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ABSTRACT

Twelve Holstein cows producing between 29.9 and 
48.8 kg (mean 37.3 kg) of milk daily were randomly placed 
in two groups and given either tap (196 ppm dissolved salts) 
or saline (tap water plus 2,500 ppm sodium chloride) 
drinking water. The experiment was a 28 day change over 
design (6x6x2) with a seven day adjustment period. Cows 
were group fed a ration having a 60:40 ratio of alfalfa 
hay and concentrate (1% trace mineral salt, 2% dicalcium 
phosphate) plus free choice salt and dicalcium phosphate in 
separate containers. Feed, water, milk, blood, urine and 
feces were analyzed weekly for major minerals (Na, K, Ca,
Mg, P04, Cl).

Saline water intake was associated with decreased 
free-choice mineral consumption, increased (P<.05) water 
intake (9.4 1/cow/day) and a nonsignificant decline in 
daily milk yield of 1.2 kg per cow. Blood and milk minerals 
remained normal. Increases (P<.01) occurred in Na and Cl 
in the urine and in fecal Na. Weekly body weights, respira
tion rates and rectal temperatures were not different 
between treatments.

ix



INTRODUCTION

High yielding dairy cows produce 35 to 45 kilograms 
or more of milk per day and consume 3 to 4 1 of water for 
each kilogram of milk produced. Therefore, to assure 
maximum milk yield it is paramount that dairy cows have 
free access to an adequate supply of good quality water.

in Arizona this water comes primarily from shallow 
low saline wells containing less than 850 ppm of total 
dissolved salts. However, real estate and population 
pressures have forced many dairy operations to move into 
outlying areas where waters from deeper or less desirable 
well locations often contain large amounts of dissolved 
salts (4,000-11,000 ppm) with sodium concentrations of 
1,500 to 4,000 ppm.

Following such moves, some dairymen have noted an 
initial reluctance of cows to drink these saline waters, 
as well as an increased incidence of diarrhea and reduced 
milk yield. Although these symptoms seem to gradually 
disappear as cows become accustomed to the water supply 
there is always some question that milk yield is not as 
high as it would be with a more palatable water source.

Experimental evidence relating the use of saline 
waters to milk production is limited and usually involved
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cows producing only 10 to 20 kg of milk daily. Available 
information is largely based on general observations and/or 
studies' conducted primarily to determine the toxic effects 
of highly mineralized (10,000-20,000 ppm) drinking waters, 

The effects of saline waters on milk yield of high 
producing dairy cows would probably be more subtle and 
occur at more modest levels of water salinity. This study 
is an attempt to identify that relatively "gray" area of 
potential cause and effect relationship between saline 
water and milk yield in high producing cows,



REVIEW OF LITERATURE

Introduction
This review is primarily concerned with the amount 

of total dissolved salts (salinity) in drinking water ■ and 
their combined physiological effects on lactating dairy 
cattle. References to other species will be presented for 
comparative purposes. The effects of drinking waters con- 
taining toxic levels of individual minerals are not in
cluded.

Effect of Salinity on Domestic Water Quality
The generally accepted quality criteria for domestic 

waters in the United States are contained in the Public 
Health Service Drinking Water Standards of 1962 (41). In 
addition to pathogenic organisms and toxic substances One 
of the most common types of drinking water contaminants is 
the mineral salts due to their umbiquitous occurrence and 
solubility characteristics. Of these the most abundant are 
the carbonates, bicarbonates, chlorides and sulfates of 
sodium, potassium, magnesium and calcium. These minerals 
comprise 95 to 99 percent of the total mineral content of 
natural waters in most areas including Arizona (6, 25). 
Accordingly, sodium chloride usually constitutes the

3



greatest percentage (2, 6). In most cases these minerals 
are not present individually in harmful amounts= Their 
role in water quality is largely the sum of their.aggregate 
physiological effects.

The degree of physiological injury from mineralized 
drinking water usually represents an osmotic effect of the 
total dissolved salts rather than a toxic effect of any 
particular mineral constituent (25)= Therefore, quality 
criteria for dissolved salts are usually based on their 
total concentration in drinking water and their palatability 
and laxative properties which, to a degree, are self 
governing

The Public Health Service (41) recommends that 
waters containing more than 250 ppm of chlorides or sulfates 
and 500 ppm of dissolved salts should not be used for 
drinking if other less mineralized supplies are available. 
Water begins to decrease in palatability between 500 and
1,000 ppm salinity depending on the nature and combination 
of the minerals (25). .

In addition to their effect on reduced palatability, 
concentrations approaching 2,000 ppm of total dissolved 
salts are generally laxative. Catharatic effects are com
monly experienced, with water having 600 to 1,000 ppm sodium 
and/or magnesium sulfates while calcium sulfate is less 
active in this respect. On the other hand, sensitive



persons may react to lower levels of minerals or sulfates 
particularly if much magnesium (200 ppm) is present (41).

Water containing dissolved salts in concentrations 
exceeding 1,000 ppm are considered saline* The Geological 
Survey (37) classifies the degree of salinity in water as 
follows: 1,000-3,000 ppm slightly saline; 3,000-10,000 ppm
moderately saline; 10,000-35,000 ppm very saline and above
35.000 ppm brine.

It is recognized that considerable differences may 
exist between total salinity and an objectional concen-. 
tration. Adaptation is especially important in determining 
palatability and laxative threshold values for saline 
water (25,; 41).

The Public Health Service (41) reports that over 
100 public drinking water supplies contain upwards of
2.000 ppm of dissolved salts. Many of these saline water 
supplies are located in the Great Plains Region and the 
Southwest. In Arizona, some domestic waters contain up to
4.000 ppm salts (6). Despite their general acceptance 
locally, such waters are almost intolerable to some persons 
unaccustomed to their use. Therefore, because of geographic 
variations in water supplies and possible adaptation to 
salinity content most quality criteria for dissolved salts 
are given as acceptable levels with allowances for adapta
tion at the point of use.



Salinity and Water Quality for 
Livestock and Poultry

It has generally been shown that quality criteria 
used for human drinking water may also be used for other 
animals including livestock and poultry (25), Nevertheless 
while these criteria have proven acceptable they are not 
intended to be representative of tolerance levels for the 
ingestion of saline waters by animals. The tolerance of 
animals to saline water is influenced by various independent 
factors (2, 30), These include species, age, physiological 
condition, pregnancy, lactation, work or exercise, climatic 
conditions, type of diet, kinds and amounts of minerals in 
the water and diet and the degree of adaptation. However, 
the influence of these factors is largely a matter of 
judgement.

In the United States, farm animals are primarily 
allowed access to domestic water supplies and/or other low 
mineralized sources of water. Therefore, except for limited 
studies concerning the use of alkaline or saline (brackish) 
waters by sheep and range cattle very little quantitative 
data have been obtained on the use of these waters for other 
farm animals including dairy cattle. Available information 
has largely been obtained from field observations and/or 
based on data derived from other countries,. such :as;..Australia; 
where water for livestock is frequently highly mineralized..



