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Abstract 
Participatory breeding and crop selection can satis-

fy the needs of underserved groups of farmers 

(e.g., organic producers, farmers producing spe-

cialty grain for niche markets) neglected by the 

modern global seed industry. Participatory research 

methods that value local knowledge and facilitate 

the active involvement of producers, researchers, 

and other actors involved in the agri-food system 

are tactics that can help us achieve sustainable agri-

culture. Interest in the use of participatory methods 

to increase the value of U.S. land-grant universities 

to society has grown rapidly during the last decade. 
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Interest includes re-engagement in the develop-

ment of maize hybrids that perform well in a 

diverse range of heterogeneous growing environ-

ments and that are better suited for sustainability-

minded producers, buyers, and consumers. Sys-

tems-based breeding aimed at protecting the envi-

ronment and providing food, fiber, and energy 

while considering equity issues, has been proposed 

as a way to overcome the shortcomings of privat-

ized approaches. In this article, we consider recent 

projects that use collaborative methods for hybrid 

maize breeding, cultivar testing, and genetic 

research to develop, identify, and deliver traits 

associated with crop performance, quality, and sus-

tainability. Three case studies consider the efforts 

focused on developing non-GMO varieties for 

organic and specialty markets. We find that, unlike 

many successful efforts focused on the improve-

ment of other crops, there are few promising mod-

els for participatory breeding of hybrid maize. 

Even though many projects have sought to involve 

stakeholders with a variety of methods, all have 

struggled to meaningfully engage farmers in maize 

hybrid improvement. Still, our reflection of case 

studies calls for systems-based breeding and sug-

gests a path forward. This route would seek to 

address the needs, perspectives, and values of a 

broader range of actors participating in the food 

system by leveraging technologies and infrastruc-

ture in service of the public. Land-grant universities 

are well positioned to play a crucial role in coordi-

nating efforts, facilitating partnerships, and sup-

porting breeding programs that satisfy societal 

wants that include health, equity, and care.  

Keywords 
participatory research methods, hybrid maize, 

participatory breeding, organic systems, land-grant 

universities 

Introduction  
Participatory plant breeding (PPB) is an inclusive 

and decentralized approach to cultivar develop-

ment in which farmers, breeders, and other stake-

holders in the value chain collaborate to advance 

sustainable agriculture and promote the adoption 

of technology by underserved groups (Colley et al., 

2022). This approach assumes that the likelihood 

of generating useful outcomes is increased when all 

participants in the value chain play an active role in 

decision-making (Swanson et al., 1998). Participa-

tory efforts focused on crop breeding emerged in 

the 1980s as a response to the limitations of cen-

tralized research programs that developed follow-

ing the Green Revolution and that failed to address 

the needs of resource-poor farmers in countries of 

the Global South (Ashby, 2009). The concentration 

of breeding efforts within a few private companies 

might result in the neglect of small markets and 

farmers who employ alternative production meth-

ods that are suited to their growing environments, 

resource availability, and philosophies of manage-

ment (Endres et al., 2022). Centralized breeding 

models develop and evaluate germplasm using con-

trolled experiments at research stations where 

breeders select materials that excel under condi-

tions favorable for high-yielding cultivars. In the 

later stages of a breeding program, promising varie-

ties are tested in numerous locations in the targeted 

growing environments. To accurately identify elite 

varieties and subsequently maximize genetic gain, 

breeders strive to create on-station conditions that 

closely resemble the target environment (Dawson 

et al., 2008). Accordingly, the centralized breeding 

model is most effective in industrialized production 

systems that are managed in regions with optimal 

fertility inputs, and that use seed and herbicide 

treatments to reduce disease and weed pressure 

(Murphy et al., 2007). This approach is less suc-

cessful in organic farms where management prac-

tices and on-farm environments typically vary more 

widely (Seufert & Ramankutty, 2017). 

