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Peri-urban territories and WEF nexus: the challenges of 
Brazilian agrarian reform areas for social justice
Thainara Granero de Melo , Bruno Lacerra de Souza
and Rosemeire Aparecida Scopinho

Graduate Programme in Psychology, Federal University of São Carlos (Ufscar), Brazil

ABSTRACT
Over the past three decades, agrarian reform areas have transformed 
urban and rural spaces across Brazil. Although these areas’ creation 
reduced inequalities and environmental problems, their residents still 
experience several constraints and vulnerabilities associated with 
water, energy, and food provision. Drawing on the water-energy-food 
(WEF) nexus’ critical and territorial perspectives, this paper aims to 
better understand the agrarian reform areas’ challenges in peri-urban 
interfaces towards social justice. We analyse a territory in the Northeast 
portion of the São Paulo State, where it is located the Sepé Tiaraju 
agrarian reform settlement in interface with two municipalities. We 
suggest that agrarian reform areas can activate a progressive and 
concrete environmental change at the local level where food is the 
key element to redefining the area’s nexus. However, socio-political 
and spatial dynamics involving water and energy for the sugarcane 
sector, the municipal government, and tense relationships among 
residents around food also reproduce unequal access to resources. 
This paper contributes to the emerging critical literature and its efforts 
to politicize the nexus debate, giving more nuanced views to the 
complex and contradictory dynamics involving environmental pro-
blems and social justice struggles.
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1. Introduction

Brazil is a continental territory of environmental richness, but one of the most unequal, 
exclusionary, and predatory societies. With a rural structure concentrated on the agribusiness 
sector and diffuse patterns of urbanization, many Brazilians live apart from the rights of 
adequate access to resources, infrastructure, and collective services (Brandão 2016). Over the 
past three decades, civil society groups and social movements have been claiming political 
solutions, proposing appropriate and sustainable forms of land occupation and natural 
resources management (Fernandes et al. 2012). The 2000s were a milestone for these political 
struggles in Brazil’s most populous state, São Paulo. Innovative policies transformed portions 
of land dedicated to monoculture into agrarian reform settlements nearby urban areas. Since 
then, settlements play a crucial role in reducing social inequities and the damages that 
sugarcane agribusiness provoked in local ecosystems (Goldfarb 2011; Matheus 2017). This 
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role comes in a critical time when settlements became hubs for donating tons of agroecolo-
gical-based food production to urban dwellers hard hit by the Covid-19 pandemic (Wedig and 
Ramos 2020). However, while creating these areas represented an opportunity for environ-
mental and social justice for thousands of working poor, their residents still experience several 
constraints and vulnerabilities associated with water, energy, and food.

Issues related to these challenges over environmental change resources have become the 
strong interest of the nexus framework. This approach addresses the water-energy-food (WEF) 
interdependencies in scenarios of trade-offs, inefficient, and unequal provision of resources, 
discussing solutions to establish synergies in the nexus (Bazilian et al. 2011). Recently, more 
critical conceptions of the nexus have been emerging, ensuring a socio-political view at the 
resources interdependencies cutting across concrete urban and rural territories (Cairns and 
Krzywoszynska 2016; Williams et al. 2018; Moss and Hüesker 2019). Although interests in 
urban-rural dynamics are far from being a novelty in the nexus debate, critical perspectives 
make room to dialogue with complex and overlooked particularities of peri-urban territories 
(Adam 1999; Allen 2003). In these areas, environmental change is not merely couched in the 
natural aspect but is a social and political contested terrain (Hommes et al. 2016). In this 
direction, scholars suggest that the nexus discussion needs further contributions from the 
social sciences in understanding the many scales that bring the nexus together with complex 
relationships between people, places, infrastructures, policies and, therefore, affecting deci-
sion-making processes in resources governance (Cairns and Krzywoszynska 2016; Monstadt 
and Coutard 2019; Urbinatti et al. 2020).

In light of this context, this paper’s central argument is that the nexus’ socio-political and 
spatial dynamics are crucial to understanding how the environmental change occurs in peri- 
urban territories, particularly the agrarian reform areas; and the extent to which these changes 
enable and constrain social justice. Because agrarian reform areas in peri-urban territories 
come into being through complex urban-rural dynamics, where a single territory is the 
material support for both the struggles of oppressed groups and agribusiness expansion, we 
argue that the nexus dynamics constitute contradictory changes. On the one hand, they 
challenge dominant relations over the resources, operating a substantial territorial change. On 
the other, they deepen inequities in resource access, establishing limited forms of social justice.

To this end, this paper aims to understand better the challenges of peri-urban terri-
tories towards social justice, with a view to Brazilian agrarian reform areas. We bring 
empirical evidence from qualitative research in the macro-region of Ribeirão Preto, State 
of São Paulo, where we investigated the Sepé Tiaraju agrarian reform settlement in 
interface with other two municipalities, Serra Azul and Serrana. We examine the critical 
links between the water-energy-food nexus of the territory, linking them to the macro- 
regional, socio-political, and spatial dynamics at the local level.

In doing so, this paper contributes in two directions. It adds to the emerging critical 
literature and its efforts to politicize the nexus debate, giving more nuanced views to the 
complex and contradictory dynamics involving environmental problems and social justice 
struggles. Also, it highlights the importance of a deeper understanding of the nexus through 
a territorial perspective, giving attention to these dynamics in overlooked realities beyond the 
typical urban-rural dichotomy.

The text proceeds as follows. Section 2 problematizes the Brazilian agrarian reform policy 
and the challenges faced by the settlements in peri-urban territories. Section 3 presents the 
theoretical framework based upon the nexus’s critical perspective and the notion of peri-urban 
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territory. Section 4 describes the case-study area and methodological strategies employed. 
Section 5 presents the results. The paper concludes with the contributions of the study.

