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Executive Summary 

The National Plant Systems Initiative (NPSI), developed by the Plant Science Research Network, 
outlines the most promising plant science research domains and associated recommendations for 
action over the next two decades. The Plant Science Research Network is a network of scientific 
societies and organizations, whose mission is to build and communicate consensus on the future of 
plant science research, education, and training.  

Core Research Domains 

The NPSI integrates platforms and disciplines to address key questions and enable usable outcomes. 
Core research thrusts are defined as “domains”, meaning a collaborative grouping of methods and 
disci-plines required to achieve systems-level understanding. The PSRN-identified domains are:   

 Exploration and preservation of biodiversity in wild relatives of agricultural crops and undomesti-
cated species;

 Exploration of the biological chemistry of plant products to understand the nutritional, medicinal,
and pest control properties of plants and associated biota;

 Enabling deep phenomics at the plant, field, and ecosystem levels;

 Discovering the microbes, nematodes, and other organisms that form complex communities on,
in, and around plants, and influence plant metabolism, physiology, and morphology.

Specific Recommendations 

Our recommendations are designed to optimize the workforce, infrastructure, and outcomes that will be 
required to achieve the research goals. These are:  

1. Re-imagine how plant scientists are recruited and trained, including increasing their independ-
ence and responsibility for career development, creating flexibility beyond traditional degree pro-
grams, and building skills well beyond research capability and technical writing;

2. Invest in core infrastructure components for cyberinfrastructure, plant chemistry, plant phenom-
ics, and field trials;

3. Drive economic growth through stronger public-private partnerships;
4. Provide better consumer options in food, fiber, and plant-based medicine.

Intended Outcomes 

Investments in plant systems research will change the world in two ways: through scientific progress 
itself, and through economic growth empowered by that progress. The NPSI calls for research support 
from both the public and private sectors; training the next generation of scientists with diverse careers in 
mind; greater collaboration between plant scientists and related disciplines; engagement with the public 
and between disciplines; and establishment of new areas of plant science research.  

How to Use the NPSI 

The NPSI identifies consensus priority plant science research areas and will be used to inform future 
efforts of the community, including the development of incremental goals and programmatic targets. 
PSRN representatives all contributed to, and are invested in the programs and ideas described in the 
NPSI. Therefore, each PSRN member organization will be engaging its members to implement relevant 
aspects of the NPSI. 
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1. Introduction 

The plant communities that span the planet are of astonishing beauty and complexity. They are the con-
duit through which the sun’s energy is harnessed, fueling life around them and shaping the ecosystems. 
Plants absorb carbon dioxide, release life-sustaining oxygen, and provide us with food, feed, fiber, and 
medicines. But plant systems are under tremendous pressure from population growth, climate change, 
and escalating agricultural demands, stresses that impact food security, human health, biodiversity, and 
ecosystem stability. Finding sustainable solutions that address these pressures requires a deep under-
standing of how plant systems function, everywhere along the scale of molecule to ecosystem.   

 

Breakthroughs in genomics, proteomics, metabolomics, sensor technologies, and robotics, as well as 
constant improvements in computational, statistical, and modeling capacities, are making it possible to 
amass and decode previously inconceivable volumes of information that illuminate the biological world. 
These technology-driven scientific breakthroughs will only accelerate as we move further into the 21st 
Century. Our ability to take advantage of these tremendous opportunities can only be achieved by invest-
ing boldly in plant research. We must also promote its career potential, which requires that we re-imagine 
how we attract, mentor, involve, and deploy a diverse new generation to plant science and allied domains.  

The National Plant Systems Initiative (NPSI) proposes research that has the greatest promise to both 
unravel unsolved mysteries surrounding plants and to advance national priorities for food, health, agri-
culture, and the environment.   

Potential impacts of such knowledge include:  

 Sustainable food and energy production systems through efficient environmental response mech-
anisms, application of knowledge derived from wild species and crops that are naturally pest and 
stress resistant, and utilization of crop improvement technologies to optimize and reduce the use 
of pesticides, water, and fertilizers.  

 Improved health care and more nutritious foods developed through a deeper understanding of 
the production, function, and action of plant natural product chemistry.  

