
UNITED STATES DEPARTMENT OF AGRICULTURE 

RESEARCH, EDUCATION AND ECONOMICS MISSION AREA 

AGRICULTURAL RESEARCH SERVICE 

 

 

NATIONAL PROGRAM 212 

SOIL AND AIR 

 

 

NATIONAL PROGRAM RETROSPECTIVE REPORT 2020 – 2024 

 

 

FEBRUARY 19, 2025 

 



 

TABLE OF CONTENTS 
Executive Summary ........................................................................................................................ 3 

Soil And Air National Program Goals (2020 – 2024) .................................................................... 4 

Integrated Research Approach ........................................................................................................ 5 

National Program Action Plan Framework..................................................................................... 6 

Retrospective Report Organization ................................................................................................. 7 

Representative Accomplishments ................................................................................................... 8 

Component 1: Develop fundamental knowledge of, and practices for, soil-based management 

that contribute to greater agricultural productivity, reduced reliance on inputs, resilience to 

disturbances and ecosystem services. ......................................................................................... 8 

Problem Statement 1A: Quantify driving factors in soil carbon cycling, including organic 

matter dynamics, carbon sequestration, and CO2 and CH4 emissions................................... 8 

Problem Statement 1B: Advance the understanding of soil ecosystems that drive 

agricultural outcomes. ........................................................................................................... 10 

Problem Statement 1C: Advance our understanding of innovative, nontraditional soil 

amendment research, including biostimulants and biochars................................................. 11 

Problem Statement 1D: Establish metrics to reliably quantify the impact of management 

practices on soil health and function. .................................................................................... 14 

Component 2: Advance the understanding and monitoring of atmospheric emission, transport, 

and deposition processes, and develop management strategies and support tools to reduce the 

release or mitigate the effects of gases, chemical emissions, particulate matter, and odorants 

while ensuring productivity and ecosystem health. .................................................................. 14 

Problem Statement 2A: Quantify and reduce atmospheric gas emissions from animal 

production facilities. ............................................................................................................. 15 

Problem Statement 2B: Quantify and reduce atmospheric gas emissions from soils. .......... 17 

Problem Statement 2C: Quantify and reduce atmospheric emissions of agricultural 

chemicals, particulate matter, and odorants. ......................................................................... 20 

Component 3: Develop management practices and technologies to enhance the efficient use of 

manure, byproducts, and agricultural chemicals such as pesticides and fertilizers, and 

minimize their losses to the environment. ................................................................................ 20 

Problem Statement 3A: Improve use of manure as a soil amendment; develop manure 

processing, treatment, and value-added technologies; and reduce manure constituent loss to 

the environment. ................................................................................................................... 21 

Problem Statement 3B: Effectively use nonagricultural and agricultural byproducts in 

agricultural settings. .............................................................................................................. 23 

Problem Statement 3C: Efficiently use chemical inputs, such as fertilizers and pesticides, 

for crop production and reduce their environmental losses. ................................................. 25 



2 

 

Problem Statement 3D: Assess and reduce the risk of off-farm transport of agricultural 

pathogens and pharmaceuticals and develop methods for measuring antimicrobial resistance 

and potential impact of these on public health...................................................................... 27 

Component 4: At a systems level, develop soil-crop-air strategies, technologies, and practices 

that ensure producers can adapt to changing conditions, remain resilient and profitable, and 

provide abundant food, feed, fiber, renewable energy, and ecosystems services. .................... 30 

Problem Statement 4A: Develop cropping systems that enhance agroecosystems and 

promote resilience to change. ............................................................................................... 30 

Problem Statement 4B: Use innovative precision agriculture, remote sensing and/or 

modeling strategies for farming systems development and assessment. .............................. 33 

 

  



3 

 

EXECUTIVE SUMMARY 

This report summarizes the accomplishments of USDA-ARS National Program 212 (NP212): 

Soil and Air for the period of 2020-2024. NP212 focuses on advancing knowledge and 

developing practices and technologies to enhance U.S. agricultural production, resource 

efficiency, and economic contributions, all while prioritizing soil health and clean air. The 

program addresses the complex challenges faced by the U.S. agricultural sector, including 

meeting the demands of a growing global population, maintaining farm profitability, conserving 

natural resources, and adapting to erratic climatic conditions. 

NP212 research is organized into four interconnected components: 1) Soil-based management 

for enhanced productivity and ecosystem services, 2) Atmospheric emission monitoring and 

management strategies, 3) Sustainable management of manure, byproducts, and agricultural 

chemicals, and 4) Development of resilient soil-crop-air systems. These components are further 

divided into specific problem statements, each targeted by dedicated research projects across 19 

ARS locations nationwide. 

Over the past five years, NP212 scientists have made significant strides in several key areas. 

They have developed a patented method for creating soil carbon content maps, improving our 

ability to assess the impact of land management practices on building soil health through carbon 

sequestration. Research has also enhanced our understanding of soil ecosystems, including the 

influence of grazing management on soil microorganisms and the effects of glyphosate 

application on microbial communities. Innovative approaches to soil amendment research, such 

as the use of biochar and wastepaper, have shown promise in improving soil health and 

remediating contaminated lands. Furthermore, the development of the Carbon Reduction 

Potential Evaluation (CaRPE) Tool provides a valuable resource for estimating the benefits of 

conservation practices on croplands and grazing lands. 

Regarding atmospheric emissions, NP212 research has yielded crucial data on ammonia and 

other gas emissions from dairy production systems, contributing to improved farm emission 

estimates and national inventories. Studies on gas emissions from soils have refined our 

understanding of how different management practices and soil types impact these emissions. 

Additionally, research has explored methods for reducing odors from animal production systems 

and mitigating the environmental impact of agricultural chemicals and manure use. 

NP212's work on sustainable byproduct management has led to the development of a novel 

fertilizer derived from insect meal and advancements in converting poultry litter into a 

phosphorus adsorbent. These innovations promote system circularity and address environmental 

concerns associated with waste disposal and nutrient runoff. 

The research outcomes presented in this report underscore the critical role of NP212 in 

supporting profitable and sustainable agriculture systems in the United States. The program's 

integrated approach, combining single-site research with long-term, multi-location national 

projects, has facilitated collaboration among ARS scientists, universities, and stakeholders, 

amplifying the impact of its research. As we look to the next five-year research cycle, the 

insights and advancements made during this period will continue to guide efforts to ensure a 

productive and sustainable agricultural future. 
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SOIL AND AIR NATIONAL PROGRAM GOALS (2020 – 2024) 

The USDA-ARS Soil and Air National Program 212 (NP212) develops new knowledge, 

practices, and technologies to enhance U.S. agricultural production, resource efficiency, and 

economic contributions, while enhancing soil resources and promoting clean air through 

agricultural practices. The U.S. agricultural supply chain and its farmers face multiple challenges 

to meet the demand from a growing global population, while maintaining farm efficiency and 

profitably, preserving and enhancing natural resources, and adapting to increasingly erratic 

weather conditions. NP212 scientists conduct research to maintain and improve soil quality; 

understand and mitigate gas emissions from agricultural systems; optimize management of 

manures, byproducts and chemicals for agricultural production and environmental protection; 

and develop management systems and tools to increase farm resilience. To achieve these 

objectives, NP212 relies on the focused efforts of at least 80 full-time scientists at 19 ARS 

locations across the United States working on 21 research projects (Table 1). Numbers varied 

due to management decisions over the Retrospective Review time interval.  

These projects address one or more of the research components and problem statements of the 

NP212 2021 - 2025 Action Plan listed below: 

● Component 1: Develop fundamental knowledge of and practices for soil-based 

management that contribute to greater agricultural productivity, reduced reliance on 

inputs, resilience to disturbances, and ecosystem services.  

o Problem Statement 1A: Quantify driving factors in soil carbon cycling, including 

organic matter dynamics, carbon sequestration, and CO2 and CH4 emissions. 

o Problem Statement 1B: Advance the understanding of soil ecosystems that drive 

agricultural outcomes. 

o Problem Statement 1C: Advance our understanding of innovative, nontraditional 

soil amendment research, including biostimulants and biochars. 

o Problem Statement 1D: Establish metrics to reliably quantify the impact of 

management practices on soil health and function. 

● Component 2: Advance the understanding and monitoring of atmospheric emission, 

transport, and deposition processes, and develop management strategies and support tools 

to reduce the release or mitigate the effects of gases, chemical emissions, particulate 

matter, and odorants while ensuring productivity and ecosystem health.   

o Problem Statement 2A: Quantify and reduce atmospheric gas emissions from 

animal production facilities. 

o Problem Statement 2B: Quantify and reduce atmospheric gas emissions from 

soils. 

o Problem Statement 2C: Quantify and reduce atmospheric emissions of 

agricultural chemicals, particulate matter, and odorants. 

● Component 3: Develop management practices and technologies to enhance the efficient 

use of manure, byproducts, and agricultural chemicals such as pesticides and fertilizers, 

and minimize their losses to the environment. 

o Problem Statement 3A: Improve use of manure as a soil amendment; develop 

manure processing, treatment, and value-added technologies; and reduce manure 

constituent loss to the environment. 

o Problem Statement 3B: Effectively use nonagricultural and agricultural 

byproducts in agricultural settings. 
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o Problem Statement 3C: Efficiently use chemical inputs, such as fertilizers and 

pesticides, for crop production and reduce their environmental losses. 

o Problem Statement 3D: Assess and reduce the risk of off-farm transport of 

agricultural pathogens and pharmaceuticals and develop methods for measuring 

antimicrobial resistance and potential impact of these on public health. 

● Component 4: At a systems level, develop soil-crop-air strategies, technologies, and 

practices that ensure producers can adapt to changing conditions, remain resilient and 

profitable, and provide abundant food, feed, fiber, renewable energy, and ecosystems 

services. 

o Problem Statement 4A: Develop cropping systems that enhance agroecosystems 

and promote resilience to change. 

o Problem Statement 4B: Use innovative precision agriculture, remote sensing andr 

modeling strategies for farming systems development and assessment. 

Table 1. Summary of metrics showing overall impact of NP212 for FY20 - FY24 
Metric FY20 FY21 FY22 FY23 FY24 
Locations 19 19 19 21 19 
Number of scientists1 83 82 80 84 82 
Appropriated Projects 26 26 22 22 21 
Cooperative projects2 ND ND 97 97 128 
Inventions3 4 3 4 3 14 
Peer Reviewed Journal Articles 162 175 135 142 148 
Trade Journals 7 7 4 1 3 
Book/Book Chapters 9 3 6 5 5 
1. Includes vacant positions on a project. 
2. Not collected before FY22 
3. Includes all invention statuses (even abandoned) received by OTT in FY filed including plant 
material dockets, biological material dockets, new patent applications filed, new patents 
received. 

INTEGRATED RESEARCH APPROACH 

NP212 focuses on how agricultural production systems exist within the critical zone, which 

encompasses bedrock to treetop, and the complex interactions across this zone.  The complexity 

of these systems makes it difficult to delineate boundaries between distinct research components 

with distinct boundaries. As a result, NP212 projects often operate across components. 

Component 1 broadly focuses on soil quality and function. Component 2 brings together the 

critical aspects of understanding and managing emissions of atmospheric gases, particulate 

matter, and odorants from agricultural production systems.  Component 3 focuses on research 

that reduces environmental and human health risks that may arise from agricultural operations. In 

addition, this component has a focus on developing beneficial applications of agricultural, 

industrial, and municipal byproducts, which can be used to improve soil health and address 

nutrient management.  Component 4 is directed at development of approaches and tools for the 

agricultural community that will allow producers to remain productive and profitable while 

dealing with erratic weather. 
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The NP212 program combines single-site research projects with long-term, multilocation 

national projects to meet research objectives. The long-term, network research approach also 

allows close research cooperation and information sharing with scientists involved with the ARS 

Long-Term Agro-ecosystems Research (LTAR) network and the USDA Regional Biomass 

Research Centers.  

Research projects frequently are extended to include partners from multiple ARS locations, 

universities, the Cooperative Extension Service, private industry, other Federal agencies, and 

national and international institutions. NP212 also has a broad range of stakeholders for whom 

its research is significant, including Federal, State, and local agencies; university researchers; 

producers and commodity groups; farmers, ranchers, and landholders; and nongovernmental 

organizations such as the Soil Health Institute, Nature Conservancy, National Association of 

Conservation Districts, Coalition for Soil Health, Sustainable Agriculture Research and 

Education (SARE), extension educators, and others.  

NP212 is one of 15 national programs that are housed within four national program areas 

comprising the ARS research portfolio. These national program groups often interact to enable 

more impact through integrated research efforts. They include Natural Resources and Sustainable 

Agricultural Systems (NRSAS); Nutrition, Food Safety, and Quality (NFSQ); Animal Production 

and Protection (APP); and Crop Production and Protection (CPP) national program areas. NP212 

is one of four national programs within NRSAS. The multidisciplinary nature of NP212 projects 

enable effective collaboration that complements projects in several other ARS national programs, 

including NRSAS national programs 211, Water Availability and Watershed Management; 215, 

Grass, Forage, and Rangeland Agroecosystems; and 216, Sustainable Agricultural Systems. 

Collaboration also occurs with national programs 303, Plant Diseases; 304, Crop Protection and 

Quarantine; 305, Crop Production; 101, Food Animal Production; 107, Human Nutrition; and 

108, Food Safety. 

NATIONAL PROGRAM ACTION PLAN FRAMEWORK 

Research projects carried out by ARS scientists are guided by five-year cycles that include 

planning, implementation, execution, and reporting. Planning involves effective engagements 

with customers, stakeholders, and the agricultural research community, including ARS scientists, 

who all provide input that is used to set research priorities for the next five years that can 

realistically be addressed given ARS resources and base funding. An action plan that lays out 

these priorities is then developed by incorporating input from stakeholder interactions, 

knowledge of the science subject matter by national program leaders, and input from ARS 

scientists. The projects are designed through close, synergistic interaction between leadership 

from the Office of National Programs and the scientists in NP212 to ensure that they address 

prioritized problems and needs, work cooperatively to address larger scale problems, and use 

appropriated resources in the most effective manner to address these overarching needs. 

