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Abstract:
The effect of supplementation of grass hay, grown in the Bitterroot Valley, with protein, phosphorus,
magnesium or copper and cobalt on the incidence of Weak Calf Syndrome was evaluated. Trial I
utilized fourteen cows in seven feed treatments fed during the last trimester of gestation. Six
supplements were formulated to contain 5% calcium and 5% phosphorus. Two contained no
magnesium source, two contained magnesium oxide, and two contained dolomitic limestone as the
magnesium source. Copper and cobalt were added to one supplement of each of the magnesium
sources. One pen of animals received no mineral supplement and the other animals received 80 gm of
one of the six supplements. All animals received the same quantity of grass hay and rolled wheat. Mean
serum magnesium levels were 2.90, 2.26 2.16, and 2.44 mg per 100 ml of serum respectively, for cows
fed no mineral supplement, supplement containing magnesium oxide, supplement containing dolomitic
limestone and supplement containing no mineral source. Mean serum magnesium, calcium, and
phosphorus levels, packed cell volume, and weights were not statistically significant by treatment. The
lack of difference between treatments could be due to the low number of animals per treatment.

Trial II utilized 70 4-year-old cows from the Malters Ranch in western Montana in two feed treatments
fed from December until calving in March and April. A supplement was formulated to contain 30%
protein and 1.25% phosphorus. One-half the cows were fed 10 kg of grass hay from the Bitterroot
Valley per day; the remaining cows received 10 kg of the same grass hay plus .91 kg of the
supplement. One weak calf was born in the nonsupplemented group.

The mean serum calcium levels of the cows fed the supplement were higher (P<.10) than those of cows
fed grass hay only. Mean serum copper levels of the supplemented group were significantly (P<.01)
higher than the nonsupplemented group. Cows receiving grass hay only had signficantly (P<.05) higher
mean serum manganese levels than the supplemented group. Cows in the supplemented group had
significantly (P<.10) higher hematocrits than the nonsupplemented group.

There were no significant differences in phosphorus, cobalt or selenium serum levels due to treatment. 
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ABSTRACT

The effect of supplementation of grass hay, grown in the Bitterroot 
Valley, with protein, phosphorus, magnesium or copper and.cobalt on the 
incidence of Weak Calf Syndrome was evaluated. Trial I utilized four
teen cows in seven feed treatments fed.during the last trimester of 
gestation. Six supplements were formulated to .contain 5% calcium and 
5% phosphorus. Two contained no magnesium source, two contained 
magnesium oxide, .and two contained dolomitic limestone as the magnesium 
source. Copper and<cobalt were added to one supplement of each of 
the magnesium sources. One pen of animals received no mineral supple
ment and the other animals received 80 gm of one of the six supplements. 
All animals received the same quantity of grass hay and rolled wheat. 
Mean serum magnesium levels were 2.90, 2.26 2.16, and 2.44 mg per 100
ml of serum respectively, for cows fed no mineral supplement, supple
ment containing magnesium oxide, supplement containing dolomitic; lime
stone and supplement containing no mineral source. Mean serum magne
sium, calcium, and phosphorus levels, packed cell volume, and weights 
were not statistically significant by treatment. The lack of difference 
between treatments could be'due to the low number of animals per 
treatment.

Trial II utilized 70 4-year-old cows from the Malters Ranch in 
western Montana in two feed treatments fed from December until calving 
in March and April. A supplement was. formulated to contain 30% protein 
and 1.25% phosphorus. One-half the cows were fed 10 kg of grass hay 
from the Bitterroot Valley per day; the remaining cows received 10 kg of 
the same grass hay.plus .91 kg of the supplementi One weak calf was 
born in the nonsupplemented group.

The mean serum calcium levels of the cows fed the supplement were 
higher (Pc.10) than those of cows fed grass hay only. Mean serum 
copper levels of the supplemented .group were significantly (Pc.01) 
higher than the nonsupplemented group. Cows receiving grass hay only 
had signficantly (Pc.05) higher mean serum manganese.levels than the 
supplemented group. Cows in the supplemented group had significantly 
(Pc.10) higher hematocrits than the nonsupplemented group.

There were no significant differences in phosphorus, cobalt or 
selenium serum levels due to treatment.



INTRODUCTION
Weak Calf Syndrome (WCS) is a problem of.increasing importance in : 

Montana. Beef producers in the problem areas must be.informed of ways 
to reduce the incidence of WCS and,effective treatment upon occurrence. 
Weak Calf Syndrome reduces the reproductive efficiency of a herd, 

increases the expenses and lowers the net profit of.farmers and 

. ranchers. ' Studies of infectious agents have: not proved them to be the 
cause of the disease. The most common non-infectious cause of repro
ductive inefficiency is inadequate or deficient nutrition. It may be 
possible that inadequate nutrition has an. effect on incidence of WCS.

Nutritional factors cam operate in combination with environment, 
genetic, disease or managerial factors in any combination or severity.
The problem does not have a simple solution and is .'probably an inter
action of several factors. Idaho research has shown protein intake to 
be correlated with incidence of WCS, and)' Montana State, University staff 
have expressed the opinion that trace minerals may have a role in 
causing WCS.

Trial I was initiated to study effects of different mineral supple- 

ment's on incidence of WCS. The principal,,comparisons were magnesium 

sources--no added magnesium and magnesium oxide vs dolomitic limestone-- 
and the addition of copper and cobalt to the supplement.

Trial II was conducted to study effects of protein and phosphorus 

supplementation of hay from the Bitterroot Valley on the incidence of WCS 
The incidence of WCS has;been greatest in this area and the ranch where 

the hay was obtained has experienced severe losses.
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The incidence of WCS and serum mineral levels were studied to help 
determine the the effect of treatment in- each trial. The.minerals 
studied included calcium, phosphorus, copper, cobalt, magnesium, 
manganese and. selenium. The author does no endorse any product 
or machine mentioned by name in this paper.



LITERATURE REVIEW
Weak Calf Syndrome

History and Economics,. A disease called "Weak Calf Syndrome" was 
first reported in the mid 1950's in Flathead County, Montana. In 1964, 
the disease was reported in the Bitterroot Valley of southwestern 
Montana and in 1968 the disease spread to the Lemhi Valley in the 
Salmon, Idaho area. Since that time, it has spread over large areas 
of Montana and Idaho and has also been reported in Washington, Colorado, 
California and Nevada.

Incidence of the disease in affected areas is also increasing. 
Early (in Anonymous, 1.973a) estimated that in 1968 there were about 400 
cases of Weak Calf Syndrome (WCS) in the Salmon-Challis area of Idaho.
In the 1973-1974 calving years 1,000 and 600 cases, respectively, were 
reported. Cost to ranchers in the area was estimated at $131,000.00 

in 1973. However, estimating loss is difficult because many cases were 
not reported and the stunting effect has not been accurately assessed.

Symptomatology. South (in Hall, 1974) described affected calves 
as born weak, not desiring to get up and nurse. In the majority of 
cases, calves are born weak, although some cases have been seen in 
calves as old as six to eight weeks. Symptoms described are as follows:

I. Severe weakness and depression, with inability or unwilling
ness to stand. When forced to stand, calves have an arched 

back and hesitate to move due to sore joints. Front and rear



-4-

Iegs may have-swelling in the area of the cannon bones, 
hock and front knee joints.

2. In about 50% of the cases, calves have a red or crusty nose.
. Membranes around the eye are often reddened, engorged with
blood and sometimes hemorrhagic.

3. Body temperature is nearly normal, dropping.to subnormal 
with extreme weakness or approaching death.

4. Diarrhea is usually not present when the calf is first 

noticed.as ill, but. often develops later. Diarrhea is 
usually a result of the weakened condition of the calves;
WCS probably makes them more susceptible. Dehydration 

usually results from the diarrhea.
Montana data (Chambers, 1975) described the visible symptoms ■ 

as follows:
1. Red. nose on new born calf.
2. A dumb acting calf.
3. A scours-type calf.
4. Sunken eyes.
5. Swollen eyes.
6. Lameness in the calf.
Card (in Anonymous 1973a) reported that the most striking fea

ture noted during necropsy examination is characteristic hemorrhagic 

swelling in tissue just underneath the skin of the front and hind legs. 
Hemorrhages are most obvious around the hock and knee joints and down 
the legs. . Swelling is most obvious around the, hock joint. These 
lesions are present in nearly 100% of the cases. The second feature
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is an arthritis characterized by a red-tinged joint fluid. Fluid 
volume may increase with various amounts of fibrin threads or floating 
plaques. Arthritis occurs in about 65% of the field cases. Stomach 
lesions occur in about 30% of the cases. These lesions include redden
ing and hemorrhage, with occasional blister-like structures and ulcera
tions of the inner stomach lining. Such lesions can be associated 
with viral, bacterial or fungal infections.

Early (in Anonymous 1973a) states that newly infected herds 
may have an incidence of 30% in years of severe winters. Average 
occurrence of WCS within herds affected in 5 to 10%. First-calf heifers 

seem to have the highest incidence of the disease. After the first 
calf, the cow's susceptibility to WCS seems to decrease. Hagglund 
(in Anonymous 1973b) indicated stress factors such as bad weather and 
difficult births result in an increased incidence of WCS. He has also 
noticed less incidence in fall-born calves.

Prophylaxis. Bull (in Chambers 1975) recommended the following 

as prevention:
1. Analysis of feed for protein and mineral content.
2. Changing harvest techniques to get more protein into feeds.
3. Supplementing essential nutrition.
4. Separating older cows from heifers and first-calf heifers.
South (in Hall 1974) stated first-calf heifers should be mixed

with older cows year around in herds that have a problem. .This manage
ment system has resulted in a decrease in incidence rates the second. / 

year. Additions of new cattle into an affected herd should be made
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before the middle of gestation. Ward recommended that cattle be spread 
out as much as possible and congregated during the last half of
gestation (in Anonymous 1973a). The cows should be stressed as little

•• • . . 
as possible during handling. Some of these recommendations may be
contrary to present management practices but have proved effective in
specific cases.

Treatment. Holzer (in Anonymous 1973a) reported whole blood 
transfusions are effective in saving 70 to 80% of the calves.. The 
theory is that some immunity is developed by the cows and protective 
substances in their bipod help sick calves recuperate. Before this ■ 
treatment was discovered, about 80% of, the affected calves died. Blood 
donors should be cows that had a weak calf three to four weeks before. 
One pint of flood seems to work as well as greater amounts. The sooner 
the calves were treated after they were observed as ill, the better 

the results. Ward suggested (in Anonymous 1973b) TLC (tender loving 
care) and stressed giving calves colostrum.

Nutritional and other research. The only nutritional work 

reported has been done by Bull (1974). Fourteen herds in the Salmon- 
Challis area in Idaho were selected,; about half, of the herds had a 
history of WCS, and half did not. Ranchers provided records on their 

feeding and management systems, daily weather conditions and various 

other factors. Bull established a correlation of r=-0.74 between 
protein intake and the incidence of WCS. Over half the differences
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among herds in the incidence of weak calves were related to the level of 
protein consumed by the cattle (r^=.545). For every 0.1 lb decrease 
in protein intake from forages below 2.0 lb per day, there was an 
increase in the incidence of WCS by .95. percent.

Phosphorus levels in all forages were relatively low and inade
quate to meet the phosphorus requirements of the cows. On the average, 
adequate phosphorus was supplemented to meet the basic requirements 
for phosphorus, but a wide ratio of calcium to phosphorus was observed 
(5.1:1). All other essential nutrients investigated in this study 
were adequately supplied by forages or supplements.

Weak Calf Syndrome may be the result of disease-causing organisms, 

completely independent of the nutrition of the animal. .This paper will 
not deal with possible bacterial or viral causes, except to rule out 

those that do not seem to be involved with the disease. According to 

Nelson (in Hall 1974), Bangs, Leptospriosis, Infectious Bovine 
Rhinotrachetis and Anaplasmosis are not a problem in this condition. 
Bacterial cultures do not indicate Vibriosis or Enterotoxemia. Hall 

(1974) stated several viruses have been isolated from one or more 
weak calves, but their relationship to WCS has not been established. 

