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Breakout sessions were held on days � and 3 of the conference, each comprising four 
parallel workshops. Oral reports on the first workshop were delivered on day 3 prior to 
the second breakout session, and written reports on the second workshop were prepared 
soon after the conference. The objective of the workshops was to provide all participants 
the opportunity to contribute verbally on the aspects of food security that had been 
discussed during the formal presentations and Q&A sessions.

To help initiate dialog during the breakout sessions, the facilitators posed these 
 questions:

• Breakout session 1: Given what we have heard at the conference and the nature of 
food security, what would you propose should be the set of research actions neces-
sary to start addressing food security at the local, regional and global scales?

• Breakout session 2: What research and policies do you think are required to over-
come the challenges of water and land availability in our quest to double food 
production while minimizing environmental impact in the next 3� years?
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The participants’ responses did not necessarily address these questions. Instead, the 
facilitators allowed free-flowing discussions. This is not an exhaustive coverage of those 
discussions, but a synthesis of key points that emerged4, under ten headings. Questions 
posed by participants may be interpreted as researchable issues.

Food Security
• A primary definition of food security is freedom from hunger. A broader defini-

tion is that food security comprises food safety, which is a consumer-level issue, 
and food supply, which is a crop-production/distribution issue. Food safety is 
relatively more important in developed countries and food supply is relatively 
more important in developing countries in which significant fractions of the 
population are concerned with where their next meal will come from. The global 
population is expected to increase by ~�.5 billion to ~�.5 billion by �050, requir-
ing a doubling of food availability in developing countries. In most of the world, 
food security is viewed chiefly as freedom from hunger.

• On the other hand, in developing countries, agricultural exports can be a source 
of cash that can lift people out of poverty, which then increases their food security.

• Food security is multidisciplinary in scope. The disciplines involved need to be 
defined to understand the social factors involved in policymaking that affects food 
security. Accordingly, national and international initiatives require taking local 
priorities into account. Each country has unique strengths and weaknesses; opti-
mization of national strengths will be needed to feed �.5 billion people by �050. 

• Food security is often used to refer to freedom from hunger. Food availability 
and accessibility are part of the definition, and quality, including protein content, 
should be included. It is not just about calories; calorie type is also important.

• Local preferences affect food security. For example, prejudice exists against rice 
that isn’t white; many are reluctant to eat Golden Rice.

• How the general public reacts to policies adopted for improvement in food secu-
rity depends, in large part, on the degree to which direct benefits are perceived. 
Approval of herbicide tolerance, for example, may be difficult to ensure because 
consumers are unaware of its popularity among farmers.

Food Safety
• As stated above, food security comprises food safety, which is a consumer-level 

issue, and food supply, which is a crop-production/distribution issue. Food safety 
is relatively more important in developed countries where food is plentiful and 
relatively inexpensive, but where several outbreaks of foodborne illness, affecting 
thousands of people, have occurred in recent years.

4As judged by AE.
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• Research is needed to develop new ways of treating foods to prevent or eliminate 
contamination by pathogenic organisms and/or chemicals.

• Crop breeding focuses mainly on pre-harvest characteristics, e.g. susceptibility to 
insects and disease and to abiotic stresses. Post-harvest issues are often neglected. 
The only example where a pre-harvest trait created a post-harvest impact is Bt 
corn, i.e. in reducing mycotoxin production. More research is needed on prevent-
ing adverse changes during storage of harvested entities. 

• Recent food-safety issues—e.g. the contamination of fresh foods by E. coli in 
Germany—have stimulated discussion of how national and international food 
systems are managed.

• Measures to keep food safe must be used at all stages in the value chain—from 
farm-gate to plate. However, many of the greatest risks result from inadequate 
hygiene in the home due to consumers being poorly informed on best practices 
for handling food.

• Scale is an issue. Research is needed to determine if the same inspection processes 
should be in place to assess safety for small-scale, locally produced food as for 
regional and national production systems.

• Although not as broad in its importance as food availability, if food-safety issues 
are not addressed, societal and political disruptions could be massive. 