 The objectives of PPB include developing crop 

varieties that meet farmers’ needs (e.g., possess 

desirable food or feed grain characteristics, com-

patible with their management practices and farm-

ing conditions) while promoting crop genetic 

diversity by developing germplasm suitable for dif-

ferent micro-environments and empowering farm-

ers to understand and participate actively in the 

breeding process (Thro & Spillane, 2000). The PPB 

model is assumed to be most effective for enhanc-

ing crops intended for small, localized niche mar-

kets. The production for these markets often fea-

tures highly variable, sometimes marginal soil envi-

ronments that can amplify genotype-by-environ-
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ment interactions (Morris & Bellon, 2004). Plant 

breeders commonly use participatory methods in 

countries where farming systems are typically man-

aged with low inputs, the growing environments 

are heterogeneous, crop and soil management are 

less mechanized and more diverse, and the adop-

tion of modern crop varieties may be low to negli-

gible (Walker, 2006). Involving farmers in the 

direct selection of varieties well adapted to these 

diverse and often marginal target environments 

might also reveal the crop traits that are important 

to participants. This approach to breeding should 

also be well suited to alternative agriculture systems 

in the Global North, where diversity and complex-

ity of management practices are considered to be 

the main challenges for crop improvement (Bhar-

gava & Srivastava, 2019; Dawson et al., 2008). This 

approach may work well for organic corn grain 

production operations in the U.S. Midwest, where 

farmers use a wider range of agronomic manage-

ment practices than their counterparts who use 

conventional practices (Ugarte et al., 2018). 

 At present, the majority of the organic maize 

acreage in the U.S. is planted with certified organic 

seeds and less than one-third with conventionally 

produced untreated non-GMO seeds (Endres et 

al., 2022). The U.S. Department of Agriculture’s 

National Organic Program allows the use of un-

treated non-GMO seeds when comparable organi-

cally produced are unavailable. Both sources of 

hybrid seed rely primarily on parental inbred lines 

developed and tested in fields using conventional 

management practices (e.g., high inorganic nitrogen 

[N], herbicides, seed treatments) that are not repre-

sentative of organic farming systems. Furthermore, 

the privatization and concentration of the conven-

tional maize seed industry, the associated capture 

of elite genetics by this industry (IPES-Food, 

2017), and the relatively high labor needs leading to 

the greater costs of organic seed production are 

thought to be major barriers to hybrid improve-

ment and seed production for the organic maize 

sector (Endres et al., 2022). Loss of maize genetic 

diversity grown in farmer fields is most prominent 

in markets like the U.S., where hybrids replaced 

maize landraces and open-pollinated varieties 

(OPVs) by 1950. Seed collections like the USDA 

Agricultural Research Service (USDA ARS) North 

Central Regional Plant Introduction Station in 

Ames, Iowa, retain a significant portion of these 

genetic materials for public use, whereas commer-

cial hybrids and their inbred line components are 

developed and owned by the private sector by 

utilizing federal plant variety protection and patent 

laws. The hybrid breeding and seed production 

pipeline has matured into a formalized seed system 

that is now global and promotes the use of modern 

technologies, including genetically modified maize 

cultivars, the application of genome editing and 

doubled haploids to speed up the breeding process, 

as well as inputs that are easier to produce and con-

trol (Brush, 2004, p. 277; Khoury et al., 2022; 

Robinson, 2018). This continued consolidation of 

the seed sector, in which the top ten breeding 

companies and seed suppliers hold 65.4% of the 

global market share (Howard, 2009), restricts the 

selection of genetically diverse corn hybrids. This 

limited choice may hinder the success of organic 

and other alternative farmers who require a more 

diverse catalogue of hybrids that can perform well 

across a wider spectrum of environmental 

conditions and management practices. 

 Collaborative networks that re-engage public-

sector scientists with independent breeders and 

other participants in the agri-food system might 

accelerate the development of regionally adapted 

cultivars. This approach would not only contribute 

to genetic diversity and crop performance but also 

help involve farmers from diverse backgrounds 

and with varied philosophies of management 

(Adam, 2005; Luby et al., 2018). Ashby (2009) 

identified five levels of participation (conventional, 

consultative, collaborative, collegial interactions, 

and farmer experimentation) used by collaborative 

networks based on how decision-making is shared 

and whether new knowledge is co-produced by 

breeders and farmers. The conventional participa-

tion category suggests there is no organized com-

munication between breeders and farmers regard-

ing the establishment of breeding objectives or 

selection of suitable germplasm. Researchers using 

consultative participation do solicit farmers’ opin-

ions and preferences via one-way communication, 

but these views may or may not influence decision-

making or objective-setting. Collaborative partici-

pation refers to the implementation of structured 
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methods that encourage mutual communication 

between breeders and farmers, ensuring joint 

authority in decision-making. Collegial participa-

tion arises when a group of farmers, in structured 

communication with breeders, makes breeding 

decisions autonomously, not always considering 

the breeders’ input. Finally, in farmer experimenta-

tion, breeding decisions are collectively made by 

farmers without any structured input from breeders 

(Ashby, 2009). While other nomenclatures could be 

used and adapted, versions of all of these classes 

exist in participatory research; however, a detailed 

review is beyond the scope of this article.  

