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Cultivating Responsible Plant Breeding
Strategies: Conceptual and Normative
Commitments in Data-Intensive Agriculture

Hugh F. Williamson and Sabina Leonelli

Abstract This chapter argues for the importance of considering conceptual and
normative commitments when addressing questions of responsible practice in data-
intensive agricultural research and development. We consider genetic gain-focused
plant breeding strategies that envision a data-intensive mode of breeding in which
genomic, environmental and socio-economic data are mobilised for rapid crop
variety development. Focusing on socio-economic data linkage, we examine
methods of product profiling and how they accommodate gendered dimensions of
breeding in the field. Through a comparison with participatory breeding methods, we
argue that the conceptual commitments underpinning current methods of integrating
socioeconomic data into calculations of genetic gain can preclude the achievement
of key social development goals, and that better engagement with participatory
approaches can help address this problem. We conclude by identifying three key
avenues towards a data-intensive approach to plant breeding that utilises the diverse
sources of relevant evidence available, including socio-economic data, and maxi-
mises the chance of developing sustainable and responsible strategies and research
practices in this domain: (1) reliable, long-term management of data infrastructures;
(2) ongoing critical analysis of the conceptual foundations of specific strategies; and
(3) regular transdisciplinary consultations including expertise in the social studies of
agricultural science as well as participatory breeding techniques.
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1 Introduction: Data-Intensive Breeding for Accelerated
Genetic Gain

As the previous chapters in this volume have made abundantly clear, the impact of
data-intensive tools and methods on plant science and agriculture is extensive and
motivated by a wide variety of goals ranging from reducing human labour to
tracking dangerous pathogens, increasing yield, identifying agronomically promis-
ing plant varieties and understanding the impact of environmental and climatic
changes on cultivation and food systems. Here we aim to reflect on some of the
conceptual assumptions underpinning the implementation of data-intensive technol-
ogies and genetic insights in the agricultural domain. Specifically, we focus on one
emerging trend for how plant breeding systems could be built to combine big data
availability, including genomic, environmental and socio-economic data, with
models for genomic prediction and specific selection methods. This trend is
organised around the widespread adoption of genetic gain as a key indicator for
evaluating and monitoring the outcomes of plant breeding, and for designing plant
breeding strategies and seed system interventions for the future. In our view, this
includes specific conceptual and normative commitments to a particular vision of
agricultural development, which need to be explicitly drawn out to ensure that the
strategies used to realise such a vision within specific situations are both scientifi-
cally reliable and socially responsible.

The rate of genetic gain is a statistical measure of the change in a population
average for a given trait or set of traits that is due to selection, the use of which is
increasingly being encouraged as a high-level performance indicator for plant
breeding (Covarrubias-Pazaran, 2020). As a key indicator of biological (more
specifically, quantitative genetic) change relative to selection practices, genetic
gain bridges concerns over biological improvement of crops with concerns over
the efficiency of breeding practice (thus reflecting a quest towards cost-efficiency
comparable to that described by Curry, this volume, in relation to the rationalisation
of genebanks). Previously to the introduction of genetic gain, breeding programmes
have most commonly been evaluated by counting the number of varieties released, a
measure which reflects neither the extent of trait improvement realised in new
varieties nor their actual uptake among farmers. Genetic gain therefore provides an
alternative and potentially more effective metric, increasingly used world-wide, to
assess the success of breeding programmes and quantify the agronomic value of new
varieties.1

Alongside its use as an evaluative measure, normative commitments to increase
the rate of genetic gain in breeding programmes have been established as key policy
goals for plant breeding in recent years, for example in the funder-led Crops to End
Hunger strategy of the CGIAR. The adoption of increased (or “accelerated”, as it is

1The case study presented here draws on a more detailed analysis of genetic gain as an indicator,
how it is being implemented in international plant breeding networks, and some key implications
(see Williamson & Leonelli, 2022).



often phrased) genetic gain as a policy objective has been linked to: improved cost
efficiency; better improvement of complex, quantitative crop traits; and the adapta-
tion of agriculture to climate change through faster development of new varieties
targeted to rapidly changing environments (Atlin et al., 2017). This objective has
come with new reporting requirements for breeders and managers, and has been
incorporated into formal systems for evaluating breeding programs such as the
Breeding Program Assessment Tool, developed at the University of Queensland,
evaluation through which is now mandatory for any programs receiving funding
from the Bill and Melinda Gates Foundation.
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Reporting on genetic gain is encouraged not only through the retrospective
calculation of rates on the basis of historical data or designated ‘era’ trials using
stored germplasm, but also through the estimation of future genetic gains from a
given breeding programme design. Such estimations have significant implications
for how breeding programmes are designed, with choices about breeding source
materials, selection methods and trial environments, among other factors, decided on
the basis of their estimated contribution to genetic gain.

