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ABSTRACT
Although innovation is present in all economic sectors, innovation
surveys and empirical research are biased towards high-tech
activities. Meanwhile, quantitative studies on agricultural
innovation systems (AIS) usually neglect the regional dimension.
As in many developing countries, Argentine agriculture seems to
have evolved towards a new techno-productive paradigm, but no
study has yet analyzed its geographical scope. This article
proposes a regional-structural approach to study where, how and
with whom technical linkages and interactive learning processes
are developed. Using under-explored data from the 2018 National
Agricultural Census and multivariate analysis techniques, the
results reveal significant regional differences in technical linkages
and show that the new techno-productive paradigm is limited to
the Pampean region. While private sources of knowledge are
mainly concentrated in central areas, technical linkages with
public agencies are geographically widespread. Acknowledging
these regional heterogeneities poses different policy challenges
for promoting AIS in developing countries with large and diverse
territories.
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1. Introduction

The idea that innovation and technological change are crucial for growth and develop-
ment is widely accepted, regardless of the horizon of analysis, be it companies, sectors,
countries or subnational regions (Fagerberg, Mowery, and Nelson 2005; Suárez, Erbes,
and Barletta 2020). In this sense, the article lies at the intersection of three highly relevant
topics, learning and innovation in natural resource-based activities (Pérez, Marin, and
Navas-Alemán 2014; Andersen, Marin, and Simensen 2018) and specifically in agricul-
ture (Läpple, Renwick, and Thorne 2015; Moschitz et al. 2015), innovation in developing
countries (Lundvall et al. 2009; Lema, Kraemer-Mbula, and Rakas 2021), and the impor-
tance of addressing regional inequalities (Pradhan 2011; dos Santos and Mendes 2021)
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for a better understanding of the geography of innovation, especially in these activities
and countries (Mesquita, Luna, and Souza 2021).

Although the literature usually pays less attention to innovation and technological
change in natural resource-based activities, innovation in many of these activities has
intensified in recent decades –driven by new global trends and opportunities for the
application of biotechnologies, nanotechnologies, digitalization and artificial intelligence,
among other technologies–, which is particularly important for developing countries
(Andersen, Marin, and Simensen 2018; Lema, Kraemer-Mbula, and Rakas 2021).
Several authors argue that the Argentine agricultural sector is also undergoing a new
techno-productive paradigm, based on the incorporation of new technologies and
knowledge, in many cases provided by new agents, such as AgTech companies (Anlló,
Bisang, and Campi 2013; Trigo, Mateo, and Falconi 2013; Lachman and López 2019;
2022). However, beyond isolated evidence or case studies, there are no quantitative
studies that, based on nationwide data, have verified the geographic scope of this new
paradigm. Therefore, where and how learning and innovation processes take place in
Argentine agriculture are central questions for this article.

In this context, it is important to highlight at least three issues. First, innovation and
technological change do not usually occur in isolation but are often the result of social
and interactive processes of knowledge transfer between different agents. In other
words, the transmission of knowledge usually depends on learning processes, which
are predominantly interactive and take place in specific social and cultural environments
(Lundvall 1992b). Interactive learning, innovation networks and systemic approaches are
particularly relevant in agriculture (Nieuwenhuis 2002; Knickel et al. 2009; Moschitz et al.
2015), as the literature on agricultural innovation systems (AIS) has widely acknowl-
edged (Hall, Mytelka, and Oyeyinka 2006; Onumah, Asante, and Osei 2021). Andersen,
Marin, and Simensen (2018) also highlight the importance of interactive learning and lin-
kages between natural resource producers and suppliers of equipment, services and sol-
utions, since ‘the generation, diffusion and use of knowledge via different forms of
innovation is the pivotal issue in natural resource-based development’ (Andersen,
Marin, and Simensen 2018, 10). Therefore, what types of linkages are developed and
with whom are also relevant questions.

Secondly, but linked to the above, these social and interactive processes are generally
rooted in practices and characteristics specific to each region. This ‘natural resource
knowledge idiosyncrasy’ makes that ‘knowledge produced in a specific location might
not always be useful to every other location’ (Andersen, Marin, and Simensen 2018,
8). For example, Mesquita, Luna, and Souza (2021) show that the expansion of the agri-
cultural frontier in Brazil towards peripheral regions is not followed by the movement of
knowledge, which remains located in central regions. Likewise, a vast literature indicates
that, in general, the benefits of innovation and technological change are not distributed
symmetrically across the territory, generating winners and losers and widening regional
inequalities (dos Santos and Mendes 2021). For these reasons, the geographic dimension
should be incorporated into the analysis to avoid falling into homogeneous categories
like Argentine agriculture (el agro argentino, as is often mentioned).

Thirdly, even though innovation and technological change take place in all economic
sectors, innovation studies are conceptually and empirically biased towards high-tech
industries or knowledge-intensive services, while natural resource-based activities are
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often considered low-tech activities (Anlló, Lugones, and Peirano 2007; Martin 2016;
Lema, Kraemer-Mbula, and Rakas 2021). Despite the importance of agricultural pro-
duction in Argentina, as in many other developing countries, the empirical evidence
on innovation and technical linkages remains highly concentrated in the industrial
sector, since innovation surveys have only covered manufacturing companies (ECLAC
2017). In the agricultural sector, the measurement of innovation is still incipient, both
in conceptual and practical terms, and is limited to a few pilot tests (DNIC 2019).
Another limitation of innovation surveys in Argentina is that they neglect the geographic
dimension, since the location of companies is not published.

