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Abstract Objective: This study aimed to determine
the relationship between the perceived hydraulic behavior
of flows and the reported use of artificial neural networks
(ANNSs) in sprinkler irrigation systems in the Pucara
District (Pucapuquio annex), during 2024. Method: A
quantitative approach was employed, using correlational
research with a non-experimental, cross-sectional design.
The study variables were (1) perceived hydraulic flow
behavior and (2) the use of artificial neural networks, both
categorical in nature. The population consisted of 42
owners of sprinkler irrigation systems, and the sample
included 37 systems selected through non-probabilistic
sampling. Data were collected using a Likert-type
questionnaire with an ordinal scale. Two instruments were
applied: one with 16 items to measure hydraulic flow
behavior and another with 16 items to assess the use of
artificial neural networks. Both instruments were validated
by expert judgment and demonstrated acceptable reliability
according to Cronbach’s alpha coefficient. Results: The
general hypothesis yielded a Spearman’s correlation
coefficient of 0.932 with a significance level of 0.000,
indicating a direct and highly significant relationship
between the two variables. Additionally, 39.36% of
participants reported that hydraulic behavior was
positively associated with the use of artificial neural
networks. Conclusions: There is a significant relationship
between perceptions of hydraulic flow behavior and the
use of artificial neural networks in sprinkler irrigation

systems. The findings suggest that the greater use of ANNs
is associated with a perceived increase in hydraulic
efficiency in these systems, although a causal relationship
cannot be established.

Keywords Hydraulic Behavior of Flows, Artificial
Neural Networks, Sprinkler Irrigation Systems

1. Introduction

The hydraulic behavior of sprinkler irrigation systems is
a key factor in achieving efficient water use in agriculture,
especially in regions where water availability is limited [1],
[2]. Population growth and economic development have
intensified competition for freshwater, driving up its cost.
In irrigated agriculture, it is therefore essential to adopt
technological innovations that enhance productivity and
profitability [3], [4]. Globally, agriculture accounts for
approximately 70% of total freshwater consumption [4],
underscoring the urgency of implementing strategies to
improve water-use efficiency.

The efficiency of sprinkler irrigation systems depends
on multiple factors such as pressure, flow rate, and
uniformity in water distribution [5], [6]. Poor control of
these parameters can result in water waste, reduced



56 Perceived Hydraulic Flow Behavior and the Use of Artificial Neural Networks in Sprinkler Irrigation Systems
in the District of Pucara, 2024

productivity, and decreased sustainability. In this context,
artificial neural networks (ANNs) have emerged as
powerful tools for addressing prediction and optimization
problems in irrigation management. Their ability to learn
from large volumes of historical and real-time data allows
for the modeling of nonlinear relationships among
variables such as pressure, flow rate, soil moisture, and
weather conditions [7]. ANNs can be applied to support
decision-making processes aimed at improving irrigation
uniformity, reducing water and energy use, and increasing
the overall sustainability of agricultural systems [8].

The integration of ANNs with sensor networks and
remote monitoring systems provides real-time data that can
be used to determine appropriate irrigation scheduling and
water distribution. Recent studies have reported that
ANN-assisted systems can enhance irrigation efficiency
and optimize resource use [9]. The development of digital
technologies has therefore opened new possibilities for
modeling and predicting hydraulic phenomena in irrigation
systems [10], [11]. However, despite their potential, the
application of ANNSs in agriculture remains limited due to
technological, economic, and social barriers that hinder
large-scale adoption, particularly in developing regions.

Previous studies have highlighted the usefulness of
ANN:Ss in improving irrigation system performance. Boundi
et al. [12] analyzed irrigation under Mediterranean
conditions and demonstrated that wind speed and pressure
significantly affect efficiency, emphasizing the need to
adjust operational parameters to local environments.
Similarly, Alvarez [13] evaluated the hydraulic design of
sprinkler irrigation systems in Cusco and noted that
emerging technologies can enhance flow performance and
water use. Jiménez Lopez [14] developed an intelligent
irrigation management system that reduced water
consumption by 20-30% and increased water distribution
efficiency by 25%, showcasing the contribution of
artificial intelligence to irrigation optimization. Likewise,
Vazquez Rueda et al. [15] designed an automated irrigation
system for basil cultivation that combined sensors with
ANN modeling to predict the optimal amount of water
required, achieving high precision with minimal error.
These studies confirm that artificial intelligence—based
tools can play a key role in improving irrigation
performance and water-use efficiency.

In Latin America—and particularly in Peru—water
resource management faces serious challenges aggravated
by climate variability and change [16]. In the Pucara
District, located in the Junin region, medium-scale
agriculture is one of the main economic activities [17].
However, local sprinkler irrigation systems experience
issues such as flow variability, pressure fluctuations, and
uneven water distribution. These limitations, combined
with scarce technical training among farmers and the
absence of reliable hydraulic models, reduce irrigation
efficiency and affect agricultural productivity. Ascencios
[18] emphasized that water and energy efficiency in
pressurized irrigation systems largely depend on proper

control of these parameters and the use of precise hydraulic

modeling.

In this context, the application of ANNs may provide an
innovative and practical solution to enhance water-use
efficiency and irrigation management in Pucara. This
research explores the perceived relationship between the
hydraulic behavior of flows and the reported use of
artificial neural networks in sprinkler irrigation systems.
The study aims to contribute to the limited local scientific
literature on this topic and to serve as a reference for future
agricultural modernization initiatives. In practical terms,
the findings may benefit both farmers and public
institutions by providing information to support improved
decision-making in irrigation management.

