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ABSTRACT

Ten Holstein cows producing between 25=3 and 42=6 
kg (mean of 34.1 kg) of milk daily were randomly placed in 
two groups and given either tap (200 ppm dissolved salts) 
or saline water (tap water plus 2,500 ppm sodium chloride) 
drinking water. The experiment was a 63-day straight com
parison with a 7-day adjustment period. Cows were group 
fed a ration having a 60:40 ratio of alfalfa hay and con
centrate (1% trace mineral salt, 2% dicalcium phosphate) 
plus free-choice and dicalcium phosphate in separate con
tainers. Feed, water, blood, urine and feces were analyzed 
prior the experiment, 4th week and 9th week for major 
minerals (sodium, potassium, calcium, magnesium and phos
phorus) . Milk was twice recorded— in the morning and at 
midnight.

Saline water intake was associated with decreased 
free-choice mineral consumption, increased (p < 0.05) water 
intake (2.5 1/cow/day) and a significant decline in daily 
milk yield of 1.9 kg per cow. Blood minerals remained 
normal. Increases (p < 0.05) occurred in Na and K in the 
urine and in fecal sodium. Prior the experiment, 4th and 
9th week body weights were recorded, there being no differ
ence between treatments.

viii



INTRODUCTION

Salt, the world's most common condiment found on 
dinner tables, has been an important item in man's welfare 
throughout the world's history. The development of nations 
in older times was directly related to their salt resources. 
Salt was used as a medium of exchange at the time of Caesar. 
Roman soldiers were paid money to buy salt; hence, accord
ing to the dictionary, the word "salary" from the Latin 
word "Salarium," was derived from salt. Salt is still being 
used as one of the compounds in the preservation of foods 
and meats. Man, as well as animals, will travel great dis
tances to get salt to flavor his food and satisfy his de
sires.

It is a well-known fact that groundwater is the 
major source of water for livestock in the United States. 
Around 1.7 billion gallons of water daily is withdrawn via 
wells from groundwater sources for livestock purposes.

Water represents a vital part of all creatures as 
well as a vital nutrient of livestock and poultry. Further
more, water may account for 80% of the composition of green 
plants depending on factors such as environmental tempera
ture, relative humidity and electrolyte balance during a 
particular period.
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In recent years salt has been found in high concen

tration in well waters and at certain levels can undermine 
production in farm animals. The dissolved salt concentra
tion depends on the type of soil or rock through which the 
water percolates.

The growth of nations, the location of large cities, 
and the lives of the people within those cities are related 
to the quality and quantity of water availability. The 
three main uses of water supply are: (a) domestic, (b) ir
rigation, and (c) industrial. The scope of this study will 
be confined to the first division. Specifically, it will 
deal with the physiological effects of various salt levels 
in the drinking water of lactating dairy cows. Some scien
tists have recommended that water standards for livestock 
must consider several factors such as microbial contamina
tion, toxic organic or inorganic chemicals, possible acci
dental contamination with agricultural chemicals, and the 
presence of alkalinity and salinity level. Of all these 
factors, salinity was most often involved with lower quanity 
water for livestock purposes (5).

The tolerance of animals to saline water is influ
enced by several independent factors such as species, age, 
physiological condition, pregnancy, lactation, type of 
activity, climatic conditions, diet, kinds and amount of



minerals in the water and physiological adaptation. Of 
these, adaptation may be the most important (2, 5).

Total dissolved solids (TDS) in water is related to 
the bed rock material and the most common water quality 
problems are high mineral content, high nitrogen content 
and high bacterial content.

Farm animals in the United States and some other 
countries either receive domestic water supplies or are 
allowed to use low mineralized sources of water. In Aus
tralia, water for livestock frequently contains high amounts 
of mineral salts. The Australian Department of Agriculture 
reported in 1950 that no more than 75% of the total salts 
could be sodium chloride (2). The Australian Standards, 
which are considered as the safe upper limits for TDS salts 
in livestock water are reported in Table 1. Even though 
the animals can use water of higher salinity than 10,000 
ppm, the report advises practical tests that will show if 
the water can be used safely. It does not indicate the safe 
upper limit of total soluble salts in water which represents 
values for maximum production. It has been noted that milk 
production of cows was reduced by using saline water con
taining 7,150 ppm or sometimes less dissolved salts (2).

It has been demonstrated that livestock can tolerate 
levels as high as 5,000 ppm of TDS depending on the kinds of 
solids dissolved (20).
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Table 1. Standards as 
in water for

the safe upper 
livestock.3

limits of total salts

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

aSource (2).

A series of experiments were carried out in South 
Dakota (5) to determine the effects of different concentra
tions of saline water on livestock. Several differences 
were noted when rats, swine, cattle or poultry were used as 
experimental animals. Water with salinity of approximately
4,000 ppm had no toxic effect; however, 10,000 ppm was toxic 
regardless of the type of salt. The salts used were sodium 
chloride, sodium sulfate or a mixture containing sodium sul
fate, sodium chloride and magnesium sulfate. In general 
water containing 7,000 ppm of soluble salts there was not 
any noticeable damage to the livestock, but the taste qual
ity and laxative effects from certain salts are not entirely



satisfactory for fattening cattle, growing pigs or laying 
hens (5). In general, waters containing 10,000 ppm de
creased production in both poultry and cattle. The effects 
of the added salts on mineral and salt consumption were 
variable. Frens (9) found diarrhea and some toxic symp
toms at the 15,000 ppm level. On the other hand, at the
10,000 ppm level animals became accustomed to the salt even 
though milk production was slightly decreased.

