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Effects of water quality on cattle performance
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Abstract Resumen

Water is an important nutrient for livestock production and is El agua es un nutriente importante para la produccién
often provided on rangelands directly from ponds or dugouts. 9anaderay se provee a menudo directamente en los agostadero
Cattle may defecate and urinate into the water thereby adding de las charcas o de los aguajes. El ganado puede defecar y orina
nutrients and reducing palatability. A study was conducted to €n el aguay de ese modo agregar nutrientes y reducir la palata-
examine the effects Of water source on Catt'e production and b|||dad. Un estud|0 fue COHQUCIdO Ut|||zand0 ganado vacuno de
behavior, to determine the relationship of selected chemical and la raza Hereford para examinar los efectos de la fuente de agua
biological constituents on the observed response and to test the€n la produccién y el comportamiento del ganado, para determi-
effect of fecal contamination on water consumption. Four nar la relacion de componentes quimicos y bioldgicos selecciona:
dugouts or ponds were selected at 4 sites: 2 in the Fescue Prairi¢dos en la respuesta observada y para probar el efecto de la cont
near Stavely in southwestern Alberta, 1 in the Mixed Prairie at aminacion fecal en la consumicion del agua. Cuatro aguajes o
Onefour in southeastern Alberta, and 1 in the Palouse Prairie charcas (charca) fueron seleccionados en cuatro sitios: dos en I
near Kamloops, British Columbia. Yearling Herefords were test- pradera de Festuca cerca de Stavely en el sudoeste de Alberta
ed at 3 sites and Hereford cow-calf pairs at 1 Stavely site. At eachUno en la pradera mixta en Onefour en el sudeste de Alberta y
site, three paddocks radiated from the pond that were stocked uno en la pradera de Palouse cerca de Kamloops en la Colombia
with 10 yearlings or cow-calf pairs randomly assigned to either Britanica. Vaquillas de un afio fueron utilizadas en tres sitios y
clean water (water delivered to a trough from a well, river, or pares de vacas con terneros en un sitio de Stavely. En cada sitio
pond), pond water pumped to a trough (pongoygn), or direct  tres potreros salieron en forma radiada de la charca conteniendo
access into the pond (ponghecr). The trials were repeated at each diez vaquillas de un afio o diez vacas con terneros al pie, asig
site for 3 to 6 years. Observations were made on cattle weightnadas al azar al agua limpia (agua llevada a un bebedero de un
gains, cow backfat thickness, and activity budgets. Fecal samplespozo, un rio, o una charca), agua de la charca bombeada a un
were analyzed for selected parasites and pathogens. Other exper-bebedero (charca bebedero), o acceso directo a la charca (charc:
iments were conducted to determine the effects of manure-conta- directo). Los estudios fueron repetidos en cada sitio de 3 a 6
minated water on feed and water consumption and water selec- afios. Se realizaron observaciones de aumentos de peso del gan.
tion. Calves, with cows drinking clean water, gained 9% moreR  do, el espesor de la grasa del lomo de las vacas y vaquillas y ¢
< 0.10) weight than those with cows on poRgect but cow weight  tiempo que pasaron en diferentes actividades. Fueron analizadas
and backfat thickness were not affected. Yearling heifers having muestras fecales de parasitos y patégenos seleccionados. Otrc
access to clean water gained 23%P(= 0.045) and 20% P = estudios fueron conducidos para determinar los efectos del agua
0.076) more weight than those on ponghect and pondyoygn,  contaminada con abono en la consumicion del pienso y del ague
respectively. Cattle avoided water that was contaminated with y la seleccién del agua. Los terneros, con las vacas bebiendo ¢
0.005% fresh manure by weight when given a choice of clean agua limpia, ganaron un 9% mas (P < 0.10) de peso que aquellos
water. Cattle that had access to clean water spent more time con las vacas en charca directo, pero el peso de las vacas y ¢
grazing and less time resting than those that were offered espesor de la grasa del lomo no fueron afectados. Las vaquillas
pondiough OF PONdgirect- Cattle management must consider de un afio que tenian acceso al agua limpia ganaron un 23% (P =
water quality together with forage conditions in order to achieve 0.045) y un 20% (P = 0.076) mas de peso gue aquellas en charc
optimal production from rangeland. directo y charca bebedero, respectivamente. El ganado evito el
agua que estaba contaminada con 0.005% de abono fresco de
peso cuando tenia acceso al agua limpia. El ganado que teni:
Key Words: ponds, dugouts, weight gains, water intake acceso al agua limpia pas6 mas tiempo pastando y menos tiemp

descansando que el que fue ofrecido el agua charca directo o e
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On rangeland, water for cattle is comin water consumption and weight gain ofloat valve in the trough. Water for the
monly derived from dugouts, ponds, orcattle drinking from a water source contaPond,,,qn Was delivered with an electric
wells. Water quality is affected by itsminated with feces and urine. Converselypump activated by a depth sensor in th
source and contamination from abiotic an€rawford et al. (1996) reported no differtrough. The trials were facilitated with 3
biotic factors as a result of either dissolveénce in weight gain of cattle drinkingpaddocks of equal area, radiating from
nutrients or direct deposition of urine orwater from a pond to which they hadpond, and randomly assigned to a trea
fecal material containing nutrients andlirect access. In a pilot study, we foundnent in each trial-year. The same pond
possibly parasites. Cattle are commonlyhat cattle drinking from a dugout gainedand paddocks were used repeatedly ov
hosts toGiardia spp., Cryptosporidium 23% less weight than those drinking cleathe study period.
spp, nematodes and others parasites thaater delivered to a trough. As a result of The Cow-Calf Experiment was conduct-
affect their health. Giardiasis causes diathis evidence, a study was conducted ted at a second pond at Stavely over
rhea in calves and lambs (Olson et akxamine the effects of water source on cayears. The arrangement of paddocks an
1995), C. parvumaffects young calves tle production and activity behavior intreatments were the same as that for tr
(Olson et al. 1997a), ard. murisaffects field experiments, to determine the impacYearling Experiment. The treatments were
older animals (Anderson 1991). Watenf selected chemical and biological confandomized among paddocks each year.
from deep wells or springs may have &tituents on these observed responses, and
high salt content if it originates fromto test the effect of fecal contamination o attie performance

