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a b s t r a c t

Economic momentum of underdeveloped countries derived from the generation and application of their
endogenous knowledge is an essential factor toward achieving social welfare. Thus, it is important to
understand the development of science and technology within these underdeveloped countries, how the
application of that development can address problems in agriculture and food needs, and how that
development can offer sustainable options for growth and optimization. In addition, many small farmers
in underdeveloped countries are already planting crops based on biotechnological products, which is
significant in terms of how these activities influence the development of their lives, particularly with
respect to the generation of policies aimed at farming areas. This paper is an exploratory study on the
perceptions of peasant producers of the effects of biofertilizers on their environment and their lives. This
research is based on a study of peasant producers of the State of Morelos, Mexico, who use biofertilizers
produced from endogenous technological assets, i.e., that involve private actors and public research
centers. The results facilitate understanding the perceptions of these peasants in addition to the chal-
lenges and opportunities that rural areas face and the connections between the involvement of business,
academia and government in planning and administration with respect to the management of these
innovations.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Since ancient times, biotechnology has been used to attend the
needs of the population. Biotechnology is defined as a science that
offers technological solutions from biological organisms, systems
and processes related to them, which creates a whole industry in
areas such as food, agriculture, and health, among others, and in
which the use of technologies employed varies from one applica-
tion to another in an important manner. Such solutions relate to
techniques that go from using fermentation processes to inte-
grating recombinant DNA technology [1e3].
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A case study was performed to investigate the effects that
endogenously generated technologies have had on the environ-
ment and on the lives of the peasant producers who use them. In
addition, the challenges and opportunities that lie ahead for the
rural environment, business, academia and the government with
respect to policy planning and administration for the proper use of
these innovations are identified. Specifically, the case for bio-
fertilizers in the area of agricultural biotechnology is affirmed.

To improve understanding of the problem, two theoretical sec-
tions are developed. These sections aim to explain, on the one hand,
how the theory of development and agriculture is constrained in
underdeveloped countries and, on the other hand, how the rela-
tionship between technology, agriculture and environmental pro-
tection supports rural development in such countries. We begin
from the hypothesis that it is possible to generate technologies in
local areas of knowledge and that, whenmanaged by small national
companies, such technologies can contribute to the sustainable
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development of economies and better conditions for rural
producers.

The current economy has been characterized as the unity of
time and labor, wherever that unity can occur [4]. However, note
that not everything assumes the global scale that, for example,
appears in the activities of corporations, whose production and
employment generation eventually materialize at the regional
level. Technology represents a fundamental element in the expla-
nation of regional development. Thus, successful science and
technology policies are aimed toward regions in which there are
key actors to generate the process of technological change [5].

De Janvry and Sadoulet [6] argue that technological change can
help increase the welfare of those who adopt innovations. This
benefit occurs indirectly through the effect of these technologies
on, for example, food prices, employment and wages in agriculture.
The use of biotechnology has significantly increased in recent years.
For example, since the 1980s, the number of intellectual properties
(IPs) such as patents in the area of agricultural biotechnology has
exponentially increased [7]. Biotechnology applications represent a
wide range of opportunities, primarily in areas such as health
(human and animal), the agri-food sector (i.e., agriculture, fisheries,
forestry and food processing) and the environment (i.e., industrial
processing, natural resources, environmental services and platform
technologies) [8]. An example is the case of biofertilizers, whose
use has been increasing because of the benefits that have been
associated with them, i.e., enhancing productivity or addressing
problems that arise in the development of multiple crops because
of diseases and adverse weather.

Lyson [9] demonstrates how large corporations function as
primary creators and disseminators of the most advanced
biotechnological advances and that it is through IP mechanisms
that these corporations profit from genetically modified products.
Thus, the options for underdeveloped countries concerning IP in
agricultural biotechnology are related to the use and acquisition of
private and public technologies, to the development and protection
of national institutional inventions and to the generation of tech-
nology transfer alternatives.

In the first and second cases, few underdeveloped countries
have IP options for the protection of these inventions. The best
alternatives are trade secrets, agreements to transfer these mate-
rials, access to technical knowledge, intellectual property rights
abroad and the generation of technology transfer mechanisms in
line with the technological interests of a given nation [10]. In
addition, despite the technical potential of biotechnology to solve
various problems, it remains unclear whether social institutions
will be able to adopt and use this technology to satisfy the needs of
society and improve social welfare [11]. Legal safeguards for
endogenous inventions that occur in the agricultural area could be
supported by intellectual property mechanisms. Such support be-
comes necessary with respect to the accumulation of technological
capabilities, as represented by the case of biotechnological products
and, specifically, biofertilizers in this discussion.

Since the development of new technologies and the increase in
the global population, the form of agricultural production has
changed. Although the family farm represents a special interest at
the micro level, at the macroeconomic level, i.e., as a form of mixed
production (crop and animal), the trend in developed countries is
the specialization of large-scale crops that support animal pro-
duction [12].

For example, McMillan, Narin and Deeds [13] explain how
biotechnology has spawned a new industry of small companies
with strong links to university scientists whereby the latter play a
predominant role in the transfer of knowledge from universities to
the market or in creating spinoff companies [14]. However, as
previously mentioned, the main barriers to the development of a
biotechnology industry have been institutional constraints and a
lack of skilled human capital in the universities, government
research laboratories, and private companies in regional areas [15].

