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Abstract—During the last three decades, international trade agreements and the evolution of the commercial systems at the 
global level, have favoured the increased presence of Mexican agricultural products worldwide. However, government 
protection of foreign markets and the benefits enjoyed by foreign investors and large corporations in México has caused 
difficulties amongst small producers to maintain competitiveness in local markets and prevents their growth to break into 
international markets. Reports indicate that one of the consequences of international trade agreements has been the 
displacement and impoverishment of millions of Mexicans. Thus, there are incentives to look at urban agriculture as a viable 
job alternative that can lead to food security; the need arises to take advantage of reduced spaces and inputs from large cities to 
ensure food sufficiency, provide an economic return and ensure healthy food. However, in Mexico, widespread urban 
agriculture systems exploitation still is not seized. This work identifies aspects of urban agriculture as a unique opportunity to 
focus research efforts to propose a methodology dedicated to analyse existing conditions, identify and propose feasible 
measures of physical implementation for continuous operation and exchange of information leading to improved quality and 
quantity of production to make an attractive option of self-employment. 
 
Index Terms—Urban agriculture, sustainable development, precision agriculture 
 
I. INTRODUCTION 
 
Although international trade agreements have 
favoured the introduction of Mexican products 
globally, reports indicate that international treaties 
have not resulted in predicted benefits for workers and 
Mexican producers, nor for the Mexican 
economy[1-2]. Another factor identified as inhibitor 
of Mexican social and economic development is 
unfavourable conditions of international treaties 
influencing the sluggish growth of the Mexican 
economy with devastating consequences as 
displacement of small producers and massive job 
losses, focusing the benefits in large corporations [3]. 
One of the alternatives that can play an important role 
in the provision of self-employment and contribute to 
the development of sustainable food production, is 
urban agriculture. Urban agriculture is an ancient 
practice that has received great interest globally over 
the last two decades. Practices of urban agriculture 
have increased worldwide. On the one hand, urban 
agriculture provides opportunities for influencing the 
economy with the potential of providing 
self-employment and mitigating poverty. In addition, 
urban agriculture also contributes to preserving the 
environment, by providing means to reduce fertilizer, 
optimizing spaces and water resources, and also 
contributes to improving food security. In particular, 
the need to take advantage of reduced spaces and 
inputs from large cities to ensure food sufficiency, 
provide an economic return and ensure healthy food, 
have contributed to the proliferation of urban 
agriculture practices globally; it is estimated that in 
developing countries, up to 20% of agricultural 
products comes from urban cultures. However, in 

Mexico, urban agriculture has not been exploited [4], 
and traditional agriculture continues to be the key 
sector to devote research efforts, technological 
development and economic support, in order to trigger 
Mexican economic and social development. For 
example, the programme of support to small producers 
(Spanish:Programa de Apoyo a 
PequeñosProductores) financially supports rural 
vulnerable groups in poverty (i. e. women, 18 to 65 
years old, and small producers from the strata E1, E2 
and E3). There are some isolated efforts, such as the 
support of the National Bank of Mexico to urban 
producers in Mexico City, where a small group of 
families exchange vegetables. Other efforts as roofs 
and green walls, promoted largely by research 
institutions and NGOs, have had little impact on the 
ecological ordering of urban productive activities. 
Several reasons influence the underrepresentation of 
urban agriculture in Mexico. Again, traditional 
agriculture is considered as a predominant economic 
activity and source for self-employment. In addition 
government social development programs focus 
largely on promoting agricultural practices to alleviate 
extreme poverty; is not really considered that 
developing urban agriculture can have important 
implications for mitigating poverty. Finally, an 
important aspect that has not allowed the proliferation 
of urban agriculture as a trigger for economic growth 
is the lack of methodologies that analyse the 
requirements and propose solutions for the physical 
implementation of urban crops. Different crops 
require different and multiple components (electrical, 
electronic and mechanical) and operating conditions; 
the complexity of implementing efficient and 
economically feasible urban crops, does not represent 
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an attractive solution for potential urban farmers. 
Therefore, this paper extends previews reviews [21] 
and discusses urban agriculture as a unique 
opportunity to devote research efforts to propose 
methodologies to analyse existing conditions, identify 
and propose feasible measures of physical 
implementation for continuous operation and 
exchange of information leading to improved quality 
and quantity of production to make an attractive option 
for self-employment. 
 
