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Abstract: Water use in agriculture is a critical aspect of sustainable food production. Efficient water
management is essential to address both yield optimization and environmental concerns. The current
study evaluated the water diversions by the Irrigation District 05—Delicias (DR-05), in the State of
Chihuahua, Mexico, for four major crops grown in the region including alfalfa, chile, pecans and
peanuts. The amounts of water applied to raise these crops were compared to the amounts of water
use estimated with the evapotranspiration (ET) method and with the crop yield function model, and
respective water use efficiencies were estimated with both the methods. The water use efficiency
measured using the ET estimation (WUE-ET) for alfalfa ranged from 60.9% to 70.4%, while the water
use efficiency derived from the yield function data (WUE-YF) showed lower values and ranged
from 43.6% to 59.7%. In the case of chile, the opposite trends were observed than in alfalfa, with the
WUE-ET for chile ranging from 47.7% to 54.8%, and WUE-YF showing higher values that ranged from
49% to 70%. In the case of peanuts and pecans, only the WUE-ET was estimated and it ranged from
55.9% to 68.8% for peanuts and 90.9% to 116.9% pecans, respectively. Among the four crops studied,
pecans were found to have the highest WUE-ET, with values of WUE-ET reaching higher than 100%.
However, it is to be noted that these high values of water use efficiencies are more indicative that
pecans are probably under irrigated.

Keywords: water use efficiency; crop yield function; evapotranspiration; Delicias; Chihuahua;
Mexico; alfalfa; pecan; chile; peanuts

1. Introduction

Water is essential for life and is the foundation of sustainable development, from
food and energy security to human health and the environment [1]. The human altered
hydrologic cycle, socio-economic development, population growth and climate change
represent the main challenges to meet food requirements [2–4]. This challenge is further
complicated considering that natural resources, mainly water, are limited and increasingly
scarce [5].

A major part of global freshwater use for mankind (80–90%) is for agriculture, in-
cluding crop production [6]. Population growth is increasing food requirements, which is
exerting increasing pressure on water resources [7]. A 2017 UN report predicts the world
population will reach 9.8 billion by the year 2050 [8]. Presently, the world population is at
about 8.1 billion. This leads to a critical question: how will societies feed this 1.7 billion
increase in population. In a report from the 2017 International Commission on Irrigation
and Drainage, it states that the greatest burden of providing this growing population with
food would fall on irrigated lands [8]. However, much of the water that would be needed

Sustainability 2024, 16, 1851. https://doi.org/10.3390/su16051851 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16051851
https://doi.org/10.3390/su16051851
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-4709-3235
https://orcid.org/0000-0003-0884-0971
https://orcid.org/0000-0003-3614-5896
https://doi.org/10.3390/su16051851
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16051851?type=check_update&version=1


Sustainability 2024, 16, 1851 2 of 11

for this increase in food production is already allocated. Thus, the only option is to learn to
be more efficient with the water that is currently used in irrigation.

Inappropriate usage of resources diminishes productivity and causes environmental
deterioration [9]. This acquires more importance in arid and semi-arid zones, where water
resource is the deciding factor in the productive process, for which it is necessary to reduce
water usage per unit, whether by area or product, stopping or slowing down environmental
damage [10,11]. The productivity of resources is the main indicator to determine whether
agricultural inputs are being correctly utilized [12].

The productive efficiency of a water resource is the most used indicator. It shows the
amount of product per water unit used, and it is a useful measurement to determine the
capacity of agricultural systems, and it provides a clearer vision of water redistribution
opportunities [13]; it can be reported as average productive or, more often, as marginal
productivity, which expresses the quantity of product gained by using an additional unit
of water.

Climate change poses another serious threat to the sustainability of agriculture due to
rising global temperatures, higher atmospheric CO2 levels and altering rainfall patterns [14].
For instance, predictions for the climate over the next 50 years indicate increases of annual
mean temperature of 1–2.58 degrees Celcius [15]. Each degree Celsius increase in global
temperature can lead to crop yield reductions of 5 to 16% [16,17]. The effects of climate
variability are exacerbated in regions with limited water availability.

