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Abstract

This article examines the integration of digitization and environmental concerns in digital
agriculture from the perspective of actors in smart farming in Switzerland. Those actors,
previously unconnected to farming, promote the use of granular data to achieve more sustainable
practices. Considering granularity as a practitioner-made achievement rather than a technical
property alone, I draw on interviews and ethnographic observations, and rely on material-
semiotic insights from STS (Law, 2008; Mol, 1999; Lien & Law, 2011) to examine how granularity
data is brought into existence through heterogeneous practices. I first analyze how the connection
between digital agriculture and more sustainable practices is operated as a motto, an aspirational
principle that draws from different sources and comparisons. I then show how the production
and interpretation of granular data depend on experimental infrastructures, interdisciplinary
collaboration, and ongoing human interpretation, all of which contribute to the existence of
granularity while enacting specific definitions of sustainability.
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Introduction

This article focuses on the integration of digitization and environmental concerns from the
perspective of Switzerland-based actors developing smart farming devices, the latest trend
in digital agriculture. In this realm, the use of digital technologies to address climate issues
has become obvious across engineering, computer science, and policymaking circles. The
United Nations Food and Agriculture Organization and the European Union, for example,
not only strive to advance digital agriculture more broadly but also fund numerous projects
in this area. Building on previous decades of precision agriculture and Agricultural
Knowledge and Innovation System (AKIS) developments (Touzard et al., 2015), this trend
now develops into innovations such as real-time monitoring of crops through various tools,
including sensors, drones, and other mapping and controlling techniques (Balafoutis et al.,
2017; Wolfert et al., 2017; Knierim et al., 2019). These different options all assume that data
should be incorporated into human and machine decisions. Coupled with big data analytics
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and complex algorithms, continuous monitoring would not only enhance growers’ decision-
making (e.g., when to harvest or water, and how much fertilizer or pesticide to use); this
large amount of data would also contribute to feed so-called smart systems, capable of acting
autonomously and intelligently by adjusting directly to it (Abinaya et al., 2024, for a critical
discussion see: Gugganing et al., 2025).

To promote digital agriculture and large-scale monitoring, several discourses have been
mobilized alongside technical developments. In the 80s and 90s, greater precision and better
control were the core justifications. Over the past decades, digital agriculture has taken on
an additional purpose: addressing climate issues, mainly under the banner of smart farming.
There, the intensive use of data would contribute to keeping or increasing crop yields while
at the same time diminishing agriculture’s climate impacts (Walter, 2017; Nazirul Islam
Sarker et al., 2019; Krutilin et al., 2022; Finger et al., 2019), as a way of decoupling economic
growth from its often-accompanying environmental damages (Dalsgaard, 2022). For some,
these connections between climate issues and agricultural technologies fall under the um-
brella of technological fixes (Rosner, 2004; Ruser & Machin, 2016; Guthman & Butler, 2023),
where technologies would solve any environmental issue, while putting social or political
problems (or solutions) in the background.

Considered through a techno-fix lens, claims about smart farming’s ability to solve cli-
mate issues in large-scale agricultural production rely on and contribute to a broader cultural
economy focused on “technological and economic response to notions of climate crisis”.
(Caprotti, 2012: 3). Yet, while fixes and claims for sustainable outcomes in digital technolo-
gies for agriculture are often studied through published reports, policies, public declarations,
and commercial pitches (Newell & Taylor, 2018; Fairbairn et al., 2022), this article relies on
private interviews and preliminary observations in smart farming development settings. I
do not aim to sharply contrast public and private discourse (as we will see, these are more
blurred categories), but to suggest that proximity with the actors who produce these claims
yields specific understandings. While acknowledging potential issues, such as over-identifi-
cation or the risk of missing broader patterns, I contend that these understandings often re-
main unavailable to critiques from a distance. In the specific case presented here, a closer
examination of participants’ words and the wor(l)ds they construct revealed infrastructu-
ral and collaborative work, organized around a central element: granularity, the ability to
provide fine-grained measurements.

Granularity is the main proposition these actors use to link smart farming to sustainabil-
ity. It is what makes digital technologies legible as environmental solutions for the set of
actors I met, which I take to be at least partially representative of the broader field in Europe.
Yet what ‘granularity’ concretely means requires further exploration. Drawing on material-
semiotic insights from STS (Law, 2008; Mol, 1999; Lien & Law, 2011), I examine granularity
not as a static, externally defined notion, but analyze how its practitioners bring it into exist-
ence through heterogeneous practices, both discursive and material, including comparisons,
collaborations, and disciplinary exchanges, as well as infrastructures and experimental ma-
terials. This approach follows granularity not as a fixed technical property but as something
actively made and defined through situated practices.

To better understand granularity from the perspective of its practitioners, and to demon-
strate the importance of examining their wor(l)ds closely, I begin by reviewing how digital
agriculture and its claim to sustainability have been met by different traditions, such as
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(agrarian) political economy and ethnographic approaches of digital agriculture implemen-
tation. I then sketch out an ethnographic approach of granularity, which includes examining
the collaborations and new networks that have emerged around the projects I observed.

