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ABSTRACT

Objective. To evaluate the impact of an artificial intelligence (Al) system specialized in organic fertilization
recommendations—based on local soil and crop data—on the learning outcomes of Agronomy students.
Methods. A quasi-experimental design was applied to a sample of 200 higher education students majoring in
Agronomy. A validated questionnaire was administered, and a probit econometric model was used to estimate
the probability of academic success. Results. Findings indicate that the use of Al significantly increased the
likelihood of effective learning (B = 0.896, p = 0.0023). Previous agricultural experience showed a marginally
significant effect, while variables such as age, gender, and academic semester were not statistically significant.
Conclusions. Contextualized Al is an effective pedagogical tool to enhance the understanding of organic
fertilization among Agronomy students, fostering a more sustainable, resilient, and equitable agricultural
education.

Keywords: agriculture; sustainable development; agricultural education; artificial intelligence, educational technology.

Objetivo. Evaluar el impacto de un sistema de inteligencia artificial (IA) especializado en recomendaciones
de fertilizacion organica basada en datos de suelos y cultivos locales sobre el aprendizaje de estudiantes de
Agronomia. Métodos. Se empled un disefio cuasiexperimental con una muestra de 200 estudiantes de
educacion superior de la carrera de Agronomia. Se aplicd un cuestionario validado y se utilizd un modelo
econometrico probit para estimar la probabilidad de éxito académico. Resultados. Los resultados indican que
el uso de la IA incremento significativamente la probabilidad del aprendizaje efectivo (3 =0,896, p = 0,0023).
La experiencia previa en agricultura muestra un efecto marginalmente significativo, mientras que variables
como la edad, el género y el semestre académico no influyen de manera significativa. Conclusiones. La IA
contextualizada es una herramienta pedagogica eficaz para mejorar la comprension de la fertilizacion organica
en estudiantes de Agronomia, promoviendo una educacion agricola mas sostenible, resiliente y equitativa.

Palabras clave: agricultura, desarrollo sostenible; educacion agricola, inteligencia artificia, tecnologia educativa.
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Artificial intelligence in organic fertilisation

INTRODUCCTION

In recent years, precision agriculture has gained
increasing importance in the context of food security
and agronomic sustainability (Sharma et al, 2021). It
is also evident that, over the past five years, interest
in applying emerging technologies to optimize
resources in agricultural processes has increased,
with artificial intelligence (Al) serving as the principal
mechanism (Araujo et al,, 2021; Buitrago Bolivar et al,,
2024). Modern agronomy requires the development
of suitable recommendation systems that enable
farmers to make sound decisions regarding plant
nutrition management on their agricultural holdings.

The integration of Al into agriculture is undeniable;
however, there is a significant lack of empirical
research on the pedagogical effectiveness of these
emerging tools with regard to the teaching of organic
fertilization in higher agronomic education (Shastri et
al., 2025). Specifically, there has been no systematic
examination of how intelligent recommendation
systems influence students’ conceptual understanding
and competency development in this area of science
(Garton, 2019).

At the international level, research in precision
agriculture  has shown that machine learning
models have achieved accuracies above 95% in
yield prediction under various fertilization scenarios
(Musanase et al, 2023; Tanaka et al,, 2024); however,
most of these studies have focused on chemical
fertilization. The training of agricultural professionals
has undergone transformations toward digitalization,
requiring competencies in Al-based decision-support
systems (Mohammed et al,, 2025; Vizuete, 2024).

At the national level in Ecuador, the field of
research connecting Al, organic fertilization, and
agronomic education remains underdeveloped (Ruiz
et al, 2024), as there is a notable absence of studies
using robust econometric methods, such as probit
analysis, to evaluate the impact of Al on specific
educational outcomes in the agronomic field (Cruz &
Velazco, 2025; Garton, 2019).

The development of this study is justified by its
potential to generate empirical evidence on the
effectiveness of Al systems as pedagogical tools in
a critical area for sustainable and resilient agriculture
(Izquierdo et al, 2025; Ferreira et al, 2024). The
application of the probit model to evaluate binary
educational outcomes (success/failure in learning)
represents a relevant methodological contribution,
as it makes it possible to control for confounding
variables and generate robust estimates of the causal
effect of the technological intervention.
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The objective of this study was to establish a
controlled experimental evaluation of the impact
of Al systems specialized in organic fertilization
recommendations on the learning outcomes of
Agronomy students.

