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Abstract

Water is an important nutrient for livestock production and is
often provided on rangelands directly from ponds or dugouts.
Cattle may defecate and urinate into the water thereby adding
nutrients and reducing palatability. A study was conducted to
examine the effects of water source on cattle production and
behavior, to determine the relationship of selected chemical and
biological constituents on the observed response and to test the
effect of fecal contamination on water consumption. Four
dugouts or ponds were selected at 4 sites: 2 in the Fescue Prairie
near Stavely in southwestern Alberta, 1 in the Mixed Prairie at
Onefour in southeastern Alberta, and 1 in the Palouse Prairie
near Kamloops, British Columbia. Yearling Herefords were test-
ed at 3 sites and Hereford cow-calf pairs at 1 Stavely site. At each
site, three paddocks radiated from the pond that were stocked
with 10 yearlings or cow-calf pairs randomly assigned to either
clean water (water delivered to a trough from a well, river, or
pond), pond water pumped to a trough (pondy,,gp), or direct
access into the pond (pondg; ). The trials were repeated at each
site for 3 to 6 years. Observations were made on cattle weight
gains, cow backfat thickness, and activity budgets. Fecal samples
were analyzed for selected parasites and pathogens. Other exper-
iments were conducted to determine the effects of manure-conta-
minated water on feed and water consumption and water selec-
tion. Calves, with cows drinking clean water, gained 9% more (P
< 0.10) weight than those with cows on pondg;;ec¢ but cow weight
and backfat thickness were not affected. Yearling heifers having
access to clean water gained 23% (P = 0.045) and 20% (P =
0.076) more weight than those on pondg;.c¢ and pondy,.qugshs
respectively. Cattle avoided water that was contaminated with
0.005% fresh manure by weight when given a choice of clean
water. Cattle that had access to clean water spent more time
grazing and less time resting than those that were offered
pondg, op Or pondg; .. Cattle management must consider
water quality together with forage conditions in order to achieve
optimal production from rangeland.
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Resumen

El agua es un nutriente importante para la produccion
ganadera y se provee a menudo directamente en los agostaderos
de las charcas o de los aguajes. El ganado puede defecar y orinar
en el agua y de ese modo agregar nutrientes y reducir la palata-
bilidad. Un estudio fue conducido utilizando ganado vacuno de
la raza Hereford para examinar los efectos de la fuente de agua
en la produccion y el comportamiento del ganado, para determi-
nar la relacion de componentes quimicos y biologicos selecciona-
dos en la respuesta observada y para probar el efecto de la cont-
aminacion fecal en la consumicion del agua. Cuatro aguajes o
charcas (charca) fueron seleccionados en cuatro sitios: dos en la
pradera de Festuca cerca de Stavely en el sudoeste de Alberta,
uno en la pradera mixta en Onefour en el sudeste de Alberta y
uno en la pradera de Palouse cerca de Kamloops en la Colombia
Britanica. Vaquillas de un afio fueron utilizadas en tres sitios y
pares de vacas con terneros en un sitio de Stavely. En cada sitio,
tres potreros salieron en forma radiada de la charca conteniendo
diez vaquillas de un afio o diez vacas con terneros al pie, asig-
nadas al azar al agua limpia (agua llevada a un bebedero de un
pozo, un rio, o una charca), agua de la charca bombeada a un
bebedero (charca bebedero), o acceso directo a la charca (charca
directo). Los estudios fueron repetidos en cada sitio de 3 a 6
aios. Se realizaron observaciones de aumentos de peso del gana-
do, el espesor de la grasa del lomo de las vacas y vaquillas y el
tiempo que pasaron en diferentes actividades. Fueron analizadas
muestras fecales de parasitos y patogenos seleccionados. Otros
estudios fueron conducidos para determinar los efectos del agua
contaminada con abono en la consumicién del pienso y del agua
y la seleccion del agua. Los terneros, con las vacas bebiendo el
agua limpia, ganaron un 9% mas (P < 0.10) de peso que aquellos
con las vacas en charca directo, pero el peso de las vacas y el
espesor de la grasa del lomo no fueron afectados. Las vaquillas
de un afio que tenian acceso al agua limpia ganaron un 23% (P =
0.045) y un 20% (P = 0.076) mas de peso que aquellas en charca
directo y charca bebedero, respectivamente. El ganado evité el
agua que estaba contaminada con 0.005% de abono fresco de
peso cuando tenia acceso al agua limpia. El ganado que tenia
acceso al agua limpia pas6é mas tiempo pastando y menos tiempo
descansando que el que fue ofrecido el agua charca directo o el
agua charca bebedero. Los administradores del ganado deben
considerar la calidad del agua junto con las condiciones del for-
raje para lograr la produccion éptima de la pradera.
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On rangeland, water for cattle is com-
monly derived from dugouts, ponds, or
wells. Water quality is affected by its
source and contamination from abiotic and
biotic factors as a result of either dissolved
nutrients or direct deposition of urine or
fecal material containing nutrients and
possibly parasites. Cattle are commonly
hosts to Giardia spp., Cryptosporidium
spp, nematodes and others parasites that
affect their health. Giardiasis causes diar-
rhea in calves and lambs (Olson et al.
1995), C. parvum affects young calves
(Olson et al. 1997a), and C. muris affects
older animals (Anderson 1991). Water
from deep wells or springs may have a
high salt content if it originates from
marine shales while dugouts and ponds are
recharged mostly from surface water run-
off or ground water that contains variable
amounts of dissolved nutrients.

