
water

Article

Blue Water Footprints of Ontario Dairy Farms

Mariam Al-Bahouh 1,2,*, Vern Osborne 3, Tom Wright 4, Mike Dixon 2, Andrew VanderZaag 5 and Robert Gordon 6

����������
�������

Citation: Al-Bahouh, M.; Osborne,

V.; Wright, T.; Dixon, M.; VanderZaag,

A.; Gordon, R. Blue Water Footprints

of Ontario Dairy Farms. Water 2021,

13, 2230. https://doi.org/10.3390/

w13162230

Academic Editor:

Winnie Gerbens-Leenes

Received: 4 June 2021

Accepted: 13 August 2021

Published: 16 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Environment and Life Sciences Research Center, Kuwait Institute for Scientific Research, Shuwaikh,
P.O. Box 24885, Safat 13109, Kuwait

2 School of Environmental Sciences, University of Guelph, Guelph, ON N1G 2W1, Canada;
mdixon@uoguelph.ca

3 Department of Animal Bio-Sciences, University of Guelph, Guelph, ON N1G 2W1, Canada;
vosborne@uoguelph.ca

4 Agricultural Development Branch, Ontario Ministry of Agriculture, Food and Rural Affairs,
Guelph, ON N1G 4Y2, Canada; tom.wright@ontario.ca

5 Ottawa Research and Development Centre, Agriculture and Agri-Food Canada, 960 Carling Avenue,
Ottawa, ON K1A 0C6, Canada; andrew.vanderzaag@canada.ca

6 School of the Environment, University of Windsor, Windsor, ON N9B 3P4, Canada; rogordon@uwindsor.ca
* Correspondence: malbahou@uoguelph.ca

Abstract: The blue water footprint (WF) is an indicator of freshwater required to produce a given
end product. Determining the blue WF for milk production, the seasonal water use and the impact
of water conservation are important sustainability considerations for the dairy industry in Ontario
(Canada). In this study, a water footprint network (WFN) method was used to calculate the seasonal
blue WF’s from in-barn water use data and the fat–protein-corrected milk (FPCM) production.
Various water conservation options were estimated using the AgriSuite software. Results showed
that the total water use (L of water·cow−1·d−1) and the average blue WF (L of water·kg−1 of FPCM)
were 246.3 ± 6.8 L·cow−1·d−1 and 7.4 ± 0.2 L·kg−1, respectively. The total water use and the
blue WF could be reduced to 182.7 ± 5.1 L·cow−1·d−1 (25.8% reduction) and 5.8 ± 0.1 L·kg−1

(21.6% reduction), respectively, through adaptive water conservation measures as the reuse of the
plate cooler and milk house water. For example, conservation practices could reduce the milk house
wash water use from 74.3 ± 8.8 L·cow−1·d−1 to 16.6 ± 0.1 L·cow−1·d−1 (77.7% overall reduction).

Keywords: dairy farming; blue water footprint (WF); fat–protein-corrected milk (FPCM); AgriSuite
software; water conservation

1. Introduction

Dairy farms are considered to be water intensive production systems due to their
significant fresh water requirements [1]. Mekonnen and Hoekstra [2] estimated that the
water required for global animal production was 2422 Gm3·y−1 with 19% utilized for dairy
production. The expansion of dairy production to support the increasing global demand for
milk and milk products has created further pressures on water resources and competition
between the water and food supply sectors [3]. It is, therefore, important to quantify the
rate of water use and the water footprint (WF) of dairy production systems to assist with
better understanding, quantifying and improving the sustainability of the sector [4].

The WF is the volume of water required for the production of a given final product [5].
For rainfed dairy operations, such as those in Ontario, Canada, the WF reflects the drinking,
cooling and cleaning water used for dairy cows and the indirect water embedded in feed
production. In the current study, we focus on the blue WF that addresses the direct on-farm
water requirements to produce milk (i.e., the fat–protein-corrected milk—FPCM).