The knowledge and confidence of users concerning the use of
agricultural biotechnology are basic elements with respect to the
adequate management of the risk perception of these technological
assets. Thus, objectivity and transparency in the assessment,
management, and communication of knowledge in the area in
addition to the inclusion of concerned parties become necessary
[16]. Academia, government, business and peasants must work
together to overcome technical, legal and operational barriers, not
only to increase the availability of food but also to provide for its
consumption under conditions of biosafety and availability of in-
formation for the population.

As Persley [17] argues, biotechnology is a tool that can
contribute to solving food problems. Although the risks are not well
understood, to help individuals make better decisions, it is neces-
sary to ensure access to stakeholders through a framework of
appropriate information. Thus, it is necessary to provide the best
means of access to new technologies, generation of new re-
quirements on public policy matters and necessary institutional
arrangements for all stakeholders. These efforts involve social
capital in the form of accumulated knowledge in an endeavor to
reflect the different perspectives, such as community, institutional,
networking and synergy perspectives, that facilitate the improve-
ment of living conditions for the general population through the
application of this discipline [18].

Therefore, in-depth studies that ensure the appropriate use of
biotechnology applications and their products are required. There
has been discussion concerning the social acceptance of biotech-
nology. It has been demonstrated that a policy concern exists in
several countries (primarily in Europe), in which public opinion
concerning agricultural biotechnology could impede the progress
of such technology. Studies have observed how consumer support
can be increased as long as benefits outweigh risks, as in the case of
medical biotechnology in Europe, for which the level of acceptance
is high in contrast to that of agricultural biotechnology, whose
support is low [19].

Addressing the acceptance of biotechnological products by
consumers, Aldrich and Blisard [20] performed a case study on the
production of a biotechnological food product of animal origin. The
authors conclude that consumers doubted the scientific evidence
(i.e., perceived the issue as an aspect of food safety andwelfare) and
scientific results in matters of biotechnology. Thus, controversywas
created. However, even when controversy occurs, consumption
demand might overcome adverse effects or minimize them. The
absence of reports of harm and government regulation could pro-
mote acceptance of the results of the use of biotechnology. Another
problem is that the development, promotion and application of
biotechnology is controlled by large corporations, despite the long
history of genetic research in agriculture that has been conducted
in underdeveloped countries such as Mexico, Brazil and India [21].
In addition, there are several biotech companies in Latin America,
particularly in the health industry, that have achieved success in
the market by following innovative strategies that helped them
generate competitive advantages [22]. Therefore, similarly, in the
area of agricultural inputs, biofertilizers might be an option for the
creation of enterprises in underdeveloped countries that, with the
cooperation of academia, government and business, create initia-
tives that favor farming and benefit scientific and technological
development in these countries.

Previous empirical analyses of innovation studies have focused
on large corporations. However, in recent years, a significant
amount of innovative activity has been observed to occur in small
businesses, particularly in new industries and emerging areas of
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knowledge [23]. Thus, in underdeveloped countries, there is a need
to study small companies to help them understand their needs and
dynamics to enhance their participation and development in do-
mestic and international markets. In addition to the above, in the
case of biofertilizer studies, it would be necessary to generate
research concerning the perception of peasants in underdeveloped
countries with respect to the inclusion of these new inputs in
agricultural activities and the effect they have on the peasants’
lives. Therefore, it would be necessary to establish actions to
incorporate this technology based on local needs arising from the
daily activities of producers, thereby generating a synergistic and
beneficial effect in terms of technical, social, economic, productivity
and environmental stewardship.

2. Economic development and agriculture in underdeveloped
countries

Schumpeter [24] states that economic development involves
economic history and geography because over time, changes can be
observed in industrial organization, methods and quantities of
production, technologies, social welfare, and in the appearance of
emerging industries and the disappearance of others. Therefore,
incentives to invest in infrastructure and human capital become
fundamental to development and are coupled with the dissemi-
nation and adoption of new techniques, credit institutions, interest
rates, exchange rates, prices and wages in agriculture and with
coherent policies that support such development [25].

However, a significant number of elements do not allow miti-
gation of the fight against poverty, such as the inequality in the
world, the monopoly of R&D (research and development) by
multinational corporations from developed countries and the
restricted use of science and technology. In underdeveloped
countries, there is a problem related to the lack of efficiency in
aspects of production and in the use of new knowledge. Whereas a
number of these countries have exhibited progress in the produc-
tion of high-level knowledge, others are engaged in building ca-
pacities that constitute a starting point because the innovation
process is characterized by being dynamic but gradual [26,27] and
[28].

The development of endogenous technological capabilities and
engineering skills, specifically, have been affected by free trade
agreements and market deregulation through the substitution of
national human resources and the importation of capital goods
[29]. Thus, income is distributed to the extent that competencies for
the production of complex products that inherently incorporate
knowledge are developed. That is, underdeveloped economies
should not be limited to production based on natural resources,
standardized commodities and cheap labor, which ultimately
generates routine mechanisms and does not promote structural
change [30]. The search for and exploitation of technological con-
tributions are of great importance, particularly in the agricultural
area, in which the needs of underdeveloped countries have
important dimensions; such contributions can contribute to
improving the lives of millions of peasants who produce food on
small and large scales for their own needs and for consumption by
the general population, respectively.

