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ABSTRACT

Objective: To evaluate the level of adoption of technological innovations (TTs) and the effect of pig producers’
participation in the GGAVATT model in the state of Guanajuato.

Design/methodology/approach: Monthly data from 5,162 records of 260 pig farmers who received
technical assistance and training (TAT) through the GGAVATT model from 2014 to 2020 in Guanajuato were
analyzed. The data included participation in meetings, training sessions, and technology transfer tours, as well
as the implementation of 25 technical interventions (T1Ts). Five synthetic variables were constructed as adoption
indices (Als) of TIs: Technical Assistance and Training (TAT), Management (M), Nutrition (N), Reproduction
and Genetics (RG), and Health and Biosecurity (SB). To evaluate the effect of technical assistance (TA) on the
use of TTs, producers were classified into three levels according to their participation in GGAVAT'T: 1 year, 2-3
years, and 4-5 years. The five indices were calculated for each participation level.

Results: The estimated Al values by level of participation of pig farmers in the GGAVATT were 0.38, 0.40,
and 0.46 for TAyC; 0.51, 0.53, and 0.62 for M; 0.58, 0.61, and 0.69 for N; 0.53, 0.61, and 0.66 for RyG; and
0.53,0.58, and 0.63 for SyB.

Limitations on study/implications: While all the Als changed positively, the transition from a semi-
technified to a technified production system was not achieved. Therefore, future studies should analyze other
factors that limit I'T adoption.

Findings/conclusions: The TAT activities provided to pig farmers through the GGAVATT model positively
influence the adoption of technological innovations, with the strongest effect observed in the area of nutrition.

Keywords: Livestock technology, Livestock groups, Pig farming.

INTRODUCTION

Livestock production focuses on generating animal protein to feed the population. In
2024, meat consumption in Mexico reached 10.8 million tons, of which 30.2% was pork,
ranking second after poultry (COMECARNE, 2025). Meat production depends on the
physiological development of sows and their offspring, which in turn is influenced by

agroclimatic factors and the use of technology. In this context, technological innovations

play a key role in ensuring the success of livestock production units (Montero et al., 2015).
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According to Quintero et al. (2021), technological innovation promotes changes in
production processes through the adoption of technologies, procedures, new forms of
organization and production management, which improve productivity and the efficient
use of production factors. Although the concept of innovation has often been addressed
from a business perspective, there is sufficient literature indicating its application to
agricultural and livestock enterprises (Racewicz et al., 2021; Sanchez et al., 2022; Granada
etal.,2021).

Technological innovation materializes through adoption, which measures the outcome
of producers’ decisions to use or not a given innovation in the production process (Martinez
etal., 2018). In the case of agricultural and livestock innovation, this process is complex and
is defined as a set of organizations with links and interactions among them, dedicated to:
1) generation, ii) validation, iit) adaptation, iv) transfer, v) dissemination, and vi) adoption
of technologies and knowledge for problem solving (Quintero et al., 2021). For the first
three stages, research institutions are primarily involved, although in some cases they also
participate in technology transfer and dissemination. An example of this is the GGAVATT
model (Grupos Ganaderos de Validacién y Transferencia de Tecnologia), which was
developed by the National Institute of Forestry, Agricultural, and Livestock Research
(INIFAP) in Veracruz. Its objectives are to validate and transfer livestock technology to
organized groups of producers (Roman et al., 2021). One of the states where this model
has been successtully applied is Guanajuato, where the state government has promoted the
use of technological innovations under the GGAVATT model since 2002, supporting an
average of 77 groups per year (Roman et al., 2021). One of the animal protein production
systems that has benefited from this model is the pig production system.

In Mexico, pig productionis highly important as it provides meat, generates employment,
and adds value. It is based on three production systems: a) technified, b) semi-technified,
and c¢) backyard or artisanal (Alonso and Rodriguez, 2024). The system that predominates in
the state of Guanajuato is the semi-technified system, which is characterized by traditional
facilities, medium productivity, and poor animal health.