Individual projects typically include several scientists conducting research in multidisciplinary 

efforts to address one or more of these components. Project plans identify the problem being 

addressed, anticipated research products, and how the research relates to the NP212 Action Plan 

components. In addition, they provide timelines with milestones to measure progress toward 

achieving project objectives.  
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Complying with the Agricultural Research, Extension, and Education Reform Act of 1998, each 

of the individual project plans were evaluated for scientific quality and feasibility by external 

peer review panels. Where necessary, project plans were revised by scientists, incorporating 

review panel recommendations before approval for implementation in late spring of 2021. The 

next five-year research cycle for NP212 will begin with a new action plan to be written in spring, 

2025. New project plans will be developed during the fall of 2025, reviewed, and then 

implemented in 2026. 

During each year of the five-year project plan cycle, each research location submits an annual 

report of progress and communications of mature accomplishments. These accomplishment 

narratives provide succinct statements of the specific problem addressed, the research approach 

taken to address the problem, the outcomes observed, and the impacts of the research on the 

agricultural community. Selected accomplishment narratives serve in this report (see below) as a 

key basis for NP212 programmatic impact and progress. Associated publications are also 

provided. Many of these mature accomplishments are reported each year across all NP212 

efforts, culminating in hundreds of reported accomplishments over the full five-year research 

cycle (see Appendix).  

RETROSPECTIVE REPORT ORGANIZATION 

This Retrospective Report provides an overview of the NP212 Action Plan components and 

evidence of how these objectives were met and what outcomes were realized. This report 

organizes research topics by component and subsequent problem statement they address. For 

each research topic we have provided an example of a high impact accomplishment along with 

corresponding publications. Due to their significant efforts, NP212 scientists reported far more 

accomplishments than space would allow in this report. The Appendix provides all the 

accomplishments reported and is organized in a similar fashion to the report. Some recent 

accomplishments may not yet have published manuscripts to cite.  

The accomplishments demonstrate the breadth of topics covered by the NP212 program and the 

types of experiments undertaken to address these topics, and together also serve as indicators of 

how well the teams met the programmatic goals and objectives of the current Action Plan (Table 

1). One consideration is important here: for NP212, accomplishments communicate their current 

impact on the agricultural community, but since much of the NP212 research focuses on the 

long-term nature of the soil and air environmental components and associated phenomena 

intersected by agricultural operations, it is sometimes several years after a research 

accomplishment (or set of complimentary accomplishments) is reported that it begins to have 

mature impacts with producers and stakeholders. Due to the nature of the project planning cycle 

described above, this document represents research and accomplishments reported in 2020 from 

the preceding NP212 Action Plan, and reported in 2021, 2022, 2023, and 2024 from the current 

NP212 Action Plan. It does not include research accomplishments that are yet to be developed 

and reported in 2025. Research and accomplishments reported in 2020 from the prior NP212 

Action Plan are included in this Retrospective Report or Appendix as they were not included in 

the prior Retrospective Report. 
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REPRESENTATIVE ACCOMPLISHMENTS 

Component 1: Develop fundamental knowledge of, and practices for, soil-based 

management that contribute to greater agricultural productivity, reduced reliance on 

inputs, resilience to disturbances and ecosystem services. 

Component 1 was designed to better our understanding of carbon cycling and carbon-based soil 

emissions; nontraditional soil amendments; and soil health and the impacts of management 

practices on soil health.  Research under Component 1 provided basic information on 

fundamental factors that drive soil ecosystems and impact agricultural productivity, including 

impacts resulting from soil-based management.   

Problem Statement 1A: Quantify driving factors in soil carbon cycling, including organic matter 

dynamics, carbon sequestration, and CO2 and CH4 emissions. 

Research scope: Projects addressing Problem Statement 1A cover all aspects of the soil carbon 

cycle. They address the need to better understand and quantify how soil and crop management, 

cover crops, soil amendments, and other practices affect soil organic matter structure and content 

and ultimately carbon sequestration.  Developing affordable and scalable methods to measure 

carbon in the soil to assess impact is fundamental to this line of research. 

Topic 1.A.1.  Estimating soil carbon. 

Accomplishment 1: U.S. patented method developed for creating soil carbon content maps. Soil 

carbon mapping is extremely useful in assessing the effect of land management practices on soil 

carbon storage. ARS researchers in Auburn, Alabama, developed a method of using neutron-

gamma analysis in scanning mode for mapping of soil carbon (patent pending). A Global 

Positioning System (GPS) device and software required to simultaneously acquire gamma 

signals and geographical positions during scanning operations were added to an existing 

measurement system. The reliability of soil carbon measurements in scanning mode was 

demonstrated to agree with results acquired from traditional soil sampling. Neutron-gamma 

analysis technology can greatly facilitate timely construction of soil carbon maps. This 

methodology has currently been licensed for commercialization. 

Yakubova, G.N., Kavetskiy, A.G., Sargsyan, N., Prior, S.A., Torbert III, H.A. 2022. Neutron-

gamma soil analysis for digital agriculture. In Shamshiri, R.R., Shafian, S., editors. 

Digital Agriculture, Methods and Applications. Rijeka, Croatia: IntechOpen. 

https://doi.org/10.5772/intechopen.102128 

Kavetskiy, A.G., Yakubova, G.N., Sargsyan, N., Prior, S.A., Torbert III, H.A. 2022. Neutron-

gamma analysis of soil elements. In Staunton, S., Xing, B., editors. Encyclopedia of Soils 

in the Environment: Reference Module in Earth Systems and Environmental Sciences. 

2nd Edition. Amsterdam, Netherlands: Elsevier. https://doi.org/10.1016/B978-0-12-

822974-3.00017-3 

Accomplishment 2: Knowing mineral-associated soil organic carbon is critical to predicting 

management impacts. Soil silt and clay content is known to control processes impacting 

everything from water infiltration and storage to plant productivity and nutrition. In a series of 

studies, ARS researchers from Fort Collins, Colorado; Lincoln, Nebraska; and Mandan, North 

Dakota; and several University collaborators evaluated long-term impacts of agricultural 

management practices on soil mineral properties. They found that over 70 years, mineral 

https://doi.org/10.5772/intechopen.102128
https://doi.org/10.1016/B978-0-12-822974-3.00017-3
https://doi.org/10.1016/B978-0-12-822974-3.00017-3
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nutrition and soil carbon (C) generally decreased. They developed an index to predict mineral-

associated C and found that accounting for soil mineralogy, as well as weather and crop type 

interacted to form this stable form of soil C. The ARS researchers also tied the increase in soil C 

due to regenerative and conservation management practices not only to mineral-associated C, but 

to the increases in root biomass to the system. Together these studies illustrate the interdependent 

nature of soil minerals and their interaction with crops and weather in maintaining crop 

productivity. Accounting for these complex interactions will improve crop yield and soil water 

predictions used in forecasting tools such as Grassland Productivity Forecast (GrassCAST) and 

the Carbon Management and Evaluation Tool (COMET-FARM), that support producer decision 

making. 

Bista, P., Hartman, M., Del Grosso, S.J., Thapa, V., Ghimire, R. 2024. Simulating long-term soil 

carbon storage, greenhouse gas balance, and crop yields in semi-arid cropping systems 

using DayCent model. Nutrient Cycling in Agroecosystems. 

https://doi.org/10.1007/s10705-023-10335-4. 

Grosz, B., Matson, A., Weil, R., Dechow, R., Del Grosso, S.J., et al. 2023. Modeling 

denitrification: Can we report what we don’t know? AGU Advances. 4(6). Article 

e2023AV000990. https://doi.org/10.1029/2023AV000990. 

Ogle, S., Breidt, J., Del Grosso, S.J., Gurung, R., Spencer, S., et al. 2023. Counterfactual 

scenarios reveal historical impact of cropland management on soil organic carbon stocks 

in the U.S. Scientific Reports. 13. Article e14564. https://doi.org/10.1038/s41598-023-

41307-x. 

Deel, H.L., Moore, J.M., Manter, D.K. 2024. SEMWISE: A national soil health scoring 

framework for agricultural systems. Applied Soil Ecology. 195. Article 105273. 

https://doi.org/10.1016/j.apsoil.2024.105273. 

Moore, J.M., Manter, D.K., Maczko, K.A. 2023. Rotational grazing strategies minimally impact 

soil microbial communities and carbon dynamics: A Texas case study. Land. 12(8). 

Article 1517. https://doi.org/10.3390/land12081517. 

King, A.E., Amsili, J.P., Cordova, S., Culman, S., Fonte, S.J., et al. 2023. A soil matrix capacity 

index to predict mineral-associated but not particulate organic carbon across a range of 

climate and soil pH. Biogeochemistry. 165:1-14.  

Topic 1.A.2 Impact of cropping systems and cropping system components on soil carbon. 

Accomplishment 1: Plant traits influence carbon sequestration success. Accounting for the form 

and longevity of plant roots to soils is critical in developing carbon (C) markets and accurate 

mitigation assessments. Plant traits determine the longevity of soil C and the benefits of deep-

rooted perennial grasses (switchgrass and big bluestem) for bioenergy. ARS scientists in Fort 

Collins, Colorado, university cooperators, and collaborators at Argonne National Laboratory 

assessed root traits, chemistry, and soil C accumulation in a long-term bioenergy study. They 

found that the larger root system of big bluestem had greater C accumulation despite greater 

recalcitrant root chemistry of the switchgrass. Cultivar selection and continued focus in plant 

breeding programs on traits that influence the longevity of soil C will be critical for farmers and 

producers to improve bioenergy and soil C sequestration. 

https://doi.org/10.1007/s10705-023-10335-4
https://doi.org/10.1029/2023AV000990
https://doi.org/10.1038/s41598-023-41307-x
https://doi.org/10.1038/s41598-023-41307-x
https://doi.org/10.1016/j.apsoil.2024.105273
https://doi.org/10.3390/land12081517
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Kelly-Slatten, M., Stewart, C.E., Tfaily, M., Jastrow, J., Sasso, A., de Graaf, M. 2023. Root traits 

of perennial C4 grasses contribute to cultivar variations in soil chemistry and species 

patterns in particulate and mineral-associated carbon pool formation. Global Change 

Biology Bioenergy. 15(4):613-628. https://doi.org/10.1111/gcbb.13041. 

Problem Statement 1B: Advance the understanding of soil ecosystems that drive agricultural 

outcomes. 

Research scope:  The biological aspects of agricultural soils are gaining more attention owing to 

their observed effects on productivity, resilience, and sustainability. Microbiomes—such as the 

complex microbial communities associated with soils and plant roots—are becoming the subjects 

of intense scrutiny to understand their influences on the well-being of their environments. Soil 

microbiome and ecosystem research is needed to better understand soil community members and 

the functions they serve, and to develop metrics for how changes in these community profiles or 

functions relate to priority agricultural management and outcomes. 

Topic 1.B.1. Methods and analysis of the soil microbiome. 

Accomplishment 1: Glyphosate application does not significantly alter microbial community 

structure but can impact certain microbial traits. The impacts of the herbicide glyphosate on the 

plant and soil microbial community structure are unclear and there are concerns regarding non-

target ecosystem effects. A variety of farming systems styles using Round-up Ready® corn and 

soybean at three USDA-ARS locations nationally were analyzed for microbial community 

structure and function to resolve these issues. Glyphosate impacted nitrogen fixing metabolism, 

resulting in increased biological nitrogen fixation in some cropping systems and decreased 

nitrogen fixation in others. This indicates that herbicides can have non-target impacts on the soil 

microbial community involved in important agroecological functions such as nitrogen fixation. 

Other findings, reported in a series of seven papers, were that in modern corn and soybean 

farming operations use of glyphosate does not significantly change crop metabolic profiles or 

populations of pathogenic and endophytic fungi associated with the crop.    

Kepler, R., Epp Schmidt, D.J., Yarwood, S.A., Cavigelli, M.A., Buyer, J.S., et al. 2020. Soil 

microbial communities in diverse agroecosystems exposed to glyphosate. Applied and 

Environmental Microbiology. https://doi.org/10.1128/AEM.01744-19. 

Topic 1.B.2.  Analysis of water in the soil ecosystem. 

Accomplishment 1: Calculation of soil water content from Time Domain Reflectometry probes 

is improved using AI. Time domain reflectometry (TDR) is widely used in measuring soil water 

content. The ability to measure water content variations along the rods of the sensor would make 

TDR a valuable tool to easily measure variation of soil water content with depth. In this study, 

we developed a deep learning (AI) model that can reveal the variations of soil water content (soil 

relative permittivity) along the sensor rods. We evaluated the model performance using 

simulated TDR data. The accuracy compared to observed variations in water content along the 

rods was very good. The model reported in this study is important for soil scientists and 

agricultural engineers. 

Wang, Z., Hua, S., Timlin, D.J., Kojima, Y., Lu, S., et al. 2023. Time domain reflectometry 

waveform interpretation with convolutional neural networks. Water Resources Research. 

59(2). Article e2022WR033895. https://doi.org/10.1029/2022wr033895. 

https://doi.org/10.1111/gcbb.13041
https://doi.org/10.1128/AEM.01744-19
https://doi.org/10.1029/2022wr033895
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Topic 1.B.3. Management strategies to improve soil health. 