The National Academy of Sciences (26) published in 
1974 a guide to the use of saline water for livestock and 
poultry (Table 2). The use of highly saline waters for 
livestock was not recommended and it was advisable whenever 
possible to have drinking water with a low mineral content.

The concentration that can be tolerated as a maximum 
upper limit appears to lie between 15,000 and 17,000 ppm 
although it is recognized that this limit may be too high 
for animals in production (10, 12, 19). It was found that 
alkali water was more injurious than neutral salts. Sul
fates were more harmful than chlorides, and magnesium chlo
ride was more harmful than calcium or sodium chloride. In 
1963 McKee and Wolf (20) reported that 15,000 ppm of total 
dissolved salts of certain substances such as bicarbonates,- 
chlorides, and sulfates of sodium and calcium was the upper 
limit with 10,000 ppm the lower limit depending upon the 
animal species and the ionic composition of the water. Some
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Table 2. Guide to the use of saline water for livestock and 
poultry.3

Total Soluble Salts 
Content of Water 

_______(mg/lt)___________________________ Comment
< 1,000 No serious burden to any class of 

livestock or poultry.
1,000 - 2,000 Satisfactory for all classes of live' 

stock including poultry. Cause 
temporary and mild diarrhea when not 
accustomed to them or watery in 
poultry at high levels. It won't 
affect their health or performance. 
Taste is affected.

3,000 - 4,000 Can cause temporary diarrhea. It is 
classified as poor water for poultry 
that increases mortality and de
creases performance.

5,000 - 6,999 Dairy and beef cattle, sheep, swine 
and horses can use these waters with 
reasonable safety. It will cause 
problems to poultry.

7,000 - 10,000 Not recommended for poultry and 
probably for swine. High risk is 
found to use with pregnant or lac- 
tating cows, horses, sheep and any 
young of these species, or any 
species subject to heavy heat stress 
or water loss. In special condi
tions poultry, swine, older rumi
nants and horses can survive.

> 10,000 Not recommended for use under any 
conditions. The risks are increased 
tremendously with these highly sa
line waters.

aSource (26).



authors such as Frens (9) reported toxicity levels at
15.000 ppm while Weeth, Lesperance and Bohman (37) of the 
Nevada Agricultural Experiment Station reported a level of
20.000 ppm. Wegner (38) reporter in 1976 that levels of
15.000 - 20,000 ppm salt in the drinking water would result 
in a decrease in milk production.

A universal classification of water according to 
salinity levels has not been developed. Robinove, Langford 
and Broodhart (31) proposed two classifications of total 
dissolved salts. The latter is reported in Table 3. The 
geological water supply survey shows a description of the 
water resources of North Dakota in 1958 (31) and classifies 
the water as saline if the water contains more than 1,000 
ppm. The National Research Council (25) found that the TDS 
content in the water provides a useful index to the suit
ability of a water supply for livestock purposes. Lough 
(18) reports the safe upper limit as being between 1,500 to 
1,700 ppm for maintaining high milk production and repro
ductive performance in dairy cattle.

It has been stated that no animal will choose to 
drink saline water if better water is available. Within 
limits, however, animals can adjust to the use of saline 
water that at first would be refused. Sudden changes from 
slightly to highly mineralized water may cause- acute salt 
poisoning and rapid death (2).
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Table 3. General classification of water.a

TDS (ppm) Classification
1,000 - 3,000 Slightly saline
3,000 - 10,000 Moderately saline

10,000 - 35,000 Very saline
735,000 Brine

aSource (3l).

Cattle are able to obtain a great part of their 
water from the moisture in their feed such as silage and 
succulent plants and feeds. It has been demonstrated that 
when cattle consume succulent plants they are able to sup
port a higher water salinity than when they are fed dry 
feeds (21).

Any changes from relatively normal body water per
centage can be harmful and have severe consequences to 
animals. Adequate good water is preponderant to efficient 
animal production and is especially important for dairy 
cattle. Winchester and Morris (41) investigated how water 
intake varies with body weight, daily milk production, milk 
fat percentage, and ambient temperature. They found that 
at 21°C a lactating cow weighing 450 kg would consume about



30 liters of water daily plus 2.7 liters of water for each 
kilogram of milk containing 4 percent fat.

Table 4 lists the expected water consumption in a 
temperate climate with adult livestock of medium weight (26). 
Cows producing 40 kg of milk daily will drink up to 110 kg 
of water when fed dry feeds. When an animal consumes ex
cess salt or a high protein diet, the excretion of urine is 
increased in order to eliminate the salt or the end products 
of protein metabolism. The water requirements are thereby 
increased. Medway and Kare (22) report that milk produc
tion will decline quicker from a shortage of good quality 
water than any other nutrient.

Popovici (28) working with dairy cattle found that 
restricted water intake followed by salt addition to drink
ing water decreased milk yield.