The blue WF is calculated using site-specific collected data or various modelling
approaches [6]. Modelling systems can also be used to evaluate the benefits of conservation
practices to reduce the amount of water utilized in a production system. AgriSuite [7],
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developed by the Ontario Ministry of Agriculture, Food and Rural Affairs (OMAFRA) as
part of their “Nutrient Management Planning Software” (NMAN) is one such example. The
decision support system [7] allows the user to assess approaches to manage and decrease
on farm water use.

Despite the high demand for fresh water resources needed for milk production, few
studies have addressed water use, the resulting WF and the impacts of various conservation
practices. In addition, a shortcoming has been the use of historical information [2,4] and
governmental data with no indication of the method of calculation [8] which affects the
accuracy and repeatability of the assessment.

Assessing water use is important for the dairy sector even in water-rich countries
such as Canada [9]. This is due to the need for accurate WF values that can help to reveal
practices to increase the efficiency and productivity of water use. Indeed, the water use
associated with various milking systems has not been well characterized [10] and limited
studies have been conducted to assess the water use of dairy farms in North America [11]
and Canada [12].

Improving our understanding of water use on dairy farms is crucial to develop
strategies that support their overall sustainability. The objectives of this study are, therefore,
to: (i) assess the seasonal water use and the blue WF on typical dairy production systems
in Ontario, Canada, and (ii) determine the relative impact of water conservation strategies
on both the water use and the WF.

2. Materials and Methods
2.1. Farm-Specific Data for Blue WF Calculation

The WF is a decision support framework that has been developed to help manage
water use within the supply chain. It generally includes direct and indirect water uses
related to a production system. It helps to highlight the importance of certain practices
to draw conclusions about water management. Although a full WF assessment would
include water involved in production of feed, electricity, etc., this study focused on the
in-barn blue water component so that relevant farm practices can be highlighted.

The blue WF’s of dairy farms in Ontario across different seasons were estimated using
the Water Footprint Network (WFN) method [13]. The blue WF provides specific estimates
of the amount of water used in specific region. It is a direct method to assess the system
and evaluate sustainability and it is applicable to many agricultural activities. The blue
WF of milk production was calculated per unit kg of FPCM [4,14]. This was achieved by
dividing the FPCM [2] from the direct farm water use (washing, spraying/cooling and
drinking water of dairy cattle, including lactating cows, dry cows, heifers and calves). The
blue WF (L H2O kg−1 FPCM) was expressed as:

Blue WF = (W(drinking) + W(washing) + W(spray)) / FPCM (1)

where W(drinking) = water intake consumption (L·cow−1·d−1); W(washing) = milk house
wash water generated (L·cow−1·d−1); W(spray) = spray water for cooling (L·cow−1·d−1);
FPCM = fat–protein-corrected milk (kg·cow−1·d−1) based on IDF [15] estimated as:

FPCM = Milkyield

[
0.1226

(
Milk f at%

)
+ 0.0776

(
Milkprotein%

)
+ 0.2534

]
(2)

where Milkyield = milk yield (kg·cow−1·d−1); Milkfat% = fat content of the milk (%);
Milkprotein% = protein content of the milk (%).

Monthly water use and milk production data from seven Ontario dairy farms were
used and included 20 months (May 2013 to December 2014) of continuous total in-barn
water utilization which included water intake (WI) of dairy cows and the water used for
washing the milk house. The data were selected from the seven farms [16] as it included a
complete description and information required to conduct the WF analysis.
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The annual milk yield (MY), protein (%) and fat (%) were obtained from Robinson et al. [16]
and were rescaled to monthly data by multiplying each farm data (x) by a correction
factor (k) to transform (x) to f(x) where both (k) and (x) are measured data [17,18]. The
patterns of monthly MY, protein (%) and fat (%) of Holstein dairy cows over 12 months
under North American weather conditions were adopted from Salfer et al. [19]. These data
were extracted using the “web plot digitizer” software and used to calculate the monthly
MY, fat (%) and protein (%) contents for each dairy farm [16].

