
Carbon Sequestration by Managed Intensive Rotational Grazing 
 
Overview: 

Improved land management is a crucial component of climate change mitigation. There is potential 
for agriculture, representing 13.5% of global GHG emissions, to cut its emissions and store additional 
CO2 in soil.1 The Southeast region, unlike the feedlot scenarios dominant within the top 5 cattle producing 
states, is typified by smaller pasture-based cattle operations and represents ~20% of the national 
herd.2 By targeting pastured cattle, solutions can prioritize equity by supporting small scale graziers in the 
Southeast. Small-scale systems are more adaptable, while support for graziers assists rural 
economic development and resilience-building for the impacts of climate change.  
 
Scientific Basis for Carbon Sequestration: 

Grasslands are unique ecosystems; levels of both soil organic carbon (SOC) and nitrogen 
(SON) are greater within the first 200 mm below the surface in grass-based management systems 
(e.g., pastures) than in forests, croplands, or unmanaged “wild” grasslands.3 This discrepancy 
underscores the potential for carbon sequestration in responsibly managed grasslands.  

Altering grazing management practices can facilitate increased carbon storage in the soil. In 
many of these grazing practices, cows are kept behind electric fencing and are rotated between 
paddocks every several days; this system, along with thoughtful forage choice, can extend the 
grazing period and increase forage productivity because plants are eaten only to a point that they 
are able to quickly regenerate nutritious foliage. Additionally, this system allows cows to spread 
organic matter throughout each individual paddock, which is more evenly distributed than if cows 
are allowed to graze in one large area. This distribution of waste is crucial to carbon storage 
because cows excrete carbon from the non-digestible part of their forage, which is 25-40% by 
volume.4 

The amount of carbon sequestered in the soil is dependent on a number of variables, 
including temperature, precipitation, soil characteristics, grassland type, and management 
practices. One study in Georgia found that a drought greatly reduced the amount of carbon 
sequestration in soil in sample plots.5 Similarly, the effects of management practices vary by soil 
depth. More pronounced effects were seen in soils found at shallower depths and lessened in 
deeper soils; however, there were higher amounts of SOC deeper in the soil profile in areas with 
grazing compared to areas without grazing.  
 
 
Expected Co-Benefits: 
Educational: This project will provide educational opportunities for students to learn about soil carbon and 
its relationship with grazing management practices.  
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Social: Formalizing these practices into a carbon offset protocol will allow another source of income for 
small-scale graziers in North Carolina, which can increase the sustainability of their business model and 
conserve these working lands. Additionally, because these practices rely on grazing more than harvesting 
hay, the costs of purchasing hay or the time spent harvesting hay is greatly reduced. Cows also benefit from 
these grazing practices because there is reduced exposure to parasites and farmers can monitor cows’ 
health more closely when they move cows between paddocks. 
 
Environmental: The practices that increase soil carbon also reduce erosion, improve water infiltration (both 
of which can improve downstream water quality), improve overall soil health and fertility, and improve soil 
microbial communities. Additionally, increased grazing allows graziers to be less reliant on tractors for 
mowing hay, which reduces greenhouse gas emissions. Fertilizer inputs can be also lessened because of 
increased forage productivity. 
 
Scalable: This project will remove barriers of entry to graziers and increase the use of these best 
management practices (BMPs) in small- to medium-sized grazing operations.  
 
Project Partners: NC State University, NC Extension Service, local farmers, First Hand Foods (local meat 
aggregator) 
  
DCOI’s Role: 

Recent research shows that soil can either be a carbon sink or source, depending on variations in 
soil characteristics, climate, and management.6 Due to high spatial heterogeneity, it is uncertain where soil 
can be a carbon sink and where these regions overlap with land currently managed as pasture or that could 
become pasture land in the Southeast. Better understanding the environmental variables that influence soil 
carbon storage and how grazing influences complex microbial processes is important for fully 
understanding the potential of a carbon offset protocol.  There is currently an accepted methodology for 
compost amendments to grazed grasslands, but there is no methodology to quantify carbon storage in the 
soil as a direct result of responsible grazing practices.  

Currently, a multidisciplinary team of students, faculty, and staff from Duke University and NC State 
University are collaborating with small-scale cattle farmers and the NC Extension Service in a year-long 
project to understand best management practices' (BMP) effect on soil carbon and soil quality. The 
ultimate goal of this project is to create a carbon offset protocol that lowers barriers of entry to farmers 
and increases the use of these BMPs. 
 
Resources: 

• Nutrient Management on Pastures and Haylands (NRCS): 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1080496.pdf 

• Pastures for Profit: A Guide to Rotational Grazing (NRCS): 
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1097378.pdf 

• Amazing Grazing Program (NCSU): https://cefs.ncsu.edu/extension-and-outreach/amazing-
grazing/ 
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