Nutritional Aspects of Calf Losses
Andrews (1972) stated that reproduction in beef cattle can be 

affected by environment, genetic, disease and managerial factors, and 

interactions among these; all of which may operate with different
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severities and in any combination. .The most obvious non-infectious 
cause of reproductive inefficiency is inadequate or deficient nutrition 
and it may be that inadequate nutrition has an effect on the incidence 
of WCS.

The National Research Council (NRC, 1968) stated the role of 
nutrition in preventing calf losses is complex. A deficiency of one 
nutrient is usually associated with deficiences of other nutrients.
The deficiency is often masked by other environmental factors such as 
cold, mud, or infectious diseases. The following factors can lead to 
experimental dietary deficiences in animals: interference with intake, 
interference with absorption, interference with storage or utilization, 

increased excretion, increased requirements and inhibition by "anti" 
substances. The greatest cause of poor reproductive performance in 
cattle is probably a lack of adequate feed intake. Insufficient feed 

causes general malnutrition with complex nutritional deficiencies of 
energy, protein, minerals and vitamins. The prenatal life of an animal 
is an extremely critical period. Many interacting factors determine 

whether the fetus lives to birth or dies and is aborted or reabsorbed. 
Interaction of nutritional and genetic factors determine the size and 
livability of the young at birth and whether or not the intrauterine 

development is normal. The precise effect of most nutritional factors 
upon the growth and development of the bovine fetus is not known. 
Prenatal influence does not cease with parturition. The ability
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to survive and of their dam to care for them is greatly influenced 
by the nutritional state of the dam during pregnancy and the early 
postpartum period.

Hafez (1963) stated that the fetus is actually affected more ■ 
by the environment than the adult is affected by this environment. '
The fetus has little opportunity to build up reserves of.its own and 
is completely dependent upon the plane of nutrition and energy reserves 
of its mother. Although the fetus has a high priority for available 
nutrients, its birth weight and general health are proportional to the 
maternal plane of nutrition.

Energy. The National Research Council (1970) is the most widely 
used reference for recommendations on the nutrient requirements of 
beef cattle; it has established the daily requirements of metabolic 

energy for a dry, pregnant cow as 11.52 to 14.4 Meal (1.8 Meal per kg 

of dry feed). Blaxter (1957) reported that an insufficient supply of 
feed energy for the pregnant animal is probably the most common nutri
tional cause of low reproductive performance. Low energy intake can 
result in reduced growth, loss of Weight, failure to conceive, increased 

mortality, and increased susceptibility to infection.

Studies by Reid (1960) showed puberty may be delayed by low- 
energy intake during the early life of a heifer. Also, there is an in

creased tendency for dystocia in heifers fed at a low level of energy 
(65% of Morrison’s recommendations).
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Hight (1968) studied the effects on the calf of a "high" or 
"low" plane of maternal nutrition during the last one-third of gesta
tion. The high-plane group was allowed to graze and received addition
al grass hay, free choice. The low plane group was kept in dry lot and 
fed grass hay at a level that maintained the cow's body weight. Calves 
from the low-plane group were 13 pounds lighter at birth, significant 
(P<.001), and 38 pounds lighter at weaning, significant (Pc.OOl), than 
the calves from the high-plane group. The two groups did not differ 
in gestation length. When the cows were fed a high plane of nutrition 
after calving, there was no effect of precalving nutrition on rebreeding 

Tudor (1972) studied the influence on calf birth weight of a 
submaintenance ration (3.5 kg Rhodes grass hay per day) during the 
last trimester of pregnancy. The above-maintenance ration contained 
3.5 kg of hay, plus 3.5 kg of barley per day. The cows on the low- 
plane lost 65 kg or 17.5% of their body weight prior to calving, 

compared to the high-plane cows which had an 8% increase in body weight. 
The submaintenance ration significantly (P <. 05) reduced the average calf 

birth weight by 6.8 kg to 24.1 kg and the average length of gestation 
by 5.4 days to 277.3 days, compared to the above-maintenance ration. 
There was no influence of treatment on the number of retained placenta, 
calf mortality, or the incidence of dystocia. Tudor (1972) stated that 

a low birth weight may be associated with poor vitality, low resistance 

to exposure, reduced stimulus to suck and therefore higher mortality.
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Although pregnant cows can lose considerable weight during pregnancy 
without high calf losses, the calf survival rate may be considerably 
reduced by a low birth weight.

Wiltbank ejt al. (1965) reported that heifers fed a maintance 
(low-energy) ration failed to reach puberty as soon as heifers fed free 
choice (high-energy) or 66% of free choice (medium-energy). High- 
energy heifers had more difficulty calving because of the extra fat 
they carried. Although there was ho effect of energy level upon ges
tation length, low-energy heifers gave birth to lighter calves in 
comparison to calves from the high-energy group. Onset of postpartum 
estrus was delayed in the low-energy group. Wiltbank et al. (1962) and 
Dunn et: al. (1964) also reported delayed postpartum estrus in females 
fed one-half the levels recommended by the NRC.

Jordan et al. (1968) reported no difference in calf birth weight 

because of level of nutrition of the dams on a four-year experiment 

where the cows were fed (I) corn silage free choice plus one kg of 

mixed hay per 100 kg of body weight, (II) 80%, (III) 60%, or (IV) 40% 

of I.
Hironaka and Peters (1969) reported that their treatments of 

100, 80 and 60% of the NRC energy requirements plus adequate protein 
supplementation for wintering cows had no effect on birth weight of 

calves. Weight changes of cows during the wintering period (mid- 
November until calving) depended greatly upon the weather. In treatment 

I (100% of NRC), the body weight variation ranged from an average gain



-12-

of 33 kg to a loss of 16 kg in different years. Several cows in 
treatment III (60% of NRC) died or were culled because of their 
condition. It was noted that the energy demand for replenishing body 
tissue appeared to take precedence over the demand for milk production, 
thereby resulting in lower weaning weights of calves from cows that 
were in poor condition at the end of the wintering period.

Data obtained from research with sheep may not be directly 
applicable to beef cattle, but does provide information on problems 

that occur in both species. The NRC (1968) stated that the level of 
nutrition the.ewe receives during the last six weeks of gestation 
greatly affects the birth weight of the lamb and milk yield of the ewe. 

Ewes that lost weight during pregnancy had a significantly higher inci
dence of lamb mortality from stillbirth arid starvation.

Alexander (1964) stated that poor prenatal nutrition reduced the 
chance of the lamb to survive. The poor nutrition may'.shorten the 

length of gestation.and decrease the birth weight, vigor and energy 
reserves of .the lamb;

Reid (1960) reported that ewes receiving poor nutrition during 
gestation had a greater neonatal loss of lamb's. .He suggested that a 
brief period of. high-level feeding at the end of gestation may improve, 
postnatal livability.

Protein. Church and Pond (1974) stated that the signs, of 
protein deficiency may include the following: anorexia, reduced growth .
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rate, reduced nitrogen balance, reduced efficiency of feed utilization, 
reduced serum protein concentration, anemia, fat accumulation in the 
liver, edema (in severe cases), infertility,, reduced birth weight of 
young, reduced milk production, and reduced synthesis of certain 
enzymes and hormones. The NRC (1970) Stated that a depressed appetite 
was the primary symptom of a protein deficiency; symptoms such as 
irregular or delayed estrus in the breeding female may be due to the 
reduced,-intake of energy and other nutrients.

Maynard arid Loosli (1969) stated that rations: fully adequate in 

protein for maintenance and growth should be adequate for conception ' 
and the initiation of ffetal growth. As the fetus grows, there is an 

increased requirement for protein because the dry matter of.the fetus 
is made up primarily of protein.

Giroud (1970) reported that proteins are indispensable to build 
the embryo and to ensure its growth. Rats, puppies, and piglets born 
from protein-deficient mothers have been shown to be small and have a 

poof survival rate. Slowing of the growth rate of a fetus, especially 
during the Second part of gestation, seems to be a direct result of a.\ 

deficient, building material. Speciesli differ in their protein require
ments during gestation.' Notable quantities of protein are required by 
the rat (27% of the diet) and the sow (410 gm's per day), while the 
rabbit and ewe (160 gms per day) are satisfied by a diet comparatively 
poor in protein. The cow's requirement was reported, as 544,gms ,per
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day during the last one-third of gestation.

Sampilov (1960) reported that an increase of 20 to 25% protein 
above "standard" levels increased the birth weight of calves from 39.5 
kg to 43.2 kg. Wallace and Raleigh (1967) reported a significant 
(P<0.05) difference in birth weights of 1.2 kg between heifers fed 20% 
below and 20% above the NRC protein recommendations.

In a 2 x 3 factorial study using rations containing 100 and 60 
percent of the NRC energy recommendations combined with 80, 100 and 120% 
of the NRC protein recommendations. Wallace and Raleigh (1964) reported 
a significant (P<0.01) decrease in the birth weight of calves from the 
high energy, low protein treatment compared to the other treatments.
They stated the difference may have been due to the low protein. There 
was no effect of treatment upon the weaning weight of the calves or of 
the conception rate of the cows.

In a similar study, Wiltbank et: al. (1965) reported that heifers 
fed a low protein diet had lighter calves than those fed a high protein 

ration. He noted no difference in the gestation lengths due to protein 

treatment;
Butcher (1958), in a study utilizing ewes and heifers, reported 

no significant difference in the birth weight of the young due to 
treatments providing adequate TDN and 5, 7 or 9% protein. He did note 
a.trend of increased birth weights with an increase in protein provided

to the dam.
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Jordan e_t al. (1968) reported no difference in calf birth weights 
due to level of nutrition of the dams in a four-year experiment where 
cows were fed (I) corn silage free choice plus one kg of mixed hay per 
100 kg of body weight (II) 80, (III) 60, or (IV) 40% of I. One-half 
the cows in each treatment received .45 kg of linseed oil meal; the 
protein supplement had no apparent effect upon calf survival.

Copper. Underwood (1971) associated the following disorders with 
a dietary copper deficiency: anemia, depressed growth, bone disorders, 

depigmentation of hair and wool, neonatal ataxia, impaired reproductive 
performance, heart failure, and gastrointestinal disturbances. Not all 
these symptoms occur in every case. The number and extent to which 
the symptoms occur are dependent upon the species, age and sex, the 
environment and upon the severity and duration of the copper deficiency.

Low fertility has been associated with a copper deficiency; 
however, the nature of the reproductive failure has not been investi

gated. Munro (1957).reported that heifers, in a herd with low blood 
copper levels (.03 to .06 mg/100 ml), showed a high incidence of 
anestrus or subestrus as well as a high number of returns to service.

Donaldson e_t al. (1964) treated heifers from one year of age
through calving with 400 mg of copper every three months. He found
a significant (P<.05) greater number of early pregnancies in the copper-

■ '

treated group. Difference in the number of pregnant cows between the 

copper-treated and the non-copper-treated groups decreased as the
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breeding season progressed. Rectal palpation indicated normal function
ing ovaries in all experimental heifers, ruling out an indirect effect 
of copper associated with the increased growth rate of the heifers 
receiving copper treatments. It, therefore, seemed likely that the 
significantly greater number of early pregnancies in the copper-treated 
animals was due to the'direct influences of copper.

Alexander et al..(1967) reported that copper therapy similar 
to Donaldson's had ho apparent effect upon the conception rate of, 
heifers being bred for the first time. There was a significant (P<.05) 
increase in the rebreeding rate of the treated heifers, indicating an 
influence after prolonged copper treatment. There are.several other 
researchers that indicate hypocuprosis in cattle will lead to impaired 
or reduced fertility.. Among these are Hignett (1959) , Cunningham (1950), 

Mills et al. (1961)i Bennetts et al. (1941), Bennetts et" al. (1948) and 
Rusoff (1941).

