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___________________________________________________________________________________________________ 

Abstract 

Technology in the agricultural sector can be defined as the 

set of technical knowledge that can result from the study 

and / or individual or collective experience that, in 

conjunction with practice, develops human skills and 

abilities. Technological innovation is fundamental to reach 

and maintain the levels of competitiveness that market 

requires, such as quality, organic production and 

nutritional content. The detection of actors, their activities, 

resources and capacities of a product chain system is 

needed, in order to develop technological packages for a 

singular type of crop, local circumstances and 

characteristics of the producer. The growing development 

of the wine sector in the country is a fertile field for the 

adoption of technological packages that promote precision 

agriculture in a harmonic and sustainable development. 

Improving the conditions and quality of the grape for 

winemaking, increasing the wine's storage potential and its 

nutraceutical nature. The opportune diagnosis of 

opportunity areas in the vineyard will help a sustainable 

management of the crop applying natural treatment in the 

opportune moment and precise place. 

Innovation systems, Technological packages, 

Winemaking, Precision agriculture 

Resumen 

La tecnología en el sector agrícola puede definirse como 

el conjunto de conocimiento técnicos que pueden resultar 

del estudio y/o experiencia individual o colectiva que en 

conjunto con la práctica desarrolla habilidades y 

capacidades humanas. La innovación tecnológica es 

necesaria para lograr la competitividad en los productores 

agropecuarios que en la actualidad el mercado demanda: 

cultivos orgánicos o bien que hagan uso mesurado de 

pesticidas, de alta calidad en aspecto y contenido de 

nutrientes. La detección de los actores, sus actividades, 

recursos, capacidades en un sistema de producción es 

básica para el desarrollo de paquetes tecnológicos 

adaptados a cada tipo de cultivo, circunstancias locales y 

características del productor. El creciente desarrollo del 

sector vitivinícola en México es un campo fértil para la 

adopción de paquetes tecnológicos que fomenten la 

agricultura de precisión su desarrollo armónico y 

sostenible. Y a su vez mejoren las condiciones y calidad 

de la uva para vinificación acrecentando el potencial de 

guarda de los vinos y su carácter nutracéutico. El 

diagnostico de las áreas de oportunidad en el viñedo 

ayudará a la gestión sostenible del cultivo aplicando 

tratamientos naturales en el momento adecuado y preciso 

lugar.  

Sistemas de innovación, Paquetes tecnológicos, 

Vitivinícola, Agricultura de precisión 
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Introduction 
 

The concept of innovation according to Dossi 

(1988), is related to discovery, experimentation, 

development, imitation and adoption of new 

products, new technologies, new production 

processes and new organizational forms. 

Therefore, technological innovations imply, 

among other things, the structuring and 

development of technological packages that 

encompass scientific and empirical knowledge 

necessary for the development and 

implementation of a service or the production of 

goods, this knowledge can be adaptations or 

novelties, free access or legally restricted. 

 

According to the definition of Solleiro et 

al, (1993), technology is understood as the “set 

of organized knowledge that constitutes a 

productive force that drives growth, that 

modifies the characteristics of work and nature 

and creates new comparative advantages that 

promote competitiveness”. 

 

For the objectives set out in the present, 

according to Janvry and Martínez (1971), a 

differentiation will be made between scientific 

knowledge and technical knowledge, 

understanding the former as that which defines 

the general framework for the development of 

science that gestates inventive capacities and 

abilities and, in turn, Instead, it can be applied to 

technical knowledge, as well as to production 

and transformation methods or functions. 

 

In this context, the techno-scientific 

conjunction allows the generation of 

technological packages appropriate to each 

producer and adapted to all circumstances, 

because it also considers the immediate past and 

recent trends, the characteristics of the 

organizations, the type of government, the role 

that companies play in investments, as well as 

local economic and social development, 

budgets, and consulting activities (Rojas and 

Armegual, 1997). 

 

Today's society recognizes the 

importance of technology in modern life, indeed, 

in Western culture there is a tendency towards a 

technocratic idealism for solving problems that 

are not only restricted to productive aspects, but 

also to aspects of a social and social nature. 

political (Drengson, 2011). 

 

 

The use of technology in the agricultural 

sector has historically been a tool that mediates 

between human labor and nature. According to 

Herrera (2006), its basic function is to contribute 

substantially to transforming nature for the 

benefit of the people who live in the countryside. 

In the West, it is a linear process that involves 

the replacement of traditional techniques by 

commonly technological innovations (Cáceres, 

2015). 

 

The technological impact on the 

agricultural sector is controversial, as it has 

increased production and performance in the 

global agricultural sector (Pingali, 2012), 

increasing productivity and facilitating labor, 

which makes the work itself less routine and 

more comfortable. However, the British 

agricultural revolution (18th century to mid-19th 

century) generates speculation by addressing 

issues of over-exploitation of soils and the 

implementation of cultivation techniques that 

affect the environment. On the other hand, the 

agricultural technological impact stands out for 

its productive potential and its capacity to 

produce food for an increasingly numerous 

population (Borlaug, 2000). However, there are 

negative effects when analyzing dimensions 

such as environmental and socioeconomic 

(Patel, 2012). 

 

Currently, Mexico and Latin America 

share a series of problems in the agricultural 

field that have generated technological and 

productive lag in rural agricultural areas, 

economic, cultural and social limitations that 

cause persistence of poverty and promote 

migration of large numbers of people in looking 

for better living conditions which generates the 

abandonment of the field. The pertinent 

diagnosis of this problem is required in order to 

make viable technological proposals that rescue 

and provide technical advice to the work of the 

field in a feasible way and that in turn are 

perceived as opportune and desirable by the 

small agricultural producer (Alvarez, 2016; 

Glio, 1986). 
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Therefore, it is considered an important 

and pertinent contribution to propose and discuss 

appropriate and timely analyzes to the different 

agricultural sectors of the producing areas in 

order to diagnose and promote technological 

change in a relevant way and develop 

technological packages that solve real needs of 

producers and that respond to consumer 

demands locally, this from a holistic point of 

view that "guides the articulation of theoretical 

roots for the analysis of complex systems and the 

empirical relevance of intervention methods" 

(Borrás and Edquist, 2019; Robert and Yoguel, 

2020). 

 

Technological management has been 

described as the cycle of activities related to the 

identification, obtaining, research, development 

and acquisition of new technologies for the 

development or innovation in technologies 

applied to product, process, service, 

administration and / or direction, in a company; 

likewise, it promotes and coordinates 

technological changes related to the 

environment (Escorsa and Vallas, 2005).  

 

On the other hand, Coy (1999) points out 

that technological management is a discipline 

that combines engineering with management 

activities in business, such as: a) management of 

technological components in individual product 

life cycles, b) capitalization of technological 

advances to achieve a competitive advantage and 

c) relationship and integration of product and 

process technologies.  

 

The technological management of the 

Mexican field, in addition to including the 

characteristics and actions described above, 

must diagnose needs, develop solutions and / or 

adapt them according to the particular resources 

of each producer, as well as prospect the benefit 

or deterioration that each of these actions will 

cause with the passing weather.  

 

 

 

 

 

 

 

 

 

 

 

 

Framework 

 

The term Sustainable Development was first 

introduced in the Brundtland report in 1987 by 

the United Nations World Commission for 

Environment and Development. From this 

moment on, it was disseminated as "the type of 

development that allows current activities to be 

satisfied without compromising the ability of 

future generations to satisfy theirs." The pillars 

for the construction of a sustainable environment 

are described as the social, economic and 

environmental environment (United Nations, 

1987). 

 

The United Nations General Assembly, 

as a result of prospective exercises and with the 

purpose of "directing the changes and 

innovations to come", adopts the 2030 Agenda 

for sustainable development in September 2015. 

In it, 169 objectives are proposed to be 

developed in the next 15 years. To achieve this, 

193 countries pledged to put in place the means 

necessary for its implementation through 

partnerships focused especially on the needs of 

the poorest and most vulnerable. Each country 

has full sovereignty over its wealth, resources 

and economic activities to set its own national 

goals in line with the Sustainable Development 

Goals (SDG). 

 

The foregoing requires a deep analysis of 

the productive systems in order to achieve the 

recognition of the actors, resources and 

emerging niches.  

 

The challenges of innovation should not 

only focus on technological potentials for the 

sake of greater economic gain, but it is also 

necessary to take into account social and 

environmental changes, which have been widely 

studied, even from a systemic approach (Dosi, 

1982; Freeman, 1992; Pérez, 2010; Geels, 2002; 

Smith, 2006, 2010; Schot, 2007, 2018). 

 

Understanding a system as a whole and 

its interaction with other existing systems at a 

given moment in time is of utmost importance in 

order to understand the prevailing social and 

technological regimes. This will allow to 

efficiently prospect its possible changes and 

evolutions for the generation of public policies, 

organizational networks, institutional training 

and learning environments (Schot and Kanger, 

2018; Smith 2006; Fuenfschilling, 2012). 
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Smith (2006) proposes an interesting co-

evolution between social and technical elements 

of an agri-food system, technical elements for 

the management of the crop from the 

fundamental biological knowledge of respiration 

and post-harvest treatments, process and added 

value, logistics, commercialization and needs 

From the market; in addition to everything 

related to social needs and customs linked to the 

production chain: beliefs, land management, 

educational level, environmental needs, as well 

as the historical value it represents, its 

importance and cultural value. Together, all 

these elements give structure to sectoral 

production systems, which in turn are socially 

and technologically interdependent with other 

equally dynamic systems.  

Models of agri-food technological change 

Understanding the models of technological 

change that have induced the growth of 

agricultural sectors is important, since from this 

analysis the present can be understood to plan 

and develop well-foreseen technological 

improvements from, for example, the policy 

approach for transformative innovation (Leach 

et al, 2012) or from policies oriented to holistic 

innovation (Borras and Edquist, 2019). 

Among the prevailing models of 

technological change, those proposed by Janvry 

and Martínez (1971) and Ruttan (1982), which 

take up the "Induced Innovation Theory", imply 

development networks between producers, 

research institutions, input producers and 

markets. ; in addition to assuming homogeneity 

in the size and type of farms. Ruttan's model 

views agricultural technology as a public good; 

and the economy, made up of different social 

groups that benefit to varying degrees from the 

presence of that good. However, these models 

have had little impact in developing countries, 

such as those of Latin America, since they have 

not been able to consolidate networks between 

the various agents of the agricultural system. 

On the other hand, it is important to point 

to the British agricultural revolution as a 

precedent and example of technological change; 

since, he proposed a pattern of generation and 

technological diffusion with resources from the 

owners, and from there several models of 

agricultural growth emerged.  

Among which stands out the "Urban 

Impact Model", which has allowed regional 

development in mainly European industrialized 

countries through products such as: beer, olive 

oil, cheeses and sausages (Patel, 2012). This 

model has limited applications in developing 

nations, since it does not have the articulation 

between the primary sector, which produces the 

raw material, and the secondary sector that 

processes and transforms it.  