These research gaps are part of a more general context where ‘the methodological
toolkit employed in the study of developing-country agriculture remains fairly limited’
and ‘the favored methodology is the descriptive case study’ (Spielman, Ekboir, and
Davis 2009, 402). On the other hand, Minh (2019:, 268) highlights that even though
the AIS approach has ‘recently received considerable attention in academic and develop-
ment circles, links between an AIS’s regional specifications and structural-functional
analysis have been neglected’. Like Minh (2019), we also propose an integrated
regional-structural approach to analyze how regional and structural dimensions affect
the functioning of regional AIS and, especially, where, how and with whom technical lin-
kages and interactive learning processes are developed. However, instead of applying a
qualitative analysis on a single region, we present a relatively simple quantitative analysis
methodology using data from all Argentine regions. Paraphrasing Klerkx, van Mierlo,
and Leeuwis (2012, 478), it is ‘about recognizing diversity of [regional] subsystems
within a [national] system, and getting a clearer view of how different system boundaries
cut across each other’.

Given some of the mentioned limitations of the available data in Argentina, this article
does not intend to (and cannot) contribute directly to the analysis of innovation results in
regional AIS, but it can help to understand the geography of some crucial factors for
innovation and technological change in natural resource-based activities, such as techni-
cal linkages, knowledge transfer or interactive learning. Using under-explored data from
the 2018 National Agricultural Census (CNA 2018, in Spanish) and multivariate analysis
techniques, the article shows significant regional1 differences and heterogeneities in tech-
nical linkages across Argentine agriculture. The results relativize the geographic scope of
the new techno-productive paradigm, in which private agents and service suppliers are
considered central actors, and also emphasize the role of public organizations for knowl-
edge transfer throughout the country. In this sense, it is shown that the Argentine agri-
cultural innovation system comprises different agents –producers, suppliers, clients and
knowledge organizations– (Andersen, Marin, and Simensen 2018), but they have
different weights in technical linkages and interactive learning depending on the
region. Therefore, policies that seek to promote knowledge transfer in natural
resource-based activities must consider the geography of learning and the different
types of technical linkages.

After this introduction, the article is organized into six sections. Section 2 briefly
develops the theoretical framework and section 3 reviews several empirical studies
related to the scope of the article. Then, section 4 details the data and the methodology
employed. Turning to the results, section 5 begins with a preliminary descriptive analysis,
followed by an in-depth presentation of the results of the multivariate analysis. These
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results are further discussed in section 6, along with their policy implications. Finally,
section 7 presents some concluding remarks.

2. Conceptual framework

The importance of interactions, linkages and learning capabilities for knowledge transfer
has given rise to a vast literature. Within different conceptual frameworks, this literature
has also recognized the influence of regional characteristics on the evolution of inno-
vation and development. One of the most recognized contributions of the evolutionary
or neo-Schumpeterian school is the innovation system approach, which emphasizes the
role of linkages and interactions between different agents, organizations and institutions.
Although this approach initially focused on the study of national innovation systems
(Freeman 1987; Lundvall 1992a; Nelson 1993), it quickly descended to the local or
regional level (Cooke 1992; Asheim and Isaksen 1997; Autio 1998; Braczyk, Cooke,
and Heidenreich 1998). Under a broad definition, the innovation system is composed
of a diverse set of public and private agents whose actions and interactions contribute
to the creation, transfer and exploitation of knowledge for innovation and technological
change. Therefore, this approach highlights the interactive, social, cultural and historical
nature of learning and innovation processes (Lundvall 1988; 1992b; Freeman 1995).

Several authors have pointed out that regional characteristics are crucial for inno-
vation and development (Scott and Storper 2003; Doloreux and Parto 2005; Borello
2019), since many actions, interactions, capabilities and knowledge are rooted in the ter-
ritory (Maskell et al. 1998; Maskell andMalmberg 1999). Tacit knowledge (Polanyi 1966),
absorptive capacities (Cohen and Levinthal 1990) and different types of proximity
(Boschma 2005) are some of the issues underlying the geography of interactive learning
and innovation, as they depend to a large extent on the institutional, cultural, social and
economic context of each region (Dosi 1988; Howells 2002; Gertler 2003; Morgan 2004;
Storper and Venables 2004; Shearmur, Carrincazeaux, and Doloreux 2016).

Linked to the idea of sectoral innovation systems (Malerba 2002), the application of
the innovation systems approach to understand and diagnose agricultural innovation
processes gave way to the AIS concept (Hall, Mytelka, and Oyeyinka 2006; World
Bank 2006). According to Spielman and Birner (2008), this framework involves:

the study of sets of interrelated actors who interact in the generation, exchange, and use of
agriculture-related knowledge in processes of social or economic relevance, and the insti-
tutional context that conditions their actions and interactions. (…) [The AIS] approach
includes the farmer as part of a complex network of heterogeneous actors engaged in inno-
vation processes, along with the formal and informal institutions and policies environments
that influence these processes (…). The framework addresses novel issues such as the
capacity of individuals and organizations to learn, change and innovate, the nature of itera-
tive and interactive learning processes among innovation agents, and the types of interven-
tions that enhance such capacities and processes (Spielman and Birner 2008, 1–2).

The AIS approach is usually applied at the level of countries or specific sectors, market
niches or technologies (Klerkx, van Mierlo, and Leeuwis 2012; Pigford, Hickey, and
Klerkx 2018; Toillier et al. 2018), and it is occasionally used for qualitative analysis of
some regions (Minh 2019; Schmidt, Díaz-Puente, and Bettoni 2022). The different pur-
poses, hypotheses and views on AIS generally involve the application of different
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methodologies (Toillier et al. 2018). In line with the infrastructural view of AIS outlined
by Klerkx, van Mierlo, and Leeuwis (2012), the ‘structural analysis of an AIS consists
mainly of identifying its structural components, i.e. stakeholders and their networks’
(Toillier et al. 2018, 5) or, in terms of the seminal work of the World Bank (2006), the
key actors, their roles and characteristics of patterns of interaction.

