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Abstract

The digital revolution in agriculture has been intensifying and, in this context, the role of
agtechs —startups that work with agricultural technologies— in promoting the digital agricul-
. Editor tural innovation ecosystem is evident. The objective of this research was to study the spec-
ificities of the agricultural sector with regard to the digitalization movement, investigating in

Esteban Casaretto particular the contribution of startups in this process, the so called agtechs. A case study

Universidad de la

Reptiblica, Montevideo, was conducted on the Techstart Agro Digital program based on data collection from entre-

Uruguay preneurs participating in the 2020/2021 cycle. The main contribution mapped in this re-
search was the offer of digital technologies by agtechs, mainly characterized by low com-

Received 17 Jul 2024 plexity products and services, especially digital applications. The entrepreneurs highlighted

Accepted 24 Jan 2025 some challenges associated with the operations of startups, such as limited connectivity

Published 21 Aug 2025 and the lack of digital skills on the part of producers, along with the difficulty in finding
qualified labor and proving, to the producer, the benefits related to the adoption of digital
technologies. There is a contingent of agtechs already working with higher complexity tech-
nologies and there was an interest among respondents in incorporating new technologies
into their portfolio —mainly data from field or remote sensors, machine learning and block-
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for agtech entrepreneurship.
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Resumen

La revolucion digital en la agricultura se ha ido intensificando y, en ese contexto, es evidente el papel de las agtechs,

startups que trabajan con tecnologias agricolas, en la promocion del ecosistema de innovacion agricola digital. El objetivo

de esta investigacion fue estudiar las especificidades del sector agricola con respecto al movimiento de digitalizacion,

investigando en particular la contribucién de las startups en este proceso, las llamadas agtechs. Se realizé un estudio de
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caso sobre el programa Techstart Agro Digital a partir de la recopilacién de datos de los emprendedores que participan
en el ciclo 2020/2021. El principal aporte mapeado en esta investigacion fue la oferta de tecnologias digitales por parte
de las agtechs, caracterizadas principalmente por productos y servicios de baja complejidad, especialmente aplicaciones
digitales. Los emprendedores destacaron algunos desafios asociados a la operacién de las startups, tales como la limitada
conectividad y la falta de habilidades digitales por parte de los productores, junto con la dificultad para encontrar mano de
obra calificada y demostrarle al productor los beneficios relacionados con la adopcion de las tecnologias digitales. Existe
un contingente de agtechs que ya trabajan con tecnologias de mayor complejidad y hubo interés entre los encuestados
en incorporar nuevas tecnologias a su portafolio, principalmente datos de sensores de campo o remotos, aprendizaje
automatico y blockchain. Se entiende que los resultados de esta investigacion pueden contribuir a orientar acciones para
promover e incentivar la agricultura digital a través de politicas de infraestructura e incentivos al emprendimiento agtech.

Palabras clave: agtechs, digital, agricultura 4.0, innovacion, startups

Como as agtechs contribuem para a digitalizagao da agricultura?: Insights do
programa de aceleracao Techstart Agro Digital

Resumo

A revolugéo digital da agropecuéria vem se intensificando e, neste contexto, evidencia-se o papel das agtechs, startups
que atuam com tecnologias agricolas, na promogéo do ecossistema de inovagao agricola digital. O objetivo desta pes-
quisa foi estudar as especificidades do setor agricola no que se refere ao movimento de digitalizagdo, investigando em
especial a contribui¢do das startups nesse processo, as chamadas agtechs. Foi conduzido um estudo de caso sobre o
programa Techstart Agro Digital a partir de coleta de dados junto aos empreendedores participantes do ciclo 2020/2021.
A principal contribuicdo mapeada nesta pesquisa foi a oferta de tecnologias digitais por parte das agtechs, caracterizada
majoritariamente por produtos e servigos de baixa complexidade, especialmente aplicativos digitais. Os empreendedores
destacaram alguns desafios associados a atuagéo das startups como: a limitada conectividade e a falta habilidades digi-
tais por parte dos produtores, juntamente a dificuldade em encontrar mao de obra qualificada e em comprovar, ao produ-
tor, os beneficios relacionados a adogédo de tecnologias digitais. Existe um contingente de agtechs ja atuando com tec-
nologias de complexidade mais alta e verificou-se um interesse dos respondentes em incorporar novas tecnologias ao
seu portfélio, principalmente dados de sensores de campo ou remotos, aprendizado de maquina e blockchain. Entende-
se que os resultados desta pesquisa possam contribuir para o direcionamento de agdes de fomento e estimulo a agricul-
tura digital através de politicas de infraestrutura e do incentivo ao empreendedorismo agtech.

Palavras-chave: agtechs, digital, agricultura 4.0, inovag&o agricola, ecossistema de inovagéo

1. Introduction

The agri-food sector plays an important role in providing food and fiber for a growing population and supplying
a wide variety of inputs for the industry. Currently, the way in which we produce, distribute, sell and consume
agri-food products is affected by crises in several dimensions, interconnected and unprecedented(?). This context
hinders necessary transformations towards sustainability; reduction of hunger, poverty and inequalities; digital
inclusion of part of the world population, and advancement in regulatory aspects, business models and govern-
ance to support this process. Some of these challenges are(@@): to provide food in a way that guarantees liveli-
hoods for everyone working in the food supply chain, and contribute to environmental sustainability, considering
the growing scarcity of natural resources, such as water and land, and global climate change caused by human
action.