Water use in agriculture is, therefore, a critical aspect of sustainable food production.
Efficient water management is essential to address both yield optimization and environ-
mental concerns. It is necessary to prudently manage the use of this resource and avoid
waste in its utilization in agriculture. In arid and semiarid regions, efficient water use
takes on greater importance, because water is a scarce resource and conserving water is
the key for sustainable agriculture and regional development [18]. Moreover, in arid and
semi-arid regions, the aim should be to maximize water productivity rather than land
productivity [19].

The Irrigation District 05—Delicias is located in the state of Chihuahua, Mexico, and
is characterized as a dry desert, with cold winters and hot summers [20]. The summer
temperatures range between 35 ◦C and 40 ◦C while annual rainfall averages of 290.4 mm in
the region. The highest rain occurs in the summer during the months of July and August,
representing 45% of the annual precipitation in the region [20].

Water resources in the Irrigation District 05—Delicias are declining at an alarming
rate due to the climate variability, which has resulted in long periods of drought. Scien-
tific research plays an important role in facilitating the implementation of a sustainable
development model using assessments and policy engagement from a global to a local
scale [21]. It requires a broad and in-depth knowledge of the global to local dynamics of
water availability and use.

The 05—Delicias Irrigation District is one of Mexico’s top-producing agricultural
regions for alfalfa, pecans, peanuts, chile, and onion crops (Table 1). In the 2015–2016
agricultural cycle, these DR-05 crops were ranked first and second nationwide in terms of
production and economic value among all the irrigation districts in Mexico [22].

The production capacity of DR-05 depends on the water available from two reservoirs,
the Francisco I. Madero dam, known as “las virgenes”, and the La Boquilla dam, with
storage capacities of 355.29 and 2893.57 hm3, respectively. Both of these reservoirs are
connected by a hydro-agricultural conduction system called “canal principal” to provide
an irrigation service to the entire DR-05 area.
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Table 1. The most important crops in the Irrigation District 05—Delicias, agricultural cycle 2015/2016,
by the value of their production in dollars.

Production Economic Value
(Million USD)

Crop DR-05 National DR05/National
(%)

DR05/National
Rank

Alfalfa 65.3 380.9 17.1 2
Pecans 69.1 271.3 25.5 1
Peanuts 6.1 8.3 73.7 1

Chile 58.9 340.3 17.3 2
Watermelon 19.1 70.1 27.2 1

Onion 17.4 52.6 33.1 1
Source: [23].

Considering that DR-05 has had significant harvest variability over the last 30 years,
the availability and use of water for irrigation may impact the long-term viability of these
reservoirs. Hence, it is necessary to perform a comparative analysis of the water use for this
area. Evapotranspiration can be an important factor affecting the amount of water needed
for vegetation development, surface runoff, and therefore, for irrigation and water resource
management [24–26]. Estimation of evapotranspiration helps producers gauge crop water
needs. Accurate measurements aid in irrigation planning, ensuring judicious water use
while minimizing waste [27].

Implementing technologies like weather-based evapotranspiration models enhances
precision, contributing to resource conservation and improved crop productivity. Overall,
integrating advanced methods for calculating evapotranspiration is pivotal for achieving a
balance between agricultural productivity and water sustainability [28].

The crop yield function holds paramount importance in agricultural contexts as it
serves as a fundamental metric for assessing the productivity and efficiency of farming
practices [29]. This function provides a quantitative relationship between various input
factors such as water, nutrients, sunlight, and crop management practices, and the resulting
output in terms of harvested crops [30]. Understanding and optimizing the crop yield
function is crucial for farmers and researchers alike, as it enables the identification of
optimal conditions and practices to maximize production.