2. Agrarian reform areas in Brazil: inequalities and struggles crossing the 
urban and rural spaces

In Brazil, agrarian reform areas are the territories created by the redistributive land policy, 
involving a range of economic, political, environmental, and social changes (Heredia et al. 
2002). With an economy mainly dependent on the agro-export model, the country has 
accumulated a colonial trajectory of unequal and exclusionary development. In associa-
tion with the transnational capital and the state, powerful landowning elites have been 
ensuring an ongoing expropriation of land and natural resources through the centuries. It 
becomes evident when we compare the data on current agricultural land distribution. 
While 10% of the largest agribusiness’ rural unities occupy 73% of the national agricultural 
area, 90% of smaller areas only occupy 27% (Pinto et al. 2020).

Nonetheless, the agribusiness domain cannot be attributed only to the monopoly of 
land, but also to the forms of access and control of natural resources and related impacts 
over cities. According to Brandão (2016), the capitalist accumulation in the rural spaces 
resulted in paradoxical urbanization, characterized by metropolitan areas, regional inter-
mediary hubs, and dispersed small towns. While taking different forms across the regions, 
these spaces have, in common, the reproduction of significant inequities and social 
injustices in the access of resources.

These inequities fuelled the emergence of struggles over land in different periods of 
Brazil’s political history. The origins of agrarian reform activist movements, such as the 
Landless Workers’ Movement (MST), can be traced back to the 1980s. In the wake of the 
crisis after two decades of military dictatorship, thousands of dispossessed peasants, 
urban and rural working poor called for agrarian reform policy (Robles 2018). In 1988, 
the new Brazilian Democratic Constitution reaffirmed the basis for agrarian reform to 
democratize land access by emphasizing the so-called social function of property. The 
central principle is that the owner must meet obligations that contribute to the collective 
good, for example, by making use of land in compliance with labour rights and protecting 
natural resources. Otherwise, the federal government can expropriate an estate to imple-
ment agrarian reform areas when it does not perform the social function (Ondetti 2016).

Activists for agrarian reform then struggle to pressure authorities to ensure the people’s 
right for the land and other constitutional rights, such as access to housing, food, and 
environmental resources. The movements’ pressures held agrarian reform on the policy 
agenda in the last three decades by organizing mass mobilizations and occupation of disused 
properties, with varying degrees of tensions. Until 2017, the Brazilian state created 9.374 
settlements that reach over 972,000 families across the country (Incra 2020b). Overall, the 
federal government is in charge of agrarian reform policy conducted by the state’s land 
agency, the National Institute for Colonization and Agrarian Reform (Incra). This actor is 
responsible for setting and implementing the necessary infrastructure for the areas (e.g., 
housing, water, energy, roads), and the policy for agricultural production (e.g., rural loans 
and technical assistance). Incra also shares administrative responsibilities with state and 
municipalities, mostly regarding the governance and provision of collective services, such as 
water, energy, and waste collection. Furthermore, social movements are still present in several 
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areas, acting together with local associations and cooperatives as the residents’ representative 
bodies (Fernandes et al. 2012).

In many Brazil regions, agrarian reform areas were implemented by different arrange-
ments, thus ordering varied territorialities, levels of rural-urban interactions, and process 
of change. There are currently five federal-sponsored agrarian reform models, ranging 
from settlements designated to traditional peasant communities to areas that emphasize 
agriculture with environmental preservation near large urban centres (Incra 2020a). These 
institutional arrangements arose from a shift in agrarian reform agenda in the 2000s, in 
the wake of discussions on the increasingly precarious living conditions in the cities 
associated with environmental problems. This discursive orientation entailed changes in 
the agrarian reform policy that, until then, was mostly implemented in hinterlands and did 
not directly address the environmental issue. In this perspective, natural resources con-
servation became as crucial as food production and land redistribution (Gonçalves and 
Scopinho 2010).

Accordingly, scholars and social movements have advocated creating agrarian reform areas 
in peri-urban territories as a critical setting for articulating urban and rural problems towards 
more sustainable and equitable use of resources (Goldfarb 2011). These settlements can 
produce food, reduce water pressures, improve soil quality, and recompose the local environ-
ment (Caporal and Costabeber 2006). Because of their strategic position in urban-rural inter-
faces, settlements can also supply cities with affordable fresh food, contributing to spend less 
energy on transportation and reduce footprints (Goldfarb 2011; Matheus 2017). The adoption 
of agroecological practices in these areas has been changing ecosystems, promoting food 
security, and generating income (Nobre et al. 2012; Marques et al. 2014).

Duval et al. (2008) note that agrarian reform also diversifies rural and urban landscapes, 
modifying the monocultures spaces through the sustainable food production that reaches 
cities. Besides, the agricultural diversification and income generation impacts the rest of the 
urban economy. Another effect is the political strengthening of local residents. Agrarian reform 
areas establish a dialogue between the public authorities at local and regional levels with 
historically excluded social groups from political decision-making (Leite and Ávila 2007). For 
Goldfarb (2011), agrarian reform in urban centres’ interface strengthens the territory, creating 
other cohesive forms to influence politics on local and regional levels.

Although these areas have enacted changes in the urban-rural interface, critical problems 
still affect local livelihoods. Surrounding monoculture areas remain pushing the local 
resources, while the agribusiness sector pressures the federal administration to relax environ-
mental regulations. Another critical problem for agrarian reform is the lack of adequate 
infrastructure for resources provision (e.g., lack of sanitation; solid waste collection; treated 
water for consumption and agricultural production; precarious roads and energy systems) 
(Dornfeld et al. 2013; Gaspari et al. 2018). Without infrastructure, creating new flows of food 
between urban and rural areas is another challenge. In broader scales, settlements dispute 
market space with conventional food farming, which conveys an idea of practicality, affordable 
prices, aesthetic and sanitary quality of food. Short food circuits can transform this relationship. 
The cities’ consumption of agroecological food creates visibility and social recognition of the 
settlements’ role for socio-environmental change (Silva and Tassara 2014). However, changes 
in the urban dwellers’ behaviour to consume the settlements’ food also demand progressive 
learning (Carvalho and Bezerra 2017). These interactions become more complex, considering 
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that the social stigmas of agrarian reform areas in Brazil imaginary. Locally, the spatial stigmas 
underlie tensions between settlements and urban dwellers.