marine shales while dugouts and ponds areater consumption in penned trials. Yearling Experiment

recharged mostly from surface water run- Each paddock was stocked with 10, 16

off or ground water that contains variable _ mo old yearling cattle over a 2-mo perioc

amounts of dissolved nutrients. Materials and Methods between July and September of each yes
The effects of salt on cattle or sheep per- Animal size among treatments was harmc

formance have been extensively studied. 1o otfoct of water source was teste@ized by ranking the 30 test animals by
High salt content reduced sheep perfory i,q the summer in southern Alberta; aveight and randomly allocating them in
mance possibly by increasing osmolality,; o™\ e re tested near Stavely (50° 12groups of 3 among the treatments. Ope
of the rumen contents which suppresseglso 57') in the fescue prairie and 1 abeifers were used in all years at Onefou
feed intake (Barrio et al. 1991). Weeth an nefour in the mixed prairie (49° 04',and in 2 years at Kamloops and 1 year ¢
Capps (1972) reported no reduction iy e 574 “‘ope additional site was locatedtavely. Steers were used in 3 years :
water intake by young cattle with 3@v- ;"< 1y "central British Columbia nearKamloops and 2 years at Stavely. The tri
els up to 2,814 ppm added asB&. mioops (50° 33', 120° 08"). Theals at Stavely were terminated early, an
However, feed intake was reduced at thRamloops grasslands were similar to théhe data not used in the analyses, when ti
2,814 ppm SQlevel and growth rate was Stavely site having a dominance of rougi@nimals escaped their paddocks in 199
reduced at the 1,462 ppm p@vel or oo 16 Festuca campestriRydb.). The and insufficient water was available to
higher. Concentrations of 3,493 ppm SO, ;.04 prairie site was representative ofomplete the trial in 1999. The average
reduced feed intake and resulted in We'gﬁﬂeStipa-BouteIoueiaciation of the mixed Stocking rates were 2.08, 0.69, and 0.8

loss in cattle (Weeth and Hunter 1971)|%rairie (Coupland 1961). animal-unit-month (AUM) ha on sites at
Other studies reported tolerances of catt Stavely, Onefour, and Kamloops, respec
to SO, concentrations up to 4,732 ppm but tively. The stocking rates were matchec
water intake was depressed by 20% ;Qattle response to water source Withythe pasture cgndition to ensure tha
concentrations of 6,760 ppm (Embry et al(field trial) forage did not limit cattle production.
1959). Two experiments were conducted to

Nutrient loading in dugouts also pro-determine the effects of water source OE: .
motes the growth of algae that affect watgperformance of Hereford cattle: One ow-Calf Experiment .
quality by causing eutrophication andexamined the effects on yearling cattle Each paddock was stocked with 10 cow
more seriously, poisoning when toxic(Yearling Experiment) while the secondCalf Pairs for a 2-mo period except in 199
blue-green algae are present. There aexamined the effects on cow-calf paird?nen 6 pairs were used. The protocol fo
several genera of algae that belong to tH&€ow-Calf Experiment). The Yearling @/locating cow-calf pairs among treat-
group commonly referred to as toxic blueExperiment was conducted at 3 sitedN'€Nts was the same as for yearling
green algae. They includenacystic repeated in 3 to 5 years (random variablefXCePt that backfat thickness was used 1
Anabaena AphanizomenonNodularia, and had 3 water-source treatments. TH&K the animals. The average stockin
andOscillatoria and are associated with 2sites (with number of trial-years) were aft€ Since 1994, was 2.96 AUM harhe
types of toxins, hepatotoxins and neurokamloops (5), Stavely (3), and OnefouProPortion of male to female calves wa:
toxins (Beasley et al. 1989). While the(5). The treatments were (1) clean watdi'@intained constant among treatments !
toxicity of blue-green algae has beemsupplied either from a well, a spring, or g¢count for differences in growth and
clearly identified, the effect of subclinicalriver into a trough, (2) water pumped fromd€mands on the cow. The cows wer
doses of these toxins on animal perfora pond or dugout (hereafter referred to as@Pt@ined from the same herd each year ar
mance and water palatability are still nopond) into a trough (PoRgyqy and the bred for calving in March. .
well defined. pond fenced to prevent access, or (3)Animal weights were determined at the
Perhaps the most predictable factodirect access by cattle to the pond©9inning and end of each trial. At the
reducing palatability of water is fecal con{Pongj,ec). Clean water was transportediMe Of weighing, backfat thickness was
tamination, yet very few studies haveby truck and stored in a 5,500 liter storagg'€asured, for cows only, at the spina
examined the effects on water consumgank that was insulated to minimize lightProcess above the 11ib on the left side
tion. Holechek (1980) reported a decreasand moderate water temperatures. Flow ¢ the animal about 15 cm from the mid-
water from the tank was controlled by dines of the vertebrae using a portabls
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Krautkramer USK 7 ultrasound machineof Environment Canada, Vancouverpver 4, 6, 3, and 2 years at Stavely (Cov
(Krautkramer Branson, Hurth, Germany)British Columbia. Experiment), Stavely (Yearling Experi-
Changes in weight and backfat thickness Only pond water was sampledment), Onefour, and Kamloops, respec
were assessed over the duration of the triglPongjiecy Pong,q gy for algae in 1998 tively and analyzed with the same mode
and 1999 at each site and in 1997 at botised for activity.

