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Preface

The United States embarked on bold polices to enhance its food and 
agricultural system during the last half of the 19th century, investing first 
in the education of people and soon thereafter in research and discovery 
programs aimed at acquiring new knowledge needed to address the com-
plex challenges of feeding a growing and hungry nation. Those policies, 
sustained over 125 years, have produced the most productive and effi-
cient agricultural and food system in history. The policies and investments 
spurred ever-increasing productivity in all sectors of the food and agri-
culture system—productivity increases tied to technological advances and 
innovations in all forms. 

The future poses new challenges. Agricultural productivity gains in the 
United States have trended downward over the last 20 years. Public invest-
ment in agricultural research has declined relative to other sectors of U.S. 
science and technology and relative to agricultural research investments of 
other nations. The United Nations forecasts that world demand for food 
will need to grow by at least 70% by 2050 to meet the needs of a global 
population of 9.6 billion people. Competition for funds to support funda-
mental research and translational endeavors are greater than ever, and the 
need to achieve and sustain increased productivity has never been greater. 

The U.S. food and agricultural research system has become multifac-
eted, with investment by federal and state governments, private companies, 
and various philanthropic and nongovernment entities. Funds from at 
least four federal agencies support food and agricultural research; the U.S. 
Department of Agriculture (USDA) is the primary agency responsible for 
supporting innovations and advances in food and agriculture. USDA funds 
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viii	 PREFACE

are allocated to support research through several mechanisms, including 
the Agriculture and Food Research Institute (AFRI). In 2008, Congress 
replaced USDA’s National Research Initiative with AFRI, creating USDA’s 
flagship competitive research grants program, and the 2008 Food, Con-
servation, and Energy Act, known as the Farm Bill, outlined the structure 
of the new program. The purpose of this present review was to assess the 
effectiveness of AFRI in meeting the goals laid out by Congress and its 
success in advancing innovations and competitiveness in the U.S. food and 
agriculture system. While this review was completed before the passage of 
the Agricultural Act of 2014 (known as the 2014 Farm Bill), the committee 
commends Congress for reaffirming the importance of the AFRI program, 
as evidenced in both the 2014 Farm Bill as well as in FY 2014 appropria-
tions, which provided much needed funding increase to AFRI.

The committee expresses appreciation to USDA for cooperation and as-
sistance in providing access to the information needed for it to do its work. 
Without USDA cooperation, this task could not have been accomplished. It 
also thanks the many resource people with whom it met, as their perspec-
tives and input helped to inform this report. National Research Council 
staff have been incredibly skilled and efficient in supporting the committee 
members. On behalf of the committee, I want to thank them for their out-
standing effort, pleasant demeanor, and overall competence in supporting 
the committee.

Victor L. Lechtenberg, Chair
Committee on a Review of the USDA

Agriculture and Food Research Initiative
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1

Summary

The past century’s remarkable advances in agriculture have demon-
strated how public support for agricultural research, education, and ex-
tension can enable talented U.S. scientists to improve food, nutrition, and 
agriculture. As new, complex challenges emerge to the sustainable produc-
tion of food, fuel, and fiber for a growing and increasingly competitive 
global community, the innovative solutions stemming from investments in 
science and technology are needed now more than ever.

Research-induced improvements in agricultural productivity help en-
sure that the U.S. agriculture and food sectors remain internationally com-
petitive. Historically, the United States has led the world in providing 
the necessary federal support for research and development (R&D) that 
spurred innovation in agriculture and enabled the country to become a 
major contributor to the global food, fiber, and biofuels economies. Yet its 
contribution as a major producer and exporter of agriculture and food pro-
duce has declined in relative terms over more recent times. Waning public 
investments in U.S. agricultural R&D will probably slow innovation and 
slow the growth of the knowledge base necessary to meet the ever-evolving 
challenges presented by increasingly competitive global markets, increas-
ingly scarce natural resources, growing environmental issues, and expand-
ing demands for healthy, safe, and accessible food for consumers in the 
United States and other countries. A continuation of this trend jeopardizes 
the United States’ ability to maintain competitiveness in international agri-
culture and food markets, thereby undermining food and nutrition security 
in the United States and elsewhere in the world.

The U.S. Department of Agriculture (USDA) is the principal federal 
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2	 SPURRING INNOVATION IN FOOD AND AGRICULTURE

agency that addresses the interrelated issues concerning food, agriculture, 
natural resources, rural development, and nutrition. USDA has played a 
key role in supporting research for agriculture since the passage of the 
Hatch Act in 1887, but its use of competitive funding as a mechanism 
to support extramural research began more recently in 1977. A peer-
reviewed, competitive grants program was proposed as a means of broaden-
ing the publicly funded agricultural research portfolio while also enhancing 
the foundational research that is indispensable for ensuring progress in the 
agricultural sciences and the economic sectors it serves. Since 1977, there 
have been several versions of competitive grant programs within USDA: 
Competitive Research Grants Office, National Research Initiative, Fund for 
Rural America, and the Initiative for Future Agricultural and Food Systems. 
The Food, Conservation, and Energy Act of 2008 (referred to as the 2008 
Farm Bill) replaced the National Research Initiative with the Agriculture 
and Food Research Initiative (AFRI), and outlined specific priority areas, 
terms, and funding allocations for the new competitive grants program. 
The National Institute of Food and Agriculture (NIFA) was also established 
under the 2008 Farm Bill, and was charged with administering this new 
competitive grants program.

SCOPE AND APPROACH TO THE REVIEW

NIFA approached the National Research Council (NRC) in 2012 re-
questing an evaluation of the AFRI program in its early stages of implemen-
tation. In response to the request, the NRC appointed an ad hoc committee 
to conduct an independent assessment of the AFRI program, including a 
review of the quality and value of research funded by the program and 
the prospects of its success in meeting established goals and outcomes (see 
Statement of Task in Box S-1). 

The committee conducted its assessment of the AFRI program based 
on members’ expertise and on information collected from multiple sources. 
The extensive literature on the role of research and competitive grants 
for research in accelerating progress in the agricultural enterprise is cited 
throughout the report. To assess effectiveness of the program’s operations, 
the committee solicited information from NIFA staff about the grant man-
agement processes. In addition, the committee gathered information from 
individuals who contributed to the conceptualization and implementation 
of NIFA and AFRI, government agencies, professional societies, and grant-
ees of AFRI. The committee used an online survey tool to solicit input 
broadly from researchers, academic and extension leaders, reviewers, and 
users and beneficiaries of AFRI, which was a mechanism for providing ad-
ditional insight from the applicant community.

The committee draws conclusions about the level of scientific effort 
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BOX S-1  
Statement of Task

An NRC committee will perform an independent assessment of the AFRI 
program, including the quality and value of research funded by the program and 
the prospects for its success in meeting established goals and outcomes.

The assessment will:

•	 Examine the value, relevance, quality, fairness, and flexibility of AFRI. 
•	 Consider whether NIFA funding mechanisms, including the process of 

setting annual funding priorities, the shift to five NIFA challenge areas, and the 
balance between challenge area grants and foundational program grants, are ap-
propriate for meeting AFRI’s desired goals and outcomes. 

•	 Compare NIFA’s decision to fund fewer, higher-dollar and longer-term 
grants through AFRI to the former National Research Initiative (NRI) approach of 
funding more, lower-dollar grants, in terms of achieving desired outcomes. Include 
an exploration of the relationship between the length of grants and their effective-
ness in terms of outcomes.

•	 Examine indications of whether AFRI is achieving its stated goals and 
outcomes. Include in these considerations how well AFRI facilitates the integration 
of research, extension, and education; supports food production efforts; balances 
fundamental and applied investments; increases foundational knowledge while 
facilitating translational research; and contributes to preparing the future scientific 
workforce.

•	 Identify measures of the effectiveness and efficiency of AFRI’s opera-
tion, from requests for applications and the panel review process (including the 
effectiveness of virtual grant review panels relative to face-to-face panels), to the 
awarding of grants.

•	 Evaluate the diversity of grant recipients and institutions that participate in 
the grants program, and examine the methods NIFA uses to facilitate the participa-
tion of a diversity of individuals and institutions (public and private, land-grant and 
non-land grant, minority).

The study also will examine AFRI’s role in advancing science in relation to 
other research and grant programs inside of USDA (capacity and formula grants) 
as well as how complementary it is to other federal R&D programs, such as the 
National Science Foundation, the National Institutes of Health, and the Depart-
ment of Energy, including the effectiveness of past joint-agency grant solicitations. 

The study committee will prepare a report of its assessment. In addition 
to its findings and conclusions, the committee will identify aspects of the imple-
mentation of AFRI that could improve how it functions and its effectiveness in 
meeting its goals and outcomes. The committee will not make recommendations 
about funding levels for AFRI; however, it may draw conclusions about the level 
of scientific effort supported by AFRI and the adequacy of that effort in meeting 
the initiative’s goals.
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supported by AFRI and the adequacy of that effort in meeting the initia-
tive’s goals. The committee does not evaluate the quality of individual 
research grants, but provides a broader evaluation of the AFRI program. 
In reviewing the AFRI program, the committee focused its evaluation on 
AFRI and did not provide a detailed review of USDA’s entire research, ex-
tension, and education portfolio nor did the committee conduct a detailed 
comparison of AFRI to other USDA programs (intramural and extramural) 
and funding mechanisms (formula and competitive grants). Such an assess-
ment of the role and importance of competitive funds relative to formula 
grants was beyond the scope of this study. 

CONCLUSIONS AND RECOMMENDATIONS

Need for Food and Agriculture Research

AFRI was created with the ambition of using the nation’s most creative 
minds in research, education, and extension to address issues fundamental 
to human and social well-being. AFRI supports a wide range of research 
goals and communities by competitive, peer-reviewed grant programs. 
Activities that integrate research, education, and extension in food and 
agriculture through a competitive process are unique to AFRI. Given the 
broad mandate to support nearly all components of food and agriculture, 
the 2008 Farm Bill established a complex set of goals within six priority 
areas: (1) plant health and production and plant products; (2) animal health 
and production and animal products; (3) food safety, nutrition, and health; 
(4) renewable energy, natural resources, and environment; (5) agriculture 
systems and technology; and (6) agriculture economics and rural commu-
nities. However, there is continued weakness in the public commitment to 
food and agricultural R&D which is likely to lead to “more of the same”: 
a steady decline in global competitiveness of U.S. food and agricultural 
production and an inability to respond adequately to health, sustainability, 
and environmental challenges in this important sector.

CONCLUSION 1: AFRI plays a critical and unique role in the na-
tion’s overall R&D portfolio because its mandated scope, mission, 
and responsibilities are focused on the most important national and 
international challenges facing food and agriculture. But it has not 
been given the adequate resources needed to meet contemporary 
and likely future challenges. Congress established AFRI to man-
age and carry out research that would address complex national 
and multistate issues in agriculture and food. The scope, intensity, 
complexity, and urgency of those issues have been increasing, and 
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demands on AFRI exceed what can reasonably be expected given 
AFRI’s recent funding levels. When AFRI was launched in 2008, 
the National Institute of Food and Agriculture (NIFA) made pro-
gram management decisions on the basis of an assumption that ap-
propriations would grow to authorized levels over the next several 
years. That assumption was not borne out, and many multiyear 
grants encumbered future years’ appropriations. Although AFRI 
funding is growing, it has still not reached authorized levels.

RECOMMENDATION 1: The United States should strengthen its 
public investment in competitive agricultural R&D to ensure that 
it continues its role of a global leader in the innovations and tech-
nologies that are needed to promote health and well-being and to 
feed growing worldwide populations sustainably. AFRI’s prospects 
for success in meeting stated goals and outcomes would improve if 
its funding and other support elements (such as reporting structures 
and monitoring abilities) were commensurate with the program’s 
legislatively mandated scope.

Realignment of Program Structure to Match 
Mission, Mandate, and Budget

In attempting to understand AFRI’s mission and structure, the commit-
tee requested a NIFA organization chart of units that were affiliated with 
AFRI and a diagram that showed AFRI’s program structure. After several 
rounds of correspondence, it remained unclear to the committee how NIFA 
viewed AFRI’s mission, how AFRI was structured, and who had direct 
reporting responsibilities for grant administration. Later communications 
with NIFA provided a more explicit basis for understanding AFRI’s pro-
gram structure with its two program areas (challenge and foundational), 
five challenge priority areas, six foundation priority areas, and five grant 
types—for which the committee concluded that the structure was unneces-
sarily complex.

In 2010, AFRI established the challenge-area program, which was 
based on a multidisciplinary approach to problem solving and required 
a wide array of disciplines and expertise to successfully address the most 
demanding, complex issues in food and agriculture. It was at this time that 
the large-scale Coordinated Agricultural Project (CAP) grants program 
was established to fund substantial investments in addressing key societal 
concerns. This high-stakes, potentially high-rewards approach for bringing 
about grand solutions and the impetus for moving the approach forward 
were based on the assumption that funding would reach authorization 
levels outlined in the 2008 Farm Bill. 
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While the goal of AFRI’s new challenge-area program is worthy, the 
size of AFRI’s budget does not allow a reasonable prospect of satisfying 
its congressional mandate to focus research on the six discipline areas of 
the 2008 Farm Bill (those areas remained the same for the 2014 Farm Bill) 
while adopting an ambitious grand-challenges research approach as other 
agencies (such as the National Science Foundation [NSF] and the National 
Institutes of Health [NIH]) have done. CAP grants have consumed an 
exceptionally large portion of AFRI’s annual appropriations. Meeting the 
multiyear commitments has reduced the funds available for smaller-scale, 
more traditional, investigator-initiated grants—a development that, not 
surprisingly, is associated with a reduction in the number of applicants for 
AFRI grants relative to AFRI’s predecessor. Emphasis on CAP grants and 
challenge areas has coincided with a growing year-to-year inconsistency in 
AFRI’s project portfolio, which is unsustainable in itself and insufficient if 
the various legislative mandates are to be satisfied. Such inconsistency may 
be one explanation for the absolute decline in AFRI grant applications. The 
diversion of a large proportion of resources to CAP grants and challenge 
areas has impaired the flexibility needed to address emergent issues.

CONCLUSION 2: AFRI is unnecessarily complex, difficult to de-
pict clearly, and characterized by overlapping components that do 
not clearly align with priorities identified in authorizing legislation. 
Program complexity impedes the measurement of progress relative 
to clear goals. The multiplicity of grant types, each with its own 
priorities that change from year to year, contributes to a sense of 
programmatic inconsistency and unpredictability. Proliferation of 
priority areas also has resulted in AFRI’s inability to satisfy its 
congressional mandates.

RECOMMENDATION 2: NIFA should simplify the AFRI pro-
gram structure by realigning it to more clearly address its specific 
mission and mandates as defined in authorizing legislation. Simpli-
fication of program structure to focus on the six foundation prior-
ity areas would improve efficiency, effectiveness, and transparency.

Rebalancing the Portfolio

AFRI’s ambitious portfolio of multiple grant types is undercutting its 
mission to support fundamental research, which generates critical knowl-
edge and tools for future applications. With a large proportion of AFRI’s 
budget dedicated to addressing grand challenges, the focus of the program 
has shifted toward applied science at the expense of fundamental research. 

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


SUMMARY	 7

Projects whose principal aim is the development of fundamental inno-
vations in research, education, and extension receive less funding. The 
request-for-application (RFA) topics specified for foundational grants are 
increasingly narrow in scope and weighted toward applied research. Given 
its limited budget, if AFRI continues with that approach, the scientific 
workforce available to conduct fundamental research in the agricultural 
and food sciences may continue to severely diminish.

Conclusion 2-A: Fundamental research is critical to provide the knowl-
edge base upon which future discoveries will be made, and expanding 
the stock of fundamental knowledge is AFRI’s primary purpose. The 
balance of fundamental and applied research, however, has shifted 
toward the applied, with extension and education components mainly 
included as supporting elements of research grants. 

Recommendation 2-A: To realign AFRI’s portfolio with its legislative 
mandate, NIFA should review its priority for fundamental research. 
That should include an emphasis on proposals that will generate fun-
damental knowledge to support novel technologies, provide platforms 
for extension and education, and educate the next generation of food 
and agricultural scientists.

The Challenge-Area Program

The challenge areas are focused on five societal challenges determined 
by NIFA, and the foundation priority areas follow the six outlined priorities 
that are authorized in the 2008 Farm Bill. The challenge areas are prescrip-
tive and focus on specific problems of interest (such as climate change), 
which were predetermined at the inception of the program in 2010. For 
that reason, the challenge areas have been perceived by the committee and 
the scientific community as lacking flexibility to address newly emerging 
problems and to incorporate rapid advances in science and technology. 
That is in contrast to the foundation priority areas (such as plant health 
and production and plant products) that are categorized by disciplines that 
span food and agriculture.

Conclusion 2-B: The current AFRI challenge areas are narrowly fo-
cused on specific issues, and the challenge and foundation priority areas 
are unnecessarily redundant. 

Recommendation 2-B: As part of its realignment, AFRI should be sim-
plified by eliminating the challenge-area program, and areas of research 
within the foundational program should be primarily investigator driven. 
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The Decline in Applicants, Awardees, and Trainees

On the basis of the committee’s review of the number of graduate 
students and postdoctoral trainees supported by AFRI grants, it appears 
that students are increasingly being trained with funds from other federal 
agencies that have larger budgets. If sufficient competitive research funds 
are not available in agriculture for funding research and for training young 
scientists, researchers will seek out a larger portion of their overall support 
from agencies whose missions are not directly aligned with the food and 
agriculture sectors. In the long term, food and agriculture will lose talent 
to other fields of study that have stronger support. 

Conclusion 2-C: The recent decline in the numbers of applicants, 
awardees, and trainees is a disturbing trend. It raises questions: Are 
scientists “following the money” and moving away from agricultural 
research? Are young scientists not being trained in agriculture?

Recommendation 2-C: AFRI should carefully examine the causes of the 
decline in the numbers of applicants, awardees, and trainees and adjust 
its grant programs to ensure that future generations of young scientists 
are not lost inadvertently from food and agriculture R&D because of 
funding policies. 

Coordinated Agricultural Project Grants

Adjusting for the time since project initiation, there is evidence that 
the large project scope and complexity of these grants have resulted in 
fewer scholarly products (publications, papers, and presentations) per fixed 
amount of funding than was the case with less complex, smaller grants. 
High intraproject management and transaction costs required for very large 
projects probably have contributed to this phenomenon. The finding applies 
to large AFRI grants generally but especially to CAP grants. Early output 
data suggest that reducing the average project’s scale and scope (represented 
by budget and number of principal investigators [PIs], respectively) would 
improve the output of scholarly products, at least in early phases. The 
committee is not saying that large grants are inappropriate, only that its 
early analyses show that as the scale of grants rises, the marginal output of 
published papers falls over the period that was examined. The committee 
recognizes that high transaction costs may in some projects be more than 
offset by the importance of the contributions in addressing the targeted 
problems (e.g., multi- and transdisciplinary collaboration in the broad 
research community).
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Conclusion 2-D: The current AFRI appropriation cannot sustainably 
support the current policy of investing a disproportionate percentage 
of the AFRI budget on large CAP awards and simultaneously sustain 
a credible program of foundational, training, and Food and Agricul-
tural Science Enhancement grants. The shift to funding fewer, higher-
amount, and longer-term CAP grants also appears to have resulted in 
the early decreased output of scholarly products per dollar of AFRI 
funds invested.

Recommendation 2-D: AFRI should consider eliminating CAP grants as 
a grant category and committing more resources to other grant types.

Strategy and Collaboration

AFRI’s research, extension, and education portfolio is appropriately 
targeted to meeting the nation’s food and agricultural needs. However, its 
success depends on the generation of fundamental knowledge and the flow 
of new knowledge generated by other federally funded and private-sector 
research. AFRI can maximize its impact and resources by collaborating 
with other federal agencies and by strategically aligning its research with 
congressional mandates that target the highest-priority needs of the food 
and agriculture sectors.

CONCLUSION 3: AFRI does not have clearly articulated plans to 
guide its priority setting, management processes, and interagency 
collaboration. To evaluate AFRI’s success it is critical to define 
goals and outcomes and thus enable the assessment of progress in 
meeting them. NIFA provided the committee with several docu-
ments that described a roadmap explaining how the challenge 
areas were developed to take into consideration the societal chal-
lenges outlined in the National Research Council New Biology 
report and pointed to individual RFAs for specific goals in each 
of the priority areas. But it did not provide a statement of over-
all goals, time frames for meeting them, or planned outcomes 
for assessing progress. For the purpose of the present review the 
committee assumed that the goals of AFRI were synonymous with 
those stated in the 2008 Farm Bill which were unchanged in the 
2014 Farm Bill.
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RECOMMENDATION 3: AFRI should develop a strategic plan 
that identifies priorities for its overall program goals for meeting 
them and a framework for assessing the program’s progress. Such 
a plan is critical for providing program continuity, consistency, 
and predictability. A strategic plan would include a clear vision 
statement and strategies for implementing priorities. To develop a 
strategic plan, NIFA could revisit the intent of AFRI and broadly 
define acceptable topics so that AFRI programs can achieve greater 
flexibility. The plan could include less restrictive RFAs for which 
PIs can propose unconventional ideas and take more flexible ap-
proaches to the six broad priority areas mandated by the 2008 and 
2014 Farm Bills.

Interagency Collaboration

Several other federal agencies—such as NSF, NIH, and the Depart-
ment of Energy (DOE)—provide grants and conduct research in subjects 
tangentially related to food and agriculture, but USDA is the only federal 
agency whose mission is aimed directly at food and agriculture. To further 
USDA’s mission and to leverage the efforts of sister agencies, USDA will 
need to take on a greater leadership role in coordinating research efforts 
across agencies.

Conclusion 3-A: Interagency efforts directed at food and agriculture 
need to be more strategic, more robust, and better coordinated across 
federal agencies.

Recommendation 3-A: NIFA and USDA should lead interagency efforts 
to effectively coordinate and collaborate across agencies on food and 
agricultural research. 

External Advisory Council

Unlike NIH and NSF, AFRI does not have a formal, external, and 
strictly scientific advisory council. Such a council would be highly valu-
able for the following functions of the AFRI program: to guide, advise on, 
review, and assess on an ongoing basis priority setting, resource allocation, 
program policies, and peer-review and award-management processes. NIH 
and NSF each have advisory groups on which NIFA could model its AFRI 
Scientific Advisory Council.
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Conclusion 3-B: AFRI needs an external advisory council to validate 
its strategic direction and to provide valuable guidance to national 
program leaders (NPLs) on programmatic decisions.

Recommendation 3-B: NIFA should form an AFRI Scientific Advisory 
Council that consists of members who represent the food and agricul-
tural research, education, and extension professional communities.

Program Management

The AFRI program structure is unnecessarily complicated and is char-
acterized by an elusive chain of command, and this complexity and lack 
of transparency has led to inefficient program management and operation. 
Given the goal of setting up the new program, developing program priori-
ties, and balancing its portfolio to satisfy its congressional mandate, the 
committee expected that NIFA leadership would provide higher visibility 
for the program. AFRI is a program within NIFA that appears to be or-
phaned in that there is no clear line of leadership, strategy, and policy. 

CONCLUSION 4: AFRI’s complex and diffuse management struc-
ture has made it difficult to efficiently and effectively manage the 
program. AFRI has many stakeholders it needs to be responsive 
to: Congress, the administration, various producer groups and 
interests, numerous scientific disciplinary interests, and consumers. 
AFRI also needs to more explicitly track—and track for longer 
periods—the outcomes and contributions of the research that it 
funds. 

RECOMMENDATION 4: To enhance program accountability and 
management, AFRI should have a dedicated leader who manages 
the program on a daily basis. Improved processes and procedures 
should be created for transparency, and AFRI’s NPLs should be 
granted greater authority and flexibility to meet stated goals.

Agriculture and Food Research Initiative Director

Conclusion 4-A: AFRI is managed collectively by many people. No 
single administrator is responsible for overall program management or 
accountable for AFRI’s performance. 
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Recommendation 4-A: NIFA should establish a clearer organizational 
structure and lines of authority for AFRI, including a designated direc-
tor to lead, manage, and speak for its program, and NPLs dedicated 
to AFRI alone.

Program Continuity and Transparency

For foundational programs, the committee received comments from 
applicants and panel managers that the highly prescriptive nature of RFAs 
discourages submission of innovative ideas. Paperwork was also long and 
burdensome for applicants. Furthermore, research priorities were often not 
communicated in a timely manner, resulting in unnecessarily extended lags 
between grant cycles. AFRI’s success will be determined in large part by 
how well the program attracts the best ideas from a broad community of 
qualified researchers in an array of disciplines.

Conclusion 4-B: The AFRI applicant community expressed frustration 
with the lack of continuity in the program offereings from one year 
to the next, which has resulted in the community’s inability to plan, 
resubmit unsuccessful proposals, and renew successful projects.

Recommendation 4-B: NIFA should have a more consistent and pre-
dictable program portfolio and funding strategy to enable better plan-
ning by the food and agricultural research community.

Data Management

Data are needed to inform management decisions and improve assess-
ments of program efficiency and effectiveness. NIFA was unable to provide 
the committee with data needed for addressing many aspects of the com-
mittee’s tasks as some of the data had not been collected and some were 
internally inconsistent or could not be easily interpreted or summarized. 
One aspect that the committee was specifically tasked to examine was di-
versity of people and institutions supported by AFRI. AFRI does not collect 
additional data that would enable a robust assessment of the diversity of 
program applicants or awardees. On the basis of data on awarded projects, 
the committee found that AFRI is awarding grants to public and private 
institutions and to land-grant universities and non–land-grant universities 
in nearly the same ratios as did the former NRI program and approximately 
in proportion to the number of proposals emanating from such institutions.
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The Current Research Information System (CRIS)1 used by NIFA was 
not designed as a tool for managing competitive funds and is an inadequate 
aid for program-management decisions: it is difficult to navigate and ma-
nipulate for programmatic needs and not readily compatible with other sys-
tems. AFRI needs an information-management system that can provide the 
accurate information that is necessary for structured analyses of program 
activities and for analyzing and assessing project and programmatic outputs 
and outcomes. Conducting performance analyses will require systematic 
attention to medium-term and long-term outputs and, more importantly, 
projection of outcomes in the form of the science influenced, social and 
individual well-being, and products and incomes generated.

Conclusion 4-C: The AFRI program lacks a sufficiently robust infor-
mation-management system and metrics for measuring key program 
impacts.

Recommendation 4-C: NIFA should use a more robust information-
management system that would provide a basis for AFRI policy and 
strategic planning. The system should allow detailed assessment and 
management of the food and agricultural competitive research funding 
pool.

Post-Award Management

Project-output assessment affords only one perspective on the perfor-
mance of AFRI. Some valuable benefits and contributions of the program 
cannot be captured by assessments of program outputs alone. Examples of 
the other benefits are outcomes such as AFRI’s role in encouraging graduate 
students and young scientists to develop careers in food and agriculture, 
its role in advancing the quality of agriculture and food science and in in-
creasing the knowledge base, and its contributions to the innovations that 
underpin economic development. Appropriate changes are needed to give 
NPLs the time and resources needed to provide a higher level of post-award 
management (including post-termination monitoring) designed to ensure 
that grants reach the most successful conclusions and outcomes attainable.

Conclusion 4-D: NIFA needs clearly defined metrics for measuring 
program outputs and outcomes that allow program managers to assess 
the value of AFRI-funded research.

1 As of the writing of this report, the committee is aware of USDA’s plans to retire CRIS and 
to replace it with another reporting system.
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Recommendation 4-D: NIFA should develop the capability to regularly 
evaluate AFRI projects in terms of their outcomes, which would allow 
assessment of the economic and social impacts of the research that 
AFRI supports. 

Greater Authority for National Program Leaders

The committee noted several ways in which NPLs were constrained in 
participating in funding decisions that would allow a better portfolio bal-
ance to align with AFRI’s mission and goals. For example, funding decisions 
are typically based solely on peer-reviewed rankings without consideration 
of the funding portfolio’s programmatic balance. That continues to oc-
cur despite NIFA’s policy that reviewers’ comments are advisory and not 
binding. Funding allocations to program areas are set before the award 
decision-making process, and this can limit the ability of NPLs to capitalize 
on innovative ideas presented in proposals and to pursue the most promis-
ing scientific opportunities. NPLs are PhD-level scientists in good standing 
in their own disciplinary communities who were recruited to manage AFRI 
grants on the basis of their scientific credentials, and they should be trusted 
to exercise their professional judgment. With such new responsibilities, the 
portfolios of AFRI NPLs would need to be rebalanced to allow proper at-
tention to programmatic direction and post-award scientific management. 
Standard operating procedures (SOPs) would also need to include a mecha-
nism for training new NPLs and panel managers.

Conclusion 4-E: In their project-funding decisions, NPLs are tasked to 
ensure that a maximum number of high-priority issues are addressed 
and that funded projects align maximally with program goals. Yet 
NPLs have been unnecessarily constrained in their efforts to manage 
and balance the AFRI portfolio.

Recommendation 4-E: NIFA should establish SOPs that provide greater 
opportunity for NPLs to contribute to final project-funding decisions.

CONCLUDING REMARKS

During the time the committee was conducting its review, Congress 
passed the 2014 Farm Bill and appropriated an increase in funding for 
AFRI in FY 2014. The reauthorization of the Farm Bill did not change the 
priorities for AFRI, reaffirming the importance of this program to sustain 
the nation’s preeminence in knowledge generation and technology advances 
in the food and agricultural sectors. However, the 2014 Farm Bill contained 
a provision requiring non–land-grant universities to match funds for AFRI 
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grants. This approach is counterproductive to the goal of attracting the 
broadest array of the nation’s top scientific talent to research and to bring-
ing nontraditional and novel approaches and solutions for food and agri-
cultural challenges. In the future, NIFA should acquire data to determine 
the impact of this requirement on non–land-grant entities participating in 
the AFRI program.

NIFA and its AFRI program are essential elements of USDA and will 
be critical for enhancing the knowledge base needed to successfully address 
important issues in agriculture, food, and natural resources. The increase 
in FY 2014 appropriations for this flagship competitive research program 
is consistent with this report’s findings, conclusions, and recommendations 
and suggests that USDA has a window of opportunity to establish NIFA 
as a strong science agency with AFRI at its core and to reinforce the value 
and mission of AFRI to the nation’s well-being. The committee offers its 
recommendations in the hope that the suggested programmatic changes will 
enable NIFA to fulfill its mission of leading the food and agricultural sectors 
to a better future through research, education, and extension.
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1

Introduction

Scientific research and the application of discoveries through extension 
and education programs have enabled remarkable advances in agricultural 
and food production in the last 100 years (Pardey and Beddow, 2013). 
Future discoveries and extension and education programs will continue to 
strengthen the foundation of the nation’s competitiveness in the global mar-
ketplace. The knowledge and discoveries that drive innovations and tech-
nological advances require fundamental research. Applied and translational 
research uses the resulting concepts and knowledge to solve problems. In 
other words, applied research operates within the framework of knowledge 
provided by fundamental research, and extension helps to transform the 
products of research—both fundamental and applied—to improve agricul-
tural production, farm income, environment, health, and the quality of life 
of consumers and producers. Skilled and creative researchers, educators, 
and extension specialists are necessary to carry out those functions and to 
address challenges faced by the agricultural and food sectors. 

The mission of the U.S. Department of Agriculture (USDA) is to “pro-
vide leadership on food, agriculture, natural resources, rural development, 
nutrition, and related issues based on sound public policy, the best available 
science, and efficient management” (USDA, 2014). USDA has intramural 
and extramural research programs to address challenges in those areas. 
Through its National Institute of Food and Agriculture (NIFA), USDA has 
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implemented the Agriculture and Food Research Initiative (AFRI) as its 
flagship competitive grants program.1 AFRI is charged with 

funding research, education, and extension grants and integrated research, 
extension, and education grants that address key problems of national, 
regional, and multi-state importance in sustaining all components of ag-
riculture, including farm efficiency and profitability, ranching, renewable 
energy, forestry (both urban and agroforestry), aquaculture, rural com-
munities and entrepreneurship, human nutrition, food safety, biotechnol-
ogy, and conventional breeding. Providing this support requires that AFRI 
advances fundamental sciences in support of agriculture and coordinates 
opportunities to build on these discoveries. This will necessitate efforts in 
education and extension that deliver science-based knowledge to people, 
allowing them to make informed practical decisions (USDA NIFA, 2012). 

PURPOSE OF THIS STUDY

Four years after the AFRI program was created, USDA requested in 
2012 that the National Research Council convene a committee of experts 
to conduct an independent assessment of the program. The committee was 
charged to examine the quality and value of research funded, the prospects 
for the program’s success in achieving established goals and outcomes, the 
program’s role in advancing science in relation to other research and grants 
programs within USDA, and the program’s complementarity with R&D 
programs in other federal agencies. The statement of task is provided in 
Box 1-1. 

Approach to the Statement of Task

The National Research Council convened a committee of 16 persons 
who were working or had worked in academic and nonprofit institutions, 
federal agencies or state government, industry, and agricultural production. 
(See Appendix A for committee membership and biographies.) Members 
collectively have extensive experience in management of competitive grants, 
program review, grant application and review, and assessment of return on 
investments. Thus, the perspectives of grant funders, recipients, researchers, 
and users of the products of research were represented on the committee. 

The committee conducted its assessment of the AFRI program based 
on members’ expertise and on information collected from multiple sources. 
The extensive literature on the role of research and competitive grants 

1 The AFRI program is the flagship competitive grants program within USDA, but USDA 
also has other competitive grants programs, such as the Small Business Innovation Research 
Program and the Specialty Crop Research Initiative.
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BOX 1-1  
Statement of Task

An NRC committee will perform an independent assessment of the AFRI 
program, including the quality and value of research funded by the program and 
the prospects for its success in meeting established goals and outcomes.

The assessment will:

•	 Examine the value, relevance, quality, fairness, and flexibility of AFRI. 
•	 Consider whether NIFA funding mechanisms, including the process of 

setting annual funding priorities, the shift to five NIFA challenge areas, and the 
balance between challenge area grants and foundational program grants, are ap-
propriate for meeting AFRI’s desired goals and outcomes. 

•	 Compare NIFA’s decision to fund fewer, higher-dollar and longer-term 
grants through AFRI to the former National Research Initiative (NRI) approach of 
funding more, lower-dollar grants, in terms of achieving desired outcomes. Include 
an exploration of the relationship between the length of grants and their effective-
ness in terms of outcomes.

•	 Examine indications of whether AFRI is achieving its stated goals and 
outcomes. Include in these considerations how well AFRI facilitates the integration 
of research, extension, and education; supports food production efforts; balances 
fundamental and applied investments; increases foundational knowledge while 
facilitating translational research; and contributes to preparing the future scientific 
workforce.

•	 Identify measures of the effectiveness and efficiency of AFRI’s opera-
tion, from requests for applications and the panel review process (including the 
effectiveness of virtual grant review panels relative to face-to-face panels), to the 
awarding of grants.

•	 Evaluate the diversity of grant recipients and institutions that participate in 
the grants program, and examine the methods NIFA uses to facilitate the participa-
tion of a diversity of individuals and institutions (public and private, land-grant and 
non-land grant, minority).

The study also will examine AFRI’s role in advancing science in relation to 
other research and grant programs inside of USDA (capacity and formula grants) 
as well as how complementary it is to other federal R&D programs, such as the 
National Science Foundation, the National Institutes of Health, and the Depart-
ment of Energy, including the effectiveness of past joint-agency grant solicitations. 

The study committee will prepare a report of its assessment. In addition 
to its findings and conclusions, the committee will identify aspects of the imple-
mentation of AFRI that could improve how it functions and its effectiveness in 
meeting its goals and outcomes. The committee will not make recommendations 
about funding levels for AFRI; however, it may draw conclusions about the level 
of scientific effort supported by AFRI and the adequacy of that effort in meeting 
the initiative’s goals.
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for research in accelerating progress in the agricultural enterprise is cited 
throughout the report. In addition, the committee gathered information 
from individuals who contributed to the conceptualization and implemen-
tation of NIFA and AFRI, government agencies, professional societies, and 
grantees of AFRI (see Appendix B on Presentations to the Committee). 
To assess effectiveness of the program operations, the committee solicited 
information from NIFA staff about the grant management processes. Data 
on grants awarded since the inception of AFRI from 2009 through the 
2012 fiscal year (the most recent year for which data were available at 
the time of the study) were solicited to explore the relationship between 
resource input and early outputs. In addition, the committee used a Web-
based questionnaire to solicit input broadly from researchers, academic 
and extension leaders, reviewers, and users and beneficiaries of AFRI (see 
Appendix C and D). The input collected online was not used in a statistical 
or quantitative analysis, thus the committee did not draw any conclusions 
from the comments it received. Rather, the comments provided insights 
into whether the committee had overlooked any aspect that needed to be 
examined in its review. Multiple sources of information were considered in 
drawing conclusions in this report.

Scope of the Review

The committee has drawn conclusions about the scientific effort sup-
ported by AFRI and the adequacy of that effort in meeting the initiative’s 
goals. The committee did not evaluate the quality of individual research 
grants but broadly evaluated the AFRI program. In reviewing the AFRI 
program, the committee focused its evaluation on AFRI and did not review 
USDA’s entire research, extension, and education portfolio in detail, nor did 
it conduct a comparison of AFRI with other USDA programs (intramural 
and extramural) and funding mechanisms (formula and competitive grants). 
Such an assessment of the role and importance of competitive funds relative 
to formula grants was beyond the scope of this study. 

ADDRESSING U.S. PRIORITIES IN AGRICULTURE AND FOOD

Agriculture is a unique biological undertaking that nourishes people 
and makes substantial contributions to a country’s economic well-being. 
The continued demand for a robust and broad knowledge base in the 
agricultural and food sectors is driven by unprecedented worldwide demo-
graphic changes, steadily increasing worldwide aspirations for improved 
quality of life, contemporary and future threats that arise from natural-
resource scarcity (such as threats created by limitations of land and water 
availability, the use of nonrenewable energy resources, and climate change), 
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and challenges posed by the desire to ensure food quality and safety (NRC, 
2010b). Sustaining and adding to the robust knowledge base require con-
stant renewal through innovations and increases in foundational knowledge 
to meet diverse human needs and adapt to ever-changing global conditions 
(World Bank, 2010). To meet those diverse needs, the 2008 Food, Conser-
vation, and Energy Act (the 2008 Farm Bill; see Appendix E) outlined six 
high-priority areas for AFRI to address: (1) plant health and production 
and plant products; (2) animal health and production and animal prod-
ucts; (3) food safety, nutrition, and health; (4) renewable energy, natural 
resources, and environment; (5) agriculture systems and technology; and 
(6) agriculture economics and rural communities. The agricultural and food 
sectors are quite diverse, and the six high-priority areas cover many but not 
all of the issues facing agriculture and food in the United States. 

