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Abstract The implementation of industrial agriculture has generated record levels of poverty,
hunger, migration, and environmental degradation, intensified by climate change, and energy and Valeria Garcia Llobodanin
financial crises. Thus, Uruguay has presented a sustained decrease in the number and area of horti-
cultural systems, mainly family farming systems. In this context, the ongoing yet steady growth of
agroecological farms is striking. Based on the principle of society-nature co-evolution, they promote Inés Gazzano

environmental, technical, socio-economic, and political sustainability. Understanding the elements  |yniversidad de la Republica, Uruguay
that contribute to the growth of these farms is essential for promoting their development. This https://orcid.org/0000-0002-1959-7922
study aims to generate knowledge that contributes to transitioning towards agroecological systems Matfas Carambula

by identifying and analyzing aspects that enhance the development of horticultural-based farm  |universidad de la Republica, Uruguay
systems in the Regional Sur-Sur of the Agroecology Network of Uruguay. As an approach, triangula- https://orcid.org/0000-0002-8378-0094
tion was carried out between quantitative and qualitative methods through semi-structured inter-

views, field trips, workshops, and the development of indicators. The results show that, within the P gEN LIA"J &?}gﬁ
family farms studied, the adoption of the agroecological paradigm is perceived as a way of life that
promotes a holistic view of human and environmental well-being, based on principles of comple-
mentarity, correspondence, and reciprocity. The identified potentialities include: increased agro-
biodiversity, use of native varieties, conservationist soil management, short marketing channels,

solidarity among peers, recognition of local knowledge, and health promotion. These elements re-
sult in greater autonomy, stability, resilience, and adaptability based on the principles of comple-
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Analysis of potentialities for agroecological transition in horticultural farms in Southern Uruguay

Resumen La implementacién de la agricultura industrial ha generado niveles récord de pobreza,
hambre, migracion y degradacién ambiental, intensificada por el cambio climatico y la crisis en-
ergética y financiera. Uruguay ha presentado una disminucién sostenida en niimero y superficie de
sistemas horticolas, principalmente familiares. En este contexto, es llamativo el crecimiento incipi-
ente pero constante de predios agroecol6gicos que, basados en el principio de coevolucién sociedad-
naturaleza, promueven la sostenibilidad ambiental, técnica, socioeconémica y politica. Entender los
elementos que contribuyen al crecimiento de estos predios es esencial para promover su desarrollo.
El objetivo de este trabajo es aportar a procesos de transicion hacia sistemas agroecol6gicos a través
de identificar y analizar aspectos de sistemas prediales de base horticola pertenecientes a la Region-
al Sur-Sur de la Red de Agroecologia del Uruguay que pueden potenciar estas transiciones. Como
metodologia se realiza una triangulacién entre estrategias cuantitativas y cualitativas, utilizando
entrevistas semiestructuradas, recorridas de campo, talleres y elaboracién de indicadores. Los resul-
tados muestran que, en los predios familiares estudiados, la adopcién del paradigma agroecolégico
se percibe como una opcién de vida que promueve una vision integral del bienestar humano y de la
naturaleza, fundamentada en principios de complementariedad, correspondencia y reciprocidad.
Las potencialidades identificadas incluyen: incremento de la agrobiodiversidad, uso de variedades
criollas, manejo conservacionista del suelo, canales cortos de comercializacién, solidaridad, re-
conocimiento del saber local y promocion de la salud. Estos elementos conducen a una mayor au-
tonomia, estabilidad, resiliencia y adaptabilidad, promoviendo la vida y el trabajo en el campo des-
de una perspectiva agroecolégica.

Palabras clave: agroecologia, potencialidades, produccién familiar, horticultura.

Resumo A implementacdo da agricultura industrial gerou niveis recordes de pobreza, fome, mi-
gracdo e degradacdo ambiental, intensificados pelas alteracdes climaticas e pela crise energética e
financeira. Assim, o Uruguai tem apresentado uma diminuicao sustentada no niimero e na area dos
sistemas horticolas, principalmente os familiares. Neste contexto, chama a atencdo o crescimento
incipiente, mas constante, das fazendas agroecolégicas, que, baseadas no principio da coevolucado
sociedade-natureza, promovem a sustentabilidade ambiental, técnica, socioecon6mica e politica.
Compreender os elementos que contribuem para o crescimento destas propriedades é essencial
para promover o seu desenvolvimento. O objetivo deste trabalho é aportar a os processos de tran-
sicao para sistemas agroecologicos, através da identificacdo e analise de aspectos que potencializem
o desenvolvimento de sistemas de propriedades de base horticola pertencentes a Regional Sul Sul da
Rede de Agroecologia do Uruguai. Como metodologia de abordagem realiza-se uma triangulacéo en-
tre estratégias quantitativas e qualitativas, por meio de entrevistas semiestruturadas, saidas de
campo, oficinas e desenvolvimento de indicadores. Os resultados mostram que, nas propriedades
familiares estudadas, a escolha pelo paradigma agroecolégico se apresenta como uma opcao de vi-
da que promove uma visdo integral do bem-estar humano e da natureza, fundamentada em princi-
pios de complementaridade, correspondéncia e reciprocidade. As potencialidades identificadas in-
cluem: aumento da agrobiodiversidade, o uso de variedades crioulas, manejo conservacionista do
solo, canais curtos de comercializacdo, solidariedade entre pares, reconhecimento do saber local e
promocao da saide. Estes elementos resultam numa maior autonomia, estabilidade, resiliéncia e
adaptabilidade, assentes nos principios da complementaridade, correspondéncia e reciprocidade,
que promovem a vida e o trabalho no campo, na perspectiva agroecolégica.

Palavras-chave: agroecologia, potencialidades, agricultura familiar, horticultura.
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Analysis of potentialities for agroecological transition in horticultural farms in Southern Uruguay

1. Introduction

Throughout history, humankind has settled in various habitats,
establishing a relationship of coexistence with nature and devel-
oping local knowledge from observing the environment. In this
way, numerous techniques have been developed to grow food,
with a single inexorable restriction: no action should compro-
mise the integrity of the environment, which allows the agroe-
cosystem to persist over time (Giraldo, 2014).