METHODS

Study type and area

The study was conducted during the October
2024-February 2025 academic term and adopted a
quantitative, cross-sectional, and quasi-experimental
design. This  methodological approach  was
chosen because it made it possible to analyze
the effectiveness of an Al system in formulating
recommendations for organic fertilizers, contrasting
the impact of its use on the teaching-learning
process of Agronomy students (Prity et al, 2024).
The quasi-experimental design was appropriate
because, although it was not possible to control
several external variables as in a true experiment,
comparative groups were established, making it
possible to evaluate its effect in the study.

The study was carried out in the Faculty of Natural
Resources at the Escuela Superior Politécnica de
Chimborazo (Orellana Campus), in the Agronomy
program. This academic setting included classrooms
and agricultural simulation laboratories, where
students regularly received both theoretical and
practical training. To this academic training, Al was
added as an emerging didactic teaching-learning tool
within academic instruction in the area of organic
fertilization in representative regional crops (coffee,
cacao, and pasture grasses).

Population and sample

The study population consisted of 470 students
enrolled in the Agronomy program. Sample selection
was based on criteria including enrollment in the
Soil Fertility and Plant Nutrition course and students’
availability to participate actively in the academic
activities scheduled for this research.

To determine the sample, the following criteria
were taken into account: students who did not meet
the minimum attendance required for the scheduled
sessions were excluded, as were those who, due to
technical limitations, were unable to interact with the
Al platform used in this research (Afzal et al.,, 2025).

Once these criteria had been applied, a sample
of 200 students was selected, representing different
levels of training within the program. The sampling
method was non-probabilistic convenience sampling.
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This technique was justified by the accessibility
and relevance of the participants to the course
under study; it made it possible to form a large
and homogeneous group of students within a real
learning context. Although this technique does
limit the generalization of the results to a broader
population, it was the most appropriate for the
objectives and conditions of the study (Hernandez
Sampieri et al, 2014).

Variables and data collection instruments

The dependent variable was defined as the students’
level of learning, a dichotomous variable that made it
possible to identify whether participants achieved the
expected outcomes after the intervention with the Al
tool. This variable was measured based on the scores
obtained in the second section of the structured
questionnaire, which reflected understanding of plant
nutrition and organic fertilization concepts.

The independent variable corresponded to the use
of Al as a tool for recommending organic fertilizers,
which represented the technological intervention of
the study. This variable was operationalized through
the quasi-experimental design by differentiating
between the group exposed to Al and the control

group.

Age (numerical) and prior experience in organic
agriculture (ordinal) were considered control variables
in order to adjust the probit econometric model for
relevant sociodemographic and academic factors
(Araujo et al., 2021; Vasconcelos et al., 2024).

Regarding the data collection instrument, a
structured and validated questionnaire was used,
specifically designed by the author of the study to
address the proposed objectives and ensure the
reliability and validity of the data collected. The
instrument consisted of two dimensions and a
total of 24 items. The first dimension corresponded
to sociodemographic and academic data and
included 8 items covering variables such as age,
gender, academic semester, and prior experience in
organic agriculture. The second dimension assessed
the level of learning and perception of Al use
through 16 items aimed at evaluating the degree of
understanding of content related to plant nutrition
and organic fertilization, as well as perceptions
of the effectiveness of Al in the teaching-learning
process.

The instrument was scored using a five-point Likert
scale (from 1 = strongly disagree to 5 = strongly
agree), which made it possible to quantify students’
perceptions and attitudes regarding the use of Al.
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As for the validation and reliability of the
questionnaire, it was subjected to a rigorous content
validity process through review by three experts
in university teaching and technologies applied to
Agronomy, who evaluated the relevance, clarity,
and coherence of the different items in relation to
the study objectives. Aiken's V statistical technique
was applied to determine the instrument's internal
validity. To determine reliability, a pilot test was
conducted with 20 students not included in the
main sample. Based on the results, Cronbach'’s alpha
coefficient was calculated, reaching a value of 0.87,
indicating high internal consistency of the instrument
(Klompenburg et al, 2020; Romero-Garcia et al,
2025).