Plant Health and Production and Plant Products

Healthy, productive plants are essential for meeting future demands for 
food, feed, fiber, and other plant-based products; minimizing post-harvest 
losses; and sustaining local, regional, and global economies (Flood, 2010). 
That the importance of plant diseases is not new is illustrated by the impact 
of the Irish potato famine in the middle of the 19th century. Global food 
trade and continuing changes in our biological environment bring constant 
threats of new diseases, such as wheat stem rust (Njau et al., 2010) and soy-
bean rust (Schneider et al., 2005). Their cost can be staggering; for example, 
citrus greening, caused by Candidatus Liberibacter asiaticus (Halbert and 
Manjunath, 2004), is estimated to have led to losses of $9.3 billion—just 
in Florida (NRC, 2010a). Protecting crops from insects and from diseases 
caused by microorganisms, viruses, and nematodes is a major factor in 
sustaining crop yield and productivity. Pathways to plant protection include 
exploring natural variations found in crop germplasm and wild relatives; 
monitoring the emergence of pests, diseases, and weeds that are resistant to 
present crop-management practices; using genetics and genomics methods 
to identify resistance traits in crops; and using conventional crop breeding 
and modern biotechnological approaches to develop new resistant varieties 
(Enserink et al., 2013).

Animal Health and Production and Animal Products 

Livestock and poultry health, production, and efficiency have advanced 
substantially over the last six decades and provided lower-cost, higher-
quality foods for U.S. consumers and export markets. Even with those suc-
cesses, there are opportunities for further improvements in health, welfare, 
and productivity through new technologies in genetics, nutrition, materials 
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science, and biomedical technology that will sustainably provide safer 
food products for human consumption and enhance animal well-being. 
Emerging and re-emerging diseases that are transmissible between humans 
and animals (zoonotic diseases) by direct contact or through food and 
water remain important concerns because of the potential magnitude of 
their adverse effects on the economy and consumer health. Complicating 
that health threat is the potential for pathogens to cycle between domestic 
animals and wildlife. Environmental issues stemming from confined feed-
ing operations have led to groundwater and surface-water contamination. 
Overuse of antibiotics has been associated with a rise in antibiotic resis-
tance and calls for alternative means of preventing the resulting health 
threats in animals and people (Kennedy, 2013). The recently passed Food 
Safety Modernization Act of 2010 and concerns over environmental quality 
underscore the importance of these issues to the general public.

Food Safety

From 2000 to 2008, foodborne diseases (caused by bacteria, viruses, 
and parasites) led to about 48 million cases of illness, 128,000 hospital-
izations, and 3,000 deaths each year in the United States (Scallan et al., 
2011a,b). In that same time period, the annual cost of foodborne diseases 
was estimated to be as much as $51–78 billion (Scharff, 2012). However, 
the reported costs only reflect the 9.6 million cases caused by 31 known 
organisms, or about one-fifth of the cases estimated by the Centers for Dis-
ease Control and Prevention. The remaining 38.4 million cases are caused 
by unspecified agents that are unidentified because of weaknesses in surveil-
lance and the lack of diagnostic tests to identify causal agents and for other 
reasons (Scallan et al., 2011a). Ensuring the safety of the U.S. food supply 
is also complicated by the increase in food imports. 

Scientific studies of food safety generally call for better understanding 
of the ecology, toxicology, epidemiology, and impact of foodborne diseases; 
for improved pathways and protocols for reducing or preventing food 
contamination as products make their way from farm to table; and for 
improvement in the ability to detect contamination when it occurs. These 
recommendations remain challenging. For example, the use of sophisti-
cated molecular methods not only allows for rapid pathogen detection in 
humans, food, and the environment but provides useful information that 
helps to link human illnesses during disease outbreaks, to identify sources 
of contamination, and often to prevent recurrence. 

Nutrition and Health

Diets and disparities in food availability and accessibility affect human 
health and social and economic development (Bloom et al., 2011; WHO, 
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2013). Most deaths worldwide are now due to noncommunicable diseases 
(such as cardiovascular disease, cancer, and diabetes), and implementing 
dietary improvements can have profound effects on health (Hill et al., 
2009; Lazarou et al., 2012; NRC, 2013b). Health-related concerns are also 
related to the disconnect between domestic agricultural production and the 
dietary patterns promoted by the U.S. Dietary Guidelines for Americans 
(USDA and DHHS, 2010). Current U.S. domestic food production cannot 
support consumption patterns aligned with the guidelines. Total vegetable, 
total fruit, and milk or milk alternatives meet only half the levels required 
by recommended consumption patterns (Krebs-Smith et al., 2010), while 
calories from solid fats, sugars, and alcohol are produced in abundance. Al-
though total meat and grain production is sufficient to meet recommended 
intakes, the supply of whole grains falls short of recommendations (Krebs-
Smith et al., 2010). Poor accessibility of healthy foods in low-income 
neighborhoods has been linked to increased risks of such diseases as obesity 
(Hilmers et al., 2012). Challenges for food and agricultural research, educa-
tion, and extension programs include how best to support dietary guidelines 
through agricultural production research and an improved understanding 
of nutrient physiology and consumer behaviors related to diet and health.

Renewable Energy, Natural Resources, and the Environment

Increasing the use of renewable energy is one of several alternatives to 
U.S. dependence on fossil energy and petroleum-based fuels and to emission 
of greenhouse gases (NAS-NAE-NRC, 2009a,b, 2010; NRC, 2013a). Agri-
culture (including crop and forest resources) is a major supplier of biomass; 
research-based innovations are necessary to produce large quantities in an 
environmentally and economically sustainable manner. The annual produc-
tion of well over a billion tons of biomass from forest and agricultural re-
sources by 2030 has been shown to be feasible (DOE, 2011), especially with 
improved science and technology that could flow from enhanced research. 
Agricultural research also plays an important role in developing bioproducts 
that could reduce the country’s reliance on a host of other petroleum-based 
products, from biodegradable plastics to fertilizers (White House, 2012; 
Vaneeckhaute et al., 2013). Adjusting agricultural production and market-
ing realities to future changes in crop-based bioenergy markets and other 
emerging bioeconomies will entail substantial changes in a host of arenas 
that will require biological, agroecological, and economic research to sup-
port the required adjustments (NRC, 2010b, 2011, 2012) and the policies 
under which the changes take place (NRC, 2011). 

Environmental stewardship is critical for maintaining the quantity and 
quality of the land and water resources on which food and fiber produc-
tion depends. Conservation tillage, cover cropping, and technologies for 
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efficient water use and reuse could reduce resource demands and improve 
the environmental sustainability of agricultural production. “Performance 
and adoption of many of those practices could be further improved by ad-
ditional biophysical, social, and economic research” (NRC, 2010b, p. 8). 
Discoveries and technological innovations also could result in dramatic 
improvements in the productivity and environmental resilience of biologi-
cally based food and agricultural production systems.

Agriculture Systems and Technology

Agriculture takes place in the context of a nested set of bioeconomic 
systems, starting with the biological and physical systems of crops, live-
stock, forests, soil, water, and climate. Harnessing those natural resources 
is accomplished through a variety of processes, tools, and technologies 
(Drinkwater, 2002). Producers often select tools and approaches in re-
sponse to both natural constraints and social and economic forces gener-
ated by the broader food system. Collective decisions by producers have 
their own effects on natural and social systems. The scientific study of the 
interplay of elements within these systems is critical for the sustainability of 
agriculture as it sheds light on ways to optimize the production of multiple 
social goods (NRC, 2010b). 

Agricultural Economics and Rural Communities

The changing global structure of markets—both production and con-
sumption markets—affects rural economies as domestic and international 
markets are increasingly intertwined. The benefits of understanding and 
increasing access to such markets by producers and consumers are high-
lighted in Frontiers of Agricultural Research: Food Health, Environment 
and Community (NRC, 2003) and reiterated in the Food, Conservation, 
and Energy Act of 2008. One summary statement captures the situation 
for rural development, which still applies today: “Understanding the roles 
of social and human capital, entrepreneurism, and leadership in building 
successful rural communities constitutes a basic social science frontier” 
(NRC, 2003, p. 54). 

Similarly, issues of food access and security and of food consumption 
patterns and diet have direct implications for nutritional health and obesity. 
The same 2003 National Research Council report called for more research 
on the economics of both and on optimizing the benefits of new technolo-
gies by understanding risk-management and decision-making processes at 
the farm and market levels. Informing the public and other stakeholders on 
the organization, design, and social processes of markets requires commu-
nity-based models of innovation, testing, and application. The knowledge 
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gained and the outreach efforts that follow could inform and influence 
public investment and policies that affect rural areas.

TRAINING, EDUCATION, AND EXTENSION

Talent Development and Scientific Workforce Needs

Through fellowship programs and student and postdoctoral support of 
research grants, USDA has enabled the preparation of researchers for the 
private and public sectors to address agricultural production, food process-
ing, marketing, forestry, veterinary medicine, food safety, nutrition, and 
other subjects. That function remains relevant. A 2000 National Research 
Council report evaluating the National Research Initiative (NRI), the pre-
decessor of AFRI, recommended that the “NRI continue to emphasize its 
mission of training and education” (NRC, 2000). Other National Research 
Council reports have argued for more trained scientists to provide increased 
forestry research and veterinary medicine capacity for the nation (NRC, 
2002, 2013c). Furthermore, a 2012 report on agricultural preparedness 
issued by the President’s Council of Advisors on Science and Technology 
(PCAST) took a forceful position for building capacity. To meet the need 
for a diverse and competent scientific workforce on agricultural and food 
issues, PCAST recommended an expansion of “a competitively awarded 
program for graduate students and postdoctoral researchers at a level of 
$180 million per year for at least 5 years.” Although the PCAST goal has 
not been attained, a critical theme that echoes throughout those reports is 
that a robust workforce is essential if the United States is to face predictable 
and unpredictable challenges and opportunities in the food and agricultural 
sectors, especially given the aging population of U.S. agricultural scientists 
(Pardey et al., 2013).

Knowledge Transfer and Innovation

As fundamental research programs of federal agencies and state part-
ners make new discoveries and enhance understanding in food and agri-
culture, effective knowledge transfer and dissemination approaches are 
becoming more sophisticated and complex. In addition to traditional 
classroom and laboratory-based education and training, policies and or-
ganizational structures have been put into place to speed the diffusion of 
knowledge and the adoption and commercialization of innovations. They 
include many legislative initiatives, not least among them the Patent and 
Trademark Act Amendments of 1980 (known as the Bayh–Dole Act), which 
established the general right of university recipients to apply for patents on 
innovations arising from most federally funded research, and the National 
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Technology Transfer and Advancement Act of 1995 that granted CRADA 
(cooperative research and development agreement) operators the right of 
first negotiation for an exclusive license for a prenegotiated field of use 
of any innovation developed under the agreement (Alston et al., 2010). In 
1997, the National Science Foundation added a requirement of “measure-
able societal impacts” to its criteria for proposal evaluation. In 2006, the 
National Institutes of Health established its translational science programs. 
Translational efforts include applications, licensing, start-up of new ven-
tures, development of prototypes, publications, patent applications, and 
extension of knowledge to users by multiple methods. 

Supporters of such efforts have been inspired by the nearly century-long 
successful record of the Cooperative Extension Service, a federal, state, and 
local county partnership. Rather than in the classroom and laboratory, 
extension-based education takes place on farms, in homes, at business sites, 
and in various other community locations, both virtually and face-to-face. 
Extension programs currently extend knowledge about agriculture, food 
safety, consumer economics, financial literacy, nutrition and health, envi-
ronmental quality, natural-resource management and sustainability, and 
climate variability through a network that has suffered funding decreases in 
the last 20 years (APLU, 2010). Even in the face of such retrenchment, ex-
tension remains an integral part of a food and agricultural system required 
to translate new knowledge to enhance economic success and improve 
consumer well-being. 

ORGANIZATION OF THE REPORT

Chapter 2 describes the research and development landscape for food 
and agriculture and the role of AFRI in addressing critical issues in food and 
agriculture. Chapter 3 discusses the value of the AFRI program and its role 
in advancing science in relation to other research programs in USDA and 
competitive grants programs administered by other federal agencies. It 
also describes the evolution of the USDA competitive grants programs and 
briefly describes the scope of AFRI and its approach to funding. Chapter 4 
illustrates how the research output from AFRI-funded research could be 
assessed and discusses information to be collected for future outcome as-
sessments. Chapter 5 examines program-management pre-award processes 
(e.g., requests for applications), the grant-review process, the awarding of 
grants, and the post-award processes of the AFRI program. It also discusses 
the effectiveness of AFRI’s operation and flexibility on the basis of the 
grant-management practices. Chapter 6 provides the committee’s overall 
conclusions and recommendations related to its Statement of Task. 
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2

The Global Landscape of Agricultural 
Research and Development

THE ROLE OF FOOD AND AGRICULTURAL RESEARCH AND 
DEVELOPMENT IN ECONOMICS AND COMPETITIVENESS

The Value of Agricultural Research and Development

Federal financial support for research and development (R&D) in food 
and agriculture is a critical policy instrument that the U.S. and other 
governments use to enhance agricultural productivity and improve the eco-
nomic and environmental performance of the food and agricultural sectors. 
For over 100 years, R&D has contributed to a transformation of the U.S. 
food and agricultural sectors. It has fueled productivity growth and enabled 
U.S. farmers to generate more product per acre and per farmer with smaller 
input (e.g., water) per unit product. Research-induced improvements in pro-
ductivity have helped U.S. agriculture to remain competitive in increasingly 
integrated global commodity markets and to achieve an environmentally 
sustainable supply of safe, nutritious, and lower-cost food, feed, fiber, and 
biomass for energy and other uses (Pardey et al., 2013). 

Agricultural and food R&D sustains the agricultural workforce, the 
well-being of producers, rural and community development, food process-
ing, food safety, nutrition, health, and consumer well-being (NRC, 2010a). 
It also helps to sustain various ecosystem benefits by reducing adverse ex-
ternalities from agricultural production and other sectors of the economy 
(such as biodiversity loss). For example, enhancing the efficiency of produc-
tion can reduce the adverse environmental effects of agriculture, and the use 
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of conservation tillage and other crop-management methods can improve 
soil quality and can reduce fertilizer and other chemical use and runoff. 

The most recent data indicate that U.S. consumers spent $1.3 trillion 
for food in 2011 (USDA-ERS, 2012a), which is equivalent to about 8% 
of the U.S. gross domestic product (Ag Marketing Resource Center, 2013). 
In 2012, the United States exported over $135 billion and imported $103 
billion in agricultural products. The net export of $32 billion contributes 
to the U.S. trade balance (USDA-ERS, 2012b). Moreover, the United States 
remains the world’s leading provider of international food aid (Hanrahan 
et al., 2011).

The United States remains a major contributor to the global food and 
fiber economy, but its relative contribution has decreased. In 1961, the 
United States accounted for 14.8% by value of the world’s entire agricul-
tural output.1 By 2010, that share had declined to a still sizable 10.6%, 
with the Asia and Pacific region (including India and China) accounting 
for 48.6% of world agricultural output (compared with 29.1% in 1961). 
Nonetheless, the United States continues to be a major producer of many 
important food and feed commodities. In 2010, the United States accounted 
for 37.4% of the world’s corn, 34.6% of soybean, 15.8% of sorghum, and 
9.2% of wheat production. 

The global prominence of the United States as a producer and ex-
porter of food and other agricultural commodities and its competitiveness 
in increasingly integrated international markets are inextricably tied to 
research-induced improvements in agricultural productivity (Shane et al., 
1998). Even though rates of return on productivity-enhancing research 
are demonstrably high, the growth in public and private spending on ag-
riculture and food R&D in the United States has been slowing, and the 
share of public funds focused on farm productivity-enhancing research has 
declined.2 Those surprising trends have led to a slowdown in U.S. farm pro-
ductivity growth at a time when the market has begun to signal the end of 
a sustained period of more than 50 years of global agricultural abundance.

Productivity Consequences

Agricultural productivity growth has contributed remarkably to abun-
dances of food and other agricultural products. For example, U.S. corn 
production increased from 2.7 billion bushels in 1900 to just under 12.4 

1 Calculations based on data reported in FAO (2012). 
2 Pardey et al. (2013a) reported that in 1976 about 65% of all state agricultural experiment 

station (SAES) research was oriented toward maintaining or enhancing farm productivity. 
That share rose to a contemporary peak of 69% in 1985 and had declined to only 56% of 
SAES research by 2009.
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billion bushels in 2011, or 37.4% of the entire world’s output of this crop 
(FAO, 2012; USDA-NASS, 2012). The increase was a result of increasing 
yields on a per-acre basis as the amount of land used for corn production 
decreased.3 U.S. corn yields increased from an average of 28.1 bushels per 
acre in 1900 to 147.2 bushels per acre in 2011—a growth rate of 1.5% 
per year. Although some of the yield growth resulted from increases in the 
quantities of inputs used by farmers (such as fertilizers, herbicides, seeds, 
machinery, fuel, and irrigation), a sizable share of the measured growth in 
productivity reflects changes in the quality of inputs (such as the develop-
ment of new varieties of corn, especially hybrid, and more recently, geneti-
cally engineered varieties), which stemmed from investments in R&D.4 

The total value of U.S. agricultural output from 1949 to 2007 in-
creased from $29.9 billion to $281.5 billion (Pardey and Beddow, 2013). 
However, the increase in aggregate input use has been comparably modest 
so that achieving the same output absent any productivity growth since 
1949 would have required 78% more inputs. Put another way, produc
tivity growth since 1949 saved $219.6 billion worth of inputs in 2007. In 
more concrete terms, an additional 729.5 million acres combined with an 
additional farm labor force of 1.76 million full-time annual equivalents 
and many more other inputs would have been needed to produce the 2007 
output with 1949 technology. 

Research-induced growth in U.S. agriculture and food productivity and 
production in the 20th century was remarkable in terms of the economic re-
turns on the public dollars invested in that research. The research is carried 
out by national agencies (mainly USDA) and state agencies (mainly state 
agricultural experiment stations [SAESs]). Considering the SAES research, 
the national benefit-cost ratio for the investments averages $32 for every 
dollar invested in research, and returns on the investments range from 10:1 
to 69:1, depending on the state in which the research is conducted (see 
Table 2-1). USDA intramural research resulted in a national benefit-cost 
ratio of 17.5:1—still a substantial social return on investment although 
it is generally lower than the national benefit-cost ratio for research and 
extension conducted by the states. These high rates of return illustrate a 

3 Although the long-run trend is a reduction in corn acreage relative to the acreage of 1900, 
corn acreage declined from 94.9 million acres in 1900 to 54.6 million in 1969 and had 
increased to 84.0 million acres in 2011.

4 The 2010 National Research Council report entitled The Impact of Genetically Engineered 
Crops on Farm Sustainability in the United States concluded that “Farmers who have adopted 
GE crops have experienced lower cost of production and obtained higher yields in many cases 
because of more cost-effective weed control and reduced losses from insect pests” (NRC, 
2010a, p. 9). 
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remarkably profitable undertaking for the nation but also suggest persistent 
underinvestment (Alston et al., 2011) and possibly forgone opportunities.5 

A progressive slowing of U.S. (and global) agricultural productivity 
growth from the historically high growth rates of the 1960s, 1970s, and 
1980s has been observed in the last 20 years (Table 2-2). In every region 
of the United States, average annual multifactor productivity growth rates 
for the more recent period, 1990–2007, were significantly lower than in 
the previous period, 1949–1990. The national average rate decreased from 
2.02% per year in 1949–1990 to 1.18% per year in 1990–2007 (Pardey 
et al., 2013a). If the more recent, lower rate of multifactor productivity 
growth is sustained over the coming decades, the future path of U.S. agri-
culture will be much less prosperous than if productivity growth rates could 
be restored to those of the 1970s or 1980s. 

To illustrate the magnitude of this effect, Alston et al. (2010, Chapter 11) 
projected U.S. agricultural multifactor productivity growth in alternative 
research spending scenarios. In a pessimistic scenario, with R&D spending 
growing in real terms at the 1990–2002 rate, the future rate of agricultural 
productivity growth slowed to just 0.11% per year during the 2040s, less 

5 An optimal strategy would be to increase spending on R&D until the marginal dollar spent 
earned a dollar in benefits, thus driving the marginal benefit-cost ratio down to 1. This con-
ceptual link between high benefit-cost ratios results in the implication to call for more funding.

TABLE 2-1  Marginal Benefit-Cost Ratios for Public Research and 
Extension in the United States (expressed in present values of  
benefits and costs) 

State or Region

Benefit-Cost Ratios  
(dollars of benefits per dollar of costs)

Own State National

48 States
Average 21.0 32.1
Minimum 2.4 9.9
Maximum 57.8 69.2

REGIONS
Pacific 21.8 32.9
Mountain 20.0 31.6
Northern Plains 42.4 54.5
Southern Plains 20.2 31.0
Central 33.7 46.8
Southeast 15.1 26.7
Northeast 9.4 18.4

SOURCE: Adapted from Alston et al. (2011).
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than one-tenth the rate achieved during 1942–2002 (which was 1.96% per 
year). Even in an optimistic scenario, with the real growth rate of R&D 
spending restored to that of 1949–2002, the rate of agricultural productiv-
ity growth would at first continue to decline and then recover only gradu-
ally to average 1.3% per year during the decade of the 2040s, given the long 
lags between investing in R&D and realizing the improved productivity 
performance attributable to the investment. 

U.S. Agriculture in a Global Context

The United States remains the leading investor in agriculture and food 
R&D worldwide, but that leadership position has been eroded in recent 
decades. In 1980, the United States accounted for 23.1% of the $24.2 bil-
lion (in 2005 dollars based on purchasing-power parity exchange rates6) 

6 Purchasing power parity is defined as “the rate of currency conversion that equalize[s] the 
purchasing power of different currencies by eliminating the differences in price levels between 
countries. In their simplest form, purchasing power parities are simply price relatives that 
show the ratio of the prices in national currencies of the same good or service in different 
countries” (OECD, 2014). 

TABLE 2-2  Agricultural Multifactor Productivity Growth in the United 
States and Selected Regions

Regionsa

Average Annual Productivity Growth Ratesb (% per year)

1949–2007 1949–1990 1990–2007

United States 1.78 2.02 1.18
Northeast 1.72 2.16 0.67
Central 1.64 1.71 1.48
Northern Plains 2.04 2.32 1.38
Southern Plains 1.82 2.01 1.37
Southeast 1.96 1.49 0.68
Mountain 1.48 1.89 0.50
Pacific 1.82 2.02 1.33

	 aThe regions are as follows: Mountain—Arizona, Colorado, Idaho, Montana, Nevada, New 
Mexico, Utah, Wyoming; Northern Plains—Kansas, Nebraska, North Dakota, South Dakota; 
Southern Plains—Arkansas, Louisiana, Mississippi, Oklahoma, Texas; Central—Illinois, Indi-
ana, Iowa, Michigan, Minnesota, Missouri, Ohio, Wisconsin; Southeast—Alabama, Florida, 
Georgia, Kentucky, North Carolina, South Carolina, Tennessee, Virginia, West Virginia.
	 bThe entries in this table are national (48 state) and regional and national (48 state) es-
timates of multifactor productivity growth rates that account for changes in the use of 58 
categories of inputs in the periods examined: 32 categories of labor inputs, 12 categories of 
capital inputs (including 7 physical capital categories and 5 biological capital categories), 
3 land categories, and 11 material input categories.
SOURCE: Pardey et al., 2013b. Reprinted with permission from AGree.
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invested worldwide in both public-sector and private-sector agricultural 
R&D (Figure 2-1) (Pardey et al., 2014). The U.S. global share dropped to 
20.2% by 2009 as total public and private spending worldwide grew to just 
over $53 billion. The relative trends are similar for agricultural and food 
R&D performed by just the public sector—the U.S. global share decreased 
from 16.7% in 1980 to 13.4% in 2009, and the United States is now sec-
ond to China in public investment in agriculture and food R&D. The big 
gains were made by Brazil, India, and China (the so-called BIC countries), 
whose combined global share of publicly performed agriculture and food 
R&D increased from 16.2% in 1980 to 31.2% in 2009.

A continued reduction in the U.S. global share of publicly performed 
food and agricultural research is not a foregone conclusion, but the trends 
are heavily influenced by policy choices made by the United States and other 
countries. Over the last three decades, the BIC countries opted to sustain 
high rates of growth in public investment in agriculture and food R&D 
while the United States slowed its analogous rate of growth (Figure 2-2). 
The changes in global R&D investment shares are dramatic, and the differ-
ences in the growth in public R&D spending between the United States and 
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FIGURE 2-1  Agricultural and food R&D spending worldwide, 1980 and 2009. 
In the two left bars for public and private R&D, there is presently no information 
available on the breakout for BIC countries. BIC data are only available for public-
only R&D. BIC = Brazil, India, and China; PPP = purchasing-power parity; ROW 
= rest of world. 
SOURCE: Pardey et al., 2014.
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SOURCE: Dehmer and Pardey, 2014.
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the BIC countries are widening. During 1980–2009, real public spending 
in the BIC countries as a group increased by an average of 4.3% per year 
compared with 2.04% per year in the United States. Over the last decade, 
the BIC countries ramped up their rate of spending, increasing by 7.3% per 
year compared with 1.04% per year in the United States. The President’s 
Council of Advisors on Science and Technology stated in its report that 
“the waning public investment in agricultural research in the United States 
contributes significantly to the risk of losing its international leadership in 
agriculture” (PCAST, 2012, p. 5), particularly in contrast with the increasing 
investment by BIC countries. To maintain its global leadership in the agri-
culture and food sectors and maintain an edge in discovery and innovation, 
the United States needs to be cognizant of R&D trends in other countries. 

U.S. Public and Private Trends

In 2009, an estimated $9.6 billion (2005 prices) was spent on all food 
and agricultural R&D performed in the United States, a figure that reflects 
investment by both public and private entities (Figure 2-2a).7 That amount 
represented 2.9% of total spending on all R&D in the United States. The 
public sector performed about 40% of U.S. food and agricultural R&D 
compared with 22.1% of the total for all R&D, indicating a relatively 
larger public investment in food and agricultural R&D than in other R&D. 
Almost 32% of total food and agricultural R&D in 2009 was performed 
by universities and colleges compared with 14.8% of the total for all R&D. 
Similarly, 11.3% of food and agricultural R&D was performed in federal 
government research laboratories (such as intramural USDA research) com-
pared with 7.7% of the total for all R&D. The atomistic nature of most 
farm operations and the difficulties of appropriating the returns to many 
agricultural innovations (e.g., many new crop varieties are self-replicating, 
so farmers can save and reuse varietal innovations without paying for them 
repeatedly) suggest that market failures in farm technologies are more pro-
nounced than in other sectors, and this argues for a relatively greater public 
presence in agricultural R&D. 

Over the last 50 years, private spending has grown faster than public 
spending (Figure 2-2b), and the private sector now conducts a larger share 
of the food and agricultural R&D in the United States than the public sector 
(Figure 2-2a). However, the private sector has a different emphasis on R&D 
from the public sector, which reflects different incentives and opportunities 
for returns on investment. For example, in the United States, around 80% 
of private research is developmental or nearly commercial (see Table 4.3 in 
NSB, 2012), whereas 80-90% of the public sector’s research is foundational 

7 If forestry research is included, the corresponding 2009 total is $10.1 billion (2005 prices).
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or applied research that provides the intellectual building blocks for devel-
oping the innovations that underpin growth in the food and agricultural 
sectors (USDA-CRIS, 2010). Moreover, food, beverage, and tobacco re-
search conducted by companies—including Kraft, Kellogg, and Pepsico—is 
the largest category of private food and agricultural research in the United 
States, accounting for 36% of the 2009 total (Dehmer and Pardey, 2014). 
In contrast, the public sector accounted for just 23.6% of this research in 
2009 in the United States (Dehmer and Pardey, 2014). With 84.5% of the 
value of 2011 U.S. food sales accruing to post-farm activities (which means 
that there are prospects of substantial commercial rewards for innovation in 
this part of the food supply chain) and with market-failure arguments for 
public engagement in this field being less pronounced, that is to be expected 
(USDA-ERS, 2013). Agriculture and chemical research (which includes 
biological research intended to develop new crop varieties and innovations 
designed to develop new herbicides, pesticides, and veterinary medicines) 
accounts for the next-largest share of private research, followed by re-
search on new agricultural machinery and equipment (Dehmer and Pardey, 
2014).8 These trends are interesting to note and they raise questions about 
the relationship between public and private R&D investments (whether 
shrinking public R&D will lead to lower private R&D or the reverse) and 
whether the private sector will respond to decreasing U.S. public R&D by 
turning to the BIC countries for foundational research conducted outside 
the United States. 

As noted earlier, the growth in public spending on food and agricultural 
R&D has slowed over the last several decades, and in fact real spending 
has trended down since 2002 (to at least 2009, the last year for which 
data are available). Spending on cooperative extension increased since it 
was established in 1915 at an average of 6.7% per year; but from 1950 to 
1980, inflation-adjusted growth in extension spending slowed to 2.39% 
per year. During the period 1980–2006, real extension spending shrank by 
0.25% per year. 

Sources of Funding for Public Research

Public-sector food and agricultural R&D is conducted by scientists in 
SAES and associated universities and by scientists in federal USDA labora-
tories. Some U.S. government funding ($78.9 million in 2009) also supports 
agricultural R&D conducted by the international research centers that 

8 The Dehmer and Pardey (2014, in preparation) series spanning the period 1950–2009 is 
an entirely new compilation of U.S. private agriculture and food R&D spending. An earlier 
beta version of the series was reported by Alston et al. (2010). Fuglie et al. (2011) reported 
an alternative set of private-sector R&D estimates. 
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constitute the Consultative Group on International Agricultural Research. 
Of the $3.6 billion spent by state-affiliated institutions (the SAESs and 
other cooperating institutions) in 2009, 38.0% came from federal sources, 
38.3% from state governments, 8.2% from industry grants and contracts, 
and 15.5% from income earned from sales, royalties, and various other 
sources. Research conducted by USDA laboratories ($1.53 billion) was 
almost entirely funded by the federal government (96%). 

Historically, USDA has been the dominant federal government agency 
channeling funds to the SAESs. In 1975, USDA disbursed almost 74% of 
the federal funds that flowed to the SAESs (Figure 2-3). By 2009, that share 
had declined to 50% as funding from other federal agencies increased, 
including funding from the National Institutes of Health, the Environmen-
tal Protection Agency, the Department of Energy, and the National Sci-
ence Foundation. Notwithstanding the declining share of federal support 
from USDA, the growth in federal funding from non-USDA agencies has 
been such that total federal funding has grown as a share of total SAES 
funding—from 28.6% in 1975 to 39.9% in 2009 (see Figure 2-3). That di-
versification of funding reflects a significant erosion in the ability of USDA 
to influence the agriculture and food-system research agenda in SAESs and 
universities. As the funding from other agencies has grown, the priorities 

FIGURE 2-3  Roles of the federal government, including USDA, in funding SAES 
research, 1975–2009. NIFA = National Institute of Food and Agriculture. 
SOURCE: (Pardey et al., 2013b). Reprinted with permission from AGree. 
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of the research conducted have been increasingly determined by those of 
other funding agencies. 

With a decline in the share of SAES funding from USDA came a decline 
in the share of SAES funding administered by the National Institute of Food 
and Agriculture (NIFA; Figure 2-3). In 1975, NIFA funding—or specifi-
cally its precursor at that time within USDA (see Chapter 3)—accounted 
for 18.8% of total SAES funding. By 2009, the NIFA share had shrunk to 
15.6% of the SAES funding total. 

An additional implication of a steady decline in the USDA share of 
funding for research carried out by the SAESs and other research institu-
tions is that talented investigators will probably shift from research directly 
relevant to agriculture (supported by USDA) to research that is less so. That 
potentially results in a gradual decrease in talent, knowledge, and innova-
tion available to agriculture. With innovative agricultural researchers seek-
ing much of their funding from non-USDA agencies, it becomes likely that 
USDA is not fully leveraging cutting-edge scientific and technological ad-
vances that are relevant to agriculture. As a result, the United States might 
not be adequately prepared to face future challenges, because the knowl-
edge base needed to address them will have shrunk. Chapter 3 will address 
the special niche of the USDA Agriculture and Food Research Initiative in 
addressing the issue of R&D in agriculture and associated disciplines.

CONCLUSION

The agricultural and food sectors have served this country well, but 
given the changes in fiscal structures supporting them, it is unlikely that the 
rate of knowledge improvement and discovery through R&D has kept pace 
with increasing global competition and domestic needs for ensuring a safe, 
nutritious, and accessible food supply. The shrinking of public investment in 
U.S. agricultural R&D will probably slow innovation and slow the growth 
of the knowledge base necessary to meet evolving challenges presented by 
increasingly competitive global markets, increasing resource scarcity, grow-
ing environmental concerns (such as climate variability, water use, pollu-
tion), and the rapidly expanding food needs faced by the United States and 
thereby jeopardize the United States’ ability to maintain competitiveness in 
international agricultural and food markets. 
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FINDING

Finding 2-1: Research and development investments, targeted spe-
cifically toward agriculture and food issues, are critical for sustain-
ing innovation and for creating the knowledge base necessary to 
meet growing challenges of increasingly competitive global mar-
kets, and resource scarcity, growing environmental threats (such 
as climate variability, water use, pollution), and rapidly expanding 
food needs.
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3

Value of the AFRI Program

Numerous reports have laid out visions and goals for an agricultural 
research and development (R&D) program and addressed the strengths, 
weaknesses, and directions of U.S. agricultural R&D, extension, and educa-
tion programs over several decades (USDA-REE Task Force, 2004; PCAST, 
2012; NRC, 1989, 2000, 2003). Although those reports have addressed 
the aspirations for agricultural R&D programs, no reports have assessed 
what would be missing if focused publicly funded programs of agriculture 
and food R&D, extension, and education did not exist. Such a review and 
assessment would be beneficial for understanding the place of the U.S. De-
partment of Agriculture (USDA) Agriculture and Food Research Initiative 
(AFRI) in the research agenda of the United States and the incremental value 
of such a program. To address the value of AFRI, this chapter discusses the 
role of a competitively funded research, extension, and education program 
as a complement to other USDA programs funded via other mechanisms. 
It then explores AFRI in relation to the extramural research programs in 
other federal agencies. The chapter also describes the evolution of USDA’s 
flagship competitive grants program, discusses the aspirations for AFRI, 
and describes the scope and structure of and funding for the program and 
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how it addresses the Food, Conservation, and Energy Act of 2008 (referred 
to hereafter as the 2008 Farm Bill1).

The committee compares AFRI with other federally funded research 
programs to determine AFRI’s contributions to the federal science and 
technology portfolio, focusing on legislative intents and mandates of each 
program. In a review of the program, it was beyond the committee’s scope 
to provide corroborating evidence from the content of AFRI-funded proj-
ects or to determine AFRI’s success in attracting research proposals that 
other federal agencies do not support. Empirical analysis of that nature 
would require methods such as keyword or other searches of AFRI project 
populations or samples, which would then be compared with the popula-
tions or samples of projects in other selected funding programs. 

BRIEF HISTORY OF THE U.S. DEPARTMENT OF 
AGRICULTURE’S COMPETITIVE GRANT PROGRAMS

USDA has played a key role in supporting extramural research for 
agriculture since the passage of the Hatch Act in 1887, but its use of com-
petitive funding as a mechanism to support extramural research began 
more recently (see Figure 3-1). A peer-review competitive grants program 
was proposed as a means of moving a publicly funded agricultural research 
portfolio toward the more basic end of the R&D spectrum.2 A 1989 Na-
tional Research Council report stated that “there is ample justification for 
increased allocations for the [competitive] grants program to a level that 
would approximate 20 percent of the USDA’s research budget, at least one 
half of which would be for basic research related to agriculture” (NRC, 
1989, pp. 49–50). Those recommendations were partially implemented. For 

1 The Agriculture Adjustment Act of 1933 was enacted originally to ensure an adequate food 
supply by providing financial assistance to farmers and nutrition assistance to feed the hungry 
during the Great Depression. Since then, Congress has required that a “Farm Bill” be updated 
and passed every 5 years. The Farm Bill is an omnibus bill that sets national agriculture, nutri-
tion, conservation, and forestry policies, and authorizes annual expenditures for services and 
programs within the U.S. Department of Agriculture. Policies and funding for agricultural 
research, extension, and education are outlined in the Farm Bill, and the AFRI program was 
established by the 2008 Farm Bill.

2 Basic research is defined by the Office of Management and Budget (OMB) as “system-
atic study directed toward fuller knowledge or understanding of the fundamental aspects 
of phenomena and of observable facts without specific applications towards processes or 
products in mind.” Applied research is defined also by the OMB as “systematic study to 
gain knowledge or understanding necessary to determine the means by which a recognized 
and specific need may be met.” Development is defined by the OMB as “systematic applica-
tion of knowledge or understanding, directed toward the production of useful materials, 
devices, and systems or methods, including design, development, and improvement of pro-
totypes and new processes to meet specific requirements.” See http://www.nsf.gov/statistics/ 
randdef/fedgov.cfm. 
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example, the Competitive Research Grants Office (CRGO), the competi-
tive granting mechanism initiated by the Food and Agriculture Act of 1977 
(1977 Farm Bill), was established to support fundamental research, but 
grants awarded through CRGO represented only about 5% of total USDA 
research expenditures (see Table 3-1) (NRC, 1989; OTA, 1991). 

The committee that prepared the 1989 National Research Council 
report Investing in Research: A Proposal to Strengthen the Agricultural, 
Food, and Environmental System recognized the importance of agriculture 
to the U.S. economy and the critical role that research plays in ensuring 
access to an abundant and safe supply of food while maintaining and en-
hancing the natural-resource base used for agriculture. 

CRGO was replaced in 1990 by the National Research Initiative (NRI), 
which was charged with “funding research, education, and extension 

1977
Competitive 
Research 

Grants 
Office

1996
Fund for 

Rural 
America

1998
Initiative for 
Future Food 

and 
Agricultural 

Systems

2008
Agriculture 
and Food 
Research 
Initiative

1990
Competitive 
Research 

Grants 
Office

2002
Fund for 

Rural 
America + 

Initiative for 
Future 

Agricultural 
and Food 
Systems

2008
National 

Research 
Initiative

1990
National 

Research 
Initiative

Established by Public Law

Repealed by Public Law

FIGURE 3-1  Timeline of establishment and repeal of USDA competitive grant 
programs. 
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activities to address key problems of national and regional importance 
in biological, environmental, physical, and social sciences relevant to ag-
riculture, food, the environment, and communities on a peer-reviewed, 
competitive basis” (USDA-NIFA, 2009b). Congress authorized a total of 
$150 million for the NRI in FY 1991 with incremental increases up to $500 
million by FY 1995. Those authorized amounts were never reached in any 
given year. A total of $69.2 million was committed to successful grantees 
in 1991 and $165.8 in 2007, less than 35% of the authorized amount (and 
less than 9% of total USDA funding in 2007).3 

After its establishment, the NRI program was reviewed by the National 
Research Council two times, and that resulted in two reports: Investing in 
the National Research Initiative: An Update of the Competitive Grants 
Program of the U.S. Department of Agriculture (NRC, 1994) and National 
Research Initiative: A Vital Competitive Grants Program in Food, Fiber, 
and Natural Resources Research (NRC, 2000). Both reports reiterated the 
recommendation in the 1989 report to increase the NRI budget to $500 
million (or $550 million after adjusting for inflation) because of the role of 
the program in enabling producers to meet increasing food needs, provide 
safe foods of high nutritional quality that are affordable and accessible, and 
protect and enhance the natural-resource base on which U.S. agriculture 
relies. The 2000 report recommended that USDA increase its competitive 
grants support by $500 million annually on the premise that: “(1) The per-
vasive needs and problems require large amounts of new knowledge and 
technology for their resolution. (2) Agricultural research provides a high 
return on investment. (3) The agricultural research system, as presently 
funded, is unable to provide the necessary financial support for the quality, 
amount, and breadth of science and technology necessary to address the 
problems” (NRC, 2000, p. 5).