Spielman and Kelemework (2009) offer an example of a structural analysis performed
at the country level, based on the collection of more than 40 indicators to assess four
domains: the knowledge and education domain, the bridging institutions domain
(including advisory services), the business and enterprises domain (including farmers)
and the enabling environment domain (including policies). They construct a synthetic
index by assuming equal weights (simple average) and also by comparing the results
with principal component analysis (PCA). Finally, they classify the countries into four
groups and analyze their characteristics.

3. Empirical literature

Beyond the international literature already mentioned, this article is at the intersection
between three previous lines of research in Argentina. First, several studies have partially
addressed –often with case studies– the techno-productive situation of some agricultural
chains, or the role of certain agents and public organizations in terms of technical lin-
kages and knowledge transfer in Argentine agriculture. A second line has tried to
achieve more holistic reflections on the evolution of agricultural activity in the
country, based on data sources with a broad geographic scope, particularly the CNAs.
Finally, some studies have sought to understand regional inequalities in Argentina
through empirical typologies, often based on socioeconomic indicators and multivariate
analysis techniques.

Partly due to the industrial bias of innovation studies and statistics in Argentina,
different studies have focused on inputs or capital goods linked to agricultural pro-
duction, such as seeds and agricultural machinery (Marin and Stubrin 2017; Sztulwark
and Girard 2017; Lavarello et al. 2019; Marin, Stubrin, and Palacín Roitbarg 2022). In
addition, other studies have analyzed the subsequent stages of transformation and
value addition to natural resources, such as food production and biofuels (Bisang and
Sztulwark 2010; Gutman, Lavarello, and Ríos 2010; Marin, Stubrin, and Kababe 2014;
Marin and Petralia 2018).

Several authors have highlighted the emergence of a new techno-productive para-
digm in Argentine agriculture in recent decades –although, as will be seen later, it
would apply mainly to the Pampean region–. According to this view (Bisang, Anlló,
and Campi 2010; Anlló, Bisang, and Campi 2013), hand in hand with the emergence
of a new type of networked production organization, private professionals and service
suppliers play a strategic role in the diffusion of knowledge and technologies in these
networks (García and Lombardo 2016; Hernández and Muzlera 2016; Arza et al. 2018;
Schiaffino 2020). In the same line, some studies have analyzed the strategies and tech-
nological evolution of knowledge-intensive service companies linked to agricultural
production in Argentina (Anlló, Bisang, and Katz 2015; Marin, Stubrin, and da Silva
2015; Crespi, Katz, and Olivari 2017; Lachman and López 2019; Lachman et al.
2021; Lachman and López 2022).
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Other studies have noted the historical role of agricultural and agro-industrial coop-
eratives for knowledge transfer and the introduction of productive and commercial
innovations (Lattuada et al. 2011; Mateo 2011; Sili, Sanguinetti, and Meiller 2014),
which is also relevant in other Latin American countries (Rodríguez-Miranda, Boza,
and Núñez 2021). On the other hand, several authors have described the processes
of concentration and integration between primary production and the agro-industrial
sector in some traditional regional economies (Landriscini et al. 2007; Moscheni
Bustos and Carrizo Muñoz 2015; Brignardello 2017). Other studies have emphasized
the role of some public policies or agencies associated with extension services and
knowledge transfer (Carballo 2002; Selis 2012; Landini 2013). It is worth noting that
some of these public organizations, such as the National Institute of Agricultural
Technology (INTA, in Spanish) or the National Universities with their respective
agricultural departments, have a wide territorial distribution throughout the
country (Linzer 2008; Gárgano and Souza 2013; Albornoz 2015; Iparraguirre 2017;
Gárgano 2018).

Regarding the source of information, several studies have used National Agricultural
Censuses (CNA 1988, 2002, 2008 and 2018) to describe the situation of agricultural pro-
ducers in Argentina, either covering the whole country (Obschatko, Foti, and Román
2007; Azcuy Ameghino and Fernández 2019; Vértiz 2020) or focusing on some
regions, especially the Pampean region (Basualdo 2010; Basualdo, Barrera, and Basualdo
2013; García and Lombardo 2016; Garay, Krapovickas, and Mikkelsen 2017; Azcuy Ame-
ghino and Fernández 2019). These studies usually analyze the concentration of land
tenure and the evolution of small producers. They also explore some changes in pro-
duction organization under the agribusiness paradigm, the advance of agriculturalization
and the growing influence of agricultural contractors, among other issues. For example,
several of the chapters compiled by Lombardo and Tort (2018) analyze the figure of the
contractor and its historical development in the Pampean region, based on data from
CNAs between 1988 and 2008.

Finally, regarding regional classifications or typologies in Argentina, the seminal study
by Nuñez Miñana (1972) represents a benchmark for later comparisons (e.g. Porto 1995).
Cicowiez (2003) uses PCA to construct synthetic socioeconomic indicators and then
compares the ranking of Argentine provinces with Nuñez Miñana (1972). Meanwhile,
other authors (Figueras, Capello, and Arrufat 2007; Figueras, Capello, and Moncarz
2009) use hierarchical cluster analysis to elaborate and compare provincial typologies
in different years (1970, 1991 and 2001). Other recent studies also employ hierarchical
cluster analysis (Brida, Garrido, and London 2013; Sigal, Camusso, and Navarro 2020)
or a combination of PCA and cluster analysis (Niembro 2017; Gómez and Pereyra
2019; Niembro and Sarmiento 2021) to classify Argentine provinces according to
different dimensions and indicators.