From these, I follow on the connection between digital tools and sustainability as a motto,
an affirmation often repeated but not specifically substantiated, where “being granular; be-
coming sustainable” works as aspirational talk (Christensen et al., 2021), stabilized through
comparisons and metaphors between granularity and other modalities of knowing and in-
tervening in plant growth, sustainable outcomes remain conditional to specific situations
and contexts such as water scarcity or regulations and incentives. To complement findings
from participants” words, I then sketch out what it takes to produce and interpret granular
data in their worlds. As these activities rely on existing infrastructure — from energy grids to
greenhouses — and established knowledge, granularity illustrates the well-established mu-
tual shaping between “new” technologies and existing elements (Star & Ruhleder, 1996; Pick-
ering, 1995). This demonstration remains crucial for challenging the grand narratives of dig-
ital disruption and reminds us that technologies depend on, and must integrate with, pre-
existing configurations. As Gabrys, Westerlaken, and Fatimah (2024) propose, actually exist-
ing smart environments are not seamless technological systems; they must accommodate ex-
isting infrastructures and multiple ways of knowing. Following how actors speak about their
technologies, how this discourse relies on and contributes to new networks, and how gran-
ular data practices depend on and need to happen within existing infrastructures and prior
knowledge, allows for a more complex picture than the one often painted by both critics and
promoters of smart farming and big data.

Sustainability claims and their discontents

Although a detailed examination of how green claims have become intertwined with digital
agriculture and its financialization falls beyond the scope of this article (but see: Oui, 2024;
Duncan et al., 2022; Sippel & Dolinga, 2023), it is worth noting that such claims have been
met with considerable skepticism (Bronson and Knezevic, 2016; Miles, 2019; Carolan, 2022;
Fraser, 2022). For example, 30 years ago, Wolf and Buttel (1996) already noted the lack of
clear evidence supporting the economic and environmental claims surrounding these inno-
vations. They described these innovations as solutions looking for a problem and argued
that they might, at least maintain, if not further, economic and political distributions that
support the use of harmful chemicals in agriculture while diminishing farmers’” autonomy.
Today, these considerations still hold if we follow Rotz and colleagues (2019) in their review
of the politics of smart and digital farming innovations, while some argue that the claimed
sustainable outcomes of digital agriculture and smart farming are addressed solely to finan-
cial actors, as growers and growing practices have never been a direct concern for their de-
velopers (Duncan et al., 2021). Yet, as Clapp and Ruder (2020) proposed, broad appraisals of
digital agriculture, whether in favor of or critical of it, often start from smart farming as a
unified phenomenon to be discussed at a conceptual level. In this perspective, the develop-
ment or acquisition of an agricultural technology would either automatically yield more sus-
tainable outcomes or immediately lead to deleterious consequences. In line with this reap-
praisal, Forney et al. (2022) proposed in the introduction to a symposium on the everyday
digitalization in food and agriculture, that the focus on “spotlight” digitization, such as re-
cent innovations not yet implemented, leads to forgetting the everyday engagements with
digital modalities on the farm (ibid: 418).
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Future forecasts of smart farming’s benefits or detriments can be contrasted with ethno-
graphic work seeking to re-situate these tools in specific spaces and places, demonstrating
that their actual adoption is not as straightforward as it may seem and complicating the very
notion of access to technology as the only potential issue to adoption (Gugganig et al. 2026).
Focusing on the daily work and opinions of growers in digital agriculture, ethnographies
have explored how such tools both configure and are reconfigured by their users (Higgins
etal., 2017; Rose et al., 2018), including as they prepare for an automation yet to come (Legun
and Burch, 2021). Ethnographies also helped make clear the human interpretations needed
to make sense of precision agriculture tools (Tsouvalis et al., 2000), while recent notions such
as the distributed farmer (Comi, 2020) or the cyborg farmer (Velden et al., 2024) have been
used to observe how growers and their decisions are part of a broader network, and how
digital tools are incorporated and reinterpreted in farming practices. These different propo-
sitions complicate the picture of digital agriculture by examining situated uses and specific
cases. Yet similar attention to the practical, situated work of agriculture technology develop-
ers remains scarce (but see Heimstadt, 2023a, 2023b, focused on a startup; and Roever et al.,
2024, focused on academic developers). What happens in the daily work of those who di-
rectly contribute to developing agricultural technologies and make claims about their sus-
tainable outcomes? Alongside ethnographies of farmers' engagements with digital tools, ex-
amining the work of those who develop smart farming solutions helps shape a clearer pic-
ture, notably by revealing how they connect sustainability and digitization.

