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Abstract: The application of life cycle assessment method (LCA) to animal production is a method-
ological option to assess the potential impact of products, services, or production processes in a
comprehensive way as it considers both the quantity and quality of water in the life cycle approach.
In this paper, the water footprint of jumping sport horses’ production has been determined using
the LCA methodology for the first time ever. The results of this paper show that the production of
medium- and high-performance sport horses uses a large amount of water. However, modifications
to the diet (type and percentage of oils in the supplement, place of origin of feed, etc.) and in the
management and destination of waste (animal box beds) can result in a reduction of the water
requirement and the environmental impact of production. This type of studies should be developed
in different farms in the future in order to give producers management alternatives that improve the
sustainability of productions.

Keywords: water; sport equine production; life cycle assessment

1. Introduction

The interest in water footprint stems from the acknowledgment that human impact on
water systems may be related to human consumption and to the fact that certain issues such
as water shortage and contamination may be better understood and managed considering
the production and distribution chains in its entirety.

The problem of water is one of the most feasible causes of potential global crisis in the
coming decades [1,2].

The United Nations in its sustainable development goals (SDGs) recognizes the water
issue as one of the most relevant in the world. This issue is transversal to all the SDGs [3,4].

One of the tools used worldwide is the life cycle assessment method (LCA), appli-
cable to the productive system, which was standardized in accordance with ISO 14046:
“Environmental management—Water footprint—principles, requirements and guidelines”
(2014). The life cycle approach has proven to be a promising way to analyze the social,
economic, and environmental impacts of bio-based products along the whole value chain.
This method represents a valuable framework the transdisciplinary nature of which clearly
demonstrates the importance of its integration not only with economic models, but also
with ecological and social theories [5,6].

This methodological option can assess the potential impact of products, services,
or production processes comprehensively, since it considers not only the water quantity
but also its quality in the life cycle approach [7–9]. ISO standard 14046 presents another
methodological option to the traditional water footprint proposed by Hoekstra [10]. With
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regard to animal production, there are few studies in relation to the water footprint either
by traditional assessment of the water footprint [11–14] or by the methodology suggested
by the ISO 14046 approach [15]. Equine production in Argentina has never been assessed
in any of these aspects.

In equine production water is used straight for horses drinking and for horse bathing
and cleaning of facilities (stables). However, the animals also incorporate water indirectly
through food consumption. Food composition, particularly, the proportion of concentrates
with respect to the feed will determine the amount of water consumed, because a larger
amount of water is used in the production of concentrates than in the production of
feed [16].

The production of sport horses is expanding, and Argentina is one of the countries
that exports animals for equestrian sports.

On the other hand, there are few studies in the world that analyze these aspects in
this production and, at most, they focus on animal production only for consumption [17],
or on food of animal origin such as milk [18], but not on the production of sport animals.

The aim of this study is to determine, for the first time ever, the water footprint of the
production of jumping sport horses.

2. Materials and Methods

Based on previous studies [19,20] a sport horses farm in the Province of Buenos
Aires was selected as study case. This farm is recognized in the equestrian sector for the
performance of both horses and riders. Its productive profile was developed from a survey
(Appendix A), as well as regular visits to the farm and the collection of water and box
bedding samples. Data on cleaning of facilities, weekly bathing water management and
horse activities were also collected. This farm was selected among 26 other farms studied
since it holds 50 high- and medium-performance jumping horses, all of which share the
same training routine; therefore, veterinary management is the same for all of them with
regard to feed, supplementation, and cleaning.

A water life cycle analysis was performed, based on water input and output and its
uses for production in accordance with ISO 14046 methodology [21].

2.1. Functional Units

The functional units of the LCA studied are the horses (male or female) of high and
medium performance.

High-performance horses have the following training daily routine: in the morning,
they walk between 20 to 30 min in a round horse walker or with their trainers holding
a rope. In the afternoon, they walk 10 min and trot for 15 min with their horseman or
horsewoman alternately. After that, they jump over fences in the horse track for 50 min.
The fences have different heights, reaching up to 1.70 m. The horses follow the routine
mentioned above six days a week.

