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INTRODUCTION

The availability of water resources
fluctuates globally across regions, and an
increasing number of countries, or parts of
countries are reaching critical levels of water
scarcity (FAO, 2012). In some parts of the
world, including Brazil, the effects of water
scarcity have already impacted livestock
production (Pluske and Schlink, 2007; Ward
and Michelsen, 2002). Having Brazil in this
reality is alarming, since the country holds the
largest reserve of fresh water in the world. It
is worth mentioning that this position of
Brazil is pointed out as a determining factor
for the competitiveness of Brazilian
agribusiness (Palhares et al., 2021). Reports
from the Agéncia Nacional de Aguas (ANA,
2019) indicate that the Brazilian agriculture
was responsible for 79.2% of the total water
intake, with irrigation responsible for 68.4%
and animal production for 10.8%, of which
the bovine herd represents 88%. In this
scenario, planning an adequate supply of
water for cattle becomes even more
important, in addition to the drop in animal
performance without sufficient water.

This makes research aimed at
increasing the efficiency of water use for
livestock production to be encouraged
(Rijsberman, 2006; Tilman et al., 2002). At
the same time, beef production systems
require a considerable volume of water.
Beckett and Oltjen (1993) reported that 3,682
liters of water are needed to produce one
kilogram of beef, considering the volume of
drinking water ingested by the animals, the
water from the food, the water used in the
production of these foods, as well as the water
used in the carcass processing.

Of the total water used in beef cattle
worldwide, 93.5% corresponds to rainwater
(green water), 3.6% to water from rivers and
lakes (blue water) and 2.9% corresponds to
water needed for dilution of waste to achieve
appropriate quality levels for use (gray water)

(Mekonnen and Hoekstra, 2012). In Brazil,
98.7% of the water used in livestock comes
from rainfall, while only 0.71 and 0.59%
correspond to the demand for blue and gray
water, respectively  (Mekonnen  and
Hoekstra, 2012). The prevalence of the use
of green water in livestock makes meat
production systems more sustainable, as it
integrates such systems into the natural
hydrological cycle, since the portion of
water from precipitation can be retained in
the soil, evaporate, or even be incorporated
into plants and organisms.

Water supplied to drinkers to be
ingested is an important component of total
water demands, as water intake varies from
8.0 to 9.8% of bovine body weight (Ahlberg
et al., 2018). However, research evaluating
the amount of drinking water used by beef
cattle is still limited (Araujo et al., 2010;
Brew et al., 2011). Thus, the inclusion of
this chapter in this BR-CORTE update
allows the determination of water demands
and, consequently, it 1is possible to
guarantee the availability of water for the
animals. Thus, this chapter aims to discuss
the factors that influence and predict water
intake by beef cattle wunder tropical
conditions.

WATER IN THE ORGANISM

Water is as important for the
productive performance of animals as
protein, energy, minerals, and vitamins.
This importance is related to the functions it
performs and the proportion in the animal
body. Among the functions, water is
essential for the hydrolysis of proteins,
carbohydrates, and lipids, it is a solvent of
amino acids, glucose, minerals, and several
vitamins. Water is essential for the process
of regulating body temperature, digestion,
lactation, general metabolism, and excretion
of metabolic wastes. Thus, the importance
of water should not be minimized once it
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corresponds to approximately 70% of the
weight of animals (NASEM, 2016).

WATER QUALITY

In addition to the concern about the
amount of water available to the animals, it is
essential to check its quality, because,
depending on the water source (rivers, lakes,
wells, rain catchment, among others), it may
contain contaminants, toxic elements, among
others. Water quality can impact the amount of
water ingested by the animal, as cattle is
sensitive to its taste and odor (Willms et al.,
1996). Thus, like any other nutrient, water
intake below nutritional requirements results in
reduced productive performance.

