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Abstract: This paper aims to study the determinants of the governance model of water
resources in the agriculture of the Hermosillo-Coast (Mexico). To achieve this objective,
a literature review, in-depth interviews and a workshop were carried out. The results
show that the main threats to the system come from the model of granting concessions
for access to water resources, the lack of supervision by the competent authority and
the control of a group of stakeholders over water in relation to the rest of the interested
parties. Finally, measures aimed at improving the sustainability of agricultural activity in

the area are proposed.
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INTRODUCTION

Agriculture is an activity of utmost importance
to human society, as it plays a crucial role in
global food production and contributes directly
to wealth generation, being the only means of
household income in depressed rural regions
(Mateos et al. 2013). The introduction of
technological improvements and intensification
of agriculture have increased production,
reducing the number of undernourished people
(Alexandratos & Bruinsma 2012) and meeting the
growing demand for richer and more resource-
intensive diets (Foley et al. 2011, Tilman et al.
2011). Agricultural activities also generate
employment, enhance economic growth and
boost the service sector (Du Pisani 2006).

The development of agricultural activities
is closely linked to the availability of water
resources, being the main limiting factor for

the expansion or intensification of agriculture.
Agricultural ecosystems are the main providers
of food, but they are also the main users of water
resources globally (Forouzani & Karami 2011, Fu
et al. 2013). These ecosystems use between 60%
and 90% of available water, depending on the
climate and economic development of the region
(Pedro-Monzonis et al. 2015, Adeyemi et al. 2017).
It has been estimated that, to meet food demand
in 2050, global production needs to increase by
70% (Wu & Ma 2015), either to meet the demand
for vegetal products or for animal production,
especially intensive livestock production. In a
low production scenario, meeting this target
will require an increase in global water use of
53% (De Fraiture & Wichelns 2010), about 60%
in developing countries and 16% in developed
countries (Melo-Zurita et al. 2018).

It has been increasingly recognised that
many of the problems in water management
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are more associated with governance failures
than with resource issues (e.g., scarcity). Water
governance refers to the political, economic,
social and administrative framework that
determines who has access to water, where,
when and under what conditions, who benefits
from its use, and how the costs of water-related
services are shared (Parra-Armenta & Salazar-
Adams 2017, Pahl-Wostl 2019). Thus, it has
been argued that a paradigm shift away from
technocratic water management strategies and
towards regimes that appreciate the institutional
complexities and human dimensions of water
resources is needed (Pahl-Wostl et al. 2010).
A key problem with global water governance,
and global environmental governance more
generally, has been that international regimes
have generally adopted a boundary-setting
vision, shying away from approaches where the
challenge is to develop new mechanisms to
address socio-ecological disputes.

Agricultural activity is particularly relevant
for developing countries, which have based their
growth model on this sector to provide food,
jobs and income to the most vulnerable families
in rural areas (Martinez-Yrizar et al. 2017). Mexico
is a paradigmatic example of rural development
based on agricultural production. It has an area
of 198 million hectares, of which approximately
73% is used for agricultural activities (FAO
2019). Despite representing only 4% of the
national gross domestic product (GDP), Mexican
agricultural activity is of great importance, not
only in terms of surface area, but also as one of
the world’s leading food exporters (WTO 2019,
Ochoa-Noriega et al. 2021). One of the factors
that has made Mexican agricultural development
possible was the conversion from traditional
agriculture to commercial agriculture, through
a process that was intensified by the North
American Free Trade Agreement (NAFTA) (Oswald
2011, Martinez-Yrizar et al. 2017). As a result, a new
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regionally differentiated agriculture took shape,
with the northern border states specialising in
export-oriented agricultural activities (CONAGUA
2010, Mateos et al. 2013). These changes have had
negative effects on Mexico’s rural areas, notably
in terms of food insufficiency, as the production
of traditional crops that are fundamental to the
Mexican diet has been abandoned. On the other
hand, water availability in Mexico is conditioned
by regional geographic characteristics. Thus,
the northern half of the country experiences a
rainfall deficit while in the south and southeast
rainfall is abundant (CONAGUA 2010, Martinez-
Yrizar et al. 2017).

In this context, since 2000, there has been
an increase in research oriented towards the
study of improving the sustainability of Mexican
agriculture, which has become a priority over
the last decade (Ocha-Noriega et. al 2021). This
trend is a worldwide phenomenon, especially
linked to the achievement of the Sustainable
Development Goals of the United Nations
2030 Agenda. In the same way, the sustainable
management of water resources in Mexican
agriculture is a priority issue (Ochoa-Noriega
et al. 2022). Therefore, this paper aims to
contribute to this line of research by analysing
the main determinants of the governance
model of water resources in agriculture on the
Hermosillo Coast, in order to detect its possible
limitations and make appropriate proposals
aimed at improving its sustainability. To achieve
this objective, a literature review is carried out,
including legislative documents, reports and
other grey literature, which has been completed
with in-depth interviews and a workshop with
experts in the field.
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MATERIALS AND METHODS
Methods

In this study, different qualitative research
methods have been combined to collect,
synthesise and organise the information in
order to be able to make a diagnosis of the
water management processes in agriculture
in the study area and to be able to draw up
proposals for improvement. As a starting point,
a bibliographic review was carried out to gather
as much secondary information as possible on
the case study. Secondly, in-depth interviews
were carried out with experts in different fields
of knowledge related to the topic of study in
order to complete the information and identify
the main problems. Finally, a workshop was held
to assess the different points of view and to
elaborate a proposal for improvement measures.

The literature review is considered a
necessary task in all research studies (Flick
2007). This methodological tool aims to identify
the most relevant contributions that define
the concepts and theories to be applied and
structure the research problem (Grant & Booth
2009). The literature review included both
scientific and grey literature. Major literature
repositories such as Dialnet, Scielo and Scopus
were used. Documents published by official
sources such as the National Water Commission,
the Mexican Official Gazette or the United
Nations were included.

In-depth interviews can be defined as more
or less structured conversations with the aim of
eliciting knowledge (Qu & Dumay 2011). As an
exploratory research method, they aim to find
new aspects and develop research questions
on topics that are not clearly defined (Naess
2018). This allows to genere an exchange of
ideas through interactive conversations with
stakeholders, in order to obtain comprehensive
and meaningful answers (Rosenthal 2016). These
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interviews are based on a script with a series of
open-ended questions that are answered during
theinterview (DiCicco-Bloom & Crabtree 2006). In
ourresearch atotal of seven experts participated:
two from academia, two from business, two from
administration and one technical professional.
The experts were selected from among people
of recognised prestige within the agricultural
sector due to their leadership position within
a relevant organisation (public or private), their
number of scientific publications and/or years
of experience.

Finally, a workshop was held to pool
the knowledge of the members of the panel
consulted. This methodology allows the
collaboration of different actors to share their
knowledge on the topic of study (Ahmed & Asraf
2018) and to synthesise and value knowledge
from a variety of fields (MacMillan & Marshall
2006, Coleman et al. 2017). It can also strengthen
the connection between researchers and
policy makers, enabling the development of
knowledge that can inform policy (Oreszczyn &
Carr 2008). The use of this methodology seeks
to present all the knowledge obtained in the
previous stages of the research, incorporate
the different points of view of the actors and
arrive at a consensual proposal that allows the
development of proposals for improvement
agreed with different key actors.

Case study: the Hermosillo Coast

The study was conducted on the Hermosillo
Coast, in the northwestern region of Mexico,
on the central coast of the state of Sonora. The
Hermosillo Coast measures 100 km in a straight
line between the city of Hermosillo and Bahia de
Kino, located on the Gulf of California.The climate
is semi-arid, with an average annual rainfall of
around 100 mm, an average annual temperature
of 24 °C and high solar radiation (Hernandez-
Pérez 2012). The water supply for irrigation
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comes almost exclusively from underground
sources, representing 90% of the water available
for this sector (Olavarrieta-Carmona 2010), being
one of the most prominent pumped irrigation
districts in the country (Martinez-Peralta 2014).
The Costa de Hermosillo aquifer (2619) has
an average recharge of 250 hm?/year and an
average extraction of 346 hm’/year (Martinez-
Peralta 2014). This results in an average deficit
of 96 hm’/year. Consequently, there has been a
reduction in the total volume of water, leading
to a process of marine intrusion, reducing water
quality (CONAGUA 2020). This aquifer has been
declared as one of the 17 Mexican aquifers
with saline intrusion, and as one of the 115
overexploited aquifers at the national level,
with the greatest deficit of the 61 existing in
the state of Sonora (Manzanares-Rivera 2016).
The poor quality water resource has led to the
abandonment of unproductive farms due to
the salinity of the soil, making the concession
of new farms impossible and increasing rivalry
between different water users.