This cognitive capacity, transmitted from generation to gener-
ation, is found today mainly among traditional peoples. However,
this knowledge is threatened by the implementation of produc-
tion systems under the industrial agriculture model within the
framework of neoliberal globalization (Toledo & Barrera-Bassols,
2008). Thus, it breaks with this knowledge accumulated for at
least 10,000 years of co-evolution between society and nature, giv-
ing way to an agriculture based on specialization and simplifica-
tion of complexity, which puts the continuity of the system at risk
(Giraldo, 2014; Toledo & Barrera-Bassols, 2008).

This shift in the agricultural paradigm has focused mainly on
the intensive use of input and capital technologies, favoring
economies of scale and generating socio-economic, cultural and
environmental transformations (Altieri & Nicholls, 2013; Shiva,
2016; Umbelino de Oliveira, 2003). These dynamics especially af-
fect family systems, reducing their control over productive and
commercial processes, with insufficient profits to cover house-
hold costs. When this happens, families tend to lower their level
of well-being (lower income, longer working hours, and a general
reduction in quality of life), resulting in a spiral of unsustainabil-
ity that leads to their disappearance or, in other cases, proletari-
anization. As a consequence, smaller-scale farmers end up work-
ing as wage laborers within the agri-food system or migrating to
cities (Shanin, 1988; Umbelino de Oliveira, 2003).

In addition, this makes it difficult for the population to satisfy
what Gorz and Heller (as cited in Keucheyan, 2018) call “essential”
needs. These needs go beyond mere survival and relate instead to
living a full life: to love and be loved, to be autonomous, creative,
and free, to participate in social and political life, and to main-
tain a relationship with nature.

From the ecological and technical-agronomic perspective, the
increase in pressure on soils causes a deterioration in their physi-
cal and biological quality. This degradation, together with the de-
crease in diversity, favors a greater proliferation of pests, diseases,
and weeds, which in turn increases dependence on fertilizers and
agrochemicals. The intensive use of agrochemicals not only con-
tributes to pollution and environmental degradation but also af-
fects the health of farmers, rural workers, and consumers, both
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through direct contact with these substances and through their
presence in food, water, air, and soil (Aguerre et al,, 2014; Angelo,
2017; Gliessman, 2002; Marasas et al., 2012; Shiva, 2000).

The combination of these elements generates dynamics of un-
sustainability that affect all agricultural sectors on a global scale.
In Uruguay, horticultural production systems are no exception to
this process. In the last National Agricultural Census of 2011, the
cultivated area decreased by 55% compared to the 2000 census.
The same trend is observed in the number of farms, which was re-
duced by half, with the highest declines occurring in the smaller
farm systems (Ackermann, 2014). Moreover, the reduction of pro-
ductive rural land, together with the expansion of urban areas
and logistics hubs, radically transforms ecosystems, degrades bio-
diversity, and threatens food security (Pons et al., 2022).

In this context, agroecology plays a fundamental role as a tran-
sition strategy from the paradigm of conventional intensive agri-
culture and globalized trade to systems that conserve natural re-
sources and guarantee decent living, working, and income condi-
tions for family farming. From this perspective, agroecology
emerges as an integrative paradigm that offers ecological, social,
economic, cultural, and political principles aimed at strengthen-
ing the viability and reproduction capacity of food systems over
time, in harmony with the territories and communities that in-
habit them (Altieri & Nicholls, 2007; Caporal et al., 2004; Gazzano &
Goémez, 2015; Gonzalez de Molina, 2012; Shiva, 2016).

In Uruguay, the Agroecology Network of Uruguay (RAU, by its
Spanish acronym) is a leading organization that promotes agroe-
cology as an alternative paradigm to the one promoted by the
Green Revolution. Founded in 2005, it integrates producers, inde-
pendent technicians, educators, researchers, food processors and
distributors, social organizations, institutions, consumers, and in-
dividuals who share the principles of agroecology. Its member-
ship is open throughout the national territory (Febrer, 2017; Gaz-
zano & Gomez, 2015). Between 2012 and 2021, the RAU served as the
organizational support of the Participatory System of Guarantees,
a tool designed to guarantee the quality of production, process-
ing, and distribution processes of agroecological products, under-
standing quality not only as compliance with technical stan-
dards, but also adherence to principles and values, which include
social and equity aspects (Gomez & Galeano, 2006).

For the period 2011-2020, the number of RAU-certified agroeco-
logical systems grew from 54 to 154 farms. This growth is striking
given the continuous decline in family production. Understand-
ing the elements that contribute to the persistence and growth of
agroecological systems is essential to promote their development.

In this context, the present study aims to support the transi-
tion processes towards agroecological systems through the identi-
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fication and analysis of factors that enhance the development of
horticultural-based farm systems in the Regional Sur-Sur of the
Agroecology Network of Uruguay. The hypothesis that guides this
research holds that certain elements drive agroecological transi-
tions, especially those related to the care of nature and health,
short marketing channels, the recognition of local knowledge, the
design of biodiverse systems, and the development of creativity
and solidarity among peers. These factors encourage the develop-
ment of key attributes such as autonomy, adaptability, stability,
and resilience. In addition, they contribute to greater material
and spiritual well-being, linked to a life in harmony, respect, and
balance, that values both rural living and agricultural work. This
worldview, guided by the principles of complementarity, corre-
spondence and reciprocity, conceives of the world as a whole
whose elements are interconnected. From this point of view, land
is not simply a resource, but part of a web of life in which the rela-
tionships with the elements must be mutual rather than based
on domination (Altieri & Nicholls, 2013; Escobar, 2015; Giraldo,
2014; Gonzalez de Molina, 2012; Marasas et al., 2012; Mier y Teran
Giménez Cacho et al,, 2018; Sarandén, 2002).

