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Territorial governance agreements
for agri-food system’s innovation. An
approach from “Amaranth” in Mexico
City

LAURA ELENA MARTINEZ-SALVADOR!

ABSTRACT

Collaborative process among stakeholders, through governance agree-
ments, may foster innovation in a territory. These territorial governance
agreements (TGAs) could be held between Productive Units (PUs) and
stakeholders from scientific-technological (S&T), industrial-productive
(P&I) and government-institutional (G&I) structures. Considering this,
the main objective of this paper is to analyze the effects of the TGAs on
the level of innovation of PUs in the agri-food system of amaranth in
Mexico City. To do this, a mixed methodology was used based on case
study, semi-structured interviews and a survey applied to each PU’s
owners. The information was analyzed using statistical methods and a
qualitative analysis was performed considering each PU’s type of inno-
vations. It is concluded that if the level of TGAs within stakeholders
increase, so does the innovation level in the PUs in the amaranth agri-
food system.

Keywords: territorial governance agreements, innovation, agri-food
system.
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RESUMEN

Acuerdos de gobernanza territorial para la innovacion de sistemas
agroalimentarios. Un acercamiento desde el “Amaranto” en la
Ciudad de México

La colaboracion entre stakeholders (actores relevantes), a través de
acuerdos de gobernanza, puede fomentar la innovacion en un territorio.
Estos acuerdos de gobernanza territorial (AGT) podrian celebrarse
entre Unidades Productivas (UP) y actores de las estructuras cientifico-
tecnologica (CyT), industrial-productiva (IyP) y gobierno-institucional
(Gyl). Teniendo esto en cuenta, el objetivo principal de este trabajo fue
analizar los efectos de los AGT en el nivel de innovacion de las UP en el
sistema agroalimentario de amaranto en la Ciudad de México. En este
sentido, se utilizd una metodologia mixta basada en estudio de casos,
la aplicacion de entrevistas semi-estructuradas y encuestas a los duefios
de las UP. La informacion se analizdo mediante métodos estadisticos y
se realiz6 un analisis cualitativo considerando el tipo de innovaciones
de cada UP. Se concluye que, si aumenta el nivel de AGT entre stake-
holders el nivel de innovacion en las UP del sistema agroalimentario del
amaranto también presenta un incremento.

Palabras clave: acuerdos de gobernanza territorial, innovacion, sistema
agroalimentario.
JEL Clasiffication: O31; O13.

INTRODUCTION

Agri-food systems, especially agro-industrial units or enterprises,
require continuous innovations to meet food-market demands at both
local and global level, and to address pressures and trade-offs resulting
from macroeconomic impacts, multi-structural problems, and incre-
asingly information asymmetries (Rama, 2017). These innovations
must be supported by the articulation of different forms of governance
(Contini et al., 2020). Innovation, as the development of a new or signi-
ficantly improved product, process, organizational process or marketing
methods (OECD,2005), is a collaborative activity (Laursen and Salter,
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2006) based on human relationships, negotiating schemes, coordinating
efforts, articulation, and learning (De los Rios ef al., 2011).

This perspective of innovation diverges from the linear model of
innovation that has characterized hegemonic economic theories, which
describes it as a one-way isolated process. Under this new interactive
vision, innovation is built on collaboration between actors, exchange of
technological, tacit, and explicit knowledge, and the existence of lear-
ning processes within organizations (Morgan, 1997).

Interactive models consider innovation as the product of linking
activities within a production chain in the form of feedback circuits,
which pursue common objectives. In these models, innovation is originated
by the identification of commercial opportunities where the creation
of knowledge and learning are given as part of the same process, and
where collective actions and personal and institutional networks result
in comprehensive developments of invention, innovation, and dissemi-
nation (Morales, 2004).

However, given the heterogeneity of the stakeholders (which are
actors -or a group of individuals- that can affect or could be affected by
the fulfillment of defined objectives, and whose participation is vital to
achieve those goals [Fontaine et al.,, 2006]) who carry out innovation
activities, there is a need for a theoretical approach that integrates a
variety of factors, from the level of innovation within the organizations
up to the collective agreements built (or governance agreements in the
territory), which could be formal or informal, among stakeholders of
the system, to promote innovation for the sustainable management of
territorial resources, This approach build upon the idea that the territo-
ries are those socio-cultural spaces built beyond geographical spatia-
lity, where innovation is being germinated. In this sense, the objective
of this research was to analyze the Territorial Governance Agreements
(TGAs onwards), under a comparative perspective approach created
between Productive Units (PUs) and stakeholders from scientific-tech-
nological (S&T), industrial-productive (P&I) and government-insti-
tutional (G&I) structures, along with the effects of these agreements
onto the degree of innovation of selected PUs in the agri-food system
of amaranth (Amaranthus hypochondriacs), which is a Mesoamerican
native crop, mainly produced and transformed in Mexico City, with
great importance in the territory.
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1. THEORETICAL BACKGROUND

1.1 Innovative environments. The role of the territory in
innovation
Considering an interactive vision of innovation, an innovative environ-
ments might be described as "the set of relationships [and subjects] that
integrate a local production system and an industrial culture [to generate]
a localized dynamic process of collective learning" (Camagni, 2003:
40). These innovative environments become spaces that encourage
geographical and sociocultural proximity of organizations and stake-
holders, proximity that is based on the existence of a set of rules, value
scales, trust bonds, patterns of shared behavior and feelings of identity
and belonging to the territory, elements that condition the effectiveness
of economic activities and innovation processes (Poméon and Fraire,
2011). This territorial proximity promotes building competencies and
capacities that encourage the reduction of uncertainty, the creation of
networks that support the credibility of organizations in the environ-
ment, and the coordination of collective actions and learning processes,
which favors the existence of innovative processes (Camagni, 2003).
For Méndez (2006) the spatial agglomerations found around produc-
tive chains generate tactical technological knowledge which encourages
collective learning processes increasing the rate of innovation and economic
performance, especially since the links and arrangements between stake-
holders create organizational sets and cooperation relationships under
a territorial logic. Under this territorial logic, collaborative relations-
hips are generated based on specific rules and community knowledge
that fosters the learning process and territorializes innovation (Méndez,
2006). This learning process, and the consequent innovation, requires
a wide range of negotiations and coordination arrangements between
multiple stakeholders, which implies a series of governance processes
in those spaces where territorial peculiarities converge.