• Minnesota voters increased their tax burden to support water legislation. Research 
is needed on how to induce the general public to follow this model for food 
safety.

Food Supply
• What fraction of national resources is the United States willing to expend to 

produce food for other countries? Under some circumstances, when we export 
it is counterproductive to the long-term viability of agriculture in the import-
ing countries. Doubling production may be possible for the United States and 
Canada, but the challenge is to get other countries, where the needs are greatest, 
to produce more food. Most countries have enough land and water and can pro-
duce sufficient food if it is priced right. An essential aspect is to get fertilizers to 
farmers who can’t afford them, and can benefit most from them.

• Developing countries need to invest in food-production research with particular 
emphasis on addressing biotic and abiotic factors. To partner with developing 
countries to improve food production, the United States should provide more 
financial and logistical support via the international agricultural institutes. US 
public buy-in obviously will be needed here, particularly in these difficult finan-
cial times.

• The reason many developing countries are resisting genetically engineered crops 
is because they can’t sell them in Europe, and often not in Asia, whether or not 
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they are safe. Cultural barriers can preclude acceptance of data produced by good 
science. Research is needed on how to close gaps between cultural concepts and 
science. 

• The global economy will prosper best when all of its members are self-sufficient 
in food. The Gates Foundation provides a useful model for tackling problems 
 affecting the developing world, and with US federal funds potentially significantly 
greater than those provided by Gates, better progress may be made.

• There is a grass-roots movement in the farming community to return to tradition-
al methods of food production and sale. Concerned about the nutritional value of 
the food they produce, these farmers wish to contribute to their local economies. 
Extension programs are encouraging them, but are there sufficient economic 
incentives?

• In general, consumers understand local food-production systems and place value 
on locally produced food. With the qualifier “organic,” there is a perception of 
greater healthfulness, albeit not verifiable. Research is needed into improving 
public understanding both of the risks and benefits of local systems.

• Research is needed to examine whether local food systems are “better” and condu-
cive to food security. Are they more likely to provide environmentally beneficial 
solutions to current acute public-health issues, with opportunities for closer 
monitoring and rapid diagnoses of problems?

• Farm-Bill policies influence farmers regarding when and how to use their land. 
What incentives may be introduced via the Farm Bill to encourage maximum 
food production? 

• The United States and Canada continue to enjoying cheap food, costing <�0% of 
family income. However, agriculture does not operate in a vacuum; it has many 
impacts on the environment. These effects should be taken into account when 
placing a value on agricultural production. 

• Research is needed in how to modify consumer eating habits to address the obe-
sity epidemic. Food-production companies must change their model for making 
money; encouragement to eat more must be mitigated.

• Eliminating hunger while feeding �.5 billion more people by �050 will require 
efforts similar to the Manhattan project. At this time, this effort is hugely under-
funded.

Animal Production
• Single cell protein—produced on non-arable land—represents a viable substitute 

for feed for animals that currently consume wheat and corn. It also represents a 
viable substitute for meat for human consumption.

• Further research is needed in the utilization of animal waste (e.g. for energy 
 production).
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• The minimization of loss of nutrients from animals is important, e.g. similar to 
the Enviropig® which digests phosphorus more efficiently.

• Nutrigenomics in animals has the potential to improve efficiency of utilization of 
feed.

Sustainability
• A broadly accepted definition of “sustainability” is needed. It still means differ-

ent things to different people. In general, it is used effectively from a marketing 
standpoint. But it is important that we have a common basis to help make prog-
ress on an issue that is fundamentally important.

• There is a pressing need to gain better understanding of sustainability of water 
usage. 

• To assess the sustainability of a food-production system requires �0+ years of 
experiments. Yet funding for such long-term research is seldom available. Funding 
longevity is usually no more than a third of this time-span.

• Assessing agricultural sustainability must include consideration of soil erosion, 
soil organic matter, soil moisture content, soil microbiology, soil salinity, and soil 
macronutrients and micronutrients. A major research need is the development of 
markers of sustainability, including carbon sequestration, water use and impacts 
on soil bacteria.