2. Materials and Methods

The research is positioned under the agroecological paradigm.
One of its implications is the integration of popular and scientific
knowledge to generate a pluri-epistemological approach that al-
lows, from sociocultural biodiversity, to jointly influence, in a crit-
ical way, the course of dynamics of social transformation (Sevilla
Guzman, 2017).

As an approach methodology, a triangulation between quanti-
tative and qualitative strategies was carried out, which seeks a
convergence of results through the integration of both orienta-
tions for the investigation of the same aspect of reality
(Batthyany & Cabrera, 2011). The quantitative approach was
aimed at the development, measurement, and analysis of farm-
level indicators across environmental and technical-agronomic,
sociocultural, and economic dimensions, to obtain standardized
data. The qualitative approach collected the perspectives of farm-
ers so as to understand the rationales behind their choices of pro-
duction methods, marketing channels, and lifestyles. The comple-
mentarity of both approaches is considered a strength, as it al-
lows for a multifaceted and comprehensive understanding of re-
ality (Corbetta, 2007).

The unit of analysis for this study is the farm (or production
unit) and its management style (Guzman Casado et al., 2000). The
study encompasses all certified farm systems belonging to the Re-
gional Sur-Sur of the Agroecology Network of Uruguay that
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present horticulture as the main production activity. This in-
cludes a total of ten farms (individual or group-managed) located
in Montevideo and south of Canelones (34°61'S to 34°85'S - 56°04'W
to 56°40'W).

2.1 Harvesting Stages and Techniques

Information from secondary sources was analyzed regarding the
potential of the transition process to agroecological systems in
Uruguay and countries in the region. To complement the infor-
mation and identify specific elements of the study area, a work-
shop was held with qualified agroecology informants. From this
workshop, guiding concepts emerged that were taken as input for
the elaboration of the interview pattern and the construction of
the indicators. The semi-structured interviews were conducted
throughout 2022, following a standardized script to ensure con-
sistency across respondents while allowing the inclusion of topics
that emerged during the conversations (Corbetta, 2007). Informa-
tion was also collected through management plans submitted to
RAU for certification in 2021, technical certification reports, and
field visits.

Nine indicators were designed for the ecological and technical-
agronomic dimension, and five for the sociocultural and econom-
ic dimension (Table 1 and Table 2). These were standardized from
1 to 5, with 1 being the lowest and 5 being the highest (Table S1
and Table S2). To preserve anonymity, each farm system was as-
signed a letter, from A to].

>
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Table 1 Indicators of the ecological and technical-agronomic dimension according to the strategies used in horticultural systems of the Regional Sur-Sur and

reference bibliography

Associated strategy

Cultivated and spontaneous plant diversity in the area (Aguirre, 2007; Nicholls et al., 2015)

Plant diversity over time (Blandi et al., 2015)

Agrobiodiversity United Nations, 2012; Marasas et al., 2012)

Flow of matter between animal and plant production (Funes-Monzote, 2017)
Conservation and restoration of natural heritage, nature and landscape management

(Nicholls et al., 2015)

Chemical and physical properties and presence of associated biota (Altieri & Nicholls, 2007;

Casimiro Rodriguez, 2016)

Soil Management
Nicholls et al., 2015)

Soil erosion and waterlogging (Casimiro Rodriguez, 2016; Nicholls et al., 2015)

Species produced and preserved on the farm (Food and Agriculture Organization of the

Nutrient and energy recycling (Blandi et al., 2015; Gliessman, 2002; Marasas et al., 2012;

Indicators

1. Number of cultivated species 2.
Spatial diversity
3. Temporal diversity

4. Percentage of landraces

5. Animal-plant integration
6. Ratio of cultivated to semi-
natural area

3. Temporal diversity 7. Organic
matter management 8. Tillage
practices

9. Land systematization

Table 2 Indicators of the socio-cultural and economic dimension according to the strategies used in horticultural systems of the Regional Sur-Sur and reference

bibliography

Associated strategy

Indicators

Quality of life of the farming family (Flores & Saranddn, 2015; Marasas et al.,
2012)

1. Production and consumption 2. Free time

Equity and autonomy in the food production and marketing process (Mier y
Teran Giménez Cacho et al., 2018; Sevilla Guzman & Soler, 2010)

3. Decision-making process and autonomy

Local anchoring of food systems (Guzmén & Alonso, 2007; Marasas et al.,
2012)

4. Marketing channels

Knowledge for project development (Guzmén & Alonso, 2007)

5. Recognition and access to traditional and agroecological knowledge

A hierarchical grouping of farms was carried out for each
group of indicators, using Euclidean distance and the full group-
ing method, which considers the maximum distance by taking
one individual from each group to form all possible combina-
tions to measure the distance between groups.

For data analysis, the dist and hclust functions included in the
vegan package of R were used (Oksanen et al, 2020). To study the
consistency of the groups, the bootstrap method included in the
clusterboot function of the fpc package was applied, with 1000
simulations (Hennig, 2023).

Complementing the analysis by indicators, the interviews pro-
vided, through open or semi-structured questions, data to under-
stand the logics and choices of farmers. These data were classified
based on recurrent categories and grouped by analytical dimen-
sions. In the socio-political dimension, the chosen approach high-
lights the richness of the narratives and the underlying social dy-
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namics that structure the relationships within territories. Like-
wise, in the case of health and social networks, qualitative analy-
sis can provide key information related to the perception of well-
being, cooperation, and care for the environment, in a relation-
ship of interdependence between people and the ecosystems they
inhabit.

In December 2022, a workshop was held with members of the
Regional Sur-Sur of the RAU to present the results obtained to date
and collect proposals for strengthening and amplifying the
agroecological initiative in collaboration with the University.

3. Results
3.1 General Characteristics of the Farm Systems

The Regional Sur-Sur was formed in 2005 and was one of the first
to be established. It is characterized by being composed of farm-
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ers with extensive experience in agroecology. Of the analyzed
farms, eight have been practicing agroecology for more than 15
years, while the remaining two began their transition in 2014 and

Table 3 General description of the agroecological farms studied

2020, respectively. All are located in the rural area of Montevideo
and southern Canelones, in areas with good access to services and
marketing channels (Table 3).