Accordingly, the general objective of this research is to
determine the relationship between the perceived hydraulic
flow behavior and the use of artificial neural networks
(ANNs) in sprinkler irrigation systems in the Pucard
District (Pucapuquio annex) during 2024. The study also
seeks to demonstrate how ANN-based approaches can
inform water management strategies and serve as a
reference model for regions with similar conditions. The
specific objectives are as follows:

. To determine the correlation between perceived
hydraulic parameters and the use of artificial neural
networks (ANNSs) in sprinkler irrigation systems in
the Pucaré District, 2024.

e  To determine the relationship between perceived
irrigation uniformity and the use of artificial neural
networks (ANNs) in sprinkler irrigation systems in
the Pucara District, 2024.

. To determine the association between the perceived
reduction of hydraulic losses and the use of artificial
neural networks (ANNs) in sprinkler irrigation
systems in the Pucara District, 2024.

Based on these objectives, the general hypothesis of this
study proposes that there is a statistically significant
correlation between the perceived hydraulic behavior of
flows and the use of ANNSs in sprinkler irrigation systems
in the Pucard District, 2024. This general hypothesis is
divided into three specific hypotheses that link the
dimensions of the first variable—hydraulic parameters,
irrigation uniformity, and reduction of hydraulic
losses—with the second variable, use of ANNs.

2. Methodology

This study employed a quantitative, correlational
research approach following Valderrama [19], with the
objective of analyzing the relationship between perceived
hydraulic flow behavior and the reported use of artificial
neural networks (ANNS) in sprinkler irrigation systems in
the Pucara District. According to Hernandez et al. [20], this
type of design enables the measurement of the strength and
direction of associations between variables without
manipulating them experimentally.
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A non-experimental, cross-sectional design was adopted,
collecting data during a single period in 2024 to capture a
specific snapshot of the relationship between the study
variables [21]. For operationalization, each variable was
divided into three dimensions represented by specific
indicators, which served as the foundation for developing
the data collection instruments. The operationalization of
each variable is presented in Tables 1 and 2.

Table 1. Operationalization of Variable 1. Perceived Hydraulic Flow
Behavior
Dimensions Indicators Items
Operating pressure 1,2
Hydraulic Emission flow rate 3,4
Parameters
Flow velocity 5,6
Trrigation Uniformity coefficient 7,8
Uniformity Distribution coefficient 9,10
. Friction losses 11,12
Reduction of
Hydraulic Losses in fittings 13,14
Losses . .
Hydraulic efficiency 15,16
Table 2. Operationalization of Variable 2: Artificial Neural Networks
(ANNs)
Dimensions Indicators Items
Pressure adjustment 1,2
Pa‘r arpetc?r Flow rate adjustment 34
Optimization
Optimal flow velocity 5,6
Predictive Supervised training 7,8
Capability Errors and adjustments 9,10
Accuracy in simulating friction losses 11,12
. LOSS. Simulation of pressure losses 13,14
Simulation
Model efficiency 15,16

The study population consisted of 42 sprinkler irrigation
systems in the Pucard District, Pucapuquio annex, as
recorded by the Pucapuquio Local Irrigation Users Board
(2024). These systems vary in their technical and hydraulic
characteristics. The sample was selected through
non-probabilistic convenience sampling, according to the
researchers’ criteria and the specific requirements of the
study [22]. A total of 37 representative irrigation systems
were included.

Data were collected through structured questionnaires,
developed following the guidelines of Hernandez et al. [20].
Two instruments were used, each containing 16
closed-ended items with responses measured on a
five-point Likert scale (ranging from “strongly disagree” to
“strongly agree”). The instruments were validated through
two complementary procedures. First, Cronbach’s Alpha
coefficient was applied, yielding high reliability for each
instrument corresponding to the study variables. Second,
expert judgment validation was conducted with three

specialists: one in research methodology, one in statistics,
and one in civil engineering. These experts assessed the
relevance, pertinence, and clarity of each indicator in
relation to the questionnaire items, concluding that all
questions were sufficient to adequately measure the
variables and their respective dimensions.

To ensure that participants fully understood the content
of the questionnaire—particularly the technical aspects
related to hydraulic parameters and artificial neural
networks (ANNs)—a short training session was conducted
prior to data collection. During this session, the researchers
explained key concepts in accessible terms, including flow
rate, pressure, irrigation uniformity, and the basic
functioning of ANN-based systems. Practical examples
from local irrigation practices were used to illustrate how
these technologies might be perceived or applied in their
agricultural context. This orientation ensured that
respondents could provide informed and meaningful
answers based on their own experience managing sprinkler
irrigation systems.

Statistical analysis was carried out using SPSS version
27.0. Descriptive analyses were performed through
frequency tables and bar charts. For inferential analysis,
the Shapiro—Wilk normality test confirmed that the data
did not follow a normal distribution; therefore, Spearman’s
Rho correlation coefficient was applied to test the study
hypotheses. Statistical significance was set at p < 0.05.
When the calculated p-value was below this threshold, the
null hypothesis was rejected, confirming the existence of a
statistically significant relationship between the variables
[18], [23].

3. Results

Hypothesis Testing:

The results support the general hypothesis, with a
p-value of 0.000 (< 0.05), indicating a statistically
significant relationship between the perceived hydraulic
flow behavior and the use of ANNs in sprinkler irrigation
systems. Furthermore, a strong positive correlation was
observed (Spearman’s Rho = 0.932), as shown in Table 3.