Chapman and Kidder (1964) reported that many copper-deficient 

animals may be in good flesh, have smooth normal appearing hair coats, 
and may not have.anemia. He repeated these views in a bulletin by 

Cunha et. al. (1964).
Todd and Milne (1967) studied a herd of beef cows whose blood 

and liver copper contents indicated a copper deficiency. The cows were 

not clinically affected in any way; there were no breeding problems and 
the general health of the animals, was good. Calves born in this herd
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were from copper-deficient dams and hypocupraemia did occur in some 
cases but there were no other symptoms of a deficiency and no effects . 
upon growth of cows on calves. These observations suggest that a 
copper deficiency per se may not be the primary cause of symptoms 
in the hypocupraemic animal. Presence or absence of clinical symptoms 
may be explained eventually on the basis of environmental factors other 
than copper. However, the fact that the clinical disorders respond . 
to copper therapy indicated that these factors can only express their 
pathological abilities in the presence ok hypocuprdsis.

Engle at al. (1964) reported no difference in reproductive per
formance of two.groups of dairy heifers maintained on varying levels of

copper from birth through two lactations. One group received a ration
•• '

containing about 5 ppm copper, the one-half minimum satisfactory;-level 
for dairy cattle (NRG, 1970). The treated group received four to five 
times as much copper as the controls in their rations. All heifers 
calved by the time they were 30 months of age. The calf weights were . 
normal, and there was no difficulty with second conception. The dam, 
transmitted liberal stores of copper, to her offspring,. even though her 

own reserves wpre. depleted by a ration containing. 5 ppm of copper of 

less.
Hignett (1961) stated there is some controversy about the effect 

of hypocuprpsis upon bovine fertility. .. In acute deficiencies, anestrus 
is not uncommon but in less severely affected animals, ovarian activity
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. is maintained. In the majority of herds with low-blood-copper levels, 
there is impaired female fertility, but there are herds with low-bIood- 
coppef levels, that maintain satisfactory reproductive rates. These 
findings suggest that a copper deficiency  ̂ absolute or conditioned,, has 
little effect on breeding performance, but with hypocuproemic cattle 

of low fertility, copper therapy leads to a sudden improvement of 
fertility.

The National Research Council has established the daily copper 
requirement for mature cattle to be about 100 mg (10 mg per kg' of dry 
feed).

Cobalt. Underwood (1971) stated that cattle with severe cobalt 
deficiency are emaciated, anemic and listless, indistinguishable from 
a starved animal except that the visible mucous membranes,are blanched 
and the skin is pale and fragile. Milder deficiencies are character-. 

ized by unthriftiness in young animals and in older animals by suppres

sion of lactation. Chapman and Kidder (1964) arid Cunha nt al. (1964) 
reported that a mild deficiency may result In the birth of weak calves 
that do not survive long. In areas of mild or marginal deficiencies, 
the unthfiftiness.can be apparent in some years and absent in others.

Alexander et al. (1967) and Donaldson et: al. (1964) reported 
.that cobalt supplementation had no effect upon the fertility of cattle 
- exhibiting clinical signs associated with both cobalt and copper 

deficiencies. 'Skerman and O1Halloran (1962) stated that cobalt bullet
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treatment of heifers in a subclinical cobalt-deficient area increased 
the growth rate of theheifers. The cobalt supplementation also sig
nificantly influenced the early growth rate of the heifer's calves.

The National Research Council (1970) has established the daily 
cobalt requirement for mature cattle to be 0.3 to 0.8 mg (.05-.10 mg 
per kg.of dry feed)...

. Manganese. The NRC (1970) listed reproductive disorders in the 
adult, cow among the early symptoms of manganese deficiency. These.
. symptoms include delayed estrus, reduced fertility, abortions and 
deformed young. Calves from manganese-deficient cows exhibit deformed 
legs (enlarged, joints, stiffness, twisted legs, "overknuckling"), weak ' 
and shortened bones, lowered serum alkaline phosphatase, lowered tissue 

levels of manganese and poor growth.
Church and Pond (1974) reported that manganese is essential for 

normal bone formation. Lameness, shortening and bowing of the legs 
and enlarged joints are common in manganese-deficient rodents, pigs, 
cattle, goats, and. sheep; Manganese is. required for normal estrus 
and. ovulation in females and for libido and spermatogenesis in males, 

but no biochemical evidence as yet explains this effect. Ataxia and 

poor coordination and balance commonly.observed in newborn mammals 
whose dams have been fed manganese-deficient diets is irreversible and 
is related to abnormal formation of the inner ear bones during prenatal
life.
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Groppel and Anke (1972) stated that a manganese deficiency in 
breeding females may result in silent estrus with ovulation, an 
increase in the number of services required per conception, disturbed 
fetal development, and altering of the sex ratio in favor of the males, 
and in nervous disorders and ataxia.

Wilson (1965) reported that in dairy herds grazed on pastures 
where the soil manganese was either low or unavailable, .4 gm per day . 
of MnSO4 fed during the breeding period significantly (Pc.05) increased 
the first service conception rate. It was noted that when the soil pH 
was over 6 the manganese appeared to be unavailable. Liming, a common 

practice in areas with acid soils, may decrease the availability of 
' manganese.

Dyer ej: al. (1964) reported data that suggested 16 ppm manganese 
in the feed is inadequate for gestating heifers, while 56 ppm appeared 
to meet the heifer's requirements. Ten Hereford heifers were divided 
into three treatments for the last part of gestation. The control 
received 56 ppm manganese in the feed whereas, the low manganese 

ration contained 16 ppm and a third ration contained 47 ppm of manganese 

plus limestone. Of the eight calves born, five were slightly deformed:, 
they all ..came from cqws low on manganese treatments. Deformities 
included enlarged joints, "knuckledover" pasterns, and twisted fore
limbs. There were no gross deformities,. possibly due.to the relatively 

short time the heifers had been on a manganese-deficient diet...
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Rojas et al. (1965) in a similar experiment, fed rations containing 
25.1, 15.8 and. 16.9 ppm of manganese to a control, low manganese and 
low manganese plus calcium and phosphorus,; respectively, to eight 
four-year-old Hereford .cows. These rations had been fed to the cows 
12 months before, the start of the experiment. There was no effect 
of manganese treatment upon weight gain, feed consumption or feed 
efficiency in the gestating cows. Cows on the low manganese rations 
exhibited regular estrus but required an average of four services per 
conception compared.to only two for the controls. A two- to three-day 
prolonged estrus.was noticed in the cows fed the manganese-deficient 
rations. All calves born to cows receiving the low manganese rations 
were deformed. Enlarged joints, stiffness, twisted legs and general 
physical weakness were observed in.these calves. There was no sig- 
nificant difference, in birth weights among treatments.

Howes and Dyer (1971) divided 25 Hereford heifers into three 
groups for the last third of gestation. The groups were fed 5 kg of 
barley straw plus a basal concentrate ration plus a 30 ppm manganese 
supplementj the basal concentrate ration, or the basal concentrate, 
ration plus calcium, in treatments I, II, and III,, respectively.

Ration I contained a total of 21 ppm manganese, ration'll, 13 ppm 
•manganese and ration III, 14 ppm manganese. Calves were not permitted 

to nurse after' they were born. The cows were milked and the calves 
pail fed. Milk from cows in each treatment contained an average of ;13y 
.04 and .05 ppm of manganese, respectively. Two calves from each , .
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treatment group were randomly selected and manganese was .'supplemented 
to their milk; the supplemented milk averaged 14.5 ppm manganese. .
When calves were sacrificed at seven days of age, supplemented calves 
from dams fed 21, 13 and 14 ppm manganese had a 44, 97 and 115 fold 
increase in liver stores of manganese over nohsupplemented controls. 
Weight gains of heifers and the gestation length did not differ, all 
were normal. There was no problem with rebreeding, possibly because 
the heifers were on deficient diets for a short time. Calves born to 
heifers fed the low manganese diets were weak and had difficulty stand
ing compared to calves in other treatments.

Hignett (1959) reported a close nutritional relationship between 
calcium, phosphorus, and manganese; he suggested that these minerals 
affect utilization of manganese required for enzyme systems for estab

lishing and maintaining pregnancy. If manganese consumption is low, 
calcium and phosphorus must be well balanced before a high level of 
breeding efficiency can be attained. When there is high.dietary 

manganese, it appears an excess of either calcium or phosphorus yields 
a more satisfactory level of reproductive performance.

Underwood (1971) stated that the dietary manganese requirements 
for cattle are not known with any precision. The requirements for body 
growth appear to be substantially lower than the requirements,for normal 

bone growth and for fertility. The NRC (1970) does not list any mangan
ese recommendations for mature cows but stated that 1.0 to 10.0 mg per 
kg of feed should be adequate for growing and finishing steers and
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heifers . Dyer e_t al. (1964) stated that 16 ppm manganese in the feed 
was not.adequate for gestating heifers.
Selenium

Deficiency. Underwood (1971) stated that selenium is. necessary
for growth and fertility in animals and for the prevention of various

■

diseases which show variable responses to vitamin E. Selenium therapy 
has been shown to be effective in the treatment of various myopathies, 
including white muscle disease (WMD) in calvesj lambs and foals, and 
hepatosis dietetica in pigs. In all.the above conditions, variable but 
usually less satisfactory responses could also be obtained with toco

pherol administration. Selenium is essential for growth, independent 
of, or in addition to, its function as a substitute for vitamin E.-

Jenkins and Hidiroglu (1972) stated that the exact biochemical 

function of selenium and vitamin E and their interaction are not known. 
The most widely recognized and clearly defined responsive disorder in 
calves and lambs is nutritional muscular dystrophy (NMD) also referred 
to as/ WMD or stiff lamb disease. ’ The most common occurrence, of NMD is 

in suckling beef calves and lambs at one to three months of age. The 
disorder frequently appears after the. dam and offspring have been 
released to pasture. A. congenital form may also be found in animals 
at birth and in fetuses that have been aborted. NMD is relatively rare, 
in mature animals but has been reported in feedlot cattle and mature/ 
cattle. Clinical symptoms of NMD are variable and depend on the tissues 

affected and the extent of tissue injury. Calves with severely
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degenerated sketal muscle may not be able to suckle and die of inani- - 
titin. The usual signs in subacute NMD are stiffness, weakness, 
trembling of the limbs, and frequently respiratory distress with 
elevated body temperature. With severe cardiac involvement, sudden 
unpredictable death may occur. Secondary infections such as pneumonia 
are frequently found. Skeletal muscles commonly affected are those 
most active e.g., diaphragm, intercostal, myocardium and pelvic and 
hind leg muscles. Lesions are characteristically bilateral and symmetr 
rical with white, striations because of calcium deposits in the muscle 
tissue, thus, the common name white muscle disease.

Hidiroglou et al. (1968) reported it is difficult to produce 
NMD among calves bn a diet deficient in selenium only. Simultaneous 
biological unavailability of vitamin E is necessary for NMD to occur; 

it is probable that polyunsaturated fatty acids also play an important 
role in the occurrence of NMD. These views agree with work reported , 

by Oksanen (1967) and Poukka (1966).
Toxicity. Selenium, as a toxic agent, can produce various 

disease conditions, by an excess in ,the diet due to selenium accumulation 
in the forage from the soil. Rosenfeld and Beath (1964) reported 

selenium accumlatbr plants are rather unpalatable. Livestock, especial
ly livestock native to areas where these plants grow, will choose other 

plants unless they are starved. In some cases, animals acquire a taste 
for accumulator plants. Such plants, rarely occur outside selehiferous
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areas and, therefore, maybe used as indicators in the indentification ■ 
and mapping of such areas. All degrees of selenium poisoning exist from 
a mild chronic condition to an acute form resulting in death. Acute
poisoning results from the consumption,' usually in a single feeding, 
of a sufficient quantity of seleniferous weeds to produce severe 

symptoms, often death. Chronic poisoning results when an animal con
sumes moderately toxic amounts of seleniferous. weeds over a considerable 
period of time.