There are several means through which rates of genetic gain can be increased.
These include reducing the length of time that breeding takes (i.e. fewer breeding
generations), improving selection accuracy, and/or increasing selection intensity
(Williamson & Leonelli, 2022). The methods available to achieve these goals
frequently involve complex forms of data linkage that have emerged since the turn
of the millennium. Indeed, new methods to collate and integrate disparate data
sources have arguably driven the turn towards viewing rapid improvement of genetic
gain as a feasible goal, progress against which can be precisely measured and
quantified. The most prominent example of this is Genomic Selection, whereby
molecular marker data taken from biological samples can be used to predict the
performance of individual plants based on their genotype, using complex and highly
tailored models, thus allowing selection decisions to be made well before the plants
in a given generation reach maturity (Xu et al., 2019). Other methods include the use
of environmental characterisation together with climatic data (including predicted
data) and crop modelling to increase the accuracy of selection by better targeting
evaluation and selection to the environmental conditions for which a new variety is
being bred (Ramirez-Villegas et al., 2020; Chenu, 2015). Across these methods,
there is a particular emphasis on those that increase the speed of breeding, which is
often a particularly cost-effective way of increasing genetic gain (Cobb et al.,
2019: 634).

Increasing genetic gain thus plays directly into one vision of data-intensive
agriculture – what we might call precision breeding – in which maximal trait
improvements can be realised in a rapid space of time through tightly integrated
pipelines for data collection, integration and analysis, moving back and forth
between the field, sequencing labs and computational facilities (cf. Cobb et al.,
2019). Rather than discussing genomic or environmental data linkage, which have
been discussed at length elsewhere in this volume, this chapter will primarily focus



on the role and status of socio-economic data and knowledge in this data-intensive
vision.2 Understanding how such data is collected and used is critical to assessing the
social dimensions of responsibility in plant and agricultural science. While privacy
and data protection form one pillar of responsible practice in this domain, as
discussed in the introduction to this volume and the chapter by Zampati, we are
specifically thinking here about the possibilities that the integration of such data into
plant breeding programs afford for achieving goals of socio-economic development
and improved human wellbeing, for a diverse and inclusive constituency of actors.
Our aim is to demonstrate how the conceptual and normative commitments that have
accompanied the increased focus on maximising genetic gain, especially in the
CGIAR, have significant implications for the kind of engagement with agricultural
stakeholders that can be imagined and implemented. This in turn has implications for
the kinds of social benefit that breeding programs can deliver.
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The starting point for this discussion is a tension that has dogged appeals to
accelerate genetic gain: Namely, that despite the range of potential benefits that have
been attributed to this goal (such as improved yields or increased resilience of
agricultural systems to climate change), it does not necessarily lead to greater
adoption of new crop varieties by farmers (cf. Ceccarelli, 2015). Indeed, low rates
of adoption of improved varieties among farmers in the Global South is a
longstanding concern of breeders and managers working in international agricultural
research (Atlin et al., 2017). In order to combat this problem, alongside calls to
accelerate genetic gain there has been a recognition by breeders and funders that
breeding needs to become more ‘demand-led’, responding more closely to the needs
and desires of farmers and other actors in food systems, as part of a wider ‘varietal
replacement strategy’ (Atlin et al., 2017; Cobb et al., 2019).3

Implementing demand-led breeding requires processes for accessing and utilising
socioeconomic data that can inform breeding targets and selection decisions. The
primary method being promoted for this task is product profiling. In the following
section, we analyse what this involves and some of the conceptual implications and
limitations that follow from it. We then discuss work that has been undertaken in
recent years to overcome some of these limitations and ensure that product profiling
is gender-responsive. Following this discussion of gender-responsive breeding, we
compare data-intensive breeding methods based on product profiling to participatory
methods. Using the example of the Mother and Baby Trial Design, we suggest that
many of the principles and goals of gender-responsive breeding can be achieved
more consistently and dynamically through the latter. Participatory methods have
tended to be excluded from breeding programs focused on maximising genetic gain,
however, in line with longstanding disputes about whether highly centralised

2On ‘visions’ or ‘imaginaries’ of socio-technical systems (including data systems) and their
implications for science, society and the future, see Jasanoff and Kim (2015) and Leonelli (2021).
3Other solutions involve the use of policy levers to encourage or oblige seed companies and farmers
to distribute and adopt new varieties, respectively (Spielman & Smale, 2017). These solutions have
quite significant political, legal and economic implications regarding the control of seed systems,
but we leave that topic aside for the purposes of this chapter (see Williamson & Leonelli, 2022).



