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 FOREWORD ON THE SCOPE OF THIS POLICY PAPER  

  
This position paper reviews the science related to climate change mitigation and adaptation on farms 

in the U.S., in order to provide a sound rationale for current and future policy development and 

advocacy related to climate change and agriculture. We then summarize our review in 14 key 

research-based findings, from which flow eight priority areas for federal policy reform that 

incorporate 29 specific policy recommendations. 

 

At the start, we would emphasize three important points about the scope of the paper.   

 

• First, the policy recommendations in this paper are based on existing federal farm bill authorities 

and potential changes to those authorities and funding levels in subsequent farm bills. We 

recognize that many other federal policies and federal agencies beyond the U.S. Department of 

Agriculture (USDA) play important roles in addressing topics relevant to climate and agriculture, 

but we chose to focus here on the farm bill and USDA.   

 

Importantly too, this farm bill focus does not mean we will not have a good deal to say about 

recommendations for an agricultural component of comprehensive climate change legislation.  It 

is our strong hope that a comprehensive climate bill will clear Congress and become law is in our 

near collective future, and we fully intend, at a later date, to offer our vision for what the 

agricultural component of such a measure should look like. 

 

• Second, this paper focuses on adaptation to climate change, and mitigation and reduction of 

greenhouse gases (GHG) on farms in the U.S. It is, however, important to note that there are 

also significant GHG emissions from off-farm processes connected with the broader agricultural 

system, such as production and transport of inputs including pesticides and fertilizers, food and 

fiber processing, and transportation, storage, and distribution of products. A growing body of 

research indicates that sustainable, regional and local food processing and distribution systems 

are more resilient to the impacts of climate change and can result in substantially more GHGs 

sequestered than emitted, while empowering culturally diverse communities to choose food 

production systems that promote local economies and adapt to changing environments.    

  

We support the development of regional and local food systems which play an important role in 

increasing farm viability and resilience, conserving energy, improving the nation’s health, 

fostering ecosystem functions, and reducing GHG emissions in our nation’s farming and food 

system.  Those broader food system aspects, however, are beyond the scope of this particular 

position paper. 
 

• Third, this paper does not address indigenous or traditional knowledge and experience in living 

within the bounds of nature and all that native peoples have learned about survival under 

difficult and changing environmental, social, emotional and political conditions. This includes 

the transfer of knowledge from generation to generation, and always considering the rights of 

future generations when using current resources. Examples include tribal wisdom such as never 

harvesting more than half of a natural planting of wild herbs; and four hundred years of 
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communally operated acequia (irrigation) systems of the U.S. Southwest designed to provide 

both economic and vital ecosystem services such as preservation of wildlife habitat and 

protection of water and soil resources.  Nor does this paper address the injustices of the siting of 

fossil fuel infrastructure and polluting industries that disproportionately impact people of color 

and low-income communities.  NSAC is addressing issues of justice, equity, structural racism 

and white supremacy both internally and in our work in the policy arena though not directly 

through this paper. 

  

OVERVIEW  

  

For over thirty years, the National Sustainable Agriculture Coalition (NSAC) has advocated federal 

agricultural policies that foster the long-term economic, social, and environmental sustainability of 

agriculture, rural communities and natural resources.1 Our long-term goal is the establishment of 

agricultural and food systems across the United States that can endure and meet the needs of present 

and future generations.  NSAC works for policies that promote small and mid-sized family farms, 

new farming and ranching opportunities, racial justice and equity, farmworker justice, and 

agricultural systems which ensure ecosystem sustainability through building soil health, promoting 

diverse production systems, protecting water and enhancing habitat for pollinators and other 

beneficial wildlife.   

 

====start text box==== 

 

NSAC played a key role in defining “sustainable agriculture” in the 1990 Farm Bill: 

  

The term sustainable agriculture means an integrated system of plant and animal production 

practices having a site-specific application that will, over the long term: 

 

• satisfy human food and fiber needs; 

• enhance environmental quality and the natural resource base upon which the agricultural 

economy depends; 

• make the most efficient use of nonrenewable resources and on-farm resources and 

integrate, where appropriate, natural biological cycles and controls; 

• sustain the economic viability of farm operations; and 

• enhance the quality of life for farmers and society as a whole. 

(Public Law 101-624, Title XVI, Subtitle A, Section 160e (7 U.S.C. § 3103 (19)). 

  

To meet the long-standing goals of sustainable agriculture, NSAC promotes systems which 

are resilient to climate change.  Agricultural systems cannot be sustainable unless they are 

resilient to disruptions—of which climate change is the most formidable. Systems managed 

according to the agroecological principles discussed in this paper (including organic, 

 
1 The National Sustainable Agriculture Coalition was launched in January 2009 and adopted existing policy papers of its predecessor organizations - the Sustainable Agriculture Coalition 

and the National Campaign for Sustainable Agriculture.    
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regenerative, biological, biodynamic, conservation agriculture, permaculture, agroforestry, 

holistic management, etc.) will result in systems resilient to climate change. NSAC has 

previously adopted principles and policy positions related to climate change in 2009 and 

2014. All NSAC policy positions are available at: www.sustainableagriculture.net. 

 

====end text box===== 

 

In the last two decades, an overwhelming consensus has emerged among scientists that the world 

has entered an era of rapid global climate change, much of which is attributable to greenhouse gas 

(GHG) emissions from human activity. Rapid global climate change is impacting agriculture in a 

variety of ways, including greater weather extremes such as severe droughts and floods, increased 

heat waves, pest pressures and impacts on crop yields. The exact nature and degree of these changes 

for any given region will be difficult to predict, although climate scientists are improving on their 

capacity to do so. 

  

To cope with climate change that is expected to be both rapid and unpredictable, and for farmers to 

remain economically viable in the face of these challenges, agricultural systems must be resilient and 

able to adapt to a changing climate. Resilient agriculture systems are those that are more likely to 

maintain and even improve economic, ecological and social benefits in the face of dramatic changes 

such as climate change and price swings. The dominant agricultural systems of the US lack resilience 

to such disturbances due to their low levels of diversity (monocropping), reliance on inputs from 

non-renewable resources, exposure of key resources to degradation (e.g., bare fields, water 

pollution), and depleted soils.  In the face of increasing uncertainty, major changes in our food 

production systems are needed.   

 

At the same time that farmers and ranchers must adapt to climate challenges, current agricultural 

activities are also a source of greenhouse gases that aggravate climate disruption. The amount of 

GHGs emitted from an agricultural operation depends on its system of management.  

Agroecological systems can help reduce agricultural GHG emissions through soil health practices 

that sequester carbon (including management intensive grazing), nutrient management that 

minimizes use of soluble nitrogen (N), conservation and planting of trees and shrubs, aerobic 

composting of animal and plant wastes, and energy conservation, including reduced use of 

petroleum-derived fertilizers, pesticides and fuel.  

  

Agricultural land can serve as a sink for GHG emissions, especially through carbon sequestration in 

soil and woody biomass. However, agricultural land can serve as an effective long-term GHG sink 

only if agricultural systems are adopted which provide relatively stable GHG reduction or 

sequestration. In addition to sequestering carbon, climate-friendly systems must mitigate emissions 

of the potent GHGs nitrous oxide and methane. Policy that supports such a stable sink requires 

tools that can accurately measure GHG reduction or sequestration. Fertilizer use and efficiency, 

nitrogen sequestration and overall GHG emissions of livestock production systems [particularly 

confined animal feeding operations (CAFOs)] must be assessed and addressed. 

  

http://www.sustainableagriculture.net/
http://www.sustainableagriculture.net/
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Moreover, agricultural carbon sequestration and GHG mitigation cannot be the only solutions for 

dealing with overall GHG emissions. Industry, vehicles and other human activities must also greatly 

reduce emissions. U.S. climate change policy should require all sectors to adopt new technology and 

long-term permanent solutions to reduce GHG emissions.    

 

The National Sustainable Agriculture Coalition’s position is that the ecologically sound sustainable 

agricultural systems detailed in this paper offer the most resilience for agricultural production in the 

face of the extreme precipitation, prolonged droughts and increasingly uncertain regional climate 

regimes expected with global climate change. Such resilience is critical for farmer profitability in the 

face of a volatile market and increasingly volatile weather conditions. Moreover, adoption of these 

systems can significantly enhance carbon storage in soil and plant biomass and decrease net GHG 

emissions from agricultural production activities. The potential of these sustainable and organic 

agriculture systems to help mitigate climate change complements their benefits in improving the 

overall environmental performance of agriculture and protecting the health of rural communities.  

These systems provide the best that agriculture can offer to the wide array of potential frameworks 

for climate change policy.  [See the Appendix for descriptions of the sustainable and organic agriculture systems 

and practices discussed in this paper.]  

  

The National Sustainable Agriculture Coalition calls upon federal policy makers to prioritize support 

for federal farm bill policies and programs that enable farmers and ranchers to adopt sustainable and 

organic agricultural production systems to address the challenges posed by a rapidly changing and 

disruptive global climate and increasing extreme weather events.  We recommend specific actions in 

this paper that USDA, and in a few limited cases other federal agencies, can take to assist farmers, 

ranchers and rural communities in coping with and mitigating the potentially devastating 

environmental consequences of rapid climate change.  

 

The actions we propose will not only help avoid disaster but also help farmers and ranchers thrive 

along with the biological communities and ecosystem functions working lands support. Federal 

policies must involve cooperation and support from all levels of government, community 

partnerships, the private sector, universities, and civil society to foster a coherent, effective and 

results-oriented approach to address climate change.  Federal action should also promote sustainable 

resource use, energy conservation and GHG reduction, in addition to establishing food security, 

habitat for beneficial wildlife, and meeting rural community development needs. 

 

======start text box===== 

 

It is imperative and urgent that the Federal government assist diverse communities 

and regions around the country to develop agricultural systems that: 

 

·        Build soil organic matter, soil health, and agricultural resilience 

·        Sequester carbon in soil and above-ground biomass 

·        reduce greenhouse gases 

·        use resources sustainably, and 

·        maximize energy conservation. 
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Federal policy should provide incentives, provide technical support, and implement 

regulations for adoption of sustainable, organic and resilient agricultural systems and 

practices that both mitigate climate change impacts and help farmers, ranchers, and 

rural communities cope with rapid climate change. 

 

====end text box==== 
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Executive Summary 
 

The goals of this NSAC Policy Position Paper are to present the latest science on climate change in 

agriculture, and to identify priorities for federal policy and USDA programming to help farmers and 

ranchers meet the growing challenges of climate disruption and contribute to climate change 

mitigation through carbon sequestration and reduction of greenhouse gas (GHG) emissions from 

their operations.   

 

The Fourth National Climate Assessment (NCA4) published in 2018 documents multiple adverse 

effects of climate change on US agriculture, including: 

 

• Intensified droughts, floods, and storms 

• Stresses on crops, livestock, and farm personnel from higher summer temperatures 

• Disruption of seasonal development, flowering and fruiting in horticultural crops 

• Shifting pest, weed, and disease life cycles and geographic ranges 

• Disproportionate impacts on economically disadvantaged rural communities 

 

Record-breaking Midwest flooding 2019, intense land-falling hurricanes in 2017 and 2018, and 

historic droughts in California in 2014-17 highlight the urgent need to help producers build the 

resilience of their operations to ongoing and future impacts of climate change (“climate 

adaptation”). 

 

Agriculture affects climate in two ways: direct greenhouse gas (GHG) emissions, and net loss of 

carbon from soil and biomass. Direct agricultural GHG emissions account for 8.4% of the US total.  

Major contributors include nitrous oxide (N2O) from fertilized soil (49%), enteric methane (CH4) 

from livestock (32%), and GHG from manure storage facilities (14%).  Currently, loss of soil 

organic carbon (SOC) as carbon dioxide (CO2) as a result of soil erosion and in-situ soil degradation 

contribute another 10-12% of annual human-caused GHG (global estimate).  However, improved 

agricultural practices for soil health and resource conservation can potentially sequester sufficient 

SOC and biomass C, to make US agriculture climate neutral. USDA policy and programs must 

emphasize soil health and support producers to become part of the climate solution through C 

sequestration and reduced GHG emissions (“climate mitigation”). 

 

The most practical and cost-effective way to remove excess CO2 from the atmosphere is 

through living plants and soils.  Farmers and landowners can sequester tons of carbon per 

acre in soil and perennial biomass through best management practices for soil health, crop 

and livestock production, and agroforestry. 

 

Research has demonstrated that agroecological farming and ranching systems, including organic, 

sustainable, conservation agriculture, and permaculture, can sequester C and reduce direct 

agricultural GHG emissions. For example: 
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• Sustainable organic or conservation agriculture systems can build ~500 lb. C/ac-year in 

cropland soils. 

• Management intensive rotational grazing (MIG) can reduce direct GHG emissions from 

livestock production and sequester at least one ton of C/ac-year. 

• Agroforestry and silvopasture can accrue more than one-ton soil + biomass C/ac-year.   

• Best soil health management on the world’s agricultural lands plus reforestation of idle and 

depleted lands could reduce atmospheric CO2 in the year 2100 by 156 ppm. 

• Best soil health management and crop breeding for nutrient efficiency show potential to 

improve nitrogen cycling and reduce N2O emissions. 

• Diversion of manure, yard waste, and food waste from lagoons and landfills into compost 

production reduces GHG emissions and provides a soil-building amendment. 

 

Our farms and ranches can improve energy use efficiency and become major producers of 

renewable energy for use within the agriculture sector and beyond.  Solar and wind show great 

promise as low-carbon energy sources, while biofuel production from agricultural biomass requires 

careful lifecycle assessment and consideration of social impacts.   

 

Based on these and other research findings, NSAC has developed the following policy priorities 

related to climate change and agriculture: 

 

• Support producers to make US agriculture climate-neutral 

• Remove barriers and strengthen support for sustainable and organic production systems. 

• Support climate-friendly nutrient management to reduce N2O emissions. 

• Support composting of manure and other organic “wastes.” 

• Protect C sequestration potential of sensitive and marginal lands 

• Support climate-friendly livestock production systems, end subsidies for CAFOs. 

• Support on-farm energy conservation and low-carbon renewable energy production. 

• Fund public plant and animal breeding for climate-resilient agriculture. 

 

Recommended USDA programmatic support for these priorities include: 

 

• Increased emphasis on climate mitigation and adaptation throughout NRCS working lands 

and easement programs, and the Conservation Reserve Program. 

• Increased research into climate impact assessment, public cultivar development, and 

agroecological systems that minimize net GHG and maximize soil health and resilience. 

• Whole farm emphasis across USDA programming, including Whole Farm Revenue 

Protection insurance. 

 

The National Sustainable Agriculture Coalition urges an immediate transition to a resilient agri-food 

production system based on sustainable and organic practices detailed in this paper.  The current 

challenges faced by farmers, ranchers and rural communities will intensify unless we implement 

integrated strategies to deal with our changing climate and build resilience to other disturbances.   
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 I. IMPACTS OF CLIMATE CHANGE ON U.S. AGRICULTURE 

Though the influence of atmospheric gases on climate has been known since the 1800s (Arhenius, 

1896), a significant effort to assess the potential impacts of climate change on agriculture began only 

in the 1970s when climate anomalies led to crop failures and sharp increases in grain prices (Stewart 

and Glantz, 1985).  In 1978, USDA joined with NOAA and DOD to release the first analysis of 

agriculture and climate change (National Defense University, 1978). In the 1980s, studies focused 

mostly on the direct effects of climate change on crop production (Newman, 1980; Rosenzweig, 

1985). One early conclusion was that a warmer climate could significantly decrease wheat and corn 

production in the US while increasing production in Canada, Northern Europe and the USSR (Smit 

et al, 1988; Adams et al. 1990).  
 

In 1990, the first report of the International Panel on Climate Change (IPCC) was released with an 

innovative emphasis on climate variability induced by increased emission of greenhouse gases 

(IPCC, 1990).  By the early 1990s, extensive research on impacts of climate change on livestock and 

rangelands was available (Hahn et al., 1990; Baker et al., 1993). The First U.S. National Climate 

Assessment was published in 2000 (USGCRP, 2000). In the early 2000s, evidence emerged that the 

advent of agriculture created the first human-caused increase in GHGs (Ruddiman, 2003). 

 

IPCC has now released five Assessment Reports with the Fifth issued in 2014 (IPCC, 2014a; IPCC, 

2014b). In addition, the IPCC has prepared several special reports relevant to agriculture, including a 

thorough review of agriculture and global climate change to be released in 2019 (IPCC, 2019).   

In November 2018, the U.S. Global Change Research Program (USGCRP) released the most 

comprehensive assessment of research to date on potential climate change impacts on agriculture in 

the U.S. The report, known as NCA4, was jointly issued by USDA and the other 12 Federal 

agencies which conduct research on global climate change. NCA4 provides detailed consideration of 

potential impacts of climate change on major crops, pastureland, rangeland, and livestock operations 

(Gowda et al., 2018).   
 

NCA4 concludes that climate change has and will impact agricultural productivity in the US through 

increased mean temperatures, alterations in rainfall patterns, more frequent occurrences of climate 

extremes (including temperature and precipitation), increased atmospheric CO2 concentrations and 

altered patterns of pest pressure. This increasing climate volatility will make it more challenging for 

farmers to stay in operation as they face climate-related challenges and natural disasters in addition 

to an already challenging farm economy. Adaptation to climate change includes altering what is 

produced, modifying the inputs used for production, adopting new technologies, and adjusting 

management strategies. All these adaptations will benefit from incentives and support for farmers.  

 

Among the general conclusions of NCA4 are the following:    
 

Temperature and Precipitation Changes  
   

• Every region of the US warmed during the last century, but significant regional variation 
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occurred. Alaska, the Western States and the Great Plains all warmed by more than 1.5°F 

while the South’s average temperature increased minimally with some parts of the South 

cooling slightly and the Corn Belt cooling slightly in summer.   

 

• Annual average temperature over the contiguous United States has increased by 1.2ºF (0.7°C) 

over the last few decades and by 1.8°F (1°C) relative to the beginning of the last century. 

Additional increases in annual average temperature of about 2.5°F (1.4°C) are expected over 

the next few decades regardless of future emissions.  

 

• Elevated temperatures play a critical role in increasing the rate of drought onset, overall 

drought intensity, and drought impact through altered water availability and demand. Increased 

evaporation rates caused by high temperatures, in association with drought, will exacerbate 

plant stress, reduce yields, and deplete surface and groundwater resources. The consequences 

of climate change on the incidence of drought also impact the frequency and intensity of 

wildfires.   

 

• Soil carbon, important for enhancing plant productivity through a variety of mechanisms, is 

depleted during drought due to low biomass productivity, which in turn decreases the 

resilience of agroecosystems. In 2012, the United States experienced a severe and extensive 

drought, with more than two-thirds of its counties declared as disaster areas. This drought 

greatly affected livestock, wheat, corn, and soybean production in the Great Plains and 

Midwest regions and accounted for $14.5 billion in loss payments by the federal crop 

insurance program. From 2013–2016, all of California faced serious drought conditions that 

depleted both reservoir and groundwater supplies. This lengthy drought, attributed in part to 

the influence of climate change, resulted in the overdrawing of groundwater, primarily for 

irrigation, leading to large declines in aquifer levels. The West and Southwest are likely to 

become drier, while the eastern United States is likely to experience increased rainfall.  Heat 

waves are very likely to be hotter, longer, and more frequent. 

 

• Annual precipitation since the beginning of the last century has increased across most of the 

northern and eastern United States and decreased across much of the southern and western 

United States. Over the coming century, significant increases are projected in winter and spring 

over the Northern Great Plains, the Upper Midwest, and the Northeast. Surface soil moisture 

over most of the United States is likely to decrease, accompanied by large declines in 

snowpack in the western United States and shifts to more winter precipitation falling as rain 

rather than snow.  

 

• However, changes in average precipitation will be punctuated by precipitation extremes such 

as record levels of snowfall in the western US in early 2019. Observed increases in the 

frequency and intensity of heavy precipitation events in most parts of the United States are 

projected to continue. 

 

• Increased precipitation extremes elevate the risk of surface runoff, soil erosion, and the loss of 
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soil carbon. The impact on agriculture will depend on whether farms have established 

protective measures to reduce soil erosion and water quality degradation such as 

implementation of grassed waterways, cover crops, conservation tillage, riparian buffers and 

waterway protection strips. 

 

Crop Impacts  

  

• Average yields of many commodity crops (e.g., corn, soybeans, wheat, rice, sorghum, cotton, 

oats) decline beyond a certain maximum temperature threshold and thus long-term 

temperature increases may reduce future yields under both irrigated and dryland production.  