RESULTS
Context of agriculture in Mexico

Historical evolution of agriculture in Mexico

The development of agriculture in Mexico has its
background in a series of social, economic, legal
and political transformations, which began with
the revolutionary movement of 1910 (Cordera
2015). The main objective of the revolutionary
struggle was to change the land ownership
regime, and to evolve towards a more equitable
and efficient system. The first step was the
dismantling of rural production structures,
articulated as large latifundia properties, in
the hands of a dominant group of hacendados
(owners of agricultural holdings) who had control
over fertile land and operated as the economic
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unit of national agricultural production (Morett
2006, Grijalva-Diaz 2011). These changes would
take place with the Agrarian Law of 6 January
1915, which declared null and void all alienations
of land, water and mountains belonging to
the towns, and which stipulated the return of
land to the towns that had been dispossessed
(Patifio 2015). “This Law would be the seed that
made it possible to establish the legal body that
made it possible for the three most important
types of land tenure to be considered in the
Political Constitution of the United Mexican
States: the ejido (collective management field),
the community and the small property” (Patifo
2015:17).

With the approval of the 1917 Constitution,
the Agrarian Reform began. Article 27 of the
Constitution, on the forms of land ownership,
would fulfil the main objective of the Mexican
Revolution of expropriating land from the large
estates for agrarian distribution. This article
states: “The ownership of the lands and waters
included within the limits of the national
territory, corresponds originally to the Nation,
which has had and has the right to transmit
the domain of them to private individuals,
constituting private property” (DOF 1917).
According to Romero (2002:9), “with Article 27,
two forms of agrarian property emerged: the
ejido and the small property, legally eliminating
the possibility of the survival of latifundist
land ownership”. The post-revolutionary
governments continued to deepen agrarian
reform and land distribution, and the process
of technification and modernisation of the
countryside to increase agricultural production,
thanks, especially, to the importation of inputs
from the United States (Gracia-Hernandez 2010).

However, it was not until the Cardenista
period (1934-1940) that the agrarian reform
process took on special relevance. The agrarian
distribution in this period intensified, the land
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distributed was used for subsistence crops that
would be distributed to the domestic market
(SADER 2020). During this period, the land tenure
structure was altered through the creation of
collective ejidos, with 800 cooperatives being set
up nationwide. By 1940, the ejidos represented
50% of the total productive land, with the other
50% remaining private property (Romero 2002).
The agrarian distribution led to the modification
of land use, incorporating previously unexploited
areas into the agricultural area, which in turn
required investment in irrigation infrastructure,
and the allocation of budget lines to enable
access to financing and technical assistance
(Romero 2002). To channel these economic
resources, regional banks such as the Banco
Hipotecario and Agricola del Pacifico emerged,
which prioritised credits focused on financing
agricultural production through the integration
of farmers into organisations for the cultivation
of rice, wheat and beans. As such, a variety
of producer organisations and associations
proliferate in order to gain access to credit to
finance their activity (Grijalva-Diaz 2011).

From 1940 onwards, this scenario would
change because the official stimuli that were
intended for cooperatives, associations or
collective ejidos would be granted to private
entrepreneurial agriculture (Cardenas 2008).
This change was due to internal and external
factors, such as the outbreak of the Second
World War, which accelerated a process of
greater development of the domestic market
with the strategy of industrialisation via
import substitution (Cordera 2015). This new
industrialisation-oriented development model
generated negative changes in the countryside,
as the bulk of the country's productive
resources were allocated to the needs for
the accelerated growth of industry (Cardenas
2008). The marginalisation of rural subsistence
producers did not take long to appear, as
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corporate agriculture demanded more intensive
production methods, imposing the adoption of
technologies promoted by the Green Revolution,
such as the use of industrial inputs, machinery,
fertilisers and herbicides (Romero 2002). The
demand for these inputs raised production
costs and, without access to credit, farmers
had only small plots of land, mostly located
on low-quality rainfed land (Quintero-Peralta
2017). According to Calva (1988), for agricultural
producers, the result of this new relationship
between industry and agriculture would be
the imposition of unprofitable prices and the
substitution of national production by imported
products, and, consequently, their exclusion as
an essential factor of wage containment, which
would gradually deteriorate rural economies
and exclude them from production and
development.

Against this backdrop, the latifundios
became small private property that enjoyed the
privileges granted by Article 27 of the Mexican
Constitution of 1917. This amendment put an end
to the latifundia, but redefined the conditions
for the existence of private property in terms
favourable to agricultural entrepreneurs. As a
result of this change, in 1955, 54.3% of the total
national agricultural product was produced
by 3.3% of the agricultural production units
(Romero 2002). From those years onwards, a
new process of modernisation began in the
countryside, with the creation of new irrigation
zones as a driving force to address the problems
of underdevelopment and the backwardness of
the Mexican economy. The Federal Government’s
programmes focused on the construction of large
hydraulic works, the organisation and control of
irrigation districts aimed at orienting agriculture
towards national demand and the promotion
of export agriculture (Lorenzana-Duran 2019).
These works were concentrated in the northern
and northwestern states of the country.
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However, from 1965 to 1980, Mexican
agriculture experienced a crisis caused by the
loss of dynamism of exports and the increase in
imports of primary products (Gracia-Hernandez
2010). This was due to the change in the national
population’s dietary patterns, the dependence
on imported products such as grain, and the
isolation of a large number of poor farmers
(Soto-Mora 2003). Data show that agricultural
GDP fell from 7.1% in 1970 t0 51% in 1982. In those
years, rainfed land decreased its share of the
national harvested area from 84% to 71%, while
irrigated land increased its share from 16% to
29% (Romero 2002). The changes resulting from
the modernisation process experienced in the
countryside since the Green Revolution were
very positive for the private agricultural sector.
On the one hand, it supplied the domestic
market and, on the other, the surpluses were
destined for the external market, thanks to the
diversification of crops demanded by external
markets, such as oilseeds, vegetables and fruit
(Macias-Macias 2010). This led to a sustained
increase in agricultural GDP, in what the
economic literature called “the Mexican miracle”
(Cordera 2015). However, for rural producers, this
led to a decrease in the area harvested, mainly
on rainfed land, affecting staple food crops
associated with this type of land, such as maize
and wheat.

From the 1980s onwards, government policy
inMexicolaidthefoundationsforthe privatisation
of the economy, encouraging foreign investment
through trade liberalisation and leaving behind
the policies of the “welfare state”, such as public
spending subsidies and the absence of state
presence in the commercialisation processes
in the agricultural sector (Romero 2002, Morett
2006). The reactivation of the agricultural sector
was driven by the modification of the land
tenure structure, creating a more favourable
legal framework to attract domestic and foreign
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private sector investment, and thus generate
economies of scale in agriculture (Ortega
et al. 2010). In this context, one of the most
relevant developments in Mexican agriculture
was the conversion from traditional agriculture
to commercial agriculture, a process that
intensified with the North American Free Trade
Agreement (NAFTA). As a result, a new regional
agricultural order took shape, in which the states
belonging to the northern fringe specialised
in agricultural export activities (Hernandez-
Moreno et al. 2008). This meant deepening the
situation of marginalisation of rural producers
and generating a polarisation in agriculture from
north to south, and increasing the concentration
of productive resources by large producers in
the northern region (Lorenzana-Duran 2019).