The water requirements of animals within species 
vary according to a number of factors, some of these being 
ambient temperature, relative humidity, composition of diet, 
body size, type of work, and level of production. Water 
consumption of various species of adult livestock (medium 
weight) in a temperate climate is given in Table 4.
Atkeson and Warren (1) found similar results working with 
both dry and fresh high producing Holstein cows. Larson 
and Bailey (17.) reported in December, 1913, that cows drink
ing alkali water did not develop "Alkali disease" and that
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Table 4. Water consumption of various species of adult

livestock (medium weight) in a temperate climate.a

Animal Liters/Day
Dairy Cattle 38-110
Beef Cattle 26-66
Horses 30-45
Swine 11-19
Sheep and Goats 4-15
Chickens O1CMO

aSource (26)-
Note: High values correspond to producing animals and low

values are for working animals.

the sodium sulfate contained in the water was eliminated 
through the kidneys. Cattle voided more urine and drank 
less water than cows receiving normal water (13).

During periods of high temperatures water require
ments may increase and in some circumstances may even 
double because of the animal1s need to eliminate more water 
through the urine and relatively worthless sweat in order 
to cool the body.

In 1974 Wiersma and Stott (40) found that lactating 
dairy cattle will drink copiously during periods of heat
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stress when they may experience a rise in body temperature 
was associated with a decrease in feed intake and milk 
yield (30). Ragsdale et al. (29) reported in 1950 that an 
increase in temperature from 50° to 105°F with Brahman, 
Jersey and Holstein cows lowered milk yield regardless of 
feed consumption.

Due to thirst caused by ingestion of an excess of 
salt, more water is consumed and retained in the body to 
dilute the retained salt and restore the appropriate osmo
tic pressure (20, 25). Heller and Paul (14) working with 
rats, chickens, pigs and cattle affirmed that the increment 
in osmotic pressure was due to salt ingestion. Any addi
tional water added will serve as a dilutent in order to 
maintain normal osmotic pressure and concentration of salts 
in the urine. Medway and Rare (21) affirmed that a greater 
retention of water will occur due in part to an increased 
secretion of the antidiuretic hormone secreted from the 
posterior pituitary. Apparently, the release of this hor
mone is initiated by osmoreceptors located in the carotid . 
arteries and/or the hypothalmus which are very sensitive to 
changes in sodium and chloride concentrations.

It is clear that the presence of various kinds of 
salts in feed or water results in a rapid rate of entry into 
the blood and as a result the osmotic pressure is increased. 
Consequently, there is a convergent exchange of electrolytes



12
into the extracellular fluid. This resulted in a hypertonic 
condition and cellular dehydration due to osmotic movement 
of water out of tissue cells into the extracellular fluid 
(36). Concomitantly there is a movement of cerebrospinal 
fluid into the cellular space which caused a drop in the 
spinal fluid pressure and a loss of water from brain cells 
(3) .

On the other hand, while changes in the water occur 
quite rapidly between the extracellular and cerebrospinal 
fluids, the exchange of electrolytes was much slower (3,
10). Consequently, as the kidney continues to excrete 
sodium chloride, the extracellular fluid becomes hypotonic 
to the cerebrospinal fluid. This in turn causes a diffusion 
of water and sodium back into the brain cells with a resul
tant accumulation of electrolytes, inhibition of glycolysis 
and breakdown of cell membrane permeability (36).

The first saline water experiment with lactating 
cows was conducted in South Dakota in 1913 (17). The ef
fects of alkali water on dairy cows with a maximum level of 
7,369 ppm (80% sodium sulfate) salinity and a minimum level 
of 4,546 ppm were compared with tap water containing 750 
ppm. Three cows with a mean milk production of 7.5, 7.2 
and 11.7 kg during three trails of 10 days each were used 
as experimental animals. The diet administered consisted 
of 3.2 kg grain containing 28 g of salt, 11.4 kg corn silage
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and about 8.2 kg of hay daily. The cows had been drinking 
alkali water during the previous two years before the ex
periment.

Cows drinking alkali water voided 32% more urine but 
the water intake was 18% less. Of the additional sodium 
sulfate taken in, approximately 76% was eliminated through 
the urine and 24% was by the feces. Milk yield and mineral 
composition were not materially affected by saline water 
(17) .

An experiment was conducted in 1933 with various 
breeds of dairy cows (12). The cows were fed alfalfa and 
wild prairie hay ad libitum plus a mixed grain ration. The 
cows received either 15,000, 17,500 or 20,000 ppm of. salt 
water. The water was rejected during the first few days. 
Food consumption was low and there was an accompanying 
weight loss. The feces were dry and slight and there was a 
constant loss of weight due to abnormal rumination from a 
cow who was receiving 20,000 ppm. The animal assumed an 
emaciated appearance and it became apparent that she would 
have died if not removed from the salt study. The two 
cows that were in the 15,000 ppm level of salt treatment 
gave birth the 28th day and 91th of the experiment. The 
calves were allowed to be with their mothers. Milk produc
tion was reportedly similar to that of a control cow on tap 
water producing 18 kgs of milk daily. These studies



apparently demonstrated that 1.5 to 1.75% sodium chloride 
water can be consumed by steers and dry cows without seri
ous results. The tests were repeated three times— during 
winter, summer and fall months. It was stated that the 
upper limit depends on certain factors such as species, age, 
season of the year and stage of production. Cattle not in 
production had maintained themselves on 2% sodium chloride 
solution. However, as a safe rule it is recommended that 
1.5% of total salts should be considered the upper limit. 
This limit is lower for lactating cows. Values of plasma 
sodium and chloride respectively were 155 and 96 mEq/1 for 
cows on tap water treatment, and 167 and 112 mEq/1 for cows 
on 20,000 ppm salt water.