Some events further increase the uncertainties associated with global agriculture, such as the effects of a recent
pandemic of the new Coronavirus (Sars-CoV-2)# and armed conflicts —between Russia and Ukraine, which
began in 2022, and between Israel and Hamas, in Palestine, started in 2023-. Conflicts generate logistical diffi-
culties, and shortages of inputs (especially fertilizers), rising prices of agricultural products ().
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Historically, technological change processes have contributed to tackling the different challenges facing agricul-
ture, leading to real, almost immediate impacts(®. The analysis of the Brazilian case shows that the adoption of
new technologies —such as agricultural machinery and equipment, fertilizers, and pesticides— played a key role
in the growth of agricultural productivity, notably from the 2000s onwards.

The information technology revolution, which began in the 1990s(?), evolved and accelerated to the “digital trans-
formation”, a phenomenon that involves the combined effects of several digital innovations bringing new actors,
structures, practices, values and beliefs that change, threaten, replace or complement the existing rules of the
game within organizations, ecosystems and sectors(®). Digital technologies can be defined as tools that collect,
store, analyze and share data and information digitally, using computing devices (including smartphones) and
the internet connectivity infrastructure®. These digital technologies represent a new factor of production that
begins to modify the bases of economic growth by transforming strategy, culture and organizational processes
based on the communication infrastructure of the internet(10),

In recent years, a broad digital revolution has also been established in agriculture, even though the sector has
—until recently— been considered a laggard in the digitalization movement('1). This digital transformation of the
agriculture is characterized by the transition from analogue processes —even if already technological- to production
chains structures by new digital, disruptive, convergent, and interrelated technologies(2). Called Digital Agricul-
ture or Smart Farming(3), this movement is characterized by the adoption of computational and geoprocessing
technologies in production activities, which allow producers to plan, monitor and manage operational and stra-
tegic activities. It is noteworthy that this transformation encompasses the entire agricultural production chain,
starting with inputs, going through production, logistics, processing, distribution, and retail from seed to fork(14),

Several groups of digital technologies have been building this new revolution in the sector, also known as Agri-
culture 4.0, among them: field and remote sensors, access to broadband mobile communication, internet of
things, big data analytics, automation and robotics, computing in cloud and artificial intelligence(1(19). Some
trends that characterize this technological movement involve the provision of new technological services struc-
tured from data, the possibility of transparency and certification offered by traceability tools and the construction
of new business models, in particular, digital platforms for commercialization, whether of inputs or final products,
reducing transaction costs and offering more business security(15).

There are some expected benefits associated with the digital revolution in agriculture, including: increasing the
sector's resilience, increasing productivity and sustainability, and providing greater transparency and reliability
to activities from production on the farm to the consumer’s table(16),

Although agricultural innovation has traditionally always been associated with a large number of stakeholders —
such as universities and research institutions; technical assistance and rural extension companies; rural produc-
ers of different sizes and segments; suppliers of inputs, equipment, financial services; processing and distrib-
uting companies; producer associations and cooperatives®-, digitalization attracts new actors interested in ex-
ploring the new opportunities offered. Among the new entrants we have agtech startups working with digital
technologies; business accelerators and venture capital investors; large information technology companies
(such as IBM, Google, Meta), and operators in the telecommunications sector(15),

Since the 2010s, there has been a strengthening of agtech entrepreneurship in several countries(?), whether in
those with a strong innovation environment marked by incentives and developed actors, as is the case in the
United States and the United Kingdom, or in nations in which agriculture represents a significant portion of the
gross domestic product (GDP), such as India and China('8). During this period, a favorable context was estab-
lished for the flourishing of startups based on agricultural technologies through the expansion of risk investors,
the emergence of specific incubation and acceleration programs for agtechs, and a movement of acquisitions of
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startups by corporations that sought to integrate into this movement of technological transformation, through the
acquisition of their skills and innovative business models.

In this research, the agricultural innovation ecosystem approach(®) is used to investigate this new innovative
context, understood as a complex socio-technical system in which heterogeneous actors participate and collab-
orate with each other in digital innovation activities2%), from several dimensions: technological, social, economic,
and institutional(@1),

The ecosystem is one of the most important concepts in the field of ecology, defined as a system formed by
several components: plants, animals and the physical environment that surrounds them, such as soil and cli-
mate, which interact and organize themselves to promote a state of balance dynamic(?2). The ecosystem meta-
phor becomes richer and more contextualized when applied to the study of agricultural innovations, by including
biological components, natural resources, the physical environment, and socially constructed elements (such as
economic actors, interactions and relationships, culture, technologies, institutions, laws, and standards ().

The literature points out that agtech entrepreneurship is an important element in the context of an agricultural
innovation ecosystem('3). And, in this sense, it is understood that the mechanisms for developing and encour-
aging innovative startups contribute to the digital transformation of agriculture(16(20), Business incubators and
accelerators are promising instruments to support the creation, development, and maturation of technology-
based startups(z4). These initiatives are structured around educational activities conducted in groups, during a
defined period —a few months, in general—, associated with the offer of targeted mentoring for each participating
startup(?).