Underwood (1971) reported a chronic selenium poisoning is charac
terized by dullness and lack of vitality; emaciation and roughness of 
coat; stiffness and lameness, due to erosion of the joints of long 
bones, atrophy of the heart, cirrhosis of the liver and anemia. In 

acute selenium poisoning the animals suffer from blindness, abdominal 
pain, salivation, grating of the teeth and some degree of paralysis. 
Death usually results from respiration failure. Death may also result 
from starvation and thirst because,, in addition to loss of appetite, 

the lameness and pain from the condition of the hooves are so severe 

the animal is unwilling to move to secure feed and water.
Unthriftiness. Andrews et al. (1968) stated that selenium- 

responsive unthriftiness can occur in all ages of dairy and beef cattle, 
particularly in the autumn and winter months. It varies from a sub- 
clinical growth deficit to a syndrome characterized by a sudden and . 
rapidly progressive loss of condition usually associated with profuse
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diarrhea and, sometimes considerable mortality. Occasionally severe 
outbreaks occur in adult cattle. Selenium concentrations in samples 
from animals affected with selenium responsive conditions are con
siderably lower in selenium than those in corresponding samples from 
animals pastured in areas where selenium-responsive conditions do 
not occur.

Wolf e_t al. (1963) reported that selenium treatment has correct
ed WMD and other poorly defined conditions such as ill-thrift, infertil
ity and chronic scouring. In some areas with no clinical signs of a 
selenium deficiency, weight gains and reproductive efficiency have been 
improved by selenium treatment.

Wilson (1964) reported data collected from 14 pair of monozygous 
twins 20 to 25 weeks old. The calves appeared unthrifty, were scouring 

and had weight gains that were below normal. One calf from each set 
was injected with 15 mg of sodium selenite plus 200 mg of copper 
sulfate. After 38 days, the mean weight gain from the treated group 

was significantly (Pc.01) higher than the corresponding gain for the 
control group. There was considerable difference between individuals 
in response; the calves smallest initially seemed to respond most to 
the treatment.

Hartley and Grant (1961) stated a subcutaneous injection of 20 mg 
of selenium every four months would prevent unthriftiness. They stated 
that the condition usually occurred in calves during the fall of the.
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year, and often, was accompanied by profuse diarrhea.

Jolly (1960) reported that on pumice soils that are deficient 
in selenium, 10 mg or more of sodium selenite will increase the growth 
rate of calves. In an experiment involving fairly large numbers but a 
short period of time (table I) the selenium treated group out-gained 
the controls.by 6.4 kg (52%) over a 4 week period.
TABLE I. SUMMARY OF WORK BY JOLLY (1960)_____________________________

Number Avg. weight
Group Number of deaths gains
Selenium treated 116 I 18.7
Control 96 3 12.3

IGraham (1973) studied the effectiveness of Bo Se in the preven
tion of WMD. Three separate tests were conducted in ten herds located • 
in the Bitterroot Valley of western Montana; (I) calves were injected 
with 2 ml of Bo Se at birth,- (II) calves were injected with 2 ml at 

3 weeks of age and (III) cows were injected with I ml per 91 kg of 
body weight, 6 weeks prior to calving. In tests I and II, the injections 

eliminated the WMD and appeared to reduce scours and increase weight 
gains. In test III, there was no effect of the Bo Se treatment upon 
birth weight, the number of retained placentas or abortions.

I • .

^Trade name of a selenium-tocopherol formulation patented by the H. C. 
Burns Pharmaceutical Company and sold by or on order of a licensed 
Veterinarian.
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Miltmore et al. (1973) injected approximately one-half of 127 
Hereford cows, calves and yearling heifers with selenium and vitamin E. 
The cattle were pastured on mineral and organic groundwater soils.
Gain rates of the treated and control groups did not differ. When 
selenium and vitamin E were given together, no synergistic effect 
was noted.

Allaway (1968) stated high and low selenium areas in Montana can 

be divided by a nearly straight . line running through Livingston and 
extending northwest through Glacier National Park. Very:few of the live
stock feeds grown west and south of that line will contain enough 
selenium to meet the requirements of calves and lambs. North and east 
of the line, 80% of the feeds will contain adequate levels of selenium, 
and yet, the danger of selenium toxicity in this part of the state is. 
low.

Kubota et al_. (1967) conducted a national study of selenium con
centration in, crops and forages. An area in western Montana occupying 
the valleys and slopes of the Beaverhead, Big Hole and Bitterroot river 
watersheds and the upstream (southeastern) part of the. Clarks Fork 

watershed produced crops and forages that contained an average of .05 ppm 

selenium. WMD had been a serious problem on many cattle ranches in the 

area.
The NRC (1970) recommends .05 to .10 mg of selenium per kg of dry 

feed for a dry pregnant cow.



-29-

Normal plasma levels of the minerals studied in this paper are 
presented in table 2•

TABLE. 2. NORMAL PLASMA MINERAL LEVELS
Mineral Plasma level
Phosphorus (Knox et a l 1941) • 3.5-4.7 mg per 100 ml
Calcium (Marsh et. al. , 1959) 9.82 mg per 100 ml
Magnesium (Marsh et al., 1959) 1.59 mg per 100 ml
Copper (Bingley and Dufty, 1973) 0.92 ug per ml
Manganese (Bowen, 1966)^ 0.0029 ug per ml

ICobalt (Bowen, 1966) 0.00038 ug per ml

Selenium (Bowen, 1966)'*' 0.11 ug per ml -
iTaken from table 5.9 in Bowen (1966), Elements in Mammalian Blood, 
Plasma, and Red Cells.



METHODS AND PROCEDURES
Trial I

The use of dolomitic limestone has been considered as a product 
that might lower incidence of WCS. A feeding trial studying the effect 
of magnesium source and added copper and cobalt on the incidence of WCS 
was conducted at the Montana State University Agricultural Experiment 
Station Nutrition Center near Bozeman, Montana. Fourteen cows pregnant 
by Angus bulls from the Montana State University Red Bluff Experiment 

Station were used. The cows included one three-year-old.Angus, 2 two- 
year-old Angus, I two-year-old Hereford and 10 two-year-old Hereford x 
Angus two-year-olds. The cows arrived at the Montana State University 

feedlot in November, 1973 and were placed on a hay ration until the 
beginning of the feeding trial in December, 1973.

Fourteen head were stratified according to weight into 7 groups. 
Each group of 2;cows were randomly assigned to a treatment as given in 
table 3, and placed in a pen corresponding to treatment. The seven 
adjacent pens were partially under open-front housing with concrete 
floors the rest of the, pens were outside with a gravel floor. Pen 
size was 3..7 x 12.2 meters, allowing about 22.5 sq meters per animal. 
Water was provided free-choice from thermostatically heated water.
Feed bunks were along the fenceline underneath the shed. The seven 

treatments were as follows:
1. No mineral supplement provided.

2. Mineral supplement #1 with MgO as the magnesium source.
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3. Mineral supplement #2 with MgO as the magnesium source, plus 
added copper and cobalt.

4. Mineral supplement #3 with dolomitic limestone as the 
magnesium source.

5. Mineral supplement #4 with dolomitic limestone as the 
source, plus added copper and cobalt.

6. Mineral supplement #5 with no magnesium source included.
7. Mineral supplement #6 with no magnesium source, but added 

copper and cobalt.
The experimental design of feeding trial I is presented'in table 3.

TABLE 3. EXPERIMENTAL DESIGN - TRIAL I
Treatment I 2 3 4 5 6 7
No. of cows 2 2 2 2 2 2 2
Magnesium
source 0 MgO

Dolomitic
limestone 0 0

Copper and 
cobalt 0 0 + 0 + 0 +

Each mineral supplement contained 5% phoshprous and 5% calcium. 

The composition of mineral supplements is shown in table 4. A daily 
ration of 80 g of each mineral supplement was divided equally between 

morning and evening feedings.
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TABLE 4. COMPOSITION AND PROXIMATE CHEMICAL COMPOSITION' OF MINERAL 
________SUPPLEMENT USED IN FEEDING TRIAL I

Treatment No. 2 3 4 5 6 7
MSU Formula I 2 3 4 5 6 '
Ingredient: Percent
Dicalcium phosphate 25.0 25.0 — — — — 25.0 25.0
Monosodium phosphate 3.0 3.0 . 23.0 23.0 . 3.0 3.0
Magnesium oxide 6.5 6.5 - " --
Dolomitic limestone - - -- . 20.0 20.0 - ~
Wheat bran 10.0 10.0 10.0 10.0 ■ 10.0 10.0
Molasses 10.0 10.0 10.0 10.0 10.0 10.0
Salt 45.5 ■ 40.5 37.0 . 32.0 52.0 47.0
Copper and salt. _ I 5.0 5.0 5.0

100.0 100.0 . 100.0 100.0 100.0 100.0
Proximate Chemical Composition
Calcium 5.54 5.54 5.64 5.64 5.54 5.54
Phosphorus 5.43 5.43 . 5.29 5.29 5.43 . 5.43
Magnesium . 3.60 3.60 3.57 3.57 0.09 0.09

For the first twenty days of the trial, the experimental procedure 
called for a ration of 6.8 kg of chopped straw and 1.8 kg of rolled wheat 
Later the ration was changed, the straw being replaced with grass hay 
obtained from the Bitterroot Valley near Darby, Montana. Use of this 

hay provided a ration similar to one cows in the problem area received. 
Variation between the rations was limited to the mineral supplements.. 
After the cows had calves, the rolled wheat was increased to 2.2 kg per 

day. The feeding schedule called for twice daily feeding; one-half the 

daily ration was provided at each feeding.
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Blood samples and weight were obtained frbm the cows at the start 
of the experiment and then monthly until some of the cows appeared to be 
near calving. Cows were then bled and weighed every two weeks until 
they calved and then at calving, two weeks after calving and four weeks 
after calving. Two samples were taken at each bleeding. One was taken 
in a 50 ml centrifuge tube which was spun down immediately and the serum 
labeled and froze for analysis at a lat'er time. The second sample was 
taken in a 10 ml heparinized test tube; this blood was used for the 
hematocrit and hemoglobin analysis.

Samples from each bleeding were used for the determination of 
calcium, phosphorus, magnesium content and packed cell volume of the 

blood (hematocrit). These values were recorded and analyzed for 

statistical significance by the least squares method. Variation and/or 
differences are deemed to be statistically significant when the proba

bility that either is due to chance is .10 or less.

\
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Laboratory Techniques for Trial I and II
Hematocrit. Immediately after collection, blood from the 

heparinized tube was mixed by inverting the tube several times and 

used to. fill a capillary tube about three-fourths full. The tube, 
was sealed on one end with clay and spun in an International Micro
capillary Centrifuge, model MB, for.five minutes. The packed cell 
volume was determined on a "Micro-Hematocrit Reading Device" manu
factured by International and recorded as a percentage.

Hemoglobin. Hemoglobin analysis procedure described in Chemistry
Reference Manual (in Anonymous 1973c) was followed; 0.02. ml of serum

owas added to 5 ml of cyanomethoglobin reagent. The solution was mixed . 
and transferred.to a curvette, and the optical density was read on a 
Beckman DB-G, Grating spectrophotometer, using a wave length of 540 mu.

■Calcium and Magnesium. The frozen sample was allowed to thaw at 
room temperature and mixed by inverting the tube several times. One ml 
of the serum was diluted to 50 ml with 5,000 pprti KCl in a 50 ml volu- 

metric flask. The solution was mixed by inverting the tube several 
times and the mg of calcium and magnesium per 100 ml of serum was 
determined on a Varian. Techtron Atomic Absorption Spectrophotometer,

o 'Cyanomethoglobin reagent was made by diluting 1.0 gm of sodium bicar
bonate, 0.2 gm of potassium ferricyanid.e, and 0.5 mg of potassium 
cyanide to one liter using distilled water. 35,000 ppm KCl was pre
pared by diluting 9.353 gm of reagent grade KCl to one liter with 
distilled-deioriized water.



model A A  6, using the same solution for both the calcium and magnesium 
determination.

Copper. One ml of serum from the frozen sample was diluted to 
5 ml with distilled-deionized water. The solution was aspirated 
directly into the atomic absorption machine and the ug of copper per ml 
of serum was determined.