breeding grounded in formal selection theory or decentralised, participatory breed-
ing produce greater impact. We conclude the case study by looking at how new data
infrastructures are being developed to facilitate dense data collection from partici-
patory methods and their integration into breeding programs alongside other data-
intensive methods such as Genomic Selection. We argue that these infrastructures
point to alternative visions for breeding and agricultural development, but the
prospects for wider adoption of such socially responsive, integrated programs will
depend on the extent to which normatively entrenched goals such as accelerating
genetic gain govern the distribution of resources and labour in international agricul-
tural research.
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2 Product Profiling and Gender-Responsive Breeding

Genetic gain is an indicator that can be assessed and realised for any given trait or
index (set) of traits. While the selection of target traits for improvement has long
been led by breeders, recently both public and private sectors have shifted to
demand-led modes of breeding, where the choice of desirable traits is made through
the collection and analysis of socio-economic data. A key method in that respect is
product profiling (e.g. Persley & Anthony, 2017).4 This method has been strongly
promoted by proponents of genetic gain, alongside changes to biological breeding
methods. This is not only because it facilitates a demand-led approach to breeding,
but also because it allows a rapid, formalised delivery of socio-economic informa-
tion that can be integrated into the tight timescales and optimised pipelines needed to
increase genetic gain (e.g. Cobb et al., 2019; Atlin et al., 2017).

A product profile can broadly be defined as “a set of targeted attributes that a new
plant variety is expected to meet in order to be successfully released onto a market
segment” (Ragot et al., 2018, cited in Cobb et al., 2019: 628). In other words, a
product profile describes a plant variety viewed as a desirable replacement for
already established varieties within a particular market, thus establishing a key
objective for breeders’ work over the coming years. Indeed, product profiles are
framed as a concise, formalised set of targets that can guide the design of a breeding
programme and selection decisions throughout (cf. Ragot et al., 2018). They are
assembled at the start of a breeding project by breeders in collaboration with market
and socioeconomic researchers. Supporting the creation of product profiles are a set
of techniques of market segmentation that allow the target constituency for a
breeding programme to be identified and studied. These involve distinguishing
distinct groups within a market, “segments” defined by “a relatively homogeneous
demand for a commodity (here crop varieties or animal breeds)” (Gender &

4For a detailed case study of how product profiling methods are being incorporated into plant
breeding (specifically cassava breeding) at one CGIAR centre, the International Institute of Tropical
Agriculture (IITA), see Agbona et al. (this volume).



Breeding Initiative 2017, cited in Orr et al., 2018: 6). A target segment for breeding
is then identified, based on the desired social and/or economic intervention of the
breeding programme, and taking into account factors such as agroecosystems,
demographics and technological skill. The target segment is the group (usually
agricultural producers) who will adopt the resulting variety, although the actual
beneficiaries of a breeding programme may be different, for example consumers of
a food variety or other actors in the value chain. Product profiles can then be
assembled by surveying the needs and desires of both the target segment and other
stakeholders (see Orr et al., 2018; Ragot et al., 2018).
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Product profiles are meant to facilitate demand-led breeding, where the demand
primarily envisioned is market demand, focused on breeding crops that facilitate new
commercial opportunities and advantages for farmers and other producers. This is a
distinct and non-trivial commitment. While improving the economic position of
farmers is a valuable goal that has ramifications for wellbeing and the fight against
poverty, it is only one among several important objectives when considered from the
wider perspective of social development, including climate action, responsible
consumption and reduced inequalities (to pick the most relevant three objectives
among the seventeen UN Sustainable Development Goals). The focus on market-led
demand underpinning the construction of product profiles reflects a longstanding
bias in development discourse and practice towards economic growth and
commercialisation (cf. Escobar, 1995), a bias that was largely true of the Green
Revolution (e.g. Harwood, 2020) and continues to be true of its legacy projects
(e.g. Holt-Giménez, 2008). More ambitious sustainability-focused goals that don’t
necessarily contribute to market outcomes, such as supporting agroecological sys-
tems, tend to receive less support (cf. Rosset & Altieri, 2017).

This situation is problematic in several respects, and we shall here briefly discuss
only one of them, concerning the intersection between product profiling, breeder
communities and gender equality. It has been well documented that crop improve-
ment focused on commercial value tends to favour men substantially more than
women, especially in rural and underdeveloped agricultural settings (cf. Sachs,
2019). Gender differences provide an especially useful lens for thinking about social
responsibility in relation to plant breeding, socioeconomic data and indicators such
as genetic gain, so it is worth here turning to this topic in some detail.