 Preservation of biodiversity in natural and managed ecosystems through improved understanding 
of biological communities, reduced agricultural impacts, and enhanced carbon sequestration.  

2. Origin and Perspective of the NPSI  

2.1 Origin  

The NPSI has its origin in Unleashing a Decade of Innovation in Plant Science: A Vision for 2015 – 2025 
(the “Decadal Vision”), which was formulated following Plant Biology Research Summits held at the How-
ard Hughes Medical Institute in 2011 and 2013. The Plant Science Research Network (PSRN) was 
formed in 2015 to build on the Decadal Vision, by engaging diverse professional societies and allied 
organizations as network members, with additional stakeholders in the private sector, foundations, other 

Box 1.  

“Plant systems” are plants, together with the biotic and abiotic environments that interact with them, 
from the molecular to ecosystem level. 

https://plantsummit.files.wordpress.com/2013/07/plantsciencedecadalvision10-18-13.pdf
https://community.plantae.org/groups/home/336
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networks, and funding organiza-
tions (Figure 1). The PSRN seeks 
out and responds to new opportu-
nities and has adopted several en-
gagement mechanisms, including 
a series of workshops aimed at 
identifying workforce and infra-
structure requirements. Therefore, 
documents such as the NPSI will 
be regularly updated to reflect 
community input. 

2.2 Perspective  

The NPSI promotes specific re-
search domains, while interweav-
ing infrastructure and workforce 
development objectives. These in-
terconnecting components are re-
quired to generate insights into the 
nature and function of plant sys-
tems, propagate a scientific work-

force with requisite 21st-century expertise and adaptability, and support improved human health, food 
security and environmental quality for future generations (Figure 2).  

The intermingling of research, infrastructure, 
and training goals in the NPSI is deliberate, 
and contrasts with the common practice of 
generating recommendations for each of 
these elements in isolation. Progress in re-
search domains requires both appropriate 
methodologies and well-trained practitioners. 
We advocate for the primacy of scientific ob-
jectives driving the development of methods, 
rather than applying methods in a search for 
questions. Similarly, training goals should be 
formed with scientific domains in mind: for ex-
ample, competence in inter- and trans-disci-
plinary, team-building, public communication, 
and technology transfer will commonly be re-
quired. 

 

 

Figure 1. Current members of the Plant Science Research Network: the 
American Phytopathological Society, the Association of Independent Plant 
Research Institutes, the American Society of Agronomy, the American So-
ciety of Horticultural Science, the American Society of Plant Biologists, the 
American Society of Plant Taxonomists, the Botanical Society of America, 
the Crop Science Society of America, the Council on Undergraduate Re-
search, the Ecological Society of America, the Global Plant Council, the Ge-
netics Society of America, the Phytochemical Society of North America, and 
the Soil Science Society of America.  

Box 2.  

A research “domain” is a broad objective that integrates expertise in both fundamental and applied 
research to understand and address that objective at all levels. 

Figure 2. NPSI components and impacts. 
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3. Research Objectives 

3.1 Essential Questions to be Addressed by the NPSI  

Understanding plant systems and putting that knowledge to work requires the sophisticated integration 
of a staggering amount of data. These data include the genomes, epigenomes, and transcriptomes of 
plants and their associated biota; the molecules that these organisms produce; functional interactions at 
the molecular, cellular, and organismal levels; the field performance of crop plants in diverse settings; 
the productivity and species composition of natural and managed ecosystems; and environmental data. 
Scientists are in an unprecedented position to acquire and interpret this information, deriving answers to 
fundamental questions in vital areas. 

Productivity and Capacity: How do the interactions of organisms within plant systems create the emer-
gent properties of these systems, including productivity, biodiversity and resilience? 

Perception: How do organisms within plant systems perceive and respond to each other and their sur-
roundings? 

Understanding and Applying Resilience: Which plant systems are most resilient, and how do they 
achieve that capacity? How can we apply understanding of plant resilience towards advancing agriculture 
and forestry, as well as conservation of plant diversity? 

Chemical Wizardry: What is the collective metabolic capacity of plants and their associated biota, and 
how do these communities of organisms create the vast array of structural, nutritional, defensive and 
medicinal chemicals they produce? 