• Some importers in the EU and China are asking for sustainability certification, 
although there is no consensus on metrics. In the United States, sustainability-
certification metrics are being developed at the Universities of Wisconsin and 
Illinois and at Purdue, with funding from the Soybean Foundation. It is hoped 
that the next Farm Bill will provide opportunities to further resolve such metrics.

• Importers requiring sustainability certification must be flexible in terms of time-
frame, unless they have alternative sources of the commodities they need. It is 
hoped that, in time, standards will be improved to fulfill buyers’ needs.

Water
• Is there a water shortage, or is water just not priced right? How well do we under-

stand the cost of water? Research is needed to help producers make decisions on 
how much water is needed to maintain crop yields and to increase them. When 
we export grain and meat produced from that grain, we are, essentially, also 
 exporting the water required to produce that grain, yet the cost of that water is 
not figured in.

• For water, the priority should be keeping chemicals out rather than developing 
means of detecting them once they are in. Processing procedures are available to 
decrease toxin levels, but more research is needed in this regard.
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• Hydrological mapping, as in Minnesota, should be done in all states as an impor-
tant priority.

• Hydraulic fracturing (“fracking”) involves pumping large quantities of brine deep 
into shale in the ground (in the NE United States) to release natural gas. Some 
�0%–30% is lost and the water that’s recovered contains a cocktail of chemicals. 
The cost of the water should be included in the cost of production of the energy.

• Climate-change effects on water usage, availability and aquifer depletion need 
research.

• More research is needed on means of artificially recharging aquifers.
• Water delivery is a fundamental problem in many places; consideration should 

be given to the economics of building pipelines to connect water-wealthy with 
water-depleted areas.

• Unequal water usage is having increasingly far-reaching effects and research is 
needed so that water draw upstream is not excessive and takes account of down-
stream needs.

• Research is needed to develop new cropping systems to maximize ecosystem 
services, particularly water usage.

• Food waste has been calculated at �,400 calories per person per day, with con-
comitant misuse of water and energy. By appropriate conservation, preservation 
and handling, 30% of these losses could be eliminated. 

• Continued research is needed to produce cultivars that use water more efficiently. 
There remains huge untapped genetic resources within currently grown crops—
and plants that may be grown as crops—to produce sources of food that are 
adapted to higher temperatures, higher rainfall or less rainfall, and can withstand 
extremes of weather.

• Nutrition, health security, food security and water security are intimately inter-
related.

Regulatory/Policy Aspects
• Providing testimony to Congress and/or to regulatory agencies can have greater 

impact than talking to the media. However, both are important.
• As stated above, how the general public reacts to measures taken to improve food 

security and safety is influenced by whether they perceive direct benefit. 
• Increasing food production is most pressingly important for Africa yet only a 

handful of African countries have biosafety laws.  Assistance should be given to 
those countries to develop infrastructure and expertise to achieve appropriate 
regulatory oversight.

• On the other hand, we could run into a Goldilocks conundrum of how much 
regulation is appropriate. Over-regulation—as judged by some to apply in the 
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EU—can be fatal and preclude reaping the food benefits that may come from 
biotechnology, for example.

• Should legislators encourage farmers to produce and sell more-nutritious food 
locally? How much regulation would be appropriate? What would be the impact 
of the Tester Amendment5?

• Means should be considered whereby farmers can be penalized for poor soil-
 management practices, to mitigate against the philosophy that it’s “their” land.

• Discussions of agricultural policy need to be broad to include climate change, 
agricultural adaptation, and resilient crop genotypes that will thrive in stressed 
environments.

• Low-cost food policies are in effect in several countries. Does this policy encour-
age increased food production?

• In the United States and Canada, the cost of food is <�0% family income. 
 Accordingly, citizens show little interest in food policy. How are they to be 
 engaged in this issue for the global common good?

• Policy tends to be barrier-based. Research is needed on design and implementa-
tion of outcome-based policy.

• Research is needed on design and implementation of state and federal policies to 
address the challenges of water sharing and shortage.

• Water budgets should be determined for every state.