As can be seen, the classification and elaboration of regional typologies in Argentina
have usually focused on the 24 provinces due to the greater availability of data for this
geographic scale. In contrast, some studies (ECLAC 2015; Borello et al. 2016) divide
the country into 55 micro-regions and then define a regional typology, based on business
and labour data and Ward’s cluster analysis. Following the same method, Niembro, Calá,
and Belmartino (2011) classify the 85 local economic areas2 of the country according to
their different production patterns.
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4. Data and methodology

Compared to previous studies, this article takes departments as the unit of analysis,
which allows us to work with a much larger number of observations than provinces,
micro-regions or local economic areas. Of the 512 departments listed in the CNA
2018, 14 departments lack information, as they are urban areas. Likewise, other 14
departments with less than 20 agricultural holdings (EAPs, in Spanish)3 have been
excluded, as their results may show extreme values due to the small number of obser-
vations. Most of these 28 cases correspond to districts around the City of Buenos
Aires or capital departments of some provinces. Therefore, we work with information
from 484 departments, which have more than 20 EAPs.

Based on a personal interview with the agricultural producer or a qualified informant
from each EAP, the CNA 2018 collects structural, productive, technological and socio-
demographic information. This information is currently published in tables (Excel
spreadsheets) presenting different dimensions of the overall results by province and
department. Although it was planned that a geographic information system at EAP
and parcel level and a user database –for external processing– would also be published,
none of these sources is available yet.

In historical terms, Argentina has conducted agricultural censuses for more than a
century, but with irregular intervals and different methodological changes. The first of
the modern censuses, with conceptual definitions and methodologies aligned with inter-
national recommendations, was carried out in 1988, followed by the 2002, 2008 and 2018
censuses. Looking back, the latest complete data on the agricultural sector correspond to
the 2002 census, since the 2008 census had major coverage failures and only some dimen-
sions of analysis were published –excluding, for example, technical linkages, among other
relevant indicators–. However, several methodological changes or differences in the
definition of categories between censuses make the 2002 results not strictly comparable
with those of 2018.

Having said that, and following the structural approach of some seminal studies
(World Bank 2006; Spielman and Birner 2008; Spielman and Kelemework 2009), we
select different indicators from the CNA 2018 to cover key dimensions or domains of
regional AIS: the patterns of interaction and bridging institutions domain, the business
and enterprise domain, the knowledge or education domain and the enabling environ-
ment domain –which includes policies and institutions–. Table 1 shows the indicators
considered for each dimension, expressed as percentages of total EAPs in each depart-
ment, and some descriptive statistics that provide a first overview of the level of regional
inequalities. Some of these indicators reflect the technical-administrative conditions gov-
erning the management of the EAPs, the educational level of the producers or the use of
public programmes.4 Given the focus of this article, a central role is played by the indi-
cators that cover the different technical linkages established by the EAPs, the different
forms of association or interaction of the EAPs and the contractual integration or not
with the agro-industrial sector. The categories used are not only aligned with the
review of previous studies in Argentina but also with how AIS currently operate:

Within this AIS framework, agricultural producers must be understood as crucial actors in
the value chain that are not just assisted by agricultural research and education systems via
bridging institutions that build capacities for agricultural innovation, but also by other
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Table 1. Data from the CNA 2018 (as % of total EAPs in each department).

Dimensions and indicators
Variable
name

Country
Total

Departmental values

Mean
Standard
deviation Minimum Maximum

Patterns of interaction and bridging
institutions

Technical linkages, by type of
agent

Individual professionals indiv 23.0 24.7 19.5 0 74.3
National agencies nat_ag 5.6 7.2 7.5 0 56.6
Provincial agencies prov_ag 4.4 5.2 8.0 0 56.8
Cooperatives coop 7.3 5.6 9.3 0 67.4
Service provider companies serv 7.1 7.0 8.4 0 46.8
Agro-industrial companies agroind 1.8 1.7 2.2 0 16.7

Type of association, by entity Cooperatives assoc_coop 14.0 11.6 15.4 0 82.3
Technical assoc_tecn 1.7 1.8 2.6 0 21.8

Contractual integration with industry integr_ind 3.2 2.9 5.1 0 43.4
Business and enterprises, and
education

Technical-administrative
management

Production records prod_rec 43.7 47.1 23.1 0.1 113.3
Accounting records acco_rec 44.4 46.9 32.1 0 96.5
Use of banks or other financial
institutions

banks 38.8 41.1 31.6 0 96.7

Use of computer compu 34.2 36.9 26.3 0 95.6
Use of internet intern 34.4 36.9 26.4 0 92.7

Producer’s educational level University (incomplete or
complete)

univer 17.0 20.7 11.5 1.0 61.7

Enabling environment (policies) Use of public programmes National nat_prog 2.9 4.0 7.4 0 73.3
Provincial or municipal prov_prog 2.8 3.2 6.5 0 52.8

Source: Own elaboration based on CNA 2018.
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actors in the value chains such as the input suppliers and seed producers in agribusiness that
provide valuable technical assistance, as well as retailers and their demands in order to
comply with the standards of good agricultural practices (Aerni et al. 2015, 833).

In innovation surveys in developing countries, especially in Latin America, a small pro-
portion of companies report having innovated or having made efforts to innovate. In the
case of the CNA 2018, it is also evident that a low percentage of EAPs have established
technical linkages to access new knowledge and technologies. About a quarter of the
EAPs interacted with individual professionals, while linkages with the other agents
usually range between 5% and 7%. However, the descriptive statistics also show consider-
able regional differences. According to the maximum values, there are departments
where 75% of the EAPs established technical linkages with individual professionals. In
addition, linkages with most of the other agents also reached 50% or 60% of the EAPs
in some departments. At the opposite extreme, there are several departments in which
no producer interacted with the different agents under consideration. On the other
hand, in some departments more than 80% of the EAPs were part of cooperatives –
the national figure was 14%–, while in others more than 40% were contractually inte-
grated with agro-industrial companies.