 

• In contrast, even with warmer temperatures, future yields for certain crops such as wheat, hay, 

and barley are projected to increase in some regions due to anticipated increases in 

precipitation and carbon fertilization. Positive impacts of increasing temperatures have been 

reported for some high-latitude regions such as Alaska. However, yields from major U.S. 

commodity crops are expected to decline because of higher temperatures, especially when 

these higher temperatures occur during critical periods of reproductive development.  

 

• Horticultural crops (due to the need for vernalization or chill hours and susceptibility of 

flowers to temperature fluctuations) are likely to be more sensitive to climate change than 

grains and oilseeds. For example, climate science finds that acreage suitable for key crops, such 

as walnuts and some stone fruits, in California’s Central Valley may be cut in half by 2050 

because of a loss in winter chill hours. 

 

• Climate change is likely to lead to the northward migration of weeds.  Weeds respond 

positively to CO2 and commonly used herbicides lose their ability to kill weeds in a higher CO2 

environment.   

 

• With increased CO2 and temperature rises there may be an initial expansion of grain and 

oilseed production in some regions.  With continued rising temperatures this initial expansion 

may be short lived, particularly if precipitation patterns become more variable.   

 

• Anticipated increases in crop pests and diseases with an associated increase in use of 

petroleum-derived pesticides is likely--posing serious hazards to farm workers, rural 

communities and aquatic and terrestrial ecosystems. 

  

Livestock Impacts  
  

• Projected increases in daily maximum temperatures and heat waves will lead to further heat 

stress for livestock. Temperatures beyond the optimal range negatively impacts the 

physiological functions of animals and result in increased intake of water and reduced feed 

intake. Heat stress also decreases reproductive efficiency. High temperatures associated with 

drought conditions adversely affect pasture and range conditions and reduce forage crop and 
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grain production, thereby reducing feed availability for livestock.  

 

• More variable winter temperatures also cause stress to livestock and, if associated with high-

moisture blizzard conditions or freezing rain and icy conditions, can result in significant 

livestock deaths. 

 

• Dairy cows are particularly sensitive to heat stress, as it negatively affects their appetite, rumen 

fermentation (a process that converts ingested feed into energy sources for the animal), and 

milk yield. Frequent higher temperatures also lower milk quality (reduced fat, lactose, and 

protein percentages). 

 

• The dairy industry expects to see production declines related to heat stress of 0.60%–1.35% 

for the average dairy over the next 12 years, with larger declines occurring in the Southern 

Great Plains and the Southeast due to increasing relative stress. 

 

• Similar heat stress losses impact beef cow-calf, stocker, and feedlot production systems; higher 

temperatures result in reduced appetites and grazing/feeding activity, which subsequently 

reduce production efficiencies. Extreme temperature events also increase mortality.  

 

• With the expected earlier springs and warmer winters, disease pressure from livestock pests, 

parasites and pathogens on cropland, pastureland and rangeland may increase and livestock 

producers may need to deal with increased parasites and pathogens as climate change results in 

increased survivability and expansion of the pests’ range.    

 

• Forage production may be expanded as growing seasons lengthen, but this benefit will depend 

on water availability.   

 

• Shifts in plant species in rangelands, particularly an increase in perennial herbaceous species, 

will create greater spring water demands.  
  

NCA4 also cites research showing the disproportionate impacts of climate change on rural 

communities that are already less resilient due to multiple socioeconomic disadvantages, such as an 

increased risk of exposure to extreme heat and poor air quality, lack of access to basic necessities, 

and fewer job opportunities.  

 

Beyond these already profound impacts, unforeseen climate change feedback events will likely 

further affect agriculture (Baveye, 2007). As temperature rises, precipitation amounts change, and 

severe weather events happen more frequently.  These changes could cause both negative and 

positive feedback outcomes in agricultural systems in ways that are difficult to predict.  Although 

some regions of the U.S. may experience extended growing seasons due to rising temperatures, the 

possible positive outcomes of climate change in the U.S. do not erase the potentially devastating 

agricultural outcomes described above.  
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These climate change effects coincide with two additional disruptions that will require significant 

changes to the current reliance of U.S. agriculture on high levels of external inputs: movement away 

from GHG-producing fossil fuel energy and the depletion of significant freshwater reserves because 

of increasing demand by the agricultural sector and other users. U.S. agriculture has largely been 

designed to work with non-renewable fossil fuels, abundant freshwater reserves and a period of 

relative stability in the climate, all of which are now in question (Battisti and Naylor, 2009). The next 

generation of farmers and ranchers will need to switch to smarter agricultural systems that rely less 

on high-energy inputs and conserve water and other natural resources.  

 

Dealing with these disruptions on U.S. agriculture will require the resilience of farms and other 

agricultural systems including cooperatives, marketing and processing systems and input supply 

systems. Upper Midwest corn farmers have adopted earlier planting dates and longer season varieties 

to increase yields in the face of moderate increases in temperature, while corn yields have suffered in 

more Southern regions (Butler et al., 2018).  Such appropriate innovation and other qualities 

necessary for resilience (Worstell and Green, 2017) will determine the impact of climate change on 

each system. Policies which encourage flexibility, innovation and diversity will enable farms and 

other subsystems to increase their resilience and weather the storm. Resilience of agricultural 

systems is also highly correlated with lower poverty and higher health outcomes, indicating that 

resilient agricultural systems have many co-benefits beyond climate adaptation and mitigation 

(Green et al., 2018).  

 

The following sections summarize research into the impact of agriculture on the climate, explore the 

climate mitigation and adaptation potential of sustainable and organic agricultural systems, and detail 

policies which, if implemented, will enable the U.S. agricultural system to thrive and mitigate the 

most daunting challenge it has ever faced. 

 

  
  

II. IMPACTS OF U.S. AGRICULTURE ON CLIMATE CHANGE 
  

Agricultural production is not just affected by climate change - agricultural production systems also 

have the potential to mitigate or exacerbate climate change trends.  This section looks at agriculture 

both as a significant emitter of GHGs and as a potential sink for GHGs.    
  

A.    U.S. agriculture as a contributor to climate change  
  

Figure 1 below is taken from the agriculture chapter of EPA’s latest Inventory of U.S. Greenhouse 

Gas Emissions and Sinks. This inventory provides the most recent sector-by-sector estimates of 

GHG emissions in the United States. The agriculture portion of Figure 1 does not include CO2 

emissions from cropland treated with lime or urea fertilization or GHGs from fuel combustion for 

on-farm vehicles and equipment (counted in the Energy section of the inventory), or energy for the 

manufacture of fertilizers and other inputs (counted in the Industrial Processes section of the 

inventory). Agricultural production is a significant contributor to total direct U.S. GHG emissions, 

though relatively minor compared to the energy sector.  
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Figure 1. U.S. Greenhouse Gas Emissions and Sinks (MMT CO2 24 Eq.) 

 
Source: EPA (2019) 

  

The major GHGs emitted by agricultural production sources include carbon dioxide (CO2), methane 

(CH4) and nitrous oxide (N2O). U.S. agricultural production is a relatively minor producer of CO2 

(CO2 from agriculture comes primarily from on-farm energy use), but it is a major source of CH4 

and N2O emissions. As a GHG, CH4 has a greater global warming potential than CO2 but a shorter 

atmospheric life. Over a 100-year period, CH4 is 28 times as potent as CO2 (IPCC, 2014b, p.87).  

N2O has a relatively low warming effect but a very long atmospheric life and over 100 years has a 

global warming potential that is about 310 times that of CO2. Both CH4 and N2O, while released in 

smaller overall volumes than CO2, have significantly higher global warming potential than CO2. The 

term CO2eq (carbon dioxide equivalents) provides a measure that combines the 100-year global 

warming potential of these different GHGs from a source into one measurement.  
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Figure 2. 2017 Greenhouse Gas Emissions from U.S. Agricultural Sector (MMT CO2 Eq.) 
 

 
Source, EPA (2019). 

  

Figure 2 shows the sources of direct GHG emissions within the U.S. agricultural sector, not 

including CO2 from fossil fuel use in field operations and manufacture of inputs, or losses of soil 

organic carbon.  
  

N2O emissions by agricultural soil management was the largest source of U.S. N2O emissions, 

accounting for 73.9 percent. This happens through activities such as fertilizer application and other 

agricultural practices that increase nitrogen availability in the soil. Methane emissions from enteric 

fermentation and manure management represent 26.4 percent and 9.3 percent of total CH4 

emissions from anthropogenic activities, respectively. Of all domestic animal types, beef and dairy 

cattle were by far the largest emitters of CH4. Rice cultivation was also a significant source of CH4. 

Manure management and field burning of agricultural residues were also small sources of N2O 

emissions. Urea fertilization and liming each accounted for 0.1 percent of total CO2 emissions from 

anthropogenic activities. (EPA, 2019, Sect. 5-1)   
  

Agricultural Soil Management covers a broad array of practices including fertilization with 

synthetic fertilizer and animal manures; manure deposition by grazing animals, soil cultivation; 

production of N fixing crops and forages; irrigation and other practices. The category covers GHG 

emissions from both cropland and grasslands. This number does not include silvopastoral efforts 

and forestlands which are discussed later. 

  

Enteric Fermentation is primarily methane produced by the digestive processes of ruminant 

animals which are emitted from the animals as gas.   

  

Manure Management emissions are methane and nitrous oxide released from manure during 

storage and handling.    

  



 

 

  16  

 

Rice cultivation, which in the U.S. is done under anaerobic conditions in flooded fields, results in 

methane emissions.   

  

Field burning of agricultural residues results mostly in CO2 emissions, which are not counted 

because it is assumed that CO2 will be reabsorbed by plants in the next growing season. Field 

burning, however, also results in release of methane, nitrous oxide and other minor GHGs.     
  

Note that these GHG emission data for agricultural activities do not include indirect GHG 

emissions from the production and distribution of off-farm inputs, especially manufactured 

fertilizers and pesticides.  GHG emissions from these inputs add to the overall carbon footprint of 

agriculture.   
  

B. U.S. Agriculture and mitigation of climate change: The potential for significant 

carbon sequestration in agricultural soils and woody biomass.   

  

Soils are one of five principal global carbon pools, which also include the oceans, fossil fuel deposits, 

biotic (plant-based carbon), and the atmosphere. Soils constitute the largest terrestrial organic C pool 

(ca. 1500 Pg C2 to 1 m depth; 2400 Pg C to 2 m depth) which is three times the amount of CO2 

currently in the atmosphere (~830 Pg C) and 240 times current annual fossil fuel emissions (~10 

Pg). Thus, increasing net soil C storage by even a few percent is a significant C sink potential. Soil C 

sequestration is one of a few strategies that could be applied on a large scale and at relatively low 

cost (Paustian et al., 2016). 

  

U.S. soil organic carbon has been depleted as land has been converted from forests, native prairie 

and other grasslands, and wetlands to more chemical-intensive agricultural uses. Long-term 

extractive farming practices, such as deep tillage without rebuilding of soil carbon, have further 

depleted levels of carbon in agricultural soils. U.S. agricultural soils have lost an estimated 30-50 

percent of the carbon contained prior to cultivation.  The result is that agricultural soils have the 

capacity to take up carbon from root exudates, litter, harvest residues, and animal manures used in 

agricultural production.  The total potential of carbon sequestration in soils in agriculture, grazing, 

and forestry ecosystems at 3.7 to 9.3 Pg C per year, with an average of 6.5 Pg C per year for a total 

of 333.2 Pg C after 60 years, the point at which terrestrial ecosystems would reach their capacity to 

hold carbon. US soils alone have a total potential year sequestration of 288 Tg C per year (.288 Pg 

C/year) (Chambers et al, 2016). Significant long-term soil carbon sequestration could be achieved by 

a mix of recommended agricultural systems and management practices and the conversion of 

degraded soils and drastically disturbed lands to restorative uses. An increase in overall soil carbon 

also has positive effects on soil quality and could result in increased productivity, agricultural 

resilience, and yield stability, especially on carbon-depleted soils (Lal et al., 2003). 
   

Rattan Lal (2019) provided the below diagram which compares the loss of carbon into the 

atmosphere because of land use changes from 1960 to 2017, in part related to agriculture (the pink 

 

2 1 Pg (petagram) is 10 to the 15th power grams or one billion metric tons. One Tg or teragram is one million metric 

tons or 1/1000 Pg. 
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area). However, Lal also suggests that with proper management of soils and land there is great 

potential to offset previous losses (blue area). 

 

 
 

Figure 3. Carbon sequestration in the terrestrial biosphere and that of sequestration in soil and vegetation, from Lal 
(2019, p 29A). 

 

NRCS estimates that US farmers can sequester up to 2.5 metric tons of CO2 equivalents (Eq) per 

acre annually by adopting specific NRCS recommended practices. The chart below shows soil and 

woody carbon sequestration/emissions reduction potential by management practice as estimated by 

NRCS COMET-Planner tool (Swan et al., 2019) as reported by Biardeau et al (2016). 
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Figure 4 Soil Carbon Sequestration/Emissions Reduction Potential by Management Practice, from Biardeau et al. 
(2016). 

Practices highlighted in green are considered by NRCS as “Soil Health Building Blocks.” These 

practices, and others that boost soil health, do more than store carbon; they also help farms adapt to 

more extreme weather conditions through increased water holding capacity, less erosion, and other 

benefits. A variety of additional practices (in blue) also have significant potential to capture carbon 

and reduce emissions according to Comet-Planner. 

 

Recent research indicates that cropping systems can have profound effects on local climate. In parts 

of the Midwest, a decrease in summer high temperatures and an increase in average rainfall has been 

attributed to expansion of corn acreage (Alter et al., 2017). 

 

C. Crop Insurance, Structural Issues and Impacts on Climate Change 

 

“One of the most pressing concerns about the industrialization of agriculture and food is 

the consolidation and concentration of markets for agricultural inputs, agricultural 

commodities, food processing and groceries. In essence a small minority of actors 

globally exercise great control over food system decisions. This means that because of an 

increased consolidation of these markets globally – from the United States to China to 

Brazil, from South Africa to the United Kingdom –the vast majority of farmers, 

consumers and communities are left out of key decisions about how we farm and what 

we eat. Transnational agrifood firms are motivated by profits and power in the 
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marketplace, leaving other social, economic and ecological goals behind. This creates an 

agroecological crisis in the face of climate uncertainty but one that is rooted in social and 

economic organization.” (Hendrickson, M, et.al., 2017, p.1)  

 

The nature of our national and global agricultural political economy is not conducive to making easy 

headway on the complex issues of climate disruption. The system is designed for overproduction of 

major commodities so that the prices of these commodities stay relatively low and the only way for 

these commodity producers to remain economically viable is to produce more. Producing more of a 

commodity to make up for low prices often requires using agricultural practices such as 

monocropping and intensive fertilizer and pesticide inputs that increase GHG emissions. Low prices 

also reduce a farmer’s ability to invest in conservation practices. Seed for cover crops, lack of 

markets for third crops, additional machinery, and other costs can deter a farmer who is struggling 

to remain economically viable from adopting climate-friendly practices.   

 

Consolidation in seed, fertilizer, pesticide, and farm machinery industries also narrow what choices 

farmers can make about how they farm. In an example laid out by Hendrickson, Howard, and 

Constance (2017), “a farmer may want to enhance soil quality by practicing multi-year rotations with 

three to five different crops but is prevented because they can't find regional markets for sunflowers 

or wheat rather than just soybeans and corn. Farmers may also want to practice diversified crop and 

livestock farming but cannot find available markets for smaller numbers of livestock.” With less 

competition in the marketplace, farmers are constrained to certain seed varieties, animal genetics, 

and management practices to meet the requirements of what the industry is selling and buying 

(Hendrickson, Howard, and Constance, 2017). 

 

In addition to structural market forces, federal policy often supports production at all costs. The 

U.S. federally subsidized crop insurance program illustrates these issues quite well.  

 

First, crop insurance policies are sold through a joint federal and private company program. One 

way to think of this arrangement is to think of the federal crop insurance program as a large national 

non-profit insurance company, where the rules and details are set by the federal government and the 

“implementation” is done by private for-profit companies/agents who act as “contractors” to the 

federal government.  

 

Both the rewards and losses accrued in the operation of the program are borne to some degree by all 

participating and mostly by the taxpayer. The goal of the general program is on average over time to 

pay-out (indemnities) no more than taken in the sale of the insurance policies (premiums), hence, 

the notion of a non-profit. Private insurance companies on the other hand need to take-in more 

premiums more than they pay- out in indemnities, in at least the medium to longer-run in order to 

have a surplus revenue with which to invest and make a profit. The profit these companies receive 

are relatively assured and significant and do not result in very much financial risk. 

 

About 62% of the average crop insurance policy premium costs is paid by taxpayers. There is no 

means testing for farmers and ranchers who use this program so the wealthiest and poorest 

producer has equal access to its benefits.  A single type of policy, known as Revenue Protection 
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(RP), represents the greatest proportion of crop and livestock insurance coverage. In turn most RP 

policies cover the major commodity crops such as corn, soybean, wheat and cotton. RP policies 

represented 69% of the total liability coverage of the program in 2018 (RMA, 2019) RP coverage is 

very good coverage with the ability to cover up to 85% of the expected revenue value of the crop 

insured. Not only is the possible coverage high with high subsidization (64% in 2018), farmers get 

the advantage of estimating losses on the basis of either a projected price for the crop at the 

beginning of the crop year or the “harvest” price actually realized at the end of the season. Thus, if 

the projected price of corn is $4.00 per bushel and the harvest price is $4.50 a bushel, the farmer’s 

losses are valued at the higher of the two prices. Federal crop insurance makes it almost “riskless” to 

grow these commodity crops. This type of policy makes it likely that commodity crops will be over-

produced. 

 

Sidebar - Whole Farm Revenue Protection -- Climate-Friendly Crop Insurance 

 

Since 2015, Whole Farm Revenue Protection (WFRP) policies have provided protection 

of up to 85% of the average historic whole farm revenue of the farm for any type of crop 

or livestock produced. The policy is the first crop insurance policy available nationwide in 

every county in the United States. WFRP provides a significant discount to premium 

costs depending on the number of products farmed (livestock and crops).  For instance, 

if a farmer produces seven or more products, they can get a 41% discount on the base 

premium rate for the policy. Thus, WFRP is designed to support and incentivize diversity 

in crop and livestock production. This is key to why WFRP is climate-friendly and why 

the policy does not result in the same overproduction outcome of single-crop based 

policies. However, some small and mid-sized specialty crop farms have found the present 

record-keeping requirements for WFRP too onerous (Henderson, 2019). Adjustment of 

WFRP implementation will be required for it to reach its full potential. 

 

Considering a future of climatic disruption, WFRP provides a unique potential solution to 

our current non-climate friendly system of subsidized crop insurance. With likely 

increasing weather and climate change in the future, having more systems of production 

with greater crop and livestock diversity should lead to greater resilience while lowering 

the public cost of crop insurance. The future of climate disruption will mean that farmer 

and rancher’s livelihood will be at greater risk and that whole farm revenue protection will 

be seen more as a necessary investment rather than simply as an annual expense. 

 

[End sidebar] 

 

Current U.S. subsidies for single-crop insurance facilitate a vast overproduction of a few 

commodities.  Systems without robust feedback mechanisms to counteract overproduction 

inevitably monopolize scarce resources and produce harmful by-products (such as GHGs), reducing 

resilience. In the U.S., farmer decisions increasingly depend on federal policy - not biology, 

agronomy, or economics. As the weather becomes increasingly variable, many farmers survive by 

maximizing crop insurance payouts. In 2019’s wettest Spring on record in the Midwest, many 
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farmers first consulted their insurance agent and then lobbied to increase payments for not planting 

(Flavelle, 2019).  

 

Overproduction and the demand for grain in developing countries, especially in times of famine, had 

led to massive purchases of excess US grain for donation and sale to foreign governments and 

international non-governmental organizations (NGOs). This effort to “feed the world” can 

undermine local food production and exacerbate GHG problems. The Feed the Future Initiative 

(https://www.feedthefuture.gov/) begun in 2010 attempts to help food insecure countries by 

developing sustainable food production and markets within those countries instead of creating 

reliance on cheap imported grain. Increasing sustainable production in food insecure countries will 

decrease the need for overproduction in the US and thus decrease GHG impact of that 

overproduction. 

 

D. Overall Conclusions from Current GHG Emission Data and Research in 

Agriculture   
   

Overall, the 2019 EPA GHG emissions inventory leads to the following conclusions:    
  
1. Agricultural soil management (which leads to emission of N2O) is the single greatest contributor 

to direct GHG emissions from agricultural production. If you combine enteric emissions with 

manure related emissions, livestock is the largest single contributor to agricultural GHG 

emissions. 

  

2. Emissions from soil management, enteric fermentation from livestock digestive processes 

particularly cattle and other ruminants, and manure management are the top three sources of 

agricultural GHG emissions.  

  

3. The conversion of land to cropland from grassland and forest land results in net GHG 

emissions.  A large amount of CO2 was lost from soils in the past because of conversion of vast 

acreages of native grasslands and forests to agricultural uses and losses on a smaller scale 

continue each year.    