Following smart farming developers ethnographically

In preparing for my current project, I conducted 17 interviews with actors in the field of
smart agriculture, including policymakers, agronomic research centers, and other organiza-
tions in France and Switzerland. This helped refine the sites that would provide ground for
long-term ethnographic observations. The contents and topics of these interviews recur-
rently evoked sustainability and green issues. I thus began to inquire more specifically into
what these terms encompassed, where they originated, and how they would translate into
practice. Starting in the Fall 2024, I met several actors involved in developing a specific type
of smart-farming device: plant sensors. Plant sensors are developed to enact phenomena such
as leaf transpiration (Z. Li et al., 2024), real-time leaf movement and growth (Geldhof et al.,
2021), real-time diameter growth in fruit or stems (Fernandez & Cuevas, 2010; Hahn, 2021),
or electrophysiological signals (Volkov & Markin, 2012; Tran et al., 2019). This phenomenon,
discovered by Chandra Bose and his team in the 1900s (Lenoir, 1986), can be correlated with
plant behavior in ongoing measurements of plant responses to various internal and external
stimuli, such as water shortages or pest attacks. “Wearable plant sensors” (Lee et al., 2021;
Banerji et al., 2023; X.-H. Li et al., 2024), their nickname, points to the fact that these sensors
are directly “worn” by plants, in contrast with environmental sensors capturing elements
surrounding the plants, such as temperature or humidity. Specialized articles emphasize
their potential to produce granular data by monitoring plants' internal processes, drawing
comparisons to smartwatches and the ongoing tracking of detailed human physiological
data.

Green claims surround smart farming innovations in general, and plant sensors are no
exception. Companies” websites, public documents, and press articles all include hints that
these sensors will foster more sustainable agricultural practices. For example, consider den-
drometers, sensors that continuously monitor the circumference of a fruit or stem as it grows,
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recording regular, minute-to-minute measurements. Captured on a single tomato fruit, one
of the most cultivated plants for food consumption, measurements are then translated into
growth trajectories, which may help determine thresholds before the fruit peel explodes un-
der too much combined water and heat, an important issue in commercial production, which
can largely diminish yields. Determined thresholds could trigger an alarm warning growers
it is time to intervene (by harvesting or reducing watering, for example). Translated into
sustainable outcomes for dendrometer-related claims, this means they would help improve
sustainability in tomato production by preventing yield losses, thereby reducing food waste
at the production level, where economic and environmental concerns would go hand in
hand.

In developing dendrometers and other plant sensors, the agronomists and biologists I met
have been collaborating with, and in some cases were employed by, sensor engineers along-
side data scientists, who often worked in the digital human health sector before their current
work. As Latour (2005) argues, rather than replacing human labor, technologies redistribute
and often multiply the connections and intermediaries required in sociotechnical systems.
The appearance of newcomers who have seldom worked with plants and are now collabo-
rating with established actors in agriculture, such as growers and agronomists, also implies
the circulation of expertise and knowledge from other fields into plant cultivation, bringing
along specific terms and modes of working. Before moving into plant applications, these
actors contributed, for example, to the development of technologies for monitoring human
sleep patterns or to the study of human neurons involved in decision-making. Some of them
participated in machine learning research on human and animal electrocardiography (ECG)
or neuroimaging. A few of them returned to human applications after a labor contract or a
project partnership focused on plant sensor development.

Paying attention to who these new participants are and what they bring in terms of con-
cepts and infrastructures provides a crucial historical perspective on the development of dig-
itization and big data (Dalton & Thatcher, 2015). As Dalton and Thatcher argue, understand-
ing who controls data production and what historical conditions enable current data prac-
tices helps demystify these technologies. In the case of digital agriculture, this is particularly
important as new actors bring terminology and corresponding practices from other domains
into agricultural practices and knowledge. Health sciences data practices, in which many of
my interlocutors are trained, certainly informed the idea of recording data not only at a single
point in time but also measuring and recording it continuously, autonomously, and at an
individual level (compare, for example, the stethoscope with electrocardiography). This
brings plant sensors in digital agriculture closer to personalized medicine (Oui, 2024), where
they would enable individualized, targeted treatments.

Circulation across fields and application domains thus implies that relatively new terms
and propositions circulate across specialties. Granularity, a term used in computing and sales
analysis, is also related to another widely used notion: information, which has long been used
to draw parallels and facilitate collaboration between biological sciences and engineering.
These circulating terms shape how developers make sense of plant data and the algorithms
they use (Seaver, 2017; Schinkel, 2023). Framing biological processes as encoded and decoded
information, conceptualizing plants as complex information systems, and adopting an infor-
mation-based understanding of life across living entities help render plants amenable to en-
gineering knowledge and intervention. This not only allows my interlocutors to flesh out —
and enact - similarities and differences between humans, animals, and plants within the pa-
rameters and constraints of their activities, but, as Dalton and Tatcher (2015) proposed for
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spatial big data, these circulations may also contribute to commodification processes. In the
meantime, if notions of information help shape common understandings among biologists,
engineers, and agronomists and probably contribute to economic circulations, scientific
boundaries (Gieryn, 1983) remain at play. While introducing me to the dendrometers pre-
sented above, an agronomist told me that some aspects of the explanation are outside her
area of expertise. Her portion of it concerns the biophysical aspects of plant growth, she ex-
plains. Beyond a certain threshold, she knows the fruit peel might implode, while the “rea-
sons” for this implosion lie with the molecular biologists involved in the project. They might,
she said half-jokingly, blame her if she were to answer my questions on this aspect. While
considering the origins of data granularity as a concept helps us understand its circulation
into agriculture and plant behavior and the boundaries that are still at play, further steps are
needed to track the links between granularity and sustainable outcomes.