The objective of this research was to study the specificities of the agricultural sector with regard to the digitali-
zation movement, investigating in particular the contribution of startups in this process. The aim is to promote
an overview of the contribution of agro-digital entrepreneurs to the digital transformation of agriculture. A case
study was conducted with startups participating in the Techstart Agro Digital program in the 2020/2021 cycle(26).,
This open innovation and acceleration program is co-carried out by Embrapa Agricultura Digital and Venture
Hub since 2019, and seeks to explore the opportunities offered by the digitalization of the agricultural sector.

Techstart Agro Digital is structured around interventions typical of an acceleration program, such as sessions to
disseminate content and entrepreneurial techniques; technical and business mentoring, and access to services
and technologies at subsidized prices; pitch preparation workshops; examination boards with the participation
of researchers, professionals and investors working in the agricultural sector@”). The aim is to establish spaces
for exchanging knowledge and experiences, as well as networking moments to expand the access of agtechs
to various actors in the innovation ecosystem. All these benefits are offered in exchange for equity participation
of the startups, negotiated on a case-by-case basis.

The scope of the research involved a survey with entrepreneurs participating in the 2020/2021 batch of this
program, to establish a profile of the startup, its technological offer and operating markets, as well as their per-
ceptions related to future trends in the sector. This article has five sections in addition to this introduction. The
next section presents the methodology used in the analysis and, subsequently, the results found, a discussion,
and the conclusions of the study are presented.

2. Materials and Methods

This research aimed to answer a central question: what is the contribution of agtechs to the digital transformation
of the agricultural sector?
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To answer this question, a case study was promoted, surveying the perceptions of young companies based on
agricultural digital technologies participating in the Techstart Agro Digital program during the 2020/2021 batch.
The case study approach is suitable for investigating a contemporary social phenomenon over which the re-
searcher has no control@8), to seek an understanding of its dynamics through more detailed and exploratory
questions and analyses. In this sense, it is understood that the search for an understanding of the contribution
of startups to the digitalization of the agricultural sector is a theme consistent with this approach.

This research followed the reference parameters of the study “Digital Agriculture in Brazil"('4) based on the se-
lection of a specific target audience —the 26 startups participating in the Techstart Agro Digital program during
the 2020/2021 batch-. Data collection was conducted from an online questionnaire in survey format using mostly
quantitative data and qualitative elements (the latter identifying the entrepreneurs' perception of future trends in
agtechs sector). A strategy of mixed methods(2%) was employed with the integration of qualitative and quantitative
data, in order to obtain a pragmatic approach to address a central issue: insights of the contribution of agtechs
to the digitalization of agriculture. Qualitative data tends to be open-ended and subjective, while quantitative
data usually includes closed-ended responses and objectivity@®). This combined strategy based on the triangu-
lation from different data sources allows more possibilities of obtaining deeper insights than isolated methods.

The structure of the online form is presented in Table 1.

The questionnaire involved different types of questions (alternatives, multiple choice and discursive) grouped
into the following thematic axes:

(I) Identification of each agtech;

(1) Segment and operating profile: segment (agriculture, livestock and forestry); types of digital solutions
offered; agricultural chains served; customer categories (farmers, traders, consultancy companies, co-
operatives, among others); the most prominent technological fields and markets;

(1) Data science expertise: startup's performance in data science, an optional question;

(IV) Perception of the entrepreneurs (qualitative): advantages provided by digital technologies by agri-
cultural sector; challenges and/or limitations for its commercialization/diffusion, and perspectives of us-
ing different types of technologies in digital agriculture.

It is worth highlighting that the structure and topics of the consultation were analyzed and validated by experts
regarding relevance and form of presentation. The questionnaire was built at the Google Forms platform, and
sent by email between December 15, 2020 and January 5, 2021. The Supplementary Material 1 presents the
complete survey questionnaire. The main results and analyses are presented below.
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Table 1. Structure of the online consultation form of the agtechs at Techstart Agro Digital 2020/21

THEMATIC AXES

TOPIC INVESTIGATED

DATA COLLECTED

I Identification

Startup profile

Name

City/state of origin

Contact details

Program participation edition

Macroregion(s) operating in the national territory*
Industry(s) of activity

Il. Segment and operating
profile

Agriculture/ Livestock/
Forestry

Time in the industry

Type(s) of cultivation(s) dedicated

Technology supply area(s) in digital agriculture

Main categories of customers** that provide services
Main applications of technologies in digital agriculture
used by startups’ clientele

lll. Data science expertise

Startup selling and/or
providing image and/or
data services*™*

Investigation of the frequency of the most used
sensor(s)
Investigation of the most used spatial resolution(s)

IV. Perception of the
advantages, challenges,

limitations, and perspectives

of using technologies in
digital agriculture

Investigation of perceptions
related to the advantages
provided by technological
segments in relation to:

Increased productivity, reduced costs, optimized use
of inputs*™**, better activity planning, better labor
efficiency, reduced environmental impact, ease of
marketing, increased profits, access to direct sales.

Investigation of the
challenge(s) and/or
limitations

for the commerecialization or provision of services in
digital agriculture;

indicating technology that you do not work with but
would like to incorporate into your portfolio.

Notes: *According to IBGE - Instituto Brasileiro de Geografia e Estatistica.**such as: farmers, companies, cooperatives, govern-
ments, among others.***UAVs, drones, satellites, nanosatellites, among others.****Seeds, fertilizers, pesticides, biological control
agents and water.