Stavely sites. The clean water was not

Cattle activity , . .
. . ._.._sampled since algae biomass was negligiz .
Estimates of cattle activity and drinkingp, Rt Stavely an?:i Onefour, samples Vge?gole of pathogens and parasites on

times were made with direct observationg,y e, every 2 weeks beginning at the staf@ttle performance

on the herd and individual animals,os each trial while at Kamloops water was The potential role of pathogens and par
respectively, at Stavely (2 sites) and 5164 2 weeks after the start and &sites in affecting cattle performance wa
Onefour (1 site), and on individuals at all,ceks pefore the end of the trial. tested by comparing infection rates amon
4.S|te5 over 2to 6 yegrs. ThUS, both COWSWater was Samp|ed for a|gae with ;,Water source treatments and betwee
with calves and yearlings were observed, anyion net having a diameter of 11.2 cminfected and non-infected animals. Recte
The observers positioned themselves at-a,. ot was drawn at a fixed distancéaecal samples were taken at the time «
vantage point from where all 3 paddockg,qp the water to a depth of 30 cm. IWveighing both in 1996 and 1997 at 2
could be seen and drinking times of indizne nong three, 1.5-m long samples wertavely sites (Yearling and Cow
vidual ‘animals could be measuredayen gt different locations and compositEXperiments) and at Onefour. The sample
Individual animals were identified by gy A single 60-cm long sample was taket¥ere kept refrigerated until analyzed for
unique physical or color markings. Thirty,jy he trough. Total volume sampled washe presence oGiardia spp. cysts,
half-hour observations were made simultays jiters from the pond and 6 liters fromCryptosporidiumspp. oocysts, and nema-

neously on herd activity at each watefne 1rough. After sampling, the bottlestode eggs.
source from dawn to dusk, over 3 10 3016 immediately placed in a cooler in

days during 3 years. Herd activity wa ; ; ) o

recorded as grazing intensely. grazingcher o] nd Centnen o gorae ategr NS of Giardiaand

Iightl_y, Iqafing, resting_, or drinking. ing to Clesceri et al. (1989) and reporte&:::yptolspor'd'umSpp' d
o ; ecal suspensions were squeezed al

while walking: loafing included socializ. 25 Cell numbers litér The algae species . “2% through 4 layers of NuGauze

; . . S were classified according to toxic blue-
ing and stand!ng whlle. resting |nvqlvedgreen of the generanabaena, Anacystis, (Johnson and Johnson, Montreal, Canad
lying down. Drinking activity was defined

Aphanizomenon, Arthrospira,and to yield 7 ml of filtrate. The filtrate was
as the time committed to obtaining wate ' ’

. { : ning Dscillatoria and others Ceratium, lveredover5miof 1M sucrose (specific
and includes ingestion and positioning fobiatoma Dinobryon, Euglena, Fragilaria gravity 1.13) and centrifuged at 800 X @
the purpose of ingesting water. This dif . ' ; “for 5 min to concentrate the cysts at the

fers from the observation on individual-le-;bn;ﬁgr?; pahn%e\;g\’los)gpltg;%{,\rg’resﬁlencigr_a'sucroselwater interface. The interface an
animals where drinking was defined as,;,aq for r,educing palatability for humansuPPer layer of liquid were transferred by
actively ingesting water. through odor or taste (Ingram and Presco ipette to a clean tube and recentrifuge
Observations on individual animals1954 Palmer 1959) 00 x g for 5 min). The supernatant wa:
were focused on estimating time spent ' decanted and the pellet was suspended
ingesting water as an index of volume sodium phosphate buffered saline to a vol
consumed. Two animals were selected iBtatistical analyses ume of 1 ml.
each treatment for observation, from dawn Weight changes in the Yearling Two, 0.015-ml samples of the concen
to dusk over the duration of the samplingexperiment were analyzed as a factoridrate were spotted on microscope slide
period. Drinking times were measuredhat included 3 water treatments, 3 sitesind allowed to air dry on a slide warmel
with a stopwatch. years nested in site, and their interaction§or a minimum of 30 min. Once dry, the
For the Cow-Calf Experiment, changes irslide was fixed with acetone, dried, anc
. L . weight of both cows and calves, and backnixed with 20 pl of eithe/Giardia or
Chemical and biological quality of ¢ hickness of cows were analyzed as @ryptosporidiumfluorescein isothio-
water factorial with sex of calf, 3 water treat-Cyanate labeled monoclonal antibody solu
Water samples (250 ml) were collectegnents, replication over years, and theition (Giardi-a-glo, Crypt-o-glo, Water-
at the time cattle were weighed from eacthteractions. All analyses were evaluate@orne, New Orleans, La). The sample wa
source by dipping a sterile bottle intoysing mixed effects ANOVA (SAS 1999) then incubated in a humidity chamber a
water at a depth and place from where cafyith year being a random variable 37° C for 30 min. After incubation, slides
tle would normally drink. The samplesTreatment means were compared usingere rinsed with phosphate buffered salin
were immediately cooled and delivered t@jngle degree of freedom contrasts. and the slide was left to air dry. Once dry
a commercial laboratory for analysis of Qpservations on herd activity were anaslides were mounteq with egceroI.(Aqua-
elemental and microbiological con-jyzed in a factorial arrangement thafolymount, Polysciences, Warrington,
stituents. Water quality (chemistry andncluded 3 water treatments, 3 sites, angenn-) and a cover slip and examine
bacteria) in Alberta was tested by th@ears (n = 2 to 6) nested in site. All ana|y.usmg an eplfluore_s_cen'.[ microscope at 20
Trace Elements/Environmental Toxico-ses were evaluated using a mixed effects@nd 400 x magnification. The number o
logy Laboratory at the University of ANOVA (SAS 1999) with year being a CYStS Giardia) and oocystsGryptospori-
Alberta, Edmonton, Alberta. In British random variable. Treatment means Werglum) over the SpOttEd area were counte
Columbia, the analyses were performed byompared using single degree of freedo@nd subsequently the number of cysts ¢

