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Abstract

Wind speed is a climatic variable that conditions irrigation efficiency in sprinkler systems. Its
measurement and monitoring are limited at Mexico’s meteorological stations. This work aimed
to estimate wind speed at the crop level (1-3 m) using wind data from sensors in the Mexican
Wind Atlas to evaluate the efficiency of the high-pressure sprinkler irrigation system in module
6 La Ventosa of DR 019 Tehuantepec, Oaxaca, Mexico. The work was conducted in 2004
using databases from the anemometric station of the Regional Wind Technology Center and
a generalized additive model to define its profile and determine wind patterns. An irrigation
system was experimentally evaluated under the site’s operating conditions, in accordance with the
regulations. The results indicate that variability in speed makes it difficult to obtain an average
value of wind speed. During the heat wave, a significant increase in the magnitude of wind speed
was observed (above 9 m s™). Under the conditions evaluated, the irrigation efficiency of the
fixed high-pressure sprinkler system is 60%, which is within the average. Wind speed is at the
core in estimating sprinkler irrigation efficiency; a better assessment requires direct experimental
measurements in the growing area. Estimating wind speeds and directions provides information for
the design and operation of the irrigation system in order to increase efficiency.
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Introduction

In order to reduce water consumption in the agricultural sector, actions such as the search for
gauging devices for volumetric water delivery and the improvement of irrigation water efficiency
are topics on the current agenda in water policy. Water for irrigation constitutes 70% of water
withdrawals and contributes 40% of food worldwide, so investment in irrigation technologies aims
to increase application efficiency and thus contribute to maintaining yields with the lowest use of
resources, in this case water ( Grafton et al ., 2018 ).

The increase in the efficiency of irrigation systems is an achievement in the technification of
irrigation, thereby maximizing uniformity of water distribution to plants in space and time (
Bjorneberg et al ., 2020 ; Salvatierra-Bellido et al ., 2018 ). Sprinkler irrigation is considered suitable
for grain crops (Abd El-Wahed et al., 201 6 ). The most important disadvantage of sprinkler irrigation
compared to drip irrigation is application uniformity as a function of wind conditions and the method
used to determine it ( Salvatierra-Bellido et al ., 2018 ).

The parameters to be considered in evaluating the sprinkler irrigation system are mainly discharge
speed, wetting radius, distribution pattern, application speed and droplet size, which are conditioned
by wind speed; therefore, recommendations are made for soil type, crop and operating conditions
( Saccon, 2018). Application efficiency depends on the type of system, so the ranges for sprinkler
systems can vary between 60 and 80% (Stambouli et al., 201 3).

Overlapping uniformity and droplet-size distribution are generally used to evaluate, classify, and
improve the efficiency of sprinkler irrigation systems ( Zhu et al ., 2021 ). Irrigation uniformity,
wind drag losses, and evaporation losses are the critical variables in the operation of sprinkler
irrigation systems (Yacoubi et al., 201 2 ). Distribution uniformities of 50% reduce all bioproduction
parameters in crops ( Contreras et al ., 2020 ).

The most relevant climatic factor in the water distribution pattern in sprinkler irrigation is wind and its
speed, direction, and persistence must be considered for its design and operation ( Cisneros-Zayas
etal ., 2019 ), which implies the uniformity of water distribution (Merriam and Keller, 1978; Dechmi
et al., 200 3 ). The disadvantage of this factor is that there is no reliable, distributed information
on the speed values in the cultivation area, so in most cases, statistical interpolation methods are
used for evaluation.

In Mexico, there is dispersion and a lack of continuous wind data, which limit the use of numerical
climate and atmospheric prediction models (Thomas et al., 2021). Research such as that by
Morales-Ruvalcaba et al. (2020); Thomas et al. (2021) use tools such as ERA-5 fifth-generation
atmospheric reanalysis of the European Centre for Medium-Range Weather Forecasts (ECMWF),
produced by the Copernicus Climate Change Service (C3S, data from 2005 to 2007 at 80 m altitude
every 10 min), the modern-era retrospective analysis for research and applications, Version 2
MERRA-2 (data from 2004 to 2008 at 10 to 80 masl every 10 min), and stations of the 2012 set up
by the United Nations Development Program on Global Environmental Finance (UNDP-GEF) and
the National Institute of Electricity and Clean Energy.