Data collection techniques and procedures

Data collection was carried out following a
systematic process, thereby ensuring the quality of
the information gathered from the 200 Agronomy
students who made up the sample. The process was
carried out in the following stages:

First, ethical approval and informed consent were
obtained from each of the participating students.
They were informed of the purpose of the study, the
voluntary nature of their participation, the anonymity
and confidentiality of their responses, and the
possibility of withdrawing at any time without penalty.

As a second step, all students were exposed to the
agricultural simulation Al system as a complementary
didactic tool within their regular academic activities.
The Al system used was Agronutrix, specialized
in generating personalized recommendations for
organic fertilization through supervised learning
algorithms based on local soil, climate, and crop
data. The system interface allowed students to
enter specific parameters for their crops and receive
contextualized recommendations in real time. Over a
period of eight weeks, students interacted with the Al
platform in order to understand and apply concepts
related to organic fertility.

As part of data quality control, the questionnaires
were reviewed to identify incomplete or inconsistent
(outlier) responses, thereby ensuring data quality
before processing and analysis. RStudio version
442 was used to perform a descriptive analysis that
included measures of central tendency (mean and
median), measures of dispersion (standard deviation
and variance), as well as frequency and percentage
analyses.

Subsequently, a probit econometric model was
applied to estimate the probability that the Al tool
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Table 1
Descriptive analysis of central tendency
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Variable Mean Median Standard deviation Variance
Age 218 264 46 212
Semester 56 6.0 2.9 84
Latent probability 0.65 0.72 0.31 0.10

significantly influenced the level of learning (Lopez,
2020). This model was appropriate because it made
it possible to examine a dichotomous dependent
variable derived from the learning outcomes (adequate
learning vs. insufficient learning). In addition, the
effects of the control variables were tested within the
model, ensuring greater robustness in the inferences.

The results were interpreted in relation to previous
literature, and their pedagogical and technological
implications were discussed. In this way, the statistical
analysis not only described trends, but also explained
causal relationships among the variables studied.

Ethical considerations

This research was rigorously evaluated and approved
by the Agronomy Program Commission and by the
competent technical committee under registration
number CIEI-ESP-2024-001, ensuring the feasibility
and methodological relevance of the study. This
approval guaranteed that the procedures used in
data collection and analysis were appropriate for
the proposed objectives. In addition, informed
consent was obtained from all participants, and their
anonymity and confidentiality were safeguarded
throughout the entire process.

RESULTS

According to the results shown in Table 1, the
average age of the participants was 21.8 years, with
a median of 264, indicating a possible asymmetry
in the distribution toward older ages. The standard
deviation of 4.6 and the variance of 21.2 suggest
moderate dispersion in age. Regarding the semesters
completed, the mean was 5.6 and the median was
6.0, reflecting a group that was in the intermediate
stage of their professional training. The latent
probability variable showed a mean of 0.65 and
a median of 0.72, with low variability (standard
deviation of 0.31, variance of 0.10), suggesting that
most students perceived a similar level of latent
probability regarding the effectiveness of Al use.
These descriptive statistics provide a basis for the
subsequent probit analysis.

The results of the probit model, presented in Table
2, reveal statistically significant findings regarding
the effectiveness of the Al system in the teaching-
learning process of organic fertilization techniques.
The positive and highly significant coefficient of the
Al-use variable (B = 0.869; p = 0.0023) indicates that
the use of artificial intelligence systems substantially

Table 2
Results of the application of the probit econometric model
Variable Coefficient Standard error zvalue p value Significance
Intercept (Constant) -2.884 0.748 -3.86 0.00011 Foxk
Use of Al 0.869 0.285 3.05 0.0023 i
Age 0.041 0.025 164 0.101 *
Gender (male = 1) -0.142 0.283 -0.50 0616
Semester 0.002 0.049 0.04 0967
Previous experience 0.524 0.285 1.84 0.066

Log-Likelihood: -85.34
Akaike Information Criterion (AIC): 182.68

Number of observations: 200

Note. *** Highly significant (p < 0.001), ** Very significant (p < 0.01), * Significant (p < 0.05), - Marginally significant (p < 0.10).
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increases the probability of achieving a higher level
of learning. This result suggests that automated
recommendations for organic fertilization facilitate
the assimilation of complex knowledge among
Agronomy students.