"Being granular, becoming sustainable": Establishing the motto
through comparison

In working with my interview data, I began to engage with these materials slightly differ-
ently than if they were a direct source of information about participants' daily work. Inspired
by Brice (2022) and Jerak-Zuiderent (2015), I adopted an approach that attends not only to
the content of the interviews but also to tones and modes of engagement, treating these as
revealing underlying positions and assumptions. It led me to realize that the often-repeated
connection between sustainable outcomes and data granularity functions less as an empirical
claim and more as a motto, as defined by the Cambridge Dictionary: “a word, phrase, or
sentence that expresses the principles or beliefs of a person, group, country, or organization.”
Importantly, as a motto, the connection between sustainable outcomes and data granularity
need not be elaborated or substantiated: being granular necessarily entails sustainability.
This reframing helps define the proposed connection not as a demonstrable relationship but
as an aspirational or ideological statement, akin to management scholars” description of Cor-
porate Social Responsibility as aspirational talk (Christensen et al., 2021): a form of organiza-
tional discourse offering ideals and intentions without necessarily being in direct relation
with current practices, where realization can remain deferred and uncertain.

In my first interviews in 2024, which were also my first direct contact with participants,
the self-evident connection between the digital and sustainable outcomes was largely estab-
lished through comparisons that appeared well-rehearsed! and likely honed for non-special-
ist audiences. As Deville, Guggenheim, and Hrdli¢kova (2016) remind us, comparison is not
a neutral analytical tool but an active practice that makes things comparable, changing them
along the way, practically, conceptually, or often both. Comparisons were offered to help
me, a social scientist, grasp the sustainability promised by granular data and to favorably
contrast it with other approaches. As a well-rehearsed modality of engaging with outsiders,
comparisons were used to assign positive value to sensors by contrasting them with less-
preferred solutions, rather than to clarify specific processes. Indeed, in these accounts, con-
crete, technical explanations of how this connection would work were much less prevalent.
While all the interviews included some form of rehearsed comparison, the most exemplary

1 Spontaneous speech presents signs that can be easily recognized, such as more interruptions and fillers
("um," "uh"), hesitations, and non-linear organization, while rehearsed speech flows more smoothly without
self-interruptions or restarts (Corley & Stewart, 2008).
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case was a sales manager who, near the end of fieldwork in 2025, gave me a tour of a smart-
farming lab. The polished discourse and green narrative seemed so heavily rehearsed that it
left no space for spontaneous interaction or concrete answers to the questions I had then
learned to ask. I found myself seeking opportunities to engage with the technical staff so I
could at least begin to understand what was needed for the device to actually work.

While values such as precision, adequacy, and targeted capacities were present in all com-
parisons and linked to more sustainable practices, value attribution was particularly evident
in a discussion with a technological adviser (who advises growers), who contrasted granular
data production with genetic modifications. During our discussion, he proposed that data
granularity, which provides direct, real-time knowledge about plants, would undoubtedly
be considered by the public as a harmless modality compared with recent genetic technolo-
gies. While biotechnologies have long provoked public discontent, data-driven approaches
could, in my interlocutor's view, appear less controversial because they do not fundamen-
tally alter plant DNA, which would also help secure public funding for R&D in the sector.
But while qualifying granular data as harmless and more acceptable is done through con-
trast, its benign character need not be clarified. It is the comparison itself that creates the
quality, similar to what valuation studies have shown in how (commercial) goods gain value
(Callon et al., 2002).

Another kind of contrast used to support the motto employs a metaphor comparing hu-
man vaccination and the possibilities of individual-level sensors to current chemical appli-
cation practices. Granular interventions, as one of my interlocutors at a startup explains, can
improve the application of pesticides: “Or you vaccinate your whole population, even those
that might not need it, or you go and treat only the weakest individuals to ensure they don’t
get sick if a specific weather event occurs, such as a dropping of temperatures.” (Startup 1,
2024).2 The human health interventions comparison shows the extent to which treatments
could be applied by using granular data. Plant sensors could enable targeted interventions
at the single plant level, providing the right amount of chemicals to the right plants. This
contrast underscores the value of granularity, framing sensor-based approaches as more sus-
tainable than existing practices by highlighting their capabilities at the individual level.