 Most efforts identified as PPB (or participatory 

variety selection or testing) vary based on the 

degree and timing of farmers’ participation in the 

breeding work, that is, creating genetically diverse 

breeding populations, as well as selecting and test-

ing new cultivars (Ashby, 2009; Walker, 2006). In 

PPB programs, local knowledge is recognized, and 

farmers’ engagement is high as they actively select 

parental germplasm based on their traits of prefer-

ence, make crosses to generate segregating breed-

ing populations, and select genotypes with desira-

ble traits from a range of materials to test in farm-

ers’ fields and under a particular range of growing 

conditions (Joshi & Witcombe, 1998; Walker, 

2006). The extent of farmer participation in this 

breeding process varies based on the desired culti-

var type (e.g., line cultivars, open-pollinated varie-

ties, or hybrids). Breeding inbred varieties of wheat, 

barley, oats, and soybean, or the more genetically 

diverse open-pollinated varieties in maize, is less 

complex and requires fewer inputs than the process 

to develop hybrid cultivars. Other projects outside 

the U.S. that pertain to PPB for maize typically 

apply mass selection protocols (Mendes-Moreira et 

al., 2017). These are technically less demanding 

than the breeding methods used in hybrid cultivar 

development. However, selection response from 

mass selection (i.e., selecting ears from an open-

pollinated variety post-harvest) is slow in outcross-

ing species like maize, aimed at improving key 

quantitative traits such as grain yield, nutritional 

grain composition, and tolerance to abiotic and 

biotic stresses. Progeny testing approaches using 

recurrent selection methods improve the selection 

response, but they require more time, resources, 

and training. In general, the improvement is 

incremental from one selection cycle to the next. 

Developing hybrid cultivars necessitates maintain-

ing and enhancing different heterotic groups simul-

taneously and using a reciprocal recurrent selection 

approach for the targeted exploitation of heterosis. 

This usually falls beyond farmers’ areas of interest 

or expertise, which probably prevents networks 

working with hybrid maize from succeeding 

beyond niche markets. Coordinating networks for 

the organic sector or other communities neglected 

by the commercial seed industry poses a significant 

challenge for conventional breeding programs 

focused on developing hybrids that succeed in 

multiple environments (Ceccarelli & Grando, 

2020). Re-entry of the public sector into maize 

breeding may provide a way to offset the greater 

costs and complexity of hybrid development, as 

proposed by Gerpacio (2003). 

 Prior to the 1960s, plant breeding in the U.S. 

was managed largely by public breeders at 1862 

land-grant universities (1862 LGUs) that have tra-

ditionally received a greater proportion of re-

sources compared to non-1862 institutions. As the 

demand for maize produced in more environmen-

tally friendly and equitable agroecosystems grows, 

recognizing and integrating the needs identified by 

researchers serving across all LGUs, minority-

serving institutions, and federal institutions (such 

as the USDA ARS and USDA Economic Research 

Service [USDA ERS]) become crucial (Brzozowski 

et al., 2022). Ganning et al. (2012) highlighted the 

potential of LGUs to serve as “regional resources 

for a new era of agricultural development” (p. 493) 

particularly through community-university partner-

ships that emphasize inclusive and sustainable 

agricultural practices. The recent trends toward the 

development of a more resilient food system that 

use sustainable production practices has brought 

renewed focus to the leadership that can be gen-

erated from within LGUs (Brzozowski et al., 2022; 

Lyon et al., 2021; Shelton & Tracy, 2016). We 

recognize that disparities among LGUs exist, but 

the adoption of inclusive approaches can rejuve-

nate public research and development, begin to 

address historic structural inequities (Partridge, 

2023) and be integral in shaping resilient, equitable, 

and sustainable food systems. 
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 Despite our optimism about publicly sup-

ported research networks, we note that few schol-

arly inquiries have considered when and why pro-

ject outcomes from participatory efforts focused 

on knowledge co-creation and system change often 

fall short of goals (Turnhout et al., 2020). A recent 

systematic review identified the recognition of con-

textual diversity of participants, preemptive and 

intentional engagement of knowledge-holders, for-

mation of shared understanding of project goals, 

and empowerment of actors, as the core compo-

nents of collaborative research networks (Zurba et 

al., 2022). The recent review by Colley et al. (2021) 

of participatory plant breeding methods in the U.S. 