Prior experience showed a marginally significant
effect (B = 0.524; p = 0.066), reflecting that prior
knowledge enhances the effectiveness of digital
tools. Age showed a significant trend at the 10%
level (B = 0.041; p = 0.101), suggesting that older
students may benefit more from these technologies,
possibly due to a greater capacity for practical
contextualization.

Contrary to theoretical expectations, academic
semester did not show statistical significance
(B= 0002, p=0967), indicating that curricular
level does not determine the effectiveness of Al
Gender also showed no significant differences
(B = -0.142; p = 0.616), thus demonstrating equity
in technological accessibility and usefulness.

The high absolute value and significance of
the intercept (B =-2.884; p = 0.00011) reflect a low
baseline probability of conceptual mastery without
technological intervention. The information criteria
(AIC = 182.68) and the log-likelihood value (-85.34)
confirm the robustness of the model. Taken
together, these findings support the integration of Al
as an effective pedagogical tool in the teaching of
Agronomy, particularly for optimizing the learning of
sustainable fertilization techniques.

The results show that the use of Al systems to
generate organic fertilization recommendations
has a positive and statistically significant effect on
the probability that Agronomy students acquire
key learning related to the sustainable and resilient
management of soil. In the estimated probit
model, the coefficient associated with Al use was
0.869 (p < 0.01), which implies that, holding the
other variables constant, students exposed to Al-
generated recommendations are approximately
27% more likely to achieve a higher level of learning
compared with those who received only traditional
recommendations.

In this study, prior experience in organic agriculture
practices was found to potentially exert an influential
effect on the impact of Al. Although the interaction
between prior experience and Al use was not
significant at the 5% level, a trend was observed
(p = 0.066) suggesting that students without prior
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experience benefit more from Al support, probably
because they lack pre-existing cognitive schemas that
might interfere with new information.

Likewise, students in intermediate and advanced
semesters of the program showed a significant
predictive effect (coefficient = 0.351, p = 0.05), which
is consistent with the theory of progressive learning
(Araujo et al, 2021; Omotayo et al, 2025). In contrast,
variables such as age and gender showed no significant
effects, which is consistent with the evidence presented
by Espinel et al. (2024), who indicate that, in Al-
supported learning environments, gender differences
tend to diminish when technological tools are
pedagogically contextualized.

Compared with the international literature, these
results are consistent with recent studies. For
example, Omotayo et al. (2025) demonstrated that
the use of Al in agricultural education increases
students’ technical understanding in topics related
to crop production, livestock production, and
sustainability. Similarly, Nawaz et al. (2025) showed
that Al systems applied in agriculture improved
the assimilation of complex concepts related to
soil nutrients and crop management. Both studies
reinforce the idea that Al not only optimizes
agricultural production, but also acts as a pedagogical
tool by facilitating the understanding of biological and
agronomic processes.

Furthermore, Huang and Wang (2024) demonstrated
that Al-based technological innovations contribute
to sustainable development by improving agricultural
productivity and fostering environmentally responsible
practices, which is consistent with the results of this
research. Similarly, Assimakopoulos et al. (2024)
identified that Al tools integrated into the agricultural
value chain strengthen the agricultural and technical
competencies of future agronomy professionals.

Contrary to expectations, gender did not show a
significant effect in this model. This differs from what
has been reported in previous research, such as that
by Klompenburg et al. (2020), where differences in
perceptions of digital technology use were observed.
However, this discrepancy could be explained by
the type of technology employed. Whereas earlier
studies evaluated generic digital learning platforms
(Li & Hackenberger, 2020), the present study used
Al contextualized to the specific problem of organic
fertilization, thereby reducing the gender gap in
perception and use.

These findings suggest that Al, when designed
on the basis of situated pedagogy principles and
with specific technical content, can serve as an
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educational equalizer, regardless of gender or age.
As predicted by the model, the key lies not in the
student’'s demographic profile, but in the quality of
the cognitive integration that Al can offer (Nawaz et
al,, 2025).

From a pedagogical perspective, this study
provides recent empirical evidence that Al can be
incorporated into the Agronomy curriculum as an
active learning tool. As proposed by Basso (2020)
and Ferreira et al. (2024), effective learning occurs
when students interact with authentic problems
and receive immediate feedback. Al, by generating
personalized organic fertilization recommendations
based on real soil and climate data, provides
precisely this type of adaptive feedback (Fuentes et
al., 2025).