Productive area

Farm (ha) Transition year Characteristics Origin Main Products* No. of workers**

A 2.0 1999 Family Rural H, A/M, F, LH 2FM

B 1.4 2008 Family Urban H, A/M, F, LH 1FM

C 4.5 2011 Family Rural H, A/M, F 3FM

D 2.7 1987 Family Rural H, A/M, F, LH, P 2FM/1PW

E 16 1992 Family/ Urban H, A/M, F, LH 2 FM and others***
community

F 5.8 2014 Business Urban H, A/M, F 5PW,5SW

G 5.5 1999 Family Rural H, A/M, F, LH, P, Sh 2FM

H 2 2020 Family/ Urban H, A/M, F, LH 3 FM 3 family units
community

| 25 1998 Family /- Urban H, A/M, F, LH 3 FM family units, 3 PW
community

J 6 1991 Family Urban H, A/M, F, LH 1FM,2AP

* Main products: horticultural (H), aromatic and medicinal plants (A/M), fruit trees (F), laying hens (LH), pigs (P), sheep (Sh).
** Number of workers: Family members (FM), Permanent wage workers (PW), Seasonal wage workers (SW). Two permanent members and other members of the

collective (variable in number and hours of dedication) work seasonally.

According to the definition of family producer established by
the Ministry of Livestock, Agriculture and Fisheries (Ministerio de
Ganaderia, Agricultura y Pesca, 2016), nine of the analyzed farm
systems correspond to family producers (farms A, B,C, D, E, G, H, I,
and ]), while one is classified as a business farm (farm F). In addi-
tion to horticulture, other production activities include fruit
growing, aromatic and medicinal plants, and small animal breed-
ing. Aromatic and medicinal plants will be addressed together,
since in most cases they are species that serve multiple functions
in the garden: they provide biodiversity, act as natural insect re-
pellents, and are also used to prevent or treat health imbalances
in humans.

Of the ten farms analyzed, seven made a transition from con-
ventional systems to agroecological systems. As for the origin of
the farmers, four come from rural backgrounds, while the other
three have urban origins and began their first productive experi-
ence under conventional systems. Among these three, two had
previous experience as wage workers in rural areas (Figure 1).
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Figure 1 Origin and background of farmers Regarding agrobiodiversity (which integrates the number of culti-

) vated species, spatial-temporal diversification, animal-plant inte-
Conventional Rural - . . .

Origin Urban origin gration, and connections between natural and cultivated compo-

nents), the indicators show that the nine family farms presented

\ Waged rural similar results, with a 909% grouping level (Figure 2).
4 farms (conventional and/or All ten farms under study coincide in presenting a high spatial
(A€ D] agroecological) farmer diversity, both of cultivated and spontaneous species. With regard
2 farms (B, 1 farm 3 farms (E, to cultivated species (including horticultural, fruit, medicinal,
1) (H) FJ) and floral plants), all farms grow more than twelve species, even
Agroecological reaching up to 30 (Altieri & Nicholls, 2007). In addition, they carry
System out between three and five of the following practices: planting

boundary strips, intercropping, trap or aromatic plants, installing
biological corridors, and preserving the surrounding vegetation.
On all farms, at least 20% of the area is left uncultivated.

A-J: Each letter correspond to a production system

Among the nine family farms surveyed, three of them (E, H, I)
consist of several family units residing or working in the same
space, as community organizations. These farms share an urban
origin and, although the internal organization varies in each case
(in terms of division of labor, decision-making processes, and the
definition of common objectives), in all cases they represent a
break with the traditional model of the isolated rural family. In
the business farm (F), the producer does not live on the farm, and
daily activities are carried out by hired labor. The rest of the farm
systems (A, B, C, D, G, ]) are managed by family units that both live
and work on their farms.

3.2 Ecological and Technical-Agronomic Dimension

The main aspects mentioned in this dimension include soil care,
pollution prevention, increasing biodiversity, and animal welfare.
In the interviews, the importance of caring for nature and avoid-
ing its deterioration is highlighted, while also emphasizing the
contribution to its improvement.

This approach transcends individual and farm objectives, as
they consider the impact of farm management in the area and
the care of the environment for future generations: “I spent sever-
al days thinking that I had to give something back to the land, it
was not just about conserving it; its previous management had
worn it out a lot, so I began to improve it” (Producer from Montev-
ideo, personal communication, July 27, 2022); “For me, agroecology
is the love for nature, building a more harmonious world for
everyone, a conscious decision about what I want for myself and
my environment, thinking about the present and the
future” (Producer from Montevideo, personal communication, De-
cember, 2022).

3.2.1 Agrobiodiversity

Agrociencia Uruguay « 2026 « vol. 30 « €1544 « January-December 7
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Table 4 Outcome of agrobiodiversity indicators

Farm system No. (Eultivated SPatia.l Temporal diversity Use ofLandraces f\nimal ) Ratio of cultivated and semi-
species diversity integration natural areas
A 5 4 5 3 3 5
B 4 4 4 5 3 5
C 5 5 4 3 2 4
D 5 4 3 3 3 4
E 5 5 4 3 3 5
F 5 4 5 2 1 5
G 5 5 4 3 5 5
H 4 5 3 3 3 5
| 5 5 4 5 3 5
J 5 5 4 2 3 5

As for temporal diversity, all farms avoid repeating the same
botanical family for two to four cycles. However, an aspect to im-
prove is that few farmers keep detailed records on rotations,
which hinders planning.

Another characteristic common to all farms is the selection of
species and varieties adapted to both local conditions and the
productive objectives of each system. This selection has been de-
veloped over time, based on observation and direct experience of
each property. This approach has allowed agroecological farmers
to incorporate, as part of their practices, the selection and conser-
vation of seeds adapted to the local environment.