Competitive grant programs in addition to the NRI existed briefly. The 
Federal Agriculture Improvement and Reform Act of 1996 (P.L. 104-127) 
established the Fund for Rural America “to develop knowledge-based solu-
tions for rural economic development” (USDA-NIFA, 2001). One-third of 
the fund was designated for a competitive grants program, and one-third 
was for rural development projects. The other one-third of the fund could 
be used for either competitive research or rural development projects at 
the discretion of the Secretary of Agriculture. The Agricultural Research, 
Extension, and Education Reform Act of 1998 (P.L. 105-185) established 
the Initiative for Future Agricultural Food Systems (IFAFS) as a competi-
tive grants program for research, extension, and education to address a 

3 Here, the USDA funding total was estimated as the total of USDA intramural research 
spending and federal funding to USDA that is used to conduct research in the state agricultural 
experiment stations and other cooperating institutions. 
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number of critical emerging agricultural issues related to food production, 
environmental quality, natural-resource management, and farm income. 
The program gave high priority to proposals that were multistate, multi-
institutional, or multidisciplinary or proposals that integrated at least two 
of the three aspects of research, extension, and education. Both the Fund 
for Rural America and IFAFS were repealed in the 2002 Farm Bill (P.L. 
107-172). 

VISION FOR A COMPETITIVE GRANTS 
PROGRAM IN AGRICULTURE

The question arose of how a publicly funded competitive grants pro-
gram for research, extension, and education could best serve societal 
interests in the U.S. agriculture and food sectors. Two prominent groups—
the USDA Research, Education, and Economics (REE) Task Force and 
CREATE-21—addressed the question. The REE Task Force was appointed 
by the Secretary of the U.S. Department of Agriculture at the request of 
Congress (P.L. 107-171). It evaluated the merits of establishing one or 
more national institutes focused on disciplines important for the progress 
of agriculture and food science. A report titled National Institute for Food 
and Agriculture: A Proposal was submitted to the Secretary in July 2004 
(USDA-REE Task Force, 2004). The report identified several major scien-
tific, economic, and national security issues faced by the nation that could 
be addressed through an increased focus on competitive, extramural, and 
fundamental research. The major agricultural issues described by the task 
force are similar to the major societal challenges related to agriculture 
raised by numerous later reports (APLU, 2006; NRC, 2009; PCAST, 2012; 
White House, 2012; ASPB, 2013). Selected themes that permeate those 
reports are reflected in the challenges addressed in Chapter 1 of the present 
report and illustrate the continuing broad scope of food and agriculture 
issues. 

The REE Task Force report envisioned a strengthened and increased 
competitive grants program in USDA and new (as opposed to reallocated) 
funds to expand competitive, fundamental research but in a strengthened 
science-based culture in USDA. Such a culture was proposed to require an 
independent agency that would report directly to the Secretary of Agri-
culture and be roughly modeled after the structure of National Institutes 
of Health (NIH) competitive funding.4 The NIH model, with a director 
that reports to the Secretary for Health and Human Services, is based on 
priority-setting mechanisms that involve science-based councils that align 

4 NIH funding levels are significantly higher than USDA levels, with NIH receiving $30 bil-
lion for FY 2014 (NIH, 2014).
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research priorities with national needs; a rigorous, strong peer-review cul-
ture and practice; a strong tradition of scientific merit-based funding deci-
sions; consistency of review panels, funding expectations, staff support, and 
grants management over time; and funding of both direct project costs 
and full indirect costs on the basis of federally negotiated rates.

The CREATE-21 report also envisioned a strengthened competitive 
grants program in USDA. The Statement of Managers in the Conference 
Report to the 2008 Farm Bill most clearly states the goals articulated in 
the CREATE-21 report:

The Managers believe that NIFA [National Institute of Food and Agricul-
ture] will be commensurate in stature with other grant-making agencies 
across the Federal government, such as the National Institutes of Health 
and the National Science Foundation. The Managers intend for NIFA 
to be an independent, scientific, policy-setting agency for the food and 
agricultural sciences, which will reinvigorate our nation’s investment in 
agricultural research, extension, and education (APLU, 2006).

The CREATE-21 report, which openly supported the REE Task Force 
report, made the case for increased competitive funding, repair of and 
improvement in the infrastructure of universities and institutions that do 
agricultural research, and strengthening of the organizational structure of 
competitive formula-based and intramural research programs of USDA. 

OVERVIEW OF THE AGRICULTURE AND 
FOOD RESEARCH INITIATIVE

The 2008 Farm Bill (P.L. 110-234) constitutes the most recent con-
gressional attempt (as of the writing of this report) to allocate more of the 
federal funds for agricultural R&D by peer-reviewed competitive means. 
It established AFRI, which replaced the NRI. As authorized in the bill, 
NIFA was created and structured, at least in part, according to the recom-
mendations in the REE Task Force and CREATE-21 reports. However, the 
structure and implementation of NIFA and its competitive grants program, 
AFRI, differed markedly in many respects from those recommendations 
(Box 3-1).

Recognizing the historical commitment to and value of solving the 
problems of agriculture, a number of reports attempted to shift the or-
ganizational culture and structures to foster innovation. The REE Task 
Force report (2004) explicitly called for a “new culture” in USDA, and the 
CREATE 21 effort also envisioned a new organizational model. Neither 
was formally and explicitly established by Congress, but USDA’s imple-
mentation of NIFA and AFRI is an attempt to create such a scientific envi-
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ronment. The ownership of fundamental science associated with food and 
agriculture; its translation, extension, and dissemination; and the training 
of scientists by AFRI fit into that model. 

Scope of the AFRI Program

AFRI encompasses some elements of the NRI, the competitive funding 
component of the Fund for Rural America, and IFAFS (Table 3-2). The six 
priority areas to be addressed by AFRI, as specified in the 2008 Farm Bill, 
are similar to the NRI’s priority areas. They are

•	 Plant health and production and plant products.
•	 Animal health and production and animal products.
•	 Food safety, nutrition, and health.
•	 Renewable energy, natural resources, and environment.
•	 Agriculture systems and technology.
•	 Agriculture economics and rural communities.

BOX 3-1  
Recommendations by the Research, Education, 
and Economics Task Force of the USDA and the 

CREATE-21 That Were Not Implemented 

The Research, Education, and Economics (REE) Task Force of USDA made 
13 recommendations in response to the charge to evaluate the merits of estab-
lishing one or more national institutes focused on disciplines important for the 
progress of agriculture and food science. The CREATE-21 report supported many 
of those recommendations, but not all were adopted in the implementation of NIFA 
and AFRI. Some examples include the following. 

REPORTING
PROPOSAL: The formation of a National Institute for Food and Agriculture 

(NIFA) in USDA for the purpose of ensuring the technological superiority of Ameri-
can agriculture. The institute should report directly to the Secretary of Agriculture. 
It should be kept separate and managed differently from existing programs so that 
it can develop its own culture and establish its own methods of operation.

IMPLEMENTATION: The competitive, fundamental, extramural research 
program (AFRI) was placed with formula-funded research programs in NIFA. 
NIFA is not independent in USDA. The NIFA director reports to the Under
secretary of REE, who administers the Agricultural Research Service (ARS), the 
Economic Research Service (ERS), the National Agricultural Statistics Service 
(NASS), and NIFA.
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Program Areas

In its first year of operation, AFRI supported research, extension, and 
education in the six priority areas designated in the 2008 Farm Bill. In its 
second year, the approach to funding was restructured so that grant fund-
ing would be under two programs: either the foundational program or 
the challenge-area program. Each of these programs would delineate topic 
areas for investigation.

The foundational program supports research or integrated projects 
that contribute to knowledge that is critical for meeting current and future 
challenges in agriculture. Like the NRI, the AFRI foundational program is 
investigator-driven, and its program areas correspond with the six priority 
areas in the Farm Bill. 

The challenge-area program, as its name implies, is more mission ori-
ented and directs grants toward societal challenges “to discover solutions 
to major societal problems” in four areas—food, environment, energy, and 
health (USDA-NIFA, 2012). The approach was formulated after release of 

PROGRAM MISSION
PROPOSAL: The mission of the competitive grants program should be to 

supplement and enhance, not replace, the existing research programs of USDA.
IMPLEMENTATION: AFRI replaces the NRI and has a broader scope than 

the NRI (see Chapter 1).

BUDGET
PROPOSAL: The annual budget of the competitive grants program should 

build to $1 billion over a 5-year period.
IMPLEMENTATION: AFRI’s budget from 2008 to 2012 ranged from $202 

million to $264 million.

EXTERNAL ADVICE
PROPOSAL: Mechanisms should be put into place to ensure that the sci-

ence funded by the competitive grants program is of the highest scientific caliber 
and relevant to national needs and priorities. The mechanisms should include

—	 Committees of scientists who apply rigorous scientific merit review to all 
proposals. 

—	 A standing council of advisers to ensure the relevance and importance of 
the science that the competitive grants program funds.

IMPLEMENTATION: Although AFRI applies scientific merit review to all pro-
posals, it does not have an advisory council that serves as an interface between 
scientists and stakeholders and helps AFRI to link national priorities with realistic 
scientific opportunities (see Chapter 4 for detailed discussion).
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TABLE 3-2  Characteristics of Competitive Grants Programs in USDA

CRGO NRI Fund for Rural America IFAFS AFRI

Charge Supporting fundamental 
research in food and 
agriculture

Funding research, education, 
and extension activities 
to address key problems 
of national and regional 
importance in biological, 
environmental, physical, 
and social sciences relevant 
to agriculture, food, the 
environment, and communities 
on a peer-reviewed, competitive 
basis

Program partly for funding 
competitive research 
to develop knowledge-
based solutions for rural 
economic development

Funding research, 
extension, and education 
to address a number 
of critical emerging 
agricultural issues related 
to food production, 
environmental quality, 
natural-resource 
management, and farm 
income

Funding research, education, 
and extension grants and 
integrated research, extension, 
and education grants that 
address key problems of 
national, regional, and 
multistate importance in 
sustaining all components of 
agriculture, including farm 
efficiency and profitability, 
ranching, renewable energy, 
forestry (both urban and 
agroforestry), aquaculture, 
rural communities and 
entrepreneurship, human 
nutrition, food safety, 
biotechnology, and 
conventional breeding

Program areas •	 Plant sciences
•	 Pest science
•	 Animal sciences
•	 Biotechnology
•	 Human nutrition
•	 Wood science and forest 

biology

•	 Plant systems
•	 Animal systems
•	 Nutrition, food quality, 

and health
•	 Natural resources and the 

environment
•	 Engineering, products, and 

processes
•	 Markets, trade, and policy

•	 Increasing international 
competitiveness, 
efficiency, and farm 
profitability

•	 Reducing economic 
and health risks

•	 Conserving and 
enhancing natural 
resources

•	 Developing new 
crops, new crop uses, 
and new agricultural 
applications of 
biotechnology

•	 Enhancing animal 
agricultural resources

•	 Preserving plant and 
animal germplasm

•	 Increasing economic 
opportunities in 
farming and rural 
communities 

•	 Expanding locally 
owned value-added 
processing

•	 Agricultural genome
•	 Food safety, food 

technology, and human 
nutrition

•	 New and alternative 
uses and production 
of agricultural 
commodities and 
products

•	 Agricultural 
biotechnology

•	 Natural-resource 
management, including 
precision agriculture

•	 Farm efficiency and 
profitability, including 
the viability and 
competitiveness of 
small- and medium-size 
dairy, livestock, crop, 
and other commodity 
operations

•	 Plant health and 
production and plant 
products

•	 Animal health and 
production and animal 
products

•	 Food safety, nutrition, and 
health

•	 Renewable energy, 
natural resources, and 
environment

•	 Agriculture systems and 
technology

•	 Agriculture economics and 
rural communities

Years in operation 1977–1990 1991–2008 1997–2002 1999–2002 2009 to present

Number of awards per year 193–455 298–832 254–470
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TABLE 3-2  Characteristics of Competitive Grants Programs in USDA

CRGO NRI Fund for Rural America IFAFS AFRI

Charge Supporting fundamental 
research in food and 
agriculture

Funding research, education, 
and extension activities 
to address key problems 
of national and regional 
importance in biological, 
environmental, physical, 
and social sciences relevant 
to agriculture, food, the 
environment, and communities 
on a peer-reviewed, competitive 
basis

Program partly for funding 
competitive research 
to develop knowledge-
based solutions for rural 
economic development

Funding research, 
extension, and education 
to address a number 
of critical emerging 
agricultural issues related 
to food production, 
environmental quality, 
natural-resource 
management, and farm 
income

Funding research, education, 
and extension grants and 
integrated research, extension, 
and education grants that 
address key problems of 
national, regional, and 
multistate importance in 
sustaining all components of 
agriculture, including farm 
efficiency and profitability, 
ranching, renewable energy, 
forestry (both urban and 
agroforestry), aquaculture, 
rural communities and 
entrepreneurship, human 
nutrition, food safety, 
biotechnology, and 
conventional breeding

Program areas •	 Plant sciences
•	 Pest science
•	 Animal sciences
•	 Biotechnology
•	 Human nutrition
•	 Wood science and forest 

biology

•	 Plant systems
•	 Animal systems
•	 Nutrition, food quality, 

and health
•	 Natural resources and the 

environment
•	 Engineering, products, and 

processes
•	 Markets, trade, and policy

•	 Increasing international 
competitiveness, 
efficiency, and farm 
profitability

•	 Reducing economic 
and health risks

•	 Conserving and 
enhancing natural 
resources

•	 Developing new 
crops, new crop uses, 
and new agricultural 
applications of 
biotechnology

•	 Enhancing animal 
agricultural resources

•	 Preserving plant and 
animal germplasm

•	 Increasing economic 
opportunities in 
farming and rural 
communities 

•	 Expanding locally 
owned value-added 
processing

•	 Agricultural genome
•	 Food safety, food 

technology, and human 
nutrition

•	 New and alternative 
uses and production 
of agricultural 
commodities and 
products

•	 Agricultural 
biotechnology

•	 Natural-resource 
management, including 
precision agriculture

•	 Farm efficiency and 
profitability, including 
the viability and 
competitiveness of 
small- and medium-size 
dairy, livestock, crop, 
and other commodity 
operations

•	 Plant health and 
production and plant 
products

•	 Animal health and 
production and animal 
products

•	 Food safety, nutrition, and 
health

•	 Renewable energy, 
natural resources, and 
environment

•	 Agriculture systems and 
technology

•	 Agriculture economics and 
rural communities

Years in operation 1977–1990 1991–2008 1997–2002 1999–2002 2009 to present

Number of awards per year 193–455 298–832 254–470
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CRGO NRI Fund for Rural America IFAFS AFRI

Amount authorized $25–70 million $150–500 million $100 million $120 million $700 million

Amount appropriated $15–49 million $73–215 million $80 million $120 million $171–233 million (awarded)

Number of requests for 
applications (RFAs) per year

1 RFA 1 foundational RFA,  
1 fellowship RFA, and  
5 challenge-area RFAs

Fellowship programs Postdoctoral fellowships 
integrated into all program 
areas and compete against 
other projects

Predoctoral and postdoctoral 
fellowships solicited in a single 
RFA and compete against 
other fellowships only

Grant function Single-function research Single-function research and 
integrated projectsa

National, regional, or 
multistate program 
oriented primarily 
toward extension 
programs and education 
programs demonstrating 
and supporting the 
competitiveness of U.S. 
agriculture

Priority to multistate, 
multi-institutional, or 
multidisciplinary or 
proposals that integrate 
at least two of the three 
aspects of research, 
extension, and education

Single-function research, 
education, or extension; and 
integrated projects

Research solicitation Investigator-initiated Investigator-initiated Outcome-driven Outcome-driven and 
investigator-initiated

SOURCES: P.L. 95-113, 101-624, 104-127, 107-172, and 110-234; USDA Current Research 
Information System; InSTePP (2013). 

TABLE 3-2  Continued

the National Research Council report A New Biology for the 21st Century 
(referred to hereafter as the New Biology report; NRC, 2009). That report 
concluded that biological research had experienced many scientific and 
technological advances. The reintegration of subdisciplines in biology and 
the collaboration between biologists and scientists and engineers in other 
disciplines purposefully organized to address specific societal challenges 
could result in significant advances, perhaps in unexpected directions. An-
other National Research Council report, Toward Sustainable Agricultural 
Systems in the 21st Century, discussed the added value of an integrative, 
distinct, interdisciplinary approach to research in agriculture (NRC, 2010). 
It stated that “a holistic systems approach to research and development 
could identify opportunities for synergies and efficiencies that traditional 
disciplinary [sic] or production-focused research might miss” (NRC, 2010, 
p. 527).
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CRGO NRI Fund for Rural America IFAFS AFRI

Amount authorized $25–70 million $150–500 million $100 million $120 million $700 million

Amount appropriated $15–49 million $73–215 million $80 million $120 million $171–233 million (awarded)

Number of requests for 
applications (RFAs) per year

1 RFA 1 foundational RFA,  
1 fellowship RFA, and  
5 challenge-area RFAs

Fellowship programs Postdoctoral fellowships 
integrated into all program 
areas and compete against 
other projects

Predoctoral and postdoctoral 
fellowships solicited in a single 
RFA and compete against 
other fellowships only

Grant function Single-function research Single-function research and 
integrated projectsa

National, regional, or 
multistate program 
oriented primarily 
toward extension 
programs and education 
programs demonstrating 
and supporting the 
competitiveness of U.S. 
agriculture

Priority to multistate, 
multi-institutional, or 
multidisciplinary or 
proposals that integrate 
at least two of the three 
aspects of research, 
extension, and education

Single-function research, 
education, or extension; and 
integrated projects

Research solicitation Investigator-initiated Investigator-initiated Outcome-driven Outcome-driven and 
investigator-initiated

SOURCES: P.L. 95-113, 101-624, 104-127, 107-172, and 110-234; USDA Current Research 
Information System; InSTePP (2013). 

TABLE 3-2  Continued

According to the New Biology report, there are four goals within which 
an integrative approach could make a substantial contribution: 

•	 “Developing plants that could be sustainably produced for food in 
changing environments.” 

•	 “Understanding and maintaining ecosystem function and biodiver-
sity under rapidly changing conditions.” 

•	 “Developing sustainable sources of bioenergy and biofuel as an 
alternative to fossil fuels.” 

•	 “Understanding individual health.” 

NIFA integrated the four goals from the New Biology report and six 
priority areas from the 2008 Farm Bill, and transformed them into the fol-
lowing five challenge areas in AFRI’s requests for proposals (USDA-NIFA, 
2010):
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•	 Childhood-obesity prevention.
•	 Climate change.
•	 Global food security.
•	 Food safety.
•	 Sustainable bioenergy.

Each of the areas addresses a challenge at the systems level and is related to 
at least one priority area in the 2008 Farm Bill (USDA-NIFA, 2013b). For 
example, childhood-obesity prevention is related to nutrition and health, 
climate variability affects plant and animal production, global food security 
is closely tied to plant and animal health and production, and sustainable 
bioenergy is related to production and markets for biomass production for 
renewable energy. The challenge-area program aims to accelerate problem-
solving in some focused areas by facilitating multidisciplinary research and 
integration of research, education, and extension. 

In addition to the foundational program’s request for application (RFA) 
and the five challenge-area RFAs, AFRI promoted a NIFA fellowship pro-
gram RFA for the first time in 2010. The program offers predoctoral and 
postdoctoral fellowships.

Grant Types

Under the two program areas (foundational and challenge-area), there 
are five types of grants:

•	 Standard project grant. 
•	 Coordinated agricultural project (CAP) grant.
•	 Planning and coordination grant.
•	 Conference grant.
•	 Food and agricultural science enhancement (FASE) grant.

The standard project grant and conference grant are the same as those 
in the NRI. The NRI funded CAPs but awarded fewer CAPs and awarded 
them over a shorter duration than AFRI. The FASE grants are similar to 
the NRI’s enhancement award. AFRI responds to sections of the 2008 Farm 
Bill (Appendix C) by providing such strengthening grants as sabbatical 
grants, equipment grants, and seed grants and fellowships to outstanding 
predoctoral and postdoctoral candidates. The strengthening grants of the 
NRI and AFRI are limited to small and middle-size or minority-serving 
degree-granting institutions that previously had limited institutional success 
in receiving federal funds. In accordance with the 2008 Farm Bill, AFRI 
also provides strengthening grants to State Agricultural Experiment Stations 
(SAESs) or degree-granting institutions that are eligible for USDA Experi-
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mental Program for Stimulating Competitive Research (EPSCoR) funding 
and are eligible for reserved strengthening funds for research, education, 
extension, and integrated project grants. Each year, NIFA determines the 
states that are eligible for EPSCoR funding on the basis of their funding 
levels. The EPSCoR states have a funding level no higher than the 38th 
percentile of all states on the basis of a 3-year rolling average of AFRI, 
excluding FASE strengthening grants given to EPSCoR states and to small, 
middle-size, and minority-serving degree-granting institutions.

Projects funded within each grant type could be categorized as single-
function research, single-function education, single-function extension, or 
integrated. Integrated projects would address a least two of the three func-
tions. (See Appendix F for the different grant types and project functions 
funded in each program from 2009 to 2013.)

NIFA partners with other federal agencies for other programs that are 
announced in separate RFAs. Such partnerships have included research in 
biomedicine and agriculture using domestic animals jointly with NIH, plant 
genomics for bioenergy with the Department of Energy (DOE), and water 
sustainability and climate change with the National Science Foundation 
(NSF). Each of the partnerships is unique and is conducted through ad hoc 
grants-management arrangements. The agency partnerships offer a way 
for NIFA and USDA in general to use the AFRI program to leverage their 
interests with other resources.

Funding Over Time

Although the 2008 Farm Bill authorized $700 million to be appropri-
ated for each of the fiscal years 2008–2012 to carry out AFRI’s sponsored 
programs, appropriated funding has not reached that level since AFRI’s 
inception (Figure 3-2). The total awards made each year have varied from 
about $171 million to about $233 million. Although the total amounts 
awarded by AFRI were similar or slightly higher than those awarded by 
the NRI (Figure 3-2), AFRI’s mandate includes some elements of IFAFS and 
Fund for Rural America programs and has a broader scope than the NRI’s 
(Table 3-2). Despite the broader scope, AFRI has made fewer and larger 
awards annually than the NRI did (Figure 3-3). The number of proposals 
submitted and the number of awards made have been declining since 2003 
(Figure 3-3). 

Although AFRI’s research mandate is broader than those of the CRGO 
and the NRI, AFRI’s appropriated budget has not been commensurate with 
its expanded mandate. The program budget grew from $14.5 million when 
CRGO was formed in 1979 to $73 million when CRGO was replaced by 
NRI in 1991 and has grown to $190 million since the NRI was replaced 
by AFRI. However, the numbers of proposals submitted and awards made 
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have decreased in the last 10–12 years (see Figures 3-3 and 3-4). Moreover, 
although the nominal amount of funding grew by an average of 8.7% per 
year from 1980 to 2007, after adjustment for the increased cost of agri-
cultural R&D it grew annually in real terms by only 4.2% per year over 
the period. 

ROLE OF COMPETITIVE U.S. DEPARTMENT OF AGRICULTURE  
GRANTS FOR RESEARCH, EDUCATION, AND EXTENSION

In reviewing the various reports from 2004 to 2013 that described 
grand challenges in food and agriculture (USDA-REE Task Force, 2004; 
APLU, 2006; NRC, 2009; CAST, 2010; PCAST, 2012; GAO, 2013), the 
committee noted that the reports took for granted the appropriateness for 
one specific agency to take the lead in agriculture and food for fundamental, 
translational, and application science as well as extension or outreach and 
educational training of future scientists and leaders in academe, industry, 
and rural communities. USDA is the only agency that has the express 
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FIGURE 3-2  Total amounts requested from investigators and awarded by the NRI 
and AFRI, in nominal (inflation-unadjusted) terms. 
SOURCES: USDA-CSREES, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008; 
USDA-NIFA, 2009a, 2011. 
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mission in agriculture, food, and natural resources, and goals to conduct 
research (from fundamental science to practical application), outreach, and 
training to meet that mission. Under the leadership of the Undersecretary 
for Research, Education, and Economics (REE), NIFA funds extramural 
research, extension, and education, and ARS conducts intramural research.5 

The competitive grant is the predominant form of public-sector re-
search support in many health and basic science and engineering grants 
programs6 where the application of research results is not constrained by 
geographic factors. Historically, competitive grants have been less com-
mon for agricultural research in the United States and in other countries. 
Public-sector agricultural research has often been geographically specific 
for agronomic or other reasons, and this may account for the development 
of funding and priority-setting processes that are responsive to various 

5 Other agencies that report to the Undersecretary for REE are ERS and NASS. ERS con-
ducts intramural research on economics and social science, and NASS focuses on agricultural 
statistics. 

6 For example, NIH allocated 85% of its 2013 R&D funds competitively, and NSF, 100%.
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FIGURE 3-3  Numbers of proposals submitted to and awards made by the NRI 
and AFRI. 
SOURCES: USDA-CSREES, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008; 
USDA-NIFA, 2009a, 2011.
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locational and economic conditions and concerns rather than to strictly 
scientific problem-based research foci (Schultz, 1971; NRC, 1994; Shields, 
2012). While the locational and geographic constraints on applications 
of agricultural research still exist, much of the fundamental research that 
underpins today’s scientific advances in food and agriculture is not so 
constrained. Modern, successful plant genetics and breeding programs, for 
example, integrate molecular techniques with classical breeding methodolo-
gies. While the classical breeding and phenotypic evaluations may be loca-
tion constrained, the underlying advances in the molecular research is not 
so constrained and is especially well suited to competitive funding processes 
where the funding decisions are based solely on the project’s likelihood of 
yielding the greatest scientific knowledge. 

The competitive grant is an appropriate mechanism for revealing and 
funding new research opportunities that add to the pool of basic and applied 
knowledge and that strengthen disciplines, generate broadly applicable tech-
nologies (including those with applications across geographic boundaries, 
e.g., across states), and effectively address national and regional priorities. 
The advantages of competitive grants include (NRC, 1989, 1994, 2000; 
USDA-REE Task Force, 2004) 

FIGURE 3-4  Competitive funding for U.S. agricultural research, 1979–2007. Note: 
Total awarded competitive grants were adjusted to 2005 prices by the using agricul-
tural R&D price deflator developed by InSTePP (2013). SOURCE: InSTePP (2013) 
compilation based on unpublished USDA files.
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•	 Flexibility in changing the focus of a research program on the basis 
of scientific opportunities and societal priorities.

•	 The potential to attract the best talent through open competition.
•	 Selection of the best among diverse ideas and approaches proposed. 
•	 Through professional and peer review, potential to ensure that 

research resources flow in the directions that have the greatest expected 
payoff.

•	 The capacity to balance and complement other research resources 
and programs. 

Possible disadvantages include (Azoulay et al., 2011; Ness, 2012)

•	 Conducting requests for proposals and peer review is time-consum-
ing and expensive. 

•	 The competitive process for awarding grants adds an element of 
uncertainty compared with other types of funding arrangements.

•	 The short duration of grant cycles (up to 5 years) does not provide 
support for research and related activities that require long-term effort, 
perhaps for decades.

•	 It may be inappropriate to have competitive funding of SAES re-
search that is supported primarily by core formula and state funding.

•	 The peer-review system might discourage risky research.

Agencies have developed different ways to optimize the competitive 
grants mechanism for supporting extramural, investigator-initiated research. 
NSF focuses on basic research, which it defines as “systematic study toward 
fuller knowledge or understanding of the fundamental aspects of phenom-
ena and of observable facts without specific applications towards processes 
or products in mind” (NSF, 2014). Given NSF’s focus, the advantages of 
the competitive process make it an appropriate grant-making mechanism 
for that agency. NSF also supports grants for long-term projects, such as 
observing systems7 and Long-Term Ecological Research.8 NIH conducts 
intramural and extramural programs of research. The extramural program 
takes advantage of investigator-driven research to continuously encourage 
innovations and expand the knowledge base in biomedical sciences. The 
intramural program conducts basic, translational, and clinical research and 
provides opportunities for long-term and high-impact research that are less 
likely to be funded via a competitive mechanism. 

Similar to NIH, USDA also has intramural (ARS) and extramural 

7 See, for example, http://oceanobservatories.org/ and http://www.neoninc.org/.
8 See, for example, http://www.lternet.edu/.
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(NIFA) programs. NIFA’s flagship competitive grants program9 is AFRI. 
Both ARS and NIFA support research along the fundamental-to-applied 
spectrum in part because fundamental research and applied research are 
on a continuum in which there is not always a clear distinction between 
the two types. As is the case with NIH intramural programs, ARS sup-
ports long-term and high-risk projects that are not amenable to competi-
tive grant cycles. They include support of long-term agricultural research 
sites,10 animal and plant germplasm repositories, facilities for sequencing 
relevant pathogens (such as avian influenza11), and critical community data 
resources (such as Gramene: A Resource for Comparative Grass Genom-
ics12 and the Maize Genetics and Genomics Database13). The intramural 
research program also conducts research to support USDA’s regulatory 
functions and is designed to mobilize resources more quickly than a com-
petitive grant program to conduct research for emergency responses (e.g., 
responses to avian influenza).

In addition to competitive grants, NIFA provides support for research, 
extension, and education activities at land-grant and other cooperating 
institutions through grants to these institutions on the basis of a formula 
designated by legislation.14 Formula grants provide support for capacity 
and infrastructure in each state through cooperative agreements with state 
experimental stations. The grants have multiple uses, including support for

•	 Experiment-station infrastructure.
•	 Scientist salaries that maintain subject-area capacity.
•	 Long-term maintenance research, such as research in plant breed-

ing for insect and disease resistance.
•	 Local site-specific issues that demand rapid response.
•	 Startup funds for new researchers.
•	 Bridging funds between external grant support.
•	 The conduct of research and extension activities by experiment 

station–supported faculty and staff. 

9 In addition to AFRI, NIFA funds competitive grant programs for specific targets, for exam-
ple, the Small Business Innovation Research Program and Specialty Crop Research Initiative. 

10 Available online: http://www.ars.usda.gov/Research/docs.htm?docid=21984. Accessed De-
cember 23, 2013.

11 Available online: http://www.ars.usda.gov/is/pr/2008/080530.htm. Accessed December 
23, 2013.

12 Available online: http://www.gramene.org/. Accessed December 23, 2013.
13 Available online: http://www.maizegdb.org/. Accessed December 23, 2013.
14 Formula grants for food and agriculture were created under the Hatch Act of 1887, the 

Smith-Lever Act of 1914, the McIntire-Stennis Act of 1962, and the Evans-Allen Program 
under the National Agricultural Research, Extension, and Teaching Policy Act of 1977.
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Once funds are disbursed to the SAESs, decisions on how to allocate 
them are made at the local level by directors of SAESs and Cooperative 
Extension Services, subject to the constraints identified in the federal acts 
by which the funds are made available (GAO, 2013). Because of the de-
centralized structure of formula grants, research stemming from formula 
grants tends to address issues in food and agriculture that are targeted to 
local or regional priorities.

Agriculture is a biological production process, so it is especially sensi-
tive to local agroecological (e.g., soil, climate) realities. That gives rise to 
the requirement that at least some aspects of agricultural R&D be geo-
graphically oriented and thus provides a rationale for disbursing extramural 
USDA funds via formula grants and other means for research conducted 
at the state or regional level (NRC, 1994; Franz, 2007; Shields, 2012). Re-
search funded by AFRI is not intended to compete with formula funding 
or with intramural research done within ARS, and the national program 
leaders of NIFA manage both AFRI and formula grants. Each funding 
mechanism is intended for different purposes. AFRI is intended to sup-
port competitively peer-reviewed science to address priorities in food and 
agriculture that are of national and multistate importance and to diversify 
institutions that participate in research, extension, and education beyond 
land-grant universities and experiment stations. 

In 2013, the Government Accountability Office (GAO) was “asked 
to assess how [ARS and NIFA] ensure the efficient use of their resources 
for research” and concluded that there was little evidence of duplicative 
projects between external NIFA grants through AFRI and ARS (GAO, 
2013). Although the research focus in NIFA and ARS had overlapping 
topical themes, each agency has developed safeguards that use the Current 
Research Information System (CRIS) to help to prevent funding duplica-
tive projects. However, GAO noted opportunities for improvement in the 
comprehensiveness of the CRIS reported by ARS, the scope of CRIS reviews 
by NIFA (AFRI is within the scope, but other NIFA programs are not), and 
the user friendliness of CRIS. USDA is incorporating the VIVO15 system to 
improve its data management and contribute to Science and Technology for 
America’s Reinvestment: Measuring the Effect of Research on Innovation, 
Competitiveness and Science (STAR METRICS; NIH, 2013). 

15 “An open source semantic web platform that enables the discovery of research and schol-
arship across disciplinary and administrative boundaries through interlinked profiles of people 
and other research-related information” (Börner et al., 2012).
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OTHER AGENCIES’ COMPETITIVE GRANTS 
PROGRAMS RELATED TO AGRICULTURE

Other agencies fund some competitive research relevant to food and 
agriculture, but to the extent to which these programs overlap, the re-
search that they fund appears complementary rather than duplicative and 
inappropriate (Table 3-3). In areas relevant to agriculture, NSF supports 
basic research in plant and animal sciences, engineering, and education 
(NSF, 2011). In addition to core programs in the Directorate for Biological 
Sciences, specific programs such as Basic Research to Enable Agricultural 
Development (BREAD), Surpassing Evolution: Transformative Approaches 
to Enhance the Efficiency of Photosynthesis, and Nitrogen: Improving on 
Nature (NITROGEN), support fundamental research in support of global 
food production. NSF has played a key leadership role in the multiagency 
Plant Genome Research Program that was initiated in 1998 as part of the 
National Plant Genome Initiative. 

Some of the core NIH extramural funding programs in nutrition, obe-
sity, and genetics in humans and animal models may fund projects con-
ducted by agricultural researchers addressing important issues relevant to 
food and agriculture, but the mission focus of the agency is human health 
(NIH, 2011). For example, NIH supports research on poultry, but the 
focus is on poultry’s role as model organisms for biomedical research. Fun-
damental knowledge gleaned from research supported by the Ecology and 
Evolution of Infectious Diseases Initiative, cosponsored by NIH and NSF, 
may have relevance to infectious disease in agricultural animals.

Given its interest in supporting research in alternative and renewable 
sources of energy, it is not surprising that DOE has supported research in 
bioenergy, plant feedstock, biomass genomics, related technologies, and 
relevant ecosystems (DOE, 2013a,b). Since 2006, DOE and USDA have 
worked together to support fundamental research that would lead to large 
quantities of high-quality biomass, most recently through the joint Bio-
mass Research and Development Initiative (BRDi, 2013). DOE focuses on 
the technologies for conversion of biomass to fuels and on characteristics 
of biomass that could enhance conversion. USDA supports research on 
increasing the on-farm productivity of biomass intended for energy uses. 

The mission of the U.S. Environmental Protection Agency (EPA) is to 
protect human health and the environment (AAAS, 2013). EPA is actively 
engaged in funding research conducted at the SAESs related to the regula-
tion of bioengineered crops and agricultural chemicals and issues concern-
ing resistance management in crops. There has been collaboration between 
the USDA and EPA in the area of nanotechnology grants with a significant 
focus on the environment. 

The National Aeronautics and Space Administration (NASA) has sup-
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ported research on the agricultural impact of natural and human-induced 
changes in the water and energy cycle, the effects of agriculture on the carbon 
cycle, and agricultural land-use and land-cover changes. Extramural research 
topics relevant to agriculture include earth science research, land-cover and 
land-use changes, and carbon cycle and ecosystems (NASA, 2013). 

Of all the federal agency grants programs, AFRI is the only one that 
focuses exclusively on food and agriculture and its components, including 
agricultural plant and animal systems; human nutrition; such natural re-
sources as aquaculture and forestry; environmental issues associated with 
agricultural ecosystems and engineering associated with these topics; rural 
economies, markets, trade, and policy; and families, youth, and communi-
ties. The Council for Agricultural Science and Technology report notes that 
USDA expends about $3.1 billion on intramural and extramural research, 
whereas the other federal agencies spend only about $700 million on ag-
ricultural, food, and natural-resource R&D; and that competitive grants 
from AFRI have a focus on the mission of the food system (CAST, 2010). 
Thus, it is likely that much investigator-driven research directly relevant to 
the high-priority topics of national interest in food and agriculture would 
be missing if AFRI did not exist. Furthermore, integration of research with 
extension and education is found only in AFRI and USDA. 

The 2009 New Biology report recognized a major point of inflection in 
biological research. It called for more collaboration among agencies because 
integration among biology disciplines and with other science and engineer-
ing disciplines would permit a deeper understanding of biology and would 
lead to new insights through that tackling of issues from different disciplin-
ary perspectives (NRC, 2009). Achieving such integration requires “deep 
knowledge in one discipline and basic ‘fluency’ in several” (NRC, 2009, 
p. 20); this concept parallels the strengths of agricultural scientists. For 
example, plant scientists that specialize in plant breeding need to be famil-
iar with plant diseases, insect pests, soil microbiology, agronomy, and the 
food attributes of plants. The ecosystem model of agricultural production 
requires depths of strength and diversity of scientific connectivity and an 
appropriate agency to support them.

The report also noted that “solving practical problems will require, 
and in turn lead to, advances in fundamental understanding” (NRC, 2009, 
p. 15). That parallels the value of an organizational unit responsible for all 
elements of the R&D process from problem identification to fundamental 
research. Such breadth of scope promotes an increased understanding of 
the underlying principles, which enables these to be translated into applica-
tions or practices for farmers, growers, and ranchers who implement the 
applications and practices, and also provides an opportunity for researchers 
to receive feedback. The pace at which discoveries are made and the ap-
plication of practical solutions in agricultural fields could be expected to 
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be drastically reduced without a program, such as AFRI, that works with 
stakeholders in prioritizing problems, solicits proposals for research to 
address challenges in agriculture, identifies the best approach among the 
multiples suggested by a diverse group of investigators from different types 
of institutions, and funds the research. A President’s Council of Advisors 
on Science and Technology (PCAST) study (PCAST, 2012) argued for an in-
novation ecosystem and a rebalancing of funding to meet societal priorities. 
It recommended a major investment in NSF for basic science relevant to 
agriculture, but more important, it strongly supported the role of AFRI in 
responding to global food, water, and agricultural challenges. An example 
of NSF funding of basic research that would be beneficial to agriculture is 
its funding of photosynthesis research. Yet for such basic research to be 
translated and applied to plant crops requires a different emphasis that in-
tegrates fundamental research, translation, extension, and education of the 
next generation of scientists, which is central to AFRI. Collaboration and 
cooperation across agencies is a key message of the PCAST report.