The effect of sodium chloride drinking water on 
lactating Holstein cows who were fed hay and dry concentrate 
was reported from an experiment in Holland (9). Two cows 
receiving 15,000 ppm salt water consumed an average of 59.8 
liters per day after two weeks. Another cow received 110.4 
liters of salt water and consequently suffered from diarrhea 
and tremors. Plasma sodium chloride increased 85%. The 
milk yield declined from 10.5 and 8.6 kg to 6.9 and 6.4 kg 
respectively for salt water and tap water. They needed tap 
water 3 days to return to normal. Their performance was 
then comparable to the control. Losses of body weight for 
the two cows were 58 and 28 kg during the first week, after
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which they regained weight and maintained milk yield. Ap
proximately 82% of the salt was excreted in the urine. The 
blood plasma values for sodium chloride from the salt water 
cows were 0.57 and 0.61% compared to 0.54 and 0.58% for the 
control cows. These reported values are considered within 
normal range.

In Rumania during 1971 an experiment was conducted 
with six Rumanian brown dairy cows (28). The ration con
sisted of hay, sorghum silage and concentrates. The cows 
were given 10,000 ppm salt water on alternate days for a 
period of 6 days. The water intake mean values were 31.3 
versus 47.4 for tap water. Milk yield was decreased 12% 
during the 6-day trial.

In Arizona several recent studies have been con
ducted to determine the physiological effects of salt water 
on dairy cattle (15, 38, 39). In the first study (38) 
water consumption and blood and urine electrolytes were 
recorded for eight Holstein heifers that were fed alfalfa 
hay plus free choice salt and dicalcium phosphate (38).
The heifers were allowed free access to either tap water 
containing 450 ppm dissolved salts, or the same water con
taining an additional 500 ppm sodium chloride. They were 
tested for 7 days at each concentration. Wegner (38) was 
not able to find differences in water consumption. At a 
higher concentration of 3,500 ppm it was observed that water
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consumption decreased to about 30-50% of tap water although 
the total salt intake remained near that of the lower con
centrations .

It was noted that urinary sodium chloride and cal
cium increased as salt water consumption increase. Potas
sium and magnesium excretion showed no change. Blood 
electrolytes values remained relatively constant. The ex
ception was serum potassium which increased an average of 
22% after the sodium chloride level reached 2,000 ppm.

In the second experiment (39) in the same experi
mental facility, six Holstein heifers consuming salt water 
were compared with six receiving tap water. Eight incre
ments per week of 500 ppm sodium chloride were added begin
ning with an initial level of 2,000 ppm and reaching a 
maximum concentration of 5,000 ppm.

It was observed that salt water consumption par
alleled fresh water until the 4,000 ppm level was exceeded. 
Salt water consumption dropped to about 80% at the higher 
salt concentrations. Furthermore, heifers who were con
suming saline water showed higher levels of blood serum 
potassium and serum osmolalities..

Jaster, Schuh and Wegner (15) in 1975 randomly dis
tributed twelve high producing Holstein cows into two 
groups. Their cows were given either tap water (196 ppm 
dissolved salts) or saline water (tap water plus 2,500 ppm
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sodium chloride). They were fed free choice 60% alfalfa hay 
and 40% concentrate containing 1% salt plus dicalcium phos
phate. Both salt and dicalcium phosphate were supplied free 
choice.

Daily water intake was greater for the salt water 
cows (9.3 1/head/day) than for the control cows. Milk pro
duction and persistency decreased. Urine and fecal sodium 
and urine chloride were found slightly higher in the saline 
group. There were no differences in minerals in milk, 
blood electrolytes, feed intake or digestibility.



PROCEDURE

Ten Holstein cows were selected for high milk yield 
from The University of Arizona Dairy Research Center. Milk 
production ranged between 25.3 and 42.6 kg daily, with a 
mean of 34.1 kg. Cows were randomly assigned to one of two 
adjacent corrals, where they received either tap water (200 
ppm dissolved salts) or saline water (tap water plus 4,500 
ppm sodium chloride). The experiment was a straight com
parison between the two groups with no changeover. The 
experiment lasted 63 days with a prior 7-day adjustment 
period.

Water and Feeds 
Water was fed by gravity into a drinking cup in 

each corral from an elevated plastic calibrated tank. Each 
corral was shaded and the water cup received shade all day. 
During the first two days in the adjustment period the salt 
increment was reduced from 1,000 ppm to 500 ppm. Salt was 
previously dissolved and added to the tank water at the same 
time the tank was filled with water. Each week the tanks 
and water cup were cleaned and disinfected with a strong 
chlorine solution. They were then rinsed until the charac
teristic chlorine odor disappeared.

18
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During the experiment the cows received a diet of 

40% concentrate and 60% alfalfa (42% cubes and 18% baled). 
The commercial concentrate mixture contained 1% trace min
eral and 2% dicalcium phosphate. Weekly consumption of free 
choice iodized salt and dicalcium phosphate was recorded.

Body weights were taken prior to the morning milk
ing at the start, at the 4th and at the 9th week of the 
experiment.