Impact of the North American Free Trade
Agreement (NAFTA) on Mexican Agriculture

The preamble to the commercial liberalisation of
Mexican agriculture had begun in the 1980s with
the Ley de Fomento Agropecuario of 2 January
1981, which allowed ejidatarios to rent their
land to private investors under the requirement
that they would be employed as wage earners
on their own land (DOF 1981). In 1986, as part
of the globalisation process, Mexico joined the
General Agreement on Tariffs and Trade (GATT).
In 1991, Article 27 of the Constitution on forms of
land ownership was amended, putting an end
to the expropriation of land from large estates,
which had been one of the main objectives
of the Mexican revolution (Rosas & Valtonen
1994). This again opened the way for the de
facto concentration of large tracts of land.
Furthermore, the 1992 decree of the National
Water Law grants concessions of water rights
to private users, allowing the concentration of
the use of water resources for irrigation of these
large agricultural areas (DOF 1992). These two
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facts are decisive in the current configuration of
Mexican agriculture.

In the mid-1990s, Mexico agreed to
establish a free trade agreement with Canada
and the United States. In the agricultural field,
two separate agreements were signed, one
between Mexico and the United States, and
the other between Mexico and Canada, due to
pressure from the latter (SICE 1992). With the
regulation of trade exchanges derived from
the entry into force of the North American Free
Trade Agreement (NAFTA) on 1 January 1994, the
strategy of change in Mexico’s structural reforms
was defined, with the aim of putting an end
to the policies and institutions of the welfare
state in order to build the neoliberal economic
model that has prevailed up to the present day
(Moreno-Vazquez 2005). The main objective of
NAFTA was the elimination of tariff barriers to
the import and export of goods and services,
establishing a wide-ranging agreement where,
based on economic integration between the
three countries, trade and investment would
converge, thus generating economic growth in
the trade bloc (SICE 1992).

In terms of the agricultural sector, NAFTA
aimed to generate an increase in the area of
crops with export potential, which would
increase employment in the agricultural
sector and, in turn, an increase in the wages
of producers, which would reduce migration
to the United States (Lechuga-Jardinez et al.
2014). The results show that, although there was
an increase in foreign direct investment flows
from the United States to Mexico, it was more
concentrated in the services sector. However,
the agricultural sector experienced an increase
in cultivated area and, consequently, an increase
in the volume of exports from Mexico to the
United States (Lechuga-Jardinez et al. 2014).
In addition, there was a significant change in
terms of the reconversion of the production
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structure from traditional crops (maize, wheat,
beans) to export crops (fruits, vegetables and
industrial agriculture) (Moreno-Vazquez 2005).
But this did not increase employment, wages or
growth rates in the terms initially estimated, due
to the limited use of foreign direct investment
in technology transfer and the promotion of
innovation, which highlighted the asymmetries
between the three countries (Cordera 2015).

On the other hand, the reconversion of the
productive structure of agriculture increased
the harvested area and the relative share by
crop groups in direct national employment.
This is a consequence of the expansion of crops
such as fruit, vegetables, oilseeds and industrial
crops, which have a greater capacity to occupy
labour per unit of cultivated area (Lechuga-
Jardinez et al. 2014). While maize production
in 1994 occupied 61.2% of the harvested area
and employed 37% of the economically active
population (EAP) employed in agriculture;
vegetables, with less than 3% of the cultivated
area, employed 15.2% of the agricultural EAP in
the same year (Lechuga-Jardinez et al. 2014). The
change in the pattern of crops would mitigate
the problem of unemployment in the fields,
since traditional crops employ less than 6% of
the daily wages generated, while other perennial
crops accounted for 8.8%, vegetables 13.7% and
grapevines would occupy more than 70% of the
total number of workers in the region (Cordera
2015).

Crop reconversion modified the productive
structure, leading to an increase in imports of
basic products (beans, maize, wheat and rice)
to meet national demand, resulting in a food
supply problem (Borja-Bravo & Garcia-Salazar
2008). The disappearance of subsidies granted to
producers and shops through price guarantees
accentuated this problem; a specific case was
the disappearance of the National Company of
Popular Subsistence (CONASUPO) (Borja-Bravo
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& Garcia-Salazar 2008). The reconversion also
led to the polarisation of agricultural activity
in terms of the existence of a small group of
highly competitive commercial producers and
a huge group of subsistence farmers. This
concentration of production in the hands of
large producers is mainly due to the fact that, as
these crops require large investments, generally
only recoverable through economies of scale,
practically only large producers with extensive
surface areas can survive in this environment
(Macias-Macias 2010).

Small producers dedicated to subsistence
agriculture, mainly farmers in the south of
the country specialised in grain production,
found a brake on their capacity for growth
(Quintero-Peralta 2017), and were displaced
from international trade, exacerbating their
precarious situation. These producers had to
seek new formulas for marketing their harvests,
such as direct sales or fair trade, as soon as the
agrarian sector ceased to be a priority in state
public policies with the Mexican state’s adoption
of the neoliberal economic model (Quintero-
Peralta 2017). While NAFTA had a positive impact
in terms of the evolution of variables related to
foreign trade (imports, exports and foreign direct
investment), it also had adverse consequences.
On the one hand, it led to the concentration
of domestic production in a group of export-
oriented crops (tomato, avocado, green chilli,
onion, asparagus, cucumber, watermelon,
strawberry, orange, melon and papaya), thus
de-supplying domestic demand. On the other
hand, it led to a geographical polarisation of
production, mainly on the country’'s northern
border (Baja California, Sonora, Chihuahua,
Coahuila, Nuevo Leon and Tamaulipas), creating
a new structure in Mexican agriculture, dividing
north and south.

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

Administration of water rights on the
Hermosillo Coast

The Hermosillo Coast was established as
an agricultural district in 1949 and from its
beginning land was concentrated in a few
hands, which meant an unequal and inequitable
distribution of water. According to Vargas (1959),
smallholders had 77% of the land and 85% of the
wells, colonists had 29% of the available area
and 14% of the wells, and ejidos had 3% and
0.5%, respectively. Two years after the creation
of this agricultural district, the number of wells
increased by around 50%, the sown area by more
than 60% and water extraction by more than
70% (Moreno-Vazquez 2005). The lack of control
over water pumping led to a serious problem
of depletion of groundwater resources, which
they tried to reverse by issuing several legal
ordinances: four decrees of closure (1951, 1954,
1963 and 1967), an exploitation regulation (1963)
which in fact constituted the first programme to
reduce extractions, an operating regulation for
the irrigation district (1966) and the creation of a
council for the conservation of geohydrological
resources (1956). These regulations achieved
little or nothing due to the lack of real control
over abstractions.

Therefore, in 1977, a plan was approved to
reduceirrigationwithdrawalsfromthe Hermosillo
Coast by 50% in thirteen years. However, the
objectives set out in this plan were not achieved,
as the authorities and farmers took a back seat
to the favourable economic conditions that
resulted in higher water allocations for the
development of highly profitable crops such
as cotton and wheat. During the period of
validity of this plan, there were only significant
decreases in water extraction due to the fall in
crop prices (in the 1982-1983 cycle for cotton and
from 1987-1988 for wheat) and the increase in
production costs generated by the restriction of
subsidies for electricity consumption available
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to irrigation districts (in 1990) (Moreno-Vazquez
2005). Eventually, this plan did not achieve its
objectives. In this period, at the beginning of
1980, another important decree was approved
with the aim of rehabilitating the irrigation
district through the ratification of the reduction
programme initiated in 1977 and the relocation
of several wells on the coast due to the saline
water filtration that had occurred and which
endangered the fertility of the land. In short,
the regulations developed to try to improve the
situation of the aquifer and reduce extractions
did not bear fruit, mainly because the extraction
of water depended on elements linked to the
economy, leaving aside the conservation and
administration of the natural resource. During
this period, a strategy of crop reconversion
was initiated (perennial crops became more
important than grain crops such as cotton and
wheat) and irrigation technification (installation
of pressurized irrigation) was started by farmers
with greater resources in order to maintain their
profitability, which increased inequality with
respect to colonists and ejidos.