As well as the taste and odor of water
(organoleptic characteristics), the
physicochemical characteristics (pH, total
dissolved solids and hardness), the presence of
toxic components (heavy metals, for example),
the presence of pathogenic bacteria (such as
fecal coliforms), excess minerals (such as
sodium, sulfates, and iron, among others) and
components that may cause intoxication when
in high concentrations (nitrates, for example),
must be measured to determine the quality of
the water to be supplied to the animals.
Therefore, according to Wright (2007), the first
step regarding water quality is to measure the
concentrations of organic and mineral
contaminants. Also, according to this author,
samples should be obtained from each water
source at least once a year.

Water supply and quality maintenance

In addition to the characteristics of the
water for abstraction, care must be taken in the
storage and supply of water to the animals.
Thus, the periodic cleaning of reservoirs and
drinking fountains is of paramount importance
for the optimal performance of the animals.
This cleaning must be planned in such a way as
not to compromise the supply of the drinking
fountains so that the animals do not spend long
periods without access to water.

For grazing animals, priority should be
given to drinking water from drinking
fountains, and not from natural watercourses,
such as rivers and lakes. Providing water at
drinking fountains ensures not only the
maintenance of water quality, without the

suspension of clay particles or even
contamination of the water with animal feces,
for example, but also the protection of local
water resources. In addition, when cattle have
access to water both in drinking fountains and
in a natural course, animals prefer to drink
water from drinking fountains more than 90%
of the time (Sheffield et al., 1997). Furthermore,
Bica et al. (2021) reported that cattle with
access to water from drinking fountains had an
average daily gain of 29% higher than animals
that ingested water directly from lakes.

The location of the drinkers should also
be considered as an item of great importance,
since cattle can change water intake according
to the distance from the drinker, reducing their
performance. To ensure adequate water intake
for beef cattle in grazing-based systems, it is
recommended that the walk to the drinker be a
maximum of 250 meters (RSPCA, 2020). Thus,
drinkers should be positioned close to the
resting areas and not so far from the troughs. To
reduce costs, drinkers can be positioned
between two stalls or paddocks. In feedlots,
drinkers should be far away enough from the
troughs to minimize the accumulation of food
residues and ensure water quality by
minimizing the frequency of cleaning. Branco
(2015) recommends that the distance between
the trough and the drinker in feedlots be 10
meters. Branco (2015) also recommends that
the surroundings of the drinking fountains be
provided with paving and preferably located at
the bottom of the stalls, facilitating the
maintenance of ideal conditions in the stall.

Drinker spacing can also compromise
water intake. In the literature, the minimum
recommendations range from 3  linear
cm/animal (Branco, 2015) to 4 linear cm/AU
(Santos et al., 2005) of drinking fountains.
Tavares and Benedetti (2011) suggest sizing the
drinking trough according to the size of the
batch, and for batches with up to 50 animals the
proportion is 1 linear meter of a drinking
fountain for every 10 animals, while in batches
with more than 600 animals the proportion
drops to 1 meter for every 30 animals. Such
variation is related to the fact that both the
location of the drinker and the social hierarchy
can influence the water intake behavior of cows
in grazing-based systems (Coimbra et al.,
2012). In addition to the size of the drinker, the
flow of water to replenish it must also be



Prediction of water intake for beef catte 341

checked to guarantee continuous access to
water for the animals.

FACTORS THAT INFLUENCE WATER
INTAKE

Several factors affect water intake by
beef cattle, such as racial characteristics, dry
matter intake (DMI) and diet composition, body
weight and physiological state, and climatic
variables. In addition to the mentioned factors,
the influence of metabolism and individual
behavior of animals are not well established.
Consequently, NASEM (2016) reported that it
is impossible to list water needs very accurately
due to the number of factors that influence its
needs.

Racial characteristics

There are reports in the literature (Brew
et al., 2011; Ittner et al., 1951; Winchester and
Morris, 1956; Valente et al., 2015) of higher
water intake by taurine cattle than by zebu cattle
raised in similar conditions. Factors mainly
related to body thermal homeostasis may help
to explain the higher water intake observed for
taurine breeds. Hansen (2004) reported a higher
level of acclimation to heat stress for zebu,
which is probably related to the different
climates where these species develop. This
indicates that during genetic adaptations, zebu
breeds may have acquired thermoregulatory
characteristics, such as lower rates of basal
metabolism and skin characteristics, reducing
dependence on mechanisms involving water to
alleviate heat stress (Hansen, 2004).