Regarding the methodology, this article combines two multivariate analysis tech-
niques commonly used in regional studies, PCA and cluster analysis (Quadrado,
Loman, and Folmer 2001; Rasic 2005; Del Campo, Monteiro, and Soares 2008; Argüelles,
Benavides, and Fernández 2014; Jindrová 2015; Alberdi, Gibaja, and Parrilli 2016). First,
PCA helps to synthesize the information contained in a set of original variables –with a
certain degree of correlation between them– into a smaller number of common dimen-
sions. These dimensions or principal components are linear combinations of those vari-
ables and have the attribute of being uncorrelated, which is desirable for the subsequent
cluster analysis (Johnson and Wichern 2008; Hair et al. 2010). Given that both PCA and
cluster analysis are sensitive to using different scales, it is necessary to employ standar-
dized variables. One of the most traditional forms of standardization is Z scores,
which are obtained by subtracting the mean and then dividing by the standard deviation
–so that they have mean 0 and deviation 1–.

Secondly, cluster analysis seeks to classify the objects of study –the departments–
according to their similarity or proximity in terms of the different variables analyzed
–in this case, the principal components previously estimated–. The objective of cluster
analysis is to include in each cluster the most homogeneous and similar cases while
maximizing the heterogeneity among the different clusters (Johnson and Wichern
2008; Hair et al. 2010; Härdle and Simar 2015). In regional studies, one of the most
widely used hierarchical techniques is Ward’s method (Quadrado, Loman, and
Folmer 2001; Kronthaler 2005; Yang and Hu 2008; Jindrová 2015; Alberdi, Gibaja,
and Parrilli 2016; Borello et al. 2016). It usually produces more balanced solutions
than other methods in terms of the number of objects included in the different clus-
ters. However, given that the use of different methods often leads to different results,
we compared them with the non-hierarchical K-Means method (as argued by Del
Campo, Monteiro, and Soares 2008; Hollanders et al. 2012; Argüelles, Benavides,
and Fernández 2014; Niembro 2017) to verify the consistency of the results obtained
(Johnson and Wichern 2008; Hair et al. 2010).
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Hierarchical methods, which consist of a series of combinations or agglomerations of
objects according to the degree of similarity between them, have the advantage of offering
some statistical criteria to define the final number of clusters. One of the most common
rules is to analyze the changes in heterogeneity –specifically, the within-cluster sum of
squares provided by Ward’s method– for the different stages of this agglomeration
process (Hair et al. 2010). By combining objects and reducing the number of clusters,
the differences within them tend to increase. If joining two clusters produces a sudden
jump in heterogeneity, one option is not to take that step and assume the previous
number of clusters as a solution.

5. Results

5.1. Preliminary descriptive analysis

As mentioned above, the relative importance of the different technical linkages and
sources of knowledge is highly variable in regional terms. In the maps in Figure 1, the
colour scale ranges from the departments with the highest percentages of technical lin-
kages –maximum values in Table 1– for each type of agent, in dark green, to the depart-
ments in which no EAP interacted with the different agents, in dark red. Technical
linkages with individual professionals and, especially, with public agencies are relatively
widespread throughout the country. In contrast, it is more common to identify several
departments in dark red on the other maps, representing the absence of technical lin-
kages with cooperatives, service providers or agro-industrial companies.

In addition, different areas in dark green can be identified in all maps, showing depart-
ments with a higher intensity of linkages with each type of agent. For example, inter-
actions with individual professionals and service providers are prominent in the
provinces of Buenos Aires, Córdoba and Santa Fe, the core of the Pampean region.
The role of cooperatives is notorious in Santa Fe, as well as in parts of Córdoba,
Buenos Aires, Entre Ríos, Misiones or the Cuyo region. Beyond the central area, technical
linkages with service providers or agro-industrial companies seem to be concentrated in a
few departments.

The Patagonian region and most of the North and the Cuyo region stand out in
technical linkages with public agencies. In the particular case of provincial agencies,
the provinces of Neuquén, Santa Cruz and Formosa are noteworthy. In general, in
those departments where technical linkages with individual professionals are relatively
lower, the relative importance of national or provincial agencies is usually higher, and
vice versa. This could indicate a greater weight of small-scale agriculture,
family farming or other alternative practices (García et al. 2008; Gisclard, Allaire,
and Cittadini 2015).

The relationships between the variables that account for technical linkages and the
other dimensions and indicators can be partially explored from the correlation matrix
(Table 2). For example, there is a strong relationship between the linkages with individual
professionals and service providers, which are also related to the professional manage-
ment of the EAPs –production and accounting records, use of computers and internet–
and a higher educational level of the producer. In other words, in those departments
where producers have a higher level of education, there is usually a more professional
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administration of the EAPs, and it is more common to obtain technical assistance in the
market through individual professionals or service providers. On the other hand, techni-
cal linkages with public agencies or associative forms such as cooperatives are much less

Figure 1. Intensity of technical linkages by type of agent.
Source: Own elaboration based on CNA 2018.
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Table 2. Correlation matrix.