However, this practice applies only to some varieties, since
most farmers consider that seed reproduction requires meticu-
lous work, such as plant selection and differential management,
which is difficult for them to implement. In addition, the avail-
ability of native seeds in the market is limited (understood as
seeds that have been selected, conserved, and reproduced by
farmers over generations, adapting to local conditions). For this
reason, the percentage of native seeds used varies between 40%
and 80% in the different farm systems.
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Figure 2 Cluster dendrogram of farm agrobiodiversity
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Regarding animal integration, nine farms have small animals,
mainly laying hens, which feed from vegetable discards, pasture,
and feed. However, only one of the farms manages to be complete-
ly self-sufficient in fertilizer production. In the rest of the farms,
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animal integration is insufficient; they must buy fertilizers local-
ly, which come from conventional systems.

3.2.2 Soil Management

Soil management indicators integrate the temporal diversity of
vegetation, land systematization, tillage practices, and organic
matter management (Table S1).

Among the results obtained, land systematization yields the
highest values (Table 5). This can be explained because, in the last
10 years, all farms have carried out some form of systematization,
mostly linked to projects subsidized by the MGAP. Field observa-
tions showed that the slope and length of the beds are adequate.
No significant erosion or waterlogging problems have been de-
tected, except in certain specific areas of some farms, which repre-
sent less than 15% of the total area.

The maximum use of organic matter is achieved through the
application of various techniques, such as the use of organic com-
post in the recommended doses, the implementation of green
manures, and the use of mulch. Only one farm, which makes its
own fertilizer, obtained the maximum value. In the remaining
farms, the fertilizer used is chicken litter, chicken manure, or cow

Table 5 Soil management indicator results

rumen, all from conventional sources. This carries the risk of pos-
sible contamination of the compost with agrochemicals.

In general terms, there are some aspects to consider and adjust
in farm management. One aspect is linked to the arrival and cur-
ing time of the fertilizer for proper handling. Another aspect to
consider refers to the homogeneous application of compost and
the lack of soil analysis for application. It was found that in more
than half of the farms compost is applied homogeneously with-
out considering the specific needs of each crop. In this regard,
farmers say that soil analysis is expensive, so it is not done fre-
quently. The interviews highlighted the need for more research
on the composition of animal-based fertilizers, the recommended
doses for each crop, and the possibility of accessing certified or-
ganic compost.

All farms use green manures to improve the structure and fer-
tility of the soil, as well as to control weeds. The need to generate
more research on tillage practices is identified, since the southern
soils are mostly heavy on texture. In this context, tools that allow
for deeper tillage are used. Although conservation management
practices are incorporated, these are complemented with imple-
ments that cause a greater alteration of the soil profile.

Farm system Temporal diversity r:gr;:gi:rr:ea::;f the Tillage practices Land systematization
A 5 4 4 5
B 4 3 4 4
C 4 3 4 4
D 3 4 5 5
E 4 4 4 5
F 5 4 2 4
G 4 5 4 4
H 3 4 4 4
I 4 4 4 5
J 4 4 4 5

3.3 Socio-Cultural, Economic and Political Dimension

The interviews show that, in family farms, choosing the agroeco-
logical paradigm is presented as a way of life that integrates work,
place of residence and the relationship with the natural environ-
ment, where bonds of solidarity and cooperation are fostered.
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There is a strong conviction for this path, which remains firm in
the face of diverse social, political and economic circumstances.
In addition, agroecology is mentioned as the alternative to ensure
the viability of family farming in rural areas. In this regard, inter-
viewees mentioned: “What I invest here I do with enthusiasm, this
is my place in the world”; “If someone starts producing agroeco-
logically just for an economic reason, they'll quit for the same rea-
son; for us it is a way of life”; “This is my life project, to which I
dedicate myself every day” (Producer from Montevideo, personal
communication, August 18, 2022); “Agroecology is a utopia that, as
such, inspires us to move forward” (Producer from Montevideo,
personal communication, August 18, 2022).

The nine family farm systems agree that in order to achieve
stability, the yield per area should not be increased, but rather the
concept of global diversity-productivity of the system should be
integrated, generating a balance between income and expenses
appropriate to the family's needs, favoring greater independence.
In all cases, the farm is the only workspace, although three farms
receive retirement pensions. In this regard, great importance is
given to strengthening the system and reducing the use of exter-
nal inputs. In addition, farmers also appreciate the possibility to
consume the food produced on their farms, as a way to reduce liv-
ing costs and access healthy and diverse food.

The six farms belonging to Group 1 in Figure 3, including the
four managed by farmers of rural origin, it is considered that the
productivity of the farm system is sufficient to satisfy their basic
needs, repay and reinvest capital, and allocate part of the income
to recreational activities. Three of these farms hire waged labor.
However, one of the challenges pointed out is the high workload,
which exceeds 50 hours per week, on average. Although this work-
load is significant, farmers of rural origin pointed out that, under
the conventional system, working hours were also long, but in-
come did not cover the family’s basic needs, often forcing them to
seek off-farm employment or increase their working hours even
further. They argue that this does not happen in the current sys-
tem, so they visualize this aspect as a strength of the agroecologi-
cal system: “Before, it was all about planting as much as possible,
working all day, and investing a lot of money. You know how con-
ventional production is, you have to work from dawn to dusk, and
you are always throwing away food that you can't sell” (Producer
from Montevideo, personal communication, September 16, 2022).

The rest of the farmers consider that the productivity of the
system manages to satisfy their basic needs and wages, but they
cannot generate any savings for personal use, or amortize or in-
vest in the farm. They share a common urban origin and their
farms are made up of several family units that live and work
there.
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One of the potentialities that this last group mentioned is that
their work involves an adequate workload and, compared to their
previous jobs, they currently have greater work flexibility, which
adds to the peace of mind of working and living in the same
place. Families with children highlight the possibility of taking
care of them in their workspace, apart from allowing them to
grow up in contact with nature.

On farm F, which has a business profile, the farmer does not
live on the farm, and their main income comes from another job.
Although they do not consider that the workload for vegetable
production is high, it does not generate the expected income ei-
ther, which raises doubts about continuing in the sector long-
term.

In all farm systems, a strong sense of community is observed,
aligned with one of the principles of agroecology (Giraldo & Ros-
set, 2021) that promotes organizational structures and collective
processes rather than individualized projects.