1.2. Territorial governance arrangements and stakeholders
for agri-food innovation

The new role of the territory on innovation implies that institutional
arrangements, negotiation processes and social networks must be consi-
dered. In this sense, governance strongly emerges as a construct that
drives territorial resources management, thus facilitating innovation
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(Davoudi et al., 2008) and allowing to reflect on the territorial nature
and multi-actor dialogue that gives way to innovation (Salcido et al.,
2016). This governance is built by the presence of new collective actors,
who emerge under different societal contexts (Aguilar, 2006) in order
to achieve public-private agreements focused on solving problems of
common interest (Kooiman, 2003). Governance is based on co-mana-
gement of the territorial planning decisions and the human connection
towards natural resources (Valverde, 2016). Also, governance is tradi-
tionally observed as a set of normative principles, elements of social
participation and collective decision-making to carry out the direction
or coordination of society and it is a concept that, in the light of collec-
tivity and territorial build-ups, has required a reconsideration in its defi-
nition (Rosales and Brenner, 2015; Zubriggen and Milanesi, 2008).

The contribution of the present paper relies upon the discernment
of governance, especially territorial governance (Torre and Traversac,
2011) not only from its role in territorial resource management
processes but also, by considering the socio-economic characteristics,
local knowledge, and context of the stakeholders of a territory, and the
role of these elements in the construction of formal and informal arran-
gements. In this sense, we propose that territorial governance needs to
be understood as those collective agreements built, formally or informally,
among stakeholders of a system, aimed to building capabilities, as well
as the formation of institutions, and the coordination of socio-economic
processes that allows the sustainable use of tangible and intangible
territory resources.

Nonetheless, for territorial governance to exist there is a need for
a geographic, organizational and institutional proximity between local
agents as well as a spatial concentration of similar and specialized busi-
ness (Sanz & Moragues, 2016). Also, for Davoudi and others (Davoudi
et al., 2008), territorial governance is a model of the organization of
collective actions, based on principles of coordination, transparency,
and trust (Nooteboom, 1999) among actors whose interests are oriented
towards a common objective of territorial development.

So, this research’s perspective relays on understanding TGAs and
all those links, formal and informal, based on the physical and sociocul-
tural proximity between different stakeholders of a system.

Within the innovative territories, TGAs can articulate resources
for learning processes, accumulation of technological capacities, and
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can act as drivers of the level of innovation, through multi-stakeholder
collaboration. The participating stakeholders on TGAs are part of
different structures that could be described considering the original
approach of the Relationship Triangle (Sabato and Botana, 2011) and
from the evolutionary perspective of the Triple Helix (Etzkowitz and
Leydesdorff, 2000). These stakeholders’ structures are: (i) scientific-
technological (S&T onwards), (ii) productive-industrial (P&I) and (iii)
government-institutional (G&I) structure.

The S&T structure comprehends all organizations that belong to
the education system, such as scientists, institutes, and research centers
(Sabato and Botana, 2011). Organizations of the S&T structure are
promoters and transformers of scientific and technological knowledge
that can be materialized into innovations, to address demands of a
market or a system.

Another structure that integrates stakeholders whose agreements
are necessary for innovative development is the P&I, which integrates
those organizations that demand technological knowledge. These
organizations are transformers and makers of innovation (Sabato and
Botana, 2011) and it comprehends all companies, industrial groups,
chambers of commerce as well as non-governmental organizations or
civil associations to support productive activities, suppliers of input
materials, equipment, machinery or other technical services, consultan-
cies or knowledge transfer agencies.

On the other hand, the G&I structure envisages all those institutions
that design and implement public policies aimed at the development
of innovation, and whose mobilization of resources for this matter, are
directly pointed at P&I through direct stimulus, innovation subsidies,
tax condonations, and indirectly to the S&T through projects and inno-
vation scholarships. This resource mobilization is carried out through
administrative processes (Sabato and Botana, 1986).

The interrelationship between stakeholders of each structure (S&T,
P&I and G&I) for the development of innovation depends extensively
on the ability of these structures to use their knowledge, and incorpo-
rate it into their strategies, as well as to unify efforts and lead actions
towards common goals. This linkage is a condition that, for it to be
implemented, requires consideration of the cultural systems, values,
attitudes, and beliefs that motivate the behavior of subjects (Sabato and
Botana, 1986), which is possible through a territorial approach.
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Therefore, TGAs, for the development of innovation, are grounded
on the idea that PUs are the knowledge transformers and architects of
innovation, greatly linked to the S&T and G&I structure.

(1) Between P&I - P&I. This inter-firm linkage can be considered
more beneficial for innovation when presented between PUs with diffe-
rentiated products or in different markets (Nootebom, 1999) where
competition does not become a cooperation barrier. However, a TGA
can generate collaboration at different levels to drive PUs innovation
like through the purchase of input materials between stakeholders
which are relevant for technological innovation (Roseboom, 2003); the
purchase or temporary use of equipment or machinery owned by other
companies. These activities can have a normal level of contribution to
innovation. TGAs whose cooperation involves the synergy of resou-
rces, human capital, sensitive knowledge around processes, collabora-
tive design of technology, and acquired risk-sharing, would involve a
high level of contribution towards innovation.

(i1) Between the R&P-S&T. S&T organizations create frontier
knowledge and play an important role in innovation systems through the
transference of their expertise and technologies (Filippetti and Savona,
2017) towards P&I. Nonetheless, and despite the role that P&I-S&T
linkages have to foster innovation (Perkmann et al., 2013), the nature of
agreements does define their effects on the level of PUs innovation. In
this sense, a medium contribution to innovation comes when universi-
ties or research centers carry out activities that involve human resources
development, such as student agreements for their professional deve-
lopment, fieldwork, thesis research, or technical reports. On the other
hand, a high level of cooperation, where TGAs could have a high impact
on the level of PUs innovation, is presented when unifying resources
from both the S&T and PUs structures for supplies improvement, such
as the design, development, or implementation of machinery and tech-
nological equipment for production systems. In the agri-food sector,
this could mean the use of improving seeds, the design of a new irri-
gation equipment, the development of novel harvesting methods, the
use of information technologies and agronomic management techni-
ques and quality assurance systems, and the collaboration in specialized
research for product transformation, such as bromatological studies for
nutraceutical improvement.
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(ii1) Between P&I-G&I. Support from G&l structure towards inno-
vation has been increasing in the last decades, especially concerning
the use of public policy instruments such as government financial
resources, direct and indirect financial instruments (tax incentive or
tax-cuts) promotion programs and technology transference programs
(PWC, 2020; Solleiro and Gonzalez, 2002). In this scenario, strategies
that may have a medium level of impact of TGAs on PUs innovation
levels would involve receiving and exercising financial supports or
stimuli, whether in the form of direct or indirect transfers; support for
the acquisition of equipment; in-kind supports or technological training
to improve productive process. However, although these actions may
affect the innovative behavior of the PUs, the highest level of articula-
tion is presented when resources from G&I structure are directed to the
design of specialized equipment or machinery for production processes
or transformation through a synergy with local stakeholders.