Dry matter intake and diet composition

Dry matter intake influences water
intake, just as water intake influences dry matter
intake. The reduction in dry matter intake is
followed by a reduction in water intake (Bond
et al., 1976; Cardot et al., 2008; Kramer et al.,
2009). This behavior can be explained by the
rate of dilution of the rumen fluid (Adams et al.,
1981; Adams and Kartchner, 1984) or by the
caloric increase caused by the heat of
fermentation and digestion (Finch, 1986).

The rumen is an organ of fermentation
and digestion, and these functions depend on
the regular entry of food and the movement of
digesta and microorganisms to the rest of the
gastrointestinal tract. Digesta consists of

insoluble particles and soluble fractions.
However, the liquid fraction passes into the
omasum two to four times faster than insoluble
particles (Russell and Hespell, 1981). An
increase in the rate of liquid dilution is usually
followed by an increase in bacterial growth and
nutrient flow through the gastrointestinal tract.

However, microbial metabolic activity
dissipates free energy as heat during
fermentation in the digestive tract, particularly
in the rumen (Czerkaski, 1980; Russell and
Hespell, 1981). Bergen and Yokoyama (1977)
reported that heat loss during the fermentation
process ranges from 3.0 to 12.0% of gross
dietary energy in  ruminants,  Versus
approximately 1.0% for non-ruminants. The
relationship between body temperature control
and water intake is attributed to the temporary
reduction in the rumen temperature
immediately after water intake (Blackshaw and
Blackshaw, 1994; Bewley et al., 2008).

Cattle fed ad libitum drink more water
than animals managed with restrictions,
isolating the effects of climatic parameters
(Ahlberg et al., 2018). Thus, when steers had
access to water restricted by 80 and 60%, DMI
decreased by 5 and 23%, respectively (Utley et
al., 1970). However, this relationship is not
consistent and is influenced by several factors,
such as ambient temperature, which, being
higher, can reduce DMI and increase water
intake  (Kreikemeier and Mader, 2004;
NASEM, 2016).

Furthermore, the composition of the diet
can influence water intake. Water intake is
positively related to the concentration of sodium
(Murphy et al., 1983), potassium (Fraley et al.,
2015), and dietary mineral matter (Appuhamy
et al., 2014). Higher concentrations of these
minerals may be correlated with increased
osmotic pressure in the rumen by dietary salt
(Rogers et al, 1979). Likewise, the
concentration of total salts dissolved in water
has been reported to increase water intake by
livestock (Alves et al., 2017).

Body weight and physiological state

Body weight is related to water intake
due to the relationship between body weight
and dry matter intake. Thus, a larger animal
consumes more food, and a greater dry matter
intake induces a greater intake of water, as
discussed before.
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Furthermore, basal metabolism is
almost proportional to the body weight of the
animal (Kleiber, 1932), and basal metabolism
generates approximately 33% of the heat
generated by an animal (Finch, 1986).
Consequently, a larger animal generates more
heat from basal metabolism than a smaller one.
Furthermore, for the same physiological
maturity, a larger animal has more body fat than
a smaller one. Body fat acts as an insulator and
makes it more difficult for a fatter animal to
dissipate heat (Finch, 1986; Gaughan et al.,
2010).

In addition, peripheral vasodilation
helps to dissipate heat from the central region of
the body. However, vasodilation becomes more
difficult in animals with higher body weight
(Finch, 1986; Silanikove, 2000). Finally, sweat
is an important pathway for heat loss in cattle
(Ferguson and Dowling, 1955), and the rate of
heat loss through sweat depends on the skin
surface area for water evaporation (Hansen,
2004). As the surface area to body weight ratio
decreases as the animal grows, larger animals
have more difficulty dissipating body heat
through this mechanism.