Samples of feed, water, nominal fluid, blood, feces 
and urine were taken once every 54th and 63rd day.

Feed was stored in brown paper bags for proximal 
and mineral analysis. Water consumption was recorded an 
average of 4 times daily prior to filling the tanks.

Milk weight's were taken twice a day, in the morning 
and at midnight. Blood and rumen samples were taken in the 
morning. Ruminal fluid samples were taken by rumen tube. 
Samples were strained through two layers of cheesecloth and 
frozen until analyzed for volatile fatty acids (VFA) by the 
method of Erwin, Marco and Emery (6).

Blood samples were taken in the morning by veni
puncture of the tail using 10 ml vacutainers and were then 
refrigerated. The blood clot was rimmed, centrifuged and 
the serum pipetted into plastic vials within 8 hours after 
collection. The serum was then frozen until analyzed for 
electrolytes.
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Feces and urine were taken twice on collection day. 

Feces were collected by rectal removal and were composited 
for each animal. Dried composite feces (dried at < 50°C) 
roughage, and concentrate samples were analyzed for percent 
ether extract, fiber (32) and lignin (4). Apparent digest
ibility was estimated by the lignin ratio technique (19). 
Vacuum dried concentrates, hay and feces were analyzed for 
percent protein by the standard Kjeldahl method.

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

Phosphorus was determined with a phosphorus Rapid 
Stat Kit (Pierce Chemical Co., Rockford, 111.) using a 
direct optical method (8).

Sodium, potassium, calcium and magnesium were de
termined on an atomic absorption spectrophotometer (model 
290B, Perkin-Elmer Corp., Norwalk, Conn.) using an air 
acetylene flame. A spectrophotometric micromethod for 
those electrolytes in blood serum was made using a 1:100 
dilution of serum (2.7) .

Standard solutions of sodium 150 mEG/1 (3450 ppm), 
potassium, 5 mEQ/1 (195.5 ppm); calcium 5 mEq/1 (100.2 ppm) 
and magnesium 2 mEq/1 (24.3 ppm) were prepared with triple
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distilled water. The working standard was a 1:101 dilution 
of the stock solution. Ten milliliters of a 0.05% stron
tium dilutent was added to 100 ml of stock solution in a 
17 x 100 mm polypropylene disposable test tube. Feed, 
urine and feces were further diluted with triple distilled 
water to be approximately equal in concentration to the 
working standard for direct readout.

Statistical Analysis 
Regression equations were calculated for persistency 

of milk production on tap water and salt water. Analysis of 
variance was used to compare treatment effects (7).



RESULTS AND DISCUSSION

All cows remained healthy during the course of the 
experiment except for one cow in the saline group who de
veloped an acutely swollen foot on the 29th day of the 
experiment, and eleven days later developed mastitis and 
consequently lost her right front quarter. Also one cow in 
the control group developed diarrhea for 3 weeks on the 
24th day of the experiment without any decrease in milk 
production.

It was found that the cow with the swollen foot had 
a rock inserted in the hoof. The cause of the mastitis and 
diarrhea was not established. All cows drinking salt water 
produced watery feces. This was in agreement with the 
records of other workers (9, 12, 15, 34). No differences 
in general appearance or health of cows were made apparent 
during the remainder of the experiment.

The mean temperature values prior to the experiment, 
the 4th and the 9th weeks of the experiment were 22.6, 27.8, 
and 31.3 C (24).

Mean daily milk yield and water consumption by 7-day 
intervals are presented in Table 5. Saline water consump
tion was significantly different (p < .05) during the ex
periment. This was associated with higher temperatures,

22
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Table 5. Mean water intake and milk production of cows dur
ing salt water or tap water treatment in 7-day 
intervals.

Days on 
Trial

Water
Source

Milk 
Yield (kg)

Water 
Intake (1)

7 salt 36.0 89.0
tap 36.8 79.9

14 salt 33.8 94.4
tap 36.0 83.7

21 salt 33.5 99.2
tap 36.2 96.7

28 salt 33.1 72.0
tap 35.8 72.2

35 salt 30.8 97.1
tap 34.1 88.3

42 salt 32.3 106.5
tap 33.2 101.2

49 salt 31.9 93.4
tap 34.2 104.2

56 salt 30.9 75.7
tap 32.6 90.0

63 salt 29.4 81.2
tap 31.9 73.9

Mean salt 32.5 ± 4.9 118.5 ± 18.2
tap 34.4 ± 13.8 116.0 ± 18.2
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and with a slight but significant decreased milk production 
of 1.94 kg.

A graph of the regression equations for milk per
sistency for cows drinking saline or tap water is given in 
Figure 1. The slope of the regression line indicates that 
persistency of milk yield in cows consuming salt water was 
depressed significantly compared to the control group. 
Therefore, cows drinking salt water at the level given in 
this experiment over a period of time would apparently not 
decline in daily milk yield more rapidly than cows on tap 
water.

Actual recommendations indicate that water contain
ing 5,000 ppm dissolved salts may be satisfactory for lac- 
tating cows (20, 25) while concentrations approaching 7,000 
ppm are not recommended (2, 25). On the other hand, Heller 
(11) reported that milk production was not affected when 
cows were given water containing 15,000 ppm sodium chloride. 
Contrasting this report Frens (9) found that milk produc
tion decreased when cows were consuming 15,000 but not when 
consuming 10,000 ppm. Larsen (17) found depression with 
7,369 ppm saline water.