The regulatory regime for water resources
management in Sonora is framed within
Mexico’s 1992 National Water Law. Based on
this law, water concessions to private actors
are allowed. The current configuration of
agriculture in Mexico shows that, as with land
management, it is in the areas with the greatest
water scarcity that the concentration of the
resource by a small group of economic agents
for agricultural use is most intensified (Moncada
et al. 2013, GOmez-Arias & Moctezuma 2020).
This situation was institutionalised with the
new model developed under NAFTA. Although
Sonora was able to position itself among the
three most important states in terms of the
value of agricultural production at the national
level, it also generated a series of conflicts
over access to the region’s water resources for
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agricultural activities (Vazquez 2020). This factor
has been the most important limiting factor for
the sustainability of agricultural activity, as well
as for the region’s needs as a whole, such as
supplying communities. In this sense, the most
complextaskistomaintaintheecological balance
of the ecosystems, along with the economic
development of the regions, based especially
on the exploitation of agriculture. In the same
way, and no less difficult to achieve, breaking
the current system of access to the resource, in
order to avoid resource concentration, may be at
the heart of the solution.

It is, therefore, necessary to analyse the
governance processes and sustainable practices
that have been developed for the management
of water resources in the area. In this way, it is
important to understand the system and the
decisions that, both in the short and long term,
have triggered the water resources problems
in the area. Knowledge of the environmental
history of the territory is fundamental to
understand the relationships that prevail to the
present day and that have marked the history
of the region (Alimonda 2011), as well as the
environmental transformations generated by the
introduction of technological models associated
with progress and modernity, entrepreneurship
and the expansion of the agricultural frontier
(Lorenzana-Duran 2019).

The management of water resources in
the country was configured on the basis of the
regional structure established by the National
Water Commission (CONAGUA) on the basis of
the 1992 National Water Law. In this way, 13 basin
organisations were created to manage and
administer the volumes of water distributed for
agricultural use in the irrigation districts. The
Northwest basin organisation is the one in which
the irrigation districts within the state of Sonora
are included. These districts are: 018. Colonias
Yaqui, Sonora; 037. Altar-Pitiquito-Caborca,
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Son; 038. Mayo River, Son; 041. Yaqui River, Son;
051. Hermosillo Coast, Son; 083. Papigochic,
Chih.; and 084. Guaymas, Son. All of these
irrigation districts are fed by the Sonora River,
except irrigation district 083, which comprises
agriculture in the Sonora highlands bordering
Chihuahua and its Papigochic River (CONAGUA
2019). Figure 1shows the organisational structure
of the Northwest basin, including the irrigation
districts distributed throughout the state of
Sonora, highlighting irrigation district 051 Costa
de Hermosillo, the object of study of this paper.

The Basin Councils have been established
as instances of coordination and mediation
between the National Water Commission and
the three levels of government existing in
Mexico (Federal, State and Municipal), and the
representatives of the users of the respective
hydrological basin, represented through the
Users’ Association. The objects conferred on the
Councils by the Water Law are i) to formulate
and implement programmes and actions for
the better administration of water, ii) the

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

development of hydraulic infrastructure and
the respective services, and iii) the preservation
of the resources of the corresponding basin. In
turn, for their operation, Basin Councils may
have auxiliary bodies at sub-basin, micro-
basin or aquifer level. The Basin Commissions
and Committees, subordinated to their
corresponding Basin Councils, are formed for
the resolution of problems that, due to their
seriousness or complexity, require specialised
or temporary attention, which means that they
are formed with functions ad hoc to the areas to
which they belong.

The Upper Northwest River Basin Council
was created on 19 March 1999, with the objective
of managing the basins of the Sonoyta,
Concepcion, Santa Cruz-San Pedro and Sonora
rivers, which in total represent 48.7% of the
territorial extension comprising the Northwest
Hydrological Administrative Region, equivalent
to 96,300 km2 (CONAGUA 2014). The capacity
of the Basin Councils in northwest Mexico to
develop in accordance with the principles of
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Figure 1. Irrigation districts of the North West Basin Agency. Source: Own elaboration.
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Integrated Water Resources Management is
very limited in terms of their own structure,
the internal dynamics of their functioning
and the possibility of facing the most relevant
challenges in their respective basins (Parra-
Armenta & Salazar-Adams 2017). The main
limitations presented are the scarcity of
resources, due to the reduced budget granted
by the federal and state governments; and the
lack of communication with all stakeholders.

In the State of Sonora, the management of
water resources is different depending on the
type of water: surface or groundwater. In the
case of surface water, CONAGUA manages water
flow through a system of dams, including the
Mopusari on the Mayo; and the Oviachi, the
Novillo del Yaqui, and the Ojo de Agua dam in
Guaymas (Reyes 2009). In order to access the
resource, farmers must organise themselves
autonomously by irrigation districts. In this
way, CONAGUA provides and conducts water to
each irrigation community, and each community
manages its water resources autonomously
(Pineda 2020). In the case of groundwater bodies,
CONAGUA does not carry out direct control and
management of the resource, but its role is
limited to supervision through inspections that
it carries out from time to time (Salazar-Adams
et al. 2012).

The Costa de Hermosillo irrigation district is
located on a coastal strip, with no surface water
available, so it relies solely on groundwater.
In this district, the 051 Users’ Association is
constituted for the administration and control
of the allocated water resources, corresponding
to the main aquifer of the system, which is
identified as aquifer 2619. As mentioned above,
this aquifer presents an average annual deficit of
96 hm?/year, which has resulted in a reduction of
the total volume of water, giving rise to a process
of water intrusion, contaminating the available
freshwater (CONAGUA 2020). The 051 Users’

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

Association holds the group concession for the
district's groundwater and manages water use
rights among its private farmers. Most farmers
extract more water than allowed or dig wells
without permits, thanks to the fact that they are
responsible for their own supervision (Moreno-
Vazquez 2005), thanks to the permissiveness
of the regulatory regime, as the national water
law of 1992, following NAFTA, increased the
overexploitation of the aquifer. This situation is
the cause of the problem of overexploitation of
the aquifer and the saline intrusion present in
the area.

According to the Ministry of Agriculture,
Livestock, Hydraulic Resources, Fisheries and
Aquaculture (SAGHARPA), this area has an
area of approximately 50,000 hectares open to
cultivation, specialised in the production of fruit
and vegetable crops, aimed at the export market,
whose intensive production schemes are based
on the use of groundwater and irrigation by
pumping (SAGHARPA 2016). Table | shows the
volumes of water distributed in the district and
the modality of the three harvesting seasons
(autumn, spring and perennial) in irrigation.
Tables Il and Il show the information on land
tenure, irrigated surface areaandvolume of water
distributed by irrigation district in the Northwest
basin, differentiating in the type of water used.
While the first one reports on surface water, the
second one reports on groundwater. Agriculture
in the Costa de Hermosillo district is the only
one supported exclusively by pumping wells,
with a distributed volume of 366,528.6 thousand
m’ and where export crops predominate: fruit
and vegetables in an irrigated area of 49,523
hectares. Land tenure is concentrated in private
ownership.

At present, the Hermosillo Coast is
experiencing a problem of overexploitation
of its water resources, as a result of a series
of events resulting from the decisions and
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Table I. Irrigation District 051 Hermosillo Coast (Sonora).

Production value

Cycle 2017-2018 Modality Crop Harvested area (ha) = Production (T) (Thousands $)
Autumn-winter Irrigated 25,511 65,210 545,277.70
Safflower 2,950 7,818 57,957.62
Forages 65 2,763 2,834.25
Chickpea 14,700 24,990 364,854.00
Wheat grano 4,796 29,639 119,631.84
Spring-Summer Irrigated 9,500 441,393 3,087,575.75
Courgette 1,834 49,517 342,671.02
Onion 12 116 1,291.66
Green chilli 777 69,093 897,300.33
Bean 800 1,600 27,200.00
Tomato 95 10,882 43,271.71
Melon 840 27,269 201,281.99
Cucumber 419 37,412 256,669.17
Watermelon 4,623 244 944 1,315,077.07
Sorghum 100 560 3,21216
Perennes Irrigated 17,513 237,269 3,776183.78
Alfalfa 410 36,500 20,069.30
Buffel 935 34,511 37,142.99
Citrus fruit 2,745 86,797 431,855.27
Peach 36 360 2,463.80
Asparagus 367 3,842 134,48715
Higuerilla 1,400 3,080 17,420.48
Apple 13 176 2,071.29
Walnut 6,825 13,650 1197,292.96
Persimmon 13 176 3,055.58
Grapes 4,769 58177 1,929,324.95
Total 49,524 743,872 7,409,037.23

Source: own elaboration based on CONAGUA (2019).

implementation of the National Water Law  there is little or no administrative control over
(1992) in force for the development of this water resources, mainly because management
area. The existence of group-type concession is centralised from Mexico City by CONAGUA
granting and the absolute power of private  (Montano 2020).

producers to manage the resource accentuates

the weak organisational structure. Secondly,
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Table Il. Physical irrigated surfaces and volumes distributed by type of use and tenure in the irrigation districts of

the Northwest basin organisation (gravity-dams).

