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Sam Dixon, dairy farm manager at Shelburne Farms in Shelburne, VT, applies biochar to

an earthen manure pit. Photo courtesy of Shelburne Farms.



Many farmers are interested in

reducing greenhouse gas emissions

from manure application to reduce

agriculture’s impact on global climate

change. They don’t want costly

nutrients volatizing into the

atmosphere or running off into

waterways. Excess nutrients can cause eutrophication of

waterways—degradation from excess nutrients. A 2023 University of

Vermont study found that application of biochar before liquid dairy manure

both injected and broadcast released about 50% less nitrous oxide (N O)

than manure application alone. This finding is based on only one season of

results so far, at one location. The research team is awaiting results from the

repetition of the study on fresh plots on the same farm. Earn 0.5 CEUs in

Sustainability by reading this article and taking the quiz.
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A 2023 University of Vermont (UVM) study found that application of biochar before

liquid dairy manure both injected and broadcast released about 50% less nitrous oxide

(N2O) than manure application alone.
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Lead researcher Carol Adair, associate professor in the Rubenstein School of

Environment and Natural Resources at UVM, cautions that this finding is based on only

one season of results so far, at one location. The research team is awaiting results from

the repetition of the study in 2024 on fresh plots on the same farm. They also

continued to monitor the 2023 plots to see if one application of biochar continues to

reduce N2O emissions in the second year.

The experiment occurred on Borderview Farm in Alburgh, VT, literally across a dirt road

from the Canadian border in the northwest corner of the state.

The researchers found no positive or negative effect of biochar on corn silage yield.





Manure injection at the study site. Photo courtesy of S. Rubien, UVM.

Importance of soil management in greenhouse gas emissions

Agricultural soil management produces 75% of U.S. N2O emissions. “Nitrous oxide is

almost 300 times more effective at trapping heat in the atmosphere than carbon

dioxide, so every little bit really matters,” Adair says.

Many farmers are interested in reducing greenhouse gas (GHG) emissions from

manure application as well as the loss of nutrients through volatilization into the

atmosphere or runoff into waterways. Excess nutrients can cause eutrophication of

waterways—degradation from excess nutrients. Borderview Farm lies on a peninsula

that juts into Lake Champlain, which is eutrophying.

When soils are relatively dry and oxygen is available, N2O comes from metabolism by

soil microbes of ammonium into nitrate for energy. When soils are very wet and oxygen

is low, most N2O comes from denitrification in which microbes use nitrate to

metabolize carbon for energy.



Some of the studied biochar prior to soil application. Photo by H. Darby, UVM.

Long-sought good news, with some caveats

This is the first bit of good news for farmers out of Adair’s lab since she began

experimenting with ways to reduce GHG emissions from manure applications almost

10 years ago. Adair; Heather Darby, agronomic and soils extension specialist with UVM;

and, most recently, master’s student Sophia Rubien have collaborated with Roger

Rainville, owner of Borderview Farm, on a series of experiments seeking to find ways

farmers could reduce their GHG emissions while still land-applying liquid dairy manure.

They first studied emissions with manure injection but found large pulses of N2O

release shortly after application, especially when the soil was wet. Then they tried


