
Importance of Water Intake in Dairy Cattle

Water constitutes 60 to 70 percent of a livestock animal’s body. Water is necessary for
maintaining body fluids and proper ion balance; digesting, absorbing, and metabolizing nutrients;
eliminating waste material and excess heat from the body; providing a fluid environment for the
fetus; and transporting nutrients to and from body tissues. Dairy cattle get the water they need by
drinking and consuming feed that contains water, as well as from metabolic water produced by
the oxidation of organic nutrients. Water loss from the body occurs via urine, feces, and milk;
through sweating; and by evaporation from body surfaces and the respiratory tract. The amount of
water lost from a cow’s body is influenced by the animal’s activity, air temperature, humidity,
respiratory rate, water intake, feed consumption, milk production and other factors.

LactatingLactatingLactatingLactating cows:cows:cows:cows: Drinking water or free water in- take satisfies 80 to 90 percent of a dairy cow’s
total water needs. The amount of water a cow drinks depends on her size and milk yield, quantity
of dry matter consumed, temperature and relative humidity of the environment, temperature of the
water, quality and availability of the water, and amount of moisture in her feed. Water is an
especially important nutrient during periods of heat stress. The physical properties of water are
important for the transfer of heat from the body to the environment. During periods of cold stress,
the high heat capacity of body water acts as insulation– conserving body heat. Water intake
(lbs/day) for lactating cows can be predicted from the following equation:

Water intake, lbs/day = 35.25 + 1.58 x Dry matter intake (lbs/day) + 0.90 x Milk yield (lbs/day) +
0.11 x Sodium intake (grams/day) + 2.65 x Weekly mean minimum temperature (°F/1.8 – 17.778)

The equation predicts water consumption will change 1.58 pounds for each 1.0-pound change in
dry matter consumed, 0.90 pounds for each 1.0-pound of milk produced, 0.11 pounds for each
gram of sodium consumed, and 1.47 pounds for each degree Fahrenheit (F) change in weekly
mean minimum tempera- ture. Weekly mean minimum temperature typically is 10 to 15 °F lower
than mean daytime temperature. Table 1 lists the estimated daily water intake for lac- tating cows
using the above equation.

DryDryDryDry cows:cows:cows:cows: The major factors affecting free water intake of dry cows are concentration of dry
matter in the diet, dry matter intake and amount of protein in the diet. Water intake of dry cows
can be estimated by the following equation:

Water intake, lbs/day = -22.80 + 0.5062 x Diet dry matter (%) +2.212 x Dry matter intake (lb/day)
+0.0869 x Diet crude protein (%)2

For example, a 1,500-pound nonlactating cow that eats 28 pounds of dry matter containing 12
percent moisture and 12 percent crude protein would consume 96 pounds (11.6 gallons) of water
per day at air tem- peratures between 50ºF and 80ºF. Water intake may be 120 to 200 percent
greater during periods of heat stress.

CalvesCalvesCalvesCalves andandandand heifers:heifers:heifers:heifers: During the liquid feeding stage, calves receive most of their water as milk or
milk replacer. However, studies show that calves offered water by free choice in addition to a
liquid diet gain faster and consume dry feed earlier than calves provided water only in their liquid
diet. Therefore, it is recommended to provide water by free choice to calves receiving liquid diets
to enhance growth and dry matter intake. Weaned dairy heifers consume approximately 1.0 to 1.5
gallons of water per 100 pounds of body weight. As with all livestock, water should be fresh,



clean and always available. Care should be taken to ensure adequate water supplies during
periods of heat stress.

DRINKING BEHAVIOR:

Providing the opportunity for livestock to consume a relatively large amount of clean, fresh water
is essential. Water is consumed several times per day and generally is associated with feeding or
milking. Cows may consume 30 to 50 percent of their daily water intake within 1 hour after
milking.

The temperature of drinking water has only a slight effect on drinking behavior and animal
performance. Under most circumstances, responses to chilling water would not warrant the
additional cost. Given a choice, cows prefer to drink water with moderate temperatures (63-82°F)
rather than very cold or hot water.