In 1950, the Australian Department of Agriculture 
(2) reported safe salinity limits in drinking water for 
livestock in Western Australia where sodium chloride con
stitutes up to 75% of the total salinity. These threshold 
values, which are often quoted in the United States, are 
listed in Table 1.

Although livestock may temporarily use waters of 
higher salinity than those listed, the report recommends 
that appropriate animal tests be made when total salts 
exceed specific animal limitations. Also the limits given 
for safe use are not intended to represent threshold values 
for maximum animal production. It is specifically noted 
that milk yield of dairy cows is reduced when saline waters 
Contain 7,150 ppm, or even less, of dissolved salts.

In 1959 South Dakota bulletin (8) classifies 
drinking water concentrations of minerals for livestock as 
excellent 0-1,000 ppm, good 1,000-4,000 ppm, satisfactory 
4,000-7,000 ppm and unsatisfactory, greater than 7,000 ppm. 
In some cases, water approaching 7,000 ppm salinity may 
not always be satisfactory for producing animals because 
of its general laxative and unpalatable effects. However, 
no other undesirable effects were observed when such water 
was given to fattening cattle, growing pigs, or laying hens 
In contrast, 10,000 ppm salinity decreased water intake and 
animal performance.
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Table 1o Threshold salinity concentrations in water for 

livestock in w,estern Australia.

Animal ppm

Poultry 2,860
Pigs 4,290
Horses 6,435
Dairy Cattle 7,150
Beef Cattle 10,000
Adult Dry Sheep 12,900

In 1974, the National Research Council (30) pub-
lished acceptable concentrations of soluble salts in waters
for livestock (dairy and beef cattle, sheep, swine, horses)
and poultry as follows: waters containing less than 1,000
ppm should present no difficulties; 1,000-2,999 ppm, are 
satisfactory except for temporary diarrhea and palatability 
problems; 3,000-4,999 ppm, are satisfactory for livestock 
excluding mild diarrhea and palatability problems, but cause 
increased diarrhea and some mortality in poultry; 5,000- 
6,999 ppm, are reasonably safe for livestock except preg
nant or lactating animals; 7,000-10,000 ppm, constitute f 
considerable risk for all, especially younger, animals;
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above 10/000 ppm can not be recommended for any live
stock »

The approximate, maximum concentration of water 
salinity that can be safely tolerated by adult farm ani
mals is apparently between 15,000 and 17,000 ppm. On the 
other hand, only about 10, 000 ppm of magnesium, or potassium 
salts can be safely used (25).

The literature reveals a rather wide variation in 
water quality criteria Concerning the effects of mineral 
salts in waters on livestock. Nevertheless, the National 
Research Council, concludes, that the total soluble salts 
content is the. most reliable parameter by which saline 
waters can. be evaluated for: livestock use (30).

Water Requirements of Livestock
An adequate supply and intake of good quality 

drinking water is paramount to efficient animal production. 
This is particularly true for lactating dairy cows who 
must consume large quantities of water for maximum milk 
yield. Reportedly milk production will decline more 
quickly from a shortage of water intake than from any other 
nutrient (29).

Water requirements of animals within species vary •.. 
with a number of factors but are primarily! influenced" by 
ambient temperature and humidity, composition of diet,"body 
size, exertion or work and production. Expected water
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consumption of various classes of adult farm animals of 
medium weight in a temperate climate are given in Table 2 
(30). The upper range;values are intended for working and 
producing animals. Dairy cows producing 40 kg of milk are 
expected to consume about 110 1 of water when fed dry 
feeds

Cattle may obtain much of their water needs from 
lush pasture, silage and other succulent feeds. Moreover, 
when succulent feeds are available animals can tolerate 
water of higher salinity than when given only dry feeds 
(25). Additional water intake is required with increasing 
water salinity, for rations containing salts and minerals, 
and for high protein diets in order to eliminate the excess, 
salts and end products of protein metabolism for the 
body (30).

High levels of water intake are concomitant with 
increasing ambient temperatures. During periods of high 
climatic temperatures water requirements may double because 
of animal needs to eliminate more water through surface 
evaporation, respiration and in the feces and urine to 
cool their body (36, 52). In hot weather lactating dairy 
cows may consume upwards of 150 1 or more of water or over 
4 1 of water for each kilogram of milk produced (13, 29, 52).

In Arizona this copious ingestion of- water- isi'par-L- •* 
ticularly important during periods of heat stress when
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Table 2. Expected water consumption of adult livestock 

in a temperate climate.

Animal Liters/Day

Beef Cattle 26-66
. Dairy Cattle 38-110

Horses. 30-45
Swine 11-19
Sheep and Goats 4-15
Chickens <3*O

 8 
■ 

CMO

lactating cows commonly experience a rise in body tem
perature of 1 to 2°C (51). Concurrently, the respiration 
rate increases 2 to 3 times over the normal rate of about 
40 per minute (48). Moreover, these symptoms are associated 
with a decrease in feed intake and milk yield (17, 19, 39) 
and fertility (40).

Physiological Effects of Excess 
Salt Consumption

The consumption of excess salt induces thirst and 
greater water intake even when saline water is being in
gested (30). The additional water acts as a diluent to
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maintain normal osmotic pressure and concentration of salts 
in the urine. A greater retention of water occurs due in 
part to an increased secretion of the antidiuretic hormone 
of the posterior pituitary (26). Release of the hormone is 
apparently initiated by osmoreceptors located in the 
carotid arteries and/or the hypothalmus which are extremely 
sensitive to changes in sodium and chloride ion concentra
tions .

Ingestion of salt in feed and water is followed by 
its rapid absorption into the blood, and a .rise in osmotic 
pressure (32). Accordingly, there is a concurrent exchange 
of electrolytes and water between the blood, extracellular 
fluid and the.cerebrospinal fluid (26). One of the primary 
functions of the kidney is to maintain osmotic equilibrium 
among the body fluids. This is largely accomplished by 
an increase in urinary flow. Urinary output in dogs has 
been shown to increase from 30 ml to over 120 ml per hour 
following administration of salt (26). Marked increases 
in urine flow have also been reported in beef (46) and 
dairy (11, 14, 21) cattle consuming saline water.

Inability of the kidney to maintain osmotic equi
librium in the blood causes a continued diffusion of electro
lytes into the extracellular fluid. This results in a 
hypertonic condition and cellular dehydration .due tq I  . ;  v ,• 

osmotic movement of water out of tissue cells into the



extracellular fluid (46). In addition there is a con
current movement of cerebrospinal fluid into the extra
cellular space which causes a drop in spinal fluid pressure 
and a loss of water from brain cells (4).