The effects of salt on cattle or sheep per-
formance have been extensively studied.
High salt content reduced sheep perfor-
mance possibly by increasing osmolality
of the rumen contents which suppressed
feed intake (Barrio et al. 1991). Weeth and
Capps (1972) reported no reduction in
water intake by young cattle with SO, lev-
els up to 2,814 ppm added as Na,SO,.
However, feed intake was reduced at the
2,814 ppm SO, level and growth rate was
reduced at the 1,462 ppm SO, level or
higher. Concentrations of 3,493 ppm SO,
reduced feed intake and resulted in weight
loss in cattle (Weeth and Hunter 1971).
Other studies reported tolerances of cattle
to SO, concentrations up to 4,732 ppm but
water intake was depressed by 20% at
concentrations of 6,760 ppm (Embry et al.
1959).

Nutrient loading in dugouts also pro-
motes the growth of algae that affect water
quality by causing eutrophication and,
more seriously, poisoning when toxic
blue-green algae are present. There are
several genera of algae that belong to the
group commonly referred to as toxic blue-
green algae. They include Anacystic,
Anabaena, Aphanizomenon, Nodularia,
and Oscillatoria and are associated with 2
types of toxins, hepatotoxins and neuro-
toxins (Beasley et al. 1989). While the
toxicity of blue-green algae has been
clearly identified, the effect of subclinical
doses of these toxins on animal perfor-
mance and water palatability are still not
well defined.

Perhaps the most predictable factor
reducing palatability of water is fecal con-
tamination, yet very few studies have
examined the effects on water consump-
tion. Holechek (1980) reported a decrease

in water consumption and weight gain of
cattle drinking from a water source conta-
minated with feces and urine. Conversely,
Crawford et al. (1996) reported no differ-
ence in weight gain of cattle drinking
water from a pond to which they had
direct access. In a pilot study, we found
that cattle drinking from a dugout gained
23% less weight than those drinking clean
water delivered to a trough. As a result of
this evidence, a study was conducted to
examine the effects of water source on cat-
tle production and activity behavior in
field experiments, to determine the impact
of selected chemical and biological con-
stituents on these observed responses, and
to test the effect of fecal contamination on
water consumption in penned trials.

Materials and Methods

The effect of water source was tested
during the summer in southern Alberta; 2
sites were tested near Stavely (50° 12,
113° 57') in the fescue prairie and 1 at
Onefour in the mixed prairie (49° 04',
110° 27"). One additional site was located
in south central British Columbia near
Kamloops (50° 33', 120° 08'). The
Kamloops grasslands were similar to the
Stavely site having a dominance of rough
fescue (Festuca campestris Rydb.). The
mixed prairie site was representative of
the Stipa-Bouteloua faciation of the mixed
prairie (Coupland 1961).

Cattle response to water source
(field trial)

Two experiments were conducted to
determine the effects of water source on
performance of Hereford cattle: One
examined the effects on yearling cattle
(Yearling Experiment) while the second
examined the effects on cow-calf pairs
(Cow-Calf Experiment). The Yearling
Experiment was conducted at 3 sites,
repeated in 3 to 5 years (random variable),
and had 3 water-source treatments. The
sites (with number of trial-years) were at
Kamloops (5), Stavely (3), and Onefour
(5). The treatments were (1) clean water
supplied either from a well, a spring, or a
river into a trough, (2) water pumped from
a pond or dugout (hereafter referred to as a
pond) into a trough (Pondy,,) and the
pond fenced to prevent access, or (3)
direct access by cattle to the pond
(Pondgject). Clean water was transported
by truck and stored in a 5,500 liter storage
tank that was insulated to minimize light
and moderate water temperatures. Flow of
water from the tank was controlled by a
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float valve in the trough. Water for the
Pondy;o,gn Was delivered with an electric
pump activated by a depth sensor in the
trough. The trials were facilitated with 3
paddocks of equal area, radiating from a
pond, and randomly assigned to a treat-
ment in each trial-year. The same ponds
and paddocks were used repeatedly over
the study period.

The Cow-Calf Experiment was conduct-
ed at a second pond at Stavely over 6
years. The arrangement of paddocks and
treatments were the same as that for the
Yearling Experiment. The treatments were
randomized among paddocks each year.

Cattle performance
Yearling Experiment

Each paddock was stocked with 10, 16-
mo old yearling cattle over a 2-mo period
between July and September of each year.
Animal size among treatments was harmo-
nized by ranking the 30 test animals by
weight and randomly allocating them in
groups of 3 among the treatments. Open
heifers were used in all years at Onefour
and in 2 years at Kamloops and 1 year at
Stavely. Steers were used in 3 years at
Kamloops and 2 years at Stavely. The tri-
als at Stavely were terminated early, and
the data not used in the analyses, when the
animals escaped their paddocks in 1996
and insufficient water was available to
complete the trial in 1999. The average
stocking rates were 2.08, 0.69, and 0.86
animal-unit-month (AUM) ha' on sites at
Stavely, Onefour, and Kamloops, respec-
tively. The stocking rates were matched
with the pasture condition to ensure that
forage did not limit cattle production.

Cow-Calf Experiment
Each paddock was stocked with 10 cow-

calf pairs for a 2-mo period except in 1994
when 6 pairs were used. The protocol for
allocating cow-calf pairs among treat-
ments was the same as for yearlings
except that backfat thickness was used to
rank the animals. The average stocking
rate, since 1994, was 2.96 AUM ha™'. The
proportion of male to female calves was
maintained constant among treatments to
account for differences in growth and
demands on the cow. The cows were
obtained from the same herd each year and
bred for calving in March.

Animal weights were determined at the
beginning and end of each trial. At the
time of weighing, backfat thickness was
measured, for cows only, at the spinal
process above the 11" rib on the left side
of the animal about 15 ¢cm from the mid-
lines of the vertebrae using a portable
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Krautkramer USK 7 ultrasound machine
(Krautkramer Branson, Hiirth, Germany).
Changes in weight and backfat thickness
were assessed over the duration of the trial.