These increasing challenges of settlements also refer to governmentality forms that 
continuously attribute a peripheral and residual character to agrarian reform areas 
(Wanderley and Favareto 2013). The lack of articulation between urban and rural govern-
ance for agrarian reform areas in peri-urban territories reflects an “institutional vacuum,” 
which resonates with people’s vulnerabilities to exercise alternative agriculture strategies 
and their environmental and social security rights.

As we can see, agrarian reform is a terrain where complex relations frequently express the 
disputes on resources. With state participation in the structuring of these areas, the imple-
mentation of agrarian reform in peri-urban territories materializes the people’s struggles 
against inequalities, envisioning other forms of land use and environmental change and 
more equitable access to resources. However, this is a process constantly challenged by the 
ongoing predatory accumulation of agribusiness, structuring profound inequalities in Brazilian 
society. Considering this context, we want to understand better how these processes occur in 
local realities, how people produce, access, and dispute resources in peri-urban territories, and 
to what extent they enact or constrain social justice.

3. The nexus framework: critical and territorial perspectives for urban-rural 
interfaces

This paper follows a critical and territorial perspective on the nexus to analyse peri-urban 
territories. In the past decade, the water, energy, food nexus approach became a trend 
analysis in the sustainable development literature by addressing the interlinkages, inter-
actions, trade-offs, pressures, conflicts between water, energy, and food, and the related 
impacts on the ecosystems (Bazilian et al. 2011). This approach attracted interest from 
debates about natural resources governance globally and national levels, suggesting 
solutions for synergic ways of accessing, delivering, optimizing the capacity and use of 
essential resources to build more resilient societies (Biggs et al. 2015).

Critical studies have a wary eye to this mainstream framing of the nexus. They see that 
much of the managerial discussion about trade-offs, synergies, and scarcity/optimization 
of resources often disregard the political and social dynamics affecting the nexus. Such an 
apolitical view can consequently support the established order that reproduces structural 
inequalities (Williams et al. 2018; Moss and Hüesker 2019). We cannot disregard that 
people shape resource governance with the power to make decisions around weighing 
benefits for specific areas, sectors, and social groups while affecting disproportionately 
vulnerable populations. Therefore, a nexus approach must critically consider the works of 
political and social contradictions to rethink opportunities for reducing inequalities in 
resource access and decision-making processes (Stringer et al. 2014). As such, scholars 
indicate the need for social sciences critiques in developing a more realistic and transfor-
mative debate of the nexus, addressing the environmental problems in terms of social 
justice (Cairns and Krzywoszynska 2016)

Framing a discussion towards social justice also implies highlighting the forms that the 
nexus takes in local everyday realities and place-based situations (Terrapon-Pfaff et al. 2018). 
From this perspective, the notion of territory is relevant because it allows us to position the 
nexus entwined in socially constructed spaces where people and nature “influence and 
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produce each other in multiple ways and on multiple scales” (Hommes et al. 2016, p. 11). It 
means that the processes through which the nexus components are co-produced involve 
contextual and spatial assemblages of different actors, resource flows, ecosystems, infrastruc-
tures, economic means, politics, institutional arrangements, and practices (Williams et al. 2018; 
Monstadt and Coutard 2019). In this same sense, spaces are continuously reconfigured, 
contested, and disputed by the diversity of local communities and livelihoods, interests, 
ways of thinking, and experiences. As a result, the impacts and struggle over resources are 
not merely physical or environmental but a socio-spatial process producing competing 
imaginaries and effects for different people in the same territory (Hommes et al. 2016).

This critical and territorial perspective of the nexus allows us to connect the notion of 
peri-urban and its distinctiveness regarding environmental change and related chal-
lenges. Although the concept of peri-urban is polysemic, having different interpretations 
and meanings according to the regions (Pereira 2013), some of its features are critical to 
framing the nexus’s complexity in particular agrarian reform areas, as the case of this 
study. Here, we follow Allen’s (2003) formulation of peri-urban as a territory that expresses 
an interface situation between urban and rural spaces. That is not defined by geographi-
cal boundaries but by varied flows of people, resources (natural, economic, material), 
policies, and institutions that mutually affect the city and the countryside.

Such a transitional dynamic informs at least three key features, according to Allen 
(2003). First, peri-urban interfaces compose a mosaic of environmental, rural, and urban 
ecosystems that exacerbate urban and rural competition for natural resources, resulting in 
dispossession, inequities on resource distribution, and vulnerability of the local popula-
tion to environmental risks. Second, it follows that the uneven and expansive process of 
resource appropriation often involves shifts in land uses and economic activities, thus 
making peri-urban a socially heterogeneous territory where different social groups coexist 
with competing interests, distinct imaginaries, and psycho-social identities (Tassara 2007). 
Third, due to environmental and social rapid changes, peri-urban territories hardly involve 
precise or permanent institutional arrangements. These territories share overlapping and 
sectoral institutions, either urban or rural, among administrative unities that can intervene 
without clear articulation. Such fragmentation often results in uncertainties about gov-
ernance and water provision, energy, transportation, and waste services.

On the other hand, peri-urban territories can play a crucial role in improving local 
dwellers’ environment and livelihoods. Spaces for housing and subsistence agriculture, 
associated to food provision for adjacent areas, can enhance the welfare and security of 
poor populations while ensuring the state and access of natural resources (Mougeot 2000; 
Rojas-Caldelas et al. 2010; López-Goyburu and García-Montero 2018).