Among the numerical alternatives for analyzing wind speed is the use of the generalized linear
mixed model. Mixed models are used when several records in a database are generated from one
sampling unit (Correa-Morales and Salazar-Uribe, 201 6 ). Basic situations that produce database
structures grouped into hierarchical random processes, which involve subsampling, splitting and
random selection of treatments or blocks, and the use of longitudinal data, which in turn implies
variation in time, space or both.

Fixed effects are considered to be self-determined and do not represent external effects
(Correa-Morales and Salazar-Uribe, 201 6 ). The two-stage model is a technique for describing
data with basic summary statistics (Correa-Morales and Salazar-Uribe, 201 6 ). Stage 1 fits
a model for each piece of data separately. Stage 2 explains the variability in regression
coefficients, using fixed effects.
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In Irrigation District 019, Tehuantepec, Oaxaca, Mexico.: CONAGUA implemented, from 2018
onwards, an irrigation technification program through the hydro-agricultural infrastructure support
program ( CONAGUA, 2020 ); pressurized irrigation systems were installed in its modules, including
module 6 ‘La Ventosa'. In the region known as La Ventosa, Oaxaca, there is a phenomenon of
channeled winds called ‘Paso de Chivela’; the particular topography of the Isthmus of Tehuantepec
causes very strong wind speeds to be concentrated in Paso de Chivela (Wang et al ., 2018).

These high wind speeds are known in Mexico as ‘northerly winds’ or ‘tehuanos’ (Morales-Ruvalcaba
et al ., 2020 ). This work aimed to estimate wind speed at the corn-crop level and to evaluate its
effects on sprinkler irrigation efficiency variables, primarily distribution, under production conditions
in Irrigation District 019, Tehuantepec.

Materials and methods

Description of the study area

Irrigation District 019, Tehuantepec, Oaxaca, has an area of 20 242 ha, is located in the southern
part of the Isthmus of Tehuantepec, Mexico ( Figure 1), covers the municipalities of Santa Maria
Mixtequilla, Santo Domingo Tehuantepec, Villa de San Blas Atempa, San Pedro Huilotepec, San
Pedro Comitancillo, Asuncion Ixtaltepec, El Espinal, Juchitdn de Zaragoza and Union Hidalgo,
between coordinates 16° 14’ and 16° 34’ north latitude and 94° 50’ and 95° 32’ west longitude. It
consists of 12 irrigation modules and an URDERAL.

Figure 1. Location of the experimental area.

The tests were conducted in a plot in module 6, La Ventosa, in the municipality of Juchitan,
with the coordinates 16° 34’ 46.26" north latitude and 94° 52’ 2.98” west longitude. The region
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is characterized by its warm subhumid tropical climate, close to dry, with summer rainfall and an
average annual temperature of 27 °C. Its average annual rainfall is 835 mm, and its average annual
evaporation is 1 834.05 mm. Tehuano winds or northerly winds are present in this module. The field
tests were designed according to local sprinkler practices: operating pressure range at the head
and spacing between local sprinklers in the plot.

Statistical wind analysis

Statistical wind analysis. The statistical models used in this work were two-stage GAMs (equation
2.1 3) (Correa-Morales and Salazar-Uribe, 201 6 ); the wind analysis consisted of predicting wind
behavior from weather data; the GAMs in this study were time series of the variable wind; its
behavior was analyzed for readings every 10 min, hourly, daytime, weekly, monthly and annually.

In the first stage, each reading was adjusted separately according to the logarithmic profile to obtain
the wind speed at heights of 0.5, 1 and 1.5 m, using the Mexican Wind Atlas database for the M4
CERTE station. The readings measured by tower A at a height of 80 m were selected to perform
the logarithmic regression, along with the wind speeds at 60, 40 and 20 m; a fifth height at 0 m was
included, with the wind speed set to zero.

The response variables were wind speed and direction, and the predictive variables used were
the date, hour, and minute. The prediction was made using the results of the analysis of data
grouped by daily average, maximum and minimum; the wind speed was declared as a time series
in the R software, and its model assumed a Gaussian or normal distribution of errors; finally, the
smoothing functions ‘s’ ensured the analysis of annual, monthly and daily behavior. R is a language
for statistical and graphical analysis. It is a programming environment made up of a set of highly
flexible tools that can be easily extended through packages, libraries or user-defined functions.