Meteorological data, MY, fat (%) and protein (%) contents were used to calculate the
water intake (WI) and spray water based on Equations (3), (4) and (6) below.

The WI per lactating cow was calculated using the average of two WI equations below;
Equation (3) from Osborne [20] and Equation (4) from Murphy et al. [21]. Osborne [20] is
based on the ratio of water to milk from 14 previously published studies and described as:

WI = 2.60 FPCM (3)

and Murphy et al. [21] expressed as:

WI = 23.00 + 2.38 DMI + 0.64 FPCM (4)

where WI: water intake (L·cow−1·d−1); DMI: dry matter intake (kg).
The DMI was calculated based on Chase and Sniffen [22], which is expressed as:

DMI = 0.0185BWT + 0.305FPCM (5)

assuming that body weight (BWT) of Holstein dairy cows in Canada is 680 kg [23].
The water consumed by other animal categories (i.e., calves, heifers, dry cows) was

obtained from Ward and McKague [24] and Le Riche et al. [25] (Table 1). The average
of these values was extended to compute the monthly WI of each of the additional an-
imal categories (i.e., dry cows, heifers and calves). The WI from different seasons was
determined using the multiplicative factor from WI data of lactating cows, taking into
account the seasonal effect assuming that all animal categories were exposed to the same
environmental conditions [26,27].

Table 1. Water intake per animal category (L·cow−1·d−1) of confined dairy farming systems (calves,
heifers and dry cows) in Ontario, Canada.

Calves
(L·cow−1·d−1)

Heifers
(L·cow−1·d−1)

Dry Cows
(L·cow−1·d−1)

Le Riche et al. [25] a 12.0 22.0 36.0
Ward and McKague [24] b 9.1 25.4 41.5

Average 10.6 23.7 38.8
a Average water consumption over 1-year period in confined dairy farming system in Eastern ON; number of
calves (200), dry cows (54) and heifers (240). b Average water consumption on a daily basis over a year in ON
(numbers of different animal categories were not mentioned).

The water content of the feed based on the main components of diets in Ontario was
sourced from the University of Guelph Elora Dairy Research Station (Table 2).

Table 2. Feed intake (kg), dry matter intake (DMI, kg) and dietary water (DW, kg) of different diets
on confined dairy farms in Ontario, Canada.

Ingredient As Fed (kg) DMI (kg) DW (kg)

Lactating Cows 52.5 25.3 27.2
Dry Cows 27.4 15.6 11.8

Heifers (2–24 mo) 28.1 11.8 16.3
Calves (birth–2 mo) 1.1 1.0 0.1
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The amount of daily spray water used for cooling purposes on each dairy farm was
calculated based on Le Riche et al. [25]:

Spray Water = 658.79T − 11250 (6)

The amount of spray water (L·cow−1·d−1) was assumed to be negligible (0.0 L·cow−1·d−1)
unless the average air temperature (T) was ≥21 ◦C. The estimated amount of spray water
used was divided by the number of animals in the milking herd to estimate a value per cow.

Meteorological parameters, including the daily T (◦C) and relative humidity (RH, %),
were obtained from NASA [28] based on coordinates of the nearest weather station for
each Ontario farm [16]. The meteorological data were used to calculate the Temperature–
Humidity Index (THI) based on Lefcourt and Schmidtmann [29]:

THI = 0.8 T + RH (T − 14.30) + 46.3 (7)

Additionally, T and RH were used to calculate the adjusted THI (THIadj), which is
the change in apparent THI due to high-pressure evaporative cooling and was only used
during the summer months based on St-Pierre et al. [30]:

THIadj = −11.7 − (0.16 T) + (0.18 RH) (8)

where T is the dry bulb temperature (◦C) and RH is the relative humidity in decimal form.