Table 3-3 shows that there have been cooperative approaches among 
agencies at the nexus of their mission interests. The multiagency Plant 
Genome Research Program, the Biomass Research and Development Initia-
tive cosponsored by USDA and DOE, and the interagency efforts between 
USDA and NIH to fund the sequencing of several major livestock genomes 
are examples of successful collaborative approaches. USDA continuously 
seeks opportunities for partnering with the other mission agencies whereby 
joint competitive grants programs can advance agricultural research 
(USDA-NIFA, 2013a). Such joint programs do not fund inappropriate du-
plicative work but rather complementary efforts that involve independent 
approaches or overall strategies to confirm, overturn, or extend particular 
research findings (IOM, 1991). 

For various reasons, the private sector is unlikely to conduct research 
relevant to many of the challenges mentioned in Chapter 1 and covered 
more extensively in other reports (NRC, 1989, 2000, 2003; USDA-REE 
Task Force, 2004; PCAST, 2012). First, it often cannot recover its invest-
ment in public goods, such as clean air and water or reduction in soil 
erosion. Second, minor crops, alternative cropping systems, and diverse 
ecosystem modeling may constitute too small a market for profit making 
or be too complex to determine the pricing of improvements. Third, issues 
of domestic and international marketing, policies for trade, and community 
and rural development are not likely to have high priority in the private 
sector. Fourth, although some of the new knowledge arising from R&D 
investments in nutrition, diet, and health can yield substantial public-health 
benefits, it might be difficult for the private sector to reap sufficient benefits 
by way of new food or health-related products and processes. 
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CONCLUSIONS

Many independent reviews conducted since the 1970s have recognized 
the important role of a competitive grants program for funding research 
that addresses national priorities in agriculture and food. They have empha-
sized a serious mismatch between the resources allocated to the USDA com-
petitive grants programs and the scope of issues that the funding mechanism 
is mandated to address. Recognizing the important role of research, exten-
sion, and education in addressing agriculture and food priorities, Congress 
established AFRI with an authorized annual budget of $700 million. The 
six priority areas outlined in the 2008 Farm Bill remain highly relevant to 
contemporary challenges facing agriculture. Despite the expansion of its 
scope relative to that of its predecessors (the NRI and CRGO), AFRI’s ap-
propriated budget has been about one-third of authorized levels since its 
inception. Compared with the NRI, there has been a modest increase in 
resources, yet AFRI has the more ambitious mandate of addressing agri-
cultural issues through research, extension, and education while integrating 
multiple disciplines, and this has strained the program.

AFRI funds extramural research that complements ARS’s intramural 
research, with the latter supporting long-term, high-risk or high-priority 
projects that are not amenable to short-term competitive grant cycles. The 
national scope of AFRI’s projects also complements the local and regional 
scope and capacity-sustaining purpose of formula grants. If AFRI did not 
exist, other federal research funding agencies could not accomplish its mis-
sions, and it is highly unlikely that the private sector would fill the gap. 

A comparison of agency mission statements (in Table 3-3) makes it 
clear that other agencies address some research relevant to agriculture, and 
cooperative and collaborative cross-agency efforts reduce the likelihood of 
wasteful duplication. AFRI uses interagency partnerships or joint calls for 
proposals with other federal agencies to leverage available resources and 
to ensure complementarity rather than duplication in research funded by 
partner agencies. The committee finds that such multiagency cooperation 
and collaboration are critical for leveraging the scientific community’s 
multidisciplinarity and drawing in new scientists to solve foundational and 
more mission-oriented problems faced by the agricultural and food sectors. 
Development of formal interagency mechanisms that focus on challenges 
for food and agriculture within the greater bioeconomy would be appropri-
ate for further leveraging and strategic coordination of the federal portfolio 
in this critically important sector of science and application. It is worth 
noting that different federal agencies are overseen by different congressional 
committees, and any broad strategy for leveraging and coordinating agen-
cies’ efforts in agricultural research would need support of those congres-
sional committees. 
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Ultimately, AFRI’s mission, the societal problems that it addresses, 
and the communities that it represents are not niches but fundamental 
elements of the U.S. and global economy. Without AFRI or its equivalent, 
there would be a major gap in the U.S. research, extension, and education 
portfolio. Past performance of the food and agricultural public sectors indi-
cates that results of research, education, and extension supported by AFRI 
drive the bioeconomy forward, strengthen and enhance the food system, 
contribute to global economic development, and improve nutrition and the 
environment. 

As previously mentioned, the committee’s observations are based on 
the legislative and administrative language used in the inauguration and 
management of the research programs examined. Examining how well 
those legislatively prescribed goals in the funded topics have been realized 
would require project-level analysis that was beyond the committee’s scope 
and resources, but such an examination would be highly desirable.
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FINDINGS

Finding 3-1: Without the AFRI program or its equivalent, there 
would be a major gap in the U.S. research, extension, and educa-
tion portfolio. 

Finding 3-2: Even though the dollar amount for the AFRI program 
has remained constant, the number of proposals submitted and the 
number of awards made have declined.

Finding 3-3: Interagency leveraging of resources in agriculture 
and food could be more strategic, more robust, and better co-
ordinated across federal agencies.
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4

A Quantitative Assessment of Project 
Input-Output Relationships in the 

Agriculture and Food Research Initiative 

The ultimate value of research, extension, and education activities is 
best assessed in terms of important outcomes such as technical improve-
ments, productivity growth, material and social welfare, and individual 
and population health. Those outcomes are sensitive to program policy 
and design, including the mix of activities—fundamental or transformative1 
research, applied or translational research,2 training, product development, 
and societal implementation of knowledge gained in service of desired out-
comes. In particular, one can ask whether the U.S. Department of Agricul-
ture (USDA) Agriculture and Food Research Initiative (AFRI)’s fundamental 
(knowledge or discovery) projects achieve the following outcomes: 

•	 Support new research that would not otherwise have been done. 
•	 Address an important problem. 
•	 Involve leading scientists. 

1 A transformative approach to research and extension would “apply a systems perspective 
to agricultural research to identify and understand the significance of the linkages between 
farming components and how their interconnectedness and interactions with the environment 
make systems robust and resilient over time.” “Transformative changes include the develop-
ment of new farming systems that represent a dramatic departure from the dominant systems 
of present-day American agriculture and capitalize on synergies and efficiencies associated with 
complex natural systems and broader social and economic forces using integrative approaches 
to research and extension at both the farm and landscape levels” (NRC, 2010, p. 2).

2 Translational research, a term used in biomedical sciences, could also be applied to agricul-
ture. There are two kinds of translation: the process of applying discoveries generated in the 
laboratory to the field, which leads to testing by producers, and the translation of research to 
enhance the adoption of best practices in the community.
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•	 Serve as a catalyst for other research. 
•	 Yield transformative insight.

Similarly, one could ask whether AFRI applied projects 

•	 Direct financial support toward new products or activities that 
would not otherwise have been feasible. 

•	 Address important problems. 
•	 Involve key sectors of agriculture, food, or natural resources. 
•	 Serve as a catalyst for other applied research. 
•	 Yield a transformative product.

AFRI’s short history does not allow a comprehensive outcome assess-
ment, because product development, changes in program activities, and the 
overall societal consequences of fundamental or applied-cum-translational 
research typically take more than 5 years and could take decades to ma-
terialize (Alston et al., 1995). Therefore, the assessment in this chapter is 
confined to the more immediate task of assessing AFRI’s effectiveness in 
terms of the relationships between AFRI program inputs (or costs) and such 
program outputs that can now be readily measured, including the number 
of publications produced, presentations delivered, and students and post-
doctoral fellows trained. It is necessary, although not sufficient, to know 
those outputs if one is to assess the wider technical, economic, and social 
effects just listed. Such a study can be conducted only in the future when 
sufficient time has elapsed to permit observing and addressing the questions 
about outcomes listed above. Thus, early inferences related to AFRI’s value 
are useful not just in their own right but in identifying relationships that 
merit careful continuing scrutiny.

CHANGES IN STATISTICAL PROFILES OF NATIONAL 
RESEARCH INITIATIVE AND AGRICULTURE AND 

FOOD RESEARCH INITIATIVE PROJECTS

It is useful first to examine how project-level sample means of impor-
tant outputs and policies have changed, beginning with the late USDA 
National Research Initiative (NRI) period and proceeding through AFRI 
2012.3 This brief history of the National Institute of Food and Agriculture 
(NIFA) competitive grants program is divided into three phases: 

3 To conduct this exploratory analysis, we used a compilation of competitive grant-specific 
information for each of the years 2008–2012 supplied by USDA NIFA.
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•	 The final year (2008) of the NRI program. 
•	 AFRI’s first 2 years (2009–2010). 
•	 AFRI’s second 2 years (2011–2012). 

This last period (AFRI 2011–2012) marked the initiation of challenge-
area grants, an important scaling-up of the Coordinated Agricultural Proj-
ect (CAP) program, and corresponding changes in how project subject areas 
were categorized. It therefore merits attention separately from the period 
(AFRI 2009–2010) that characterized the transition from the NRI to the 
AFRI program.

Profiles of Average Projects

A complete profile of both means and standard deviations of all three 
phases can be found in Tables G-1 through G-3 in Appendix G. For the 
purposes of this discussion, we concentrate on selected variables that either 
have changed noticeably or are interesting because of their relative stability 
(Table 4-1).

A crucial development in 2011–2012 was the rise in average budget 
size—a near tripling from the $439,000 in 2009–2010 to $1,119,555 in 
2011–2012. That dramatic increase was due to the increase in the number 
and size of CAP grants, especially those of $10 million or more. That rise 
led to a prominent positive skew in the distribution of award sizes, which 
distorted the mean’s significance. An examination of median award sizes, 
which are much less sensitive to skew, confirms that point. In NRI 2008, 
the median budget ($375,000) was nearly as high as the mean ($391,850). 
In AFRI 2009–2010, the median remained at $375,000 even as the mean 
rose to $439,395. In AFRI 2011–2012, the median rose by only 29% to 
$484,000, but the mean nearly tripled to $1,197,980.

The increase in budget size was accompanied by a lengthening mean 
project duration, from NRI’s 32 months to 42 months in AFRI 2009–2010 
and 38 months in AFRI 2011–2012. There was also a steady rise from 2.9 
to 4.3 in the mean number of principal investigators, reflecting an emphasis 
shift toward multi-institution, multidisciplinary projects. Turning to project 
composition, the mean percentage of a project that was basic research fell 
from 61.5% in NRI 2008 to 54.8% in AFRI 2011–2012; this was accompa-
nied by rising extension or education components from 6.3% in NRI 2008 
to 10.8% in AFRI 2011–2012.

Beyond project scale, there have been notable changes in project locus; 
“locus” being defined as the nature of the projects themselves, including 
subject area, type of performing institution, and rank of project director. 
The transition from NRI 2008 to AFRI 2009–2010 saw little change in 
the proportions of grants awarded by subject area (as defined by the foun-
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TABLE 4-1 Profile of NRI (2008) and AFRI (2009–2012) Projects 
Showing Means of Selected Attributes

2008  
(NRI)

2009–2010 
 (AFRI)

2011–2012  
(AFRI)

PROJECT SCALE
Budget $393,000 $439,000 $1,196,000
Project duration (months) 31.6 41.7 37.8

PROJECT SCOPE
Project complexity

Number of co-principal investigators 2.9 3.5   4.3
Project composition

Basic research 61.5% 60.2% 54.9%
Applied research 32.3% 29.0% 33.5%
Extension or education 6.3% 10.8% 10.8%

PROJECT LOCUS
Subject area  

Plants 31% 37% 12% (26%)a

Animals 21% 21% 11% (24%)
Food and nutrition 15% 15%   5% (11%)
Social sciences 7% 5%   8% (17%)
Bioproducts 5% 4%   7% (15%)
Ecosystems 21% 18%   3% (7%)

Type of performing institution
Federal 5% 5%   4%
Private research 3% 3%   2%
Private university 4% 5%   6%
Public non–land-grant university 8% 10% 10%
Land-grant university 80% 77% 78%

Rank of project director
Professor 48% 40% 32%
Associate professor 19% 18% 18%
Assistant professor 20% 29% 22%
Federal scientist or other 9% 5%   2%
Predoctorate or postdoctorate 4% 8% 26%

OTHER FACTORS
Laboratory assistance

Undergraduate full-time equivalent months 7.7 10.5 12.9
Graduate full-time equivalent months 18.3 25.0 34.0
Postdoctorate full-time equivalent months 13.1 11.8 19.4

	 aNo attempt was made to map challenge-area program subject areas into those used by the 
foundational program. Hence, numbers in parentheses denote subject-area percentages in the 
foundational program only, which amounted to only 46% of projects funded in 2011–2012. 
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dational program). With the introduction of challenge-area grants, a new 
coding system was used in which predoctoral and postdoctoral fellowship 
and challenge-area subjects were distinguished from those in the founda-
tional program. The challenge-area subject categories differed from those 
in the 2009–2010 foundation-grant coding system, and the committee did 
not attempt to map one into the other. Rather, two figures are shown in 
the 2011–2012 column of Table 4-1’s subject-area percentages. The unpa-
renthesized figure is the number of grants in that area divided by the total 
number of AFRI grants, including challenge-area and fellowship awards. 
The parenthesized figure is divided instead by the number of foundational 
AFRI grants only. The former thus sum to a number (0.46) less than 1.00 
and give an unclear indication of subject emphasis. The latter are more 
useful in that regard, although limited to foundation grants. They show 
a marked decline between 2009–2011 and 2011–2012 in the proportions 
of awards going to plant science, ecosystems, and food and nutrition, and 
large boosts to the proportions going to social sciences and bioproducts. 
For instance, plant science received 37% of AFRI awards in 2009–2010 and 
only 26% in 2011–2012. At the same time, awards for bioproducts rose 
from 4% to 15%, and for ecosystems dropped from 18% to 7%.

Proportions of awards granted by performing-institution type changed 
little in the transition from NRI to AFRI. The great majority of projects 
(77–88%) were awarded to land-grant universities; no other institution type 
received more than 10% in a given period. 

The distribution of awards by principal-investigator (PI) rank reveals 
a gradual decline in the percentages going to AFRI-supported professors 
(from 48% in NRI 2008 to 32% in AFRI 2011–2012) and to federal 
scientists and others (from 9% in NRI 2008 to 2% in AFRI 2011–2012). 
At the same time, because of the initiation of the Food and Agricultural 
Science Enhancement (FASE) program, the proportion of awards going to 
predoctorates and postdoctorates rose dramatically from 4% in NRI 2008 
to an average of 26% for AFRI 2011–2012. The average number of under-
graduate, graduate, and postdoctoral laboratory assistants per project rose 
steadily during that same interval.4

Profiles of the Average Dollar

Several components of the award profile change substantially when the 
allocations of the average dollar rather than the average project are exam-
ined. For example, comparisons of dollar allocations—that is, expenditure 
shares—in the three NRI and AFRI periods are shown in Figure 4-1. The 

4 As will be noted in Chapter 5, AFRI awards to pre- and postdoctorates fell from 33% to 
13% between 2010 and 2011, suggesting a return to the lower rates of the previous 3 years.
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expenditure percentages by award type shown in Figure 4-1 exclude NRI 
2008 because there were no FASE grants under the NRI. Although the 
percentage of projects awarded as FASE grants rose from 29% to 39% be-
tween 2009–2010 and 2011–2012, Figure 4-1 shows that the proportion of 
AFRI expenditures going to FASE grants fell from 21% to 13%. Similarly, 
the proportion of expenditures going to standard grants fell from 71% to 
48% even though the proportional number of awards fell only from 63% 
to 53%. The total funds awarded during the two periods rose by 14%, 
from $463.5 million in 2009–2010 to $530.5 million in 2011–2012 (see 
Table 3-1). Offsetting the decline in the amount of funding going to FASE 
and standard grants was a dramatic increase in the funds directed to CAP 
grants. 

Although the share of projects awarded CAP grants rose only from 1% 
to 3% between AFRI 2009–2010 and AFRI 2011–2012, Figure 4-1 shows 
that the corresponding proportion of AFRI dollars going to CAP grants rose 
dramatically from 8% to 39% percent. The reason for the discrepancy is 
that the funds awarded to the average CAP grant were much larger than 
the average FASE or standard grant. In 2011–2012, for example, the mean 
CAP budget was $15,333,700 and supported nearly 20 co-investigators.
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FIGURE 4-1  Share of program expenditures by award type.

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


QUANTITATIVE ASSESSMENT OF PROJECT INPUT-OUTPUT 	 85

Figure 4-2 shows program expenditures by project composition or 
function. The proportion of AFRI money going to fundamental research 
changed little between the final NRI year and the first 2 years of the AFRI 
program (from 58% to 55%). It then plunged to 29% in AFRI’s second 2 
years. The proportion going to applied research rose from 30% in 2009–
2010 to 38% in 2011–2012. However, most of the decline in funding for 
fundamental research between AFRI’s first and second 2-year periods is 
explained by the rise from 15% to 33% in extension and education ex-
penditures. The source of that abrupt change can also be attributed to the 
CAP grants, which tend to be far more extension- and education-oriented 
than other grants. Furthermore, even within the CAP grants, the proportion 
of money allocated to extension and education rose from 2009–2010 to 
2011–2012. Some 33% of CAP resources awarded in 2009–2010 went to 
extension and education, whereas 47% of resources awarded in 2011–2012 
went to these functions.5

5 The CAP grants initiated in 2011–2012 were in the challenge-area programs. In contrast, 
the CAP grants initiated in 2009–2010 were awarded before the inauguration of the challenge-
area programs.
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CONSIDERATIONS FOR AN ANALYSIS 
OF PROGRAM PRODUCTIVITY

The main purpose of this chapter is to provide a preliminary assessment 
of the input–output relationship of AFRI grants in which research output 
is measured in terms of communication products such as publications and 
presentations. The analysis consists of estimating how AFRI policies affect 
the input–output relationships. Because AFRI selects the projects that it 
funds, its investment and management policies are evident in the character-
istics of the funded projects. The policies are to be distinguished from such 
project-management issues as the request-for-application process (discussed 
under “Program Management” in Chapter 5) although policies and project-
management issues overlap to some extent. 

The robustness of these and any other regression estimates is high-
est when data on the horizontal (explanatory-variable) axis and vertical 
(dependent-variable) axis are distributed evenly throughout the ranges of 
interest. Successive re-estimation of our regression model with a number 
of alternative explanatory variables suggests that model robustness was 
moderately good. That said, the estimated input–output relationships are 
best deemed illustrative given, among other things, the truncated nature 
of the data with which the committee had to work. Zero outputs tend 
to bunch the data around the vertical (budget) axis, detracting from the 
even-data-distribution ideal. For brevity and clarity, detailed descriptions 
of methods and statistical results in this chapter are kept to a minimum; 
the focus instead is on the committee’s principal findings. Additional tables 
and figures can be found in Appendix G.

Assessing Research Input-Output Relationships

The use of bibliometric indicators to assess quantitatively the relation-
ship between research inputs and outputs has received some, albeit only 
modest, attention in a variety of disciplines and grants programs. Research-
ers have used various proxies as measures of knowledge output, including 
the number of papers that a scientist has published, the number of patents 
awarded, the number of citations to them in articles or other patents, and 
the status of the journal or patent that has granted a citation. Some of the 
early conceptual foundations of this approach are in Evenson and Kislev 
(1975), Jaffe (1986), Griliches (1990), and Adams (1990). The following 
represents only a sample of this literature.

Research outputs can be expressed either as an annual flow of informa-
tion or as the accumulated stock of knowledge capital. One strand of the 
literature has used such flows or stocks to explain individual or institutional 
performance. The Evenson–Kislev and Adams studies, for example, dem-
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onstrate how changes in agricultural scientists’ knowledge boost farm pro-
ductivity performance. Zucker et al. (1998) show that biotechnology firms 
are drawn into areas geographically near “star” scientists—measured by 
the scientists’ success in attracting literature citations. Buccola et al. (2009) 
and Nag et al. (2012) document how publication success attracts public and 
private research funds into a university biology laboratory.

Most of the bibliometric literature has focused on the knowledge-
production function, namely, the determinants of knowledge output itself. 
In one of the earlier such studies, Pardey (1989) examined the effects of 
state agricultural research expenditures on agriculturally relevant scientific 
knowledge, using as a proxy the quality-adjusted publication output of a 
scientist sample. These expenditures have few short-run but substantial 
long-run knowledge benefits (Pardey, 1989).

In the same knowledge-production framework, Levin and Stephan 
(1991) showed evidence that academic scientists publish less as they age, 
presumably because as one ages a publication has progressively smaller 
implications for one’s future career. Foltz et al. (2003) examined how an 
academic scientist’s patent awards are influenced by university type, the 
presence on campus of a technology-transfer office, and dynamic factors. 
Carayol and Matt (2004) regressed publication and patent outputs on such 
laboratory inputs as technical assistants and on the principal investigator’s 
characteristics. Azoulay et al. (2007) provided evidence that patent output 
is influenced by the “scientific opportunities” in a patent’s field as much as 
by the scientist’s skill or funding. Gulbrandsen and Smeby (2005) docu-
mented the role of industry funding in driving research toward more col-
laborative and translational research and toward higher publication rates; 
their results are consistent with the finding by Xia and Buccola (2005) that 
industry funding lifts patent-cited publication rates. Turner and Mairesse 
(2003) examined similar questions among French physicists.

Campbell et al. (2010) used bibliometrics to study competitive grant 
peer-review effectiveness and the ties between funding and scholarly per-
formance. Fortin and Currie (2013) examined the relative impact, in terms 
of publication and citation rates, of funding a few large projects or a larger 
number of small projects. Cummings and Kiesler (2005) found multidisci-
plinary projects to be as productive as single-discipline projects, but multi-
institution projects to be less productive than single-institution projects. 
Trochim et al. (2008) proposed concept and logic mapping with bibliomet-
ric and expenditure analysis to examine the productivity of large, federally 
funded scientific research initiatives. 

In general, research output (however measured) can be considered rela-
tive to either the average dollar expended or the additional (“marginal”) 
dollar invested. The average rate of knowledge production attributed to 
AFRI expenditures is the total amount of research output per dollar of (i.e., 
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in proportion to) project budget expenditures (input). This is one measure 
of the productivity of AFRI investments. Alternatively, the marginal rate of 
knowledge production is the amount of additional output created by an 
additional expenditure dollar or additional unit of such project feature 
as duration. The principal focus in this chapter is on marginal response, 
although as will be seen, per-unit outputs are also a useful way of assessing 
research productivity. 

An important category of policy questions concerns project scale—
specifically, what is the implication of project size on research productivity? 
Budget is one dimension of project scale. Another is the number of months 
that principal investigators will be given to reach their objectives with the 
budget provided. And time itself is a resource: more of it provides greater 
opportunity to generate laboratory or field data and to adapt to unexpected 
study outcomes. But continuing support for too long may invite a scientist’s 
other, newer projects and interests to interfere with AFRI-funded research. 

Research productivity issues also arise regarding project locus: that is, 
the nature of the project attempted and the types of principal investigators 
and institutions that attempt it. Locus attributes include project subject 
area, scientific discipline, project composition or function (research, exten-
sion, or education), performing-institution type, and rank of the principal 
investigator. Programs such as microbial genomics or food safety, for ex-
ample, may differ in the opportunities available for high-profile innovation. 
Decisions about how AFRI money will be allocated among subject areas 
and which categories of researchers and institutions will be chosen to con-
duct analyses therefore might affect AFRI’s average return rates. 

Conceptually distinct from a locus attribute, although often difficult to 
distinguish in practice, is project breadth or scope. One scope attribute is 
the variety of functions—research, extension, and education—to be com-
bined in a single project. Single-function projects do little to coordinate 
research with extension effort. But they save on coordination cost by 
leaving the coordination function to the literature, to professional confer-
ences, or other means. The scope of a project also has implications for the 
number and variety of institutions, disciplines, and principal investigators 
involved in a given study and in the variety of funding agencies other than 
AFRI that are supporting each investigator. Expanding a project’s scope in 
the functional or institutional dimension likely affects the research input-
output relationship, and thus, potentially, the productivity of AFRI-funded 
research. AFRI has, or should be able to obtain, all the information needed 
to evaluate each of the above factors empirically. The approach to the 
preliminary analysis described in this chapter is to use project-level data to 
specify and estimate AFRI budget functions. The results show the budgets 
granted at given output rates and project characteristics or, equivalently, 
the outputs generated by given project scale, locus, and scope attributes. 
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Research Output Metrics and Project Attributes

Variables used in the analysis, and their sample means and standard 
deviations, are shown in Tables G-1 to G-3 in Appendix G. 

Research Output Metrics

Project-level metrics of research output used here are 

(a)	 The number of refereed journal articles published by the partici-
pants in a specified AFRI project through July 2013, as indicated in the 
articles’ acknowledgment footnotes. 

(b)	 The per-article number of literature citations received by those 
articles up to July 2013. 

(c)	 The number of nonrefereed communications—such as conference 
presentations, proceedings, posters, abstracts, theses, and working papers—
that are produced up to the time of project termination and that the prin-
cipal investigators attributed to the project. 

Journal-article metrics (a) and (b) were not provided by NIFA but in-
stead were drawn from Google Scholar queries. Metrics (a) and (c) can be 
regarded as indicators of the amount of research output, whereas metric 
(b) is in a sense a measure of the quality or communication intensity of 
the research. The early stages of many projects complicate the regression 
modeling of citation rates, and they are excluded from the budget-function 
analysis. However, the citation rates were examined graphically. 

Project Scale

The first and primary scale factor is the total funds provided per 
project. The questions to be addressed are how much output—that is, how 
many refereed and nonrefereed articles and presentations—AFRI produces 
per dollar invested and how many additional articles are published when 
progressively larger project budgets are provided. The latter is estimated as 
the slope of the relationship between the project budget and the number 
of scholarly publications attributed to that project. Project duration (years 
between project start date and end date) is an additional scale factor that 
needs to be included with budget size. If the coefficient of the duration 
variable is negative after controlling for the overall size of the project 
budget, project duration is deemed excessive in that reducing the length of 
the project would have increased the number of articles without additional 
cost. Likewise, project duration would be deemed too short if the coefficient 
is positive. 
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Project Locus

Project locus variables are ones that influence the nature of the funded 
research and those who conduct it. They include 

•	 Research subject area. 
•	 Type of performing institution. 
•	 Project director’s rank. 
•	 Type of award. 

When project scale and scope (see below) are controlled for, locus factors 
likely have their own bearing on expected research output. Refereed journal 
articles are generated or cited more abundantly in some agricultural re-
search fields than they are in others, and AFRI researchers may intrinsically 
appear more productive (when research output is denominated in terms of 
the number of publications) in some fields than in others. 

In terms of generating published (or more cited) outputs, some types 
of institutions, and project directors at some ranks, may be more successful 
than others. Challenge-area grants are relatively topical, suggesting that ci-
tations to their scientific articles might come more quickly but fall off more 
rapidly than those from more fundamental projects. The relative success of 
FASE and standard-grant projects in a given scale, scope, and subject-area 
category is difficult to assess in the absence of empirical analysis. Because 
CAP-grant indicators are listed in the NIFA data alongside the FASE-grant 
and standard-grant indicators, they were included in the set of project at-
tributes considered in this chapter’s analysis. 

Project Scope

NIFA has spent considerable time in thinking about the appropriate 
scope or variety of performing institutions, principal investigators, and 
research discovery and communication functions to include in a single 
project. One of its principal moves on replacing the NRI with AFRI was to 
put greater emphasis on projects with broader scope. The new orientation 
is expressed partly in the CAP grants, in which the breadth of project ac-
tivities is particularly large. But many interinstitutional and interfunctional 
activities are also present in standard projects as well as in CAP projects. 

To indicate a project’s scope, the following parameters were specified: 

•	 The number of co-PIs cooperating in the project and hence, pre-
sumably, the variety of the human capital brought to bear on the research 
problem. 
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•	 The presence of current non-AFRI support for the PIs and thus 
interagency cooperation in funding a PI’s overall work. 

•	 The proportions of research, extension, and education involved 
in the project—the more even the proportions, the broader the functional 
scope. 

•	 The proportional mix of basic versus applied work in research 
projects. 

•	 Whether the project is supported by a CAP grant. 

These specific parameters each reflect a different scope dimension although 
they are partly redundant in that, for example, the average CAP grant 
involves more co-PIs, functions, and performing agencies than does the 
average standard grant. 

To evaluate the association between project scope and productivity, the 
committee assessed how peer-reviewed and non–peer-reviewed communica-
tions were affected when project scope was expanded, while budget size was 
held fixed. In addition, the committee examined how project scope affects 
the consequences of budget’s size on the measured publication performance 
of a project. This was achieved by estimating regression interaction terms 
between the relevant scope and output variables. In any event, although 
greater scope normally involves greater cost and thus greater project scale, 
scope and scale may have qualitatively distinct effects on expected scholarly 
communications. The distinction between a locus effect and a scope effect 
on scholarly publications is partly ambiguous, as mentioned above. 

NIFA provided the committee with most of the data needed to con-
struct the project scale, locus, and scope variables in related spreadsheets. 
National Research Council staff collated the data into a master file suitable 
for regression analyses. Gaps and inconsistencies in the data provided by 
NIFA are discussed in Appendix H. NIFA keeps track of publications only 
up to project termination, which is well before many of the articles associ-
ated with AFRI funding have yet to appear. NIFA also did not provide data 
on the citation performance of these articles. Oregon State University staff6 
downloaded from Google Scholar each project’s refereed journal-article 
and citation count, which Google Scholar has identified by way of (and 
only to the extent of) the project and funding-agency acknowledgments on 
the front page of each article. The downloads included AFRI’s nonrefereed 
papers and presentations as filtered from the Current Research Information 
System (CRIS) reports provided by NIFA. These data were not available 
for 2008 NRI projects. A detailed description of data processing for the 
analysis performed in this chapter is included in Appendix H.

6 The committee thanks Yunguang Chen for his assistance in obtaining the data on journal-
article and citation counts from Google Scholar.
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PRODUCTIVITY ASSESSMENT OF PROJECT DATA

The analyses here take the form of regressing project budgets—as the 
dependent variable—on the projects’ refereed and nonrefereed journal-
article outputs and on such project characteristics as duration, number 
of PIs, award type, performing-institution type, research–extension mix, 
subject area, and project vintage. Budget functions of this type describe 
relationships between selected characteristics and funding levels at given 
expected refereed-publication or nonrefereed-publication rates. Solving for 
the article-publication rate yields the effect of the indicated characteristic 
or budget on article output. 

The fact that inadequate time has passed for all likely publications 
to appear implies a downward bias in expected article-output rate. The 
regression’s focus on marginal effects—that is, on the output changes in-
duced by input changes—ameliorates that difficulty substantially because 
such changes are only weakly related to output and input levels. Improved 
confidence in the committee’s provisional inferences will require continued 
collection of AFRI outputs, including projects that have been terminated. 

With those considerations in mind, the committee first assessed AFRI 
2009–2010 before the introduction of challenge-area grants and the sub-
stantial expansion of project sizes and scope in early 2011. The committee 
then examined the challenge-area grants, which were introduced in the 
2011–2012 period and it was also when mean project sizes expanded. 

Productivity Analysis, Agriculture and Food 
Research Initiative 2009–2010

Every AFRI project output and input (characteristic or policy) variable 
was initially regressed against 2009–2010 project budgets and separately 
against 2011–2012 budgets. In each analysis, most of the statistically non-
significant factors were progressively removed and the relationships itera-
tively reestimated until mostly significant factors remained. Final results for 
both 2009–2010 and 2011–2012 are given in Table G-4 in Appendix G. 

Analytical Results: Policy Factors

Nonrefereed forms of research output (including conference presenta-
tions) were always highly nonsignificant in the 2009–2010 fits and removed 
from the specification. The implication is not that nonrefereed communica-
tions were meager or that grant support was irrelevant to their production 
but that, once laboratory and field setup costs were met, additional budget 
did not lead to greater output when all other factors were constant.

The rank of the project director also was nonsignificant despite that the 
rank with the lowest mean output (pre- or postdoctoral project director) 
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was used as the base group, maximizing the opportunities that the ranks 
included would have statistically significant output effects. When other 
factors were controlled for, that is, directors at all ranks were on average 
equally successful in producing scholarly communications. 

Support to the project director from other federal or nonfederal sources 
consistently had no effect on scholarly communications after budgets were 
accounted for. That does not imply that the presence of other support was 
unimportant in AFRI recipients’ scholarly productivity. Rather, it suggests 
that in selecting and funding projects and implicitly the PIs involved in 
them, AFRI has successfully taken account of the non-AFRI contributions 
to its awardees’ productivity. With one exception, performing-institution 
type had no output-constant budget implication either. Projects performed 
at public non–land-grant, federal, and private research entities were no 
more or less productive than those at land-grant universities. The exception 
is that those at private universities required greater budgets on average than 
did land-grant universities to produce a given number of scholarly com-
munications. For example, private universities (such as the Massachusetts 
Institute of Technology, Yale University, New York University, and North-
western University) required $210,700 more than land-grant institutions to 
produce the same overall publication rate. 

The distribution of a project’s functions among fundamental research, 
applied research, extension, and education—a potentially important element 
of project scope—had only a weak effect on the number of communica-
tions. The negative budget effect of boosting a project’s fundamental-re-
search component weakly suggests that the greater a study’s fundamental 
content, the less expensive it is to produce another communication.

Other policy factors generally had robust influences on output-constant 
program budgets. It is especially important to see that greater journal-arti-
cle output is statistically associated with a larger budget when PI numbers, 
project duration, and other project characteristics are held constant. How-
ever, FASE awardees required $86,000 less to generate a given journal-
publication rate than did standard awardees. CAP grants, in contrast, 
expended $2,296,900 more than standard grants for a similar scholarly 
communication rate. 

Project scale and scope policies merit close attention because they are 
relatively easily adjusted but have important efficiency implications. In 
terms of scale, project duration had a highly significantly positive effect in 
the 2009–2010 linear regression. Other inputs constant, this indicated AFRI 
was paying for additional project time for which it received no additional 
output. Holding budget constant, an additional project month reduced the 
number of journal articles produced per project. On the scope side, the 
analysis similarly suggested that when budget and other controlled factors 
were held at sample means, an additional PI in a project reduced journal-
article output. 
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These estimated output effects of another $10,000 of budget, another 
PI, and another month of project duration—respectively controlling for the 
remaining two—are summarized in Table 4-2. Each entry shows the effect 
of one more unit of the variable in the left-hand column on the variable in 
the top row. For example, the first column of the matrix shows the respec-
tive influence of $10,000 of additional budget, one more PI, and one more 
project month on refereed journal-article output. In cell (i), for instance, the 
–1.49 is the above-mentioned mean article-production loss incurred when 
one more PI is added to the project while budget, project duration, and all 
other modeled factors are held constant. 

Sources of Scale and Scope Inefficiency

The 0.47 in cell (iii) of Table 4-2 indicates that when holding article 
output and project duration fixed, adding $10,000 more to the budget re-
quired nearly one-half an additional PI and vice versa. Such a mutual rise 
in budget and PI numbers might be reasonable if it boosts output. However, 
output is held constant in this table row. Consequently, as the number of 
PIs rises, the average PI becomes increasingly inefficient in the use of non-PI 
budget inputs to produce journal articles. Thus also, reducing PI numbers 
allows some non-PI inputs to be saved. Once they are fully saved, budget 
and PI numbers would begin to trade off with one another, so the marginal 
effect of each on the other in cell (iii) would be negative rather than posi-
tive. Boosting the number of PIs would allow a given number of journal 
communications to be produced with fewer non-PI expenses. The fact that 
they do not trade off suggests these efficiency opportunities remained un-
exploited and hence that resource allocation in AFRI 2009–2010 projects 
was not maximally productive in terms of our output criterion. 

This observed complementary relationship, at constant output, between 
budget and PI numbers in Table 4-2 is bound to have a negative influence 
on either budget’s or PI number’s effect on journal-article output because 
the ratio of these two effects is what constitutes the relationship between 
output-constant budget and PI numbers. In AFRI 2009–2010, the budget’s 
marginal impact on journal publishing was positive (0.69) and PI’s marginal 
effect was negative (–1.49). More importantly, AFRI’s inability to exploit 
the complementarities between variable and fixed research resources guar-
anteed that one of the two factors would have a desirably positive output 
influence and the other an undesirably negative one.

The possibility that boosting a project input could negatively affect 
output is best understood by distinguishing between the portion of the 
input devoted to setting the project up and the portion used to exploit the 
setup to produce outputs. Projects that mainly extend an earlier study, for 
instance, presumably have lower setup costs than do projects that begin a 
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new line of research. Figure 4-3 depicts a stylized relationship between a 
research project’s setup cost and its marginal (directly output-producing) 
cost. The same technology is depicted in the bottom as in the top diagram. 
Until enough resources (budget, PIs, and project duration) have been de-
voted to set up experiments or field trials, no outputs can appear. Outputs 
may then arise if additional resources are applied. But the additional output 
created by an additional input unit typically declines as the input volume 
grows because increasing demands are being placed on the project’s remain-
ing (fixed) inputs such as PI time and institutional infrastructure. At the 
peak of the curve, the variable inputs crowd in on the fixed inputs to such 
extent that output begins to fall as additional variable input units, such as 
undergraduate students, are brought in. Budget allocations in that region 
of declining output are wasteful. Increased awareness of these relationships 
can help identify signs of inefficient study-resource use.

Points A and B in Figure 4-3 show two alternative operating points on 
such a science production function. Per-unit output is the slope of the line 
drawn from the origin to AFRI’s operating point—A in the top diagram and 
B in the bottom diagram. In both cases, regardless of how much input is 
used, per-unit output is positive. Marginal output is the slope of the tangent 
to the production function at the operating point. That slope is highly sensi-
tive to input level. Because in the top diagram the input is used moderately, 
marginal output is positive.7 In the bottom diagram, so much input is used 
that marginal output is negative: an additional input unit reduces output. 

Principal-Investigator (Scope) Effects

No manager seeking to maximize output with given resources, or to 
minimize resources needed for a desired output, would accept less output in 
the face of additional input. Yet early evidence suggests that PI deployments 
in the average AFRI 2009–2010 projects seem to have been in such a situ-
ation. The rationale for adding PIs presumably was to broaden the scope 
of resources available to solve the problems addressed (e.g., in the variety of 
disciplines, subject matter, and laboratory and field information). But that 
added variety may exacerbate communication and coordination costs and 
use cash that could have been used more productively. 

These additional coordination costs could be justified on several bases. 
One justification is that novel ideas and solutions emerge from collaborative 
research among disciplines and institutions. Truly interdisciplinary research 
of that nature requires understanding one another’s disciplinary language 
and challenges (NRC, 2004). The fact that, at sample means in 2009–
2010, additional PI numbers had a negative journal-article effect suggests 

7 Because of the presence of setup cost and the production function’s concave shape, marginal 
output typically is greater than per-unit output.
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FIGURE 4-3  Stylized relationship between setup cost, per-unit output, and mar-
ginal cost.
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that coordination costs outweighed diversity and specialization benefits. 
Cummings and Kiesler (2007) showed similar findings in their study of the 
National Science Foundation’s Information Technology Research program. 
If in the longer term, however, especially large projects can be shown to 
produce more innovative or longer-lasting effects than possible without 
disciplinary integration, the shorter-term inefficiencies would be justified.