Cattle activity

Estimates of cattle activity and drinking
times were made with direct observations
on the herd and individual animals,
respectively, at Stavely (2 sites) and
Onefour (1 site), and on individuals at all
4 sites over 2 to 6 years. Thus, both cows
with calves and yearlings were observed.
The observers positioned themselves at a
vantage point from where all 3 paddocks
could be seen and drinking times of indi-
vidual animals could be measured.
Individual animals were identified by
unique physical or color markings. Thirty,
half-hour observations were made simulta-
neously on herd activity at each water
source from dawn to dusk, over 3 to 5
days during 3 years. Herd activity was
recorded as grazing intensely, grazing
lightly, loafing, resting, or drinking.
Grazing lightly was defined as feeding
while walking; loafing included socializ-
ing and standing while resting involved
lying down. Drinking activity was defined
as the time committed to obtaining water
and includes ingestion and positioning for
the purpose of ingesting water. This dif-
fers from the observation on individual
animals where drinking was defined as
actively ingesting water.

Observations on individual animals
were focused on estimating time spent
ingesting water as an index of volume
consumed. Two animals were selected in
each treatment for observation, from dawn
to dusk over the duration of the sampling
period. Drinking times were measured
with a stopwatch.

Chemical and biological quality of
water

Water samples (250 ml) were collected
at the time cattle were weighed from each
source by dipping a sterile bottle into
water at a depth and place from where cat-
tle would normally drink. The samples
were immediately cooled and delivered to
a commercial laboratory for analysis of
elemental and microbiological con-
stituents. Water quality (chemistry and
bacteria) in Alberta was tested by the
Trace Elements/Environmental Toxico-
logy Laboratory at the University of
Alberta, Edmonton, Alberta. In British
Columbia, the analyses were performed by
the Pacific Environmental Science Centre
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of Environment Canada, Vancouver,
British Columbia.

Only pond water was sampled
(Pond girers Pondyrougp) for algae in 1998
and 1999 at each site and in 1997 at both
Stavely sites. The clean water was not
sampled since algae biomass was negligi-
ble. At Stavely and Onefour, samples were
taken every 2 weeks beginning at the start
of each trial while at Kamloops water was
sampled 2 weeks after the start and 2
weeks before the end of the trial.

Water was sampled for algae with a
plankton net having a diameter of 11.2 cm.
The net was drawn at a fixed distance
through the water to a depth of 30 cm. In
the pond, three, 1.5-m long samples were
taken at different locations and composit-
ed. A single 60-cm long sample was taken
in the trough. Total volume sampled was
45 liters from the pond and 6 liters from
the trough. After sampling, the bottles
were immediately placed in a cooler in
preparation for analysis. Algae were
examined and identified to genus accord-
ing to Clesceri et al. (1989) and reported
as cell numbers liter”. The algae species
were classified according to toxic blue-
green of the genera Anabaena, Anacystis,
Aphanizomenon, Arthrospira, and
Oscillatoria and others (Ceratium,
Diatoma, Dinobryon, Euglena, Fragilaria,
Gomphosphaeria, Spirogyra, Synedra,
Tabellaria, and Volvox) that were recog-
nized for reducing palatability for humans
through odor or taste (Ingram and Prescott
1954, Palmer 1959).

Statistical analyses

Weight changes in the Yearling
Experiment were analyzed as a factorial
that included 3 water treatments, 3 sites,
years nested in site, and their interactions.
For the Cow-Calf Experiment, changes in
weight of both cows and calves, and back-
fat thickness of cows were analyzed as a
factorial with sex of calf, 3 water treat-
ments, replication over years, and their
interactions. All analyses were evaluated
using mixed effects ANOVA (SAS 1999)
with year being a random variable.
Treatment means were compared using
single degree of freedom contrasts.

Observations on herd activity were ana-
lyzed in a factorial arrangement that
included 3 water treatments, 3 sites, and
years (n = 2 to 6) nested in site. All analy-
ses were evaluated using a mixed effects
ANOVA (SAS 1999) with year being a
random variable. Treatment means were
compared using single degree of freedom
contrasts. Drinking times were estimated

over 4, 6, 3, and 2 years at Stavely (Cow
Experiment), Stavely (Yearling Experi-
ment), Onefour, and Kamloops, respec-
tively and analyzed with the same model
used for activity.

Role of pathogens and parasites on

cattle performance

The potential role of pathogens and par-
asites in affecting cattle performance was
tested by comparing infection rates among
water source treatments and between
infected and non-infected animals. Rectal
faecal samples were taken at the time of
weighing both in 1996 and 1997 at 2
Stavely sites (Yearling and Cow
Experiments) and at Onefour. The samples
were kept refrigerated until analyzed for
the presence of Giardia spp. cysts,
Cryptosporidium spp. oocysts, and nema-
tode eggs.

Analysis of Giardia and
Cryptosporidium spp.

Fecal suspensions were squeezed and
filtered through 4 layers of NuGauze
(Johnson and Johnson, Montreal, Canada)
to yield 7 ml of filtrate. The filtrate was
layered over 5 ml of 1 M sucrose (specific
gravity 1.13) and centrifuged at 800 x g
for 5 min to concentrate the cysts at the
sucrose/water interface. The interface and
upper layer of liquid were transferred by
pipette to a clean tube and recentrifuged
(800 x g for 5 min). The supernatant was
decanted and the pellet was suspended in
sodium phosphate buffered saline to a vol-
ume of 1 ml.

