
Executive Summary 
• COVID-19 and the resulting economic crisis have highlighted and exacerbated the plight of 

American farmers, while also threatening already dwindling public funding for agricultural 
R&D innovation — a significant driver of agricultural productivity and farmer incomes.

• Publicly funded soil science R&D has the potential to greatly increase farm productivity while 
simultaneously reducing the greenhouse gas emissions and environmental impacts of US agri-
culture. 

• Research into the soil microbiome has already led to biotech developments capable of improv-
ing crop yields while lowering input use and reducing fertilizer-related emissions and runoff 
— the full use of existing microbial biotech products can reduce GHG emissions from agriculture 
by 16 MMT CO2e/year. Biofertilizers, microbial inoculants, and other soil microbiological devel-
opments can help farmers achieve long-term goals of economic viability and environmental 
sustainability.

• While there has been much political and activist interest in using soil carbon sequestration as a 
source of carbon offsets and agricultural emissions mitigation — cover crops, for example, have 
the potential to reduce emissions by around 100 MMT CO2e/year — agricultural practices that 
sequester carbon require further research to validate their benefits.

• By creating an interagency soil science initiative, and utilizing the benefits of mission-oriented 
research programs, the government would create an environment capable of long-term innova-
tion in soil microbiology, improve our understanding of soil carbon sequestration, and ensure a 
prosperous and sustainable future for American agriculture. 
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“If US policymakers seek to maintain the success and competitiveness of 
US agriculture, they ought to invest in and foster agricultural innovation. 
By creating and funding a soil science research initiative that seeks break-

throughs in soil microbiology, policymakers can do just that.”
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INTRODUCTION
US agriculture has been hit hard by COVID-19. 
Farmers  face falling prices, shrinking export mar-
kets, and increasingly hazardous labor conditions 
and shortages. These synchronous agricultural 
crises place rural and semi-rural communities in 
dire straits.1

While the difficulties facing US agriculture have 
no silver-bullet solution, agricultural research and 
development (R&D) is an important step toward 
boosting economic outcomes for farmers while 
combating climate change. Historically, public-
ly funded agricultural R&D played a key role in 
increasing productivity, economic development, 
and American pre-eminence among global agri-
cultural producers.2 

Today, R&D related to soil science is a promising 
option to help address these multifaceted chal-
lenges in agriculture. Advances in soil science, par-
ticularly regarding soil microbiomes, have the po-
tential to increase farm yields and income while 
reducing nitrogen runoff, improving soil health, 
sequestering carbon, and reducing greenhouse 
gas emissions.3

To maximize these benefits, the federal govern-
ment should create and invest in a soil science 
initiative. Such an initiative should be aimed at 
the development of technological breakthroughs 
in soil microbiology through the creation of a soil 
microbiome research hub, and the identification 
and validation of soil carbon sequestration prac-
tices through academic or public research. In-
creased funding and coordination of soil science 
in the United States can lead to both short-term 
environmental and economic benefits, and long-
term sustainable, green growth for American agri-
cultural producers.

CURRENT FEDERAL FUNDING 
FOR SOIL SCIENCE R&D
Current federal funding for soil science remains 
modest and without clear priorities. In total, the 
US federal government funds around $180 mil-
lion of soil science R&D per year, equivalent to only 
0.1% of total US federal R&D spending.4 This fund-

ing comes from several agencies and organiza-
tions: the National Institute of Food and Agricul-
ture (NIFA), the Agricultural Research Service (ARS), 
the Foundation for Food and Agriculture Research 
(FFAR), the National Science Foundation (NSF), and 
the Department of Energy (DOE). Of these organi-
zations, only ARS and FFAR list “soils” as a priori-
ty or “challenge” area of research. By contrast, in 
NIFA’s 2014-2018 strategic plans, the agency only 
mentions “soils” once, while mentioning “bioener-
gy” seven times.5 

Federal programs for soil science R&D also suffer 
from a lack of coordination. For example, NIFA, 
NSF, FFAR, DOE, and ARS all fund research into 
soil sensor technologies, effectively funnelling 
research dollars into a subset of soil scientists 
instead of funding research and development 
across the spectrum of the discipline. While a lack 
of coordination does not preclude advances in the 
field, it severely limits short term R&D output and 
the long-term potential for scientific and techno-
logical breakthroughs. 

With modest resources concentrated in few re-
search areas, there is little reason to expect ground-
breaking research.

THE CASE FOR A SOIL 
SCIENCE RESEARCH 

INITIATIVE
To revitalize US agriculture, the federal govern-
ment should create a research initiative centered 
solely on soil science R&D, and fund it accordingly. 
This initiative could work to coordinate priorities 
across federal agencies and other stakeholders 
— such as the Tri-Societies, land-grant university 
research centers, federal laboratories, and produc-
er networks — while funding and advancing R&D 
programs in-house. 