  

4. The U.S agricultural production sector is a moderate source of total U.S. GHG emissions, with 

an estimated total from agricultural production activities of 8.4% in 2017. 

  

5. Most direct GHG emissions from U.S. agricultural production activities consist of CH4 and 

N2O, two potent greenhouse gases.   

  

6. The U.S. agricultural production sector is currently a net emitter of GHG emissions. That is, 

agricultural production annually creates more GHG emissions than it captures.  In addition to 

direct agricultural GHG emissions, soil health issues continue to cause net CO2 emissions that 

are not included in the EPA analysis. There is, however, the potential for the agricultural 

production sector to sequester significantly higher levels of soil carbon through management 

https://www.feedthefuture.gov/
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and land use changes, and even to become climate-neutral.  

  

7. Despite some improvement since 1990 in certain areas, overall the U.S. agricultural production 

sector has increased its GHG emissions and climate impact. The main driver in this increase is 

the increasing use of liquid manure storage (e.g., lagoons), which emit farm more GHG, 

primarily CH4, than dry-stacked or composted manure. 

 

8. Crop insurance that motivates greater crop and livestock diversity, such as WFRP, are likely to 

lead to reduction of GHG emissions particularly from the current mono or bi-cultural systems 

of production. The myth that current high levels of federal subsidies for the production of a few 

commodity crops are necessary to feed the world is disingenuous. There is currently plenty of 

production to feed the world; distributional issues and other causes of food insecurity are the 

more significant issues. 

  

  
  

III. THE ROLE OF SUSTAINABLE AND ORGANIC PRODUCTION 

SYSTEMS IN MITIGATING THE IMPACTS OF CLIMATE CHANGE 
  

This chapter reviews research findings on agroecosystem mitigation of climate change.  

Thirteen summary statements of the research are provided at the end of the chapter. 

 

Focus on systems of practices. Agricultural management practices have substantial impacts on 

soil organic carbon (SOC) and overall soil health as well as direct agricultural GHG emissions.  

Thus, farmers and ranchers can play important roles in decreasing the net GHG “footprint” and in 

building agricultural resilience to the impacts of climate change.  While individual practices such as 

cover cropping or no-till can accrue measurable amounts of SOC, integrated systems of practices based 

on sound agro-ecological principles have the greatest potential to mitigate agricultural GHG 

emissions, sequester and stabilize SOC, and attain the full measure of a productive and resilient 

agriculture (Lal et al., 1998). Integrated production systems include: sustainable, organic, biodynamic, 

regenerative, and conservation agriculture; holistic management, permaculture, agro-forestry, and others. While 

these systems differ in significant ways, all show potential to offer part of the solution to climate 

disruption (see Sidebar). Throughout this discussion, the terms ecological agriculture and agro-ecological 

systems will apply collectively to all these approaches to a truly sustainable and climate-friendly 

agriculture. 

 

====start text box==== 

 

A brief comparison of two agroecological systems 
  

Organic agriculture seeks to eliminate chemical soil disturbance by excluding the use of 

synthetic fertilizers, herbicides, and other crop protection chemicals, as codified in the 

USDA National Organic Standards.  The Standards do allow tillage but require the 

farmer to adopt tillage and cultivation practices that “maintain or improve” soil 
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condition.  New tools and techniques allow organic producers to reduce tillage frequency 

and intensity, thereby reducing adverse effects on soil health and SOC sequestration 

(Schonbeck et al., 2017). 

  

Conservation agriculture seeks to eliminate physical soil disturbance by adopting 

continuous no-till and allows some use of synthetic agro-chemicals when needed.   Skilled 

practitioners of conservation agriculture have cut fertilizer inputs by 50 -100%, and 

reduced herbicide and other crop protection chemical applications to as few as one per 

year or less (Montgomery, 2017). 

  

Farming systems research and farmer experience have shown that both approaches can 

make substantial contributions to SOC sequestration and GHG mitigation, as well as 

agricultural resilience (Schonbeck et al., 2018).   

 

=====end text box==== 
   
USDA Natural Resources Conservation Service (NRCS) has developed a set of four principles of 
soil health management, which provide sound, science-based guidelines for SOC sequestration, 
GHG mitigation, and adaptation to the stresses of climate change: 
 

• Keep the soil covered  

• Maintain living roots as much of the year as practical 

• Diversify the cropping system to build soil biodiversity 

• Minimize soil disturbance: 

o Physical – tillage, traffic  

o Chemical – concentrated fertilizers, crop protection chemicals, pollutants 

o Biological – overgrazing, invasive exotics 

  
Two additional principles for soil health, climate mitigation and adaptation include: 
 

• Integrate crop and livestock production (Brown, 2018) 

• Return organic residues to the soil (“law of return”) (Howard, 1947)3 
  
The agroecological systems described in more detail in the Appendix of this policy paper integrate 

soil, perennial and annual crops, livestock and water management techniques that can increase 

production and resilience (ability of systems to withstand disturbance), while enhancing soil carbon 

sequestration and reducing GHG emissions.  Examining relationships in complex, integrated 

farming systems does not lend itself easily to isolating cause and effect of the system on various 

factors, yet research has validated the efficacy of a “whole farm approach” in mitigating the impacts 

of rapid climate change (Lal et al., 1998; Schonbeck et al., 2018).   

  

 
3 The five principles of soil health are widely accepted. The sixth principle was promulgated earlier than the others, but 

in recent years, it has been given short shrift. In the context of climate change, it bears reemphasis. 
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Farmers’ decisions regarding production system and management practices are based on multiple 

factors such as habit, custom, profit maximization, market conditions, and ecological context. Past 

public policy has often not assisted farmers in making decisions which improve their resilience and 

mitigate climate change. Federal research funding and federal program development must take all 

these factors into account and support each farmer to identify the best climate mitigation and 

adaptation strategy for their site and situation.   

  

The 2018 Farm Bill (U.S. Congress, 2018)) gives authority to various USDA agencies to advance 

systems that reduce and mitigate greenhouse gases and climate change. This assistance includes 

programs and funding which can be used to provide farmers and ranchers with information, 

technical resources and funding to make ecologically sound choices that address climate change. 

Below we show how USDA can use that authority to help farmers sequester carbon and reduce 

greenhouse gas emissions. Learning from implementing our suggestions will provide a foundation 

for a 2023 Farm Bill that enables significantly more progress toward limiting climate disruption.  

 

USDA has joined with EPA, the Department of Energy, the U.S. Geological Survey and other 

federal agencies in producing the Fourth National Climate Assessment, which cites the critical need 

for producers and rural communities to intensify efforts to mitigate, prepare for, and adapt to 

climate change (Gowda et al., 2018).  The call to action of all these agencies can only be realized if 

their words are followed with vigorous and persistent action to move U.S. agriculture towards the 

production systems discussed in this section.   
   

A.   The Starting Point: Sequestering Carbon through Soil Health Improvement Practices 

  

Agricultural production plays a major role in the global carbon (C) cycle through its impacts on the 

C balance among soil, biomass, and atmosphere (Figure 5). Native grassland and forest soils hold 20 

to 50 tons or more SOC per acre in the top 39 inches of the soil profile (Weil and Brady, 2017). 

Converting native vegetation to tilled annual cropland can oxidize 30 – 50% of the SOC into 

atmospheric CO2 over a period of 50 years, and up to 75% in 25 years when tropical forest is cleared 

(Lal, 2016; Olson et al., 2016, 2017; Weil and Brady, 2017).  Between 1750 and 2011, over 500 

million tons of plant biomass C and SOC have been converted to CO2 through deforestation and 

other land use changes, which account for 30% of total anthropogenic GHG during those 261 years 

(Lal, 2016).  While these losses have slowed in recent decades, net annual global losses of SOC are 

still estimated at ~2 million tons C (Weil and Brady, 2017; Figure 5).  Half of this loss results from 

soil erosion, which selectively removes SOC-rich fractions, followed by SOC oxidation or (when 

sediments are submerged) conversion to CH4 (Lal, 2003; Olson et al., 2016, 2017). 
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Figure 5.  The world’s soils are currently losing about 2 billion tons more C annually than they gain through plant 
roots and residue return.  Improved soil health management practices can reverse this, resulting in a net annual 
sequestration of 1 to 2 billion tons annually.  Figure credit: Organic Farming Research Foundation (https://ofrf.org) 

webinar, Organic Practices for Climate Mitigation, Adaptation, and Carbon Sequestration: Research-based Practical 
Guidance for Organic and Transitioning Farmers, presented March 20, 2019, presented and archived by eOrganic, 
https://articles.extension.org/pages/25242/webinars-by-eorganic. 
 

Globally, soils store at least twice as much C as currently occurs in the world’s vegetation plus 

atmosphere, making soil one of the planet’s largest C sinks (Figure 2).  Total SOC to 2 meter (78.8 

inch) depth has been estimated at 2400 Pg, which is three times the amount of CO2 currently in the 

atmosphere (~830 Pg C) and 240 times current annual fossil fuel emissions (~10 Pg). Thus, 

increasing net soil C storage by even a few percent represents a significant C sink potential. Soil C 

sequestration is one of a few strategies that could be applied on a large scale and at low cost 

(Paustian et al., 2016).  

 

Comparative studies have shown that agro-ecological production systems can help mitigate soil 

carbon losses, decrease soil erosion, reduce energy use and air and water contamination, as well as 

lower the costs of production (e.g., Toensmeier, 2016). These systems include the use of cover crops 

and resource conserving crops rotations and the integration of livestock production into the 

cropping system (Boody et al., 2009).  With agricultural soils currently averaging 55% of their native 

SOC levels, and a technically realistic potential to restore SOC to 85% through best agro-ecological 

management practices (Lal, 2016), a substantial opportunity exists for farmers and ranchers to 

contribute significantly to climate mitigation through the same suite of practices that will help their 

soils, crops, and livestock to adapt to the impacts of climate change.  

  

Over the past several decades NRCS and other soil conservation professionals have promoted 

continuous no-till for building SOC and soil health, and have considered the soil disturbance from 

one tillage operation more destructive to SOC and soil life than the herbicides and other agro-

https://ofrf.org/
https://articles.extension.org/pages/25242/webinars-by-eorganic
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chemicals on which continuous no-till systems depend for successful crop production. A review of 

multiple studies has shown that continuous no-till for corn, soybean, and other field crops can 

accrue about 510 lb. SOC/ac-yr compared to the same crop rotations with conventional tillage 

(West and Post, 2002).  However, much of this SOC accrues in aggregates near the soil surface, 

where it is vulnerable to rapid oxidation after even a single tillage pass; most no-till farmers till once 

every several years to deal with perennial weeds and/or soil compaction (Grandy et al., 2006; Kane, 

2015).  Crucially, most stabilized soil organic matter appears to derive from microbial processing of 

root exudates and other organic residues and are not of direct plant origin (Paustian et al., 2016; 

Kallenbach et al, 2016; Schmidt et al., 2011). Thus, the detrimental effect of chemicals used in no-till 

systems on soil microbes undermines formation of stable soil organic matter (Druille et al., 2013; 

Nicholas et al., 2016). 
  

Studies focused on the top 6 to 12 inches of the soil profile may overestimate the amount of SOC 

sequestered through no-till, as total SOC measured from surface to depths of two or three feet may 

show less difference between tilled and no-till systems (Baker et al., 2007).  For example, field trials 

in clay-loams soil of the cool, humid region of eastern Canada found greater SOC near the surface in 

no-till, while the moldboard-plow treatment had greater subsurface SOC near the bottom of the 

plow layer, with similar total soil profile SOC for the two management systems (Poirier et al., 2009). 

Shallower crop root development in no-till systems may accentuate the near-surface distribution of 

SOC. However, responses of root development and SOC sequestration to tillage practices may 

differ in other regions, climates, and soil types, and the authors caution that simple changes in tillage 

practices should not be assumed to increase soil organic carbon without incorporation of other 

practices into the system, for example the addition of cover crops, fertilization with animal manures, 

or other practices to build soil quality Baker et al., 2007). 

  

Ultimately, all SOC derives from photosynthetic processes that converts atmospheric CO2 into plant 

biomass organic C. Thus, increasing the mean annual plant biomass production in the cropping 

system would be expected to increase SOC accrual.  Corn and other field crops respond to synthetic 

nitrogen-phosphorus-potassium (NPK) fertilizer with higher yields of both grain and residue, which 

has led to the hypothesis that providing soluble N enhances SOC sequestration (Ramirez et al., 

2012).  Yet, a review of the Morrow Plots at University of Illinois and 25 other long-term farming 

systems trials around the world revealed no enhancement in SOC with additional fertilizer (Kahn et 

al., 2007). In the Morrow Plots, the higher NPK rate (applied 1967-present) doubled crop yields and 

residue return compared to the unfertilized treatment, yet sharply reduced SOC, especially at depths 

of 12 to 18 inches.  High levels of soluble N and P are known to inhibit the activity of arbuscular 

mycorrhizal fungi (AMF), which play a significant role in SOC stabilization in cropland and 

grassland soils (Rillig, 2004). In organic systems that rely on compost or manure as primary sources 

of organic matter and plant-available N, soil P can accrue to levels that inhibit AMF activity (Van 

Geel et al., 2017).  Thus, cropping practices may limit SOC accrual through the chemical disturbance 

of fertility inputs as well as through the physical disturbance of tillage.    
  

Ecological agricultural systems that integrate all four of the NRCS soil health principles – soil 

coverage, living root, biodiversity, and minimal disturbance – show greater potential to sequester 

SOC in cropland soils than a narrow focus on eliminating tillage.  For example, in a meta-analysis of 
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organic systems trials in fragile, low-SOC soils in the Mediterranean region, total C inputs (crops + 

organic amendments) was the main driver in SOC accrual, while conservation tillage made a 

significant, but smaller contribution (Aguilera et al., 2013).  In the US, several long-term farming 

systems trials have shown significant SOC gains (400 – 1,000 lb/ac-yr) in organic grain rotations that 

include cover crops versus conventional corn-soy rotations without cover cropping (Baas et al., 2015; 

Coulter et al, 2012; Wander et al., 1994).  In the long term farming systems trial at Beltsville, MD  

the organic grain rotation with cover crops, light applications of poultry litter, and annual tillage 

accrued about 5,000 lb/ac more SOC (surface to 39 inches) over a 13 year period than the 

continuous-no-till corn-soy rotation with conventional inputs and no cover crops (Cavigelli et al., 

2013). 

  

In the Rodale long term farming systems trials, an organic rotation that includes alfalfa accrued 3 

tons SOC/ac in the first 15 years, compared to the conventional corn-soy rotation, despite similar 

average annual plant biomass inputs for the two systems.  The organic system featured greater crop 

diversity, greater continuity of living root (averaging 70% vs 42% of the calendar year), and deeper, 

higher-biomass root systems (alfalfa), each of which may have contributed to SOC accrual (Wander 

et al., 1994).  In New Hampshire, an organic rotation of corn-rye (cover)-soybean-wheat/clover 

accrued higher total SOC than a conventional corn-soybean-wheat rotation, even though the former 

system entailed more tillage and slightly lower average annual plant biomass (Grandy and 

Kallenbach, 2015).  The more diverse organic system enhanced microbial growth efficiency (55% of 

organic residue C consumed by microbes converted to microbial biomass) over the conventional 

system (45% microbial growth efficiency).  Perennial sod crops typically have much higher root 

biomass (3,000 – 8,000 lb/ac) than annual grains (800 – 1,400 lb//ac) (Carpenter-Boggs et al., 2016); 

thus, inclusion of perennial legumes in the organic rotations likely played a key role in their ability to 

build SOC.  Indeed, a simple corn-soy rotation without winter covers has been shown to degrade 

soil health in Minnesota, even under organic management (Moncada and Sheaffer, 2010) 
  

In non-organic systems, adding one or more new crops to an existing low-diversity rotation can 

improve SOC sequestration, in part by building functional diversity of soil microbial communities 

(McDaniel et al., 2014; Tiemann et al., 2015).  While the SOC accrual from diversification alone (180 

lb/ac-yr) is more gradual than from no-till (510 lb/ac-yr), the former continues for up to 40 years, 

while SOC under no-till levels off after 15 years (West and Post, 2002).  Adding legumes, perennial 

sod, and other crops with deep, extensive root systems to the rotation further enhances SOC 

(Blanco-Canqui and Francis, 2016; Kane, 2015; McDaniel et al., 2014).  Conservation agriculture 

cropping systems that integrate cover crops, diversified crop rotations, organic amendments, no-till, 

and limited use of synthetic fertilizers and herbicides show significant C sequestration potential, 

estimated at 600 – 1,000 lb SOC/ac-year in (Lal, 2016), and have substantially improved soils from 

cold-temperate semi-arid  regions like the northern Great Plains to tropical  regions in Africa 

(Montgomery, 2017). 

 

Sidebar:  Organic Farming, Carbon Sequestration, and Greenhouse Gas Mitigation 

  

Strictly regulated under the National Organic Program (NOP) launched by the Organic 

Foods Production Act of 1990, organic production is a system that is managed to “. . . 
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respond to site-specific conditions by integrating cultural, biological, and mechanical 

practices that foster cycling of resources, promote ecological balance, and conserve 

biodiversity” (USDA NOP, 2019).  Organic systems exclude the use of prohibited 

synthetic fertilizers and crop protection chemicals, and rely on crop rotations, cover 

crops, legume green manures, sod crops, composted manure, and other organic 

amendments to provide for crop nutrition and pest control.  Six long-term term farming 

systems trials across the US have shown greater SOC sequestration in established organic 

cropping systems than in conventional cropping systems (Delate et al., 2015a). In the 

Beltsville, MD trial, the organic rotation accrued 2.5 tons/ac more SOC over a 13-year 

period than continuous no-till with conventional inputs (Comis, 2007, Cavigelli et al., 

2013; Delate et al., 2015a).  The conventional systems were characterized by low diversity 

rotations with limited or no use of cover crops; thus, implementation of NOP 

requirements for crop rotation and cropping system diversity contribute to the observed 

increases in SOC. 

  

In a meta-analysis of 20 organic/conventional comparison trials from around the world, 

organic systems accrued an average of 400 lb C/ac-year more than conventional systems, 

of which about 60% was sequestered in situ and 40% was imported in the form of 

compost, manure, and other organic amendments (Gattinger et al., 2012).  Another meta-

analysis of 59 studies found total SOC averaging 19% higher in organic than conventional 

systems (Lori et al., 2017).   In the US, a nationwide sampling of 659 organic fields and 

728 conventional fields across the U.S. showed 13% higher total Soil Organic Matter 

(SOM) and 53% higher stable SOM in the organic soils (Ghabbour et al., 2017). 

 

Most recently a meta-analysis examined of 528 studies which each compared at least one 

organic farm to at least one conventional farm (Sanders and Hess, 2019). On average, 

organically managed soils had a 10% higher organic carbon content and a higher annual 

carbon sequestration rate of 256 kg C /ha. Nitrous oxide emissions averaged 24% lower 

for organic farming, which results in a cumulative climate protection performance of 

1,082 kg CO equivalents per hectare per year. Aggregate stability in soil was on average 

15% higher (median) in organic farming; infiltration differed by 137%. Higher infiltration 

reduces soil erosion and soil loss, which means that organic farming reduces these 

occurrences by ‐22% and ‐26%, respectively (Sanders and Hess, 2019). 

 

These modest but significant differentials indicate that organic is a viable strategy for 

improving agricultural C sequestration. However, organic systems may yield somewhat 

less than conventional, especially for commodity grains, in which the “yield gap” in one 

study was about 19% and can be traced to the lack of plant breeding and agronomic 

research for sustainable organic systems, compared to the huge scientific investments in 

high-input conventional systems (Ponisio et al., 2014).  The same analysis showed a 

significant (8 – 10%) yield improvement in diversified rotations versus one- or two-crop 

systems.  Additional refinements of the organic approach (such as practical means to 

minimize tillage yet maintain adequate weed control), as well as plant breeding and 



 

 

  29  

 

cultivar development for performance in organic and ecological farming systems are 

needed to enhance the carbon sequestration potential of these systems.   

  

Research also indicates that organic production systems are more resilient than 

conventional systems under both flood and drought conditions (Rodale, 2015).   

Improved soil health and accrual of both active and stable SOC play major roles in better 

moisture uptake, drainage, and retention, which will help organic systems meet the 

challenges of climate disruption.  Greater crop diversity and associated soil biodiversity 

also seems to enhance the capacity of organic systems to adapt to climate change (Chavas 

et al., 2009; Niggli et al., 2009; Borron, 2006).   