Climate variables

As previously mentioned, water plays a
crucial role in the body thermal homeostasis.
Thus, water intake is strongly associated with
climatic variables such as ambient temperature,
relative air humidity, and all parameters
associated with it. Initially, in addition to the
temporary reduction in rumen temperature
immediately after the aforementioned water
intake, such importance is attributed to the
direct effect of evaporative cooling in reducing
a thermal load (Bernabucci et al., 2010; Arias
and Mader, 2011). Thus, after water intake,
there are reductions in overall heat stress,
respiration rate, and skin and rectal
temperatures (Purwanto et al., 1996).

Berman (2003) reported that heat
exchange between the environment and the
animal is the main component for the regulation
of body temperature. Arias and Mader (2011)
also reported maximum temperature as a
primary factor influencing water intake. These
variables interact strongly with  other

environmental variables, such as average and
minimum daily temperatures (Bernabucci et al.,
2010). Regarding temperature, non-evaporative
heat loss mechanisms decrease with increasing
ambient temperature and the animal is
dependent on  evaporative  mechanisms
(Silanikove, 2000).

Relative humidity has been reported to
be the main contributor to heat stress in hot
climates (Blackshaw and Blackshaw, 1994). At
high relative humidity, water vapor is trapped in
the air space between hair and skin and reduces
water evaporation, where water diffusion
depends on a water pressure gradient (Allen et
al., 1970; Renaudeau et al., 2012). As a result,
by isolating the effect of relative humidity from
other factors, under conditions of high
humidity, evaporative water loss is reduced and
therefore water intake is also reduced.

PREDICTION OF WATER INTAKE IN
TROPICAL CONDITIONS

Several ~water intake prediction
equations/recommendations (WI, L/d) have
been reported in the literature and are
summarized in Table 14.1. The NRC (2000)
recommends the equation proposed by Hicks et
al. (1988), as a function of maximum
temperature, DMI, rainfall, and the inclusion of
salt in the diet. In addition to the equation
proposed by Hicks et al. (1988), two other
equations are reported by NASEM (2016)
proposed by Arias and Mader. These equations
have DMI, solar radiation, the minimum daily
temperature, and the temperature and humidity
index (THI) as predictor variables. The THI is
calculated through the equation THI = [0.8 x T
+ (RH/100) x (T — 14.4) + 46.4] (Thom, 1959)
which uses the relative humidity of the air (RH,
%) and the average daily temperature (T, °C).
For moderate climates, Meyer et al. (2006)
proposed the prediction as a function of average
daily temperature, DMI, the inclusion of
roughage in the diet, and respective dry matter
content and body weight. The CSIRO (2007)
recommends predicting water intake according
to dry matter intake and average daily
temperature, based on the work by Winchester
and Morris (1956).
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Table 14.1 - Summary of equations found in the literature to predict water intake (WI) by beef cattle

Equation!

Wlhicks =—6.0716 + 0.70866 < Tmax +2.432 x DMI —3.87 x PP —4.437 x IS

WimMmeyer = — 3.85 + 0.507 x T + 1.494 x DMI — 0.141 x IR + 0.248 x DMR +

Authors
Hicks et al.
(1988)
Meyer et al.
(2006) 0.014 x BW
WI=3.0xDMI, for T < 15°C
WI = 3.5 x DMI, for T = 20°C
CSIRO (2007) WI=4.5 x DMLI, for T =25°C

WI= 6.0 x DMI, for T = 30°C
WI=28.0 xDMI, for T > 35°C

Arias e Mader ~ WIam1 = 5.92 + 1.03 x DMI +0.04 x SR +0.45 x Ty
(2011) Wilanz = —7.31 + 1.00 x DMI+ 0.04 x SR +0.30 x THI
Wisexson = -14.07 + 0.163x RH — 0.0017 xRH? + 0.0096 x Tuax? — 0.00032

Sexson et al.

xRHmax? + 1.01 x Tvmn — 0.026 x Tyvn® + 0.038 xRHwmmv + 0.396 x AP

(2012) —0.055 x WS — 1.395 x BW —0.249 xAPmax — 0.411 x APvN + 0.0012
x Tmax ANT” + 8.79 x MBW
WIAHLBERG ADLIBITUM = 0.71 +2.63 X DMI - 0.009 x MBW + 0.76 XT—0.06 x RH