The wine sector worldwide, probably 

due to the age of the viticultural practice, in 

conjunction with the oenological sector, is one 

of the few articulated sectors, since it has the 

natural need for raw materials and the immediate 

process to achieve quality wines. 

In Mexico, the companies dedicated to 

the production of wine are mostly linked to the 

production of grapes for winemaking in specific 

areas, defined by climatic conditions. The 

foregoing is in line with the Urban Industrial 

Impact Model that describes the efficiency and 

proper functioning of agricultural economies 

close to industrial transformation centers. What 

allows the reduction of transportation costs and 

promotes local economies; Furthermore, it 

contributes to the improvement of urban 

infrastructure and the growth of regional 

technological capabilities. The above can be 

clearly observed in the oenological corridor that 

is located in the State of Querétaro, Mexico; 

between the municipality of Tequisquiapan and 

the magical town of Bernal, which also crosses 

the urban area of Ezequiel Montes. 

On the other hand, the study and analysis 

of the models of technological transfer to the 

agricultural sector is of utmost importance to 

promote the adequate adoption of technological 

packages, it is important to mention that in the 

fifties it was intended, especially in Latin 

America, to transform the peasant in an 

economic agent in such a way that the 

technologies generated by the research centers 

were transferred and made available to solve a 

large number of the problems of peasant farmers. 

However, the appropriate technologies were 

few, probably due to limitations and lack of 

training for end users, as they did not understand 

the technology itself. Consequently, the 

"Diffusion Model" of technical knowledge was 

not successful.  
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This model was succeeded a decade later 

by the "Modern Input Model", which states that 

the development of the traditional agricultural 

sector can only be achieved with investments in 

experimental centers that produce and provide 

highly profitable technical inputs that are 

effective for a particular society. (Solleiro et al, 

2015). 

 

Paiva, Schattan and Freitus (1976) 

developed the "Model of Self-Control 

Mechanisms", in which the adoption of 

technology is the decision of each farmer and 

livestock producer, since it is who evaluates the 

change in productivity with respect to traditional 

methods and the economic advantages. 

Likewise, these authors point out that 

technological diffusion also depends on the 

availability of technical knowledge, material 

resources, bank loans and management skills on 

the part of farmers and livestock producers. 

 

For their part, Piñeiru and Trigo (1983) 

make an analysis of the innovation process and 

argue that they are not conceived as a 

homogeneous whole, but rather that disparities 

and imperfections in market action are 

recognized. In the same way, they make an 

important interpretation that provides a holistic 

and dynamic approach in which endogenous and 

exogenous elements are incorporated into the 

agricultural sector from a set of dimensions 

linked to the producer sector with society and the 

State. 

 

Although some of the aforementioned 

Models highlight the importance of research 

centers as an actor in agricultural systems. In this 

regard, in the analysis carried out by the 2007 

International Seminar on "Improvements in 

Agricultural Innovation Systems", organized by 

the Department of Agriculture and Rural 

Development of the World Bank, it is recognized 

that: currently research systems can increase the 

offer of new knowledge and technologies but 

they do not necessarily have the capacity to 

promote the adoption of innovations in the 

agricultural sector, therefore, there is no 

correlation with the economic growth of the 

sector.  

 

 

 
 

Figure 1 Stages for technological innovation in 

agricultural systems 

Source: Own elaboration Adapted from the World Bank, 

2008  

 

A year later, in 2008, the World Bank 

establishes that the analysis of the elements that 

make up an agricultural technological 

innovation system must be carried out and 

proposes the stages illustrated in Figure 1. 

 

This analysis can offer frameworks for 

studies that seek to develop technological 

packages appropriate to the local and specific 

context, which will benefit research centers and 

the knowledge economy. It is a tool in decision-

making that could influence public policies, in 

support of technological change and innovation. 

 

Currently it is understood, according to 

Alemán (2020) that the productive processes 

directly affect the natural resources of the region, 

its inhabitants, and the local economy, in 

addition to the linear and non-linear 

relationships between all the actors in the 

system. Therefore, the adequate intervention of 

innovation policies and the adoption of ad hoc 

technology represent an advantage for the 

management of a specific agricultural or 

livestock system, allowing its orientation 

towards more sustainable practices: respectful 

with the environment, focused on the 

development of the community at all levels and 

the growth of economic opportunities (Robert 

and Yoguel, 2020).  

 

Methodology  

 

In the present work, a field and literature analysis 

is carried out, from a phenomenological 

systemic approach, of the current characteristics 

of the wine sector in Mexico with attention to the 

Queretaro oenological corridor and the factors 

that intervene and make technological 

innovation feasible for cultivation. and 

production of the vine in a sustainable way, with 

the aim of visualizing and prospecting areas of 

opportunity to direct its management towards 

more sustainable practices.  

 

Analysis of the 

main actors and 

key activities in 

production. 

Description of 

established 

associations and risk 

policies. 

Interaction 

patterns: formal 

and informal 

networks between 

actors 

Analysis of the 

environment, 

infrastructure, 

public policies and 

legal frameworks. 
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And thus, to encourage future studies that 

diagnose and structure theories about technical 

change in other agricultural sectors, in order to 

develop and adapt technological packages 

appropriate to each producer according to their 

environment, resources and needs. 

 

Rojas and Armegual (1997) mention that 

when you want to establish a relationship 

between science and technology in developing 

countries, it is necessary to include basic topics 

such as: the immediate past, recent trends, the 

characteristics of organizations, policies public 

companies from previous decades, prominent 

companies, consulting activities among others. 

Therefore, this study describes the most relevant 

antecedents of the problems of the agricultural 

sector in Mexico and Latin America and some of 

the main characteristics of the country's wine 

sector; Likewise, some theories about technical 

change in agriculture are exposed (useful for 

studying the primary sector dedicated to the 

production of grapes for winemaking), as well as 

a sustainable technological proposal for the 

viticultural sector of the Querétaro region. 

 

At the end, the strengths and 

opportunities in the technological innovation 

system in the grape and wine agroindustrial 

sector are analyzed, to raise the importance of 

the development and adoption of technological 

packages that allow the growth of the 

technological capabilities of the sector taking 

into account own resources regionally and 

locally.  

 

Analysis and discussion 

 

History of vine cultivation in America  

 

The habit of wine consumption in Mexico has 

suffered ups and downs, since the introduction 

of the first vine vines for winemaking brought 

from the old world. During the colonial era, 

Hernán Cortés ordered every inhabitant of New 

Spain to plant 100 vines for each slave he had, 

which fostered the proliferation of vineyards in 

the central zone of present-day Mexico; This 

caused protests by wine producers in Spain, so 

that years later Felipe II ordered them to be 

uprooted and prohibited their cultivation in the 

new world. 

 

 

 

In later times, presidents such as Porfirio 

Díaz and Francisco I. Madero favored and 

promoted vine production in Mexico and the 

development of the oenological industry for 

winemaking. The cessation of imports of 

European wines to Mexico after the First World 

War also promoted the development of the 

sector, so in 1948 the National Association of 

Winegrowers arose and by 1979 the vineyards 

occupied an area of 40,000 hectares in ten 

different wine-growing regions from the 

country; during that time the national production 

had an annual growth of 275% (Álvarez, 1991). 

 

The absence of international 

competition, due to trade protectionism, 

implemented during the import substitution 

model, continued until 1985, and worked against 

the technological development of viticulture; 

causing delay and wines of lower quality than 

their peers in other countries. 

 

After the liberation of foreign trade with 

the signing of NAFTA, the wine industry in 

Mexico was at the mercy of the world market 

and international competition, which caused the 

closure of important wine-producing houses in 

Mexico during the 90's. and a continuous decline 

in production until 2002 (Salomón, 2004). In 

addition to the above, the existence of an 

unstable economy and continuous devaluations 

of the Mexican peso, led to the problems of the 

agricultural sector that is described below. 

 

Problems of the agricultural sector in Mexico 

and Latin America 

 

The policy of readjustment through the 

devaluation of the exchange rate, during the 

period 1981 to 1989, caused a reduction in GDP 

per inhabitant in Mexico by 9.3% (ECLAC, 

1990); In addition to the decrease in trade flows 

and the increase in protectionist policies, the 

deterioration in the prices of raw materials 

reduced the foreign exchange obtained from 

exports; Thus, the growing interest in foreign 

debt limited the management of resources in a 

world environment of transformations generated 

by the development of new technologies. 
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In this scenario, the profitability of the 

agricultural sector was reduced, due to the price 

policy, the decrease in investment, internal 

inflation and the reduction in the real perception 

per capita. The productive structure was 

reoriented to goods for the consumption of the 

higher-income population, with this profitability 

rose, but the concentration of capital, business 

infrastructure and technological resources was 

encouraged (Solleiro, 1993). 

 

The problem of this restructuring policy 

aimed at modernizing economic sectors and 

specializing in specific areas to favor them 

competitively, brought not only economic 

consequences by promoting the production of 

goods that only reached privileged sectors of the 

population; but also technological due to the 

deficient development of capacities at the local 

level. The foregoing, due to the fragility of the 

scientific base and the poor adaptation of the 

technological options selected to make adequate 

use of local resources (ECLAC, 1989). 

 

 
Figure 2 Main actors influencing agricultural and 

livestock technological change 

Source: Own elaboration, adapted from OECD, 2005 

 

When describing the agents involved in 

the behavior of the agroindustrial sector in 

Mexico, especially those that influence 

technological change (Figure 2), it is necessary 

to highlight the primary producers, the 

agroindustry, the producers of agricultural inputs 

and equipment, the social organizations, private 

and financial, to the State and research and 

development centers.  

All of them have experienced 

devaluations, trade liberalization and adjustment 

policies individually, and have worked together. 

Therefore, clarified collaboration networks are 

now beginning to be seen (Kondo, 1992). 

 

Scenario for technological innovation in the 

wine sector in Mexico  

 

The Mexican wine that until 1984 enjoyed 

commercial protectionism faced the opening to 

the international market. What caused that 

between 1985 and 1994 the cultivation of the 

vine decreased from 70,520 Ha to 41,000 Ha and 

the number of wine companies registered in 

2002 was only 16 (Álvarez, 1991). In this 

scenario, drinks such as beer, Tequila and 

Mezcal prospered by becoming a stable and 

demanding market. 

 

Currently, wine consumption in Mexico 

is scarce compared to European countries where 

the average per capita consumption exceeds 40 

liters per year (Meraz 2013). Even so, there is a 

sustained growth of the sector that could well be 

studied from the perspective of a luxury goods 

business more than from the food approach 

(Salomón, 2004), since it has been added to the 

national tourist and gastronomic offer, offering 

packages that include visits to the region, the 

wineries and vineyards, wine tasting and pairing, 

thus creating the wine tourism sector that offers 

its services to the upper middle economic market 

of the country. 

 

For the year 2013, the economic 

contribution of the wine sector in Mexico was 

estimated to be around 137 million dollars 

annually with exports to more than 27 countries, 

which generated more than five million jobs in 

work in the vineyard, winery and sale of the 

produced broths (Meraz, 2013). 