Comparisons were also used to qualify the accuracy of granular data by contrasting it
with agronomic and practical knowledge. Another startup owner (Startup 2, 2024) detailed
the capabilities of the sensors his company has developed and is currently commercializing
with several large-scale agriculture clients. To elaborate on the sensors, he compares them to
the perceptual practices of industrial growers. The sensors, he explains, work at a granular
level by providing continuous measurements. This would enable more precise irrigation and
chemical applications, as growers” decisions would be directly tied to the plant’s immediate
reactions captured by the sensors. This contrasts, he continued, with relying on inferences or
traditional recommendations about appropriate rates and levels of water, sunlight, and other
elements in plant growth. In this comparison, the signals emitted by the plants are more
accurate in indicating their current physiological state: while a visual appraisal might focus
on the color or shape of the leaves, signals might indicate that the plant is not currently grow-
ing more roots or “caring for its fruits” and thus does not need more water, he tells me. Such
an access, he continues, would let the grower know that, even if the plant’s overall appear-
ance suggests a lack of water, they can wait before irrigating. When comparing sensors with

2 According to the terms offered to research participants, this article avoids all means that would lead to
identification. To do so, names, settings, locations, and specific job descriptions have been deleted.
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agronomic knowledge, based on external factors such as surrounding humidity and temper-
ature (as well as drain calculations), plant signals appear to be a direct readout of plants’
real-time internal needs rather than some general recommendation. If we follow this com-
parison, direct information about plant states would then lead to more sustainable decisions,
as irrigation would be tied directly to plant needs rather than to human assumptions based
on environmental measurements — while the assumptions used in interpreting plant signals,
and the infrastructure required do not need to be described in details.

Through such comparisons, granularity is are also progressively framed in relation to in-
tensive production modes, which then appear less attuned to actual plant needs. At Startup
2 lab, a team member explained in an interview that the team conducted systematic experi-
ments to answer this curious question: “What happens if you let a plant take control of a
water system using its signals?” (Startup 2, 2024). When the plant needs water, its signals
deviate from a previously established baseline, which can then directly trigger the irrigation
system, making the plant responsible for its own irrigation. After a few days of adaptation,
I'am told, “the plant drinks every few hours, not more, not less” (Startup 2, 2024). The plants
developed a very stable behavior, taking care of their own irrigation needs. The underlying
assumption of the experiment was that plants may do better at determining their needs than
systematized agronomic recommendations focused on yields and growth.

Yet my interlocutors at startup 2 made an important remark: it is only when water is
scarce and costly that granular data can fully play a role in reducing irrigation. Granularity
in that matter, they explain, only becomes interesting where the lack of water is an issue, for
example, in North Africa, where the company has several clients. In Europe, they go on,
growers often ask what they would gain from reducing their water use, since water is cheap
enough not to affect their overall budget, while their European clients usually have what my
interlocutors consider a proactive mindset: they want to test the sensors to prepare for a near
future in which water might indeed become scarce and therefore more expensive. Here, the
people I am talking with acknowledge that the motto linking granularity to sustainability is
also premised on specific contexts. They are also aware of what has been termed the
knowledge-action gap (Kollmus & Agyeman, 2002), which posits that greater knowledge
does not systematically lead to more sustainable actions. These different examples of com-
parisons show not only how participants frame the device in a specific light. But also depict
also depict a particular environment in which sustainable outcomes could appear. In com-
paring the potential of granular data for agriculture to vaccine applications in human health
or to genetic modifications and contrasting granularity-based decisions with current irriga-
tion practices in conventional agriculture, participants not only frame their technologies to
address climate issues with the words they use; they also constitute worlds around plant
sensors where granularity could achieve more sustainable outcomes.

Producing granular data: Controlled environments and experimental
infrastructure

While discursive comparisons allow granular data to link sustainability and digitization in
plant sensors, granularity also requires efforts and relies heavily on existing infrastructures.
These practical dimensions reveal nuances between granularity as an aspirational notion and
granularity as achieved in practice. This distinction further complicates how sustainability
claims tend to be received: either rejected as greenwashing or taken for granted as inevitably
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realized. These readings miss what practitioners know and share when asked more ques-
tions about their daily practices, a contrast that has long been observed in expectation studies
(Brown & Michael, 2003). Once I started observations, I could see how much granular data
depends on situated, contingent, and collaborative work. This work, in turn, shapes whether
and what kind of sustainability emerges. The labor, infrastructures, interpretations, and col-
laboration required to operationalize data granularity also mediate its sustainable outcomes.