In 2023, 140,169 tons of pork were produced, with 16,412 production units housing
1,746,492 pigs, with an average carcass weight of 80 kg (Alonso and Rodriguez, 2024).
Pork production is one of the most dynamic livestock activities (SIAP, 2022); for this
reason, GGAVATT groups of pig producers have been established in Guanajuato,
receiving technical assistance and training from livestock technicians. Through this model,
a technological package consisting of 25 technical assistance, training, management, and
technological innovation activities is promoted, although the effect of this model on the
adoption of these practices remains unknown. The objective of this study was to evaluate
the level of adoption and the effect of participation in GGAVATT among pig producers in

the state of Guanajuato, Mexico.

MATERIALS AND METHODS
Variables and Information Sources
The study was conducted in the state of Guanajuato using information from pig farmers

organized in informal groups within the pork production system, who receive technical
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assistance and training from livestock technicians (Romadn et al., 2021). The methodological
strategy applied with these producers is based on the GGAVATT model, which includes
the establishment of technical, economic, and technology-use records (Roman et al., 2021).
Therefore, monthly information on the application of a technological package is available.

For this research, monthly data from 5,162 records of 260 pig producers who received
technical assistance through the GGAVATT model between 2014 and 2020 were compiled
and analyzed. The study covered five municipalities: Leén, Moroleén, Pénjamo, Tarimoro,
and Yuriria in Guanajuato (Figure 1).

The information was obtained from monthly monitoring forms in which each advisor
recorded the participation of producers in GGAVATT monthly meetings, the training
sessions provided, and the scheduled technology tours. Additionally, participation in
management activities, practices, and technological innovations implemented by each
producer during the month of record was documented, assigning a value of 1 if performed
and 0 if not (Table 1). The data were compiled into a database using Excel®.

Tarimoro

Yuriria
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Figure 1. Location of GGAVATT pig producer groups in the state of Guanajuato.

Table 1. Synthetic variables used.

Synthetic variables

Activity, practice, and technological innovations

Technical assistance and

1) Monthly meeting, 2) Training course or workshop, 3) Training in the use of artificial insemination, and 4)

training Technological tours.

Management 1) Permanent numerical identification, 2) Individual female record, 3) Recording of piglet birth date and
weight, 4) Recording of piglet weaning date and weight, 5) Record of initial age and weight for fattening, 6)
Record of age and weight at the end of fattening, and 7) Record of monthly income and expenses.

Nutrition 1) Use of concentrates/premixes and 2) Management of balanced diets by production stage.

Reproduction and Genetics

1) Use of farrowing crates, 2) Breeding stock selection, 3) Use of artificial insemination, 4) Raising of
replacement gilts, and 5) Use of maternal lines.

Health and Biosecurity

1) Internal and external deworming, 2) Vaccination against viral diseases, 3) Washing and disinfection of
facilities, 4) Biosecurity measures, 5) Ammonia control, 6) Rodent control, and 7) Temperature control.

Source: Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.
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Estimation of Technological Innovation Adoption Indices

Based on the previously mentioned database, five synthetic variables were constructed
as technological indices by livestock area (Table 1). To estimate the technological level per
production unit, the methodology of technological indices proposed by De Freitas and
Pinheiro (2013) was applied, based on the use of the 25 technological activities, practices,
or components, which are distributed across five areas (or synthetic variables). Within each
area, the variables take a value of 1 or 0, indicating whether they were applied or not. To
estimate the synthetic variables, the methodology proposed by Espinosa et al. (2018) was
adapted. The formula is described below:

[“=2i
! ij 51’--%

Where: [ij is the adoption index for livestock area 7 for producer j, d,, is the actual sum
obtained by the producer according to the number of activities, practices, or technological
innovations implemented, and 0,_,, is the maximum sum of the z practices or technologies
that a producer j can implement in livestock area i. The calculated index values range
within the interval 0>1 i<l

Effect of the GGAVATT Model on Innovation Adoption

To measure the effect of the GGAVATT model on innovation adoption, producers
were classified into three levels according to their duration in the group receiving technical
assistance: 1 year, 2-3 years, and 4-5 years. The five adoption indices were calculated for
cach level. Additionally, Pearson partial correlations between the estimated indices were
calculated using the statistical softwareJMP® 17.

RESULTS AND DISCUSSION
GGAVATT for Pig Producers in Guanajuato

The GGAVATT model consists of an organized group for livestock production,
in which all enthusiastic farmers receptive to technological changes can participate.
Groups are formed with 10 to 20 “friendly” producers whose ranches or farms have
similar characteristics and production purposes, such as milk and meat (Galindo, 2001).
In Guanajuato, GGAVAT'T groups have been established for producers in the following
production systems: beef cattle, dairy cattle, beekeeping, goats, sheep, and pigs. These
producers receive technical assistance and training from livestock technicians to improve
productivity, income, family self-employment, and the sustainability of their production
units (Roman et al., 2021).