When PI numbers and institutional overhead are held constant, an ad-
ditional budget dollar is an additional liquid resource. The natural inclina-
tion would thus be to allocate that extra dollar to communication among 
PIs, students, and interest groups. In other words, the extra dollar would 
encourage and be associated with a more integrated project. To the degree 
that it is, communication costs in the larger projects substitute for, rather 
than produce, journal articles, presumably because the PIs’ lost scientific 
productivity and article-writing time are inadequately compensated by the 
publication benefit of the intraproject communication. On the basis of this 
committee’s analysis of bibliometric outputs, and with only a few years to 
observe it, the productivity of the average AFRI project was considerably 
lower than might have been expected given the size of the budget and 
number of PIs. 

Project-Duration (Scale) Effects

Finally, consider the efficiency with which study time is assigned to 
AFRI projects (last row of Table 4-2). As with the relationship between 
budget and PI numbers, a test of study-time efficiency is to ask whether 
the project’s budget and duration trade off with one another in producing 
a given output. Cell (vi) of Table 4-2 shows, at least with the early biblio-
metric output data, that they do not trade off. If refereed-article output is 
held constant, another month of project time requires $10,900 of additional 
budget. Thus, in the period examined, scholarly communication rate was 
maintained even when both duration and budget were reduced. In the pres-
ence of a budget’s positive effect (cell ii) on article output, this unexploited 
complementarity implies that the longer the project, the lower its journal 
output (cell iv).8 Although the average project month brings positive out-
put, adding one more month reduces it. The average project, that is, was 
allowed too many months given the budget and other resources supplied. 
The virtues of additional operating time were overwhelmed by the opera-
tional entropy that additional time encouraged. 

8 Full differentiation implies that when the marginal rate of technical substitution between 
two inputs is positive, and one of the two has positive marginal effect on output, the other 
must have negative marginal effect on output. Thus, for example, given in Table 4-2 that the 
marginal effect in cell (vi) is positive, the marginal effect in cell (ii) or cell (iv) must be nega-
tive and the other positive.
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During the 2009–2010 period, when challenge-area grants had not yet 
been established, AFRI projects appear to have been too lengthy (a scale 
problem) and involved too many PIs (a scope problem) to make efficient use 
of AFRI resources. Budgets and PI numbers, like budgets and project dura-
tions, were jointly too high for the number of communications generated. 
The situation was not merely a scale diseconomy, namely, in which addi-
tional input volume reduces output per unit of input. Total output actually 
declined as input volumes were expanded. At the margin, in other words, 
another PI and project month were acting as negative inputs. Substantial 
reductions in both scale and scope thus would have boosted efficiency at 
least over the short term and possibly the medium and long term. A more 
general discussion of the conceptual pros and cons of the decentralized vs 
centralized form of scientific inquiry is outside the scope of the committee’s 
review. 

Productivity Analysis, Agriculture and Food 
Research Initiative 2011–2012

As in the AFRI 2009–2010 analysis, every variable except laboratory 
assistance was initially included in the 2011–2012 regressions. Project-
director rank and institution type were largely nonsignificant, implying as 
before that the AFRI proposal selection and funding process was success-
ful in equating eventual productivity rates across investigator ranks and 
institution types. 

Policy Factors

As in the 2009–2010 analysis, the committee did not detect a signifi-
cant relationship between current support from other federal or nonfederal 
entities on the one hand and the number of scholarly communications 
(output-constant cost or cost-constant output) on the other. Discernible 
publication-rate differences were not found either—controlling for the re-
maining factors—between the fellowship, challenge-area, or FASE programs 
and the standard-grant base group. Nor were they found between project 
subject areas, relative either to the ecosystem base group or—judging from 
coefficient:standard error ratios—to one another. The nonsignificances of 
these publication rate differences might be explained by the especially early 
stage at which the 2011–2012 projects were being examined. Less than 
55 months had elapsed since the inception of many of them, and 80% of 
projects were incomplete at the time of the analysis. In any event, all these 
support-source, grant-type, and subject-area factors were eliminated from 
the analysis and the 2011–2012 regressions refitted. 

A key finding of the 2011–2012 study was that, despite the recentness 
of these projects and hence the low per-dollar output rates to date, refereed 
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and nonrefereed paper output were each associated highly positively with 
the budget provided. Refereed journal-article’s t-statistic was indeed greater 
in the 2011–2012 assessment than in the 2009–2010 one. When project 
scope, scale, and other included program factors are controlled for, more 
published output requires more funding, and more funding generates more 
output. In particular, raising a project budget by 1% raises article output by 
15.9%, similar to the return rate in 2009–2010. A program’s early stages, 
therefore, do not appear to be too early to begin an analysis of program 
effectiveness, despite that results are only anticipatory.

Controlling even for other scale and scope measures like PI num-
bers and project duration, CAP grants appear to have been more output-
inefficient in 2011–2012 than they were in 2009–2010. In particular, CAP 
projects in 2011–2012 required close to $9 million more than standard 
grants did to generate the same early scholarly output rates. This great dis-
crepancy in project output might be explained partly by the long delay in a 
large project between project setup and publication appearance. That delay 
would be especially noticeable when, as here, analysis is conducted only 
1.5–2.5 years after project inception. However, it is probably explained also 
by the great rise in the number and size of CAP projects in 2011–2012, 
which by further skewing the AFRI project-size distribution (see Figures 
G-1 through G-3 in Appendix G for project-size distribution graphs) may 
also have exacerbated the difficulty of distinguishing between the CAP ef-
fect itself and the more general scale and scope effects.

Public non–land-grant universities received about $450,000 more than 
other institution types did in 2011–2012 to generate the same output 
rate—indicative of an inefficiency twice as large as private universities 
had in 2009–2010. Furthermore, the greater a project’s basic-research 
component, the less costly at given communication rate it continued to be 
in 2011–2012. Boosting a project’s basic research share by 10 percentage 
points reduced output-constant budget by about $2,500, although the prob-
ability of a nonzero effect was only around 80%. 

As in 2009–2010, the most prominent scale and scope effects on publi-
cation-rate-constant budget were positive and statistically highly significant. 
In the scale dimension, project durations remained excessive. Cutting one 
month of project time would have saved an average of about $20,600 in 
budget with no loss in output rate. In the scope dimension, the mean num-
ber of PIs in a project continues to be inefficient: adding one more PI would 
have inflated by $262,600 the budget needed to achieve a given refereed-
publication rate. In other words, if budget is held constant, adding one PI 
reduces the refereed-publication rate. In fact, the marginal efficiency of PI 
deployment in AFRI projects fell in 2011–2012 by nearly half compared 
with 2009–2010. 
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Scale and Scope Effects

Table 4-3 provides insight into the sources of scale and scope effects on 
publication rates. Cell (i) shows that producing more nonrefereed papers 
comes at the price of fewer refereed ones when budget, PI numbers, and 
project duration are held constant. That is, any initial complementarities 
between these two types of communication have been successfully ex-
ploited. However, AFRI does not trade off budget size for PI numbers at 
a given output rate. The positive sign in cell (vi) shows that both could 
have been reduced while maintaining constant publication success. A con-
sequence is that even when PI numbers are held constant, another $10,000 
brings higher refereed-article and nonrefereed-article production, and an-
other PI at constant budget reduces both these outputs [see cells (ii), (iii), 
(iv), and (v)]. Similarly in the scale domain, there is not a tradeoff between 
budget and project duration [cell (x)]. Instead, budget and project time can 
simultaneously be sacrificed even if output rate is held constant. Given that 
greater budget boosts output, adding a no-cost month to the average project 
would have reduced output. 

In summary, budget, PI numbers, and project duration were jointly too 
great in 2011–2012 to most efficiently produce early scholarly outputs. 
This relationship appears to hold despite that, as in 2009–2010, budgets 
on their own were correlated strongly with early publication rates. In other 
words, excessive project scope rather than scale appears to have been the 
principal inefficiency factor, even though scope expansion inevitably re-
quires scale expansion. With the greater emphasis in 2011–2012 on CAP 
grants and other complex PI arrangements, this challenge has intensified. 
Further addressing such potential shortcomings probably will require a 
better understanding of how project scope and scale combine to influence 
publication rate.

Interaction results in the 2011–2012 model (see Table G-4 in Appen
dix G) reinforce this observation. The interaction there between PI num-
bers and refereed-article production is statistically significant and positive, 
implying that the greater the number of PIs on a project, the higher the 
cost to produce one more refereed article. Similarly, interaction between 
project duration and nonrefereed-paper production is positive and sig-
nificant, implying that greater project time raised the cost of another non-
refereed article. In other words, longer projects brought lower rates of 
nonrefereed publication return to the next budget dollar. This observation 
is consistent with an additional project month’s own negative effect on 
nonrefereed-paper production, when other factors are held constant [cell 
(viii), Table 4-3]. That is significant because quality among nonrefereed 
publications—including conference proceedings, abstracts, bulletins, and 
student theses—likely varies more than it does among refereed publications. 

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


102	

T
A

B
L

E
 4

-3
 R

es
ea

rc
h 

Pr
od

uc
ti

vi
ty

: 
Pa

ir
w

is
e 

E
ff

ec
ts

 o
f 

Se
le

ct
ed

 F
ac

to
rs

, 
A

FR
I,

 2
01

1–
20

12

(1
)

N
um

be
r 

of
  

R
ef

er
ee

d 
 

A
rt

ic
le

s

(2
)

N
um

be
r 

of
  

N
on

re
fe

re
ed

 
A

rt
ic

le
s

(3
)

N
um

be
r 

of
 P

Is

(4
)

Pr
oj

ec
t 

 
B

ud
ge

t

(5
)

Pr
oj

ec
t 

 
D

ur
at

io
n

(1
) 

N
um

be
r 

of
 r

ef
er

ee
d 

ar
ti

cl
es

(2
) 

N
um

be
r 

of
 n

on
re

fe
re

ed
 a

rt
ic

le
s

(i
)

–1
.9

6

(3
) 

N
um

be
r 

of
 p

ri
nc

ip
al

 i
nv

es
ti

ga
to

rs
(i

i)
–3

.0
7

(i
ii)

–1
.5

7

(4
) 

$1
0,

00
0 

of
 p

ro
je

ct
 b

ud
ge

t
(i

v)
0.

12
(v

)
0.

06
(v

i)
0.

04

(5
) 

M
on

th
s 

of
 p

ro
je

ct
 d

ur
at

io
n

(v
ii)

–0
.2

4
(v

iii
)

–0
.1

2
(i

x)
–0

.0
8

(x
)

0.
49

N
O

T
E

: 
T

he
 n

um
be

r 
in

 a
 g

iv
en

 c
el

l 
is

 t
he

 e
ff

ec
t 

on
 t

he
 v

ar
ia

bl
e 

ab
ov

e 
of

 a
pp

ly
in

g 
on

e 
m

or
e 

un
it

 o
f 

th
e 

va
ri

ab
le

 o
n 

th
e 

le
ft

. 
R

om
an

 n
um

er
al

s 
in

 
pa

re
nt

he
se

s 
ar

e 
ce

ll 
nu

m
be

rs
.

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


QUANTITATIVE ASSESSMENT OF PROJECT INPUT-OUTPUT 	 103

CONCLUSIONS

In its Research, Education, and Economics Action Plan (USDA, 2012), 
USDA observed that “accountability is necessary to determine if we are 
moving science in the right direction” and asked itself “Are we making the 
world better with our science?” (p. 34). The question could be rephrased to 
ask whether USDA research and education projects could be shown to di-
rectly or indirectly contribute to the Department’s mandate, which includes 
improvement in agricultural productivity, economic growth, job creation, 
food safety and security enhancement, and ecosystem sustainability.

In this chapter, the committee addressed those outcomes in terms of the 
more immediate program outputs that may support long-term aims, and 
examined the output and outcomes from the perspective of only several 
years since the projects were initiated. Impact factors and readership sizes 
of the journals in which AFRI articles appeared were not accounted for. 
However, the AFRI dataset used provides rich, cross-sectional information. 
In particular, it provides cross-project comparisons of AFRI study inputs 
and their successes in achieving early communication outputs. Such cross-
sectional richness probably accounts for much of the regressions’ rather 
high goodness-of-fit, and for the coefficient stability observed across time-
interval and equation specifications.

Early data suggest that although each new budget dollar has enhanced 
publication rate, the average AFRI project’s scope or complexity has been 
excessive, and increasingly so in recent years. Efficiency impairment was 
such that publication rates rose even when the budget was held constant 
and project scope fell. The difficulty with complex projects may be their 
high intraproject coordination and communication costs, which would 
have pushed variable expenses too far above fixed or infrastructural costs. 
Because greater complexity requires more money, this difficulty would lead 
to excessive budgets as well, even though another dollar of budget has, on 
its own account, been shown in the analysis to be highly productive. 

Rates of return in this chapter have been expressed in terms of scholarly 
communications. A more complete assessment would involve converting 
these rates into the types of social-outcome measures referred to in Chapter 
2, such as a communication’s contribution to agricultural production value. 
Presuming that a researcher’s compensation is on average proportional 
to his or her economic contribution, one method of doing so is to draw 
on information about a publication rate’s influences on researcher salary 
(keeping in mind that factors such as journal impact and researcher salary 
are highly discipline specific). Although the committee did not have an op-
portunity to pursue that kind of analysis, AFRI might in a future estimate 
of its research contributions consider weighting publication outputs by their 
mean marginal impacts on scientist salaries.
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Bibliometric approaches, however, are not the only ones available for 
assessing program output. A more direct approach would be to compare a 
study’s findings with its principal investigators’ prior expectations of what 
the findings would be. The difference between a project’s expectations and 
eventual outcomes constitute the magnitude of the scientific discovery, rig-
orously expressible in the form of a likelihood value. Bayesian approaches 
for estimating these discovery magnitudes have been used to assess individ-
ual scientific projects. More recently, the method has been extended to the 
analysis of an entire program such as AFRI’s. The approach requires only 
that proposals include the principal investigators’ probabilistic anticipa-
tions of their main results, which then can be compared with the completed 
experiments or surveys (Qin, 2012). 

FINDINGS

Finding 4-1: In measuring AFRI’s effectiveness, analysis of early 
publication data suggests that although each new AFRI dollar 
boosts publication output, the average project’s scope and com-
plexity have been excessive. In particular, reducing average project 
complexity—represented especially in the number of the project’s 
PIs—would substantially improve publication output at no cost to 
AFRI’s budget. That critique extends beyond the CAP program to 
include many non-CAP grants. Less compelling evidence suggests 
that mean project duration has also been somewhat excessive. 
Such near-term output assessment provides only one perspective 
on AFRI performance. Improved performance analyses will require 
systematic attention to long-term outputs and, more importantly, 
to project outcomes in the form of the science influenced, social 
well being, and products and incomes generated. AFRI’s history is 
still too short to allow that sort of assessment.

Finding 4-2: In the present report, refereed publications and their 
citation rates were drawn from Google Scholar. However, such 
online data sources are not as effective in keeping up with the 
abstracts, conference papers, speeches, posters, dissertations, and 
station reports that are financed with AFRI money and that form 
an important part of AFRI project communication and program 
assessment. Some nonrefereed output data are, up to the project’s 
official termination date, available in CRIS but difficult to assemble 
and require much organization before analysis can be performed. 
The committee assumes that AFRI management would encounter 
similar difficulties.
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5

Program Management

The Agriculture and Food Research Initiative (AFRI) supports a wide 
array of research goals and communities through competitive, peer-reviewed 
grants. Although AFRI has been in operation only since 2009, its offerings 
have changed yearly in response to stakeholder input, the scientific leader-
ship of the National Institute of Food and Agriculture (NIFA), and budget 
considerations. 

PROGRAM AREAS

The Food, Conservation, and Energy Act of 2008 (referred to hereaf-
ter as the 2008 Farm Bill) established a complex set of goals for AFRI to 
broadly address nearly all components of food and agriculture. A review of 
AFRI will therefore need to include management responses to those goals 
by assessing whether AFRI:

•	 Is a source of scientifically merit-based grants in areas related to 
food and agriculture. 

•	 Broadens the base of scientists who participate in either funda-
mental or applied research in those areas, attracting proposals from a wide 
array of public and private institutions.

•	 Encourages programs that include combinations of research, edu-
cation, and outreach. 

•	 Supports research activities in both the natural and social sciences.
•	 Supports research and education efforts at small, mid-size or mi-
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nority-serving institutions that have limited institutional success through 
the Food and Agriculture Science Enhancement grants.

•	 Supports interdisciplinary research in cross-cutting fields mandated 
by Congress and that emerge as particularly promising.

•	 Enables the submission of a wide array of proposals, including
	 o	Individual fellowships for graduate and postdoctoral students. 
	 o	Small planning and conference grants from individuals.
	 o	Equipment and small-program grants from Experimental Pro-

gram to Stimulate Competitive Research institutions.
	 o	Individual-investigator initiated proposals (“standard” grants).
	 o	Large, multiyear, multi-investigator projects through Coordi-

nated Agricultural Project (CAP) grants.

As described in Chapter 3, that broad base of support is organized in 
two program types that address separate but related areas: foundational 
grants and challenge-area grants. The focus of this chapter is on NIFA’s 
management of those two types of programs.

Foundational Program Grants

The intent of the Foundational Program is to support fundamental and 
applied research, education, and extension to facilitate advances in food 
and agriculture. The Farm Bill mandated that 60% of AFRI funding be 
devoted to fundamental (or basic) research and 40% to applied research. 
In addition, at least 30% should be made available to fund integrated re-
search, education, and extension programs and at least 30% should be in 
support of research by multidisciplinary1 teams. 

Two general features of the requests for applications (RFAs) should 
be noted. First, the general vocabulary and structure of announcements 
evolved, but the general instructions had the following features:

•	 Listing of the six priority areas (e.g., plants and animals).
•	 Stated priorities within each priority area, which vary year by year.
•	 A set of research focus areas under each priority, which changes in 

number and degree of specificity.

Second, Foundational Program RFAs have narrowed the scope of pro-
posal submissions by emphasizing the need to focus on organisms of rel-

1 Although the term “multidisciplinary” was not defined under the 2008 Farm Bill, NIFA has 
taken a broad and comprehensive approach to incorporating multiple disciplines in addressing 
complex topics that not only include the biological and physical sciences but also the social, 
behavioral, education, and economic sciences. 
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evance to U.S. agriculture. Proposals that include other organisms as model 
systems have needed to supply special justification to align with AFRI 
program goals. 

Proposals for research, education, and extension in the Farm Bill’s six 
priority areas have been eligible for funding each year since 2009 except in 
2012, when no foundational grants were offered.2 RFAs have changed in 
program emphasis and focus. In 2009, NIFA had 40 programs listed under 
the six Farm Bill priority areas, with highly detailed RFAs that range from 
broad to highly focused program areas in each of the six Farm Bill prior-
ity areas. For example, in the plant area alone, there were nine programs, 
including the wide-ranging field of plant biology with a focused program in 
arthropod and nematode biology and management. In 2010, it was much 
simpler, with mostly broad programs listed in the six priority areas. The 
offerings described in RFAs have since reverted to more detailed, focused 
programs. Table 5-1 indicates the programs in the six priority areas for 
2010, 2011, and 2013 and shows a steadily increasing number of programs 
in each priority area by year and changes in priorities within the programs. 
An archive of all AFRI RFAs can be found online (USDA-NIFA, 2013b). 

As an example of changing emphases and increased specificities, 
Table 5-2 shows in more detail the research focus areas specified in the 
RFAs in the plant priority area over a 3-year period. In Table 5-2, each 
priority area is numbered (e.g., “Plant Sciences” under 2010), and the 
research focus areas are labeled with lowercase letters (e.g., “a. Epigenetic 
regulation” under 2010). The other priority areas had similar modifications 
over the same interval.

In addition to a changing suite of programs, the areas and specific re-
quirements indicate shifts away from proposal flexibility to more program 
specificity and away from fundamental research toward more applied objec-
tives. Given the original mandate that 60% of support be for fundamental 
(or basic) research, the change in emphasis in the RFAs is noteworthy.

Challenge-Area Program Grants

Challenge-area grants were initiated in FY 2010 with tightly focused 
goals. They were designed to encourage the development of specific tools 
and responses to current societal problems. The programs have generally 
encouraged systems approaches, including large, multidisciplinary, multi-
institutional, multiyear projects. Specific challenges have been presented in 
annual RFAs. Each year, a particular set of challenges has been posed for 
funding; given funding restrictions, AFRI has not funded programs in all 

2 According to NIFA, funds from 2012 were combined with the 2013 RFA.
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TABLE 5-1  Programs in Each Priority Area of AFRI Foundational 
Program 

Priority Area

Programs by Year

2010 2011 2013

Plants - Plant Sciences
- Pest and Insects

- �Biology of 
Agricultural 
Plants

- �Plant-Associated 
Microbes

- �Weedy and 
Invasive Plants

- �Insects and 
Nematodes

- �Plant Breeding for 
Production

- �Bio Mechanisms for 
Production

- Plants and Microbes
- �Weedy and Invasive 

Plants
- �Insects and 

Nematodes
Animals - Bioinformatics

- Reproduction
- Health

- Reproduction
- �Nutrition, 

Growth, and 
Lactation

- �Health and 
Disease

- �Breeding, 
Genetics, and 
Genomics

- Reproduction
- �Nutrition, Growth, 

and Lactation
- Health and Disease
- �Tools for Breeding, 

Genetics, Genomics 

Food Safety, 
Nutrition, and 
Health

- �Pathogens in 
Plants

- �Practical 
Approaches to 
Food Safety

- �Reducing Food 
Allergies

- �Physical and 
Molecular 
Mechanisms 
of Food 
Contamination

- �Function and 
Efficacy of 
Nutrients

- �Processing 
Technologies

- �Physical and 
Molecular 
Mechanisms of Food 
Contamination

- �Function and Efficacy 
of Nutrients

- �Improving Food 
Quality

challenge areas every year but rather has offered a subset that sometimes 
deviates from original published schedules, as described below. 

Each year’s RFAs have identified specific programs for emphasis. Re-
search priorities for the five challenge areas were developed for 3 years 
of the program (2010, 2011, and 2012). Each RFA deliberately identified 
the 3-year projected objectives so that applicants could plan, knowing that 
future-year RFAs would identify related but different priorities (see Table 5-3 
for a summary of research priorities in each challenge area). By 2011, priori-
ties and budget constraints had dictated a change, and the crossed-out areas 
in Table 5-3 were not offered. The year after the missed year offered all the 
programs that had been proposed for that year and the excluded year. It was 
not until the FY 2013 RFAs that the research topics for the challenge pro-
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Priority Area

Programs by Year

2010 2011 2013

Renewable Energy, 
Natural Resources, 
and Environment

- Soil Microbes
- �Agricultural 

Water

- �Processes and 
Transformations 
in Soil, Water, 
and Air

- �Ag System 
Thresholds

- �Management in 
Ag Systems

- �Soil, Air, and Water in 
Ag Ecosystems

Ag Systems & Tech - �Animal 
Management 
Systems

- �Nanotech for Safe 
Food

- �Engineering, 
Products, and 
Processes

- Nanotechnology

- �Engineering, 
Products, and 
Processes

- Nanotechnology

Ag Economics and 
Rural Communities

- �Small and 
Medium Farms

- �Economics of 
Markets and 
Development

- �Small and 
Medium Farms

- �Entrepreneurship 
and Small 
Business 
Development

- �Rural 
Development

- �Markets and 
Trade

- Environment

- �Small and Medium 
Farms

- �Entrepreneurship, 
Tech,  Innovation

- �Rural Families, 
Communities, 
and Regional 
Development

- Markets and Trade
-Environment

SOURCE: USDA-NIFA, 2011a, 2012a,b.

TABLE 5-1  Continued

gram in 2013, 2014, and 2015 were announced. Food safety was the only 
area that did not have priorities established for 2014 and 2015.

In summary, AFRI’s portfolio can best be understood by reviewing 
current and past RFAs. Appendix F presents a complete list of the grant 
types offered in each of the 25 RFAs for foundational and challenge-area 
programs from 2009 through 2013 and shows a strikingly complex collec-
tion of grant offerings with considerable variation year by year.

GRANT TYPES

As described in this chapter and in Chapter 3, AFRI offers various 
types of grants. Standard project grants mostly involve single principal 
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TABLE 5-2  Priorities for Proposals in the Plant Priority Area, by 
Program and Year

2010 2011 2013

1. Plant Sciences 
  a. Epigenetic regulation 
  b. �Light and hormone 

control
2. �Pest and beneficial 

insects 
  a. �Abundance and 

spread 
  b. �Plant insect 

interactions 
  c. Genetic mechanisms 

1. �Biology of Agricultural 
Plants in any single or 
combination of 

  a. �Genome structure and 
function

  b. �Molecular studies and 
biotech 

  c. �Breeding for better 
plants and resistance 

  d. Responses to pests 
  e. �Responses to 

environment
  f. Improved nutrition
2. �Plant-Associated 

Microorganisms
  a. �Must be agriculturally 

relevant
3. �Weedy and Invasive 

Plants
4. �Insects and Nematodes, 

especially
  a. Signaling 
  b. �Interactions with 

plants 
  c. �Management 

programs 
  d. �Transgenics to limit 

severity

1. �Plant Breeding for 
Agricultural Production in 
any single or combination 
of:

  a. �Improving public plant 
breeding programs 

  b. Enhancing phenomics 
  c. �Improved extension to 

breeding community
2. �Biological Mechanisms 

for Plant Production 
addressing: 

  a. �Growth and development 
for improved productivity 
or nutritional content 

  b. Response to abiotic stress
3. Microorganisms in:
  a. �Microbe-microbe 

or microbe-plant 
interactions 

  b. Plant molecular responses 
  c. �Epidemiology of disease 

spread
4. Weedy and Invasive Plants
  a. �Ecological processes in 

IPM 
  b. �Ecology and genetics of 

herbicide resistance 
  c. �Ecology and evolution 

studies for weed 
management

5. Insects and Nematodes in
  a. �Interaction mechanisms, 

especially using 
genomics 

  b. �Plant responses 
especially through 
signaling mechanisms 

  c. �Control through 
transgenic approaches 

  d. Genomics of vectors
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investigator (PIs) although grants with a few co-PIs have been allowed. 
In general, these standard grants parallel individual-investigator initiated 
grants typical of other federal granting agencies—such as the National Sci-
ence Foundation (NSF) and the National Institutes of Health (NIH)—and 
have been the exclusive type of grant in support of research, extension, or 
education in the Foundational Program. Grants aimed at strengthening the 
research infrastructure of small, medium-size, and minority-serving institu-
tions are in this category.

Starting in 2010, and carrying over and extending a practice of the 
U.S. Department of Agriculture (USDA) National Research Initiative (NRI), 
AFRI used CAP grants for the challenge-area program. The duration of 
those grants was typically 5 years, they had total budgets ranging from 
more than $2 million to almost $40 million, and they involved up to 40 
co-PIs and a median of 20 co-PIs (USDA-NIFA, 2013j). Each project in-
volved a complex mixture of research, extension, and education, and all 
were funded as continuation projects; that is, funding for the years beyond 
the first year were taken from the succeeding years’ budgets. The budget-
ary effect of the grants is discussed below. The leadership for these large 
grants was awarded largely (almost 90%) to land-grant universities; this 
suggests a failure to broaden the base of scientists involved in agriculture-
related research, and about 60% of the effort is devoted to applied research 
(USDA-NIFA, 2009, 2011a, 2012a). The RFAs were highly specific and 
detailed, and this suggests a top-down design strategy, from AFRI to the 
research community. A potential downside of these grants was pointed out 
by a number of CAP grant PIs who provided input to the committee about 
the complex application process and the major and expensive need for 
constant communication and grant administration among the PIs in their 
projects. In contrast, several felt strongly that their projects were uniquely 
able to connect diverse segments of the research community to address 
important issues. Chapter 4 of this report presents methods for examining 
the efficiency and potential return on investment of grant projects of various 
sizes and identifies possible inefficiencies of large grants that would need to 
be taken into account in considering the efficacy of this type of grant (Lane, 
2010; Wadman, 2010). 

In 2010, a decision was made to readjust AFRI’s portfolio to reflect 
30% for standard grants and 70% for CAP awards for collaborative re-
search. The shift from standard grants aimed at fundamental research to 
large CAP grants integrating research, extension, and education aimed at 
specific challenges constituted a strategic change for AFRI. As previously 
mentioned, even in the Foundational Program, RFAs identified detailed 
topic areas rather than less directed exploratory efforts. Budget constraints 
resulting from lack of growth in appropriated budgets compared with ini-
tial authorizations and the move to large CAP grants changed the spectrum 
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of research supported by AFRI. Table 5-4 lists the percentage of overall 
funding of grant research focus areas from 2009 to 2012, as reported in the 
published AFRI annual synopses. Data for 2012 are from an interim report 
of February 2013. Table 5-5 tracks the move toward multidisciplinary vs. 
single-discipline research and shows the trend to support programs that 
involve multiple investigators in more systems-oriented research.

The move toward large multidisciplinary, multi-institution grants (CAP 
grants) has also been accompanied by a shift toward so-called integrated 
projects that fund coordinated efforts in research, education, and extension. 
Table 5-6 tracks that change. It is striking that although integrated proj-

TABLE 5-6  Percentage of Funds for Integrated vs. Single-Function Grants

2009 2010 2011 2012

Integrated research, education, and 
extension

30% 47% 58% 54%

Single-function research 68% 48% 39% 42%

Single-function education   2%   3%   3%   2%

Single-function extension <1%   2%   0%   2%

SOURCE: USDA-NIFA, 2009, 2011a, 2012a, 2013g.

TABLE 5-4  Percentage of Funds for Fundamental vs. Applied Research

Research Focus 2009 2010 2011 2012

Fundamental 60% 54% 33% 42%

Mission-linked applied 40% 46% 67% 58%

SOURCE: USDA-NIFA, 2009, 2011a, 2012a, 2013g.

TABLE 5-5  Percentage of Funds for Multidisciplinary vs. Single-Discipline 
Research

Research Focus 2009 2010 2011 2012

Multidisciplinary 69% 88% 93% 88%

Single-discipline 31% 12%   7% 12%

SOURCE: USDA-NIFA, 2009, 2011a, 2012a, 2013g.
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ects increased substantially, single-function education or extension projects 
showed no change.

Although AFRI presented RFAs for grant programs each year, the bud-
get available to support new grants varied considerably among the different 
areas, as is shown in Table 5-7. In 2009, AFRI offered only foundational 
grants; in 2010, it offered foundational and all the challenge-area grants; 
in 2011 and 2012, some programs were not offered; and in 2013, all pro-
grams were offered again. As mentioned above, AFRI adopted a policy of 
“continuation funding” for the CAP grants in the challenge-area program. 
In that scenario, funding of work beyond the year of the initial award is 
provided by later years’ anticipated budgets. AFRI points out that this ap-
proach “allows for a much higher level of post-award oversight and quality 
control since funds are allocated on a year-by-year basis with continued 
funding provided only if performance has been satisfactory, appropriations 
are available for this purpose, and continued support would be in the best 
interests of the Federal government and the public” (USDA-NIFA, 2011b). 
It is striking to note that because of continuing commitments, 2011 and 
2012 witnessed considerable decreases in funds available for new grants. 
The 2013 available budget for new grants rebounded as a result of the 
forward-funding approach adopted by AFRI’s managers. 

The move to large multidisciplinary, multifunction CAP grants and 
legislative decisions not to fully appropriate authorization funding levels 
appear to have led to a decline in the number of new grants funded annu-
ally from 2009 to 2012 (see Table 5-8).

PRIORITY-SETTING PROCESS

As previously discussed, in addition to the six legislatively mandated 
priority areas, NIFA scientific leadership identified five challenge areas that 
are based on societal challenges outlined in the National Research Council’s 
New Biology report (NRC, 2009) and the agency goals for the program 
(see Figure 5-1 for an overview of AFRI priority setting and see Chapter 3). 

In each foundational or challenge area, research priorities are driven 
by National Program Leaders (NPLs). According to NIFA, NPLs take into 
consideration a variety of 

inputs from any individual and specifically from commodity groups, indus-
try, interagency federal work groups, the National Academy of Sciences, 
nongovernmental organizations, scientific societies, and university part-
ners. In addition, AFRI obtains input from the Congress, the Department, 
the NAREEEAB [National Agricultural Research, Extension, Education, 
and Economics Advisory Board], the REE [Research, Education, and Eco-
nomics] Mission Area, and NIFA’s scientific leadership. Stakeholder input 

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


120	

T
A

B
L

E
 5

-7
 B

ud
ge

t 
fo

r 
N

ew
 P

ro
gr

am
s,

 b
y 

Pr
og

ra
m

 A
re

a 
O

ve
r 

Y
ea

rs
 o

f 
Pr

og
ra

m

Pr
og

ra
m

 A
re

a
20

09
20

10
20

11
20

12
20

13

In
 m

ill
io

ns
 o

f 
do

lla
rs

Fo
un

da
ti

on
al

19
0

64
78

0
13

6

C
ha

lle
ng

e

C
lim

at
e 

C
ha

ng
e

0
55

0
12

5

C
hi

ld
ho

od
 O

be
si

ty
0

25
8.

5
5

5

Fo
od

 S
af

et
y

0
20

7
0

10

Fo
od

 S
ec

ur
it

y
0

19
0

19
5

Su
st

ai
na

bl
e 

B
io

en
er

gy
0

40
0

11
10

Su
bt

ot
al

 f
or

 C
ha

lle
ng

e
0

15
9

15
.5

47
35

To
ta

l 
fo

r 
al

l 
ne

w
19

0
22

3
93

.5
47

17
1

To
ta

l 
fo

r 
al

l 
gr

an
ts

, 
as

 a
nn

ou
nc

ed
 i

n 
R

FA
s

19
0

26
2

26
2

26
4

26
4

%
 o

f 
to

ta
l 

fo
r 

ne
w

10
0%

85
%

36
%

18
%

65
%

SO
U

R
C

E
: 

U
SD

A
-N

IF
A

, 
20

09
, 

20
11

a,
 2

01
2a

, 
20

13
g.

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


PROGRAM MANAGEMENT	 121

TABLE 5-8  Number of New Grants Awarded, by Year

FY 2009 FY 2010 FY 2011 FY 2012

470 403 281 254

SOURCE: USDA-NIFA, 2009, 2011a, 2012a, 2013g.  

FIGURE 5-1  Setting AFRI’s challenge-area program. Dotted lines and items in gray 
reflect previous inputs for setting priorities. 
SOURCE: Based on information provided by NIFA.
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is obtained in several ways. Input is solicited in all NIFA RFAs; and NIFA 
may also conduct stakeholder listening sessions or workshops, some as 
stand-alone events, some in conjunction with national scientific meetings. 
There are also webinars organized by NIFA. Stakeholder information 
from other government and private-sector events and publications are also 
gathered by NIFA.” (USDA-NIFA, 2013i)

Stakeholders can provide input and comments on AFRI’s priority 
setting at any time through NIFA’s website (USDA-NIFA, 2012c), and the 
RFAs have an address for interested parties to use in submitting comments. 
Stakeholder listening sessions are also posted on the agency’s website, pub-
lished in the Federal Register, and disseminated through NIFA’s listservs 
(Lichens-Park and Mirando, 2013; USDA-NIFA, 2013f). 

All the information above is considered by the NPLs in developing pro-
posals for future research to be addressed by the foundational and challenge 
programs. NPLs then present their plans to NIFA scientific leadership, and 
the topics for the RFAs are defined. However, to judge from the information 
provided by NIFA, there did not appear to be a systematic approach or a 
standardized operating procedure for identifying priorities for all NPLs. 
And there is no external mechanism for validating or conducting concept 
clearance for decisions by NPLs and NIFA leadership.

Because of the goal of each program, priorities for the challenge areas 
are specific and target key and immediate issues in food and agriculture; for 
the foundational areas, they are broader. Challenge-area priorities are iden-
tified every 3 years (see Table 5-3), and foundational program priorities are 
identified annually (see Table 5-2); this makes it difficult for investigators 
to predict which priority or program areas will be offered and emphasized 
at any given time. 

Allocation of funds for challenge and foundational program RFAs 
is also determined by “NIFA leadership taking into account stakeholder 
input, previous year investments, non-AFRI program support from NIFA 
and other funding agencies, and scientific judgment” (USDA-NIFA, 
2013h).

PROGRAM EFFECTIVENESS AND EFFICIENCY

The success of AFRI will be measured according to how well its pro-
gram is able to attract the best ideas from a broad community of qualified 
researchers in all areas of science. For AFRI to succeed, there needs to be a 
well-documented and transparent process in place for managing proposals 
and awards. AFRI’s grant-management process is fundamentally the same 
as that of its predecessor organization, the NRI, and is patterned after 
successful models used by such sister agencies such as NSF and NIH. The 
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proposal and award-management process involves a number of steps, which 
are illustrated in Figure 5-2.

Request for Applications

Program announcements (RFAs) are prepared by the RFA writing 
group, which comprises a number of NPLs and program specialists, on the 
basis of the established NIFA proposal and award policy, parts of which 
are found on the NIFA website and at Grants.gov. The approval chain of 
AFRI RFAs consists of the leadership of the relevant NIFA institute, NIFA 
senior executives (the Science Leadership Council), the NIFA Policy Office, 
and the Office of the Chief Scientist.

RFAs are posted simultaneously to the NIFA website and to Grants.gov 
as they are released. They are also listed on the NIFA homepage as news 
items (“In the News”) and in the NIFA Update, which are broadly distrib-
uted through seven listservs to well over 2,000 organizations, institutions, 
and individuals. Since FY 2011, NIFA has issued a list of RFAs that it 
expects to fund in the upcoming fiscal year. The list is developed before or 
at the start of a fiscal year with an expected date of release of each specific 
RFA; however, those plans are not always implemented. For example, NIFA 
announced that it planned to issue seven RFAs for AFRI in FY 2011, but 
three were actually issued. Because of delays in appropriations, RFAs are 

NIFA issues
Requests for 
Applica�ons 

(RFA)

Project
Ideas

Research, 
Educa�on, 
Extensions 

Communi�es

A
F
R
I

Le�ers of 
Intent 
and/or

Full 
Proposals

Panel 
Review

Panel Manager & NPLs 
make award decision 
based on Panel’s 
recommenda�on 

Applicant/
Applicant’s 
Ins�tu�onReturned Without Review

Approval by 
NIFA Senior 
Management

NIFA 
Grants 
Office

Decline
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FIGURE 5-2  AFRI proposal and award process.
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often issued before the budget for the fiscal year is known. As a result, 
RFAs are often modified after they are issued; most of the modifications 
are administrative, such as an extended submission deadline, rather than 
programmatic, such as priority areas.

Because the priority areas, the date of RFAs issuance, and the submis-
sion deadlines change from year to year, potential applicants must wait to 
start preparing their proposals. Therefore, the time allotted for proposal 
preparation becomes crucial if AFRI is to receive high-quality proposals. 
NIFA aims to provide at least 30 days of preparation time for letters of in-
tent from the date of RFA issuance for most standard grant programs and 
at least 2 months for CAP proposals. Responses to letters of intent are to 
be provided within 2–3 weeks of the deadline. NIFA’s goal for the prepara-
tion time for full proposals from the notification on the letters of intent is a 
minimum of 30 days for most proposals and 4 months for CAP proposals. 