2.2. Using AgriSuite for Simulating Water Conservation Impacts

AgriSuite [7] was used to determine the annual wash water generated from milking
centers and the potential water conservation benefits in terms of net water savings. The
calculation of farm water use using AgriSuite relied on descriptive information and empiri-
cal data for the type of milking system, the size of the milking herd and the use of plate
coolers (or not) [7]. These characteristics were varied among the Ontario farms described
by Robinson et al. [16]. The simulated scenario by AgriSuite involved reusing water from
the plate cooler and recycling milk house wash water to clean the holding areas. The
AgriSuite software was developed by agricultural engineers using Ontario data to develop
and test the equations related to common production practices to help inform compliance
with provincial government regulations and best management practice recommendations.

3. Statistical Analysis

R statistical software 3.4 for Windows [31] was used to calculate the seasonal and farm
management effects on the blue WF using linear regression. The effects of season, THIadj
and farm were independent variable(s) on the average WI, MY, milk house wash water,
spray water, total farm water use, FPCM and blue WF as dependent variable(s). The linear
regression model was:

Y = B0 + B1X1 + B2X2 + B3X3 + e (9)

where Y (dependent variable) is the average WI, MY, milk house wash water, spray water,
total farm water use, FPCM and blue WF; B0: coefficient of constant (intercept); Bn: slope;
Xn: value of independent variable(s); e: error. Significant was considered when the p-value
was ≤0.05.

4. Results and Discussion
4.1. Weather Conditions in Ontario

The average values of T (◦C), RH (%), THI and THIadj during the study for different
regions in Ontario where the farms are located are provided in Table 3.
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Table 3. Average meteorological conditions of different dairy farm locations in Ontario, Canada,
including temperature (T, ◦C), relative humidity (RH, %), THI and adjusted THI (THIadj).

Parameter
Region

Napanee a Embro b Ottawa c

T (◦C) 9.7 ± 2.1 8.9 ± 2.4 7.7 ± 2.6
RH (%) 77.9 ± 0.8 77.1 ± 1.2 79.5 ± 0.9

THI 50.1 ± 3.4 48.8 ± 3.8 46.8 ± 4.2
THIadj (summer only) 45.7 ± 2.6 44.3 ± 13.5 42.4 ± 3.3

a Farm H; b Farm P; c Farm A, D, G, M and Q (detailed information about each farm in Robinson et al. [16]).

4.2. Water Intake of Different Animal Categories on Dairy Farms in Ontario, Canada

The average daily WI of different animal categories on dairy farms in Ontario is shown in
Table 4. Water intake (WI, L·cow−1·d−1) of lactating cows, dry cows, heifers and calves, including
dietary water were 121.3 ± 0.7, 50.9 ± 0.3, 41.2 ± 1.4 and 10.5 ± 0.1 L·cow−1·d−1, respectively.

Table 4. Water intake (WI, L·cow−1·d−1), dietary water (DW, L·cow−1·d−1) and total water
(L·cow−1·d−1) of different animal categories on dairy farms in Ontario, Canada.

WI DW Total

Lactating cows (L·cow−1·d−1) 93.8 ± 0.7 a* 27.5 b 121.3
Dry cows (L·cow−1·d−1) 39.1 ± 0.3 c 11.8 d 50.9

Heifers (L·cow−1·d−1)
(2–24 month) 24.9 ± 1.4 c 16.3 d 41.2

Calves (L·cow−1·d−1)
(<2 month) 10.4 ± 0.1 c 0.1 d 10.5

* Mean ± SE (no. of lactating cows in 7 farms: A = 126; D = 65; G = 155; H = 98; M = 118; P= 104; Q= 187;
n = average number of cows 121.9) [16]. a Estimated values based on WI equations of Murphy et al. [21] and
Osborne [20]. b Dietary water content of lactating cows’ diet was adopted from “Efficient Dairy Genome Project”
(n = 20 feed sample; May 2017–March 2019). c Computed using multiplicative factor with reference average WI
values of Le Riche et al. [25] and Ward and McKague [24]. d University of Guelph Elora Research Station diet.