Manganese. No sample preparation was necessary for manganese 
analysis. Thawed serum was aspirated directly into the atomic absorp
tion machine. .

Selenium. Twenty ml of a 3:2 mixture of concentrated HNOg=HClO^ 
were added to 5 ml of serum. The solution, was placed in a 250 ml 
erlenmeyer flask and digested at 200 degrees centigrade without agita
tion on a Thermolyne hot plate, Type 2200. When the volume had been re 

duced from 5 to 2 ml, the solution was allowed to cool and transferred 
to a 25 ml volumetric flask and diluted to volume with distilled- 
deionized water. Ten ml of concentrated HCl, I ml of 20% SuClg, I ml 
of 15% KI, and I ml of a one to one zinc slurry were added to a 10 ml , 
aliquot of the above solution. The solution was mixed by inverting 
the. flask several times and used for the selenium determination on the. 

atomic absorption machine.
Phosphorus. Phosphorus was analyzed using the Fiske and Subba- 

Row (1925). method detailed by Oser (1965) . One ml of serum was. added 

to.9 ml of 10% tricarboxylic acid (TCA) and mixed. The solution was

-35-
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centrifuged in an International centrifuge, size 2 model V, for 10 
minutes to precipitate the protein at 3,000 ppm. Five ml of the super- 
nate were transferred to another test tube and 8.6 ml of distilled 
water were added. One ml of molybdate solution and 0.4 ml of I-amino- 
2-naph.thol-4-sulfonic acid (AMS) were added and mixed into the solution. 
After the solution was allowed to stand for 5 minutes, the optical dens
ity of each sample was read on a Bechman model DB-G, grating spectro
photometer, using a wave length of 700 mu. The blank, used to eliminate 
any absorbance due to compounds in the solution other than the sample, 
was made up of 5 ml of 10% TEC, I ml of molybdate solution, 0.4 ml of 
ANS solution and 9.6 ml of distilled water. Five ml of 0.04 mg phos
phorus standard 5 ml at 107= TE CA, I ml molybdate solution, 0.4 ml of 
ANS and 8.6 ml of distilled water comprised the standard. The molyb
date solution and ANS solution were prepared as detailed by Albanese
(1963). The formula, Q--0, unknown x g gaVe mg of phosphorus per

O.D. of standard
100 ml of blood.

Cobalt. Cobalt was analyzed utilizing the carbon rod atomizer 
of the atomic absorption machine (Hageman, Torma and Gintherj 1975).



Trial I

RESULTS AND DUSCUSSION

Cows calved over a 67 day period. The ,average number of days 
the two cows in each treatment were on the experimental ration prior to 
calving, varied from 56 to 106 days. Cow number 5 in treatment four 
was given an iron injection December 12, 1973; her hematocrit indicat
ed an anemic condition. Five cows needed assistance in giving birth, 
one cow in each of treatments 3, 4 and 5, and both cows in treatment 7. 
The calves pulled in'treatments 3 and 4 died because of dystocia. No 
other health problems or differences other than treatment were noted.
No weak calves were born in the study and no conclusions could be made 
on the effects of magnesium source and added copper cobalt on the 
incidence of WCS.

Magnesium Source. The mean serum values and hematocrits are 
presented by magnesium source in table 5.
TABLE 5. EFFECT OF MAGNESIUM SOURCE UPON MEAN SERUM VALUES1- TRIAL I
Treatment . 
number

Magnesium
source

No. of 
animals ' P Ca Mg '

. Hemato
crit• .• . mg/100 ml of serum

No mineral 
supplement 2 5.33 9.85 2.90 37.7

2 & 3 Magnesium
oxide 4 6.10 9.74 2.26 . 36.8

4 & 5 . Dolomitic 
limestone 4 5.74 9.44 . 2.16 35.7

6 & 7 No magnesium 4 5.82 11.07 2.44 36.6
.I Analysis done by Reclamation Research Laboratory, MSU.
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Treatment I, no mineral supplement, had the highest hematocrit 
mean, 37.7%, the highest mean serum magnesium content, 2.90 mg per 
100 ml of serum, 9.85 mg per 100 ml of serum of calcium, and the 
lowest mean serum phosphorus level, 5.33 mg per 100 ml of serum.

Cows receiving the magnesium oxide, treatments I and 3, had a 
mean serum magnesium level of 2.26 mg. per 100 ml of serum, nonsignifi
cant Iy'higher than the cows receiving dolomitic limestone, 2.16 mg per 
100 ml of serum. This agrees with work reported by Gerken and Fontenot 
(1967) and Moore et al. (1971) who found that magnesium from dolomitic 
limestone was not utilized significantly (P<.05) as well as magnesium 

from magnesium oxide. Cows receiving magnesium oxide had a hematocrit 
mean of 36.8%, a mean serum calcium level of 9.74 mg per 100 ml of 
serum and the highest mean serum phosphorus level, 6.10 mg per 100 ml of 
serum.

Cows receiving dolomitic limestone, treatments 4 and 5, had the 
lowest hematocrit mean of 35.7%, the lowest mean serum magnesium level, 
2.16 mg per 100 ml of serum, and the lowest mean serum calcium level, 
9.44 mg per 100 ml of serum; the mean serum phosphorus level was 5.74 mg 
per 100 ml of serum. The nonsignificant difference of the mean serum 
calcium and phosphorus levels between the magnesium oxide and dolomitic 

limestone sources agrees with earlier reports by Moore et al. (1971).
Cows receiving no magnesium source, treatments 6 and 7, had a 

higher mean serum magnesium level, 2.44 mg per 100 ml of serum, than the 
treatments with magnesium sources included. The cows had the highest
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mean serum calcium level, 11.07 mg per 100 ml of serum. Chicco et al. 
(1973) stated that high dietary magnesium reduced plasma, calcium in 
sheep. Although the magnesium content of the rations used in this trial 

were not high, magnesium supplementation did appear to reduce the serum 
calcium mean. Cows had a mean serum phosphorus level of 5.82 mg per 
100 ml of serum and a hematocrit mean of 36.6%; in both cases these 
values were between values obtained from the magnesium oxide and 
dolomitic limestone groups.

No statistically significant (Pc.05) differences in treatment 
means were detected. This lack of difference could be due to the 
possibility that the magnesium source and/or added copper and cobalt 
had no effect on the means studied or to the low number of observations 

per treatment. The level of significance of an analysis of variance is 
dependent upon the number of observations per treatment; the fewer the 

observations, the greater the biological variation between treatments 
must be to obtain a high level of statistical significance.

Added Copper and Cobalt. The mean serum values and hematocrits 

according to copper and cobalt supplementation are presented in table 6.
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TABLE 6. EFFECT OF COPPER AND COBALT SUPPLEMENTATION UPON MEAN SERUM
, VALUES1 - TRIAL I

Cu and Co
Treatment
number

No. of 
animal s P Ca Mg

Hemato
crit

mg/100 ml of serum ■ _%L_ '
No. mineral
supplement I 2 5.33 9.85 2.90 37.7

0 2,4 & 6 6 6.07 9.95 2.29 36.3
+ 3,5 & 7 6 5.70 ' 10.22 2.29 36.5

I Analysis done be Reclamation Research Laboratory, MSU.

Treatment one, no mineral supplement, had the highest hematocrit, 
37.7% and mean serum magnesium level, 2.90 mg per 100 ml of serum.
Cows in this treatment also had the lowest mean serum calcium level, 
9.85 mg per 100 ml of serum, and mean serum phosphorus level, 5.33 

mg per 100 ml of serum.
Copper and cobalt supplemented treatments, 3,5 and 7, and the 

non-supplemented treatments, 2, 4 and 6 had identical mean serum magnes

ium levels, 2.29 mg per 100 ml of serum and nearly identical hematocrit 
means, 35.6 and 35.3%, respectively. The copper and cobalt supplemented 

cows had non-signficantly higher mean serum phsophorus. levels, 6.07 mg 

per 100 ml of serum, than the non-supplemented.cows, 5.70 mg per 100 ml 

of serum. The.reverse is true for the mean serum calcium levels where 
the non-supplemented cows had the higher although non-significant, 

mean of 10.22 mg per 100 ml of serum, compared to the supplemented cows, 

9.95 mg per 100 ml of serum.
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Weights. Table 7 summarizes the weight changes of the cows
throughout the experiment.
TABLE 7. MEAN TREATMENT WEIGHTS THREE WEEKS BEFORE TO FOUR WEEKS

AFTER CALVING - TRIAL I

Treatment
Weeks before calving At calving Weeks after calving
3 2 I 2 4

Kilograms

I 386.8 396.2 395.7 350.7 344.6 321.6
2 436.8 439.5 449.1 401.4 404.1 397.0 .
3 399.1 400.6 397.3 355.0 346.2 345.0
4 402.5 387.5 404.4 354.1 339.6 340.2
5 420.2 387.7 401.1 345.4 316.6 314.4
6 357.2 365.0 356.4 343.6 340.4 317.7
7 382.8 290.7 397.3 339.6 345.0 331.4

Avg. 395.0 395.3 . 402.6 355.7 348.0 338.2

All but one of the cows used in trial I were small first-calf 

heifers averaging 389 kg one week prior to calving. Cow number I in 
treatment 2 was a three-year-old weighing 545.5 kg prior to calving; 
any average that included this cow was considerably higher than other 

averages.
Only in treatments I and 7 did the weights of the cows increase 

each weight period before calving as would be expected. In the other 

treatments, the cows did not consume, enough energy to provide for their 

maintenance and growth and the development of the fetus; cows utilized 

their body stores for fetal development. At calving, the cows lost an 
average of 46.9 kg.

In all the treatments, cows lost weight while lactating. Cow 5
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in treatment 4 lost her calf and would not take a graft calf; she did. 
not lactate and therefore gained weight.



METHODS AND PROCEDURES

Seventy head of four-year-old cows, owned by. the Malters 

Corporation of Darby, Montana, were used in this trial to determine 
the effect of a protein and phosphorus supplement bn the incidence 
of WCS. The cows were predominately Hereford, with some Angus and 
dairy crosses included. Several breeds of bulls including Hereford, 
Charolais and Brown Swiss were used to breed the cows under range 
conditions starting about May 8, 1974. Half the cows had been summered 
on mountain range whereas the other half came from meadow pastures.
Cows from each pasture were equally divided into two groups, treatments 
A and B. Group A was fed a protein supplement (table 8) during the 
treatment period and group B was fed no protein supplement.

Cows arrived in Bozeman the third week in December, 1974 and 

were placed in lots at the Montana State Veterinary Research Laboratory, 
where they remained until they were taken back to Darby following 

calving. Cows were maintained in lots across the fence from each other 
throughout the experiment. As cows calved and were moved to a nursery 
pasture, smaller lots were used for cows still on experiment. Cow-calf 
pairs were kept in the nursery lot until about a truck load (25 cows arid 

calves) had accumulated and they were shipped back to Darby.

Grass hay from the same ranch was taken from the loose stacks 
where it had been put up, baled and transferred to the Veterinary 

Research Laboratory and fed to the cows. The proximate chemical

Trial II
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analysis of the hay is presented in table 10. Every morning, the hay 
was fed in ground-level bunks and health and condition of the animals 
were noted. Up to 15.4 kg of hay per head per day was fed a short 
period after the cows arrived, to see how much they would consume and 

to improve their condition. After this period, each treatment received 
an average of 10 kg of hay per head per day. Group A also received 
.91 kg of a 30% protein cake (table 8). Group B was kept on a ration 
of grass hay only.
TABLE 8. COMPOSITION OF SUPPLEMENT USED IN FEEDING. TRIAL II

(M.S.U. 742)1

Ingredients: Percent
Dehydrated alfalfa 5.00
Wheat middlings 50.79
Soybean oil meal (44%) 20.00
Cottonseed oil meal (44%) 15.00
Keldor 2.00
Molasses 5.00
Monodosium phosphate (xp-4) 1.75
Trace minerals 0.25
Vitamin A & D concentrate^ 0.125
Vitamin E^ 0.085

100.000
1 The supplement was formulated by 0.0. Thomas.
2 The A, D, and E concentrates were added to provide the following 

levels per kg of finished feed: vitamin A, 55,000 IU per kg; 
vitamin D, 27,500 IU per kg; vitamin E, 55 IU per kg.