'i However y while shifts in water occur quite rapidly 
between the extracellular and cerebrospinal fluids the 
exchange of electrolytes is much slower (4, 12)„ Therefore, 
as the kidney continues to excrete sodium chloride the 
extracellular fluid becomes hypotonic to the cerebrospinal 
fluid causing a counterflow of water into the cerebrospinal 
fluid, This in turn causes a diffusion of water and 
sodium back into the brain cells with a resultant accumula
tion of electrolytes, inhibition of glycolysis and break
down of cell membrane permeability (42),

Effects of Saline Drinking Water 
on Dairy Cattle

The earliest experiment found in the literature on 
lactating dairy cows drinking saline waters was from South 
Dakota in 1913 (21). Effects of tap water containing 750 
ppm dissolved salts and natural waters having between 
4,546 and 7,369 ppm salinity (80% sodium sulfate) were 
observed in three 10 day trials with 3 cows producing 7.2,
7,5 and 11.7 kg of milk per day. The diet consisted of - 
3. 2 kg grain containing 28 g. of salt, 11.4_ kg. corn, silage- _ ...
and. about 8.2 kg of hay daily.
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Cows placed directly on the saline water were re

luctant to drink and experienced milk diarrhea but these 
problems disappeared within a few days„ By introducing 
the cattle to the saline water through a mixing program 
with tap water these difficulties were later avoided.

Urine excretion from cows drinking saline water 
increased 31% even though water consumption declined 18%.
Of the additional sodium sulfate consumed, approximately 
76% was' eliminated in the urine and 24% in the feces.
Neither milk yield or mineral composition was materially 
affected by saline water.

In 1933 a series of trials were conducted in 
Oklahoma with Holstein, Guernsey, Jersey, Shorthorn and 
crossbred dairy cows (14). The cows were fed alfalfa and 
prairie hays plus a concentrate and allowed access to 
waters containing 15,000, 17,500 or 20,000 ppm sodium 
chloride. Cows consumed only a limited amount of the 
saline waters, reduced feed intake and lost body weight 
during the first week until becoming somewhat, accustomed 
to the water supplies. However, cows receiving 20,000 ppm 
salt water continued to lose weight, became emaciated and 
would have died if not removed from the study.

Cows drinking water with 15,000 ppm sodium chloride 
gave birth to normal calves during 'a 21 week trials.paribd.b-T 
Milk yields were reportedly similar to that of a control
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cow on tap waiter producing 18 kg of milk daily. It was 
concluded that steers and dry cows could consume higher 
concentrations of water salinity than cows in heavy lacta
tion but no actual data was given on milk yield. Plasma 
sodium and chloride values respectively were: 155 and 96
mEq/1 for cows consuming tap water and 167 and 112 mEq/1 
for cows on 20,000 ppm salt water.

A Dutch study in 1.946 reported the effect of sodium 
chloride drinking water on lactating Holstein cows fed hay 
and grain (11). Two cows consuming 15,000 ppm salt water 
lost 58 and 28 kg body weight in the first 7 days. Milk 
yield declined from 10.5 and 8.6 kg to 6.9 and 6.4 kg 
respectively. After 13 days on test, one cow was drinking 
60 1 and the other 110.4 1 of salt water daily. The later 
cow had thin feces and was shaking badly. Sodium Chloride 
content of her blood plasma was 0.54% on tap water and 
0.66% on salt water.

In contrast, 2 cows drinking 10,000 ppm salt water 
for 84 days reportedly maintained body weight and milk 
yield. They also consumed 20 1 more water per day than the 
2 control cows and concurrently excreted 18.2 vs. 6.7 1 
of urine per day, respectively. Approximately 80% of the 
salt consumed appeared in the urine. Blood plasma values 
for sodium chloride in the salt water cows were 0.57r:and- . _
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' . ■ ■ ‘ ; . 0,61% compared to 0,54 and 0,58% for the control cows.

These values are considered within normal limits,
In 1971, six Rumanian Brown cows fed hay, maize

silage and concentrates were given 10,000 ppm salt water
for 6 days on alternate days (33) , Mean daily saline water
intake was 31,3 1 vs. 47.4 1 for tap water on alternate
days. Average milk yield decreased from 11.8 kg to 10.5 kg,
during the 6 day trial.

More recent studies to determine the tolerance of
dairy cattle to salt water have been conducted in Arizona
(49, 50). In the first study 8 Holstein bred heifers
weighing 400 to 500 kg were fed alfalfa hay plus free
choice salt and dicalcium phosphate separately (50).

The heifers were allowed free access to either tap
water containing 450 ppm dissolved salts or the same water
with increments of 500 ppm sodium chloride added at 7 day
intervals. The heifers exhibited a preference for saline
water between 500 to 2,000 ppm, but consumption declined
sharply after 2,500 ppm. Above 3,500 ppm salt water intake
was less than 50% of tap water however, total salt intake
remained about the same as at lower concentrations.

Urinary sodium chloride and calcium increased with
salt intake while potassium and magnesium were unchanged.
BloOd electrolyte profiles remained relatively-iconstant:'?t v
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with the exception of a mean increase of 22% in serum 
potassium when salt concentration reached 2,000 ppm.

In a second experiment 12 Holstein bred Heifers 
weighing 450 to 500 kg were randomly divided into two 
groups in which 6 heifers receiving only saline water were 
compared with 6 heifers on tap water (49), Eight weekly 
increments of 500 ppm sodium chloride were added to the 
test heifer's drinking water starting with an initial level 
of 2,000 ppm salt.

Salt water consumption paralleled tap water intake 
until salt concentration exceeded 4,000 ppm. Thereafter, 
saline water consumption declined to about 80% of tap 
water,. Heifers consuming saline water had higher blood 
serum potassium levels and serum osmolalities.

No definitive experiments establishing water 
salinity threshold values for high producing dairy cows 
have been found in the literature. This study will focus 
on the use of saline water containing the upper recommended 
limit of 2,000 to 3,000 ppm dissolved salts for lactating 
cows receiving conventional diets in Arizona (22).



PROCEDURE

Experimental Design 
Twelve Holstein cows from the University of Arizona 

Dairy Research herd were selected for high levels of milk 
production. Milk yields ranged between 29,9 and 48.8 kg 
daily, with a mean of 37,3 kg. Cows were randomly assigned 
to two adjacent corrals supplied with tap water (196 ppm 
dissolved salts) or saline water (tap water plus 2,500 ppm 
N a d ) . The experiment was a 28 day changeover design with 
a 7 day adjustment period between water treatments (9).
Cows remained in the same corral for the entire study. The 
experiment was conducted from June 10 to August 12, 1975.

Water and Feeds 
Water was contained in two elevated 480 1 cali

brated plastic tanks and gravity fed to a drinking cup in 
each corral. The tanks and drinking cups were located in 
shaded areas. Saline water was formulated by adding incre
ments of 500 ppm sodium chloride (table salt) to tap water 
for five consecutive days prior to the start of each 28- 
day trial period. Salt was predissolved and added to the 
saline water tank during the filling" process r"'-.-- - .