Medium performance horses have the following training daily rotuine: they walk
between 20 to 30 min in a round horse walker or with their trainers holding a rope. In
the afternoon, they walk 10 min and trot for 15 min with their horseman or horsewoman
alternately. After that, they jump over fences in the horse track for 50 min. The fences have
different heights, reaching up to 1.40 m. The horses follow the routine mentioned above
three days a week.

2.2. Inventory Analysis

Inventory Analysis includes drinking water, water for feed and dietary supplement
production, bathing water, and water to clean the boxes (Figure 1).
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Figure 1. Diagram of water life cycle in this farm. Entire lines: use of direct water. Split lines:
indirect use.

Average drinking water consumption for 450 kg. live weight horses actively working
(room temperature from 15 ◦C to 21 ◦C) is at approximately 54–63 L/animal/days [22].
Animal water consumption was thus estimated, and this figure was verified in situ during
the regular visits of the professional veterinary to the farm.

Animals were classified according to their training as high- and medium-performance,
as in the case of sport equines water consumption is directly related to work intensity.
Mares in competition are prevented from getting pregnant; therefore, they are not in full
breastfeeding or pregnancy periods in which water consumption might increase.

The quality of the water consumed by the animals was analyzed. The following
physicochemical parameters were registered: pH, conductivity (µS/cm) through Hanna
HI 9828 (Hanna Instruments, Woomsocket, RI, USA), total hardness (mg/L) determined
by ethylenediaminetetraacetic acid (EDTA) titration method chlorides (mg/L) by the
argentometric method and nitrates (mg/L) by the cadmium reduction method with HACH
DR 890 (Hach Company, Loveland, CO, USA) [23].

An analysis of animal feed as water source was performed considering consumption of
hay and concentrates for active sports animals at 1.25 kg/animal of alfalfa for every 100 kg
of horse weight and at 1 kg/animal of concentrate for every 100 kg of horse weight [24].
The water consumption values for each kind of feed were taken from World Food LCA
Database [25].

With regard to the amount of animal bathing water it was considered that medium
performance equines are bathed three times a week, while high performance animals are
bathed every day. The bath is performed with a bucket, and a total of 90 L per animal was
estimated for each bath. During bath in addition to water, shampoo and conditioner with
similar characteristics of those used by humans is applied. As to the cleaning of facilities,
boxes are washed down twice a week in this farm, using approximately 15 L of water per
box. Each box has an approximate surface of 3 by 4 m and it is ventilated.

All these water consumption figures for both animal and box cleaning were also
verified by the periodic visits of the professional veterinary to the farm and through said
survey (Appendix A).

The composition of the wood shavings bed used in the boxes was analyzed with
regard to the trace elements present. For this analysis the following elements were selected:
As, Cd, Cr, Ni, and Pb. These elements were selected since their presence in large quantities
in the water may be harmful to the animals’ health [19,26,27]; besides, in Argentina, arsenic
is a toxic natural element very often found in ground and surface water [28]. This element
comes from the pampean loess and it is present in large quantities in the ground and
surface water of the Pampa plains [29]. The Cr, Cd, and Pb are of anthropogenic origin.
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Quantification of As, Pb, Cd, and Cr was performed by ICP-OES (inductively coupled
plasma–optical emission spectroscopy) using a Perkin Elmer Optima 2000 DV (PerkinElmer
Inc., Überlingen, Germany). For the equipment calibration, reference materials from the
National Water Research Institute of Canada (NWRI) with certified content of all minor
elements were used for calibration, verification, and validation of the analytical method.

With all data collected a water flow chart was developed at the farm and the monthly
inputs and outputs were determined, according to the ISO 14046 proposal. Based on this
data, recommendations were made in order to minimize consumption of this resource
and to improve the farm’s environmental profile as a pilot case of equine production in
the region.