Water was provided free-choice from an irrigation canal that ran 

through the lots. Salt was provided free-choice through a custom 
mineral mix prepared by Peavey Company for the Malters Corporation 
(table 9) and used on their ranch. Supplement was used only to



equalize treatments.

TABLE 9. COMPOSITION OF MINERAL SUPPLEMENT USED IN FEEDING TRIAL. II1,2
Ingredient: Percent
Ferrous sulphate 0.3
Red iron oxide 0.2
Salt - '■ 27.5 '. . .
Soybean meal, 48% 20.2 :
Dicalcium phosphate ' 27.4
Vitamin A Sc D concentrate 0.3
Magnesium oxide 7.0
Ruminant trace mineral 0.4 .
Brewers yeast 1.0
Sun-cured alfalfa 5.0
Monosodium phosphate . 10.0
Flavor additive 0.1
Organic iodine 0.6
^-Custom mineral mixture of Matters Corporation. " ■
^The vitamin A and iodine concentrates were added to provide the. 
following levels per kg of finished feed: vitamin A, 132,0.00 IU per kg 
iodine, 92.4 IU per kg.
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TABLE 10. PROXIMATE CHEMICAL ANALYSIS OF FEED UTILIZED IN TRIAL II1
Grass
hay

Protein 
. supplement

■ Mineral 
supplement

Moisture, % 12.6 10.6
Protein, % 6.7 29.0 — —
Ash, % 6.8 6.8 — —
Ether extract, % 2.0 3.0 — —
Crude fiber, % 31.1 8.5 — —
Calcium 0.48 0.23 4.78
Phosphorus, aL 0.20 1.10 6.87
Copper, % 0.0007 0.0051 0.011
Magnesium, aL 0.158 0.468 2.79
Manganese, % 0.0183 0.0181 0.05
Zinc, % 0.0017 0.0301 0.094
Iron, % 0.0103 0.0350 0.73
Sulphur, 7o 0.12 0.38 0.50
Cobalt, , ug/gm 0.14 7.10 16.00
Selenium, ug/gm 0.01 0.70 0.01
Molybdenum, ug/gm 0.65 2.60 6.60
I Moisture, protein, calcium and phosphorus analysis done at the M.S.U. 
Nutrition Center; other mineral analysis done at the Chemistry Station 
Montana State University.

Blood was collected from the cows when they arrived at the 
Veterinary Research Laboratory. Another collection was made February 
10 and 11, 1975, about two weeks before the cows were due to start 

calving. Several tubes of blood were taken at each collection; the 
staff at the Veterinary Research Laboratory used part of the blood 

for their research and prepared the serum used for the phosphorus, 

calcium, magnesium, copper, cobalt, manganese and selenium analysis. 
There was not enough serum for individual sample cobalt analysis.. Two 

composite samples containing equal amounts of serum, from about 15 cows 
or calves were obtained each bleeding for the cobalt analysis. The
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hematocrit and hemoglobin values were obtained from the Veterinary 
Research Laboratory for use in this paper.

After cows started calving, they were checked every 2 to 3 hours. 
When a cow calved and in most cases before the calf nursed, they were 
taken to the clinic where the cow and calf were bled and the calf 
tagged and given a 2 cc injection of Bo Se. Depending upon the weather 
and the vigor of the calf, the pairs were either kept inside for a day 

or immediately put out into the nursery. Cows were considered off 
experiment at this time.

Laboratory techniques used for the various analysis in this 
trial were as outlined for trial I.



RESULTS AND DISCUSSION
Trial II

Weather was wet and cooler, than normal for much of the spring 
and lots were very muddy but no ill-effects were noted (table 11).
TABLE 11. NORMAL AND ACTUAL 1975 TEMPERATURE AND PRECIPITATION VALUES'1

p Month
February March April

Temperature (F) 
Normal 25.9 30.2 42.1
1975 21.2 29.1 : 32.9

Precipitation (in) 
Normal 1.68 1.41 1.84
1975 1.11 1.08 1.77

I Obtained from Dr. J. Caprio, Plant and Soil Sciences Department.

Cows in this trial were used to study the effect of a protein
and phosphorus supplement on the incidence of WCS . Cows in group A,

those that recieved .91 kg of 30% protein pellets . in addition to grass
hay, appeared in better physical condition throughout the. experiment 

than group B cows. Differences in condition between the two groups 
of cows increased with time; this difference in physical condition . 
was probably due to the protein supplement group A cows received.

One cow in each group aborted during the experiment. One calf 
was stillborn in group A and two in group B. The professional staff 
at the.Veterinary Research Laboratory did not attribute these, losses 

to WCS. The first live calf born.in group B was diagnosed as having 
WCS. The calf was given a dextrose solution i' y and required no further
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treatment. One calf in group A died from apparent starvation because 
its dam had little milk. One cow in group A was treated for hoof rot.
No other health problems were noticed in the cattle.

The number of cows used in analysis for each serum component 
varied tremendously. In many cases, the serum available was not enough 
to do all the mineral analyses. Cows that had not calved by May I, 1975 
were not included in the last two bleedings.

Serum content of all the minerals studied decreased in both 

groups of cows from bleeding I to bleeding '2 except the phosphorus 
in'group A cows which increased from 4.76 to 5.11 mg per 100 ml of 
serum and the manganese values of cows in group A which remained.the 

same. Serum mineral levels in group A cows decreased less than those 
in.group B cows and generally remained at higher levels throughout the 
experiment, except for the manganese values where serum levels of group 
B cows remained about 0.06 ug higher than serum levels of group A cows. 
The individual minerals responded to treatment in the following ways:

Calcium. , The mean serum calcium levels for cows in groups A 
and B are presented in table 12.



- 50 -

TABLE 12. MEAN SERUM VALUES: CALCIUM - TRIAL II
Bleeding

Group I 2 3 Average
mg CIa per 100 ml of serum

A 9.25±.25 (28)2 9.03±.30 (28)* . 9.071.16 (19)b 9.121.16 (75/
B 9.51+.27 (24) 8.39+.24 (30) 8.231.31 (18) 8.711.16 (72)

Avg. 9.38±;18 (52) 8.71±.17 (58) . 8.651.22 (37) 8.911.11 (147)
1 Analysis done by Nutrition Center, M S U . ' ' ' v T
2 Mean ± standard error (number of observations).
a Mean serum calcium values of group A were higher than those in group

B (Pc.10).
b Mean serum calcium.values of group A were higher than those in group ' 

B (P<.».Q5) .
Mean serum calcium levels were analyzed by an analysis of 

variance. In bleedings 2 and 3, mean serum calcium levels of the group 

A cows were significantly (P<0;10) higher than means of the group B- 
cows. The magnitude of the difference between the two groups increased, 

with time.
There was a significant (P<.10) interaction between treatments 

and time. Means of the first bleeding serum calcium levels, of cows in 
groups A and.B were not significantly different, 9.25 and 9.51 mg per 

100 ml- of serum, respectively. Mean serum calcium levels of both groups, 
of cows decreased iri the second bleeding. Mean serum calcium level Of. 
cows in group B fell to a much lower level, 8.39 mg per 100 ml of serum, 
than the mean serum calcium level.of group A cows, 9.03 mg per 100 ml 
of serum. The difference between the two groups of cows in the second 
bleeding.was significant (P<0.10). Mean of the third bleeding serum .
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calcium level of cows in groups A and B were significantly different 
(P<sO. 15) , 9.07 mg per 100 ml of serum in group A and 8.23 mg per 100 ml 
of serum in group B. Mean serum calcium values of the calves (table 17) 
reversed the trend of the cows with mean serum calcium levels of group 
B calves, 11.13 mg per 100 ml of serum, being nonSignificantIy higher 
than the mean serum calcium levels of group A calves, 10.67 mg per 100 
ml of serum.

Mean serum calcium levels of cows in this study were lower than 
levels reported in earlier work (Marsh ejt al., 1959, 9.82 mg per 100 
ml of serum (table 2);. Merck Index, 1967, 9-12 mg per 100 ml of serum) . 

Mean serum calcium levels of calves at birth in this study were con
siderably lower than values reported by Cunningham et al. (1966) for 
two-day-old calves, 17.5-18.0 mg per 100 ml of serum and by Staples 

et'al. (1970) for calves.less than two weeks old, 22.1 mg per 100 ml • 
of serum.
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PhospHorus. Mean serum phosphorus levels for cows in groups A 
and B are presented in table 13.

TABLE 13. MEAN SERUM VALUES: PHOSPHORUS1 - TRIAL II

Group I
■ Bleeding 

. 2 3 Average
mg P per 100 ml of serum

A 4.76±.29 (35)2* 5.111.29 (34) 4.291.37 (21) 4.721.19 (90)
B 5.56±.29 (34) 4.451.29 (35) 4.451.36 (22) 4.831,18 (91)

Avg. 5.161.21 (6?) 4.781.21 (69) 4.391.26 (43) 4.78±.13 (181)
1 Analysis done by Nutrition Center, MSU. ' 7
2 Mean ± standard error (number of observations).
a Mean serum phosphorus values of group B were higher than those in

group A.

Analysis of variance of the mean serum phosphorus levels of 
cows in groups A and B (table 13) indicated no significant differences 
(Pc.05) due to treatment. Serum phosphorus levels obtained in this 
study were slightly lower than levels reported in some earlier work 
(Altman and Dittmer, 1974 reported a range of 5.8 to 7.2 mg per 100 ml 

of serum) , but were similar to levels reported by Marsh et at. (1959), 
3.7 mg per 100 ml of serum, and by ,Knox et al. (1941), 3.5 to 4.7 mg 
per lOO ml of serum (table 2). A value of 6.03 mg per lOO ml of serum 

was obtained from bleeding cows at the Red Bluff Research Station in 

March, 1974.
There, was a significant (Pc.05) interaction between treatments 

and time/ Mean serum phosphorus levels of the first bleeding of.cows
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receiving grass hay only in group B were significantly (P<0.10) higher 
than the levels of cows in group A. The second bleeding mean serum 
phosphorus levels of cows in group B decreased from 5.56 to 4.45 mg per 
100 ml of serum, although mean serum phosphorus levels of cows in 
group A increased from 4.76 to 5.11 mg per 100 ml of serum. On this 
basis, it would appear that the phosphorus in the protein supplement 
had an influence on the mean serum phosphorus levels of cows in group A. 
Mean serum phosphorus levels of cows at calving, bleeding 3, were nearly 
identical, 4.29 mg per 100 ml of serum in group A. and 4.45 mg per 100 ml 
of serum in group B cows, as were mean serum phosphorus levels of calves 

(table 17), 7.02 mg per 100 ml of serum in group A calves and 6.99 mg 

per 100 ml of serum in group B calves. Mean serum phosphorus levels of 

calves were substantially lower than the values reported by Cunningham 
et'al. (1966) of 9.9 to 10.25 mg per 100 ml of serum.
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Copper. The mean serum copper levels for cows in groups A and
B are presented in table 14.
TABLE 14. MEAN SERUM VALUES: COPPER1 - TRAIL II

Bleeding
Group I 2 3 Average

ug Cu per ml of serum
A • 0.844..03 (31)2 0.84+.03 (35)a 0.87±.04 (21)b CMOf!COO (87)
B 0.85+.03 (33) 0.62+.03 (35) 0.73+.04 (21) 0.73±.02 (89)

Avg. 0.85+.02 (64) 0.73±.02 (70) 0.80±.03 (42) T-I
O+1r~.O (176)

T- Analysis done by Reclamation Research Laboratory, MSU. 
Mean + standard error (number of observations).

a Mean serum copper values of group A were higher than those in group 
B (P<.01).
Mean serum copper values of group A were higher than those in group 
B (Pc.05).