3. Results

Founders of 30 agtechs participating in the 2020/2021 cycle of the Techstart Agro Digital program were invited
to participate in the online consultation. A voluntary return of 26 fully completed questionnaires was obtained,
equivalent to 86.6% of the selected sample. The results obtained in the different thematic axes are presented
and discussed below.

3.1 Profile of Agtechs: Location and Production Chains of Operation

From the information collected in the thematic axes “identification” and “segment and operating profile” it was
possible to establish a profile of the responding agtechs. In relation to time of experience, 65.4% indicated that
they have been operating for at least five years, a profile consistent with an acceleration program that seeks
startups with minimally viable products and services and/or with first sales.

The analysis of the participants' location presents a distribution across seven Brazilian states, as shown in Fig-
ure 1. There is a concentration in the southeast of the country (69%) and in Sao Paulo (54%). The percentage
distribution in the other states is: Minas Gerais (11%), Rio Grande do Sul (11%), Ceara (8%), Rio de Janeiro
(4%), Mato Grosso do Sul (4%), Goias (4%), and Para (4%).
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Figure 1. Distribution of participating agtechs by municipalities and states of origin

The responses showed that many of the responding agtechs do not limit their operating range to the municipality
or state of “headquarters” 42% of them operate in more than one region of the national territory, or throughout
Brazil. It was indicated that 77% operate in the southeast; 65% in the midwest; 62% in the south; 54% in the
northeast, and 42% in the northern region, which reveals a slight concentration of activity in the center-south
axis of the country.

The analysis of the spatial distribution of the location of startups and their area of activity allows us to infer the
diffusion and adoption of digital technologies in different regional production arrangements.

Regarding the production chains in which the responding startups operate, it was found that some of them
operate in more than one segment. The results indicated that the majority of agtechs operate in the agriculture
sector (73%). Among these, totaling 20 startups, there are three main crops mentioned: soybeans (60%), corn
(50%) and wheat (40%). It is noteworthy that these three agricultural crops (soybeans, corn and wheat) make
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up almost 90% of the harvested area in Brazil and 91% of the grain production harvest@9). Other crops indicated
were: beans and vegetables (both with a proportion of 20%), cotton, rice and coffee (both with a proportion of
15%), English potatoes, tobacco, sunflower, apple, cassava, mango and millet (all with a proportion of 10%).

Around 23% of respondents operate in livestock and forestry, each. Livestock activity is mainly focused on cattle
farming, with 50% of respondents working with beef cattle and 37.5% with dairy cattle; 25% work in poultry
farming, and 12.5% work in pig farming. In forestry activities, 63.6% of participants indicated that they operate
in the segment of eucalyptus, 54.5% with pine and 9.1% with other exotic species. It should also be noted that
54.5% also indicated that they work with native species. The research also showed that many agtechs serve
clients working with more than one species (eucalyptus, pine and native trees).

3.2 Operating Market: Customers, Types of Products/Services, and Data Science

Among the main categories of customers of agtechs participating in the survey, the following stand out: farmers
(76.9%), associations, cooperatives, unions or non-governmental organization (NGOs) (69.2%), and municipal,
state and/or federal governments (38.5%), service providers (30.8%), livestock farmer and silviculture (23.1%),
with the same participation, and equipment and machine companies and financial institutions with equal per-
centage (11.5).

Regarding technological fields of operation, 73% of the responding agtechs supply cell phone applications, com-
puter programs or digital platforms for managing property or agricultural production. Secondly, 42% of respond-
ents stated that they offer services based on data or images about plants, animals, soil, water, climate, diseases
or pests provided by sensors in the field. The third most cited field of activity —with 35% of respondents— involves
working with data or images of the farm, provided by remote sensors, such as satellites, airplanes, unmanned
aerial vehicles (UAVs) and/or drones.

Figure 2 presents the technological fields of operation of the responding agtechs.

Mobile apps, software, property management platforms I 3%
Data or images about plants, animals, soil, water, climate,... I 10%
Remote sensing data orimages IS 35%
Machines or equipment with embedded electronics GGG 3%
Productivity maps (NDVI) or geolocation information NN 23%
Automated systems or robotics I 19%
Internet for general activities on the property I 15%
GPSon the property I 7%
Remote monitoring of water systems Wl 4%
Artificial intelligence for productivity estimation Wl 4%
Marketing marketplace Wl 4%
Cadastral, land and agricultural analysis 1l 4%

Plant Traceability Software [l 4%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 2. Technological fields of operation of the respondents agtechs

Digital technologies can be categorized into three groups —low, medium and high complexity of applications—
which directly influence decision-making regarding acquisition and use by Brazilian farmers(1). According to the
literature®") the following technologies are categorized as low complexity: internet and connectivity/wireless;
mobile apps, digital platforms and software; global positioning systems, and digital maps. Medium complexity
applications are based on proximal and field sensors, remote sensors, embedded electronics, telemetry, and
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automation. High complexity applications are developed with deep learning and internet of things, cloud compu-
ting, big data, blockchain and cryptography, and artificial intelligence.

A previous study®!) identified that between 60% and 70% of farmers use low-complexity digital technologies
such as applications and digital platforms to support property management, purchase of inputs and commercial-
ization of production; between 16% and 22% use medium complexity technologies, such as data from remote
and field sensors for mapping and agricultural monitoring; and 5% to 9% use automation and embedded elec-
tronics, still classified as technologies of medium complexity, even though they are more sophisticated and
evolved than those previously mentioned.