Policymakers ought to learn from the latest inno-
vation policy research and design the initiative to 
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follow a mission-oriented and applied research 
framework.6,7,8 

Scholarship has attributed the success of mis-
sion-oriented research to two main factors. First, 
mission-oriented research directs focus on “con-
crete societal problems that can only be solved by 
multiple sectors interacting in new ways,” rather 
than funding basic research without a clear, direct 
application.9 The success of the Defense Advanced 
Research Projects Agency (DARPA) in spurring in-
novation both inside and outside of the military, 
for example, demonstrates the ability of mis-
sion-oriented research to set agendas and bring 
stakeholders together to target a specific chal-
lenge.10 

Second, mission-oriented research initiatives 
build and foster networks capable of solving prob-
lems and innovating.11 For example, the Human 
Genome Project, a multi-institutional project 
funded by the National Institute of Health and 
the Department of Energy, to map the human ge-
nome succeeded in large part because of the de-
cision to construct a network of researchers and 
organizations across state and national borders.12 
Mission-oriented research initiatives can effec-
tively avoid “network failures” — instances “when 
economic actors are unable to find appropriate 
network partners who are both competent and 
trustworthy.”13 Because innovation occurs through 
networked organizations and collaborations — es-
pecially technological and systematic innovation 
— network failures can stall and dampen innova-
tion. 

A federal soil science initiative could either be 
housed within one of the main R&D funding orga-
nizations, such as the NSF or NIFA, or stand alone.
The recently approved Agricultural Advanced Re-
search and Development Agency (AGARDA) plat-
form is another potential home. 

While the initiative should focus on a number of 
pressing issues related to American soils, two is-
sues stand out: soil microbiology and soil carbon 
sequestration.

Centralizing Soil Microbiome R&D

Soil microbiome R&D has the potential to reduce 
the environmental impacts of agriculture while 

raising productivity and improving the economic 
viability of American farming. Despite this poten-
tial, public investment in soil microbiology and 
its impacts on agricultural applications remains 
low. If established, the soil science initiative 
should target soil microbiome R&D as a central 
priority in order to capitalize on its environmen-
tal and economic benefits.

Soil microbiology is a potential key to long-term 
gains in agricultural productivity, resilience, 
and profitability. Research into the relationship 
between soil microbiota and plants has the po-
tential to revolutionize nutrient inputs for crop 
agriculture, drastically improve productivity, and 
increase carbon sequestration rates through bio-
technological and other advances.14 

Research into soil microbiomes has already led 
to viable products that improve nitrogen use 
efficiency and reduce the need for synthetic 
fertilizers, lowering emissions from both fertil-
izer production and use.15 For instance, Pivot Bio, 
a start-up based in the Bay Area, has engineered 
a nitrogen-producing microbe that farmers can 
apply to corn to increase yields, reduce fertilizer 
application rates, and cut fertilizer-related GHG 
emissions and leaching of nitrates into water-
ways.16 If Pivot Bio’s biotech products were used 
when possible, US agriculture would emit roughly 
16 MMT CO2e/year less.17,18

On top of direct emissions reductions, biofertil-
izers and other soil microbiome products have 
the potential to limit nitrogen runoff from farms. 
Currently, runoff from agriculture is responsible 
for eutrophication and biodiversity loss through-
out the waterways and wetlands of the United 
States, causing tens to hundreds of billions of 
dollars in health, economic, and environmental 
costs.19

Soil microbiome R&D also has the potential to 
help improve the economic viability of American 
agriculture. Research into the soil microbiome 
has already returned findings that can improve 
the drought resistance of soils and crops, helping 
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farmers protect their investments and ensure a 
viable product.20,21,22 Similarly, research has shown 
that soil microbial interventions can help im-
prove crop disease resistance and reduce the need 
for synthetic fertilizer, thereby increasing farmer 
revenue while reducing input costs.23,24

The short-term benefits ultimately pale in com-
parison to the long-term possibilities of soil 
microbiome R&D. Although advances in metage-
nomics have led to an increased understanding 
of the soil microbiome, many soil microbes have 
yet to be identified and understood.25 Further re-
search into the composition and function of soil 
microorganisms is needed to enable biotechnolo-
gy and other interventions into the soil microbi-
ome.26,27,28,29,30 These interventions, whether the re-
sult of genetic engineering or other microbiome 
manipulations, have the potential to drastically 
reduce fertilizer use while improving soil health 
and crop yields.31 Still, these breakthroughs are 
contingent on broad, interdisciplinary networks 
that incorporate work in microbiology, metage-
nomics, microbial physiology, and more.32 

While current soil microbiome research funding 
exists through the Department of Energy, Office 
of the Chief Scientist, and USDA, the field remains 
decentralized and underfunded. Centering soil 
microbiome R&D within a broader soil science 
initiative could foster a research environment ca-
pable of producing key breakthroughs that would 
benefit US farmers and the environment in the 
short and long term. 