For example, while participants described their circulation across disciplines and hu-
man/plant projects with apparent ease, this narrative became more complex when I pressed
for specifics about collaborative work. I learned more about this through discussions with
participants working on machine learning for plant signals. In the sensor projects I followed,
repartitions in task attributions between data scientists and plant specialists often occurred
and were premised on spatial separation, with distinct atmospheres and modes of engage-
ment perceptible between the lab and the fields (Calkins, 2021). In a specific project, expertise
was partitioned between data scientists designing the data collection and its conditions to
ensure the quality and cleanliness of the data sets (Boumans & Leonelli, 2020) in their offices,
on one side, and agronomists caring for both the plants and the data collection process at an
agronomic/research greenhouse, on the other. Making data circulate across spaces and re-
search fields can be complex and is often accompanied by descriptive protocols. Labeling
data is a process closely aligned with what Vinck (2011, 2012) has described as the equipping
work of intermediary objects, which enables coordination and knowledge translation across
disciplines. This equipping work can be as simple as adding an etiquette to a sample to rec-
ord elements such as the date of collection, yet without it, the sample becomes useless once
it is circulated widely. In the same way, data scientists need data labeled with contextual
elements so that it becomes usable for training algorithms (Pasquinelli, 2019; Jaton, 2021b).
For algorithms to recognize specific patterns in plant signals this qualification is essential,
for example, to determine exactly when a pest began attacking a sensor-monitored plant in
an experiment. Only with this label can the machine be trained to identify patterns correlated
with the attack and, eventually, with its intensity. The same applies to marking precisely
when watering was terminated in irrigation trials, so that the machine can match it to specific
pattern changes by comparing it with another set of plants where irrigation was continued.
In the project just mentioned, data labeling was carried out by agronomists at the green-
house, who work more closely with the plants, both spatially and by training. Obtaining
well-labeled data from agronomists working directly with the plants required further clari-
fication of exactly what was needed and in what form.

Yet, labeling practices are embedded in infrastructures, which also play a crucial role in
making granular data readable and useful. To provide the contextual information for ma-
chine learning processes, the agronomic team could rely on an existing infrastructure, the
agronomic greenhouse. I discovered it while participating in plant sensor installation, a prep-
aration (Riom and Tanferri, 2024), with important implications for the main activity of cap-
turing plant signals. As with their commercial counterparts, agronomic greenhouses rely on
extensive control and automation. Industrial large-scale food production relied on special-
ized knowledge and on the pursuit of ideal conditions for plant growth through the control
of the environment and its components (Fitzgerald, 2003; for greenhouses, see Blancaneaux,
2022). This longstanding control generates the contextual data required by machine learning
to recognize specific patterns in plants: temperature and humidity levels are automatically
recorded, regulated, and displayed to a central computer that can be accessed from distant
offices.
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The agronomic research greenhouse exemplifies how granular data production depends
not only on existing experimental infrastructure but also on disciplinary expertise. Heavily
equipped to conduct controlled trials, the greenhouse was saturated with markers and point-
ers to delineate specific plants in space (Lynch, 1988). This experimental culture relies on
knowledge-production practices in which one knows how to organize spaces and materials
to produce results recognized as objective and valid (Tabouret, 2024). Logbooks and the
widespread use of recording instruments in plant sciences and agronomy suggest that
longstanding practices of experimental control and documentation support the needs of dig-
ital innovation. The labeling of data for machine learning builds upon agronomic produc-
tion-of-proof conventions and the infrastructures that support this work. The production of
models to interpret plant signals thus relies on decades of automated environmental man-
agement. Greenhouses actively contribute to the production of granular data by creating
conditions in which small variations can be tracked and made intelligible. The lab properties
of the greenhouse are thus constitutive of granular data, while labeling the data and deter-
mining thresholds also depend on disciplinary expertise. Granularity thus emerges through
collaborations among agronomists, data scientists, and plant scientists, pattern-recognition
machines, and their infrastructures. There is no granular plant data waiting to be captured
by sufficiently advanced sensors; rather, granularity is an outcome of practices, collabora-
tions, and materials.

The granular data thought to lead to sustainable outcomes thus cannot be separated from
the knowledge, expertise, collaborative practices, and experimental infrastructures that par-
ticipants mobilize to produce, make sense of, and inquire into plant data. This dependency
also shapes what sustainable agriculture would look like when supported by granular data,
as an activity centered on environmental control and rationalized production. The connec-
tion between granularity and sustainability can thus be seen as neither automatic nor false,
but as enabled and dependent on preexisting materialities and knowledge practices that
strongly shape what sustainability means in practice.> The role of knowledge practices in
developing models leads us to explore the roles of interpretation, where the implicit mean-
ingfulness attributed to granularity - the fact that granular data can make sense - depends
not only on agronomists’ labels, recognized patterns, and the infrastructural requirements to
produce granular data, but also on how growers interpret and use sensors and their granular
outcomes to eventually turn to more sustainable practices (Gorissen, et al., 2025).

Interpreting granular data: inquiries and the importance of contexts

While the previous sections highlighted essential elements for understanding that producing
granular data requires significant human work and relies on existing infrastructure, the next
section concerns the interpretation of such data. Indeed, work is not only required to prepare
usable datasets for machine learning; it also includes interpreting the machine's outputs, as
presented in different visual renderings and calculations, such as graphs and thresholds. To
observe this work, I draw from research on environmental data users and their inquiries.
Through this lens, granular data on plant lives can be seen as fully-fledged agents prompting
further actions and arrangements (Rosin et al., 2017; Ascui et al., 2018). As Hannah Knox
(2020, 2021) observed, energy data users do not treat energy data as factual or definitive

3 While new plant sensors prototypes are underway to operate in outdoor growing conditions, a full range
of other sociotechnical dependencies is likely to arise.