reported only one example of maize breeding using 

participatory methods. That effort did include 

researchers at an LGU (the University of Wiscon-

sin) and was focused on sweet corn. While the 

number of participants was limited, the project was 

motivated by farmer interest. Despite this, the sus-

tained engagement of farmers in the breeding pro-

cess was challenging due to the long-term commit-

ment required for recurrent selection and reliance 

on winter nurseries. While sweet corn seed produc-

tion and sales might be less centralized and serve a 

broader spectrum of markets, these barriers to par-

ticipation are equally or even more pertinent to 

farmers interested in enhancing field maize seed. In 

this reflective essay, we introduce three case-study 

projects that use collaborative networks for hybrid 

maize breeding and cultivar development in the 

U.S. with the goal of identifying strategies for sys-

tems-based breeding that meet the broad organic 

goals of health, wellness, and care, and contribute 

to sustainability by protecting the environment and 

providing food, fiber, and energy (Chable et al., 

2020; Lammerts van Bueren et al., 2018). 

Projects Using Participatory Methods 
in the U.S. 
In this work, we considered case studies (Figure 1) 

that were started within the last 10 years in the U.S. 

to address the needs of farmers neglected by the 

dominant hybrid model for commercial maize 

cultivar development and seed production. To our 

knowledge, these are the only collaborative projects 

in the grain sector dedicated to field maize. The 

projects are arranged in descending order based on 

the level of farmer involvement and their potential 

to satisfy the systems-based breeding objectives 

listed in Table 1. Reflection and analysis were 

based on reports available in the literature, presen-

Figure 1. Key Characteristics, Goals, and Outputs of Three Projects Working to Develop Maize Seed 

that Satisfy the Needs of Organic or Non-GMO Markets 
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tations at relevant conferences (including the Or-

ganic Seed Growers Conference and the American 

Seed Trade Association), and project reports avail-

able online. Our team was actively involved in the 

Corn and Soil Health (CASH) project; therefore, 

more information is available for this specific case 

study.  

The Corn and Soil Health Project (CASH) 
The CASH effort evaluated experimental maize 

hybrids using a participatory selection model for 

organic systems. Beginning in 2018, a group of 

researchers at the University of Illinois worked 

with a diverse group of stakeholders in the food 

industry to foster transdisciplinary research that 

evaluated maize hybrids for their agronomic poten-

tial and prospects to make contributions to a 

broader range of ecosystem services. Efforts 

included a participatory on-farm testing network 

and a participatory educational network. The goal 

of the on-farm testing network was to gather infor-

mation regarding the various strategies that culti-

Table 1. Projects Using Participatory Variety Testing Methods for Grain Maize in the United States 

 

Corn and Soil Health  

(CASH) 

United States Testing Network 

(USTN) 

Genome to Field Project  

(G2F) 

Project duration 2017–2022 2009–2019 2013–present 

Levels of participa-

tion 

Collaborative with a partici-

patory variety testing model 

Consultative with farmers and 

with a variety testing model 

Collaborative between scientists 

and using a variety testing 

model 

Participating actors Farmers, seed retailers, food 

processors, public and private 

breeders, soil scientists, 

agricultural economists 

Public and private plant 

breeders, nonprofit project 

managers 

Crop scientists, engineers, and 

computational scientists 

Lead institutions University of Illinois Practical Farmers of Iowa University of Wisconsin  

Testing sites All certified organic fields. 43 

field plots across three states 

in organically managed land 

(WI, IL, and IN) 

Mostly conventional manage-

ment and a few certified 

organic fields. 53 field plots 

(10 certified organic) across 6 

states (NE, IA, WI, OH, NY, MD) 

180,000 field plots at 

LGUs/USDA-ARS managed 

experimental stations using 

conventional production 

practices and across 16 states 

(CO, NE, TX, MN, IA, MO, WI, IL, 

IN, MI, OH, GA, NY, DE, NC, SC) 

Weather and manage-

ment information 

Weather data collected from 

regional weather stations, 

rotation details including crop 

sequence, rate and type of 

fertility amendments, frequency 

and intensity of tillage 

None collected (or shared 

publicly) 