3. Results and Discussion

The water life cycle in this farm follows the following diagram (Figure 1).
The water used in the farm comes from 80 m deep underground water well. Farm

water physicochemical parameters show the following average figures: pH: 6.81; conduc-
tivity: 852 µS/cm; total hardness: 213 mg/L; chlorides: 28 mg/L; and nitrates: 2.5 mg/L.
These figures show that farm water is of relatively good quality although nitrates level is
over guideline levels proposed by Canadian Environmental Quality Guidelines (CEME)
(<1 mg/L) and United States Environmental Protection Agency (USEPA) (<1 mg/L) [30,31].
Farm water quality is appropriate with regard to other horse farms in the region and is
consistent with the results found by Vaccaro et al. [20].

Direct water consumption is intended for drinking, animal bathing and box cleaning.
The estimated amount of water consumed monthly by high performance animals (N = 30)
is of 56,700 L and by medium performance animals (N = 20) is of 32,400 L.

Monthly water consumption by animals, water for animal bathing and box cleaning is
shown in Table 1.

Table 1. Monthly water consumption (L) by animals drinking, water for animal bathing, and water
for box cleaning. N: samples number.

Activity Intensity N
Monthly Water Consumption (L)

Animal
Consumption

Animal
Bathing

Box
Cleaning

Jumping

Medium
performance 20 32,400 ± 3300 21,600 ± 1900 2400 ± 200

High
performance 30 56,700 ± 4900 75,600 ± 7300 3600 ± 350

Monthly bathing water consumption in high performance animals is higher because
they are bathed daily. Boxes are cleaned weekly; however, the difference lies in the number
of boxes assigned to each animal according to its type of activity. Disinfectant is used to
clean boxes. These products must be biodegradable so as to minimize the environmental
impact of the animal bathing process.

Impact Assessment

With regard to water indirectly incorporated in equine production through feed, it
should be considered that farm horses weigh 500 kg each on average; therefore, each one
consumes approximately 6.25 kg of hay daily.

Alfalfa is the main component of the hay used for feed of the horses studied and it
takes approximately from 1100 to 1550 mm of water annually to grow, with a yield of
2000 tonnes per hectare [32]. Even though Argentina is the second world alfalfa producer,
the provinces of Santiago del Estero and Córdoba, where the hay consumed by the horses
studied is produced, have shown a significant reduction in the amount of rainfall over the
last 60 years [33]. In these areas, hay crops are unirrigated and depend only on rainfall
which is approximately 850/940 mm yearly [33]. The amount of water necessary to produce
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a ton of alfalfa in Argentina is approximately 830/880 m3 [34], while in other regions in
the world it is higher; for example, in the United States of America (1432 m3) or in New
Zealand (970 m3) [35]. This fact offers an advantage not only due to the lower amount of
water used for alfalfa production, but also to the lower transport costs, since the crop is
grown in Argentina.

Feed supplementation of the farm animals consists in oats and oil energy concentrates
(50–50% mix of corn and sunflower oils). The daily amount per animal is 5 kg of oats, and
80 cm3 of the oil mix.

Oat farming requires between 500 and 800 mm of water per hectare, corn (dry grain)
between 330 and 412 mm, and sunflower 500 mm [36,37]. Additionally, water is used in
the production process of the supplement oils at an estimated 2575 m3/ton for corn oil
and 6792 m3/ton for sunflower oil [38]. It should be noted that the reduction in sunflower
oil added would further reduce the amount of water associated to this supplement. For
example, if only corn oil were used in the diet supplementation, the amount of water used
monthly would be reduced approximately 3 times in comparison with the mix of two oil
types. As a consequence, global water consumption in production would be reduced.

With regard to the analysis of the trace elements present in the box beds the following
figures were found: 0.55 µg/g Cd, 0.87 µg/g Cr, 0.80 µg/g Ni, and 0.61 µg/g Pb; the value
for As (<0.40 µg/g) remained below detection levels.

The animals rest in boxes with wood shaving beds for 10 h a day. Beds are removed
daily, they are laid in an outdoors space on the ground, usually called “virutero”. This
waste receives rainfall (from 65 mm in winter to 125 mm in summer, 2021). It should also
be noted that the northern area of the Province of Buenos Aires has shown an upward
trend in the amount of rainfall over the last 60 years [33]. This might worsen the quality of
underground water, and indirectly affect the water source for farm consumption as well.
Therefore, it is relevant that animal bedding waste be placed in an adequately waterproofed
and roofed area in order to minimize the potential for leaching of trace elements and other
compounds to underground water.