Until now the reasons for the marked differences in 
effects of water salinity on milk production from earlier 
studies are not readily apparent. However, the possibility 
exists that these studies are not relevant to current
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Figure 1. Regression equations for milk persistency for 
cows drinking saline or tap water.



conditions. While Frens (9) and Larsen (17) stated that 
high levels of salinity might, to some extent, be tolerated 
by cows producing 7-11 kg of milk daily, they probably would 
not be satisfactory for the high-producing cows in this 
study. Unfortunately 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. This is especially true when tempera
ture rises. This finding agrees with Jaster et al. (15)
and observations by Lough (18) who found that 3,000 to 3,500 
ppm salinity in drinking water would affect production in 
high-producing dairy cows under Arizona conditions.

Mineral concentration of the tap water remained 
constant during the entire experiment, sodium 28 ppm, po
tassium 2.9 ppm, calcium 11.4 ppm, magnesium 6.7 ppm, phos
phorus 6.8 ppm and total dissolved salts 197 ppm.

Cows drinking saline water consumed a significantly 
greater (p < 0.01) quantity of water during the experiment 
than those drinking tap water (Table 6). This agrees with 
Jaster's experiment (15). Mean daily salt water intake was 
2.5 1 greater than tap water consumption. Jaster found 9.4 
Its in difference in water consumption in salt water than 
tap water consumption.
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Table 6. Milk production and water consumption per kilogram 

of milk produced during fresh or salt water 
treatment.

Fresh Water Salt Water
Milk Production 
kg/head/day 34.4 ± 13.8 32.5 ± 4.9*
Water Consumption 
liter/head/day 116.0 ± 18.1 118.5 ± 18.2*
Water Consumption/ 
kg milk produced 3.4 3.7*

*Significant difference (p < 0.01).

Water intake was 3.67 and 3.39 1 per kg of milk 
produced for cows drinking saline or tap water, respec
tively. Other reports (11, 23, 39) showed that during hot 
weather, dairy cows and rats may consume over 4 1 of water 
for each kilogram of milk produced. Greater intakes of 
saline (5,000-10,000 ppm) versus tap water have been ob
served in beef (5, 33, 34, 35) and dairy cattle (9). How
ever, Wegner (38) in Arizona reported saline water consump
tion in heifers declined to about 80% of tap water when the 
salt level exceeded 4,000 ppm. It was noted that higher 
saline water consumption occurred during hot weather and
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thus agrees with several reports of marked increases in 
water intake with increasing ambient temperatures (17, 28, 
29).

The mean body weight for the cows at the beginning 
of the study was 698 kg and 633 kg accordingly for salt 
water cows and control groups. During treatment cows 
gained an average of 10 kg body weight on salt water com
pared to 39.7 kg on tap water. This difference was signif
icant (p < 0.05).

Mean blood electrolyte values are given in Table 7. 
No differences in blood electrolytes was found due to treat
ment. Wegner (38) and Wegner and Schuh (39) working with 
dairy heifers were also unable to observe differences in 
serum magnesium or other electrolytes. Other workers have 
reported an unexplained decrease in serum magnesium in beef 
cattle drinking 10,000 ppm levels of salt water (34).

The blood electrolyte levels remained relatively 
constant during the experiment. This result agrees with 
Jaster et al. (15), Wegner (38), and Wegner and Schuh (39) 
with the exception being a rise in serum potassium in 
heifers when salt concentrations reached 2,000 ppm (39). 
Weeth and Haverland (34) working with lactating dairy cows 
during the summer months in Nevada and Arizona found ele
vated blood serum potassium levels (hyperkalemia). Even 
though an excessive salt supplementation may cause the same



29

Table 7. Blood serum electrolyte levels in lactating dairy 
cows during saline water and tap water consump
tion, prior treatment, in the 4th week and 9th 
week.

Treatment
Tap Water Salt Water

mEq/1 mEq/1
Prior Treatment:

Sodium 133.4 ± 0.9 133.8 ± 1.3
Potassium 7.6 ± 0.2 7.6 ± 0.1
Calcium 4.3 ± 0.4 4.4 ± 0.3
Magnesium 1.8 ± 0.6 1.8 ± 0.5
Phosphorus 3.2 ± 0.5 3.2 ± 0.6

4th Week:
Sodium 133.7 ± 0.4 133.9 ± 0.2
Potassium 7.6 ± 0.1 7.7 ± 0.4
Calcium 4.3 ± 0.3 4.3 ± 0.7
Magnesium 1.9 ± 0.5 1.9 ± 0.4
Phosphorus 3.2 ± 0.4 3.2 ± 0.7

9th Week:
Sodium 133.6 ± 1.5 134.7 ± 6.9
Potassium 7.7 ± 0.9 7.7 ± 0.8
Calcium 4.3 ± 0.2 4.4 ± 0.3
Magnesium 1.9 ± 0.5 1.9 + 0.4
Phosphorus 3.2 ± 0.7 3.2 ± 0.4
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disorder in animals, in humans injury may result when under
going strenuous exertion in hot climates (16).