2. CONTEXTUAL BACKGROUND

2.1. The case of the amaranth agri-food system in Mexico
City

Amaranth (by its scientific name Amaranthus hypochondriacus L.) is
an ancestral crop of Mesoamerican origin, whose first archaeobotanical
registers can be located just over 4 thousand years ago (Martinez and
Alvarado, 2019). Although little information exists regarding global
amaranth production, it is possible to find extensive literature on the
exceeding food properties of amaranth and its possibilities to tackle
complex problems, such as malnutrition (Espitia et al., 2010; Santiago
etal., 2014).

In Mexico amaranth can be found in at least 18 of the 32 federal
entities; however, by 2018, most production came from the state of
Puebla, followed by Tlaxcala, State of Mexico, and Mexico City, with
a maximum of 5,125 tons in the case of Puebla, and a minimum of 152
tons for Mexico City (SAGARPA, 2020) therefore mayor production is
concentrated in central Mexico.

Mexico City, one of the most densely populated cities in the country,
concentrates the largest number of amaranth agro-industrial productive
units, especially in the town hall of Xochimilco. In this town, those units
have made the production, transformation, and marketing of amaranth
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its main economic activity, which means that they invested efforts into
rescuing the cultural, agronomic, and nutritional value of the seed,
while adding up value into their food products. These amaranth agro-
industrial units require an enormous amount of amaranth seed as it is
a primary raw material. Therefore, Mexico City has become an anchor
for the amaranth agri-food system in the country’s central region.

The town hall of Xochimilco in Mexico City is considered as "[the]
traditional [region]| of amaranth production" (Ramirez et al., 2010:
64) where the tradition, the tangible and intangible knowledge, and
the know-how around amaranth- activities in this region have been
inherited from parents and grandparents (Manzo and Ornelas, 2011).
For Ramirez and collaborators (Ramirez et al., 2010), the amaranth
producers of Xochimilco have managed to preserve the cultivation of
amaranth, and its genetic diversity, due to a vision of collective identity
and common roots. The innovation around amaranth crop in the region
has also taken place through a series of (organizational) innovations
aimed at the rescue of natural areas and landscapes (Escalante, 2010)
and environmental restoration. Product and process innovations can be
materialized through the generation of new foods with high nutritional
content and quality standards; and finally, marketing innovations using
social media to improve sales numbers. Some of these innovations are
been carried out in the 500 mini-workshop units localized in the town
hall of Xochimilco (INEGI, 2019).

3. MATERIALS AND METHODS

3.1. Study area

The study site is within the town hall of Xochimilco, in the south-east of
Mexico City. Xochimilco has an area of 12,517 ha, from which 15.5%
is destined for conservation soil while around 79.9% is cultivated
(SEDEMA, 2016). The main reasons for selecting Xochimilco town hall
as the study area for this research were: (i) in this town hall, a significant
percentage of the local population is engaged in amaranth productive
activities and some other agricultural process performed under tradi-
tional forms. Those activities are especially important for local culture
and the economy of the territory. In fact, since 1987, Xochimilco was
recognized as cultural heritage of humanity by the United Nations
Education Organization, Science and Culture (UNESCO) (SEDEMA,
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2016: 57); (ii) also, already stated, Xochimilco is the main amaranth's
productive region in Mexico City and where most amaranth-added-
valued activities take place, mainly because there is a (iii) high concen-
tration of amaranth agro-industrial units that makes Xochimilco a local
cluster of amaranth crop, having great relevance for the amaranth seed’s
closer producers states (Puebla, Tlaxcala, State of Mexico, Morelos and
Hidalgo), that deliver a significant amount of their production towards
Xochimilco agribusinesses. Besides, (iv) Xochimilco has a longline
tradition a cultural relation to amaranth; for instance, in 2016 the
Alegria (traditional sweet made out of nuts, amaranth, and honey bee)
received the Intangible Heritage appointment given by the Ministry of
Culture of Mexico City.

3.2. Data Collection and Sampling Methods

To analyze the existing TGA among amaranth PUs and stakeholders
in the amaranth agri-food system, a case study methodology, under a
comparative perspective analysis, was used, where various amaranth
PUs were observed to identify their relationships, convergences, and
discrepancies (Piovani and Krawczyk, 2017), which broaden the known
information of that social phenomena and how social actors unify
efforts to achieve objectives (Bartlett and Vavrus, 2017; Yin, 2009).
This approach also helped to learn how TGAs influence the level of
PUs innovation.

To gather specific information on single subjects, a semi-structured
interviews and a survey was applied to the owners of seven amaranth’s
PUs. The interviewed and surveyed stakeholders are currently localized
in Mexico City, and the selection of the PUs was made from a non-
probabilistic snowball sampling. To be able to do that kind of sampling,
the first contact was made with one of the most recognized amaranth
organizations within the study area: the Sistema Producto Amaranto
A.C (civil association Amaranth Productive System, APS onwards) in Mexico
City.

3.3. Conceptual structure and methodology for estimation
For collecting information, a semi-structured interview and a semi-
open survey was designed and applied to owners of each agri-food PU
during 2018 and 2019.
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The questions aimed to gather general information of the PUs inno-
vative behavior in the last three years, which could have been developed
in terms of the types of innovation (product, process, organization, and
marketing). Other questions focused on identifying the unit's ability to
create links, at different levels, and create formal and informal TGAs
with other stakeholders in the amaranth agri-food system, to exchange
knowledge and information, and whose articulations might have effects
on the innovation level. This part analyzed the specific ways in which
the agreements, if any, were presented between each classification of
stakeholders.