The provision of sufficient water is important for optimal production [32]. The es-
timated values of WI by lactating and non-lactating cows in the current study were af-
fected by several factors, including DMI, MY and weather conditions which agree with
Cardot et al. [33]. The average WI of lactating cows was affected significantly (p < 0.001)
by season and farm and was consistent with published data (Table 5).

Table 5. Published water intake (WI, L·cow−1·d−1) data of different animal categories on confined
dairy farming systems in Ontario, Canada.

Le Riche et al. [25] a Ward and McKague [24] b Beaulieu et al. [34] c

Lactating cows 114.0 87.0–102.0 d

114.0–136.0 e 90.0

Dry cows 36.0 34.0–49.0 -
Heifers 22.0 14.4–36.3 25.0
Calves 12.0 4.9–13.2 15.0

a Number of lactating cows (419), dry cows (54), heifers (240) and calves (200). b,c Numbers of different animal
categories were not mentioned but the values estimated per animal. d WI based on MY = 22.7 L·cow−1·d−1. e WI
based on MY = 36.3 L·cow−1·d−1.

4.3. Seasonal Effect on Total Farm Water Use and Blue WF
4.3.1. Herd Size and Milk Production

For Robinson et al. [16], the herd sizes ranged from 72 to 226 cows. The milking
systems were rotary, robot, parallel, pipeline and swing-over and included both free
and tie stall systems. The average MY was 34.5 ± 0.3 L·cow−1·d−1 and ranged from
32.4 ± 0.5 L·cow−1·d−1 in the winter to 37.5 ± 0.7 L·cow−1·d−1 in the summer. The
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average fat content of milk was 3.97 ± 0.0% and ranged from 3.8 ± 0.0% in the fall to
4.2 ± 0.1% in the spring. The average protein content of milk was 3.2 ± 0.0% and ranged
from 3.0 ± 0.0% in the summer to 3.3 in the spring (±0.0%) and winter (±0.1%). The
variations in MY, fat and protein contents were related to the significant effect (p < 0.001) of
seasons and THI along with the effect of different management practices.

VanderZaag et al. [35] found that the average MY in Eastern Ontario was 29.0 L·cow−1·d−1,
and varied from 28.0 L·cow−1·d−1 in summer to 29.5 L·cow−1·d−1 in winter. Our findings
were comparable with Le Riche et al. [25], who found that the average MY on a free stall
production system was 34.8 ± 0.8 kg·cow−1·d−1 with protein and fat contents of 3.2%
and 3.8%, respectively. Le Riche et al. [25] calculated the FPCM to be 33.6 kg·cow−1·d−1

which is consistent with our estimates of FPCM (33.9 ± 0.3 L·cow−1·d−1). In addition, the
results of the current study agreed with others [20,32] and reflects the positive correlation
between MY and the whole farm water utilization (including WI and spray water) that aim
to improve dairy cows’ performance [36].

4.3.2. Total Farm Water Use

The main components of farm water use throughout the year are shown in Table 6.
The total water use on confined Ontario dairy farms was significantly affected by the
season (p < 0.001), farm management practices (p < 0.00) and THIadj (p < 0.01). The total
water use was estimated to be 246.3 ± 6.8 L·cow−1·d−1 of which 168.1 ± 2.0 L·cow−1·d−1

(~68.3%) was for WI, 74.3 ± 8.8 L·cow−1·d−1 (~30.2%) for milking parlor washing and
1.7 ± 0.4 L·cow−1·d−1 (~0.7%) for spray water. The wash water generated was comparable
to Higham et al. [37] who estimated it to be 58.0 L·cow−1·d−1.