1.8
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Cows were group fed a ration containing a 40;60 

ratio of concentrate and alfalfa hay (2/3 cubes, 1/3 baled). 
Ration components were weighed separately and fed twice 
daily to appetite. The concentrate mixture contained 1% 
trace mineral salt and 2% dicalcium phosphate. Iodized 
salt and dicalcium phosphate were provided free choice in 
separate containers and weighed back weekly.

Criteria of Treatment Effects
Body weights were taken following the afternoon 

milking on two consecutive days at the start of the experi
ment and at the end of each 28 day trial period.

Respiration rates, rectal temperatures and all 
samples of feed, water, milk, blood, feces and urine were 
taken once or twice every seventh (collection) day as 
described.

Respiration rates were made visually during the heat 
of mid-day (4 PM) and represent an average of three indi
vidual 60 second counts. Immediately thereafter, cows 
were locked in manger stancheons and rectal temperatures 
were obtained in about 6 seconds each using an electronic 
animal thermometer.

Feed and water samples were taken once on collec- - 
tion day. Feeds were stored- in sealed plastic-bags, for:: - r - 
proximate and mineral analysis. Water consumption was re
corded several times daily prior to filling the tanks.



Milk weights and samples were taken during two con
secutive milkings. Samples were composited and percent 
milk fat was determined by the standard Babcock method. 
Samples were then frozen (-20°C) until analyzed for minerals 

Blood samples were taken in the morning by veni
puncture of the tail using 10 ml vacutainers and immediately 
refrigerated. The blood clot was rimmed, centrifuged and 
the serum pipetted into plastic vials within about 4 hours 
after collection. The serum was frozen until analyzed for 
osmolality and electrolytes.

Feces and urine were taken twice on collection day. 
Feces were obtained by rectal removal and individual samples 
were composited in plastic bags and frozen for proximate 
and mineral analysis. Urine was collected by the stimula
tory technique directly into 50 ml plastic bags via a large 
funnel. Urine was frozen until analyzed for osmolality and 
minerals.

Analytical Methods 
A proximate analysis was made on concentrates, 

alfalfa hay and feces. Feces were predried at less than 
50°C to a constant' weight. All components were ground 
separately through a 20 mesh screen in a Wiley mill. Indi
vidual fecal samples Were then ..composited^within.-treatments■_ 
groups for each 7 day period. : Vacuum dried concentrates, 
hay and feces were analyzed for percent protein by the
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standard Kjeldahl method, ether extract, fiber and ash 
(43), and lignin (7). Apparent digestibility was estimated 
by the lignin ratiq technique. (23) .

An osmometer (Advanced Instruments, model 67,31LAS) 
with a direct readout was used to measure serum and urine 
osmolalities (1)„ The osmometer was calibrated in the range, 
of 0-1000 milliosmols/kilogram with standard solutions con
taining 100, 275, 500 or 1000 milliosmols/kilogram with 
standard solutions containing 100, 275, 500 or 100 mOsm/kg, 
An Eppendorf microliter pipet (Brink Instruments, Westbury, 
N. Y.) was used to measure 2 ml of the standard solutions,. 
urine or blood into the osmometer tubes & Urine samples 
exceeding the Calibrated range were diluted 1:2 with 
triple distilled water.

Sodium, potassium, calcium, magnesium, chloride and 
phosphorus were determined in water, feeds, milk, blood, 
urine and feces. Ash samples of feeds and feces were dis
solved in nitric acid, transferred to volumetric flasks 
and diluted to 50 ml with triple distilled water for 
mineral analysis.

Chlorides in all samples were analyzed by the 
titrimetic procedure (38). Phosphorus was determined with 
a Phosphorus Rapid Stat Kit (Pierce Chemical Co., Rockford, 
111.) using a direct optical method (10).
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Sodium, potassium, calcium and magnesium were 

determined on a atomic absorption spectrophotometer (model 
2-9OB, Perkin-Elmer Corp. , Norwalk, Conn.) using an air 
acetylene flame. A spectrophotdmetric micromethod for 
these electrolytes in blood serum was made using a 1:100 
dilution of serum (31). Standard stock solutions of sodium, 
150 mEq/1 (3,450 ppm) ; potassium, 5 inEq/1 (195.5 ppm); 
calcium 5 mEq/1 (100.2 ppm) and magnesium 2 mEq/1 (24,3 
ppm) were prepared with triple distilled water. The 
working standard was a 1:101 dilution of the stock, solution. 
Ten milliliters of a 0.05% strontium diluent was added to 
100 ml of stock solution in a 17 x 100 mm polyproplyene 
disposable test tube. Feed, milk, urine,and feces were 
further diluted with triple distilled water to be approxi
mately equal in concentration to the working standard for 
direct readout.

Temperature Humidity Index
A comfort or temperature humidity index (THI) was 

calculated for each seven day period using the mean values 
of 12 ambient temperature dry bulb and wet bulb readings 
Obtained at two hour intervals for each day (28) . The THI 
values were calculated using the following equation: THI =
0.4 (dry-bulb temperature °F + wet-bulb temperature F) +
15 (18).



Statistical Analysis 
Regression equations were calculated for pre- 

sis tency of milk .production on tap water and salt water. 
Analysis of variance was used to compare treatment effects



RESULTS AND DISCUSSION

A cow in the first group consuming saline water 
developed an acute case of Escherichia eoli mastitis on the 
19th day of the experiment and died within three days.
Two cows from the tap water group contacted the same acute 
infection on the 35th trial day while consuming 2,500 ppm 
salt water during the transition period. The cows were 
immediately removed from the study and subsequently re
covered after extensive treatment.

Cause of the mammary infections could not be re
lated to the experimental treatment. All three cases were 
associated with rain and muddy corrals. These conditions 
were also related to an increased incidence of mastitis 
in the main milking herd including one diagnosed case of 
E. coli mastitis.

Mild .cases of diarrhea occurred among some cows in 
the first week on saline water but the condition was self- 
corrected within a few days. This observation agrees with 
other workers (11, 14, 44). No other differences in 
general appearance or health of cows were apparent during 
the remainder of the experiment.

24



THI, Rectal Temperatures and 
Respiration Rates

Mean rectal body temperatures and respiration rates 
progressively increased with temperature humidity index 
(THI) values and ambient temperatures (Table 3). The 
average THI values during the first and second phase of 
the experiment were 70.9 and 75.7 respectively with an 
overall mean of 73.3 +2.7. The THI above which thermal 
stress may develop varies with individual animals, but 
is generally considered to occur at values above 73 to 
75 (5) .

Mean rectal temperatures of 39.1 ± .3 and 39.2 ±
.5°C for cows consuming saline or tap water were not s ig- 
nificant (P>.05). Accordingly, respirations per minute, 
78.6 ± 11 and 78.4 ± 10 were not different.