Achieving Predictability: What data and models would allow us to predict the phenotypes of plants and 
the functions of plant communities under a range of conditions? 

3.2 Answering the Questions: Four Research Domains  

Pursuing answers to the essential questions will require intense focus in four research domains. It will 
also require robust partnerships among plant, microbial, and environmental scientists together with stat-
isticians, mathematicians, computer scientists and engineers, as well as appropriate infrastructure, re-
sources, and incentives. The NPSI describes the programmatic constituents whose fusion into a com-
prehensive and coordinated research vision represents a dramatic shift from the historical focus on indi-
vidual species or sub-disciplines.  

3.21 Explore and preserve biodiversity  

Wild relatives of agricultural crops, as well as other undomesticated plant species, represent a dwindling 
reservoir of genetic potential. Discovering the basis of economically or socially important complex traits, 
such as resilience or consumer appeal, and incorporating robust versions into production species drives 
the goals of protecting biodiversity, maximizing the scope and impact of advanced plant breeding, and 
understanding how non-agricultural plant systems function.  

3.22 Explore the biological chemistry of plants and their associated biota 

Plants and associated organisms express a largely unexplored diversity of natural chemical products that 
have innate biological functions, but also nutritional, medicinal, and pest control properties. Understand-
ing how and why such molecules are made and used will impact human health and agriculture and help 
empower metabolic engineering.  

3.23 Enable deep phenomics of plants and plant communities 

Technologies that collect vast quantities of data at the plant, field, and ecosystem levels are providing 
increasingly intimate descriptions of the phenotypes of plants and the communities they anchor. In com-
bination with genomics, metabolomics, and microbial meta-genomes, these data will provide dramatic 
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advances in our understanding of the connections among communities and the functions of plant sys-
tems. Describing natural variation of plants and associated organisms will stimulate applications to im-
prove agricultural production and natural resource management. 

3.24 Discover the plant microbiome 

Microbes, nematodes and other organisms form complex communities on, in, and around plants that 
strongly influence plant metabolism, physiology, and morphology. Yet we know little of the nature of these 
communities, their roles in natural and agricultural plant systems, and how they may be harnessed for 
specific agricultural purposes. 

3.3 The Societal Rewards of Doubling the Present Investment 

Commitment to an additional half-billion-dollar annual investment in plant science researchi, infrastruc-
ture, and training – roughly doubling current support - would change the world by reversing the continual 
strangling of the research enterprise, and its resultant inability to support a sufficiently deep and broad 
agenda. Plant systems, with their ubiquitous roles in providing food, much of our material culture and 
medicine, and a livable planet, are more than worthy of such an investment. Furthermore, it is well es-
tablished that scientific R&D has a strong multiplier, or “ripple effect,” on the economy, at three-fold or 
more in terms of jobs and economic activityii. This is a welcome synergistic impact of stimulating research 
to address societal needs. 

Investments at this scale will create change in two ways: through scientific progress itself, and through 
economic growth empowered by that progress.  

3.31 Overcoming Major Impediments to Scientific Progress 

Nearly all species have or will become “model systems”  

Genomics and transformation technologies have made it possible to bring most plant species to “model” 
status very rapidly, given sufficient investment. Species with exceptional resilience, photosynthetic effi-
ciency, metabolic properties, or ecological roles are increasingly studied directly without recourse to well-
established but less relevant species as proxies.  

Synthetic biology and precision breeding become routine 

Agricultural traits of the future will harness the ability to rewire plant metabolism, physiology, and archi-
tecture. Synthetic biology will include gene editing, addition or subtraction of metabolic pathways, and 
introduction of artificial chromosomes. At the same time, the vast potential of natural variation will be 
realized in compatible species through genetic crosses combined with next-generation genotyping and 
phenotyping.  

Democratization of “omics” 

The time is rapidly approaching when it will be routine to analyze the genome of every individual plant in 
an ecosystem along with a deep sample of the associated organisms, or every RNA molecule within each 
cell type of a plant. Already genome and transcriptome data are readily accessed by researchers globally, 
who often do not need to generate their own. We may anticipate equivalent breakthroughs in cost savings 
and ease of access to related technologies, such as proteomics, metabolomics, and phenomics. 