RFA activities for FY 2009–2012 are summarized in Appendix F. Indi-
vidual RFAs can be found online (USDA-NIFA, 2013b). Each RFA contains 
information specific to the program areas that are soliciting proposals 
and a description of AFRI policies and procedures that are common to all 
program areas (with identical text). Program-specific information includes 
priority areas, submission deadlines, and an upper limit for the budget. If an 
applicant requests more than that limit, the proposal is returned without re-
view. Most proposals request a budget at the upper limit. For challenge-area 
programs, which solicit mostly integrated projects or CAPs, many RFAs 
read like an outline of a proposal rather than like a solicitation document 
with detailed guidance on research, education, and extension activities that 
is expected or often required in a proposal. Required documentation out-
side the project description for CAP proposals (CVs and support documents 
for up to 40 co-PIs, subaward budgets from a dozen participating institu-
tions, and the like) resulted in proposals that were 400–700 pages long.

Proposals for joint programs with other agencies are solicited separately 
through a joint solicitation and managed as part of the AFRI portfolio in 
that funds to support successful proposals come from the AFRI appropria-
tion. The proposal-review process for joint programs varies from program 
to program, ranging from simple piggy-backing on the partner agencies’ 
process to joint management of the entire process. In all cases, there is no 
separate scientific review of proposals identified by AFRI, and AFRI funds 
proposals that are highly rated by the joint review process and are aligned 
with AFRI’s goals and objectives. All joint programs supported by AFRI 
are listed on NIFA’s website.3 

3 Available online at http://www.csrees.usda.gov/funding/afri/afri_interagency_programs.html. 
Accessed December 23, 2013.
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Proposal-Review Process 

Peer review is the central component of any competitive research-
grants program. For a competitive research-grants program to maintain 
credibility, the review process needs to be well documented and transpar-
ent. Furthermore, the system needs to have an appropriate mechanism for 
preventing actions that may undermine integrity. AFRI continues to follow 
a well-established, science-based peer-review process that was also in place 
with the NRI. 

Once letters of intent or proposals are submitted in response to RFAs, 
they are reviewed according to established policies and procedures, parts 
of which are described on the NIFA homepage, at Grants.gov, and in in-
dividual RFAs. Panel managers and NPLs assigned to each program area 
are responsible for fair and thorough review of proposals. Panel managers 
are part-time, temporary USDA employees recruited for the sole purpose 
of managing AFRI proposal review, whereas NPLs are full-time, permanent 
USDA employees. 

The panel-manager system is a modification of the rotator system used 
at NSF.4 An advantage of the panel-manager system is that its part-time 
nature makes it easier to recruit busy active researchers to participate. A 
disadvantage is that panel managers are not held accountable for their deci-
sions; accountability falls on the NPLs. Moreover, panel managers are not 
involved in NIFA activities at the policy level, such as strategic planning, 
priority setting, and portfolio management.

Conflict-of-interest (COI) rules governing the peer-review process are 
in place. NIFA’s COI rules contain both those required by law and those 
imposed by NIFA. In response to the present committee’s request for com-
ments, a concern was expressed about strict adherence to the COI rules 
because it often requires the most knowledgeable specialists on the review 
panel to exclude themselves. Several commenters also noted that COI con-
straints often limit expert review of a particular proposal. 

Panel members are identified and recruited on the basis of information 
obtained from the letters of intent. The panel manager and NPL assigned 
to each program are responsible for formulating a panel whose members 
are well balanced in technical expertise, gender, types of institutions, ca-
reer stages, and other factors. Panels are constituted anew each year. To 
maintain continuity on panels from year to year, it is the general practice of 
AFRI programs to invite 30–50% of the previous year’s panelists to return 
(USDA-NIFA, 2013c). AFRI tries not to ask people to serve on a review 
panel more than 3 years in a row. 

4 Available online at http://www.nsf.gov/about/career_opps/rotators/index.jsp. Accessed De-
cember 23, 2013.
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The number of panels per program is based on proposal loads. Multiple 
panels can be held to review proposals submitted to a single program when 
the number is large. Conversely, a single panel might review proposals 
submitted to two or more programs that have similar or identical scientific 
themes when the number submitted to each program is relatively small. 
Occasionally, ad hoc reviewers are added as needed. Around 2006, the 
NRI moved away from ad hoc reviews. Continuing that practice, AFRI 
programs use ad hoc reviewers rarely and only to augment panel reviews 
when specific expertise that is not found among the panel members is 
needed. 

Reviewers prepare reviews according to published evaluation criteria. 
Review criteria for the AFRI are scientific merit, qualifications of project 
personnel and adequacy of facilities, and relevance to program priorities, 
including importance of the topic for agriculture. Often, additional review 
criteria are used to review proposals submitted to specific programs; these 
are usually described in the RFAs.

Panel members submit written reviews before the face-to-face panel 
meetings, which are usually held in Washington, DC. On the basis of the 
submitted reviews, panel managers and NPLs prepare a list of proposals 
that received uniformly poor reviews. At the beginning of a panel meeting, 
the panel manager presents the list of poorly ranked proposals and asks 
the entire panel whether any of the listed proposals need to be discussed. 
If there are no objections, these proposals will not be discussed further by 
the panel.

For a funding decision, NIFA policy states that at least three indepen-
dent written reviews are needed, reviewers’ comments are advisory, and 
final funding decisions are made by NIFA. Nevertheless, the current practice 
is to consider panels’ recommendations as governing. AFRI staff will over-
ride panels’ rankings only to meet congressionally mandated award distri-
butions (e.g., to states that are underrepresented in the AFRI portfolio). 
Table 5-9 summarizes the scale of proposal-review activities.

Face-to-face panel meetings have been the norm for conducting proposal 
reviews. However, a new process that combines in-person panel meetings 
along with virtual panel meetings is worth exploring as it takes advantage 
of virtual conferencing capabilities. For example, an expert provided input 
to the committee about his involvement in reviewing 120 nanotechnology 
applications using a combination of face-to-face and virtual meetings. The 
first meeting was a virtual panel of 24 reviewers that reduced the number of 
proposals for consideration in half, and a later meeting was held in-person 
with a 12-person panel that made the final selection of projects to be funded. 
This hybrid approach provides a substantial reduction in time and cost while 
still allowing an in-depth review at a later date that is expected from a seated 
panel focused on selecting the most outstanding applications. 
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Post-Award Management

NPLs are assigned responsibility for managing programmatic issues 
that arise from AFRI awards in the post-award stage. Depending on the 
project type (foundational or challenge area), the size of award (standard 
or CAP), and the degree of complexity, an NPL may have diverse roles in 
the management of funded projects. 

The budget of any particular AFRI program is established in advance of 
peer review, so the program can approximate the number of proposals that 
can be funded when the funding plan is presented to the Division Director 
and Institute Assistant Director. After peer review, funds are normally not 
redistributed among programs in a Division or throughout an institute on the 
basis of the quality or number of fundable proposals or a desired change or 
to balance portfolios among scientific areas or among types of research. AFRI 
indicated that there are far more high-quality proposals in all programs than 
could possibly be funded, so it is reasonable that programmatic budgets are 
established ahead of time because only high-quality proposals will be funded. 
Therefore the Division Director and Institute Assistant Director do not seem 
to play a direct role in determining the final funding recommendations, and 
the presentation of the funding plan appears to be pro forma.

Most NPLs manage both review of applications and post-award sci-
entific programs. Thus, NPLs have both an application portfolio and an 
award portfolio that can be so large that it demands more time for review 
and constrains the time available for program management. AFRI project 
management includes reviews of annual reports and some direct interac-
tions through site visits, meetings of investigators, phone calls, connections 
at professional meetings, and so on, depending on the complexity and 
nature of projects. However, the committee received comments from sev-
eral grantees that there was much less post-award management of projects 
compared to that of other agencies.

It is unclear that the types and sizes of grants determine how many 
grants are in an NPL’s portfolio. Based on information provided by NIFA, 
the workload of any particular NPL appears random. There do not seem to 
be any established best practices or standard operating procedures (SOPs) 
for programmatic post-award management, particularly for the larger, more 
complex awards.

The AFRI program and its predecessors have had a long-standing 
practice to adhere strictly to the priority ranking established through peer 
review. That is a laudatory goal, but it is restrictive in that it does not allow 
for raising proposals to meet programmatic priorities. Peer review is merely 
one—albeit a critical one—component of the funding decision, and there is 
a need to provide greater flexibility to meet the mission. Greater flexibility 
would allow scientific staff (including panel managers, NPLs, and Division 
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and Institute Directors) to play a more integral role in the funding-decision 
process. It also allows them to use their scientific backgrounds to ensure 
the success of their own programs and the overall success of AFRI. With 
such flexibility, however, there need to be defined SOPs for recording fund-
ing decisions and establishing clear criteria for altering ranks apart from 
peer-review order. SOPs are essential for documenting the scientific and pro-
grammatic justification of funding decisions. AFRI does not have a second 
level of review itself, but one could consider the review by the Division and 
Institute Directors with input by NPLs as serving this purpose.

AFRI’s post-award management needs improvement. Effort needs to 
be made to provide NPLs the necessary time and resources to provide a 
high level of post-award management to ensure that grants reach success-
ful conclusions. As shown in Figure 5-3, most NPLs are dedicated to AFRI 
on a part-time basis. Furthermore, both full-time and part-time NPLs are 
involved in both review and scientific program management, and their 
portfolios need to be balanced by management to accommodate a baseline 
level of post-award activities and professional development. That means 
that projects may need to be redistributed among NPLs for post-award 
management, depending on the numbers and complexity of foundational, 
challenge, CAP, and standard grants in any particular portfolio.
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SOPs for programmatic oversight are not well established, and NPLs 
will need to be evaluated as to their ability to provide a high level of pro-
gram management. 

DIVERSITY 

National Institute of Food and Agriculture Policies and Programs

One of the frequently stated goals in all AFRI RFAs is to ensure diver-
sity in the pool of grant recipients (Ramaswamy, 2013). An intended goal of 
AFRI was to expand the population of researchers, including nontraditional 
agricultural scientists, from which proposals might come and so improve 
the quality of the science.5 To ensure diversity in the pool of participants, 
AFRI must strive for broad diversity in RFA distribution, proposal applica-
tions, review-panel composition, and grant awards. 

Distribution of Requests for Applications

A wide distribution of RFAs throughout the research community would 
presumably maximize the diversity of researchers and organizations apply-
ing. As mentioned earlier, all RFAs are posted on the NIFA website and at 
Grants.gov and distributed to all land-grant universities (LGUs), Hispanic-
serving institutions, Native American institutions, and many other related 
non-LGUs and others through listservs maintained by NIFA NPLs for the 
communities that they serve. NIFA believes that the entire research com-
munity typically monitors such postings and promptly distributes them 
among their various constituencies and that therefore the availability of the 
RFA announcements is sufficiently wide to meet the needs of nontraditional 
agricultural research communities. No data are available for judging the 
diversity of RFA recipients, but the breadth of distribution probably ensures 
that widely diverse potential applicants are fully informed. 

Review-Panel Composition

NIFA notes that when assembling a review panel, the NPL and panel 
manager “ensure that all peer panels have a diverse pool of participants” 
(USDA-NIFA, 2013d). NIFA also states the following:

Selection of panelists and proposal review. The program leader and panel 
manager aim to assemble a diverse panel active in research, education, 
and/or extension (as appropriate for the program) related to the subject 

5 Remarks made to the committee by William Danforth, April 1, 2013. Available on request 
from the Public Access Records Office, National Research Council, Washington, DC.
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matter in question. The goal is to create a balanced panel with the neces-
sary expertise to cover the range of the proposals, while also maintaining 
diversity in geographical location, institution size and type, professional 
rank, gender, and ethnicity. Special care is taken to include panelists from 
minority groups and from minority-serving institutions. (USDA-NIFA, 
2013c)

The committee was given summary data on panel composition gener-
ated by NIFA for all NRI and AFRI programs in FY 2007–2011 (USDA-
NIFA, 2013a). During that 5-year period, an average of 473 panelists per 
year reviewed an average of 1,945 proposals. 

Panel composition by organization is, not surprisingly, skewed toward 
the university community: 78% of panel members are in academe, 12% in 
federal agencies, 4% in industry, and 6% other. Although industry represen-
tation is low, engagement by industry researchers has always been difficult 
to obtain in research review panels. The direct benefits of panel membership 
are hard to justify in a private-sector work environment that generally does 
not reward public service. 

The geographic diversity of the panel was broadly represented as well. 
According to the FY 2007-2011 summary of panel composition, average 
representation for the Northeast was 21%, the South 32%, the North 
Central 27% and the West 20%. Given the difficulty of establishing a panel 
due to varying demands on potential panel members’ time and the need to 
cover certain specific disciplines, NIFA seems to have achieved reasonable 
geographic breadth. 

An argument could be made that given the outsized need for profes-
sional expertise in panel makeup, diversity of geography, race, gender, rank, 
and institution might be occasionally and necessarily sacrificed, but that 
does not appear to have happened based on the data provided by NIFA. 
NIFA has succeeded in diversifying its AFRI panel membership without 
compromising the scientific quality of the review process. 

Grant Awardees

Diversity might be considered in a number of ways in the granting of 
AFRI funds. Reliable data are available on the relative diversity of institu-
tions and researchers. Those data offer a clear window into participation 
in AFRI programs and begin to answer the question of whether AFRI has 
successfully recruited a broad mixture of nontraditional agricultural scien-
tists and nontraditional agricultural institutions. 
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Researcher Diversity 

In AFRI, Food and Agriculture Science Enhancement (FASE) grants are 
intended to enhance institutional capacity and attract new scientists into 
agricultural research, especially in underrepresented constituencies, such as 
the Experimental Program to Stimulate Competitive Research (EPSCoR) 
states, which are considered underrepresented in federal research, educa-
tion, and extension funding. NIFA’s stated goal is to set aside 10% of AFRI 
research dollars for “strengthening awards” and predoctoral and postdoc-
toral fellowships grants. FASE grants, in particular, include predoctoral and 
postdoctoral fellowships, new investigator grants, and strengthening awards. 

According to the AFRI annual synopses (USDA-NIFA, 2009, 2011a, 
2012a, 2013g), FASE grants have averaged 16.8% of the total funds avail-
able, providing an average of $32 million per year. In light of limited 
funding, that has been on the average an aggressive response to build-
ing agricultural infrastructure. However, the actual number of researchers 
trained6 as part of FASE declined by 58% from FY 2007 to FY 2012 (that 
period includes the last 2 years of the NRI) (Figure 5-4), and this indicates 
an alarming trend. Moreover, in 2011, the last year for which NIFA pro-
vided data, only 13% of predoctoral and postdoctoral applicants received 
awards (USDA-NIFA, 2012a) compared with 33% in 2010 (USDA-NIFA, 
2011a; no other data made available). A number of those who provided 
testimony and input to the committee expressed that meager rates of fund-
ing can be discouraging to new, young researchers.7 If talented young 
investigators in agriculture decide to look for higher funding rates outside 
USDA, they could alter their focus away from agricultural research; some 
researchers have indicated that is already happening. 

A number of organizations have called for a substantial increase in 
funding for training and supporting the work of new researchers. Concern 
was expressed by the Tri-Societies (a collaborative association of agronomy, 
crop science, and soil sciences societies) during committee testimony (Feb-
ruary 27, 2013) that young investigators are not being given a sufficient 
chance to get started and that they might well move to other, nonagri-
cultural investigation (Volenec, 2013). In response, the Tri-Societies have 
proposed a focused Young Investigators Grant Program to be funded at a 
level of $50 million. 

In the American Society of Plant Biology’s survey of its membership, 
50% of respondents believed that AFRI was an important source of fund-

6 Researchers trained is defined by NIFA as undergraduate students, graduates, and post-
doctoral scientists funded by NRI and AFRI grants. Data were provided in an Excel file titled 
“Training Data for NRI and AFRI programs from 2000–2012.”

7 AFRI grants are awarded to the institution, not the researcher; therefore, there are no 
restrictions for submitting proposals based on citizenship. 
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ing for graduate students. Their concern was that in light of the history of 
low levels of PI funding, students would be discouraged from continuing 
in agriculture. They also believed that by prescribing the research topics 
in the RFA narrowly, AFRI was disenfranchising the best and brightest 
researchers. 

The President’s Council of Advisors on Science and Technology Report 
to the President (PCAST, 2012) recommended that “the USDA, in collabo-
ration with NSF, expand a national competitive fellowship program for 
graduate students and postdoctoral researchers.” PCAST noted a repeated 
concern among testifying experts that agriculture is facing a workforce 
deficit and that the best and brightest students are not interested in agri-
cultural research and instead are flocking to medicine, law, and business. 
Fellowships for young scientists could greatly improve the talent pipeline 
and develop an agricultural workforce that produces needed “innova-
tions, technology, and products for the future.” PCAST’s proposal was for 
$180 million per year for at least 5 years.

According to the AFRI annual synopses (USDA-NIFA, 2009, 2011a, 
2012a, 2013g), new-investigator awards averaged $5.6 million over its 
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FIGURE 5-4  Number of postdoctoral, graduate, and undergraduate students 
trained through NRI and AFRI Programs, FY 2001–2012. 
SOURCE: USDA-NIFA, 2013e.
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4 years of funding, 2012 being the lowest at $1.16 million. Thus, although 
AFRI’s support in FASE grants has been above the goal on a relative basis 
(as a percentage of available dollars), the actual amount awarded to new 
investigators is well short of recommendations from those concerned with 
the future quality of agricultural research. 

Institution Diversity

Respondents to the present committee’s Web-based solicitation of input 
indicated that they believed that AFRI favored large, well-known institu-
tions, especially 1862 land-grant universities (LGUs). They believed not only 
that the LGUs were favored because of reputation but that the complexity 
of the grant-application process favored universities that could provide 
expanded resources and administrative support to handle the paperwork. 
Some also believed that large institutions were advantaged because they 
could handle the lower than standard overhead specified for AFRI grants 
better, but it is clear that these institutions also submit the largest number 
of proposals. 

At first glance, data from the AFRI annual synopses appears to sup-
port the perception of advantage enjoyed by LGUs, which on the aver-
age submitted 77% of the applications and received 79% of the dollars 
awarded (Table 5-10). That is not noticeably different from the last 2 years 
(FY 2007–2008) of the NRI awards, in which on the average 73% of the 
applications were from and 78% of the dollars were awarded to LGUs 
(USDA-NIFA, 2013h). Thus, there has not been an appreciable increase in 
awards to non–1862 LGUs, private universities, private research, or indus-

TABLE 5-10  Percentage of Applications Submitted, Applications 
Awarded, and Total Funds Awarded to 1862 Land-Grant Institutions by 
AFRI, 2009–2011

Fiscal Year
Applications  
Submitted (%)

Applications  
Awarded (%)

Grant Dollars 
Awarded (%)

2009 76.2 74.5 74.4

2010 78.3 74.0 83.3

2011 75.2 80.1 80.0

Average 76.6 76.2 79.2

NOTE: Percentages not accounted for include 1890 and 1994 LGUs, non-LGU public and 
private universities, private research, individuals, and federal institutions. No data were avail-
able for 2012. 
SOURCES: USDA-NIFA, 2009, 2011a, 2012a, 2013g.
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try, despite the expressed desire to expand the population of researchers 
receiving grants. 

Although the 1862 LGUs receive the bulk of the grants, the fact that 
non-1862 LGUs are awarded grants in proportion to their application rate 
suggests that new institutions are not unduly discouraged from submitting 
applications. Expressed concerns range from the complexity of AFRI RFAs 
to investigators’ enjoying a better success rate elsewhere. Some concern has 
also been expressed that the allowable overhead rate—30% of the federal 
funds awarded—deters non-LGUs from applying for grants (NRC, 2000). 
This amount closely approximates the total amount that other agencies 
allocate for indirect costs using the standard methodology of applying the 
federally negotiated indirect cost rates (an average of 33.8% of total federal 
funds) to modified direct costs. Since the two methods produce about the 
same proportion of funds used for indirect costs, every consideration will 
need to be given to remove the 30% cap and instead use the negotiated rate. 

Diversity in Comparable Programs: NSF and NIH 
Policies and Programs for Broadening Diversity

NSF and NIH are two large comparable research-grants programs that 
have implemented clear policies for achieving diversity, assigned staff to 
establish guidelines, and carried out specific measurable activities to ensure 
progress. Box 5-1 and Box 5-2 describe those diversity programs.

MANAGEMENT STRUCTURE AND STAFF WORKLOAD

Management of AFRI is an ensemble effort on the part of many of the 
NPLs at NIFA. All but 10 of the 68 NPLs work on AFRI in some capacity 
(see Figure 5-3). According to data supplied by NIFA, management of AFRI 
programs requires 24 full-time equivalents, which are spread out over the 
58 NPLs, representing an average time spent on AFRI of about 41%. In 
fact, one-third of NIFA NPLs spend 30–80% of their time on AFRI man-
agement. Thinly spreading the AFRI workload across a host of NIFA NPLs 
who have other duties seems to lead to a broadly distributed, fragmented 
management effort. According to both testimony and the present committee 
members’ own knowledge, NSF and NIH use dedicated program officers 
to manage their grants programs from RFA through project completion. 

NIFA’s difficulty in answering some of the committee’s questions sug-
gested that the diffusion of responsibilities and accountabilities has left a 
considerable vacuum in knowledge. Such matrix-style management pro-
vides cross-functional benefits among disciplines and exploits a broader 
range of technical expertise, but the customer experience can be severely 
eroded by the time it takes to navigate the matrix. 
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BOX 5-1  
Diversity Programs in the National Science Foundation

One of NSF’s statutory functions is “to strengthen research and education 
in science and engineering throughout the United States and to avoid undue 
concentration of such research and education.” Hence, broadening participation 
has always been one of NSF’s core principles. Today, NSF has a large portfolio 
of programs specifically designed to increase participation of groups that are 
underrepresented in science, technology, engineering, and mathematics (STEM). 

Broadening participation is embedded in NSF’s current strategic plan.a Spe-
cific participation-broadening performance goals include the following:

•	 Preparing a diverse, globally engaged STEM workforce.
•	 Integrating research with education and building capacity.
•	 Expanding efforts to broaden participation by underrepresented groups 

and diverse institutions in all geographic regions in all NSF activities.
•	 Improving processes to recruit and select highly qualified reviewers and 

panelists.

Implementation strategies and assessment strategies are outlined in Frame-
work for Action and Framework for Evaluating Impacts of Broadening Participa-
tion Projects, respectively. Both strategies incorporate collecting and analyzing 
diversity data on all NSF’s activities and activities supported by NSF. Broadening 
participation is also embedded firmly in NSF’s two merit-review criteria, “Intellec-
tual Merit” and “Broader Impacts,” which have been in effect since 1997. Implicit 
in the “Broader Impacts” review criterion is increasing the participation of under-
represented groups (e.g., gender, ethnicity, and geography) in STEM. 

Details of NSF’s efforts to encourage and incorporate diversity, including 
program portfolio and documents mentioned above, are posted at its broadening-
participation website.b

aAvailable online at http://www.nsf.gov/news/strategicplan/nsfstrategicplan_2011_2016.pdf. 
Accessed December 23, 2013.

b Available online at http://www.nsf.gov/od/broadeningparticipation/bp.jsp. Accessed Decem
ber 23, 2013.
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BOX 5-2  
Diversity Programs in the National Institutes of Health

In a study commissioned by NIH, Ginther et al. (2011) found that black ap-
plicants for NIH grants were 10% less likely than white applicants to be awarded 
research funding even when such variables as the applicant’s educational back-
ground, training, previous research awards, and publication record are controlled 
for. The report notes NIH’s long history of working to increase the diversity of the 
intramural and extramural research workforce and suggests further research into 
the review process.

Concurrently with the release of the Ginther et al. study, NIH chartered an 
internal Working Group on Diversity in the Biomedical Research Workforce (WG) 
to address the concern about minority-group representation. The WG built on 
the Ginther et al. data review and determined that, in addition to the black–white 
disparity, there was a large gap in the number of applications between under-
represented universities and highly funded organizations. Whether the disparity 
is cause or effect is not clear, but to increase diversity it was clear to the WG that 
NIH needed to reach out to that underserved community, especially at the young-
scientist level. On the basis of the results of its investigation, the WG formulated 
a broad array of recommendations (referred to at one point as interventions), 
among them the following:

•	 Ensure available resources for more systematic tracking and reporting of 
the outcomes of trainee funding.

•	 Partner with established minority professional groups to implement men-
tor networks for underrepresented students to provide career guidance.

•	 Increase scholarships and fellowships for minority-group members in 
biomedical research.

•	 Fund the aggressive improvement of infrastructure in underresourced in-
stitutions that have a documented history of supporting underrepresented minority 
groups.

•	 Establish a standing working group to identify and combat biases in the 
NIH peer-review system, and investigate and test internal training programs for 
diversity awareness. 

•	 Appoint a Chief Diversity Officer and establish an NIH Office of Diversity.

Ultimately, according to Deputy Director Lawrence Tabak in a 2012 presenta-
tion, NIH’s goal is “to increase the diversity of the NIH-funded workforce because 
we have compelling evidence that this will help us accomplish our mission, and to 
ensure that all applicants are treated fairly in the peer review system.”
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AREAS FOR IMPROVEMENT 

The committee identifies several areas for AFRI program improvement 
and provides recommendations here for overall and specific improvements 
in program management.

Finding 5-1: AFRI does not have a strategic plan for setting goals 
and priorities for its overall program. Consequently, AFRI’s prior-
ity-setting process lacks an overall strategy and results in RFAs that 
lack predictability, consistency, and continuity. The lack of predict-
ability and consistency makes it difficult for applicants to anticipate 
the areas and types of grants that AFRI might offer each year. In 
addition, the topics identified in RFAs have become too narrowly 
focused and restrict applicants in submitting innovative proposals 
that take advantage of opportunities at the cutting edge of science. 
Although funded projects exhibit a variety of foci, the balance has 
shifted away from fundamental, long-term research and toward 
applied, short-term research. The balance has also shifted away 
from individual-investigator–initiated grants toward more large-
scale applied research and extension projects.

NIFA does not have an external scientific advisory council 
to assist in validating decisions made by NPLs and NIFA scien-
tific leadership. For example, AFRI’s process for setting priorities 
lacks transparency. Although requests for comments are conducted 
through RFAs and listening sessions, it is not clear how NIFA evalu-
ates and uses information sources in establishing priorities. Other 
program-management processes—such as overall portfolio manage-
ment, award decision-making, and post-award assessment—are not 
entirely transparent and would benefit from advice of an external 
advisory body dedicated to helping AFRI.

Finding 5-2: The AFRI program procedures are not clearly defined 
or accessible and are difficult to assess. The committee requested 
information about SOPs and best practices for the proposal-review 
process and post-award management, and it did not appear that 
those were available. The entire proposal-review and decision-
making process is not clearly articulated in an easily accessible 
manner. For example, basic program information is scattered among 
three websites; in other agency’s programs, it would typically be 
found on one. Some procedures (such as post-award management 
and the proposal-review process) are not defined or described. 
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Although research priorities for challenge areas are communicated 
in 3-year cycles, the plans have not always been implemented.

RFAs are voluminous and their content is so dense that po-
tential applicants have difficulty in teasing out the most impor-
tant information from the boilerplate language. In RFAs, each 
type of proposal dictates a specified upper limit of budget and 
award duration. The limits appear to be set arbitrarily. The tim-
ing of RFA issuance also needs improvement, and there was not 
adequate time for applicants to prepare proposals. The time from 
the announcement of a funding opportunity to the proposal-receipt 
deadline varies greatly from program to program. Over the course 
of FY 2009–2012, the time between the issuance of an RFA and 
the deadline for receipt of letters of intent for all programs ranged 
from 23 to 109 days, the average being 44 days. The time allotted 
to applicants between receipt of a response to the letter of intent 
and submission of a full proposal ranged from less than a month 
to over 2 months, the majority being around 1.75 months. None of 
the CAP programs was given 4 months of preparation time (NIFA’s 
goal), the longest being 14 weeks. There appears to be no trend 
toward longer preparation time over the 4 years. 

There do not seem to be any best practices or SOPs for program-
matic post-award management, particularly for the larger, more 
complex awards. Projects may need redistribution to a number of 
NPLs for post-award management, depending on the numbers and 
complexity of foundational challenge, CAP, and standard grants in 
any particular portfolio. SOPs for programmatic oversight need to 
be well established, and NPLs need to be evaluated for their ability 
to provide a high level of program management. 

Finding 5-3: The overall review process adheres to underlying prin-
ciples similar to those of NSF and NIH, and the quality of the 
review process is comparable with that of other federal funding 
agencies, such as NSF and NIH. As previously mentioned, the peer 
review process is the only criterion that AFRI uses in making fund-
ing decisions. This practice differs from NSF or NIH where funding 
decisions are made by the agency taking programmatic goals into 
consideration along with the scientific merit of proposals as deter-
mined by reviewers. NPLs and panel managers exhibit a high level 
of commitment and dedication to conducting fair and thorough 
review. That panel managers are not involved in NIFA activities 
at the higher level (such as strategic planning, priority setting, and 
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portfolio management) seems to constitute a missed opportunity for 
NIFA. NIFA’s conflict-of-interest (COI) rules include both those de-
fined by law and those based on NIFA’s own policies, and the latter 
makes them too restrictive. It does not have a process whereby a 
waiver can be authorized by the NIFA conflict official in connection 
with rules that are not legally binding if the reviewer’s involvement 
is deemed essential. Both NIH and NSF have well-established poli-
cies and processes to deal with such cases. 

Finding 5-4: AFRI responsibilities are spread widely among 58 
NPLs, and the NPLs are not provided sufficient flexibility in man-
aging and balancing the AFRI portfolio to ensure that funded 
projects align with overall program goals. Many NPLs are involved 
in both review and program management, and their portfolios 
are imbalanced. It is not clear that the complexity of the type 
and size of grants determines how many grants are in an NPL’s 
portfolio, as the workloads of NPLs appear to vary. Also, funding 
decisions seem to be based solely on peer-review rankings without 
consideration of portfolio balance. That occurs despite the fact 
that it is NIFA policy that reviewers’ comments are advisory and 
not binding. The funding allocation for each program area is set 
before the award decision-making process, and this prevents AFRI 
NPLs and panel managers from translating the opportunities and 
ideas of investigators presented in their proposals into scientific 
opportunities.

Finding 5-5: AFRI has neither broadened nor reduced institutional 
participation beyond that achieved by the NRI. AFRI has achieved 
diverse participation in its review panels and has awarded training 
and EPSCoR grants on a generous basis relative to available fund-
ing. Because of AFRI’s emphases in agricultural research and exten
sion, land-grant universities are heavily represented in the pool of 
applicants and awardees. As NIFA communicates the RFAs and 
information about the AFRI program widely, the small number of 
proposals from non–land-grant institutions may relate to past con-
gressional constraint on AFRI’s indirect cost recovery. In the past, 
scientists at some institutions, mostly non–land-grant universities, 
were discouraged from applying to AFRI programs because of the 
limit on cost recovery. While this indirect cost limit has increased 
to a level where it is nearly equal to the average negotiated rates at 
most institutions, the continued existence of the indirect cost limit 
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discourages some institutions from even considering applying for 
AFRI funds. If broader institutional participation is a goal, then 
NIFA will need to work with Congress to allow standard negoti-
ated indirect cost recovery rates on AFRI grants. 

AFRI is asked to support training programs, young researchers, 
new institutions, and a broad array of agricultural disciplines in 
addition to the traditional areas. AFRI has followed the same 
pattern of outreach and funding previously followed by the NRI, 
relying largely on LGUs to propose and conduct research in tradi-
tional agricultural sciences. With inadequate funds, that is a diffi-
cult balancing act—one in which constituents often find AFRI to be 
lacking. Concern was expressed by some in the applicant commu-
nity that the future of agricultural science is being compromised by 
poor funding support and that young, innovative, nontraditional 
researchers will probably turn to other disciplines that are more 
generously funded. 

The committee found it difficult to assess diversity issues be-
cause of a lack of necessary data. For example, in its request for 
background documentation, NIFA asks for voluntary submission 
of researcher ethnicity data. However, according to management’s 
response to committee questions, fewer than 10% supply such 
data, possibly because it represents one more form to fill out. But 
committee members note that the same data are obtained by NSF 
and NIH as part of their background information. In some areas, 
AFRI has succeeded in supporting underrepresented groups of 
researchers and broadening review-panel diversity, but diversity 
policies have not been formalized at the leadership level. NSF and 
NIH have clear, formal internal mandates to seek out and support 
underrepresented organizations and scientists. Most important, 
those two agencies also have robust datasets on their RFA out-
reach and applications and on their grant recipients. Thus, they 
have been able to conduct analyses to determine weaknesses and 
put corrective policies in place. It should be noted that those two 
organizations are sufficiently well funded and have the necessary 
critical mass to pursue an aggressive diversity strategy. 
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Conclusions and Recommendations

At the beginning of its review process, the committee considered the 
importance of a national research program specifically targeted to the food 
and agriculture sector. It asked many questions, including these: What is the 
unique role, if any, of publicly funded agricultural research? How critical 
have research and development (R&D) been for increasing and maintain-
ing the productivity and sustainability of the nation’s agriculture and food 
sectors? How does the United States compare with other nations in R&D 
investment in those sectors, and is this investment sufficient for generating 
the productivity growth and agricultural knowledge that are needed to meet 
projected needs? Those questions and others helped to set the context for 
addressing elements of the committee’s Statement of Task (see Chapter 1, 
Box 1-1) that focused on assessing the Agriculture and Food Research 
Initiative (AFRI). The committee was mindful of the authorizing language 
in the Food, Conservation, and Energy Act of 2008 (known as the 2008 
Farm Bill), which defined the goals and priorities of the AFRI program. The 
Agricultural Act of 2014 (known as the 2014 Farm Bill) was passed as the 
committee was completing its report but did not change AFRI’s authority 
substantively despite including some changes in AFRI activities.

The preceding chapters have concentrated on specific elements of the 
committee’s Statement of Task, many of which concern AFRI program 
functionality and effectiveness. They each outline findings that address 
specific questions that are included in the Statement of Task. Taken to-
gether, these questions led the committee to a broader discussion about 
AFRI’s importance and about what AFRI needs if it is to succeed as the 
major competitive grants program of the U.S. Department of Agriculture 

143

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


144	 SPURRING INNOVATION IN FOOD AND AGRICULTURE

(USDA). In keeping with the charge to evaluate AFRI, the present chapter 
provides overarching conclusions and recommendations that resulted from 
that broader discussion. 

NEED FOR FOOD AND AGRICULTURE RESEARCH

U.S. public investment in food and agricultural R&D has contributed 
substantially, both domestically and internationally, to the public good. 
The 2012 Report to the President on Agricultural Preparedness and the 
Agriculture Research Enterprise by the President’s Council of Advisors 
on Science and Technology (PCAST, 2012) independently recognized the 
value of that investment, the importance of competitive grants to ensure 
the highest-quality R&D effort, and the growing mismatch between the 
magnitude of the investment used to fulfill the promise of contemporary 
scientific opportunities versus the magnitude of investment needed to meet 
present and projected domestic and global needs in food and agriculture. 
For instance, the needs of 9.6 billion people by 2050 (World Resources In-
stitute, 2013) and the last decade’s steady decline in the U.S. relative share 
of global agriculture and food system R&D are in sharp contrast with 
the nation’s more appropriate response to opportunities in the biomedical 
and other basic sciences—a response that has produced substantial public-
health benefit. Similarly, investment in defense-related research has led to 
remarkable returns, for example, in information technologies.

AFRI was created with the ambition of using the nation’s most creative 
minds in research, education, and extension to address issues fundamental 
to human and social well-being. However, continued weakness in the pub-
lic commitment to food and agricultural R&D is likely to lead to a steady 
decline in global competitiveness of U.S. food and agriculture production 
and an inability to respond adequately to health, sustainability, and envi-
ronmental challenges in this important sector.

CONCLUSION 1: AFRI plays a critical and unique role in the na-
tion’s overall R&D portfolio because its mandated scope, mission, 
and responsibilities are focused on the most important national and 
international challenges facing food and agriculture. But it has not 
been given the adequate resources needed to meet contemporary 
and likely future challenges. Congress established AFRI to man-
age and carry out research that would address complex national 
and multistate issues in agriculture and food. The scope, intensity, 
complexity, and urgency of those issues have been increasing, and 
demands on AFRI exceed what can reasonably be expected given 
AFRI’s recent funding levels. When AFRI was launched in 2008, 
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the National Institute of Food and Agriculture (NIFA) made pro-
gram management decisions on the basis of an assumption that ap-
propriations would grow to authorized levels over the next several 
years. That assumption was not borne out, and many multiyear 
grants encumbered future years’ appropriations. Although AFRI 
funding is growing, it has still not reached authorized levels.

RECOMMENDATION 1: The United States should strengthen its 
public investment in competitive agricultural R&D to ensure that 
it continues its role of a global leader in the innovations and tech-
nologies that are needed to promote health and well-being and to 
feed growing worldwide populations sustainably. AFRI’s prospects 
for success in meeting stated goals and outcomes would improve if 
its funding and other support elements (such as reporting structures 
and monitoring abilities) were commensurate with the program’s 
legislatively mandated scope.

REALIGNMENT OF PROGRAM STRUCTURE TO MATCH  
MISSION, MANDATE, AND BUDGET

When the 2008 Farm Bill replaced the National Research Initiative 
(NRI) with AFRI to “make competitive grants for fundamental and ap-
plied research, extension, and education to address food and agricultural 
sciences” (see Appendix C), the scientific community envisioned AFRI as 
USDA’s opportunity to create a scientific grants agency for food and agricul-
ture that would be equivalent in scope and stature to the National Science 
Foundation (NSF) and the National Institutes of Health (NIH). The 2008 
Farm Bill established six priorities for AFRI: plant health and production 
and plant products; animal health and production and animal products; 
food safety, nutrition, and health; renewable energy, natural resources, and 
environment; agriculture systems and technology; and agriculture econom-
ics and rural communities. Those priorities formed the basis of AFRI’s 
Foundational Program.

In attempting to understand AFRI’s mission and structure, the commit-
tee requested a NIFA organization chart of units that were affiliated with 
AFRI and a diagram that showed AFRI’s program structure. After several 
rounds of correspondence, it remained unclear to the committee how NIFA 
viewed AFRI’s mission, how AFRI was structured, and who had direct re-
porting responsibilities for grant administration. The committee therefore 
assumed that AFRI’s mission was to follow the 2008 Farm Bill’s authorizing 
language. Later communications with NIFA provided a more explicit basis 
for understanding AFRI’s program structure. The committee determined 
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that AFRI maintains two program areas (challenge and foundational), five 
challenge priority areas (childhood-obesity prevention, climate change, 
global food security, food safety, and sustainable bioenergy), six founda-
tion priority areas (plant health and production and plant products; animal 
health and production and animal products; food safety, nutrition, and 
health; renewable energy, natural resources, and environment; agriculture 
systems and technology; and agriculture economics and rural communities), 
and five grant types (standard project, coordinated agricultural project, 
planning and coordination, conference, and food and agricultural science 
enhancement). The committee concluded that the structure was unneces-
sarily complex.