By analyzing and fine-tuning this function, stakeholders can enhance resource utiliza-
tion, mitigate environmental impacts, and contribute to global food security. Moreover, the
crop yield function plays a pivotal role in informing decision-making processes related to
agricultural planning, resource allocation, and sustainable farming practices.

This paper reports the use of water for alfalfa, chile, peanuts, and pecans for the years
2009 to 2016. The goal of this study was to evaluate the water diversions from the Irrigation
District 05—Delicias (DR-05), in the State of Chihuahua, Mexico and estimate the efficiency
of water being used. This evaluation will help to determine if the crops grown in this area
can be grown in a sustainable manner. This paper only evaluates one of the factors, water
use efficiency. Other factors such as suitable crop evaluation, environmental, economic,
and social impacts should also be considered in subsequent work. All these aspects must
be considered to help identify measures for a better sustainable agriculture.

2. Materials and Methods

In this study, the yield and water use as well as applied water were studied for 2009 to
2016. Crop evapotranspiration (ETc) values were determined for chile, peanuts, alfalfa and
pecans for all of these years. Reference ETo was determined using the Hargreaves Equation.
The appropriate Kc value was required for the estimation of ETc. The Kc values that were
used for alfalfa and peanuts were taken from the FAO 56 publication [31] while the Kc
values for pecans were determined from [32] and the Kc values for chile were found in [33].
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In order to further review water use efficiency in the 05—Delicias area, yield functions
for alfalfa and chile were evaluated. However, the yield function equations were rearranged
to solve for total consumptive water use. Yield functions were not available for peanuts and
pecans for this region. The crop yields for alfalfa and chile were input into the equations to
determine the required water application depths to achieve these yields.

2.1. Hargreaves ET Equation

Limited weather information was available for this work, so the Hargreaves ETo
equation was used to estimate crop ETc water use for the growing season. This allowed for
a comparison of the water used to irrigate and grow the crop with the total ET that was de-
termined for the season. When all of the weather data are available, the Penman–Monteith
equation is recommended to estimate crop ETo [34]. However, only air temperatures were
consistently available for this area, so the Hargreaves equation was used to estimate ETo:

ETo = 0.0023RA(T + 17.8)
√

TR (1)

where ETo is the reference evapotranspiration; RA is the extraterrestrial solar radiation; T is
the mean temperature; and TR is the average daily temperature range. Temperatures for
this research were obtained from a local weather station in the 05–Delicias area. Researchers
explain that this equation does not work as well for daily ETo estimation, but it provides
a good estimate of ETo for longer periods of time [34]. Considering that the crop water
use is estimated for the growing season, this equation will accomplish the goal of this
research. The extraterrestrial radiation has to be estimated for the above equation using the
following relationship:

RA = 37.6 dr(ωs sinϕ sinδ + cosϕ cosδ sinωs) (2)

where dr is the relative distance from the earth to the sun, ωs is the sunset hour angle (rad);
ϕ is the latitude (rad); and δ is the declination of the sun (rad). All of these variables are
dependent upon the day of the year, the latitude, and the elevation. They can be estimated
using simple equations that are found in [34].

2.2. Yield Functions

Yield functions have been developed to understand how varying amounts of applied
water influence crop yields [35]. These functions are simplified relationships that show
crop water requirements for given crop yield [36]. Yield functions are used for “irrigation
system design and management, agronomic and economic development, feasibility studies
and the benefits of irrigation water compared with other water uses” [36]. Users of these
functions can assess water needs to meet production targets and estimate crop yields based
on available water [37].

For this study, yield functions were used for alfalfa and chile crops. The alfalfa yield
function was developed in Mexico [38]:

Y = 1.84 + 0.26(ET)− 0.0006(ET2) (3)

where Y is the alfalfa seasonal crop yield (ton ha−1) and ET is the crop water use (cm depth).
A crop yield function for chile grown in southern New Mexico has been developed [39].