Even though there are connectivity restrictions (both in terms of coverage and transmission of data), the use of
cell phones is already a reality in Brazilian rural areas, where 71% of the farmers already use applications aimed
at managing their crops or selling products, whether directly on the property or via associations or coopera-
tives®1),

It is noteworthy that “data-driven agriculture”2) is being established by reducing the costs of collecting, analyz-
ing, and storing data in agriculture, whether through sensors and computers at more affordable prices, through
access to connectivity, and cloud computing. This technological trend has allowed the generation of unprece-
dentedly large amounts of data on modern farms, collected in the process of digitalization of field and manage-
ment operations.

Regarding this matter, two questions of the survey —optional- explored aspects related to the use of remote
sensing associated to commercialization of products and/or services based on images and/or data obtained by
drones, UAVs, nanosatellites, satellites and/or planes, highlighting the sensor most frequently used. Approxi-
mately 35% of survey participants answered this question, as shown in Figure 3.

25%

23% 23% 23%
20% 19%
15%
15%
12%
10%
8% 8%
5% 4% 4% 4%
0% I I

Multiespectral Hiperespectral Termal Radar Lidar

H do not use frequent use M very frequent use

Figure 3. Types of sensors most used by responding agtechs

The analysis of the responses indicates the combined use of images and data for digital agriculture, with the
multispectral sensor being the most used. Radars had the second highest frequency of use. Regarding non-use,
23% of startups do not use hyperspectral, thermal and LiDAR, and 15.4% do not use multispectral.

It is worth noting that the increasing evolution of remote sensors has been offering a greater range of agro-
environmental mapping and monitoring applications through increased spatial, temporal, and spectral resolution.
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Sensors that initially had a spatial resolution greater than 30 meters now have a sub-metric pixel size. Previously
restricted to fortnightly or monthly revisits, today they can map the same area daily. If previously they focused
on the visible (RGB) or near-infrared bands of the electromagnetic spectrum, today they have up to a hundred
bands at different wavelengths.

These new remote sensors —embedded in satellites, nanosatellites and UAVs—- have been used by Brazilian
farmers to assess soil characteristics and fertility, monitor irrigation and drainage processes, and map land use
and cover(32), There are also increasing applications of spectral vegetation indices, such as the traditional NDVI
(Normalized Difference Vegetation Index) and the EVI (Enhanced Vegetation Index), an adjusted version of the
NDVI with a focus on denser vegetation, which allow decision-making on land management, sail or agricultural
crops in near real time.

More innovative applications involve the use of hyperspectral sensors, LiDAR (Light Detection and Ranging),
fluorescence spectroscopy, and thermal spectroscopy. These conditions, associated with new applications
based on machine learning and computer vision algorithms, allow the collection of more accurate data and
images and the development of more complex tools, such as evaluating soil properties or a specific agricultural
crop through the analysis of specific compounds, molecular interactions, and biophysical or biochemical char-
acteristics.

However, even with the increasing availability of images at different spatial, temporal, and spectral resolutions,
the agricultural sector has not yet fully implemented remote sensing technologies due to knowledge gaps re-
garding their sufficiency, suitability, and technical-economic feasibility(@3).

3.3 Applications and Perception of Advantages and Benefits

The responses obtained regarding types of applications offered were quite heterogeneous, involving a wide
distribution of categories. The main purposes/applications highlighted by the respondents were: production
and/or productivity estimates (53.8%); obtaining information for planning and managing rural properties (53.8%);
certifications and traceability of agricultural products (42.3%); disease detection and/or control (38.5%); mapping
and land use planning (38.5%); pest detection and/or control (34.6%); detection and/or control of areas with
water deficit (30.8%); detection and/or control of operational failures (30.8%), and detection and/or control of
weeds or nutritional deficiencies (26.9%).

The research investigated three groups of digital technologies in more detail: (i) web applications and services;
(ii) field sensors —soail, plants, animals, machines and equipment—, and (iii) remote sensors —satellites, drones
and UAVs-. Applications and web services are those that present the greatest perception of benefits from the
perspective of entrepreneurs, highlighting greater access to direct sales to consumers (84.7%), greater ease of
marketing products (84.6%), better planning of daily activities (46.2%) and greater increase in profit (42.3%).

Field sensors/machines/equipment are associated with benefits related to greater optimization in the use of
inputs (53.8%) and greater labor efficiency to carry out activities (38.5%), together with increased productivity
(34.6%), greater cost reduction (27%), and greater profitability (26.9%).

Remote sensors are associated with benefits involving reduced environmental impact in production (38.5%),
greater cost reduction (34.6%), greater productivity (30.8%), and better planning of daily activities (30.8%).

3.4 Challenges, Limitations and Perspectives for Digital Agriculture

The last thematic axis of the survey regarded the perception of entrepreneurs in relation to the challenges and/or
limitations for the commercialization or provision of services in digital agriculture. Two challenges received most
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mentions: the availability of internet connectivity in rural areas and users' access to training in digital agriculture
technologies. And these issues have been prioritized by federal government policies for some years now(15)(23),

Obtaining qualified and specialized external labor was also a frequently cited challenge. Other challenges for
the adoption of technologies by the producer were named, such as the difficulty in proving the benefits for the
farmer, the value of the investment for acquiring technologies and hiring service providers by farmers, and the
operational and maintenance cost of machines, equipment, and applications. Another point to improve would be
access to credits for the purchase of machinery and equipment by service providers and farmers.