 

[End sidebar] 
   

Prolonged bare fallow, whether maintained by tillage or no-till with herbicides, destroys SOC.  For 

example, orchards with living orchard floor cover maintain twice the SOC as bare soil orchard floor 

management (Lorenz and Lal, 2016).  In semiarid regions such as the Northern Great Plains, annual 

cropping systems that alternate wheat with a legume cover crop, or a cash crop (pulse, oilseed, or 

even cereal grain) can maintain or build SOC while the traditional two year wheat-fallow system 

depletes SOC, even under continuous no-till (Engel et al., 2017; Halvorson et al., 2002; West and 

Post, 2002).   

  

While no-till and minimum tillage enhance near-surface SOC, living plant roots build SOC throughout 

the soil profile via rhizodeposition (root exudates + fine root sloughing) followed by microbial 

conversion of root C into stable SOC adsorbed to soil minerals. Root C is converted more 

efficiently into SOC (30-40%) than aboveground plant biomass C (15-20%) (Weil and Brady, 2017), 

and SOC deposited deeper in the soil profile turns over more slowly and is less subject to tillage 

disturbance (Kane, 2015).  Deep rooted crops such as tillage radish, forage turnip, chicory, 

sunnhemp, pearl millet, and sorghum form substantial root biomass at depths of 4 to 8 feet 

(Rosolem et al., 2017; Thorup-Kristensen and Rasmussen, 2016).  In China, SOC accruals were 

tightly correlated with estimated belowground biomass, which ranged from 2,320 lb/ac-year for 

continuous wheat and 2,770 – 3,390 lb/ac-year for diversified annual crop rotations, to 4,910 – 

6,250 lb/ac-year for rotations that included deep rooted perennial legumes two years out of four (Fu 

et al., 2017).   At the end of 30 years, the perennial-annual rotations had accrued about 5,000 lb/ac 

more SOC in the top 12 inches than the annual rotations.  Based on these and other findings, Kell 

(2011, 2012) has recommended managing cropping systems for deep, extensive root development, 

and breeding new crop cultivars with enhanced root biomass and depth as strategies for SOC 

sequestration and climate mitigation. 

  

Agricultural carbon sequestration cannot be expected to offset anthropogenic GHG emissions 

indefinitely because of the phenomenon of soil carbon saturation.  Implementation of improved soil 

health management practices on cropland soils typically leads to steady increases in total SOC over a 

period of 10 – 40 years, after which it reaches a new steady state or plateau.  For example, in the 

Rodale trials, soil organic matter in the organic systems increased from 3.5% to 4.2% (~ SOC 

increase from 1.75 to 2.1%) over the first 20 years of the trial then remained steady for the next 15 



 

 

  30  

 

years (Rodale, 2015).  A review of multiple studies indicated that continuous no-till might accrue 510 

lb SOC/ac-yr for 10-15 years then level off, while diversified crop rotation might accrue 180 lb 

SOC/ac-yr for 40 years (West and Post, 2002).  Each of these examples represents a total accrual of 

roughly 3 – 4 tons SOC per acre.  Conversion of cropland to pasture, or of poorly managed grazing 

lands to best rotational grazing management builds SOC more rapidly (1 ton/ac-yr or more), but 

again level off at a new steady state within 10 years, with net total gains of 10 – 15 tons SOC/ac  

(Jones, 2010; Machmuller et al., 2015; Wang et al., 2015).  Assuming SOC reaches a plateau after 25-

50 years of best practices, Lal et al (2018) estimated the technical potential for global SOC 

sequestration at about 47 billion metric tons (range 19 – 75 billion tons); the median value might 

reduce atmospheric CO2 levels in 2100 by 22 ppm.   

  

One important unknown in soil carbon sequestration is soil inorganic carbon (SIC), primarily in the 

form of carbonates in surface or subsurface horizons of alkaline soils in arid, semiarid, and prairie 

regions (Weil and Brady, 2017).  SIC comprises nearly one-quarter of the planet’s total soil carbon 

(Figure 2) and can be destabilized by inputs or practices that lower soil pH.  In a review of 

comparative farming systems trials, organic practices resulted in major losses of SIC (9 – 14 tons/ac) 

in three studies, and little change in SIC in four other studies (Lorenz and Lal, 2016).  Additional 

research is needed to better understand and manage SIC for total net soil C sequestration and 

climate-friendly management of agricultural lands in low-rainfall regions. 
  

In addition to representing sequestered carbon, SOC is a key indicator of soil health; building SOC 

enhances fertility and moisture holding capacity, improves resistance to compaction, surface 

crusting, and wind and water erosion, and improves crop stress tolerance.  By increasing the organic 

carbon content of soils through agroecological practices--especially enabling microbial creation of 

stable soil organic matter, farmers can make their operations more resilient in the face of climate 

change as well as reducing the net GHG footprint of the operation.   
  

B.     Nutrient Management to Mitigate Nitrous Oxide Emissions from Soil 
  

Nitrous oxide (N2O) emissions from cropland and grazing land soils account for 49% of direct 

agricultural GHG emissions (in CO2eq) in the US (EPA, 2019).  In fact, arable soils emit more N2O 

to the atmosphere than all other anthropogenic sources combined [4.2 Tg of a global anthropogenic 

flux of 8.1 Tg N2O-N yr-1 according to Paustian et al., (2016)]. Mitigation of soil N2O through 

improved nutrient management has emerged as a high priority in efforts to reduce the net GHG 

footprint of our agricultural and food system (Cogger et al, 2014; Powlson et al., 2011). 
  

Soil N2O is formed through microbial transformations of soluble N, primarily denitrification 

(reduction of nitrate, NO3-), and some during nitrification (oxidation of ammonium, NH4+ to nitrite 

NO2- and then NO3-) (Charles et al., 2017; Cogger et al., 2014).  Soil N2O emissions increase sharply 

when high soil moisture levels (above field capacity, ~80% of pore space water filled), restricted 

oxygen levels, abundant readily decomposable organic carbon (manure, succulent green manure, 

active SOC), and high levels of soluble N (NH4+ and NO3-) occur together (Baas et al., 2015; 

Jackson 2010; Li et al. 2009).  Sharp pulses of N2O commonly occur when heavy rains follow N 

fertilizer applications or incorporation of a legume green manure, or during spring snowmelt after 
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fall plowdown of alfalfa ((Burger et al., 2005; Han et al., 2017; Westphal et al., 2018).  Microbial 

formation of N2O also increases with soil temperature, with emissions from Corn Belt soils 

increasing 18-28% for each 1°C (1.8°F) increase in mean July temperature (Ball et al., 2017; Eagle et 

al., 2017). Thus, climate change itself may lead to a positive feedback with soil N2O. 
  

Conditions that slow gas diffusion through the soil promote N2O emissions; thus fine-textured (silt 

loam and clay loam) soils emit on average 2.8 times as much N2O as sandy loams (Charles et al., 

2017), and soil compaction also intensifies emissions (Balaine et al., 2016).  N2O emissions become 

minimal whenever soil moisture drops below field capacity (50 – 60% of pore volume water filled) 

or soil NO3-N levels drop below 6 ppm (Cai et al., 2016; Thomas et al., 2017). 
  

The Intergovernmental Panel on Climate Change (IPCC) estimates a N2O emissions factor (EF) of 

1% of fertilizer N emitted from the field as N2O (direct emissions), and an additional 0.75% of 

leached N converted to N2O after it leaves the field (indirect emissions). In conventional farming 

systems that rely mainly on synthetic fertilizers for N, N2O emissions show direct relationships with 

N application rates and methods, rising sharply as rates exceed crop needs (Eagle et al., 2017; Millar 

et al., 2010). Reliable, research-based nutrient management protocols based on the “4 Rs” (right 

amount, timing, placement, and form) for reducing N2O emissions by 50% or more have been 

developed for conventionally produced field crops (e.g., Osmond and Line, 2017).   

  

Ecological farming systems that utilize organic sources of N and depend more on soil biological 

activity for plant-available N result in more complex soil N dynamics and more unpredictable N2O 

emissions.  On average, organic N fertilizers have an EF of 0.57%, but this varies from as low as 0 – 

0.3% for finished compost or crop residues, to 1.2% for manure slurry and liquid biogas digestate 

(Charles et al., 2017).  Mixing organic and soluble sources of N double the EF of the former (Ibid.)   

  

Many farming systems trials have documented lower annual N2O emissions from organically 

managed soils than from the conventional treatment (Cavigelli, 2010; Reinbott, 2015; Skinner et al., 

2014). Yet, N2O emissions increase about 24% for each 1% increase in total SOC (Eagle et al., 

2017), and high emissions can occur in organic production systems.  For example, in a three-year 

trial in Michigan, an organic grain rotation that received pelleted poultry litter (4.5% N) at 2,900 – 

4,400 lb/ac-yr emitted five times as much N2O as the conventionally fertilized rotation (Baas et al., 

2015).  Brief, intense bursts (~0.6 lb N2O-N/ac-day) followed heavy rains in the organic system.  In 

California, organic broccoli required 220 lb N/ac (organic fertilizers + green manure) for 

economically optimum yields; however, this organic N application was estimated to release 11 – 27 

lb N2O-N/ac (Li et al., 2009), which negates 1,460 – 3,600 lb/ac SOC sequestration.       

  

Cover crops, sod crops, and conservation tillage, all considered important practices for soil health 

and SOC accrual in annual crop rotations, have mixed impacts on soil N2O emissions. A growing 

cover crop can reduce potential N2O losses by taking up soluble N, and deep rooted species like 

pearl millet or tillage radish can effectively scavenge surplus NO3-N from surface to 5 feet or more 

(Rosolem et al., 2017), However, N2O emissions can increase after the cover crop is terminated, 

especially when all-legume covers are tilled in higher-rainfall climates (Basche et al., 2014; Han et al., 

2017; Li et al., 2009). A recent modelling study based on farming systems in Europe indicated that 
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adding a clover cover crops (terminated by plowdown) to existing crop rotations would boost N2O 

emissions sufficiently to offset cover crop C sequestration and accrue large net GHG emissions by 

the year 2100 (Lugato et al., 2018). 

  

When no-till practices retain surplus moisture (under roll-crimped cover, or because of slower drying 

in untilled soil), N2O emissions from synthetic, organic, or cover crop sources can be higher than in 

the same soil and rotation with tillage; the increase may be sufficient to negate the SOC sequestering 

effects of no-till (Mkhabela et al., 2008; Yarwood, 2016).  In other studies with organic vegetable 

crops, no-till cover crop termination reduced N2O emissions compared to tilling the cover and 

laying plastic mulch (Chen et al., 2015).   
  

The challenging aspect of soil N2O mitigation is that crops require sufficient soluble N, adequate 

moisture, and beneficial microbes to thrive and yield.  Yet soluble N from any source – including 

active soil organic matter – is subject to conversion to N2O in moist, biologically active soil.  The US 

EPA estimates that, in cropland, about 38% of US total soil N2O emissions derive from 

“mineralization and asymbiotic (free-living non-nodule bacteria) N fixation” – i.e., the very soil 

microbial activity upon which ecological agriculture depends for crop nutrition (EPA, 2019).  

Another 38% is attributed to synthetic fertilizers, 15.5% to crop residues including legume green 

manures, and 8.4% to organic amendments.  In grasslands, the share for mineralization and 

asymbiotic N fixation jumps to 47%, residues 30%, manure deposited during grazing 20%, and all 

applied fertility inputs just 3% (EPA, 2019).  Thus, soil health building practices that consistently 

enhance SOC sequestration exert unpredictable and sometimes adverse effects on soil N2O 

emissions.   

  

These findings raise an important question: can agroecological systems be designed to grow high-yielding crops in 

healthy soils with low soluble N concentrations? Recent research indicates that the answer may be yes.   

  

In a study of 13 organic tomato fields in Central California, two fields with low SOC and less than 6 

ppm NO3-N throughout the season gave low, N-limited tomato yields; seven fields with moderate 

SOC and higher NO3-N gave high yields and increased risk of N leaching and N2O emissions; and 

four fields with high SOC gave equally high crop yields despite season-long NO3-N levels below 6 

ppm (Bowles et al., 2015; Jackson, 2010; Jackson and Bowles, 2013).  In the last group of fields, 

tightly coupled nitrogen cycling, facilitated by rhizosphere soil microbes and plant root enzymes involved 

in N transformations and uptake allowed the crop to obtain sufficient N despite bulk soil soluble N 

levels remaining below the threshold for N2O formation.  
  

In Colorado, organic lettuce grown on in-row drip fertigation with fish emulsion or “cyano-

fertilizer” (an on-farm fermentation product based on N fixing cyanobacteria), receiving a total of 25 

lb N/ac gave good yields with no increase in N2O emissions over unfertilized control (Toosiri et al, 

2016).  Thus, standard recommendations for organic or conventional lettuce (~100 lb N/ac) may 

not serve either the climate or the farmer’s bottom line.   
  

Another indication of the potential to reap high yields without high soluble N comes from corn 

breeding endeavors at Mandaamin Institute in Wisconsin.  Genetic traits that enhance the crop’s 

capacity to utilize N from slow release organic sources and to host significant N-fixing activity in its 
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rhizosphere have been successfully transferred from Mexican and Central American land races into 

standard non-GMO Corn Belt hybrids.  The new cultivars, soon to become available to producers, 

give competitive yields with superior protein levels, and greatly outperform standard hybrids in soils 

with low soluble N, including tropical soils in Africa (Goldstein, 2015, 2018).  Modern corn hybrids 

that were developed in and for high-fertility-input conventional systems have apparently lost the 

capacity to partner with N-cycling and N-fixing microbes, and that additional selection in healthy 

soils with low N inputs can reverse this trend (Goldstein, 2016).   

 

N2O emissions and cost of inorganic fertilizer in conventional corn production in the Midwest can 

be reduced up to 50% by fine-tuning application of N (Millar et al., 2010). N applications in excess 

of plant uptake greatly aggravate N2O losses in both conventional and organic systems, whether the 

crop is corn, wheat, barley, or vegetables (Li et al., 2009; Millar et al, 2018). In grain crops, N2O loss 

is reduced by applying N at variable rates across the field depending on patterns of soil fertility; 

applying N in root zone rather than broadcast on soil surface, timing N application when crops can 

use it (several weeks after planting); using slow release coatings to delay dissolution if applying early 

(Paustian et al., 2016).  

 

Arbuscular mycorrhizal fungi (AMF) are key root symbionts for most grains, legumes, and many 

vegetable crops, enhancing nutrient and moisture uptake efficiency, suppressing crop disease, and 

contributing to stable SOC.  In addition, AMF can promote tight N cycling and reduce N2O 

emissions by facilitating plant root removal of excess soluble N and moisture from the soil profile 

(Hamel, 2004; Jackson, 2013).  However, elevated soil P levels (in the “very high” range on soil tests) 

inhibit AMF activity in organic production systems that use large amounts of compost or manure 

((Hu et al., 2016; Van Geel et al., 2017).   

  

Laboratory experiments indicate that mixing biochar into the soil at 1% by volume (roughly 10 

tons/ac if mixed into the plow layer) may cut N2O emissions by three-quarters, similar in efficacy to 

nitrification inhibitor and urease inhibitor chemicals (Cai et al., 2016). 
  

Additional research is clearly needed to explore each of these strategies further, and to identify and 

verify soil health and nutrient management practices that can maintain crop yields and minimize 

N2O emissions. Development of new and improved crop cultivars for ecological systems with 

enhanced capacity to thrive and yield on low soluble N levels through tightly coupled nutrient 

cycling, may play an important role in N2O mitigation in agriculture.   

  

C.  Keeping the Land in Grass, Planting Field Edges and Marginal Lands to Perennials, 

Supporting Pest Control and Reducing Surface Reflections 

  

Protecting native grasslands to retain their huge reserve of soil organic carbon is essential for climate 

stabilization, as converting prairie to cropland is known to destroy half its SOC (Weil and Brady, 

2017).  Restoration of permanent cover on the land through programs such as the farm bill’s 

Conservation Reserve Program and the Wetlands Reserve Program can initially sequester > 1 ton 

C/ac-yr, yet may not fully restore native SOC levels (Manale et al, 2016).   However, converting 

cropland, especially marginal cropland, to pasture-based systems can accrue at least 800 lb C/ac 
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annually, and much more under management-intensive rotational grazing (Manale et al, 2016; 

Richard and Camargo, 2011).  A 2017 synthesis of hundreds of studies indicated that improved 

grazing management increased C sequestration by an average of 0.28 Mg C ha−1 yr−1), conversion 

from cropland to grasslands led to an average increase of  0.87 Mg C ha−1 yr−1, and sowing 

legumes (0.66 Mg C ha−1 yr−1) also tended to lead to increased soil C.  The most well-managed 

grazing systems achieved more than 1 Mg C ha−1 yr−1 (Conant et al., 2017).   

 

Planting herbaceous perennial conservation buffers (e.g., field border, filter strip) on annual 

cropland has been estimated to sequester 375 – 850 lb C/ac-year (Chambers et al., 2016).  

Agroforestry systems and conversion of depleted cropland, highly erodible land, or other marginal 

land to woody perennial vegetation can store more than 1 ton C/ac-yr in soil and biomass; 

silvopasture and permaculture gardening on previously underutilized land appear especially effective, 

accruing ~3,900 and 3,100 lb/ac-yr respectively in SOC alone (Feliciano et al., 2018).  On one 

California organic farm, hedgerows and riparian habitat stored 18% of the farmscape’s total carbon 

(C), while only occupying only 6% of the total farm area (Smukler et al., 2010). When these 

reforestation and perennialization practices are added to soil management for SOC sequestration, 

the global technical potential for total (soil + biomass) C sequestration by the year 2100 increases to 

~ 333 billion metric tons (range 209-458), sufficient to reduce atmospheric CO2 by 156 ppm (Lal et 

al., 2018).  A goal adopted by many counties is 0.4% growth per year in global soil carbon required 

to make global agriculture climate neutral (Kon Kam King et al., 2018). 

 

Hedgerows and other flowering native habitat increase the presence of natural enemy insects and 

birds, making the farm more resilient to pest insects, rodents and pest birds (Asbjornsen et al., 2014; 

Letourneau et al., 2015; Morandin, et al., 2014; Baumgartner et al., 2019). Insect flight periods are 

occurring earlier in the season because of climate change. Insects are also completing their life cycles 

faster, resulting in more generations of pests and enhanced winter survival. These changes will likely 

cause the increased occurrence and spread of invasive insects (Robinet and Roques 2010). Climate 

change is impacting nesting, migrations, and the synchrony between birds, habitat and food sources. 

Other existing challenges become worsened with global warming: uncertain food reserves, migration 

barriers, and habitat loss and fragmentation (Johnson et al. 2011). By providing woody perennials 

that sequester carbon, such as hedgerows (Falloon et al., 2004), the farm will be able to better 

support natural enemy insects and birds, making it more likely that they will find the habitat that 

suits their needs as their distributions shift with the changing climate (National Audubon Society, 

2014). 

  

In addition to impacting the global carbon cycle and atmospheric CO2 levels, deforestation, 

reforestation, and other land use changes can also change the radiation balance by altering the 

Earth’s surface albedo, the extent to which the surface reflects light from the sun.  Changes in land 

surface cover can alter the fluxes of heat to the atmosphere and thus the distribution of energy 

within the climate system and, in so doing, can alter climate at the local, regional, and even global 

scale (Marland et al., 2003; Pielke, 2005). Clearly, the conversion of all sensitive, marginal, erosion-

prone, or depleted cropland to native perennial vegetation or perennial production systems can play 

a substantial role in agricultural climate mitigation efforts. 
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D.    Livestock management, grazing, and crop-livestock integration 

  

Environmental and climate concerns with modern agriculture commonly focus on livestock 

production (Steinfeld et al., 2006).  According to the United Nations Food and Agriculture 

Organization (FAO), over the past 50 years, global meat production has almost quadrupled from 84 

million tons in 1965 to 335 million tons in 2018 (FAO, 2018).  USDA predicts growth in U.S. meat 

production will continue with poultry production rising at an annual growth rate of 1.8% while beef 

and pork production growing at 1% and 1.3% respectively (USDA, 2019).  

  

The primary direct GHG impact of all livestock production is enteric CH4 generated in the digestive 

tract of ruminants by methanogens, anaerobic microbes in the domain archaea (bacteria-sized and 

bacteria-like, but no more related to bacteria than ourselves!) that convert organic carbon into CH4, 

which the animals then expel into the atmosphere. Livestock emit CH4 regardless of whether they 

live on pasture or in confinement.  On average, about 4 percent to 12 percent of gross energy intake 

for livestock is converted to CH4, resulting in annual emissions from cattle of about 450 – 570 lb 

CH4 per animal-year (equivalent in climate impact to losing 2,500 – 3,300 lb SOC as CO2) (Richard 

and Camargo, 2011).   