What are some possible causes of cows not drinking enough water? One of the main reasons can
be because it is too crowded around the waterers, or the waterers are not delivering the water fast
enough. Penn State researchers (Adams and Sharpe) reported water intake may be limited by: 1) a
lack of supply or drinking devices or restricted flow from corroded valves, pipes clogged from
iron-bacteria slime or scale; 2) low chemical quality such as very acidic, very alkaline, hydrogen
sulfide (rotten egg odor), metallic taste from iron, manganese, sulfates; high total dissolved solids
content; 3) pollution -- from high total bacteria counts (most common); coliform from fecal or
non-fecal sources; 4) bad taste; 5) algae (especially blue-green type); 6) sites of contamination --
water source, pressure tank, reservoir, drinking device (feed or manure).

If you find that milk production has dropped dramatically, it is time to take action and evaluate
the water supply.

1. FlowFlowFlowFlow Rate.Rate.Rate.Rate. Cows should never have to wait for water to be available. There must be enough
tanks, troughs, or fountains to enable most cows to drink relatively soon after milking or eating.
Use valves that permit 15 gal/min of flow at 20 lb pressure. For stall barns, the types and valves
of drinking cups for dairy cows need to be relatively trouble-free.

2. WateringWateringWateringWatering Space.Space.Space.Space. According to Michigan State University researchers, a minimum of one
watering space or 2 ft of tank perimeter for every 15 to 20 cows is recommended. Provide 2 ft of
linear trough space per cow in return alleys or breezeways from the milking parlor. Cows will line
up side by side and drink, just like they do at the feed bunk, and they like to have sufficient space
to back away from the trough after drinking. Cows drink 50 to 60% of their total daily water
intake immediately after milking. Head clearance around water troughs should be at least 2 ft on
every side. Water troughs should be an optimal height of 24 to 32" (2 to 3" less for Jerseys).
Water depth should be a minimum of 3" to allow the animal to submerge its muzzle 1 to 2".
However, water depth should be no more than 6 to 12" in order to prevent stagnant water, for ease
of cleaning, and for rapid filling so cows never have to wait to consume water. Waterers should
be within 50 ft of the feed bunk or at every crossover in the freestall barn. Make sure there is no
dead end alley where the water source is located, as can be the case in some remodeled freestall
barns. For grazing operations, water should be located at the milking parlor exit and in each
paddock so that animals are always within 600 ft of clean, fresh water sources.



A. Requirement for milking cows includes water from both drinking and the ration consumed.

B. Ration intake depends primarily on amount of silage, haylage, or fresh forage consumed as
opposed to hay and grain.

C. Intake may be considered a problem if it varies more than ± 15 to 20% of expected.

D. Intake may vary according to temperature. 1. higher at air temperatures over 80°F 2. lower at
air temperatures under 50°F

E. Possible causes of inadequate intake include: 1. lack of supply or drinking devices, corroded
valves, pipes clogged from iron-bacteria slime or scale 2. inadequate pressure in the system; not
enough animals can drink in a short period of time; use 20 lb. minimum pressure 3. low chemical
quality a. very acidic b. very alkaline c. hydrogen sulfide(rotten egg odor) d. metallic taste from
iron, manganese sulfates e. high total dissolved solids content 4. pollution a.bacterial—high total
bacteria counts (most common) • coliform from fecal or non-fecal sources • other types,
especially Streptococci and Pseudomonas • iron-loving bacteria—restrict flow, bad taste b.algae,
especially blue-green type c.chemicals d.sites of contamination • water source • pressure tank,
reservoir • drinking device (feed or manure) 5. stray voltage a.around drinking devices b.around
surface upon which animal stands.

F. Signs of inadequate intake 1. firm, constipated manure 2. low urine output 3. infrequent
drinking 4. high packed-cell volume or hematocrit in blood a. over 38 percent in a group of dairy
cows b. other causes • dehydration from toxins • fever 5. considerable unexplained drop in milk
production. 6. drinking of urine, puddles—may also result when salt, potassium, and protein are
lacking.