 
Currently, this Mexican industry is made up of 

more than 90 wineries and grape producers for 

winemaking, located in different wine-

growing areas. Almost 90% of them in Baja 

California and the rest in Coahuila, Querétaro, 

Zacatecas, Guanajuato and Aguascalientes. 

Together they offer more than 350 wine labels. 

The hectares of wine grape plantations in the 

last five years have had an annual increase of 

5%, but the consumer market in Mexico is 

growing practically at double that rate. (Taken 

from: The Economist, June 2013) 

 

Intermediaries 
Consultants 

Carriers 

Market / Demand 

Raw material 

Processed products 

Energy 

Industry 

Producers 

Marketers 

Agroprocessors 

Support Structures 

State 

Banking and financial system 

Producer associations 

  and marketers 

Transportation infrastructure 

Trade infrastructure 

Education and research 

National and international organizations 

of agricultural and livestock 

organization. 

  Universities 

Foundations and private research 

companies 
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This scenario for the national wine sector 

allows us to assume that it is a fertile field for 

technological innovations due to its expansion to 

the tourism and gastronomic sector. In addition, 

the sale of luxury items such as "boutique wines" 

attract a national and international market with 

high purchasing power. 

 

In 2013, the newspaper El Economista 

made an optimistic prospect: an increase in the 

consumption of wine in the country and the 

growth of the wine industry and its participation 

in the national market (between 30 to 50% by 

2020). Forbes magazine for July 2018 reported: 

"With a lot of work, Mexican wine has a 29.3% 

share of the domestic market, compared to 

imported wines," with an annual production of 

two million liters. 

 

For its part, the National Governors 

Conference has created a platform for the 

industry to flourish by increasing the vine 

growing area. With a plan approved in April 

2018, part of the Law to Promote the Wine 

Industry has generated public policies to 

promote production capacities, infrastructure 

coupled with the management of wine tourism 

and gastronomic destinations (Mendoza, 2018). 

 

Sustainable proposals for the adoption of 

technological packages 

 

It is pertinent to project a model that serves as a 

frame of reference so that possible technological 

changes can be adapted to each of the 

agricultural models, from organic agriculture, 

family agriculture, intensive and extensive. 

 

The term “technological fix” refers to 

technological implementations that seek to 

provide solutions to certain problems, but which 

in practice do not satisfactorily solve the 

problem raised and also create new problems 

(Scott, 2011, Cáceres, 2015). An example of this 

are the models that promote modern agriculture, 

since the “Green Revolution” (1960-1980), such 

as: the adoption of transgenic seeds, which after 

some cultivation cycles leave the soils worn out, 

and the use of pesticides that destroy regional 

ecosystems. 

 

 

 

 

 

When analyzing the outstanding 

problems in the production of the primary sector, 

it is natural to be inclined to solve them by 

incorporating inputs or industrial equipment 

(Cáceres, 2015), there are still few actors in 

agricultural and livestock systems in Mexico that 

adopt practices that allow natural alternatives, 

such as: natural recovery of soils, use of 

fertilizers from bio-waste from the food 

processing sector, use of bumblebees or bees to 

promote genetic exchange via pollination, 

among others. Practices that constitute the 

foundation of technological packages oriented 

towards the sustainable management of 

production. 

 

Currently, there are advances to face the 

problem in various sectors with non-invasive 

clean technology; The effective diagnosis of 

these areas of opportunity allows the 

development of suitable technological packages 

adapted to a specific agricultural sector, 

according to the region of cultivation, 

ecosystem, type of production and natural 

resources. This allows prospecting the effect that 

the suggested activities will have on various 

components of the agricultural, beekeeping, 

livestock or livestock system after a given 

period. 

 

Lopera Palacios (1996) clarifies the 

foundation within a neoclassical vision for the 

growth of the agricultural and beekeeping sector 

that allows the sustainable integration of 

technology.  
 

“The agricultural producer will tend to adopt 

those technologies that allow him to use as a 

priority the resources he has available and save 

those that are scarce. Resources that are 

relatively scarce for one producer may be 

relatively abundant for another, and vice versa. 

Therefore, the technological recommendations 

must be adapted to this diversity of 

circumstances […]. To make an appropriate 

technological recommendation, it is not 

enough to know the technology, it is also 

essential to know the producer, his resources 

and his socioeconomic and cultural 

circumstances" 
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Conducting specific research to give 

each producer a specific recommendation on 

particular circumstances until two decades ago 

was prohibitively expensive. At present, 

technology allows a diagnosis of the available 

resources in an efficient, relatively fast and low 

cost way, in order to offer the development of ad 

hoc technological packages to the particular 

needs from small producers to large companies 

in the primary sector. It is recommended that all 

technological packages observe the aspects 

established by the Ministry of Agriculture, 

Livestock, Rural Development, Fisheries and 

Food (SAGARPA, 2015), mentioned in the 

following Figure 3. 

Figure 3 Factors to take into account for the development 

and acquisition of agricultural technology packages 

Source: Own elaboration Adapted from SAGARPA, 2015 

Based on the above, the following 

section proposes technological resources that 

allow the diagnosis of the needs of the primary 

sector, particularly that of grape production for 

wine, of which its natural, technological and 

knowledge resources are considered, in order to 

that these are adequate to the needs of the 

producers and solve them satisfactorily. 

Precision agriculture is a concept that 

encompasses diagnostic practices that aim to 

apply the correct amount of inputs, at the right 

time and in the exact place, through the use of 

technology, such as global positioning systems 

(GPS), multispectral cameras and unmanned 

aircraft (RPAS), to adapt soil and crop 

management to the variability present within a 

batch; which allows optimal management of 

large areas. The analysis of the results obtained 

in the diagnosis can be done on a sectoral or joint 

basis, which contributes to decision-making and 

the adjustment of differential cultivation 

management in the same field (Hernández, 2007, 

SISTAT, 2017). 

Unmanned devices began to be used in 

Japan in the eighties, to increase the yield of 

crops. Since then, the Yamaha company, a leader 

in said technological development, has been 

improving its products, which are now also 

capable of spreading fertilizers and pesticides 

(Agroculturers, 2017). 

A single unmanned aircraft or drone can 

monitor hundreds of square meters of land 

accurately, evaluating and collecting 

information on crop control, nutritional stress 

detection, hydration, irrigation, temperature, rate 

of crop growth, premature location diseases and 

other data, through photography and video in 

real time. In addition, many of the drones can be 

programmed to take off and land autonomously 

at predetermined times, and thus scare away 

birds and other animals that can harm the 

harvest. Most of these ships currently have 

integrated GPS technology, so they are able to 

fly over and perform their functions by 

themselves; There are even models that have two 

integrated cameras, additional to the one used for 

photographs or videos, through which they 

detect objects and thus prevent them from 

colliding with any obstacle (Hernández, 2007). 

This allows those who manage the crops 

to have at their disposal a tool to control and 

increase productivity. 

At present, the deployment of molecules 

dispersed in the leaves of vines or vines is a 

manual practice, which could well be carried out 

by an unmanned aircraft to which a tank has been 

adapted and flies over the crop lines at moderate 

speed, applying the liquid contained in the 

pressurized tank, through a graduated nozzle. 

This will allow the application of preventive 

doses of cupic sulfate commonly used in 

viticulture as an antifungal, the application of 

elicitore, biofertilizer or selected molecules in 

desired concentrations in order to promote 

certain metabolic pathways to help the 

production of phenolic compounds in varieties. 

grapevine, which can increase the aging 

potential and nutraceutical character of wines 

(especially red wines), as well as promote 

metabolic pathways for the synthesis of peptides 

and phytoalexins with antimicrobial activity 

(Martínez, 2008, Rivereau Gayon, 2001, 

Zarameño et al., 2015). 
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On the other hand, it has been widely 

verified that the elaboration and application of 

biofertilizers made from waste from the food 

processing industry and / or seaweed, applied at 

the correct moment of the annual cycle of the 

vine, can increase fruit production. without this 

representing wear and tear on the vine. The 

foregoing aims to reduce the use of 

agrochemicals and pesticides or avoid them 

completely, not only in the wine sector 

(Zarameño et al., 2015).  

Nowadays, there is an incentive for 

professionals to specialize in field diagnosis 

through the taking of images and their analysis 

allows young students to be interested in 

agricultural production, which has managed to 

reduce production costs and make assertive 

decisions regarding crops, in order to offer the 

world products of increasingly better quality 

(Valeiro, 2004). Similarly, according to the 

newspaper Expansión, in 2018, the yield of olive 

groves and vineyards has improved, allowing the 

sectorial agribusiness to strengthen and be more 

competitive. 

The literary review and the visit to WEB 

sites of technology-based agroindustrial 

consultancies allow a compilation of the 

usefulness of RPAS in agricultural systems. It is 

observed that agribusiness 4.0 in Mexico and 

Latin American countries is possible, with the 

help of private and government capital in 

conjunction with higher education and research 

institutions (Nivón, Flores and Talavera, 2018). 

Which, in addition to attracting qualified 

personnel interested in agricultural production, 

enables improvement and / or new processes for 

sustainable, environmentally-friendly 

productions and allows adequate and timely 

management of crops, as well as the application 

of substances only in areas of interest (Berrio et 

al, 2015; Stanley, 2014; Kho and Which, 2012). 

One of the most promising sectors in this 

regard is the Mexican wine sector in order to 

improve production costs with a genuine interest 

in the production of wines of increasingly better 

quality that are planned from the field and 

improve cultural practices such as: antifungal 

treatments and application of biofertilizer (Arnó 

et al., 2009).  

Results and conclusions 

Baja California, Coahuila, Zacatecas, 

Guanajuato, Aguascalientes and Querétaro, are 

important states in the sowing and production of 

wine in Mexico. The field study allows us to 

describe the actors in the state of Querétaro, as 

follows: field and warehouse workers, 

distribution and promotion companies, 

regulatory bodies, enthusiastic consumers, 

expert and informed consumers, consumers who 

participate in events and promotions of 

enogastronomic tourism, international 

investment companies and professional 

investors with high purchasing power who have 

the possibility and enthusiasm to undertake vine 

planting with their own resources and manage 

crop management with the support of national 

and international consultancies. There are a few 

companies with foreign capital such as the 

Catalan company that produces sparkling wines, 

which has been a benchmark in Queretaro wine 

tourism. 

The state of Querétaro (to the North 21 ° 

40 ', to the South 20 ° 01' of North latitude; to the 

East 99 ° 03 ', to the West 100 ° 36' of West 

longitude) is home to wine-growing houses in 

the municipalities: El Marques, Esequiel 

Montes, Pedro Escobedo, Colón, San Juan de 

Río and Tequisquiapan. With a little more than 

500 hectares for the planting of vines (Contreras 

and Ortiz, 2019). Different types of soil are 

distinguished in the visited vineyards (black 

earth with high content of organic matter and 

chestnut with little organic matter, mostly 

tepetate), semi-dry climate with rainfall in 

summer, so cultural practices with systems of 

irrigation. Temperatures that reach 30ºC in hot 

months and a minimum of 4ºC in cold weather 

are recorded in some vineyards. It has been 

found that the plant tends to water stress in the 

months of April, May and June; with excess 

hours of sunshine during the year and lack of 

cold hours in the months of rest or lethargy of 

the vine. 