Ahlberg et al. +0.23 x SR—-0.11 x WS
(2018) WIAHLBERG SUMMER = — 9.74 +2.32 x DMI + 0.11 x MBW + 1.31 xT —0.17 x RH
—0.03 x SR—-0.27 x WS
BR(—;S?)TE WIBR-corTE= 9.449 + 0.190 X MBW+ 0.271 %X Tmax— 0.259 x RH + 0.489 x DMI

1: Adapted from Hicks et al. (1988), with values converted from °F to °C. Tmax = maximum temperature (°C); DMI = dry matter intake (kg);
PP = rainfall (cm); IS = inclusion of salt in the diet (%); T = average daily temperature (°C); IR = inclusion of roughage in the diet (%); DMR
= dry matter content of the roughage (%); BW = body weight (kg); SR = solar radiation (W/m?); Tmin = minimum temperature (°C); THI =
temperature and humidity index, where; RH = relative air humidity (%); RHmax = maximum relative humidity (%); RHmin = minimum
relative humidity (%); AP = atmospheric pressure (mmHg); WS = wind speed (m/s); APmMax = maximum atmospheric pressure (mmHg);
APMmiN = minimum atmospheric pressure (mmHg); Tmax_ant = maximum temperature of the previous day (°C); MBW = metabolic body

weight (kg®7).

Sexson et al. (2012) proposed an equation based
on mean, maximum, and minimum relative
humidity, TMAX, and TMIN, on the TMAX of
the previous day, on average, maximum and
minimum atmospheric pressures, on wind speed,
on body weight, and metabolic body weight.
Still, Ahlberg et al. (2018) proposed five
equations for predicting water intake based on
the season (winter and summer) and food level.
Both equations have as parameters DMI, MBW,
T, RH, WS, and SR.

The equations described above were
evaluated by Zanetti et al. (2019), using a
database composed of data collected in 4
experiments, with Nellore cattle, confined in
tropical conditions (1: Prados et al., 2017; 2:
Zanetti et al., 2017; 3: data not published; and 4:
Menezes et al., 2019; Table 14.2). Water intake
in these experiments was measured using
drinking fountains equipped with a scale to
measure intake and individual identification of
each access to the drinking fountain (Model

WD-1000 Master, Intergado Ltda, Contagem,
MG, Brazil). None of the equations was able to
accurately predict the water intake of cattle under
these conditions. The low accuracy of the
equations was justified by the predominance of
taurine animals in the database used to build the
models and by the fact that most of the tests were
conducted in a temperate climate, with
temperature, humidity, and rainfall
characteristics different from those found in
Brazil.

Thus, Zanetti et al. (2019) proposed an
equation to estimate water intake of beef cattle
in tropical conditions, where the climatic
variables and the predominant breeds in beef
cattle are different from those described so far
in the literature. In addition to the four
experiments mentioned above, a fifth
experiment was added to the database to
validate the equation proposed (Pacheco, 2018).
The information from the five experiments is
presented in Table 14.2.
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Among all the variables measured in
the experiments to validate the equations,
those related to body weight, dry matter
intake, temperature and humidity showed the
highest correlation with water intake.
Metabolic ~ body  weight, maximum
temperature, relative air humidity, and daily
dry matter intake were included as predictors
of water intake. The summary of these
parameters for each experiment is presented
in Table 14.3.

Validation

To recommend the equation proposed
by Zanetti et al. (2019) to predict water intake
by beef cattle under tropical conditions, an
independent database validation was carried
out, using data collected in five other
experiments, totaling 14,774 daily
measurements (Table 14.4). Data on water
and dry matter intake, body weight, maximum
daily temperature, and relative air humidity
were collected from the five experiments.
These data are described in Table 14.5.