G. Possible causes of excessive intake 1.excessive salt or sodium bicarbonate intake 2.abnormally
high urine production a.mercury contamination of feed or water b.excessive protein, NPN, or
nitrate intake.

H. Signs of excessive water intake 1. excessive urine production 2. abnormally loose manure
(diarrhea) — normal in color and smell 3.relatively bloated condition, especially in calves—may also
result from sucking habit.

I. Determining water intake 1. measure average daily consumption from drinking devices a. use
water meter on lines to drinking devices only, not milk house, etc. (available from most water
companies or their suppliers) b. keep cattle from other sources of drinking water and pasture c.
obtain data over a period of at least 5 to 10 days to minimize weather differences 2. keep track of
number and type of animals (dry cows, calves, heifers, etc.) 3. subtract expected intakes for
animals other than milking cows from total drinking water 4. determine average daily ration for
cows in milk 5. compute water intake from ration (forage and grain); test silages, haylages and
high- moisture grains to improve accuracy 6. calculate total water intake from drinking and ration
7. determine average daily milk production for the period from amounts shipped, plus any used
on the farm or discarded 8. compute average daily water intake per lb of 4% fat corrected milk
produced a. 1 gallon of water weighs 8.34 lb b. 1 cubic foot of water weighs 62.4 lb.



Water quality issues for the lactating cow

Water quality is an important issue in dairy cattle production and health. The five properties most
often considered in assessing water quality for both humans and livestock are organolepticorganolepticorganolepticorganoleptic
propertiespropertiespropertiesproperties (odor and taste), physiochemicalphysiochemicalphysiochemicalphysiochemical propertiespropertiespropertiesproperties (pH, total dissolved solids, total
dissolved oxygen and hardness), alongalongalongalong withwithwithwith thethethethe presencepresencepresencepresence ofofofof toxictoxictoxictoxic compoundscompoundscompoundscompounds (heavy metals,
toxic minerals, organophosphates and hydrocarbons), excessexcessexcessexcess mineralsmineralsmineralsminerals orororor compoundscompoundscompoundscompounds (nitrates,
sodium sulfates and iron) and bacteriabacteriabacteriabacteria andandandand algaealgaealgaealgae.

Salinity, total dissolved solids (TDS) and total soluble salts (TSS) are measures of constituents
soluble in water. Sodium chloride is the first consideration in this category. Other components
associated with salinity, TDS, or TSS are bicarbonate, sulfate, calcium, magnesium and silica. A
secondary group of constituents, found in lower concentrations than the major constituents,
includes iron, nitrate, strontium, potassium, carbonate, phosphorus, boron and fluoride.

If water is highly contaminated, dairy cattle are exposed to disease-causing organisms. If the
drinking water has an offensive odor and taste, dairy cattle can detect it. If the water smells or is
unpalatable, cows may not drink enough to meet production needs or it could even be completely
refused. So, if health and production problems are showing up in the herd, the quality of the water
should also be investigated and analyzed for coliform bacteria and other microorganisms.