Increased rectal temperatures and respiration rates 
were most prominent following the transition period and 
were primarily related to a rise in the minimum ambient 
temperature. The latter has been observed to be a critical 
factor in determining the degree of thermal stress ex
perienced by lactating dairy cattle because it reduces 
the period of relief from daily heat stress (51)„

Milk Production
Mean daily milk yield, milk fat percent and water 

consumption are presented in Table 4. Consumption of



Table 3. Mean rectal temperature, respiration rate, tem
perature humidity index, and maximum and minimum 
ambient temperature.values during periods of 
saline or tap water consumption by lactating 
dairy cows.

Days
on
Trial

Water
Source

Rectal
gemp. Respo/

Min. THIb
Ambient Tem
perature °C 
Max. Min.

7 Salt 1 38.7 65 71.4 37.2 16.7
Tap 2 38.6 66

14 Salt 1 38.5 67 69.0 38.3 13.9
Tap 2 38.7 71

21 Salt 1 38.8 80 71.3 41.7 16.1
Tap 2 : 39.0 74

28 Salt 1 39.1 71 71.9 36,7 20.6
Tap 2 39.2 76

(Water Treatment Changeover)
42 Tap 1 39.6 81 75.3 37.2 25.0

Salt 2 40.0 81
49 Tap 1 39.2 71 74.9 36.1 23.3

Salt 2 39.9 76
56 Tap 1 39.6 98 76.5 41.1 25.6

Salt 2 39.2 94
63 Tap 1 39.7 91 76.1 35.6 25.0

Salt 2 39.2 92

a , Saline and tap water treatment by groups 1
and 2.

b. Ambient temperature humidity comfort index, 
7 day mean.
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Table 4. Mean daily feed, water intake and milk production 

of lactating dairy cows during periods of saline 
or tap water consumption.

Days Milk Water Feed intake
on Water Yield Intake Hay Grain
Trial Source (kg) (1) (kg) (kg)

7 Salt 1 36.0 155.6 14.1 10.7
Tap 2 . . 38.5 138.0 14.1 10.7

14 Salt 1 36.6 165.4 14.1 10.7
Tap 2 38.5 143.5 12.5 10.7

21 Salt 1 33.4 140.4 14.1 10.7
Tap 2 36.3 ■ 134.7 12.5 10.7

28 Salt 1 33.0 151.8 14.1 9.1
Tap 2 33.3 141.0 12.5 10.7

(Water Treatment Changeover)
42 Tap 1 30.6 125.2 11.5 5.5

Salt 2 32.2 131.0 8.7 5.7
49 Tap 1 33.5 123.8 11.5 5.5

Salt 2 30.1 128.4 8.7 5.7
56 Tap 1 31.5 132.1 11.5 5.5

Salt 2 30.1 134.1 8.7 5.7
63 Tap 1 30.9 140.8 11.5 5.5

Salt 2 31.8 135.0 8.7 5.7
Mean Tap 34.1 134.9 12.2 8.1

±3.2 ±7.4
Salt 32.9 144.3, 11.4 8.0

+ 2.4 ±13.7

a. Saline and tap water treatment by groups 1
and 2.

b. Means differ within column (P<.01) .
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saline water was associated with a slight but hot signifi
cant (P>. 05) depression in daily milk yield of 1.2 kg per 
cow. Milk fat percent (3.1) was similar for both treat
ments

A graph of the regression equations for persistency 
of milk production for cows drinking saline or tap water is 
given in Figure 1. The slope of the regression line indi
cates that persistency of milk yield in cows consuming salt 
water was slightly depressed compared to tap water. There
fore, cows drinking salt water over a longer period of time 
would apparently continue to decline.in daily milk yield 
more rapidly than cows on tap water.

Current recommendations.indicate that water con
taining 5,000 ppm dissolved salts may be satisfactory for 
lactating cows (30) while concentrations approaching 7,000 
ppm are not recommended (2, 30). On the other hand, milk 
production was not affected when cows were given water con
taining 15,000 ppm sodium chloride (14). In contrast milk 
yield reportedly decreased when cows consumed 15,000 ppm 
but not when given 10,000 ppm (11) or 7,369 ppm (21) 
saline water.

Reasons for''the marked differences in effects of 
water salinity on milk yield in earlier studies are not 
readily apparent. However, irrespective of the results, . 
these studies are probably not relevant to current
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xsalt water y= 3 8 .9 -1 .0 6 x

o— otap water y = 3 8 . 6 -  .87x

Figure 1. Persistency of milk production by 
lactating dairy cows during periods of saline or tap water 
consumption.
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conditions. While high levels of water salinity might, to 
some extent, be tolerated by cows producing 7-11 kg of milk 
daily (11, 21) they probably would not be satisfactory for 
the high producing cows in this study,

NO definitive tolerance level for salinity in 
relation to milk yield Was found in the current study. 
However, the results suggest that a depression in milk 
yield may occur in high producing dairy cows when water, 
primarily containing sodium chloride, approaches 3,000 
ppm salinity especially during the hot summer months. This 
finding concurs with earlier field observations and recom
mendations that 3,000 to 3,500.ppm salinity in drinking 
water may begin to affect high producing dairy cows in 
Arizona (22).

Feed Consumption 
Mean daily intake of alfalfa hay and grain were not 

different between treatments (Table 3), However, there was 
a marked decline in daily feed intake associated with a 
rise in ambient temperatures during the transition period. 
Other workers have shown that feed intake is commonly 
depressed With increasing ambient temperatures (17, 19, 39).

Saline water containing less than 10,000 ppm salts 
appears to have little or no effect on feed intake in beef 
cattle (8, 44) and lactating dairy cows (11, 21). However,
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15,000 ppm salinity has been shown to depress dry matter 
consumption in beef (44, 45, 46, 47) and dairy (11, 14) 
cattle.

Water Consumption
Mineral concentration of the tap water remained - 

constant during the experiment: sodium 25 ppm,, potassium
3.3 ppm, calcium 11.1 ppm, magnesium 6.9 ppm, chloride 78.6 
ppm, phosphorus 7 ppm and total dissolved salts 196 ppm.

Cows drinking saline water consumed a significantly 
(P<.01) greater quantity of water throughout the experi
ment (Table 4). Mean daily salt water intake was 9.4 1 
greater than tap: water consumption.

Water intake was 4.38 and 3.95 1 per kilogram of 
milk produced for cows drinking saline or tap water, 
respectively = Other workers have reported that in hot 
weather, dairy cows may consume over 4 1 of water for each 
kilogram of milk produced (13, 29, 52).

Greater intakes of saline vs. tap water have been 
observed in beef (8, 45, 46, 47) and dairy (11) cattle 
consuming 5,000 to 10,000 ppm salt water. However, in a 
previous Arizona study with Holstein heifers., saline water 
consumption declined to about 80% of tap water when salt 
concentration exceeded 4,000 ppm (49).

