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ABSTRACT

Objective: The excessive use of synthetic fertilizers and pesticides has had negative effects on agricultural
biodiversity. Recently, an alternative that has been suggested is the use of bioinputs, such as biofertilizers,
biostimulants and biopesticides, coupled with the need to train agricultural technicians in topics related to the
preparation and use of these bioinputs. In response, SADER in collaboration with INIFAP, designed a Training
Program of 10 topics related to this subject, aimed at the technical staff of the Agricultural Representations.
Design/methodology/approach: In Hidalgo, approximately 40 participants attended the sessions. Each
participant completed both pre- and post-topic evaluations, as well as evaluations of the course and the
trainers. This information was compiled into a database and formed the basis of the present document, which
aims to describe the program’s results with a focus on capacity development (CD) and sustainable agriculture.
Capacity development was measured by assessing the change between the initial and final evaluation scores.
Results: The capacity development of the technical staff from the SADER Representation in Hidalgo was low,
with an average improvement of only 1.0 point over the 10 courses.

Findings/conclusions: Therefore, it is considered important to reinforce the training by implementing the
bioinput production processes presented.

Keywords: Capacity building, sustainable agriculture, soil fertility.

INTRODUCTION

The increase in the human population has been accompanied by a growing demand for
food, driving the development of agricultural technologies aimed at increasing productivity.
This was the case with the Green Revolution in the mid-20" century, which was based on
the use of high-yielding varieties, primarily cereals, as well as the massive application of
synthetic fertilizers and pesticides (Mamani & Filippone, 2018). These practices have led
to negative effects on agricultural biodiversity, triggering an escalating cycle of ecological
and social degradation, resulting in risks and threats (Molina, 2021). In response to these
adverse effects, the concept of sustainable agriculture has emerged, promoting agricultural
production while conserving natural resources such as soil, water, and biodiversity (Badgley
et al., 2007). This shift has been primarily driven by the increasing demand for agricultural
and livestock products free of agrochemical residues, necessitating changes in traditional
production methods.

An alternative that has gained relevance is the use of bioinputs, such as biofertilizers,
which
environmentally sustainable options (Mamani & Filippone, 2018). A bioinput is a

biostimulants, and biopesticides, represent economically attractive and
product based on compounds and/or extracts from microorganisms or plants, or on living
microorganisms, capable of improving crop productivity, quality, and/or health without

causing negative impacts on the agroecosystem (Gerwick & Sparks, 2014). Throughout
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history, these bioinputs have been used in traditional agriculture based on farmers’
empirical knowledge. However, most of them do not have a defined author and have not
been incorporated into agronomy curricula. This situation highlights the need to train
technicians who advise producers on the production and use of bioinputs, particularly
those focused on soil nutrition and fertility.

To address this need, the Secretariat of Agriculture and Rural Development (SADER), in
collaboration with the National Institute of Forestry, Agricultural, and Livestock Research
(INIFAP), designed a Training Program covering ten key topics on the production and
use of bioinputs and their benefits for soil conservation and fertility (Reyes ez al., 2023).
This program was aimed at technical staff from the Agricultural Representations in most
federal entities of the country, as well as other professionals in the sector.

One of the states that participated in this training was Hidalgo, where INIFAP
researchers delivered the ten topics to SADER technical staff during the last quarter of
2022. On average, 40 people participated, each of whom completed an initial and final
evaluation for each topic, as well as assessments of the course and trainers. This information
was compiled into a database, which served as the basis for this study. The objective of this
document is to describe the results of the Training Program for the Production and Use of
Bioinputs for Plant Nutrition and Soil Fertility Conservation in the State of Hidalgo, with

a focus on capacity development and sustainable agriculture.

MATERIALS AND METHODS
Data compilation

Data from the initial and final evaluations completed by 40 participants from the state
of Hidalgo were compiled in an Excel® spreadsheet. These evaluations covered the ten
topics included in the Training Program: 1. Nutritional needs of plants and soil as a source
of nutrients. 2. Biogeochemical processes in soil and their role in nutrient availability.
3. Interactions between microorganisms, plants, soil, and the environment. 4. Tools for
determining plant nutritional needs and the use of organic and synthetic fertilizers. 5.
Contribution of organic inputs to soil nutrition and quality. 6. Improvement of agricultural
crop productivity and health through the use of biological products. 7. Preparation and
use of bioles. 8. Production and use of compost. 9. Production and use of vermicompost.
10. Production and use of leachates.

The responses from the satisfaction surveys completed by the 40 participants for each of

the 10 topics covered were also integrated, reflecting their opinions regarding the course:

* Were the objectives and content of the training covered?

* How was the relationship between the explanations and the activities performed?
* Do you consider the content of the topics to be appropriate and up-to-date?

* The provided training materials.

* What was learned will be useful in my work activities.

* Are you satisfied with the course?

And their opinion regarding the instructor(s):
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* The treatment towards the participants.