Water intake estimated by the equation
proposed by Zanetti et al. (2019) was compared
to the water intake values measured in the
experiments, using the following regression
model: Y = B0 + Bl x X, where Y is the
observed value; B0 and B1 are the intercept and
slope of the regression, respectively; and X is
the predicted value. The regression was
evaluated through the test of two hypotheses:
where HO: B0 = 0 and HO: 1 = 1 and Ha: not
HO. If both null hypotheses are not rejected, it is
concluded that the tested equation accurately
estimates water intake. In addition, the mean

square of the prediction error (MSEP; Bibby
and Toutenburg, 1977) was also calculated to
assess the accuracy of the equation. These
analyzes were performed using the MES
(Model Evaluation System Software, version
3.1.13; Tedeschi, 2006).

The proposed equation accurately
estimated water intake (P > 0.05; Table 14.6
and Figure 14.1). The regression of the water
intake values predicted by the equation
evaluated in terms of the observed values
showed an intercept equal to -0.3109 and a
slope equal to 1.005. These values were
statistically equal to 0 and 1 (P = 0.066 and P =
0.617, respectively).

The estimated average water intake was

16.3 L/d versus an observed water intake of
16.1 L/d. As for the amplitude of the predicted
and observed values, the minimum water intake
of 2.3 L/d and the maximum of 32.3 L/d were
estimated, while the minimum and maximum
values observed were equal to 2.0 and 49.9 L
/d, respectively. The correlation coefficient of
concordance was equal to 0.574, and the bias
correction was equal to 0.903. Regarding the
mean squared error of the prediction, 99.8%
were involved with the random error, showing
the accuracy of the prediction.
The positive coefficients associated with
metabolic body weight, maximum
environmental temperature, and dry matter
intake indicate that the larger the animal size,
maximum temperature, and dry matter intake,
the greater the water intake. However, higher
relative air humidity reduces water intake by
animals, given its negative coefficient.
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Table 14.2 - Information of the experiments used by Zanetti et al. (2019) to predict water intake by

beef cattle
. Initial bod Number of
Experiment n Category weight (kg;, observations
Prados et al. (2017) 32 Bulls 274 + 34 984
Zanetti et al. (2017) 42 Bulls 270 £ 36 762
Menezes et al. (2019) 42 Bulls 260 =8 3967
Unpublished data ! 16 Heifers 377 + 49 323
Pacheco (2018) 42 Bulls 299 + 32 3605

! Data was collected between February and April 2015. Diets based on sugarcane or elephant grass with or without 400 g/kg DM concentrate.

Table 14.3 - Descriptive statistics of water and dry matter intake, body weight, maximum
temperature, and relative humidity of the experiments used by Zanetti et al. (2019)

Standard

Parameter Experiment! Average . g Maximum Minimum
deviation
Prados et al. (2017) 17.0 7.86 55.6 2.0
Zanetti et al. (2017) 17.2 5.94 39.7 0.6
Water intake, L/d Menezes etal. (2019)  12.4 7.28 47.9 2.0
Unpublished data 16.7 6.14 45.0 3.0
Pacheco (2018) 17.9 6.31 43.7 0.8
Prados et al. (2017) 7.5 1.67 16.3 1.5
Zanetti et al. (2017) 7.0 1.68 17.6 1.8
Dry matter intake, kg/d Menezes et al. (2019) 6.5 245 14.5 2.0
Unpublished data 7.6 1.02 10.0 5.0
Pacheco (2018) 7.5 1.35 10.9 3.8
Prados et al. (2017) 80.9 9.25 106.3 56.1
Zanetti et al. (2017) 83.5 11.90 111.3 55.2
Metabolic body weight, kg Menezes et al. (2019)  76.1 5.46 90.0 66.9
Unpublished data 89.9 8.69 113.5 46.6
Pacheco (2018) 82.3 8.50 106.9 56.5
Prados et al. (2017) 27.0 3.74 359 17.5
Zanetti et al. (2017) 26.0 3.37 34.6 17.6
Maximum temperature, °C ~ Menezes et al. (2019) 26.6 2.68 31.3 19.4
Unpublished data 21.2 2.51 26.9 16.2
Pacheco (2018) 27.3 3.33 34.2 19.6
Prados et al. (2017) 70.4 10.12 95.0 48.3
Zanetti et al. (2017) 76.5 8.36 95.3 36.8
Relative humidity, % Menezes et al. (2019) 82.8 4.79 94.4 73.1
Unpublished data 74.0 8.07 92.2 53.4