II. URBAN AGRICULTURE SYSTEMS 
 
Urban agriculture can be defined as the cultivation of 
crops and breeding of animals within and around the 
cities. One of the features that distinguish urban from 
rural agriculture is that urban agriculture integrates 
and interacts directly with urban social, economic and 
ecological systems. Urban agriculture is not a relic of 
the past that will fade, since urban agriculture is an 
integral part of the urban system, grows when the city 
grows [5]. Amongst protected agriculture farming 
methods, those without substrate stand out as viable 
alternatives for optimization of space and achieve high 
performance: hydroponics, aeroponics and 
aquaponics. 
 
A. Hydroponics  
Use water as a means of transport of the nutrients 
required by the plant, allowing eliminating soil as 
nutritive substrate (although it can be used as a 
physical support to the root). 
 
B. Aeroponics 
Shares features with hydroponics, although the plant 
roots are left hanging in the air and are moistened with 
a solution of nutrients by direct spray. Aeroponics is 
suited to grow creeping, fleshy plants (potato, garlic, 
and carrot, among others) that are particularly difficult 
to grow in hydroponics, but is more difficult to control 
and it is more expensive in equipment and 
maintenance. 
 
C. Aquaponics 
Combines hydroponics and aquaculture to reach a 
balance of nutrients; they are highly complex. 
 
The three main methods of growing without substrate 
have high efficiency of productivity with respect to the 
occupied area (crop area) and ingredients (water and 
nutrients). However the inherent characteristics of 
hydroponic systems, have led to greater attention and 
therefore the subject of ad hoc irrigation control 
systems [6-8]. 
 
III. SOCIAL INCENTIVES 
 
Rapid urbanization is associated with rapid increase in 
poverty and urban food insecurity. By 2020, the 
developing countries of Africa, Asia and Latin 

America will host about 75% of all urban inhabitants 
and eight of the nine mega-cities with a population of 
over 20 million. It is expected that by 2020, 85% of the 
poor in Latin America, and around 40-45% of the poor 
in Africa and Asia will focus on urban areas [9]. In 
particular in México, it is estimated that population 
will reach 150 million by the year 2050, where 80% 
are likely to live in urban centres. The increase in 
population will require an increase in food production 
[10]. On the other hand, the dry lands in Mexico 
occupy approximately 101.5 million hectares (a little 
more than half of the national territory) limiting the 
potential for agricultural expansion. Urban agriculture 
can act as an important strategy for the alleviation of 
poverty and social integration. 
 
IV. ECOLOGICAL INCENTIVES 
 
Urban agriculture is part of the urban ecological 
system. In Mexico, the national water Commission 
(Spanish: ComisiónNacional del Agua - CONAGUA) 
[11] reports that approximately 77% of available for 
consumptive use water is used in agriculture, and in 
addition half of the water used for irrigation is wasted. 
Among other factors, inappropriate irrigation practices 
are responsible for a large proportion of water 
wastage. Although it is reported that 97% of the 
inhabitants in Mexico have access to drinking water 
sources, and 57% of sewage water is processed in 
water treatment facilities [11], CONAGUA reported 
that more than 70% of the national rivers presents a 
degree of contamination. Since there are no sufficient 
regulations to prevent contamination and poor 
implementation or supervision, there is no hard 
information about the pollutants in Mexico’s water 
bodies and the manner in which contaminants are 
propagated along the food chain. Urban agriculture 
emerges as a feasible alternative to enhance the 
effectiveness of the of water resources usage, reducing 
the needs for harmful chemicals (pesticides, 
fertilizers) resulting in environmental improvements. 
 
V. HEALTH INCENTIVES 
 
In Mexico, a large number of factors influence the 
ineffectiveness of hazardous waste management 
strategies [12] and therefore a large volume of 
persistent pollutants are poured into the ecosystem, 
which in turn propagate through the chain food. 
Parasitic diseases, cardiac, renal and liver failure, as 
well as cancer, are some of the diseases reported as a 
result of exposure to contaminants [13]. In particular, 
the prevalence of breast cancer in Mexico continues 
increasing, that may be associated with environmental 
factors [23] Urban agriculture can improve food 
intake. Studies conducted to evaluate strategies to 
promote that children consume healthy vegetables 
[14] reveal improvements in vegetable consumption if 
consumers are involved in growing their own food. 
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VI. ECONOMICAL INCENTIVES 
 
Own farming saves households in food costs and 
allows selling products, which become an immediate 
source of cash. Preliminary estimates indicate that 
15-20% of agricultural production comes from urban 
crops [6]. The municipality and ONGs can play a 
crucial role to stimulate the development of 
micro-enterprises related to urban agriculture ranging 
from production distribution and sale of fresh food, to 
the production and sale of processed organic foods. 
 