the Pacific Environmental Science Centrgontrasts. Drinking times were eStimate%%cg;sspgfrcgr%muriosfvxf/(z(;‘gsd\ilg{aesrecr?tligigéa
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from those ofC. parvumbased upon their and their interaction. The effects of infecsquare with 4 treatments, 4 pens, and
spherical size and shape 6.6-7.9 Fm x 5.8ton on weight gain were analyzed bytimes. Each time consisted of observation
6.5 Fm, ovoid forC. muris 4.5-5.4 x 4.2- pooling animals across water source treabver 10 days that were repeated consec
5.0 Fm, spherical foE. parvun). Oocysts ments and analyzing their weight gain as &ively after changing the assigned treat
and cysts from all samples were identifiedactorial using a mixed effect ANOVA ment in each pen according to design. Fc
and enumerated by the same individudlSAS 1999) model with year (n=2) beingthe analyses, the observations were divic
and previously established positive antghe random variable and fixed factors of 2d into 2, 5-day periods with the first rep-
negative control fecal samples were ananfection treatments, 3 sites, and theiresenting a conditioning period. Eight
lyzed with each sample lot. Theinteraction. Replication was achieved byteers were randomly allocated into 4

immunologial reagents have been showmdividual animals. groups of 2 animals each and assigned to
to be specific forGiardia spp. cysts and pen for the duration of the trial. The 4
Cryptosporidiumoocysts (Xiao et al. . treatments in Trial 1 were concentration:
1994, Olson et al. 1997b) with a sensitiviEf€Ct of fecal contamination on of manure at 0, 0.05, 0.15, and 0.45 mg
ty of 67 cysts/oocysts grahof feces. water consumption (penned trials)  grani! water and in Trial 2 the concentra-

Two experiments were conducted taions were 0, 2.5, 5.0, and 7.5 mg gfam
. determine cattle response to manure cont@grater. Different animals were used
Analysis of Nematodes mination in penned trials. In each experibetween trials and the hay was weighed i
Ova of parasitic nematodes and cestodegent, manure was collected fresh at thgnd out each day to determine feed intake
were enu_merated U.SII']g a modification Obeginning of each trial from a nearby pas-
the technique described by Cox and Todglire and refrigerated in an air-tight con-_ _
(1962) Five gram samples of feces Wertiner to be used as required. Water Wa%tatlstlcal analySIS
diluted with 22 ml of 2.5% potassiumoffered in 140-liter water troughs, con- The water selection study was analyze
dichromate solution, filtered through 2strycted from tires, and having the watefs a split plot design with an unstructure
layers of cheesecloth, and centrifuged fohtake at the bottom and designed to strror matrix using a mixed effects model
10 min at 5,000 x g, The pellet was resushe water and mix the sediments as theSAS 1999). This allowed the analyses o
pended in a saturated sugar solution anghimal was drinking. This would simulated@y since trial intiation, and its interaction
centrifuged at 5,000 x g for 10 min. Thethe effect of an animal walking into aWith treatment, as a repeated measure a
eggs on two, 22 x 22 mm cover-slips wergond and disturbing the muck. The flow ofPermitted a more detailed examination o
identified and enumerated. Eggs Oﬁ/ater into the trough was controlled with ghe daily adjustment by the animals to th
Nemetodirusspp., Trichuris spp. and float valve and was metered to determinffeatments. The main effects were 3 wate
Monenziawere identified. Eggs of other dajly consumption. Manure was added gtontamination treatments and 7 days o
trichostrongyle genera could not be differthe beginning of each trial and then dailxposure. The water contamination treat
entiated and were identified as “tri-in amounts proportional to water con-ment was tested by its interaction with
chostrongyle.” sumption. replication. Day since trial initiation and

Sixteen-month old yearling steers werdts interaction with treatment was tested b

.. . used in each experiment_ Before every'le I’esiduf’:ll. As a_result of a Significaﬁt (
Statistical analysis rial, the animals were brought into a hold= 0.004) interaction of water treatment

whethor e water Sources had an efict 4 2@ and fed cubed alfaia hay andnd day, selection in each day was an.
offered clean water from a well. The samé&/zed separately and the means compare

infection rates of the cattle and (Zzpay and water was offered to the animalith single degree of freedom contrasts.
whether weight gains were related t uring the trials with the only exception The effects of contaminants on feec
infection. Since counts of organisms og y ;

eggs does not reliably estimate thei eing the rates of manure contamination. g‘;?#epgr);o%:n"a\n\"/gsag\;\gefﬁa?gragﬁdﬂif;g:
degree c.)f Impact on the qnlmal, the com- intakes for each period were determine
parison in the f|r§t ana_IyS|s was based opgffect of contaminants on water and analyzed using ANOVA (SAS 1999)
the number of animals infected by the spesgjaction for each trial separately. Treatment mean
cific organism ar!d, In the secgnd analysis, The effect of manure contamination orwere compared using single degree o
on the weight gain of animals infected very aior selection was tested with choices dfeedom contrasts. The relationshir
sus non-infected by the specific organisms o ncentrations (0, 0.05, and 0.25 méetween water and feed intake was evall
In each case, infection was determined by, e gramh water) and 4 replications. ated with a simple linear regression acros
the presence or absence of the organism ee troughs spaced about 1-m apatteatments and periods for each trial (SA
identified by genus, in the fecal sampleyere arranged in a row at one end of th#999).