The interviews were transcribed and information was thematically
selected; also, the survey’s results were systematized using MS Excel®
program, so it was possible to the imbedded statistical methods to
obtain correlation coefficient, multiple linear regression coefficient of
determination, and a Chi-square test.

To prove that TGAs can influence the level of innovation of PUs,
the starting point is the premise that the variable of interest (dependent
variable) or 'innovation level (INNO_L onwards)’ is a linear function
of other independent (behavioral or independent) variables such as
agreements with the P&I structure (LINK PROD onwards), the S&T
structure (LINK SCIEN onwards); and the agreements with the G&I
structure (LINK_GOV onwards).

So, the previous conceptualization of the relationship among varia-
bles leads to the following equation, which is a vector of independent
variables (Xn):

Yi= b1 X1+ b2X2 + b3X3+ui (1)

Where Yi, implies the innovation level as a summon of the four types
of innovation in each PU. On the other hand, b1, b2, b3, are the para-
meters to be estimated with p as a symbol of the error or residual of the
linear regression model. It is important to note that the dependent variable
(INNO_L) was obtained by adding up the individual observations corres-
ponding to the level of innovation, for each type of traditional inno-
vation (product, process, organizations, and marketing), carried out in
each PU. Also, independent variables (LINK PROD; LINK SCIEN;
LINK GOV) were obtained from the survey applied to the PUs, adding
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up individual observations on the agreement levels with each stake-
holder, focusing on activities that could lead to innovation. These levels
of agreement and innovation levels ranged from 0 to 3 values depen-

TABLE 1
DESCRIPTION OF CATEGORIES, VALUES, AND QUALITATIVE MEANING, OF BOTH LEVEL OF
INNOVATION AND TGAS

Level of innovation Value Xt=ho+t*h1
No 0 No mutual knowledge existed
We are assessing to implement some recognition of part of the unit around the
innovation procedures but had not done 1 activities of the other actors, but no linkage had
it yet been established

agreements had been created, formal and
The development of some type of . . .
) o 2 informal, to collaborate sporadically, albeit
innovation is in process . . .
without compromising or exchanging resources

Resources, efforts, and knowledge had been
Yes 3 constantly integrated to solve problems and
achieve mutual objectives.

Source: Own elaboration based on author’s methodological approach.

ding on the deepening of the agreement and the intensity of the innova-
tion level. This is summarized in Table 1.

Consequently, to understand the effect of independent variables in the
level of innovation, statistical methods were used to analyze the results
of surveys from a quantitative perspective. These statistical methods
were: (i) determination of the correlation coefficient between variables,
which helps to identify the relationship (linear association) between
two variables, and the degree of linkage between those variables; (ii)
multiple correlation coefficient; (iii) coefficient of determination (R2)
of the regression; (iv) calculus of the value of the coefficients (bl,
b2, b3); (v) definition of the best adjustment line; (vi) significance of
regression or value 'F' statistic, which was tested at 95% reliability with
an a: 0.05. It is important to notice that the value of the F parameter in
a Variance Analysis is commonly used to reject the null hypothesis that
regression is not significant. The results were obtained from performing
a multiple linear logistic regression model. This method is relevant for
assessing the effect of independent variables on the dependent variable,
especially when both are discrete, as is the case of this research, whose
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variables are presented as the summation of each category of agreement
per stakeholder, and the same as the summation of the level of innova-
tion for each type of innovation (product, process, organizations, marke-
ting). The final statistical methods that were used, (vi) Chi-square test,
is particularly significant in this research given the size of the sampled
units (N=7), to prove if the null hypothesis is true (that is if variables
are independent among each other's) considering high, medium, and
low levels of innovation as (i-columns) and high, medium, low levels
of linkage governance agreements (j-row).

4. RESULTS

4.1. Statistical estimation and simple linear regression
model

TABLE 2
DESCRIPTIVE STATISTICS OF DEPENDENT AND BEHAVIORAL VARIABLES

Mean Min Max SD, Skewness Kurtosis
INNO_L 6.57 3.00 11.00 2.76 -0.37 0.43
LINK_PROD 9.86 7.00 15.00 2.73 57 1.03
LINK_SCIEN 4.43 2.00 6.00 1.40 0.17 -1.08
LINK_GOV 2.57 2.00 3.00 0.53 -2.80 -0.37

Source: own elaboration based on model calculations. * SD= Standard Deviation

Considering the methodological steps mentioned above, the descriptive
statistic corresponding to the data collected is presented in Table 2:

It is possible to identify in Table 3 whether the variable 'innovation
level (INNO_L)' (displayed as a dependent variable) presents some
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TABLE 3
CORRELATION BETWEEN DEPENDENT AND BEHAVIORAL VARIABLES

INNO_L LINK_PROD LINK_SCIEN LINK_GOV
INNO_L 1.00 - - -
LINK_PROD 0.76 1.00 - -
LINK_SCIEN 0.88 0.59 1.00 -
LINK_GOV 0.53 0.41 0.29 1.00

! Source: own elaboration based on model calculations.

level of correlation with the level of linkage for each classification of
stakeholders in the system.

The results of Table 3 indicate that all independent variables, indivi-
dually, have a positive moderate correlation with innovation, so that,
when one of the variables increases, so does the dependent variable, as

TABLE 4
STATISTICAL RESULTS (COEFFICIENTS AND REGRESSION)

(i) Multiple correlation coefficient 0.95

(iii) Determination of R2 coefficient 0.91

Typical error

1.19 0.88
Number of observations 7
. (iv) Value of .
Variables L. Typical error
coefficients
LINK_PROD 0.30 0.23
LINK_SCIEN 1.26 0.43
LINK_GOV 1.18 1.00
(vi) Variance analysis Estimated value of F Critical value of F
Regression significance 9.75 0.05

Source: authors calculations. Estimations were made considering a 95% confidence level, with an alpha error
a=0.05 and a constant # 0.

direct positive correlation is expected to behave. On Table 4 the statis-
tical results of the regression are displayed.