 

Current data on livestock related GHG emissions indicate that enteric fermentation emissions, 

primarily from beef and dairy cattle, have risen 6.9 percent since 1990. Emissions related to manure 

management rose 66 percent since 1990. The majority of this increase is due to swine and dairy cow 

manure, where emissions increased 29 and 134 percent, respectively. The EPA points out that the 

shift toward larger dairy cattle and swine CAFOs since 1990 has translated into an increasing use of 

liquid manure management systems, which have higher potential CH4 (methane) emissions than dry 

systems. CAFOs generally rely on large-scale row crop grain production systems which generate 

additional GHG emissions as noted throughout this paper.  

    

In Manitoba, Canada grass-based systems, access to high-quality pasture versus mature grass reduced 

CH4 emissions from steers by 50 percent compared to steers grazing lower-quality mature grass 

(Ominski et al., 2001). Management-intensive rotational grazing (MIG) systems maintain high forage 

quality and have reduced per-animal enteric CH4 by 30% compared to continuous grazing systems in 

Texas and Michigan (Stanley et al., 2018; Wang et al., 2015).  MIG systems also reduce pasture 

runoff, improve manure distribution (less N leaching, fewer GHG hotspots), and enhance forage 

vigor, productivity, and drought resilience (Beetz and Reinhardt, 2010; Figure 3).  Well-managed 

MIG systems considerably enhance forage biomass and especially root biomass and rhizodeposition, 

resulting in SOC sequestration rates exceeding one ton per acre annually in multiple studies, often 

yielding a net negative GHG footprint even at “average” per-animal enteric CH4 levels (Macmuller 

et al., 2015; Teague et al., 2016).  
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Figure 6.  Livestock access to healthy, living soil with forages that in turn support healthy livestock. This system can 
also sequester over a ton of SOC per acre annually for 10 years. 

Photo: Alice Beetz, NCAT. 
  

In ruminants that receive grain-based feed, changes in grain to forage ratio, grinding and pelleting of 

feed, reducing protein content, addition of fats, and the use of enzymes can modulate enteric CH4 

emissions. Proper feed storage and handling practices can also reduce system GHG emissions by 

reducing spoilage and loss.  In Australian research, feeding dairy cows a diet high in natural omega-3 

sources, such as alfalfa, flax, hemp, and grasses rebalanced the cow’s rumen and reduced enteric CH4 

by 15-20% (Sudmeyer, 2019).  A limited number of in vitro trials have shown that adding seaweed to 

the diet can reduce methane emissions from ruminants (Duarte et al., 2017).  One in vivo study 

found that a 3% diet of seaweed resulted in >80% reduction in methane emissions from sheep 

(XiXi et al., 2016). Further research is needed to explore how much enteric methane can be cost-

effectively reduced by ruminant diet changes. 

  

Waste management also affects livestock GHG emissions. In manure lagoons, other liquid/slurry 

storage systems, and large stockpile systems, anaerobic decomposition converts much of the carbon 

in the manure to CH4.  Under aerobic conditions, such as in drybed or compost systems, N2O is 

produced.  Research in Canada indicates that total GHG emissions from dairy manure are smaller 

for compost than for manure slurry (1.9 X compost) or manure stockpiles (1.5 X). GHG emissions 

from beef manure are much lower overall but were 4 – 6 times higher from slurry than from 

compost, while stockpiled manure GHG were 1.3 X compost (Pattey et al., 2005).   

  

Valid comparisons of GHG emissions from different livestock production systems require a 

comprehensive life cycle analysis (LCA) (Garnett, 2009) In addition to enteric and manure-storage 

GHG, this analysis must consider: 

 

• SOC balance in pasture versus cropland for feed grains. 

• Embodied energy (CO2 emissions) in fertilizers and pesticides for growing grain. 

• Soil N2O from fertilized fields versus pasture. 

• Energy use for heating, cooling, and ventilation required to protect CAFO livestock from 

temperature extremes and lethal levels of ammonia (NH3) and hydrogen sulfide (H2S). 

• GHG impacts of over-application of manure to acreages near CAFOs. 
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In many livestock-producing regions of the U.S, the amount of waste produced exceeds the capacity 

of the surrounding land base to utilize N in the waste for plant production (Steinfeld et al., 2006; 

Thorne, 2007). Heavy manure applications can result in substantial direct (on-site) and indirect 

(offsite, from leached or volatilized N) emissions of N2O (EPA, 2019). In addition, manure 

applications to snow-covered or frozen ground can lead to CH4 emissions when the waste is 

temporarily submerged during thaw.  Comparative analyses of net GHG footprint of livestock 

systems often assume waste application rates consistent with NRCS nutrient management criteria, 

which the farmers utilizing the waste often exceed; as a result, GHG emissions from larger 

confinement operations are often underestimated.  

  

In contrast, grass-based livestock production with best MIG practices adapted to region, climate, 

and condition of pasture and range: 

 

• Distribute manure evenly on the land. 

• Avoid overloading nutrients through appropriate stocking rates and sufficient recovery 

periods. 

• Encourage populations of dung beetles and other beneficial soil organisms that enhance 

nutrient cycling (Weil and Brady, 2017). 

• Use little or no synthetic N or other agrichemical inputs. 

• Eliminate or minimize the need for manure storage facilities. 

• Maximize SOC sequestration. 

• Provide opportunities to integrate crop and livestock production for enhanced nutrient 

cycling and uptake efficiency. 

  

For example, North Dakota rancher Gabe Brown restored 5,000 acres of depleted dryland through 

MIG practices adapted to the cold, dry (16 inches/year) climate, and integration of livestock grazing 

with cropland managed according to the four NRCS principles of soil health to produce grains and 

forages for the region’s long winter.  Over a 20-year period, topsoil SOC levels were restored from 

1% to 3.5%, approaching the region’s native SOC levels of 4% (Brown, 2018).  Applying this SOC 

increment just to the top 8 inches of the soil profile works out to sequestration of 125,000 tons of C 

on this ranch alone. 
  

Introducing trees into management intensive grazing systems (silvopasture) may enable even higher 

levels of carbon sequestration without decreasing total livestock productivity. Increased water 

infiltration and nitrogen use efficiency, mineral fertilization from deep rooted trees and summer 

shade for animals are among the reasons silvopastoral systems can outperform treeless pastures. 

Though long-term data from the US is lacking, the practice has been used in tropical/subtropical 

regions of northeastern Australia and in areas of Western Australia with a temperate climate. 

Growing Leucaena leucocephala in rows in C4 grassland in subtropical regions increased SOC by 

17–30% over 40 years (sequestration rate of 0.28 t ha−1 year−1) (Conrad et al., 2018). Shorter term 

studies from other regions support the potential of silvopastoral systems for sustainably increasing 

SOC in Nicaragua (Hoosbeek et al., 2018) and Alberta (Baah-Achearnfour et al., 2014). 
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Climate change could make livestock production more challenging in some regions due to increased 

heat stress, lower quality feed, water shortages and migration of disease and insects to new areas 

(Riedmiller et al., 2018).  Sustainable production systems that reduce the overall stress on livestock, 

such as grass-based rotational grazing systems that maintain high quality forage, could help livestock 

deal with stresses brought on through climate change. Animals that can engage in natural behaviors 

outside as opposed to being crowded together indoors tend to be healthier and need fewer 

antibiotics, which reduces the rate of antibiotic resistance in food-borne bacteria (Clancy, 2006a, 

2006b).  In addition to reducing the GHG footprint of the operation, well-managed MIG systems 

build soil fertility and protect soil, air and water quality.  All these benefits working together will 

increase the resilience of livestock production systems in the face of rapid global climate change.  
  

E.   Composting, Organic Residue Recycling, Biochar, and Other Organic Amendments 

  

Two central principles of ecological agriculture since the beginning of the organic movement have 

been to return manure and other organic residues to the land, and to compost them first to stabilize 

nutrients and enhance their benefits to soil life, tilth, and fertility (Howard, 1947).  Returning on-

farm generated manure, plant residues, and processing byproducts (e.g., cotton gin waste, apple 

pomace, dairy or soy whey) to the land conserves organic carbon and recycles nutrients, thereby 

reducing fertilizer needs.  Composting nitrogenous materials with high carbon materials and 

managing windrows to optimize temperature, moisture, and aeration can reduce GHG emissions 

and stabilize nutrients, and the finished product can provide slow-release N to crops for several 

years (Lynch et al., 2006).  Crop-livestock integrated systems provide on-farm manure for making 

compost, facilitate within-farm nutrient cycling, enhance SOC sequestration through perennial 

forage crops in the rotation, and therefore have been recommended to maximize net GHG 

mitigation in organic systems (Gattinger et al., 2012). 
  

In addition to stabilized N, finished compost delivers stable organic C estimated in one study at 222 

lb per ton of compost (Carpenter-Boggs et al., 2016), making contributions to SOC that can persist 

for centuries (McLaughlan, 2006).  The percent of applied organic C retained as stable SOC is 

generally greatest for finished compost, followed by solid manure and uncomposted plant residues, 

while liquid manure (slurry) or liquid biogas digestate build little or no SOC. (Cogger et al., 2013; 

Hurisso et al., 2016; Sadeghpour et al., 2016; Wuest and Reardon, 2016). 

  

In Washington State, organic vegetable rotations were amended with compost (dairy manure, 

bedding, and yard waste) at ~7 tons/ac annually or with poultry litter at 2.2 ton/ac annually (same 

total N content). After 11 years, the compost amended soil had 43% more total SOC and 60% more 

permanganate-oxidizable organic C (indicator of SOC stabilization) than soil receiving poultry litter 

(Bhowmik et al., 2017).  Many studies have shown that organic inputs with very low carbon-to-

nitrogen (C:N) ratios (e.g., poultry litter, 7:1) or very high C:N (e.g., grain residues > 35:1) build less 

stable SOC than those with moderate ratios (composted manure + bedding, or legume-grass cover 

crops, ~20:1) (Baas et al., 2015; Cates et al, 2015; Cogger et al., 2013; Grandy and Kallenbach, 2015; 

Reeve and Creech, 2015).   
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Compost and living plant roots appear to play different and complementary roles in building stable 

SOC.  A meta-analysis of 13 studies including 76 individual sites showed that compost applications 

promote SOC stabilization while cover crops, especially succulent (low C:N) green manures may 

promote SOC mineralization (breakdown) (Hurisso et al., 2016).  Several studies indicate that cover 

crops + compost can build more SOC than either alone (Delate et al., 2015b; Hooks et al., 2015; 

Hurisso et al., 2016). 

  

Three concerns have been raised regarding compost use: 
 

• Compost is rich in phosphorus (P) and can build excess soil P if used heavily to meet crop N 

or soil organic C needs.  Excess soil P inhibits the mycorrhizal fungi that play important 

roles in SOC stabilization, soil aggregate development, and nutrient cycling; P surpluses can 

also pollute surface waters. 

• SOC gains from an application of compost or other organic amendments from off-farm 

sources do not represent C sequestration, only C import from other acreages. 

• The composting process can emit significant amounts of N2O and/or CH4, depending on 

how well the starting mix, aeration, and moisture levels are managed.   

  

Regarding GHG emissions, production of one ton of compost containing 222 lb stable organic C 

was estimated to generate N2O and/or CH4 emissions equivalent to a loss of 110 lb SOC as CO2 

(Carpenter-Boggs et al., 2016).  However, when organic materials are diverted from manure lagoons 

or landfills (food waste, yard waste, municipal leaves) to make compost for agricultural use, the 

GHG emissions from the composting process and materials transport are far outweighed by the 

avoided CH4 emissions from anaerobic decomposition in lagoons and landfills, and the enhanced 

plant growth and SOC accrual on treated acreage (DeLonge et al., 2013).  Careful management of 

compost windrows can further reduce GHG emissions (Brown et al., 2008). 

 

====add text box==== 

 

What about biochar? 

  

Biochar, or “black carbon,” is a soil amendment created by pyrolysis (intense heating with 

low oxygen supply) of organic residues (e.g., chipped brush, wood waste, crop residues, 

manure), which can stabilize SOC, especially if the char is aged a few years before 

application (Blanco-Canqui, 2017; Mia et al., 2017).  The biochar method is based on 

observations that about half of the stable SOC in fertile prairie soils (Mollisols) is derived 

from “black carbon” formed in periodic prairie fires, and that indigenous human 

communities in the Amazon Basin built anomalously fertile “terra preta” soils by 

amending the native, low-SOC Oxisols with a mixture of cooking fire charcoal, manure, 

and other organic residues (Kittredge, 2015; Schahczenski, 2018; Wilson, 2014).  

  

Concerns with the biochar “fad” include the GHG emissions from pyrolysis and the 

“harvest” of existing plant biomass as feedstock (similar to concerns with biofuels), and 

even “land grabs” by biochar enterprises in developing countries (North, 2015).  
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However, biochar based on manure or other organic residues that would otherwise be 

headed for “waste” disposal, or on carefully managed harvests from perennial plantings 

can be sustainable.  In a recent analysis of “technical potential” for global agricultural C 

sequestration, about 14.5% of the projected 156 ppm reduction in atmospheric CO2 by 

the year 2100 was attributed to implementation of biochar technology (Lal et al., 2018).   

 

====end text box===== 
  

Regarding organic materials imports from off-farm sources, the removal of manure, hay, crop 

residues, and other plant biomass from off-farm sites to amend a farm’s fields withdraws organic C 

from the “donor” acreage, with no net gain to the world’s SOC pool.  “Baling off” residues of 

annual cash or cover crops can cause erosion and destroy some SOC, while careful grazing of 

residues does much less damage (Blanco-Canqui et al., 2016a, 2016b).  However, composting -- and 

land-applying all organic residues that would otherwise be disposed as “waste” -- is an important 

societal strategy for climate mitigation and adaptation / resilience in our agriculture and food system. 

For example, EPA estimates that the US landfills some 24 million tons of dry tree leaves every 

autumn – a material that makes a valuable amendment for micronutrients and beneficial soil fungi 

(Panicker, 2017).   
  

Regarding excess P from heavy applications of organic nutrient sources, a little compost or manure 

goes a long way. For example, an organic corn-soy-wheat rotation that included alfalfa or vetch 

cover crops and received 0.7 – 1.3 tons/ac-year poultry litter accrued about 400 lb SOC/ac more 

than conventional continuous no-till corn-soy, and the 0.7 ton rate did not build up P (Cavigelli et 

al., 2013).  In Utah, a single heavy application of manure-bedding compost (22 tons dry weight per 

acre, ~38% C, C:N ~20) in 1995 doubled dryland wheat yields for 15 years.  In 2008, SOC in the 

top four inches of soil was 1.3 – 1.5%, compared to 0.6 – 0.7% in an untreated control (Reeve and 

Creech, 2015).  In California, a single application of “composted green waste” (total N 225 lb/ac) to 

rangeland enhanced forage growth and increased “ecosystem C storage” by  25 – 70%  three years 

after application, an increment that significantly exceeded the C content of the compost itself (Ryals 

and Silver, 2012). 

  

F. Reducing agricultural GHGs through reduced inputs, energy conservation, and 

increased energy efficiency. 

  

Initially, much attention was focused on reducing agricultural GHG footprints through energy 

conservation, reduced fossil fuel consumption, and avoided or minimal use of N fertilizers and other 

synthetic agrochemicals.  Each year, US agriculture uses at least 40-46 billion pounds of synthetic 

fertilizer (ERS, 2019) and one billion pounds of synthetic pesticides, herbicides, and other crop 

protection chemicals (EPA, 2017), all of which consume fossil fuel in their manufacture, transport, 

and field application.  Mechanized tillage, planting, and harvest operations also burn fossil fuels.  

Yet, when these CO2 emissions are included in an analysis of US direct agricultural GHG, they 

account for only about one-sixth of the total (Figure 7). 
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Figure 7.  When CO2 emissions from fossil fuel consumption in field operations and manufacture of 

N fertilizer and other inputs are included, they comprise only 17% of the total direct agricultural 

GHG emissions in the United States (based on Carpenter-Boggs et al., 2016). 
  
  

Organic production systems reduce their carbon footprints by eliminating synthetic inputs, although 

tillage and cultivation for cover crop, residue, and weed management add some direct CO2 

emissions.  In the Rodale farming systems trials, organic systems achieved a net 29% reduction in 

energy use by deriving N from legumes and manure in lieu of synthetic fertilizers (Rodale, 2011). 
  

The immediate priority of any sustainable energy policy is to increase conservation and energy 

efficiency.  Reducing unnecessary use of energy is common sense, saves money, and helps the 

environment.  Likewise, numerous studies have shown that improving the efficiency with which 

energy is used is the cheapest and quickest energy "source."   Agricultural policy should support 

producers in energy conservation measures and on-farm fuel efficiency, not only for GHG 

mitigation, but also to reduce direct costs and risks of production, including the increasing spikes 

and volatility in the costs of synthetic fertilizer (Huang et al, 2009).         

  

G.    Water Management 

  

Agricultural water management can significantly influence both carbon and nitrogen cycling in soils, 

and thereby net GHG footprint.  Soil moisture and aeration levels that favor aerobic microbial 

activity (~ 50% of pore space water filled and 50% air filled – near or slightly below field capacity) 

can promote microbial conversion of residues into stable SOC and avoid their degradation into CH4. 

Ecological agriculture generally improves the soil’s capacity to absorb and retain rainfall, drain 

promptly after heavy rain or irrigation to restore aerobic soil conditions and reduce flood impacts, 

hold plant-available moisture to tide crops over dry spells, and to allow and encourage deep, 
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extensive root development which builds SOC and absorbs excess soluble N (Manela, 2007; Rawls 

et al, 2003).  These attributes of soil health promote crop vigor and resilience to weather stresses and 

shorten the periods of excessive soil moisture that can lead to spikes in N2O emissions.  

  

In contrast, practices such as liquid manure spraying can lead to saturation of the land, which in turn 

can produce CH4 or N2O from the waste, depending on the degree of oxygen deficit.  Similarly, 

irrigation can temporarily saturate soils, especially in furrows between plastic-mulched crop beds or 

grow zones, again leading to GHG emissions. Farmers can mitigate this GHG source by increasing 

the efficiency of pumping, conveyance, and application, and by avoiding irrigation in excess of crop 

needs.  Irrigation efficiency and solar or wind powered pumps also reduce CO2 emissions.  
  

In flooded fields such as rice paddies organic matter is degraded into CH4, and emissions have been 

estimated at 110 lb C/season, equivalent in climate impact to loss of 840 lb SOC in the form of CO2 

(Dou et al., 2016).  Rice paddy CH4 accounts for only about 2% of US direct agricultural GHG 

emissions, but for 10% worldwide, owing to the much larger acreages of rice grown in Asia, where 

rice is the leading staple grain in human diets (IPCC, 2014a).  Any policies related to rice production, 

however, must consider that flooded rice fields provide other valuable ecosystem services (such as 

habitat for waterfowl). Flooded rice fields are recognized globally as important surrogate wetland 

habitat for millions of waterbirds (Eadie et al., 2008; Elphick, 2000). Rice farmers can reduce 

methane emissions without reducing the value of rice fields for waterbirds (Sesser et al. 2016). The 

following three techniques reduce the time the rice fields are flooded and hence reduce GHG 

emissions. Growers can 1) drill or broadcast seeds into a dry or moist seedbed, instead of seeding 

into a flooded field; 2) drain standing water earlier during the rice growing season in preparation for 

harvest; and 3) cyclically wet and dry the rice fields during the growing season instead of continuous 

flooding (EDF, 2011; California EPA Air Resources Board, 2015). The latter practice requires 

caution when sensitive species are relying on the rice fields during the breeding season. 
 

Weather extremes including local drought and flooding, are predicted to become more common 

with climate change. Environmentally responsible water management combined with soil health 

practices that build moisture holding capacity and maintain good drainage can enhance agricultural 

resilience and reduce net GHG footprints.  At the watershed level, ecological farming practices can 

be complemented with water management strategies that capture stormwater, recharge groundwater, 

improve water quality, store carbon, and protect local habitat (SARE, 2006). Groundwater and 

surface water need to be managed with a “whole system” approach that protects instream flows and 

terrestrial habitat and prevents groundwater overdraft. Reusing highly treated wastewater can help 

meet water needs without depleting current water sources. Additional ecological agriculture 

strategies for conserving water include converting cropland to managed grassland or riparian forest 

buffers in riparian areas, constructing and restoring wetlands, measuring and conserving irrigation 

water, creating conservation easements, choosing water-efficient crops and resource-conserving crop 

rotations, and limiting the impact of nitrogen and pesticide runoff from farms into local water 

supplies. 

  

Another way that water management in agriculture can impact the climate is through artificial 

drainage of naturally wet soils, which usually accelerates oxidation of these soils’ large reserves of 
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SOC, resulting in a net emission of CO2 even under the best rotation and ecological practices.  Peat 

and muck soils (Histosols), permafrost soils (Gelisols) and any wetland areas are especially subject to 

massive SOC losses when drained for cultivation (Weil and Brady, 2017).  Preservation of wetland, 

peat bogs, and permafrost soils will play an important role in societal efforts to curb net GHG 

emissions and slow climate change.      
 