Users
Irrigation district
Ejidal Private
Colonias Yaqui 2,446 -
Altar Pitiquito, Caborca 41 18
Rio Mayo 6,960 4130
Rio Yaqui 15,331 7,256
Costa de Hermosillo - -
Papigochi 42 525
Guaymas 703 182
Total 24,673 1,140

Source: own elaboration based on CONAGUA (2019).

Irrigated area (ha)

Volume distributed

(Thousands of m3)

Ejidal Private Ejidal Private
19,90210 - 253,269.40 -

188.00 188.00 2,500.80 2,500.80
41,726.00 34,863.20 329,374.40 245,398.50
106,845.70 93,302.10 970,705.50 855,316.40

349.50 3,260.60 3,400.70 31,726.70

7,517.50 7435.70 45,772.00 42,374.50
170,585.50 130,245.90 1,445,783.20 1,008,434.00

Table Ill. Physical irrigated surfaces and volumes distributed by type of use and tenure in the irrigation districts of

the Northwest basin organisation (pumping-wells).

Users
Irrigation district
Ejidal Private
Colonias Yaqui - -
Altar Pitiquito, Caborca 1,014.00 508.00
Rio Mayo - -
Rio Yaqui 385.00 142.00
Costa de Hermosillo 160.00 872.00
Papigochi - -
Guaymas - -
Total 1,433.00 1,458.00
Source: own elaboration based on CONAGUA (2019).
DISCUSSION

As has been explained, the current governance
model allows for almost absolute control by
private owners, through the users’ association.
There is laxity on the part of the Administration in
terms of its supervision and control functions, in
order to maintain the good status of water bodies.
Furthermore, there is discrimination against

An Acad Bras Cienc (2023) 95(1)

Irrigated area (ha) Volume distributed

(Thousands of m3)
Ejidal Private Ejidal Private
6,327.60 16,706.40 657,230.00 223,87810
- - 96,151.90 84,379.20
3,022.60 2,02110 280,946.20 202135.80
1,007.30 48,516.70 7,760.40 366,528.60
9,370.80 66,331.20 1,031,629.50 869,950.70

other users on the part of private landowners,
especially marginalising small producers.
Government investments were concentrated on
technical infrastructure, credits and subsidies
for irrigated land, resulting in great inequality
because this land is mainly concentrated in
large private landowners (Pérez 2014). Subsidies
for agricultural activity, such as electricity, are
oriented towards consumption, resulting in
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the exclusion of smaller producers with less
economic capacity (Olavarrieta-Carmona 2010).
The electricity subsidy (tariff subsidy 09) was
created with the objective of promoting food
production and guaranteeing the profitability
of agriculture. However, this subsidy indirectly
influences water consumption by facilitating the
extraction of high volumes of this resource. In the
case of the Hermosillo Coast, the energy quota is
higherthanthatneeded to extractthe endowment
assigned to each individual well, which has
made it possible to extract a greater volume of
water at preferential costs and subsidise the
low efficiency of pumping equipment and water
use (Olavarrieta-Carmona 2010, Salazar et al.
2012). Furthermore, there is great inequity in the
distribution of this subsidy, as 40% of electricity
subsidies are concentrated in just twelve large
producers (Olavarrieta-Carmona 2010)

On the other hand, small farmers and
ejidatarios do not have the resources to improve
their productive and technological capacity,
which has made it impossible for many of
them to survive in this sector (Hernandez 2019).
Pressurised irrigation systems only represent
around 40% of the cultivated area (Olavarrieta-
Carmona 2010, Martinez & Moreno 2016), and
overall irrigation efficiency in Mexico is around
35% (Martinez-Austria et al. 2019). In short, the
concentration of irrigated land among large
producers gives them great power, as well as
allowing them to modify their production system
towards crops with greater demand and economic
value in export markets thanks to the installation
of technified irrigation systems. However, these
producers consider agriculture as an economic
activity without taking into account the existing
problems with water and with little interest in
guaranteeing the sustainability of this resource.

It is therefore imperative to rethink the
governance model of the resource, through
collaborative processes that can take place

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

within the basin councils. The development of a
new model must include producers, institutions
and academics specialising in this issue, so that
all points of view are taken into account and
water use is maximised, without discriminating
against any group. It is also essential to give
access to small producers. In this sense, in other
groundwater districts, the COTAS system has
represented an alternative for the supervision
and compliance with the regulations in force in
aquifers around the country. The COTAS were
promoted by the National Water Commission
to address the overexploitation of groundwater,
as well as to promote and implement rural
development policies. There are successful
cases of both administrative and regularising
functioning of COTAS, such as Comundd or
Santo Domingo in Baja California Sur (Salazar
et al. 2012, Valdés 2014). However, many COTAS
have not been able to achieve the objective of
balancing abstractions to recharge due to their
lack of financial autonomy and authority to
address illegal abstractions or abstractions in
excess of concessions (Cisneros 2008). In any
case, according to experts, in the Hermosillo
Coast this system is not a viable option because
of the level of deficiency and vicious circle in the
concentration of resource administration and
management via group concessions.

Several studies establish that the
overexploitation of Mexican aquifers for
agricultural use is mainly due to non-compliance
with the LAN in relation to illegal extraction
without concessions and the extraction of a
greater volume than the concessioned volume,
in addition to subsidies from the electricity tariff
for pumping (Marafon & Lopez 2008, Rivero-
Cob & Garcia-Romero 2011, Lara-Alvarez &
Magana-Lemus 2014, Martinez-Austria et al. 2019).
Therefore, the fact that concessions are carried
out individually or in groups is not decisive in
tackling the situation of overexploitation of
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aquifers. However, a shift towards a system of
individual concessions in the study area could
improve efficiency in groundwater management
by encouraging a better distribution of water
rightsasin other cases such asin the Cuauhtemoc
aquifer (Chihuahua) (Santos-Hernandez et al.
2019) or the Calera and Chupaderos aquifers
(Zacatecas) (Vélez-Rodriguez et al. 2015), while
preventing a small group of users from making
decisions for their own benefit. To achieve
this objective, it is essential to encourage the
participation of all stakeholders in decision-
making (Maranon & Lopez 2008).

In order for there to be real protection of
water bodies, a decentralised management,
administration and control mechanism must
be developed for the concessions granted for
groundwater use, not only through permits and
inspections programmed from Mexico City. In this
way, detailed management of the drilled wells
is made possible, not only by delegating the
responsibility to the users in this area, but also by
sharing the work of a permanent administrative
body set up for this purpose.

On the other hand, a greater effort is needed
to promote collective know-how including
farmers, institutions and researchers through
the formation of groundwater monitoring
committees in order to manage and develop
a procedure for the control and enforcement
of current regulations. In addition, within this
framework, regulations should be developed
to fill the regulatory gaps in specific aspects of
daily functioning and operation. For example, in
the case of the pumped irrigation district of the
Hermosillo Coast, it is found that the regulations
developed since LAN (1992) allow the concession
through a group origin title, which implies
decentralised management of the resource, and
makes possible the sale of water on a temporary
basis and with partial volumes. This has meant
that the resource can be used or exploited by
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third parties and the disappearance of some

social actors (Martinez 2020).