In addition, it is free and open-source, part of the GNU project, like Linux or Mozilla Firefox. The
wind measurement database of the M04 Certe region was obtained from the Mexican Wind Atlas
( Miranda and Saldafia, 2019 ) and the station is located in the municipality of Juchitan, 7 km from
the experimental plot. The following packages were used in Python for statistical analysis: Pandas,
Numpy, Datetime, Matplotlib, and Windrose ( Harris et al ., 2020 ; Quick et al ., 2020 ; Reback et
al ., 2020 ; Caswell et al ., 2021 ); likewise, measurements from 2018 were used.

Sampling for irrigation system evaluation

Sampling for irrigation system evaluation. In June 2020, an unrestricted random sample was taken
from five irrigation systems located in the modules, number 3: San Blas Atempa, number 5: El
Espinal and number 6: La Ventosa. The following characteristics were recorded: height, diameter
and material of the sprinkler riser pipe, and type of sprinkler used.

Proportional sampling formulas were used to estimate the characteristics of most sprinkler irrigation
systems installed in the district. was defined as the characteristic observed in the five irrigation
systems: height, diameter and material of the riser pipe, and type of sprinkler. was defined as the
characteristic observed in the five irrigation systems, different from the characteristics mentioned
in the previous paragraph.

Equation 1 shows the formula for the estimated variance of the characteristic

Cv=

aua

1); formula 2 infers the error bound of the estimate with the sample

Cv=

SIS

2), and equation 3 allows estimating the confidence interval of the sample estimate
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Cv=

SIS

3). Where: n is the sample size of sprinkler irrigation systems; N is the population size of sprinkler
irrigation systems in the irrigation district; B is the limit of error; and Cl is the confidence interval.

Calculation of irrigation uniformity

Calculation of irrigation uniformity. The evaluation of irrigation uniformity was conducted on
uncultivated soil, selecting a middle section in accordance with the sprinkler irrigation evaluation
methodology ( Merriam and Keller, 1978 ). A grid of rain gauges spaced 3 m apart was established
in accordance with international standards ( 1SO 7749-2, 1990 ; ISO 15886-3, 2021 ).

The vessels were made of plastic, measuring 120 mm in height and 95 mm in diameter. The
sprinklers were spaced 30 m apart, with two operating simultaneously. The sprinklers operated for
1 h; the volume collected by each vessel was measured with a 50 ml graduated cylinder, and the
sprinkler operating pressure was measured with a glycerin pressure gauge.

The climatological variables: temperature (°C), wind (m s™), and relative humidity (%) were
measured every 15 min during the tests at a distance of 2 m above the ground surface. The volume
of water collected by each vessel was recorded in a database and used to determine the irrigation
uniformity parameters. Christiansen’s distribution uniformity coefficient.

Equation 4 is used to calculate the distribution uniformity coefficient (DUC) developed by
Christiansen ( I1ISO 7749-2, 1990 ):

Cv=

SIS

4). Where: DUC is the distribution uniformity coefficient; n is the number of readings; is the individual
reading of each collector; is the sum of the absolute value of the standard deviations from the mean.

Merriam and Keller distribution uniformity

Merriam and Keller distribution uniformity. From equation 5, it is possible to calculate the distribution
uniformity ( Merriam and Keller, 1978 ):

CV=

o

5). Where: V(25%) is the volume collected in the bottom quarter of the volumes collected; Vm is
the average volume collected by all the vessels in the grid.

Coefficient of variation

Coefficient of variation. The coefficient of variation (equation 6 ) is calculated as the standard deviation
of all collection vessel measurements divided by the average d (Abd EI-Wahed et al., 2016 ):

Cv=

SIS

6 ). Where: is the standard deviation associated with the measurements of the collection vessels.

Statistical analysis

Statistical analysis. The experimental design is a 23 full factorial design, with the factors
being the nozzle diameter of each working sprinkler (12, 14, 16, 18, 20 and 22 mm), each
with three levels, corresponding to the variables: temperature, wind speed and relative humidity.
The response variables defined above DUC, DU and CV were used to conduct an Anova to
analyze them.
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Results and discussion

Wind rose of La Ventosa, Juchitan

The data on the direction observations measured at the M04 Certe station, Oaxaca, correspond to
heights of 78 m and 58 m (Figure 2 ); the predominant direction for the total readings in Juchitén is
that of the tehuano, or northerly, winds from the north-northwest.