The nexus’ critical and territorial approach helps map out the flows of water, energy, 
and food in urban-rural interfaces and analyse how these flows occur in complex 
dynamics between people, politics, and places. With this in mind, we frame the nexus 
dynamics in agrarian reform areas within the political struggles for social justice, which 
imbricate asymmetrical powers in the production, access, and use of resources. Because 
these areas are contested terrains through which Brazil’s core contradictions and inequal-
ities are structured, crossing rural and urban spaces, the nexus discussion will consider the 
everyday interactions and spatial imaginaries that frame meanings and possibilities for 
these territories.
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4. Case-study area and method

This paper’s findings derived from three simultaneous social research from a qualitative 
perspective (Minayo and Costa 2018) carried out between 2015 and 2019 in a peri-urban 
territory in the macro-region of Ribeirão Preto, São Paulo State. These studies focused on 
the Sepé Tiaraju settlement, located in the municipality of Serra Azul and surrounded by 
the municipality of Serrana. Serra Azul and Serrana are small-sized municipalities with 
a combined population of around 60.000 inhabitants. Their economies rely on the 
seasonal workforce for the sugarcane sector, serving as commuter towns for Ribeirão 
Preto. Sepé Tiaraju is an agrarian reform area with about 400 inhabitants, whose main 
activity is agricultural food production based on agroecological systems.

The settlement started in 2000 as an informal occupation of a former sugarcane farm 
transferred to the State government to repay its former owners’ tax debts. The occupation 
consisted of the urban and rural working poor of the sugarcane sector, organized by the 
MST. In 2004, the Federal administration officialized the area, settling 80 families in 
796 hectares of land. The area is a Sustainable Development Project (PDS), one of the 
institutional arrangements for agrarian reform settlements allocated to public land to 
protect the local environment by using sustainable agricultural systems. Under the PDS 
rules, the residents must collectively manage the resources, not use chemical inputs, 
reforest 35% of the area, and use agroecological farming systems.

Figure 1 shows the territory’s satellite image, locating the Sepé Tiaraju settlement between 
Serra Azul and Serrana (7 miles away from each municipality). These areas (red marks) are 
connected by a highway (yellow line) that serves as an outlet for industrial sugarcane produc-
tion in the State of São Paulo. The highway also facilitates daily commuting between urban and 
rural dwellers and the possibility of direct commercialization. A tributary of the Pardo River 
(blue mark) runs around the settlement, as shown in Figure 1. The sugarcane farms and mills 
(green mark) also make up the territory. One of the plants is inactive since 2012.

We chose this case because the territory presents possibilities to address the nexus and 
challenges of social justice in different levels and dynamics: the tensions between the 
main economic activity in the region (sugarcane agribusiness) and its socio- 
environmental impacts for the cities; the settlement struggles over resources to ensure 
their social reproduction and restore local ecosystem; and tense relationships between 
the settlement and surrounding cities.

Another reason is the particular character of the studied area. Sepé Tiaraju is the first 
agrarian reform settlement in the State of São Paulo under the PDS arrangement. Originally 
designed to protect the forest communities’ biodiversity of the Amazonian region, the PDS 
represented a milestone for agrarian reform in the Ribeirão Preto region since its implementa-
tion and socio-environmental conditions would be utterly different from the conceived model. 
Thus, Sepé Tiaraju served as an experimental site to transport the PDS to a region heavily 
degraded by monoculture near urban areas. Moreover, the settlement is a symbolic mark of 
the struggles against the powerful sugarcane agribusiness. The implementation of this type of 
area gave strength to other voices for claiming social and environmental rights.

A preliminary analysis suggested intense flows between Sepé Tiaraju and Serra Azul. In 
this urban-rural interface, commuters moving in-between Serra Azul, Serrana, Ribeirão 
Preto, and Sepé Tiaraju to live and work. Rural dwellers use cities’ services (e.g., health 
care, education, trade, leisure). In contrast, the cities depend on the rural ecosystems (e.g., 
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water, food, biodiversity) recovered by the agrarian reform area. In contrast, although the 
municipality was co-responsible for promoting and implementing environmental, sanita-
tion, health, and local agriculture policies in the settlement, there were mismatches in 
providing municipal services for the rural area.

To operationalize the study, we draw on the nexus approach not only to mapping the 
flows of water, energy, and food in urban-rural interfaces, but also to analyse how these 
flow take place in social, political, and spatial dynamics; and related effects on the territory 
in terms of environmental change and social justice. Precisely, we follow the proposed 
steps of Terrapon-Pfaff et al. (2018) to make a qualitative analysis of the nexus at the 
regional and local levels. These steps included:

(a) quantitative mapping: we first traced the WEF linkages regarding the macro-region 
of Ribeirão Preto. We used secondary data from the literature to characterize the domi-
nant economic sector, the land uses and environmental impacts, and urbanization 
patterns, identifying the extent to which environmental resources are affected. This first 
mapping was necessary to contextualize the extensive use of resources in the region and 
how PDS’s agrarian reform areas, like Sepé Tiaraju, emerged as the political response to 
the socio-environmental impacts.

(b) qualitative mapping: the second step was trace and qualifying these links at the local 
urban-rural interface by bringing empirical evidence from the fieldwork in the Sepé 

Figure 1. Case study area: the urban-rural interface of Sepé Tiaraju, Serra Azul and Serrana (source: 
Google Earth, 2020. Re-used allowed under licence of Google and Maxar technologies).
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Tiaraju settlement, which took place between 2015 and 2019. We employed observations 
of the settlement’s everyday life in terms of public policies, infrastructures, and practices 
of resources management and access (e.g., implementation and functioning of water 
system provision; practices of individual/collective agroecological-based production and 
marketing; implementation of public programmes and initiatives of sustainable develop-
ment). To observe how these interactions took place with urban spaces, we observed the 
“Feira do Produtor rural,” a public initiative implemented. With support from state institu-
tions for small farmers and the city hall of Serra Azul, the initiative aimed to create more 
linkages between urban and rural areas through food markets. We also conduct semi- 
structured in-depth interviews with Sepé Tiaraju’s household members. Of the 79 total 
households, 72 agreed to participate in the interviews. Each one of the interviews took 
place at the residents’ households for about 60–90 minutes. Informally, we also chatted 
with Serra Azul’s dwellers and state officers. Also, dialogue spaces were set up through the 
Reflexive Monitoring in Action (RMA) timeline workshops (van Mierlo et al. 2010). We 
heard residents about their memories of the settlement’s history, experiences with 
policies and programmes for sustainable development, main problems about infrastruc-
ture and resources access, and relationships with local municipalities.