Weather data collected from 

stations installed at each field 

plot, previous crop, pre-plant 

tillage and in-season tillage 

methods, irrigation information 

Agronomic traits Stand count, plant height, 

ear height, test weight, 

kernel weight, moisture 

content, grain yield 

Stand count, root lodge, stalk 

lodge, green snap, plant 

height, ear height, pollen date, 

silk date, test weight, moisture 

content, grain yield 

Stand count, root lodging, stalk 

lodging, days to silking/anthesis, 

plant height, grain moisture, test 

weight, grain yield 

Ecosystem services 

traits 

Organic seed; soil traits related 

to soil fertility; soil biological 

activity; nutrient cycling, and 

soil organic carbon; plant 

beneficial microbes, functional 

genomics of rhizosphere 

microbiome 

Non-GMO traits may serve as 

proxy of ecosystem services  

Soil traits related to soil fertility; 

genomic sequencing for all 

inbreds 

Grain quality traits Grain protein, starch, and oil 

content, aminoacid content, 

antioxidant content 

N/A N/A 
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vars use to cope with diverse environments and 

how crop cultivars respond to specific farming 

practices as well as biotic (e.g., pests, diseases, com-

petition against weeds) and abiotic (e.g., cold, hot, 

dry, wet growing conditions, nutrient deficiency) 

stresses (Table 1). Between 2018 and 2021, the 

researchers worked with 24 farmer collaborators to 

assess maize hybrids in 15 fields in Illinois, 10 in 

Indiana, and 18 in Wisconsin. Gaining a deeper 

understanding of the cultivars’ potential to respond 

to inputs and stresses is the first step to efficiently 

improving crop productivity in complex organic 

farming systems. For this, researchers maintained 

regular communication with the participating farm-

ers and developed, with farmer input, a detailed 

manual that identified goals and methods for on-

farm phenotypic evaluation of hybrids. Student 

researchers collected supplementary data to assess 

additional project objectives. The team of research-

ers met with participating farmers each year to 

adapt a standard planting plan to accommodate 

farmers’ equipment and interests, as well as to 

identify a field that fit the rotation characteristics 

and that would be planted into maize. The winter 

before planting, researchers shared information on 

a selected set of hybrids available for testing based 

on known agronomic traits. Farmers generally 

selected cultivars based on their market outlets, 

with farmers in Wisconsin choosing maize with 

greater lysine and methionine contents suited for 

the dairy and poultry feed industry, and collabora-

tors in Illinois and Indiana favoring food-grade 

cultivars with high carbohydrate contents suited for 

cereal and bread-making.  

 During in-person interviews and subsequent 

discussions, farmers provided details about their 

organic farming practices used at least three years 

before the testing period to satisfy the require-

ments for organic certification. A summury of 

documented management practices is in Table 1. 

The range of management used by participating 

farmers was representative of the diverse practices 

used in organic grain production systems in the 

region. For the purposes of our work, each field 

location was treated as a single replicate. Detailed 

site and soils information was collected and used to 

prepare yearly, personalized reports that were 

shared with farmers during one-on-one and group 

meetings. Their feedback informed activities in 

subsequent years. Reports included information 

about the yield performance of each tested hybrid 

in comparison with the average of all testing sites, 

as well as information about soil quality and related 

soil health contributions to ecosystem services like 

nutrient cycling and climate mitigation achieved by 

increasing soil organic matter reserves. This two-

way exchange let farmers and researchers from the 

University of Illinois share their opinions about the 

hybrids and details about on-farm realities like 

stand establishment and management that might 

have influenced results. Overall, this effort evalu-

ated germplasm developed by three breeding pro-

grams under a wide range of selective pressures 

introduced by an even wider range of management 

practices and environmental conditions.  

 While participating farmers were eager to share 

their views, time constraints limited their ability 

and interest in participating in plot maintenance or 

phenotypic evaluations. Similar experiences have 

been observed in participatory breeding efforts in 

the Global South (van Etten et al., 2019) and echo 

findings of Colley et al. (2021) suggesting that 

farmers may not want to participate directly in the 

breeding process. After two years of testing, we 

reduced our expectations for field engagement and 

asked farmers only to help plant, cultivate for weed 

control, and, in a few cases, harvest the trial when 

equipment was available. The shift in responsibili-

ties transformed the network from collaborative to 

consultative, heightening the researchers’ workload 

and control over data. This kind of modification of 

roles is common during the implementation phase 

of participatory research projects as members seek 

to build capacity (Cargo & Mercer, 2008). This 

change added logistical hurdles for a small team of 

students and research assistants that needed to visit 

farm fields distributed throughout the region at 

specific crop growth stages. Additionally, turnover 

in network facilitation personnel added to the chal-

lenges faced by students scheduling these visits, but 

also added value by increasing their interactions 

with and understanding of farmer cooperators. 