Table 3. Spearman’s Correlation Coefficient between Variable 1
(Perceived Hydraulic Flow Behavior) and Variable 2 (Artificial Neural
Networks - ANN)

Spearman’s Rho Variable 1 Variable 2
Correlation coefficient 1,000 932"
Variable 1 Sig. (2-tailed) ,000
N 37 37
Correlation coefficient ,932™ 1,000
Variable 2 Sig. (2-tailed) ,000
N 37 37

**_ The correlation is significant at the 0.01 level (2-tailed).
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In addition, Specific Hypothesis 1 was confirmed with a
p-value of 0.000 (< 0.05), indicating a statistically
significant relationship between the perceived hydraulic
parameters (such as pressure, flow rate, and distribution
uniformity) and the use of artificial neural networks.
Furthermore, a substantial positive correlation was
identified (Spearman’s Rho = 0.794), as shown in Table 4.

Table 4. Correlation coefficient between the dimension "Perceived
Hydraulic Parameters" and Variable 2 (Artificial Neural Networks —
ANN)

Spearman’s Rho Hydraulic Variable 2
Parameters
Correlation coefficient 1,000 ,794™
Hydraulic . .
Parameters Sig. (2-tailed) ,000
N 37 37
Correlation coefficient ,794™ 1,000
Variable 2 Sig. (2-tailed) ,000
N 37 37

**_ The correlation is significant at the 0.01 level (2-tailed).

Specific Hypothesis 2 was also confirmed with a p-value
of 0.000 (< 0.05), demonstrating a statistically significant
association between perceived irrigation uniformity and
the use of artificial neural networks. In addition, a high
positive correlation was identified (Spearman’s Rho =
0.851), as presented in Table 5.

Table 5. Correlation coefficient between the dimension "perceived
Irrigation Uniformity" and Variable 2 (Artificial Neural Networks —
ANN)

Spearman’s Rho LIT:iiéartrinoirt]y Variable 2
Correlation coefficient 1,000 ,851™
é;rl‘fgoarz’l?y Sig. (2-tailed) 000
N 37 37
Correlation coefficient 8517 1,000
Variable 2 Sig. (2-tailed) ,000
N 37 37

**_ The correlation is significant at the 0.01 level (2-tailed).

Likewise, Specific Hypothesis 3 was confirmed with a
p-value of 0.000 (< 0.05), indicating a statistically
significant relationship between the perceived reduction of
hydraulic losses and the use of artificial neural networks. In

addition, the correlation coefficient (Spearman’s Rho =
0.789) revealed a substantial positive relationship, as
shown in Table 6.

Descriptive analysis and interpretation of variable 1
and its dimensions.

The descriptive analysis reveals that 65.88% of
respondents (39.36% “agree” and 26.52% “strongly
agree”) consider that the use of artificial neural networks
(ANNs) is associated with an improvement in the
hydraulic behavior of their sprinkler irrigation systems.

Regarding the specific dimensions, most farmers in
Pucara expressed positive perceptions:

i 66.22% believe that ANNs help optimize hydraulic
parameters.

*  75.68% perceive a favorable influence on irrigation
uniformity.

*  60.01% indicate that ANNs contribute to reducing
hydraulic losses.

These results reflect a generalized positive perception
of the use of intelligent technologies in irrigation
management; however, they are based exclusively on
subjective assessments rather than on instrumental
measurements (see Table 7 and Figure 1).

Descriptive analysis and interpretation of variable 2
and its dimensions.

For Variable 2 (use of artificial neural networks),
70.27% of respondents (42.06% “agree” and 28.21%
“strongly agree”) believe that ANNSs are positively related
to the hydraulic flow behavior in irrigation systems.

According to the analyzed dimensions:

e 70.27% perceive that ANNs allow for
optimization of hydraulic parameters.

. 81.08% associate their use with greater predictive
capacity of the system.

. 63.06% consider that ANN-based simulations help
reduce hydraulic losses.

the

These findings reinforce the favorable perception of the
potential of ANNSs in agricultural irrigation, though they
should be interpreted as indicators of opinion and
awareness rather than empirical evidence of hydraulic
performance. These results are summarized in Table 8 and
Figure 2.



Universal Journal of Agricultural Research 13(5): 55-67, 2025 59

Table 6. Correlation coefficient between the dimension "Perceived Reduction of Hydraulic Losses" and Variable 2 (Artificial Neural Networks —
ANN)

Spearman’s Rho Perceived Reduction of Hydraulic Losses Variable 2
Correlation coefficient 1,000 767
R ion of H li . .
eduction of Hydraulic Sig. (2-tailed) . 000
Losses

N 37 37

Correlation coefficient 767" 1,000
Variable 2 Sig. (2-tailed) ,000
N 37 37

**_ The correlation is significant at the 0.01 level (2-tailed).

Table 7. Frequency distribution of Variable 1 (Hydraulic Flow Behavior) and its Dimensions

LIKERT SCALE A\ % ViD1 % ViD2 % ViD3 %
Strongly Agree 157 26,52% 61 27,48% 51 34,46% 45 20,27%
Agree 233 39,36% 86 38,74% 61 41,22% 86 38,74%
Neutral 173 29,22% 69 31,08% 32 21,62% 72 32,43%
Disagree 26 4,39% 3 1,35% 4 2,70% 19 8,56%
Strongly disagree 3 0,51% 3 1,35% 0 0,00% 0 0,00%
Total 592 100,00% 222 100,00% 148 100,00% 222 100,00%

Variable 1: Hydraulic Flow Behavior

45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00% -
Strongly Agree Neutral Disagree Strongly
Agree disagree

Likert Scale Responses

Figure 1. Frequency distribution of Variable 1 (Hydraulic Flow Behavior)