Two, 0.015-ml samples of the concen-
trate were spotted on microscope slides
and allowed to air dry on a slide warmer
for a minimum of 30 min. Once dry, the
slide was fixed with acetone, dried, and
mixed with 20 ul of either Giardia or
Cryptosporidium fluorescein isothio-
cyanate labeled monoclonal antibody solu-
tion (Giardi-a-glo, Crypt-o-glo, Water-
borne, New Orleans, La). The sample was
then incubated in a humidity chamber at
37° C for 30 min. After incubation, slides
were rinsed with phosphate buffered saline
and the slide was left to air dry. Once dry,
slides were mounted with glycerol (Aqua-
polymount, Polysciences, Warrington,
Penn.) and a cover slip and examined
using an epifluorescent microscope at 200
x and 400 x magnification. The number of
cysts (Giardia) and oocysts (Cryptospori-
dium) over the spotted area were counted
and subsequently the number of cysts or
oocysts per gram of feces was calculated.
Oocysts of C. muris were differentiated
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from those of C. parvum based upon their
spherical size and shape 6.6-7.9 Fm x 5.3-
6.5 Fm, ovoid for C. muris; 4.5-5.4 x 4.2-
5.0 Fm, spherical for C. parvum). Oocysts
and cysts from all samples were identified
and enumerated by the same individual
and previously established positive and
negative control fecal samples were ana-
lyzed with each sample lot. The
immunologial reagents have been shown
to be specific for Giardia spp. cysts and
Cryptosporidium oocysts (Xiao et al.
1994, Olson et al. 1997b) with a sensitivi-
ty of 67 cysts/oocysts gram™ of feces.

Analysis of Nematodes

Ova of parasitic nematodes and cestodes
were enumerated using a modification of
the technique described by Cox and Todd
(1962). Five gram samples of feces were
diluted with 22 ml of 2.5% potassium
dichromate solution, filtered through 2
layers of cheesecloth, and centrifuged for
10 min at 5,000 x g, The pellet was resus-
pended in a saturated sugar solution and
centrifuged at 5,000 x g for 10 min. The
eggs on two, 22 x 22 mm cover-slips were
identified and enumerated. Eggs of
Nemetodirus spp., Trichuris spp. and
Monenzia were identified. Eggs of other
trichostrongyle genera could not be differ-
entiated and were identified as “tri-
chostrongyle.”

Statistical analysis

Analyses were made to determine (1)
whether the water sources had an effect on
infection rates of the cattle and (2)
whether weight gains were related to
infection. Since counts of organisms or
eggs does not reliably estimate their
degree of impact on the animal, the com-
parison in the first analysis was based on
the number of animals infected by the spe-
cific organism and, in the second analysis,
on the weight gain of animals infected ver-
sus non-infected by the specific organism.
In each case, infection was determined by
the presence or absence of the organism,
identified by genus, in the fecal sample.
Analyses were made for Giardia spp.,
Cryptosporidium spp., “trichostrongyle”
spp., and Nematodirus spp. Presence or
absence of the remaining organisms were
not sufficiently balanced to permit a
meaningful comparison.

The effect of water source on infection
was based on the final fecal sample taken
at the conclusion of the trials and analyzed
as a factorial using a mixed effects
ANOVA (SAS 1999) model with year (n
= 2) the random variable. The fixed fac-
tors were 3 sites and 3 water treatments

and their interaction. The effects of infec-
tion on weight gain were analyzed by
pooling animals across water source treat-
ments and analyzing their weight gain as a
factorial using a mixed effect ANOVA
(SAS 1999) model with year (n=2) being
the random variable and fixed factors of 2
infection treatments, 3 sites, and their
interaction. Replication was achieved by
individual animals.

Effect of fecal contamination on

water consumption (penned trials)

Two experiments were conducted to
determine cattle response to manure conta-
mination in penned trials. In each experi-
ment, manure was collected fresh at the
beginning of each trial from a nearby pas-
ture and refrigerated in an air-tight con-
tainer to be used as required. Water was
offered in 140-liter water troughs, con-
structed from tires, and having the water
intake at the bottom and designed to stir
the water and mix the sediments as the
animal was drinking. This would simulate
the effect of an animal walking into a
pond and disturbing the muck. The flow of
water into the trough was controlled with a
float valve and was metered to determine
daily consumption. Manure was added at
the beginning of each trial and then daily
in amounts proportional to water con-
sumption.

Sixteen-month old yearling steers were
used in each experiment. Before every
trial, the animals were brought into a hold-
ing area and fed cubed alfalfa hay and
offered clean water from a well. The same
hay and water was offered to the animals
during the trials with the only exception
being the rates of manure contamination.

Effect of contaminants on water

selection

The effect of manure contamination on
water selection was tested with choices of
3 concentrations (0, 0.05, and 0.25 mg
manure gram™ water) and 4 replications.
Three troughs spaced about 1-m apart
were arranged in a row at one end of the
pen and treatments were allocated ran-
domly for each replication. Eight steers
were randomly assigned to 4 groups of 2
animals each and allocated among repli-
cates. The replications were run consecu-
tively over 7 days each.

Effect of contaminants on water and
feed intake

The effect of manure contamination on
water and feed intake was examined in 2
trials, each designed in a 4 x 4 Latin
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square with 4 treatments, 4 pens, and 4
times. Each time consisted of observations
over 10 days that were repeated consecu-
tively after changing the assigned treat-
ment in each pen according to design. For
the analyses, the observations were divid-
ed into 2, 5-day periods with the first rep-
resenting a conditioning period. Eight
steers were randomly allocated into 4
groups of 2 animals each and assigned to a
pen for the duration of the trial. The 4
treatments in Trial 1 were concentrations
of manure at 0, 0.05, 0.15, and 0.45 mg -
gram™ water and in Trial 2 the concentra-
tions were 0, 2.5, 5.0, and 7.5 mg gram™
water. Different animals were used
between trials and the hay was weighed in
and out each day to determine feed intake.