This function is as follows:
Y = 0.5168(ET)− 12.1 (4)

where Y is the chile seasonal crop yield (ton ha−1) and ET is the crop water use (cm). In
DR-05 the crop is usually planted in March, and it grows for about 90–110 days before it is
harvested. Equations (3) and (4) developed for alfalfa and chile only. As mentioned earlier;
yield functions were not available for peanuts and pecans for this region.
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2.3. Water Use Efficiency

The values from the ET calculations and the crop production function were used as the
numerator in the water use efficiency equation. The water that was applied was used in the
denominator. This helps us understand how well the water is being used for the various
crops. Water use efficiency was determined from the following formula found in [40]:

Eu =
Wu

Wd
× 100 (5)

where Eu is the water use efficiency, Wu is the water beneficially used and Wd is the water
delivered. It is generally accepted that when a crop is irrigated, there will be a water loss.
Therefore, the water use efficiency will be less than 100%.

2.4. Description of the Study Area

The Irrigation District 05—Delicias, Chihuahua, Mexico, belongs to the Rio Bravo
hydrological basin. It is located in northern Mexico, in the south central region of the State
of Chihuahua, 28◦11′′ north latitude and 105◦28′′ west longitude, with an average altitude
of 1165 m above sea level. The DR-05 has an area of 100,093 ha, where 80% of the area is
irrigated and 20% uses seasonal precipitation. This area has 8113 producers that grow crops.
These producers are organized into 10 non-profit organizations called “modulo” (Figure 1),
whose main function and responsibility is the distribution and delivery of watering volume
to its users. These modules are, in turn, integrated into two limited liability companies,
whose functions are water delivery to the irrigation modules and giving maintenance to
distribution major infrastructure in the DR-05.
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2.5. Choice of Crop under Study

In order to obtain agricultural production information, personal interviews were
conducted with the District Chief and Chief of Operations of CONAGUA. To determine
the importance of the crops in this area, statistical information on agricultural production
were analyzed. These data were obtained from official databases including the Secretariat
of the Environment and Natural Resources (SEMARNAT), National Water Commission
(CONAGUA), and the Secretariat of Agriculture, Livestock, Rural Development, Fisheries
and Food (SAGARPA).

The subject population of the study amounted to 8083 producers that were registered
in the user registry and grouped into 10 civil associations. Statistical data were obtained
from August 2009 to February 2016 from personal interviews with the head engineer and
the head of operations of the DR-05. Statistical information was used for agricultural
production from 8 agricultural cycles (2009–2016) by accessing information from several
databases [41–44].

2.6. Climatological Description

Based on the Köppen classification, the climate in Irrigation District 05—Delicias,
Chihuahua is a dry desert type Bwh, with cold winters and hot summers. The region has
an average temperature of 19.1 ◦C, and average daytime and nighttime temperatures of
24.0 and 14.1 ◦C, respectively, having a maximum maximum temperature of 45 ◦C and
a minimum temperature of −21 ◦C [20]. The average annual rainfall is 290.4 mm, with
43.4 days of precipitation, and a higher incidence in the summer months of July, August,
and September (July and August representing 45% of the annual total), and an annual
evaporation of 2659.5 mm [20].

3. Results

The total depths of water that were applied in 2009 to 2016 for alfalfa, chile, peanuts
and pecans are stated below (Table 2). Also stated are the total amount of water that was
evapotranspired by these crops for the same years. These data were used to determine
water use efficiency. The efficiency is partially dependent on the irrigation method. For
example, flood irrigation methods have the lowest efficiency while drip irrigation tends to
have higher efficiencies. It should also be pointed out that if there is a water use efficiency
that is greater than 100%, then the crop is being under-irrigated.