In order to overcome some of the conventional biases in breeding towards forms
of crop improvement that favour men, significant work has been undertaken to
improve the gender-responsiveness of breeding in the CGIAR and related networks
and institutions (for a history of this work, see Van der Burg, 2019, 2021). In recent
years, this has included a significant push to design gender-responsive methods and
principles for product profiling, organised through the CGIAR Gender and Breeding
Initiative (e.g. Ashby et al., 2018; CGIAR Gender & Breeding Initiative, 2018). This
work has been extensively documented by Ashby and Polar (2019), who also
summarise some of the key differences in crop trait preferences and socio-economic
position between men and women. Such differences are in practice highly variable,
and there is no universal set of women’s preferences as opposed to men’s: In many
cases, gendered preferences converge. Nevertheless, there are recurring themes that



can be used to guide the design of gender-responsive agricultural research and plant
breeding practice (see also Sachs, 2019). One such theme is the importance often
placed on particular qualities of the crop rather than overall yield. Due to the
distribution of labour in the household economy, women will frequently prefer
qualities that reduce labour (such as cooking time, or ease of peeling roots and
tubers), even at some cost to overall yield. Where men might primarily be concerned
with the income that can be made from selling a harvest in larger commercial
markets, women frequently have to consider trade-offs related to household work,
the sustenance of their own community and the ultimate end use of a crop (such as
household processing and consumption), whether by themselves or by other local
women to whom they might sell in more informal markets. As Ashby and Polar
observe, it is necessary to consider “the different ways in which resources, rights and
responsibilities are shared among women and men engaged in small-farm produc-
tion, processing and marketing” (2019: 28–9). This is especially so because
increased commercialisation resulting from the introduction of new, “improved”
varieties can in practice lead to a loss of control for women as cultivation of those
more lucrative crops are taken over by men (2019: 23).
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Participants in the Gender and Breeding Initiative have made major contributions
towards developing methods for incorporating “gender screening” into product
profiling in order to take account of gendered differences, such as specific weighting
techniques and the differentiation between “niche” and “game-changing” traits. As
Ashby and Polar’s comment on the distribution of resources, rights and responsibil-
ities indicates, understanding these matters requires in-depth socio-economic
research on the relevant groups for whom breeding is targeted. This is where
questions of data return to the fore. “There is a practical challenge, therefore”,
they note: “how to systematize relevant information about gender differences,
especially men’s and women’s trait preferences, in a way that breeders can factor
it into their trait prioritization and product profiles” (Ashby & Polar, 2019: 13).
Unfortunately,

much of the published information is inadequate for this task: it consists of a description of a
trait preferred by women or ranked higher by women than by men, for example “earliness,”
without an explanation of the desired extent or level of the trait. This limits the usefulness of
the information to breeders, who need to understand what producers consider the desired
performance level of a trait. Trait preferences are also reported without analysis of the
socioeconomic characteristics of respondents other than their gender and geographic loca-
tion. Simple sex-disaggregation of preference data is not very useful for informing breeding
objectives, because it is essential to understand what resource constraints or producers’
objectives are associated with a given preference and whether there is an underlying gender
inequality at work. In addition, data on gender differences in trait preference studies is too
often reported without evidence that the respondents are representative of a clearly identified
population of end users. This makes it difficult to draw general conclusions about the
significance of a gender-differentiated trait preference at a scale that a breeding program
can rely on, as predictive of widespread end-user acceptance. (2019: 29)

What this points to is the significant issues that remain around access to and
integration of appropriately detailed socio-economic data and information. Indeed,
as noted in the report on a CGIAR workshop on product profiling, “For some



questions, good evidence may not exist, and until it can be obtained, best instincts
and knowledge from the breeding team may need to be used as a starting point”
(CGIAR Gender & Breeding Initiative, 2018: 18).
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In part, this situation relates to difficulties surrounding data collection. Indeed,
Almekinders et al. (2019) have argued that methods for researching farmer seed
demand present an under-acknowledged bottleneck to attempts to redesign breeding
pipelines and to increasing adoption of improved varieties (cf. McEwan et al.,
2021).5 Partly, however, it also relates to the structure of product profiling, which
still places with breeders the responsibility for making critical decisions that have
wide-ranging implications.