Statistical analysis
The water selection study was analyzed
as a split plot design with an unstructured
error matrix using a mixed effects model
~(SAS 1999). This allowed the analyses of
day since trial intiation, and its interaction
with treatment, as a repeated measure and
permitted a more detailed examination of
the daily adjustment by the animals to the
treatments. The main effects were 3 water
contamination treatments and 7 days of
exposure. The water contamination treat-
ment was tested by its interaction with
replication. Day since trial initiation and
its interaction with treatment was tested by
the residual. As a result of a significant (P
= 0.004) interaction of water treatment
and day, selection in each day was ana-
lyzed separately and the means compared
with single degree of freedom contrasts.
The effects of contaminants on feed
intake by 2 animals were analyzed for
both periods. Average water and feed
intakes for each period were determined
and analyzed using ANOVA (SAS 1999)
for each trial separately. Treatment means
were compared using single degree of
freedom contrasts. The relationship
between water and feed intake was evalu-
ated with a simple linear regression across
treatments and periods for each trial (SAS
1999).

Results

Cattle response to water source (field trial)
Chemical and biological quality of water
Well water had more Na, CaCO;, and
SO, than water from ponds at Stavely and
Onefour (Table 1). The concentration of
salt, as measured by conductivity (Fs cm™),
from well water was greatest at Onefour.
Pond water at Kamloops had concentra-
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Table 1. Chemical characteristics and coliform counts (X £+ 1 SE) in water offered to cattle at 4 sites.

Total  Faecal
Site Treatment pH Conductivity Na K Ca CaCO3 NOj + NO, Sulphate TDS' Coliform Coliform
¥ (mg ~(mg ~ (mg ~ (mg ~(mg ~ (mg ~ (mg ~ (o- (O
(us-cm ) diter ') -liter) cliter”)  cliter”) -liter ) cliter) liter ) 100ml) 100ml")
Canadian Water Quality Guidelines (1999) 1000 100 1000 3000 1000
Stavely - ¢ n=11, yr=5 Clean’ 8.50 1032 227 2.35 24 365 0.20 181 675 177 108
(1995 - 98) 0.04 44 19 0.17 3 5 0.04 16 32 92 83
n=11, yr=5 Pond 7.87 347 4 8.71 42 169 0.06 3 177 279 233
0.06 15 0.3 0.76 3 7 0.00 1 7 124 39
Stavely - y* n=7, yr=4 Clean’ 851 1027 228 226 22 362 0.13 183 673 8 6
(1995 -99) 0.05 56 19 0.13 2 12 0.02 14 36 4 2
n=8, yr=4 Pond 8.41 356 6 7.33 32 177 0.05 10 185 257 149
0.11 28 2 0.84 4 19 0.00 2 19 166 10
Onefour - y n=5, yr=4 Clean® 8.76 3296 826 4.84 13 684 0.06 1046 2324 15 4
(1994 - 99) (1994 -97)  0.05 673 176 0.34 1 42 0.00 312 379 6 7
n=2, yr=2 Clean’ 8.17 225 8 1.0 21 92 0.05 14 110 4 4
(1998 - 99) - — — — — — — — — - -
n=7, yr=6 Pond 8.83 250 24 8.37 16 115 0.06 51 31 93 58
0.33 13 5 0.84 1 7 0.00 1 11 32 25
Kamloops -y n=1, yr=1 Clean® 7.78 2408 132 27.00 127 875 0.05 765 1783 24 24
(1995,98-99) 1995 — — — — - — — — — — —
n=4, yr=2 Clean’ 8.46 95 2 1.37 13 36 0.01 6 - 35 16
1998 - 99 0.24 2 0 0.11 0 1 0.00 0 22 9
n=5, yr=3 Pond 9.00 9596 1276 142.50 70 836 0.00 5900 — 531 182
0.04 3002 431 60.62 10 100 0.00 2292 63 62

"Total dissolved solids.
Denotes trial with cow-calf pairs.
Clean water taken from a well.
Denotes trial with yearling cattle.
Clean water taken from a river.
Clean water taken from a spring.

tions of SO, that varied from 7,900 to
18,000 mg liter” from July to September,
respectively, in 1998 and from 1,440 to
3,810 mg liter’ from May to September,
respectively, in 1999. A single sample
measured in August 1995 had 2,600 mg

liter' SO4. Water sampled from all sites
had NO, + NOj levels that were well
below toxic levels for cattle (Table 1).
Clean water from all sources had fewer
coliforms than water from ponds.

Toxic blue-green algae were present at

all sites at concentrations up to 7.5 x 10°
cells liter! (Table 2). Other algae genera
capable of producing odours or unpleasant
taste for humans were also present in
mostly lower concentrations than those
detected for the toxic algae.

Table 2. Average algae densities ((cells * liter 1) 190 a¢ biweekly intervals over the trial periods at Stavely and Onefour and near the beginning and end
of trials at Kamloops in pond water offered by direct access or in a trough.

Cow-calf Yearling
Stavely Stavely Onefour Kamloops
1997 1998 1999 1997 1998 1998 1999 1998 1999
Algae Genera Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough
n JE. JEUIY SO 4___4__ 3 ___3__ _10____4 __ _: 4___ 3 .4 __3__.__ 3.3 __2.__2 .2 __2__

Toxic blue-green
Anabaena 13 8 12 10 4 17 12 134 24 3 2 22 35 1 255 8
Anacystis 4 10 2 101 41 3 8 1 8 T 15 143 77 142
Aphanizomenon T T T 1 8 2 T T 2 T
Arthrospira 17 10 2 2
Oscillatoria 66 36 192 18 19 12 28 13 47 4 19 35 91 11 6 1 10
Total 109 193 258 31 12 61 7582 1791 230 35 374 1858 315 123 7 1 406 8
Other'
Ceratium T 1 3 1 33 37 12 12 T T T T 3 2 1 T
Diatoma 2 2 35 16 1 T 2 1 22 119 10 11 T T 66 1141 6 2
Dinobryon 1 1 1 T
Euglena T T T T 1 T T T T 1
Fragilaria 1 11 3 T 1 66 7 37 12 T 1 T 1 1 9 1
Gomphosphaeria T 34 2 2 2 3 2 1 T T
Spirogyra 372 9 6 10 4 4 3 18 201 1 1 18 7 7 21 11
Synedra T T
Tabellaria T 2
Volvox T T 384 T

‘ALl genera represent algae that can affect palatability to humans through odour or taste.