(3) analysis of critical links: by triangulating these different sources of information with 
the theoretical framework, the last step examined the nexus links concerning the critical 
socio-political and spatial dynamics. We identified how the government institutions and 
decisions affect these links; how mutual perceptions come close to/take apart urban-rural 
interactions and resources access throughout the settlement’s territorial change; to what 
extent these interactions undermine or enhance nexus at that territory towards environ-
mental change and social justice.

5. Results

5.1. Sugarcane agribusiness and peri-urban settlements: mapping the nexus at 
the macro-region of Ribeirão Preto

Looking at the settlement’s macro-region context, we need to reconstruct two inter-
twined processes that articulate the water-energy-food nexus in the study area: the 
hegemony of sugarcane power in the State of São Paulo and the emergence of agrarian 
reform in the Ribeirão Preto region.

With 44 million people and Brazil’s main industrial complex, São Paulo is the country’s 
most populated state. It is also Brazil’s biggest producer of sugarcane for ethanol exports. 
There are 6.15 million hectares destined for sugar and alcohol production, which corre-
sponds to 53.7% of all ethanol produced in the country (Conab – Companhia Nacional de 
Abastecimento 2019). Most of this production is located in the northeast portion of the 
state – the region of Ribeirão Preto – known as the “the National Capital of Agribusiness.”

Since the 1970s, the Brazilian government stimulates the sugarcane sector, transform-
ing Ribeirão Preto into an international hub for the sugar and ethanol industry. The 
international agenda advocates sugarcane-based agrofuel as a sustainable alternative 
for reducing greenhouse gas emissions (GHG) in comparison to fossil fuels. However, the 
water required by this type of energy is inconsistent with the alleged sustainability. The 
production of one litre of ethanol requires 1,400 litres of water (Ballester 2013). 
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Furthermore, sugarcane is the crop with the largest irrigated area in Brazil. The State of 
São Paulo represents 37% of consumptive water allocated for sugarcane crops (ANA – 
Agência Nacional de Águas 2019). Such consumption contrasts with the severe water 
crisis that the state has been going through since 2014. Government measures restricted 
the domestic water supply for 2,1 millions of people, from inner cities to metropolitan 
peripheries (Rodrigues and Brenha 2020). In this scenario, the sugarcane sector has 
demanded state action to enable the irrigation of crops on a large scale, competing for 
water with residential, industrial, and other rural areas (Zullo et al. 2016).

Ribeirão Preto region lays over the Guarani Aquifer (the second most crucial ground-
water storage of South America) and the Pardo River basin. Studies have identified water 
contamination by agrochemical inputs used in sugarcane crops in Guarani and Pardo’s 
reservoirs (ANA – Agência Nacional de Águas 2019). Only Ribeirão Preto, the largest city in 
the region with 700,000 urban dwellers, consumes 59.3 billion litres of water from the 
Aquifer (Pavini and Silva 2019). The Pardo river supplies other municipalities in the region.

Such a hegemony in the region has become quite critical for food production. More than 
170 plants process around 350 thousand hectares of sugarcane throughout the state. 
Consequently, environmental availability for food production has suffered significant impacts. 
Between 1970 and 2006, the production of raw food for intern markets has dropped sig-
nificantly, such as rice (−97%), beans (−84%), and corn (−54%) (Ramos Filho 2013).

Sugarcane also uses regular burnings as practices to facilitate the cutting process and, 
thus, increase productivity. Soot particles modify the carbon cycle of river basins and 
rainwater ecosystems when deposited in the soil and water (Lara et al. 2005). Until 2014, 
Ribeirão Preto was the region that most burned cane straw. Environmental impacts of 
sugarcane also pose risks to the health of São Paulo’s population. An epidemiological 
study in 645 municipalities of the state has identified an association between the previous 
burning of sugarcane and respiratory diseases (Paraíso 2014).

The sugarcane expansion also intensified the rural exodus, provoking paradoxical urbaniza-
tion. Until 1957, only 16% of rural workers were living in urban areas of the region. In 1985, this 
number increased to 85%. (Silva et al. 2017). The implementation of sugarcane mills and the 
populational growth pressed the urban peripheries, increased poverty and unequal access to 
resources. While the municipality of Ribeirão Preto is one of the country’s wealthiest cities – 
ranked as the 21st largest GDP in Brazil (IBGE 2017), it absorbed a more significant number of 
temporary or unemployed rural workers, with an increase in the number of favelas (slums). In 
the early 2000s, 18.000 dwellers were living 31 favelas of Ribeirão Preto. In 2018, this number 
rose to 43.000 dwellers and 96 favelas (Catanho 2018).

In terms of the land market, sugarcane production’s profit expectations have trans-
formed the region into one of the country’s most expensive land areas. The price per 
hectare is 39% higher than the average for the entire state of São Paulo (Virdes 2015), 
impacting on growing population in suburbs or peripheries of cities. Surrounding towns 
have a more floating population as they function as commuter towns for temporary 
migrant workers during sugarcane harvesting periods, thus becoming highly dependent 
on the sugarcane sector (Scopinho 2003).

These socio-environmental impacts provoked by the sugarcane sector led to land struggles 
in the region in the early 2000s. The MST and thousands of working poor claimed for agrarian 
reform in the region. With local groups’ support, the movement occupied large rural estates in 
the region with significant environmental liabilities. The sugarcane industry continuously 
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exploited estates that had already been expropriated by the state to pay fines. Although the 
violation of the land’s socio-environmental function was evident, the law’s effective imple-
mentation required other political arrangements. MST, Incra, and São Paulo’s Public Ministry 
had to negotiate a feasible way to implement agrarian reform considering the property 
speculation and the risks of future des-territorialization of the settlement by local agribusiness. 
In the PDS arrangement, these actors found a method to set up collective settlements by 
a concession of the state, preventing the land-grabbing and demanding the settlement’s 
environmental recovery as a place of living and work. Since then, 17 PDS areas were imple-
mented across the state; five of them in the Ribeirão Preto region, such as its first area: the Sepé 
Tiaraju settlement.