Table 8. Frequency distribution of Variable 2 (Artificial Neural Networks) and its Dimensions

LIKERT SCALE V2 V2D1 V2D2 V2D3

Strongly agree 167 28,21% 67 30,18% 53 35,81% 47 21,17%
Agree 249 42,06% 89 40,09% 67 45,27% 93 41,89%
Neutral 148 25,00% 55 24,77% 22 14,86% 71 31,98%
Disagree 24 4,05% 7 3,15% 6 4,05% 11 4,95%
Strongly disagree 4 0,68% 4 1,80% 0 0,00% 0 0,00%

Total 592 100,00% 222 100,00% 148 100,00% 222 100,00%
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Variable 2: Artificial Neural Networks

45.00%
40.00%
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%

5.00%

0.00%

Strongly Agree Agree

Neutral

Disagree Strongly

disagree

Likert Scale Responses

Figure 2. Frequency distribution of Variable 2 (Artificial Neural Networks)

4. Discussion of Results

The first discussion concerns the general hypothesis,
which proposed that there is a significant relationship
between the perceived hydraulic flow behavior and the use
of artificial neural networks (ANNS5) in sprinkler irrigation
systems in the district of Pucara, 2024. The statistical
results (Spearman’s Rho = 0.932, p < 0.05) confirmed a
strong and positive correlation between two variables. This
finding suggests that, from the farmers’ perspective, the
use of ANNSs is associated with improved hydraulic
performance and more efficient water distribution.
However, this perception is not based on direct technical
measurements but rather on self-reported experience.
Therefore, the interpretation should be understood as a
perceived association rather than a proven causal effect.
Similar outcomes were reported by Vazquez Rueda et al.
[15], who demonstrated that ANN-assisted irrigation
management could enhance operational control and crop
performance. In line with these studies, the present
findings indicate that intelligent technologies are perceived
as valuable tools for improving the sustainability and
management of irrigation systems under local conditions.

The second discussion corresponds to the first specific
hypothesis, which stated that there is a significant
relationship between hydraulic parameters and the use of
ANN:Ss in sprinkler irrigation systems in Pucara. The results
(Spearman’s Rho = 0.794, p < 0.05) revealed a
moderate-to-strong positive relationship, indicating that
participants perceive ANN-based systems as helpful in
regulating pressure, flow rate, and coverage uniformity.
This perception aligns with the results of Ding and Du [24],
who found that deep learning models improved irrigation
efficiency by optimizing the interaction between water
consumption and crop yield. Although the present study
relied on farmers’ evaluations rather than sensor data, the
consistency between perceived and reported benefits in the
literature strengthens the credibility of these findings

within the context of perception-based analysis.

The third discussion addresses the second specific
hypothesis, which proposed that there is a significant
relationship between irrigation uniformity and the use of
ANNSs. The results (Spearman’s Rho = 0.851, p < 0.05)
confirmed a high positive correlation, suggesting that
respondents  perceive  ANN-assisted systems as
contributing to more uniform irrigation patterns. These
perceptions are consistent with Bonilla Fonte [8], who
demonstrated that integrating neural networks with sensor
technologies increased water distribution uniformity and
reduced consumption in pasture irrigation systems. In the
context of Pucara, these results indicate that ANNs are
viewed as promising tools for achieving uniform irrigation
despite the topographical and climatic variability that
affects local water distribution.

Finally, the fourth discussion corresponds to the third
specific hypothesis, which examined the relationship
between the reduction of hydraulic losses and the use of
ANN . The statistical results (Spearman’s Rho =0.767, p <
0.05) revealed a substantial positive relationship,
suggesting that participants perceive ANN-assisted
management as contributing to the minimization of
hydraulic losses. This perception is coherent with Marti
Pérez [7], who found that neural networks could predict
hydraulic variables such as pressure losses in emitters with
considerable accuracy, thereby improving irrigation
efficiency. Within this perception-based framework, it can
be inferred that farmers recognize ANN systems as
potentially useful for reducing inefficiencies, optimizing
water use, and improving overall system sustainability.

In summary, the discussion of results supports the
conclusion that, although the present study is based on
subjective perceptions rather than empirical measurements,
farmers in Pucard associate the use of artificial neural
networks (ANNs) with improvements in hydraulic
behavior, irrigation uniformity, and loss reduction. These
perceptions highlight the importance of promoting training
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and gradual technological adoption, which may serve as a
foundation for future empirical studies integrating ANN
applications with direct field data and sensor-based
monitoring. Furthermore, it is suggested that future
research replicate this study across different agricultural
cycles and climatic periods to assess temporal consistency
and enhance the accuracy of ANN-based modeling.

4.1. Limitations of the Study

Although the findings provide valuable insights into
farmers’ perceptions of artificial neural networks in
sprinkler irrigation systems, several limitations must be
acknowledged. First, the study relies exclusively on
self-reported perceptions obtained through Likert-scale
questionnaires, without direct field measurements or
sensor-based validation of hydraulic variables. This limits
empirical robustness and prevents causal inference. Second,
the use of a non-probabilistic convenience sample of 37
irrigation systems restricts the generalizability of the
results to the broader agricultural population of Pucara or
other regions. Therefore, future research should expand to
additional areas of the Junin region to enhance the
generalizability and regional applicability of the findings.
Third, participants’ varying levels of technical
understanding of artificial neural networks may have
influenced their responses, despite the brief orientation
sessions provided before data collection. Future research
should adopt mixed methods—combining perception
surveys with real-time hydraulic data—to enhance the
validity and applicability of the findings.