Trace - less than 1 (cells - liter ') .
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Table 3. Effect of water supply on weight and backfat thickness of cows', and weight gains of

calves' and yearlings2 over 3 to 6 years.

Water Cows Calves Yearling
treatment Weight Back fat Weight Overall' Stavely Onefour Kamloops
(kgeday)  (mm) (kgeday') -----—---o-- (kgeday') ---o-comon-
years (n) 6 6 6 3 5 5
Clean (1) 0.60 0.92 1.17 0.79 0.77 0.65 0.95
Pond
Trough (2) 0.48 0.90 1.14 0.66 0.68 0.54 0.76
Direct (3) 0.53 1.16 1.06 0.64 0.73 0.51 0.69
SEM 0.09 0.28 0.06 0.09
Effect (P) >0.10 >0.10 >0.10 0.090
Comparisons ~~ -------- Probability - - - - - - -
1vs2 >0.10 >0.10 >0.10 0.076
1vs3 >0.10 >0.10 0.056 0.045
2vs3 >0.10 >0.10 >0.10 >0.10

"The interaction of calf sex, or its interaction with treatment, was not significant (P > 0.10) for weight or backfat thick-
ness in cows; weight gains in calves was affected (P = 0.004) by sex; the interaction of sex x treatment was not signifi-

cant (P > 0.10).

The site x treatment interaction was not significant (P > 0.10).

Cattle performance

Clean water produced 23 and 20%
greater (P < 0.10) weight gains, among
yearling cattle, than pondgj...; oOr
pondy;qyep, respectively (Table 3). The
effect was similar (P > 0.10) across sites
but less evident at Stavely (Table 3).
Weight gains in relation to water source
was not consistent among years. The
greatest deviation from the average trend
was a 3.7% greater gain on pond ;.. than
from clean water at Kamloops in 1995
(Data not shown).

The effect of water source treatment on
weight gains of cows with calves was not
significant (P > 0.10) although average
weight gains were 13 and 25% more for
cows drinking clean water than from
pond i ece OF pondiqyep, respectively
(Table 3). Backfat thickness also was not
responsive (P > 0.10) to water treatments

(Table 3) and calf sex had no effect (P >
0.10) on weight or backfat thickness (Data
not shown). Calves on clean water gained
more weight than calves having direct
access to pond water (P = 0.056) while
pond water pumped to a trough produced
intermediary results (P > 0.10, Table 3).
Male calves gained more (P = 0.004)
weight than female calves (1.18 vs 1.07 kg
« day™'; data not shown).

Cattle activity

Cattle offered clean water spent more
time grazing (P = 0.002) and less time
resting (P < 0.001) and loafing (P = 0.029)
than cattle drinking directly from the pond
(Table 4). Drinking activity and drinking
times were similar (P > 0.10) among treat-
ments. Activity behaviors were similar (P
> 0.10) among treatment at each site

Table 4. Budget of cattle activities and drinking times in relation to water source at several sites

over 2 to 6 years at each location’.

Water treatment  Grazing Resting Loafing Drinkin§ Drinkil}‘ng
activity time
-------- 30 min. increments- - - - - - - - ----(seceday’)---
Clean 18.1 8.3 1.0 77
Pond
Trough 16.5 9.5 1.6 1.2 80
Direct 15.7 9.8 2.3 1.0 85
SEM 0.7 0.2 0.2 0.1 3
Source - 000 eies e Probabilities- - - == - - === - oo
Site (1) >0.10 >0.10 >0.10 >0.10 <0.001
Treatment (2) 0.002 <0.001 0.029 >0.10 0.316
1x2 >0.10 0.048 >0.10 >0.10 0.985
Treatment Comparisons
1vs2 0.007 <0.001 >0.10 >0.10 >0.10
1vs3 0.001 <0.001 0.010 >0.10 >0.10
2vs3 0.091 0.089 >0.10 >0.10 >0.10

lAct.ivity budgets were estimated at 2 Stavely sites (cow-calf and yearling) and at Onefour over 3, 2, and 2 years respec-
tively; drinking times were estimated at 2 Stavely sites (cow-calf and yearling), at Onefour and at Kamloops over 6, 4, 3

and 2 years, respectively.

Time that is committed to obtaining water; includes drinking and positioning for the purpose of drinking.
Time that is spent ingesting water; the mouth is in contact with the water surface.
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except for resting at Stavely where clean =
pond;oyen < pondgjree; and at Onefour
where clean < pondy;oen= POndgiect-

Role of pathogens and parasites in

cattle performance

Infections by Giardia, Cryptosporidium,
Trichostrongylus, or Nematodirus spp.
were similar (P > 0.10) among water treat-
ments and sites. Animal weight gains were
not affected (P > 0.10) by infection as
indicated by the presence of the organisms
tested in the feces (Table 5).

Effect of fecal contamination on

water consumption (penned trials)
Cattle tended to avoid water that was
contaminated by 0.05 mg fresh manure - g
' water, preferring to consume water with-
out manure when given a choice (Table 6).
This effect was consistent in each day of
the trial except on the first day when they
drank similar (P > 0.10) amounts of clean
water and water contaminated with 0.05
mg manure * gram™' water. However,
when a single choice was offered, water
consumption was depressed only at
manure concentrations above 2.5 mg ¢
gram™ water while feed consumption was
depressed at concentrations greater than 5
mg * gram™ water (Table 7). The relation-
ship between feed intake and water con-
sumption was expressed by the equations:
Feed, = 6.2 kg + 0.16 kg  liter" for Trial 1
( = 0.78, P < 0.001); and Feed,,=13.6 kg
+0.04 kg » liter”" for Trial 2 (* =0.20, P <
0.001). The response represents a ratio of
about 6 and 25 liter water * kg™! dry matter
consumed in Trials 1 and 2, respectively.