In order to arrive at a final Product Profile, breeders evaluate, weight and prioritize the
individual plant traits under consideration for inclusion in the product profile. Trait priori-
tization is highly selective, because the number of traits that can be included in any one
profile is usually restricted to prevent the selection process from becoming unduly complex.
The criteria breeders use for trait prioritization are often a mix of commercial, technical and
business considerations, shaped by the goals of the breeding program. (Ashby & Polar,
2019: 13)

Socio-economic data and expertise, including gender data, are only incorporated at
such key decision points, and often through very informal means. This is under-
standable where information is a limited resource. Stepping back, however, we
might throw this situation into relief by comparison with some alternative modes
of breeding available, specifically those that take a more systematic approach to the
inclusion of socio-economic data and knowledge through participatory approaches.

3 Participatory Breeding for Dynamic Socio-Economic
Data Flows

Participatory plant breeding methods, involving farmers directly in the selection
process for new varieties, began to emerge in the late 1970s before taking root more
substantially in the 1990s (Harwood, 2012: 142–3; Cleveland & Soleri, 2002;
Westengen & Winge, 2020). Participatory methods provide a very different model
of socio-economic responsiveness in comparison to conventional, centralised
breeding.

Consider the Mother and Baby Trial Design method developed for participatory
potato selection at the International Potato Center (CIP) in Peru (De Haan et al.,
2019). This method utilises a combination of a centrally managed, experimental field
trial (the ‘mother’) in which multiple varieties are grown and smaller trial plots (the
‘babies’) in farmers’ fields that reflect the latter’s own agronomic conditions.
Participating farmers engage in evaluation of the different varieties at key stages,

5The history of social research in the CGIAR has long been marked by highly variable investment
and integration with core plant breeding and research activities (Cernea & Kassam, 2006).



from flowering through to harvest, at both the managed and on-farm plots. These
evaluations include standard yield assessment, but more importantly they include
evaluation on the basis of selection criteria that are identified and ranked by farmers
themselves at the time of evaluation. These criteria may include relatively conven-
tional trait preferences such as resistances to blight, but also trait preferences that are
more contextual and tangential to crop production, such as the adequacy of foliage
for feeding livestock (2019: 26–27). A particularly important set of additional
evaluations are those concerning the qualities of the crop, especially qualities
relating to cuisine and organoleptic (i.e. sensory) traits such as appearance, taste
and texture (2019: 45–6). Once participant farmers have chosen their preferred
criteria, they rank plant varieties on that basis through simple voting methods
involving placing seeds or other tokens in paper bags.
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Gender-responsiveness is critical to the Mother and Baby Trial Design. This is
achieved, first, through the focus on crop qualities, which as we saw is typically
favored by women participants; second, by ensuring that women have the space to
make their own contributions and decisions free from the influence of male farmers;
and third, by designing participation such that the data collected from these trials can
be disaggregated by gender. Ensuring space for women may require not only an
equal balance of female and male participants, but also conducting discussions and
voting with women separately from men (2019: 26). The ability to disaggregate data
by gender can be achieved by providing men and women with different seeds/tokens
for voting that can be counted separately (2019: 27–8).

Participatory breeding methods such as the Mother and Baby Trial Design have
the advantage of providing socio-economic data collection and integration that is
more consistent and more dynamic: Consistent, because they do not depend on
highly variable and often heavily mediated flows of information; and dynamic,
because the data collected from and opinions offered by farmers contribute directly
to the shaping and reshaping of breeding and selection decisions throughout the
whole process. As Almekinders et al. note, “The picture we create of the farmers’
preferences is a snapshot taken from our perspective as researchers and devoid of
trade-offs and considerations farmers have in a real-life situation” (2019: 17). This
‘snapshot’ quality is accentuated where socio-economic data is incorporated at a
single decision point in the product profiling process.

On top of these advantages, and perhaps most critically, it has also been argued
that participatory breeding leads directly to greater varietal adoption by farmers.
Ceccarelli and Grando (2007) have observed that in conventional breeding “the
entire process is supply-driven; as a consequence, in many developing countries
many varieties are produced and released but only a small fraction of these are
adopted. With [participatory plant breeding], decision[s] on which variety to release
depend on initial adoption by farmers; the process is demand-driven” (2007: 356).
This is quite a different model of demand-driven breeding to the idea of market
demand discussed above, one in which demand is community-led and treated as
demonstrable adoption by farmers rather than a ‘snapshot’ of preferences, thus
building adoption itself into the breeding process. Moreover, Ceccarelli notes
elsewhere that “in a conventional system, 5 to 6 [years] typically pass after official