Summary of research findings on agroecosystem mitigation of climate change are presented 

in the introduction to the Recommendations section below.   
 

  
  

IV. AGRICULTURE, ENERGY AND CLIMATE CHANGE  
  

Agriculture has a major role in producing and using energy in ways that mitigate climate change.  

Powering America’s farms with low carbon renewable energy rather than fossil fuels can increase the 

control of farmers and ranchers over their energy sources, reduce costs, and combat climate change. 

The production and use of agriculture-based biofuels must be accompanied by careful consideration 

of environmental and social responsibility and rigorous and comprehensive assessment of the GHG 

emissions from production of the bio-based energy.  

  

  A. Low Carbon Energy: Solar and Wind  
  

Low-carbon alternatives to fossil fuels include wind (to generate electricity or power pumps) and 

solar (to generate electricity and heat water or buildings).  On-farm energy production eliminates the 

need to run electric lines or pipelines to remote locations. It also allows farmers to decrease their 

reliance on increasingly expensive fossil fuels, produce energy from low carbon sources with fewer 

GHG emissions, develop new value-added revenue sources, reduce on-farm costs, and complement 

organic and sustainable farming practices. The National Sustainable Agriculture Information Service 

(ATTRA) provides extensive resources on 

renewable energy options for farms and ranches 

(ATTRA, 2006).  

 

Solar energy, including the use of photovoltaic 

cells to convert sunlight into electricity, can be 

used on farms and ranches to meet or supplement 

numerous energy needs (USDOE, 2019). Solar air 

and space heaters can reduce energy costs for 

livestock and dairy operations that require careful 

temperature control. Solar water heating can 

provide water for pen cleaning. Farmers can also 

use solar energy directly to heat, as well as light, 

greenhouses. Solar electric or photovoltaic systems 

can power general electricity needs including fencing, lighting, water pumping, and crop drying.    

 

   

  

Cows on a wind farm. NCAT  
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Farmers and ranchers who own unoccupied land and live in an area with good wind resources may 

consider harnessing wind energy to meet their energy needs in a cost-effective and environmentally 

responsible way. Wind turbines convert the kinetic energy in wind to mechanical energy, which can 

then be used to generate electricity or pump water for irrigation or livestock.  Farmers and ranchers 

who live in a state with net metering programs may be able to sell excess energy back to their utility 

providers. Various guidebooks (USDOE, n.d.; Ontario, n.d.) are available to help farmers and 

ranchers decide whether wind energy is feasible for their operations. 

 

While sunlight and wind are themselves carbon-free the components and facilities which produce 

them must be manufactured, built, and maintained, and at the end of their lives, plants must be 

retired or replaced, and their components disposed of or recycled.  These processes produce GHGs 

equivalents.  Numerous Life Cycle Assessment of GHG production per kilowatt hour (kWh) have 

been conducted. A metastudy of these LCAs indicates that wind energy emits an average of 34.11 

grams of CO2 per kWh over its lifetime while solar energy systems emit an average of 49.91 grams 

of CO2 per kWh (Nugent and Sovacool, 2014).   These figures compare to 66 grams per kWh for 

nuclear energy (Sovacool, 2008) and 1,001 g per kWh and 429 g CO2 per kWh for coal and natural 

gas, respectively (USDOE, 2016).  

 

Higher capacity wind turbines, both with taller hub heights and larger rotor diameters, have lower 

GHG emissions. Solar GHG emissions fall little as size of installation increases since panels are 

modular and have the same efficiency at all sizes. Source of equipment is also critical to LCA GHG 

emissions. “The same manufacturing process in Germany would result in less than half of the total 

emissions that such a process would entail in China. This was primarily due to China’s significantly 

greater dependence on black coal for electricity production in comparison with Germany’s much 

greater reliance on natural gas and nuclear power” (Nugent and Sovacool, 2015). 

 

Large-scale solar panel installations are currently sometimes being installed on prime farmland, key 

wildlife habitat, and other healthy soil-plant ecosystems that currently sequester carbon and perform 

other vital functions (e.g., http://www.nexteraenergyresources.com/locations-map.html). 

Thoughtful integration of solar collectors into a diverse farm landscape can maximize benefits and 

avoid or minimize costs to productivity and other ecosystem services. 

 

  B. Energy from Agricultural Biomass   

  

Agricultural biomass is being targeted as a “second generation” agricultural source for bioenergy, 

following on the heels of corn starch-based ethanol. Much of the biomass being targeted is crop 

residues.  The eminent soil scientist Rattan Lal, however, has raised concerns about this use of crop 

residues when he observed:  

  

This is a dangerous trend because crop residue is not a waste. It is a precious commodity and essential to 

preserving soil quality. In addition to controlling erosion and conserving soil water in the root zone, 

retaining crop residues on the soil is also necessary for recycling nutrients,  improving activity and species 

diversity of soil micro- and macro-fauna, maintaining soil structure and tilth, reducing nonpoint source 

pollution and decreasing the risks of hypoxia in the coastal regions, increasing use efficiency of fertilizers 

http://www.nexteraenergyresources.com/locations-map.html


 

 

  45  

 

and other inputs, sustaining biomass/agronomic yield, and improving/maintaining soil organic matter 

content . . . .  In view of its numerous environmental and agronomic benefits, there is a strong justification 

for adopting the slogan "grains for people, residues for the soil." This equity is essential to maintaining 

soil quality at a level at which it can provide all ecosystem services and functions essential to sustainable 

use of soils for generations to come. Use of biofuels could substantially reduce gaseous emissions, provided 

that appropriate sources of feedstock are identified, especially those which do not degrade soil and 

environment quality (Lal, 2007). 

  

Ground-breaking research by a team of USDA Agricultural Research Service scientists led by Wally 

Wilhelm, a scientist with the Agroecosystems Management Research Unit in Nebraska, indicated 

that the corn stover needed to replenish soil organic matter was greater than that required to control 

either water or wind erosion in the ten counties investigated (including nine of the top corn 

producing states in the U.S.) (Wilhelm et al., 2007). Another early study examined the impacts of 

corn stover removal over a 4-year period from sites with different soils in Ohio. The study showed 

that removal above 25 percent of the stover resulted in adverse impacts on soil quality. In addition, 

this and other studies indicate that removal of the corn stover has the most adverse impacts on 

sloping or erosion prone soils (Blanco-Conqui and Lal, 2009). A recent review of stover harvest 

literature suggests that 40% removal by mass (i.e., 60% remaining in the field) was an upper limit for 

maintaining SOC and preventing erosion. This five-year study concluded that long-term studies are 

needed to ensure that corn stover removal at even the 40% level is not detrimental to soil health 

(Obrycki et al., 2018). 

  

This research calls into question the assumptions underlying estimates of biomass available in the 

U.S. for biomass-based energy production such as the Billion Ton Annual-Supply Study (Perlack et al., 

2005).  Since removal of corn stover impacts soil erosion and soil health, less conventional perennial 

crops may provide a potentially more sustainable supply of cellulosic feedstock without reducing soil 

organic matter and undermining the productive capacity of the soil. 
  

  C.  Agricultural Bioenergy Crops      

 

1. GHG Emission Life Cycle Analysis  

   

A primary objective of U.S. public policy that supports the production of biofuels using agricultural 

resources is to reduce global GHG emissions. The reasoning is that biofuels are derived from plant-

based carbon, which is drawn from atmospheric CO2 during photosynthesis.  When biofuel is 

combusted, the CO2 released back into the atmosphere was originally fixed by the plant.    

  

There is significant controversy, however, regarding this alleged “carbon neutrality” of bioenergy – 

particularly when derived from oilseeds (biodiesel), feed corn starch (ethanol) or even from some 

cellulosic sources. The controversy focuses on which factors should be included in the life cycle 

analysis for bioenergy, with much attention on the issue of indirect land conversion. If large 

amounts of agricultural land are used for bioenergy production, the pressure increases to convert 

other land in grasslands or forests to agricultural food production.  When land is broken for 

cultivation, a large amount of soil and plant biomass carbon is released. The released CO2 could 
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exceed the amount of net GHG emission reductions, relative to fossil fuel production and use, from 

the system for production of the bioenergy feedstock.   

  

GHG increases from land conversion cannot be limited just to a local assessment because rapid 

climate change is a global phenomenon (Searchinger, 2008).  The determination of bioenergy GHG 

emissions requires careful lifecycle analysis of the biofuel under consideration, including analysis of 

global land use change implications of establishing the specific biofuel feedstock (Sanderson and 

Adler, 2008).  Lifecycle GHG emission analysis should also include GHG emissions from synthetic 

fertilizer and pesticides and other inputs used to produce the bioenergy feedstocks. One study 

indicates that soil organic C storage does not offset fertilizer-induced N2O flux in established biofuel 

feedstock grasses and no C storage occurs in corn-soybean rotation.  The most comprehensive LCA 

GHG analysis of biofuel sources estimates that total lifecycle GHG emissions (g CO2eq MJ−1, 100 

cm) are 59–66 for corn ethanol, 14 for stover ethanol, 18–26 for switchgrass ethanol, and −7 to −0.6 

for Miscanthus ethanol. The GHG emissions associated with poplar‐ and willow‐derived ethanol may 

be higher than that for switchgrass ethanol due to lower biomass yield (Qin et al., 2016). In short, 

this research indicates that only ethanol from Miscanthus biomass sequesters more carbon in the soil 

than its manufacture produces. However, high levels of water usage by the non-native Miscanthus can 

result in water shortages downstream (McAlmont et al., 2017). 

  

Agricultural bioenergy production could have some advantages. Establishment and maintenance of a 

perennial crop such as switchgrass or Miscanthus can be far less capital intensive and require less 

synthetic fertilizer and pesticides than corn.  An annual biofuel crop could improve the conservation 

performance of an annual crop production system. A prime example is camelina, an oil crop that 

yields about 2x the oil of soy and is tolerant of cold and drought.  Camelina has been grown for 

years in Montana and several land-grant colleges around the country have conducted research and 

field trials on camelina.  It can be incorporated into northern Plains wheat-fallow rotations and can 

help break up pest cycles and increase wheat productivity, with an overall reduction in pesticide use 

in the crop rotation system. A camelina-wheat rotation results in much higher biomass production 

and return of crop residues to soil than the wheat-fallow system (Chen et al., 2015). In 

Mediterranean climates where low rainfall prevents use of many crops in rotation, camelina appears 

to reduce weed infestations in rotations as either a winter or summer crop (Royo-Esnal, A., and F. 

Valencia-Gredilla, 2018).  

  

The LCA GHG performance of these systems can be improved even more if they are established on 

degraded or abandoned agricultural land which can result in a significant increase in soil carbon 

sequestration (Tilman et al.,2006). Perennial grain crop production also shows potential for high 

levels of carbon sequestration and high levels of LCA GHG performance, though little public 

research has been supported in the U.S. A perennial rice variety released in China is reportedly 

planted on thousands of hectares and has yields comparable if not higher than local varieties (Huang 

et al., 2018; Haspel, 2019). Relative LCA GHG performance, especially methane production, 

compared to annual varieties, is in progress.  

  

  2. Other Environmental Considerations  
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Even if a biofuel feedstock results in net reduction of GHG emissions relative to the use of fossil 

fuels, there are other important questions about the effects of its establishment on the environment. 

In recent biofuel life-cycle analyses by EPA, both corn ethanol and soybean biodiesel production 

were found to result in net GHG emissions increases. Most of these production systems did have 

lower net GHG emissions than the gasoline and diesel they replaced (USEPA, 2009) There are, 

however, important environmental and social questions about further expansion of corn 

monocultures or simple corn-soybean rotations. Over the long term, mixtures of native perennial 

grasses and other flowering plants could provide more usable energy per acre and are far better 

environmentally than corn, soybeans and other row crops. In addition, replacing some corn and 

soybean production with native perennial grasses could address current overproduction issues and 

work to decrease the price volatility of commodities.  

  

Analysis of ecological impacts of bioenergy projects should not be limited to the field level but 

should also include changes to landscape diversity and potential impact to primary and secondary 

habitat (Firbank, 2008).  An example of such analysis is research on the expansion of corn acreage in 

the upper Midwest fueled by the recent corn ethanol boom. Douglas Landis and colleagues studying 

the impacts in upper Midwest corn states found that the lower landscape diversity lowered the 

supply of natural enemies of the soybean aphid.  Farmers who relied on integrated pest management 

strategies to control the aphid lost an estimated $239 million per year in ecosystem services across a 

4-state region (Landis et al. 2008). Pesticide use increased, with increases in GHG emissions from 

pesticide production, distribution and application. These landscape level changes can have profound 

effects on overall GHG emissions, the surrounding ecosystems, and farmers’ income.  

  

Another issue is the potential for bioenergy crops to become invasive. Several crops targeted for 

development as bioenergy sources are novel grasses and trees with invasive characteristics including 

rapid growth, ability to propagate vegetatively, prolific seed production, few pests and diseases, and 

ability to tolerate water stress and low fertilization levels. While these vigorous crops can sequester a 

lot of carbon, they often displace native vegetation by over-exploiting moisture reserves throughout 

the soil profile, adversely affecting indigenous soil microbiota including mycorrhizal symbionts of 

native forest or prairie plant species, or both (Wolfe and Klironomos, 2005)   

 

Moreover, genetic engineering of many of these bioenergy candidate species is underway to increase 

these invasive traits. Genetically modified crops are subject to some limited environmental 

assessment before their introduction but there are currently no requirements to assess the 

environmental risks of wide-scale introduction of bioenergy plants that have not been genetically 

modified, unless the plant is already listed as a noxious weed (Tomasino et al., 2007). Finally, the 

new techniques of gene-edited agricultural crops have so-far escaped any regulatory review, because 

of the mistaken view that these techniques are very similar to classical breeding and are more 

“precise” in developing the specific traits (ex. drought resistance) without impacting other traits. 

This assumption has recently been disproven (Kosicki et al, 2018), and the potential for human risks 

and ecological damage from gene-editing is not properly assessed.  

 

 3. Social Considerations  
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The mix of crops and livestock produced on agricultural land can also have profound effects on the 

structure of the social landscape, including the scale of farm operations and opportunities for entry 

into farming and the diversity and quality of employment in rural areas.  These are critical issues 

which should not be ignored in any policy choices about which crops and systems receive public 

subsidies or other public incentives, including incentives for biofuel production.  When scarce 

farmland is used for bioenergy instead of food production or the many other valuable functions of 

rural land, impact on local human and biological communities can be damaging (Popp et al., 2014).   

  

A comprehensive study in Minnesota evaluated possible effects on various factors in two Minnesota 

watersheds that could arise from changes in farming systems, from the increased adoption of 

minimum tillage to the reestablishment of perennial plants and wetlands (Boody et al. 2005). 

Projected outcomes included both environmental outcomes, including GHG emissions and carbon 

sequestration, as well as net farm income, opportunities for beginning farmers and increases in social 

capital and interconnections within the communities in the watersheds. Overall the study indicates 

that more diverse farming systems with increased use of perennials and a broader base of crops and 

sustainable livestock systems could result in increased social benefits to rural communities, including 

more farming opportunities, a more diverse income base and an increase in social networks within 

the communities. Such multifunctional agricultural systems have been prioritized in the European 

Union’s Common Agricultural Policy (CAP). Multifunctionality in CAP stresses enhancement of the 

interrelationships between agriculture production, landscape protection and social services (Conto et 

al, 2013). These social considerations may be especially vulnerable to policies that are intended to 

stimulate bioenergy production. 

 
 

  
  

Research-Based Findings and Policy Recommendations 
  

  
   

The agroecological farming systems described in this position paper can and must play an important 

role in addressing climate change. These systems have been proven to help farmers and ranchers 

reduce GHG emissions and increase storage of carbon in agricultural soils. These systems can also 

increase the resilience of farming and ranching operations as unpredictable weather aberrations 

associated with climate change intensify. They are also the best systems for minimizing other 

conservation and environmental impacts from agricultural production.  

  

This paper has reviewed the latest research showing how these systems can best reduce and mitigate 

GHGs and the impacts of climate disruption. Following we present specific recommendations based 

on fourteen conclusions that emerged from this research. 
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Research-Based Findings for Addressing Climate Change  

Adaptation and Mitigation in Agricultural Systems 
  

1. Enhancing Soil Health – Improved soil health practices build soil organic carbon (SOC), and 

thus contribute to climate mitigation by removing CO2 from the atmosphere, and to climate 

adaptation by making soils, crops, and agro-ecosystems more resilient to weather extremes 

through increased water infiltration, drought tolerance, and yields.  

 

2. Supporting Biodiversity – Increased diversity of crops and cropping systems can enhance 

SOC sequestration as well as the ecological and economic resilience of farms and ranches to 

climate change. Diverse ecological agricultural systems help conserve and protect water 

resources, support natural enemy insects and birds, control soil erosion, and provide other 

conservation benefits in addition to climate mitigation and adaptation. 

 

3. Whole Farm Systems – Ecological farming systems – such as well-designed organic production 

systems that integrate diversified crop rotations, year-round soil coverage, organic residue return, 

reduced soil disturbance and agro-forestry – sequester more carbon than single practices such as 

cover cropping or no-till.   

 

4. Soil, Nutrient, and Water Management – Additional research is urgently needed to identify 

soil, nutrient, and water management strategies to mitigate N2O, especially for ecological farming 

systems that emphasize biologically based soil management. Soils emit nitrous oxide (N2O) 

when sufficient nitrate-N (>6 ppm), decomposable organic C, and microbial activity coincide 

with high moisture levels and limited oxygen.  Soil N2O emissions comprise 49% of direct 

agricultural GHG and can arise from synthetic or organic N sources.  One promising lead is 

tightly coupled nutrient cycling, in which soil biota, crops, and inputs are co-managed so that 

crops obtain sufficient N from soils low in soluble N.  

 

5. Biomass Potential – Breaking sod or clearing forest for crop production destroys much soil 

and biomass organic C. Converting cropland to permanent pasture can sequester 800 lb 

SOC/ac-year. Reforestation, agroforestry, and woody perennial buffer plantings accrue > 1 ton 

soil + biomass C/ac-year.   

 

6. Changing Pest Pressures – Conserving and re-establishing woody habitat that sequesters 

carbon will also support natural enemy insects and birds that will help with pest control as new 

challenges arise because of changing pest phenologies brought on by climate change. 

 

7. Benefits of Perennials – While the best soil health management on the world’s cropland could 

yield a net reduction of 22 ppm in atmospheric CO2 levels by the year 2100, reforestation and 

perennialization of disused, depleted, or ecologically sensitive lands increase the potential 

reduction to 156 ppm.   

 

8. Reduced Livestock-related GHG Emissions – Cattle and other ruminant livestock emit 

enteric methane (CH4) whether raised on pasture or in confinement. However, management-
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intensive rotational grazing systems (MIG) shrink the GHG footprint of livestock production by 

eliminating manure storage facilities, improving forage quality (30% reduction in enteric CH4), 

and sequestering at least 1 ton SOC/ac-year in grazing lands. 

 

9. Livestock Life-Cycle Analysis – The preponderance of evidence indicates CAFO-based 

systems produce vastly more GHGs than well managed grazing systems.  However, since some 

authors have used data on livestock-related GHGs to justify CAFOs, others to advocate for 

pasture-based systems, and still others to condemn all livestock production and meat 

consumption, unbiased life cycle analyses (LCA) of comparing MIG and other livestock systems 

are urgently needed.  

 

10. Compost and Biochar – Appropriate use of compost or biochar can enhance SOC 

sequestration.  The composting process emits some GHG but diverting materials from landfills 

and manure lagoons into well-managed compost operations reduces the GHG impact several-

fold.   

 

11. Crop Residues and Native Vegetation – Removal of hay, crop residues, or native vegetation 

biomass to make compost, biochar, other organic amendments, or biofuels can deplete soils on 

the “donor” acreages and thus fail to yield net C sequestration or climate mitigation. Similarly, 

biofuel crops require a thorough and impartial LCA to determine their net GHG impacts. 

 

12. Energy Emissions – CO2 emissions from field operations and manufacture of N fertilizer and 

other agricultural inputs add about 17% to direct US agricultural GHG emissions.  Farmers can 

reduce energy-related GHG by using biological sources of N, reducing tillage, and producing on-

farm solar or wind power. 

  

13. Breeding for Resilience – Developing new public crop cultivars and livestock breeds for 

increased input efficiency, wide adaptability, performance under organic and sustainable 

management, and genetic diversity results in more resilient agricultural systems.    