Accomplishment 1: Grazing management influences soil microorganisms that are associated 

with retention of soil carbon and nitrogen. Grasslands occupy about 40% of the earth’s land, 

sustaining domestic livestock and wildlife, and providing a variety of ecosystem services. Some 

grazing practices may degrade grassland soils and reduce their capacity to sustain their valuable 

functions and services such as soil carbon sequestration. Because soil microorganisms are an 

inherent component of healthy grassland soil, ARS researchers at Brookings, South Dakota, 

measured the response of soil microbiological properties to conventional and adaptive multi-

paddock (AMP) grazing management practices at multiple locations in the southeast U.S. We 

found higher amounts of soil microbial biomass and greater carbon (C) and nutrient cycling 

activities in grassland soils under AMP grazing management compared to conventional 

management. Additionally, carbon limitation of respiratory activities was higher in the 

conventional ranches compared to AMP ranches indicating decreased processing of soil C and 

formation of microbial biomass which are key processes leading to stable soil carbon. A large 

and active soil microbial community observed under AMP grazing management should maintain 

access to nutrients for plants and stimulate stable soil organic matter formation. Grazing 

management influenced the numbers and key activities of soil microbes that may increase 

retention of C and nutrients in these grassland systems and sustain grassland function. 

White, L.J., Yeater, K.M., Lehman, R.M. 2023. Soil microorganisms respond distinctively to 

adaptive multi-paddock and conventional grazing in the southeastern United States. Soil 

Science Society of America Journal. 87:1096 - 1108.  

Problem Statement 1C: Advance our understanding of innovative, nontraditional soil amendment 

research, including biostimulants and biochars. 

Research scope: The number of novel soil amendments available and marketed that claim to 

improve productivity and crop nutritional value and/or to decrease environmental impacts is 

increasing. These amendments fall outside the categories of traditional fertilizers and manures, 

and instead include 1) microbial inoculants, 2) complex organic materials (e.g., humic 

substances, biochars, composts, compost extract “teas”), or 3) combinations of living materials 

with complex organic materials as carriers. Producers are asking for research to understand the 

efficacy of these amendments. Although ARS is not a product testing organization, stakeholders 

need a framework for understanding the utility and value of these amendments. 

Topic 1.C.1. Microbial amendments. 

Accomplishment 1: Enhanced nutritional quality of crops through fungal inoculation. ARS 

researchers in Wyndmoor, Pennsylvania, used controlled inoculation trials to identify favorable 

Arbuscular Mycorrhizal Fungi (AMF) biofertilizer compositions to improve crop yield and crop 

nutritional content. AMF are naturally occurring soil fungi which form symbiotic associations 

with plant roots and enhance plant mineral nutrient uptake, but their development as agricultural 

products has been limited by their complex genetics and technological challenges to their 

cultivation. In addition to enhancing mineral nutrient content, inoculation trials of potatoes, 

beans, asparagus, wheat, and oats confirmed a previously untested hypothesis that AMF are 

involved in plant bioaccumulation of the antioxidant ergothioneine, an amino acid synthesized 

only by fungi and certain bacteria which has recently gained significant attention as a vitamin 

which prevents neurodegenerative disorders and cardiovascular disease in humans. Supplemental 
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inoculation of native soil with AMF spores doubled the ergothioneine content of wheat and oats, 

widely consumed cereal grains whose nutritional fortification has far-reaching public health 

benefits. Inoculation of another staple crop, potatoes, resulted in a nine-fold increase in tuber 

ergothioneine content and more than a two-fold increase in antioxidant activity overall. 

Collectively, this research aids the development of crop-specific formulations of AMF 

biofertilizers which will enhance agricultural sustainability and improve crop yield and food 

nutritional quality for all consumers. 

Carrara, J.E., Heller, W. 2023. Impact of AMF inoculation on nutrient uptake and growth of 

sweet corn (Zea mays) and butternut squash (Cucurbita moschata) seedlings. Frontiers in 

Agronomy. 4:1040054. https://doi.org/10.3389/fagro.2022.1040054. 

Carrara, J.E., Reddivar, L., Lehotay, S.J., Zanati, G., Heller, W. 2023. Arbuscular mycorrhizal 

inoculation increases yield and nutritional quality of yellow and purple fleshed potatoes 

(Solanum tuberosum). American Journal of Potato Research. 

https://doi.org/10.1007/s12230-023-09910-w. 

Carrara, J.E., Lehotay, S.J., Lightfield, A.R., Sun, D., Richie Jr., J.P., Smith, A.H., Heller, W. 

2023. Linking soil health to human health: Arbuscular mycorrhizae play a key role in 

plant uptake of the antioxidant ergothioneine from soils. Plants, People, Planet. 5:449-

458.  

Topic 1.C.2. Humic substances, biochar, and wastepaper-based amendments. 

Accomplishment 1: Biochar amendment improves soil health and revegetation in mining-

impacted soils. The ongoing cleanup and remediation of the Oronogo-Duenweg Mining Belt area 

in Missouri, with most of the land privately owned, consists of removing and disposing of all 

heavy metal-contaminated soil materials. The cleanup process removed the topsoil layers, 

leaving a barren landscape with the soil parent material exposed and no vegetation cover. Such 

undesirable terrain dissuaded landowners against costly but necessary remediation efforts to 

reduce the environmental impact of lead, zinc, and cadmium contamination. Therefore, the 

United States Environmental Protection Agency (USEPA) established an inter-agency agreement 

with ARS researchers in Florence, South Carolina, to investigate the use of biochar and compost 

as soil amendments to improve landscape restoration and management of revegetation of the 

mine-impacted soils. The ARS researchers developed and utilized an engineered blend of 

manure-based biochar and compost effective for binding residual heavy metals. The management 

practice of applying this engineered soil amendment improved the heavy metal-contaminated 

physical, chemical, and biological properties of the soil, increasing soil health and fertility. This 

research showed that using the engineered biochar-compost blend to treat mine-impacted soils 

allowed the growth of prairie grasses in vegetation covers. This management practice provides 

USEPA with an additional tool to assist private landholders in restoring and revegetating mining-

impacted land.   

Trippe, K.M., Manning, V., Reardon, C.L., Klein, A.M., Weidman, C.S., et al. 2021. 

Phytostabilization of acidic mine tailings with biochar, biosolids, lime, and locally-

sourced microbial inoculum: Do amendment mixtures influence plant growth, tailing 

chemistry, and microbial composition? Applied Soil Ecology. 165. Article 103962. 

https://doi.org/10.1016/j.apsoil.2021.103962. 

https://doi.org/10.3389/fagro.2022.1040054
https://doi.org/10.1007/s12230-023-09910-w
https://doi.org/10.1016/j.apsoil.2021.103962
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Ducey, T.F., Novak, J.M., Sigua, G.C., Ippolito, J.A., et al. 2021. Microbial response to designer 

biochar and compost treatments for mining impacted soils. Biochar. 3:299-314. 

Accomplishment 2: Pulverized wastepaper improves the rehabilitating of military training 

lands. ARS researchers in Auburn, Alabama, working with the US Army Corps of Engineers has 

developed technology to utilize pulverized wastepaper for the rehabilitating military training 

lands. The United States Army produces a significant amount of classified paper waste that is 

pulverized to a fine consistency unsuitable for recycling. However, cheap, high quality organic 

materials such as classified paper waste are useful as soil amendments. Field studies found that 

pulverized paper can be safely applied to degraded training lands to improve establishment of 

desirable vegetation without any discernable negative consequences. When combining cost 

savings associated with landfill disposal of the paper with savings from greater land 

rehabilitation success, an estimated $300 per ton of diverted paper is realized. At the 

recommended application rate, this results in a cost savings of approximately $4,700 per acre. At 

the installation level, this equates to an estimated annual costs savings of $20,000 with 70 tons of 

paper diverted. Application of paper waste to soils had no adverse environmental effects, 

improved soil physiochemical properties, and facilitated establishment of desirable native 

vegetation. 

Trentin, N., Motta, A.C., Maeda, S., Ercole, T.M., Prior, S.A., Gomes, J.B., Bognola, I.A., De 

Albuquerque, C.G. 2024. Long-term effects of recycled paper alkaline waste use on soil, 

litter, weeds, and development and nutrition of Pinus taeda L. New Forests. 

https://doi.org/10.1007/s11056-024-10045-x 

Rabel, D., Maeda, S., Araujo, E., Gomes, J., Bognolla, I., Prior, S.A., Magri, E., Frigo, C., 

Brasileiro, B., dos Santos, M., Pedreira, G., Motta, A. 2020. Recycled alkaline paper 

waste influenced growth and structure of Pinus taeda forest. New Forests. 

https://doi.org/10.1007/s11056-020-09791-5 

Topic 1.C.3. Soil enzyme inhibitors. 

Accomplishment 1: The efficacy of the nitrification inhibitor dicyandiamide deteriorates with 

increasing temperature and varies for different nitrogen forms. Dicyandiamide (DCD) is a widely 

used soil amendment designed to prevent nitrogen (N) losses to the environment. When applied 

to soil, DCD slows down the microbial process of nitrification which converts fertilizer N into 

molecular forms of N that are more readily lost from the soil-plant system. However, little is 

known about the simultaneous effects of DCD on multiple chemical forms of N, or its 

effectiveness over broad temperature ranges. ARS researchers at St. Paul, Minnesota, quantified 

the efficacy of DCD for reducing nine different soil N metrics over a temperature range of 5 to 

30 degrees C. The ability of DCD to prevent the formation of nitrate, an important water 

pollutant, deteriorated rapidly with increasing temperature, while the formation of other N forms, 

including nitrite and nitric oxide, was inhibited by DCD even at higher temperature. These 

results will help land managers optimize their use of DCD by accounting for its responsiveness 

to temperature, and thereby help to reduce N losses to the environment. 

Venterea, R.T., Clough, T.J., Coulter, J.A., Souza, E.F., Breuillin-Sessoms, F., et al. 2021. 

Temperature alters dicyandiamide (DCD) efficacy for multiple reactive nitrogen species 

in urea-amended soils: Experiments and modeling. Soil Biology and Biochemistry. 160. 

Article 108341. https://doi.org/10.1016/j.soilbio.2021.108341. 

https://doi.org/10.1007/s11056-024-10045-x
https://doi.org/10.1007/s11056-020-09791-5
https://doi.org/10.1016/j.soilbio.2021.108341
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Problem Statement 1D: Establish metrics to reliably quantify the impact of management 

practices on soil health and function. 

Research scope: As the importance of “soil health” increases, the chemical, biological, or 

physical properties that make a soil more productive or resilient must be identified, and metrics 

for those properties and tools to quantify how those metrics change with management practices 

must be developed. Because the need for such soil metrics is global, they must be robust and 

reliable no matter where they are used. They must also work in coordination with other national 

and global partners (e.g., the NRCS and/or the Food and Agriculture Organization’s Global Soil 

Partnership soil assessment tools, respectively). Soil metrics must be appropriate for particular 

soils and regions (e.g., sodic vs. spodic soil), able to assess the impact of a variety of 

management practices and the trajectory of a soils’ state (i.e., improving, degrading, or 

remaining stable), and useful to those interested in the economic value of management practices. 

These metrics should be useful for scientists to understand basic soil function, for producers and 

stakeholders to assess the value of their soil health for productivity and the impact of their 

management decision on that value, and for informing emerging ecosystem services markets or 

consumer sustainability indexes. 

Topic 1.D. Development and use of metrics to determine soil health. 

Accomplishment 1: New method provides yardstick to assess key soil health properties over 

time. Healthy soil is critical for global food security but is threatened by processes of soil 

degradation, with at least 33% of global croplands estimated to be moderately or highly 

degraded. Current soil health assessments provide insight into soil capabilities but often lack 

diagnostic criteria that assess management effects on soil capabilities over time. ARS researchers 

in Pullman, Washington, proposed integrating soil health assessments with ecological resilience 

theory to provide a conceptual framework for understanding management impacts on soil 

capabilities and sustainable agricultural intensification. ARS researchers explored this conceptual 

framework using the Palouse River Watershed of the Pacific Northwest as a working example, 

with its soil degradation problems of erosion, organic matter loss, and acidification being 

relevant worldwide. The researchers also demonstrated how increasing management options, or 

adaptive capacity, can help reverse soil degradation and minimize effects of detrimental weather 

events. These results will be useful for farmers, the USDA, Natural Resource Conservation 

Service (NRCS), and scientists interested in assessing soil health. 

Davis, A., Huggins, D.R., Reganold, J. 2023. Linking soil health and ecological resilience to 

achieve sustainable agricultural intensification under climate change. Frontiers in 

Ecology and the Environment. 21(3):131-139.  

Component 2: Advance the understanding and monitoring of atmospheric emission, 

transport, and deposition processes, and develop management strategies and support tools 

to reduce the release or mitigate the effects of gases, chemical emissions, particulate matter, 

and odorants while ensuring productivity and ecosystem health. 

Component 2 was designed to better our understanding of common agricultural operations that 

can lead to unintended emissions of substances to the atmosphere that affect air quality and 

surrounding ecosystem health. These can include gas emissions from animal (livestock, fish) 

housing and manure storage and processing facilities, gas emissions from soil after land 

applications of manures and fertilizers, volatile organic emissions from use of pesticides and 
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other chemicals, particulate emissions from soils and farm mechanical operations, and odor 

emissions from animal and manure facilities and after land application of manure. Research 

included models to simulate emissions and options for reducing them, and management practices 

and technologies to reduce emissions.  

Problem Statement 2A: Quantify and reduce atmospheric gas emissions from animal production 

facilities. 

Research scope: The implementation of air quality regulations in livestock-producing states 

have increased the need for accurate estimates of gas emissions from the wide range of animal 

production facilities, management practices, and climatic conditions that exist across the U.S. 

Although ARS has made substantial contributions to these efforts, we need better monitoring 

techniques and sensors, and to build databases that document the magnitude of gas emissions 

from animal facilities and operations associated with animal production. ARS has also made 

substantial contributions to developing management options for reducing gas emissions from 

animal facilities. These options include air scrubber systems to remove ammonia from swine and 

poultry houses, vegetated tree buffers, and confinement housing and open-lot surface treatments 

such as alum in poultry facilities. These management options have often proved quite effective at 

reducing emissions, but often at costs too high for producers to be able to implement effectively. 

Research is needed to continue to develop these technologies to make them more cost-effective 

and easier to combine with conventional management practices. 