5.2. Sepé Tiaraju settlement and the nexus at the local level

This section traces how these critical links between water, energy, and food take place in the 
peri-urban territory, since the Sepé Tiaraju settlement’s creation. Extreme uncertainties and 
scarcity of resources marked the first years of the area, still an informal occupation. At that time, 
Sepé Tiaraju’s settlers lived in vulnerable conditions of degraded soil, water scarcity, in shelters 
covered by a tarp and without electricity (see Figure 2). According to the settlement’s residents, 
three times a week, the municipality of Serra Azul provided trucks with reclaimed water to 
supply the settlers, which was unfit for consumption. The lack of water and degraded soil by 
the sugarcane crops affected the initial attempts to cultivate food in the area. For this reason, 
settlers depended on food donations from urban dwellers. That was the first tension between 
the settlement and the cities, motivated by the prejudice and social stigmas against the 
landless occupations and their “illegal” condition.

Production for subsistence was gradually giving its first results with donated seeds and 
much creativity. Once the first agricultural surplus was produced, settlers made several food 
donations to the urban dwellers. In their view, that was a strategy to overcome the stigmas 
and show the local population that it was possible to produce healthy food in the “Capital of 
Agribusiness.” Crops were mostly composed of food items that did not depend on direct 
water irrigation, such as bananas, manioc, corn, and squash combined with bushes, fruit, and 
native trees of the region (see Figure 3). The settlements’ residents started to sell products to 
intermediaries or directly at the highway margins (see Figure 4). In three years, the landscape 
changes regarding vegetation cover and food production were already visible.

When the federal administration officialized Sepé Tiaraju, the 80 families settled in the 
area signed an agreement with the Incra and Public Ministry. They took responsibility for 
using agroecological systems and reforesting the area. Meanwhile, Incra must be respon-
sible for implementing the infrastructure (e.g., electricity, dirt roads, housing, water). 
However, it only took place after 2005, taking about five years to be implemented. The 
water supply system was the last infrastructure constructed in 2009. During this period, 
Sepé’s residents organized mobilizations to pressure the municipality to provide the 
water network. An impromptu water network was installed by using water pipe materials 
unfit for human consumption. Araújo et al. (2011) analysed the Sepé’s water quality and 
the lack of adequate treatment. Authors suggest that the unequal access to clean and 
treated water not only impacts the food production but mainly the provision of everyday 
activities, such as drinking and cooking in safety conditions.
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The improvised plumbing frequently overloads the system (see Figure 5). 
Consequently, the four water pumps distributed over the area often collapse, so that 
water cannot reach all households. Indeed, interviewees indicated the lack of water as the 
main problem of the settlement, although we cannot find precise how many residents are 
individually affected by that. During the fieldwork, we witnessed various situations in 
which residents lacked water, thus restricting irrigation for agricultural activities.

The residents developed some strategies to deal with the lack of water access. Some 
families stored water in plastic containers and transport them to their houses. Those who 
have their plots near the water springs and better economic resources could instal their 
irrigation systems or rainwater tanks (see Figure 6) to cope with drought periods. On the 
one hand, these individual strategies entailed more regular and diverse production for 
some residents, such as the vegetable items most bought by consumers in direct sales 
(see Figure 7).

Figure 2. Occupation in 2004 (source: the authors).

Figure 3. Corn harvest in 2005 (source: the authors).
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Collectively, these problems also fostered internal cooperative or conflictive practices. 
For example, a group managed to establish a rule to use water pumps among their closest 
neighbours, as an interviewee explained: “We have a rule that is as follows: it gave 6 p.m., 
we turn off the pump. Did you hear the thunder? Turns off. Thank God, this has been 
functioning for two years, we did not have problems anymore”. The strategy prevented 
the regular collapse of water pumps. In other cases, people refused to share the costs of 
pumps’ repair, by the lack of money or difficulties in making the equipment’s collective 
management. For instance, among a group of 20 residents, only three agreed to pay 
250,00 USD for the repair. We witnessed residents staying almost two consecutive weeks 
without water until they got resources and an agreement for the repair. Moreover, 
interviewees reported suffering boycott practices of water access by other residents, 
such as water diversion and blocking of taps.

Figure 4. Stall in 2005 (source: the authors).

Figure 5. Pipe burst in 2015 (source: the authors).
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Even with the chronic water infrastructure problem, interviewees see a significant improve-
ment in their food security, mainly due to pesticide-free products’ accessibility. The food is 
remitted to the previous scarcity or the lack of economic conditions when they consumed 
“poisoned food,” said an interviewee. In addition to food security, food production through the 
agroecological systems also had evident effects on the local environment. The variety of 
agroforestry crops reaches more than 100 species, including fruit, timber, medicinal, and 
food trees (Peruchi et al. 2016). The new coverage of the area contributed to improving the 
soil, the microclimate, and the land’s work. It also contributed to recovering the four water 
springs within the settlement (Ramos Filho 2013). A compared view of the area in 2003 (see 
Figure 10) and 2020 (see Figure 11) illustrates the territorial changes of housing, combined 
crops, and vegetal coverage, notably the Pardo River’s recharging area.

Agroecological systems and the PDS’s collective land tenure were critical mechanisms 
contributing to socio-environmental changes and protecting the area against the sugar-
cane reincorporation. However, the predominance of sugarcane keeps pressuring the 
ecosystem recovering through other “unseen” places. During the field research, settlers 

Figure 6. Rainwater tank in 2015 (source: the authors).

Figure 7. Vegetable garden with irrigation system in 2019 (source: the authors).
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narrate several burnings that destroyed its reforestation areas associated with sugarcane 
burning practices and drought periods. They also mentioned damages and contamina-
tion of crops and water caused by aerial drift of pesticides by airplanes over the sugarcane 
surrounding farms.