This model has been operating in the state since 2002, and in 2024 it served 1,100
farmers organized into 55 groups, who received technical assistance from 55 professionals,
mainly veterinarians and livestock agronomists, as well as technical support from a

researcher at the National Institute of Forestry, Agricultural, and Livestock Research
(INIFAP), affiliated with the Bajio Experimental Station.
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In the state of Guanajuato, an average of six GGAVATT pig producer groups were
established per year during the 2014-2020 period, serving an average of 138 pig producers.
This indicates that each GGAVATT consisted of 23 members, exceeding the number of
producers suggested by the model designers, which was a maximum of 20 producers
(INTFAP, 2005; Roman et al., 2021). The number of GGAVAT'T pig producer groups
during 2014-2020 did not show major variations; however, the number of producers did.
As shown in Figure 2, this is because the average number of producers per group increased
from 16 in 2014 and 2015 to 30 in the following three years, and then decreased again in
2019 and 2020.

The distribution by year, municipality, gender, and years of participation in the
GGAVAT'T model for the 5,162 records analyzed is presented in Table 2. It can be
observed that most records correspond to men, from the municipalities of Le6n, Pénjamo,
and Yuriria, and to producers with four or more years in the model.

Adoption of Technological Innovations

The adoption indices of technological innovations by livestock area are presented in
Figure 3. It can be observed that all values increased among pig producers who were more
consistent in their participation in the GGAVAT'T.

NUMBER OF GGAVATTs NUMBER OF SWINE PRODUCERS
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Figure 2. Trends in GGAVATT and the number of pork producers in the state of Guanajuato. Source: Author’s
elaboration, based on data available from the Bajio Experimental Station, INIFAP.

Table 2. Distribution of pig producers by municipality, level, year, and gender.

Municipality Frequency % Gender Frequency %
Le6n 1,261 24.4 Hombre 4,324 83.8
Moroleén 630 12.2 Mujer 838 16.2

Pénjamo 1,279 24.8 Year Frequency %
Tarimoro 720 13.9 2014 245 4.7
Yuriria 1,272 24.6 2015 362 7.0
2016 846 16.4
Level Frequency % 2017 1,110 21.5
Un ano 723 14.0 2018 1,110 21.5
2 6 3 aflos 2,193 42.5 2019 859 16.6
4 6 5 anos 2,246 43.5 2020 630 12.2

Source: Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.
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Figure 3. Adoption of health and biosecurity innovations in GGAVATT pig producer groups in Guanajuato,
Mexico. Source: Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.

The index that reached the highest value, almost 0.7, was Nutrition, followed by the
indices for Reproduction and Genetics (RG) and Health and Biosecurity (HB), each about
three percentage points lower. This indicates that nearly 70% of pig producers incorporated
technological innovations in these areas. This value is consistent with the study by
Martinez et al. (2018) on beekeepers in Campeche, which reported adoption values of good
production practices in the categories of artificial feeding and apicultural health of 0.90
and 0.68, respectively. It also aligns with the study by Espinosa et al. (2018) on livestock
producers in the Mexican tropics, which reported adoption indices for innovations in the
areas of nutrition and health of 0.70 and 0.71, respectively. Furthermore, these results
show that technical assistance has a positive effect on the adoption of innovations.

By analyzing the change in adoption index values between pig producers with one year
of participation in the GGAVAT'T and those with up to five years, it can be observed that
the area with the greatest effect is Reproduction and Genetics, followed by Nutrition and
Health and Biosecurity, with increases of 13%, 11%, and 10%, respectively. The positive
effect of technical assistance and training in these three areas aligns with a study reported
by Forero et al. (2013) for dual-purpose cattle producers in rural high-Andean areas of
Colombia.