There is a need for more balance between technological inno-
vation and social character goals by means of greater collective
participation that creates useful support for society in scientific
knowledge, for example, when using knowledge produced by the
academy because society and technology are integrated as a func-
tional unity. This integration can be achieved through encouraging
connection among all parties interested in innovation and knowl-
edge management related to the issue to be addressed [31e34].

How innovation can be translated in terms of competitiveness in
rural organizations to increase their profitability has been noted.
Everything must be done to match the high competitiveness global
framework, which embraces a neoliberal tendency of exclusive
nature that has forced people from rural communities to adapt to
new circumstances affecting their social and economic environ-
ment. Thus, underdeveloped countries need to create agro-
industrial enterprises that are competitive and sustainable to
help improve rural development [35e37].

A large number of local enterprises in underdeveloped countries
have a great vulnerability in encouraging activities focused on
science, technology and innovation. This vulnerability can be
explained based on the environment in which the activities occur,
which is very different to that in developed economies, in which
knowledge is their fundamental base for development, a base that
has surpassed the value of human resources and production ma-
terials. Additionally, in dynamic markets, the innovation process is
constantly changing and requires actions to address the competi-
tive forces it creates [38e41].

Although generating technological innovations in the rural
context is not a systematic phenomenon, there are important ef-
forts that allow seeing how adoption or absence of different in-
novations in the agricultural field can encourage or hinder the
development of the regions because, on the one hand, these in-
novations can helpmake agricultural productionmore efficient and
effective. On the other hand, they might generate larger profits to
varying degrees or integrate a larger added value to products such
as oil palm, natural rubber, corn, mango, cacao, guava and tomato
[42e49].

Poverty and inequality within rural areas in underdeveloped
countries have assumed alarming proportions that deserve to be
analyzed from the perspective of disadvantaged peasant producers.
In this context, it is necessary for governments to promote both
economic development in these regions and an increase in the
income of the population that is the most vulnerable [50and51]. It
has been argued that poverty and rurality are two aspects that
show a visible correlation. In regions such as Latin America and the
Caribbean, the stress created by these two challenges is among the
most obvious in the world. The dynamics of the region in particular
show no development that promotes inclusion and sustainability
because the rural policies do not consider local histories and their
multiple contexts [52and53].

Government support is a key factor in the formation and
development of innovation networks, in which the link between
private and public components must focus not only on venture
capital for R&D development but also on strengthening the sharing
of knowledge to generate a competitive advantage [54]. Coopera-
tion should be based on complementarity, learning, speed, flexi-
bility and reciprocity [55], from which it is possible to conceive
strategic alliances that facilitate the development of the processes
required to generate new products for the market [56].

Sagasti [57,58] notes the importance that the development of
science and technology has in underdeveloped countries in pre-
venting disruption and social development costs when techno-
logical progress enables these countries to generate, disseminate
and use knowledge within the productive and social arenas,
thereby counteracting technological dependence when leveraging
technology generated abroad. The goal should be to develop ca-
pabilities that enable these countries to absorb this knowledge and
adapt it to local needs, develop it and export it after the improve-
ments. Such a process would ensure that revenues are distributed
to all sectors of the population to improve their quality of life.
Therefore, knowledge generation oriented toward understanding
social phenomena, an appropriate transformation of the techno-
logical base in response to the changing environment, and growth
and development of production activities for the benefit of these
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countries should be considered.
In the specific case of agriculture, traditionally, despite efforts to

establish agricultural research systems, these systems are charac-
terized by financial uncertainty in operations, poor links with the
private sector, poorly defined strategies, a decrease in quality staff,
and bureaucracy, which hinder the satisfaction of technological
demands. Thus, research should be conducted through public R&D
organizations based on demand, and this research should be more
flexible, effective, efficient and open to other forms of financing.
Additionally, regional, national and international cooperation
should be promoted to decrease dependence upon foreign tech-
nology [59]. In terms of productivity and efficiency, the use of
biofertilizers has been an important aspect of improving soil con-
ditions and combating various pathogens and pests, environmental
factors and diseases of the crops themselves; hence, the quality of
their results is a key aspect to address [60e64].

The role of agriculture in economic development is based on the
supply of agricultural products required for industry and food, the
increase in revenues through exports (particularly during the early
stages of development), labor derived from agriculture with po-
tential use in other areas of interest and regional income that can be
used to stimulate industrial expansion [65]. After recurrent eco-
nomic crises and the major crisis that began in 2008, which in-
cludes both energy and food crises, this last statement cannot be
made with the same confidence as in the past. The population of
rural areas has become increasingly vulnerable. The condition of
these individuals as marginal producers leaves them in an unfa-
vorable position as consumers. Agricultural research has had a
major effect on economic transformation globally. In agricultural
policy, efforts have been made, for example, to strengthen intel-
lectual property rights, increase subsidies and incentives, promote
research and development at public R&D centers, increase tech-
nological regulations, and expand environmental policies [66].
These efforts can succeed in industrialized countries. However, in
underdeveloped countries, they tend to increase social inequality;
hence, the generation of endogenous developments must be ori-
ented toward the attention of such countries, particularly the most
unprotected and vulnerable sector of peasants.