Considering the value, in descending succession, of the coefficients of
the variables, the equation of the best-adjusted regression is displayed
as follows:
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(v) Y=126 LINK SCIEN + 1.18 LINK_GOV + 0.30 LINK_PROD 2)

The values of the coefficients indicate that, in the face of a change in one
unit of each of the independent variables, the level of innovation would
change 1.26 units when changes occur in LINK SCIENCE variable, 1.18
for the LINK GOV, and 0.30 for the LINK PROD variables. Also, the
(vii) Chi-square test resulted in a value of 9.80 (for a significance level
of a: 0.05, a level of trust of 95%, and 4 degrees of freedom with a chi-
square value from tables of 9.48). Therefore, it is possible to reject the
null hypothesis (9.80>9.48), which means that variables are not inde-
pendent of each other, so significant information is generated by the
variables considered in this case. The empirical results and discussions
on this matter are further detailed in the next section.

5. DISCUSSION

5.1. Territorial governance agreements for innovation in
amaranth agri-food system

The analysis of each of the PUs (Table 5) allows us to identify their
particularities, and to understand the relationship that each one of them
has between the TGAs and their level of innovation.

In the first place, PU1 is a small Cooperative Society that started
operations in 2005, and is considered a family-based PU; this implies
that it was formed only by family members, although it currently has
9 employees. This PU is considered dynamically productive due to the
inclusion of new products in its production line, although its owner
recognizes that it still requires great efforts to increase productivity, as
well as financial support to reduce the risk for innovation. The TGA’s
with other stakeholders are of relevance for this PU, but it’s still having
some resistance to share information related to new products (PU!
Owner. Personal communication, Mexico City, April 2019).

PU2 is a Rural Production Society launched in 2004; it has more
than 21 employees and operates with two industrial buildings. This
PU was formed as a family business, but currently has stakeholders-
partners. In recent years it has shown growth which has allowed them
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to invest in machinery and equipment to expand production capacity,
they have also managed to incorporate different organizational strate-
gies into their productive dynamics. Also, PU2 participates in all of the
amaranth chain value and has shown great collaborative activity in the
territory (TGA’s). It is also considered a pioneer PU in the amaranth
transforming process in the region (PU2 Owner. Personal communica-
tion, Mexico City, April 2019).

PU3, founded in 2006 with 7 employees, is an organization under
the tax regime Person with Economic Activities (PEA). This company
has shown great changes and TGA’s transformations in the last decade
when it joined the APS in 2005 to create commercial and productive
alliances, and this PU recognizes that much of its productive growth
and recent innovations are the result of close bonds with other stake-
holders in the town. It is worthy to mention that the recent internal
administrative changes of PU3 have affected its innovation capabili-
ties; however, this unit shows a business model focused on sales mostly
out of the territory, which has favored its sale’s growth (PU3 Owner:
Personal communication, Mexico City, May 2019).

PU4 is a cooperative society that was established in 2005 and has
17 employees to date. The PU has expanded its production capacity
in recent years, which has to generate technological development and
process improvements, although the owner of PU4 acknowledges that
they are reluctant to incorporate new productive and organizational
processes, therefore its level of innovation is limited. It is worth mentio-
ning that PU4 is a company that joined and helped APS in its origins,
so it has been an active participant in its evolution and has shown great
ability to link with other stakeholders in the region such as universities
or other producers (PU4 Owner. Personal communication, México City,
May 2019).

On the other hand, PUS is an organization founded by a female
amaranth producer under the PEA tax regime. This unit was established
in 2014, with a family base of 7 people. PU5 founders belonged to a
larger Cooperative Society, but in 2013 the breakdown of personal rela-
tionships forced PUS creation, which was boosted thanks to founder’s
TGA'’s already formed in the territory with other stakeholders. These
internal changes have limited PUS5's capacity for innovation; although
these changes have been the generators of organizational innovation
(PU5 Owner. Personal communication, México City, May 2019).
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PUG is a unit that started operations in 2012 and is closely linked
to PU2. This PU has only three employees, all family members. PU6's
production model has leaned towards specialization through the
amaranth popping stage, which is why this unit has become the main
popped amaranth’s supplier for PU2. This has increased PU6’s sales
volume, but has limited its searching neither for innovation nor the real
added value of amaranth; this specialization model is what has also
limited PU6’s TGA's (PU6 Owner. Personal communication, Mexico
City, June 2019).

TABLE 5
AMARANTH PUS INNOVATION (PRODUCT, PROCESS, ORGANIZATION AND MARKETING
INNOVATION)
. X X . Organizational L X
Product innovation Process innovation . . Marketing innovation
innovation
Incremental innovation (form Creation of a . .
Use of social media
Ul modifications and ingredients - Cooperative’s .
N i advertising
addition). Union
Magnetic traps to
Member of
o . remove impurities. ) ) .
New products with high nutrient Mexico's Use of social media
i Process changes base on . . .
U2 value. (protein concentrates L i National advertising. Guided tours
i standardization manifests X X X
aimed to sport’s market) . i Crusade against  and promotion strategies.
such as Official Mexican
Hunger
Standards
Formal

Incremental innovation (changes . .
[V i . i - integration to
in product ingredients and sizes).
the ASP
Improvement in
administrative strategies
(analysis of processes,
Incremental innovations for the flows and times) for the
U4 local market (size modifications  optimization of resources. -
and ingredients addition). These processes were

Use of social media
advertising

learned in courses taken
at the Postgraduate
College.
Incremental innovations for
o Formal
the local market (modifications . .
us i X - integration to
ingredients content to increase
i the ASP
nutrient value).
Creation of products with low
glycemic index, creation of a new

ue . - - Alliances and use of social
line of products (aimed to Arab’s

International Strategic

media advertising
food market).

U7 Incremental innovation (changes  Registration on the local Use of social media
in product ingredients and sizes). Tax Administration System advertising

Source: authors elaboration based on the designed and applied survey. Prod stands for product; Pros stands
for process; Org: stands for organizational; Mkt: stands for marketing.
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Lastly, PU7 is an organization conformed only by two amaranth
producers under the PEA tax regime; it began operations in 2014 and
has been linked to ASP for 4 years. Its owner recognizes that TGA’s
especially those built on with APS have created commercial alliances;
which has been of true necessity because PU7 has been in the market
for a very short time, which has also generated a limited level of inno-
vation due to its learning curve. PU7 has benefited itself from TGA’s,
which has translated into the invitation to participate in socio-cultural
and academic events organized by APS (PU7 Owner. Personal commu-
nication, Mexico City, June 2019).