Figure 3 Cluster dendrogram of sociocultural and economic farm dimensions
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3.3.1 Health

In the interviews, a central aspect of the agroecological model is
health. This includes growing and consuming fresh, nutritious
food free of pesticide residues; the protection of both farmers'
and workers' health, by avoiding exposure to agrotoxics, and the
prevention of soil, air, and water pollution.

In three of the farms that made the transition from conven-
tional to agroecological systems, the main driver of the decision
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was health concerns. In one of the farms, a farmer suffered acute
poisoning when he consumed a lettuce from his farm contami-
nated with captan residues due to the drift of a nearby field. On
another farm, a farmer suffered from chronic gastritis and, after
several studies, it was diagnosed that the cause of his disease was
related to the use of pesticides. This farmer began wearing protec-
tive gear with a mask and reflected: “While I was fumigating with
the gear on, I kept thinking that the food I was applying chemi-
cals to would later go to the market for others to eat.. After some
time, started producing again, I did it
agroecologically” (Producer from Canelones, personal communi-
cation, Jun 9, 2022). In the third case, on a farm that worked with
teenagers, the decision was made to avoid exposing them to agro-
toxins to prevent possible health problems. In the farms with
children, not using agrotoxins is a central aspect, since it allows
children to play and move freely through the farm without risk.

In all cases, farmers emphasized the importance of maintain-
ing ecosystem health —not only inhabiting a clean, uncontami-
nated space but also caring for nature and all living beings with-
init.

when I

3.3.2 Social Networks

All farm systems integrate more than one association or network
of farmers. Some of those mentioned are: farmers’ markets, eco-
stores, the Agroecology Network of Uruguay, the National Network
of Native and Creole Seeds, and local rural development groups,
among others. The reasons they mention for participating in-
clude belonging to groups with common principles and goals
that allow them to develop agroecology in the region and the
country, and collectively solve problems common to family sys-
tems and especially agroecological ones.

In all cases, solidarity and cooperation among peers are high-
lighted, reflected mainly in three aspects: the exchange of infor-
mation that helps solve technical, productive, and commercial
difficulties jointly; the promotion of complementarity rather
than marketing competition; and mutual support when a farmer
faces illnesses or other difficulties.

About decision-making processes, nine out of ten farm systems
report that all adult members of the family or cooperative partici-
pate equally in long-term objectives, or, otherwise, they common-
ly agree to divide responsibilities and decision-making among
the members.

3.3.3 Recognition of Local Knowledge

As for the knowledge required to develop the technical proposal,
they all agreed that they do not face difficulties in farm manage-
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ment. On the contrary, they consider that agroecological systems
require a holistic perspective that enhances creativity, promotes
job satisfaction, and integrates seamlessly into their manage-
ment practices.

Farmers who previously produced under conventional systems
point out that such work was routine and monotonous, so they
consider that the change was positive: “I like to create, I am always
changing and learning about new crops. The supermarket or the
commission agent always wants the same thing, here I can go
where I want” (Producer from Montevideo, personal communica-
tion, September 16, 2022).

As aspects to be improved, they mention that, although in re-
cent years there has been greater access to information and in-
puts, this aspect is still insufficient. All the interviews express the
need for research institutions to allocate more funds to the devel-
opment of proposals related to agroecology, since existing studies
fail to reflect the characteristics of Uruguay's agroecological sys-
tems. The same applies to educational institutions, as there is a
perceived shortage of technicians trained in this field. Further-
more, they pointed out that most of the technicians working un-
der the agroecological paradigm have been trained mainly
through their engagement with farmers of the Agroecology Net-
work of Uruguay (RAU).

3.3.4 Marketing Channels

In all the family farms surveyed, sales through short marketing
channels are considered key to economic sustainability. More
than 80% of sales are made through farmers’ markets, produce
baskets, restaurants or self-managed stores, allowing farmers to
set stable prices and plan production without waste. In addition,
the direct link with consumers fosters trust, knowledge exchange,
and demand stability, while at the same time knowing the profit
margin for each product: “Sales are very well organized —nothing
is left unsold. And if one crop yields more than expected, we use it
for preserves”; “In each crop, I already calculate the profit margin
because I know what cost it has and at what price Il sell
it" (Producer from Canelones, personal communication, Jun 9,
2022).

For consumers, this also represents an advantage, since they
know in advance the price at which they will find the produce. In
turn, the direct link with consumers fosters dialogue about sea-
sonality, characteristics of food production systems, and “cosmet-
ic” criteria, among others.

The farm with a business profile showed lower levels in the in-
dicators “marketing channels” and “decision-making and autono-
my" (Table 6). This is related to the fact that 75% of its production
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is sold to supermarkets, where there is no direct connection with
either consumers or other farmers. In addition, sales conditions
are imposed by the commercial channel, which charges for the
service and deducts 10% for products considered “waste”, thus re-
ducing the profit margin and the producer's decision-making ca-
pacity.

Table 6 Results of indicators in the socio-cultural and economic dimension

Although this model allows for higher sales volumes, it entails
less autonomy compared to direct sales channels. The farmer
points out that demand always exceeds supply, but in recent
years, he has been unable to increase his production volume.
Thus, unlike the other cases, their income only covers production
costs and wages.

Farm system Productiop and Free time Decision-making and Marketing Recognitior.\ and access to traditional and
consumption autonomy channels agroecological knowledge
A 5 2 5 5 5
B 3 2 5 5 5
C 3 2 5 5 5
D 5 2 5 5 4
E 3 3 5 5 4
F 3 4 2 2 4
G 4 2 5 5 4
H 2 4 5 5 4
I 3 4 5 5 4
J 5 3 5 5 4

4, Discussion

Based on the objectives set, the following section describes the as-
pects identified as central to the development of horticultural-
based agroecological systems analyzed in this study, as well as
their link with the attributes of autonomy, stability, resilience,
and adaptability (Astier et al., 2000) in relation to their contribu-
tion to the agroecological transition. Additionally, an analysis
will be carried out on the relationship of these systems with the
principles of complementarity, correspondence, and reciprocity
proposed by Giraldo (2014), which are related to a life in harmony,
respect, and balance with all that exists, promoting well-being
and happiness.