Analyses were made fdgiardia spp.,

Crvot idi “trichost lo” pen and treatments were allocated ran-

ryp OS%("\I” |umsg.p., re gs rongyle” qomly for each replication. Eight steers
Spp., andNematodirusspp. Presence or qre randomly assigned to 4 groups of 2 Results
absence'of the remaining organisms WelEhimals each and allocated among repli-
not sufficiently balanced to permit a

cates. The replications were run consecu-

meaningful comparison. tively over 7 days each. Cattle response to water source (field trial)
The effect of water source on infection Chemical and biological quality of water
was based on the final fecal sample taken Well water had more Na, CaGQand
at the conclusion of the trials and analyze&ffect of contaminants on water and SQ, than water from ponds at Stavely anc
as a factorial using a mixed effectseed intake Onefour (Table 1). The concentration of

ANOVA (SAS 1999) model with year (N The effect of manure contamination orsalt, as measured by conductivity (Fs%m
= 2) the random variable. The fixed facwater and feed intake was examined in from well water was greatest at Onefour
tors were 3 sites and 3 water treatmentgjals, each designed in a 4 x 4 LatirPond water at Kamloops had concentrz
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Table 1. Chemical characteristics and coliform counts ¢ 1 SE) in water offered to cattle at 4 sites.

Total Faecal
Site Treatment pH Conductivity Na K Ca CagRO3 + NO, Sulphate TD$ Coliform  Coliform
o, (mg, (mg, - (mg - (mg (g (ng  (mg (o, (o
(us - cn) liter”) liter”) cliter”)  liter”) cliter”)  liter)  liter™) 100mI7)  100ml)
Canadian Water Quality Guidelines (1999) 1000 100 1000 3000 1000
Stavely - & n=11, yr=5 Cleah 8.50 1032 227 235 24 365 0.20 181 675 177 108
(1995 - 98) 0.04 44 19 017 3 5 0.04 16 32 92 83
n=11, yr=5 Pond 7.87 347 4 871 42 169 0.06 3 177 279 233
0.06 15 03 0.76 3 7 0.00 1 7 124 39
Stavely - ¥ n=7, yr=4 Cleah 8.51 1027 228 226 22 362 0.13 183 673 8 6
(1995 - 99) 0.05 56 19 013 2 12 0.02 14 36 4 2
n=8, yr=4 Pond 8.41 356 6 733 32 177 0.05 10 185 257 149
0.11 28 2 084 4 19  0.00 2 19 166 10
Onefour -y n=5, yr=4 Cledn 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 Cleah 8.17 225 8 1.0 21 92 0.05 14 110 4 4
(1998 - 99) — — — — — — — — — — —
n=7, yr=6 Pond 8.83 250 24 837 16 115 0.06 51 31 93 58
0.33 13 5 084 1 7 0.00 1 11 32 25
Kamloops -y  n=1,yr=1 Cleén 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 2 137 13 36 0.01 6 — 35 16
1998 - 99 0.24 2 0 o011 0 1 0.0 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 SQ that varied from 7,900 to Jiter! SO, Water sampled from all sitesall sites at concentrations up to 7.5 ¥ 10

18,000 mg litet from July to September, had NG

_ _ + NOg levels that were well cells liter* (Table 2). Other algae genera
respectively, in 1998 and from 1,440 telow toxic levels for cattle (Table 1).capable of producing odours or unpleasar

3,810 mg liter" from May to September, Clean water from all sources had fewetaste for humans were also present i

respectively, in 1999. A single samplecoliforms than water from ponds.

measured in August 1995 had 2,600 mg Toxic blue-green algae were present atetected for the toxic algae.

mostly lower concentrations than those

Table 2. Average algae densities ((cells - lit&*°%9) at 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.

Algae Genera

n
Toxic blue-green
Anabaena
Anacystis
Aphanizomenon
Arthrospira
Oscillatoria
Total

Other'
Ceratium
Diatoma
Dinobryon
Euglena
Fragilaria
Gomphosphaeria
Spirogyra
Synedra
Tabellaria
Volvox

Cow-calf Yearling
Stavely Stavely Onefour Kamloops
1997 1998 1997 1998 1998 1999 1998 1999
Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough Direct Trough
S lA 4___4_ .3 3 _._ 1004 __  _=- 4___3 4___ 3 . o3 .22 .2 __2__
13 8 12 10 4 17 12 134 24 3 2 22 35 1 255 3
4 10 2 101 41 3 8 1 8 T2 15 143 77 142
T T T 1 8 2 T T 2 T
17 10 2 2
66 36 192 18 19 12 28 13 47 4 19 35 91 11 6 1 10
109 193 258 31 12 61 7582 1791 230 35 374 1858 315 123 7 1 406 8
T 1 3 1 33 37 12 12 T T 3 2 1 T
2 2 35 16 1 T 2 I 22 119 10 11 T T 66 1141 6 2
1 1 1 T
T T T T 1 T T T T 1
1 11 3 T 1 66 7 37 12 T 1 T 1 1 9 1
T 34 2 2 2 3 2 1 T T
372 9 6 10 4 4 3 18 201 1 1 18 7 7 21 11
T T
T 2
T T 384 T