The last item of the consultation referred to the prospects for incorporating new technologies in digital agriculture
into the portfolio of the agtechs participating in the study. In relation to “data-driven agriculture”@2), the answers
emphasized the use of data and/or images, whether captured by field sensors (46%) or remote sensors —satel-
lite, plane, unmanned autonomous vehicles (UAVs) and/or drones (42%)-. Other technological fields mentioned
were artificial intelligence (42%) and machine learning (39%), perhaps in the direction of data analytics. Cryp-
tography and blockchain were also mentioned (35%).

4. Discussion

The startups that participated in the study are concentrated in the southeast region of the country (69%), mainly
operating in agriculture (77%), and working mainly with cell phone applications, computer programs or digital
platforms (73%), generally focusing on management. This distribution is coherent with the last study mapping
agtechs in Brazil®4 by location and field of operation.

The results showed that most of the digital applications offered by the startups —73% of them- had a low level
of complexity (apps and digital platforms such as marketplaces)@®"), highlighting an offer that is still unsophisti-
cated in terms of the technological drivers that characterize digital transformation such as sensors, access to
broadband mobile communication, internet of things, big data analytics, automation and robotics, cloud compu-
ting, and artificial intelligence(")(10).,

The adoption of digital technologies of low complexity is aligned with recent researches. McKinsey Consulting
has been carrying out a survey with agricultural producers since 2018 about their perceptions of market, chal-
lenges, and technological innovations(®). This research showed that, after the pandemic, technology adoption
started through their purchasing journey, with the use of instant messaging —WhatsApp, being particularly pop-
ular in Brazil- and digital marketplaces, especially in the acquisition of equipment.

Growers in South America are more open to digital interaction than other countries(®3) and the level of adoption
of digital agriculture technologies is led by Brazil and Argentina, followed by Uruguay and Chile(®). The access
to mobile phones by growers combined with the support of the private sector and public institutions enabled a
rapid adoption of agriculture apps.

Recent data collected in 202439 indicates that countries with larger farm sizes, such as Brazil and the United
States, are leading in adoption of digital technologies, including more complex ones, such as digital agronomy
tools (yield monitoring, fertility prescription, planting and seed optimization and irrigation) and precision agricul-
ture, with United States leading adoption rates, followed by Brazil, Europe and India.

The only applications of higher technological complexity offered by the startups participating in our survey (con-
ducted in 2021) involved the use of data or images about plants, animals, soil, water, climate, diseases or pests
provided by sensors in the field, and data or images of the property, provided by remote sensors. These findings
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are aligned with the recent studies, especially related to remote sensing®5)36), Even in 2024, automation and
robotics —high complexity technologies— have a lower adoption rate®3), which explains why agtechs were starting
their offer by offering low complexity digital technologies in the market, as a strategy to gain scale and grow.

It appears, however, that there is already a percentage of startups working with technologies even more sophis-
ticated, structured by the collection and analysis of large volumes of data and the use of remote sensing images
-35% of the responses—. This percentage might increase, given the perspectives of technological evolution
mentioned by the respondents.

Despite the large number of technological options available for agricultural producers, it is noteworthy that they
consider that the return on investment (ROI) related to digital technologies adoption is still uncertain and de-
mands high maintenance investment®3). Because of that, there is a concern about having a clearly demonstrated
ROl in the application of the technologies in the farm before the acquisition and implementation in the field ),
One opportunity for agtechs is to offer tailored solutions to different productive chains and by this to get a better
ROI and effective results.

Among the main challenges indicated by agtechs regarding their technological performance and commerciali-
zation of products and services, the following stand out: insufficient rural connectivity infrastructure; limited user
access to training in digital technologies; difficulty of obtaining qualified labor, and the need to establish business
models that value the benefits of adopting digital technologies in the field. These obstacles are also cited by
recent literature in regard to South America(®),

There is a very limited connectivity infrastructure in remote areas with small populations in Brazil®"), areas with
less commercial interest for telecommunications operating companies. Even though internet access in rural
households does not reflect the situation of rural properties, located further away from municipalities, this is an
insightful indicator. Albeit slowly, the distance between urban (85.6%) and rural (73.8%) households in terms of
connectivity is decreasing, both with growing trends(®). In this sense, public policies and community strategies
play an important role and this topic is already part of the agenda of Brazilian policy makers in their quest to
promote the development of rural regions.

Regarding adoption of high complexity digital technologies in the farms, 77% of users of rural municipalities
access the internet from a cell phone, compared to 56% of users in urban areas(®?). Being less expensive de-
vices, and considering its utility to day-by-day life, smartphones represent a more affordable investment, espe-
cially with the increase in connectivity services and decrease in their costs. But the small screen and limited
processing capacity restrict the access to sophisticated information based on data-driven tools for precision
agriculture and digital agronomy.