Harvesting the fruits of computational advances 

We are experiencing accelerated development of powerful but accessible tools for data integration, in-
ference, visualization, modeling and simulation. Given the sweeping range of biological scale – spatial, 
temporal and physical – the tools, standards and training requirements are substantial. With success, 
however, the predictability and efficiency of scientific endeavors will be enhanced phenomenally. 

3.32 Driving Economic Growth 

Stronger public-private partnerships 
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Industry thrives on training that occurs in the public sector, but the oft-expressed desire that the fruits of 
discovery would more readily find their translational relevance still faces many obstacles. With greater 
investment will come not only more discoveries, but better discoveries. “Better” means more precise data, 
more thorough mechanistic explorations, and more systems-level perspectives. Technical advances may 
also lower the barrier to the creation of new spin-off enterprises, allowing fundamental discoveries to 
traverse the public-private interface more readily. Finally, the customizable and modular training we ad-
vocate will encourage professional development that underpins such partnerships. 

Better consumer options 

Although farmers have benefitted from 21st-century technologies, consumer benefits have lagged. In-
creased understanding of domestication, flavor, nutrients, and natural products will form a foundation for 
consumer-friendly and commercially attractive product improvements or creation. 

Jobs 

R&D itself is an employer: recent data for the physical, engineering and life sciences estimate employ-
ment at 587,000 with a mean annual wage of $94,000iii. Increased investment will create more of these 
relatively high-paying jobs, in addition to the secondary jobs such as those in the service or laboratory 
supply sectors. Plant science-related job openings are even now outstripping the pace of training, ac-
cording to a recent study. Furthermore, the start-up space for agriculture-related technologies is hotter 
than ever. This is driven both by technology (such as molecular breeding and gene editing) and bioinfor-
matics. Increasing the entrepreneurial space will accelerate the everyday application of discoveries. 

Exports 

U.S. agricultural exports earn roughly $12B per monthiv, with a $19.5B surplus in 2015v. Investments in 
plant research will translate to increased agricultural efficiency and new products that should further bol-
ster this already net-profitable sector. 

4. Novel Workforce and Infrastructure Components of the NPSI 

4.1 Re-imagining Postgraduate Training for the 21st Century 

The Decadal Vision promotes the concept of T-training, which preserves a deep research experience but 
emphasizes the broadening of transferable skills. NSF’s Research Traineeship Program (NRT) and the 
NIH BEST program are examples of how this concept has been implemented. The PSRN believes these 
early steps should be accelerated and widely adopted, and has made six recommendations that will 
ensure an enthusiastic and well-trained workforce that is geared to pursue the domain research goals 
articulated in the NPSI goals, promote plant science as an exciting and promising career, enhance trainee 
diversity, and improve work-life balance. Overall, PSRN recommendations from the Fall 2016 PSRN 
Postgraduate Training workshop call to an end of “pipeline” thinking, approaching training instead as a 
tapestry of selected opportunities (Figure 3).  

https://www.purdue.edu/usda/employment/
https://www.nsf.gov/pubs/2016/nsf16503/nsf16503.htm
http://www.nihbest.org/
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4.11 Increase trainee responsibility and independence  

Allow or require trainees to design and drive their own pathways, 
which is currently the exception rather than the rule. Having 
more “skin in the game” should stimulate deeper reflection about 
the training path and its goals. Independence should be driven 
by direct funding of trainees: many types of fellowships or intern-
ships are possible depending on the entry point – which might 
range from pre-undergraduate to mid-life - and anticipated off-
rampvi. Accountability must be woven into this concept. 

4.12 Provide knowledgeable and responsive mentorship 
and career counseling  

Distributed mentoring teams should support trainees in the cre-
ation and maintenance of individual development plans1. Men-
tors might be drawn from faculty, retirees, industry or other set-
tings. A culture that promotes supportive, timely, and realistic 
discussions and introspection leading to goal-setting, should be 
encouraged and rewarded. 