Topic 2.A.1. Estimation of atmospheric gas emissions. 

Accomplishment 1: On-farm data improve ammonia and other gas emission estimates for dairy 

production. Ammonia and gas emissions from dairy production are a concern for air quality, 

efficiency, and sensitive ecosystems. ARS researchers at Kimberly, Idaho, provided a 

comprehensive dataset of emissions from dairy production facilities, including emissions from 

specific areas within farms, to identify the magnitude and origin of emissions and potential 

mitigation strategies. These data were used to improve farm emission estimates from dairy farm 

models Dairy CropSys and Integrated Farm System Model (IFSM) and to demonstrate that U.S. 

Environmental Protection Agency (US EPA) inventory methodologies underestimate methane 

emissions on dairy farms. These data were included in the Global Research Alliance database 

(DATAMAN) to develop improved emissions factors as well as provided to the US EPA to 

improve ammonia emission methodologies for manure storages. These data are ensuring that 

realistic dairy farm gas emission estimates are included in USDA emission inventories. 

Beltran, I., Van Der Weerden, T.J., Alfaro, M.A., Amon, B., De Klein, C.A., et al. 2021. 

DataMan: A global dataset of nitrous oxide and ammonia emission factors for excreta 

deposited by livestock and land-applied manure. Journal of Environmental Quality. 

https://doi.org/10.1002/jeq2.20186. 

Hassouna, M., van der Weerden, T.J., Beltran, I., Amon, B., Alfaro, M.A., et al. 2023. 

DATAMAN: A global database of methane, nitrous oxide, and ammonia emission factors 

for livestock housing and outdoor storage of manure. Journal of Environmental Quality. 

52:207-223.  

Cady-Pereira, K., Guo, X., Wang, R., Leytem, A.B., Calkins, C., et al. 2024. Validation of 

MUSES NH3 observations from AIRS and CrIS against aircraft measurements from 

https://doi.org/10.1002/jeq2.20186
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DISCOVER-AQ and a surface network in the Magic Valley. Atmospheric Measurement 

Techniques. 17(1):15-36.  

Leytem, A.B., Walker, J.T., Wu, Z., Nouwakpo, S.K., Baublitz, C., et al. 2023. Spatial 

distribution of ammonia concentrations and modeled dry deposition in an intensive dairy 

production region. Atmosphere. 15(1). Article 15. 

https://doi.org/10.3390/atmos15010015. 

Accomplishment 2:  Mass balance and lifecycle analysis of a pilot-scale aquaponics system. 

Agricultural production systems are known to be large contributors to gas emissions, but little 

attention has been given to direct emissions from non-traditional production systems such as 

aquaponics. Aquaponics (combining aquaculture and hydroponics) has the potential to reduce 

environmental impacts of horticultural plant production by repurposing aquaculture wastewater 

for hydroponic plant production. For this decoupled aquaponic system, ARS researchers at 

Auburn, Alabama, evaluated a mass balance process model along with a life cycle assessment. 

Flows of N, P, and C were followed for a year of system operation for the mass balanced 

approach. Fish assimilated ~ 21.6% of N input compared to plants which assimilated ~2.8% and 

the model was suitable for long-term simulations but weaker at predicting short term effects. 

Lifecycle analysis indicated that electricity, heating fuel, and feed made up 40%, 22%, and 24% 

of inefficiencies; these inputs similarly dominated cumulative energy demand. A switch to 

renewable electricity sources could reduce inefficiencies by over 40% in scenario analysis. 

While eutrophication impacts were ~10% lower than aquaculture alone, but higher than coupled 

systems due to nutrient discharge during plant production. Efforts to balance fish and plant 

production are especially critical in decoupled systems, as is re-use of post-plant effluent. 

Lifecycle results show that operational decisions are important in minimizing the environmental 

footprint and profitability of decoupled aquaponics systems. 

Kalvakaalva, R., Smith, M., Prior, S.A., Runion, G.B., Ayipio, E., Blanchard, C., Wells, D., 

Blersch, D., Adhikari, S., Prasad, R., Hanson, T., Higgins, B.T. 2023. Life cycle 

assessment of a decoupled biofloc aquaponics facility across seasons. Journal of Cleaner 

Production. 429:139356. https://doi.org/10.1016/j.jclepro.2023.139356 

Kalvakaalva, R., Smith, M., Ayipio, E., Blanchard, C., Prior, S.A., Runion, G.B., Wells, D., 

Blersch, D., Adhikari, S., Prasad, R., Hanson, T., Wall, N., Higgins, B.T. 2023. Mass-

balance process model of a decoupled aquaponic system. Journal of the ASABE. 66:955-

967. 

Topic 2.A.2. Methods and technologies for reducing gas emissions. 

Accomplishment 1: Use of tannins promises to reduce urine nitrogen excretion and gas 

emissions from manure. Agriculture contributes to the world-wide production of methane (CH4) 

and nitrous oxide (N2O). Plant tannins have shown promise in reducing gas emissions from 

various agricultural activities; however, data are lacking on the effects of plant tannins on CH4 

and N2O emissions from dairy cattle manure. In one experiment, researchers from ARS 

(Bushland, Texas) and Lincoln University (New Zealand) investigated the ability of tannins to 

reduce urine nitrogen excretion. Results indicated that feeding dairy heifers 0.15% of their diet as 

tannins reduced urine nitrogen excretion by 12%. In another experiment, ARS scientists from 

Bushland, Texas, and Texas A & M AgriLife Research analyzed the effects of the addition of 

tannins to manure at two different dose levels (4 and 8%) on emissions. Results indicated that 

https://doi.org/10.3390/atmos15010015
https://doi.org/10.1016/j.jclepro.2023.139356
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one type of treatment (condensed tannins, CT) reduced CH4 emission by over 50% and 

cumulative N2O emissions by over 40% when applied directly to dairy cattle manure. Based on 

these ‘proof-of-concept’ results, CT appear to be a promising method to reduce emissions from 

composted dairy cattle manure. Further research is needed to determine long term effects of CT 

treatment and the feasibility of scaled up CT application to dairy cattle manure at dry lots typical 

of the Southern High Plains. 

Min, B., Willis, W.M., Castleberry, B., Casey, K., Waldrip, H., Parker, D.B. 2022. Condensed 

and hydrolyzable tannins for reducing methane and nitrous oxide emissions in dairy 

manure a laboratory incubation study. Animals. 12(20). Article 2876. 

https://doi.org/10.3390/ani12202876. 

Marshall, C.J., Beck, M.R., Garrett, K., Castillo, A.R., Barrell, G.K., Al-Marashdeh, O., 

Gregorini, P. 2022. The effect of feeding a mix of condensed and hydrolysable tannins to 

heifers on rumen fermentation patterns, blood urea nitrogen and amino acid profile. 

Livestock Science. 263(2022). Article e105034. 

https://doi.org/10.1016/j.livsci.2022.105034. 

Waldrip, H., Parker, D., Miller, S., Durso, L.M., Miller, D.N., Casey, K., Woodbury, B.L., 

Spiehs, M.J. 2022. Microbial community structure from southern high plains beef cattle 

feedyard manure and relationship with nitrous oxide emissions. Agrosystems, 

Geosciences and Environment. 5(3). Article e20292. https://doi.org/10.1002/agg2.20292. 

Marshall, C.J., Garrett, K., Van Vliet, S., Beck, M.R., Gregorini, P. 2022. Dietary and animal 

strategies to reduce the environmental impact of pastoral dairy systems result in altered 

nutraceutical profiles in milk. Animals. 12(21). Article 2994. 

https://doi.org/10.3390/ani12212994. 

Problem Statement 2B: Quantify and reduce atmospheric gas emissions from soils. 

Research scope: There is concern surrounding gas emissions from soils, including their impact 

on air quality, how they contribute to erratic weather conditions, and the extent to which they 

cause a reduction in nutrient use efficiency. These concerns have increased the need for accurate 

estimates of gas emissions from the wide range of soil types, soil management and amendment 

practices, and weather regimes across the U.S. There remains a need to improve monitoring 

techniques, especially at broader physical and continuous time scales to determine how these 

data relate to existing plot-scale data. Improved monitoring will contribute to databases that 

document the magnitude of soil gas emissions from a variety of cropping systems, field 

management practices (tilled vs. no-till), and fertility sources (commercial fertilizers and 

manures) and practices (surface application, injection, incorporation). We also need a better 

understanding of gas transport and deposition processes, especially for NH3, and their impact on 

ecosystem health. Finally, we need better simulation models and decision support tools to 

reliably estimate the contribution of soils to regional and national gas emissions and to assess the 

ability of alternative management practices to reduce emissions. 

Topic 2.B.1.  Estimate atmospheric gas emissions from soils. 

Accomplishment 1: Evaluating gas emission reduction potentials associated with conservation 

practice adoption on U.S. croplands. Conservation agricultural practices have the potential to 

reduce emissions. To provide land managers, producers, and researchers estimates of reduction 

https://doi.org/10.3390/ani12202876
https://doi.org/10.1016/j.livsci.2022.105034
https://doi.org/10.1002/agg2.20292
https://doi.org/10.3390/ani12212994
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potential from the implementation of practices, ARS researchers in Corvallis, Oregon and Fort 

Collins, Colorado developed the Carbon Reduction Potential Evaluation (CaRPE) Tool 

(https://carppe.shinyapps.io/CarpeTool/). CaRPE is a web-based interactive tool to visualize and 

estimate the benefits of implementing conservation practices on croplands and grazing lands. A 

framework for applying CaRPE-based estimates to croplands under six cropland management 

practices and the Conservation Reserve Program (CRP) was applied to existing and projected 

conservation practice adoption on croplands. Current estimates suggest that 134.2 M tonnes of 

carbon dioxide equivalents (CO2e) per year have been or continue to be reduced by these 

conservation management practices on a cumulative total of 133.5 Mha of cropland. Projected 

estimates, assuming a business-as-usual scenario, predict an additional reduction potential of 

48.7 M tonnes CO2e year-1 over the next 10 years for these same practices. The CaRPE tool and 

assessment framework provide land managers and conservation planners with a suite of tools for 

optimizing and selecting conservation practices for maximum potentials. 

Kim, J., Ale, S., Kreuter, U., Teague, R., Del Grosso, S.J., Dowhower, S.L. 2022. Evaluating the 

impacts of alternative grazing management practices on soil carbon sequestration and soil 

health indicators. Agriculture, Ecosystems and Environment. 342. Article e108234. 

https://doi.org/10.1016/j.agee.2022.108234. 

Miner, G.S., Stewart, C.E., Vigil, M.F., Poss, D.J., Haley, S.D., et al. 2022. Does agroecosystem 

management mitigate historic climate impacts on dryland winter wheat yields? 

Agronomy Journal. 114:3515-3530.  

Delgado, J.A., Halvorson, A.D., D'Adamo, R.E., Stewart, C.E., Floyd, B.A., Del Grosso, S.J. 

2023. Long-term nitrogen balance of an irrigated no-till soil-corn system. Nutrient 

Cycling in Agroecosystems. 126:229-243.  

Manter, D.K., Moore, J.M. 2022. CaRPE: the Carbon Reduction Potential Evaluation tool for 

building climate mitigation scenarios on US agricultural lands. Database: The Journal of 

Biological Databases and Curation. 2022. Article baac105. 

https://doi.org/10.1093/database/baac105. 

Acharya, P., Ghimire, R., Paye, W., Ganguli, A., Del Grosso, S.J. 2022. Net greenhouse gas 

balance with cover crops in semi-arid irrigated cropping systems. Scientific Reports. 12. 

Article e12386. https://doi.org/10.1038/s41598-022-16719-w. 

Moore, J.M., Manter, D.K., Bowman, M., Hunter, M., Bruner, E., McClelland, S. 2023. A 

framework to estimate climate mitigation potential for US cropland using publicly 

available data. Journal of Soil and Water Conservation. 78:193-206.  

Accomplishment 2: Improved carbon modeling and gas inventories added to the GRACEnet 

project. There is a need to improve the functionality of GRACEnet by addressing widescale 

agricultural management impacts on soil carbon and gas emissions. ARS researchers in Fort 

Collins, Colorado, in cooperation with numerous ARS locations led GRACEnet updates such 

that the portal now contains data from 17 ARS locations with more than 450,000 total records 

including 116,000 soil emission measurements and 83,000 soil measurements. GRACEnet data 

increased the accuracy of emission estimates reported in the U.S. national inventories, including 

the latest Environmental Protection Agency inventory published during FY 2017. Additionally, 

project data have been used to develop scaling factors to quantify the reductions for improved 

https://doi.org/10.1016/j.agee.2022.108234
https://doi.org/10.1093/database/baac105
https://doi.org/10.1038/s41598-022-16719-w
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management practices imbedded in decision support tools. GRACEnet data are now being used 

to validate the USDA Natural Resources Conservation Service Carbon Management Evaluation 

Tool [COMET]-Farm and COMET Planner tools. COMET-Farm is used by Boulder County, 

Colorado to estimate entity level management impacts on fluxes for the Restore Colorado 

project, while COMET-Planner is used to estimate the outcomes of practices (e.g., cover crops, 

no-till, reduced till, mulching, compost application) for the California Healthy Soils Program. 

Yang, Y., Ogle, S., Del Grosso, S.J., Mueller, N., Spencer, S., Ray, D. 2021. Regionalizing crop 

types to enhance global ecosystem modeling of maize production. Environmental 

Research Letters. 17. Article e014013. https://doi.org/10.1088/1748-9326/ac3f06. 

Del Grosso, S.J., Ogle, S., Nevison, C., Gurung, R., Parton, W., et al. 2022. A gap in nitrous 

oxide emissions reporting complicates long-term climate mitigation. Proc. National Acad. 

Sciences 119(31). Article e2200354119. https://doi.org/10.1073/pnas.2200354119. 

