
ABSTRACT: Center for Technology Research for Agricultural Food Safety and Security under 
Changing Global Climate

The scientific community recognizes that there is a major gap in the functional understanding of how 
nanomaterials interact with living cells resulting in both beneficial and adverse physiological 
reprogramming. The interactions between these very tractable particles and biological systems result in 
desirable (e.g. prolific growth, nutrient fortification, disease management) or possibly undesirable (e.g. 
inappropriate immunity responses, hindrance of symbiotic relationships) agricultural, environmental 
and human health phenotypic outcomes. This lack of understanding must be addressed by scientific 
investigations by a multidisciplinary team prior to deploying these technologies to the field for 
agricultural applications. These important knowledge gaps hinder the impressive potential of these 
technologies to play a critical role in global food production, food security and food safety. The 
applications of nanotechnologies in the agriculture sector could also assist in off-setting some of the 
food security concerns surrounding the effects of global climate change. These applications include 
fertilizers to increase yield potential, delivery vehicles for plant nutrient fortification, and pesticides for 
plant disease and insect pest management. There is exciting research occurring at North Dakota State 
University (NDSU) on these three aspects of nanomaterial development, with an impressive collection 
of manuscripts, patents, and applications already coming down the pipeline. To avoid any adverse 
societal outcomes, including environmental or health effects and the potential for unwarranted negative
public perception, we must accelerate our development of tools, approaches, and associated 
infrastructure at NDSU. These issues are significant impediments to progress in the wide array of 
nanotechnology applications -- a grand challenge in biology, engineering, business, and society. 
Therefore, the Center for Technology Research for Agricultural Food Safety and Security under 
Changing Global Climate core team was assembled under the NDSU Grand Challenges solicitation to 
continue our pursuit of basic research and translation to the field to overcome the obstacles to applying 
these technologies. The current core team is comprised of plant scientists, agronomists, 
microbiologists, geneticists, material scientists, , engineers, chemist, and product marketing and policy 
specialists.

The grand challenge research team will synergistically work towards a greater understanding of the 
benefits and possible negative outcomes of introducing different nanomaterials in crop plants. The 
collateral effects of these materials being introduced into our soils and water ecosystems will be 
characterized and we will determine how they may ultimately impact the stakeholders. The 
collaborations developed and knowledge gathered during the grand challenge research will help the 
center to address the research needs on other new/emerging/future technologies related to food security 
and safety. In addition to the core research, we propose exploratory research by NDSU collaborators 
that will contribute to the core mission of the center. This extended group of researchers will be part of 
the team focused on engineering nanomaterials with positive impacts on food security and food safety 
while mitigating the negative impacts on agro- and , and human health. This will be made possible by 
engineering new materials and developing new technologies directed by investigation of material-
organismal interaction mechanisms and the cellular and molecular pathways elicited by these 
interactions that result in positive outcomes. The core emphasis on the effects of nanomaterials in both 
agro- and and the influences due to environmental uncertainty is a challenge of global scope. The 
question will initially be probed using the interactions of nanoparticles-plants-microbes, which will be 
an important interaction triangle and factor for food security and safety issues in the future. The use of 
nanomaterials is an exploding new technology in human medicine and industrial manufacturing and its 
potential in agriculture is just being realized.  New nanotechnology products will contribute 



approximately $1 trillion/year by 2015 with a small proportion of this estimate being contributed by 
sustainable agriculture and food production. The Center will coalesce NDSU nanomaterials research at 
the ground level of agriculture endeavors, positioning us as world leaders in this sector. The research 
will also be directed by environmental stewardship and human health as the group will vigilantly work 
together to intelligently redesign materials to counter any negative effects that are discovered. Our 
interdisciplinary training of students in this exciting field and our reputation and commitment for 
conducting research will provide us with the status to recruit and retain students and scientific talent.