Communication/Education
• As scientists, when we talk of the benefits of genetic engineering and other new 

technologies, the concepts can be difficult for the lay person to understand. 
Overuse of technical jargon often evokes an adverse cultural response. We need 
to learn to lay out benefits in understandable terms to help consumers make 
informed judgments.

5Senator Jon Tester (D-MT) has sponsored an amendment to the food safety bill (S. 5�0) to further protect 
small, local food processors and producers. In the �00� Bioterrorism Act, Congress required that all facilities 
that manufacture, process, pack, or hold food must register with FDA, but it exempted from that requirement 
“retail food establishments.” FDA defined the term at �� CFR �.���(b)(��). For purposes of the definition, 
the Tester amendment would require FDA to clarify that “direct sales” of food to consumers includes sales that 
occur other than where the food was manufactured, such as at a roadside stand or farmers’ market. Food facilities 
would qualify for an exemption from the preventive control/HACCP (see footnote, page ���) provisions in 
section �03 of S. 5�0 under certain conditions: (�) they are either a “very small business” as defined by FDA 
in rulemaking; or (�) the average annual monetary value of all food sold by the facility during the previous 3 
year period was less than $500,000, but only so long as the majority of the food sold by that facility was sold 
directly to consumers, restaurants, or grocery stores (as opposed to 3rd party food brokers) and were in the 
same state where the facility sold the food or within ��5 miles of the facility.
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• Food security is a multidisciplinary entity. The disciplines involved need to be 
defined to understand the social factors involved in decision-making. Accordingly 
national and international initiatives will require taking local priorities into ac-
count. Each country has unique strengths and weaknesses, therefore, optimization 
of national strengths will be needed to feed �.5 billion people by �050. Education 
and training clearly are important and improving scientific literacy of the popula-
tion as a whole will be necessary to ensure accurate risk assessment of genetically 
engineered crops and animals, food irradiation, etc.

• As climate change occurs, education can help farmers make good decisions with 
regard to planting patterns (what to plant, how much to plant, when, etc.).

Risk
• How is risk assessment to be taught, particularly environmental risk assessment? 

Multidisciplinary input will be needed including a strong social-science compo-
nent. Inevitably, risk assessments will be underpinned by cultural values yet must 
be based on scientific data.

• Formal protocols are needed for analysis of risk from new technologies, which 
includes input from diverse experts. We usually cope well with engineered sys-
tems, but less so with ecosystems, and with terrorism we are just inching our way 
in. Some say risk analysis will not help to prevent terrorism; on the other hand, 
we need to take what we know as far as possible. The weakest link issue is still a 
concern. 

• Risk-analysis protocols must be expanded to encompass terrorism, including 
behavioral analyses of adaptable adversaries.

• What is an acceptable level of risk where food is concerned? The FDA allows risk/
benefit assessments for drugs. However, with food there is no accepted standard 
for risk/benefit assessment. From a cultural aspect, the risk is expected to be zero. 
For genetically engineered crops, for example, we must attempt to balance benefit 
with acceptable risk. Often the risk component is emphasized whereas potential 
benefits are missed or ignored.

• Again, improving scientific literacy in the population as a whole will be necessary 
to ensure scientifically based risk assessment.

• What model should be adopted by countries devising litigation for risk assess-
ment of genetically engineered crops? The US model isn’t seen favorably by many.

Biofuel and Energy
• Research is needed to provide better understanding of the role of biofuels in 

recent increases in food prices globally.
• Although second-generation biofuels hold much promise, environmental implica-

tions of exploitation of marginal lands—from large-scale planting of switchgrass 
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for example—needs thorough examination. The consequences of stover removal 
and energy-crop production—for soil fertility, water budgets, soil-nutrient 
content, and herbicide and insecticide needs—are largely unknown; research is 
needed for construction of sound economic models and to inform policy.

• Using algae as biomass for biofuel production requires more research.
• Perennial crops will help prevent soil erosion, and conserve energy. However, 

grain crops have evolved to use limited resources for maximum production. 
 Research is needed to understand the ecological effects of changing life cycles. 

Anderson, Busta, Eaglesham, Hamernick, Kahn, Kokini, Scoles, Slack, Toedt, and Wiley