Lutz, F., Del Grosso, S.J., Ogle, S., Williams, S., Minoli, S., et al.  2020. The importance of 

management information and soil moisture representation for simulating tillage effects on 

N2O emissions in LPJmL5.0-tillage. Geoscientific Model Development. 13:3905-3923.  

Del Grosso, S.J., Smith, W., Kraus, D., Massad, R., Vogeler, I., Fuchs, K. 2020. Approaches and 

concepts of modelling denitrification: Increased process understanding using 

observational data can reduce uncertainties. Current Opinion in Environmental 

Sustainability. 47:37-45.  

Gurung, R., Ogle, S., Breidt, J., Parton, W., Del Grosso, S.J., et al. 2021. Modeling nitrous oxide 

mitigation potential of enhanced efficiency nitrogen fertilizers from agricultural systems. 

Science of the Total Environment. 801. Article e149342. 

https://doi.org/10.1016/j.scitotenv.2021.149342. 

Moore, J.M., Manter, D.K., Bowman, M., Hunter, M., Bruner, E., McClelland, S. 2023. A 

framework to estimate climate mitigation potential for US cropland using publicly 

available data. Journal of Soil and Water Conservation. 78:193-206. 

Topic 2.B.2. Methods and technologies for reducing gas emissions from soils. 

Accomplishment 1: Soil type and tillage management may contribute to gases more than 

applying manure to fields. Dairy manure is a key nutrient source for crops but can contribute to 

emissions. There is a need to better understand how solid manure affects emissions. ARS 

researchers in Marshfield, Wisconsin, conducted a 4-year experiment at the Marshfield 

Agricultural Research Station to quantify emissions after application of two dairy manure types 

(bedded heifer pack and separated manure solids from a screw-press separator) on corn silage 

yield and emissions compared to a no manure control receiving fertilizer nitrogen only. Manure 

was applied at 18.4 and 19.4 Mg ha-1 (dry matter basis) in the fall of 2020 when the field was in 

grass. Bedded pack manure plots had significantly greater carbon dioxide emissions in 2021 with 

no difference in 2022 or 2023. Manure had minimal impact on nitrous oxide or methane 

emissions. Nitrous oxide emissions were largely negative while methane emissions were 

consistently positive ranging from 2 to 7 kg/ha/yr, indicating lack of soil aeration. Control corn 

yields were significantly greater in 2022 indicating a lack of available nitrogen from manure. 

Results indicate that soil type and tillage management may be more important factors affecting 

emissions than solid manure application in poorly drained soils. Data from the trial are also being 

https://doi.org/10.1088/1748-9326/ac3f06
https://doi.org/10.1073/pnas.2200354119
https://doi.org/10.1016/j.scitotenv.2021.149342
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modeled by the Ruminant Farms Systems Model (RuFaS) soil-water module to assist 

calibration/validation; RuFaS is a whole farm system model developed by Cornell, USDFRC, 

and others currently under final development and will be used by dairy industry partners (Dairy 

Management Inc., Nestle, Starbucks). It is being tested on a selection of farms across the US to 

quantify gas and environmental footprints. 

Sherman, J.F., Young, E.O. 2022. Greenhouse gas emissions with low disturbance liquid dairy 

manure incorporation into a live winter cereal cover crop-corn system. Agronomy. 

12(12). Article 2978. https://doi.org/10.3390/agronomy12122978. 

Sherman, J.F., Young, E.O., Jokela, W.E., Kieke, B. 2022. Manure application timing and 

incorporation effects on ammonia and greenhouse gas emissions in corn. Agronomy. 

12(11). Article 1952. https://doi.org/10.3390/agriculture12111952. 

Problem Statement 2C: Quantify and reduce atmospheric emissions of agricultural chemicals, 

particulate matter, and odorants. 

Research scope: The loss of contaminants such as volatile organic compounds, other 

agrochemicals, odorants, and particulates of varying sizes to the atmosphere from agricultural 

operations can pose potential risks to plant, animal, and human health. Research was performed 

to understand the sources and processes that control the generation of these agricultural 

emissions and to develop cost-effective management practices. 

Topic 2.C. Generation and management of atmospheric contaminants. 

Accomplishment 1: New tools discovered for reducing swine odors. Manure management is the 

first line of defense against odor at swine production facilities. ARS researchers in Ames, Iowa, 

and Florence, South Carolina, in collaboration with scientists from universities, compared the 

effect higher recharge rates (i.e., manure dilution) have on both the microbial community 

composition and odor formation in pit recharge systems (PRS). The microbial community 

composition was influenced by both the barn source and the recharge rate of the barn. Manure 

odor was controlled by the manure’s total solids and pH. The microbial community had a minor 

role in controlling odor. Managing solids and manure pH, are the most effective means of odor 

control in PRS. This study provides researchers and engineers with new insights and tools for 

reducing odor emissions from swine finishing operations. 

Hwang, O., Yun, Y., Trabue, S.L. 2023. Impact of Bacillus subtilis on manure solids, odor, and 

microbiome. Journal of Environmental Management. 333. Article 117390. 

https://doi.org/10.1016/j.jenvman.2023.117390. 

Component 3: Develop management practices and technologies to enhance the efficient use 

of manure, byproducts, and agricultural chemicals such as pesticides and fertilizers, and 

minimize their losses to the environment. 

ARS has a history of research in developing beneficial uses for municipal waste and industrial 

and agricultural byproducts on the farm.  However, there are still ongoing knowledge gaps and 

research needs.  For example, processed manures can have valuable uses as animal bedding and 

in energy production through anaerobic digestion, but manures can also have negative 

environmental impacts. These include off-site nutrient transport and reductions in surface water 

and groundwater quality, especially when manure nutrients are repeatedly applied in excess of 

https://doi.org/10.3390/agronomy12122978
https://doi.org/10.3390/agriculture12111952
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crop needs; off-site pathogen transport; and an increased risk of antimicrobial resistance in the 

environment due to veterinary antibiotics used in animal production.  Component 3 was designed 

to further develop beneficial uses of these byproducts as well as to provide critical information to 

regulatory agencies. 

Problem Statement 3A: Improve use of manure as a soil amendment; develop manure 

processing, treatment, and value-added technologies; and reduce manure constituent loss to the 

environment. 

Research scope: Research has clearly established that application of animal manure to farm 

fields can be a valuable source of nitrogen and phosphorus for soil fertility and organic matter. 

However, research is needed to develop new and innovative strategies, practices, and 

technologies that give producers alternatives in manure resources to minimize their 

environmental impacts. These alternatives may include better land application machinery that 

can place manure below the soil surface without concomitant soil disturbance that increases 

erosion, and manure treatment technologies such as solids separation, nutrient extraction, or 

energy production through anaerobic digestion. 

Topic 3.A.1. Improve use of manure as a soil amendment. 

Accomplishment 1: Recovering manure's fertilizer value for a secure U.S. agriculture. 

Unprecedented fertilizer costs are exacerbating food prices and concerns over food security. The 

USDA "Manureshed" management research program develops innovative systems to recycle 

fertilizer nutrients between the nation's animal and crop production systems; thereby turning a 

potential waste byproduct from a liability to animal producers into a beneficial resource for crop 

producers. Led by ARS scientists in USDA's Long Term Agroecoystem Research Network, this 

comprehensive research program takes advantage of USDA's extensive data systems, stakeholder 

networks, and innovative technologies to identify and promote opportunities for manure nutrient 

recycling across agricultural supply chains. Their results have identified opportunities to improve 

the use of manure fertilizer across much of the U.S. 

Kleinman, P.J., Spiegal, S.A., Silviera, M., Baker, J.M., Dell, C.J., et al. 2022. Envisioning the 

manureshed: Towards comprehensive integration of modern crop and animal production. 

Journal of Environmental Quality. 51:481-493.  

Meredith, G., Spiegal, S.A., Kleinman, P.J., Harmel, R.D. 2022. The social networks of 

manureshed management. Journal of Environmental Quality. 51:566-579.  

Dell, C.J., Baker, J.M., Spiegal, S.A., Porter, S.A., Leytem, A.B., et al. 2022. Challenges and 

opportunities for manureshed management across U.S. dairy systems: Case studies from 

four regions. Journal of Environmental Quality. 54:521-539. 

Accomplishment 2: Use of plastic mulch waste and animal manure to detoxify contaminated 

soils. Due to the lack of reuse of plastic mulch film (PMF) in agricultural production, recycling 

technologies are needed to avoid the wasteful, expensive, and environmentally unsustainable 

accumulation of plastic debris in landfills and natural ecosystems. ARS researchers in Florence, 

South Carolina, converted blends of PMF waste and animal manure into energy and a solid 

byproduct called plastichar via the thermal process of pyrolysis. The potential use of plastichar to 

treat pesticide-contaminated soil included plastichar™ enzymatic activation by soil incubation 

with earthworms (Lumbricus terrestris). The earthworms acted as biological vectors to facilitate 



22 

 

the retention of enzymes onto the plastichar surface. Results revealed that plastichar-treated soils 

increased soil enzyme activity compared to plastichar-free soils, with the highest enzyme activity 

in the presence of earthworms. Because plastichar did not have lethal effects on earthworms, this 

finding strongly suggests the potential use of plastichar in tandem with earthworms to detoxify 

pesticide-contaminated soils. 

Trippe, K.M., Manning, V., Reardon, C.L., Klein, A.M., Weidman, C.S., Ducey, T.F., et al. 

2021. Physiochemical characterization of biochars from six feedstocks and their effects 

on the sorption of atrazine in an organic soil. Agronomy. 

https://doi.org/10.3390/agronomy11040716. 

Sanchez-Hernandez, J.C., Ro, K.S., Szogi, A.A., Chang, S., Park, B. 2021. Earthworms increase 

the potential for enzymatic bio-activation of biochars made from co-pyrolyzing animal 

manures and plastic wastes. Journal of Haz. Materials. 

https://doi.org/10.1016/j.jhazmat.2020.124405. 

Topic 3.A.2.  Improve anaerobic digestion and other value-added technologies. 

Accomplishment 1: Enhancement of biogas production with ammonia recovery. Among the 

alternatives for improving manure management, anaerobic digestion and biogas production is 

considered a solution. However, the high ammonia concentration in manure reduces the potential 

production of biogas due to ammonia inhibition of the microorganisms (methanogens). ARS 

researchers in Florence, South Carolina, applied a new technology that separates ammonia from 

wastes with gas-permeable membranes to evaluate if the ammonia capture could improve biogas 

production from swine manure. Results showed that, by coupling the ammonia recovery 

technology with anaerobic digestion, the methane yield increased up to 28 % compared to a 

control treatment without ammonia recovery. In addition, the percentages of methane in biogas 

were higher. Therefore, the new treatment configuration enhances the quantity and quality of the 

biogas produced from manure and recovers ammonia nitrogen in a marketable ammonium salt. 

Molinuevo-Salces, B., Riano, B., Vanotti, M.B., Hernandez-Gonzalez, D., Garcia-Gonzalez, 

M.C. 2020. Pilot-scale demonstration of membrane-based nitrogen recovery from swine 

manure. Membranes 2020. 10(10):270. https://doi.org/10.3390/membranes10100270. 

Gonzalez-Garcia, I., Riano, B., Molinuevo-Salces, B., Vanotti, M.B., Garcia-Gonzalez, M. 2021. 

Improved anaerobic digestion of swine manure by simultaneous ammonia recovery using 

gas-permeable membranes. Water Research. 190. Article #116789. 

https://doi.org/10.1016/j.watres.2020.116789. 

Soto-Herranz, M., Sanchez-Bascones, M., Antolin-Rodriguez, J., Vanotti, M.B., Martin-Ramos, 

P. 2021. Effect of acid flow rate, membrane surface area, and capture solution on the 

effectiveness of suspended GPM systems to recover ammonia. Membranes. ll (7):538. 

https://doi.org/10.3390/membranes11070538. 

Topic 3.A.3. Reduce environmental impacts due to manure use. 

Accomplishment 1: Manure nutrient management influences overland flow nutrient loss and 

runoff water quality in a corn silage-winter rye cover crop system. Erosion and nutrient loss 

processes from cropland are notoriously spatially and temporally variable, confounding attempts 

to quantify impacts of best practices. Edge-of-field and small paired watershed designs help 

https://doi.org/10.3390/agronomy11040716
https://doi.org/10.1016/j.jhazmat.2020.124405
https://doi.org/10.3390/membranes10100270
https://doi.org/10.1016/j.watres.2020.116789
https://doi.org/10.3390/membranes11070538
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account for this variation. Using four small, paired watersheds, ARS researchers at Madison, 

Wisconsin showed the importance of manure and nutrient management practices on the timing 

and magnitude of nutrient loss in overland flow during four years of corn silage production. In 

addition to the control practice of fall-applied manure with chisel tillage, management regimes 

included fall-applied manure with chisel tillage and grass buffer strip, winter rye cover crop with 

spring-applied manure and tillage, and fall-applied manure with spring chisel tillage (considered 

least favorable for nutrient loss risk). Compared to the control, the grass buffer treatment reduced 

sediment, total nitrogen, and total phosphorus concentrations and loads. In contrast, fall-applied 

manure with spring tillage increased total phosphorus, dissolved phosphorus, and ammonium-

nitrogen losses by 39, 376, and 197%, respectively. The winter rye plus spring manure 

application/tillage reduced sediment, total nitrogen/phosphorus concentrations but not loads. 

Results indicate the importance of targeting manure applications and tillage to times of the year 

with lower overland flow risk and the need for additional practices to adequately mitigate 

dissolved phosphorus loss risk from fields prone to overland flow losses.   

Sherman, J.F., Young, E.O., Jokela, W.E., Casler, M.D., Cavadini, J. 2020. Influence of soil and 

manure management practices on surface runoff phosphorus and nitrogen loss in a corn 

silage production system: A paired watershed approach. Soil Systems. 

https://doi.org/10.3390/soilsystems5010001. 