release before appreciable adoption commences [. . .], and during this time, farmers’
priorities, agronomic conditions (e.g., availability of irrigation or fertilizer price),
policy measures (e.g., introduction or removal of subsidies), and market demands
may change, making the breeding objectives set at the beginning of the breeding
program obsolete” (2015: 89). The dynamic engagement with farmer needs, prior-
ities and growing conditions in participatory breeding directly responds to such
issues, ensuring that varieties remain relevant to changing conditions.
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Given these advantages, then, why are participatory breeding methods practically
invisible in key discussions of genetic gain (e.g. Atlin et al., 2017; Cobb et al., 2019),
despite the corresponding concern for varietal adoption? And why are questions of
the social responsiveness of breeding limited to those information flows that can be
condensed into a limited set of goals captured in a product profile? This situation is
not new. As Harwood notes, participatory breeding has often been strongly resisted
by breeders, with many considering it “an unnecessary alternative to conventional
breeding (rather than an additional option)” (2012: 146). Indeed, one prominent
proponent of accelerating genetic gain has asked of participatory plant breeding,
“Why do we need it? We need it because we don’t do good market research to really
understand what farmers need, what millers need, what consumers prioritise” (Atlin,
2016). The attention to additional actors in food systems beyond farmers is impor-
tant. But as we have indicated above, it is often market research flows that tend to be
inconsistent by comparison to participatory methods. Moreover, it is debatable
whether much of what is conventionally conducted under the rubric of market
research addresses socio-economic concerns over gender relations and the distribu-
tion of resources, rights and responsibilities, which Ashby and Polar (2019) among
many others have flagged as vital to addressing social and economic inequalities.

More broadly, we take this discussion of product profiling in relation to partic-
ipatory breeding methods as exemplifying the critical role of the conceptual and
normative dimensions of plant breeding for the design and implementation of data-
intensive approaches. Specifically, our analysis highlights a tension between how
data-intensive plant breeding is being imagined and the practical requirements of
organising participatory breeding schemes. When implemented within breeding
programs, the commitment to maximise genetic gain is typically accompanied by
a commitment towards speed and efficiency in the collation of data and criteria
underpinning the choice of product profiles (e.g. Cobb et al., 2019: 634;
cf. Williamson & Leonelli, 2022): the CGIAR for instance is pushing for tightly
integrated pipelines for data production, integration and analysis, such that selection
decisions can be brought forward and the length of time from initiation of breeding
to variety release reduced, potentially by up to 5 years depending on the crop species
and methods used. Product profiling is attractive in relation to these commitments,
because it provides a clear and limited set of target traits for improvement that
breeders can use to make selection decisions under conditions of time pressure, in
conjunction with molecular and evaluation data drawn from field trials. In compar-
ison, participatory breeding programs fare much worse: they require significantly
higher investments to set up, especially if large numbers of farmers and on-farm
trials are involved; and collection and analysis of data from those on-farm trials and



from participatory evaluation sessions takes considerable time, especially when
compared to the possibilities of Genomic Selection to predict plant performance
before it has even reached maturity. This can lead to drag on rates of genetic gain, by
adding additional time and labour requirements into pipelines, making participatory
breeding look unappealing despite the above-mentioned advantages in terms of
supporting social equality and agrodiversity.
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This in turn underscores a continuing tension between the commitment to accel-
erating genetic gain and the need to increase varietal adoption, goals which are
practically and conceptually separated in current visions of data-intensive plant
breeding. If the aim of public plant breeding is ultimately to deliver social as well
as economic impact, then any accounting for the efficiency of breeding should factor
in a combination of genetic gain, varietal adoption and agrodiversity assessment
more broadly (cf. Ceccarelli, 2015). Focusing solely or even primarily on genetic
gain and its delivery to farmers as key indicators of success for plant breeding risks
perpetuating a situation of supply-driven breeding and market-led seed systems,
where biotechnological improvement becomes a primary value and an end in itself,
while the social impacts of breeding are shaped to accommodate this goal. When it
comes to data-intensive breeding, it is not outlandish to suggest that responsible
practice should invert this situation, with the social impact of breeding driving the
choice and implementation of biotechnological improvement. We argue that this
may require rethinking the maximisation of genetic gain as a situated rather than a
universal objective: One that can be deployed in certain circumstances but should
always take into account the potential conflicts this can produce with other commit-
ments, rather than being imposed as a key objective across breeding programs at
large and then onto seed systems, through a treadmill of variety release that is pushed
onto farmers.6