The analysis of the profile of startups participating of Techstart Agro Digital program and their perception of
market and future perspectives offered important insights to understand their influence on the digitalization of
the field. Although digital entrepreneurship can serve as a key driver for the increased supply of digital solutions
for agrifood systems, it depends on the quality of its surrounding innovation ecosystem. Several building blocks
should be provided, such as market accessibility, qualified human capital, financial support, regulatory frame-
work, research and innovative culture, and soft and digital skills(20).
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5. Conclusions

The results of this research highlight the technological offer of the consulted agtechs as their main contribution
today to the digital transformation of the countryside, bringing digital technologies closer to the universe of rural
producers.

The locational concentration of the agtechs —in the southeast region of the country (69%)- reflects the profile of
Brazilian territorial development, especially with regard to the adoption of information technologies and the en-
trepreneurial movement. And the main markets indicated —southeast, central-west and south— correspond to the
main productive regions of the country, as expected.

The technological offer mainly involves low-complexity products and services, such as digital applications. This
technological profile is consistent with the type of internet access in rural households today (mostly mobile) and
with the level of training and digital skills of most Brazilian rural producers today. The main benefits perceived
by entrepreneurs related to the adoption of digital technologies by farmers are improvements in marketing pro-
cess (greater access to direct sales to consumers, greater ease, and increased profitability) as well as manage-
ment of the property, regarding better planning of daily activities.

There is still little information and effective studies on the conversion of the adoption of these technologies into
productive benefits, even though entrepreneurs indicate several possibilities associated with each technological
category. However, in general, producers consider that the return on the investment in digital technologies is
still uncertain.

Literature shows that startups are a key factor to increase the offer of innovative digital technologies to agricul-
ture and they grow from a fertile and supportive environment. To develop a significant market for digital-based
technologies for agriculture, an innovative agricultural ecosystem should be strengthened to facilitate collabora-
tion to generate gains for the actors involved: producers, corporations, universities and research centres, gov-
ernment and policy makers, extension agents, cooperatives, and consumers.

Public policies can create the basis for the development and dissemination of new, more complex applications
by agtechs. Among the initiatives would be encouraging and accessing the acquisition of devices and access to
quality connectivity services and the development of digital and technological skills for professionals working in
the field. Incentives to collaboration of different actors to generate technological innovation can also be provided
by government and development agencies.

The formulation of public policies and other mechanisms to encourage agricultural innovation, in different Bra-
zilian regions, could provide infrastructure, education, and skills. Also, the development of tailored solutions for
different productive chains could lead —in the long run— to an increase in the demand for more complex technol-
ogies. The adequate incentives to build a virtuous collaborative innovation ecosystem in Brazilian agriculture
would provide more effective digital applications and better results in the field, meeting the promises associated
with the digitalization of the sector.

The results of this research can contribute to overcome the technological challenges identified in the survey and
encourage digital agriculture development, to increase the technological offer of agtech entrepreneurs and its
adoption. Future studies can advance in this discussion, either investigating the adoption of digital technologies
in the agricultural sector in census-type surveys considering different categories of technologies and complexity
levels, or mapping different regional innovative ecosystems in Brazil to support specific public policies, identify
local demands, and develop tailored solutions.
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Supplementary material
Supplementary Material 1 — Techstart Agro Digital Survey

Section 1: Message to Participants

This survey is part of the Techstart Agro Digital program, co-organized by Embrapa Agricultural Informatics and
Venture Hub® with support from Airbus Defense and Space, the National Association of Entities Promoting
Innovative Enterprises (Anprotec), Bayer, Cargill, Google Cloud, Sebrae-SP, and the Faesp/Senar System. Par-
ticipation is voluntary and, when answering the questionnaire, privacy will be respected and data will be kept
confidential. The coordination team is responsible for the safekeeping and confidentiality of the information.
There will be no expenses or financial compensation for participation. For more information, contact Ariovaldo
Luchiari Jr. (ariovaldo.luchiari@embrapa.br) or Edson Bolfe (edson.bolfe@embrapa.br).

Section 2: Identification

Startup/Company Name:

City/State:

Name of the person responsible for filling out the form:
E-mail:

Participation edition: 2019 or 2020/2021

Section 3: Business Profile

1. Which region(s) do you operate in in Brazil?
Options: North, Northeast, Midwest, Southeast, South (non-exclusive)

2. In which production sector do you operate?

(Check as many alternatives as necessary)

Options: agriculture, livestock, forestry, agricultural risk, climate and environment, environment, ILPFs, mining,
bioeconomy, fish farming, water resources, fruit farming, biodynamic agriculture (non-exclusive)

3. How long have you been working in this/these segments?
Options: up to 5 years, more than 5 years

4. If you work in agriculture, which one(s)?

(If you work in this segment, select as many options as necessary; if not, go to the next question)

Options: Cotton, Rice, Potatoes, Cocoa, Coffee, Canola, Beans, Tobacco, Sunflower, Vegetables, Apples, Pa-
paya, Cassava, Mango, Melon, Millet, Corn, Soybeans, Wheat, Grapes. Others: Sugarcane, Forests, Agai,
Sorghum, Water in agriculture

5. If you work with livestock, which one(s)?
(If you work in this segment, select as many options as necessary; if not, go to the next question)
Options: Poultry, Beef cattle, Dairy cattle, Goats, Sheep, Pigs. Others
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6. If you work with silviculture, which one(s)?
(If you work in this segment, select as many options as necessary; if not, go to the next question)
Options: Eucalyptus, Pine, Native, Others: credit, Water in agriculture (wells), Jugara, Exotic