.\l genera represent algae that can affect palatability to humans through odour or taste.
Trace - less than 1 (cells - litgr .
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Table 3. Effect of water supply on weight and backfat thickness of colysand weight gains of €Xxcept for resting at Stavely where clean :
calved and yearlings’ over 3 to 6 years. ponqmugh < pondyject and at Onefour

where clean < poRggi= PONGirect

Water Cows Calves Yearling
treatment Weight Back fat Weight  OvetallStavely —Onefour Kamloops | " h d . .
(kg * day") (mm) (kgedaf) ------------ (kgeday) ----------- Role o pathogens and parasites in
years (n) 6 6 6 3 5 5 cattle performa_nce -
Clean (1) 0.60 0.92 1.17 079  0.77 0.65 0.95 Infections byGiardia, Cryptosporidium
Pond Trichostrongylus or Nematodirusspp.
Trough (2) 0.48 0.90 1.14 0.66 0.68 0.54 0.76 were similar P > 0.10) among water treat-
Direct (3) 0.53 116 1.06 0.64 0.73 0.51 0.69 ments and sites. Animal weight gains wer:
SEM 0.09 0.28 0.06 0.09 not affected P > 0.10) by infection as
CE:ﬁeCt ) >0.10 P>O.blob'|'t >0.10 0.090 indicated by the presence of the organisir
omparisons ~ -------- robability - - - - - - - ;
v 010 So10 y 010 0.076 tested in the feces (Table 5).
1vs3 >0.10 >0.10 0.056 0.045
2vs3 >0.10  >0.10  >0.10 >0.10 Effect of fecal contamination on

YThe interaction of calf sex, or its interaction with treatment, was not significant (P > 0.10) for weight or backfat thiggter consumption (penned trials)
ness in cows; weight gains in calves was affected (P = 0.004) by sex; the interaction of sex x treatment was not sigciféme tended to avoid water that wa:

cant (P > 0.10). .
“The site x treatment interaction was not significant (P > 0.10). contaminated by 0.05 mg fresh manure -

! water, preferring to consume water with-

hen gi hoice (Table 6
Cattle performance (Table 3) and calf sex had no effeBt % 'cl)'ﬁfsm:f?eu(:'?v\:/vaserg:gr;\ggt:nf iﬁ";‘;éhagaii

Clean water produced 23 and 209%.10) on weight or backfat thickness (Dat - .
greater P < 0.10) weight gains, amongnot shown). Calves on clean water gaineg;:rflgas!ir?iﬁ?% gnottig)fgigoduﬁsw:fegégﬁ)
yearling cattle, than pongde.; or more weight than calves having direcW ter and water contaminated with 0.0:
PoNd,ougn respectively (Table 3). The access to pond wateP (= 0.056) while Waler anc wate C?h a a?—l O3
effect was similar® > 0.10) across sites pond water pumped to a trough produce’d Manure = gramwater. However,

but less evident at Stavely (Table 3)intermediary resultsR > 0.10, Table 3). When a single choice was offered, wate
Weight gains in relation to water sourceMale calves gained moré®(= 0.004) consumption was depressed only a
was not consistent among years. Theeight than female calves (1.18 vs 1.07 k§lanure concentrations above 2.5 mg

greatest deviation from the average trendday’; data not shown). gram* water while feed consumption was
was a 3.7% greater gain on pggthan depressed at concentrations greater than
from clean water at Kamloops in 1995cattie activity mg « gram' water (Table 7). The relation-

ship between feed intake and water cor
' Cattle offered_cl((?%%g/vaterdslpenttmor%umption was expressed by the equation
weight gains of cows with calves was no |en;§ ngrgzinogogl_) afl dl O;f%nq_eg%z'g;e Feegy= 6.2 kg + 0.16 kg  literfor Trial 1
significant @ > 0.10) although average han gattle dfinkin directl f?on; tHe ond(rz = 8.78,P < 0.001); and Fegg=13.6 kg
weight gains were 13 and 25% more fo%.l_ ble 4). Drinki g directly d dri E +0.04 kg * litet* for Trial 2 (*=0.20,P <
cows drinking clean water than from able 4). rinking activity and drinking 0.001). The response represents a ratio
PONGyirect OF PONGyough Fe€SPectively lMeS were similarR > 0.10) among treat- 5, \'g and 25 liter water « Kgiry matter
(Table 3). Backfat thickness also was ndinents. Activity behaviors were similaP ( s imed in Trials 1 and 2, respectively.
responsive B > 0.10) to water treatments> 0-10) among treatment at each site

(Data not shown).
The effect of water source treatment otE

Table 4. Budget of cattle activities and drinking times in relation to water source at several sites Discussion
over 2 to 6 years at each locatidn
Water treatment ~ Grazing Resting Loafing Drinking Drinking Effect of water source
activity? time® The effects of pond water on weight
________ 30 min. increments- - - - - - - - —--- (sec « Ogy- - gains among yearling cattle were similal
Clean 18.1 8.3 1.0 1.4 77 among a diverse range of sites but consic
Pond erable differences existed among years fc
DTrr:C“tgh 115675 3'85 %36 115 8850 both cows and yearlings (Table 3).
SEM 07 0.2 0.2 01 3 Because the response was measured re
SOUMCE- e e ProbabilitieSe - - - - = oo o oo e oo tive to clean water, the yearly treatmen
Site (1) >0.10 >0.10 >0.10 >0.10 <0.001 response is a function of acceptance c
Treatment (2) 0.002 <0.001 0.029 >0.10 0.316 avoidance of both sources. As such, errol
%ré;ment com a;s?o-g 0.048 >0.10 >0.10 0.985 of interpretation could be introduced from
Ireatment Compariso i
Tve?2 0.007 <0.001 ~0.10 0.0 50,10 the lack of an unsuitable control. Clear
1vs 3 0.001 <0.001 0010 ~0.10 >0.10 water obtained from wells at Stavely anc