4 Conclusion: Essential Components of Responsible
Breeding Strategies

The eminent historian of agriculture James C. Scott has provided a provocative
reading of efforts to improve agriculture through biotechnology, as follows: “if the
logic of actual farming is one of an inventive, practiced response to a highly variable
environment, the logic of scientific agriculture is, by contrast, one of adapting the
environment as much as possible to its centralising and standardising formulas”
(1998: 301). This controversial reading may be viewed as applying well to the
current fixation on accelerating genetic gain, where the infrastructures and evaluative
procedures supporting data-intensive breeding are constructed around highly
centralised and standardised methods of product profiling, which do not admit –

6See footnote 2, and cf. Williamson & Leonelli, 2022 for a more detailed discussion of seed system
issues.



through their commitment to speed and market-led understandings of varietal
demand – of participatory approaches which may be slower and yet yield better
outcomes in terms of social equality and support for agrodiversity. However, we do
not think that it is necessary or even fully warranted to juxtapose conventional, data-
intensive breeding focused on increasing genetic gain with participatory breeding
methods, as if these two approaches were incompatible and intrinsically opposed to
each other. What we have suggested is that there is a tension among some of the
commitments explicitly or implicitly endorsed by these two approaches, which
needs to be highlighted and critically discussed in order to successfully reconcile
their respective advantages. In Scott’s terms, there may be ways to reconcile the
logic of actual farming with that of scientific agriculture, as long as a balance is
sought between standardisation and speed on the one hand, and participation and
inclusive data-intensive methods on the other.
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This point has been made most thoroughly by Fadda et al. (2020), drawing on the
example of the Bioversity International ‘Seeds for Needs’ project. What such pro-
jects indicate is not a necessary conflict between competing methods, “even though
the two approaches are different from a conceptual and underlying philosophical
point of views” (2020: 2), but the potential for an innovative and deeper integration
of participatory methods with genomic and other data-intensive methods. Steps in
this direction are also being taken by the cassava breeding programme at IITA, for
instance through the use of the Tricot (triadic comparison of technologies) partici-
patory methodology, which reflects similar goals to the Mother and Baby Trial
Design method (see Agbona et al., this volume). In closing this chapter, we shall
identify and discuss what we regard as three essential components to such an
integrated approach to plant breeding.

The first component is the development and reliable maintenance of digital
infrastructures that support the sourcing and integration of data from farmers and
on-farm trials. This needs to include semantic standards that incorporate farmer and
other local terminologies, such as the Crop Ontology (Arnaud et al., 2020; Leonelli,
2022). It also needs to include platforms for crowdsourcing participatory trial data
directly from farmers, such as the ClimMob platform being developed to support the
Tricot methodology (van Etten et al., 2020), which allow much greater scaling of
participation, and thus greater efficiency and reliability of results (an aspect that has
been the source of criticism by proponents of conventional breeding; e.g. Atlin et al.,
2001). The appointment of ‘quality champions’ or similar designated experts to
support the effective use of digital infrastructures, as has been undertaken for the
BREEDBASE breeding data management system, also assists in addressing some of
the critical organisational and skills issues that can limit the adoption of such
technically and socially complex systems (Agbona et al., this volume). This is
particularly effective when sourcing at least some experts from local communities.
Here we see glimpses of future data-intensive plant science and related digital
infrastructures being put directly in the service of social inclusion and responsive-
ness (similar to the blockchain schemes discussed by Kochupillai and Köninger, this
volume). As other chapters in this volume indicate (e.g. Fullilove and Alimari), the
possibilities for this being achieved in practice will depend heavily on institutional



norms and structures, and on whether concrete support – through policy and resource
allocation – can be thrown behind such efforts. In any case, the significance of
investment in reliable, well-maintained, long-term data infrastructures as a funda-
mental requirement for the sustainable use of data-intensive tools for plant breeding
cannot be underestimated.
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The second component encompasses the ability for plant breeders, data and plant
scientists, farmers, policy-makers and industry representatives in this domain to
explicitly confront and discuss diverse assumptions relating to conservation,
biodiversity and development. Practically, this requires implementing processes
through which diverse stakeholders can come together and engage one another in
ways that make a meaningful difference to how research and development are done,
as in the collaborative and open-ended forms of organisation that characterise the
CoEx project discussed by Louafi et al. (this volume). This typically includes
consultation with social scientists and local representatives that can broker diverse
concerns and help identify and debate the underpinning conceptual and normative
commitments of plant breeding strategies (whether current or imagined) and how
those can be reconciled to foster responsible research practice within specific
communities and locations.