indiv
nat_
ag

prov_
ag coop serv agroind

prod_
rec

acco_
rec banks compu intern assoc_coop assoc_tecn integr_ind

nat_
prog

prov_
prog univer

indiv 1
nat_ag 0.000 1
prov_ag −0.175 0.544 1
coop 0.356 −0.040 −0.092 1
serv 0.739 −0.040 −0.165 0.352 1
agroind 0.367 0.042 −0.049 0.217 0.513 1
prod_rec 0.693 0.057 −0.099 0.292 0.523 0.295 1
acco_rec 0.853 −0.076 −0.248 0.381 0.685 0.400 0.825 1
banks 0.856 −0.068 −0.254 0.408 0.697 0.385 0.806 0.971 1
compu 0.874 −0.033 −0.227 0.358 0.693 0.388 0.788 0.941 0.953 1
intern 0.875 −0.040 −0.233 0.365 0.697 0.390 0.783 0.938 0.951 0.997 1
assoc_coop 0.390 0.005 −0.097 0.888 0.335 0.161 0.278 0.369 0.399 0.366 0.374 1
assoc_tecn 0.391 0.311 0.144 0.129 0.356 0.150 0.243 0.259 0.280 0.318 0.323 0.192 1
integr_ind 0.003 0.133 0.062 0.052 −0.004 0.390 0.104 0.118 0.111 0.114 0.107 0.037 −0.069 1
nat_prog −0.052 0.497 0.388 −0.088 −0.102 0.038 0.136 0.033 0.042 0.037 0.020 −0.075 0.025 0.246 1
prov_prog −0.065 0.256 0.637 −0.092 −0.106 −0.009 −0.003 −0.091 −0.090 −0.093 −0.094 −0.086 0.021 0.043 0.513 1
univer 0.667 0.051 −0.179 0.097 0.487 0.326 0.581 0.692 0.688 0.745 0.736 0.104 0.268 0.216 0.043 −0.088 1

Source: Own elaboration based on CNA 2018.
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frequent. As a counterpoint, there are strong relationships between the linkages with
national and provincial agencies and the participation in public programmes, or the
association with cooperatives and the reception of their technical assistance.

Instead of analyzing by pairs, the underlying structure of relationships between these
multiple variables is better understood through the multivariate analysis in the following
subsection. Indeed, the presence of high and significant correlations between these indi-
cators is a precondition for using PCA.

5.2. Multivariate analysis

In addition to the correlations mentioned above, the application of PCA is technically
viable since Bartlett’s test of sphericity is satisfied, the KMO sampling adequacy
measure is greater than 0.50 (in this case, 0.84) and all variables show (Table 3) high com-
munalities (Hair et al. 2010). According to the Kaiser criterion, it is convenient to extract
the first five principal components with eigenvalues greater than one. Altogether, these
five principal components account for almost 81% of the total variability.

After applying the varimax orthogonal rotation, the analysis of the factor loadings
reveals the structure of relationships between the different indicators (Table 3). For
example, the first component contains the technical linkages with individual pro-
fessionals and service providers, along with variables that account for the techno-pro-
ductive management of the EAPs and the educational level of the producer.
Therefore, we call this component private-to-private professional linkages. In contrast,
component 2 includes the linkages with public agencies, both national and provincial,
and the participation in public programmes. While the third component reflects the
linkages with cooperatives, the fourth component shows the contractual integration
and technical linkages with agro-industrial companies. Finally, the distinctive aspect
of component 5 is the participation in technical associations, which is also related
to the interaction with national agencies –Locher and Guibert (2015) also observe
this relationship–.

Table 3. Factor loadings and communalities.
Variable name Comp. 1 Comp. 2 Comp. 3 Comp. 4 Comp. 5 Communality

compu 0.962 −0.040 0.142 0.072 0.065 0.956
intern 0.958 −0.051 0.151 0.067 0.070 0.952
acco_rec 0.953 −0.046 0.168 0.078 −0.008 0.945
banks 0.952 −0.044 0.199 0.065 0.008 0.951
indiv 0.879 −0.067 0.179 −0.016 0.223 0.858
prod_rec 0.847 0.124 0.104 0.023 −0.021 0.744
univer 0.782 −0.042 −0.159 0.205 0.112 0.693
serv 0.686 −0.176 0.210 0.123 0.338 0.675
prov_prog −0.027 0.818 −0.029 −0.076 −0.084 0.684
nat_prog 0.084 0.800 −0.092 0.184 −0.112 0.703
prov_ag −0.232 0.777 −0.003 −0.012 0.281 0.736
nat_ag −0.066 0.621 −0.022 0.153 0.516 0.679
coop 0.231 −0.046 0.938 0.053 0.006 0.938
assoc_coop 0.233 −0.029 0.932 0.008 0.060 0.927
integr_ind 0.053 0.150 0.008 0.871 −0.151 0.807
agroind 0.335 −0.084 0.116 0.717 0.221 0.695
assoc_tecn 0.270 0.065 0.069 −0.080 0.838 0.790

Source: Own elaboration.
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Based on the estimation of these five principal components, a cluster analysis is per-
formed using Ward’s method. During the agglomeration process, the change in hetero-
geneity shows a first peak in 8 clusters, then drops, and shows a new break in 6 clusters
(Figure 2). The analysis of variance (ANOVA) verifies that these six groups of depart-
ments are significantly different from each other (Table 4).