2vs 3 0.091 0.089 >0.10 >0.10 >0.10 Onefour had higher concentrations of sal

“Activity budgets were estimated at 2 Stavely sites (cow-calf and yearling) and at Onefour over 3, 2, and 2 yearsF gcwater from ponds althoth they wer

tively; drinking times were estimated at 2 Stavely sites (cow-calf and yearling), at Onefour and at Kamloops over ¥/ ,th the acceptable I.imits (Table 1)..
and 2 years, respectively. However, the criteria defining water quali-
Time that is committed to obtaining water; includes drinking and positioning for the purpose of drinking. ty that explained cattle performance Were

ime that is spent ingesting water; the mouth is in contact with the water surface. X . .
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 - absents yeresent) byGiardia
spp., Cryptosporidiumspp., and gastrointestinal nematodes (‘trichostrongyle’), andNematodirusspp. at 2 sites over 2 years. The effects ®fichuris
and Moneziaspp. infection on weight gains are not shown

Giardia spp. Cryptosporidiunspp ‘trichostrongyle’ Nematodiruspp.
No Yes No Yes No Yes No Yes
Stavely (cow-calf pair)

n 45 14 36 23 42 17 12 a7

Wt. gain (kg ) 33 37.3 29.4 41.2 34.5 32.8 36.3 33.5
Stavely (yearling)

n 38 21 37 22 16 2 57

Wt. gain (kg) 31.6 35.3 33.5 31.9 32.1 35.1 32 32.9
Onefour (yearling)

n 41 19 53 7 50 10 17 43

Wt. gain (kg) 155 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 27.5 29 22.9 27.4

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

biological parameters measured but rathgrarasites. Cattle that drank clean watdretween water consumption and feef
were defined by organic compounds thaspent longer time grazing and, in pennethtake has been established (Hyder et &
affected smell or taste (with the possibletudies, ingested more feed. Therefore, tHE968). The fluid matrix within the rumen
exception of 1 year at Kamloops wherproposed mechanism to explain weighplays a key role in facilitating microbial
very high levels of S@were observed).  gain response to water source appears attachment to feed particles and their sut

The response of cows to water treatbe defined by the palatability of water thasequent digestion (McAllister et al. 1994).
ments was likely reflected in the weightinfluences water and forage consumptiorButcher et al. (1959) reported a ratio of 3
gains of their calves who receive a majoPond water was less palatable than clediter water for each kg dry matter of feed
portion of their nutrition from milk. water, which resulted in less water angonsumed when the temperature wa
Greater milk production contributes tofeed intake and reduced animal perforabout 5° C and 7 liter when the tempera
faster growth in calves but at the expensmance. While the trends for average drinkiure was 32° C. Utley et al. (1969) report-
of the dam (Taylor 1994). ing times (Table 4) did not support theed a reduction in feed intake from 6.2 tc

Pumping water and excluding cattlecontention that more clean water was cor4.8 kg day when water was restricted to
from the pond appeared to produce immesumed than pond watd? ¢ 0.10), the dis- 60% of free choice. The ratios of water tc
diate results over the relatively short pericrepancy may be explained by variabléeed also decreased from 2.9 to 2.2 lite
od of the study but could conceivably prorates of water intake, among treatmentkg™. In the present study, the ratios aver
duce more convincing benefits in the longdefined by palatability. However, theaged 3.8 and 4.3 liter » Kgn Trials 1 and
term. Although the Pond4n treatment hypothesis that intake rates are affected 18; respectively. However, the response c
produced results that were most similar tpalatability needs to be tested. In at leastfeed intake to water consumption, definec
Pongjirecy their ranking tended to be inter-year at Kamloops, a high S@ontent by the regression coefficients of the equa
mediate to clean water and Pgpg;sug- appeared to be responsible for reducetibns, was considerably greater in Trial 1
gesting that cattle might prefer drinkingweight gains. than in 2 (6 vs 25 liter « kY. Trial 1 was
from a trough and avoid entering the pond. Water intake from ponds and feed intakeonducted when the average daily tempe
This suggestion is supported by longefrom pastures were not measured but theture was lower than during Trial 2 (13.6
grazing times on Pong,g than greater time spent grazing by cattle havings 16.1° C, data not shown) and thereb
Pong;recy With the assumption that graz-clean water suggests greater feed intake asposing relatively greater demands fol
ing times are positively correlated withthe forage characteristics among paddock®oling than for rumen function.
water consumption. Calves seemed to bemere similar at each site. The relationship
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 1
produce greater benefits over the IonglvI T

. . anure conc. Days from trial initiation

term through improved water quality as 1 > 3 4 5 6 7
direct fouling is halted and the riparian
vegetation is allowed to recover and filter

Table 6. Water selection by 2 yearling steers in relation to contamination with fresh manure over
the duration of the trial (n = 4)™.

(mg s gtwater) -------ceo oo [iterSsXSEM = - = === ==« o - = e e e e -

nutrients. 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)
Proposed mechanism of cattle Effect (P) 0.138 <0.001 0.047 0.001  <0.001 0.017 0.003
response Comparisons ~ --------------- ---------- Probabilities - - - - -------------m--o---
The detrimental effect of pond water onO vs 0.05 >0.10 0.001 0.095 0.002 0.002 0.025 0.014
weight gains of cattle appears to be medi0 VS 0-25 0.071 0.002 0.054 0.004 0.004 0.021 0.003

ated through feed intake rather than b‘0.05 vs 0.25 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10 >0.10
stress induced by pathogens, toxins, lehe 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 Waterpond water pumped to a trough. Calve

and feed consumption by 2 yearling steers over 2 consecutive, 5-day periods (n = 4). with dams gained 10% more weight. It is
not clear how these effects would translat

Manure conc. water feed water feed to the production cycle of cattle through
(mg * g* water) Conditioning period Test period compensatory growth and dlfferent Watgl
Trial 1 (low) (liters) (kg) (liters) (kg) sources as the animals’ environment wil
0 110 28 127 33 change. For producers that sell their cattl
0.05 112 29 119 33 in fall, the opportunity for benefitting from
0.15 112 30 127 34 potential compensatory gains is clearly
045 116 30 128 34 lost to the buyer.
SEM 6 1.1 4 0.7 : .
Effect (P): =0.10 =010 >0.10 >0.10 The study raises a number of question