One possible solution could be to create a specific 
soil microbiome research hub, funded through 
the broader soil science initiative, that could con-
nect researchers across disciplines to an innova-
tion infrastructure and research facility aimed 
at achieving the long-term productivity and 
environmental goals of soil microbiome R&D. By 
organizing a network of researchers, private orga-
nizations, and agricultural producers around the 
problems and questions related to soil microbiol-
ogy, a centralized research hub could limit “net-
work failures” and help actualize the potential 
of soil microbiome technologies. This hub could 
be located within a national laboratory, at an ARS 
research facility, or as a federally funded research 
center at a land-grant university. 

Centralizing Soil Carbon Sequestration 
Research

Farming practices that sequester CO2 in soils 
have high potential to benefit farmers and the 
environment. Full adoption of one such practice 
— cover cropping — by American farmers can 
sequester around 100 MMT CO2e/year, or roughly 
1/6th of total US agricultural emissions.33,34

Soil sequestration practices have also been shown 
to improve soil health and drought resistance, 
and thus can increase crop yields and potentially 
reduce yield variability.35,36,37 This perceived poten-
tial has spurred policymakers to support paying 
farmers to sequester carbon, such as through the 
Growing Climate Solutions Act and Natural Car-
bon Sequestration Act.38

Yet, despite the breadth of possibility, further 
federally funded research is needed to maximize 
soil carbon sequestration on US farmlands.39,40 
Specifically, research questions remain on how 
efficacious certain practices are — both in terms 
of carbon sequestration and soil health or yield 
improvements, how long carbon remains in the 
soil when sequestered, and whether measure-
ment techniques exist to properly account for soil 
carbon levels.41,4243

While the sequestering and soil health benefits 
of certain practices, namely cover cropping, are 
fairly well established, other practices, such as 
no-till, biochar amendment, or genetically mod-
ified crops targeted at soil sequestration, require 
further research and development.44,45,46 This 
research will be fundamental to establishing soil 
sequestration practices across US agriculture.

Questions related to both long-term decompo-
sition and stabilization of soil carbon and the 
validity of soil carbon measurement are integral 
to developing effective programs to increase 
sequestration.47 If soil carbon levels decompose 
over time or cannot be accurately measured with 
current technologies then farmers could not 
maximize carbon sequestration levels, limiting 
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total emissions reductions and meaning carbon 
offsets from carbon farming would see corpora-
tions and other offset purchasers misconstruing 
their actual emissions.48,49

The lack of consistent and accurate measure-
ments also imperils the bipartisan “Growing 
Climate Solutions Act” recently introduced in 
the Senate. The act aims to connect agricultural 
producers to technical assistance programs and 
private carbon sequestration incentives, such as 
Indigo Ag’s carbon offset market.50 Such a market, 
or similar initiatives to pay farmers for steward-
ing the environment, could provide much-need-
ed income support for farmers, but currently 
requires better data on soil carbon to deliver 
guaranteed cost-effective mitigation. Continued 
research on soil carbon measurement and the 
effect of different practices on soil carbon would 
complement the act, generating the knowledge 
and data needed for programs and offset markets 
to direct funds toward where they result in the 
most sequestration. 

A soil science initiative could centralize car-
bon sequestration R&D under a single roof. This 
centralized approach would bring scientists, 
producers, and policymakers together to better 
understand the long term effectiveness of se-
questration practices and the policy options that 
could best take advantage of those practices. At 
the same time, a soil science initiative could es-
tablish a universal framework for measurement 
and validation of soil carbon levels, enabling both 
carbon offset payments and ecosystem service 
incentivization that both provide economic bene-
fits to producers and mitigate GHG emissions.

CROSS-CUTTING 
BENEFITS OF A SOIL SCIENCE 
RESEARCH INITIATIVE
With the dual challenges of economic hardships 
and environmental degradation matched by 
the recent contraction of American agricultural 
R&D investment, US farmers face real struggles. 
Historically, US public investment in agricultural 
R&D has driven the economic and environmental 
progress of the American agricultural system.51 
If US policymakers seek to maintain the success 

and competitiveness of US agriculture, they ought 
to invest in and foster agricultural innovation. 
By creating and funding a soil science research 
initiative that seeks breakthroughs in soil micro-
biology, policymakers can do just that.
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