3. Agriculture, technology and environmental protection for
rural development in underdeveloped countries

The majority of future population growth will be concentrated
in underdeveloped countries, where much of the population will
live under conditions of extreme poverty and malnutrition. The
situation is exacerbated in rural areas, in which agriculture is the
primary source of income and employment. As a result, worldwide,
these poorer rural regions are associated with low public and pri-
vate investment in agricultural activities. This problem leaves the
food security of the population unprotected. Food security can be
strengthened through investment in scientific research, training
and the transfer of knowledge and technologies that will ensure the
sound management of resources and the sustainability of the land
[67].

An aspect that has damaged rural development the most is
migration, which is due to the loss of the younger work force,
particularly those in their most active economic stage and who
could improve the field’s development. The phenomenon is
encouraged by the search for better economic conditions for mi-
grants and their families because working in the field does not offer
adequate profitability conditions. Families depend increasingly
upon remittances or governmental support that promotes aban-
doning agricultural activities in rural areas where poverty becomes
a constant. Thus, a solution to the problem could be a production
increase that mitigates poverty conditions and takes advantage of
the human capital that is usually lost [68e72].
One of the most important aspects in the innovation process

consists of the performance of local actors, in particular, perfor-
mance related to aspects of connection, investment and learning
[73]. In this sense, regional knowledge spaces or environments play
an important role in the advancement of these actors and their
regions. Casas, De Gortari and Santos [74] conceptualize the term as
spaces containing underutilized knowledge in priority areas that
can promote the development that occurs when knowledge is
shared through the formation of networks.

Similarly, there is a need to develop strategies that support the
development of technological capabilities such as product diversi-
fication, business alliances, networks related to operation and
production elements, coexistence between traditional and modern
elements, R&D, external knowledge, organizational culture and
training [75]. The specific case of rural development requires the
creation of new products and services necessary for the generation
of markets and the launching of new technological pathways and
more-intensive dynamics to perform whatever is needed for the
generation and use of knowledge that will allow cost reduction.
Hence, such new products provide viability to a company in the
future within the phenomenon of globalization [76and77].

This worldwide generation of new products begins as a part of
the search for new alternatives to combat environmental degra-
dation and consequently to migrate to more-friendly technologies.
Huang et al. [78], for example, note that the use, abuse and misuse
of chemical pesticides in China has poisoned farmers, degraded
land, polluted water and increased the amount of these compounds
in the food supply. Therefore, the government has regulated the
production, marketing and application of these products.
Conversely, a number of biotech products have demonstrated their
usefulness in increasing productivity, reducing the use of pesticides
and decreasing production costs.

Although there are conflicting positions on the acceptance of the
use of biotechnology products, data indicate that in 2012, only 17.3
million farmers planted biotech crops, of whom over 90%were poor
farmers from underdeveloped countries [79]. Pinstrup-Andersen
and Cohen [80] describe how small farmers in underdeveloped
countries face a significant number of problems in performing their
jobs properly, such as crop losses from pests, diseases and droughts,
low soil fertility, lack of access to affordable nutrients, environ-
mental degradation, market problems and problems concerning
technical assistance and infrastructure. However, not all biotech-
nological techniques have generated as much controversy as the
case of transgenics in agriculture. That is, there are sectors and
areas of expertise in which such techniques are employed regularly
and with high acceptance by the public and the scientific com-
munity; however, in other areas of expertise, researchers and
producers oppose their use. Therefore, the evaluation of the per-
ceptions of all stakeholders on the use of biofertilizers in agricul-
ture is high priority task.

Latin America has been characterized as a region rich in
renewable and nonrenewable resources. However, one historical
problem in the region has been hunger and rural poverty caused in
part by the lack of an efficient agricultural system. In this respect, it
has been noted that the modernization of the countryside in the
region has undergonemechanization, the introduction of improved
seeds (i.e., hybrids) and the use of pesticides and fertilizers. These
modernizations have benefited large producers at the expense of
peasants, which results in a loss of traditional agricultural knowl-
edge and increases in environmental, social, food self-sufficiency
and poverty problems. Thus, processes derived from biotechno-
logical products should be observed carefully to avoid excluding the
peasantry. A case in point is the green revolution, which was
monopolized by the private sector through its control over the
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technology assets that were generated at the time and the interest
of this sector in cash crops. As a result, local techniques, such as
crop rotation, biological pest control and green manuring using
vegetables, were abandoned [81].

Thus, it can be understood how in Latin America, various social
movements that oppose the widespread use of biotechnology have
emerged. In this region, the adoption of modern biotechnology
occurred in the early 1990s under neoliberal reforms that influ-
enced the transformation of the agrarian structure of production,
the concentration of land ownership, and the reduction of subsidies
to the poorest peasants. The issue becomes more relevant when
one realizes that agribusinesses in Brazil account for over 40% of its
gross domestic product (GDP) and that Brazil and Argentina
together represent the largest producers of genetically modified
crops in Latin America, commanding an important position in the
export of these products in the global market [82]. Consequently,
this problem is one not only of endogenous technological devel-
opment but also of attention to local and regional needs of pro-
ducers, companies and the population of underdeveloped countries
under conditions of autonomy and leadership.