The modifications to the current governance
model proposed in this paper are as follows:

1) In relation to the system of concessions for
access to water from the Costa de Hermosillo
aquifer. Change the model for granting
concessions for access to water resources in
a way that:

2) Concessions are made on an individual
rather than a group basis. In this way, a
concession can be guaranteed on the basis
of individual characteristics of the farm, the
crop, the production system, etc.

3) Concessions are granted and supervised
by the federal government together with
an independent agency that represents the
interests of all stakeholders and not by the
irrigation community as a whole through
the users’ association. In this way, more
transparent and effective management is
pursued, trying to maximise access to the
resource, as well as its productivity.

4) In relation to the monitoring and control
system for the management of individual
water bodies and at basin level. Change
the type of supervision and control model
in terms of compliance with current
regulations, access to the aquifer by means
of well drilling concessions, as well as the
volumes extracted, involving the different
stakeholders and eliminating the current
control in the hands of the Users’ Association
and CONAGUA, which is the centralised body.
To this end, it is proposed to move to an
effectively decentralised model, providing
sufficient funding and autonomy to the
bodies in charge of the management of
the basins and groundwater bodies or for
each irrigation district, with competencies
in terms of supervision and control. This
institutional system of districts or basins
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must act in a coordinated manner to manage
the bodies of water that exceed the district
limits, in such a way as to ensure equitable
access for the whole of the State, and to
prevent overexploitation at the headwaters
of the basins, making it impossible for them
to continue downstream.

5) To create a permanent working group
for the planning and development of
regulatory proposals aimed at achieving
the sustainability of the water resources
management model, including all interested
parties. In this way, the aim is to establish a
permanent dialogue between the different
agents involved, to share information on the
different areas of knowledge, as well as to
confront and reconcile the different interests.
In this way, the aim is to develop networks

between farmers, institutions and researchers as

a fundamental factor in achieving management

objectives. The latter are the main producers of

knowledge in the different disciplines involved in
resource management. The different profiles of
farmers are the main users of water, so they have

a fundamental role in the implementation of any

action and, in turn, are the main stakeholders in

the sustainability of access to the resource. The
administration has the main responsibility for
policy development, implementation, monitoring
and control, and must look after the common
interest, especially of the most vulnerable.

In addition, to support the transformation

process, it is considered necessary to carry out a

communication plan aimed at:

To achieve a level of environmental
awareness among farmers that encourages
them to take actions to preserve their
water resources.

To develop greater collaboration between
researchers, institutions, local and
transnational farmers, allowing the sector
to be constantly updated based on the

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

needs of producers and the fulfilment of
environmental objectives.

To evaluate the feasibility of the practices
and replicate the success stories as
examples for the rest of the producers.

CONCLUSIONS

The aim of this study was to analyse the
main aspects of the governance model for water
resources in agriculture on the Hermosillo Coast,
in order to detect its possible limitations and
make appropriate proposals aimed at improving
its sustainability. To this end, a review has been
carried out, mainly of grey literature, which has
been completed with participatory methodologies
based on the criteria of experts. The results have
shown that the regulatory framework emanates
mainly from the 1992 National Water Law, and that
the institution responsible for granting water use
rights is the National Water Commission, which
delegates its functions to the Users' Association.

This management model gives rise to
inefficiencies in the use of the resource that
are synthesised in restricted access to water,
being monopolised by private land owners, a
predominance of export-oriented production of
cash crops, and an impact on water bodies as
a consequence of overexploitation. In order to
address these problems, a set of modifications to
the governance model are proposed, which are
specified as follows:

To change the model for granting
concessions for access to water resources
so that they are processed on an individual
rather than a group basis. Furthermore,
these concessions should be granted by
an institutional body rather than by the
irrigators as a whole through the users’
association.

To move from the current de facto
centralised model in the country’s capital
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to a decentralised one, through the
creation of fully operational institutional
bodies for the management of each basin
organisation and/or irrigation district.

To create a permanent working group
for the planning and development of
proposals that integrates all the social
agents involved.

In order to address the process of
updating the traditional governance
model, it is considered appropriate to
promote education and awareness-
raising mechanisms aimed at achieving a
level of environmental awareness among
farmers that will encourage them to take
actions to preserve their water resources;
to develop greater collaboration between
researchers, institutions, local and
transnational farmers, enabling the
constant updating of the sector based on
the needs of producers and compliance
with environmental objectives; and to
evaluate the viability of practices and
replicate success stories as examples for
other producers.

Acknowledgments

This work was partially supported by the Spanish Ministry
of Economy and Competitiveness and the European
Regional Development Fund by means of the research
project EC02017-82347-P. And by the FPU19/04549
Predoctoral Contract to Belén Lopez-Felices.

REFERENCES

ADEYEMI O, GROVE |, PEETS S & NORTON T. 2017. Advanced
monitoring and management systems for improving
sustainability in precision irrigation. Sustainability 9: 353.

AHMED S & ASRAF RM. 2018. The workshop as a qualitative
research approach: lessons learnt from a “critical thinking
through writing” workshop. TOJDAC, p. 1504-1510.

ALEXANDRATOS N & BRUINSMA J. 2012. World Agriculture
towards 2030/2050: the 2012 Revision. FAO, ESA Working

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

Paper 12-03. United Nations Food and Agriculture
Organization, Rome.

ALIMONDA H. 2011. La naturaleza colonizada. Ecologia
politica y mineria en América Latina. Ed. CLACSO, Buenos
Aires, Argentina.

BORJA-BRAVO M & GARCIA-SALAZAR JA. 2008. Politicas para
disminuir las importaciones de frijol en México; un
analisis por tipo de variedad. Agrociencia 42(8): 949-958.

CALVA J. 1988. Crisis agricola y alimentaria en México
1982-1988. Distribuciones Fontamara, México, DF. ISBN:
978-968-476-065-3.

CARDENAS N. 2008. Agricultura comercial, industrial y
estructura ocupacional en Sonora (1900-1960). Region y
Sociedad 20(41): 175-196.

CISNEROS OX. 2008. La gestion del agua a través de los
cotas en México. Analisis de su gestion en cuatro estudios
de caso. In: Soares D, Vargas S & Nufio MR (Eds), La gestion
de los recursos hidricos: realidades y perspectivas,
México, p 257-280. Instituto Mexicano de Tecnologia del
Agua. https://regionysociedad.colson.edu.mx/index.php/
rys/article/view/411/450.

COLEMAN S, HURLEY S, KOLIBA C & ZIA A. 2017. Crowdsourced
Delphis: Designing solutions to complex environmental
problems with broad stakeholder participation. Glob
Environ Change 45: 111-123.

CONAGUA - COMISION NACIONAL DEL AGUA. 2010. Estadisticas
del agua en México, Edicion 2010.

CONAGUA - COMISION NACIONAL DEL AGUA. 2014. Programa
de medidas preventivas y de mitigacion de la sequia:
Consejo de Cuenca Alto Noroeste. México, México.

CONAGUA - COMISION NACIONAL DEL AGUA. 2019. Estadisticas
agricolas de los distritos de riego, ano agricola 2017-2018.
México, México.

CONAGUA - COMISION NACIONAL DEL AGUA. 2020. Actualizacion
de la Disponibilidad Media anual de Agua en el Acuifero
Costa de Hermosillo (2619) Estado de Sonora 2020.
Subdireccion General Técnica, Gerencia de Aguas
Subterraneas. Comision Nacional del Agua, Mexico,
Mexico.

CORDERA R. 2015. La gran transformacion del milagro
mexicano. A 20 anos del TLCAN: De la adopcion a la
adaptacion. Revista problemas del desarrollo 180. México,
DF. Facultad de economia.

DE FRAITURE C & WICHELNS D. 2010. Satisfying future water
demands for agriculture. Agric Water Manage 97: 502-511.

DICICCO-BLOOM B & CRABTREE BF. 2006. The qualitative
research interview. Med Educ 40(4): 314-321.

An Acad Bras Cienc (2023) 95(1) 20220823 17| 20



JUAN F. VELASCO-MUNOZ et al.

DOF - DIARIO OFICIAL DE LA FEDERACION. 1917. Constitucion
Politica de los Estados Unidos Mexicanos. CPEUM 1917.
México, DF.