4.1 Autonomy

Common characteristics are observed across the nine family sys-
tems regarding a conscious choice of work and lifestyle, allowing
farmers to define and integrate their objectives and priorities,
identity and values, while also providing room for creativity.

The production strategies are aimed at understanding the
characteristics of the environment, valuing traditional knowl-
edge, the exchange between farmers, and the development of
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technologies adapted to the local environment. In turn, the diver-
sity of crops and species cultivated contributes, to a greater or
lesser extent, depending on the case, to guarantee the family's
food consumption and to maintain a diversified marketing
throughout the year. On the other hand, short marketing chan-
nels allow defining sales volumes and prices in a close relation-
ship with consumers.

A limitation of agroecological systems raised by Guzman &
Alonso (2007) is the excessive workload. Of the farms interviewed,
five mentioned that free time is less than desired and, in some
cases, they explain that the need to take care of productive tasks
and also packing and marketing does not allow for days off dur-
ing the week. On the other hand, the other half see flexible work-
ing hours as a strength, also associated with childcare. In all cases,
farmers emphasized their enjoyment and conviction in what
they do.

Access to compost and organic seeds varies between farms, so
it would be advisable to promote training and exchange opportu-
nities on these issues, as well as to foster the creation of special-
ized production systems. Despite these differences, the farms
have achieved a remarkable productive and commercial autono-
my, with low dependence on external inputs. In addition, the in-
terviews highlight a high satisfaction with work and lifestyle,
which contrasts with what Umbelino de Oliveira (2003) found
about conventional small-scale systems, in which there is a grow-
ing indebtedness and exclusion from family systems, where farm-
ers have little or no influence over production and commercial
processes.

4.2 Stability, Resilience and Adaptability

The attributes of stability, resilience and adaptability are ana-
lyzed together, since they refer to the dynamic equilibrium of the
system, in relation to how it recovers from major environmental
changes and its ability to be sustainable over time.

In the ecological and technical-agronomic dimension, greater
ecosystem functionality is observed, aligned with agroecological
principles, which is characterized by an increase in spatial and
temporal biodiversity, both cultivated and spontaneous, a high
integration with animal production activities, and the incorpora-
tion of techniques that improve the soil's physical, chemical and
biological properties, as well as the overall environmental quality.

The increase in ecological interactions optimizes the functions
in the agroecosystem, favoring stable dynamic balances over
time. It also allows the productive potential to be maintained af-
ter suffering environmental disturbances. During the transition
stage, a greater use of biological inputs may be necessary to sus-
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tain yields until greater functional diversity is achieved, reaching
yields similar to conventional systems but with lower costs of ex-
ternal inputs.

With regard to the socio-cultural and economic, and socio-po-
litical dimensions, the diversity of marketing channels con-
tributes to strengthening commercial stability. Likewise, short
marketing channels are based on trust bonds with consumers,
and prices are not subject to market fluctuations of supply and
demand. They integrate and articulate organizations with com-
mon objectives, with principles and foundations that allow them
to position agroecological systems from the socio-political point
of view.

Wwith regard to the relationship between farmers, there are net-
works of solidarity that are far from the prevailing competitive
relations in the conventional market. This aspect is related to the
concept mentioned by Giraldo (2014) of “full life”, taken from the
Aymara and Quechua cultures, which states that “one cannot live
well if others live poorly”. Thus, in the interviews, farmers high-
lighted collaboration and complementarity among peers in sales
spaces that seek collective well-being. This aspect has an impact
on greater stability in the face of possible market fluctuations.

4.3 Principles of Complementarity, Correspondence and Reci-
procity

The principles of complementarity, correspondence and reci-
procity are proposed by Giraldo (2014) as elements that contribute
to life in harmony, respect and balance with all that exists,
through the understanding that everything is interconnected,
both among people and with nature.

In the socioeconomic indicators, it was observed that all family
farms maintain short marketing channels, characterized by dif-
ferent practices, such as collective price-setting at markets, coor-
dination of produce, mutual assistance, and knowledge exchange,
among others. Through these practices, the principle of comple-
mentarity is expressed. According to Giraldo (2014), this principle
refers to an intersubjective rationality, where we are all subjects
who need each other and complement each other, in contrast to
the predominant discourse of modern society, in which competi-
tion is the primary form of social relation.

In the technical-productive dimension, the results of the agro-
biodiversity indicators show a relationship of care with the envi-
ronment, expressed through practices such as rotations, polycul-
tures and soil care, among others. These actions align with the
principles of correspondence and reciprocity, which imply recog-
nizing that, just as nature provides what is necessary for life, peo-
ple must return what they have extracted (for example, by incor-
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porating compost) or allow time for the ecosystem to regenerate.
This principle also applies in human relationships through coop-
erative work and mutual aid.

5. Conclusions

The study showed that agroecological production systems con-
tribute to the continuity and expansion of production systems,
mainly led by family farmers. They promote greater autonomy,
stability, resilience and adaptability, while revaluing traditional
knowledge, the exchange between farmers, the development of
technologies adapted to the environment, care for nature, and re-
lationships of mutual support and trust among peers and with
consumers.

The family farm systems interviewed present a common dis-
course that redefines the value and identity of being a farmer,
conceptualized as individuals who transform the ecosystem to
grow food, with a sensitivity for the well-being of nature and peo-
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ple as part of it, without separating the individual from the collec-
tive.

No significant barriers to the agroecological transition were
identified, which can be explained by the trajectory and strong
conviction of those who manage these farms, with a clear com-
mitment to the chosen model. However, some aspects were point-
ed out for improvement: the need to strengthen on-farm produc-
tion of compost and organic seeds, the scarce training of techni-
cians specialized in agroecology, the limited research on the sub-
ject, and the inadequacy of public policies to the specific charac-
teristics of these systems.