The use of techniques and applications of agricultural biotech-
nology in Latin America has made considerable progress, particu-
larly in countries such as Brazil and Argentina, in the following
areas: a) financial and human R&D resources; b) the use of
biotechnological tools; c) government programs; d) regional
cooperation programs; e) field trials; f) harvested area; and g) ad-
vances in biosafety regulations. In Mexico, the following changes
can be observed: a) the government has had a greater share than in
countries such as Argentina and Brazil; b) with Brazil, Argentina
and Colombia, Mexico has the largest number of scientists in the
area; c) support programs exist for infrastructure and research in
biotechnology; d) field tests with genetically modified material are
underway; e) commercial production of genetically modified crops
exists; and f) wide-reaching regulations on biosecurity (including
plants, animals and microorganisms) have been developed [83,84].

Thus, the importance of studying these technologies in econo-
mies in which economic and social development remains a chal-
lenge is clear. It is important to consider the effects on the
environment and the benefits for the population. Many factors
should be analyzed when a new technology is adopted by users
such as its effect on technical and economic development, its
productivity and environmental protection factors, and the social
development that the technology fosters. The use of biofertilizers
has spread and offers alternatives for streamlining productivity. It is
important to understand their progress and constraints and
address the problems faced by a large number of crops in various
regions of the world such as vegetables, mushrooms, tea, soybeans,
wheat, bananas, plantago ovata forsk, maize, sunflowers, potatoes,
cassava, and cotton [85e99].

Concerning technical and economic development, Marra, Pan-
nell and Ghadim [100] identify the following areas of risk, uncer-
tainty and learning in the adoption of new technologies by farmers:
a) learning to improve the ability to implement new technology; b)
learning to enable decision making with respect to such technol-
ogy; c) the present and future perception of the profitability of
technology; d) the relationship between the profitability of new
and old technologies; e) producer attitudes concerning the risk of
adopting new technology; and f) costs incurred by delaying
adoption.

With respect to productivity and environmental protection, as
previously mentioned, biotechnology is a tool that can help address
the problems of food production in conjunction with solving
related environmental problems. Microbial techniques have been
successfully applied in addressing environmental and agricultural
problems, although their functionality has been questioned
because of the lack of control of conditions that affect the optimal
performance of their metabolic functions. However, these tech-
niques have been accepted as an alternative to chemicals that cause
serious environmental concern. Thus, biofertilizers and bio-
pesticides have been associated with the stimulation of plant
growth, sustainability and productivity [101].

In terms of social development, De Janvry and Sadoulet [6] argue
that technological change can directly help raise the level of social
welfare of farmers in poverty conditions who adopt technological
innovations and indirectly help farmers in general based on the
following factors: the price of food to consumers, the effects on
wages and employment within agriculture and other economic
sectors through the production and generation of inexpensive raw
materials, savings on wages for employers, increased foreign ex-
change and economic growth.

However, an interesting approach to measure a technology’s
effect on society is whether it promotes social innovation, i.e.,
practical ideas that contribute to the achievement of social goals,
such as the challenge of controlling climate change, whereby
technology will play an important role, although social innovation
should generate a behavioral change. Thus, disciplines such as
biotechnology must rethink their practices, their production
methods and their contribution to achieving these social goals
[102].

Gardner, Acharya and Yach [103] note that access to products or
services is determined by technological innovation. However, social
innovation is responsible for the distribution of technological
innovation together with adaptive innovation, which helps
contextualize these developments in the local environment, and
the organizational innovations required to work, adapt and learn.
Mulgan [104] observes that social innovation is encouraged by
capable individuals who can identify problems and at the same
time provide solutions.

The other benefits associated with the use of microorganisms
(i.e., biofertilizers) are as follows: a) acceleration of plant growth, b)
increased soil and crop quality, c) improved resistance to diseases
and pests through bioactive substances, d) increased productivity
and e) decreased costs [105 and 106]. Many studies have noted the
benefits of the use and development of these technological assets
[107e111], which are increasingly becoming an alternative to
chemicals associated with damage to health and the environment.
Note that their effect is aimed at generating a framework of pro-
ductive, economic, technical, social and ecological benefits for rural
areas in underdeveloped countries, particularly those populations
that are most vulnerable.

4. Study on a company that generates biofertilizers as
endogenous linking processes

The proposed method is based on a case study in which quali-
tative and quantitative evidence is used to identify explanatory
factors for understanding the phenomenon under study [112e114].
The first step in conducting the case study was to identify a pro-
ducer and distributor of biofertilizers in Mexico (which is charac-
terized by the development and commercialization of
endogenously developed technology) and to investigate the views
of the company and the end users of these products concerning the
effect of biofertilizers on the life, activity and environment of
peasant producers.