TABLE 6
OVERVIEW OF THE PUS OF THE AGRI-FOOD AMARANTH SYSTEM IN MEXIcO CITY

UNIT TGAs with Innovation Most relevant Innovation level tendencies within
other Levels types of the last 3 years
stakeholders innovation PI PrI IO MktI
PU1 14 7 Prod- Pros 2 + 2 >
PU2 24 11 Prod- Pros- Org- 2 2 2 2
Mkt
PU3 16 6 Prod - Org 2 # 2 *
PU4 19 9 Prod- Pros- Mkt 2 2 7 2
PUS 17 6 Prod- Org 2 # 2 +
PU6 11 3 Prod- Mkt > #* = >
PU7 16 4 Prod- Pros- Mkt > > # >

Source: authors elaboration based on the designed and applied survey. Pl stands for Product innovation;
Prl: Process Innovation; 10: Innovation within the organization and Mktl: Marketing Innovation. Finally, the
symbology stands for: @ increase, @ Ongoing and # No changes.

Also, as mentioned in Section 3 (Materials and methods), informa-
tion on the case studies that were analyzed and compared, based on
the designed interviews and survey, have been summarized in Table 6,
which synthesized the results of the answers given by the PUs.

As it can be seen in Table 6, those PUs with higher levels of TGAs
such as PU2 and PU4 showed an increasing trend in the level of innova-
tion in the last 3 years, especially in product and process innovation. On
the other hand, the PU with the lowest levels of TGAs, PU6, has also
showed the lowest level of innovation and reflects a deficient trend in
this area in the last 3 years. This confirms that the TGAs with different
stakeholders could favor the development of innovations in the PUs.
However, as it can be appreciated in the equation of the best-adjusted
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multiple linear regression model presented (eq. 2), the TGAs do not
have the same effect on the level of innovation. Given the fact that the
effects of the TGAs with other stakeholders are different, it is neces-
sary to analyze the nature of the TGAs themselves. Therefore, in the
following sections, we would attempt to understand the impact of the
TGAs within the innovation levels of the PUs, by type of innovations
per structure and with each stakeholder.

5.2. Process innovation, TGAs and PUs

First, it is worthy to mention that process innovation within UP has
been presented in 42% (3 out of 7) of cases. This process innovation
is based on changes made to address quality regulations, mainly those
established by the Ministry of Health (SS, Secretaria de Salud, by its
acronym in Spanish), such as national standards and methods for deter-
mining the presence of salmonella and optimal yeast levels in food,
or those related to the treatment of heat-trapped amaranth for proces-
sing. Other changes in production processes incorporate strategic and
administrative planning knowledge to improve production times and
optimize work efforts.

In these process innovations, it is possible to identify TGAs
between PUs and stakeholders of the S&T structure such as the one
formed between all PUs with the Colegio de Posgraduados (COLPOS,
Graduated College) for the development of socio-economic research
related to the production of amaranth and the development of work-
shops, courses and diplomas focused on the improvement of the social
organization. Besides, the Instituto Nacional de Investigaciones Fores-
tales, Agricolas y Pecuarias (INIFAP, National Institute for Agricultural
and Livestock Forestry Research) developed, in collaboration with
these agro-industrial units, a guide to technology transferences and
good practices in the production of amaranth. This included protocols
around the proper management and control of plant diseases and harves-
ting techniques as well as amaranth threshing (Tavitas et al., 2012).
Also, the Universidad Autonoma Metropolitana (UAM, Metropolitan
Autonomous University) designed and installed 'pilot' plots where
innovations at the first stage of amaranth production were tested, such
as the preparation of vermicompost and compost, accompanied by the
weeding process for disease control of the amaranth plant. The imple-
mentation of a 'pilot unit' of amaranth production was carried with three
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other surveyed agro-industry (P1-P3), allowing these same actors to
learn from the innovations during the process. Also, units PU1 to PU3,
and PUS5 collaborated with the Universidad Autonoma de Chapingo
(UACh, Chapingo Autonomous University) to design amaranth grain
trapping machines.

TGAs between the PUs with the G&I structure has been of particular
importance. In 86% of cases surveyed, the resources requested by the
PUs have been used for investment in machinery and production or
plant equipment. These TGAs have been between PU3 and the Comi-
sion Nacional de Zonas Aridas (CONAZA, National Commission of
Arid Zones) through a national program aimed to support small produ-
cers for the development of arid zones (Programa de Apoyo a Pequefios
Productores para el Desarrollo de las Zonas Aridas), especially for the
acquisition of threshing machines for production processes.

In the same sense, it is important to mention that, through the APS
social association, as an intermediary, all agro-industrial PUs generated
formal TGAs with the Secretaria de Desarrollo Rural y Equidad para
las Comunidades (SEDEREC, Secretariat of Rural Development and
Equity for Communities), these agreements aimed at the development
of machinery and technological equipment, as well as for the refurbis-
hment of production plants and the purchase of supplies for primary
production. Other necessary TGAs were also achieved between PU1
and PU2 and the Servicio Nacional de Inspeccion y Certificacion de
Semillas (SNICS, National Seed Inspection, and Certification Service)
for the registration of native amaranth varieties.

Between actors in the P&I structure with PUs, TGAs it is impor-
tant to mention that all PUs surveyed, retain a sense of identity and
common roots that greatly influences their productive decisions, espe-
cially during the partnership with other actors in the same area (P&I).
This has some dichotomic results; on one hand, it lowers transaction
costs as confidence increases, but at the same time creates barriers to
the entry of new non-local actors (Nooteboom, 2000), which could halt
exogenous innovation processes. But for local actors who manage to
establish TGAs, formal and informal, these agreements materialize into
the exchange of ideas, the resolution of common conflicts. Nonethe-
less, most of these linkages revolve around the flow of raw materials
between producers and transformers, and it is common to see collabo-
rative efforts to meet market demands. In terms of activities to drive
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process innovation, it is important to emphasize that the acquisition,
improvement, or adaptation of machinery and equipment, is carried out
by all PUs, although only 57% (4 out of 7) of these PUs have relied on
local suppliers, or others PUs, for the design or development of specia-
lized equipment for the amaranth industrialization process. This is due
to the high level of distrust, disinterest, and non-collaborative competi-
tion dynamics existing between PUs within the agri-food system.