5. Conclusions

In relation to the general objective, the study confirmed
a strong and statistically significant positive relationship
between the perceived hydraulic flow behavior and the use
of artificial neural networks (ANNS5) in sprinkler irrigation
systems in the district of Pucara (Spearman’s Rho = 0.932,
p = 0.000). These findings suggest that, according to the
farmers’ perceptions, the implementation of ANN-based
technological tools contributes to optimizing hydraulic
performance by improving water distribution efficiency
and minimizing losses. Although the results are based on
perceptual evaluations rather than direct technical
measurements, they provide valuable insights into how
local users recognize the potential of artificial intelligence
for irrigation management. Therefore, it is recommended
to strengthen training programs for farmers and local
technicians to enhance their understanding and correct
application of ANN systems, ensuring greater irrigation
efficiency and long-term water sustainability in the region.

Regarding the first specific objective, the results indicate
a considerable positive relationship between perceived
hydraulic parameters and the use of artificial neural
networks (Rho = 0.794, p = 0.000). This relationship
suggests that farmers associate ANN use with better
regulation of pressure, flow rate, and distribution coverage
in sprinkler irrigation systems. Consequently, training
programs and demonstration projects should be developed
to help local operators adjust these hydraulic parameters
accurately, allowing for better integration between
technical management and ANN-assisted
decision-making.

As for the second specific objective, the study found a
high positive relationship between irrigation uniformity
and the use of artificial neural networks (Rho = 0.851, p =
0.000), indicating that farmers perceive these technologies
as essential tools for achieving more uniform and efficient
water distribution. This perception highlights the need for
applied field validations to corroborate these results with
empirical data on uniformity coefficients. Furthermore,
practical workshops and pilot projects should be promoted
to demonstrate the benefits of ANN use in achieving
greater irrigation uniformity and sustainable water use.

Concerning the third specific objective, the findings
revealed a positive association between the reduction of
hydraulic losses and the use of artificial neural networks
(Rho = 0.767, p = 0.000). This suggests that farmers
perceive ANN implementation as a way to minimize
inefficiencies and prevent water losses in irrigation
systems. Based on these insights, preventive maintenance
programs supported by ANN-based monitoring could help
detect anomalies and optimize irrigation operations. Future
research should complement these perceptual results with
physical measurements of flow and pressure losses to
strengthen the scientific basis of the findings and guide the
scalable application of ANN technologies in similar
agricultural contexts.

Appendices

Appendix 1

Survey instrument

The questionnaire aims to collect information related to
the Hydraulic Flow Behavior and the use of Artificial
Neural Networks (ANNs) in sprinkler irrigation systems
used in your crops. We kindly ask you to mark an “X” in
the box that corresponds to your opinion. This survey is
ANONYMOUS, and its processing will be kept
confidential, so we ask for your HONESTY in your
answers.
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Instructions:

According to the response scale detailed below, please mark with an “X” in only one box for the alternative you
consider most appropriate.

Coding
1 2 3 4 5
Strongly agree Agree Neutral Disagree Strongly disagree

Questionnaire for Variable 1

Variable 1 - HYDRAULIC FLOW BEHAVIOR 1 2 3 4 5

Dimension 1: Hydraulic Parameters

01 | Is the operating pressure at the sprinkler system nozzles consistent during operation?

02 | Does the system maintain adequate operating pressure for efficient irrigation across all covered areas?

03 | Is the flow rate emitted by the sprinklers in the irrigation system constant during operation?

04 | Does the flow rate from each sprinkler meet the technical specifications required for your crop?

05 | Is the flow velocity in the main pipes of the sprinkler irrigation system stable during operation?

06 | Do you believe that variations in flow velocity affect the pressure and performance of the irrigation
system?

Dimension 2: Irrigation Uniformity

07 | Do you believe that the sprinkler irrigation system distributes water evenly across all crop areas?

08 | Have you noticed significant differences in the amount of water applied in different areas due to uneven
irrigation distribution?

09 | Do you think the sprinkler irrigation system achieves a homogeneous water distribution throughout the
irrigated area?

10 | Have you identified recurring patterns of overwatering or under-watering in some areas that indicate
distribution issues?

Dimension 3: Reduction of Hydraulic Losses

11 | Do you believe that friction losses in the pipes significantly affect the performance of the sprinkler
irrigation system?

12 | Does the material of the pipes and fittings in the system minimize friction losses during operation?

13 | Do you consider that the fittings (valves, elbows, joints) of the sprinkler irrigation system generate
significant pressure losses?

14 | Does the system design minimize pressure losses associated with installed fittings?

15 | Do you believe the sprinkler irrigation system uses available water efficiently to maximize irrigation?