Although ambient temperatures were higher (Table 3) 
water consumption was lower during the second phase of the
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experiment, . This observation does not agree with reports 
of marked increases in water intake with increasing ambient 
temperatures, (17V 36, 52).

However, in the present study this phenomenon was 
apparently related to the decline in feed intake and milk 
yield (Table 4) associated with an increase in ambient 
temperature (Table 3) during the transition period. Cows 
consume 3 to 4 1 of water for each kilogram of milk pro
duced and dry matter ingested (3, 36). In hot weather, 
feed intake and milk production may decrease with a con
comitant decrease in water intake (17, 34, 35).

Body Weight
Mean body weight for all cows at the beginning of 

the- study was 696 kg. During the salt water treatment 
periods cows lost an average of 67.4 kg body weight compared 
to 49.1 kg on tap water. This difference was not significant 
(P>.05). Body weight losses in early lactation are common 
in high producing cows who often must draw on body tissue 
for additional energy to meet the demand for milk pro
duction (24) .

Blood Electrolytes
Mean blood serum electrolytes and osmolality values 

are given in Table 5. Only magnesium was significantly 
(P<.05) increased but the reason for this change could not
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Table 5. Blood serum electrolyte levels in lactating

dairy cows during periods of saline or tap water 
consumptiono
Blood serum electrolytes in mEq/1.

Blood Serum 
Electrolytes

Treatment
Tap Water Saline Water

Sodium 141.0 ± 2.6 139.8 ± 2.9
Potassium 5.6 ± .3 5.6 ± .2
Calcium 4.5 + .3 4.6 ± .2
Magnesium 2. 0 3 ± .0 2.17± .oa
Chloride 100.2 ± 2.0 102.7 ± 3.9
Phosphorus 3.1 + .5 3.1 ± .4
Osmolality mOsm/kg 286.6 ± 8.2 286.2 ± 7.3

a. Means differ (P<„05) .



be determined. No difference in serum magnesium was ob
served in heifers consuming saline waters in earlier Arizona 
studies (49, 50). Other workers have reported an un
explained decrease in serum magnesium in beef cattle 
drinking 10,000 ppm salt water (44).

Other blood electrolyte levels remained relatively 
constant during the experiment. This agrees with previous 
Arizona studies (49, 50) with the exception of a rise in 
serum potassium in heifers when salt water concentrations 
reached 2,000 ppm (50). Elevated blood serum potassium 
levels (hyperkalemia) have been observed in lactating dairy 
cows during the summer months in Arizona (44). However, 
excessive salt supplementation may cause hypokalemia and 
injury in humans undergoing strenuous exertion in hot 
climates (20).

Serum sodium levels reportedly will remain unchanged 
in beef cattle (16) and rats (27) drinking salt water until 
moribund. Other researchers indicate that the inability 
of beef cattle (44, 45, 46) and lactating dairy cows (11,
14) to exist on water containing above 15,000 ppm salt is 
due primarily to a rise in serum sodium.

Urine Minerals 
Mean urine mineral concentrations and osmolality 

values for the experiment are in Table 6. Cows consuming
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Table 6. Mean urine minerals and urine osmolality of

lactating dairy cows during periods of saline 
or tap water consumption.
Urine, minerals in mEq/l>

Urine Treatment
Minerals Tap Water Salt Water

Sodium 5.6 ± 2.6 92.4 ± 23.9a
Potassium 284.6 ± 36.0 212.3 ± 57.la
Calcium 0.3 ± 0.1 0.4 + 0.2
Magnesium 20.5 ± 2.-5 13.2 ± 4.9b
Chloride 71.9 ± 18.9 141.9 ± 35.3a
Phosphorus 0.7 ± 0.1 0.7 ± 0.2
Osmolality

mOsm/kg
864.6 ±103.8 833.9 ±185.9

a . Means differ (P<.05),
b. Means differ (P<.01).



saline water excreted oyer 16 times more sodium and twice 
as much chloride in comparison to tap.water. These marked 
differences occurred throughout the experiment and are 
highly significant (P<.01).

These findings are consistent with those observed 
in beef cattle (46), dairy heifers (50) and, lactating 
dairy cows (11, 21). In total collection studies, 90% 
of the excess sodium chloride in saline drinking water 
consumed by rats appeared in the urine (15) while in 
lactating dairy cows 76 to 80% was ekcfeted in the urine. 
(11, 21).

Mean urine osmolalities were similar for both 
treatments. Other workers also found no increase in urine 
osmolality although there was a ten fold increase in urine 
sodium in beef cattle consuming 15,000 ppm salt water (46)

Fecal Minerals
Mean fecal mineral levels are in Table 7. Only 

sodium excretion was significantly different (P<.01) being 
62% greater in cows on the saline water treatment. In a 
mineral balance study, total sodium was .32% in the fecal 
ash of lactating dairy cows drinking tap water vs. .86% 
when consuming 7,369 ppm dissolved salts (21).
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Table 7. Mean fecal minerals of lactating dairy cows 

during periods of saline or tap water con
sumption.
Fecal minerals in ppm,.

Fecal Treatment
Minerals Tap Water Salt Water

Sodium 915 ± 146 1,489 + 604*
Potassium 752 ± 204 842 ± 308
Calcium 19,047 ± 1,391 . 19,137 ± 1,677
Magnesium '5,014 + 500 5,086 ± 534
Chloride 1,616 ± . 285 1,892 ± 275
Phosphorus 1,201 ± 182 1,154 ± 138

a. Means differ (P<.05),



- Milk Minerals 
Concentration of minerals in the milk was not 

affected by the consumption of saline water (Table 8). 
Minerals in milk also remained constant when cows received 
water containing 7,369 ppm dissolved salts (21). The 
dairy cow has a unique ability to protect the consistency 
of mineral concentrations in milk despite wide variations 
in mineral consumption.

Digestibility of Feeds 
Proximate analysis of the feeds and feces are in 

Tables 9 and 10. Percent digestibility of the feeds was 
not different as determined by crude protein 63.1 and 63.5%, 
ether extract 78.9 and 81.2% and crude fiber 29.3 and 29.1% 
when cows were consuming salt or tap water, respectively.
The literature indicates little attention has been given to 
the effects of saline water on digestibility of feeds by 
cattle.

Free Choice Mineral Consumption 
Free choice salt and mineral (dicalcium phosphate) 

intake are shown in Table 11. Cows on saline water ceased 
eating salt in the. first period and subsequently consumed 
very low levels in the second period indicating a carry over 
effect. In contrast cows drinking tap water in the first 
period consumed more salt in the second period when drinking
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Table 8„ Mean milk minerals of lactating dairy cows during 

periods of saline or tap water consumption.
Milk minerals in mEg/1.