Here are some items to consider:
 BacteriaBacteriaBacteriaBacteria countscountscountscounts - According to Looper (New Mexico State) and Waldner (Okla State), in
their publication "Water for Dairy Cattle," total coliform count should be under 15/100 ml.
Fecal coliform counts should be under 10/100 ml. Total bacteria counts in excess of 500/100
ml may indicate water quality problems. Water sources with total bacteria counts in excess of
1 million/100 ml should be avoided for all livestock classes. Total bacteria counts in most
water supplies will have counts below 200 per 100 milliliters continuously.
 CleanCleanCleanClean watererswatererswatererswaterers - Bacterial contamination most often occurs in the waterers. Cleaning
water sources such as drinking cups, bowls and tanks routinely (daily, every 2 days, weekly)
is very important.
 WaterWaterWaterWater temperaturetemperaturetemperaturetemperature - Cows prefer to drink water with moderate temperatures (63-82°F)
rather than very cold or hot water, if given a choice.
 CheckCheckCheckCheck forforforfor nitratesnitratesnitratesnitrates - Nitrate sources can come from fertilizers, animal waste, fecal
material, crop residue. Nitrate poisoning results from a bacterial reduction of nitrate (NO3) to
nitrite (NO2) in the rumen [conversion is: nitrate nitrogen (NO3-N) x 4.43 = Nitrate (NO3)].
The nitrite absorbed into the blood can reduce its oxygen carrying capacity. Nitrate can be
used in the rumen as a source of nitrogen for synthesis of bacterial protein, but reduction to
nitrite also occurs. When absorbed into the body, nitrite reduces the oxygen-carrying capacity
of blood and in severe cases results in asphyxiation. Symptoms of nitrate or nitrite poisoning
are labored breathing, rapid pulse rate, frothing at the mouth, convulsion, blue muzzle and
bluish tint around eyes, and chocolate brown blood. More moderate levels of nitrate
poisoning have been linked to poor growth, infertility problems, abortions, vitamin A
deficiencies, reduced milk production and general unhealthiness. The general safe
concentration of nitrate in water is less than 44 ppm and less than 10 ppm of nitrate-nitrogen.
In evaluating potential nitrate problems, feed also should be analyzed for nitrate in that the
effects of feed and water are additive.
 TotalTotalTotalTotal dissolveddissolveddissolveddissolved solidssolidssolidssolids (TDS)(TDS)(TDS)(TDS) orororor salinitysalinitysalinitysalinity - The summation of all inorganic constituents
present in water. It is a measurement of the amount of sodium chloride, bicarbonate, sulfate,
calcium, magnesium, silica, iron, nitrate, strontium, potassium, carbonate, phosphorus, boron



and fluoride in water. Research indicates that high levels of TDS combined with increased
environmental temperature have a detrimental affect on milk production. Water containing
<5,000 ppm may be fed to lactating cattle, but >7,000 ppm is unacceptable for all cattle,
according to the 2001 National Research Council guidelines.
 pHpHpHpH levellevellevellevel - A guideline for pH of water has not been established due to a lack of research
determining the effects of water pH on water intake, milk production and dairy cattle health.
A pH of 7 is neutral, less than 7 is acidic and more than 7 is alkaline. Little is known about
the specific pH’s effect on water intake, animal health and production, or the microbial
environment in the rumen. The preferred pH of drinking water for dairy animals is 6.0 to 8.0.
Waters with a pH outside of the preferred range may cause nonspecific effects related to
digestive upset, diarrhea, poor feed conversion and reduced water and feed intake.
 Blue-greenBlue-greenBlue-greenBlue-green algaealgaealgaealgae - Cattle should be prevented from drinking water with heavy algae
growth. Symptoms in blue-green algae poisoning include ataxia or in-coordination of
voluntary muscle movement, bloody diarrhea, convulsions and sudden death. This is an
occasional problem in freestanding water, such as farm ponds.

HighHighHighHigh iron,iron,iron,iron, manganese,manganese,manganese,manganese, orororor molybdenummolybdenummolybdenummolybdenum contentcontentcontentcontent may increase needs for copper, or result in
more iron-bacteria problems. Iron concentrations in drinking water of greater than 0.3 ppm are
considered a risk for human health, and are a concern for dairy cattle health and performance. The
first concern is that high iron in drinking water may reduce the palatability (acceptability) and,
therefore, consumption. Also, a dark slime formation in plumbing and waterers formed by
iron-loving bacteria may affect water intake and even the rate and volume of water flow through
pipes (Beede, "Assessment of Water Quality and Nutrition for Dairy Cattle").

Cows are more sensitive to water problems due to: 1. large intakes which may run from 200 to
300 lb per cow or more daily in high- producing herds 2. relatively high incidence of ulcers or
breaks in the lining of the rumen and rest of the digestive tract 3. rumen pH needs to be within a
relatively narrow range for good metabolism (6.4 to 7.0) in cattle not on fattening rations 4.
rumen microflora and metabolism may be altered by water with a high total bacteria count.