4.13 Enable modular and customized training in a variety of settings and domains 

Although in many cases the desire for in-depth research experience will remain the primary motivation 
for training, trainees should experience supplementary training comprising e-learning, short courses, 
workshops, and internships, creating a curriculum that spans institutions, learning methods, technical 
and non-technical transferable skills, and topic areas outside of the plant sciences. In parallel, a creden-
tialing system will be required that documents and validates learning experiences and acquired skills in 
a widely accepted and understood format. A major advantage of modular, customized learning is the 
potential for rapid acquisition of the interdisciplinary skills required for systems biology research and the 
capacity to adapt in an agile manner to the changing expectations and needs of employers. 

4.14 Promote and enable flexible on- and off-ramps during career development 

One important element of individualized plans is that individuals may enter, exit, and reenter training as 
personal and career circumstances dictate – a system that will improve access to individuals who might 
not otherwise elect to engage in training and allow for a nimble approach to acquiring marketable skill 
sets. Equally important will be a focus on trainee well-being and work-life balance that will increase di-
versity and retention. 

4.15 Emphasizing communication skills  

Every trainee should gain experience in science communication, whether it involves public engagement, 
collaborative team-building across disciplines, or technical writing and speaking. 

4.16 Postdoctoral training with a purpose: Eliminating the holding pattern  

Postdoctoral fellows can be high-level performers that serve as invaluable mentors to other trainees. The 
PSRN concurs with biomedical sector recommendations, however, that the period of postdoctoral training 
be strictly limited, mainly for the sake of timely career progressionvii. Long-term (>3 years) Ph.D.-level 
bench careers should be comprised of quasi-permanent staff or laboratory/project manager positions, 
with better work-life-balance and long-term financial stability, and will concurrently confer the institutional 
memory and continuity often desired by the host laboratory. The PSRN further recommends that post-
doctoral positions become fewer in number, generally supported by individual fellowships, be more highly 

                                                 

 

 

1For an example see https://myidp.sciencecareers.org 

Figure 3. A typical career is not a pipeline, it 
is the creation and seizing of opportunities. 



 

 

The National Plant Systems Initiative – Page 8 

 

competitive, and targeted toward those most likely to succeed in developing research laboratories in 
academia, research institutes, or industry. Evidence shows that postdoctoral fellows may have a mis-
placed belief that this training is needed to fulfill their career aspirations, or may fall victim to engaging in 
a perceived default career step that later becomes a holding patternviii. 

4.2 A New Training Culture Will Stimulate Diversity Among Plant Science 

Practitioners 

4.21 How re-envisioning training will benefit women, underrepresented groups and first-genera-
tion college students 

STEM practitioners are markedly lacking in diversity, in comparison to society as a whole. There are 
many benefits to inclusiveness, ranging from the diversity of perspectives and role models to a greater 
appreciation for STEM among the populace. A broad societal goal is to prepare and recruit more STEM 
practitioners from diverse backgrounds, including the promotion of gender equity. Progress toward this 
goal can be achieved on various fronts via implementing these training recommendations.  

4.22 Family friendly  

There is significant evidence that traditional gender roles in the family impede the progression of women 
in science ix. Modular training that allows easy on and off ramps would be more responsive to the flexibility 
that modern families desire, and ultimately improve representation of women in leadership positions. 

4.23 Tailored opportunities  

Significant influence on college enrollment decisions of underrepresented minority (URM) and first-gen-
eration college students is borne by the student’s perceived ability to secure a job that is commensurate 
with the level of education he/she has attainedx. The resultant prospects of post-degree financial earnings 

are thought to exert the strongest influence in their decision processxi. Modular, customizable training is 
designed to allay such concerns by achieving a more appropriate fit between training level, career target, 
and desired salary point.  

4.24 Developing Role Models 

A second set of barriers involves the paucity of culturally-relevant role models available to today’s plant 
science aspirants, a situation that can negatively influence higher education and other training path-
ways.xii The PSRN’s recommendation that trainees be advised by teams rather than individuals, will lower 
the barrier to exposing trainees to such mentors.  

4.25 Financial Flexibility  

URM individuals have been shown to carry higher amounts of graduate debt than their non-URM peersxiii. 
This economic reality, coupled to the fact that URM and first-generation college students commonly jug-
gle family obligations while training, may dramatically lessen their likelihood of completing “pipeline” types 
of training. Introduction of greater flexibility regarding entrance and exit points and options for breaks in 
training may serve to reduce financial obstacles and provide a safety net.    