Milk
Minerals

Treatment
Tap Water Salt Water

Sodium 17.7 ± 2.1 17.9 ± 1.37
Potassium 30.6 + 3.5 30.4 ± 2.8
Calcium 41.1 + 7.0 41.3 ± 7.6
Magnesium 6.6 ± 0.6 6.5 + 0.6
Chloride 35.0 ± 3.4 33.6 ± 2.8
Phosphorus 57.4 +- 12.4 56.4 ± 10.8
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Table 9. Mean proximate analysis and mineral concentrations 

of feeds (concentrates and alfalfa hay) for 
lactating dairy cows consuming saline or tap 
water.

Alfalfa Hay
Concentrates Baled Cubed

Feed Composition (%}
Crude protein 15.3 17.7 20.3
Ether extract 6.0 3.1 3.1
Lignin 6.1 8.2 7.2
Fiber 20.8 39.5 34.2
Ash- 5.5 7.5 8.6
Dry matter 92.3 92.6 92.6

Feed Minerals (ppm)
V

Sodium 1,840 2,369 2,756
Potassium 4,290 16,887 12,425
Calcium 3,544 11,616 1,379
Magnesium 2,296 2,550 2,823
Chloride 1,854 2,178 1,981
Phosphorous 794 582 466
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Table 10o Proximate analysis of the feces of lactating

dairy
water

cows during periods of saline 
consumptiono

or tap

Fecal composition in.%.

Fecal Treatment•
Composition Tap Water Salt Water

Crude protein 15.4 ± 0.3 15.3 ± 0.2 •
Ether extract 1.9 ± 0.2 2.1 + 0.4
Lignin 16.5 ± 0.8 16.2 ± 0.8
Fiber 50.2 ± 1.8 49.4 ± 1.6
Ash 12.6 ± 1.0 12.9 ± 0.7
Dry matter 17.02+ 0.8 17.4 + 0.6
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Table 11. Mean daily free choice intake of salt and di

calcium phosphate by lactating dairy cows during
periods of saline or tap water, consumption.

g/day/cow
Days Free Free
on .Water Choice Choice
Trial Source3, Salt Phosphate

7 Salt 1 16.2 59.5
Tap 2 38.1 64.2

14 Salt 1 0.0 42.8
Tap 2 26.9 80.9

21 . Salt 1 0.0 19.4
Tap 2 54.7 64.2

28 Salt 1 0.0 77.1
Tap 2 38.1 86.4
(Water Treatment Changeover)

42 Tap 1 12.8 130.0
Salt. 2 48.5 160.7

49 Tap 1 45.7 77.1
Salt 2 96.4 82.1

56 Tap 1 12.8 91.4
Salt 2 48.5 96.4

63 Tap 1 14.2 65.7
Salt 2 16.1 16.2

Mean. Salt 28.2 69.2
• Tap 30.4 82.4
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saline water. This, inverse relationship in salt intake is 
not readily explained but may be related to the decline in 
feed and saline water intake during, the transition period 
as previously discussed. Because of the large variability 
in consumption, mean salt intakes were not different.

On the other hand cows drinking saline water con
sumed significantiy (P<.05) less mineral supplement. Other 
workers have also observed that the effects of added salts 
in water on mineral and salt consumption were variable (8).

Summary and Conclusions 
Cows consuming saline water required 9% more water 

(4.38 vs. 3.95) per kilogram of milk produced, but gave an 
average of 1.2 kg less milk daily and presented some evi
dence that salt water might inhibit persistency of milk 
production. On the other hand, no effects of salt water 
consumption were observed on body weights, feed intake and 
digestibility or mineral composition of milk.

As expected, there was an increased excretion of 
sodium and chloride ions in the urine and feces. However, 
blood electrolytes remained unchanged except for an un
explained rise in serum magnesium in cows consuming salt 
water. Although temporary cases of mild diarrhea occurred . 
in some cows during the first week on saline water no 
other differences in general appearance or health related 
to treatment were observed.
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These findings indicate that high producing dairy 

cows can safely consume saline waters containing about 2,500 
ppm sodium chloride or 2,700 ppm total dissolved.salts 
during the summer months in Arizona but they may experience 
a slight decline in milk yield. Under such conditions it 
may be possible to reduce the effects of high saline water, 
on milk yield etc., by controlling other dietary sources of 
salt intake. More definitive studies conducted over longer 
periods of time, under different dietary and climatic con
ditions,, and with various types and concentrations of 
mineralized waters will be needed to determine water 
salinity threshold values for high producing cows.



LITERATURE CITED

1. Advanced Osmometer Users' Guide, n.d. Newton High
lands , Mass:: Advanced Instruments, Inc.

2. Anon. 1950. Water for agriculture purposes in
Western Australia. J. Agric. West. Aust. 27:156.

3. Atkeson, F . W. and T. R. Warren. 1934 = The influence
of type of ration and plane of production on water 
consumption of dairy cows. J.- Dairy Sci. 17:265.

4. Bakay, L. 1956. The blood brain barrier. Springfield,
. 111.: Charles C. Thomas.

5. Berry, I. L., M. D. Shanklin and H. D. Johnson. 1964.
Dairy shelter design. TRANSACTIONS of the ASAE .
7(3):329.

6. Dutt, G. R. and T. W. McCreary. 1970. The quality
of Arizona's domestic, agricultural, and industrial 
waters. Report 256. Agr. Experiment Station,
The University of Arizona.

7. Ellis, G. H., G* Matrone and L. A. Maynard. 1946. A
75% H2SO4 method for the determination of lignin .
and its use in animal nutrition studies. J. Anim.
Sci. 5:285.

8. Embry, L. B., M. A. Hoelscher, R. C. Wahlstrom, C. W.
Carlson, L. M. Krista, W. R. Brosz, G. F. Gastler 
and 0. E. Olson. 1959. Salinity and livestock 
water quality, S. D. Agric. Exp. Stn. Bull. 481,

9. Federer, W. T. 1955. Experimental Design. New York:
The Macmillan Company.

10. Fiske, C. H. and Y. Subba Row. 1925. The colorimetric
determination of phosphorous. J. Biol. Chem.
66:375.

11. Frens, A. M. 1946. Salt drinking water for cows.
Tijdschr. Diergeneeskd. 71 (No.1):6 (C.A. 44: 
5972,1950).

45



46
12. Hahn, L. and G. Hevesy. 1940. Rate of penetration of

ions, through the capillary wall. Acta Physiol.
Scand., 1, 347.

13. Harbin, R., F. G. Harbaugh, K . L. Neeley and N. C.
Fine. 1958. Effect of natural combinations of 
ambient temperature and relative humidity on the 
water intake of lactating and nonlactating dairy 
cows. J. Dairy Sci. 41;1621.

14. Heller, V. G. 1933. The effect of saline and alkaline
waters on domestic animals. Okla. Agric„ Exp. Stn. 
Bull. 217.

15& Heller, V. G. and H. Haddad. 1936. -Paths of excretion
and mineral balance in animals drinking saline and 
alkaline waters. J. Biol. Chem. 113:439.