Discussion

Effect of water source

The effects of pond water on weight
gains among yearling cattle were similar
among a diverse range of sites but consid-
erable differences existed among years for
both cows and yearlings (Table 3).
Because the response was measured rela-
tive to clean water, the yearly treatment
response is a function of acceptance or
avoidance of both sources. As such, errors
of interpretation could be introduced from
the lack of an unsuitable control. Clean
water obtained from wells at Stavely and
Onefour had higher concentrations of salt
than water from ponds although they were
within the acceptable limits (Table 1).
However, the criteria defining water quali-
ty that explained cattle performance were
not likely estimated by the chemical or
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Table 5. Weight gains of cows (with calves) and yearling cattle over a 2-month period in relation to infection (No - absent; yes - present) by Giardia
Spp., Cryptosporidium spp., and gastrointestinal nematodes (‘trichostrongyle’), and Nematodirus spp. at 2 sites over 2 years. The effects of Trichuris
and Monezia spp. infection on weight gains are not shown’.

Giardia spp. Cryptosporidium spp ‘trichostrongyle’ Nematodirus spp.
No Yes No Yes No Yes No Yes
Stavely (cow-calf pair)

n 45 14 36 23 42 17 12 47

Wit. gain (kg ) 33 37.3 29.4 41.2 34.5 32.8 36.3 335
Stavely (yearling)

n 38 21 37 22 43 16 2 57

Wt. gain (kg) 31.6 35.3 33.5 31.9 32.1 35.1 32 329
Onefour (yearling)

n 41 19 53 7 50 10 17 43

Wt. gain (kg) 15.5 14.8 15.2 15.9 15.6 13.7 13.9 15.8

Overall Effect’

Wt. gain (kg) 26.7 29.1 26 29.6 275 29 229 27.4

"The effect of infection, or its interaction with site, was not significant (P > 0.10) for any specific parasite.
Trichuris and Monezia spp. were present in 9 and 87%, of all animals, respectively.

biological parameters measured but rather
were defined by organic compounds that
affected smell or taste (with the possible
exception of 1 year at Kamloops when
very high levels of SO, were observed).

The response of cows to water treat-
ments was likely reflected in the weight
gains of their calves who receive a major
portion of their nutrition from milk.
Greater milk production contributes to
faster growth in calves but at the expense
of the dam (Taylor 1994).

Pumping water and excluding cattle
from the pond appeared to produce imme-
diate results over the relatively short peri-
od of the study but could conceivably pro-
duce more convincing benefits in the long-
term. Although the Pondy;,,, treatment
produced results that were most similar to
Pond ;e their ranking tended to be inter-
mediate to clean water and Pond ;¢ Sug-
gesting that cattle might prefer drinking
from a trough and avoid entering the pond.
This suggestion is supported by longer
grazing times on Pond .., than
Pondg;p., With the assumption tﬁat graz-
ing times are positively correlated with
water consumption. Calves seemed to ben-
efit the most by exclusion from the pond
although their performance is also linked
to their dams. Excluding cattle from direct
access to the pond could be expected to
produce greater benefits over the long-
term through improved water quality as
direct fouling is halted and the riparian
vegetation is allowed to recover and filter
nutrients.

Proposed mechanism of cattle
response

The detrimental effect of pond water on
weight gains of cattle appears to be medi-
ated through feed intake rather than by
stress induced by pathogens, toxins, or
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parasites. Cattle that drank clean water
spent longer time grazing and, in penned
studies, ingested more feed. Therefore, the
proposed mechanism to explain weight
gain response to water source appears to
be defined by the palatability of water that
influences water and forage consumption.
Pond water was less palatable than clean
water, which resulted in less water and
feed intake and reduced animal perfor-
mance. While the trends for average drink-
ing times (Table 4) did not support the
contention that more clean water was con-
sumed than pond water (P > 0.10), the dis-
crepancy may be explained by variable
rates of water intake, among treatments,
defined by palatability. However, the
hypothesis that intake rates are affected by
palatability needs to be tested. In at least 1
year at Kamloops, a high SO, content
appeared to be responsible for reduced
weight gains.

Water intake from ponds and feed intake
from pastures were not measured but the
greater time spent grazing by cattle having
clean water suggests greater feed intake as
the forage characteristics among paddocks
were similar at each site. The relationship

between water consumption and feed
intake has been established (Hyder et al.
1968). The fluid matrix within the rumen
plays a key role in facilitating microbial
attachment to feed particles and their sub-
sequent digestion (McAllister et al. 1994).
Butcher et al. (1959) reported a ratio of 3
liter water for each kg dry matter of feed
consumed when the temperature was
about 5° C and 7 liter when the tempera-
ture was 32° C. Utley et al. (1969) report-
ed a reduction in feed intake from 6.2 to
4.8 kg day” when water was restricted to
60% of free choice. The ratios of water to
feed also decreased from 2.9 to 2.2 liter
kg'. In the present study, the ratios aver-
aged 3.8 and 4.3 liter » kg™ in Trials 1 and
2, respectively. However, the response of
feed intake to water consumption, defined
by the regression coefficients of the equa-
tions, was considerably greater in Trial 1
than in 2 (6 vs 25 liter « kg™'). Trial 1 was
conducted when the average daily temper-
ature was lower than during Trial 2 (13.6
vs 16.1° C, data not shown) and thereby
imposing relatively greater demands for
cooling than for rumen function.