Analysis of variance of the mean serum copper level of cows in 
groups A and B (table 14) indicated significant differences (P<.05) in 
the second and third bleedings due to treatment. The mean serum copper 
levels of cows in group A remained fairly constant during pregnancy,

0.83 to 0.87 ug per ml of serum, substantiating earlier work (Bingley 

and Dufty, 1973 (table 2) and Bostedt et al., 1974). The mean serum 

copper level of calves at birth were about 50% , of the cows values 
at calving. This data supports the work of Bingley and Dufty (1968 

as reported by Underwood (1971).
There was a significant (P<.01) interaction between treatments 

and time. The mean of serum copper levels of the first bleeding of cows 

in both groups were nearly identical, 0.84 ug per ml of serum for cows
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in group A and 0.85 ug per ml of serum for.cows in group B. The mean 
serum copper levels of group B cows dropped sharply to 0.62 ug per ml 
of serum in the second bleeding, compared to the group A cows, mean 
serum copper levels of 0.83 ug per ml of serum. The difference between 
the two groups of cows was significant (Pc.Ol). The mean of the third 
bleeding of serum copper levels of cows in groups A and B,'0.87 and 
0.73 ug per ml of serum,. respectively, were significantly different 
(P<.05). The mean serum copper levels of group A calves (table 17), 
0.44 ug per ml of serum, was significantly different (P<.05) from the 
serum copper levels of group B calves, 0.35 ug per ml. On this basis, 
it would appear that treatment had an influence in the mean serum 
copper levels of the cattle in group A.

Manganese. The.mean serum manganese levels for cows in groups 

A and B are presented in table 15.

TABLE 15. MEAN SERUM VALUES: MANGANESE1 - TRIAL II ■ ■ ,

Group . I
Bleeding

2 3 ..Average
ug Mn per ml of serum . ..

A ' .0028±.0003(31)2a .0028±:0002(35) .0023±.0003(20)b.0026+.0002(86)
B .0034+.0002(32) .0031+.0002(35) .0030±.0003(21) .0032±.0002(88)

Avg. . .0031±.0002(63) .0029±.0002(70) .0026±.0002(41) .0029±.0001(174)
■*-. Analysis done by Reclamation Research .Laboratory, MSU. . ~ ^
2 Mean ± standard error (number of observations).
a Mean serum manganese values of group B were higher than those in group
A. (P<.10). .

b Mean serum manganese values of group B were higher than those iii group 
A (P<.05). ■
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Mean serum manganese levels were analyzed by the least squares 
method (Harvey, 1960). Manganese is the only mineral in this, study, in 
which the mean serum content of the group B cows started and remained 
at higher levels than the serum-manganese content of group A cows. .

The interaction.between treatment and time was nonsignificant 
(P<.05). The first bleeding mean serum manganese levels of cows in
group B, receiving grass hay only, were significantly higher (P<.10) 
than the mean of group A cows. First bleeding means were 0.0028 and 
0.0034 ug per ml.of serum for groups A and B, respectively. Mean 
serum manganese levels of group A cows remained constant in the, second 
bleeding, 0.0028 ug per ml of serum; the group B cows' serum manganese 
levels decreased to 0-OOSl ug per ml of serum. In the third bleeding, 
the mean serum manganese levels of group B cows fell slightly to 0.003,0 
ug per ml of serum, while the mean serum managanese levels of group A 
cows dropped to 0.0023 ug per ml of serum.. The difference between the 

third bleeding mean serum manganese levels of cows in groups A and B 
was signficant (Pc.05). The mean serum manganese values of calves 

(table 17) reversed the trend of cows with the mean serum manganese 
levels of calves in group A, 0.0029 ug per ml of serum, being non- 
significantly higher than the mean serum manganese levels of calves in 

group B, 0.0024 ug per ml of serum.
Underwood (1971) stated that: the whole question of the concen

tration, distribution between cells and plasma and., the forms of
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manganese in the blood require re-examination utilizing the sensitive 
and specific analysis methods now available.. Rojas et al. (1965) 
reported whole blood manganese values for cows fed a normal ration of 
.0273 to .0283 ug per ml of blood and .021 ug per ml.of blood of new
born calves.

Cobalt. Cost of analysis and limited serum prohibited individual 
sample analysis; composit samples were used to obtain serum cobalt 
levels. The serum cobalt levels of.the group A and B cows were very 

different in the first bleeding, 0.0365 and 0.0155 ug per ml of serum, 
respectively. Serum cobalt values of both groups of cows decreased 
from the first to the second bleeding and from the second to the third 

bleeding. The serum cobalt values of group A and B cows were similar 
in the third bleeding, 0.0042 ug per ml of serum for group A cows and 
0.0033 ug per ml of serum for group B cows. Serum cobalt levels of 
calves (table 17) were 0.0075 and 0.0044 ug per ml of serum for groups 
A and B, respectively.

Dr..Anderson, Veterinary Research Laboratory, stated (personal . 
communication) the hay used in this study contained 4 to 5 times more 
cobalt than hay from the Malters Corporation ranch he had analyzed 

in other years; this may be related to the decrease in the incidence 

of WCS this year.
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Selenium. Selenium values were obtained for the cows at calviiig 

and.the calves at birth. Serum selenium levels of group A and B cows 
were similar, 0.027 and 0.025 ug per ml of serum, respectively. Serum 
selenium levels of the calves (table 17) groups A and B were also 
similar; 0.029 ug per ml of serum in group. A and 0.033 ug per ml of 
serum in group B. These data indicated no influence of treatment upon 
selenium serum content.

Hemoglobin. • Hemoglobin values were obtained for the calves 
(table 17) at birth. Values for calves in groups A and B, 11.84 and 
11.52 gm per 100 ml of blood were similar to values reported earlier 
(Merck Index, 1967).

Hematocrit. Mean hematocrit values for cows:in groups A and B 
are presented in table 16. The overall average 36.5% agrees.with 
values in the Merck Index 25 to 43 percent.

TABLE 16. MEAN SERUM VALUE: HEMATOCRIT1 - TRIAL II

Group
Bleeding

2 3 Average
Percent

A 35.4±.5(35)2a 37.9±.5(33) 37.3±.6(26)b 36.9+.3(94)
B 36.4±.5(35) 36.4±.5(35) 35.5±.6(25) 36.1±.3(95)

AVg.
!

35.9±.4(70) 37.1±.4(68) 36.4±.4(51) 36.5+.2(189)

2 Mean + standard, error (number of observations).
a Hematocrit values of group A were, higher than those in group B (P<. 10)., 
b Hematocrit values of group A were higher than those in group B. (P<.10).
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Analysis of variance of the hematocrit means of cows in groups 
A and B (table 16) indicated a difference due to treatment that 
approached significance (P<.05).

There was a significant (P<.05) interaction between treatment 
and time. The first bleeding hematocrit means of cows in groups A and 
B were non-signficantly different, 35.4 and 36.4%, respectively. In 
the second bleeding, the hematocrit means of cows in group B remained 
constant at 36.47=; the hematocrit mean of cows in group A increased to 
37.9- percent. The difference between the two groups of cows was 

significant (P<.10). The hematocrit values of both groups of cows 
decreased in the third bleeding. The difference in hematocrit values 
between groups A and B remained significant (P<.10). Hematocrit values 
of groups A and B calves (table 17) were not significantly different, . 

43.2 and 40.8 percent.
TABLE 17. LEAST SQUARES MEAN SERUM VALUES: CALVES - TRIAL II

Group ' P Ca Cua Mn Co Se . Het Heb
ng/ml ng/ml ug/ml ug/ml ug/ml ug/ml 7= gm/ml

■ A 7.02 10.67 . .44 .0029 .0075 .029 . 43.24 11.84
B 6.99 11.13 .35 .0024 .0044 .033 40.80 il.52

a Copper values differ significantly (P <. 05).
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The proximate chemical composition of the daily- ration fed to . 
cows in trial II is presented in table 18.
TABLE 18. PROXIMATE CHEMICAL COMPOSITION OF DAILY RATION FED TO COWS - 
■_______ TRIAL II______

Grass hay 
(10 k%)

Grass hay (10 kg) 
plus, protein 
supplement 
(.91 kg)

National
Research
Council
recommendations1

Protein, kg 0.67 1.25 0.40
Calcium, gm 48.00 52.60 12.00
Phosphorus * gm 20.00 42.00 12.00
Copper, gm 0.07 ' 0.17. 0.04
Magnesium, gm 15.80 25.16. 3.6 - 9.0
Manganese, gm 1.83 2.19 0.009 - 0.09
Zinc, gm 0.17 0.77 0.09 - 2.'70
Iron, gm 1.03 1.73 0.09
Sulfur, gm .12.00 19.60 9.00
Cobalt, mg 1.40 15.60 ' 0.45 - 0.90
Selenium, mg 0.10 1.50 0.45 - 0.90
Molybdenum, mg 6.50 11.70 ? : .
I NRC recommendations based upon a 450 kg dry, pregnant cow consuming -
9 kg of dry matter per day.

Ten kg of the Bitterroot grass hay met or exceeded the NRC (1970)

protein and .mineral recommendations, for a 450 kg dry, pregnant cow, 
except for selenium. The hay contained about 22% of the minimum recom
mended by NRC (1970). This data substantiates earlier reports by 

Graham (1973) and Allaway (1968), that feeds grown in southwestern. 
Montana are deficient in selenium. None of.the minerals studied were 

at toxic levels in the hay.
Protein supplement fed the cows in group A had. a significant 

(P^.05) influence upon the mean serum copper levels, even though the
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grass hay. contained 175% of the NRC recommendations. This suggests 
that the copper contained in the hay may be unavailable to the cattle.

Working with sheep, Dick (1954) stated that an intake of 4 to 
6 gm per day of sulfate or 0.5 mg of molybdenum will decrease copper 
retention and lead to a copper deficiency. Wynne and McClymont (195.6) 
reported similar results. Mylrea (1958) found the same copper- 

molybdenum relationship in steers; increasing the sulfate from .03% 
of the ration to ..55% significantly (Pc..01) decreased the.liver copper 
concentration. Increasing the molybdenum in the ration from 2.4 ppm 
to 9.2 ppm further decreased the liver concentration. Mylrea also 
reported that manganese had no effect on copper retention;

Huisingh et al. (1973) stated the direct, antagonistic interaction 
between copper and molybdenum appears to be due to the formation of 
cupric sulfate.

Miltmore and Mason (1971) reported the copper-molybdenum.ratio 
of the ration was related to the occurrence of a copper deficiency.

They established a ratio' of 2.0, below which a conditioned copper 
deficiency is likely to occur. The copper-molybdenum ratio of.grass 
hay used in this study was 7:0.65, well above the critical value 

established by Miltmore and Mason (1971).
. . A group of cows on the Matters Corporation ranch was fed the 

same protein and phosphorus supplement used in' this study. The manage
ment of the Matters Corporation ranch, did not notice any difference in . 

the incidence of WCS in cows fed the supplement and the remainder of



the herd, although there was a decrease in the incidence of WC in the 
entire herd compared to prior years.

Bull (1974) stated a .1 lb decrease in protein intake from 
forages below 2.0 lb per day resulted in an increase in the incidence 
of WCS by .95 percent. Cows in group B received .67 kg of 1.47 lb 
of.protein per day, considerably less than the value of 2.0 lb mentioned 
by Bull. The only weak calf born in this study was from a cow in 
group B but this and other data obtained for this paper does not 
support Bull's theory that a low protein intake is a primary cause 
of WCS.

If WCS is caused by a mineral deficiency, it may be a marginal 
deficiency, a mineral level that ordinarily would cause no problems 
but is aggravated into a borderline deficiency by the levels or ratios 
of other minerals or nutrients. The amount of hay fed in this study,
10 kg per day, may be slightly more than fed on.most ranches that have 
a problem with WCS. Mineral content of the water on the Malters Corpora 
tion ranch and the Veterinary Research Laboratory pastures were not 

determined. The higher amount of hay fed or a difference in the mineral 

content of the drinking water may have been enough to raise the daily 
mineral intake above the level that would result in a marginal 

deficiency.