According to Ramos, for the year 2019, 

the economic spill left by the Queretaro wine 

corridor in conjunction with its tourism and 

gastronomy activities was three billion pesos per 

year. At this time 27 companies belonging to the 

Querétaro Wine Growers Association (AVQ) 

have created a quality seal that supports 160 

wine labels.  
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Every year the Art, Cheese and Wine 

route receives more than ninety thousand 

visitors, which is favorably perceived by 

municipal and state authorities who support and 

participate in oenological events. 

In contrast to most vineyards in Baja 

California, where the large valleys are divided 

between medium and small wine-producing 

companies that have a few hectares of 

cultivation, and independent vine producers 

whose work is sometimes not well paid, The 

viticulturists of the central area of the country are 

distinguished since their projects mostly begin 

with their own investment and some government 

support, always with the objective of growing 

the grapes that they are going to process in situ. 

For this reason, it is observed that their 

knowledge or search for advice ranges from 

sowing, cultivation, choice of varieties, climatic 

adaptation, and transformation process: must 

extraction, fermentation, filtration and aging. 

This allows these emerging winegrowers 

to have a clearer area of opportunity for the 

development or adaptation of technological 

packages for the cultivation of the vine. Since 

they have the economic and technological 

capabilities that allow the training of 

winegrowers and day laborers; the purchase of 

equipment and the correct advice to collect 

information and analyze it in order to help the 

management of sustainable crops. 

On the other hand, it has been possible to 

observe in the field work, the governmental 

interest that exists in the development of the 

Queretaro vineyard, for which the possibility of 

developing knowledge networks among 

winegrowers has been raised, such as: web 

platforms that allow the exchange of information 

and mutual help, with the support of universities 

and public and private research centers that 

diagnose and understand the points of 

improvement for each producer and the constant 

technological proposal by suppliers for the 

viticulture and oenological sector, which could 

generate a fertile field for the development of 

innovative proposals, adapted to the real needs 

of the sector. 

The implementation of a pilot program 

that adapts a package tailored to the wine sector 

in this area, can allow evaluating in a real 

environment the use of remote sensing 

technologies for data collection, and their 

interpretation; which will allow winegrowers 

and winemakers to make assertive decisions at 

the right time for the right place. 

In conclusion, once the history, 

development, main actors, types of investment, 

economic and technological capacities of the 

region have been analyzed, the introduction of 

remote sensing technology through remote 

sensing is perceived as important and pertinent 

for the actors involved in the emerging 

Queretaro wine sector. RPAS, in addition to 

being considered feasible and desirable by the 

guild. On the other hand, it is observed that they 

have technical preparation to evaluate the 

potential benefit that the interpretation of the 

images and the data collected can bring to their 

crops. The set of these factors makes a fertile 

field for the adoption of this technology 

according to: Berrio et al, 2015; Stanley, 2014; 

Kho and Which, 2012 among others. 

Finally, RPAS is a rapidly advancing 

technology, so it is expected that in the short 

term more specialized drones for agriculture will 

be developed, so that in a few years they may be 

essential.  
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Abstract 

Pseudomonas rhodesiae GRC140 is an endophytic bacterium isolated 

from the roots of Typha latifolia collected in a Cd-contaminated site. This 

bacterium has biochemical abilities similar to those exerted by plant 
growth-promoting rhizobacteria. Moreover, it has been shown that P. 

rhodesiae GRC140 improves the growth of Arabidopsis thaliana 

seedlings in the absence and presence of Cd. The aim of this work was to 
determine the effect of P. rhodesiae GRC140 in Cucumis sativus L. 

growing in nutritive medium with and without Cd. For this, cucumber 

seeds were superficially disinfected and exposed to a suspension of P. 
rhodesiae GRC140. Inoculated seeds were placed in a nutritive medium 

with and without Cd, then were incubated at 28 oC for eight days. After 

incubation, seedlings were recovered and determined the length of the 
primary root, the number of roots per plant, hypocotyl length, and the 

fresh weight. The results showed that P. rhodesiae GRC140 negatively 

affects the growth of C. sativus L. seedlings grown in the absence of Cd. 

On the other hand, in Cd-exposed seedlings, P. rhodesiae GRC140 

improves the growth of C. sativus L. These results suggest that P. 
rhodesiae GRC140 decreases the deleterious effect of Cd in C. sativus L.  

Pseudomonas rhodesiae GRC140, plant growth-promoting 

rhizobacteria, Cucumis sativus L.  

Resumen  

Pseudomonas rhodesiae GRC140 es una bacteria endófita aislada de las 

raíces de Typha latifolia recolectadas en un sitio contaminado con Cd. 

Esta bacteria tiene capacidades bioquímicas similares a las que ejercen 
las rizobacterias promotoras del crecimiento de las plantas. Además, se 

ha demostrado que P. rhodesiae GRC140 mejora el crecimiento de 

plántulas de Arabidopsis thaliana en ausencia y presencia de Cd. El 
objetivo de este trabajo fue determinar el efecto de P. rhodesiae GRC140 

en Cucumis sativus L. creciendo en medio nutritivo con y sin Cd. Para 

ello, las semillas de pepino se desinfectaron superficialmente y se 
expusieron a una suspensión de P. rhodesiae GRC140. Las semillas 

inoculadas se colocaron en un medio nutritivo con y sin Cd, luego se 

incubaron a 28 oC durante ocho días. Después de la incubación, se 
recuperaron las plántulas y se determinó la longitud de la raíz primaria, 

el número de raíces por planta, la longitud del hipocótilo y el peso fresco. 

Los resultados mostraron que P. rhodesiae GRC140 afecta 

negativamente el crecimiento de plántulas de C. sativus L. cultivadas en 

ausencia de Cd. Por otro lado, en plántulas expuestas a Cd, P. rhodesiae 
GRC140 mejora el crecimiento de C. sativus L. Estos resultados sugieren 

que P. rhodesiae GRC140 disminuye el efecto deletéreo del Cd en C. 

sativus L. 

Pseudomonas rhodesiae GRC140, bacteria promotora de crecimiento 

vegetal, Cucumis sativus L. 
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Introduction 

Heavy metals emission to the environment is a 

problem that has been increased in the last years 

(Mohammed et al. 2011). The presence of high 

levels of toxic heavy metals in the environment 

is a consequence of the increase in agricultural, 

mining, and industrial activities (Covarrubias 

and Peña-Cabriales 2017). Within the group of 

heavy metals, Cadmium (Cd) is one of the most 

studied in soils, sediments, and aquatic 

environments because it is a highly toxic metal 

for all biological systems, even at low 

concentrations (Stout and Nüsslein 2005). In 

humans, chronic exposure to Cd has been linked 

to disease development, including cancer of the 

lung, liver, prostate, breast, and endometrium 

(Filipič 2012, Hartwig 2010). 

To avoid the heavy metals adverse 

effects on human health and the environment, it 

has been developed physicochemical methods to 

reduce their concentrations in the environment. 

However, these treatments can be inefficient and 

costly, so it is necessary to explore other 

environmentally friendly alternatives 

(Cañizares-Villanueva 2000). 

Phytoextraction has been proposed as an 

efficient and environmentally friendly technique 

to remove heavy metals from soil or water. This 

technique uses the capacity of some plants called 

hyperaccumulators to absorb heavy metals from 

the soil and accumulate them in their tissues 

(Marrero-Coto et al. 2012). Some 

hyperaccumulators plants have low biomass and 

slow growth when they are exposed to high 

heavy metals concentrations, thus reducing the 

efficiency of phytoextraction (Kidd et al. 2007). 

Nevertheless, to withstand the heavy metal toxic 

effects, plants establish symbiotic interactions 

with rhizospheric microorganisms, among these, 

plant growth-promoting rhizobacteria (PGPR). 

This bacterial group includes species that 

contribute to the plant growth through activities 

such as phosphate-solubilization, siderophore 

production, indole acetic acid synthesis (IAA), 

and ACC-deaminase activity (Aeron et al. 2020, 

Manoj et al. 2020).  

PGPR contribute to the adaptation of the 

plant to environmental conditions and even 

improve phytoextraction (Ullah et al. 2015). 

Therefore, the study of plant-bacteria 

interactions has been taken importance in recent 

years.  

T. latifolia is a cosmopolitan plant that 

can grow in a great variety of environments. 

Because of the rapid growth rate, this species 

tolerates flood, drought, salinity, and the 

presence of heavy metal (Baldwin and Cannon 

2007). Therefore, T. latifolia has been 

extensively studied due to the capacity to 

tolerate heavy metals and accumulate them 

mainly in the roots, and to a lesser extent in aerial 

tissues (Bonanno and Cirelli 2017).  

Recently, it has been reported the 

isolation of Pseudomonas rhodesiae GRC140 

from the root endosphere of T. latifolia that 

grows in a Cd contaminated environment 

(Rolón-Cárdenas et al 2020). The biochemical 

characterization of P. rhodesiae GRC140 

showed that exerts different activities related to 

plant growth promotion, including ACC 

deaminase activity, production of Indole Acetic 

Acid (IAA) and Phenylacetic acid (PAA) as 

plant growth regulators, siderophores secretion 

under Fe-limiting conditions, and solubilization 

of phosphorus from Ca3(PO4)2 (Rolón-Cárdenas 

et al 2020). These abilities suggest that P. 

rhodesiae GRC140 is a plant growth-promoting 

rhizobacteria.  

In assays with the model plant 

Arabidopsis thaliana Col 0, P. rhodesiae 

GRC140 increases the number and density of 

lateral roots, the hypocotyl length, and the total 

fresh weight in A. thaliana Col 0 seedlings 

without Cd exposure. On the other hand, in 

presence of Cd, P. rhodesiae GRC140 increases 

the number and density of lateral roots of A. 

thaliana Col 0 seedlings, suggesting that 

bacterium improves the plantlet growth in both 

conditions (Rolón-Cárdenas et al 2020). This 

study suggests that P. rhodesiae GRC140 can act 

in a similar manner in the host plant T. latifolia.  

To determine whether P. rhodesiae 

GRC140 exerts similar effects in other plants, 

we use cucumber (Cucumis sativus L.). This 

species is an economically important crop 

widely consumed and has been recommended by 

US Environmental Protection Agency to 

perform phytotoxicity studies (Sun et al. 2019). 

Additionally, it has been demonstrated that C. 

sativus L. plants have a sophisticated system for 

the detoxification and tolerance of Cd (Ali et al. 