From a technological perspective, this study shows
that low-complexity Al models, such as decision trees
and logistic regression, can have a significant impact
on learning if they are properly contextualized. This
is consistent with the systematic review by Nawaz
et al. (2025), who conclude that the effectiveness of
Al in agriculture depends more on its pedagogical
integration than on its technical sophistication.

In addition, the use of Al in teaching organic soil
fertility contributes to the training of more sustainable
farmers by improving understanding of nutrient
cycles and the responsible management of inputs,
thereby fostering more resilient agrifood systems
(Kymalainen et al., 2024; Espinel et al., 2024).

All things considered, this study has important
limitations. First, the analysis was based on a
sample of students from a single higher education
institution, which reduces the generalizability of
the results. Future research should apply this study
across multiple institutions and socioeconomic
contexts, including distance education programs and
agricultural technical schools.

Another limitation is that learning was measured
in the short term; however, longitudinal studies
could assess knowledge retention and transfer to
real field practices, as suggested by He et al. (2022)
and Molina Isaza (2024) in their experiential learning
models.

Finally, it would be valuable to explore the impact
of Al on real fertilization decision-making on farms
belonging to producers involved in rural extension
projects, which would make it possible to validate
not only theoretical learning, but also practical
application.
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CONCLUSIONS

This research achieved its objective by experimentally
evaluating the impact of Al systems specialized
in organic fertilization recommendations on the
learning of Agronomy students. Through a quasi-
experimental design with a control group and a probit
econometric model, it was determined that the use
of Al ncreased the probability of achieving a higher
level of learning by 27%.

Prior experience in organic agriculture showed
an influential effect, whereas age and gender were
not significant, evidencing equity in technological
accessibility. The results confirm the pedagogical
potential of Al as a tool to enhance the teaching of
sustainable agricultural practices and technigues.
However, the scope of the study is limited by the
non-probabilistic sample and the single institutional
context; therefore, it is recommended that the
approach be replicated in diverse educational settings
and that long-term effects on knowledge retention
and application be evaluated.

Acknowledgments

The author would like to thank all the students in
the Agronomy program at the Escuela Superior
Politécnica de Chimborazo (Orellana Campus),
Ecuador, who contributed to the development of
this manuscript, as well as all the professors whose
unconditional support made it possible to complete
this research.

BIBLIOGRAPHIC REFERENCES

Afzal, H., Raza, A, Amjad, M., Munir, K, Gracia, S, Dzul, L. A, &
Ashraf, |. (2025). Incorporating soil information with
machine learning for crop recommendation to improve
agricultural output. Scientific Reports, 15, 1-15. https://doi.
0rg/10.1038/s41598-025-88676-z

Araujo, S. O., Peres, R. S,, Barata, J., Lidon, F., & Ramalho, J. C. (2021).
Characterising the Agriculture 4.0 Landscape-Emerging
Trends, Challenges and Opportunities. Agronomy, 11(4),
667. https://doi.org/10.3390/agronomy11040667

Assimakopoulos, F., Vassilakis, C., Margaris, D., Kotis, K., & Spilio-
topoulos, D. (2024). Artificial Intelligence Tools for the
Agriculture Value Chain: Status and Prospects. Elec-
tronics, 13(22), 4362. https://doi.org/10.3390/electron-
ics13224362

Basso, B. (2020). Digital agriculture to design sustainable agricultural
systems. Nature Sustainability, 3(16). https://www.nature.
com/articles/s41893-020-0510-0

Buitrago Bolivar, E., Rico Franco, J. A, & Rojas Amador, S. (2024).
Monitoreo de cultivos y suelos en agricultura de precision
con UAV e inteligencia artificial: Una revision. Tecnura,
28(82), 75-103. https://doi.org/10.14483/22487638.22360

Cruz, R. R, & Velazco, J. E. C. (2025). Habilidades directivas en la
agricultura 5.0. Revista Cientifica Ecociencia, 12(1), 21-42.
https://doi.org/10.21855/ecociencia.121.994

Desafios. 2025; 16(2): 142-8

147



148

Artificial intelligence in organic fertilisation

R., Herrera-Franco, G., Rivadeneira Garcia, J. L, &
Escandon-Panchana, P. (2024). Artificial Intelligence in
Agricultural Mapping: A Review. Agriculture, 14(7), 1071.
https://doi.org/10.3390/agriculture14071071