Pacheco (2018) 68.8 7.74 88.0 43.4
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Table 14.4 - Information from the experiments used to validate the equation proposed by Zanetti et
al. (2019) to predict water intake

Experiment! I Category Initial body Number of
weight (kg) observations
Andrade (2021) 38 Bulls 261 +27 5097
Meneses (2021) 6 Heifers 310£30 343
Alhadas et al. (2021) 35 Bulls 267 +30 3700
Godoi et al. (2022) 12 Heifers 217 26 549
Pacheco (unpublished data) 42 Bulls 273 +29 5085

Table 14.5 - Descriptive statistics of water and dry matter intake, body weight, maximum
temperature, and relative humidity of the experiments used in this chapter to validate
the equation proposed by Zanetti et al. (2019)

Standard

Parameter Experiment! Average . L. Maximum Minimum
deviation

Andrade (2021) 16.2 6.8 49.9 2.0

Meneses (2021) 14.7 5.8 33.0 2.0

Water intake, L/d Alhadas et al. (2021) 13.8 6.5 49.5 2.1
Godoi et al. (2022) 10.1 3.5 22.1 24

Pacheco (unpublished data) 17.3 6.9 48.3 22

Andrade (2021) 6.4 1.5 15.7 0.6

Meneses (2021) 6.5 1.5 11.5 2.8

Dry matter intake, kg/d Alhadas et al. (2021) 6.4 1.7 15.1 0.6
Godoi et al. (2022) 54 1.0 8.4 2.4

Pacheco (unpublished data) 72 1.7 14.8 0.3
Andrade (2021) 85.4 108 119.4 55.2
Meneses (2021) 81.5 7.2 94.9 69.2

Metabolic body weight, kg®” Alhadas et al. (2021) 83.9 11.5 1189 54.1
Godoi et al. (2022) 67.1 7.1 85.4 46.1

Pacheco (unpublished data)  84.0 10.7 114.2 56.5
Andrade (2021) 27.5 3.9 36.6 16.2

Meneses (2021) 29.8 4.8 343 22.1
Maximum temperature, °C Alhadas et al. (2021) 26.1 3.1 33.0 184
Godoi et al. (2022) 249 2.2 29.5 18.4

Pacheco (unpublished data) 272 34 19.6 35.1
Andrade (2021) 76.5 8.5 95.1 53.6
Meneses (2021) 74.8 4.8 343 59.2
Relative humidity, % Alhadas et al. (2021) 80.8 7.0 95.3 65.9
Godoi et al. (2022) 79.8 6.5 95.2 66.0

Pacheco (unpublished data)  71.5 8.8 94.8 42.5
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Table 14.6 - Regression parameters and accuracy between the water intake estimates of the evaluated
equation and observed values of water intake for Nellore cattle under tropical conditions

Item Observed Estimated
Average, L/d 16.1 16.3
Standard deviation 6.6 4.2
Minimum, L/d 2.0 2.3
Maximum, L/d 49.9 32.3
Regression parameters
Intercept - -0.3109
P-value - 0.066
Slope - 1.0050
P-value - 0.617
CCC! - 0.574
Cb? - 0.903

Mean square of the prediction error

Average bias
Systematic bias

Random error

0.0525 (0.201%)
0.0004 (0.002%)
26.054 (99.797%)

I CCC = Concordance Correlation coefficient; ranges from -1 to

agreement between Y and X.