2019). 
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Because of the tolerance of cucumber to 

Cd, we study how P. rhodesiae GCR140 

influences the growth of C. sativus L. seedlings 

in the presence and absence of Cd. The results 

with this plant model could be used to extend our 

knowledge in the role of P. rhodesiae GRC140 

in T. latifolia exposed to Cd.  

Methodology 

P. rhodesiae GRC140 revitalization 

P. rhodesiae GRC140 was inoculated in LB 

broth and incubated at 28 oC overnight. Ten µl 

was inoculated and streaked in LB agar medium 

plus 5.34 µM, the maximum tolerable 

concentration of Cd (as CdCl2) that bacterium 

tolerates (Rolón-Cárdenas et al. 2020). Plates 

were incubated at 28 oC for 24 h to obtain 

separated colonies.  

Bacterial suspension preparation 

A single P. rhodesiae GRC140 colony was 

picked and inoculated in LB Broth and incubated 

at 28 oC overnight. Then, a bacterial suspension 

in saline solution (NaCl 0.85 %) was prepared, 

adjusting samples of the overnight culture to an 

OD of 0.2 at 600 mm. 

Disinfection of C. sativus L. seeds 

C. sativus L. seeds (American cucumber, 

Hostaflor brand) were immersed in 5.0 ml of a 

disinfectant mixture (50 % commercial 

hypochlorite supplemented with 0.2 % Triton X-

100) for 30 min. Then, seeds were washed three 

times with sterile distilled water for 5 min. The 

water of the last rinse was inoculated in LB agar 

plates to ensure that the disinfection process was 

successful. Disinfected seeds were air-dried in 

the laminar flow hood. 

Plant-bacteria interaction assays 

Fifteen disinfected seeds were placed in 50 ml 

conical tubes and then 3 ml of the P. rhodesiae 

GRC140 suspension adjusted to 0.2 were added. 

Inoculated seeds were incubated for 30 min at 

room temperature.  

To determine the effect of P. rhodesiae 

GRC140 in cucumber, five seeds were placed in 

culture flasks with a nutritive medium 

containing 1 mM KNO3, 50 mM KCl, 1 mM Ca 

(NO3)2, 8.31 mM FeSO4, and 1.3 mM ZnSO4 

(Rodríguez-Hernández et al. 2015) adjusted to 

pH 5.7 with 3.5 mM Buffer MES supplemented 

with 1.0 % commercial sucrose and 0.7 % 

bacteriological agar. Flasks were incubated in 

darkness at 30 °C for 72 h until germination. 

Once germinated, they were placed under 

fluorescent light with a photoperiod of 16 h 

light:8 h dark for eight days. After incubation, 

the length of primary roots, the number of lateral 

roots per plant, hypocotyl length, and the fresh 

weight were determined with concern to non-

inoculated cucumber seedlings.  

Regarding the effect of P. rhodesiae 

GRC140 in seedlings exposed to Cd. Inoculated 

C. sativus L. seedlings were placed on a nutritive 

medium supplemented with 20 mg L-1 of Cd. 

The flasks were incubated in the same conditions 

and the growth of the seedlings was compared 

with non-inoculated plants. 

Statistical analysis 

All experiments were performed in triplicate. 

Statistical analysis was performed using 

GraphPad Prism Version 5.01. Analysis of 

variance (ANOVA) was performed with 

Tukey’s method to compare the means between 

treatments (p < 0.05). 

Results 

P. rhodesiae GRC140 negatively affects the 

growth of C. sativus L. seedlings  

Previously, it has been demonstrated that P. 

rhodesiae GRC140 promotes the growth of A. 

thaliana seedlings, being the main effects 

observed at the root system and the length of 

hypocotyl, which in turn increases the total fresh 

weight in plantlets (Rolón-Cárdenas et al. 2020). 

This agrees with other studies that demonstrated 

that P. rhodesiae strains promote the growth of 

Solanum lycopersicum (Romero et al. 2016), C. 

aconitifolius, Phaseolus vulgaris, and Bacopa 

monnieri (Jimtha and Radhakrishnan 2018). The 

beneficial effects described for some P. 

rhodesiae strains have been mainly observed at 

the level of the root system, increasing the length 

of the primary root, and promoting secondary 

roots generation. 
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Because of this, the effects of P. 

rhodesiae strains have been attributed to IAA 

produced by the bacterium (Romero et al. 2016, 

Jimtha and Radhakrishnan 2018, Rolón-

Cárdenas et al. 2020).  

Conversely, when P. rhodesiae GRC140 

was inoculated on C. sativus L. seedlings, it was 

observed a decrease in the general plant growth 

with respect to non-inoculated plantlets (Figure 

1B). P. rhodesiae GRC140 decreases 

significantly (p < 0.05) the primary root length 

(Figure 2A), the hypocotyl length, and thus the 

total fresh weight (Figure 3A, B). No significant 

differences were observed in the number of 

lateral roots per plant (Figure 2B). Therefore, in 

the conditions of this study, the results indicated 

that P. rhodesiae GRC140 exerts a negative 

effect in C. sativus L. seedlings.  

It has been shown that PGPR exert both 

beneficial and deleterious effect in plants 

(Tsukanova et al. 2017). The beneficial effect 

has been widely described and highlights for 

applications in agricultural practices to improve 

productivity (Noumavo et al. 2016). Regarding 

adverse effects, it has been recognized that plant-

associated bacteria could act as weak biotrophic 

pathogens that cause costs to their host plants. 

Thus the beneficial or detrimental effects on the 

plant are highly context-dependent (Partida-

Martínez and Heil 2011). In this study, P. 

rhodesiae GRC140 did not promote the growth 

of cucumber seedlings, which could be due to the 

inoculum quantity used in the assay.  

Figure 1 P. rhodesiae GRC40 effect on C. sativus L. 

seedlings. Seedlings not exposed to Cd A) Non-

inoculated, B) Inoculated with P. rhodesiae GRC140. 

Seedlings exposed to Cd C) Non-inoculated, D) 

Inoculated with P. rhodesiae GRC140. Bar = 2 cm 

P. rhodesiae GRC140 improves the growth of 

C. sativus L. seedlings exposed to 20 mg L-1 of 

Cd 

It has been demonstrated that Cd affects the 

general growth of C. sativus L. seedlings in a 

concentration-dependent manner. Cd decreases 

the growth of the primary root and increases the 

number of secondary roots (Rolón-Cárdenas et 

al. 2015). Similar effects have been observed in 

A. thaliana seedlings exposed to 2.5 mg L-1 of 

Cd, being the length of the taproot the most 

affected parameter (Rolón-Cárdenas et al. 2020). 

However, beneficial effects have been observed 

when P. rhodesiae GRC140 is inoculated in A. 

thaliana Col 0 seedlings exposed to 2.5 mg L-1 

of Cd. It was reported that the bacterium 

increases the number and density of lateral roots, 

and the length of the hypocotyl. Thus indicating 

that P. rhodesiae GRC140 exerts protective 

effects in A. thaliana seedlings exposed to 2.5 

mg L-1 of Cd. These effects have been attributed 

to the IAA and PAA synthesized by P. rhodesiae 

GRC140 (Rolón-Cárdenas et al. 2020). 

To determine the effect of P. rhodesiae 

GRC140 in C. sativus L. exposed to Cd, seeds 

were immersed in bacterial suspension and then 

placed in media plus to 20 mg L-1 of Cd. The 

results showed that Cd inhibits the general 

growth of non-inoculated cucumber seedlings, 

reducing the length of primary root (Figure 1C), 

whereas, in the plants inoculated with P. 

rhodesiae GRC140, it was observed a better 

general growth of plantlets exposed to Cd 

(Figure 1D), suggesting that the bacterium 

alleviates the toxic effects generated by Cd 

exposure.  

P. rhodesiae GRC140 increases 

significantly (p < 0.05) the primary root length 

of C. sativus seedlings exposed to 20 mg L-1 of 

Cd (Figure 2A). Despite that it was observed an 

increase in the number of lateral roots in 

inoculated seedlings, there are no statistical 

differences with respect to non-inoculated plants 

(Figure 2B). These results differ from those 

observed in A. thaliana seedlings where P. 

rhodesiae GRC140 increases the number of 

lateral roots but not exert a beneficial effect on 

the length of the primary root (Rolón-Cárdenas 

et al. 2020).  
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Figure 2 P. rhodesiae GRC40 effect on A) Primary root 

length, B) Lateral roots of C. sativus L. seedlings. Control 

indicated non-inoculated plants, whereas GRC140 

inoculated plants. Absence of Cd (-Cd), Presence of Cd 

(+Cd). 

On the other hand, P. rhodesiae GRC140 

increases significantly (p < 0.05) the total fresh 

weight of C. sativus seedlings exposed to 20 mg 

L-1 of Cd (Figure 3A). Despite that it was 

observed an increase in the hypocotyl length in 

inoculated seedlings, there are no statistical 

differences with respect to non-inoculated plants 

(Figure 3B). It has been shown that P. rhodesiae 

GRC140 did not improve the total fresh weight 

and hypocotyl length in A. thaliana seedlings 

exposed to 2.5 mg L-1 of Cd (Rolón-Cárdenas et 

al. 2020).  

The results showed that P. rhodesiae 

GRC140 increases the length of the primary root 

and the total fresh weight, suggesting that it 

exerts protective effects in cucumber seedlings 

exposed to 20 mg L-1 of Cd. This indicated that 

bacterium contributes to the Cd tolerance in non-

host plant C. sativus L.  

Figure 3 P. rhodesiae GRC40 effect on A) Total fresh 

weight, B) Hypocotyl length of C. sativus L. seedlings. 

Control indicated non-inoculated plants, whereas GRC140 

inoculated plants. Absence of Cd (-Cd), Presence of Cd 

(+Cd). 

Discussion 

P. rhodesiae GRC140 is an endophytic bacteria 

isolated from inside of the roots T. latifolia 

collected from a site contaminated with Cd 

(Rolon-Cárdenas et al. 2020). This bacterium 

can grow in LB media supplemented with 5.34 

µM of Cd, showing higher Cd-tolerance than the 

reported for Cupriavidus metallidurans CH34 

(3.5 mM) (Mazhar et al. 2020). These findings 

suggest that T. latifolia selects Cd-tolerant 

bacterial populations that promote the growth 

and confer tolerance to Cd. This agrees with the 

reported for Spartina maritima, S. densiflora, 

and Sulla coronaria whose roots are colonized 

by heavy metal tolerant PGPR that promote 

growth in these conditions and increase 

tolerance to heavy metals (Paredes-Páliz et al. 

2016, Paredes-Páliz et al. 2017, Chiboub et al. 

2016). 

P. rhodesiae GRC140 inoculation in C. 

sativus seedlings exposed to Cd improves the 

root system growth, suggesting that bacterium 

confers tolerance to Cd. It has been shown that 

PGPR isolated from S. densiflora roots reduce 

the stress caused by As, Cu, Pb, and Zn; they 

promote plant growth and increase the 

phytoaccumulation of heavy metals in its roots 

(Paredes-Páliz et al. 2016, Paredes-Páliz et al. 