Young, E.O., Ross, D.S., Jasi, D.P., Vidon, P.G. 2021. Phosphorus transport along the cropland-

riparian-stream continuum in cold climate agroecosystems: A review. Soil Systems. 

https://doi.org/10.3390/soilsystems5010015. 

Problem Statement 3B: Effectively use nonagricultural and agricultural byproducts in 

agricultural settings. 

Research scope: Technologically feasible and cost-effective methods are needed to use 

agricultural, industrial, and municipal byproducts in agriculture or to reclaim degraded soils. 

This includes blending, composting, and amending byproducts; and developing land application 

and management techniques that will improve soil quality and crop production and/or water and 

air quality. 

Topic 3.B.1. Use of nonagricultural and agricultural byproducts in crop production. 

Accomplishment 1: Biodegradable hydromulches are an effective weed control in organically-

managed strawberry. Polyethylene plastic mulches, widely used in organic production systems 

for weed suppression, are not biodegradable, therefore may contribute to plastic pollution. ARS 

researchers from Morris, Minnesota, in collaboration with university partners, investigated the 

effect of replacing non-biodegradable plastic mulches with biodegradable liquid-applied 

hydromulch (HM) treatments made from mixtures of paper pulp with either a guar gum or 

psyllium husk tackifier on weed control in organically-managed strawberry. In both North 

Dakota and Washington plastic mulch suppressed 100% of weeds. In Washington weed densities 

(average 65 plants m-2) did not differ among HM treatments, but in North Dakota guar gum-

based mulches had lower weed densities (average 3 plants m-2) compared to the other treatments 

(average 11 plants m-2). Strawberry fruit yield did not differ among mulch treatments in 

Washington. However, fruit yield was up to 15 times greater in hydromulch treatments compared 

to plastic mulch in North Dakota. Results demonstrate mulches made with guar gum are a 

promising alternative to plastic mulch in organic strawberry systems based on ability to suppress 

https://doi.org/10.3390/soilsystems5010001
https://doi.org/10.3390/soilsystems5010015
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weeds, enhance strawberry growth, and maintain yield. These results will benefit producers, 

researchers and others interested in improving weed management and environmental outcomes 

with use of biodegradable mulches.  

Ahmad, W., Devetter, L., McFadden, D., Maupin, B., Bajwa, D., Durado, A., et al. 2024. 

Hydromulches suppress weeds and maintain fruit production in organically managed 

strawberry systems. Frontiers in Agronomy. 6. Article 1375505. 

https://doi.org/10.3389/fagro.2024.1375505. 

Accomplishment 2: Method for converting poultry litter into an environmentally-friendly 

phosphorus adsorbent. The commercial poultry industry in the United States produces between 

6-18 million tons of poultry litter per year as a waste product. Poultry litter is a nutrient-rich mix 

of chicken feathers, excreta, and bedding material that is commonly applied to agricultural soils 

as a low-cost fertilizer. However, the over-application of poultry litter can cause serious water 

quality problems due to high concentrations of phosphorus in agricultural runoff. ARS 

researchers at Florence, South Carolina, developed an alternative use of poultry litter to address 

water quality problems caused by its overapplication. Specifically, they converted poultry litter 

into a soil amendment using a two-step process. First, poultry litter was treated with a 

concentrated magnesium solution. Second, the magnesium-treated poultry litter was exposed to 

high temperatures in the absence of oxygen to produce biochar, a charcoal-like substance with a 

highly reactive surface. The biochar was able to bind phosphorus, suggesting the material can be 

used in soils to prevent the movement of phosphorus from agricultural areas to the surrounding 

environment. This work demonstrates the beneficial use of an abundant agricultural waste 

product and has the potential to be a win-win for both the poultry industry and environment. 

Padilla, J.T., Watts, D.W., Novak, J.M., Cerven, V., Ippolito, J.A., Szogi, A.A., Johnson, M.G. 

2023. Magnesium activation affects the properties and phosphate sorption capacity of 

poultry litter biochar. Biochar. 5. Article 64. https://doi.org/10.1007/s42773-023-00263-

5. 

Padilla, J.T., Watts, D.W., Szogi, A.A., Johnson, M.G. 2023. Evaluation of a pH- and time-

dependent model for the sorption of heavy metal cations by poultry litter-derived biochar. 

Chemosphere. 347. Article 140688. https://doi.org/10.1016/j.chemosphere.2023.140688. 

Dang, C.H., Cappai, G., Jeong, C., Chung, J.W., Marchelli, F., Kulli, B., Ro, K.S., Roman, S. 

2024. Research needs and achievements in HTC technology. Agronomy. 14(2):247. 

https://doi.org/10.3390/agronomy14020247. 

Qaramaleki, S.V., Cardenas, J., Jackson, M.A., Compton, D.L., Szogi, A.A., Ro, K.S., Coronella, 

C.J. 2023. Characterization of products from catalytic hydrothermal carbonization of 

animal manures. Agronomy Journal. 13(9):2219. 

https://doi.org/10.3390/agronomy13092219. 

Topic 3.B.2. Use of nonagricultural and agricultural byproducts in animal production. 

Accomplishment 1: Tested and advanced a novel fertilizer for its ability to promote system 

circularity and improve soil health. Agricultural sectors are under pressure to feed 11.2 billion 

people by 2050 with greater efficiency and sustainability. Since projections indicate current food 

production will fail to meet demands, the meat industry is tasked with developing innovative 

ways to meet these challenges. Further, 30-40% of food produced is wasted in the United States 

https://doi.org/10.3389/fagro.2024.1375505
https://doi.org/10.1007/s42773-023-00263-5
https://doi.org/10.1007/s42773-023-00263-5
https://doi.org/10.1016/j.chemosphere.2023.140688
https://doi.org/10.3390/agronomy14020247
https://doi.org/10.3390/agronomy13092219
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(equivalent to $161 billion USD). Insect meal from insects fed food waste is a solution to both 

animal production and food waste/contamination. ARS researchers in Fayetteville, Arkansas, 

lead a large-scale, multi-disciplinary project, Ministock, with over 50 scientists across the US to 

synergistically advance insect meal production for inclusion in animal diets. Researchers 

demonstrated insects fed food waste can serve as animal feed, while producing a high value 

manure or “frass” which can displace finite fertilizer sources and create a circular economy for 

rural America.  Researchers identified, for the first time, that frass is 50% higher in carbon and 

nitrogen than poultry manure and represents an underutilized opportunity for organic fertilizer 

markets and improved soil health through extensive industry partnerships (Tyson Foods, Protix, 

and Ovipost). 

Amorim, H., Ashworth, A.J., Arsi, K., Rojas, M.G., Morales Ramos, J.A., Donoghue, A.M., 

Robinson, K. 2024. Insect frass composition and potential use as an organic fertilizer in 

circular economies. Journal of Economic Entomology. Article 234. 

https://doi.org/10.1093/jee/toad234. 

Topic 3.B.3. Energy production from non-manure, on-farm feedstocks. 

Accomplishment 1: Improving biogas production from high lignocellulosic agricultural wastes 

via different operating parameters. Agricultural wastes with high lignin and cellulosic contents, 

such as woody plants (tomatoes and peppers), can serve as the feedstock for biogas production 

(mainly methane) that could be used as an alternative energy source.  However, these high lignin 

and cellulosic feedstocks are quite recalcitrant to be readily utilized by methanogens to produce 

beneficial biogas, methane. Therefore, a pre-treatment and change in digestion parameters are 

necessary to improve biogas production from these materials.  In this study, scientists from 

Bowling Green, Kentucky, and University in Mexico carried out an evaluation of various 

enzymes, substrate and inoculum ratios, temperatures on methane production from crop residues 

with high lignin and cellulosic materials.  Aerobic and anaerobic batch reactors containing 

different mixtures of fungal enzymes, operating temperatures, different inoculum feedstocks 

were set up to evaluate methane production.  The results showed that more methane production 

was observed from feedstocks with enzymatic pre-treatment, higher operational temperatures, 

and medium substrate to inoculum ratios.  Thus, biological pre-treatment of recalcitrant 

feedstock helps improve biogas production along with higher operating temperatures and low 

inoculum ratios. 

Camarena-Martínez, S., J. H. Martínez-Martínez, A. Saldaña-Robles, H.G. Nuñez-Palenius, R. 

Costilla-Salazar, I., et al. 2020. Effects of experimental parameters on methane 

production and volatile solid removal from tomato and pepper plant wastes. 

Bioresources. 15:4763-4780.    

Lovanh, N.C., Loughrin, J.H., Ruiz-Aguilar, G., Sistani, K.R. 2023. Methane production from 

rendering waste covered anaerobic digester: Greenhouse gas reduction and energy 

production. Energies. 16. Article 7844. https://doi.org/10.3390/en16237844. 

Problem Statement 3C: Efficiently use chemical inputs, such as fertilizers and pesticides, for 

crop production and reduce their environmental losses. 

Research scope: Inorganic fertilizers have been considered essential for soil fertility and may be 

required for optimal crop production, but they need to be used with practices that minimize their 

https://doi.org/10.1093/jee/toad234
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loss from fields and their negative effects on air and water quality.  Agrochemicals for pest and 

disease control are currently designed to be less persistent and less toxic, but they remain a risk 

to wildlife, sensitive plants, and humans. These chemicals can be transported to the environment 

via atmospheric and water pathways, including release from the soil surface to groundwater 

systems.  Research is needed to maximize efficiency of these agricultural chemicals and 

minimize their environmental impacts. 

Topic 3.C.1. Efficiently use fertilizers and reduce their environmental impacts. 

Accomplishment 1: Radish+rye mixtures provided the best protection from nitrogen (N) losses 

indicating that they are a flexible management tool to reduce leaching losses from cash crop 

systems. Reduction of N loss from agricultural fields in the Chesapeake Bay Region is critical to 

eutrophication of the Bay region. One way to achieve this is to plant a rapidly growing grass or 

other cover crop such as forage radish in the fall, after the main crop is harvested to take up N in 

the soil. We compared N losses among forage radish, cereal rye, and a forage radish+cereal rye 

mixture. We found that a mixture of cereal rye and radish had the greatest reduction of N to 

groundwater throughout the fall, winter and spring. N in the soil water was higher (by 5x) in the 

soil with no cover crop compared to cover cropped soils. Application of this research on how 

cover crop species affect N leaching losses can help agricultural managers and growers design 

cropping systems to minimize N losses to the Chesapeake Bay. 

Gaimaro, J., Timlin, D.J., Tully, K. 2021. Comparison of cover crop monocultures and mixtures 

for suppressing nitrogen leaching losses. Agricultural Water Management. 261:107348. 

https://doi.org/10.1016/j.agwat.2021.107348. 

Topic 3.C.2. Efficiently use pesticides and reduce their environmental impacts. 

Accomplishment 1: Analysis of dicamba drift and non-target crop harm. Dicamba is a common 

herbicide used in producing many crops, but it can move through the air, deposit on sensitive 

crops, and potentially decrease crop yields. ARS-Beltsville in collaboration with university and 

industry partners examined many studies designed to prevent harm to non-target organisms. 

Chemists have developed new commercial formulations utilizing the chemical properties of 

dicamba to keep it in its non-volatile form. Engineers have designed application equipment that 

can substantially reduce dicamba drift from the target fields. Plant scientists have discovered that 

some crops, such as soybeans, are very sensitive to extremely low levels of dicamba and will 

show some leaf deformities, but the yield is not affected until much higher levels are deposited 

on the plants. This information is essential for understanding and mitigating the scientific and 

engineering challenges linked to the application of dicamba. It is critical for farmers, producers, 

and applicators to ensure that dicamba is used properly and effectively. 

Anderson, M., Yang, Z., Hapeman, C.J., Mcconnell, L., Green, C.E., et al. 2021. On-site 

evaluation of the effects of carbonaceous amendments on the bioavailability of aged 

organochlorine pesticide residues in soil. Environmental Pollution. 6:100126. 

https://doi.org/10.1016/j.envadv.2021.100126. 

Riter, L., Pai, N., Vieria, B., Macinnes, A., Reiss, R., et al. 2021. Conversations about the future 

of dicamba: the science behind off target movement. Journal of Agricultural and Food 

Chemistry. 69:14435-14444.  

https://doi.org/10.1016/j.agwat.2021.107348
https://doi.org/10.1016/j.envadv.2021.100126
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Topic 3.C.3. Efficiently use preservatives on alfalfa hays. 

Accomplishment 1: Propionic acid-based preservatives improve aerobic stability of baled 

silages. Most state-of-the-art balers come equipped with applicator systems for preservatives 

and/or inoculants, or the option exists for factory installation at the time of purchase. Within this 

context, propionic acid-based preservatives are available, and are used commonly, as 

preservatives for storage of dry hay, but not for baled silages. ARS researchers at Madison, 

Wisconsin tested several application rates of a propionic-acid-based preservative on the storage 

efficiency, nutrient preservation, fermentation characteristics, and subsequent aerobic stability of 

alfalfa-grass silages made at two moisture concentrations (51.6 or 43.6%) and damaged by a 0.2-

inch rainfall event during wilting. The application of a propionic-acid-based preservative at rates 

of 0.13, 0.44, or 0.80% of wet weight, executed simply by engaging the different pumping 

options with the factory-installed applicator, showed some evidence of restricting overall silage 

fermentation. Preservative application, regardless of rate, was effective at improving the aerobic 

stability of alfalfa/grass baled silages compared to untreated controls. The 0.44 and 0.80% rates 

provided better stability than the lowest rate, and on a practical basis, were essentially equivalent 

within an 11-d exposure period. For a 4 × 4-ft round bale weighing 1250 lbs (50% moisture), 

about 5.5 lbs of product appeared to provide optimum benefit. While this option adds cost, it still 

may be a viable tool for overall production management, particularly in targeted situations where 

periods of exposure to air are likely before consumption by livestock. This may be particularly 

true during seasonal transitions before or after winter, when warmer temperatures may be less 

inhibiting of aerobic deterioration.   