What do we mean by conceptual and normative commitments? These are the
scientific, social, economic and other foundational concepts mobilised in agricultural
research and development, which may not be explicitly recognised yet underpin
ongoing practices, including how breeding strategies and related forms of data
linkage are being developed and implemented. These foundational concepts are
often tacit or taken for granted, but have a wide range of implications. While the
large-scale mobilisation of data provides new opportunities, our analysis of social
responsiveness in genetic gain-focused breeding has highlighted how data-intensive
visions of agricultural research can also produce frictions when located in the wider
landscape of agriculture (cf. Edwards et al., 2011). Looking beyond this specific
example, additional issues include: the uneven landscapes of both scientific under-
standing and data flows themselves, which create discrepancies and inequalities in
the extent to which data-intensive methods can be applied and can work productively
for different groups (Kochupillai and Köninger, this volume; Zampati, this volume);
the conceptual and cultural gulf between farming communities and research scien-
tists when it comes to agricultural strategies (Louafi et al., this volume); and indeed
the lack of training for scientists themselves to recognise and understand alternative
narratives of agricultural development (and where data science can fit in these).

This is important for responsible research practice in plant data linkage for at least
three reasons. First, because unquestioned, dogmatic adherence to specific normative
commitments can lead to aspects of research practice becoming centralised and
entrenched (materially as well as culturally) as the necessary or right way for things
to be done, and block off alternatives (Scott, 1998). Second, because scientific
research does not just exist in its own bubble; it feeds into much wider imaginaries
of society, economy, development, and so on, which in turn also influence the ways
we imagine and conceptualise science (Jasanoff, 2004). And third, because the
extensive and highly diversified impact of plant breeding and agronomic strategies



on planetary health makes it imperative to continue to look for alternatives and/or
localised solutions, both for how science is done and for agricultural development,
and to consider whether such alternative and/or localised approaches may improve
current practice.
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Following this, the third component we identify as crucial to an integrated and
responsible approach to plant breeding is interdisciplinary and transdisciplinary
collaboration, particularly involving historical, philosophical and social studies of
science, to consider critically the implications of entrenching concepts into
infrastructures – and possible alternatives. Within this volume, many examples
have been given of ways to broker social and scientific considerations within data-
intensive breeding. Most chapters have pointed towards ways to remain evidence-
based and build on innovative data-intensive tools, while at the same time grounding
novel forms of data linkage on an understanding of the geographically and concep-
tually diverse histories of agricultural policies and technologies. Among the many
examples of such work available beyond this volume, one of the most relevant is
Jonathan Harwood’s (2012) effort to uncover a forgotten history of public plant
breeding in southern Germany, predating the Green Revolution. Harwood uses the
case to think about issues of who is supported by agricultural research and devel-
opment and in what ways, particularly through a comparison with Green Revolution
breeding and the growth and decline of participatory breeding methods in the
CGIAR throughout the 1990s (an example that resonates with the case we have
presented above).7 An additional example is the recent Nuffield Council on Bioeth-
ics (2021) report on genome editing and farmed animal breeding, which draws on
expertise from a range of disciplines across the biosciences, social sciences
and humanities. Reflecting the concerns in this chapter for how data are assembled
and indicators put to work in breeding practice, the authors analyse the scope and
purposes of indices used to evaluate breeding animals. Among the recommendations
made in the report are the need to expand the scope of the indices to include traits of
public or social as well as economic value, for example those related to health traits
or traits that can impact climate emissions (2021: 155–160, 192–3). The kinds of
conceptual and normative considerations raised in these examples, and throughout
this chapter, can crucially inform research and policy decisions around how to set up
infrastructures, data governance and institutional goals for agricultural development
and food security. Responses are likely to involve elements of design of socio-
technical systems, thus intersecting strongly with the design of technical infrastruc-
tures whose significance we just emphasised.

In closing, it is important to stress that consideration of responsibility and social
responsiveness introduced through a focus on the conceptual and normative dimen-
sions of plant and agricultural data linkage does not produce clear, unambiguous
conclusions. Insights tend to be context-specific, and thus require detailed attention
to and knowledge about how research and development is set up in practice.

7Harwood has also made complementary arguments about the relevance of history of science and
development to policy (Harwood & Sturdy, 2010; Harwood, 2018).



Historical, philosophical and sociological studies of science provide excellent back-
ground knowledge on these aspects; but they need to be complemented by practical
and tacit knowledge held by domain experts – an interdisciplinary dialogue that this
volume has attempted to contribute towards establishing. Moreover, tensions and
disagreements are unlikely to be resolved easily, with disagreements over the
relative value of centralised, formal breeding methods versus decentralised, partic-
ipatory methods running for several decades now. In data-intensive science as in
other realms of research, responsibility involves opening up such matters to public
debate and the option of co-producing future strategies with relevant stakeholders
and publics.
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