Espinel,

Ferreira, J. A, Barbosa, J. M., Lima, S. K. R, & Neto, O. C. (2024).
The use of Artificial Intelligence in Agriculture. Revista
Multidisciplinar do Nordeste Mineiro, 9(1). https://doi.
0rg/10.61164/rmnmv9i1.2907

Fuentes, F., Vega, R., Carrasco, G., & Gutter, K. (2025). Tecnologias
transformadoras en la agricultura digital: Aprovechar el
Internet de las cosas, la teleobservacion y la inteligencia
artificial para la gestion inteligente de cultivos. Research-
Gate, 13(4). https://doi.org/10.3390/jsan13040039

Garton, B. (2019). Tendencias y desafios de la educacion superior:
Implicaciones para la educacion agricola. Journal of ag-
ricultural education, 60(1), 1-13. https://doi.org/10.5032/
jae.2019.01001

He, Q. Liu, D. L, Wang, B., Li, L, Cowie, A, Simmons, A, Zhou, H.,
Tian, Q. Li, S, Li, Y., Liu, K, Yan, H., Harrison, M. T,, Feng, P,
Waters, C., Li, G. D., de Voil, P, & Yu, Q. (2022). Identifying
effective agricultural management practices for climate
change adaptation and mitigation: A win-win strategy
in South-Eastern Australia. Agricultural Systems, 203,
103527. https://doi.org/10.1016/j.agsy.2022.103527

Hernandez Sampieri, R., Fernandez Collado, C., & Baptista Lucio, P.
(2014). Metodologia de la investigacion cientifica. Mc-
Graw-Hill Interamericana. https://www.uv.mx/personal/
cbustamante/files/2011/06/metodologia-de-la-investi-
gaci%C3%83%C2%B3n_sampieri.pdf

Huang, W., & Wang, X. (2024). The Impact of Technological Inno-
vations on Agricultural Productivity and Environmental
Sustainability in China. Sustainability, 16(19), 8480. https://
doi.org/10.3390/5u16198480

Izquierdo, J. A, Jaramillo Loja, N. M., Mazon-Olivo, B., Izquierdo, J.
A., Jaramillo, Loja, N. M., & Mazon-Olivo, B. (2025). Mo-
delo integrado de adopcion de tecnologias en la agricul-
tura. Caso de estudio: IA e loT aplicadas en produccion
de cacao. Revista Espacios, 46(3), 485-497. https://doi.
0rg/1048082/espacios-a25v46n03p38

Klompenburg, T., Kassahun, A., & Catal, C. (2020). Crop vyield pre-
diction using machine learning: A systematic literature
review. Computers and Electronics in Agriculture, 177,
105709. https://doi.org/10.1016/j.compag.2020.105709

Kymalainen, H. R., Elo, K., & Sédervik, I. (2024). Gender differences
in artificial intelligence readiness of first-year agricultural
sciences students. EDULEARN24 Proceedings, 1616-1620
[conferencial. 16th International Conference on Edu-
cation and New Learning Technologies, Palma, Spain.
https://doi.org/10.21125/edulearn.2024.0501

Li, Y., & Hackenberger, B. (2020). Earthworms and environment: A
tool for diagnosis, assessment, monitoring, and reme-
diation of soil pollution and soil quality. Environmental
Science and Pollution Research, 27(27), 33399-33400.
https://doi.org/10.1007/s11356-020-09532-3

Lopez, C. (2020). Modelos econométricos para la prediccion de
calificaciones de riesgo financiero [Tesis de doctorado,
Universidad de Cordoval Repositorio Institucional de
la Universidad de Cordoba. http://helvia.uco.es/xmlui/
handle/10396/20145

Mohammed, S. P, Deepika, J., Sritharan, N., Ravichandran, V., Pras-
anthrajan, M., & Kannan, P. (2025). A systematic literature
review on artificial intelligence in transforming precision
agriculture for sustainable farming: Current status and
future directions. Plant Science Today, 12(2). https://doi.
0rg/10.14719/pst 6175

Molina Isaza, L. (2024). Aspectos determinantes de la inteligencia
artificial en la investigacion educativa. Praxis, 20(3), 6.
https://dialnet.uniriocja.es/servlet/articulo?codigo=9771939

Vizuete Montero MO.

