes that influence
soil and forest productivity and that ensure delivery of clean water. Her work with
land managers will help better rehabilitate soils, forests, and watersheds that have
been altered by fire.”

– Dr. Chuck Rhoades, watershed biogeochemist,
U.S. Forest Service, Rocky Mountain Research Station

Wildfire: Impacts of “Black Carbon” in the Environment
Every year, fire burns several million hectares of forests, grasslands, and
savannas, across the globe, and the frequency and intensity of these fires are likely to
increase in the future. During fire, some of the burned biomass is converted to black
carbon, which is then released into the atmosphere or deposited on the soil as char.
Although this char can be utilized by soil microbes, its decomposition occurs at a very,
very slow rate. Thus, black carbon generally resides in the soil for a long time (from
centuries to millennia), and acts as a long-term carbon sink, thus mitigating global
warming. However, the amount of black carbon stocks in soils is not only affected by
rates of production and decomposition, but also through losses attributed to wind
erosion, runoff, leaching, or subsequent burning. In burned watershed, rivers become
black, and the black water may be used downstream for irrigation and other uses.
What is then the impact of black carbon in the environment? Professor Cotrufo’s lab
at Colorado State University is one of the very few laboratories in the world able to
accurately detect black carbon in the environment using condensed benzene molecules
as markers. Thanks to this technique, and to the experimental production of isotopically
labeled pyrogenic organic matter, researchers in Dr. Cotrufo’s lab can quantify the black
carbon and investigate its fate and effects on soil, soil organisms, and water.

Biochar: A Sustainable Solution to Improve Food Production
and Soil Reclamation and Mitigate Climate Change
Biochar is the carbon-rich solid co-product of thermochemical biofuel production,
which has been advocated as a good soil amendment capable of sequestering carbon while
simultaneously improving crop yields and ecosystem sustainability. The recovery of biochar
from biofuel production systems and its use in critical managed soils has the potential
to increase economic returns, while improving environmental quality and enhancing
the overall sustainability of the system. Biochar is characterized by several specific
characteristics that result in many well-documented benefits to agricultural soils, including:
1) increased aeration, water retention, and structural stability of soils; 2) increased
soil carbon sequestration; 3) reduced greenhouse gas (e.g., N2O) emissions from soils; 4)
increased pH and nutrient retention capacity (e.g., decreased leaching losses of available
nitrate and ammonium); 5) reduced mobility of contaminants; and, thus 6) promotion
of soil fertility and plant growth. Professor Cotrufo’s biochar program at Colorado State
University is growing at a fast rate, and coupling advanced isotopic techniques to field studies,
she is investigating the basic mechanisms underlying the beneficial effects of biochar to its
application for food production in dryland and the recovery of degraded soils.

Sustainable Bioenergy: Expanding Assessments of Bioenergy Sustainability
to Soil Organic Matter Dynamics and Carbon Sequestration
Bioenergy production is an important component of mitigating climate
change and curtailing the use of fossil fuels in the United States and around the
world. Enhancing the sustainability of bioenergy feedstock production, through
best management practices and regionally appropriate feedstock selection, is crucial
to our ability to optimize land use and to meet the multiple demands placed on
agricultural lands, such as food, feed, fiber, and fuel production. The Cotrufo lab has
begun examining the impacts of bioenergy feedstocks on soil carbon sequestration,
and how this capacity for carbon storage may vary by region and by feedstock. Roots
often are the primary organic matter inputs in agricultural systems, especially in the
deep soil. Through decomposition experiments in agroecosystems with the bioenergy
feedstock Sorghum bicolor, the Cotrufo lab is advancing our basic knowledge of the
contribution of crop roots to changes in soil carbon pools, and how long the carbon
is likely to remain in the soil at the surface and in the deep soil. Thus, we can better
inform sustainability assessments of carbon sequestration potential and make better
decisions about what feedstocks we should produce.

Educating the New Generation of Soil Scientists
Soils play a key role in determining the impact of climate change on terrestrial
ecosystems and in regulating greenhouse gas concentrations in the atmosphere. GHG
mitigation, through improved land use and management, is currently a major issue both
nationally and internationally. Markets and business opportunities for GHG mitigation
are also emerging. This new field has yet to be included in academic curricula,
however, and we lack professional experts in this sector. In the Department of Soil and
Crop Sciences at Colorado State University, we designed a novel, interdisciplinary
undergraduate concentration that bridges agriculture with climate change science
and economics. The concentration is “Soils, Land Uses, and Climate Change,” and
includes two novel courses – “Soils and Global Change: Science and Impacts” and “GHG
Mitigation, Land Use, and Management.” This curriculum represents a major change
in agricultural education, in particular by combining innovative scientific content
with technical skills and by introducing multiple disciplines, from economics and
policy to atmospheric sciences and agricultural education. Our target audience is a new
and diverse group of atypical students of agricultural sciences, who are challenged by
interesting new questions concerning food production and the environment. This new
program will have tremendous impacts on agricultural and ecosystem science education
at Colorado State University and elsewhere.

“The collaborative nature of research is unique at CSU and has given me tremendous
opportunities to perform interdisciplinary research within agricultural ecosystems.
Through access to experts, state-of-the-art equipment, and cutting-edge research methods,
I feel like I’m gaining the knowledge necessary for a successful career in research.”
– Sarah Fulton, Soil and Crop Sciences Ph.D. student