1, which represent, respectively, perfect disagreement and

2 Cb = Bias correction; ranges from 0 to 1; 1 indicates no deviation from Y = X.

50,0

Observed water intake, L/d

40,0
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Predicted water intake, L/d

Figure 14.1 - Predicted (x-axis) and observed (y-axis) water intake. Values predicted using the
equation WI = 9.449 + 0.190 x MBW + 0.271 x Tmax - 0.259 x RH + 0.489 x DMI
(Zanetti et al., 2019), where WI is the daily water intake (kg/d), MBW is the
metabolic body weight (kg®’®), Tmax is the maximum temperature (°C) and RH is the
relative humidity (%).
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The relationship of the variables
selected as predictors in the equation with water
intake is well described in the literature. These
four parameters are associated with animal
homeostasis and body temperature control. In
addition, all the previously published equations
included temperature, or parameters derived
from temperature as a partial component of the
equation. Furthermore, the relationship between
ambient temperature and water intake is based
on the role of water in body temperature
homeostasis  (Cunningham et al., 1964;
Purwanto et al., 1996; Bewley et al., 2008).
High temperatures make it difficult to lose body
heat, as well as high water vapor saturations in
the environment make evaporative heat loss
processes more difficult (Berman, 2003).

OTHER CONSIDERATIONS
REGARDING WATER INTAKE

Feed moisture: The moisture content of the
food provided to the animals can directly
influence water intake in the drinkers, since
most of the forages, such as silage and pastures,
and by-products used in the feeding of beef
cattle have high water content. However, for the
development of the recommended equation for
predicting water intake by beef cattle in this
chapter proposed by Zanetti et al. (2019), data
were collected from experiments in which the
dry matter contents of the diets ranged between
25.17 (Unpublished data, diet composed of
elephant grass and urea) and 65.5% (Prados et
al., 2017), and that the roughage proportion or
the roughage water content were not included
among the predictive variables of the model.

A direct relationship between water
intake and DMI: Despite the strong relationship
between climatic factors and water intake, in
practical situations, fluctuations in temperature
and humidity between days can make it difficult
to plan the water supply to animals. All
previously published water intake prediction
equations use dry matter intake or body weight
as a predictor variable. As previously
mentioned, feed intake is closely linked to body
weight and water intake. Higher dry matter
intakes are related to the greater need for
dilution of rumen fluid and the caloric increase
caused by rumen fermentation (Adams and
Kartchner, 1984; Finch, 1986). Thus,
additionally, the isolated relationship between
water intake and DMI was established.
Separately, from the database of this chapter,
the average relationship between water intake
and DMI is 2.5, that is, for each kilogram of dry
matter ingested, beef cattle under tropical
conditions are expected to have an intake of 2.5
liters of water.

Individual relationship between water intake
and body weight: Higher body weights are
associated with higher body heat production
and a smaller area for heat dissipation (Hansen,
2004), so heavier animals ingest more water.
Similar to the DMI from the database of this
chapter, the relationship between water intake
and body weight was established, isolated from
the other factors. It is observed that there is a
daily intake of 43.5 mL of water for each
kilogram of body weight, that is, the cattle
ingests 4.35% of its body weight in water daily.

APPLICATION EXAMPLES

e Estimated water intake for a Nellore bull, with an average body weight of 520 kg in a feedlot, in
Campo Grande/MS, in January (historical averages of maximum temperature equal to 29.0 °C

and relative humidity of the air equal to 79.0%).

- Calculation of dry matter intake (according to chapter 02, considering average daily gain equal

to 1.4 kg/d): 10.62 kg/d
- Metabolic body weight: 520%7° = 108.9

-WI=9.449 +0.190 x MBW + 0.271 x Tmax — 0.259 x RH + 0.489 x DMI
-WI=9.449 +0.190 x 108.89 + 0.271 x 29.0 — 0.259 x 79.0 + 0.489 x 10.62

-WI=9.449 +20.69 +7.86 —20.46 + 5.19

-WI=22.73L/d
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e Estimated water intake for a Nellore bull, with an average body weight of 520 kg in a feedlot, in
Campo Grande/MS, in June (historical averages of maximum temperature equal to 25.7 °C and

relative humidity of the air equal to 65.0%).

- Metabolic body weight: 520°7> = 108.89

-WI=9.449 + 0.190 x MBW + 0.271 x Tmax — 0.259 x RH + 0.489 x DMI
-WI=9.449 +0.190 x 108.89 +0.271 x 25.7 — 0.259 x 65.0 + 0.489 x 10.62

-WI=9.449 +20.69 + 6.96 — 16.84 + 5.19

- WI =25.46 L/d.
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