If these solutions are to be effective, they must address needs as perceived by the target groups. There-
fore, implementation must begin with direct engagement of the intended beneficiaries.  

4.3 NPSI Goals Go Hand-in-Hand with Breakthrough Infrastructure 

4.31 Infrastructure catalyzes innovation in a virtuous cycle  

Scientific infrastructure is an indispensable partner to innovation, while the drive for biological under-
standing creates requirements for infrastructure advancements. Like roads and bridges, however, re-
search infrastructure crumbles or becomes obsolete without appropriate investment, and its vital im-
portance has been recognized in recent reports and commentariesxiv,xv.  
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4.32 The NPSI will stimulate both centralized and distributed infrastructure 

Centralization, or centralized coordination, is appropriate for specialized instrumentation or expertise, or 
for studies that rely on extensive and/or specific environmental or physical characters. Examples im-
portant to plant scientists include DOE’s Joint Genome Institute, the Complex Carbohydrate Center at 
the University of Georgia, NSF’s Long Term Ecological Research sites, and the bioinformatic initiative 
coordinated by CyVerse. Their success can be attributed to accessibility, community engagement, and 
a commitment to training, which collectively maximize value in a modular training environment.  

Distributed infrastructure democratizes a method, and it is particularly important when the biological sta-
tus of a sample is critical, or when physical collection is impractical. Plant phenotypes under controlled 
conditions, metabolic status, photosynthetic parameters, chemistry deduced from non-invasive imaging, 
and on-site genotyping are among the examplesxvi. Portability and economy of apparatus, and adequate 
support for data analysis, are required to support such infrastructure.  

4.4 Recommended investments to support the NPSI 

4.41 Cyberinfrastructure will thrive with enhanced connections “under the hood” and among cus-
tomers 

The PSRN submitted the Plant Cyberinfrastructure Executive Summary (April 2017) as a response to the 
NSF Cyberinfrastructure 2030 RFI. As described in detail, the PSRN recommendations place great em-
phasis on standards, connections, interoperability and portability among platforms, databases, data, tools 
and services. Getting things fixed “under the hood” will be critical to optimizing the efficiency and effec-
tiveness of data-gathering, exchange and analysis. Customer connections comprise cross-training 
among computational and experimental scientists, nurturing a culture of data and software sharing, and 
ensuring that the public and end user stakeholders are well served. 

4.42 Plant chemistry centers could support training and deep dives into novel plant components 

To understand fully the potential of plants, centers specializing in the chemical analysis of proteins and 
other small molecules are necessary. This may include approaches to extracting, sorting and analyzing 
plant systems components where analysis is not time-critical. Current techniques rely on mass spectrom-
etry and NMR, which require costly installation and upkeep, and tend to be limited to major research 
institutions. Regional centers could serve the broader needs of plant biologists seeking to understand the 
basis of plant systems resilience, identify new compounds for human health or nutrition, or define new 
biosynthetic pathways and products. 

4.43 Plant phenomics centers can provide tightly controlled environments for reproducibility and 
support collaborative projects 

State-of-the-art apparatus, including automated greenhouses, controlled environment platforms with em-
bedded imaging capacities, high-technology field phenotyping, and open-top chambers for environmental 
testing, all represent high-cost installations that cannot – and should not - be replicated at high density, 
even at research-intensive institutions. From both an infrastructure and data management perspective, 
phenomics is an active topic of conversation among biologists and engineers. Siting and accessibility of 
such centers, as well as the quality and utility of data that would be obtained, should be prime consider-
ations as new capacities are developed. Such centers could also be innovative hubs for development of 
low-cost sensors or nanoscale devices that could support field work or small-scale analyses by individual 
groups. 