16 | Do you think the system achieves adequate hydraulic efficiency in relation to your crop's demands?
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Coding
1 2 3 4 5
Strongly agree Agree Neutral Disagree Strongly disagree
Questionnaire for Variable 2
Variable 2 — ARTIFICIAL NEURAL NETWORKS (ANN) 1 2 |3 |4
Dimension 1: Optimization of Parameters
01 | Does the neural network correctly adjust the nozzle pressure to ensure uniform irrigation?
02 | Do the pressure adjustments made by the ANN adequately respond to variable system conditions?
03 | Does the neural network correctly adjust the flow rate emitted by the sprinklers according to crop needs?
04 | Do the flow adjustments made by the ANN efficiently respond to variations in the field's water demand?
05 | Does the neural network maintain flow velocity within optimal ranges for efficient irrigation?
06 | Do you consider that the ANN's recommendations for adjusting flow velocity help prevent pressure and
energy losses?
Dimension 2: Predictive Capability
07 | Are the data used to train the neural network representative of the real conditions of your sprinkler
irrigation system?
08 | Do you consider that the supervised training of the neural network enables accurate prediction of
irrigation needs?
09 |Does the error level in irrigation decisions generated by the ANN significantly affect system
performance?
10 | Have the adjustments made to the ANN model improved the accuracy and efficiency of irrigation in your
system?
Dimension 3: Loss Simulation
11 | Does the neural network accurately simulate friction losses in the pipes of the irrigation system?
12 | Do you consider that the accuracy in friction loss simulation helps optimize the hydraulic efficiency of
the system?
13 | Do you consider that the pressure loss simulations performed by the artificial neural network (ANN)
accurately reflect the real conditions of your sprinkler irrigation system?
14 | Does the ANN model correctly identify the critical points where the greatest pressure losses occur in the
system?
15 | Do you consider the ANN model efficient in integrating multiple variables (moisture, pressure, flow) to
improve system performance?
16 | Has the ANN model significantly contributed to reducing costs and maximizing the resources of the
sprinkler irrigation system?

63



64 Perceived Hydraulic Flow Behavior and the Use of Artificial Neural Networks in Sprinkler Irrigation Systems
in the District of Pucara, 2024

Appendix 2

Instrument Reliability

Instrument Reliability — Cronbach's Alpha: Variable 1 — Hydraulic Flow Behavior:

Cronbach's Alpha

Reliability Statistics

Number of Items

,819

16

Note: In the test performed using the SPSS software (version 27), a value of 0.819 (very close to 1) was obtained, which indicates a high reliability

of the instrument for Variable 1.

Instrument Reliability — Cronbach's Alpha: Variable 2 — Artificial Neural Networks (ANN)

Cronbach's Alpha

Reliability Statistics

Number of Items

813

16

Note: In the test performed using the SPSS software (version 27), a value of 0.813 (very close to 1) was obtained, which indicates a high reliability

of the instrument for Variable 2.

Appendix 3

Data obtained from the surveys

Data from the instrument for Variable 1

N° P1 P2 P3 P4 Ps P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16
1 2 2 3 1 3 2 1 3 2 3 3 1 2 3 3 1
2 3 2 3 2 3 2 1 2 2 3 3 3 3 3 3 3
3 2 1 1 2 3 2 1 1 2 1 1 1 1 1 1 1
4 4 3 1 1 1 2 2 1 4 1 2 2 2 2 2 2
5 3 2 1 1 2 2 1 2 2 2 2 2 2 2 2 2
6 2 1 3 1 2 1 1 2 2 4 3 4 2 2 4 4
7 2 2 3 3 3 3 2 3 3 3 2 2 1 4 3 4
8 1 1 3 1 3 1 1 1 1 2 1 2 3 1 1 3
9 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2
10 3 2 3 1 3 2 1 3 2 3 3 3 3 3 3 3
11 3 2 3 3 3 2 1 2 2 3 3 3 3 3 1 3
12 2 1 1 2 1 2 1 1 2 1 1 1 1 1 1 1
13 1 3 1 1 4 2 2 1 1 1 2 2 2 2 2 2
14 3 2 1 1 1 2 1 2 2 2 2 2 2 2 2 2
15 2 1 3 1 2 1 1 2 2 2 1 1 2 3 3 2
16 1 2 2 3 3 3 2 3 3 3 4 2 4 1 4 1
17 3 1 2 1 5 1 1 1 3 2 2 3 1 3 2 3
18 2 2 1 2 2 1 2 2 2 3 2 2 2 2 2 2
19 3 2 3 3 3 2 1 3 2 3 3 3 3 3 3 3
20 3 2 3 3 3 2 1 2 2 3 3 3 3 3 3 3
21 2 1 1 2 3 2 1 1 2 1 1 1 1 1 1 1
22 3 3 1 1 2 1 2 1 4 1 2 2 2 2 2 2
23 3 2 1 1 2 2 1 2 2 2 2 2 2 2 2 2
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24 2 1 3 1 2 2 1 2 2 1 2 4 1 3 1 2
25 2 2 3 3 3 3 2 3 3 3 1 1 4 1 2 4
26 3 1 3 1 5 1 1 1 2 1 2 3 4 2 2 1
27 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2
28 1 2 3 3 3 2 1 3 2 3 3 3 2 3 3 2
29 3 2 3 3 3 2 1 2 2 3 3 3 3 3 3 3
30 2 1 1 2 3 2 1 1 2 1 1 1 1 1 1 1
31 1 2 3 3 3 3 2 3 3 3 4 1 4 4 3 4
32 2 1 3 1 3 1 1 1 1 2 2 2 3 3 1 2
33 2 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2
34 4 2 2 1 3 1 1 1 2 3 3 3 3 3 3 3
35 3 2 3 3 3 2 1 2 2 3 3 3 3 3 3 3
36 3 1 2 1 5 1 1 1 3 2 2 3 1 3 2 3
37 2 1 3 1 2 1 1 2 2 4 3 4 2 2 4 4
Data from the instrument for Variable 2
N° P1 P2 P3 P4 Ps P6 P7 P8 | P9 P10 P11 P12 P13 P14 P15 P16
1 1 3 2 2 1 2 3 2 3 1 3 2 3 3 3 1
2 2 3 2 2 2 2 2 2 2 1 2 2 3 3 3 3
3 2 3 2 1 1 1 1 2 1 1 1 2 1 1 1 1
4 1 1 2 2 1 2 1 4 2 2 1 4 1 2 2 2
5 1 2 2 1 2 3 2 2 1 1 2 2 2 2 2 2
6 1 2 1 2 1 4 2 2 1 1 2 2 4 2 3 4
7 3 3 3 3 3 3 3 3 2 2 3 3 3 4 2 2
8 1 3 1 3 1 2 1 1 1 1 1 1 2 1 1 2
9 2 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2
10 1 3 2 2 1 2 3 2 3 1 3 2 3 3 3 3
11 3 3 2 2 2 2 2 2 2 1 2 2 3 3 3 3
12 2 1 2 1 1 1 1 2 1 1 1 2 1 1 1 1
13 1 4 2 2 1 4 1 1 4 2 1 1 1 2 2 2
14 1 1 2 1 1 3 2 2 1 1 2 2 2 2 2 2
15 1 2 1 2 1 4 2 2 2 1 2 2 2 3 1 1
16 3 3 3 3 3 3 3 3 4 2 3 3 3 1 4 2
17 1 5 1 3 1 3 1 3 3 1 1 3 2 3 2 3
18 2 2 1 2 2 2 2 2 2 2 2 2 3 2 2 2
19 3 3 2 2 1 2 3 2 3 1 3 2 3 3 3 3
20 3 3 2 2 2 2 2 2 2 1 2 2 3 3 3 3
21 2 3 2 1 1 1 1 2 1 1 1 2 1 1 1 1
22 1 2 1 2 1 4 1 4 1 2 1 4 1 2 2 2
23 1 2 2 1 1 3 2 2 1 1 2 2 2 2 2 2
24 1 2 2 2 2 4 2 2 2 1 2 2 1 3 2 4
25 3 3 3 3 3 3 3 3 4 2 3 3 3 1 1 1
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26 1 5 1 3 1 1 1 2 1 2 1 2 2 3
27 2 2 2 2 2 2 2 2 2 2 2 3 2 2 2
28 3 3 2 2 1 2 3 2 3 2 3 3 3 3
29 3 3 2 2 2 2 2 2 2 2 3 3 3 3
30 2 3 2 1 1 1 1 2 1 2 1 1 1 1
31 3 3 3 3 2 3 3 3 2 3 3 3 4 4 1
32 1 3 1 3 1 5 1 1 1 1 2 3 2 2
33 2 2 2 2 1 2 2 2 2 2 3 2 2 2
34 1 3 1 2 1 2 1 2 1 2 3 3 3 3
35 3 3 2 2 3 2 2 2 2 2 3 3 3 3
36 1 5 1 3 1 3 1 3 1 3 2 3 2 3
37 1 2 1 2 1 4 2 2 2 2 4 2 3 4