For simplification, the water use efficiency calculated using the ET values is denoted
by WUE-ET, while the water use efficiency calculated using the crop yield function is
denoted by WUE-YF. The evapotranspiration and collected data indicated that the water
use efficiency (WUE-ET) for alfalfa ranged from 60.9% to 70.4% and the WUE-ET for chile
ranged from 47.7% to 54.8% (Table 2). The WUE-ET for peanut ranged from 55.9% to 68.8%
(Table 2). The highest WUE-ET was recorded for pecans, ranging between 90.9% to 116.9%
during the period from 2009 to 2016 (Table 2). It must be noted that the higher WUE-ET
under pecans does not mean that the pecans were efficiently irrigated. In this case, the
pecans were under irrigated. This will be explained later.

The data from Table 2 were used to generate mean and standard deviation values for
the total water applied, evapotranspiration and water use efficiency. The data indicate that
in the water shortage year (2015) water users more efficiently irrigated the alfalfa and chile
crops, given that the water use efficiency for these crops was greater than the mean that
was determined for these crops. On the other hand, the means that were determined for
water use efficiency for peanuts and pecans were not exceeded in the water shortage year
(Table 3). The standard deviation for the total water applied was greater than the standard
deviation for water use efficiency. Crop ETc had a lower standard deviation than total
water applied except for pecans (Table 3).
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Table 2. Total water applied compared to evapotranspiration for alfalfa, chile, peanuts and pecans in
District 05—Delicias, Chihuahua, Mexico, from 2009 to 2016.

Year Crop Total Water Applied (cm) Evapotranspiration Water (cm) Water Use Efficiency (WUE-ET) (%)

2009 Alfalfa 178.2 116.2 65.2
2009 Chile 149.2 81.7 54.8
2009 Peanuts 120.9 74.2 61.4
2009 Pecans 132.8 148.5 111.8
2010 Alfalfa 187.5 114 60.9
2010 Chile 164.9 81.1 49.2
2010 Peanuts 117.2 73.8 63
2010 Pecans 118.9 114.5 96.3
2011 Alfalfa 187.5 124.6 66.5
2011 Chile 184.2 89.2 48.4
2011 Peanuts 144.4 80.8 55.9
2011 Pecans 137.7 161.1 116.9
2012 Alfalfa 187.4 118.2 63.1
2012 Chile 154.4 81.2 53
2012 Peanuts 128.8 74.1 57.5
2012 Pecans 165 149.9 90.9
2013 Alfalfa 163.5 106.6 65.2
2013 Chile 169.6 80.9 47.7
2013 Peanuts 111.9 67.5 60.3
2013 Pecans 126.5 131.8 104.2
2014 Alfalfa 175.3 111.5 63.6
2014 Chile 173.4 86.7 50
2014 Peanuts 110.4 72.9 66
2014 Pecans 139.9 143 102.2
2015 Alfalfa 154.9 109.1 70.4
2015 Chile 150 80.9 53.9
2015 Peanuts 119.2 70 58.7
2015 Pecans 144.3 140.3 97
2016 Alfalfa 158.9 110.7 69.7
2016 Chile 142.8 78.2 54.8
2016 Peanuts 103.1 70.9 68.8
2016 Pecans 132.8 141.2 106.3

Table 3. The mean and standard deviation for the total water applied, evapotranspiration and water
use efficiency for alfalfa, chile, peanuts and pecans in District 05—Delicias, Chihuahua, Mexico from
2009 to 2016.

Crop Total Water Applied
Mean (cm)

Total Water
Applied Standard

Deviation (cm)
Evapotrans. Mean (cm)

Evapotrans.
Standard Deviation

(cm)

Water Use
Efficiency Mean (%)

Water Use
Efficiency Standard

Deviation (%)

Alfalfa 174.2 12.6 113.9 5.4 65.6 3.0
Chile 161.1 13.3 82.5 3.4 51.5 2.8
Peanuts 121.5 10.1 72.9 3.7 61.45 12.9
Pecans 137.2 12.8 141.3 12.9 103.2 8.0

Yield Function Evaluation

In order to evaluate if the collected data for the DR-05 area were valid, the yield
functions that were mentioned above were used to compare the collected data to the data
generated by the yield functions.