Heller (14) and Paul (23) reported that serum sodium 
will remain unchanged in beef cattle and rats drinking salt 
water until moribund. It was noted by other researchers 
that the inability of beef cattle (37, 38, 39) and lactating 
dairy cows (9, 12) to survive on water containing more than
15,000 ppm salt level was due to a rise in serum sodium.

Urine mineral concentrations are given in Table 8. 
Cows consuming saline water excreted over 28.2 times more 
sodium in the 4th week and 29.0 in the 9th week, and 1.2 
times more potassium in comparison to those on tap water. 
These marked differences are significant (p < 0.05). These 
findings coincide with Jaster et al. (13), and Wegner and 
Schuh (39) .

Mean fecal mineral levels are listed in Table 9.
Only sodium excretion was significantly different (p < 0.01) 
being 97% greater in cows on the saline treatment. This 
agrees with Jaster et al. (15), and Larsen and Bailey (17).

Proximate analysis of the feeds and feces are 
located in Tables 10 and 11. Percent digestibility of the 
feeds was not significantly different as determined by 
crude protein (76.4% vs. 75.7%), ether extract (79% vs.
80%), and crude fiber (23.0% vs. 24.5%) when cows were con
suming salt or tap water, respectively. There are no known
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Table 8. Mean urine minerals of lactating dairy cows on

saline or tap water consumption, prior experiment, 
in the 4th week and 9th week.

Treatment
Tap Water Salt Water

mEq/1________  mEq/1
Prior Experiment:

Sodium 9.1 ± 3.1 9.7 ± 4.8
Potassium 275.5 ± 19.3 277.9 ± 27.4
Calcium 0.2 ± 1.1 0.2 ± 4.3
Magnesium 17.7 ± 1.9 17.4 ± 1.1
Phosphorus 0.6 + 0.5 0.7 ± 0.4

4th Week:
Sodium 9.2 ± 2.7 259.7 ± *00

Potassium 275.5 ± 14. 3 321.1 ± 50.5
Calcium 0.2 ± 0.1 0.3 ± 10.2
Magnesium 17.6 ± 0.8 18.2 ± 2.7
Phosphorus 0.6 ± 0.4 1.4 ± 0.1

9th Week:
Sodium 9.2 ± 2.0 265.9 ± 94.3*
Potassium 275.4 ± 21.5 324.3 ± 49.1*
Calcium 0.2 ± 3.1 0.3 + 10.4
Magnesium 17.7 ± 1.9 18.3 + 2.5
Phosphorus 0.6 + 0.5 1.4 ± 1.1

*Significant difference (p < 0.05).
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Table 9. Mean fecal mineral of lactating dairy cows during 

saline or tap water consumption.

Treatment
Tap Water Salt Water

PPm ___________________PPm
Prior Experiment:

Sodium 890 ± 175 895 ± 250
Potassium 703 ± 130 709 ± 127
Calcium 19,350 ± 1,820 19,323 ± 1,430
Magnesium 5,101 ± 704 5,115 ± 715
Phosphorus 1,110 ± 191 1,115 ± 137

4th Week:
Sodium 893 ± 194 1,750 ± 215*
Potassium 706 ± 136 796 ± 206
Calcium 19,371 ± 1,876 19,435 + 1,587
Magnesium 5,101 ± 730 5,167 ± 725
Phosphorus 1,100 ± 191 1,250 ± 179

9th Week:
Sodium 891 ± 184 1,770 ± 247*
Potassium 704 ± 132 790 ± 154
Calcium 19,389 ± 1,576 19,423 ± 1,678
Magnesium 5,104 ± 719 5,143 ± 718
Phosphorus 1,110 ± 193 1,250 ± 145

*Significant Difference (p < 0.05).
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Table 10. Mean proximate analysis of feeds (concentrates 
and alfalfa hay) for lactating cows consuming 
saline and tap water.

% Feed 
Composition Concentrates Baled

Alfalfa Hay
Cubed

Crude protein
Ether extract
Lignin
Fiber
Ash
Dry matter

18.6
7.3
4.7

16.7
5.9

92.6

21.0
4.3
5.1

29.7
6.0

92.1

22.8
4.3 
4.9

32.2
7.4

92.2
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Table 11. Mean proximate analysis of feces for lactating

dairy cows consuming saline and tap water, prior 
the experiment, during 4th and 8th weeks.

% Feed Treatment
Composition_____ Salt Water___________  Tap Water
Prior the Experiment:

Crude Protein 13.4 ± 0.3 13.7 ± 0.2
Ether Extract 3.9 ± 0.4 3.5 ± 0.3
Lignin 14.2 ± 1.9 14.3 ± 0.1
Fiber 46.7 ± 0.4 47.7 ± 0.5
Ash 13.5 ± 1.7 12.9 ± 0.6
Dry Matter 15.1 + 0.3 17.2 ± 0.8

4th Week:
Crude Protein 13.5 ± 0.1 13.8 ± 0.4
Ether Extract 3.8 + 0.4 3.6 ± 0.2
Lignin 14.6 ± 1.3 14.3 ± 0.4
Fiber 46.3 ± 0.1 47.1 ± 0.3
Ash 13.5 ± 0.9 13'. 2 ± 0.7
Dry Matter 15.4 ± 0.2 17.1 ± 0.4

8th Week:
Crude Protein 13.7 ± 0.4 13.9 ± 0.5
Ether Extract 3.9 ± 0.7 3.8 ± 0.1
Lignin 14.5 + 1.6 14.3 ± 0.2
Fiber 46.9 ± 0.5 47.7 + 0.6
Ash 13.5 + 0.8 13.4 ± 0.6
Dry Matter 15.0 ± 0.3 17.1 ± 0.4
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comparisons in the effects of saline water on digestibility 
of feeds by cattle. This agrees with Jaster et a!. (15).