 

14. Impact of Flooding – Flooded soils emit CH4 and N2O.   Best soil health management 

practices mitigate water-related GHG emissions by promoting prompt drainage, enhancing crop 

drought resilience, and reducing irrigation needs.   In contrast GHG emissions are increased by 

anaerobic conditions created by excess application of liquid manures, winter fallow in 

Mediterranean climates with heavy winter rainfall, or in flooded fields such as rice paddies. 

 

 
 

Policy Recommendations Based on These Fourteen Research Findings 
 

No matter what role U.S. agriculture is called on to play in federal climate change legislation or 

international climate change frameworks, farming systems based on these findings and relevant 

ongoing research provide the best long-term approach to dealing with climate change, the best 
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future for our nation’s farmers, ranchers and rural communities, and the best overall food and 

farming system for our people.  

  

The recommendations below are based primarily on Farm Bill authorities and existing USDA 

policies and programs.  NSAC intends to issue further recommendations at a later date that are 

more specific to support for a robust climate and agriculture section of the comprehensive climate 

bill we hope Congress will pass during its 2021-2022 session. 

 

The 2018 Farm Bill provides authority to the U.S. Department of Agriculture (USDA) to implement 

policies that recognize the benefits of climate-friendly agriculture systems for our nation’s farmers, 

ranchers, rural communities and the environment in dealing with climate change. Many of our 

research-based policy recommendations below relate to implementation and administration of 

existing conservation, research, outreach, risk management, and other programs under the current 

Farm Bill, while others would require additional farm bill or appropriations funding or other 

legislative changes. 

 

Future legislation, including both the 2023 Farm Bill and comprehensive federal climate change 

legislation, might change USDA authorities and resources, and that of other federal agencies, in a 

way that will impact – hopefully improve – our ability to address climate disruption. As federal 

climate change authority develops, widespread adoption of science-based climate-friendly 

production systems must be recognized as fundamental to addressing agricultural and food security 

concerns related to climate change.  Some of our over-arching recommendations below aim to 

inform policy advocacy responses to future legislative and budgetary opportunities as they unfold. 

 

 

Priority Area 1:  

Support Producers to Make U.S. Agriculture Climate-Neutral 

 

These recommendations are based on research findings 1, 2, 4 and 13 

 

1.1 Establish a national goal for increasing carbon stored in U.S. soils at rates that 

surpass the internationally proposed 0.4% growth per year in global soil carbon 

required to make global agriculture climate neutral (Kon Kam King et al., 2018).  

  

USDA has made erosion reduction, healthy soils and improved water quality national priorities, and 

that is reflected throughout USDA conservation, farming research and rural development programs.  

Increasing carbon stored in our soils is facilitated by preventing erosion and itself facilitates healthy 

soils and improved water quality.  By making carbon sequestration a national priority, USDA should 

logically focus a significant portion of conservation, energy, research, and rural development 

program spending on systems and practices that will address these important issues through funding 

allocation, ranking, support services, financial assistance and other policies throughout its suite of 

programs.    
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The recommendations in subsequent sections will help increase rates of carbon sequestration in US 

working lands. However, overarching research initiatives are required to support these 

recommendations and design new systems for stable sequestration of carbon.  

  

1.2  Establish a Monitoring, Evaluation and Reporting (MER) system to provide USDA 

with the tools necessary to collect, report on, and utilize data regarding the impact of 

conservation programs on soil health, carbon sequestration, GHG emission 

reductions, and other climate change mitigation metrics. 

 

Measurement, evaluation, and reporting requirements on conservation outcomes are needed for all 

conservation programs and initiatives, including a description of all the many approaches, methods, 

and metrics the agency is developing or already has in place. This information is necessary in order 

to define, evaluate, and communicate outcomes specifically related to the potential of USDA 

conservation programs to help farmers mitigate impacts of climate change.  

 

While USDA currently is able to measure conservation effects on a national, regional, and landscape 

scale through the Conservation Effects Assessment Program (CEAP), CEAP is not able to assess 

the effects of individual USDA conservation programs and initiatives.  Furthermore, CEAP is not 

currently authorized in statute, and thus is limited in the framework it can provide for expanding 

measurement, evaluation, and reporting on USDA conservation programs. In order to build the 

necessary partnerships, infrastructure, and capacity to measure, evaluate, and report on the effects of 

conservation programs and initiatives on C sequestration and net GHG footprint, USDA will need a 

targeted source of funding. 

 

More specifically, under the authority of current and future legislation, USDA should: 

 

• Make greenhouse gases and climate change mitigation a Resource Concern addressed by 

NRCS programs. 

 

• Undertake a comprehensive Measurement, Evaluation, and Reporting process in relation to 

C sequestration, GHG reduction, and climate mitigation and adaptation across all USDA 

conservation programs.   

 

• Implement cooperative agreements and data sharing arrangements with federal, state, and 

local agencies, universities and colleges, and NGOs to support the implementation of the 

monitoring, evaluation, and reporting process.  

 
1.3 Restore funding for the Conservation Stewardship Program (CSP) to previous 

funding levels prior to cuts made in the 2014 and 2018 Farm Bills. 

 

Conservation programs, and especially the CSP, can play vital roles in helping producers become 

part of the climate solution as well as preparing their operations to withstand the impacts of climate.  

The 2018 Farm Bill directed USDA to highlight soil health and increased payment rates for key soil 

health/carbon sequestration practices including cover crops, resource-conserving crop rotation, and 
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managed rotational grazing.  However, combined the 2014 and 2018 Farm Bills also cut CSP 

funding nearly in half, greatly restricting both farmer access and environmental improvement, 

including climate mitigation. Thus, Congress must take steps in the next farm bill to restore full 

funding to CSP.  This restoration of funding is needed because farmer demand for the programs far 

exceeds the supply of funds, and interest in the conservation programs has been steadily growing.  

But first and foremost, it is also needed because climate, natural resource, and environmental issues 

related to agriculture remain daunting.   

 

1.4 Restore the option for automatic contract renewals under CSP provided that previous 

contract commitments are being kept and continual improvements are being made.   

 

Given the long term nature of soil health improvement and SOC increases, as well as the need to 

make sure stable carbon remains stable and there is no backtracking, it is important that farmers are 

able to seamlessly continue sequestering carbon and building healthy soils on a long-term and 

continuous basis. Contract renewals should not be limited to a single renewal and should not be 

made to compete with new contracts. 

 

1.5    Retain and expand the Conservation Stewardship Program focus on soil health and 

SOC sequestration, target CSP enhancement activities to minimize overall GHG 

emissions, including those related to soil nitrogen and water management, livestock 

production, pest control, agro-forestry and the production of farm inputs, and revise 

enhancement payment schedules to reflect a priority on soil health and SOC 

sequestration consistent with this CSP focus and the need to accelerate change.   

  

These practices and systems include but are not limited to: conversion of marginal cropland to grass, 

resource-conserving crop rotations, continuous cover cropping, management intensive rotational 

grazing, organic conversion, conservation tillage, and advanced high-level integrated nutrient and 

pest management.   

 

1.6   Revise all NRCS Conservation Practice Standards (CPS) and conservation 

enhancements to prioritize soil carbon sequestration.  

 

The six Principles of Soil Health Management detailed above should be used as a guide for 

maximizing the efficacy of Conservation Practice Standards in enhancing carbon sequestration and 

mitigating and adapting to climate disruption. Criteria for each CPS that can affect carbon 

sequestration should ensure sequestration improvements, and considerations should provide 

practical information on maximizing carbon sequestration outcomes, including through combining 

the Practice with other Conservation Practices. 

    

For example, CPS 328 (Conservation Crop Rotation) and other relevant CPS and enhancements 

should be revised as follows:  

  

• Ensure that high residue crops, especially perennials, are included as at least one of the 
crops in any approved rotation.  
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• Eliminate bare fallow in any approved rotation by including moisture conserving cover 
crops or residues.  

 

• Ensure that any SOC lost through one crop is replaced by another crop in the rotation.  
 
1.7    Include within annual Requests for Proposals from Agriculture and Food Research 

Initiative, Organic Agriculture Research and Extension Initiative, Sustainable 
Agriculture Research and Education, and other relevant NIFA competitive grant 
programs the following six research, education, and extension priorities: 

  
1. Research, design, and promote practical, on-farm systems that increase stable carbon 

sequestration.  
 
2. Improve methods for measuring soil organic carbon concentrating on creating 

assessment systems that are rapid, low-cost and remote.  
 
3. Research, design, and promote practical, on-farm systems to optimize nutrient cycling 

and minimize nitrous oxide emissions from agricultural soils.  
 
4. Research, design, and promote intensive rotational grazing, silvopasture, and other 

advanced approaches to climate mitigation in livestock production.  
 
5. Evaluate total GHG footprint of different livestock and integrated crop livestock 

production systems. 
 
6. Conduct breeding research and develop new public crop cultivars and livestock breeds 

for resilience to climate disruption and performance in climate-mitigating farming and 
ranching systems. 

 
1.8   Increase the capacity of the SARE program to help farmers increase carbon 

sequestration and meet the challenges of rapid climate change.   
  
Sustainable Agriculture Research and Education (SARE) is one of USDA’s best-positioned 
programs to contribute practical on-farm research and education for climate change mitigation and 
adaptation. Over its 31 years of operation, the SARE program has been highly successful in building 
the knowledge and tools necessary to promote sustainable agriculture, and in getting that knowledge 
and tools into the hands of farmers and ranchers. In many cases, producers themselves have been 
involved in developing and conducting research and education, adding a practicality to the outcomes 
that is yet to be matched in other USDA research programs.  In addition, regional councils guiding 
the program have addressed region-specific questions, which in the face of climate change will be 
highly valuable, as different regions are expected to face different climate challenges.   
  

We strongly advise a dramatic increase in funding for SARE to explicitly incorporate climate change 
mitigation and adaptation into SARE-funded research. This funding should be targeted both to 
long-term systems research and more immediate on-farm research, demonstration and outreach 
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based on SARE developed systems that save energy, reduce GHG emissions, sequester carbon, and 
build healthy soils.  
 
We also recommend that USDA, in developing a strategic plan for addressing climate change across 
Research, Education and Extension, build upon the programmatic elements of SARE.  These 
elements have made SARE a success at translating research into outreach, education and adoption 
of sustainable farming systems by farmers and ranchers.   
  

1.9   Focus climate change research, conservation incentive programs, and federal 
commodity and crop insurance on whole-farm systems.   

  
Given the range of uncertainty about the specific impacts of climate change on agriculture in any 
given location, adaptation strategies should not be viewed as a set of single practice prescriptions.  
Resilience in agricultural systems is a function of the health of the agricultural ecosystem.  It is 
therefore essential that strategies for adaptive response to climate change focus on whole-system 
approaches, as opposed to piecemeal components.  Small changes in an otherwise vulnerable system 
may provide some benefit but are not sufficiently adaptive. Therefore, we urge: 
 

• An emphasis “sustainable systems for agricultural production” and not just “sustainable 
practices” in its research, education and extension activities concerning climate change.  

 

• Increased emphasis on systems approaches to risk management (such as RMA’s Whole 
Farm Revenue Protection crop insurance program). 

 

• Comprehensive, whole farm conservation planning in NRCS working lands and 
easement conservation programs.   

 

• Substantial reform of USDA commodity and crop insurance programs with the long-
term goal of reorienting our farm safety net system from overproduction, specialization, 
and environmental harm to a new safety net that puts farmers and climate smart 
agriculture first. 

 
1.10     Adopt a new permanent easement component specifically addressed to C 

sequestration and GHG mitigation within the Conservation Reserve Program, 
including the Grassland Option.   

  
This approach will take full advantage of the potential for CRP to support highly effective C-
sequestering and climate-mitigating practices such as forest buffers and other permanent vegetative 
covers. 
  

1.11  Place an emphasis within Value-Added Producer Grants (VAPG) -- under the new 
Local Agriculture Market Program (LAMP) -- on awards that help farmers create 
new markets for third and fourth rotational crops for row crop systems (including 
perennials) that promote soil health and increase SOM and SOC.   

 
Feasibility and working capital grants through the VAPG program to support new markets and mid-
tier value chains for new uses for existing crops (e.g., oats, alfalfa) or for new emerging crops (e.g., 
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kernza, pennyroyal) could accelerate farmer-owned approaches to more diversified and climate 
friendly cropping systems.  The results of such a new emphasis could be improved farm income, 
higher levels of entrepreneurship, and new viable production systems that enhance climate 
mitigation and adaptation.  
 

Priority Area 2:  

Remove barriers and strengthen support for sustainable and organic production systems 

 

These recommendations are based on research findings 3, 4, 5, 6 and 10 

 
2.1     Reevaluate NRCS models used to measure and assess soil quality.  

 

We urge NRCS to revise or replace the Soil Conditioning Index (SCI) model so that it does not 

under-estimate the benefits of cover crops, sod crops, resource-conserving crop rotation, and tight 

(no-fallow) diversified crop rotations, especially in cropping systems that include some tillage.  For 

some climates and soils, it can be very difficult or impossible to achieve a positive SOM factor in 

SCI for annual cropping systems, even with conservation tillage and high biomass cover crops. 

Meanwhile, recent and ongoing research on soil organic matter dynamics may substantially change 

our understanding of the impact of cover crops, tillage and other management variables on SOM 

and soil quality.  We urge NRCS to ensure improved prediction technology is in place to accurately 

estimate the SOM benefits of cover crops, while simultaneously including practice standard guidance 

that optimizes planting rates and methods for biomass production.  

  

2.2     Throughout all USDA REE supported programs and funding streams, provide 

additional priority for sustainable and organic research, education, and extension to 

maximize agriculture’s role in mitigating climate change and ensuring that U.S. 

agriculture can remain resilient in the face of anticipated climate change scenarios 

(increasing frequency of extreme weather events, unpredictable weather patterns, 

increasing temperatures, etc.).    

  

Greater efforts should be made to promote sustainable and organic agriculture as systems of 

production that can build soil health, improve nutrient cycling, lower fossil fuel energy inputs and 

thereby lower GHG emissions from agriculture. Solid on-farm research with innovative farmers will 

improve sustainable and organic systems so that tillage-associated carbon losses, soil N2O and CH4 

emissions, and fossil fuel use can be lowered even further. Major funding increases or redirection 

should be made to pursue these lines of inquiry through the Agricultural Research Service and 

through the National Institute for Food and Agriculture’s competitive and capacity programs 

(including Hatch, Smith-Lever, McIntire-Stennis, and Evans-Allen). Particular attention should be 

given to ensure the continuation of existing research and establishment of new research that 

includes long-term comparative studies of farming and cropping systems and of systems for 

livestock and poultry production.     

  

2.3.     Promote organic agriculture to make agriculture more resilient in the face of climate 

change while reducing GHG emissions from the agriculture production sector.     
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More specifically, USDA should:   

  

• Pursue additional opportunities to align NRCS conservation practice standards and the 

development of an Organic System Plan (OSP).    

 

• Train NRCS staff in organic systems and assist in the development of a cadre of organic 

technical service providers.   

 

• Ensure that financial and technical assistance for organic systems in general, and for 

conventional producers in the process of transitioning to organic systems in particular, are 

available through EQIP and CSP in every state and country in the nation.   

 

• Incorporate specific CSP enhancements for organic cropping and livestock systems and 

include organic-specific options for more generally available enhancements such as 

conservation tillage, nutrient management, pest management, and invasive species control.   

  

Priority Area 3:  

Support climate-friendly nutrient management to reduce agricultural N2O emissions 

 

These recommendations are based on research findings 4 and 14  

 

3.1    Modify the following Conservation Practice Standards (CPS) to improve soil health and 

water quality: 

 

• Strengthen nutrient management criteria in practices, especially CPS 590 – Nutrient 

Management, to enhance the capacity of NRCS to protect water quality.   

  

As noted above, recent research has indicated that crops growing in healthy, biologically active soils 

may need far less NPK than is recommended for a “high” soil test report for P and K.  Other 

studies have shown that moderate to high inputs of soluble NPK can adversely affect soil life and 

can actually draw down soil organic carbon and reduce the soil’s capacity to provide for crop 

nutrition through organic matter and nutrient cycling.  Even when fertilizer inputs result in greater 

annual crop residue returns, soil organic carbon levels do not increase and sometimes decrease 

significantly.    

  

• Consider further opportunities to improve conservation practice standards to utilize the 

inherent connection between soil health management and water quality protection.  

  

As noted earlier in this paper, excessive N and P inputs from either synthetic or organic sources can 

reduce the activity of mycorrhizal fungi and other beneficial soil organisms and diminish the crop’s 

capacity to develop beneficial partnerships with soil organisms.  In other words, excess soluble 

fertilizer inputs not only threaten water quality but also compromise soil health and make crops 
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more dependent on additional soluble NPK inputs.  On the other hand, careful management of soil 

health and soluble nutrient levels can promote “tightly coupled nutrient cycling” in which crops 

obtain sufficient N and other nutrients to sustain high yields while soil nitrate-N is low enough to 

minimize leaching and denitrification risks.    

 

3.2     Reinstate several high level CSP enhancements for nutrient cycling and stewardship 

for water quality, soil health, and overall agricultural resilience.  

  

The loss of these enhancements in the 2017 overhaul of the CSP represents a major missed 

opportunity to reduce nitrous oxide emissions from cropland and pastureland soils, and to improve 

crop, forage, and livestock health and hence their resilience to impacts of climate disruption.  

Specifically, we urge NRCS to reinstate the following CSP Enhancements, each of which can readily 

be linked to Additional Criteria or Considerations of CPS 590 Nutrient Management, CPS 317 

Composting Facility, CPS 340 Cover Crop, or CPS 528 Prescribed Grazing: 

 

• Use of legume cover crop as a nitrogen source 

 

• Using legumes, animal manure, and compost to supply 90 - 100% of nitrogen needs 

 

• Placement of hay feeding areas on low fertility soils 

 

• Rotation of supplement and feeding areas 

 

• Reduce concentration of nutrients imported onto the farm (75% of livestock feed on farm; 

50% of N and 90% of P and K from on farm sources) 

 

• On-farm composting of farm organic waste 

 

We also urge NRCS to consider new Enhancements based on new and emerging research regarding 

nutrient cycling in agroecological systems, and building on a strengthened CPS 590 (as 

recommended in 3.1 above). 

 

3.3   Include research into advanced nutrient management and mitigation of agricultural 

N2O emissions as a priority in NIFA grant program Requests for Applications. 

 

Research into the following topics can lead to new practical information and tools to help producers 

reduce N2O emissions (which account for nearly half of all direct agricultural GHG) and protect 

water quality while reducing fertilizer costs and building long-term agricultural resilience: 

 

• Managing for tightly coupled N cycling in a range of crops, soils, and regions. 

 

• Managing soil biota for enhanced nutrient cycling and N use efficiency. 
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• Plant breeding and selection for improved nutrient use efficiency and enhanced capacity to 

partner with N2 fixing, mycorrhizal, and other beneficial microbes. 

  

3.4  Increase emphasis on best nutrient management for N2O mitigation and cost 

effective crop production in extension / outreach components of NIFA grant 

programs. 

 

Priority Area 4:  

Increase support for composting as a climate friendly alternative  

to landfill and manure lagoon disposal of organic “wastes”  

 

These recommendations are based on research finding 10  

 

4.1   Modify the following Conservation Practice Standards (CPS) to improve soil health and 

water quality: 

 

• Rename CPS 317 “Composting and Composting Facility” and expand the purposes, 

criteria and considerations to include the composting process itself and the proper use of 

compost based on sound nutrient management.    

  

• Revise criteria for CPS 317 Composting and Composting Facility and CPS 633 Waste 

Recycling to support composting of both on-farm and off-farm sourced organic residues 

so that they do not become “wastes” discarded in landfills or held in waste lagoons 

where they will emit large amounts of CH4, but instead become a valuable soil 

amendment for building soil health and resilience, and sequestering SOC.    

 

Priority Area 5:  

Strengthen Protection of C Sequestration Potential of Sensitive and Marginal Lands 

 
These recommendations are based on research findings 5, 6, and 7  

 

5.1   Expand the role of the Conservation Reserve Program to explicitly support carbon 

sequestration goals.    

  

The Conservation Reserve Program (CRP) and other programs that take land out of row crop 

production require long-term grass or tree cover. The CRP clearly provides one of the largest, if not 

the largest, soil carbon sinks created by a federal program. The CRP and other programs that keep 

land in permanent cover with predominantly perennial plant systems should be bolstered to ensure 

that current carbon storage services are maximized.  Changes in these programs may include revising 

the Environmental Benefits Index to give substantial weight to carbon sequestration and adding 

payments to enhance the carbon sequestration capacity of these lands while maintaining soil erosion 

measures and measures for wildlife and water quality protection. The use of these lands for 
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biomass/biofuel feedstocks should occur only if implemented in a way that retains and protects 

them for multiple ecological functions.   