2017). Moreover, the inoculation of 

Pseudomonas spp. and Rhizobium sullae in S. 

coronaria plants improve the plant growth under 

Cd stress (Chiboub et al. 2017). These effects are 

attributed to microbial activities, including 

nitrogen fixation, ACC deaminase activity, 

siderophore production, phosphate 

solubilization, IAA synthesis (Kong and Glick 

2017). 

Regarding P. rhodesiae GRC140, it has 

been shown that synthesized IAA and PAA, 

which could be involved in the growth and 

tolerance of C. sativus L. seedlings to Cd. 

Currently, we work on understanding the role of 

P. rhodesiae GRC140 in its host plant, T. 

latifolia. 

Conclusion 

P. rhodesiae GRC140 improves the growth of C. 

sativus L. seedlings exposed to 20 mg L-1 of Cd, 

suggesting that bacterium contributes to the Cd-

tolerance. However, in absence of Cd, bacterium 

did not show beneficial effects in cucumber 

plantlets. 
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Abstract 

The carnation flower (Dianthus caryophyllus) is one of the most 

accepted and distributed worldwide, for its production, 

fertilization and the application of phytohormones have been 

optmized, thereby seeking to improve flower quality. However, 

little has been tested on the effect of the application of plant 

growth promoting bacteria. In the present work, carnation plants 

cv. Lilliput, were inoculated with 5X107 cells of Bacillus 

megaterium M6 and Bacillus subtilis P12, both individually and 

in interaction (M6 x P12), registering agronomic parameters 

related to flowering. The results showed that none of the 

inoculations had an effect on the percentage of flowering plants, 

neither on the height nor the diameter of the flower, only P12 

increased flower number per plant by 38 %, compared to the 

control without inoculation. Being the period between 96 and 

127 days after transplantation (dat), where tha highest number of 

total flowers was recorded (70) with respect to the other 

treatments (M6:36, M6 x P12: 24 and control: 32). In conclusion, 

Bacillus subtilis P12 has a promoter activity to improve the 

flowering of carnation plants.  

Biofertilizers, Phytohormones, Phosphate solubilization 

Resumen 

La flor de clavel (Dianthus caryophyllus) es una de las más 

aceptadas y distribuidas mundialmente, para su producción se ha 

optimizado la fertilización y la aplicación de fitohormonas, 

buscando con ello mejorar la calidad de la flor, sin embargo, poco 

se ha ensayado sobre el efecto de la aplicación de bacterias 

promotoras del crecimiento vegetal. En el presente trabajo, 

plantas de clavel cv. Lilliput, fueron inoculadas con 5x107 células 

de Bacillus megaterium M6 y Bacillus subtilis P12, tanto de 

forma individual como en interacción (M6 x P12), registrando 

durante tres meses, variables agronómicas relacionadas con la 

floración. Los resultados mostraron que ninguna inoculación 

tuvo efecto sobre el porcentaje de plantas con flor, ni en la altura 

ni el diámetro de la flor, solo P12 incrementó el número de flores 

por planta en un 38 % con respecto al testigo sin inocular. Siendo 

el periodo comprendido entre los 96 y 127 días después del 

trasplante (ddt), donde se registró el mayor número de flores 

totales (70) con respecto a los demás tratamientos (M6:36, M6 x 

P12: 24 y testigo: 32). En conclusión, Bacillus subtilis P12 posee 

actividad promotora para mejorar la floración de plantas de 

clavel. 

Biofertilizantes, Fitohormonas, Solubilización de fosfatos
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Introduction 

The carnation flower is among the most 

commercialized worldwide along with the rose 

and the chrysanthemum. For its production, it is 

essential to consider cultural tasks, growth 

substrates, nutrition through fertilization (Devi, 

1999) and the use of phytohormones that favor 

greater flowering (Zheng et al., 2020). 

In the establishment of the crop, 

substrates such as rice husk, coconut fiber and 

perlite have been shown to be effective for 

rooting cuttings (Baracaldo et al., 2010), while 

optimizing the application of chemical fertilizers 

that provide nitrogen and phosphorus has been 

decisive for the vegetative development and 

flowering of the crop (Devi, 1999), the use of 

compost from plant and animal residues has also 

been tested with promising results (Parmar et al., 

2020; Yasmeen et al., 2012). 

Among the phytohormones that have 

been shown to improve the rooting of cuttings 

are naphthalacetic acid (NAA) and indole 

butyric acid (IBA) (Zheng et al., 2020). While 

indoleacetic acid (IAA) and gibberellic acid 

have been used with favorable effects, 

increasing not only the vegetative development 

such as the height of the plant, the number of 

leaves and lateral shoots, but also reducing the 

flower initiation time, increased the number of 

flowers per plant and the diameter of the flower 

(Kumar et al., 2012). 

Among the new agronomic technologies 

for organic production is the use of biofertilizers, 

which are microorganisms that, when inoculated 

to plants, promote vegetative development, 

increasing production and the quality of crops, 

this through various biochemical mechanisms 

such as such as the production of 

phytohormones, the biological fixation of 

nitrogen, the reduction of environmental stress 

and the improvement of the acquisition of 

nutrients from the soil such as phosphorus, iron 

and potassium (Vessey, 2003). These 

microorganisms, also called plant growth 

promoters, have been widely used in cereal, 

vegetable and forest crops, but little have been 

tested in floriculture (Arriaga et al., 2009). 

In the present work the effect of the 

inoculation of Bacillus megaterium M6 and 

Bacillus subtilis P12 on the flowering of 

carnation plants cv. Lilliput. 

Methodology to be developed 

Biological material 

Bacillus megaterium M6 and Bacillus subtilis 

P12 strains are isolated from agricultural soils, 

which are characterized as promoters of tomato 

and pepper plant growth (Luna et al., 2013), for 

their cultivation the nutritive broth medium was 

used. Regarding the plant material, carnation 

plants cv. Lilliput of 2.5-month-old from Villa 

Guerrero (state of Mexico) were transplanted 

into plastic pots 20 cm by 16 cm deep, which 

contained a mixture of peat moss and 

vermiculite 1: 1 (Gayosso et al., 2016). After a 

week, fertilization was started every third day, 

using the Peters Professional 10-30-20 Scotts 

nutrient solution (1 g / L). Trimming being 

performed 20 days after transplantation (dat). 

Bacterial inoculation 

To inoculate the plants with the plant growth 

promoting bacteria, the M6 and P12 strains were 

grown in 150 mL of nutrient broth at 30 ° C with 

constant shaking of 180 rpm in an orbital for 18 

hours. Afterwards, the cultures were centrifuged 

at 5000 rpm for 10 min to recover the cell pellet, 

which was resuspended in 0.85% NaCl saline 

solution and centrifuged again to eliminate 

remains of the culture medium. The pellet was 

finally resuspended in the minimum volume of 

saline solution to quantify the cell density using 

a Neubauer chamber and an optical microscope. 

For the inoculation of the plants, 

dilutions were prepared at a concentration of 

1x107 cells / mL (Arriaga et al., 2009), 

inoculating each plant with 5 mL at 20 days after 

transplantation (dat), then at 50 dat it was 

performed a second inoculation with the same 

number of cells. The test consisted of the 

following four treatments: 1) Inoculation with 

Bacillus megaterium M6, 2) Inoculation with 

Bacillus subtilis P12, 3) Mixture of both Bacillus 

M6 x P12 and 4) Control plants (B) without 

inoculation. The experimental unit consisted of 

8 pots (1 plant per pot), with 6 repetitions for 

each treatment.  
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Evaluation of flowering parameters  

 

Once flowering started, the following 

parameters were recorded daily for each plant. 

Number of flowers per plant: number of flowers 

that were presented in a pot throughout the 

experimental development, for this the opening 

dates of each flower were recorded, including 

the secondary flowers. Flowering plants: 

Number of plants from each treatment that had 

at least one flower during the trial. Flower 

diameter: It was measured from petal to petal, in 

completely open flowers, as shown in Figure 1 

(Arriaga et al., 2009). Stem length: it was 

measured from the base of the substrate to the 

calyx of the flower (Baracaldo et al., 2010) (Fig. 

1). 

 

 
 

Figure 1 Flowering variables recorded in carnation plants 

cv. Lilliput. DF: Flower diameter, LT: Stem length 

 

Statistical analysis 

 

The data on the number of flowering plants were 

expressed as a percentage and transformed to 

angular degrees for analysis. All data were 

subjected to an analysis of variance (ANOVA) 

and Duncan's mean comparison test (p <0.05). 

 

 

 

 

 

 

 

 

 

 

Results 

 

Effect of inoculation on flowering 

 

Flowering within the trial started in the control 

plants at 38 dat, followed by the plants 

inoculated with M6 (46 dat), then by P12 (49 

dat), and finally by the M6 x P12 interaction (52 

dat). Graphic 1 shows the flowering kinetics 

around the 127 dat that lasted in the test. We can 

see that the control plants had the lowest number 

of flowers per treatment (97 flowers), the M6 

treatments and the M6 x P12 interaction, 

presented similar values in the number of total 

flowers, 134 and 120, respectively. Finally, the 

treatment that produced the highest number of 

flowers during the entire trial was P12 with 162. 

In the same graph we can see that it was in the 

second period between 66 and 99 dat, where the 

highest number of flowers was found for the 

treatments with M6, M6 x P12 and the control, 

and then, in the third period between 96 and 127 

dat, flowering decreased in all treatments with 

respect to the previous period. This did not 

happen with the plants inoculated with P12, 

since flowering was kept constant during the 

second and third periods. 

 

 
 

Graphic 1 Number of total flowers per treatment. M6: 

inoculation with Bacillus megaterium, P12: inoculation 

with Bacillus subtilis, I: M6 x P12 interaction, B: 

uninoculated control 

 

Regarding the effect of inoculation on the 

flowering variables (Figure 2), we can see in 

Table 1, that only P12 had a positive effect on 

the number of flowers per plant, finding an 

increase of 38% compared to the control without 

inoculation.  
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Treatment % Of 

flowering 

plants 

Flower 

diameter 

(cm) 

Stem 

length 

(cm) 

Number 

of flowers 

per plant 

M6 67% A 4.8 A 14.8 A 3.94 AB 

P12 75% A 4.8 A 14.0 A 4.32 A 

M6 x P12 75% A 4.7 A 15.0 A 3.30 B 

Control 72% A 4.8 A 14.4 A 3.13 B 

 

Table 1 Effect of the inoculation of Bacillus megaterium 

M6 and Bacillus subtilis P12 strains on the agronomic 

variables of carnation flowering cv. Lilliput. Same letters 

in each column are not statistically different (Duncan, 

0.05) 

 
Figure 2 Carnation plants flowering. M6: inoculation with 

Bacillus megaterium, P12: inoculation with Bacillus 

subtilis, I: M6 x P12 interaction, B: uninoculated control.   
 