The mean concentration of volatile fatty acids (VFA) 
in rumen fluid are shown in Table 12, and the mean molar 
percentages of VFA are indicated in Table 13. There was a 
significant difference in the mean concentration of acetic 
acid in the first sampling period. This may be due to the 
fact that the cows had only been on salt water for three 
weeks. This difference was not found during the next two 
sampling periods. The mean molar percentages did not suffer 
any significant change.

Free choice salt and mineral (dicalcium phosphate) 
intake are shown in Table 14. It was observed that the 
cows on salt treatment consumed 32.1% less free choice salt 
and 69.9% less free choice phosphate. It was noticed that 
three cows on salt water treatment were observed eating 
dirt. Such unusual conduct was not observed in tap water
cows. Embry et al. (5) observed that following the addi
tion of salts to water, free choice minimal consumption was 
variable.

Summary and Conclusions 
Cows consuming saline water required 10.08% more

water (3.7 versus 3.4) per kg of milk produced, but at the
same time gave 1.9 kg less milk daily indicating that the 
salt at this level might interfere with milk production.
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Table 12. Mean molar concentrations of VFA, prior the ex

periment, in the 4th week and 9th week„

Treatment
Tap Water 

yl/ml Salt Water 
yl/ml

Prior the Experiment: 
Acetic 
Propionic 
Butyric 
Isovaleric 
Valeric

71.4
38.5 
14.8
3.5
1.5

63.8
32.0
15.3
1.0
3.9

4th Week; 
Acetic 
Propionic 
Butyric 
Isovaleric 
Valeric

74.3
39.7
15.6
3.5
1.5

53.4
36.0
13.0 
3.9 
0.7

9th Week: 
Acetic 
Propionic 
Butyric 
Isovaleric 
Valeric

68.4
35.9
10.7
3.4
1.0

55.1
32.0
15.9
4.2
0.9



37
Table 13. Mean molar percentages of volatile fatty acids

of rumen fluid from cows receiving tap water and 
salt water, prior the experiment, in the 4th 
week and 9th week.

Treatment
Tap Water______________ Salt Water

Prior the Experiment; 
Acetic 
Propionic 
Butyric 
Isovaleric 
Valeric

4th Week:

51.5 ± 17.9 52.5 ± 15.5
29.4 ± 11.4 29.7 ± 13.5

l>i—1 i—1 ± 5.5 12.4 ± 5.5
2.9 ± 2.1 2.9 ± 2.4
1.2 ± 0.9 1.2 ± 1.0

Acetic 51.8 ± 12.1 51.8 ± 15.2
Propionic 31.3 ± 8.9 29.8 ± 14.3
Butyric 13.0 ± 6.1 12.8 ± 7.2
Isovaleric 2.3 ± 2.0 3.2 ± 0.9
Valeric 1.0 ± 0.9 1.3 ± 0.8

9th Week:
Acetic 55.4 ± 9.3 53.0 ± 24.7
Propionic 28.6 ± 10.6 26.8 ± 20.7
Butyric 11.3 ± 4.2 14.9 ± 8.2
Isovaleric 3.8 ± 2.6 3.8 ± 1.3
Valeric 0.8 ± 0.7 1.2 ± 0.5
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Table 14. Mean daily free choice intake of salt and di-
calcium phosphate by lactating dairy cows during
saline and tap water consumption.

Days on Water Free Choice
Trial Source Salt Phosphate

7 Salt 0.1 42.6
Tap 81.2 48.0

14 Salt 0.0 61.7
Tap 166.0 148.8

21 Salt 0.3 57.4
Tap 80.8 . 79.7

28 Salt 34.0 77.3
Tap 95.0 86.4

35 Salt 42.0 72.6
Tap 113.0 83.0

42 Salt 19.0 89.3
Tap 14.0 100.7

49 Salt 44.0 54.3
Tap 96.4 81.5

56 Salt 27.8 75.7
Tap 38.7 95.8

63 Salt 65.3 23.6
Tap 47.8 66.3

Mean Salt 25.8 63.9
Tap 81.4 87.8
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There were no noticeable effects of salt water consumption 
on body weights, digestibility or feed intake.

There was an increased excretion of sodium and 
chloride ions in the urine and feces. However, blood elec
trolytes remained unchanged. Although temporary cases of 
mild diarrhea were observed during the experiment in some 
cows, no other differences were observed in general appear
ance or health-related to treatment. The findings indicate 
that high-producing dairy cows can safely consume saline 
waters containing about 4,500 ppm sodium chloride, but a 
slight decline in milk yield may result. It is, of course, 
possible to control salt intake from other sources such as 
feed and thus alleviate the high salt content of the water 
to some degree.

The author believes that in order to more clearly 
illucidate problems associated with intake of water contain
ing 4,500 ppm sodium chloride by lactating dairy cows a 
long-term study utilizing all types of production level cows 
must be conducted.
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