DOF - DIARIO OFICIAL DE LA FEDERACION. 1981. Ley de Fomento
Agropecuario. LFA 1981. México, DF.

DOF - DIARIO OFICIAL DE LA FEDERACION. 1992. Ley de aguas
Nacionales. LAN 1992. México, DF.

DU PISANI JA. 2006. Sustainable development - historical
roots of the concept. J Integr Environ Sci 3(2): 83-96.

FAO - FOOD AND AGRICULTURAL ORGANIZATION OF THE UNITED
NATIONS. 2019. El sistema Alimentario en México—
Oportunidades Para el Campo Mexicano en la Agenda
2030 de Desarrollo Sostenible; FAO: Mexico.

FLICK U. 2007. Designing Qualitative Research. Thousand
Oaks: SAGE Publications, Ltd; London, United Kingdom.
ISBN: 9780761949763.

FOLEY JA ET AL. 2011. Solutions for a cultivated planet.
Nature 478(7369): 337-342.

FOROUZANI M & KARAMI E. 2011. Agricultural water poverty
index and sustainability. Agron Sustain Dev 31: 415-432.

FU HZ, WANG MH & HO YS. 2013. Mapping of drinking water
research: A bibliometric analysis of research output
during 1992-2011. Sci Total Environ 443: 757-765.

GOMEZ-ARIAS WA & MOCTEZUMA A. 2020. El agua de la nacion:
entre los derechos humanos y el mercado. Dossier 33(93):
17-38.

GRACIA-HERNANDEZ M. 2010. Importancia de Estados Unidos
y Canada en el comercio exterior de México a partir del
TLCAN. Norteameérica 5(1): 127-158.

GRANT M) & BOOTH A. 2009. A typology of reviews: an analysis
of 14 review types and associated methodologies. Health
Info Libr) 26(2): 91-108.

GRIJALVA-DIAZ Al. 2011. La restructuracion de la banca vy el
crédito agricola en Sonora después de la Revolucion,
1918-1934. Universidad Autonoma de Sinaloa, p. 1-18.

HERNANDEZ, JL. 2019. Desarrollo tecnologico e integracion
comercial de los productores agricolas de la Costa de
Hermosillo en la globalizacion. Region y sociedad 31.

HERNANDEZ-MORENO MC, SOTO-SOTO AC & VAZQUEZ-RUIZ
MA. 2008. Impacto Subregional del TLCAN: Sonora en el
contexto de la frontera Norte. Frontera Norte 20: 105-134.

HERNANDEZ-PEREZ JL. 2012. Los Cambios en el Patron de
Cultivos en Sonora a Partir del Proceso de Restauracion
Agricola en México: El Caso de la Costa de Hermosillo.
Tesis Doctoral, Centro de Investigacion en Alimentacion y
Desarrollo (CIAD), Hermosillo, Mexico.

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

LARA-ALVAREZ | & MAGANA-LEMUS D. 2014. Hacia una Politica
Sustentable para la Asignacion del Agua Agricola
en México. COMPENDIUM: Cuadernos de Economia y
Administracion 1(2): 16-27.

LECHUGA-JARDINEZ Y, GARCIA-SALAZAR JA, PORTILLO-VAZQUEZ
M & GARCIA-SANCHEZ RC. 2014. Efecto del TLCAN sobre el
empleo de mano de obra en el sector agricola de México,
1994-2010. Region y Sociedad 60: 5-28.

LORENZANA-DURAN G. 2019. La Gran hidraulica en los rios
Yaqui y Mayo, Sonora, 1936-1957. Anuario de Estudios
Americanos 76(2): 715-747.

MACIAS-MACIAS A. 2010. Competitividad de México en el
mercado de frutas y hortalizas de Estados Unidos de
América, 1989-2009. Agroalimentaria 6: 31-48.

MACMILLAN DC & MARSHALL K. 2006. The Delphi process-an
expert-based approach to ecological modelling in data-
poor environments. Anim Conserv 9(1): 11-19.

MANZANARES-RIVERA JL. 2016. Calidad de los recursos
hidricos en el contexto de la actividad econdmica y
patrones de salud en Sonora, México. Salud Colectiva 12:
397-414.

MARANON B & LOPEZ D.2008. La gestion participativa delagua
subterranea en México: Hacia un cambio de paradigma.
Revista Brasileira de Gestao e Desenvolvimento Regional
4(2). https://doi.org/10.54399/rbgdrv4i2140.

MARTINEZ A. 2020. Situacion de los recursos hidricos
en Sonora (primary information from the study) 25 de
noviembre de 2020, Hermosillo, Sonora.

MARTINEZ-AUSTRIA PF, DIAZ-DELGADO C & MOELLER-CHAVEZ G.
2019. Seguridad hidrica en México: diagnostico general
y desafios principales. Ingenieria Del Agua 23(2): 107-121.

MARTINEZ CM & MORENO JL. 2016. Analisis de diseno
institucional de las reglas génesis de la Asociacion
de Usuarios del DR 051-Costa de Hermosillo. Estudios
Sociales (Hermosillo, Son.) 24-25-47: 41-69.

MARTINEZ-PERALTA CM. 2014. El Dilema de los Comunes
en la Gran Irrigacion El Caso del Acuifero de la Costa de
Hermosillo, Sonora, México, 1970-2010. Tesis Doctoral,
Colegio de Sonora (COLSON), Hermosillo, México.

MARTINEZ-YRIZAR A, ALVAREZ-SANCHEZ | & MAASS M. 2017.
Analisis y perspectivas del estudio de los ecosistemas
terrestres de México: dinamica hidrologica y flujos de
nitrogeno y fosforo. Rev Mex Biodiv 88: 27-41.

MATEOS E ET AL. 2013. Efecto del cambio climatico en el
recurso hidrico en México. In Borguett-Ortiz V (Ed), Libro
de actas del Congreso Instituto Mexicano de Tecnologia

An Acad Bras Cienc (2023) 95(1) 20220823 18| 20



JUAN F. VELASCO-MUNOZ et al.

del Agua (IMTA). Instituto Mexicano de Tecnologia del
Agua, Jiutepec, México. ISBN: 978-607-7563-92-1.

MELO-ZURITA ML ET AL. 2018. Global Water Governance and
Climate Change: Identifying Innovative Arrangements for
Adaptive Transformation. Water 10(1): 29.

MONCADA E ET AL. 2013. Ecologia Politica del extractivismo
en América Latina: Casos de resistencia y justicia
socioambiental. CLACSO, Buenos Aires, Argentina.

MONTANO R. 2020. Situacion de los recursos hidricos
en Sonora (primary information from the study) 25 de
noviembre de 2020, Hermosillo, Sonora.

MORENO-VAZQUEZ JL. 2005. Por debajo del agua.
Sobreexplotacion y agotamiento del acuifero de la Costa
de Hermosillo, 1945-2005. El Colegio de Sonora.

MORETT J. 2006. Reforma Agraria: del Latifundio al
Neoliberalismo. Plaza y Valdez, México, DF. ISBN:
970-722-180-1.

NASS P. 2018. Validating explanatory qualitative research:
enhancing the interpretation of interviews in urban
planning and transportation research. Appl Mobil 5(2):
186-205.

OCHOA-NORIEGA C, VELASCO-MUNOZ JF, AZNAR-SANCHEZ
JA & LOPEZ-FELICES B. 2022. Analysis of the Acceptance
of Sustainable Practices in Water Management for the
Intensive Agriculture of the Costa de Hermosillo (Mexico).
Agronomy 12: 154.

OCHOA-NORIEGA CA, VELASCO-MUNOZ JF, AZNAR-SANCHEZ JA &
MESA-VAZQUEZ E. 2021. Overview of Research on Sustainable
Agriculture in Developing Countries. The Case of Mexico.
Sustainability 13: 8563.

OLAVARRIETA-CARMONA MV. 2010. Beneficios de la cuota
energética. Estudio de caso de la Costa de Hermosillo,
Sonora, México, 2006-2007. Region y Sociedad 22: 146-164.