4.44 The benefits of providing field trial capacity to publicly-supported research groups 

Akin to the pharmaceutical “Valley of Death,” plant research results obtained under controlled conditions 
have a low probability of translating to the elite and proprietary cultivars used in agriculture. Therefore, 
industry is necessarily highly selective in moving forward with seemingly breakthrough laboratory results. 
If academic groups had access to meaningful field trials, particularly with gene-edited or transgenic lines, 
this translational “black box” could be to some extent illuminated. Because field trials must proceed for 

http://jgi.doe.gov/
https://www.ccrc.uga.edu/
https://lternet.edu/
http://www.cyverse.org/
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multiple years in multiple locations, such field stations could be managed centrally for use by qualified 
projects, based on preliminary data and a robust trial and data analysis plan. Supplemental funding could 
be provided to existing projects through a peer-reviewed mechanism. 

4.5 The NPSI is Synergistic with Several Emerging Initiatives 

The NPSI is a broad vision that draws together threads of research, training and infrastructure. It is hoped 
that the NPSI can inform or invigorate ongoing initiatives, as well as catalyze new ones. Here we call 
attention to some of the most promising synergistic efforts. 

4.51 Cyberinfrastructure is embedded into many plant research programs 

The NPSI calls for a cultural shift in how cyberinfrastructure is approached, which will be particularly 
important in genomics-heavy programs such as the National Plant Genome Initiativexvii, which aims to 
support discoveries relevant to plant resilience, bioenergy, and food security. A plant systems approach 
is likely to pay off for these objectives. Another area of intense activity within the boundaries of the NPSI 
is understanding and utilizing germplasm and biological diversity. NSF’s Dimensions of Biodiversity and 
DiversitySeek are two such programs, with DivSeek being a global effort to maximize the availability and 
utility of resources found in germplasm banks. The Bill and Melinda Gates Foundation is investing heavily 
in synthetic/systems biology to optimize nitrogen fixation, improve photosynthesis, and develop C4 rice, 
and is supporting companion cyberinfrastructure especially in the field of molecular plant breeding. 

4.52 Research and Training  

Existing initiatives that support training aspects of the NPSI include the NSF Research Traineeship Pro-
gram (NRT) and Innovations in Graduate Education, which are intended to deliver a broad skill set and 
experience to doctoral students, and the NIH BEST program, which supports a broad base for career 
development for all postgraduates. The present reach of these programs into plant sciences is, however, 
very limited. 

4.6 Budding Initiatives Relevant to the NPSI 

New initiatives that could be invigorated to support research aspects of the NPSI are:  

4.61 Plant Natural Products: A Chemical Wonderland  

The vast potential of plant natural products for agriculture, food and medicine has barely been tapped, 
as recognized by Mississippi’s National Center for Natural Products Research.  

NIH has a legacy of investment in this area that desperately needs to be bolstered to discover synthetic 
pathways and their regulation, properties of the products, and how they influence plant and animal sys-
tems. 

4.62 Phenomics Capacity for Plant Properties  

The Australian and British governments have invested in national plant phenomics centers, but the U.S. 
is lagging in this opportunity area for transdisciplinary work among plant physiologists, breeders, engi-
neers and data scientists. The initiative should work at two scales as described above: major facilities 
that will serve the entire community, and the development of low-cost devices. In the U.S., ARPA-E has 
invested in major facilities through the TERRA program, and NSF recently made exploratory awards in 
plant, animal and microbiome phenomics. 

4.63 Phytobiomes: A New Frontier  

The Phytobiomes Roadmap addresses how plants interact with their associated biota and the environ-
ment, especially in agricultural systems. There are many fascinating research questions, including how 
plant-biotic communities interact and contribute to plant growth, development and yield. There is also a 
burgeoning market of microbiotic additives for which identification of any rigorous scientific basis is still 
in its infancyxviii. 

https://obamawhitehouse.archives.gov/sites/default/files/microsites/ostp/NSTC/npgi_five-year_plan_5-2014.pdf
https://www.nsf.gov/pubs/2017/nsf17523/nsf17523.htm
http://www.divseek.org/
http://ripe.illinois.edu/
http://c4rice.irri.org/
http://gobiiproject.org/
https://www.nsf.gov/pubs/2016/nsf16503/nsf16503.htm
https://www.nsf.gov/pubs/2016/nsf16503/nsf16503.htm
https://www.nsf.gov/pubs/2017/nsf17585/nsf17585.htm
http://www.nihbest.org/
http://pharmacy.olemiss.edu/ncnpr/
http://www.plantphenomics.org.au/
http://www.plant-phenomics.ac.uk/en/
https://arpa-e.energy.gov/?q=program-listing&term_node_tid_depth=All&field_program_tid=1008&field_program_status_value=All&sort_by=title&sort_order=ASC
https://www.nsf.gov/news/news_summ.jsp?cntn_id=190766&org=NSF&from=news
http://www.phytobiomes.org/Roadmap/Documents/PhytobiomesRoadmap.pdf