5.3. Product innovation, TGAs, and PUs

Regarding product innovation, the survey results showed that PU product
innovations materialize in different practices, such as: (i) productive
diversification: the creation of new products based on amaranth, modi-
fying size and shape, flavor, ingredients; (ii) incorporation of products
with low glycemic indexes, to target the diabetics’ market; (iii) crea-
tion of products of high nutritional value such as protein concentrates,
concentrated flours, designed for athletes, seniors, and children; (iv)
obtaining amaranth protein concentrate with protein levels greater than 30%.

In this matter, the introduction of new products over the past three
years has been carried out in only 57% (4 out of 7) of PUs; a remai-
ning 28% (2 out of 7) of the agro-industrial PUs are in the process of
implementing or planning the incorporation of new products into their
production strategies. Besides, industrial property protection practices
are not significantly present in the PUs, as only 50% (2 of the 4 that
have incorporated new products) registered their new products, brands
or have used any form of institutional protection into their novelties
through trademarks.

In this sense, for product innovations, TGAs with the S&T structure
materialized in the collaboration that PU1, PU2, and PU3 developed
with the Instituto Nacional de Ciencias Médicas Salvador Zubiran
(INCMNSZ, National Institute of Medical Sciences and Nutrition) to
identify the nutritional content of amaranth and the performance of
bromatological studies, which is the first step to know the nutritional
contributions of amaranth food and, a step needed, to be able to develop
food improvements. Also, collaboration with INCMNSZ also contri-
buted to producing higher nutritional content foods, such as protein
flours, pasta, or snacks, all based on amaranth flour and maize.

In this same product innovation matter, TGAs between G&I and
PUs (all of them) have had a broad impact on the level innovation;
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results showed that for 83% of the PUs, the resources requested for
productive activities have resulted in changes and improvements in
packaging, which also led to an increase product quality.

On the other hand, TGAs between the PUs and stakeholders of the
P&I structure was formalized when collective marks were achieved.
The registration of this kind of institutional protections is an impor-
tant activity in the development of agri-food products, although this
has been done by only one of the interviewed units (PU1). It obtained
the collective mark, through formal TGAs with the APS, along with the
Central de Organizaciones Campesinas y Populares (COCYP, Central
of Peasant and Popular Organizations); hence becoming the first collec-
tive brand of the region, called Don Quiri®. Also, PU7 and primary
producers of the area established some other linkages to perform some
experiments aimed at the improvement of amaranth seed, genera-
ting varieties of a new not registered creole seed, designed to endure
planting in hillside spaces, which characterize the production area of
Mexico City.

5.4. Marketing innovation, TGAs, and PUs

In terms of the implementation of new forms of marketing (innova-
tion in marketing and commercialization), the trend and behavior of
PU are highly contrasting. Only 28% (2 out of 7) of PUs have fully
implemented some new form of marketing in the last 3 years; 14%
(1 out of 7) is in the process of being implemented and 28% (2 out
of 7) deny having generated any new marketing process whatsoever.
Innovation strategies in the PUs surveyed, could materialize in actions
such as: (i) promotion through social media and digital platforms; (ii)
marketing in cultural spaces such as food fairs and bazaars; (iii) part-
nerships between micro-enterprises for collective brands use; (iv) PU’s
amaranth products positioning into self-service markets, naturist shops,
shops specializing in artisanal, organic, and gourmet products.

In the field of marketing innovations, and as far as TGAs are done
with the S&T structure, some examples are important to highlight.
For instance, unit PU1, in accompaniment to the Instituto Politécnico
Nacional (IPN, National Polytechnic Institute) formalized a collectively-
based- company to boost the marketing of products in local markets,
a novel marketing organization for PUl. Besides, a series of TGAs
between the APS, including PU1 to PU7 and the UAM, the Instituto
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Tecnoldgico del Altiplano de Tlaxcala (ITAT, Technological Institute
of Tlaxcala), UACh, COLPOS, SEDEREC and the Instituto Nacional
de Antropologia e Historia (INAH, National Institute of Anthropology)
signed as part of the "Algeria of Santiago Tulyehualco, Xochimilco as
Intangible Heritage of Mexico City" appointment in 2016. This formal
and institutionalized recognition of the cultural, productive, agronomic,
and social value of amaranth grain could contribute to the revaloriza-
tion of amaranth grain in added value and specialized food markets.

Else ways, TGAs with the G&I structure have been done for deve-
loping marketing innovations; for example, 33% of PUs created new
marketing channels, expanded the current market by 83%, or accessed
accreditations or certifications by 17%, which provide certificates to
dabble into the food market. On this matter, it is noteworthy that the
management of spaces for the sales of their products, has been done
within the framework of farmers' fairs, bazaars, artisan markets, local
popular fairs, 'health weeks' and other public events, which constitutes
a new form of marketing, for the PUs. For example, PU5 has gene-
rated collaboration agreements with some private organizations such
as Fundacion Santander to manage new artisan markets; and for PU1
to PU4, TGAs of a similar nature have been signed with SEDEREC
for farmer’s fairs. Also, with all PUs surveyed, TGAs for this type
of innovation have been formalized, and institutionally recognized,
through the installation of amaranth sales spaces during the "National
Amaranth Day', a commemoration celebrated each Oct 10th that, from
2016 to 2019, was carried out on the esplanade of Plaza de la Republica
in Mexico City, a space of great importance for Mexican history and
culture.

Finally, TGAs for marketing innovation, among stakeholders of
the P&I structure, can be described as follows: in 70% of cases, the
PUs surveyed have collaborated with other companies to create stra-
tegic marketing alliances, but especially with those stakeholders that do
not manufacture the same amaranth products, and that do not represent
direct competition for the PUs. These trade alliances, or formal gover-
nance agreements, are presented especially between PU2 and PUS,
which have formed a productive link being PU2 the leader and main
transformer of amaranth, and where PU6 has become the main supplier
of amaranth as a commodity.
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5.5. Organizational innovation. TGAs and PUs

Organizational innovations, the last type, acts as the main factor in
adapting the organization to transformations and changes of the envi-
ronment and, therefore, tending towards their sustainability; although
it requires a binding component, it is a mostly endogenous process.
Therefore, the appropriation and adoption of organizational innovations
in companies are widely related to the transfer of information within the
organization (Navarro ef al., 2018).