16. Heller, V. G, and H, Paul. 1934. Effect of inorganic
salt intake upon the mineral composition of the 
blood. J. Biol. Chem. 105:655.

17. Johnson, H„ D., H. H. Kibler, I. L. Berry, 0. Wayman
and C. P. Herilan. 1966. Temperature and con
trolled feeding effects on lactation and related 
physiological reactions of cattle. Mo. Agr. Exp.
Stn. Bull. 743. ,

18. Kibler, H. H. 1964. Thermal effects of various
.temperature humidity combinations on Holstein 
cattle as measured by eight physiological re
sponses. Mo. Agr. Exp. Stn. Bull. 862.

19. Kibler, H. H., H. D. Johnson and I. L. Berry. 1966.
Energetic efficiency of lactating dairy cow:
Effects of controlled and ad libitum feeding at 
18°C and 31°C temperature. Mo. Agr. Exp. Stn.
Bull. 913.

20. Knochel, J. P. and R. M. Vertel. 1967. Salt loading
. as possible factor in the production of potassium
depletion rhabdomyolysis and heat injury. The 
Lancet 1:659.

21. Larsen, C. and D. E. Bailey. 1913. Effect of alkali
water on dairy cows. S. D. Agric. .Exp... Stn.-- Bu-IL.,,
147. • - . . . . .



47
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Lough, 0, G. 1967. What is good water? United 
Dairymen. (August) Tempe, Arizona.

Maynard, L. A. and J. K. Loosli. 1962. Animal 
Nutrition. 5th ed. McGraw-Hill Book Co., New 
York.

McCaffree, J. D. and W. G. Merrill.. 1968. Effects 
of feeding concentrates to maintain body weight of 
dairy cows in early lactation. J. Dairy Sci.
51:561.

McKee, J. E. and B. W. Wolf. 1963. Water Quality 
Criteria, 2nd. ed. Resources Agency of California 
State Water Quality Control Board, Publ. No. 3-A. 
Sacramento. 548 pp. (Reprinted in 1971)

Medway, W. and M. R. Rare. 1958. The effect of
excess salt when water intake is restricted. Rep.
N. Y. State Vet. Coll. Cornell University, 1956-57. 
23 pp.

Miller, L. K. 1957. Some responses of the rat of 
sodium chloride water. M.S. Thesis, University . 
of Nevada, Reno.

National Oceanic and Atmospheric Administration 
Environmental Data Service, U.S. Department of 
Commerce. 1975. Local Climatological Data, Tucson,
Arizona, June-August.

National Research Council. 1971. Nutrient Require
ments of Dairy Cattle, 4th ed. Washington, D.C.: 
National Academy of Sciences. 54 pp.

National Research Council. 1974. Nutrients and Toxic 
Substances in Water for Livestock and Poultry. 
Washington, D.C.: National Academy of Sciences,
93 pp.

Paschen, K. and C. Fuchs. 1971. A new micro-method 
for Na, K, Ca, and Mg determinations in a single 
serum dilution by atomic absorption spectrophotom
etry. Clinica Acta, 35:401.

Pickering, E. C. 1965. The role of sodium and-'
potassium in the cow. Proc. Nutrition Soc., 24:73.



48
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Popovici, D., M. Raitaru and G. Jurenvoca. 1971.
Effect of excess sodium in the drinking water on 
the secretion and composition of cows milk. Studii 
si Cercetari de BiolOgie, Zoologie. 23 (6) ;573. 
(D.S.A. 35:181, 1973)

Ragsdale, A. C., H. J. Thompson, D. M. Worsteil and
S. Brody. 1950. Milk production and feed and water 
consumption responses of Brahman, Jersey, and Hol
stein Cows to changes in temperature, 50° to 105° F 
and 50° to 8°F. Mo. Agr. Exp. Stn. Res. Bull. 460.

Ragsdale, A. C., H. J. Thompson, D. M. Worsteil and
S. Brody. 1951. Influence of increasing of tem
perature, 40° to 105° F on milk production in 
Brown Swiss and Brahman cows and heifers. MO. Agr. 
Exp. Stn. Res. Bull. 471.

Reaves, p. M. and H. 0. Henderson. 1963. Dairy cattle 
feeding and management. New York: John Wiley
and Sons, Inc.

Robinove, C. J., R. H. Langford and J. W. Broodhart.
. 1958. Saline-water resources of North Dakota.
USGS Water-Supply Paper 1428. Washington, D.C.
72 pp.

Schales, 0. and S. S. Schafes.. 1941. A simple and
accurate method for determinations of chloride in 
biological fluids. J. Biol. Chem. 140:879.

Schmidt, G. H. and L. D. Van Vleck. 1974. Principles 
of Dairy Science. W. H. Freeman, San Francisco.

Stott, G. H. and F. Weirsma, 1976. Short term thermal 
relief for improved fertility in dairy cattle during 
hot weather. Int. J. Biometeor., 20:344.

United States Department of Health, Education, and 
Welfare. 1962. Drinking water standards. Rev. 
ed. PHS Publ. No. 956. Washington, D.C.: U.S.
Government Printing Office.

Utter, M. F. 1950. Mechanism of inhibition of 
anaerobic glycolysis of brain by sodium ions.
Jour. Biol. Chem., 185:499.

V



49
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Van Soest, P. J . 1963. Use of detergents in the
analysis of fibrous feeds. II. A rapid method for 
the determination of fiber and lignin. J . Assoc. 
Off. Agr. Chem. 46:829.

Weeth, H. J. and L. H. Haverland. 1961. Tolerance 
of growing cattle for drinking water containing 
sodium chloride. J. Anim. Sci., 20:518.

Weeth, H. J., L. H. Haverland and D. W. Gassard.
1960. Consumption of sodium chloride water by 
heifers. J. Anim. Sci. 19:845.

Weeth, H. J. and A. L. Lesperance. 1965. Renal 
function of cattle under various water salt 
loads. J . Anim. Sci. 24:441.

Weeth, H. J., A. L. Lesperance and V. R. Bohman. 1968. 
Intermittent saline watering of growing beef 
heifers. J. Anim. Sci. 27:739.

Wegner, T. N. 1976. Department of Animal Science. 
University of Arizona, Tucson.

Wegner, T. N. 1976. Does water quality affect milk 
production? United Dairymen (August), Tempe, 
Arizona.

Wegner, T. N. and J . D. Schuh. 1974. Effect of highly 
mineralized livestock water supply on water con
sumption and blood and urine electrolyte profiles 
in dairy cows. J. Dairy Sci. 57:608.

Wiersma, F. and G. H. Stott. 1974. Dairy cow body 
temperatures in a hot climate. TRANSACTIONS of 
the ASAE. 17:745.

Winchester, C. F. and M. J . Morris. 1956. Water 
intake rates in cattle. J . Anim. Sci. 15:722.