Coblentz, W.K., Akins, M.S. 2021. Nutritive value, silage fermentation characteristics, and 

aerobic stability of round-baled, alfalfa-grass forages ensiled at 2 moisture concentrations 

with or without a propionic-acid-based preservative. Applied Animal Science. 

https://doi.org/10.15232/aas.2020-02128. 

Coblentz, W.K., Akins, M.S., Cavadini, J.S. 2021. Nutritive value, silage fermentation 

characteristics, and aerobic stability of 3 round-baled, perennial-grass forages ensiled 

with or without a propionic-acid-based preservative. Applied Animal Science. 

https://doi.org/10.15232/aas.2021-02157. 

Problem Statement 3D: Assess and reduce the risk of off-farm transport of agricultural pathogens 

and pharmaceuticals and develop methods for measuring antimicrobial resistance and potential 

impact of these on public health. 

Research scope: Research is needed to assess the occurrence, persistence, and transport of soil-

borne and manure-borne pathogenic organisms and pharmaceutical chemicals, and to develop 

management systems and conservation practices that control and contain them. Information is 

needed for a range of transport pathways, including air and water emissions, on a range of 

landscapes from field-scale to regional groundwater resources. Research is also needed on how 

these substances are affected by management practices, tillage, soil type, and fluctuating weather 

conditions, and how they might be remediated via interactions with soil constituents and 

amendments such as biochars and/or other agricultural byproducts. 

Topic 3.D.1. Assessment of occurrence, persistence and transport of pathogens. 

Accomplishment 1: Improved dose-response model developed for Giardia. Giardia is a 

gastrointestinal parasite that infects both humans and animals and is responsible for 300 million 

https://doi.org/10.15232/aas.2020-02128
https://doi.org/10.15232/aas.2021-02157
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infections per year globally, including one million in the United States. Giardia can be 

transmitted from livestock to humans in contaminated drinking water and recreational water. 

Quantitative microbial risk assessment (QMRA) is a mathematical model that can be used to 

estimate the extent of this transmission and the effectiveness of proposed public health 

interventions to prevent it. However, the mathematical model used by QMRA to describe 

interactions between Giardia and human hosts is out of date, because it ignores valuable 

information about Giardia infectivity that has come to light since the model’s original 

development. ARS researchers at Marshfield, Wisconsin have updated this model, and results 

indicate that the previous model overestimated the certainty with which host-pathogen 

interactions could be described for Giardia. Furthermore, the current study’s updated model 

includes a novel ability to incorporate variability in host-pathogen interactions into predictions 

for Giardia. These improved model predictions will enable more accurate forecasting of Giardia 

transmission from livestock facilities, as the pressures driving this transmission are likely to shift 

in the face of land-use change and continuing intensification of livestock agriculture. 

Burch, T.R. 2020. Outbreak-based Giardia dose-response model using Bayesian hierarchical 

Markov chain Monte Carlo analysis. Risk Analysis. 40(4):705-722. 

Topic 3.D.2. Management systems to control/contain pathogens and pharmaceuticals. 

Accomplishment 1: Stormwater capture system evaluated for reducing microbial and 

pharmaceutical contaminants in groundwater. Stormwater runoff in urban areas can pollute 

nearby surface water (lakes and rivers) with microorganisms and household products such as 

cleaners and artificial sweeteners. To prevent runoff from reaching surface water one idea is to 

capture it and place it underground to be filtered by soil. ARS researchers in Madison, Wisconsin 

studied a stormwater capture system in Minneapolis, Minnesota and measured the pollutants as 

they moved downward through the soil and into groundwater. Pollutant concentrations in the soil 

and groundwater beneath the capture system were less than the original concentrations in the 

stormwater. Concentrations decreased as the pollutants moved downward. However, when it 

rained the concentrations of microorganisms were not as effectively diminished.  The capture 

system was located at a site with fine-grained soils, which improved pollutant reduction. Other 

stormwater capture systems located at sites with more vulnerable groundwater may not be as 

effective. Drinking water for urban residents is often supplied by groundwater pumped from 

wells located in the city. The information gained from this study will help with locating urban 

stormwater capture systems in ways that avoid contaminating nearby drinking water wells. 

De Dambert, J.R., Walsh, J.F., Scher, D.P., Firnstahl, A.D., Borchardt, M.A. 2021. Microbial 

pathogens and contaminants of emerging concern in groundwater at an urban subsurface 

stormwater infiltration site. Science of the Total Environment. 

https://doi.org/10.1016/j.scitotenv.2021.145738. 

Topic 3.D.3. Methods for measurement and control of antimicrobial resistance. 

Accomplishment 1: Tylosin use in feedlot cattle increases foodborne macrolide-resistant 

enterococci that can directly infect humans or transfer their resistance genes to other human 

pathogens. Liver abscess causes an estimated $16 million in economic loss annually to the beef 

cattle industry through liver condemnation, reduced animal performance, and carcass yield. 

Continuous use of tylosin antibiotic in the ration of feedlot cattle is the most effective approach 

to prevent liver abscess, but the collateral effect of tylosin use on the level of antimicrobial 

https://doi.org/10.1016/j.scitotenv.2021.145738
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resistant bacteria needs more studies. Tylosin is animal only antibiotic, but it belongs to 

macrolide class of antimicrobials that also includes erythromycin. Erythromycin is essential for 

the treatment of severe bacterial infections in humans. Since tylosin is analogous to 

erythromycin, its use in feedlot cattle can select for erythromycin-resistant foodborne bacteria 

such as enterococci. ARS and university researchers in Bowling Green, Kentucky, evaluated the 

effect of in-feed use of tylosin in feedlot cattle on erythromycin resistant enterococci bacteria and 

concentrations of tylosin in the animal feces. Higher macrolide resistant enterococci and tylosin 

antibiotic were observed in the feces of tylosin treated animals. Risk-based approaches including 

label changes to limit tylosin use, and development of effective manure treatments, are potential 

areas of research to reduce environmental and public health impacts resulting from tylosin use in 

U.S. beef cattle industry. 

Agga, G.E., Galloway, H., Appala, K., Mahmoudi, F., Kasumba, J., et al. 2023. Effect of 

continuous in-feed administration of tylosin to feedlot cattle on macrolide and 

tetracycline resistant enterococci in a randomized field trial. Preventive Veterinary 

Medicine. 215. Article 105930. https://doi.org/10.1016/j.prevetmed.2023.105930. 

Agga, G.E., Galloway, H.O. Dynamics of extended spectrum beta-lactamase producing, third 

generation cephalosporin-resistant and tetracycline-resistant Escherichia coli in feedlot 

cattle with or without tylosin administration. Journal of Food Protection. 

https://doi.org/10.1016/j.jfp.2023.100144. 2023. 

Accomplishment 2: Quantified the real-world effectiveness of farm-scale anaerobic digestion 

for reducing antimicrobial resistance associated with dairy manure. Antimicrobial resistance 

contributes to 2.8 million infections in the United States annually, and livestock manure 

(including dairy manure) is an important reservoir of antimicrobial-resistant bacteria. Anaerobic 

digestion has been suggested as an effective treatment for limiting the spread of antimicrobial 

resistance from livestock manure, but most studies on this topic have been conducted in 

laboratory settings. ARS researchers in Marshfield, Wisconsin, worked with university 

collaborators and the U.S. Geological Survey to sample dairy manure from multiple farm-scale 

digesters and examined the relative effects of digestion, seasonal changes, and facility-level 

variation. Surprisingly, seasonal and facility-to-facility variation were comparable to the effect of 

anaerobic digestion, emphasizing a need to investigate these factors more fully for potential 

management controls to reduce the proliferation of antimicrobial resistance. Furthermore, overall 

results indicate that real-world performance of anaerobic digestion for reducing antimicrobial 

resistance in manure is less than expected compared to previous laboratory-based studies. This 

suggests a need for a multiple barrier approach when it comes to controlling discharge of 

antimicrobial resistance from livestock production facilities. 

Burch, T.R., Firnstahl, A.D., Spencer, S.K., Larson, R.A., Borchardt, M.A. 2022. Fate and 

seasonality of antimicrobial resistance genes during full-scale anaerobic digestion of 

cattle manure across seven livestock production facilities. Journal of Environ. Quality. 

51:352-363.  
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Component 4: At a systems level, develop soil-crop-air strategies, technologies, and 

practices that ensure producers can adapt to changing conditions, remain resilient and 

profitable, and provide abundant food, feed, fiber, renewable energy, and ecosystems 

services. 

On farms, soil and air processes are highly intertwined with many management variables such as 

crop choice, fertilizer or manure inputs, tillage, and harvest and crop residue management, and 

with non-management variables such as weather and soil type. Research is needed that considers 

and explores this systems perspective to understand these interactions and dynamics and to 

optimize production and ecosystem services. NP212 research priorities focus on several systems-

related topics, including cropping system management and cover crops, conservation tillage, and 

crop residue management. Another aspect of NP212 systems approach research is the use of 

precision agriculture and modeling strategies for crop production and soil management. Use of 

remote sensing, unmanned vehicles, and other imaging technologies can help rapidly process 

data and information so that producers can make systems management decisions and simulation 

models play a valuable role in assessing the impact of changing management practices and 

weather on production systems to help understand and identify tradeoffs in potential outcomes. 

This component integrates well with the ARS LTAR network, and some of the NP212 teams 

participate in this network because of their systems-level approach to meeting the needs of 

producers and stakeholders. 

Problem Statement 4A: Develop cropping systems that enhance agroecosystems and promote 

resilience to change. 

Research scope: Producers are seeking sustainable cropping systems that provide consistent 

returns on investment and build soil health. Additionally, with the recent interest in global 

weather patterns as they relate to soil resilience, producers are also seeking ways to improve the 

ways they build soil organic matter, reduce soil erosion and compaction, control weeds, and 

provide nutrients for plant growth. Agricultural practices such as no-till soil management, 

diversified crop rotations, and cover crop use can directly and significantly affect the 

sustainability of soil resources. Research is needed to assess how the impact of agricultural 

practices varies within and between geographic areas depending on crop, soil, water, weather, 

and other variables. 

Topic 4.A.1.  Animal production and forage. 

Accomplishment 1: Vegetative buffers mitigate poultry house emissions. The emissions from 

poultry houses, which include ammonia and particulate matter (PM), can adversely affect the 

health of people and ecosystems nearby. Vegetative environmental buffers (VEBs) consisting of 

trees, shrubs, and grasses are low-cost methods to capture poultry house emissions, but 

measuring their effectiveness is difficult and costly. ARS scientists in Beltsville, Maryland, 

working with university partners developed a simple approach to determine the effectiveness of 

VEBs under different conditions using a Gaussian plume model. NRCS is currently updating 

guidelines for the use of VEBs as a remediation strategy. 

Yang, Z., Yao, Q., Buser, M.D., Alfieri, J.G., Li, H., et al. 2020. Modification and validation of 

the Gaussian Plume Model (GPM) to predict ammonia and particulate matter dispersion. 

Atmospheric Pollution Research. https://doi.org/10.1016/j.apr.2020.03.012. 

https://doi.org/10.1016/j.apr.2020.03.012
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Yao, Q., Torrents, A., Li, H., Buser, M., McConnell, L., et al. 2019. Using a vegetative 

environmental buffer to reduce the concentrations of volatile organic compounds in 

poultry-house atmospheric emissions. Journal of Food Chemistry. 66:8231-8236. 

Topic 4.A.2. Cover crops and systems approaches to improve ecosystems services. 

Accomplishment 1: Crop diversity to improve profitability and yield resilience. Crop yield and 

economic profitability are both highly dependent on local crop management, soil characteristics, 

and weather conditions, and are among the most influential factors when producers are choosing 

a cropping system. In this study, ARS scientists in Brookings, South Dakota compared the 

economic returns of three different four-year diverse crop rotations with that of a two-year 

traditional crop rotation in eastern South Dakota. The rotations included were 

corn/soybean/spring wheat/pea, corn/pea/winter wheat/soybean, corn/oat/winter wheat/soybean, 

and corn/soybean. We found that total cost for the two-year rotation was up to 14% greater 

compared to the four-year rotations. Corn yields for the two-year rotation were similar to the 

four-year rotation, while soybean yields were the lowest in the two-year rotation. Additionally, 

when nitrogen fertilizer application rate was lower than that recommended for maximum yield, 

the two-year rotation lacked resiliency as indicated by a decline in gross revenue and net 

revenue. In contrast, the four-year rotation that included pea was more resilient to less nitrogen 

fertilizer application. Among all the studied crop rotations, the corn/soybean/spring wheat/pea 

rotation had the highest net revenue, surpassing the two-year by $36.42 per hectare. Our results 

suggest that extending the traditional two-year rotation to the more diversified four-year 

including pea could be an economically feasible practice in South Dakota that simultaneously 

reduces input cost and increases system resiliency. 

Neupane, A., Bulbul, I., Wang, Z., Lehman, R.M., Nafziger, E., Marzano, S. 2021. Long-term 

crop rotation effect on subsequent soybean yield explained by soil- and root-associated 

microbiome and soil health indicators. Scientific Reports. 11. Article 9200. 

https://doi.org/10.1038/s41598-021-88784-6. 

Benitez, M., Ewing, P.M., Osborne, S.L., Lehman, R.M. 2021. Rhizosphere microbial 

communities explain positive effects of diverse crop rotations on maize and soybean 

performance. Soil Biology and Biochemistry. Article 108309. 

https://doi.org/10.1016/j.soilbio.2021.108309. 

Feng, H., Wang, T., Osborne, S.L., Kumar, S. 2021. Yield and economic performance of crop 

rotation systems in South Dakota. Agrosystems, Geosciences and Environment. 4(3). 

Article e20196. https://doi.org/10.1002/agg2.20196. 

Accomplishment 2: Winter cover crops reduce soil erosion and take up excess nitrogen. Winter 

cover crops serve as conservation tools to reduce erosion and take up excess N, and can improve 

soil health, increase infiltration, and be used as a form of C sequestration. The Maryland 

Department of Agriculture (MDA) Winter Cover Crop Program introduced a delayed 

termination (after May 1) incentive program to promote springtime biomass accumulation. 