The effect of Bacillus strains on 

flowering has been reported. Chavez et al. 

(2016) report that the inoculation of 

Mammillaria zeilmanniana cactus plants with 

Bacillus flexus QA24 increased the number of 

flowering plants by 31%. This is probably due to 

the production of indoleacetic acid (IAA), and 

the ability to solubilize phosphates, biochemical 

properties exhibited by the P12 strain (Luna et 

al., 2013), and which may have intervened in the 

metabolic processes that led to greater flowering 

rate. 

 

The application of exogenous IAA has 

important effects on carnation flowering, Kumar 

et al. (2012) report that the 100 ppm spray in cv. 

Lilliput, increased the height of the plant by 1.84 

cm and the number of shoot shoots by 1.32 units. 

In addition, I advance the start of flowering by 

four days and increase the number of flowers per 

plant by 3.01 units. 

The amount of IAA used with these 

results (100 ppm), considerably exceeds that 

which could produce P12, which under 

laboratory conditions produced 6.67 ppm. 

Which could explain the low effect on the plants 

in the trial. Although these concentrations are 

minimal, they could have an effect on the 

number of flowers per plant. 

 

Regarding plant nutrition through 

chemical fertilization, Devi, (1999) reports that 

the application of 20 g of phosphorus / m2 (as 

simple superphosphate), increased the number of 

carnation flowers per plant (cv. Caberet) by one 

unit. Although Bacillus subtilis P12 presents 

phosphate solubilization (18.5 ppm) (Luna et al., 

2013) under laboratory conditions, this in the 

trial could have contributed additively with IAA 

to increase the number of flowers per plant. 
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Conclusions 

 

Bacillus subtilis P12, a bacterium that promotes 

vegetable growth, also has activity on carnation 

plants cv, Lilliput, increasing the number of 

flowers per plant. 

 

The inoculation of carnation plants with 

Bacillus subtilis P12, maintains a constant 

flowering after 66 dat. 

 

The biochemical properties of 

indoleacetic acid production and phosphate 

solubilization exhibited by Bacillus subtilis P12 

may have contributed to improving carnation 

flowering. 
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Abstract 

 

The agricultural sector in Mexico is vulnerable to climatic 

variations and the happening of natural disasters. We 

analyze the Component of Attention to Agricultural 

Incidents (CADENA in Spanish) that is focused on small 

peasants with low incomes, and without access to 

insurance coverage and the Agricultural and Rural 

Insurance Funds. (FAAR) they operate under the logic of 

mutualism, so they only offer coverage to their partners. 

The geographic coverage of both mechanisms is 

differentiated; the FAAR concentrate their operation in 

regions with high commercial value agriculture and the 

CADENA operates throughout the country promoting 

incentives for contracting catastrophic insurances in 

municipalities with high and a very high degree of 

marginalization. It is concluded that both mechanisms 

complement each other as a public policy for agricultural 

risk management. 

 

Risk management, Insurance Funds, CADENA, 

catastrophic insurance 

Resumen  

 

El sector agropecuario en México es vulnerable ante las 

variaciones climáticas y ocurrencia de desastres naturales. 

Se Analiza el Componente de Atención a Siniestros 

Agropecuarios (CADENA) enfocado a pequeños 

productores de bajos ingresos y sin acceso a coberturas de 

seguro y los Fondos de Aseguramiento Agropecuario y 

Rural (FAAR) que operan bajo la lógica del mutualismo 

por lo que únicamente ofrecen coberturas a sus socios. La 

cobertura geográfica es diferenciada; los FAAR 

concentran su operación en regiones con agricultura de 

alto valor comercial y el CADENA opera en todo el país 

promoviendo incentivos para la contratación de seguros 

catastróficos en municipios con alto y muy alto grado de 

marginación. Concluyéndose que ambos mecanismos se 

complementan como política pública para la 

administración del riesgo agrícola.  

 

 

Administración de riesgos, Fondos de Aseguramiento, 

CADENA, seguros catastróficos 
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Introduction 

Agricultural activities are constantly exposed to 

catastrophic risks, the rural sector is the most 

affected since in addition to covering little more 

than half of the national territory, primary 

activities are the main source of income and food 

for the population of this sector. 

Some of the investigations carried out to 

measure the possible consequences of climate 

change in Mexico conclude that severe damage 

to crops, soil erosion, inability to cultivate due to 

water saturation of the soils, adverse effects on 

water quality, water stress are expected. and 

increased livestock deaths, among others, caused 

a greater manifestation of extreme phenomena 

such as droughts, extreme rains, hailstorms and 

cyclones, (FAO-SAGARPA, 2012).1 

The National Center for Disaster 

Prevention (CENAPRED) 2  reports that, in 

Mexico, in the period from 2000 to 2015, there 

were 2,419 hydrometeorological phenomena, 

such as torrential rain, drought, flood, tropical 

cyclone, frost, strong winds, hail and extreme 

(high) temperature, affecting 7.6 million ha of 

crops and pastures, exceeding 384 billion pesos 

in economic losses. 

It is worth mentioning that the Mexican 

countryside has been developing in an area of 

inequality among producers; The Mexican 

Association of Credit Unions of the Social 

Sector (2015)3 indicates that the agriculturally 

more prosperous regions that access 

international commodity markets are 

concentrated in the north of the country and in a 

small group of producers with access to 

financing, technology, insurance, price coverage 

and important support from the federal 

government to maintain its competitiveness and 

export capacity to the United States and Canada, 

especially after the entry into force of the Free 

Trade Agreement in 1994 (NAFTA).  

1 FAO-SAGARPA. 2012. Mexico: the agricultural sector 

facing the challenge of climate change. 
2 International Center for the Investigation of the 

Phenomenon of the Child (CIIFEN). Approach for 

calculating risk: 

http://www.ciifen.org/index.php?option=com_content&

view=category&layout=blog&id=84&Itemid=336&lan

g=es. Retrieved March 1, 2018. 

In a study carried out by (Escalante, 

2010), he analyzes public policies for insurance 

in the Mexican agricultural sector and climate 

change through surveys of producers of different 

economic levels where he analyzes the responses 

of agricultural and livestock products from 

Mexico to the public policies to subsidize the 

insurance of their productive activities. 

Likewise, it indicates that risk management 

implies anticipating possible difficulties and 

planning how to reduce their consequences, 

highlighting that it is essential to implement 

agricultural insurance programs that allow 

adequate management of risk exposure and 

ensure conditions of relative equality to compete 

in agricultural markets. increasingly global. 

In this context, insurance plays an 

important role, although it is not the solution to 

all the problems of the agricultural sector, but it 

is considered a useful tool to cushion the damage 

caused by natural phenomena before which 

producers are in constant risk. However, not 

everyone has access to insurance, the most 

vulnerable population are producers with the 

lowest income or who practice subsistence 

agriculture, there are insurance policies focused 

on this population, which provide access to 

financial instruments that allow the transfer of 

risks to specialized agents increasing the 

resilience capacity and also, ensuring the 

permanence of said producers in their 

agricultural activities. 

Materials and methods 

This research took as a reference the mixed 

approach from which qualitative and 

quantitative analysis are approached in a 

complementary way. The qualitative approach 

assesses the natural development of events, is 

based on an interpretive perspective, focused on 

the understanding of living beings, mainly 

humans and their institutions.  

3 Mexican Association of Credit to the Social Sector. 

(February 2, 2015). Isuu Inc. Retrieved from Isuu.com: 

https://issuu.com/amucss/docs/documento_ve_agricola

_vl 
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The quantitative approach uses data 

collection and analysis to answer research 

questions and test previously established 

hypotheses, and relies on numerical 

measurement, counting, and frequently the use 

of statistics to accurately establish patterns of 

behavior in a population (Hernández et.al., 

1998). 

 

To address the quantitative approach, it 

was necessary to obtain information through 

SAGARPA directly from the General 

Directorate of Attention to Climate Change 

specifically for the component of Attention to 

Agricultural Sinestros better known as 

CADENA, also for the analysis regarding the 

FAARs, it was analyzed information provided 

by the National Integrating Body of FAAR 

(OINFA) and the (SAGARPA, 2014). The 

analysis starts from the following: 

 

In the first place, an analysis of the 

damaged area was carried out with data from the 

SIAP in order to contextualize the agricultural 

losses at the national level in recent years which 

were complemented with data from 

CENAPRED to relate the main 

hydrometeorological phenomena that affected 

the agricultural sector. The damaged area, which 

is the difference between the sown area (ha) and 

the harvested area (ha) and in this case, it was 

obtained by state. 

 

1) A comparison was made of two 

important mechanisms for the administration of 

agricultural risks in Mexico; the component of 

attention to agricultural claims of small 

producers (CADENA) and the Agricultural and 

Rural Insurance Funds, considering key 

characteristics such as legal framework, 

historical development in addition to the 

following aspects: 

 

- Geographic coverage of both mechanisms, 

considering the following: 

 

A. CHAIN: Historical coverage at the 

municipal level through the 

contracting of the various insurance 

schemes, as well as the coverage 

allowed in the SAGARPA operating 

rules. 

 

 

 

B. Insurance Funds: Coverage 

according to its geographical scope 

of operation authorized in its 

constitutive document and attached 

to the Law of Agricultural and Rural 

Insurance Funds. Coverage is 

represented by authorized 

municipality, from the regional 

concentration point of view, this is 

by analyzing the number of 

Insurance Funds that affect the 

municipalities. 

 

- Analysis of social coverage: 

an analysis was carried out of 

the types of producer that both 

mechanisms serve, jointly or 

differently, providing 

protection against natural 

disasters. 

 

- Analysis of insurance 

products: The different 

insurance products, which are 

offered through both 

mechanisms, are analyzed by 

type of insurance, type of 

cultivation, type of cultivation, 

type of risks, etc. 

 

The information for the analysis starts 

from the following: 

 

1) The insurance coverage with information 

related to the coverage contracted by the 

governments of the federative entities and, 

where appropriate, by the SAGARPA, 

considering, insurance schemes, preferred 

beneficiary, insurance company, cycle, 

modality, crop, insured area , yield, total 

insured sum, total premium and risks 

protected at the municipal level as of 2003. 

 

2) Compensation proceeding, with data of area 

or amount compensated, insurance 

company, and preferred beneficiary, at the 

municipality level. 

 

Additionally, according to (Altamirano, 

2001), in order to broadly compare the 

conditions in which both mechanisms operated 

and to have an overview of the efficiency of risk 

management, the following economic indicators 

were used: 
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1. Loss coefficient (CP) = (indemnities paid / 

premiums paid). Through this indicator the 

part of the premiums collected that is destined 

to the payment of claims is measured, the 

difference between this value and the unit 

indicates the part of the premium that the 

insurer has to cover its administration 

expenses, constitute reserves and profits . 

When the value is greater than 1, you are 

paying more in claims than what is being 

charged in premiums. 