Figure 2. Estimation of the average wind rose in the crop area.

Fifty-three percent of the measured wind speeds had a NNW direction; these wind speeds ranged
from 0 to 43 m s™(Figure 2 ); of these, the magnitudes of 30% of the measured speeds were
in a range of 0-13 m s™; 15% were in a range of 13-19.5 m s™; a percentage of less than 5%
corresponded to speeds in a range of 19.5-26 m s™, and an even lower percentage corresponded
to the maximum speeds recorded; 10% of the speeds from 0 to 12 m s™*had a purely northward
directiorl. Percentages close to 5% had E, ESE, SE, SSE and NW directions, with speeds less than
6.6ms".

The velocities calculated within the first 10 m above the ground surface using the coefficients a and
b exhibited distributions in which the interquartile range widened with increasing height (Figure 3).
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Figure 3. A)Boxplot of the average wind speeds estimated at heights between 1 and 3 m above the ground surface; B)
minimum; and C) maximum.

Using wind speed estimates for the crop area, the uniformity and irrigation efficiency parameters
of the systems evaluated in the field are estimated based on Kelly’'s methodology. For irrigation
uniformity, the sample size for the population of sprinkler irrigation systems in Irrigation District 019,
‘n’, was five; based on this number, the parameters were estimated to evaluate uniformity, following
the methodology described in the corresponding section.

Table 1 presents the physical characteristics of the evaluated systems. It should be noted that,
for the purposes of this work, only the evaluation of irrigation efficiency is considered, without
accounting for the energy source to activate these systems. This is because there are different
power sources ( Table 1); however, the same procedure was used to capture the ‘rainfall’ from the
high-pressure sprinkler on the plot, regardless of the drive system or the type of crop (or absence
of crop, as in case 1).

Table 1. Sampling of sprinkler irrigation systems.
No. Module Crop Pump Type of gun Riser pipe Riser height (m)

1 2 No crop Solar Yuzuak Euro PvC 2" 1
Rain Jet 40

2 5 Corn Electrical-CFE Yuzuak Euro PvC 2" 1
Rain Jet 40

3 5 Corn Electrical-CFE Yuzuak Euro PvC 2" 1
Rain Jet 40

4 5 Corn Electrical-CFE Yuzuak Euro PvC 2" 1
Rain Jet 40

5 6 Corn-grasses Engine Yuzuak Euro PvC 2" 1
Rain Jet 40

It was observed that the five irrigation systems have the same characteristics described: a 2-inch
riser pipe, covered with concrete up to the point before its valve; the sprinkler was a giant gun in
the large-flow category, with jet dispersion driven by a water turbine (Ge et al ., 2020), brand
Yuzuak, model Jet-40.

The results of the evaluation of the irrigation systems are summarized in Table 2 . With the
parameterization of irrigation uniformity in the high-pressure sprinkler mode, it is possible to observe
a decrease in irrigation uniformity as wind speed increases. This is consistent with the results for
irrigation systems whose dispersion is through wind or depends on this variable.
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Table 2. Results of the evaluation of irrigation, uniformity and variation of irrigation.
Date Time Temperature (°C) Wind speed DUC (%) DU (%) Ccv
(m s-1)
17/06/2021 12:00 31.27 0.51 66 60 0.42
12/03/2022 12:00 33.73 5.88 53 35 0.57
27/06/2022 10:00 321 3.4 59 52 0.49
27/06/2022 11:00 30.4 3.14 59 51 0.5
07/07/2022 10:00 32.42 2.04 66 57 0.37

Figure 4 schematically presents the integrated relationship between wind speed and irrigation
uniformity for the evaluated systems, which can be extrapolated to the Irrigation District. The
irrigation uniformity of the system with Yuzuak Jet 40 sprinklers is linear and negative, regardless
of whether only one or two sprinklers are operating simultaneously.

Figure 4. Coefficients of uniformity in irrigation with high-pressure sprinklers.
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This result is, to a certain extent, logical, but there is now a basis for saying that an increase in
wind speed during the operation of sprinkler irrigation systems with these characteristics reduces
uniformity. Even at wind conditions of less than 2 m s™, they cause uniformities of less than 70%.
Nevertheless, the fact that this linear relationship has been found does not imply that it is always so;
Martin-Benito (200 5 ) found non-linear relationships between the uniformity of sprinkler irrigation
and wind speed. Wind at a speed of 2 m s™"changed the water distribution pattern, resulting in
specific concentrations of water.