However, the impact of the delayed termination has not been evaluated. ARS scientists in 

Beltsville, Maryland, in collaboration with U.S. Geological Survey and MDA conducted studies 

to estimate cover crop biomass, nitrogen, and carbon accumulation associated with regular- and 

delayed-terminated fields using satellite remote sensing and in situ measurements. Results 

showed that the delayed-termination fields accumulated additional biomass, nitrogen, and carbon 

https://doi.org/10.1038/s41598-021-88784-6
https://doi.org/10.1016/j.soilbio.2021.108309
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and that additional biomass, carbon, and nitrogen sequestration achieved through the delayed 

termination incentive were more cost-effective than early-termination base payments. The 

findings support the MDA Winter Cover Crop Program for improving agroecosystem services 

which should decrease the amount of nutrients lost to waterways. 

Yang, Z., Diao, C., Gao, F.N. 2023. Towards scalable within-season crop mapping with 

phenology normalization and deep learning. Geoscience and Remote Sensing Letters. 

16:1390-1402. https://doi.org/10.1109/JSTARS.2023.3237500. 

Liang, K., Zhang, X., Liang, X., Jin, V.L., Birru, G.A., Schmer, M.R., Robertson, P.G., McCarty, 

G.W., Moglen, G.E. 2023. Simulating agroecosystem soil inorganic nitrogen dynamics 

under long-term management with an improved SWAT-C model. Science of the Total 

Environment. 879. Article 162906. https://doi.org/10.1016/j.scitotenv.2023.162906. 

Gao, F.N., Jennewein, J.S., Hively, W.D., Soroka, A., Thieme, A., et al. 2022. Near real-time 

detection of winter cover crop termination using harmonized Landsat and Sentinel-2 

(HLS) to support ecosystem assessment. Science of Remote Sensing. 7. Article 100073. 

https://doi.org/10.1016/j.srs.2022.100073. 

Thieme, A., Hively, W.D., Gao, F.N., Jennewein, J.S., Mirsky, S.B., et al. 2023. Remote sensing 

evaluation of winter cover crop springtime performance and the impact of delayed 

termination. Agronomy Journal. 15:442-458.  

Topic 4.A.3. Water quality and conservation. 

Accomplishment 1: Wheat stubble management to maximize water for the next crop. With 

changes in equipment, dryland farmers need an updated evaluation of how the height of wheat 

stubble left after harvest affects overwinter precipitation capture and water retention in the soil 

during the dry summer months. ARS researchers in Pendleton, Oregon, along with university 

collaborators, created stubble-height treatments of short (8 cm), medium (25 cm), and tall (75 

cm), plus tall stubble mowed short in mid-June. On average, tall-and medium-height stubble 

captured more overwinter precipitation than short stubble, but tall stubble lost more water during 

summer. Mowing tall stubble in June did not improve water retention. Soil temperatures were 

progressively warmer in short, mowed, medium, and tall stubble with significant differences of 

over 1 degree C among treatments. At the end of fallow, medium stubble had the most soil water. 

Medium-height winter wheat stubble is the best option for soil water retention in Pacific 

Northwest drylands. 

Schillinger, W.F., Wuest, S.B. 2021. Wheat stubble height effects on soil water capture and 

retention during long fallow. Agricultural Water Management. 256. Article 107117. 

https://doi.org/10.1016/j.agwat.2021.107117. 

Topic 4.A.4. Growing environment impacts on cropping system components. 

Accomplishment 1: Elevated CO2 and fertilizer management effects on bahiagrass roots. 

Effects of rising atmospheric CO2 on pastures and grazing lands remain understudied compared 

to other ecosystems. ARS researchers at Auburn, Alabama, conducted a long-term (2005–2015) 

study of bahiagrass response to elevated CO2 and fertility regimes representing managed and 

unmanaged pastures that are both common in the southeastern United States. Annual root cores 

(0–60 cm depth) indicated that fertility additions consistently increased both root length density 

https://doi.org/10.1109/JSTARS.2023.3237500
https://doi.org/10.1016/j.scitotenv.2023.162906
https://doi.org/10.1016/j.srs.2022.100073
https://doi.org/10.1016/j.agwat.2021.107117
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(53.8%) and root dry weight density (68.2%) compared to unmanaged conditions, but these 

measures were generally not impacted by elevated CO2. Results suggest that southern bahiagrass 

pastures could benefit greatly from fertilizer additions, but root growth is unlikely to be greatly 

affected by rising atmospheric CO2. 

Runion, G.B., Prior, S.A., Torbert III, H.A. 2024. Belowground response of a bahiagrass pasture 

to long-term elevated [CO2] and soil fertility management. Plants. 13(4):485. 

https://doi.org/10.3390/plants13040485 

Problem Statement 4B: Use innovative precision agriculture, remote sensing and/or modeling 

strategies for farming systems development and assessment. 

Research scope: Precision farming promises to vastly improve production efficiency, reduce 

input use, and reduce the environmental footprint of operations. Precision farming is predicated 

on data availability and systems to process the data and translate them into decision-making 

tools. This in turn requires remote sensing data from satellites and unmanned vehicles, and 

drones that are customized to detect agricultural problems. Research is needed on sensor 

platforms to collect data and on associating these data with physical variables.  Agricultural 

systems models are becoming more widely used to develop management and policy 

recommendations. Research is needed to update these models and to develop new techniques and 

methods to improve these algorithms derived from conservation practices at field to watershed 

scales. 

Topic 4.B.1. Precision agriculture, digital mapping, monitoring, and modeling. 

Accomplishment 1: Quantified driving factors for productivity in silvopastures. Silvopastures 

combine animal and tree production in one system and may be a mechanism to mitigate risk 

(allows producers to respond to variations in markets) while providing ecosystem services (e.g., 

reduced cattle heat stress during summers and greater carbon sequestration). Such 

multifunctional systems will be required for sustainable intensification under a changing 

conditions. ARS researchers in Fayetteville, Arkansas, used global positioning system (GPS) 

cattle tracking devices to tease out soil-tree-forage-animal linkages in multi trophic-level systems 

in a 17-year agroforestry site. Research on this project indicated that cattle prefer grazing (88% 

greater) native grasses compared to introduced forages in silvopastures and that soil moisture 

status within landscapes and associated nutrient distribution and root decomposition may be used 

as indicators of animal grazing preference spatially. Using machine learning approaches, 

scientists identified that water distribution patterns drove grazing response, with animal grazing 

preference being influenced by forage quality and soil nutrients. Results illustrate how digital 

tools can be used to improve pasture utilization and enhance ecosystem services in the largest 

land-use category in the U.S., or pastures, which would allow for sustainable intensification of 

forage-based livestock production to meet growing protein demands and environmentally 

responsible production. 

Ashworth, A.J., Katuwal, S., Moore Jr, P.A., Owens, P.R. 2022. Multivariate evaluation of 

watershed health based on longitudinal pasture management. Science of the Total 

Environment. 824. Article 153725. https://doi.org/10.1016/j.scitotenv.2022.153725. 

https://doi.org/10.3390/plants13040485
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Ashworth, A.J., Kharel, T.P., Adams, T.C., Sauer, T.J., Philipp, D., Thomas, A., Owens, P.R. 

2022. Spatial monitoring technologies for coupling the soil plant water animal nexus. 

Scientific Reports. 12. Article 3508. https://doi.org/10.1038/s41598-022-07366-2. 

Adams, T.C., Ashworth, A.J., Owens, P.R., Moore Jr, P.A., Popp, M., Pennington, J. 2021. 

Pasture conservation management effects on soil surface infiltration in hay and grazed 

systems. Journal of Soil and Water Conservation. 77:59-66. 

Kharel, T.P., Ashworth, A.J., Owens, P.R., Philipp, D., Thomas, A.L., Sauer, T.J. 2021. Teasing 

apart silvopasture system components using machine learning for optimization. Soil 

Systems. https://doi.org/10.3390/soilsystems5030041. 

Accomplishment 2: Using satellites to remotely monitor and evaluate the performance of winter 

cover crops. Winter cover crops have been shown to limit erosion and nutrient runoff from 

agricultural land. To promote their usage, the Maryland Department of Agriculture (MDA) 

subsidizes farmers who plant cover crops. The effectiveness of cover crops depends on 

management practices and agronomic factors such as planting date, method, and crop species. In 

partnership with the MDA, NASA's DEVELOP program utilized imagery from Landsat 5, 

Landsat 8, and the European Space Agency’s Sentinel-2 to create a decision support tool (DST) 

for satellite-based monitoring of cover crop performance throughout Maryland. A series of 

DEVELOP teams created the DST based on an interactive graphical user interface in Google 

Earth Engine which analyzes satellite imagery to calculate an index for measuring cover crop 

growth. With this DST, the MDA can analyze the effectiveness of cover crops with reduced need 

to manually spot-check enrolled production fields can identify variables influencing overall 

cover crop performance to optimize implementation of their winter cover crop program via 

adaptive management approaches. 

Meyers, E., Kerekes, J., Daughtry, C.S., Russ, A.L. 2019. Assessing the impact of satellite revisit 

rate on estimation of phenological transition timing. Remote Sensing. 11(21):2558. 

https://doi.org/10.3390/rs11212558. 

Sun, L., Gao, F.N., Xie, D., Anderson, M.C., Chen, R., et al. 2020. Reconstructing daily 30 m 

vegetation index over complex agricultural landscapes using crop reference curves 

approach. Remote Sensing of Environment. 253:112156. 

https://doi.org/10.1016/j.rse.2020.112156. 

Peredo, J., Wayman, C., Whong, B., Thieme, A., Kline, L., et al. 2020. Utilizing Landsat and 

Sentinel-2 to remotely monitor and evaluate the performance of winter cover crops 

throughout Maryland. Photogrammetry and Remote Sensing International Archives. 

42:125-130.  

Gao, F.N., Anderson, M.C., Hively, W.D. 2020. Detecting cover crop termination within the 

season using VENÂµS and Sentinel-2. Remote Sensing. 12(21):3524. 

https://doi.org/10.3390/rs12213524. 

Accomplishment 3: Estimating evapotranspiration (ET) partitioning at spatial and temporal 

scales using sUAV (small unmanned aerial vehicle). Vineyards are considered complex 

agricultural landscapes because of the separation of canopy rows by exposed soil rows. Water 

supplies are becoming limited in irrigated agriculture, yet estimating vineyard evapotranspiration 

(ET) remains challenging because water can be lost independently through evaporation from the 

https://doi.org/10.3390/soilsystems5030041
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soil and separately through transpiration from the grape vines. ARS scientists in Beltsville, 

Maryland, and Ames, Iowa, in collaboration with university scientists, strove to improve water 

management practices in vineyards of the Central Valley, California by determining the 

percentages of ET losses occurring through evaporation and transpiration. They used sUAV to 

estimate changes in carbon assimilation and water cycling for vineyard production. This 

approach estimated evaporation and transpiration losses that were scaled to the plant level by 

using modeling. Partitioning ET provides more accurate estimates of water losses and is also an 

opportunity to expand an emerging technique to include medium-resolution satellite imagery to 

estimate vineyard ET. This study provides growers, scientists, and engineers new tools for 

increasing water use efficiency at multiple spatial (small to large vineyards) scales. 

Doherty, C.T., Johnson, L.F., Volk, J., Mauter, M.S., Bambach, N.E., et al. 2022. Effects of 

meteorological and land surface modeling uncertainty on errors in winegrape ET 

calculated with SIMS. Irrigation Science. 40:515-530.  

Aboutalebi, M., Torres, A., McKee, M., Kustas, W.P., Nieto, H., et al. 2022. Downscaling UAV 

land surface temperature using a coupled wavelet-machine learning-optimization 

algorithm and its impact on evapotranspiration. Irrigation Science. 40:553-574.  

Gao, R., Torres-Rua, A., Nieto, H., Zahn, E., Hipps, L., et al. 2023. ET partitioning assessment 

using the TSEB model and sUAS information across California Central Valley vineyards. 

Remote Sensing. 15(3). Article 756. https://doi.org/10.3390/rs15030756. 

Accomplishment 4: SWAT-Carbon Model released. Agricultural practices, such as conservation 

tillage, nutrient management, and cover crops, hold great potential to sequester and store carbon 

in agricultural soils to improve soil health and crop productivity. ARS researchers in Beltsville, 

Maryland, noted these agricultural practices also have significant implications for water quality 

and quantity. Modifications were made to the soil organic carbon (SOC) algorithms within the 

Soil and Water Assessment Tool - Carbon (SWAT-Carbon) model. The modified model was 

then applied to simulate SOC dynamics across diverse cropping systems in the U.S. Corn Belt. 

The results demonstrated that the modified SWAT-Carbon model effectively captured SOC 

dynamics at various sites, soil depths, and under different tillage intensities. Such capabilities 

allow SWAT-Carbon to be a first-of-its-kind watershed model that can simultaneously assess 

multidimensional indicators of agroecosystem sustainability, such as soil carbon sequestration, 

agricultural water use, and water quality. As an open-source model, SWAT-Carbon is freely 

shared to contribute to future carbon assessment and management in agroecosystems. 

Liang, K., Qi, J., Zhang, X. 2022. Replicating measured site-scale soil organic carbon dynamics 

in the U.S. corn belt using the SWAT-C model. Environmental Modelling & Software. 

158. Article 105553. https://doi.org/10.1016/j.envsoft.2022.105553. 

Liang, K., Zhang, X., Liang, X., Jin, V.L., Birru, G.A., Schmer, M.R., Robertson, P.G., McCarty, 

G.W., Moglen, G.E. 2023. Simulating agroecosystem soil inorganic nitrogen dynamics 

under long-term management with an improved SWAT-C model. Science of the Total 

Environment. 879. Article 162906. https://doi.org/10.1016/j.scitotenv.2023.162906. 
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