Musanase, C., Vodacek, A, Hanyurwimfura, D., Uwitonze, A, &
Kabandana, I. (2023). Data-Driven Analysis and Machine
Learning-Based Crop and Fertilizer Recommendation
System for Revolutionizing Farming Practices. Agriculture,
13(11), 2141. https://doi.org/10.3390/agriculture13112141

Nawaz, U. Zaheer, M. Z., Khan, F. S, Cholakkal, H., Khan, S., &
Anwer, R. M. (2025). Al in Agriculture: A Survey of Deep
Learning Techniques for Crops, Fisheries and Livestock.
https://doi.org/10.48550/arXiv.2507.22101

Omotayo, A. O., Adediran, S. A, Omotoso, A. B., Olagunju, K. O., &
Omotayo, O. P. (2025). Artificial intelligence in agriculture:
Ethics, impact possibilities, and pathways for policy.
Computers and Electronics in Agriculture, 239, 110927.
https://doi.org/10.1016/j.compag.2025.110927

Prity, F. S., Hasan, MD. M., Saif, S. H., Hossain, Md. M., Bhuiyan, S.
H. Islam, Md. A, & Lavlu, M. T. H. (2024). Enhancing
Agricultural Productivity: A Machine Learning Approach
to Crop Recommendations. Human-Centric Intelligent
Systems, 4(4), 497-510. https://doi.org/10.1007/s44230-
024-00081-3

Romero-Garcia, C. V., Saraguro-Reyes, C. M., Mazon-Olivo, B. E., &
Morocho-Roman, R. F. (2025). Agricultura de precision en
la produccion de banano. Revision sistematica. Ingenium
et Potentia. Revista Electronica Multidisciplinaria de
Ciencias Basicas, Ingenieria y Arquitectura, 7(12), 50-76.
https://doi.org/10.35381/i.p.v7i12.4450

Ruiz, M. E., Garcia Reyes, R., Machado Garcia, N., Ruiz Pérez, M. E.,
Garcia Reyes, R, & Machado Garcia, N. (2024). Aplica-
cion de drones en la agricultura internacional y cubana.
Revision. Revista Ciencias Técnicas Agropecuarias, 33(1).
http://scielo.sld.cu/scielo.php?script=sci_abstract&pi-
d=52071-00542024000100007&lng=esgnrm=iso&tin-
g=en

Sharma, A, Jain, A, Gupta, P, & Chowdary, V. (2021). Machine
Learning Applications for Precision Agriculture: A Com-
prehensive Review. IEEE Access, 9, 4843-4873. https://
doi.org/10.1109/ACCESS.2020.3048415

Shastri, S., Kumar, S., Mansotra, V., & Salgotra, R. (2025). Advancing
crop recommendation system with supervised machine
learning and explainable artificial intelligence. Scientific
Reports, 15(1), 25498. https://doi.org/10.1038/s41598-
025-07003-8

Tanaka, T. S. T., Heuvelink, G. B. M., Mieno, T., & Bullock, D. S. (2024).
Can machine learning models provide accurate fertilizer
recommendations? Precision Agriculture, 25(4), 1839-
1856. https://doi.org/10.1007/511119-024-10136-x

Vasconcelos, E. S, da Silva, L. A, Melo, D. V., Lima, A. D. de, Paiva,
L. F. R. de, e Goulart, C. S. (2024). Inteligencia artificial en
la gestion agricola: Uso de modelos de bosque aleatorio
para la prediccion de produccion y reserva de semillas
en Brasil. Observatdrio de la Economia Latinoameri-
cana, 22(6), e5078-e5078. https://doi.org/10.55905/
oelv22n6-052

Vizuete, M. O. V. (2024). Desigualdades socioeconomicas y su
influencia en la educacion bilingue en kichwa en nivel
educativo secundario, Ecuador. Desafios, 15(1), 17-22.
https://doi.org/10.37711/desafios.2023.15.1.406

Funding sources
This research received no funding.

Conflict of interest statement
The author declares that there are no conflicts of interest.

Correspondence
Marco Omar Vizuete Montero
E-mail: marco.vizuete@espoch.edu.ec

Desafios. 2025; 16(2): 142-8


https://dialnet.unirioja.es/servlet/articulo?codigo=9771939