7. In which areas do you work and/or provide digital agriculture technologies? (Select as many alternatives as
necessary)

Options:

* Mobile applications, computer programs or digital platforms for property management

« Data or images of the property provided by remote sensors —satellite, airplane, UAV and/or drones
+ Data or images on plants, animals, soil, water, climate, diseases or pests provided by sensor

* GPS on the property (global satellite positioning systems)

* Internet for general activities related to production

+ Digital productivity maps (NDVI) or geographically located information for use in the geographically located
information for use in production management

+ Machinery or equipment with embedded electronics, such as autopilot, telemetry, applications
* Other

8. Who are your main audiences/clients?

(Check as many alternatives as necessary)

Options: Farmers, Machinery or equipment companies, Financial credit and rural insurance organizations,
Livestock farmers, Service providers, Forestry, Others: Lawyers and consultants, Companies that want to re-
duce emissions, Cereal producers and traders, Fish farmers, Research institutions such as universities, con-
sultancies

9. What are the main applications of digital agriculture technologies used by your clients?
(Check as many alternatives as necessary)
Options:

* Animal welfare

+ Certification and traceability of agricultural products

* Purchase and sale of inputs, products and production

* Detection and/or control of areas with water deficiencies

* Detection and/or control of areas with nutritional deficiencies

* Detection and/or control of operational failures in planting, in the use of agrochemicals, in biological control
* Detection and/or control of weeds

+ Detection and/or control of pests

* Production and/or productivity estimates

+ Automated production management (hydroponic systems, protected systems, plant and animal nutrition)
+ Mapping of planning and land use

+ Obtaining information for planning and management of rural properties

* Risk prediction and management (frost, hail, dry spells, heavy rains and fires, etc.)

« Other: water use management in agriculture
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10. If you sell and/or provide services with images and/or data from drones, UAVs, nanosatellites, satellites
and/or aircraft, mark below the frequency of the most used sensor(s).

(Mark as many alternatives as necessary)

Options: multispectral, hyperspectral, thermal, radar, LIDAR

Frequency: not used, frequent use and intense use.

11. If you sell and/or provide services with images and/or data from drones, UAVs, nanosatellites, satellites
and/or aircraft, mark below the most used spatial resolution(s).

Sensor options: RGB, multispectral, hyperspectral, thermal, radar

Special resolution options: upt0 0.5m, 0.5to 1Tm,1to5m,5t0 10 m, 10to 30 m

Section 4: Perception of the advantages of using digital technologies, challenges and perspectives

12. In your experience/opinion, which of the technologies below can provide the greatest increase in productiv-
ity?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

13. In your experience/opinion, which of the following technologies can provide the greatest cost reduction?
Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

14. In your experience/opinion, which of the following technologies can provide the greatest optimization in the
use of inputs such as seeds, fertilizers, pesticides, biological control agents and water?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

15. In your experience/opinion, which of the following technologies can provide better planning of daily activi-
ties?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

16. In your experience/opinion, which of the following technologies can provide greater efficiency of the work-
force to perform the activities?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

17. In your experience/opinion, which of the following technologies can provide greater reduction of the envi-
ronmental impact in production?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

18. In your experience/opinion, which of the following technologies can provide greater ease of marketing the
products?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.
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19. In your experience/opinion, which of the following technologies can provide the greatest increase in profit?
Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

20. In your experience/opinion, which of the following technologies can provide greater access to direct sales
to consumers?

Options: remote sensors (UAVs, drones, satellites, nanosatellites, etc.), field sensors/machines/equipment,
applications and web services, none.

21. In your opinion, what are the challenges and/or limitations for the commercialization or provision of ser-
vices in digital agriculture? (Check as many alternatives as necessary)

Options:

+ Access to credit for the acquisition of machinery and equipment by service providers and agricultural produc-
ers

* Access of users to training in digital agriculture technologies

* Internet connectivity in rural areas

+ Operational costs, maintenance and updating of machinery, equipment and/or applications
» Costs of digital agriculture technologies are greater than the observed economic benefits

+ Difficulty in proving benefits for the farmer

+ Dimensions and physical conditions of the soil and terrain of the property do not allow

+ Availability of technologies for application in production

* Incompatibility of equipment/technologies in the processing of data, information and images
+ Obtaining qualified and specialized external labor

* Investment value for the acquisition of machinery, equipment and/or applications by farmers
* Other

22. What are the digital agriculture technologies that you do not currently work with but would like to incorpo-
rate into your portfolio? (Check as many alternatives as necessary)

Options:

* Applications for managing, obtaining or disseminating information about the property or production
* Big data

* Business intelligence

* Cloud computing

* Cryptography and blockchain

+ Data or images of the property provided by remote sensors —satellite, airplane, UAV and/or drone
+ Data or images from field sensors about plants, animals, soil, water, climate, diseases or pests

* GPS on the property (global positioning systems by satellite)

+ 3D printing

+ Artificial intelligence

* Internet of things

* Internet for general activities related to agricultural production

+ Machine learning
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+ Digital maps or geographically located information for production management

+ Machines or equipment with embedded electronics, such as autopilot, telemetry, applications
+ Automated or robotic systems in production processes

+ Computer vision

* Other

23. Would you like to receive more information and the results of the survey by email?
Yes/No
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