The results of this paper show for the first time ever that the production of medium- and
high-performance sports equines uses a large amount of water (Figure 1 and Tables 1 and 2).

Table 2. Monthly water consumption (L) for animal feed. N: samples number.

Activity Intensity N
Monthly Water Consumption (L)

Alfalfa Feed Supplements
(Mix 50–50%)

Jumping Medium performance 20 ∼=3.3 × 106 ∼=342 × 106

High performance 30 ∼=4.9 × 106 ∼=539 × 106

However, modifications in diet management (type and percentage of oils in the
supplement, place of origin of hay, etc.) and in waste management and disposal, such as
horse bedding, might reduce the water requirements and the environmental impact of
the production.

In the future, this type of study should be developed in different farms in order to provide
farmers with management alternatives to improve sustainability in their production processes.

4. Conclusions

The LCA methodology in the production of sport horses allows the identification of
production hot spots in relation to water consumption and environmental impacts, which
may be modified to increase the environmental sustainability of production processes.

Producers, farm workers, and veterinarians have a key role in the sustainability of
sport equine production, since the decisions related to animals’ diet management, and the
purchase of supplies for bathing and cleaning of boxes are essential aspects to minimize the
environmental impact of this production. To accomplish this, it is necessary to strengthen
the social link of communication among producers, workers, and veterinarians conducting



Agriculture 2021, 11, 1084 6 of 8

workshops and training on the use and management of water on the farms and promoting
good practices.

On the other hand, LCA methodology could be included in the studies of environmen-
tal impact that government authorities carry out on agricultural productions. This should
be done so as to allow the points of conflict or of high environmental impact over which
alternative solutions may be identified in the mid-to-long turn. Besides, production farms
that promote this type of management could benefit from tax reductions or competitive
advantages in the commercialization and export of animals in order for them to make the
application of good practices a concrete goal for producers.

Author Contributions: Conceptualization, M.M.V. and A.V.V.; Methodology M.M.V. and A.V.V., Val-
idation and sampling collected: A.G.-L.; Data curation, M.M.V.; Writing—original draft preparation,
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published version of the manuscript.
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22920180100047CO).

Data Availability Statement: The data belong to the Ph Thesis of M. M. Vaccaro and are available in
the INPA repository.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Date . . . ./ . . . . . . / . . . ...
Form Number . . . . . . . . .
Data confidentiality is guaranteed
Survey:
1. Equine farm profile
Place . . . . . . . . . . . . . . . . . . . Coordinates . . . . . . . . . . . . . . . . . . Route . . . . . . . . . . . .
Km . . . . . . . . . . . . ..Quarter . . . . . . . . . . . . .Location . . . . . . . . . . . . . . . . . . . . . .
District . . . . . . . . . . . . . . . . . . . . . . . . . . . .Nearest Location . . . . . . . . . . . . . . . . . . . . . . . .
Head/Person in charge . . . . . . . . . .
Address
Phone number

1. Who provides advice for the nutritional management of your animals?
Veterinarian
Zootechnical Engineer
2. Which of the following do you use to feed your animals?
Alfafa forage
Bales
Pellets
Balanced food
3. Do you use supplementation?
-Concentrates
1. corn
2. oat
3. barley
-Oils
-Electrolytes
-Vitamins
-Growth promoters
4. How many hours a day do your animals spend in the box?
5. What kind of bedding do they use?
Straw
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Wood shavings
Industrial
6. What is your bedding management once the bed is disposed of?
7. What is the manure management produced in your farm?
8. Near bodies of water
River . . . . . . . Lake . . . . . . .. Stream . . . . . . . None . . . . . . .. Others. . . . ..
9. How deep is the water table?
10. Source of drinking water
Underground . . . . . . . . . . . . . . . . . . . Superficial . . . . . . . . . . . .
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