Table 6. Water selection by 2 yearling steers in relation to contamination with fresh manure over

the duration of the trial (n = 4)1.

Manure conc.

Days from trial initiation

1 2 3 4 5 6 7
(mg e g’l Water) - ----------------------- liters X+ SEm - ---------------------
0 68 (24) 124 (12) 106 (32) 118(14) 116(14) 102 (19) 86 (10)
0.05 53(27) 13 (12) 27 (22) 19 (12) 16 (9) 22 (18) 38 (10)
0.25 1(1) 0(0) 8(5) 4(2) 10 (3) 21 (6) 16 (4)
Effect (P) 0.138 <0.001 0.047 0.001 <0.001 0.017 0.003
Comparisons ~ ------------=== ---------- Probabilities - - - = === ------------o---- -
0vs 0.05 >0.10 0.001 0.095 0.002 0.002 0.025 0.014
0vs0.25 0.071 0.002 0.054 0.004 0.004 0.021 0.003
0.05 vs 0.25 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10

lThe interaction of treatment x day was significant (P = 0.004)
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Table 7. Effect of manure-contaminated water, at a high and low range of concentrations, on water
and feed consumption by 2 yearling steers over 2 consecutive, 5-day periods (n = 4).

Manure conc. water feed water feed
(mg * g water) Conditioning period Test period

Trial 1 (low) (liters) (kg) (liters) (kg)
0 110 28 127 33
0.05 112 29 119 33
0.15 112 30 127 34
0.45 116 30 128 34
SEM 6 1.1 4 0.7
Effect (P): >0.10 >0.10 >0.10 >0.10
Trial 2 (high)

0 152 30 154 32
2.5 123 31 148 31
5.0 107 30 113 30
75 112 27 124 28
SEM 13 0.5 5 0.8
Effect (P): >0.10 0.022 0.003 0.068
Comparisons:

0vs0.25 >0.10 >0.10 >0.10 >0.10
0vs 0.50 0.046 >0.10 0.001 >0.10
0vs0.75 0.073 0.009 0.005 0.013
0.25 vs 0.50 >0.10 >0.10 0.002 >0.10
0.25 vs 0.75 >0.10 0.006 0.021 0.083
0.45vs 0.75 >0.10 0.027 >0.10 >0.10

Potential palatability factors

The specific compounds responsible for
reducing water palatability are unknown
although Dohi et al. (1999) identified
organic fractions in cattle feces that appear
to be responsible for causing avoidance. It
is purely speculative that these fractions
were also present in pond water. However,
cattle were observed to walk into the pond
to drink and often defecated while standing
in the water. Of 78 observed drinking inci-
dences by cows at Stavely 26% resulted in
defecation into the pond (Data not shown).

Assuming an animal produces 25 kg
manure fresh weight daily, defecates 10
times a day, and defecates 25% each time
it drinks from the pond (on average of
twice a day), each animal would then con-
taminate an equivalent volume of 25,000
L per day with 0.05 mg fresh manure
grams™ water. This is further aggravated
within the pond environment by repeated
contamination in the shallow part of the
pond. Cattle would avoid this concentra-
tion of manure if given a choice of clean
water (Table 6).

The role of algae in affecting cattle per-
formance in this study is unclear but might
contribute to reduced palatability and can
be toxic. The effect of algae on water
palatability has not been tested but the tox-
icity of some species to cattle has been
clearly established. Symptoms in cattle are
weakness, variable hyperthermia, reduced
responsiveness, anorexia, mental derange-
ment, shock, and death (Beasley et al.
1989). While lethargy may be an early
symptom of toxicity, and might explain

reduced grazing and greater resting times
of animals drinking from the pond, algae
densities did not appear to affect perfor-
mance. For example in 1997 at Stavely,
yearling cattle performed similarly while
drinking pond water directly or from a
trough (Table 3) although algae densities
in the trough were only about 25% of the
density in the pond (Table 2). Similar evi-
dence exists in 1998 at both Onefour and
Kamloops when algae densities were
above average and varied between water
treatments, but weight gains of cattle
between treatments were similar.

Salt concentrations in water were clearly
implicated as a factor affecting cattle
weight gains at Kamloops in 1998 when
SO, concentrations greatly exceeded 8,000
mg * liter'!, a concentration that depressed
water intake by 20% (Embry et al. 1959).
Cattle drinking pond water had diarrhea
and displayed symptoms of salt overload.
Salt concentrations in the pond water are
determined by recharge and evaporative
losses. As a result, concentrations tend to
increase over the summer and vary among
years in relation to the weather.

Conclusion

Clean water is essential for maximizing
cattle weight gains on rangeland in sum-
mer. Over a 2-month period, yearling cat-
tle gained 23% more weight when drink-
ing clean water than drinking directly
from a pond and 20% more than drinking

JOURNAL OF RANGE MANAGEMENT 55(5) September

pond water pumped to a trough. Calves
with dams gained 10% more weight. It is
not clear how these effects would translate
to the production cycle of cattle through
compensatory growth and different water
sources as the animals’ environment will
change. For producers that sell their cattle
in fall, the opportunity for benefitting from
potential compensatory gains is clearly
lost to the buyer.

The study raises a number of questions
that need to be addressed in further
research. One is on compensatory growth
as discussed above. A second question is on
the secondary effects of preventing direct
access on water quality and the riparian
environment. Here the specific issues are
on the nature and stability of anti-palatabili-
ty factors in water and the function of ripar-
ian zones. The nature of exclusion itself
needs to be examined as ranchers are
unwilling to fence off the pond from cattle
in the event of a pump failure. Therefore,
the third question is on the effectiveness of
offering water offsite in preventing direct
access to the pond and damage to the ripari-
an zone. Finally, the fourth question is on
the application of the results to non-pasture
environments such as feedlots where cattle
are subject to an environment with high
manure concentrations.
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