 

 

The National Plant Systems Initiative – Page 11 

 

4.64 The Breakthroughs 2030 study  

The National Academies have announced a new study called Science Breakthroughs 2030: A Strategy 
for Food and Agricultural Research. The NPSI will be one form of input as the project achieves its goal 
of developing a “compelling scientific strategy for food and agricultural research for the next decade and 
beyond.”  

4.7 A Roadmap for the NPSI 

The NPSI is being provided to all stakeholders including the 14 PSRN member societies, policymakers, 
funding organizations and academic leaders. It is meant to stimulate conversations, inform new funding 
opportunities, and help plant research entities frame new initiatives. The PSRN expects by 2019 to pub-
lish a successor to the 2013 Decadal Vision, and the NPSI should be considered a progress report. 

PSRN representatives all contributed to, and are invested in the programs and ideas described in the 
NPSI. Therefore, each of the PSRN member organizations will be engaging its own members to imple-
ment relevant aspects of the NPSI within their own domains of activity. 

i Roughly doubling the investment in plant science research. https://obamawhitehouse.archives.gov/sites/default/files/micro-
sites/ostp/pcast_agriculture_20121207.pdf 

ii http://www.rdmag.com/article/2012/12/expenditure-impacts-us-rd 

iii Bureau of Labor Statistics May 2016: https://www.bls.gov/oes/current/naics5_541710.htm  

iv http://www.tradingeconomics.com/united-states/exports-of-total-agriculture 

v United States Department of Agriculture Economic Research Service: https://www.ers.usda.gov/data-products/ag-and-food-statis-
tics-charting-the-essentials/agricultural-trade/ 

vi In collaboration with the ecology/evolution community, the PSRN recently proposed such a fellowship program to NSF. https://com-
munity.plantae.org/document/4777168836287793130/catalyzing-graduate-training-nsf 

vii Sauermann, H. and Roach, M. (2016) Why pursue the postdoc path? http://science.sciencemag.org/content/352/6286/663 

viii Kahn and Ginther. (2017) The impact of postdoctoral training on early careers in biomedicine (Nature). http://www.na-
ture.com/nbt/journal/v35/n1/full/nbt.3766.html?foxtrotcallback=true 

ix https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2247380/#IBEWomeninEvolution 

x Carter, D.F. (2006). Key issues in the persistence of underrepresented minority students. New 

Directions for Institutional Research, 130.   

xi Williams, Kathryn Y., and Charles A. O'Reilly, III. "Demography and Diversity in Organizations: A Review of 40 Years of Research." 
Research in Organizational Behavior 20 (1998): 77-140. Web. 

  Perna, L.W. (2000). Racial and ethnic group differences in college enrollment decisions. New Directions for Institutional Research, 
2000(107) 65–83. 

xii Freeman, K. (2005). African Americans and college choice: The influence of family and school. Albany: State University of New York 
Press. 

xiii Kirshstein, Rita et al. The Price of a science Ph.D.: Variations in student debt levels across disciplines and race / ethnicity. May 6, 
2013. American Institutes for Research. http://www.air.org/sites/default/files/downloads/report/AIRPriceofPhDMay13_0.pdf  

xiv America must restore its scientific infrastructure: http://www.ithacajournal.com/opinion/ 
xv http://www.sciencediplomacy.org/article/2016/how-collaborating-in-international-science-helps-america 
xvi Genomic sequencing could become household term with new hand-held device: https://www.sciencedaily.com/re-
leases/2017/06/170613163601.htm 

xvii The National Plant Genome Initiative Five-Year Plan: 2014 – 2018. https://obamawhitehouse.archives.gov/sites/default/files/micro-
sites/ostp/NSTC/npgi_five-year_plan_5-2014.pdf  

xviii http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.2001793 
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