Farmers who were in the testing network also en-

gaged through an educational network that linked 

them and other interested farmers with food pro-

cessors and grain buyers (including restaurant 
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owners), as well as crop breeders and agronomists 

to explore opportunities for producing maize with 

value-added traits. Some members of the participa-

tory educational network were farmers who hoped 

to have greater control over their seed or market 

aspirations that were incompatible with the hybrids 

we offered for testing. Farmers who produce for 

niche markets generally save their seed and prefer 

to use OPVs. This group may be much more will-

ing to regain the skills, e.g., conducting on-farm 

selection and seed processing, needed to translate 

phenotypic characteristics into meaningful indica-

tors of yield, quality, insect resistance, and aesthet-

ics. Other participants included farmers who nor-

mally produce white maize for the food industry 

and were worried about cross pollination with 

yellow dent maize from our trials. These are cases 

when farmers chose to opt out of the on-farm 

testing network but remained involved and 

interested in project results.  

 As the project team refined and clarified its 

goals, it acknowledged pluralism in wants and dis-

parities in power that affect the efficacy of partici-

patory efforts (Turnhout et al., 2020). We con-

ducted a participatory maize-based case study by 

coupling educational efforts with on-farm compari-

sons of maize varieties using an iterative process 

that included a series of focus groups, workshops, 

and consultations to understand the perceptions of 

seed quality and to better tailor the activities of the 

network to suit their needs. Some farmers ex-

pressed doubts about the value of participatory 

data collection and sharing and expressed concerns 

about the amount of time it would take to identify 

locally adapted varieties. And while there was a 

consensus that widening breeding objectives to 

improve societal well-being was needed, farmers 

did not see themselves as central actors in this ven-

ture (Endres et al., 2022). Most farmers interested 

in modern hybrids expressed little interest in re-

gaining the breeding and selection skills that were 

required in the 1930s, when farmers in the Midwest 

actively partnered with LGUs to improve corn 

varieties (Fitzgerald, 1993). We envision that in-

stead of ‘de-skilling’ farmers and making them 

reliant on experts to understand grain performance, 

as suggested by Fitzgerald (1993), participatory 

breeding could empower them while liberating 

them from the painstaking work of breeding. 

Farmers and breeders engaged in the network iden-

tified privatized testing networks as a tactic that 

could lower transaction costs enough to provide 

real value.  

U.S. Testing Network (USTN) 
Between 2009 and 2020, the USTN served as a 

prime example of a privatized network. It rigor-

ously tested maize seed for organic and non-GMO 

markets in the U.S. This effort facilitated ex-

changes among public and private breeders, farm-

ers, and independent seed companies (Carlson, 

2012).The members of the USTN were breeding 

companies, public breeders at the USDA ARS and 

LGUs, farmers, and seed producers (Figure 1). The 

effort was consultative and was coordinated by the 

Practical Farmers of Iowa, a nonprofit organization 

founded in 1985 to facilitate effective cooperation 

between farmers, extension services, and university 

researchers. Based on participants’ interests col-

lected during annual meetings, the USTN efforts 

broadened to test hybrids chosen for specific maize 

quality traits. These traits encompassed character-

istics such as high lysine and methionine content; 

both amino acids are sought after by the poultry 

feed industry. Other traits included specialty grain 

colors required by the food industry. By 2018, the 

USTN provided an infrastructure of 53 testing 

sites, 12 of which were organically managed and 

distributed across 10 states (Table 1).  

 This network allowed for simultaneous testing 

across a wide range of growing environments that 

encompassed early, medium, and late relative ma-

turity zones. The USTN gathered more agronomic 

trait data than the CASH project and shared aver-

aged hybrid performance results across experi-

mental sites publicly via the USTN Practical Farm-

ers of Iowa website. Information about the experi-

mental design and management practices used at 

the various testing sites were only available to 

USTN members (Table 1; Goldstein et al., 2012). 