ChemicalChemicalChemicalChemical qualityqualityqualityquality

A. Hard water generally does not adversely affect cows. Include calcium and magnesium intake
from water in ration formulation if water contains over 500 ppm Ca or 125 ppm Mg. Also include
sodium from water in formulation of anionic rations if levels are considerably above average.

B. Chemical treatment of water to reduce bacteria counts generally does not adversely affect
cattle.

C. A combination of high sulfate and high magnesium content may result in loose manure or
diarrhea.

D. Hydrogen sulfide (rotten egg odor) may increase problems with anemia and those related to
copper, selenium, and vitamin E nutrition.

E. High sulfate levels may increase needs for selenium, vitamin E, and copper.

F. High iron, manganese, or molybdenum content may increase needs for copper, or result in
more iron-bacteria problems.



G. Acidic water with a pH of under 5.1 may increase problems related to chronic or mild acidosis
in some cases. 1. reduced milk production 2. depressed milkfat test 3. poor gains and growth 4.
lower feed intake 5. more infectious and metabolic problems.

H. Alkaline water with a pH of over 9.0 may result in problems related to chronic or mild
alkalosis in some cases. 1. symptoms similar to mild acidosis 2. amino acid and B-complex
vitamin deficiencies may occur due to lack of rumen synthesis 3. more likely to interfere when
rations contain excessive amounts of protein, minerals and buffers, especially rations high in
alfalfa

I. High copper content may lead to liver damage. It may result from severe corrosion of copper
lines, mine drainage, treatment of ponds for algae, etc.

J. Nitrate levels over 100 ppm as NO3 may adversely affect cattle and those over 44 ppm may
harm young human infants. Levels of 500- 1000 ppm NO3 may cause moderate symptoms of
toxicity in cattle while those over 1000 ppm may result in acute symptoms and death. The
guidelines for cattle assume normal levels of NO3 in ration. 1. more reproductive problems in
adult cattle 2. reduced gains in young stock 3. no appreciable effects on milk production 4. nitrite
levels in water over 4.0 as NO2 may be toxic to cattle.
a.symptoms similar to high nitrate intake from feed and/or water; infertility, including abortions
at very high intakes b. reduce gains and growth c. respiratory distress due to lack of oxygen d.
gray-brown mucous membranes and chocolate-brown colored blood.

K. Lead contents over .10 ppm may be toxic. 1. may result from discarded batteries
contaminating water supplies 2.may result from severe corrosion of lead pipes

L. Water with over 125 ppm magnesium or 250 ppm sulfate may be too laxative. Less magnesium
may be laxative if sulfate is relatively high.

Sulfate guidelines for water are not well-defined, but general recommendations are less than 500
ppm for calves and less than 1,000 ppm for adult cattle. When sulfate exceeds 500 ppm, the
specific salt form of sulfate or sulfur should be identified, since the form of sulfur is an important
determinant of toxicity. Hydrogen sulfide is the most toxic form and concentration as low as 0.1
milligrams per liter can reduce water intake. Common forms of sulfate in water are calcium, iron,
magnesium and sodium salts. All are laxative, but sodium sulfate is the most potent. Cattle
consuming water high in sulfates (2,000–2,500 ppm) show diarrhea initially, but appear to
become resistant to the laxative effect. Iron sulfate has been reported to be the most potent
depressor of water intake compared with other sulfate forms. Water and feed with high sulfate
contents have been linked to polioence- phalomalacia (thiamin deficiency) in beef calves.

BacterialBacterialBacterialBacterial qualityqualityqualityquality

A. For sanitation (washing equipment, udder, teats): 1. total coliform count should be zero 2. total
bacterial count should be relatively low

B. For animal consumption: 1. calves fecal coliform count should be zero 2. adult fecal coliform
count should be 10 or less

C. Polluted water may adversely affect cattle. 1. more calf problems and losses 2. more off-feed,
ketosis, or acetonemia problems with cows 3. chronic or intermittent diarrhea 4. more liver
damage 5. increased infections.



D. Keep drinking cups, bowls, and tanks relatively clean 1. clean out and sanitize them weekly 2.
use a raised base around bowls or tanks to reduce manure contamination.