Table 6. Meteorological conditions, including temperature (T, ◦C), relative humidity (RH, %), THI and adjusted THI
(THIadj); milk information, including milk yield (MY, kg), fat (%), protein (%) and FPCM (kg·cow−1·d−1); farm water
utilization, including wash water (L·cow−1·d−1), water intake (WI, L·cow−1·d−1), spray water (L·cow−1·d−1), total water
use (L·cow−1·d−1) and blue WF (L·kg−1 FPCM) of confined dairy farming systems in Ontario, Canada, for different seasons.

Season a Spring Summer Fall Winter Average b SE

Milk Production and Climatic Conditions

T (◦C) 3.8 ± 1.8 18.9 ± 0.1 8.9 ± 0.9 −7.9 ± 0.7 5.6 1.0
RH (%) 78.8 ± 0.6 76.5 ± 0.6 78.2 ± 0.4 85.1 ± 0.3 79.7 0.4

THI 41.0 ± 2.9 65.2 ± 0.2 49.2 ± 1.5 21.3 ± 1.1 43.7 1.6
THIadj - 50.3 ± 0.2 - - 50.3 0.2

MY (kg) c 36.0 ± 0.7 37.5 ± 0.7 33.7 ± 0.5 32.4 ± 0.5 34.5 0.3
Fat (%) c 4.2 ± 0.1 4.0 ± 0.0 3.8 ± 0.0 4.1 ± 0.0 3.97 0.0

Protein (%) c 3.3 ± 0.0 3.0 ± 0.02 3.1 ± 0.02 3.3 ± 0.1 3.2 0.0
FPCM (kg·cow−1·d−1) d 36.7 ± 0.7 36.5 ± 0.7 32.2 ± 0.4 32.6 ± 0.6 33.9 0.3

Farm Water Utilization and the Blue WF

Wash water (L·cow−1·d−1) e 55.6 ± 12.1 88.8 ± 20.4 89.9 ± 13.9 63.0 ± 12.0 74.3 8.8
WI (L·cow−1·d−1) f (176.1 ± 1.7) (176.4 ± 1.3) (159.9 ± 1.1) (168.2 ± 7.3) 168.1 2.0

Spray water (L·cow−1·d−1) g n/a 8.8 ± 1.1 n/a n/a 1.7 0.4
Total (L·cow−1·d−1) 231.7 ± 12.6 273.9 ± 15.1 249.9 ± 11.7 231.2 ± 13.8 246.3 6.8

Blue WF (L·kg−1 FPCM) h 6.3 ± 0.4 7.6 ± 0.5 7.8 ± 0.4 7.2 ± 0.5 7.4 0.2
a Seasons (spring (1 March–31 May), summer (1 June–31 August), fall (1 September–30 November), winter (1 December–28/29 February)).
b Means ± SE (n = 28; (7 farms × 4 seasons). c Based on Salfer et al. [19]. d Calculated based on IDF [15]. e Robinson et al. [16]; wash
water includes (milk house wash water, plate cooler); units: L·cow−1·d−1. f Estimated WI values (L·cow−1·d−1) of lactating cows based on
Murphy et al. [21] and Osborne’s [20] equations along with extrapolated values from the overall average for the dry cows, heifers and
calves. g Calculated for summer season only. h L of water = kg of water.

The greatest amount of water was used in the summer (273.9 ± 15.1 L·cow−1·d−1)
followed by fall (249.9 ± 11.7 L·cow−1·d−1), spring (231.7 ± 12.6 L·cow−1·d−1) and winter
(231.2 ± 13.8 L·cow−1·d−1). In the summer, water use was governed by WI (64.4%)
followed by wash water (32.4%) and spray water (3.2%).
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The average amount of WI was affected significantly (p < 0.000) by the season and
farm management practices (represented by herd size, housing style, milking systems and
the implementation of conservation practices) and was higher in summer compared to any
other season similar to Brugger and Dorsey [38]. The main contributor to the total amount
of utilized water was the WI due to its importance in maintaining the performance and
health of the dairy herd [39].

4.3.3. Blue WF

The blue WF of the seven Ontario dairy farms was calculated based on the WI data of
different animal categories along with washing, spray use data and feed moisture content.