Table 5 shows the mean value of the principal components for each cluster, which
allows us to distinguish the characteristics of these different groups of departments.
Additionally, the map in Figure 3 illustrates the geographic scope of the different clusters.
Cluster 2 shows the highest values for private-to-private professional linkages (component
1) and the lowest values for the linkages with public agencies (component 2). This cluster
comprises several departments in the provinces of Buenos Aires, Córdoba, La Pampa
and, to a lesser extent, Corrientes and San Luis. Cluster 1, which covers the provinces
of Santa Fe and Entre Ríos, part of Córdoba and Buenos Aires and some departments
in the North, stands out for the linkages with cooperatives (component 3), along with
private-to-private professional linkages. In some way, both clusters are the most visible
expression of the new techno-productive paradigm that several authors highlight as
the model of Argentine agriculture. However, far from being geographically spread
throughout the country, these clusters are mainly limited to the Pampean region.5

On the other hand, clusters 4 and 5 show positive values –above the general mean– in
terms of the integration and technical linkages with agro-industrial companies (com-
ponent 4). These values are higher in cluster 5, which covers some departments in the
provinces of San Juan, Mendoza, La Rioja, Tucumán, Misiones, Entre Ríos and some
specific areas in the Patagonia region. This situation is consistent with the historical tra-
jectory of concentration and integration of food and beverage production in these terri-
tories (Bocco et al. 2007; Landriscini et al. 2007; Moscheni Bustos and Carrizo Muñoz
2015; Brignardello 2017). Meanwhile, cluster 4 combines agro-industrial linkages with
private-to-private linkages, as well as the participation in technical associations

Figure 2. Change in heterogeneity in the agglomeration process.
Source: Own elaboration.
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(component 5). This cluster also shows a very diverse regional pattern, with some depart-
ments in the central, northern and southern parts of the country.

In contrast to the previous groups, cluster 6 –which includes only 13 departments,
mainly in the Patagonia region– shows extreme values of technical linkages with public
agencies (component 2). These public organizations are also the most relevant source
of knowledge in cluster 3. In addition to being the most numerous and geographically
widespread, cluster 3 shows the lowest values for private-to-private professional linkages.
Therefore, this cluster is the opposite of cluster 2 and, to some extent, the most evident
exception of a new techno-productive paradigm in Argentine agriculture led by the
transfer of knowledge among private agents.

6. Discussion and policy implications

Using under-explored data from the CNA 2018 and multivariate analysis techniques, the
article addresses different limitations of the previous empirical literature. On the one
hand, even though agricultural production is very important in Argentina, as in other
developing countries, the available surveys and statistics on innovation and technological
change are generally limited to the industrial sector. For this reason, the measurement
and understanding of learning and innovation in the agricultural sector are still incipient.
On the other hand, innovation surveys of the industrial sector, as well as part of the lit-
erature on the agricultural sector, do not usually consider the geographic dimension. This
can lead to simplistic or homogenizing views, such as the idea of a dominant techno-pro-
ductive paradigm in Argentine agriculture.

More generally, the literature on agricultural systems in developing countries is domi-
nated by case studies and qualitative methodologies (Spielman, Ekboir, and Davis 2009;
Minh 2019), while quantitative analyses are often used to compare the national AIS in
different countries (Spielman and Kelemework 2009; Wang et al. 2018). None of these
approaches can provide a complete and holistic view of the possible diversity of regional

Table 4. Analysis of variance (ANOVA).
Sum of squares Degrees of freedom Mean square F

Comp. 1 293.003 5 58.601 147,429***
Comp. 2 279.755 5 55.951 131,587***
Comp. 3 258.759 5 51.752 110,316***
Comp. 4 298.693 5 59.739 154,932***
Comp. 5 218.658 5 43.732 79,078***

Source: Own elaboration. Significance level: * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 5. Number of departments and mean value of components by cluster (Z scores).
Comp. 1 Comp. 3 Comp. 4 Comp. 2 Comp. 5

Number of
depart-
ments

Private-to-private
professional
linkages

Linkages with
coope-ratives

Linkages with
agro-industrial
companies

Linkages with
public
agencies

Technical
associations

Cluster 2 1.24 −0.68 −0.43 −0.38 −0.06 87
Cluster 1 0.57 1.62 −0.25 −0.19 −0.29 78
Cluster 5 −0.22 −0.20 2.20 0.03 −0.29 52
Cluster 4 0.40 −0.05 0.33 0.02 2.19 39
Cluster 6 0.47 −0.21 −0.32 4.50 −1.12 13
Cluster 3 −0.76 −0.24 −0.31 −0.06 −0.13 215

Source: Own elaboration. Note: components and clusters are reordered to facilitate their description.
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contexts within each country, which is especially relevant in developing countries with
large territories, such as Argentina.

In this context, the article shows how a set of multivariate analysis techniques can be
used to explore regional data from agricultural censuses and help to answer where, how
and with whom technical linkages and learning and innovation processes are developed.
This exercise is not only relevant in academic or analytical terms but also for decision-
making processes and the generation of new or improved policies. Minh (2019, 269)

Figure 3. Map of departments, provinces, and clusters.
Source: Own elaboration. Note: Thin lines indicate the departments, while thick lines show the provinces.
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also highlights ‘the importance of looking into structural and regional interactions and
interconnections when identifying blocking mechanisms in order to design strong
mutually reinforcing sets of systemic instruments’.

Based on a regional-structural approach of AIS, the results highlight that technical lin-
kages and interactive learning differ significantly across Argentine regions. In particular,
private sources of knowledge tend to maintain an uneven pattern of localization and
reproduction in central regions –like Mesquita, Luna, and Souza (2021) show in
Brazil–, even though modern agricultural production has advanced towards peripheral
areas in recent decades (Bisang et al. 2018; Lódola, Morra, and Picón 2019). In other
words, the predominance of private-to-private professional linkages, one of the pillars
of the new techno-productive paradigm, is limited to the Pampean region –where the
cooperative tradition is also relevant–.

In other regions with a long-standing agro-industrial tradition, linkages with individ-
ual professionals or service providers coexist with intra-group technical linkages. But
perhaps the most important result of this article is the broad geographic scope of techni-
cal linkages with public agencies throughout the country. In short, Argentine agriculture
is notoriously complex and heterogeneous.