To this end, a questionnaire was developed based on a con-
ceptual framework that was divided into two sections. In the first
section, closed and open questions were integrated to characterize
population data such as a) age, b) gender, c) education, d) place of
residence, e) whether the interviewee was an independent pro-
ducer or worked for an employer, f) crop type and cultivation area
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in hectares, g) which company’s biofertilizers the interviewee used
and for how long, h) whether production increased and whether
the interviewee would use biofertilizers again and recommend
them and i) the specific benefits to social development obtained
through using biofertilizers.

The second section was intended to measure the perception of
peasant producers of the effect of biofertilizers in the following
three categories: a) technical and economic development, b) pro-
ductivity and environmental protection, and c) social development.
Categorical statements in an affirmative formwere included in each
category to measure the degree of agreement or disagreement
using a Likert scale with the following options: 1. Strongly disagree,
2. Disagree, 3. Undecided, 4. Agree, and 5. Strongly agree. The
higher the score was, the greater the degree of agreement with the
expressed statements (Table 1).

Haladyna [115] has expressed the importance of validity in the
development of questions and the answers that are obtained from
them. In fact, to ensure its validity, the questionnaire was evaluated
by a panel of three university experts on issues of researchmethods
and agricultural biotechnology. The experts evaluated the general
content and how the questions were presented to ensure that the
questions were commensurate with the educational level of the
participants and focused on the research goal. They provided sug-
gestions that helped improve the questionnaire’s form and
substance.
5. Analysis of results

The selected company was characterized by its strong connec-
tion with academia. Among the entities with which it has had
connections, the following stand out: a) the Research Center on
Nitrogen Fixation (now known as the Center for Genomic Sciences)
of the National Autonomous University of Mexico (UNAM), b) the
Institute of Biotechnology e UNAM, c) the Biomedical Research
Institute e UNAM, and d) the National Laboratory of Genomics for
Biodiversity (LANGEBIO). In fact, several of the products sold by this
company were created within the university, and their develop-
ment has been sought through participation of the government.

Based on an interviewwith company officials, it was established
that in these activities, the company has participated with the
Secretariat of Agriculture, Livestock, Rural Development, Fisheries
and Food (SAGARPA) in a program focused on the use of bio-
fertilizer in corn production in fields of more than 10,000 ha.
Because of this program, an approximately 15% production increase
was obtained (with other crops, for example, cane, the increases
can vary from 20 to 30%). Based on the results, twice the number of
Table 1
Statements concerning the effect of the use of biofertilizers for each category.

I: Technical and economic development
1 Since using these biofertilizers, the profits I receiv
2 The use of biofertilizers has been of greater econo
3 Biofertilizers produce the same or better results ye
4 Learning to use biofertilizers has been simple and
5 I consider that using biofertilizers involves minim
6 I am sure that biofertilizers have more advantages
II: Productivity and environmental protection
7 Biofertilizers are a technology that does not harm
8 Using biofertilizers, I have noticed that the quality
9 If I use biofertilizers, I receive a higher yield per h
10 The use of biofertilizers is less risky for me and fo
11 Using biofertilizers enables the plant to grow faste
III: Social development
12 I believe that since using biofertilizers, the profits
13 The use of biofertilizers has improved my social st
14 Thanks to the benefits of production and the ease
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hectares of maize used during the first phase was proposed. In
addition, the development of projects with the National Council of
Science and Technology (CONACYT) to promote further advances in
the link between academia and business was promoted.

One problem that the organization describes is the emergence
of other products on the market that do not meet appropriate
quality standards, a problem that has significantly affected the
image of biofertilizers. It should be considered that although a
quality biofertilizer cannot always replace the use of agrochemicals,
it can reduce the use of such chemical by up to 50% and thereby
increase productivity, lower production costs and mitigate envi-
ronmental impact. Additionally, the cost of fertilizing a hectarewith
biofertilizers involves an investment that is one-tenth or less that
required for fertilization that only employs chemical fertilizers.
However, for the company, technology transfer has not been easy. It
was described as a long, slow, expensive process with dissemina-
tion problems.

The company undergoes constant innovation. Among its most
important advances because of the establishment of its ongoing
relationship with academia is the development of two biofertilizers
in liquid form, which increases the shelf life of these products.
Research is also being conducted on the development of new bio-
fertilizers, improved compost and biofertilizers with a high con-
centration of microorganisms per milliliter. The company has
various certifications, including an approval from the Federal
Commission for the Protection against Sanitary Risks (COFEPRIS)
that provides a guarantee against risks and SAGARPA certification
of biological effectiveness.

The target population of this study uses two of the company’s
biofertilizers, which were isolated by selecting the best strains. No
genetic modificationwas performed in either case. The first of these
biofertilizers is based on the arbuscular mycorrhizal fungus Glomus
intraradices, which is used for all types of crops and primarily
stimulates root growth. Thus, the biofertilizer enhances the ab-
sorption of nutrients necessary for root development, promotes the
uptake of nitrogen and water and promotes the production of
hormones that stimulate the growth of the plant and its resistance
to, e.g., disease, drought, and soil salinity. The second biofertilizer
was developed based on the Azospirillum brasilense bacterium that
is used in most perennial agricultural crops and in ornamental
plants. The bacterium transfers nitrogen from the air to the plant,
producing hormones that stimulate plant growth and compete
with root pathogens.