40



Kulturanthropologie Notizen Being Granular, Becoming Sustainable

knowledge; instead, they open further inquiries to investigate their behavior, question the
quality of measurements, and probe other factors that could be affecting their consumption,
such as the building materials of their homes. Knox's research also challenges the assumption
that energy data provides “a stable description of the world upon which decisions can be
made.” Instead, when examined within the human practices that produce and interpret it,
data “bec[o]me actively constitutive of an experience of living in an environment character-
ized by complex, extensive, and often unknowable relations” (Knox, 2021: 114). To draw a
comparison myself: rather than a fixed energy expenditure amount shown on a monthly bill
from the energy provider, which is difficult to engage with or qualify, granular data offers
more opportunities to engage experimentally with one’s own practices, as data is continu-
ously available to the users as feedback, where tests can be led and their results immediately
available.

Growers led similar inquiries using plant sensors, as I first learned from a developer at
another digital agriculture startup who was keen to cite early STS studies on innovation. If
we follow his descriptions, experiments take place not only in startup labs and agronomic
greenhouses but also in growers’ fields. He explained that his company’s mobile application,
which provides hourly, detailed information on plant growth, ended up creating far more
heterogeneous behaviors than the company had intended. The app would give growers ac-
cess to graphically engaging data visualizations to help them track their plants” behavior.
His startup aimed to use the app to scale the solution to multiple European countries while
maintaining the same level of information precision. But what happened instead, he told me,
was far from expected: “it re-exploded, we were faced with a proliferation of questions, opin-
ions, and practices.” (Startup 3, 2024), as recently equipped growers returned to talk about
what they were doing with the app. For example, the growers reported significant variations
in plant signals from one day to the next, even with similar weather conditions. This
prompted their investigations into other factors that could explain the discrepancies, such as
recent treatments. It also led them to compare their current practices with what they learned
from their inquiries, he recounts. Visser and colleagues similarly found that “the accuracy of
sensors is far from given but rather has to be actively established by farmers based on their
experience” (Visser et al., 2021: 5), while noting that this human work may be overlooked in
accounts that foreground technological capacity. This creates what the authors suggest call-
ing a precision trap, the misleading assumption that large amounts of data automatically lead
to more precise information, while the interpretive work required to establish such accuracy
is dismissed — a trap we should avoid by echoing public claims surrounding automatic re-
sults in digital agriculture too quickly. Similar findings are echoed in other domains as well.
Dudhwala and Larsen, for example, described the human recalibration of administrative Al
decisions, where algorithmic outputs are not treated as absolute truths but considered along-
side “expectations about a normal condition” (2019: 3), a normal condition established by
human experience.

On another occasion, while talking with a grower about sensors, I learned that, far from
replacing his diagnostic and decision-making practices, he often questioned the sensors' ac-
curacy, especially when suggestions conflicted with his habitual practices. This was particu-
larly the case with his decisions to apply chemicals, which so far have been largely based on
state regulations and an application calendar.* Again, the granularity that potentially leads

¢ While my observations are very limited, this finding can help address concerns that such tools might di-
minish farmers’ capacity to read and understand their own fields (Carolan, 2020; Krzywoszyniska, 2024).
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to sustainable outcomes is not a fixed technical property. Rather, it is the ongoing work of
matching specific measurements to specific contexts and events, calibrating granular data by
incorporating it into actual practices, knowledge about plants, commercial and regulatory
issues, and specific understandings of what sustainability could mean.

The observations presented on the production and interpretation of granular data show
how much context is needed to make it meaningful. This complicates some conclusions
about big data that would “focus human attention and decision on particular persons and
things of interest, whilst annulling or discarding much of the material context from which
they are extracted” (Amoore & Piotukh, 2015: 360). In the cases presented here, this material
context remains necessary for making sense of granular data about plant lives. This meaning
is constituted through interpretive practices such as formulating potential explanations for
wide variations in plant signals, questioning sensor accuracy against other means of evalu-
ating plant needs, and (re)connecting granular data results to one's own practices. In that
sense, granular data seems to expand, rather than contract, human attention, opening inquir-
ies very similar to those of the energy sensor users observed by Knox (2022): engaging with
granular data, they did not treat it as definitive answers but led further inquiries into the
kind of changes they could make to be more sustainable. Overall, the sensor developers I
met acknowledged human interpretation at every step, from data production to its uses.
Once the rehearsed discourses linking digitization to sustainability were reopened, I discov-
ered a situation far more nuanced than bad developers offering technofixes to reluctant
growers. If we shift our attention away from grand claims made in public, we discover more
subtle appraisals and questions, leading us to be more granular in our own critique.’

Becoming granular, being sustainable?