The average blue WF (L·kg−1) was calculated to be 7.4 ± 0.2 L·kg−1. Both season and
farm management strategies affected the blue WF (p < 0.00). On a seasonal basis, the blue
WF was the highest during the fall (7.8 ± 0.4 L·kg−1) due to a low MY followed by the
summer (7.6 ± 0.5 L·kg−1), winter (7.2 ± 0.5 L·kg−1) and spring (6.3 ± 0.4 L·kg−1).

Compared to other studies, Huang et al. [40] found that the average blue WF of milk
was 11.0 L·kg−1. Ridoutt et al. [41] reported a blue WF of 14.4 L·kg−1 (milk) in Australia.
The average blue WF in the current study was comparable with Le Riche et al. [25] and
VanderZaag et al. [35]. Le Riche et al. [25] found that the blue WF was 5.54 to 6.19 L·kg−1,
while VanderZaag et al. [35] reported 5.35 L·kg−1. The blue WF values reported by
Le Riche et al. [25] and VanderZaag et al. [35] reflected the condition of a single farm with
a mixture of pasture and indoor housing systems and an average milk production of
34.8 and 29.0 kg·cow−1·d−1, respectively. Accordingly, with other factors represented by
farm-to-farm variability in wash water use and re-use of plate cooler water.

Our results suggest that the blue WF value varied with respect to farm type (confined,
mix) [42], type of milking system, herd size, moisture content of feed (irrigated) along with
weather conditions and other management strategies, including the use of spray water to
mitigate heat stress during the summer months.

However, the blue WF associated with animal feed showed that there were variations
in the amount of water used across Canadian provinces. Basically, the blue water used
for feed production in some regions represented by that used for irrigation at specific
times during the growing season. Water can also be used in a closed environment such as
greenhouses for spraying and washing [34]. In Canada, the agricultural activities accounted
for only 9% of the total amount of utilized water [43].

4.3.4. AgriSuite Software and the Potential of Water Conservation Strategies

AgriSuite simulated the amount of water generated from milk house operations based
on the herd size and the type of milking system. The decision support system can assist
with identifying water conservations strategies, including evaluating the effect of reusing
the plate cooler water and recycling milk house wash water to clean the holding floor area.

Based on these strategies, the total of farm water use could be reduced to
182.7 ± 5.1 L·cow−1·d−1, given that the average wash water for the milk house was
16.6 ± 0.1 L·cow−1·d−1. This represented 9.1% of the total water used and a 77.7% reduc-
tion in the milk house wash water. Accordingly, the blue WF reduced to 5.8 ± 0.1 L·kg−1,
representing a 21.6% reduction through the adoption of these conservation strategies.

Farmers are willing to implement water conservation strategies [16] as the expenses
associated with choosing the appropriate type of system, including increasing the capacity
of reservoirs to retain the plate cooler water, is a one-time cost. However, it is important to
identify the best strategies that are both practical and beneficial to the farm.

5. Conclusions

The blue WF is an important sustainability indicator related to milk production. It
is largely influenced by atmospheric conditions and farm management strategies that
affect milk production and water use. The blue WF should be seen more broadly as an
environmental indicator for food production systems.



Water 2021, 13, 2230 8 of 10

The outputs of this study showed that the total water use (L of water·cow−1·d−1)
and the average blue WF (L of water·kg−1 of FPCM) were 246.3 ± 6.8 L·cow−1·d−1 and
7.4 ± 0.2 L·kg−1, respectively. Through adaptive water conservation measures, the total
water use and the blue WF could be reduced by 25.8% and 21.6%, respectively.

Knowing these values for regions across the world is important to improve the sus-
tainability of milk production and improve its production from a water use perspective.
This can be achieved by reducing the blue WF through adopting various water conserva-
tion options.

Understanding the current conditions of dairy farms and encouraging farmers to
adopt various water conservation strategies are critical for improving the sustainability
and profitability of the dairy sector.
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