The study sample belongs to a group of producers located in the
State of Morelos, Mexico, in which the company has had the
greatest effect and presence. More than 70 peasant producers were
e from the produced crops have improved.
mic benefit for me than, for example, chemical fertilizers.
ar after year regardless of changes in climate.
their cost highly affordable.
al risk to me, both technically and economically.
than disadvantages.

the environment and increases the quantity and quality of crops.
and recovery of the land have improved significantly.
ectare than if I only use chemical fertilizers.
r the soil than chemicals.
r and become more resistant to pests and weather changes.

I have received enable me to increase my welfare and that of my family.
atus and obtained greater benefits for my family and/or me.
of use of biofertilizers, I have had more free time for my family and myself.
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interviewed and surveyed. Given the size and scope of the com-
pany’s market study, the sample was not random and the inclusion
of the participants in the study was undertaken by invitation. In
total, contact was established with individuals from nine regions of
the state: 1. Cuautla, 2. Quilamula, Tlaquiltenango, 3. Achichipico,
Yecapixtla, 4. Ocuituco, 5. Zacatepec, 6. Tlayacapan, 7. La Tigra,
Puente de Ixtla, 8. Ayala, and 9. Atotonilco, Tepalcingo.

Many of the interviewed peasant producers were not native to
the studied localities. In these places, there are important problems,
such as lack of quality basic services, housing, and education, which
hinder the economic and social development of the population.
Overall, the environment in which they pursue their agricultural
activities exhibits signs of vulnerability because what is grown is a
result of harvests that are obtained by heavy rain rather than by
irrigation. However, a few of the interviewed producers had better
infrastructure and greater technical and financial resources, which
enabled them to more clearly perceive the benefit of using bio-
fertilizers. The most important characteristics of the surveyed
population are provided in Table 2.

Subsequently, and based on the results obtained from the sec-
ond part of the questionnaire, a matrix of 14 columns by 71 rows
was generated to calculate the average for each of the questions and
to determine the perception (favorable or unfavorable) concerning
these technological assets for each of the statements included in
the three previously described categories. The average for each of
the three categories and the overall average were also calculated
(Table 3).

Overall, the results reveal a positive perception of the effect of
Table 2
Main characteristics of the surveyed population.

No. Characteristics

1 The education level is low in the interviewed individuals: 7.04% did not receive a
completed or abandoned secondary school studies, 14.08% completed or abandon

2 A small number of young individuals involved in agricultural activities was observ
although the average age was 49.4 years.

3 An insufficient surface area. One of the interviewed producers had 230 ha. However
farmer was 5.5.

4 The male population represented the largest agricultural workforce, with 77.5% o
5 Poor crop rotation and consequently a strong predominance of maize. A total of 93

sorghum. Crops with a lower presence included sugarcane, hominy, kidney beans,
pumpkin and chia.

6 The period during which the interviewees used biofertilizers varied from one to se
that ranges from one to three years.

7 All of the producers were independent; i.e., they do not work for any employer, a
8 The form of tenure of the productive lands includes small proprietors, commons,
9 The entire surveyed population replied that it would use and recommend biofertiliz

was obtained per hectare. However, it was observed that the economic benefits inc
biofertilizer and the subsequent decrease in chemical fertilizer.

10 Because of the characteristics of the surveyed population, there was more-detailed
results: improvements in its economy, lower production costs (e.g., savings achiev
(e.g., fewer pests and weeds), less work withmore time for other activities and bene
improve household budgets and increase access to education.
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Table 3
Obtained averages by question, category and overall.

Categories

I: Technical and economic development II: Productivi

Obtained averages for the questions
1 2 3 4 5 6 7 8
4.3 4.5 3.9 4.5 4.4 4.6 4.5 4
Averages by category
4.3 4.5
Overall average
4.4
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biofertilizers in each of the proposed categories. At the level of each
question, a value greater than 4.3 is observed in most cases. Only in
Question Three was a value of 3.9 obtained, possibly because in an
important number of cases, the period of use of both products was
short. Therefore, it was difficult to determine the behavior of the
biofertilizers over time. However, if the overall average is consid-
ered, it can be broadly argued that the perception was positive.

To measure in greater detail the perception of the effect of
biofertilizers in the previously noted categories, a scale of mea-
surement was proposed that is more accurate for determining the
percentage of respondents who have developed a more positive or
negative perception of the use of biofertilizers according to the
following scheme. On a scale of 1e10, it was found that for those
participants who in the evaluation of their overall perception
awarded a minimum score of eight, the perception tended to be
positive, whereas thosewho awarded a score less than eight tended
to have a more negative evaluation.

To perform this measurement, a frequency analysis was con-
ducted in which the maximum possible obtained value was 70
points. Next, a scale was established that adopted as reference an
equivalence of 70 points for a score of 10. Thus, in the frequency
analysis, the lowest recorded value was 46 points, and the highest
value was 70 points (Table 4).