. : that need to be addressed in furthe
Trial 2 (high) .
0 152 30 154 3 research. One is on compensatory growt
25 123 31 148 31 as discussed above. A second question is
5.0 107 30 113 30 the secondary effects of preventing direc
7.5 112 27 124 28 access on water quality and the riparia
SEM 13 0.5 S 0.8 environment. Here the specific issues ar
Efgifta(l':ié)ns_ >0.10 0.022 0.003 0.068 on the nature and stability of anti-palatabili-
0vs 8_25 : 010 >0.10 010 >0.10 ty factors in water and the functlon_ of ripar-
0vs 0.50 0.046 >0.10 0.001 >0.10 ian zones. The nature of exclusion itsel
0vs 0.75 0.073 0.009 0.005 0.013 needs to be examined as ranchers a
0.25 vs 0.50 >0.10 >0.10 0.002 >0.10 unwilling to fence off the pond from cattle
0.25vs 0.75 >0.10 0.006 0.021 0.083 in the event of a pump failure. Therefore
0.45vs 0.75 >0.10 0.027 >0.10 >0.10

the third question is on the effectiveness c
offering water offsite in preventing direct

. . ) i . access to the pond and damage to the ripa
Potential palatability factors reduced grazing and greater resting timeg, zone. Finally, the fourth question is or

The specific compounds responsible fopf animals drinking from the pond, algagne application of the results to non-pastur
reducing water palatability are unknowndensities did not appear to affect perforanvironments such as feedlots where catt
although Dohi et al. (1999) identifiedmance. For example in 1997 at Stavelyare subject to an environment with higt
organic fractions in cattle feces that appeatearling cattle performed similarly while nanure concentrations.
to be responsible for causing avoidance. @trinking pond water directly or from a
is purely speculative that these fractiontrough (Table 3) although algae densities
were also present in pond water. Howevein the trough were only about 25% of the Literature Cited
cattle were observed to walk into the pondensity in the pond (Table 2). Similar evi-
to drink and often defecated while standinglence exists in 1998 at both Onefour and
in the water. Of 78 observed drinking inci-Kkamloops when algae densities werénderson, B.C. 1991. Prevalence of
dences by cows at Stavely 26% resulted iabove average and varied between waterggt?éosr’or'd'”.m muridike oocysts among

2 . . populations of the United States. A
defecatlorl into the p.ond (Data not shown)ireatments, but weight gains of cattle preliminary report. J. Protozool. 38:148-152.
Assuming an animal produces 25 kdetween treatments were similar. Barrio, J.P., S.T. Bapat, and J.M. Forbes.
manure fresh weight daily, defecates 10 Salt concentrations in water were clearly 1991.The effect of drinking water on food-
times a day, and defecates 25% each timplicated as a factor affecting cattle intake responses to manipulation of rumet
it drinks from the pond (on average ofweight gains at Kamloops in 1998 when osmolality in sheep. Proc. Nutr. Soc. 50:98A.
twice a day), each animal would then conSO, concentrations greatly exceeded 8,00Beasley, V.R., W.O. Cook, and A.M.
taminate an equivalent volume of 25,000ng * liter’, a concentration that depressed Dahlhem. 1989.Algae intoxication in live-

L per day with 0.05 mg fresh manure water intake by 20% (Embry et al. 1959). Stock and waterfowl. Vet. Clinics North
grams' water. This is further aggravatedCattle drinking pond water had diarrheg3 Atn;er. 53'?545[3§1|'_| < and R.J. Raleih
within the pond environment by repeatecind displayed symptoms of salt overload” [gio"\y = ~o- HET: 880 e BEET

A . - . . guirements for beef cattle.
contamination in the shallow part of theSalt concentrations in the pond water are -1 Farm and Home Sci. 20:72—73.
pond. Cattle would avoid this concentradetermined by recharge and evaporativeanadian Council of Ministers of the
tion of manure if given a choice of clearlosses. As a result, concentrations tend toEnvironment. 1999. Canadian environmen-

water (Table 6). increase over the summer and vary amongtal quality guidelines. Canadian Council of
The role of algae in affecting cattle peryears in relation to the weather. Ministers of the Environment, Winnipeg,

formance in this study is unclear but might Canada.

contribute to reduced palatability and can Crawford, R., E. Cole, and J. Carpenter.

be toxic. The effect of algae on water Conclusion 1996. Effect of water source and quality on

palatability has not been tested but the tox- magtetr a'ﬂtaflgifl:‘g pgg%r(?saq%e_?]fas_tegz e
icity of some species to cattle has been cjean \ater is essential for maximizing Research Report, Southwest Missour
clearly established. Symptoms in cattle arg, o weight gains on rangeland in sum- Agricultural Research and Education Centre
weakness, variable hyperthermia, reduceflo, “5ver a 2-month period, yearling cat-_Mo- Agr. Exp. Sta., Mt. Vernon, Mo.
responsiveness, anorexia, mental deranggs .. 0 o . Clesceri, L.S., A.E. Greenberg, and
ment, shock, and death (Beasley et gﬁa gglengg asaf’ermt%r:nw(ﬂ?nhlii;/]Vhedr}rggﬂk R.R.Trussell. 1989.Standard Methods for
1989). While lethargy may be an earl)?rogm a pond and 20% more thgn drinkir¥ the Examination of Water and Wastewater
Symptom of toxicity, and m|ght exp|ain p g Amer. Publ. Health Assoc., Wash., D.C.
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