The USDA competitive grants program was restructured in 2010. As 
part of the restructuring, NIFA established a new AFRI grant category that 
was intended to attract a wide array of disciplines and expertise to success-
fully address the most demanding, complex issues in food and agriculture. 
The challenge-area program was based on a multidisciplinary approach to 
problem solving. NIFA used the societal topic categories outlined in the 
National Research Council’s New Biology report (NRC, 2009) as a basis 
for identifying childhood-obesity prevention, climate change, global food 
security, food safety, and sustainable bioenergy as its challenge areas. It also 
established a multiyear, large-scale Coordinated Agricultural Project (CAP) 
grants program funded by substantial investments to address key societal 
concerns—an approach that USDA had previously taken with only a hand-
ful of NRI grants. This high-stakes, potentially high-rewards approach for 
bringing about grand solutions and the impetus for moving the approach 
forward were based on the assumption that funding would reach authoriza-
tion levels outlined in the 2008 Farm Bill. 

The goal of AFRI’s new challenge-area program is worthy—it an-
swers previous demands for incorporating multidisciplinary approaches 
to complex, pressing issues, and it brings resources to bear on high-profile 
problems. But the size of AFRI’s budget does not allow a reasonable pros-
pect of satisfying its congressional mandate to focus research on the six 
discipline areas of the 2008 Farm Bill (those areas remained the same for 
the 2014 Farm Bill) while adopting an ambitious grand-challenges research 
approach as other agencies have done, such as NSF and NIH. CAP grants 
have consumed an exceptionally large portion of AFRI’s annual appropria-
tions. Meeting the multiyear commitments has reduced the funds available 
for smaller-scale, more traditional, investigator-initiated grants—a develop-
ment that, not surprisingly, is associated with a reduction in the number of 
applicants for AFRI grants relative to AFRI’s predecessor (see Figure 3-3). 
Emphasis on CAP grants and challenge areas has coincided with a growing 
year-to-year inconsistency in AFRI’s project portfolio (see Appendix F), 
which is unsustainable in itself and insufficient if the various legislative 
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mandates are to be satisfied. Such inconsistency may be one explanation 
for the absolute decline in AFRI grant applications. The diversion of a large 
proportion of resources to CAP grants and challenge areas has impaired the 
flexibility needed to address emergent issues. 

CONCLUSION 2: AFRI is unnecessarily complex, difficult to de-
pict clearly, and characterized by overlapping components that do 
not clearly align with priorities identified in authorizing legislation. 
Program complexity impedes the measurement of progress relative 
to clear goals. The multiplicity of grant types, each with its own 
priorities that change from year to year, contributes to a sense of 
programmatic inconsistency and unpredictability. Proliferation of 
priority areas also has resulted in AFRI’s inability to satisfy its 
congressional mandates.

RECOMMENDATION 2: NIFA should simplify the AFRI pro-
gram structure by realigning it to more clearly address its specific 
mission and mandates as defined in authorizing legislation. Simpli-
fication of program structure to focus on the six foundation prior-
ity areas would improve efficiency, effectiveness, and transparency.

Rebalancing the Portfolio

AFRI’s ambitious portfolio of multiple grant types is undercutting its 
mission to support fundamental research, which generates critical knowl-
edge and tools for future applications. Federal support is essential to in-
crease the storehouse of fundamental knowledge, and AFRI will need to 
solicit and fund applications that advance basic agricultural sciences. The 
2008 Farm Bill specifies that grant funding for fundamental research should 
amount to 60% of the AFRI portfolio, with the remaining 40% for applied 
research. With a large proportion of AFRI’s budget dedicated to address-
ing grand challenges, the focus of the program has shifted toward applied 
science at the expense of fundamental research. Given its limited budget, 
if AFRI continues with that approach, the scientific workforce available to 
conduct fundamental research in the agricultural and food sciences may 
continue to diminish.

Conclusion 2-A: Fundamental research is critical to provide the knowl-
edge base upon which future discoveries will be made, and expanding 
the stock of fundamental knowledge is AFRI’s primary purpose. The 
balance of fundamental and applied research, however, has shifted 
toward the applied, with extension and education components mainly 
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included as supporting elements of research grants. Projects whose prin-
cipal aim is the development of fundamental innovations in research, 
education, and extension receive less funding. The request-for-applica-
tion (RFA) topics specified for foundational grants are increasingly nar-
row in scope and weighted toward applied research. NIFA will need to 
rebalance the AFRI portfolio toward the proportions described in the 
2008 Farm Bill and broaden its foundational grants areas to encourage 
investigator-initiated applications in basic science.

Recommendation 2-A: To realign AFRI’s portfolio with its legislative 
mandate, NIFA should renew its priority for fundamental research. 
That should include an emphasis on proposals that will generate fun-
damental knowledge to support novel technologies, provide platforms 
for extension and education, and educate the next generation of food 
and agricultural scientists. Basic research on topics in the six priority 
areas will be more effectively communicated to users and students 
if there is more research conducted directly on extension or educa-
tional processes, such as training on the use of new technology, and 
if there are additional educational programs. Less than 11% of AFRI 
funding is dedicated to extension and education (see Table 4-1). New 
grants are needed that are specific to extension and education in order 
to effectively communicate the research community’s findings to user 
communities, enabling AFRI’s fundamental and applied research to 
become better integrated and knowledge transfer to be more efficient 
in classroom and field settings. 

The Challenge-Area Program

Conclusion 2-B: The current AFRI challenge areas are narrowly fo-
cused on specific issues, and the challenge and foundation priority areas 
are unnecessarily redundant. The challenge areas are focused on five 
societal challenges determined by NIFA, and the foundation priority 
areas follow the six outlined priorities that are authorized in the 2008 
Farm Bill. The challenge areas are prescriptive and focus on specific 
problems of interest (such as climate change), which were predeter-
mined at the inception of the program in 2010. For that reason, the 
challenge areas have been perceived by the committee and the scientific 
community as lacking flexibility to address newly emerging problems 
and to incorporate rapid advances in science and technology. That is 
in contrast with the foundation priority areas (such as plant health and 
production and plant products) that are categorized by disciplines that 
span food and agriculture.
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Recommendation 2-B: As part of its realignment, AFRI should be 
simplified by eliminating the challenge-area program, and areas of 
research within the foundational program should be primarily inves-
tigator driven. Rather than dividing resources among two categories 
of programs (challenge and foundational), NIFA could focus its re-
sources on one program (the foundational program). Redirection of 
resources to the foundational program, whose priority areas directly 
reflect priorities aligned with the 2008 Farm Bill, would enable AFRI 
to address more clearly the six congressionally mandated priorities. 
The six priority areas are broad enough to allow investigators, teams, 
and institutions to develop innovative projects that address current and 
expected needs in food and agriculture (including topics that are the 
focus of the challenge-area program) and to incorporate advances in 
science and technology in a timely manner. Such a realignment would 
enable AFRI to fund the most innovative investigator-driven projects 
and enable NIFA to take full advantage of the intellectual resources in 
the U.S. scientific community. Multidisciplinary approaches, champi-
oned by the current challenge-area program, are critical for success-
fully addressing many of the challenges in food and agriculture that 
the AFRI program is expected to address. Such multidisciplinary ap-
proaches, where appropriate, can and should be incorporated into the 
foundational program. 

The Decline in Applicants, Awardees, and Trainees

Conclusion 2-C: The recent decline in the numbers of applicants, 
awardees, and trainees is a disturbing trend. It raises questions: Are 
scientists “following the money” and moving away from agricultural 
research? Are young scientists not being trained in agriculture? Young 
scientists are trained by principal investigators (PIs) who have grant 
funds to equip their laboratories and to mentor students and postdoc-
toral scholars. On the basis of the committee’s review of the number of 
graduate students and postdoctoral trainees supported by AFRI grants, 
it appears that students are increasingly being trained with funds from 
other federal agencies that have larger budgets. If sufficient competitive 
research funds are not available in agriculture for funding research and 
for training young scientists, researchers will seek out a larger portion 
of their overall support from agencies whose missions are not directly 
aligned with the food and agriculture sectors. In the long term, food 
and agriculture will lose talent to other fields of study that have stron-
ger support. 
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Recommendation 2-C: AFRI should carefully examine the causes of the 
decline in the numbers of applicants, awardees, and trainees and adjust 
its grant programs to ensure that future generations of young scientists 
are not lost inadvertently from food and agriculture R&D because of 
funding policies. 

Coordinated Agricultural Project Grants

Conclusion 2-D: The current AFRI appropriation cannot sustainably 
support the current policy of investing a disproportionate percentage 
of the AFRI budget on large CAP awards and simultaneously sustain 
a credible program of foundational, training, and Food and Agricul-
tural Science Enhancement grants. The shift to funding fewer, higher-
amount, and longer-term CAP grants also appears to have resulted in 
the early decreased output of scholarly products per dollar of AFRI 
funds invested. Adjusting for the time since project initiation, there is 
evidence that the large project scope and complexity of these grants 
have resulted in fewer scholarly products (publications, papers, and 
presentations) per fixed amount of funding than was the case with less 
complex, smaller grants. High intraproject management and transac-
tion costs required for very large projects have likely contributed to 
this phenomenon. The finding applies to large AFRI grants generally 
but especially to CAP grants. Early output data suggest that reduc-
ing the average project’s scale and scope (represented by budget and 
number of PIs, respectively) would improve the output of scholarly 
products, at least in early phases. The committee is not saying that 
large grants are inappropriate, only that its early analyses show that as 
the scale of grants rises, the marginal output of published papers falls 
over the period that was examined. The committee recognizes that 
high transaction costs may in some projects be more than offset by the 
importance of the contributions in addressing the targeted problems 
(e.g., multi- and transdisciplinary collaboration in the broad research 
community). 

Recommendation 2-D: AFRI should consider eliminating CAP grants as 
a grant category and committing more resources to other grant types. 
A grant’s multi-investigator structure should be driven by its underly-
ing science. Unless the net benefits of larger, complex projects can be 
objectively demonstrated or AFRI’s budget is increased substantially, 
AFRI should consider reducing the proportion of its assets that is de-
voted to very large projects and instead emphasize a greater simplicity 
of function and PI structure. NIFA should continue to encourage multi-
institution and multi-investigator grants as part of AFRI’s foundational 
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program and request that PIs develop budgets and project personnel 
that are commensurate with the proposed level of effort. Such large-
scale proposals should be required to demonstrate how grant adminis-
tration and transaction costs will be commensurate with the proposed 
effort. Because developing a multifunction, multi-institutional grant 
entails a large investment of time and planning, a staged development 
process (e.g., a planning-grant program) for large grants should be 
considered.

STRATEGY AND COLLABORATION

AFRI’s research, extension, and education portfolio is appropriately 
targeted to meeting the nation’s food and agricultural needs. However, its 
success depends on the generation of fundamental knowledge and the flow 
of new knowledge generated by other federally funded and private-sector 
research. AFRI can maximize its impact and resources by collaborating 
with other federal agencies and by strategically aligning its research with 
congressional mandates that target the highest-priority needs of the food 
and agriculture sectors.

CONCLUSION 3: AFRI does not have clearly articulated plans to 
guide its priority setting, management processes, and interagency 
collaboration. To evaluate AFRI’s success it is critical to define 
goals and outcomes and thus enable the assessment of progress in 
meeting them. NIFA provided the committee with several docu-
ments that described a roadmap explaining how the challenge areas 
were developed to take into consideration the societal challenges 
outlined in the National Research Council New Biology report 
(NRC, 2009) and pointed to individual RFAs for specific goals in 
each of the priority areas. But it did not provide a statement of 
overall goals, time frames for meeting them, or planned outcomes 
for assessing progress. For the purpose of the present review the 
committee assumed that the goals of AFRI were synonymous with 
those stated in the 2008 Farm Bill which were unchanged in the 
2014 Farm Bill.

RECOMMENDATION 3: AFRI should develop a strategic plan 
that identifies priorities for its overall program goals for meeting 
them and a framework for assessing the program’s progress. Such 
a plan is critical for providing program continuity, consistency, 
and predictability. A strategic plan would include a clear vision 
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statement and strategies for implementing priorities. To develop a 
strategic plan NIFA could revisit the intent of AFRI and broadly 
define acceptable topics so that AFRI programs can achieve greater 
flexibility. The plan could include less restrictive RFAs for which 
PIs can propose unconventional ideas and take more flexible ap-
proaches to the six broad priority areas mandated by the 2008 and 
2014 Farm Bills.

Interagency Collaboration

Conclusion 3-A: Interagency efforts directed at food and agriculture 
need to be more strategic, more robust, and better coordinated across 
federal agencies. Several other federal agencies—such as NSF, NIH, 
and the Department of Energy (DOE)—provide grants and conduct 
research in subjects tangentially related to food and agriculture, but 
USDA is the only federal agency whose mission is aimed directly at 
food and agriculture. To further USDA’s mission and to leverage the ef-
forts of sister agencies, USDA will need to take on a greater leadership 
role in coordinating research efforts across agencies.

Recommendation 3-A: NIFA and USDA should lead interagency efforts 
to effectively coordinate and collaborate across agencies on food and 
agricultural research. NIFA has been successful in collaborating with 
NSF, NIH, DOE, the National Aeronautics and Space Administration, 
and other agencies to support research on subjects of mutual interest, 
but the increasingly complex issues that face the food and agricultural 
sectors require more systematic efforts to ensure that AFRI programs 
maintain effective collaboration among federal agencies whose research 
programs are related to food, agriculture, human health and nutrition, 
and natural-resource systems while continuing to avoid unnecessary 
duplication. NIFA should take a leadership role in coordinating food 
and agriculture research throughout the federal R&D funding portfolio 
and lead an interagency working group to leverage investments that 
will continue to advance the knowledge base on food and agriculture. 

External Advisory Council

Conclusion 3-B: AFRI needs an external advisory council to validate 
its strategic direction and to provide valuable guidance to national pro-
gram leaders (NPLs) on programmatic decisions. Unlike NIH and NSF, 
AFRI does not have a formal, external, and strictly scientific advisory 
council. Such a council would be highly valuable for the following func-
tions of the AFRI program: to guide, advise on, review, and assess on 
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an ongoing basis priority setting, resource allocation, program policies, 
and peer-review and award-management processes. NIH and NSF each 
have advisory groups on which NIFA could model its AFRI Scientific 
Advisory Council.

Recommendation 3-B: NIFA should form an AFRI Scientific Advisory 
Council that consists of members who represent the food and agri-
cultural research, education, and extension professional communities. 
Such a council should provide scientific advice and advisory oversight 
on all aspects of AFRI’s program management and strategic planning, 
and council members should be selected based on their qualifications 
to perform these functions. The council would be similar to the scien-
tific advisory councils used by NIH and NSF to help to validate the 
program’s direction (e.g., priority setting for research, education, and 
extension) and substantial changes in program structure (see Box 6-1). 
In contrast with the National Agricultural Research, Extension, Edu-
cation, and Economics (NAREEE) advisory board, which advises the 
Secretary of the U.S. Department of Agriculture on all four topics 
(research, extension, education, and economics), the AFRI Scientific 
Advisory Council would specifically be designed to advise the AFRI 
program. This proposed AFRI Scientific Advisory Council might be 
possible within existing authority and funding (e.g., as part of the 
NAREEE authority); however, the committee does not prescribe how 
NIFA should seek this scientific advice. 

PROGRAM MANAGEMENT

As mentioned in Chapter 5, the committee requested an organization 
chart and other information in an attempt to understand the structure of 
AFRI and how it was managed. The committee was unable to get complete 
information on those matters. On the basis of the responses provided, it ap-
pears to the committee that the AFRI structure is unnecessarily complicated 
and is characterized by an elusive chain of command. This complexity and 
lack of transparency has led to inefficient program management and opera-
tion. Given the goal of setting up the new program, developing program 
priorities, and balancing its portfolio to satisfy its congressional mandate, 
the committee expected that NIFA leadership would provide higher vis-
ibility for the program. AFRI is a program within NIFA that appears to be 
orphaned in that there is no clear line of leadership, strategy, and policy. 
However, the AFRI proposal-review and funding-decision processes that 
were set up during the National Research Initiative (NRI) and continue 
with AFRI appear to be rigorous and effective in selecting and funding 
high-quality science.
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BOX 6-1  
A Scientific Advisory Council for the 

Agriculture and Food Research Initiative

Each institute and center of NIH has a scientific advisory body.a Members 
represent professional communities and patient advocacy groups. The National 
Institute of General Medical Sciences (NIGMS) has a mission similar to that of 
AFRI: to provide support for foundational research and training of the next genera-
tion of a diverse workforce in biomedical sciences. Its Advisory Council consists 
of leaders in the biologic and medical sciences, education, health care, and public 
affairs. Members are appointed for 4-year terms and meet three times a year. The 
council performs a second level of peer review for research and research-training 
grant applications assigned to NIGMS. Council members also offer advice and 
recommendations on policy and program development, program implementation, 
evaluation, and other matters of importance to the mission and goals of NIGMS. 

In NSF, each directorate and office has an external scientific advisory body.b 
The advisory committees “provide advice and recommendations to maintain high 
standards of program support for research, education, and infrastructure; to facilitate 
policy deliberations, program development, and management; to identify disciplinary 
needs and opportunities; and to promote openness to the research and education 
community served by NSF.” Unlike NIH’s advisory councils, NSF’s advisory com-
mittees do not have responsibility for second-level review of proposals. However, 
they provide advice on program management, overall program balance, and other 
aspects of program performance through subcommittees called “Committee of 
Visitors.”c NSF’s advisory committees are made up of researchers, administrators, 
and educators in diverse communities. In the case of the Directorate for Biological 
Sciences,d members constitute a cross-section of biology with representatives of 
many subdisciplines in the field and other relevant fields, such as informatics and 
bioengineering; a cross-section of institutions, including industry; a cross-section of 
geographic areas; and a cross-section of women and underrepresented minorities.

a See http://www.nigms.nih.gov/About/Council/Pages/default.aspx. Accessed December 23, 
2013.

b See http://www.nsf.gov/about/performance/dir_advisory.jsp. Accessed December 23, 2013.
cSee http://www.nsf.gov/about/performance/visitors.jsp. Accessed December 23, 2013.
dSee http://www.nsf.gov/bio/advisory.jsp. Accessed December 23, 2013.

CONCLUSION 4: AFRI’s complex and diffuse management struc-
ture has made it difficult to efficiently and effectively manage the 
program. AFRI has many stakeholders it needs to be responsive to: 
Congress, the administration, various producer groups and interests, 
numerous scientific disciplinary interests, and consumers. AFRI also 
needs to more explicitly track—and track for longer periods—the 
outcomes and contributions of the research that it funds. 
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RECOMMENDATION 4: To enhance program accountability and 
management, AFRI should have a dedicated leader who manages 
the program on a daily basis. Improved processes and procedures 
should be created for transparency, and AFRI’s NPLs should be 
granted greater authority and flexibility to meet stated goals.

Agriculture and Food Research Initiative Director

Conclusion 4-A: AFRI is managed collectively by many people. No 
single administrator is responsible for overall program management or 
accountable for AFRI’s performance. As a result, program goals and 
internal operating procedures are not clearly articulated. 

Recommendation 4-A: NIFA should establish a clearer organizational 
structure and lines of authority for AFRI, including a designated direc-
tor to lead, manage, and speak for its program, and NPLs dedicated 
to AFRI alone. The AFRI entity could be analogous to NIH’s National 
Institute of General Medical Sciences. In such a reorganization, NIFA 
should concentrate the workload of AFRI on an appropriate number 
of dedicated NPLs who interact directly with AFRI applicants and are 
accountable for the grants review and management process, including 
post-award management and assessment of overall program perfor-
mance and balance. Concentrating AFRI management functions in the 
hands of selected NIFA staff should improve management efficiency 
without necessarily increasing total management effort.

Program Continuity and Transparency

Conclusion 4-B: The AFRI applicant community expressed frustration 
with the discontinuity of AFRI’s program offerings from one year to 
the next, which has impaired researchers’ ability to plan, resubmit un-
successful proposals, and renew successful projects. For foundational 
programs, the committee received comments from applicants and panel 
managers that the highly prescriptive nature of RFAs discourages sub-
mission of innovative ideas. Paperwork was also long and burdensome 
for applicants. Furthermore, research priorities were often not com-
municated in a timely manner, resulting in unnecessarily extended lags 
between grant cycles. AFRI’s success will be determined in large part by 
how well the program attracts the best ideas from a broad community 
of qualified researchers in an array of disciplines.
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Recommendation 4-B: NIFA should have a more consistent and predict-
able program portfolio and funding strategy to enable better planning 
by the food and agricultural research community. The predictability 
and continuity of the grants program are critical for the development 
of the research capacity for food, agriculture, and natural resources, 
particularly for young faculty seeking to establish effective research 
programs. 

In addition, NIFA should consider publishing a single document that 
provides clear guidelines and policies for proposal preparation and award 
management. That would help in streamlining the RFA process and would 
eliminate confusion and excessive paperwork and thus not only help the 
applicant community but reduce the burden for AFRI program staff. As 
part of its plan to increase transparency, NIFA should publish a clear 
description of the AFRI review process, as NSF does on its merit-review 
Web site1 and NIH on its peer-review Web site.2 NSF’s proposal and award 
policies and procedures guide3 constitutes an example of the type of guide 
needed for AFRI.

Data Management

Data are needed to inform management decisions and improve assess-
ments of program efficiency and effectiveness. NIFA was unable to provide 
the committee with data needed for addressing many aspects of the com-
mittee’s tasks. Some of the data had not been collected, and some were 
internally inconsistent or could not be easily interpreted or summarized. 
One aspect that the committee was specifically tasked to examine was di-
versity of people and institutions supported by AFRI. AFRI does not collect 
additional data that would enable a robust assessment of the diversity of 
program applicants or awardees. On the basis of data on awarded projects, 
the committee found that AFRI is awarding grants to public and private 
institutions and to land-grant universities and non–land-grant universities 
in nearly the same ratios as did the former NRI program and approximately 
in proportion to the number of proposals emanating from such institutions.

Conclusion 4-C: The AFRI program lacks a sufficiently robust 
information-management system and metrics for measuring key pro-

1 See http://www.nsf.gov/about/performance/visitors.jsp. Accessed December 23, 2013.
2 See http://grants.nih.gov/grants/peer_review_process.htm. Accessed December 23, 2013.
3 See http://www.nsf.gov/pubs/policydocs/pappguide/nsf13001/index.jsp. Accessed December 

23, 2013.
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gram impacts. The Current Research Information System (CRIS)4 used 
by NIFA was not designed as a tool for managing competitive funds 
and is an inadequate aid for program-management decisions: it is 
difficult to navigate and manipulate for programmatic needs and not 
readily compatible with other systems. AFRI needs an information-
management system that can provide the accurate information that is 
necessary for structured analyses of program activities and for analyz-
ing and assessing project and programmatic outputs and outcomes. 
Conducting performance analyses will require systematic attention to 
medium-term and long-term outputs and, more importantly, projection 
of outcomes in the form of the science influenced, social and individual 
well-being, and products and incomes generated.

Recommendation 4-C: NIFA should use a more robust information-
management system that would provide a basis for AFRI policy and 
strategic planning. The system should allow detailed assessment 
and management of the food and agricultural competitive research 
funding pool. Data collection would need to be comprehensive, and 
this would require a redesigned and expanded CRIS that would be 
responsive to AFRI’s needs and capable of communicating with other 
federal research-analysis systems. The system would apprise NIFA 
management and others of AFRI program and project performance, 
document the scientific and technological products of AFRI grantees, 
and respond to congressional and public requests for AFRI informa-
tion. Such a database is critical for conducting post-award monitor-
ing and enabling managers to measure the outputs and outcomes 
of AFRI research more effectively. Other funding agencies, such as 
NIH and NSF, are constantly working to improve their information-
management systems, and NIFA should work with them toward a 
system that would be interoperable across agencies.

Post-Award Management

Conclusion 4-D: NIFA needs clearly defined metrics for measuring pro-
gram outputs and outcomes that allow program managers to assess the 
value of AFRI-funded research. Project-output assessment affords only 
one perspective on the performance of AFRI. Some valuable benefits 
and contributions of the program cannot be captured by assessments 
of program outputs alone. Examples of the other benefits are such 
outcomes as AFRI’s role in encouraging graduate students and young 

4 As of the writing of this report, the committee is aware of USDA’s plans to retire CRIS and 
to replace it with another reporting system.
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scientists to develop careers in food and agriculture, its role in advanc-
ing the quality of agriculture and food science and in increasing the 
knowledge base, and its contributions to the innovations that underpin 
economic development. Appropriate changes are needed to give NPLs 
the time and resources needed to provide a higher level of post-award 
management (including post-termination monitoring) designed to en-
sure that grants reach the most successful conclusions and outcomes 
attainable. 

Recommendation 4-D: NIFA should develop the capability to regu-
larly evaluate AFRI projects in terms of their outcomes, which would 
allow assessment of the economic and social impacts of the research 
that AFRI supports. In addition to the standard bibliometric measures, 
quantitative rates-of-return and qualitative outcomes assessments will 
need to include such information as important scientific advances, con-
crete economic impacts, patents, young-scientist training, and improve-
ments in processes, products, or productive jobs. Both output analyses 
and outcome analyses will require NIFA to maintain post-termination 
relationships with its grantees after projects have ended and allow it to 
chart, for example, the progress of graduate students and young scien-
tists who were supported by AFRI funds. To facilitate more compre-
hensive program assessment, AFRI should maintain post-termination 
relationships with grantees to monitor and document medium-term and 
longer-term outcome-related information. 

Greater Authority for National Program Leaders

Conclusion 4-E: In their project-funding decisions, NPLs are tasked to 
ensure that a maximum number of high-priority issues are addressed 
and that funded projects align maximally with program goals. Yet 
NPLs have been unnecessarily constrained in their efforts to manage 
and balance the AFRI portfolio. The committee noted several ways in 
which NPLs were constrained in participating in funding decisions that 
would allow a better portfolio balance to align with AFRI’s mission 
and goals. For example, funding decisions are typically based solely on 
peer-reviewed rankings without consideration of the funding portfolio’s 
programmatic balance. That continues to occur despite NIFA’s policy 
that reviewers’ comments are advisory and not binding. Funding al-
locations to program areas are set before the award decision-making 
process, and this can limit the ability of NPLs to capitalize on innova-
tive ideas presented in proposals and to pursue the most promising 
scientific opportunities.
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Recommendation 4-E: NIFA should establish standard operating pro-
cedures (SOPs) that provide greater opportunity for NPLs to contrib-
ute to final project-funding decisions. Although peer-review ranking 
should be a principal factor in guiding the AFRI funding process, 
AFRI should consider portfolio and programmatic balance and take 
steps to achieve an appropriate balance when making final funding 
decisions. Such considerations would include balancing various food 
and agricultural issues and various scientific disciplines; the types of 
awards (e.g., high-risk, high-payoff projects); and the diversity of inves-
tigators, institution types, and geographical distributions. SOPs govern-
ing the process should be transparent, outline the criteria for balancing 
the portfolio, and include a mechanism for moving an allocation from 
one program area to another when overall program balance is needed. 
As mentioned in Chapter 5, AFRI’s large awards have taken more time 
to review and manage than has apparently been allotted, raising post-
award administration costs above those in other agencies. The advisory 
council recommended above (see Box 6-1) could be used in some man-
ner to provide independent assessments of programmatic decisions. 
NPLs are PhD-level scientists in good standing in their own disciplinary 
communities who were recruited to manage AFRI grants on the basis of 
their scientific credentials, and they should be trusted to exercise their 
professional judgment. With such new responsibilities, the portfolios of 
AFRI NPLs would need to be rebalanced to allow proper attention to 
programmatic direction and post-award scientific management. SOPs 
would also need to include a mechanism for training new NPLs and 
panel managers.

CONCLUDING REMARKS

During the time the committee was conducting its review, Congress 
passed the 2014 Farm Bill and appropriated an increase in funding for 
AFRI in FY 2014. The reauthorization of the Farm Bill did not change the 
priorities for AFRI, reaffirming the importance of this program to sustain 
the nation’s preeminence in knowledge generation and technology advances 
in the food and agricultural sectors. However, the 2014 Farm Bill contained 
a provision requiring non–land-grant universities to match funds for AFRI 
grants. This approach is counterproductive to the goal of attracting the 
broadest array of the nation’s top scientific talent to research and to bring-
ing nontraditional and novel approaches and solutions for food and agri-
cultural challenges. In the future, NIFA should acquire data to determine 
the impact of this requirement on non–land-grant entities participating in 
the AFRI program.
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NIFA and its AFRI program are essential elements of USDA and will 
be critical for enhancing the knowledge base needed to successfully address 
important issues in agriculture, food, and natural resources. The increase 
in FY 2014 appropriations for this flagship competitive research program 
is consistent with this report’s findings, conclusions, and recommendations 
and applauded and suggests that USDA has a window of opportunity to 
establish NIFA as a strong science agency with AFRI at its core and to 
reinforce the value and mission of AFRI to the nation’s well-being. The 
committee offers its recommendations in the hope that the suggested pro-
grammatic changes will enable NIFA to fulfill its mission of leading the food 
and agricultural sectors to a better future through research, education, and 
extension.
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Department of Applied Economics at the University of Minnesota where 
he also directs the university’s International Science and Technology Prac-
tice and Policy Center. Previously he was a senior research fellow at the 
International Food Policy Research Institute, Washington, DC, and prior to 
1994 at the International Service for National Agricultural Research in The 
Hague, Netherlands. He is a fellow of the American Agricultural Economics 
Association, a distinguished fellow and past president of the Australian 
Agricultural and Resource Economics Society, and a winner of the Siehl 
Prize for excellence in agriculture. His research deals with the finance and 
conduct of research and development globally, methods for assessing the 
economic impacts of research, and the economic and policy (especially 
intellectual property) aspects of genetic resources and the biosciences. He 
currently co-directs a Gates Foundation project, HarvestChoice (www.
HarvestChoice.org), designed to inform and guide investments intended to 
stimulate productivity growth in African agriculture. Dr. Pardey is author 
of more than 300 books, articles, and papers, including Ending Hunger in 
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Our Lifetime: Food Security and Globalization (John Hopkins University 
Press, 2003), Saving Seeds: The Economics of Conserving Crop Genetic 
Resources Ex Situ in the Future Harvest Centers of the CGIAR (CAB 
International, 2004), Agricultural R&D in the Developing World: Too 
Little, Too Late? (International Food Policy Research Institute, 2006), and 
Persistence Pays: U.S. Agricultural Productivity Growth and the Benefits 
from Public R&D Spending (Springer, 2010). A native of Australia, he has 
a BSc in agricultural science from the University of Adelaide (Australia) and 
obtained a doctoral degree in agricultural economics from the University 
of Minnesota in 1986. 

Dr. Sally J. Rockey, National Institutes of Health (NIH) deputy director for 
extramural research (DDER), leads the NIH extramural research activities. 
Her role is to oversee the development and implementation of the critical 
policies and guidelines central to the successful conduct of NIH-supported 
biomedical research across the nation and world. Dr. Rockey has a PhD in 
entomology from the Ohio State University, and has spent the majority of 
her career in the area of research administration and information technol-
ogy. In 1986 she joined the U.S. Department of Agriculture, soon becom-
ing the deputy administrator of the Cooperative State Research, Education 
and Extension Service, overseeing the USDA extramural competitive grants 
program and serving as the agency’s chief information officer. In 2005, 
Dr. Rockey moved to NIH as deputy to her current position and became 
the DDER in 2008. Dr. Rockey leads or is active on a number of federal 
committees related to science, research administration, and electronic gov-
ernment. She works most closely with other federal science and university 
administrators, small businesses, professional societies and the scientific 
communities here and around the world. She co-chairs the National Science 
and Technology Council Committee on Science Research Business Models. 
In 2012 Dr. Rockey co-led a groundbreaking effort on the biomedical work-
force. Dr. Rockey is a skilled public speaker, giving countless presentations 
on research administration, workforce, and policy. She is the author of the 
widely read “Rock Talk” blog and has been recognized for her numerous 
professional accomplishments including receiving the Presidential Rank 
Award in 2004 and the Joseph F. Carrabino Award in 2013. 

Dr. Juliana M. Ruzante is a senior associate for the Food Safety Campaign 
at the Pew Charitable Trusts. Prior to joining Pew, she was a risk analysis 
manager for the Joint Institute for Food Safety and Applied Nutrition 
(JIFSAN), in College Park, MD. She worked for the University of Guelph 
and Public Health Agency of Canada developing and operationalizing a 
multifactorial framework to rank foodborne risks using multicriteria deci-
sion analysis (MCDA) and at the Western Institute for Food Safety and 
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Security developing training material on animal health and food safety. She 
also worked as a quality assurance specialist for one of the largest pork 
and poultry processing companies in Brazil. She was a member of the Food 
Safety Research Consortium and has served as an expert on the meeting 
organized by Food and Agriculture Organization and World Health Orga-
nization on the risks associated with Enterobacter sakazakii in follow-up 
formula. Dr. Ruzante received her DVM from the University of São Paulo 
and master of preventive veterinary medicine (MPVM) and PhD in com-
parative pathology from the University of California, Davis.

Dr. James J. Zuiches was vice chancellor for the Office of Extension, En-
gagement and Economic Development at North Carolina State University 
from 2006 until his retirement in 2011. In this office, he led statewide 
extension and engagement programs, including the Small Business Technol-
ogy and Development Center, Industrial Extension Service, Manufacturing 
Extension Partnership, continuing education, and STEM-related programs. 
He previously was dean of Washington State University’s College of Agri
culture and Home Economics from 1995 to 2003, and director of the 
Agricultural Research Center (1986–1994) and of Cooperative Extension 
(1995–2000). He was associate director of the agricultural experiment sta-
tion for New York State at Cornell University from 1982 to1986. He also 
served as a grant-making program officer for the National Science Founda-
tion in sociology and W.K. Kellogg Foundation in community and rural 
development, and taught at Michigan State University for 8 years. He serves 
on the Commission that provides oversight of the Food Systems Leadership 
Institute. He also served on the USDA’s National Agricultural Research, 
Extension, Education and Economics Advisory Board, the National Re-
search Council (NRC) Board on Agriculture and Natural Resources, and 
on three NRC committees, most recently, the Framework Committee on the 
Review of National Institute for Occupational Safety and Health Research 
Programs. He is a fellow of the American Association for the Advancement 
of Science. His research and extension specializations include demography, 
rural sociology, entrepreneurship and community development, leadership, 
innovation, and organizational processes. His work has been funded by 
the National Science Foundation, National Institute of Child Health and 
Human Development, Energy Research and Development Administration 
(now DOE), Kellogg Foundation, and USDA. He has more than 80 publica-
tions, including edited books, journal articles, book chapters, bulletins, and 
editorials. Dr. Zuiches has an MS and PhD in sociology from the University 
of Wisconsin–Madison.
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Presentations to the Committee

FEBRUARY 27, 2013

Motivation for the Study and U.S. Department of Agriculture's (USDA’s) 
Study Objectives
Sonny Ramaswamy, Director, USDA National Institute of Food and 
Agriculture

Programs at USDA Agricultural Research Service and Their Complementar-
ity with AFRI
Ed Knipling, Administrator, USDA Agricultural Research Service
 
Programs at the U.S. Department of Energy (DOE) and Their Complemen-
tarity with AFRI
Sharlene Weatherwax, DOE Associate Director of Science for Biological 
and Environmental Research

The Association of Public Land-Grant Universities’ (APLU) Expectation/
View of AFRI
Ian Maw, APLU Vice President of Food, Agriculture and Natural Resources

The Federation of Animal Science Societies’ (FASS) Expectation/View of 
AFRI
Anthony Pescatore, FASS Board President

171

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


172	 APPENDIX  B

American Society of Agronomy (ASA)–Crop Science Society of America 
(CSSA)–Soil Science Society of America (SSSA)’s Expectation/View of AFRI
Jeffrey Volenec, CSSA President

APRIL 1, 2013

Keynote Address: The Role of Competitive Grants Research at USDA
The Honorable Catherine Woteki, Under Secretary for Research, Educa-
tion, and Extension, U.S. Department of Agriculture 

The 2004 Report: Assessment and Recommendations for the Creation of 
NIFA and a Competitive Grants Program
William H. Danforth II, Chancellor Emeritus, Washington University in 
St. Louis 

The AFRI Grant-Making and Grant-Management Process
Mark Mirando, National Program Leader for Animal Nutrition, Growth, 
and Reproduction, NIFA 
Ann Lichens-Park, National Program Leader for Microbial Genomics, 
NIFA 

Single Institution AFRI Grant Recipient
Conner Bailey, Professor of Rural Sociology, Auburn University 

Multi-Institution CAP Grant Recipient
James Womack, W.P. Luse Endowed & Distinguished Professor in Veteri-
nary Pathobiology, Texas A&M University

Single Investigator AFRI Grant Recipient
Li-Jun Ma, Assistant Professor of Biochemistry and Molecular Biology, 
University of Massachusetts 

APRIL 2, 2013

Multi-Institution CAP Grant Recipient
Lee-Ann Jaykus, William Neal Reynolds Distinguished Professor in Food 
Science, North Carolina State University
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JUNE 3, 2013

The Role and Relevance of the Agriculture and Food Research Initiative 
(AFRI) to Agricultural Preparedness
Barbara Schaal, Professor, Mary-Dell Chilton Distinguished Professor, 
Washington University; Co-chair, Report to the President on Agricultural 
Preparedness and the Agriculture Research Enterprise 

CREATE-21 and Its Relation to NIFA and AFRI in the 2008 Farm Bill 
Jeffrey Armstrong, President, California Polytechnic University, San Luis 
Obispo; and Co-chair of CREATE-21

A Vision for AFRI
Roger Beachy, Professor, Washington University; former Director, National 
Institute of Food and Agriculture

The Role of AFRI in Agricultural Economics and in Rural and Community 
Development
Scott Loveridge, Professor of Agricultural, Food, and Resource Economics, 
Michigan State University; Director of the North Central Regional Center 
for Rural Development

The American Society of Plant Biologists’ (ASPB) Expectations and Views 
of AFRI 
Peggy Lemaux, President, ASPB; Cooperative Extension Specialist, Univer-
sity of California, Berkeley

The Institute of Food Technologists’ (IFT) Expectations and Views of AFRI
Will Fisher, Vice President of Science and Policy Initiatives, IFT

Views and Expectations of AFRI from the Office of Science and Technology 
Policy (OSTP)
Kei Koizumi, Assistant Director, Federal Research and Development, OSTP

JUNE 4, 2013

Views and Expectations of AFRI from the Office of Management and 
Budget (OMB)
Noah Engelberg, Program Examiner, OMB
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Web-Based Solicitation of Input for the  
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on a Review of the USDA Agriculture 

and Food Research Initiative
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C 
 

Web-Based Questionnaire 
 

Web-Based Solicitation of Input for the  
National Research Council Committee on a Review  

of the USDA Agriculture and Food Research Initiative 

 
 

Welcome 
 

Purpose of this Solicitation 
 

The National Research Council has appointed the Committee on a Review of the USDA Agriculture and Food 
Research Initiative (AFRI) to perform an independent assessment, including the quality and value of research 
funded by the program and the prospects for its success in meeting established goals and outcomes. The study 
also will examine AFRI's role in advancing science in relation to other research and grant programs inside of 
USDA as well as how complementary it is to other federal R&D programs. The study committee will prepare a 
report of its assessment. (Please visit http://www8.nationalacademies.org/cp/projectview.aspx?key=49505 for 
a complete study description and committee membership.)  
 