The behavior of the variables that make up each of the indices presented above is
described below. Regarding technical assistance and training activities (Aguilar ez al., 2003),
these are carried out monthly by the technicians with the pig producers. Participation in
these activities is shown in Figure 4, where it can be observed that participation is highest
in the monthly meetings, which follow a work program designed at the beginning of each
year. About 70% of pig producers who join a GGAVATT attend the meetings, increasing
their participation to 80% after five years in the program. Participation in training sessions
1s lower, although it increases among producers who remain in the GGAVAT'T, reflecting
a positive change in their attitude toward training, as noted by Gonzalez (2021). Finally,
participation in technology tours is low, which is justified by biosecurity reasons that
recommend restrictions when visiting or being visited by pig production farms (Montero et
al., 2015; Racewicz et al., 2021).
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Figure 4. Participation of pig producers in Guanajuato in technical assistance and training activities of the
GGAVATT. Source: Author’s elaboration, based on data available from the Bajio Experimental Station,
INIFAP.

Participation of pig producers in management activities is presented in Figure 5. Across
the seven variables considered, a positive change is observed as producers spend more
time in a GGAVATT. Recording the identification, dates, and weights of piglets and
weaners showed the highest values, although progress in the use of economic records is also
important, as it generates information for conducting technical and economic evaluations
(Benitez, 2015).

Figures 6, 7, and 8 present the behavior of technological innovations in the Nutrition,
Reproduction and Genetics, and Health and Biosecurity indices, respectively. The adoption
of these innovations increased positively with longer participation in the GGAVATT, so
that more than 50% of pig producers with five years of technical assistance applied most
of the recommended innovations. The highest adoption values were observed for the
administration of balanced diets by production stage, deworming, use of farrowing crates,
use of maternal lines, and rearing of replacement animals.

The use of these innovations does not exceed 80% adoption in any case, which indicates
that the technological level of pig farms participating in the GGAVATT in Guanajuato

Record of monthly income and expenses |
Record of age and weight at the end of fattening |——
Record of initial age and weight for fattening |—
Recording of piglet weaning date and weight | —
Recording of piglet birth date and weight
Individual female record |

Permanent numerical identification e
0 01 02 03 04 05 06 0.7 08 09

4 to 5 years M 2 to 3 years B One year

Figure 5. Adoption of management activities in GGAVAT'T pig producer groups in Guanajuato. Source:
Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.
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Figure 6. Adoption of animal nutrition innovations in GGAVAT'T pig producer groups in Guanajuato. Source:
Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.
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Breeding stock selection
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Figure 7. Adoption of reproduction and genetics innovations in GGAVAT'T pig producer groups in Guanajuato.
Source: Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.

Temperature control |
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Figure 8. Adoption of health and biosecurity innovations in GGAVATT pig producer groups in Guanajuato,
Mexico. Source: Author’s elaboration, based on data available from the Bajio Experimental Station, INIFAP.

is consistent with the semi-technified production system (Alonso and Rodriguez, 2024).
This also shows a margin for improvement, which may not be achieved through technical
assistance alone.

The correlation analysis showed positive and significant values between technical
assistance and training and the indices associated with the adoption of technological
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innovations. This confirms the positive effect that the technical assistance provided by
the technicians implementing the GGAVATT model has on the adoption of technological
innovations, as reported by Tejeda ez al. (2019).

Table 3. Partial correlations.

Waelvtes:| Reproduction | Health and
Item assistance | Management | Nutrition procuct’ . .
oGl e and Genetics | Biosecurity
Zﬁ;ht?:iijgsmtance - 0.080%+* 0.045%* 0.187%* 0.165%*
Management 0.080%** — 0.409%** 0.585%** 0.650%**
Nutrition 0.045%* 0.409%k= — 0.44 7% 0.467%#*
Reproduction and 0.187%%% 0.585%#* 0.447%5% - 0.709%%%
Genetics
Health and 0.165%+* 0.650%* 0.467%#+ 0.709%+ —
Biosecurity

Note. * p<.03, ** p<.01, ** p<.001. Source: Author’s elaboration, based on data available from the Bajio
Experimental Station, INIFAP.

CONCLUSIONS

The technical assistance and training activities promoted among pig producers
participating in the GGAVATT model in the state of Guanajuato have increased the
adoption of technological innovations, with the greatest effect observed in the areas of
Nutrition and Reproduction and Genetics. The adoption index values reached by pig
producers with five years of technical assistance range between 0.46 and 0.69, with the
lowest value corresponding to technical assistance and training and the highest to nutrition.
This indicates that the level of technological innovation is consistent with a semi-technified
production system.
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