Three main points emerged from mapping smart farming actors and analyzing the connec-
tions they establish between sustainability and digitization. Together, these elements show
how digital transformations in agriculture may exceed promised (or feared) simplifications,
generating new questions and forms of attention. First, these connections do not arise out of
nowhere; they derive from developers' prior knowledge and expertise in digital technologies
and granular approaches in other domains, such as medical applications. This offers im-
portant insights into the links between digitization and climate concerns, as these actors
share a central understanding of how plant sensors can benefit sustainable agriculture: their
ability to collect granular data on plant life. Hence, the motto I proposed to summarize par-
ticipants' propositions: becoming granular, being sustainable. Second, this understanding
emerges through different practices, including rhetorical ones. In my analysis, comparisons

This grower’s inquiry into the potential causes of discrepancies between his established diagnostic practices
and the sensor readings represents a specific instance of recalibration (Dudhwala and Larsen, 2019), where
digital tools do prompt action, but not in a blindfolded or deskilled manner. He was simultaneously preoc-
cupied with the validity of the data and open to revisiting his own practices, should the data prove correct.
This raises the question of what drives over-reliance and closure rather than further inquiry, and we can
probably not explain away this curiosity by solely considering prolonged use and habituation.

5 Asking another set of questions regarding biases in Al, Florian Jaton proposed that concerns or nuances
formulated by developers may not receive enough time and space to be voiced, recognized and collectively
assessed, an issue he proposes to solve through techno-moral graphs, a tool that might serve in documenting
collective issues as they appear in the constitution of algorithms (Jaton, 2021a).
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across several domains, both within and beyond agriculture, do important work: they estab-
lish the value of granular data by positioning it favorably against alternatives rather than by
demonstrating its concrete mechanisms. Comparisons and metaphors contrast individual-
level sensor data with broad agronomic recommendations for irrigation and chemical appli-
cations, or position granularity against controversial genetic modifications. Through these
moves, participants not only make things comparable; they also frame granular data as a
better pathway to sustainability and bring up specific worlds where this could be the case.
Third, observations of granular data production underscore the importance of prior experi-
ence and knowledge, as well as infrastructure and experimental processes. Finally, the de-
velopers and growers I followed engaged in ongoing work to determine what the data
meant, how it should inform action, and what sustainability could mean in their specific
contexts. Together, these elements provide decalage in how we consider digitization in agri-
culture and the sustainability claims attached to it by focusing on a specific entry point pro-
vided by the participants: granularity.

In conclusion, uncovering how granularity is enacted and made sense of, both discur-
sively and in practice, opens at least three potential avenues for future research. In address-
ing the origins and modes of producing connections between environmental concerns and
digitization through claims, we qualify their content, moments, and intended audiences, and
we avoid conflating them with actual practices. While the broader cultural economy sur-
rounding sustainability claims and their incorporation into public funding policies should
be scrutinized, focusing solely on final formulations and public occurrences offers little basis
for understanding how claims stabilize and circulate among various actors and their mate-
rial, situated practices (Lippert, 2014). This point raises further questions about potential
power imbalances among the parties we have examined — growers, developers, agronomists,
data and plant scientists — and among them and their investors and business partners. What
definitions of sustainability can or cannot be claimed in these networks and enacted in the
infrastructure and knowledge they rely on?

In considering more closely data production and interpretation, we are led to follow Na-
tasha Dow Schiill in her distinction between Foucauldian notions of technologies of power
and technologies of the self, where she invites us to see (human) sensors as encompassing
both categories: control and power, but also a form of (self-)knowledge that invites further
exploration. Such a position “seeking to explore a space between the poles of boosterism and
readymade critique, entertain[s] the idea that data tracking and quantification might serve
as aids to self-understanding and new forms of living” (Schiill, 2019: 911). Through experi-
mentation in growers' fields and in different startup and research labs, plant sensors seem to
occupy a similar space, potentially complicating the biopower narrative, where granular
data leads to more questions than answers, and may intervene in the question of how to
become more sustainable without solving it once and for all.

Finally, while sustainability claims carry a slippery moral character, involving both a pre-
tension to do good and varying assessments of whether this pretension is genuine or decep-
tive, they contrast sharply with the diffuse ideal of neutrality and accuracy surrounding
granular data. Often taken as the epitome of mechanical objectivity (Daston and Galison,
2010), sensors are seen as instruments capable of capturing ongoing, precise measurements
at scales and frequencies beyond human biases or limitations — that is, without human inter-
vention. By examining how data granularity is produced through collaborative work, con-
trolled infrastructures, experimental practices, and continuous human sense-making, we
find that granular data is inherently merged with human decisions and interpretations. As
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Rob Kitchin reminds us, “data-driven endeavors are not simply technical systems but are
sociotechnical systems [...], they are as much a result of human values, desires, and social
relations as they are scientific principles and technologies” (Kitchin, 2021: 5). Yet, we may
ask, if a closer look at digital agriculture shows that human values infuse both sustainability
claims and granular data, why does our moral appraisal tend to fall only on the claims, not
on the data practices?
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