 

Much could be done to enhance the carbon sequestration potential of CRP lands. Ensuring that 

more of the land is provided permanent protection from annual crop production would definitively 

enhance CRP as a means to sequester soil carbon. Permanent protection options could be targeted 

to the most highly erosive land or land with the highest ecological benefits for wildlife and water 

protection.  Legislation should be considered for a permanent easement option on CRP lands to 

serve as soil carbon banks.   

  

For CRP land that is coming out of CRP contracts, USDA should fully implement the CRP 

Transition Incentives Program (CRP-TIP) in the 2018 Farm Bill, with a strong emphasis on re-

enrolling land in CCRP and CSP and a focus on soil health and organic systems This program will 

conduct outreach to connect retiring farmers with beginning farmers, veterans, and farmers of color. 

The bill also expands eligibility to all CRP contract holders, not just retiring farmers. Additionally, 

within CRP-TIP, participating farmers are now able to get a two-year head start on certifying land 

coming out of CRP into organic production.   

  

5.2  Rigorously enforce Sodsaver.  

 

Sodsaver protects existing grasslands, particularly native prairie and other ecologically important 

grasslands, by requiring that newly cultivated land not receive crop insurance benefits without actual 

production history.  Many of these grasslands are in areas with high erosion levels when perennial 

cover is removed, or with naturally wet or slow-draining soils in which tile drains accelerate losses of 

SOC and nitrate-N. They are often are more marginal land for cropping purposes and hence have 

always been in grass and prairie.  USDA should conduct outreach and education to inform farmers 

about the difficulties of meeting conservation compliance requirements for soil erosion in these 

regions and should increase producer awareness of the land’s ineligibility for federal crop insurance 

during the four-year period needed to establish an actual cropping history.   

 

Likewise, the Environmental Protection Agency should administer the Energy Independence and 

Security Act’s Renewable Fuel Standard, as intended by the EISA, to not allow ethanol production 

on previously uncropped land. EPA’s lack of enforcement has unfortunately led to conversions of 

prime grasslands to cropping for ethanol production purposes. 

 

5.3  Strengthen Conservation Compliance to Incorporate Soil Health.  

 

Require compliance plans and implementation to increase soil carbon levels and measures such as 

nutrient management planning and integrated pest management measures to reduce the inputs of 

synthetic nitrogen and pesticides, and to minimize N2O emissions from fertilized soils. Designate a 

small percentage of farm bill mandatory spending for compliance technical assistance and 

enforcement. 
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Conventional row crop operations subsidized through Farm Bill commodity programs have been 

identified as systems with relatively large levels of net GHG emissions. USDA should take 

immediate steps to ensure effective enforcement of existing conservation compliance measures for 

controlling soil erosion. In addition, however, legislative measures should be enacted to require the 

adoption of conservation compliance plans that include additional measures (such as conservation 

tillage combined with cover cropping) to increase soil carbon levels and measures (such as nutrient 

management planning and integrated pest management) to reduce the inputs of synthetic nitrogen 

and pesticides, and to minimize N2O emissions from fertilized soils.   
  

Priority Area 6:  

Support climate-friendly livestock production systems and end subsidies  

for CAFOs with their massive GHG and water pollution impacts.  

 

These recommendations are based on research findings 8 and 9. 

 

6.1    Provide full life-cycle assessment for all livestock production systems, including 

factors such as indirect land use changes related to feed production or other inputs 

and overall energy consumption, in assessing the net GHG emission levels for 

systems receiving EQIP or CSP funding intended to reduce GHG emissions.    

  

This analysis is particularly important for Concentrated Animal Feeding Operations (CAFOs). 

CAFOs generally rely on large-scale row crop grain production using synthetic fertilizers and 

pesticides and often store animal waste in lagoons and other systems that generate additional GHG 

emissions. Without a comprehensive life-cycle analysis of GHG emissions, public funding could be 

used to increase net GHG emissions.  

 

With 50 percent of total EQIP funding set aside for livestock production systems under the 2018 

Farm Bill, we urge NRCS to give careful review to the suite of livestock practices available through 

EQIP. The farm bill makes clear that the livestock set-aside includes grazing management practices. 

In reviewing livestock conservation practice standards, we urge NRCS to ensure that revisions 

maximize the capacity of these practices to mitigate potentially adverse impacts of livestock 

production on soil health (compaction, erosion, nutrient overloads, overgrazing), water quality 

(nutrients, pathogens, sediments), and climate (greenhouse gas emissions).  EQIP was never 

intended to be an incentive to concentrate livestock production, yet unfortunately that is what is has 

in part become.  USDA should take concrete steps to phase out EQIP funding for CAFOs, 

beginning with an immediate stop to funding of new or expanding CAFOs.  

 

6.2     Apply a comprehensive lifetime assessment of GHG emissions to funding priorities 

and ranking under the Rural Energy for America Program (REAP).   

  

Rural Energy for America Program (REAP) funding should not be used to fund single components 

of farming systems, including digesters, which overall emit large amounts of GHGs through high 

fossil fuel energy use or reliance on inputs which generate high levels of GHGs.  
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6.3  Make regionally adapted management-intensive rotational grazing (MIG) and other 

similar pasture-based systems a top national conservation priority, including 

transition strategies.    

  

As noted above, confinement- and pasture-raised ruminants emit similar amounts of enteric 

methane, but their other environmental impacts differ greatly. Advanced grazing systems, 

particularly management-intensive rotational grazing (MIG) have been shown to improve soil, 

forage, and livestock health dramatically, to reduce water pollution, and to sequester large amounts 

of carbon.  Well-managed grazing systems also mitigate manure-related water impacts and 

greenhouse gas emissions.  

  

6.4     Modify NRCS conservation practice standards to improve soil health, carbon 

sequestration, and water quality. For example: 
 

• Add the following consideration to NRCS CPS 550 (Range Planting): Management 

intensive grazing (MIG) systems can dramatically improve soil health, water quality, and 

carbon sequestration, and should be considered when opportunities exist.  
  

We urge NRCS to include this addition to reflect that fact that management intensive grazing 

systems can dramatically improve soil health, water quality, and carbon sequestration.  Additionally, 

MIG systems tend to prevent selective grazing, as standard criteria mandate species mixes that 

minimize selective grazing.  MIG can help improve forage availability as well as forage quality, while 

simultaneously achieving important conservation benefits.  

  

• Limit NRCS CPS 359 (Waste Treatment Lagoon): Limit eligibility for this Practice to 

existing confinement livestock operations only. Do not offer technical assistance or cost 

share under CPS 359 or other standards for new or expanding CAFOs.  Strengthen 

requirements such that liquid manure be applied at ecologically acceptable rates.   

 

While we recognize that this practice is designed and intended to reduce water resource impacts of 

CAFO operations, the increasing use of liquid manure storage facilities has been the major driver of 

increased total U.S. agricultural greenhouse gas emissions between 1990 and 2018 as detailed above.  

We believe that because NRCS has a responsibility to protect natural resources and the 

environment, it is extremely problematic that the agency has continuously been in the business of 

supporting and subsidizing CAFO expansion in areas already in high environmental risk.   

 

Priority Area 7: Support On-Farm Energy Conservation and  

Low-Carbon Renewable Energy Production  

 
These recommendations are based on research findings 11 and 12 

 

7.1     Increase the focus of EQIP, CSP and REAP on climate change mitigation, energy 

conservation, and renewable energy production.   
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USDA should continue and expand the use of both the Environmental Quality Incentives Program 

(EQIP) and the Conservation Stewardship Program (CSP), both of which are authorized to promote 

energy conservation, to assist farmers and ranchers in obtaining energy audits of their operations, 

improving the energy efficiency of their operations, and establishing renewable energy systems.   

  

More specifically, USDA should:   

  

• Incorporate on-farm energy audits into NRCS comprehensive conservation planning and 

energy specific conservation activity plans.   

 

• Increase the capacity of NRCS to provide technical assistance on energy conservation and 

renewable energy on farms.   

 

• Use grants and cooperative agreements to involve state, local and non-profit partners with 

expertise in energy audits, energy conservation and on-farm solar, wind and other renewable 

energy production.   

 

• Increase the number of energy conservation practices and systems approved for technical 

and financial assistance through conservation programs, especially those which provide for 

relatively low cost, long term or permanent farming system changes or use low carbon 

energy sources such as wind and solar power, and provide significant funding for applicants 

requesting assistance for energy conservation measures, especially beginning and limited 

resource farmers.   

 

• Add, retool and strengthen conservation practice standards and resource management 

quality criteria to reflect the new emphasis on energy conservation and production, GHG 

emission reductions and carbon sequestration, making extensive use of decades of 

sustainable agriculture research results and the on-farm experience of farmers working with 

agricultural systems.   

 

• Expand the use of EQIP and CSP to fund energy audits and the establishment of on-farm 

renewable energy, with emphasis on low carbon energy including wind and solar power.   

Specific on-farm biofuel and bioenergy crops and applications would be included only once 

life-cycle analyses have confirmed a net energy savings and GHG footprint reduction 

 

• Focus the Rural Energy for American Program on low carbon on-farm energy resources, 

especially small wind and solar technologies.     
  

7.2     Review NRCS CPS 512 (Forage and Biomass Planting) to ensure the inclusion of 

“Produce feedstock for biofuel or energy production” does not come at the expense 

of critical conservation benefits.   
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As NRCS reviews and modifies conservation practice standards, we urge careful scrutiny of biofuel 

harvest as one of the purposes, as this process can easily compromise conservation benefits. Thus, 

we urge NRCS to ensure conservation objectives are maintained.  We also urge NRCS to include 

this concern when reviewing the “Additional Criteria for Producing Feedstocks for Biofuel or 

Energy Production” section of this standard.  

 

Priority Area 8: 

Fund Public Plant and Animal Breeding for a Climate-Resilient Agriculture 

 
These recommendations are based on research finding 13 

 

8.1    Increase research resources for the development of publicly available seeds and animal 

breeds adapted to regional climate regimes and to climate-friendly, low-input, 

ecological farming systems.   

  

The scientific consensus is that climate change will result in rapid and unpredictable changes in the 

growing regimes for crops and forages and conditions for animal agriculture that may vary on a 

regional basis. The development of publicly available seeds and breeds suited to a variety of local 

climate conditions will be critical to farmers and ranchers in coping with climate change. A major 

factor in the resilience of sustainable and organic agricultural systems will be plant varieties and 

animal breeds that are selected to perform under specific local climate conditions, forage availability, 

and pest regimes.  As local climate conditions change, the availability of a diversity of plant and 

animal genetic resources will be needed to address the growing challenges of global climate change, 

increasing pest and pathogen pressure, food security, and safety and resiliency concerns.     

  

Cultivars that are better adapted to sustainable organic systems, especially integrated, minimum-till, 

high-biomass-cover crop based organic systems, will facilitate adoption of these climate-friendly 

practices.  Cultivars with deep, extensive root systems and/or enhanced capacity to “partner” with 

soil microbiota for efficient nutrient cycling can directly contribute to C sequestration and N2O 

mitigation. Livestock breeds that are better adapted to performance in pasture-based systems, 

especially management intensive rotational grazing, will facilitate adoption of this highly beneficial 

system of livestock production.  

  

Therefore, ensuring the access to the greatest diversity of germplasm resources, and the capacity to 

develop adapted seed and breed varieties is crucial to resiliency of farm and ranch systems.  

 

A major recommitment is required to bolster funding for classical plant and animal breeding, 

particularly through the Agricultural Research Service and the Agriculture and Food Research 

Initiative competitive grants program.  Additional specific recommendations to USDA on 

incorporating a seeds and breeds initiative throughout its research programs is provided in the 

National Sustainable Agriculture Coalition’s position paper on Seeds and Breeds, available at: 

http://sustainableagriculture.net/our-work/campaigns/fbcampaign/seed-breeding-and-research/  

  

  

http://sustainableagriculture.net/our-work/campaigns/fbcampaign/seed-breeding-and-research/
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CONCLUSION  
  

The National Sustainable Agriculture Coalition supports an immediate and environmentally 

beneficial transition to a resilient agri-food production system based on sustainable and organic 

agricultural systems and practices.  We call upon federal and state governments to prioritize 

sustainable agriculture systems and policies that enable farmers, ranchers and rural communities to 

address the challenges posed by a changing climate through a variety of mechanisms.  We have 

identified the highest priority areas for change with detailed recommendations. Top priority 

mechanisms include land use practices that maximize C sequestration in soil and plant biomass, 

nutrient management to minimize N2O release, and advanced grazing management to replace 

CAFOs. 

  

The Coalition and its members believe that it is possible and necessary to begin building this resilient 

agricultural system and employing sustainable practices immediately. Part of this requires removing 

disincentives for sustainable production through government programs such as single-crop 

insurance subsidies and addressing structural barriers that incentivize overproduction of 

commodities and market consolidation. We also believe that implementing sustainable practices can 

be affordable and cost-effective for producers, especially with government support, since the costs 

of implementing climate-mitigating and adaptive production systems and practices will be offset by 

reduced costs related to energy, fertilizers, and other inputs and often result in increased yields.  

Taking insufficient action will be more costly. 

  

Climate change poses a serious threat to our environment, our rural communities, our farmers and 

ranchers, and the millions of Americans who rely on them for food and fiber. Shifting to a more 

resilient, sustainable agricultural system will mitigate climate change while building an agri-food 

system that is better for our planet and its people.  Failing to do so will result in devastating 

consequences for people, agriculture and the environment.   
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APPENDIX:  SUSTAINABLE AGRICULTURE SYSTEMS AND 

PRACTICES THAT MITIGATE CLIMATE CHANGE  

  
 

Agroforestry 

Agroforestry is a general term for production systems and buffer plantings that utilize trees and 

other woody perennials for production and/or conservation purposes.  Agroforestry practices have 

been shown to sequester large amounts of carbon in soil and biomass, as well as protecting water, 

wildlife, and other resources. 

 

Biological nitrogen fixation  

The conversion of molecular nitrogen (N2) to ammonia (NH3) through biological fixation by 

bacteria begins the process of making nitrogen available to plants. Once this “fixed” nitrogen is 

incorporated into the plant biomass, it can become part of the soil reservoir and taken up again by 

plant roots as nitrate (NO3-). Biological nitrogen fixation allows nutrients in soil to be actively cycled 

in the ecosystem, rather than relying on throughflow of nutrients to nourish plants.   

 

Composting  

Composting is the controlled aerobic microbial decomposition of organic materials such as manure, 

plant residues, or other organic products, combined and managed in windrows, piles, or enclosed 

facilities by certain microorganisms.  These microbes consume oxygen and use nutrients including 

carbon, nitrogen, phosphorus, and potassium as they feed on the organic matter. The resulting 

composted manure is a humus-like organic material, fine-textured, low-moisture, and with a non-

offensive earthy odor.  If high enough temperatures have been reached during the composting 

process, pathogens and weed seeds have been killed.    

 

Conservation agriculture 

Conservation agriculture is an ecological cropping system that integrates diversified, resource-

conserving crop rotations that include cover crops and perennial sod (forage) crops as well as annual 

production crop, with continuous no-till, organic inputs, and limited, judicious use of synthetic 

fertilizers, herbicides, and other crop protection chemicals only when needed to sustain 

economically viable production. 

  

Conservation tillage  

Conservation tillage refers to strategies and techniques for establishing crops in the previous crop’s 

residues, which are purposely left on the soil surface. The principal benefits of conservation tillage 

are improved water conservation and the reduction of soil erosion. Additional potential benefits 

include reduced fuel consumption, planting and harvesting flexibility, reduced labor requirements, 

and improved soil tilth (NCAT/ATTRA).  
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Crop residue management  

Crop Residue Management refers to any tillage method that leaves crop residue on the surface to 

reduce erosion. Crop residue left on the surface shields the soil from rain and wind until emerging 

plants provide a protective canopy. Crop residue also improves soil tilth and adds organic matter to 

the soil. Less tillage reduces soil compaction and saves farmers time and fuel.    

 

Ecological agriculture 

Ecological agriculture is a general term for all farming and ranching systems that integrate multiple 

best production, conservation, and soil health management practices to help mitigate climate change, 

enhance resilience, and optimize triple bottom line outcomes: farm economic viability, resource and 

environmental protection, and social capital for rural communities and society as a whole. 

  

Integrated pest management  

Integrated pest management (IPM) is an effective and ecologically-based approach to crop 

management that uses current, comprehensive information on the life cycles of pests and their 

interaction with the environment to prevent pest damage by using primarily cultural and biological 

controls with the least possible hazard to people, property, and the environment.  

  

Nutrient management  

Nutrient management is the practice of using nutrients wisely for optimum economic benefit, while 

building soil health and minimizing impact on the environment. Proper application of plant 

nutrients helps achieve optimum crop yields; while improper application can lead to water quality 

problems.  

  

Organic agriculture   

Organic agriculture is a system of agriculture that uses crop rotation, green manure, compost, 

biological pest control, and mechanical cultivation to maintain soil productivity and manage weeds 

and pests. Organic agriculture does not use synthetic fertilizers or pesticides, plant growth 

regulators, livestock feed additives or genetically modified organisms.   

 

Permaculture 

Permaculture is a system for creating highly diversified and integrated production landscapes based 

largely on native perennial food and fiber producing species.  Permaculture aims to simulate the 

natural ecosystem structures and processes in the locale, and to minimize dependence on soil 

disturbance and off-site sourced inputs.  Multistory plantings, high C sequestration, and multiple 

ecosystem services (such as beneficial habitat and conservation biological pest control) characterize 

permacultural systems. 

  

Polyculture and crop rotation  

Polyculture is the practice of growing multiple crops in the same space, as crops would grow in a 

natural ecosystem. Polyculture includes techniques such as crop rotation (growing different crops in 

the same area in sequential seasons), multi-cropping (growing different crops simultaneously), and 

intercropping (growing different crops in between rows of a primary crop). Crops grown in this way 

are less susceptible to disease than monoculture crops, and also increase local biodiversity.  
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Regenerative agriculture 

Regenerative agriculture is any ecological system that seeks to move beyond “sustainable” (maintain 

current condition of soil, water, land, vegetation, wildlife, etc.) to restore soil health and other 

ecosystem attributes to a higher level of function through best stewardship practices.  Regenerative 

agriculture may be based on organic (no chemical disturbance) or conservation agriculture (no tillage 

disturbance) systems. 

  

Resource conserving crop rotation   

As defined in 2008 Farm Bill at Section 1238G,  resource-conserving crop rotation includes at least 

one resource conserving crop, reduces erosion, improves soil fertility and tilth, interrupts pest cycles, 

and in applicable areas, reduces depletion of soil moisture, or otherwise reduces the need for 

irrigation.  

  

Restoration of degraded soils  

Soil restoration seeks to reverse and repair the degradation of soil as a resource that takes hundreds 

of thousands of years to form, and to promote functional plant-soil systems. Returning soils to their 

original state as soon as possible after disturbance, stopping application of chemicals, using bacteria 

to break down pollutants, and applying cover crops are all ways to help restore degraded soil. 

Without soil restoration, soil erosion and loss of soil organic matter and nutrients damage 

agricultural outputs in addition to the larger ecosystem.   

  

Rotational grazing  

Rotational grazing is periodically moving livestock to fresh paddocks, to allow pastures to regrow. 

Feed costs decline and animal health improves when animals harvest their own feed in a well-

managed rotational grazing system (NCAT/ATTRA). Advanced grazing management systems, 

including Management Intensive Rotational Grazing (MIG), mob grazing, and adaptive multi-

paddock grazing, are now eligible for supplemental CSP payment under the 2018 Farm Bill, and are 

especially effective in sequestering C and reducing some of the GHGs associated with livestock 

production. 

  

Seeds and Breeds  

The concept of “Seeds and Breeds” refers to the maintenance of genetic resources of plant varieties 

and animal breeds that are necessary for the survival of sustainable and organic agricultural systems 

for current and future generations.  Top breeding priorities include development of public crop 

cultivars and animal breeds for ecological, climate-friendly farming systems, as well as regional 

adaptation and resilience to weather extremes. 

 

Silvopasture 

Silvopasture integrates trees or other woody perennials into existing pasture or rangeland in order to 

provide natural shade and shelter for livestock, reduce wind erosion, increase biodiversity, provide 

additional harvestable products, and enhance C sequestration and soil health.  A review of 

agroforestry systems indicates a very high C sequestration potential for silvopasture (Feliciano et al., 

2018) 
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Water management  

Sustainable agriculture strategies for conserving water include converting cropland to managed 

grassland in riparian areas, constructing and restoring wetlands, measuring and conserving irrigation 

water, creating conservation easements, choosing water-efficient crops and resource-conserving crop 

rotations, and limiting the impact of nitrogen and pesticide runoff from farms into local water 

supplies. Water management strategies for maximizing carbon sequestration include monitoring soil 

organic carbon and soil inorganic carbon pools and sediments affected by erosion processes, 

irrigation, drainage, and sub-irrigation.   
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