According to the results, the cutoff point for determining a
positive perception was a value greater than eight. Thus, based on
this parameter, it was observed that most of the studied population
had a positive perception of the effect of biofertilizers (Fig. 1).
However, the population that displayed a lower acceptance did not
ny formal education, 54.93% completed or abandoned primary school, 22.54%
ed high school studies, and only 1.41% completed undergraduate studies.
ed. The minimum age recorded was 19 years and the maximum was 86 years,

, excluding this case from the sample, the average number of hectares used by each

f the share compared with 22.5% for women.
% of the farmers sow corn alone or in combination with one or more crops, often
tomatoes, cucumbers, alfalfa, improved pasture (i.e., gamba grass), criollo chilies,

ven years, although most of the sampled population relapses into a period of use

nd they use their production for their own consumption and/or for sale.
the temporary tenant of common land and often the tenant.
ers. Only 7% did not report an increase in production, and in several cases, less yield
reased in any case through the savings that were obtained from the application of

inquiry concerning the area’s social development. The inquiry had the following
ed through the decreased use of chemical fertilizers), smaller technical problems
fits such as the ability to purchase, for example, livestock and plastic sheets, which

ty and environmental protection III: Social development

9 10 11 12 13 14
.3 4.5 4.6 4.5 4.3 4.4 4.4

4.4



Table 4
Frequency analysis and determination of equivalences.

Values Frequency Percentage Cumulative percentage Equivalent rating

46 1 1.4 1.4 6.6
49 1 1.4 2.8 7.0
50 3 4.2 7 7.1
51 1 1.4 8.5 7.3
52 4 5.6 14.1 7.4
53 2 2.8 16.9 7.6
54 3 4.2 21.1 7.7
55 2 2.8 23.9 7.9
56 4 5.6 29.6 8.0
57 1 1.4 31 8.1
58 3 4.2 35.2 8.3
59 3 4.2 39.4 8.4
60 1 1.4 40.8 8.6
61 2 2.8 43.7 8.7
62 3 4.2 47.9 8.9
63 5 7 54.9 9.0
64 1 1.4 56.3 9.1
65 2 2.8 59.2 9.3
66 7 9.9 69 9.4
67 4 5.6 74.6 9.6
68 3 4.2 78.9 9.7
69 7 9.9 88.7 9.9
70 8 11.3 100 10.0
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strongly reject the effect of this biotechnology. Additionally, the
results continue to correlate with adverse circumstances from a
technical, social, environmental and economic approach.

Additionally, during fieldwork, the producers exhibited concern
about factors that limit the performance of biofertilizers and their
feasibility of use, which at some point might hinder the use of this
technology. Therefore, another objective was to generate a discus-
sion that would facilitate the development of policies and programs
that would help mitigate these problems in the future. On this basis
and as part of fieldwork, in-depth interviews were conducted with
various individuals affiliated with government programs, techni-
cians and farmers concerning the favorable aspects and the ob-
stacles that they have encountered since adopting biofertilizers.

The main problems that can limit the benefits obtained from the
use of biofertilizers included the following: 1. The economic benefit
obtained from a crop depends upon the crop type and the extent of
the cultivated land. 2. If other major inputs (i.e., seed and irrigation)
were absent, the expected benefits might be limited. 3. In many
cases, it is necessary to conduct soil studies and, if required, apply
the relevant treatment. 4. Training to apply fertilizers is important,
and its lack affects yields. 5. Infrastructure is lacking. 6. The price of
products on the market is low, and their positioning is difficult. 7.
Government support for small-scale producers is lacking.
Fig. 1. Percentage of acceptance or rejection of the favorable effect of biofertilizers.
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6. Discussion and conclusions

The results were positive, which indicate that biofertilizers
contribute to improved land productivity, decreased environmental
impact and improved social development. It was generally
observed that the perception of the effect of biofertilizers on the
environment and on the lives of farmers was favorably accepted.
However, it is also true that those producers with more education
and greater technical and financial resources have been able to use
the benefits derived from this biotechnology in a more compre-
hensive manner. Therefore, the lack of technical skills and the
economic conditions characteristic of the rural environment limit
the majority of peasant producers in their use of these new tech-
nological options.

In planning and administration policy for the management of
these innovations, action is required from the government,
academia, business and the peasant producer. These actions
include the following: 1. promoting connections among all stake-
holders; 2. the planning and administration of programs to stim-
ulate innovation in line with reality and the needs of
underdeveloped countries; 3. the generation of ad hoc programs
that include small-scale producers to promote the modernization
of the countryside and address the needs of these producers; 4. the
generation and facilitation of technology transfer mechanisms; and
5. the construction of diffusion, awareness and training mecha-
nisms on the use of these biotechnologies.

Although this study is only one approach to understanding the
problem, it is possible to conclude in principle that the use of
biofertilizers in underdeveloped countries is a valid option for
peasant producers because these fertilizers contribute to rural
development and environmental protection. It is important to
emphasize the need to promote this type of biotechnology based on
endogenous scientific and technological knowledge and the in-
terests and needs of its potential users.

The users should not be limited to using innovations from
developed economies and their adaptation to the local environ-
ment. The formulation of policies and programs that promote and
enable the development of this area of knowledge and other sci-
entific and technological disciplines that provide solutions and
benefits to the field of underdeveloped countries is required. All of
these goals must be pursued within a monitoring framework that
ensures the biosafety and food security of peasant producers and
the general population.
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