While the sugarcane sector continued to pressure the local resources, the surrounding 
cities were vital to counter-balance these asymmetries by establishing food linkages with 
the settlement. These food consumption links with Serra Azul and Serrana were critical to 
maintaining the settlements’ environmental work with agroecology and the residents’ 
livelihoods.

Public food procurement programmes shaped the primary food linkage between the 
Sepé Tiaraju and the cities. From 2003 to 2016, that was one of the leading development 
strategies of Brazilian federal administrations for agrarian reform areas. States and muni-
cipalities purchase food production from small farmers and settlements and distribute 
them to assist institutions and public schools, providing a regular income to farmers and 
improving food access to vulnerable groups. Through these connections, the settlements’ 
residents recognized their key role in transforming the territory, including the cities, but 
also claimed for more recognition from the urban dwellers, as quoted below:

It would be good if they [urban dwellers] had more knowledge [about us], visited us more, right? 
To know that we are doing work here not only to preserve species. In my plot, there are even 
monkeys, much fruit. We are protecting what the sugar mill owner destroyed; we are changing the 
environment where we live. Moreover, this improves the quality of life for urban dwellers. They 
may not realize it, because there we only perceive materialism. However, life is generated by the 
transformation of the earth, of the planet where we are. So, if you let it be destroyed, every human 
being will suffer from it. What we are doing here is the opposite. It is rescuing the old [knowledge] 
and transforming former monoculture areas into a biodiversity one.

This quote resonated with a critical but contradictory relationship between the settlement 
and local municipalities through the food flows, which affected even the public food 
procurement. For example, these initiatives’ multi-sectorial arrangement required com-
plex coordination between government, states, and municipalities, depending on differ-
ent decision-making levels. In this case, Serra Azul would be the most potential place for 
governmental food purchases since the settlement belongs to this municipality. Serra 
Azul underexplored the food procurement programmes, according to interviewees. As 
a settler suggested, there was a lack of interest in the production and particularities of the 
settlement: “they [Serra Azul] don’t understand much about agrarian reform [. . .] so they 
prefer to negotiate with the mill owner, with the big farmer”.

On the other hand, regular purchases have established a stronger food connection 
with Serrana. Until 2016, settlers sold an average of six tons of food to Serrana every 
15 days. Interviewees described the municipality’s administration as more “friendly” with 
the settlement. Some settlers believed that access to services and resources would be 
better if the area belonged to this municipality.

Sepé’s residents also looked to other marketing strategies to flow food production. In 
2018, The National Rural Learning Service (Senar) – a non-profit organization – attempted 
to formalize the first settlement’s food street market at a spot in Serra Azul downtown. 
This initiative would help make more visible the settlement’s environmental improve-
ments through agroecological food and improve the settlers’ markets. Besides, it would 
be an opportunity to improve interactions with Serra Azul. After 15 years of Sepé Tiaraju’s 
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creation, it was one of the first public initiatives to bring together dwellers from both areas 
through the agroecological food market.

Senar held courses to settlers on financial education, product pricing, spending control, 
accounting. It also provided materials for setting up the stalls, such as structure, uniforms, 
branding (see Figure 8) following a single standard for participants all over the country. In 
Senar’s perspective, standardizing contributes to the aesthetic of stalls and would attract 
potential customers. Fresh food available at the street market was the regular crops (banana, 
manioc, and pumpkin). There were also some minimally processed products, peeled, cut, and 
vacuum-packaged. The potential consumers were sceptical about the products. During infor-
mal chatting, dwellers that visited the street market mentioned preferring buying food at 
supermarkets, where they found all kinds of products. Also, agroecological food was argued to 
be less patterned and more expensive in comparison to conventional ones.

Settlers, in turn, bought products from neighbours and other suppliers to compensate 
for the lack of variety. Even so, Serra Azul dwellers were indifferent to the street market. 
With low adhesion and sales, settlers reported having tried to negotiate to switch the 
street market to Serrana. Senar rejected the proposal, arguing that they already had 
a formal deal with the municipality. Settlers who could afford the costs for a new stall 
moved to Serrana’s spot. In Serrana, the food stalls mixed with street vendors and various 
products (clothing, accessories, toys). Unlike Serra Azul, this spot had the highest activity 
among city dwellers (see Figure 9). Held on Sunday mornings, the street market was an 
everyday place for shopping, eating, and leisure for local dwellers.

Tensions between the settlement and municipalities take place since the occupation 
period. In the Serra Azul trade, many stores refused to make sales to settlers in the early 
years. Settlers also reported being often insulted by city dwellers with words like “lazy,” 
“filthy,” and “down-and-out.” Teachers and city students from Serra Azul and Serrana’s 
schools insulted the settlement's children and their mothers. Hostility also occured in 
municipal public offices, where settlers faced constant back and forth to present docu-
ments and issue certificates required for marketing, often lost or delayed by public 
officials. Besides, successive municipal administration neglects that the settlement also 
belongs to the Serra Azul municipality. Thus, it has equal rights for service provision and 

Figure 8. Street market in Serra Azul in 2018 (source: the authors).
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decision-making forums. According to the interviewees, the municipal food councils 
formally ensured the settlement’s residents participation to discuss the public food 
procurement programme’s strategies. However, some interviewees declared their parti-
cipation as “useless” as they got no appreciation from other members.

Sepé Tiaraju’s pioneerism with agroforestry systems in the region has created new 
opportunities for connections with the city. However, it is still restricted to a niche of 
supporters sympathetic to environmental causes and agrarian reform. During the 
research, we observed a growing number of initiatives by researchers and students 
looking for a place to learn from the settlers about agroecological practices and repro-
duce their knowledge elsewhere. A new network emerged from these activities, resulting 
in a crowdfunding platform to support both the Sepé Tiaraju’s food production and the 

Figure 9. Street market in Serrana in 2019 (source: the authors).

Figure 10. Satellite view of Sepé Tiaraju’s area in 2003 (source: Ramos Filho 2013. Re-used allowed 
under licence of Biblioteca Universidad de Córdoba).