ORESZCZYN S & CARR S. 2008. Improving the link between
policy research and practice: using a scenario workshop
as a qualitative research tool in the case of genetically
modified crops. Qual Res 8(4): 473-497.

ORTEGA A, LEON M & RAMIREZ B. 2010. Agricultura y crisis en
México: treinta anos de politicas economicas neoliberales.
Ra Ximhai 6(3): 323-337.

OSWALD S. 2011. Retos de la investigacion del agua
en Meéxico. Cuernavaca: UNAM, Centro Regional de
Investigaciones Multidisciplinarias, México, México, 754 p.
ISBN: 978-3-926979-81-0.

PAHL-WOSTL C, HOLTZ G, KASTENS B & KNIEPER C. 2010. Analyzing
complex water governance regimes: The management
and transition framework. Environ Sci Policy 13: 571-581.

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

PAHL-WOSTL C. 2019. The role of governance modes
and meta-governance in the transformation towards
sustainable water governance. Environ Sci Policy 91: 6-16.

PARRA-ARMENTA EM & SALAZAR-ADAMS A. 2017. La gestion
integral del agua en dos consejos de cuenca del noroeste
de México. Entreciencias: Dialogos en la Sociedad del
Conocimiento 5(15): 79-94.

PATINO F. 2015. Ley agraria del 6 de enero de 1915: Semilla
de propiedad social y la institucionalidad agraria en
México. Estudios agrarios, SEDATU 17-39.

PEDRO-MONZONIS M, SOLERA A, FERRER J, ESTRELA T & PAREDES-
ARQUIOLA J. 2015. A review of water scarcity and drought
indexes in water resources planning and management. |
Hydrol 527: 482-493.

PEREZ EP. 2014. Los sobrevivientes del desierto: produccion
y estrategias de vida entre los ejidatarios de la Costa de
Hermosillo, Sonora (1932-2010). Otra mirada acerca del
desarrollo modernizador. Bonilla Artigas Editores.

PINEDA N. 2020. Situacion de los recursos hidricos de
Sonora (primary information from the study). 25 de
noviembre de 2020.

QU SQ & DUMAY J. 2011. The qualitative research interview.
Qual Res Account Manag 8(3): 238-264.

QUINTERO-PERALTA MA. 2017. Politicas publicas, soberania
alimentaria y estrategias campesinas en zonas rurales
pobres de México. Universidad de Cordoba, UCOPress, p.
1-324.

REYES A. 2009. Problematica del agua en los distritos de
riego por bombeo del estado de Sonora. Revista digital
universitaria, 10. UNAM. México, DF.

RIVERO-COB E & GARCIA-ROMERO H. 2011. Instrumentos
economicos y de politica publica para la asignacion de
agua subterranea para uso agricola en México. Rev Econ
28(76): 41-41.

ROMERO E. 2002. Un siglo de agricultura en México. Textos
Breves de Economia. Universidad Nacional Autonoma de
México, Instituto de Investigaciones Economicas, Miguel
Angel Porriia, México. ISBN 970-701-291-9.

ROSAS M & VALTONEN P. 1994. El tratado de comercio de
Ameérica del Norte: Desarrollo social y los dilemas de la
agricultura mexicana. Rev Mex Cienc Polit Y Social 39(158):
23-41.

ROSENTHAL M. 2016. Qualitative research methods: Why,
when, and how to conduct interviews and focus groups in
pharmacy research. Curr Pharm Teach Learn 8(4): 509-516.

An Acad Bras Cienc (2023) 95(1) 20220823 19 | 20



JUAN F. VELASCO-MUNOZ et al.

SADER - SECRETARIA DE AGRICULTURA Y DESARROLLO RURAL.
2020. El Cardenismo y su influencia en el modelo
agropecuario del Gobierno de México.

SAGHARPA - SECRETARIA DE AGRICULTURA, GANADERIA, RECURSOS
HIDRAULICOS, PESCA Y ACUACULTURA. 2016. Programa de
mediano plazo agricola 2016-2021. Hermosillo, Sonora
2016.

SALAZAR-ADAMS A, MORENO-VAZQUEZ ) & LUTZ-LEY A. 2012.
Agricultura y manejo sostenible del acuifero de la costa
de Hermosillo. Region y Sociedad 3: 155-179.

SANTOS-HERNANDEZ AL, PALACIOS-VELEZ E, MEJIA-SAENZ E,
MATUS-GARDEA JA, GALVIS-SPINDOLA A, VASQUEZ-SOTO D,
ASCENCIO-HERNANDEZ R & PENA-DIAZ SA. 2019. Analisis
del uso del agua del acuifero Cuauhtémoc, Chihuahua,
México. Tecnologia y Ciencias Del Agua 10(3): 156-189.

SICE - SISTEMA DE INFORMACION DE COMERCIO EXTERIOR. 1992.
Capitulo VII del Tratado de Libre Comercio de América
del Norte.

SOTO-MORA C.2003. La agricultura comercial de los distritos
de riego en México y su impacto en el desarrollo agricola.
Investig Geogr 50: 173-195.

TILMAN D, BALZER C, HILL J & BEFORT BL. 2011. Global food
demand and the sustainable intensification of agriculture.
Proc Natl Acad Sci USA 108(50): 20260-20264.

VALDES A. 2014. Analisis organizacional del comité técnico
de aguas subterraneas y su eficacia en la gestion integral
de los recursos hidricos en el Acuifero Guadalupe, B.C.
Tesis Doctoral, El Colegio de la Frontera Norte, Tijuana,
B.C., México.

VARGAS E. 1959. Principales problemas de la Costa de
Hermosilla y sus posibles soluciones. Escuela Nacional
de Agricultura Chapingo.

VAZQUEZ M. 2020. Situacion de los recursos hidricos
en Sonora primary information from the study). 25 de
noviembre de 2020, Hermosillo, Sonora.

VELEZ-RODRIGUEZ A, PADILLA-BERNAL LE & MOJARRO DAVILA F.
2015. Disponibilidad para ahorrar agua de uso agricola en
México: caso de los acuiferos de Caleray Chupaderos. Rev
Mex Cienc Agric 6(2): 277-290.

WTO - WORLD TRADE ORGANIZATION. 2019. World Trade
Statistical Review. https://www.wto.org/english/res_e/
statis_e/wts2019_e/wts19_toc_e.htm.

WU W & MA B. 2015. Integrated nutrient management
(INM) for sustaining crop productivity and reducing
environmental impact: A review. Sci Total Environ 512-513:
415-427.

AGRICULTURAL WATER GOVERNANCE IN DEVELOPING AREAS

How to cite

VELASCO-MUNOZ JF, OCHOA-NORIEGA CA, ROMAN-SANCHEZ IM & LOPEZ-
FELICES B. 2023. Evolution of water governance systems in agriculture
in developing countries and proposals for improvement. The case of
the Hermosillo Coast, Mexico. An Acad Bras Cienc 95: e20220823. DOI
10.1590/0001-3765202320220823.

Manuscript received on September 22, 2022;
accepted for publication on February 11, 2023

JUAN F. VELASCO-MU NOZz"?
https://orcid.org/0000-0002-0593-1811

CLAUDIA A. OCHOA-NORIEGA?®
https://orcid.org/0000-0002-1646-8826

ISABEL M. ROMAN-SANCHEZ"
https://orcid.org/0000-0002-0098-4789

BELEN LOPEZ-FELICES"
https://orcid.org/0000-0002-1715-6461

'University of Almeria, Department of Economy
and Business, Ctra. De Sacramento,s/n, 04120,
La Canada de San Urbano, Almeria, Spain

’Research Centre on Mediterranean Intensive Agrosystems
and Agrifood Biotechnology (CIAIMBITAL), Ctra. De Sacramento,
s/n, 04120, La Cahada de SanUrbano, Almeria, Spain

*University of Sonora, Department of International Trade, Blvd.
Luis Encinas y Rosales, s/n, 83000, Hermosillo, Sonora, Mexico

Correspondence to: Juan Francisco Velasco Munoz
E-mail: jfvelasco@ual.es

Author contributions

All authors have contributed equally to this paper.

[@)sy |

An Acad Bras Cienc (2023) 95(1) 20220823 20 | 20