In this sense, for the PUs surveyed, concerning the incorporation
into the company of some method of management of internal practices,
work areas, business practices, and external relations of the company,
only 42% (3 of 7) of the PUs have incorporated some new form of
organization in the last 3 years. The organizational innovations of the
surveyed PUs materialize in: (i) integration of PUs with civil asso-
ciations such as the APS; and (ii) conformation of eco-guard groups
formed by producers from the village area to implement conservation
and care strategies for protected green areas dedicated to amaranth
(Ramirez et al., 2010).

These organizational innovations are presented, in the cases through
the buildup of informal TGAs, especially with actors from the S&T and
G&I structure through knowledge transfer processes, such as courses
and training workshops around good manufacturing and food mana-
gement practices, cost control, logistical and operational management,
which ultimately could impact on the organizational structure of the
PUs by creating new areas of marketing, delivery, social networks and
sales, among others.

It is important to mention that, in all the forms of innovation
observed (product, process, marketing and organizational), it highlights
the absence of participation of consultancies or knowledge transfer
agencies, which have not been able to penetrate the amaranth agri-food
system and have not showed any interaction with the PUs; this mainly
due to the reluctance of PUs to actively cooperate with outlander
stakeholders.
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CONCLUSIONS

Considering that stakeholders are vital actors in the territory that
promote change and innovation in PUs, there is no doubt that agree-
ments among these actors in any agri-food system are of great matter. This is
explained because innovation is a complex, open, and interactive process,
with a strong social component that requires collective actions. These
formal and informal agreements put in place ever-changing cycles of
knowledge and learning, allowing them to face changing and uncertain
environments.

The case studies reveal that, although the level of product innova-
tion in PUs is present in all cases, it is usually incremental innovation;
and it mainly enhances due to the learning process that exists between
the PUs, which have had to collaborate sometimes -by being part of the
APS-, and to solve production issues such as supplies shortage or to
solve some specific needs on the territory. Also, organizational innova-
tions are presented to a lesser extent in the PUs mostly because they are
considered as an internal change, so they do not completely depend on
the TGAs, although it is precisely the breaking of some links with other
stakeholders -as we could see in the descriptions of the case studies-
that has precisely driven internal organizational transformations. On the
other hand, process innovations could also be considered an element of
internal change; however, they have been influenced by the existence
of TGAs, especially because the knowledge to do so has been obtained
from other actors -such as universities, research centers, or public insti-
tutions- which have provided tools for the change and improvement of
processes. Lastly, market innovations are also linked to the knowledge
obtained by TGAs, either with other companies or with the S&T struc-
ture, which have identified marketing strategies -such as the use of
social networks-, while government institutions (G&I) have promoted
the participation in local cultural and tourist events to promote local
gastronomic heritage; which has ultimately driven market innovations
in these PUs.

Also, this research, and the regression model estimated with the
gathered data, have shown that has highlighted the fact that the TGAs
that could have a higher effect on the level of innovation that occurs
within PUs are those generated between them and the P&I and S&T
structures. This is particularly because research centers, academic
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bodies, and working groups have showed in the las decade an incre-
asing interest around the study of Mesoamerican grains and cereals
such as amaranth. This can be particularly linked to the recognition
given to amaranth grain, by the United States Academy of Sciences and
FAO in the 1980s, as one of the best plant-based foods used for human
consumption and with the greatest potential for large-scale economic
and nutritional exploitation (SADER, 2020).

Also, TGAs between the S&T structure and the PUs has materia-
lized through the development of innovation projects where primary
producers, and other stakeholders of the agri-food amaranth system,
especially in the studied area, have carried out fieldwork, professional
practices, sampling studies, knowledge exchange and recovery of know-
how to of the amaranth-based-food cuisine. These interactions have
sensitized the S&T structure to understand the real needs of productive
stakeholders and have sometimes generated trusted links that transcend
initial research projects, giving way to more synergistic collaborations
with more homogeneous languages, which in return, enriches innova-
tion. Besides, companies, agribusinesses, or producers perceived that
the gap with the S&T structure has significantly narrowed down, so
allowing both parties to learn from each other while developing accom-
panying schemes.

The linkage with the G&I structure, while showing a contribution
to the level of innovation, usually has been restricted to one-way colla-
boration. This means that, since relationships have been limited to the
application and formalization of agreements for obtaining financial
resources, this have not always been precursors to innovation processes,
especially since G&I resources have usually been used just for the purchase
of some productive supplies; consequently, such agreements, while neces-
sary, do not always drive sustainable innovative behavior, as it does not
generate profound transformations in stakeholders' learning processes.
Besides, the continuity of this kind of TGAs between PUs and G&I,
depends on the permanence of public policy instruments and the conti-
nuity of financial programs aimed on this matter. Which in Mexico,
it is already an enormous challenge because public policies in sectors
such as science, technology, and innovation, are broadly subjected to
administrative, regulatory, and budgetary changes, and currently rely
on political swings, which in return creates institutional uncertainty.
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Regarding inter-PUs linkages (or P&I and P&I), it is important to
highlight the relevant role that APS has had for the strengthening of
the TGAs in the amaranth agri-food system because it has become a
conciliatory and unifying figure, that all the surveyed PUs have bene-
fited from just by being a member of it, as stated above. The APS has
an important degree of legitimacy and convening power, important
elements for the sustainability of TGAs created within the system. This
binding actor, and its participation as a promoter of TGAs agreements
for agri-food innovation, require further analysis and it is a promising
future line of inquiry and research. In conclusion, the quantitative and
qualitative analysis performed showed that the higher the levels of
TGAs, the PUs showed an increasing level of innovation, especially
product and process innovation, which leads to the conclusion that
TGAs within stakeholders could foster innovations in the PUs of the
amaranth agri-food system.

This work provides an innovative vision, from the perspective of
TGAs between stakeholders and the role they play in the innovation of
the PUs, since it allows us to glimpse a part of the agri-food amaranth
system of Mexico City, an issue that has not been sufficiently explored.
Likewise, there is a large window of opportunity to expand this study
and integrate more productive units into the analysis, and even to
glimpse the relation between TGAs and innovation behavior or tenden-
cies in other agri-food systems.
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