One reason the water distribution model was observed to be non-uniform when two high-pressure
sprinklers operated simultaneously is that the sampled irrigation system does not comply with the
Official Mexican Standard ( NMX-O-177-SCFI-2011, 2011 ) regarding sprinkler spacing, according
to the high-pressure sprinkler model’s wetting diameter and the wind speed estimated at 2 m height.
This result may be due in part to the lack of wind data measurement within DR 019.

It should be noted that the wind direction was not considered because it was not measured
during the tests. The lack of overlap between two sprinklers operating simultaneously is due to
the sprinklers with 18 mm nozzles having a 38 m radius and requiring a pressure of 5.88 bar,
which was not achieved in the field. The performance of the irrigation system could be improved
by upgrading the equipment that powers the pump. This would also improve the water application
by the sprinklers and the uniformity of irrigation.
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Conclusions

The minimum wind speeds occur in summer in June, whereas the maximum wind speeds occur in
January. The period of high wind speeds coincides with the irrigation district's period of water
delivery to users; therefore, it is necessary to analyze wind influence on wind distribution parameters
and based on them, propose the optimal sprinkler distribution, whether current or future.

The sampling carried out on the sprinkler irrigation systems of the DR can be considered a pilot
study; therefore, the inference on the sprinkler irrigation systems used in the DR was representative
in terms of sprinkler characteristics, sprinkler carrier pipes and height of the sprinkler riser pipe, but
not representative in terms of the type of pump used by the irrigation systems.

If one wants to deepen future studies of the types of pumps used in the DR, it is
recommended to take into account the results of the sampling carried out in this research
and the sampling techniques used to determine the ideal sample size of irrigation systems.
This will enable more accurate inferences about the pumping equipment used in these types of
irrigation systems in the DR.

Acknowledgements

We are grateful to Dr. Osvaldo Rodriguez Hernandez of the Institute of Renewable Energies of
UNAM for the information from the Mexican Wind Atlas.

Bibliography

1 Abd ElI-Wahed, M. H.; Medici, M. and Lorenzini, G. 2016. Sprinkler irrigation uniformity: impact
on the crop yield and water use efficiency. Journal of Engineering Thermophysics, Maik
Nauka-Interperiodica Publishing. 25(1):117-125.

2 Bjorneberg, D. L.; King, B. A. and Koehn, A. C. 2020. Watershed water balance changes as
furrow irrigation are converted to sprinkler irrigation in an arid region. Journal of Soil and
Water Conservation. 75(3):254-262. https://doi.org/10.2489/JSWC.75.3.254.

3 Caswell, T. A.; Droettboom, M.; Lee, A.; Andrade, E. S.; Hoffmann, T.; Hunter, J.; Klymak,
J.; Firing, E.; Stansby, D.; Varoquaux, N.; Nielsen, J. H.; Root, B.; May, R.; Elson, P.;
Seppanen, J.K.; Dale, D.; Lee, J. J.; McDougall, D.; Straw, A.; Hobson, P.; Hannah; Gohlke,
C.;Vincent, A. F.; Yu, T. S.; Ma, E.; Silvester, S.; Moad, C.; Kniazev, N.; Ernest, E.; lvanov,
P. 2021. Matplotlib/matplotlib: REL: v3.5.0. https://doi.org/10.5281/ZENODQO.5706396.

4 Cisneros- Zayas; Venero- Delgado; Placeres- Miranda and Gonzalez- Robaina. 2019. El
viento y su influencia en los parametros de calidad del riego. Ingenieria Agricola. 9(4):1-25.

5 CONAGUA. 2020. Reglas de operacion para el programa de apoyo a
la infraestructura hidroagricola, a cargo de la Comision Nacional Del
Agua, aplicables a partir de 2021. https://www.dof.gob.mx/nota-detalle.php?
codigo=5609029&fecha=28/12/2020&print=true.

6 Contreras, J. |.; Baeza, R.; Alonso, F.; Canovas, G.; Gavilan, P. and Lozano, D. 2020. Effect
of distribution uniformity and fertigation volume on the bio-productivity of the greenhouse
Zucchini crop. Water (Switzerland). MDPI AG. 12(8):2183-2198. https://doi.org/10.3390/
W12082183.