Some authors (e.g. Anlló, Bisang, and Campi 2013; Trigo and Elverdin 2020) argue that the
privatization of knowledge and technologies is increasing in the agricultural sector. However,
it seems that in many areas –not only in the less profitable ones for the market– the role of the
public sector in research and knowledge transfer is still very relevant. The evidence from
Argentina shows that in the departments where the percentage of EAPs interacting with
private professionals is lower, the relative importance of public agencies is usually higher.
This is in line with and re-emphasizes the empirical findings highlighted by Hall (2007):

Lack of interaction weakens innovation capacity and is a reflection of deep-rooted habits
and practices in both public and private sector organisations.

The market is not sufficient to promote interaction; the public sector has a central role to
play (Hall 2007, 18–19).

According to Andersen, Marin, and Simensen (2018), one of the challenges for natural
resource-based development is building and sustaining a natural resource innovation
system. Inotherwords, ‘creating and supporting the institutions andorganizations that gen-
erate, diffuse and use new knowledge and capabilities in the production and use of natural
resources’ (Andersen,Marin, and Simensen 2018, 10). The other challenge is that this inno-
vation system ‘must be locally anchored to address local specificity of knowledge needed to
succeed’ (Andersen, Marin, and Simensen 2018, 10) or, in terms of Toillier et al. (2018, 24),
‘innovation policies must be adapted to each national and possibly sub-national context’.

This represents a significant challenge for public policy, bearing in mind that the
Argentine science and technology system is highly concentrated territorially, not sur-
prisingly in the metropolitan and the central-Pampean region (Niembro and Staro-
binsky 2021; Abeles, Villafañe, and 2022). The case of Brazil can also be illustrative
and shows that this situation transcends many developing and Latin American
countries. As Mesquita (2022) notes:

Differences in the production capacity of science and technology have constituted vectors of
regional inequalities within the context of globalization. It is true that agriculture has had a
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historic role as a force for productive deconcentration in Brazil. However, the core STIA
[territorial system of agricultural innovation] segments are still concentrated in certain
points close to the traditional production zones (Mesquita 2022, 20).

As mentioned above, some public agencies and organizations, such as INTA or public
universities, have a wide presence throughout the country. Beyond possible initiatives
to promote the generation and diffusion of agricultural knowledge from new actors
and private sources –e.g. Lachman and López (2022) note that linkages with the
local ecosystem allowed the development of AgTech companies–, the evidence
seems to indicate the relevance of reinforcing the role of public agencies, especially
outside the Pampean region. This supports the idea of sustaining and deepening the
policy of federalization –or territorial deconcentration– of science and technology in
Argentina (Niembro 2020).

7. Concluding remarks

This article aims to provide a quantitative analysis of the geography of learning and inno-
vation in natural resource-based activities in developing countries, focusing on technical
linkages in Argentine agriculture. Like Minh (2019), we highlight the importance of
including the regional dimension in AIS studies and suggest that using a regional-struc-
tural approach ‘allows the design of integrated coherent sets of systemic instruments for a
regional AIS’ (Minh 2019, 268).

Therefore, when designing technological and innovation policies for natural resource-
based activities, it is necessary to identify the strategies, objectives, forms of organization
and degree of consolidation of the different production chains in each region. Given the het-
erogeneity of Argentine agriculture, the production and learning processes respond to specific
practices and realities of each region, which leads to different techno-productive profiles.
From this perspective, the construction of public policies, understood as social processes,
must consider the regional characteristics in which the different production and innovation
networks are rooted. In terms of Schmidt, Díaz-Puente, and Bettoni (2022, 2597), ‘more atten-
tion needs to be paid to this local context when aiming to enable interactive innovation’.

Beyond the quantitative evidence provided in this article, the last comments highlight
the possibility –and perhaps the need in the future– to complement the analysis with
qualitative case studies. Another pending task is to study more explicitly the innovation
results in the Argentine agricultural sector and not only the factors or inputs that con-
tribute to learning and innovation. Finally, it would be valuable to move from static ana-
lyses to dynamic studies showing the evolution of these phenomena over time.
Unfortunately, the application –and publication– of different categories of analysis in
the CNA 2018 concerning previous censuses did not allow us to perform comparative
exercises between these surveys. In the future, it would be desirable to maintain
similar census methodologies to study the temporal and regional dynamics of knowledge
transfer and technological change in Argentine agriculture.

Notes

1. The geographic unit of analysis will be the departments. At the subnational level in Argen-
tina, there are two political-administrative figures, the provinces and, on a much smaller
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scale, the municipalities or local governments. Likewise, the provincial territory is divided
into departments –called partidos in the case of the province of Buenos Aires–, which gen-
erally include different localities and also rural areas. Only in 4 of the 24 provinces, depart-
ments coincide with local governments. On the other hand, and mainly for analytical
purposes, the provinces are usually grouped into macro-regions (Pampean, Northeast,
Northwest, Cuyo and Patagonia).

2. Local economic areas include a city or central node and a group of other localities linked by
workers’ commuting between their workplace and their home.

3. Explotación agro-pecuaria or EAP in Spanish is the production unit surveyed by the CNA. It
should be noted that the term agro-pecuario in Spanish or agro-livestock covers both agri-
cultural and livestock activities. For the sake of simplicity, we use only the term agriculture
in the article.

4. Some of these dimensions have been analyzed descriptively in a recent study from Brazil
(Mesquita 2021).

5. When comparing the results with the K-Means method, 80% of the departments are
classified in the same clusters. More importantly, if clusters 1 and 2 are taken together,
94% of the departments still belong to these groups. In the case of cluster 3, the most numer-
ous (Table 5), the coincidence is 90%.
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