The committee would like to solicit your input on the AFRI program whether you are familiar with or have not 
heard of the program. The committee is soliciting the broadest input in its review from researchers, academic 
and extension leaders, reviewers, and users and beneficiaries of AFRI. The committee would like input from 
industry about the role of public-sector agricultural research and from producers and related professional 
associations about the type of research the federal agencies should be supporting. Please complete the 
questionnaire to provide the committee with your input. This questionnaire will take approximately 10-20 
minutes. 
 
About the Agriculture and Food Research Initiative 
 
AFRI is a competitive grant program charged with “funding research, education, and extension grants and 
integrated research, extension, and education grants that address key problems of national, regional, and multi-
state importance in sustaining all components of agriculture, including farm efficiency and profitability, 
ranching, renewable energy, forestry (both urban and agroforestry), aquaculture, rural communities and 
entrepreneurship, human nutrition, food safety, biotechnology, and conventional breeding. Providing this 
support requires that AFRI advances fundamental sciences in support of agriculture and coordinates 
opportunities to build on these discoveries. This will necessitate efforts in education and extension that deliver 
science-based knowledge to people, allowing them to make informed practical decisions.” (For a synopsis of 
the program, please visit http://www.csrees.usda.gov/funding/afri/afri_synopsis.html.) 
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Treatment of Collected Comments and Information 
 
The information you provide in response to this questionnaire will become part of the formal input submitted 
to the committee for its consideration. In accordance to Section 15 of the Federal Advisory Committee Act 
(http://www.nasonline.org/about-nas/leadership/governing-documents/federal-advisory-committee.html), any 
information you provide to the committee will be placed in the project’s public access record and will be made 
available to the public upon request. Your response will appear in the public access record the way it is 
submitted, including your name, affiliation and any other identifying information included in your submission. 
 
I have read and understood the information provided above about the treatment of any information I 
provide in this web-based solicitation of input.* 

Yes 

No 
 
Please provide the following information:* 

Name:  

Affiliation:  

Email:  
 
Qualifying Question 
Please select one of the following options that best describes you:* 

Research performer, educator, extension leader, or grant seeker (researcher from academic, government, 
non-profit, or other institutions) 

Research user from government or industry 

Agricultural or forest producer and related professional society 
 
Research Performer 
Please provide information about yourself. 

Title/Position:  
 
Type of Institution 

1862 Land Grant University 

1890 Land Grant University 

1994 Land Grant University 

Public Non-Land Grant 

Private University/College 

Private Research 

Federal 
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Other   
 
Area of Research 

Agronomy 

Animal science 

Crop science 

Economics 

Food science 

Nutrition 

Plant Science 

Renewable energy, natural resources and environment 

Sociology 

Soil science 

Veterinary science 

Weed science 

Other 
 
Principal agencies/organizations (including federal and state agencies, charitable or non-profit 
organizations, and private corporations) that have supported your research 

National Institutes of Health (NIH) 

National Science Foundation (NSF) 

U.S. Department of Agriculture (USDA) 

U.S. Department of Energy (DOE) 

U.S. Environmental Protection Agency (EPA) 

Charitable Foundation 

Private Sector 

Other 
 
Are you a new investigator (less than 5 years of experience on faculty)? 

Yes 

No 
 
Specify number of years since your PhD was received. 
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Were you familiar with the USDA National Research Initiative Program, the predecessor of AFRI? 

Yes, very familiar 

Somewhat familiar 

Not familiar at all 
 
Are you familiar with the AFRI Program? 

Yes, very familiar 

Somewhat familiar 

Not familiar at all 
 
Was there an AFRI request for applications directly related to your area of research, extension, or academic 
program in the following years? Please answer "yes", "no", or "not sure". 

2008:  

2009:  

2010:  

2011:  

2012:  
If not, please describe topic areas of research interest to you that are not covered.: 

 
 
Do you believe the AFRI request for application is fair to all different types of institutions? If not, why? 

Yes 

No 

No opinion 
Comments:  
 
 
Have you applied to the AFRI program? 

Yes 

No 
 
Please provide reasons for why you have not applied to AFRI, check the ones that apply. 

I am not familiar/aware of the AFRI program 

Size of grants are too small compared to grants from other agencies 
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Effort required to prepare application is large relative to grant size 

Effort required to prepare application is large relative to the success rate 

Overhead/indirect costs provided by AFRI are smaller than other grant programs 

No RFAs are provided in my area of research 

Other 
 
(AFRI Grant Applicants only) How easy or difficult was the grant application process compared to other 
grant-funding programs? Please indicate your response on a scale from 1 to 5, with "1" being very easy 
and "5" being very difficult. If you marked 4 or 5, please provide comments. 

1 2 3 4 5 
Comments:  
 
(AFRI Grant Applicants only) Do you believe the AFRI panel review process is fair to all different types of 
institutions? If you indicated "somewhat unfair" or "extremely unfair", please provide comments. 

Extremely fair Somewhat fair Indifferent Somewhat unfair Extremely unfair 
Comments:  
 
Have you been a recipient of AFRI grant(s)? 

Yes 

No 
 
(For AFRI grantees only) Was the pre-award and post-award process managed effectively compared to 
other grant-funding programs? If you indicated "somewhat ineffectively" or "extremely ineffectively", 
please provide comments. 

Extremely effectively Somewhat effectively Indifferent Somewhat ineffectively               

Extremely ineffectively 
Comments:  
 
(For AFRI Grantees only) Is the reporting requirement a fair and effective method to identify successful 
projects? 

Yes 

No 
Comments:  
 
(For AFRI grantees only) Please provide the number of students supported by the AFRI grant(s). 

Ph.D.:  

Masters:  

Undergraduates:  
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Other:  
 
 
Have you been a reviewer for any AFRI proposals? 

Yes 

No 
 
Did you participate in: 

Virtual grant review panel 

Face-to-face panel 
 
Do you believe the panel review process was effective? If you indicated "somewhat ineffective" or 
"extremely ineffective", please provide comments on why it was ineffective. 

Extremely effective Somewhat effective Indifferent Somewhat ineffective                                      

Extremely ineffective 
Comments:  
 
Do you believe that it is necessary to integrate agricultural research, extension, and education? 

Yes 

No 
Comments:  
 
In your opinion, how well does AFRI facilitate the integration of research, extension, and education? If you 
indicated "poorly" or "very poorly", please provide comments on why AFRI was not facilitating the 
integration of research, extension, and education well. 

Extremely well 

Somewhat well 

Satisfactory 

Poorly 

Very poorly 
Comments:  
 
Which one of the statements below best represents your opinion: 

AFRI should fund fewer, high-dollar and longer-term grants 

AFRI should fund more, lower-dollar grants 

No opinion 

Other:  
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How important is the AFRI program for you? Please indicate your response on a scale from 1 to 5, with 
"1" being very important and "5" being not important at all. 

1 2 3 4 5 
 
Other comments that you would like to provide that are not covered by this earlier in this questionnaire. 

 
 
Research User 
Please indicate your views of public-sector agricultural research. Please provide comments. 

Very important Somewhat important No opinion Somewhat unimportant 
Very unimportant 
Comments:  
 
Are you familiar with the AFRI program? 

Yes, very familiar 

Somewhat familiar 

Not familiar at all (please visit http://www.nifa.usda.gov/funding/afri/afri_synopsis.html to learn about the 
program.) 
 
Are there research areas in the AFRI program that duplicate those pursued in your industry? 

Yes - Please list the areas 

No - Please describe why 

No opinion 
Comments:  
 
Are there fundamental (basic) research areas that the industry or government needs and that are not 
covered by the AFRI program areas? 

Yes - Please describe the program areas 

No 

No opinion 
Comments:  
 
Are there areas of applied research that the industry or government needs that are not covered by the AFRI 
program areas? 

Yes - Please describe the program areas 
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No 

No opinion 
Comments:  
 
Do you believe AFRI funded research is relevant to the industry and government's needs? If you answered 
yes, please provide examples. 

Yes 

No - Please describe why 

No opinion 
Comments:  
 
How important is the AFRI program for you? Please indicate your response on a scale from 1 to 5, with 
"1" being very important and "5" being not important at all. 

1 2 3 4 5 
Would it be valuable for your industry or government agency to know about AFRI's grants and activities? 

Yes 

No 

No opinion 
For industry respondents, please indicate your type of work and field of interest. 

 
 
 

Other comments that you would like to provide that are not covered by this earlier in this questionnaire. 

 
Producers and Related 
Please indicate your views of public sector agricultural research. Please provide comments. 

Very important Somewhat important No opinion Somewhat unimportant         

Very unimportant 
Comments:  
 
Are you familiar with the AFRI program? 

Yes, very familiar 

Somewhat familiar 
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Not familiar at all (please visit http://www.nifa.usda.gov/funding/afri/afri_synopsis.html to learn about the 
program.) 
 
Do you believe that AFRI-funded research is relevant to producers' needs? 

Yes - Please provide examples 

No - Please describe why not 

No opinion 
Comments:  
 
Has your farming or ranching operation benefited from any past research (not limited to AFRI)? 

Yes- Please provide examples of areas where research has been helpful 

No 
Comments:  
 
Do you believe that public (government-funded) research is necessary, or is private (industry-funded) 
research sufficient for your needs? Please select one of the following responses: 

Both public-sector (government) and private-sector (industry) research are relevant for my needs 

Public-sector (government) research is more relevant for my needs than private-sector (industry) research 

Private-sector (industry) research is more relevant for my needs than public-sector (government) research 

Neither public nor private sector research has been relevant for my needs. 
Please describe areas of future research topics and areas that can be helpful for addressing your current 
concerns. 

 
Given that agriculture will continue changing, what are some of the greatest challenges that you believe 
you will face 10-20 years from now? How can science or technology help you handle these challenges? 

 
Thank You! 
Thank you for taking our survey. Your response is very important to us. 
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Summary of Responses to  
Web-Based Questionnaire1

Please select one of the following options that best describes you:

Research performer, educator, extension leader, 
or grant seeker (researcher from academic, 
government, non-profit, or other institutions)

524 90.8%

Research user from government or industry 34 5.9%
Agricultural or forest producer and related professional 

society
19 3.3%

Total Responses 577

Research Performers - Type of Institution:

1862 Land Grant University 387 75.2%
1890 Land Grant University 39 7.6%
1994 Land Grant University 4 0.8%
Public Non-Land Grant 30 5.8%
Private University/College 12 2.3%
Private Research 7 1.4%
Federal 30 5.8%

2.3%
Other 12

Australian Government (1)
Botanic Garden (1)
M&O for NSF’s FFRDC (1)

1 Responses from all respondents are available upon request through the National Academies 
Public Access Records Office for this study.
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Multiple of above (1)
Non-profit (2)
Public University (2)
Scientific Professional Society (1)
State Experiment Station (1)

Total Responses 521

Area of Research

Agronomy 41 7.9%
Animal science 87 16.8%
Crop science 52 10.1%
Economics 26 5.0%
Food science 48 9.3%
Nutrition 40 7.7%
Plant science 106 20.5%
Renewable energy, natural resources and environment 75 14.5%
Sociology 26 5.0%
Soil science 29 5.6%
Veterinary science 41 7.9%
Weed science 32 6.2%
Other 158

Agricultural Law (1)
Agricultural Literacy (1)
Agriculture, Food, and Natural Resources Research (1)
Anthropology (1)
Aquaculture (1)
Atmospheric Sciences (1)
Biochemistry and Cell Biology (1)
Biologicals (1)
Biology (1)
Carbohydrate (1)
Communication (1)
Community/Economic Development (1)

Family Science (1)
Cropping Systems (1)
Demography (1)
Ecology (1)
Education (6)

Adult/Extension Education (3)
4-H and Youth Development (4) 30.6%

Engineering (3)
Agricultural (5)
Biological (1)
Food (2)
Food Processing (1)

Entomology (25)
Pest Management (3)
IPM (2)
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Environmental Risk Assessment (1)
Environmental Science (1)
Feed Extrusion (1)
Food Safety (4)
Food System (1)
Natural Resources (2)

Forestry (5)
Policy (1)
Products (1)

Wildlife Management (5)
Genetics (2)
GIS (1)
Immunology (1)
Health and Wellness (1)

Public Health (1)
Horticulture (19)
Hospitality Management (1)
Infectious Diseases (1)
Meat Science (1)
Microbiology (3)

Food Microbiology (1)
Molecular Biology (1)
Pathology (1)

Plant (11)
Poultry Science (2)
Public Administration (1)
Remote Sensing (1)
Research Administrator (1)
Supply Chain Management (1)
University Engagement (1)
Vector Biology (1)
Virology (1)
Water (1)

Quality (1)
Wood Science (1)

Fundamental Animal Science 0 0.0%
Fundamental Plant Science 0 0.0%
Total Responses 517

Principal agencies/organizations (including federal and state agencies, charitable or non-
profit organizations, and private corporations) that have supported your research

National Institutes of Health (NIH) 74 14.9%
National Science Foundation (NSF) 120 24.1%
U.S. Department of Agriculture (USDA) 421 84.5%
U.S. Department of Energy (DOE) 77 15.5%
U.S. Environmental Protection Agency (EPA) 58 11.7%
Charitable Foundation 92 18.5%
Private Sector 265 53.2%
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Other 130 26.1%
All of the above (1)
Federal Agencies

APHIS (1)
ARS (1)
BARD (2)
BLM (1)
CAPES (Brazil) (1)
CDC (1)
Commerce (1)
CSREES (1)
DAFF (Australia) (1)
DHS (2)
DOD (10)
DOI (1)
Education (1)
ESTCP (1)
DOL (1)
DOT (2)
FDA (2)
FHWA (1)
FWS (2)
HHS (1)
HUD (1)
HRSA (1)
NASA (3)
NOAA (2)
OSM (1)
SERDP (1)
USAID (1)
USBR (1)
USGS (1)

State Agencies (17)
Department of Agriculture (10)
Natural Resources (6)

Military Branches
U.S. Navy (1)
U.S. Army Corps of Engineers (1)

Check Off Funds (4)
Commodity Organizations (15)
Industry (10)
International Governments (2)
Land-Grant Universities (3)
National Academy of Sciences (1)
None of the above (1)
Nonprofit (1)
Private Foundation (2)
Public/Private Agency (1)
SeaGrant (1)

Total Responses 498
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SUMMARY OF QUALITATIVE RESPONSES

For researchers that feel the AFRI process is unfair to some institutions, 
they believe so because:

•	 Larger institutions have access to more resources and administra-
tive support, which alleviates the burden of managing paperwork and ap-
plication materials for the researcher.

•	 The process favors land-grant institutions.
•	 Scope of RFPs and short turn-around time make it difficult for 

researchers to fit their proposal into the mold.
•	 Effort required for application is too burdensome for the amount 

of money awarded, when comparing to comparable process, such as NSF.

Researchers that thought the AFRI application process was difficult:

•	 Too lengthy and involved.
•	 Timing: Solicitation window is too small, and often given around 

the holidays, when people are busy.
•	 “Collaborative” requirement/preference makes it difficult to coor-

dinate among team members.

Researchers that thought the pre-award and post-award periods were 
not handled well:

•	 Substantial delay between notification of award and disbursement.
•	 Communication issues between institutions and even among groups 

within the awarding institution.

Researchers that thought the panel review process was not helpful:

•	 Very little extension focus.
•	 Panelists do not always have appropriate expertise to review 

proposals.
•	 Panels are composed of experts in and tend to favor basic research 

instead of applied research.
•	 Panels can be derailed by strong personalities or researchers with 

specific agendas.
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E

Excerpt from the Food, Conservation,  
and Energy Act of 2008

SEC. 7406. AGRICULTURE AND FOOD RESEARCH INITIATIVE.

    (a) In General.—Subsection (b) of the Competitive, Special, and 
Facilities Research Grant Act (7 U.S.C. 450i(b)) is amended to read as 
follows:
    ``(b) Agriculture and Food Research Initiative.—
            ``(1) Establishment.—There is established in the Department 
        of Agriculture an Agriculture and Food Research Initiative under 
        which the Secretary of Agriculture (referred to in this 
        subsection as `the Secretary´) may make competitive grants for 
        fundamental and applied research, extension, and education to 
        address food and agricultural sciences (as defined under section 
        1404 of the National Agricultural Research, Extension, and 
        Teaching Policy Act of 1977 (7 U.S.C. 3103)).
            ``(2) Priority areas.—The competitive grants program 
        established under this subsection shall address the following 
        areas:
                    ``(A) Plant health and production and plant 
                products.—Plant systems, including—
                          ``(i) plant genome structure and function;
                          ``(ii) molecular and cellular genetics and 
                      plant biotechnology;
                          ``(iii) conventional breeding, including 
                      cultivar and breed development, selection theory, 
                      applied quantitative genetics, breeding for 
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                      improved food quality, breeding for improved local 
                      adaptation to biotic stress and abiotic stress, 
                      and participatory breeding;
                          ``(iv) plant-pest interactions and biocontrol 
                      systems;
                          ``(v) crop plant response to environmental 
                      stresses;
                          ``(vi) unproved nutrient qualities of plant 
                      products; and
                          ``(vii) new food and industrial uses of plant 
                      products.
                    ``(B) Animal health and production and animal 
                products.—Animal systems, including—
                          ``(i) aquaculture;
                          ``(ii) cellular and molecular basis of animal 
                      reproduction, growth, disease, and health;
                          ``(iii) animal biotechnology;
                          ``(iv) conventional breeding, including breed 
                      development, selection theory, applied 
                      quantitative genetics, breeding for improved food 
                      quality, breeding for improved local adaptation to 
                      biotic stress and abiotic stress, and 
                      participatory breeding;
                          ``(v) identification of genes responsible for 
                      improved production traits and resistance to 
                      disease;
                          ``(vi) improved nutritional performance of 
                      animals;
                          ``(vii) improved nutrient qualities of animal 
                      products and uses; and
                          ``(viii) the development of new and improved 
                      animal husbandry and production systems that take 
                      into account production efficiency, animal well-
                      being, and animal systems applicable to 
                      aquaculture.
                    ``(C) Food safety, nutrition, and health.—
                Nutrition, food safety and quality, and health, 
                including—
                          ``(i) microbial contaminants and pesticides 
                      residue relating to human health;
                          ``(ii) links between diet and health;
                          ``(iii) bioavailability of nutrients;
                          ``(iv) postharvest physiology and practices; 
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                      and
                          ``(v) improved processing technologies.
                    ``(D) Renewable energy, natural resources, and 
                environment.—Natural resources and the environment, 
                including—
                          ``(i) fundamental structures and functions of 
                      ecosystems;
                          ``(ii) biological and physical bases of 
                      sustainable production systems;
                          ``(iii) minimizing soil and water losses and 
                      sustaining surface water and ground water quality;
                          ``(iv) global climate effects on agriculture;
                          ``(v) forestry; and
                          ``(vi) biological diversity.
                    ``(E) Agriculture systems and technology.—
                Engineering, products, and processes, including—
                          ``(i) new uses and new products from 
                      traditional and nontraditional crops, animals, 
                      byproducts, and natural resources;
                          ``(ii) robotics, energy efficiency, computing, 
                      and expert systems;
                          ``(iii) new hazard and risk assessment and 
                      mitigation measures; and
                          ``(iv) water quality and management.
                    ``(F) Agriculture economics and rural communities.—
                Markets, trade, and policy, including—
                          ``(i) strategies for entering into and being 
                      competitive in domestic and overseas markets;
                          ``(ii) farm efficiency and profitability, 
                      including the viability and competitiveness of 
                      small and medium-sized dairy, livestock, crop and 
                      other commodity operations;
                          ``(iii) new decision tools for farm and market 
                      systems;
                          ``(iv) choices and applications of technology;
                          ``(v) technology assessment; and
                          ``(vi) new approaches to rural development, 
                      including rural entrepreneurship.
            ``(3) Term.—The term of a competitive grant made under this 
        subsection may not exceed 10 years.
            ``(4) <<NOTE: Grants.>>  General administration.—In making 
        grants under this subsection, the Secretary shall—
                    ``(A) seek and accept proposals for grants;
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                    ``(B) determine the relevance and merit of proposals 
                through a system of peer and merit review in accordance 
                with section 103 of the Agricultural Research, 
                Extension, and Education Reform Act of 1998 (7 U.S.C. 
                7613);
                    ``(C) award grants on the basis of merit, quality, 
                and relevance;
                    ``(D) solicit and consider input from persons who 
                conduct or use agricultural research, extension, or 
                education in accordance with section 102(b) of the 
                Agricultural Research, Extension, and Education Reform 
                Act of 1998 (7 U.S.C. 7612(b)); and
                    ``(E) in seeking proposals for grants under this 
                subsection and in performing peer review evaluations of 
                such proposals, seek the widest participation of 
                qualified individuals in the Federal Government, 
                colleges and universities, State agricultural experiment 
                stations, and the private sector.
            ``(5) Allocation of funds.—In making grants under this 
        subsection, the Secretary shall allocate funds to the 
        Agriculture and Food Research Initiative to ensure that, of 
        funds allocated for research activities—
                    ``(A) not less than 60 percent is made available to 
                make grants for fundamental research (as defined in 
                subsection (f)(1) of section 251 of the Department of 
                Agriculture Reorganization Act of 1994 (7 U.S.C. 6971)), 
                of which—
                          ``(i) not less than 30 percent is made 
                      available to make grants for research to be 
                      conducted by multidisciplinary teams; and
                          ``(ii) not more than 2 percent is used for 
                      equipment grants under paragraph (6)(A); and
                    ``(B) not less than 40 percent is made available to 
                make grants for applied research (as defined in 
                subsection (f)(1) of section 251 of the Department of 
                Agriculture Reorganization Act of 1994 (7 U.S.C. 6971)).
            ``(6) Special considerations.—In making grants under this 
        subsection, the Secretary may assist in the development of 
        capabilities in the agricultural, food, and environmental 
        sciences by providing grants—
                    ``(A) to an institution to allow for the improvement 
                of the research, development, technology transfer, and 
                education capacity of the institution through the 
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                acquisition of special research equipment and the 
                improvement of agricultural education and teaching, 
                except that the Secretary shall use not less than 25 
                percent of the funds made available for grants under 
                this subparagraph to provide fellowships to outstanding 
                pre- and post-doctoral students for research in the 
                agricultural sciences;
                    ``(B) to a single investigator or coinvestigators 
                who are beginning research careers and do not have an 
                extensive research publication record, except that, to 
                be eligible for a grant under this subparagraph, an 
                individual shall be within 5 years of the beginning of 
                the initial career track position of the individual;
                    ``(C) to ensure that the faculty of small, mid-
                sized, and minority-serving institutions who have not 
                previously been successful in obtaining competitive 
                grants under this subsection receive a portion of the 
                grants; and
                    ``(D) to improve research, extension, and education 
                capabilities in States (as defined in section 1404 of 
                the National Agricultural Research, Extension, and 
                Teaching Policy Act of 1977 (7 U.S.C. 3103)) in which 
                institutions have been less successful in receiving 
                funding under this subsection, based on a 3-year rolling 
                average of funding levels.
            ``(7) Eligible entities.—The Secretary may make grants to 
        carry out research, extension, and education under this 
        subsection to—
                    ``(A) State agricultural experiment stations;
                    ``(B) colleges and universities;
                    ``(C) university research foundations;
                    ``(D) other research institutions and organizations;
                    ``(E) Federal agencies;
                    ``(F) national laboratories;
                    ``(G) private organizations or corporations;
                    ``(H) individuals; or
                    ``(I) any group consisting of 2 or more of the 
                entities described in subparagraphs (A) through (H).
            ``(8) Construction prohibited.—Funds made available for 
        grants under this subsection shall not be used for the 
        construction of a new building or facility or the acquisition, 
        expansion, remodeling, or alteration of an existing building or 
        facility (including site grading and improvement, and architect fees).
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            ``(9) Matching funds.—
                    ``(A) Equipment grants.—
                          ``(i) In general.—Except as provided in 
                      clause (ii), in the case of a grant made under 
                      paragraph (6)(A), the amount provided under this 
                      subsection may not exceed 50 percent of the cost 
                      of the special research equipment or other 
                      equipment acquired using funds from the grant.
                          ``(ii) Waiver.—The Secretary may waive all or 
                      part of the match´ing requirement under clause (i) 
                      in the case of a college, university, or research 
                      foundation maintained by a college or university 
                      that ranks in the lowest \1/3\ of such colleges, 
                      universities, and research foundations on the 
                      basis of Federal research funds received, if the 
                      equipment to be acquired using funds from the 
                      grant costs not more than $25,000 and has multiple 
                      uses within a single research project or is usable 
                      in more than 1 research project.
                    ``(B) Applied research.—As a condition of making a 
                grant under paragraph (5)(B), the Secretary shall 
                require the funding of the grant to be matched with 
                equal matching funds from a non-Federal source if the 
                grant is for applied research that is—
                          ``(i) commodity-specific; and
                          ``(ii) not of national scope.
            ``(10) Program administration.—To the maximum extent 
        practicable, the Director of the National Institute of Food and 
        Agriculture, in coordination with the Under Secretary for 
        Research, Education, and Economics, shall allocate grants under 
        this subsection to high-priority research, taking into 
        consideration, when available, the determinations made by the 
        National Agricultural Research, Extension, Education, and 
        Economics Advisory Board (as established under section 1408 of 
        the National Agricultural Research, Extension, and Teaching 
        Policy Act of 1977 (7 U.S.C. 3123)).
            ``(11) Authorization of appropriations.—
                    ``(A) In general.—There is authorized to be 
                appropriated to carry out this subsection $700,000,000 
                for each of fiscal years 2008 through 2012, of which—
                          ``(i) not less than 30 percent shall be made 
                      available for integrated research pursuant to 
                      section 406 of the Agricultural Research, 

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


APPENDIX E	 197

                      Extension, and Education Reform Act of 1998 (7 
                      U.S.C. 7626); and
                          ``(ii) not more than 4 percent may be retained 
                      by the Secretary to pay administrative costs 
                      incurred by the Secretary in carrying out this 
                      subsection.
                    ``(B) Availability.—Funds made available under this 
                paragraph shall—
                          ``(i) be available for obligation for a 2-year 
                      period beginning on October 1 of the fiscal year 
                      for which the funds are first made available; and
                          ``(ii) remain available until expended to pay 
                      for obligations incurred during that 2-year 
                      period.´´.

    (b) Repeals.—
            (1) Section 401 of the Agricultural Research, Extension, and 
        Education Reform Act of 1998 (7 U.S.C. 7621) is repealed.
            (2) Subsection (d) of the Competitive, Special, and 
        Facilities Research Grant Act (7 U.S.C. 450i(d)) is repealed.

    (c) <<NOTE: 7 USC 450i note.>>  Effect on Current Solicitations.—
The amendments made by this section shall not apply to any solicitation 
for grant applications issued by the Cooperative State Research, 
Education, and Extension Service before the date of enactment of this 
Act.

    (d) Conforming Amendments.—
            (1) Section 1473 of the National Agricultural Research, 
        Extension, and Teaching Policy Act of 1977 (7 U.S.C. 3319) is 
        amended in the first sentence by striking ``and subsection 
        (d)´´.
            (2) Section 1671(d) of the Food, Agriculture, Conservation, 
        and Trade Act of 1990 (7 U.S.C. 5924(d) is amended by striking 
        ``Paragraphs (1), (6), (7), and (11)´´ and inserting 
        ``Paragraphs (4), (7), (8), and (11)(B)´´.
            (3) Section 1672B(b) of the Food, Agriculture, Conservation, 
        and Trade Act of 1990 (7 U.S.C. 5925b(b)) is amended by striking 
        ``Paragraphs (1), (6), (7), and (11)´´ and inserting 
        ``Paragraphs (4), (7), (8), and (11)(B)´´.
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F

Types of Grants Offered in Each AFRI 
Program  

(2009–2013) 
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208	 APPENDIX G

TABLE G-1  Sample Statistics of NRI Projects, 2008a

Unit Mean
Standard 
Deviation

PROJECT OUTPUTS
Refereed Journal Articles Number published 2.65 5.29
Citations per Article Number per article 6.86 14.01

PROJECT SCALE
Budget $0,000 39.32 25.98
Project Duration Months 31.61 9.45

PROJECT SCOPE
Project Complexity
Number of Co-PIs Number 2.92 2.97

Current Supportb

Federal Support 0.73 0.44
Non-Federal Support 0.52 0.50
No Other Support 0.10

Project Functions
Research % 93.53 20.95
Extension % 4.29 12.88 
Education % 2.18 8.59

Project Composition
Basic Research % 61.35 34.60
Applied Research % 32.33 29.51
Extension or Education % 6.32

PROJECT LOCUS
Subject Area
Plants 0.314 0.465
Animals 0.212 0.409
Food/Nutrition 0.145 0.353
Social Sciences 0.067 0.249
Bio-Products 0.048 0.213
Ecosystems 0.214 0.411

Type of Performing Institution
Federal 0.045 0.208
Private Research 0.029 0.167
Private University 0.043 0.203
Public Non–Land-Grant Univ 0.083 0.277
Land-Grant University 0.800 0.400
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Unit Mean
Standard 
Deviation

Rank of Project Director
Professor 0.48 0.50
Associate Professor 0.19 0.39
Assistant Professor 0.20 0.40
Federal Scientist or Other 0.09 0.28
Pre- or Postdoctorate 0.04 0.20

Award Type
Area 0.33 0.47
Conference 0.11 0.31
Standard 0.56 0.50

OTHER FACTORS
Laboratory Assistance
Undergraduate FTE months 7.66 14.84
Graduates FTE months 18.25 22.29
Postdoctorates FTE months 13.10 17.34

Project Vintage Months since start date

Completed Project 1 if completed, 0 other

	 aIndicator (0/1) variables. Means shown are percentages of the sample falling into the 
respective category, expressed in decimal form.
	 bAFRI project directors may receive support from a variety of sources. The sum of the 
percentages of support sources therefore is greater than unity.

TABLE G-1  Continued
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TABLE G-2  Sample Statistics of AFRI Projects, 2009–2010a

Unit Mean
Standard 
Deviation

PROJECT OUTPUTS
Refereed Journal Articles Number published 1.79 2.90
Citations per Article Number per article 2.62 6.58
Non-Refereed Communications Number communicated 1.74 3.25

PROJECT SCALE
Budget $0,000 43.9 41.0
Project Duration Months 41.7   9.7

PROJECT SCOPE
Project Complexity
Number of Co-PIs Number 3.52 3.19

Current Supportb

Federal Support 0.66 0.47
Non-Federal Support 0.51 0.50
No Other Support 0.14 0.34

Project Function
Research % 89.22 24.79
Extension % 5.48 16.16
Education % 5.30 17.73

Project Composition
Basic Research % 60.24 35.21
Applied Research % 28.98 26.22
Extension and Education % 10.81 22.29

PROJECT LOCUS
Subject Area
Plants 0.37 0.48
Animals 0.21 0.40
Food/Nutrition 0.15 0.36
Social Sciences 0.05 0.22
Bio-Products 0.04 0.20
Ecosystems 0.18 0.39

Type of Performing Institution
Federal 0.05 0.23
Private Research 0.03 0.16
Private University 0.05 0.21
Public Non–Land-Grant Univ 0.10 0.29
Land-Grant University 0.77 0.45
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Unit Mean
Standard 
Deviation

Rank of Project Director
Professor 0.40 0.49
Associate Professor 0.18 0.38
Assistant Professor 0.29 0.46
Federal Scientist 0.05 0.22
Postdoctorate or Other 0.08

Award Type
FASE 0.29 0.45
CAP 0.01 0.11
Conference 0.07 0.28
Standard 0.63 0.48

OTHER FACTORS
Laboratory Assistance 
Undergraduate FTE months 10.5 52.9
Graduate FTE months 25.0 33.8
Postdoctorates FTE months 11.8 19.4

Project Vintage months since start date
42.2 3.3

Completed Project 1 if completed, 0 other
0.33 0.47

	 aIndicator (0/1) variables. Means shown are percentages of the sample falling into the 
respective category, expressed in decimal form.
	 bAFRI project directors may receive support from a variety of sources. The sum of the 
percentages of support sources therefore is greater than unity.

TABLE G-2  Continued

Spurring Innovation in Food and Agriculture: A Review of the USDA Agriculture and Food Research ...

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/18652


212	 APPENDIX G

TABLE G-3  Sample Statistics of AFRI Projects, 2011–2012a

Unit Mean
Standard 
Deviation

PROJECT OUTPUTS
Refereed Journal Articles Number published 0.88 3.60
Citations per Article Number per article 0.42 1.76
Non-Refereed Communications Number communicated 0.73 2.16

PROJECT SCALE
Budget $0,000 119.55 346.26
Project Duration Months 37.79 13.39

PROJECT SCOPE
Project Complexity
Number of Co-PIs Number 4.29 4.76

Current Supportb

Federal Support 0.70 0.46
Non-Federal Support 0.45 0.50
No Other Support 0.17 0.38

Project Functions
Research % 88.30 23.73
Extension % 6.10 16.43
Education % 5.70 15.88

Project Composition
Basic Research % 54.85 36.84
Applied Research % 33.46 35.85
Extension or Education % 10.80 21.87

PROJECT LOCUS
Subject Area
Plants 0.12 0.33
Animals 0.11 0.31
Food/Nutrition 0.05 0.23
Social Sciences 0.08 0.27
Bio-Products 0.07 0.26
Ecosystems 0.03 0.17

Type of Performing Institution
Federal 0.04 0.18
Private Research 0.02 0.14
Private University 0.06 0.23
Public Non–Land-Grant Univ 0.10 0.30
Land-Grant University 0.78 0.41
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TABLE G-3  Continued

Unit Mean
Standard 
Deviation

Rank of Project Director
Professor 0.32 0.47
Associate Professor 0.18 0.39
Assistant Professor 0.22 0.41
Federal Scientist 0.02 0.16
Postdoctorate or Other 0.26

Award Type
FASE 0.39 0.49
CAP 0.03 0.17
Conference 0.05 0.24
Standard 0.53 0.50

Program Area
Challenge Grant 0.33 0.47
Fellowship Grant 0.21 0.41
Foundational Grant 0.46 0.50

OTHER FACTORS
Laboratory Assistance
Undergraduate FTE 12.86 52.67
Graduates FTE 33.99 71.40
Postdoctorates FTE 19.43 43.98

Project Vintage Months since start date
20.12 7.47

Completed Project 1 if completed, 0 other
0.08 0.18

	 aIndicator (0/1) variables. Means shown are percentages of the sample falling into the 
respective category, expressed in decimal form.
	 bAFRI project directors may receive support from a variety of sources. The sum of the 
percentages of support sources therefore is greater than unity.
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FIGURE G-1 Frequency distributions of project budgets and performance ratios, 2008.
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FIGURE G-2  Frequency distributions of project budgets and performance ratios, 2009—2010.
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FIGURE G-3 Frequency distributions of project budgets and performance ratios, 2011—2012.
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Appendix H

Data Processing for Program Evaluation

The committee solicited data from NIFA to explore the relationship be-
tween resource input and the output of AFRI-funded research. Information 
solicited for the analyses included the following for all new grants funded 
from 2009 to 2012:

•	 Title, type, and size of grants (e.g., total value, annual amount, and 
number of years funded).

•	 Duration of each award (e.g., start and actual or expected end 
date).

•	 Characteristics of each award, such as
	 o	Program area (e.g., foundation, challenge-area, or fellowship 

grant).
	 o	Award type (e.g., standard award, CAP, conference grant, or 

FASE award).
	 o	Project function (e.g., research, education, extension, or inte-

grated, that is, integrating at least two of the three functions).
	 o	Percentage dedicated to research, education, and extension of 

each award.
	 o	Program code, which reflects the subject area of the project.
	 o	Percentage basic and percentage applied research.
	 o	Awarding institution and type of institution (e.g., 1862 land-grant 

university, 1890 land-grant university, or public non–land-grant university).
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•	 Demographics of principal investigators (PIs), including
	 o	Ranks of each PI (e.g., assistant, associate, or full professor).
	 o	Each PI’s current and pending funding.
•	 Human resources, including
	 o	Number of co-PIs.
	 o	Number of undergraduate students and number of months 

supported.
	 o	Number of graduate students and number of months supported.
	 o	Number of postdoctoral researchers and number of months 

supported.
•	 Research output as reported in USDA CRIS.

The committee also requested the same data for at least 1 year of the 
NRI for comparison. NIFA submitted multiple Excel files, each of which 
consisted of some pieces of the requested data exported from CRIS. The 
files as submitted were not organized in a way that would allow regression 
analyses. For example, some files included duplicate entries for a grant 
(mostly for the continuous grants that require annual reporting). Another 
example is that the number of undergraduate and graduate students and 
postdoctoral researchers trained and the number of months trained (also 
called number of student months) were all grouped together in one column. 
Those data had to be parsed into separate columns—one for each of the 
following categories: number of undergraduate students supported, number 
of undergraduate-student months, number of graduate students supported, 
number of graduate-student months, number of postdoctoral researchers 
supported, and number of postdoctoral-researcher months. To render all 
the submitted data in an analyzable form, National Research Council staff 
sorted the data, removed duplicate entries, collated data from the various 
files into one Excel file, and created dummy variables for the regression 
analyses. In the process of sorting the data, the staff noticed some gaps in 
data and a few inconsistencies among datasets (e.g., some entries for PI 
ranks or grant types were missing. In those cases, the staff either sought the 
information from the Web or sought clarification from NIFA staff. 

In addition to the Excel files, the committee received thousands of 
folders, each of which contained all the files for PIs’ and any co-PIs’ pend-
ing and current funding in pdf. For about 5% of the awards, the staff could 
not identify the pdf files that contained the pending and current funding 
information. The committee found the results of the analyses without those 
data rather robust. Their addition would be unlikely to alter the results of 
the analyses. In the interest of time and effort spent on the part of the staff 
and NIFA, the committee decided not to seek those data from NIFA. For 
those pdf files, the National Research Council staff had to identify the file 
that corresponded to each grant and manually record the number of pend-
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ing and current funding that the PI had from various agencies or types of 
organizations in the Excel file for regression analyses. 

The committee did not receive any Excel files that had a column that 
specified the number of co-PIs on each AFRI award. However, such infor-
mation was embedded within each folder that had all the pdfs for PIs’ and 
co-PIs’ pending support. Under the assumption that all co-PIs completed 
a form to disclose their current and pending support, the number of those 
forms completed for each project was used as a proxy for the number of 
co-PIs on each project. For a sample of projects, the number of co-PIs 
determined that way was compared with that listed in CRIS in order to 
confirm that the committee’s method of tallying the number of co-PIs in a 
project was reasonable.

Although CRIS includes data on publications, presentations, and con-
ferences held in connection with each project submitted by PIs, PIs cannot 
add information to the system after the project terminates. Given the lag 
time between the conduct of research and the publication of results, it is 
unlikely that all publications from every project are accounted for by CRIS. 
Therefore, the committee solicited help from Yunguang Chen, of Oregon 
State University, to search publications that acknowledge AFRI as a source 
of funding for the 2009–2012 grants and for the NRI awards initiated in 
2008 by using Google Scholar. Written materials submitted to the present 
committee by external sources, including data submitted by NIFA, are listed 
in the project’s public-access file and can be made available to the public 
on request.
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