7 Ge, M.; Wu, P.; Zhu, D. and Zhang, L. 2020. Comparisons of spray characteristics between
vertical impact and turbine drive sprinklers -a case study of the 50PYC and HY50 big
gun-type sprinklers. Agricultural Water Management. Elsevier B. V. 228:105847. https://
doi.org/10.1016/j.agwat.2019.105847.

elocation-id: e4128 9

—_


https://doi.org/10.29312/remexca.v17i5.4128
https://doi.org/10.2489/JSWC.75.3.254
https://doi.org/10.5281/ZENODO.5706396
https://www.dof.gob.mx/nota-detalle.php?
https://doi.org/10.3390/
https://doi.org/10.1016/j.agwat.2019.105847
https://doi.org/10.1016/j.agwat.2019.105847

s

DOI: https://doi.org/10.29312/remexca.v17i5.4128

8 Grafton, R. Q.; Williams, J.; Perry, C. J., Molle, F.; Ringler, C.; Steduto, P.; Udall, B. 2018.
The paradox of irrigation efficiency. Science, American Association for the Advancement
of Science. 361(6404):748-750.

9 Harris, C. R.; Millman, K. J.; Van der Walt, S. J.; Gommers, R.; Virtanen, P.; Cournapeau,
D.; Wieser, E.; Taylor, J.; Berg, S.; Smith, N. J.; Kern, R.; Picus, M.; Hoyer, D. S.;Van
Kerkwijk, M. H.; Brett, M.; Haldane, A.; Fernandez del Rio, J.; Wiebe, M.; Peterson, P.;
Gérard-Marchant, P.; Sheppard, K.; Reddy, T.; Weckesser, W.; Abbasi, H.; Gohlke, C. and
Travis E. Oliphant. 2020. Array programming with NumPy. Nature. 585:357-362. https://
doi.org/10.1038/s41586-020-2649-2.

10 1SO 15886-3. 2021. Characterization of distribution and test methods. Matériel Agricole
d’irrigation-asperseurs-partie 3: caractérisation de la distribution et méthodes d’'essai.
Available at: www.iso.org.

11 Issaka, Z.; Li, H.; Yue, J.; Tang, P. and Darko, R. O. 2018. Water-smart sprinkler irrigation,
prerequisite to climate change adaptation: a review. Journal of Water and Climate Change.
9(2):383-398.

12 Martin-Benito, J. Ma. 2005. El riego por aspersiony su tecnologia. 3ra. Edicion. Mundi-Prensa.
581 p.

13 Merriam, J. L. and Keller, J. 1978. Farm Irritation system evaluation: a guide for management.
Book Publisher, Utah State University. 271 p. (https://digitalcommons.usu.edu/cee-
facpub/3779/).

14 Mihélikova, M. and Dengiz, O. 2019. Towards more effective Irrigation water usage by
employing land suitability assessment for various irrigation techniques. Irrigation and
Drainage, John Wiley and Sons Ltd. 68(4):617-628.

15 Miranda, U. and Saldafa, R. 2019. El Atlas Edlico Mexicano, avances, Mexico. http://
aems.ineel.mx/.

16  Morales-Ruvalcaba, C. F.; Rodriguez-Hernandez, O.; Martinez-Alvarado, O.; Drew, D. R.
and Ramos, E. 2020. Estimating wind speed and capacity factors in Mexico using
reanalysis data. Energy for Sustainable Development. Elsevier, B. 58:158-166. https://
doi.org/10.1016/j.esd.2020.08.006.

17 NMX-O-177-SCFI-2011, Pub. L. No. MNX-O-SCFI-2011, NMX-0-177-SCFI-2011 33. 2011.
https://dof.gob.mx/nota-etalle.php?codigo=5205216&fecha=18/08/2011#gsc.tab=0.

18 Quick, J.; Ogasawara, |.; Maussion, F.; Bachant, P.; Rodas, M.; McCann, J. 2020. Ppython-
windrose/windrose: v1.6.8. https://doi.org/10.5281/ZENODO.4028419.