REFERENCES

(1]

(2]

A. A. F. Arrascue Ramos, M. M. Huaman Acevedo,
"Analisis comparativo de sistemas de riego por aspersion y
por goteo, distrito de Pucala, Chiclayo, 2021 [Comparative
analysis of sprinkler and drip irrigation systems in the
Pucala district, Chiclayo, 2021]," Undergraduate Thesis,
Universidad César Vallejo, Peru, 2021. Online available
from https://repositorio.ucv.edu.pe/handle/20.500.12692/7
2080

R. A. Dean, L. S. Maglione, A. Pianucci, " Aspectos
basicos del disefio hidraulico de un sistema de riego por
aspersion de avance frontal [Basic aspects of the hydraulic
design of a frontal-move sprinkler irrigation system],"
Facultad de Ingenieria, Universidad Nacional de Rio
Cuarto, Argentina, 2010. Online available from
https://www.researchgate.net/publication/264458714

J. Buendia, E. Palacios, J. Chavez, B. Rojas, " Impacto del
funcionamiento de los sistemas de riego presurizados en la
productividad de ocho cultivos en Guanajuato, México
[Impact of the operation of pressurized irrigation systems
on the productivity of eight crops in Guanajuato, Mexico],"
Agrociencia, Vol. 38, No. 5, pp. 477-486, 2004. Colegio de
Postgraduados Texcoco, Mexico. Online available from
http://www.redalyc.org/articulo.oa?id=30238501

FAO. "El estado de la alimentacion y la agricultura 2020:
superar los desafios relacionados con el agua en la
agricultura [The state of food and agriculture 2020:
overcoming water-related challenges in agriculture],"
Organizacion de las Naciones Unidas para la Alimentacion
y la Agricultura (FAO), Rome, Italy, 2020. Online
available from https://www.fao.org/3/cb1447es/CB1447E
S.pdf

J. J. Barboza Blanco, J. Mijahuanca Chuquillanque,
"Evaluacion del coeficiente de uniformidad y eficiencia de
aplicacion del sistema de riego por aspersion Veras - sector
de Yerba Buena, Cajamarca [Evaluation of the uniformity
coefficient and application efficiency of the Veras sprinkler
irrigation system - Yerba Buena sector, Cajamarcal,”
Universidad Nacional Pedro Ruiz Gallo, Peru, 2022.

(7]

(8]

(12]

Online available from https://repositorio.unprg.edu.pe/han
dle/20.500.12893/11565

J. M. Fontela, "Riego eficiente desde el tope superior hasta
el cultivo [Efficient irrigation from the upper limit to the
crop]," Irrigazette International, Vol. 156, pp. 4-9, 2016.

P. Marti Pérez, "Aplicacion de redes neuronales artificiales
para prediccion de variables en ingenieria del riego:
evapotranspiracion de referencia y pérdidas de carga
localizadas en emisores integrados [Application of artificial
neural networks for the prediction of variables in irrigation
engineering: reference evapotranspiration and localized
head losses in integrated emitters]," Doctoral Thesis,
Universidad Politécnica de Valencia, Spain, 2009.