This fact, and the absence of individual plot, site, 

or environmental data, as well as the methods used 

to engage farmers in data collection, prevent any 

comprehensive analysis of site-specific interactions 

between crop genetics, environments, and farm 

management. Despite their focus on value-added 
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maize varieties, no data related to environmental 

outcomes or other ecosystem services were gath-

ered. Reduced demand for the services provided by 

the USTN has been attributed to the relatively 

small number of maize breeders who devote their 

efforts to breeding for organic and non-GMO 

markets. This, and reduced levels of funding avail-

able for maintaining this type of infrastructure, ulti-

mately contributed to the USTN’s closure (Wilbeck 

& Carlson, 2018). Despite USTN’s perceived com-

patibility with goals for hybrid development for 

stewardship-minded markets, and the fact it was 

organized in partnership with the farmers them-

selves, it failed to grow into the kind of diffuse 

seed system made up by small companies that 

Ceccarelli and Grando (2020) argue is needed for 

PPB to thrive. Failure to meaningfully engage 

farmers or other key stakeholders in the USTN 

network may explain why it was discontinued 

despite its compatibility with many breeders’ 

preferences that seek farmer engagement through 

variety testing during the latter stages of the breed-

ing process and across a wide range of environ-

mental conditions (Ceccarelli & Grando, 2020). 

Although this approach of participatory variety 

selection or testing is considered easier to organize, 

requires fewer resources, and more rapidly identi-

fies mature varieties suitable for seed production 

and distribution to farmers (Joshi & Witcombe, 

1998), it is less participatory than PPB. Farmers 

have restricted ownership and influence over the 

materials they assess, and often lack the resources, 

both in terms of time and labor, to actively 

participate. 

The Genome to Fields (G2F) Initiative  
The third case study considers the Genome to 

Fields (G2F) collaborative network. Even though it 

does not currently include farmers’ direct input 

into the effort., it does involve other important 

stakeholders, including plant breeders, geneticists, 

agronomists, and the regional and national maize 

growers associations that represent farmers across 

the U.S. Corn Belt. The research objectives of the 

G2F are more fundamental than those of CASH or 

USTN. The G2F aims to understand the functions 

of all genes in the maize genome across a broader 

range of environments, ultimately benefiting grow-

ers, consumers, and society (G2F Initiatives, 2017). 

It may provide a way for society to derive added 

value from the public funds used to sequence the 

maize genome. Initiated in 2013 with support from 

the Iowa Corn Growers Association (IowaCorn), 

the G2F represents collaborations in diverse 

environments and a wide variety of conventional 

management practices. Since 2014, more than 30 

collaborators from academia and federal 

organizations across 15 states, from Texas to New 

York and Minnesota to Georgia, have planted 

thousands of yield trial plots, phenotyped hundreds 

of experimental hybrids based on agronomic traits, 

logged weather data for all fields, and provided soil 

and management data summarized in Table 1 

(AlKhalifah et al., 2018). All these data, including 

the genetic information from all tested maize 

cultivars, is publicly available (G2F Initiative, 

2017). This public-private collaboration supports 

initiatives funded by research-driven grants. The 

research projects under the ubrella of the G2F aim 

to deepen our understanding of plant-soil 

interactions, plant-soil-microbiome dynamics, and 

disease resistance. Additionally, they focus on 

pioneering engineering approaches to phenotyping, 

including the use of unmanned aerial vehicles 

(drones) and nitrogen sensors. All collaborators, 

stakeholders, and interested groups meet annually 

to report results, discuss research agendas, and 

consider new phenotyping (G2F Initiative, n.d.).  

 The addition of intentional mechanisms for 

including the participation of underserved and 

aspirational growers into the G2F could help 

reforge ties that were lost during the past half 

century. At present the advisory board of the G2F 

consists of academics from LGUs and the USDA 

ARS and a representative from the Iowa Corn 

Growers Association. While grower participation 

may not provide a formal tie to research, it cer-

tainly can and does influence the public research 

agenda. The G2F’s current structure echoes the 

1960s, when plant breeding was largely under the 

purview of public breeders at 1862 LGUs and 

USDA ARS. By strengthening partnerships among 

G2F members, including geneticists, agronomists, 

plant pathologists, food scientists, and statisticians, 

and bridging collaborations with LGUs, federal 

entities like USDA ARS and USDA ERS, and pro-
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ducers, the network is poised to cater to diverse 