JOURNAL OF INTEGRATIVE ENVIRONMENTAL SCIENCES 61



local urban peripheries affected by the pandemic crisis. In two months, the settlement 
donated food to over 1000 Ribeirão Preto households, living in vulnerable conditions.

5.3. Socio-political and spatial dynamics of the nexus and the challenges towards 
social justice

The dynamics of the nexus in this territory are activated and undermined by different 
actors involving municipalities, local dwellers, and the sugarcane sector. On the one hand, 
the political and environmental conjuncture in the 2000s favoured agrarian reform’s 
struggle to promote a substantial change in the territory, thus ensuring the people’s 
right to land and natural resources.

Before the settlement’s creation, the access to resources was highly asymmetrical, 
imbalanced by the sugarcane impacts on energy production. At the local level, the new 
territorial interface facilitated water and food linkages that have substantially re-balanced 
the local ecosystem, improving the living conditions of the residents of the settlement 
and its surroundings.

On the other hand, the precarious provision of infrastructure directly impacts the 
everyday routine of the settlement. Although the mutual agreement has been signed 
between the federal administration and residents to ensure the area’s socio- 
environmental function, the fulfilment of the public authorities’ commitments leaves 
the settlement in vulnerable conditions, especially concerning water access.

In this regard, the everyday practices to deal with the lack of water infrastructure 
demonstrate the many ways in which the actors can address the complex interaction of 
resources and the infrastructure provision (Monstadt and Coutard 2019). In a combination 
of active exploration and place-based conflictive practices, the settlements’ residents dealt 
with the infrastructure problems, but their effects also reproduced internal inequalities.

Figure 11. Satellite view of Sepé Tiaraju’s area in 2020 (source: Google Maps, 2020. Re-used allowed 
under licence of Google and Maxar technologies).
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Moreover, the nexus dynamics also connect the territory to broader scales and levels of 
risks and pressures on local resources (Terrapon-Pfaff et al. 2018). Broad impacts of the 
sugarcane sector represent risks on the quality of water and air (with implications on the 
health of local dwellers) and climate change of the region (impacting water availability for 
agroecological production and fresh food).

Different socio-spatial and political dynamics also shaped food linkages. The settlement 
concretely improved food security for its residents and urban dwellers. The links between 
food and environment were the means to which they re-signified their role in the territory. 
According to Hommes et al. (2016), this process is critical to frame solutions and possibi-
lities to transform the resource arena by shaping different territorial imaginaries.

The set of experiences with governmental programmes of food purchase and street 
markets also highlighted the coexistence of diverse territorial imaginaries that articulated 
the food flows between municipalities and the settlement. The lack of voice in decision- 
making forums and tensions with urban dwellers in marketing transactions emphasizes the 
settlement’s continuous dispute – both for the place and resources – in the dominant social 
imaginary. In this case, these imaginaries are still deeply attached to the sugarcane sector’s 
dominance in local and national economies and the social stigma of agrarian reform that often 
questions the settlement legitimacy and the settlers’ rights. However, the daily commuting in- 
between settlement and municipalities is a critical coping strategy to ensure the place 
maintenance and people’s livelihoods. As dynamic processes, different relationships with 
municipalities, urban dwellers, and agroecology supporters have contributed to reconfiguring 
the nexus while shaping “territorial counter imaginaries” (Hommes et al. 2016).

The case also highlights that peri-urban territories are not limited to their admin-
istrative or geographical boundaries, as Allen (2003) states. As contested terrains, 
these territories bring together competing imaginaries, affecting the people’s access 
and decision-making over the resources. In Sepé Tiaraju, this was evident in the nexus 
contradiction that facilitated the environmental change and resulted in unequal 
access to resources. Those who most benefit the local ecosystem are responsibilized 
for the nexus but are less politically supported and socially recognized for that.

Agrarian reform policy faces its most dramatic moment, under the execution of neoliberal 
reforms linked to the authoritarian anti-social and anti-environmental agenda of Jair 
Bolsonaro’s administration. Meanwhile, measures that relaxed the sector’s environmental 
restrictions benefit the sugarcane agribusiness, such as the approval of hundreds of new 
pesticides used in aerial applications. Throughout Brazil history, agribusiness and agrarian 
reform bring together asymmetrical powers and conflicts over resources. More than ever, the 
political struggles for social justice are urgent for the nexus discussion and the role of agrarian 
reform settlements.

6. Conclusions

This paper discussed the challenges that peri-urban territories, particularly the Brazilian 
agrarian reform areas, towards social justice. By combining critical and territorial perspec-
tives on the WEF nexus, we argued that the nexus’ socio-political and spatial dynamics 
were crucial to assessing these challenges better. Indeed, as the analysis of the Sepé Tiaraju 
settlement suggested these dynamics matter. As a territory with complex urban-rural 
interactions, the nexus operated contradictory processes of change in the territory. On 
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the one hand, powerful workers’ struggles materialize a concrete environmental change 
that promotes more equitable access to resources. Through the agroecological systems, 
the area has recovered the territorial biodiversity, enhancing water availability for cities and 
providing food for cities through direct sales and donations. On the other, the lack of 
adequate infrastructure for water provision, systematic pollution from sugarcane, and tense 
relationships with local municipalities reproduce inequalities in the access to resources.

Political struggles, infrastructures, power asymmetries, and conflicting territorial imagin-
aries are key to the nexus dynamics, in this case, both enhancing and constraining the role of 
agrarian reform areas towards environmental change and social justice. Thus, socio-political 
and spatial dynamics matter to how the nexus dynamics occur in the peri-urban territories, 
affecting people and places differently. As Moss and Hüesker (2019) suggest, the nexus is 
a complex dynamic forged by human and non-human elements, more than a simple matter of 
resources management and trade-offs. In this sense, we reinforce what critical studies have 
already pointed out regarding the need to critically analyse the nexus in multiple levels, scales, 
and inequality structures. Beyond that, we highlight the importance of a deeper understand-
ing of the nexus through a territorial perspective, giving attention to these dynamics in 
overlooked realities that go beyond the typical urban-rural dichotomy.
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