E. P. Bonilla Fonte, "Mejoramiento de la eficiencia de un
sistema de riego por aspersion basado en redes de sensores
y redes neuronales artificiales para el cultivo de pasto en la
parroquia de Tocachi perteneciente al cantén Pedro
Moncayo [Improvement of the efficiency of a sprinkler
irrigation system based on sensor networks and artificial
neural networks for pasture cultivation in the parish of
Tocachi belonging to the canton of Pedro Moncayo],"
Universidad Técnica del Norte, Ecuador, 2023.

I. A. Lakhiar, X. Zhao, J. Zhao, C. Xie, " A review of
precision irrigation water-saving technology under
changing climate for enhancing water use efficiency, crop
yield, and environmental footprints," Agriculture, Vol. 14,
No. 7, p. 1141, 2024. https://doi.org/10.3390/agriculture14
071141

Y. Chen, L. Song, Y. Liu, L. Yang, D. Li, "A review of the
artificial neural network models for water quality
prediction," Applied Sciences, Vol. 10, No. 17, p. 5776,
2020. https://doi.org/10.3390/app10175776

F. Rustam, A. Ishaq, S. T. Kokab, I. de la Torre Diez, J. L.
Vidal Mazén, C. L. Rodriguez Velasco, I. Ashraf, "An
artificial neural network model for water quality and water
consumption prediction," Water, Vol. 14, No. 21, p. 3359,
2022. https://doi.org/10.3390/w14213359

A. Boundi, Z. Ait Yacine, S. Ait Lahyane, M. Elhabty, A.
Mouradi, M. Saaf, "Efficiency of usual irrigation systems
and water productivity for crops in Mediterranean and
semi-arid climates with reduced hydric requirements,



[13]

[15]

[16]

[17]

Universal Journal of Agricultural Research 13(5): 55-67, 2025 67

Review," Arabian Journal of Chemical and Environmental
Research, Vol. 04, No. 02, pp. 107-126, 2017. Online
available from https://www.mocedes.org/ajcer-volume8/v
olume4/AJCER-07-Boundi-2017.pdf

W. Alvarez Quispe, "Disefio del sistema de riego por
aspersion utilizando nuevas tecnologias, sector Ccalani -
Cusco 2021 [Design of the sprinkler irrigation system using
new technologies, Ccalani sector - Cusco 2021],"
Universidad César Vallejo, Peru, 2021. Online available:
https://hdl.handle.net/20.500.12692/68211

J. A. Jiménez Lopez, "Desarrollo de un sistema de agentes
inteligentes para la gestion eficiente del riego en cultivos
agricolas [Development of an intelligent agent system for
efficient irrigation management in agricultural crops],”
Universidad de Almeria, Spain, 2020.

M. G. Vazquez Rueda, M. Ibarra Reyes, F. G. Flores Garcia,
H. A. Moreno Casillas, "Redes neuronales aplicadas al
control de riego usando instrumentaciéon y andlisis de
imagenes para un micro-invernadero aplicado al cultivo de
albahaca [Artificial neural networks applied to irrigation
control using instrumentation and image analysis for a
micro-greenhouse applied to basil cultivation]," Research
in Computing Science, Vol. 147, No. 5, pp. 93-103, 2018.
Online available from https://www.researchgate.net/public
ation/339203801

MINAGRI, "Informe sobre la gestion del agua en la
agricultura peruana [Report on water management in
Peruvian agriculture]," Ministerio de Agricultura y Riego
del Pert, Lima, Peru, 2020.

MINAGRI, "Informe sobre la eficiencia de sistemas de
riego en el Pert [Report on irrigation system efficiency in
Peru]," Ministerio de Agricultura y Riego del Pert, Lima,

(19]

(23]

(24]

Peru, 2021.

D. R. Ascencios Templo, "Eficiencia hidrica, energética y
emisiones CO: utilizando sistemas de riego presurizado en
las areas verdes de la UNALM [Water and energy
efficiency and CO: emissions using pressurized irrigation
systems in the green areas of UNALM]," Universidad
Nacional Agraria La Molina, Peru, 2021. Online available
from https://alicia.concytec.gob.pe/vufind/Record/ UNAL
ba04500abfae6d2363fc1c28670726be

S. Valderrama, "Pasos para elaborar proyectos de
investigacion cientifica cuantitativa, cualitativa y mixta
[Steps to develop quantitative, qualitative, and mixed
scientific research projects]," Universidad Nacional Mayor
de San Marcos, Lima, Peru, 2019.

R. Hernandez, C. Fernandez, M. Baptista, "Metodologia de
la investigacion [Research methodology]," McGraw-Hill
Education, Mexico, 2014.

M. Tamayo, "El proceso de la investigacion cientifica [The
process of scientific research]," Editorial Limusa, Mexico,
2014.

R. Hernadndez, C. Mendoza, "Metodologia de la
investigacion: las rutas cuantitativa, cualitativa y mixta
[Research methodology: quantitative, qualitative, and
mixed approaches]," McGraw-Hill Interamericana Editores,
Mexico, 2018.

C. Bernal, "Metodologia de la investigacion [Research
methodology]," Pearson, Bogota, Colombia, 2016.

X. Ding, W. Du, "Optimizing irrigation efficiency using
deep reinforcement learning in the field," arXiv preprint,
arXiv:2304.01435, 2023. Online available from
https://arxiv.org/abs/2304.01435