VII. RELEVANCE OF HYDROPONICS 
 
Urban agriculture systems without substrate are 
probably the most viable alternative to meet the needs 
of high productivity, with limited availability of space, 
without having to consider factors such as the quality 
of the soil [7]. In addition, environmental factors are 
controllable when placed in an enclosed space. 
Amongst urban agriculture systems without substrate, 
hydroponics and aeroponics systems are highlighted 
as feasible alternatives due to high efficiency and the 
possibility of continuous accurate monitoring. 
 
A. Technical overview of hydroponics  
Automated hydroponics favours increased quality and 
quantity of food production, as well as reducing 
resources expenditure (water, space and energy). In 
order to control the operation of urban agriculture 
units, it is necessary to measure the variables involved 
in the process. However, there are many variables 
involved in the cultivation process (Table 1). 
Several methods have been reported for monitoring 
and control of hydroponic variables, including 
monitoring and control of pH with personal computers 
(PC) [15], control of pH with embedded systems [16] 
and control of the amount of water required for 
optimal production in aquaponics[17]. Other studies 
have looked for alternatives to determine dissolved 
nutrients, which include the determination by 
mid-infrared spectroscopy [18], as well as analyzing 
the effects of adding macro and micro-nutrients in 
aqueous solutions [19]. However, direct application of 
the reported results is limited since each aspect is 
studied separately there is no integration of all the 
variables involved. Thus, the challenge in a system 
with automatic control is probably the nutrient 
medium in addition to environmental variables 
measurement, relating them to the quality of the final 
product. 
 
B. Open agriculture approximation to urban farming 
Due to the growing interest in urban farming systems, 
it is common to find prototypes of hydro- and 
aeroponic systems, both commercial and 
experimental. However, in order to be able to propose 
an economicallyfeasible and flexible solution, capable 
of adapting to different operating conditions, it is 
necessary to combine research efforts in multiple areas 

of knowledge ranging from architectural research, 
light sources, dynamic allocation of spaces and 
building systems to the development of new 
instrumentation and control systems to automate the 
process of cultivation. Thus it is necessary to develop 
an approach based on intelligent design, science and 
applied technology to allow economic and 
environmental sustainability of urban agriculture [20].  
In addition, the current trends in information 
technology systems offer the opportunity to develop a 
platform that will allow the exchange of information at 
the global level through IoT connectivity.  
 

 
For example, the OAG initiative is directed towards 
modernizing extensive farming on the basis of 
personal systems to family systems [22]. However, it 
is necessary to adapt the use of electronics to increase 
the functionality to optimize resources.To achieve a 
platform that enables the exchange of information and 
feasible of actual implementation, it is necessary to 
provide data acquisition and control capabilities with 
IoTapproach. Here the authors emphasize the 
importance of combining the technological fields of 
instrumentation, control and computer systems to 
propose to specify methodologies suitable for the 
establishment of hydroponic systems adapted to the 
needs of Mexican households. The introduction of 
open agriculture projects can provide a platform for 
worldwide information exchange than can lead to 
improve quality and quantity of production in urban 
agriculture systems. Thus, it will be possible to 
develop new instrumentation systems that monitor and 
evaluate different methods of production and the 
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effect of the variables involved (environmental 
variables, nutrient content in water) in the production 
to ease sharing and dissemination of information about 
particular crops.  
 
CONCLUSIONS AND FUTURE WORK 
 
There is a combination of aspects that motivate the 
development of urban agriculture systems. From the 
technological development standpoint, there are 
opportunities for developing consistent 
methodologiesfor control of hydroponics in 
accordance with current trends of information 
technology systems. The challenge is to provide a new 
alternative in the development of agricultural 
infrastructure accessible to Mexican homes to improve 
the self-sustainability of the families, helping to 
generate and develop techniques that allow more and 
better food products, optimizing the use of existing 
supplies. Thus the results of methodological proposals 
according to the needs and capabilities of Mexican 
households, can offer a complementary strategy to 
reduce urban poverty and food insecurity, promoting 
development opportunities economic regional, 
contributing to improve urban environmental 
management. Current work focuses on developing a 
flexible integral solution for hydroponics including 
local and remote operation to record historical 
information about particular crops so as to generate 
and information database. 
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