Despite these limitations, farmers consistently agree that the
shift towards agroecology has been positive. Rather than a diffi-
culty, the transition is experienced as a viable and necessary op-
portunity: a possible way of growing food and inhabiting rural ar-
eas that moves society toward a model based on the reproduction
of life, in harmony with nature, which contributes to a full and
meaningful life.
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Table S1 Sustainability indicators: ecological and technical-agronomic dimension

Indicator name

Standardization

1. Number of cultivated
species

(5) More than 15 species cultivated on the farm per year and more than one variety in at least two crops; (4) more than 12 species
cultivated on the farm per year; (3) between 7 and 12 species cultivated per year; (2) between 3 and 7 species cultivated per year;
(1) Less than 3 species cultivated per year.

2. Spatial diversity

(5) Boundary strips; intercropping; trap or aromatic plants; biological corridors; preserves the surrounding vegetation; (4)
performs between three and four of the mentioned practices; (3) performs two of the mentioned practices; (2) performs one of
the mentioned practices; (1) does not perform any of the mentioned practices.

3. Temporal diversity

(5) Planned rotations of more than four productive cycles incorporating species from different botanical families; (4) although
records are not kept, ensures that the same botanical family is not repeated for two to four productive cycles; (3) unplanned
rotations, but species from different families are incorporated; (2) unplanned and sporadic rotations among the same species or
families; (1) no crop rotations.

4. Percentage of landraces

(5) More than 80% of the varieties used are preserved on the farm or exchanged with other producers; (4) between 60% and 79%
of the varieties used are preserved on the farm or exchanged with other producers; (3) between 40% and 59% of the varieties
used are preserved on the farm or exchanged with other producers; (2) between 20% and 39% of the varieties used are preserved
on the farm or exchanged with other producers; (1) less than 20% of the varieties used are kept on the farm or exchanged with
other producers.

(5) There is a planned relationship between animal and plant products: all the manure used is produced on the farm; crop
residues or plant waste is used to feed animals; (4) there is a planned relationship between the animal and plant products: more

5. Integration between animalthan 50% of the manure is generated on the farm; crop residues or plant waste is used to feed animals; (3) there is a planned

and plant production

relationship between the animal and plant products: the manure produced on the farm is low, but it is used to make biofertilizers
and seedlings, among others; crop residues or plant waste is used to feed animals; (2) although there is animal production, there
is little connection with plant production; (1) no animal production.

6. Relationship of cultivated
and semi-natural area

(5) The cultivated area represents less than 70% of the surface, the rest being boundary strips, biological corridors and natural
areas; (4) the cultivated area represents between 75% and 90% of the surface, the rest being planned as boundary strips,
biological corridors and natural areas; (3) the cultivated area represents less than 70% of the surface, the rest being unplanned;
(2) the cultivated area represents between 75% and 90% of the area, the rest being unplanned; (1) The cultivated area represents
more than 90% of the surface.

7. Organic matter
management

(5) Applies compost or organic animal manure within the recommended doses, uses green manures and mulch; (4) applies
compost or non-organic animal manure within the recommended doses, uses green manures and mulch; (3) applies compost or
non-organic animal manure, compost or mulch; (2) performs at least one organic matter management strategy; (1) does not use
any organic matter management strategy.

8. Tillage practices

(5) Exclusive use of conservation tillage implements; (4) use of conservation tillage implements combined with implements that
break the soil bread (no more than 3 passes per year); (3) use of implements that break the soil bread (more than 3 passes per
year); (2) use of implements that break the soil bread sometimes combined with pulverizing tools; (1) uses both implements that
break the soil bread and pulverizing tools.

9. Land systematization

(5) All plots are systematized. No water erosion or waterlogging is observed; (4) the farm presents systematization in all its plots
with some areas (less than 55%) needing improvement; (3) the farm presents systematization in all its plots with some areas
(between 55% and 30%) needing improvement; (2) areas with steep slopes lacking adequate management or drainage,
generating waterlogging over large portions (more than 30%); (1) no systematization, presence of gullies or areas of waterlogging
that affect production.

Table S2 Sustainability indicators: socio-cultural and economic dimension

Indicator name

Standardization

According to the farmer’s opinion, the productivity of the farm system: (5) covers basic needs, wages, amortization

10. Production and consumption and reinvestment or leisure; (4) covers basic needs, wages and amortization; (3) covers basic needs and wages; (2)

covers only basic needs; (1) does not cover basic needs.

11. Freetime

(5) Less than 40 hours of average weekly work; (4) 40 to 44 hours of average weekly work; (3) 45 to 49 hours of average
weekly work; (2) 50 to 54 hours of average weekly work; (1) more than 55 hours of average weekly work.
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(5) A) All adult members of the family or society participate equally in long-term decision-making or, otherwise, by

12. Decision-making process and
autonomy

common agreement, divide responsibilities and decisions among the members. B) Producers are interconnected,
creating exchange networks where production is jointly planned. C) Exchanges with consumers that contribute to
farm decisions. D) There is autonomy to set the sales prices; (4) At least three of the aspects above are met; (3) at least

two of the aspects above are met; (2) at least one of the aspects above is met; (1) none of the aspects above is met.

(1) More than 80% of sales occur through direct-to-consumer channels (farmers’ markets, baskets, restaurants, self-

13. Marketing channels

managed premises); (4) between 60% and 79% of sales occur through direct-to-consumer channels; (3) between 40%
and 59% of sales occur through direct-to-consumer channels; (2) less than 40% of sales occur through direct-to-

consumer channels; (1) no direct-to-consumer sales.

(5) The complexity of agroecological systems is managed with ease, there is good access to inputs and to technicians

14. Recognition and access to traditional
and agroecological knowledge

or colleagues trained in the subject; (4) agroecological systems present moderate difficulties in at least one of the
three aspects raised; (3) agroecological systems present moderate difficulties in two or three of the aspects raised; (2)
agroecological systems present a significant difficulty in farm management, access to inputs or technical assistance;

(1) agroecological systems present great difficulties in farm management, access to inputs and technical assistance.
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