stakeholder needs, from processors to consumers 

to citizens. This synergy holds the promise of pin-

pointing and promoting innovative maize hybrid 

traits. The greatest impact might result from the 

true regionalization and engagement of smaller and 

more distributed seed-producing efforts that meet 

the needs of regional markets and that contribute 

to harnessing genetic diversity. This vision is in line 

with recent proposals for more equitable public 

breeding programs led by LGUs and that amplify 

the needs and values of an ever-growing group of 

diverse stakeholders (Brzozowski et al., 2022). The 

growing demand for sustainable food systems has 

garnered significant attention from crop breeding 

programs at 1862 LGUs, as highlighted by Shelton 

and Tracy (2016). Looking ahead, we anticipate and 

advocate for these efforts to increasingly attract 

and integrate minority-serving institutions, enhanc-

ing the diversity and impact of these initiatives. 

 To improve the value of the G2F to farmers 

and markets interested in value-added traits that do 

more than signal intent, the range of farming sys-

tems and traits measured must be expanded. While 

only the CASH project sought to measure traits 

associated with social and environmental out-

comes, the USTN relied on market-associated 

traits, such as non-GMO seed and high amino acid 

content, that might be useful proxies for desired 

environmental or health outcomes (Endres et al., 

2022). The vast array of genetic data gathered by 

the G2F initiative can help the public and others to 

achieve social goals. This is equally relevant to 

breeders and others, whether they are interested in 

using classical or advanced breeding methods or 

developing a product for organic, non-GMO, 

regenerative, or standard markets. Projects and 

partnerships interested in pursuing opportunities 

can readily leverage G2F resources and protocols 

while working on securing competitive grants. 

Synthesis and Conclusions 
Given the limited amount of funds available to 

support publicly funded research and the signifi-

cantly greater investment realized through the 

private sector, how do we serve farmers who want 

to have greater control over their seed and to use 

varieties with broad adaptation that could ensure 

yield stability even under extreme weather condi-

tions? How do we overcome barriers to farmer 

participation in active breeding and selection dur-

ing the growing season? According to Montenegro 

de Wit and Iles (2016), breeding strategies and 

technologies used to cultivate seeds that promote 

entrepreneurial approaches and business models 

gain credibility due to active involvement of the 

public and agroecologists in general.  

 While all three efforts described in this work 

focused on crop performance, which served as the 

primary objective, only the CASH project included 

active stakeholder participation. Both the G2F and 

USTN projects allowed testing of varieties and ex-

perimental hybrids across a wide geographical area. 

Different project priorities resulted in key differ-

ences in organizational structures and methods for 

stakeholder engagement. The CASH project’s par-

ticipatory variety testing model needed to better 

consider farmers’ time and availability to ensure 

that demands for this effort did not represent a 

conflict with other farm operations during the 

growing season, as noted in other projects (such as 

Healy & Dawson, 2019). Only the CASH efforts 

asked farmers to evaluate the work undertaken by 

breeders and researchers and provide feedback. 

Farmers who remained engaged in the participatory 

educational network presumably found enough 

value to share their time and opinions. Determin-

ing how to sustain ongoing engagement that does 

not overburden participants is essential, as is pro-

viding them with a legitimate voice in decision-

making.  

 The involvement of all institutions in the U.S. 

LGU system is essential to revitalizing public and 

private collaborations. LGUs have the capacity to 

direct the efficient use of resources like genomic 

sequence information generated in the G2F project 

while adopting some of the methodologies laid out 

in CASH to cater to the needs of diverse produc-

tion systems. For instance, LGUs can coordinate 

the use of molecular methods compatible with the 

regulations in the National Organic Program and 

PPB methodologies to accelerate the entire breed-

ing process (Ceccarelli et al., 2007). Efforts to 

integrate and build capacity and infrastructure at 

minority-serving institutions are crucial. These can 

steer major breeding efforts to address the needs 
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and values of historically underserved producers. 

This can be further amplified if LGUs coordinate 

public-private partnerships in support of diverse 

and equitable breeding programs through grant 

funding. While funds obtained through competitive 

programs are typically available for durations 

shorter than regular breeding cycles, LGUs can 

provide leadership to ensure the continuity of 

funding. Models that establish partnerships for 

germplasm improvement and dissemination can 

engage and support small seed companies that 

produce seeds tailored to specific environments 

(López Noriega et al., 2013; USDA, 2022).   
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