19 Reback, J.; McKinney, W.; Bossche, J.; Augspurger, T.; Cloud, P.; Klein, A.; Roeschke,
M.; Tratner, J.; She, C.; Ayd, W.; Hawkins, S.; Petersen, T.; Schendel, J.; Hayden,
A.; Garcia, M.; Jancauskas, V.; Battiston, P.; Seabold, S.; Hoyer, S.; Overmeire, W.;
Mehyar, M.; Whelan, C. and Kluyver, T. 2020. Pandas-dev/pandas: Pandas 1.0.0. https://
doi.org/10.5281/ZENODQO.3630805.

20 Saccon, P. 2018. Water for agriculture, irrigation management. Applied Soil Ecology. Elsevier
B. 123:793-796.

21 Salvatierra-Bellido, B.; Montero-Martinez, J. and Pérez-Urrestarazu, L. 2018. Development of
an automatic test bench to assess sprinkler irrigation uniformity in different wind conditions.
Computers and Electronics in Agriculture. Elsevier B. 151:31-40.

22 Stambouli, T.; Martinez-Cob, A.; Faci, J. M.; Howell, T. and Zapata, N. 2013. Sprinkler
evaporation losses in alfalfa during solid-set sprinkler irrigation in semiarid areas. Irrigation
Science. 31(5):1075-1089.

23 Wang, M.; Ullrich, P. and Millstein, D. 2018. Datasets on hub-height wind speed comparisons
for wind farms in California. Data in Brief. Elsevier Inc. 19:214-221.

elocation-id: e4128 10

—_


https://doi.org/10.29312/remexca.v17i5.4128
https://doi.org/10.1038/s41586-020-2649-2
https://doi.org/10.1038/s41586-020-2649-2
http://www.iso.org
https://digitalcommons.usu.edu/cee-facpub/3779/
https://digitalcommons.usu.edu/cee-facpub/3779/
https://digitalcommons.usu.edu/cee-facpub/3779/
http://aems.ineel.mx/
http://aems.ineel.mx/
https://doi.org/10.1016/j.esd.2020.08.006
https://doi.org/10.1016/j.esd.2020.08.006
https://dof.gob.mx/nota-etalle.php?codigo=5205216&fecha=18/08/2011#gsc.tab=0
https://doi.org/10.5281/ZENODO.4028419
https://doi.org/10.5281/ZENODO.3630805
https://doi.org/10.5281/ZENODO.3630805

- TR

DOI: https://doi.org/10.29312/remexca.v17i5.4128

24 Yacoubi, S.; Zayani, K.; Slatni, A. and Playan, E. 2012. Assessing sprinkler irrigation
performance using field evaluations at the Medjerda lower Valley of Tunisia. Engineering.
Scientific Research Publishing Inc. 4(10):682-691.

25  Zerihun, D.; Sanchez, C. A., Thorp, K. R. and Hagler, M. J. 2019. Hydraulics of linear-
move sprinkler irrigation systems, Ill: model evaluation. Irrigation & Drainage Systems
Engineering. 8(2):237-248.

26 Zhu, X.; Lewballah, J.; Fordjour, A.; Jiang, X.; Liu, J.; Ofosu, S. and Dwomoh, F. 2021.
Modelling of water drop movement and distribution in no wind and windy conditions for
different nozzle sizes. Water. 13(21):3006-3018.

elocation-id: e4128 11

—


https://doi.org/10.29312/remexca.v17i5.4128

- TR

DOI: https://doi.org/10.29312/remexca.v17i5.4128

Evaluation of the efficiency of fixed sprinkler irrigation in Irrigation
District 019 of Tehuantepec

Journal Information Article/Issue Information

Journal ID (publisher-id): remexca Date received: 01 May 2026

Title: Revista mexicana de ciencias agricolas Date accepted: 01 July 2026
Abbreviated Title: Rev. Mex. Cienc. Agric Publication date: 01 August 2026
ISSN (print): 2007-0934 Electronic Location Identifier: 4128
ISSN (electronic): 2007-9230 pol: 10.29312/remexca.v17i5.4128
Publisher: Instituto Nacional de Investigaciones

Forestales, Agricolas y Pecuarias (México)

Categories
Subject: Article

Keywords:
Keywords:
efficient use of water
logarithmic profile
uniformity of irrigation distribution
wind speed

Counts
Figures: 4
Tables: 2
Equations: 6
References: 26

elocation-id: e4128 12

—_


https://doi.org/10.29312/remexca.v17i5.4128