* He/she presented the objectives and the work program.

* He/she fulfilled the objectives and the work program.

* Demonstrated mastery and knowledge of the topics.

* Promoted, supervised, and strengthened group integration.

* Conveyed the knowledge clearly.

Analysis of the Initial and Final Evaluation Responses

For each topic, a test with 10 questions was designed and applied at the beginning
and end of the topic presentation. The scores from the responses were compiled into an
Excel® spreadsheet, assigning a value of 1 for correct answers and 0 for incorrect ones.
The correct answers were summed, and the total was converted into a grade on a scale
from 1.0 to 10.0. The grades for all participants were then averaged to obtain the overall

average for each topic.

Analysis of the Course and Instructor Evaluation Responses

To analyze the responses from participants for each topic, a Likert scale (Ospina ef al.,
2003) was applied. For each question, participants could select from four options: excellent
(value of 4), very good (value of 3), good (value of 2), poor (value of 1), and very poor (value
of 0). The average value for each participant and for all the questions was calculated to

obtain an overall average for each course.

Evaluated Variables

To measure capacity development, the value of the final evaluation was subtracted from
the value of the initial evaluation for each course. Additionally, the average, maximum,
and minimum percentages of the evaluations for each course and each instructor were

calculated.

RESULTS AND DISCUSSION

Based on the topics presented in the 10 courses, the first four address conceptual
aspects of the soil-plant-environment relationship (Reyes ¢t al., 2023). Therefore, as
shown in Table 1, the initial scores obtained are the lowest, indicating limited mastery of
these topics by the participants. The following six topics have a practical orientation, so
the participants’ prior knowledge was greater, which is reflected in the scores obtained,
particularly in the production and use of leachates, where the initial score was 9.0 on a
scale of 1 to 10.

In the same Table 1, the values that participants obtained at the end of each course
are presented. It can be observed that the courses with greater practical application,
such as the preparation and use of bioles, composts, vermicomposts, and leachates, are
the ones with the highest scores. This shows the current importance of training and
disseminating these topics to transition from conventional agriculture to sustainable
agriculture, especially the last three inputs, due to their role as fertilizers and soil
enhancers (Aramendis et al., 2023).
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Table 1. Average values of the initial and final scores for the 10 courses taught in the state of Hidalgo.

Initial evaluation Final evaluation
Courses

Mean® | Max Min Mean Max Min
1. Nutritional .needs of plants and soil as a 50 9.0 10 70 10.0 90
source of nutrients.
2. BlOgeO(?hleC?.l processes in soil and 5.0 10.0 0.0 70 10.0 30
their role in nutrient availability.
3. Interac'tlons between microorganisms, 6.0 10.0 3.0 9.0 10.0 5.0
plants, soil, and the environment.
4. Tools for determining plant nutritional
needs and the use of organic and synthetic 6.0 10.0 10.0 8.0 10.0 2.0
fertilizers.
5. Cf)riltrlbutlon oforganlc inputs to soil 70 10.0 5.0 70 10.0 40
nutrition and quality.
6. Improvement of agricultural crop
productivity and health through the use of 6.0 10.0 3.0 8.0 10.0 6.0
biological products.
7. Preparation and use of bioles. 8.0 10.0 4.0 8.0 10.0 4.0
8. Production and use of compost. 7.0 10.0 10.0 8.0 10.0 3.0
9. Production and use of vermicompost. 7.0 10.0 4.0 9.0 10.0 3.0
10. Production and use of leachates. 9.0 10.0 3.0 9.0 10.0 4.0
Promedio general 7.0 10.0 3.0 8.0 10.0 4.0

“Mean=Average. Source: Prepared by the author using data from participant evaluations.

Composts, vermicomposts, and leachates are the most commonly used organic and
foliar fertilizers due to their high content of free amino acids or humic and fulvic acids.
Some of these inputs are produced by the farmers themselves (Mamani and Filippone,
2018). Therefore, training the technicians who support the farmers has positive effects,
and understanding the processes involved in their preparation will improve the efficiency
of these inputs, thereby enhancing production.

When analyzing the effect of the 10 courses on the skills acquired by the participants,
it is observed in Figure 1 that the topic with the greatest difference between the average
initial and final exam scores was related to “nutritional needs of plants and the soil as
a source of nutrients.” As mentioned earlier, this is a theoretical topic, and while most
participants are agronomists, not all are specialists in Soil. Therefore, the diagnostic
evaluation was low, but upon receiving the training, they absorbed the concepts
presented, as reflected in the final evaluation. There are other topics that did not show
improvements, such as “contribution of organic inputs to soil nutrition and quality,”
which had an initial and final score of 7.0, and “production and use of leachates,” which
maintained an initial score of 9.0.