 

2. Claims ratio (IS) = (compensation paid / sum 

insured, it is an indicator of the risk itself, it 

measures the part of the sum insured that is 

paid as compensation. The premium that the 

insurer must collect from the insured is made 

up of this part plus the amount corresponding 

to the amount necessary to cover the costs of 

administration and operation, the constitution 

of reserves and the obtaining of profits. 

 

3. Compensation per hectare (compensation paid 

/ area insured) allows you to see the efficiency 

of the insurance operation. Indicates the 

amount paid in compensation for each hectare 

insured and represents the premium in pesos 

per hectare that the insurer needs to cover 

claims. 

 

4. Premium per hectare (Premiums captured / 

insured area) It represents the cost that the 

insured and the government paid for each 

hectare that was insured and that the insurer 

uses to pay risks and cover costs. It consists 

of the Indemnity per hectare plus an 

additional charge to cover operating costs, 

obtain profits and establish reserves. 

 

Results and discussion 

 

An analysis of the area sown and harvested in 

recent years was carried out with information 

from the Agri-Food and Fisheries Information 

System (SIAP). The difference between the area 

sown and harvested is taken as losses in 

production that could be attributed to different 

factors, mainly attributed to climatic variation. 

 
 

Graphic 1 Percentage of damaged area 

Source: Own elaboration with data from SIAP 

 

The main phenomenon attributed to the 

losses in the agricultural sector for 2011 is a 

frost, according to information from 

SAGARPA, the region most affected by the 

frosts that occurred in February was the Carrizo 

Valley region, which includes the municipalities 

from Ahome and El Fuerte in Sinaloa and 

Álamos and Huatabampo in Sonora. According 

to information obtained from the SIAP, more 

than 100,000 hectares of various crops were 

affected in these municipalities, of which more 

than 80,000 hectares correspond to grain corn, 

which, due to the cultivated area, was the most 

affected (46% of the cultivated area), likewise, 

significant losses were recorded in crops such as 

safflower, beans, green tomato, zucchini, 

tomato, green chili and vegetables in values of 

55, 20, 46, 65, 53, 44, and 72 percent of the 

damaged area, respectively. 

 

The CADENA, according to its 

operating rules, maintains as an incentive 

differentiated co-participation percentages for 

the acquisition of insurance coverage. Until 

before 2010, when contracting catastrophic 

insurance coverage in municipalities with high 

and very high marginalization, the federal 

government contributed 90% of the cost of the 

premium and the governments of the states only 

10%, and when it was a question of 

municipalities with medium, low, and very low 

degree of marginalization, the co-participation 

percentages corresponded to 70 and 30%, 

respectively. 
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Most of the Agricultural Insurance Funds 

operate in the most productive agricultural 

regions of the country, which are mainly 

concentrated in the northern part of the national 

territory. As can be seen in Figure 3, most of the 

Funds concentrate their operations in the states 

of Sonora, Sinaloa, Baja California, Chihuahua, 

Coahuila, Tamaulipas, Jalisco and Guanajuato. 

It is evident that in some municipalities there is 

a great density of funds operating, as is the case 

of Ahome, Angostura, Culiacán and Guasave in 

Sinaloa; Etchojoa, Cajeme and Navojoa in 

Sonora, in which more than 10 Agricultural 

Insurance Funds operate. This concentration is 

due to the fact that the agriculture that is 

practiced in these territories is characterized by 

corresponding to irrigation areas with high 

technology and high production volumes and 

yields, which favors the organization of 

producers and in turn the culture of insurance. 

Likewise, despite having wide geographic 

coverage, in the Bajío region only 2 FAA operate 

in each municipality. Although the Insurance 

Funds have had a good acceptance and growth in 

the Mexican insurance sector, there is a wide 

region that does not have their coverage; As 

shown in Figure 1, there are 1849 municipalities 

in which no Insurance Fund provides protection 

for agricultural risks. These municipalities are 

located in the central and southern regions of the 

country and in the mountainous and / or arid 

areas, which in turn are regions with higher 

levels of subsistence agriculture or with a 

livestock and / or forestry vocation. 

 

 
 

Figure 1 Geographic coverage of the Agricultural 

Insurance Funds 

Source: Own elaboration with information provided by the 

General Directorate of Attention to Climate Change of 

SAGARPA 

 

 

 

 

The following shows in a general way the 

points to compare both the Component of 

Attention to Agricultural Claims before 

(CADENA) and the Agricultural Insurance 

Funds at the national level. It is worth 

mentioning that each of the mechanisms has 

evolved according to its legal framework and its 

way of operating, in this context the most 

relevant points are shown by mechanism. 

       
Aspect Component of 

Attention to 

Agricultural 

Claims 

(CADENA) 

Agricultural 

and Rural 

Insurance 

Funds 

Design and legal 

framework 

It is created as a 

Fund for the care 

of rural 

producers 

affected by 

natural disasters, 

in compliance 

with article 129 

of the 

Sustainable 

Rural 

Development 

Law. Since its 

creation, it has 

undergone 

several 

modifications 

giving greater 

impetus to the 

acquisition of 

catastrophic 

agricultural 

insurance 

coverage by the 

governments of 

the federative 

entities and the 

federal 

government and 

recently it has 

given impetus to 

the promotion of 

individual 

coverage 

through 

extraordinary 

subsidies to 

those who they 

purchase 

agricultural 

insurance. 

They were 

conceived 

under the 

initiative of 

organized 

producers, 

based on the 

principle of 

mutuality, to 

provide 

agricultural 

insurance 

coverage 

exclusively to 

their partners. 

The Law of 

Agricultural 

and Rural 

Insurance 

Funds 

(LFAAR). As 

incentives for 

the promotion 

and acquisition 

of coverage, 

the Insurance 

Funds receive 

federal 

resources 

through the 

Agricultural 

Insurance 

Program, 

which operates 

through three 

Components: 

1) Subsidy for 

the 

Agricultural 

Insurance 

Premium, 2) 

Support for 

Agricultural 

Insurance 

Funds and 3) 

Insurance 

Subsidy for 

Weather 

Contingencies. 
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Aspect Component of 

Attention to 

Agricultural 

Claims 

(CADENA) 

Agricultural 

and Rural 

Insurance 

Funds 

Geographic 

coverage 

The Operating 

Rules allow you 

to transfer 

resources to the 

32 states to 

contract 

coverage or to 

the federal 

government to 

contract. As an 

incentive to 

provide 

coverage to the 

most 

unprotected 

regions, 

different 

percentages of 

federal-state 

resource sharing 

have been 

maintained 

depending on the 

degree of 

marginalization 

of the covered 

municipalities, 

with lower state 

contributions in 

municipalities 

with high and 

very high 

degrees of 

marginalization. 

With these 

measures, this 

policy has made 

it possible to 

have agricultural 

insurance 

coverage in up to 

98% of the 

country's 

municipalities. 

According to 

the LFAAR, an 

Assurance 

Fund, when it is 

constituted, it 

must specify 

the regions and 

municipalities 

in which it 

intends to 

operate, which 

is called the 

geographical 

area of 

operation, to 

which it will 

have to restrict 

its operations. 

Legally, in any 

productive 

zone of the 

country, an 

assurance fund 

can be 

established and 

operated. With 

the information 

analyzed, it 

was found that 

405 Funds 

currently 

operate in 27 

Federal 

entities, 

however, they 

are 

concentrated in 

the northern 

region: 

Sinaloa, 

Tamaulipas, 

Sonora, 

Chihuahua and 

in the Bajío 

region where 

Guanajuato and 

Jalisco stand 

out and with a 

very low 

incidence in the 

central and 

southern states, 

in which, in 

most cases, the 

established 

funds operate 

to cover 

industrial crops 

such as sugar 

cane, coffee, 

and bananas. 

 

 

 

Aspect Component of 

Attention to 

Agricultural 

Claims 

(CADENA) 

Agricultural 

and Rural 

Insurance 

Funds 

Social coverage It is mainly 

focused on small 

producers 

considered by 

SAGARPA as 

low-income 

producers with 

areas of less than 

20 ha. 

It focuses on 

producers who 

are generally 

organized in 

associations, 

and who have 

the economic 

capacity to pay 

fees for the 

operation of the 

Assurance 

Fund to which 

they belong. 

Types of assurance 

producto 

The Component 

of Attention to 

Agricultural 

Claims manages: 

• 

Traditional 

damage 

insurance 

(agricultura

l branch) 

• Parametric 

• 

Vegetation 

indices 

• Produc

tion 

Guaran

tees 

Lon Assurance 

Funds manage: 

• Damage 

insurance 

in the 

agricultura

l branch 

(traditiona

l) 

• 

Insurance 

of related 

goods 

• Life 

and 

perso

nal 

accid

ent 

insura

nce of 

its 

partn

ers 

Financial indicators 

1) Loss 

coefficien

t 

0.24 0.82 

2) Accident 

rate 

.043 .0315 

3) Compens

ation per 

hectare 

$63.87 $705.11 

4) Premium 

per 

hectare 

$196.43 $859.43 

 

Table 1 General comparison of mechanisms. 

Source: Own elaboration with data provided by the 

General Directorate of Attention to Climate Change of 

SAGARPA 
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Conclusions 

 

The analysis of the two risk management 

mechanisms shows that they are complementary 

since the Component of Attention to 

Agricultural Claims (CADENA) has as its target 

population low-income producers who cannot 

access insurance and, in turn, the greatest 

geographic coverage This mechanism is found in 

states with municipalities that have high and 

very high degrees of marginalization. On the 

contrary, the Assurance Funds mainly serve 

organizations or legal entities and concentrate 

their insurance operations in the northern part of 

the country. Although in many cases both 

mechanisms affect the same municipalities, they 

serve different groups of producers since the 

operation of the CADENA according to its 

operating rules is concentrated in small 

producers without access to agricultural 

insurance on an individual basis and the 

Insurance Funds attend to organized producers, 

with the economic capacity to cover the different 

quotas established by law by the Funds for their 

administration and are commonly dedicated to 

the production of profitable crops with a higher 

technical level. 

 

Considering the above, it can be affirmed 

that the sum of the efforts implemented through 

these two risk management mechanisms has 

allowed the different levels of government to 

provide attention to both low-income producers 

and others with better economic conditions; 

contributing to the construction of an efficient 

public policy for agricultural risk management. 

 

Through the CADENA, public resources 

destined to natural disasters are strengthened, the 

participation of private companies in agricultural 

insurance is encouraged, the risk is dispersed 

more efficiently throughout the national territory 

since the same insurer can guarantee coverage 

for different risks in several states at the same 

time, at the same time it is possible to diversify 

the insurance products offered by insurance 

companies. 

 

 

 

 

 

 

 

 

For their part, the Insurance Funds have 

the advantages of reducing or canceling moral 

hazard given that the same partners participate in 

the monitoring of the indemnities from, they 

allow their partners better management of their 

own resources in years with low claims, this 

represents an area of opportunity to promote 

those producers without some type of insurance 

but who at the same time have the resources to 

assume agricultural risks through the Assurance 

Funds. 
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