In order to assess collected yield data, the crop yield was input into the yield function
and a corresponding water depth for the crop yield was determined. Equation (4) was
manipulated to solve ET explicitly while Equation (3) had to be solved implicitly because
the power term could not be manipulated to solve for ET explicitly. This water depth was
then divided by the total depth of water applied to the crop to determine the water use
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efficiency. The resulting estimated water use efficiency (WUE-YF) was then recorded in
Table 4.

Table 4. Total water applied compared with the depth of water required using the yield function data
for alfalfa and chile in District 05—Delicias, Chihuahua, Mexico from 2009 to 2016.

Year Crops Collected Yield
(ton/ha) Total Water Applied (cm) Yield Function Depth (cm) Estimated Water Use

Efficiency (WUE-YF) (%)

2009 Alfalfa 19.9 178.2 87.1 48.9
2009 Chile 41.8 149.2 104.4 70
2010 Alfalfa 19.1 187.1 81.5 43.6
2010 Chile 31.7 164.9 84.7 51.3
2011 Alfalfa 20.2 187.5 88.8 47.4
2011 Chile 34.5 184.2 90.2 49
2012 Alfalfa 20.6 187.4 91.5 48.8
2012 Chile 35 154.4 91.1 59
2013 Alfalfa 19.7 163.5 85.4 52.2
2013 Chile 40 169.6 100.8 59.4
2014 Alfalfa 20.4 175.3 90.2 51.5
2014 Chile 40 173.4 100.8 58.1
2015 Alfalfa 20.65 154.9 91.8 59.2
2015 Chile 40 150 100.8 67.2
2016 Alfalfa 21.11 158.9 94.9 59.7
2016 Chile 30 142.8 81.5 57

The WUE-YF for alfalfa ranged from 43.6% to 59.7% while the WUE-YF for chile
ranged from 49% to 70% (Table 4). The data presented in Tables 2 and 3 indicate that
the WUE-YF estimations of alfalfa were lower than its WUE-ET estimations during the
2009–2016 period. In contrast, WUE-YF estimations of chile crop were higher than its
WUE-ET estimations during the 2009–2016 period (Tables 2 and 4).

The data in Table 4 were used to determine mean values for the yield function water
depths as well as the mean values for water use efficiency data. Once again, it can be
observed that for the water shortage year (2015), the water use efficiency was greater than
the average for the 8 years of data for chile and alfalfa. Again, this indicates that the water
users irrigated more efficiently for the 2015 year.

4. Discussion

Efficient water management is essential for sustainable food production, particularly
in arid and semiarid regions where water is a scarce resource. The region of study in this
manuscript, Irrigation District 05—Delicias, is located in the state of Chihuahua, Mexico,
and is characterized as a dry desert with cold winters and hot summers. The 05—Delicias
Irrigation District is one of Mexico’s top-producing agricultural regions for alfalfa, pecans,
peanuts, chile, and onion crop. The current study analyzed the use of water for alfalfa,
chile, peanuts, and pecans for the years 2009 to 2016, with a goal to evaluate the water
diversions and to estimate the efficiency of water being used from the Irrigation District
05—Delicias (DR-05), in the State of Chihuahua, Mexico.

Irrespective of the irrigation method used, there are always water losses during an
irrigation. The level of water use efficiency that is obtained depends on the irrigation
method used and good irrigation management. It should be noted that all the crops in
this study were flood-irrigated, and a water use efficiency of 60% was considered a good
achievement for a flood irrigation. Even with good management practices, it can be difficult
to achieve high application efficiencies with flood irrigation.

The differences in WUE-ET and WUE-YF obtained for the same crops in this study
may partially be attributed to the inaccuracies in the estimation equations. It must be
remembered that the equations were determined when measured data were used to de-
velop a best-fit comparison that modeled the data. This is true for both the yield equations
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and Hargreaves equation. However, both methods that are used for estimating irriga-
tion water use efficiency indicate that alfalfa and chile are irrigated with low efficiencies
(Tables 2 and 5).