When analyzing Figure 1, itis observed that the effect of the training was not significant.
The average score across the 10 courses was 1.0, which is a low value. This can be attributed
to the fact that capacity development is the result of a combination of resources, practices,
knowledge, and relationships (Gonzalez, 2021). It can be deduced that a short training

course is not sufficient to improve the participants’ skills. The topics taught, especially
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those with practical application, need to be put into practice. These topics explain how to
produce and use inputs and demonstrate the impact on soil improvement or performance.
This can only be achieved through direct contact with the producers, which is the main
role of most of the course participants. Only then can it be said that the individual has
acquired experience, knowledge, and technical competencies (Gonzélez, 2021).

Another aspect that can be observed in Figure 1 is the training gap. In the case of
the production and use of compost, this topic needs to be reinforced, as the average final
evaluation score was 7.0. This result represents an area for improvement (Gonzalez, 2021),
because compost 1s a bio-input that can be produced from manure, a widely available
ingredient in the state of Hidalgo, such as in the Tizayuca and Valle de Tulancingo dairy
basins (Poméon et al., 2006).

A determining factor for capacity development is the instructor. Participants’ opinions
regarding these actors were evaluated on a scale from 0 to 4, where zero is very poor and
four is excellent. The average of the six questions is shown in Figure 2, which includes the
evaluation of: the treatment towards participants, the communication and fulfillment of
course objectives, as well as the instructor’s command and delivery of the course content.
In this figure, it is observed that the instructor with the lowest score was the one who taught
the course on the production and use of compost, with participants indicating that they
perceived less mastery and knowledge of the topic, as well as difficulty in transmitting it
clearly. Although this instructor received the lowest score, they averaged a rating of 3.4,

which places them in the “very good” category according to the scale used. On the other

Initial Final Increase

Nutritional needs of plants
and soil as a source of
nutrients
0.9
Production and use of 0.8
leachates

Biogeochemical
processes in soil and their
role in nutrient availability

Interactions between
microorganisms, plants,
soil, and the environment

Production and use of
vermicompost

Tools for determining
plant nutritional needs
and the use of organic
and synthetic fertilizers

Production and use of
compost

Contribution of organic
inputs to soil nutrition and

quality

Preparation and use of’
bioles

Improvement of
agricultural crop
productivity and health

through the use of...

Figure 1. Effect of the training received by participants in 10 courses held in the state of Hidalgo.
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Production and use of leachates [
Production and use of vermicompost | —
Production and use of compost | ———

Preparation and use of bioles

Improvement of agricultural crop productivity...
Contribution of organic inputs to soil nutrition...
Tools for determining plant nutritional needs. ..
Interactions between microorganisms, plants,...

Biogeochemical processes in soil and their. ..

Nutritional needs of plants and soil as a...
3.1 32 33 34 35 36 37 38 39 4.0
m [nstructor Evaluation ® Course evaluation

Figure 2. Evaluation of the instructors and the 10 courses held in the state of Hidalgo. Source: Author’s
elaboration based on the participants’ satisfaction survey data.

hand, the instructors who received the highest ratings were those who taught the courses
on “preparation and use of bioles” and “production and use of vermicompost.” Analyzing
the ratings given to all the instructors, it is clear that all instructors received ratings above
3.4, indicating that participants rated them as very good or excellent.

In the same Figure 2, the average rating of the 10 courses provided by the participants is
shown, regarding each course. Their opinions were based on whether the stated objectives
were met, if the topics were appropriate and up-to-date, if the provided materials were
useful and adequate, if what was learned was applicable to the participants’ activities, and
how satisfied they were with the course. In this figure, it is observed that the course with
the lowest rating was “Biogeochemical Processes of the Soil in Nutrient Availability,” with
the question regarding the provided materials receiving the lowest score. Although this
course received the lowest rating, it still averaged a score of 3.5, which places it in the “very
good” category.

In contrast, the course with the highest rating was the “Preparation and Use of Bioles.”
For the six questions that asked for the participants’ opinions, it received an excellent
rating, with an average of 3.95. Upon analyzing the ratings for all the courses, they all
scored higher than 3.5, indicating that the participants rated all 10 courses as very good to
excellent.

CONCLUSIONS

The results presented from the participants in the Training for the Production and Use
of Bioinputs for Plant Nutrition and Soil Fertility Conservation in the state of Hidalgo show
that the capacity development was low, with an average change in the final evaluation
score compared to the initial score of only 1.0 on a scale from 1.0 to 10.0 in the knowledge
acquired. The initial average score across the 10 courses was 7.0, and at the end, they
obtained 8.0. Even in the topics of “Contribution of organic inputs to soil nutrition and
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quality” and “Production and Use of Leachates,” the scores obtained in both evaluations
were the same.

The participants’ ratings regarding the performance of the instructors, as well as the
quality, relevance, and applicability of all the courses, were above 3.4 on a scale of 4,
indicating that both the instructors and the courses were rated as very good and excellent
by the participants. However, the difference between the initial knowledge of the topics
versus the knowledge acquired by the end of the training was low.
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