Table 5. The mean and standard deviation for the yield function water depth and water use efficiency
for alfalfa and chile in District 05—Delicias, Chihuahua, Mexico, from 2009 to 2016.

Crop Yield Function Depth
Mean (cm)

Yield Function Depth
Standard Deviation (cm)

Water Use Efficiency
Mean (%)

Water Use Efficiency
Standard Deviation (%)

Alfalfa 88.9 3.9 51.4 5.2
Chile 94.3 8.0 58.9 6.6

Another important factor identified is that water users tend to use water more effi-
ciently in water shortage years. This observation is demonstrated in the 2015 low-water-
availability year, where water was used more efficiently (Tables 2–5). However, there was no
noticeable change in water use efficiency for peanuts and pecans in the 2015 water shortage
year. It is puzzling why farmers change their irrigation practices for the lower-value crops.

Pecans are typically basin-irrigated (a category of flood irrigation). If a basin irrigation
system is properly sized, leveled, and managed, the efficiencies can exceed 60% [45]. The
ET/yield data (WUE-ET and WUE-YF) indicate this to some degree; however, the high
efficiencies were more indicative of under-irrigation. Basin irrigation usually has efficiencies
in the 65 to 75% range when it is properly managed. In this study, the high efficiencies for
pecans were indicative of under-irrigation, rather than of them being efficiently irrigated.
In other words, pecan yields can be increased by applying additional water. This is also
indicative that more water could and should be applied to increase pecan yields and to
increase potential income to pecan growers.

In the DR-05 district, areas under perennial crops have been increasing year after year,
resulting in greater pressure on the availability of water and its sustainable management.
It was also concluded that the increase in crops with a high consumption of water has
increased pressure on the management of this resource and on decision making, since they
represent the crops with the highest water consumption per unit area [46].

5. Conclusions

The current study evaluated the water diversions by the Irrigation District 05—Delicias
(DR-05), in the State of Chihuahua, Mexico, for four major crops grown in the region,
alfalfa, chile, pecans and peanuts, and compared water use efficiency calculated using
two methods. The water use efficiency measured using the ET estimation (WUE-ET) for
alfalfa ranged from 60.9% to 70.4%, while the water use efficiency derived from the yield
function data (WUE-YF) showed lower values and ranged from 43.6% to 59.7%. In the
case of chile, opposite trends were observed than in alfalfa, with the WUE-ET for chile
ranging from 47.7% to 54.8%, and WUE-YF showing higher values that ranged from 49%
to 70%. The difference between the two comparison methods is likely due to the errors in
the data collection as well as the yield function and Hargreaves equations that are used in
this comparison.

In the case of peanuts and pecans, only WUE-ET were measured. The WUE-ET for
peanut ranged from 55.9% to 68.8% (Table 2). The highest WUE-ET was recorded for pecans,
ranging between 90.9% to 116.9% during the period from 2009 to 2016. While considering
the evapotranspiration method, pecans grown in the Irrigation District 05—Delicias appear
to have the highest WUE-ET among the four crops evaluated in this study. Further, ET/yield
data indicate this to some extent.

The data indicate that in the 2015 water shortage year, chile and alfalfa were irrigated
more efficiently. For the WUE-ET data, the water users were 4.8% more efficient than the
mean when irrigating alfalfa and 2.4% greater than the mean when irrigating chile. The
WUE-YF data indicate that for 2015, alfalfa was 7.8% more efficiently irrigated and the chile
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was 8.3% more efficiently irrigated. This proves that when motivated, irrigation farmers
are capable to use water more efficiently.

The results of this research will help determine future plans for the Irrigation District
05—Delicias, where these plans will determine the conditions, characteristics and important
profiles that will help make this area more sustainable.
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