Dr. Anderson (personal communication) noted calves appeared to 
increase in size and vigor as the calving season progressed. This



observation and the early-born weak calf suggest that the summer 
range may have an influence on the fetal development. A nutritional 
deficiency or toxicity or intake of a toxic plant occurring during 
early gestation may be the cause of WCS. Hay fed during the winter 
may act to correct, the problem resulting in healthier calves born 
late in the calving season.
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' SUMMARY
The effect of supplementing hay grown in the Bitterroot Valley 

on the incidence of Weak Calf Syndrome was studied. The incidence of 
Weak Calf Syndrome and serum mineral levels were used to assess the 
value of mineral and protein supplementation.

In trial I, fourteen cows were fed a wintering ration consisting 
of 6.8 kg of grass hay plus 80 gm of a mineral supplement per day. No 
weak calves were born. Mean serum magnesium levels were 2.90, 2.26, 
2.16 and 2.44 mg per 100 ml of serum for cows fed no mineral supple

ment, supplement containing magnesium oxide, supplement containing 
dolomitic limestone and supplement containing no magnesium source, 
respectively. Analysis of data showed no significant difference in 
mean serum magnesium, calcium or phosphorus levels or in packed cell 
volume among magnesium sources. The trend, however, favored feeding 
magnesium oxide rather than dolomitic limestone.

Added copper and cobalt to each of the magnesium sources had no 

significant effect upon the magnesium, calcium or phosphorus serum 
levels or in the packed cell volume.

Trial II utilized 70 cows to study the effect of a protein and 

phosphorus supplement on the incidence, of Weak Calf Syndrome. Cows 

were divided into two groups; one group received 10 kg of grass.hay 
and the other group was fed 10 kg grass hay plus .91 kg of a 30% 
protein and 1.25% phosphorus supplement.

Serum mineral levels tended to be at higher levels in the group
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receiving the supplement except for the manganese levels in which the 
group fed the grass hay only had higher mean serum levels.

Supplementary phosphorus had no significant effect on the mean 
serum phosphorus levels; the group receiving the supplement had slightly 
lower average serum phosphorus levels, 4.72 mg per 100 ml of serum, 
than the group fed grass hay only, 4.83 mg per 100 ml of serum.
Treatment did significantly (P<.10) affect the serum calcium levels; 
the supplemented group had higher serum calcium levels, 9.12 mg per 
100 ml of serum, than the nonsupplemented group, 8.71 mg per 100 ml 
of serum.

Although the grass hay contained adequate amounts of copper, the 
mean serum copper levels of the group receiving the supplement, .85 
mg per ml of serum, were significantly greater than the nonsupplemented 
group, .73 mg per ml of serum. This data suggest the copper in the hay 

has a low availability and could not be utilized efficiently by the 
cows.

Manganese levels of the nonsupplemented group started and remained 
at higher levels than the supplemented group. There was a significant 
(P<.05) difference between the two groups due to treatment, with the 

group receiving the protein and phosphorus supplement being lower than 

the group fed the grass- hay only, .0026 mg per ml of serum and .0032 mg 

per ml of serum, respectively.

Treatment resulted in significantly (Pc.10) higher hematocrits



-6 6-

in the supplemented group, 36.9% compared to 36.1% in the nonsupple
ment ed group. There was no effect of treatment on the cobalt or 
selenium mean serum levels.

One weak calf was born in the control group fed grass hay only. 
All the other calves in both groups appeared to be normal. It was 
difficult to determine the effect of protein and mineral supplementa 
tion on the incidence of WCS because of the lack of calves born with 
WCS in the experimental study. A greater number of cows put on 
experimental treatments a longer time before parturition would 
possibly have caused more calves to be born with WCS.
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APPENDIX TABLE 19. INDIVIDUAL SERUM VALUES: CALCIUM - TRIAL I

Treatment Cow No
Weeks before calving At calving Weeks after calving

. I 2 3 2 4
Mg Ca per 100 ml of serum

I 6 10.22 9.42 10.02 8.92 9.80 9.96
I 3 10.30 10.78 10.02 9.60 8.60 10.60
2 10 9.00 9.04 9.40 9.00 9.50 8.90
2 I 10.82 9.76 9.46 10.12 9.20 9.54
3 8 10.04 11.20 11.96 9.00 9.34 9.60
3 13 10.10 9.40 10.30 9.44 9.84 9.80
4 11 9.50 8.88 8.58 9.04 9.98 9.30
4 . 5.. 9.40 8.90 8.60 8.60 9.06 9.20
5 . 4 10.04 10.20 10.60 9.24 8.80 9.84
5 12 10.62 9.88 9.46 9.20 10.14 9.40
6 7 12.84 11.66 11.00 11.88 11.40 11.18
6 9 11.50 10.26 10.80 10.44 11.40 11.00
7 14 10.70 10.74 9.44 10.06 9.70 10.04
7 2 10.56 11.12. 12.22 11.56 12.82 11.40

APPENDIX TABLE 20. MEAN SERUM VALUES: CALCIUM - TRIAL I

Weeks before calving At calving Weeks after calving
Treatment I 2 3 2 4

Mg Ca per 100 ml serum
I 10.26 10.10 10.02 9.26 9.20 10.28
2 9.91 9.40 9.43 9.56 9.32 9.22
3 10.06 10.30 11.13 9.22 9.59 9.70
4 9.45 8.89 8.59 8.82 9.52 9.25
5 10.33 10.04 10.03 9.22 9.47 9.62
6 12.17 10.96 10.90 11.16 11.40 11.09
7 10.63. 10.93 10.83 10.81 11.26 10.72

Avg. 10.40 10.09 10.13 9.72 9.97 9.98
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APPENDIX TABLE: 21. INDIVIDUAL SERUM VALUES: PHOSPHORUS - TRIAL I

Treatment Cow No.
Weeks before calving At calving Weeks after calving

I 2 3 2 4
Mg P per 100 ml of serum

I 6 4.10 6.44 6.44 5.97 5.38 5.33
I 3 4.91 4.80 5.55 4.69 5.33 5.01
2 10 8.33 9.37 7.41 4.40 5.45 7.41
2 I 5.17 4.90 5.01 2.72 6.04 6.43
3 8 7.70 8.10 5.60 5.40 8.30 6.20
3 13 5.20 5.20 5.20 5.40 5.10 6.40
4 11 5.34 5.99 5.17 4.69 5.01 6.15
4 5 7.10 9.00 8.10 6.80 4.60 7.00
5 4 6.04. 4.23 4.21 4.14 ■ 6.76 . 5.78
■ 5 12 5.56 5.61 5.71 4.73 5.01 5.12
6 7 60.8 . 5.93 6.83 6.24 5.33 6.10
6 9 6.25 5.80 6.25' 6.44 5.38 4.52
7 14 • 6, 23 5.87 4.91 4.22 5.29 3.99
7 2 7.59 5.97 6.19 5.59 6.08 6.72

APPENDIX TABLE 22., MEAN SERUM VALUES: PHOSPHORUS - TRIAL I
Weeks before calving At calving Weeks after calving

Treatment I 2 3 2 4

Mg P per 100 ml of serum

I 178 4.50 5.62 5.99 5.33 5.35 5.17
2 135 6.75 7.13 6.21 3.56 5.74 6.92
3 190 6.45 6.65 5.40 5.40 6.70 6.30

. 4 172 .6.22 7.49 6.63 5.74 4.80 ' 6.57
5 . 202 . 5.80 4.95 4.96 4.43 5.88 5.45
6 103 6.16 5.86 6.54 6.34 5.35 5.31 ■
7 141 6.71 5.92 5.55 4.90 5.68 ■ 5.35

Avg. 6.11 6.23 5.90 5.10 5.64 • 5.87
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APPENDIX TABLE 23. INDIVIDUAL SERUM VALUES: MAGNESIUM -’-TRIAL I

Treatment Cow No.
Weeks before calving At calving Weeks after calving

I ■ 2 3 2 4
Mg Mg per 100 ml of serum

I 6 3.48 3.07 3.27 3.36 2.94 3.18
I 3 2.73 2.48 2.64 2.16 2.79 2.75
2 10 2.24 2.40 2.24 2.32 2.25 ■ 2.52
2 I 2.16 2.12 2.42 2.30 2.30 2.62
3 8 2.79 2.52 2.24 2.08 1.96 2.42
3 13 2.32 2.08 1.86 1.89 2.30 2.00
4 11 ■ 2.11 2.40 2.12 1.88 • 1.84 2.11
4 . 5 1.99 2.11 1.96 2.82 1.72. 1.70
5 4 2.24 2.04 2.06 2.08 2.45 2.39
5 12 2.40 2.48 2.08 2.39 2.32 2.20
6 7 2.22. 2.74 2.52 2.72 2.40 2.88
6 9 2.31 2.50 2.35 2.16 . 2.73 2.26
7 14 1.98 2.16 2.13 2.64 . 2.44 2.17
7 2 2.36 2.24 2.36 3.16 2.41 2.72

APPENDIX TABLE 24. MEAN SERUM VALUES: MAGNESIUM - TRIAL I

Weeks before calving At calving Weeks after calving
Treatment I 2 3 2 4

Mg Mg per 100 ml of serum

I 2.95 2.77 3.10 2.76 2.86 2.96
2 2.33 2.26 2.20 2.31 2.27 2.57
3 2.05 2.30 2.55 1.98 2.13 2.21
4 2.04 2.25 2.05 2.35 1.78 1.90

■ 5 2.07 2.26 2.32 2.23 2.38 2.29
6 2.43 2.62 2.26 2.44 2.56 . 2.57
7 2.24 2.20 2.17 2.90 2.42 2.44

Avg. 2.30 2.38 2.38 2.42 2.34 2.42 ■
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APPENDIX TABLE 25. INDIVIDUAL SERUM VALUES: HEMATOCRIT - TRIAL I

Treatment
Weeks

Cow No. I
before

2
calving

3
At calving Weeks after calving 

2 4
Percent

I 6 37.5 30.5 35.5 36.0 37.5 39.0
I 3 38.5 40.0 38.5 41.0 40.0 38.5
2 10 34.5 34.0 31.5 31.0 33.0 32.5
2 I 35.5 42.0 39.5 44.0 38.0 42.0
3 8 35.5 33.5 32.0 38.0 ■ 38.0 37.5
3 13 35.0 34.0 37.5 49.5 37.5 38.5
4 11 37.5 36.0 38.5 41.0 40.0 42.5
4 5 32.0 30.0 32.0 34.0 34.5 34.5
5 4 30.5 30.0 30.5 32.0 33.0 . . 35.0
5 12 34.0 33.5 36,0 48.0 41.0 40.0
6 7 42.5 37.0 34.5 36.0 34.5 34.0
6 9 40.0 35.5 34.0 35.5 40.5 34.0
7 14 36.0 33.5 -  — 36.0 36.0 ' 38.5
7 2 35.5 36.0 33.0 38.0 40.0 . 37.0

APPENDIX TABLE 26. MEAN SERUM VALUES: HEMATOCRIT - TRIAL I

Treatment
Weeks before calving At calving Weeks- after calving

I 2 3 2 4
Percent

I 38.0 35.2 37.0 . 38.5 38.8 38.8
2 35.0 38.0 35.5 37.5 35.5 37.2
3 35.2 33.8 34.8 43.8 37.8 38.0
4 ■ 34.8 33.0 35,2 37.5 37.2 38.5
5 32.2 31.8 33.2 40.0 37.0 37.5
6 41.2 36.2 34.2 35.5 37.5 34.0
7 35.8 34.8 37.8 37.0 38.0 37.8

Avg. 36.0 34.7 34.8 38.5 37.4 37.4
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APPENDIX TABLE. 27. INDIVIDUAL COW WEIGHTS AND CALF BIRTH WEIGHTS - 
_________  TRIAL I

Treat
ment

Cow
No.

Weeks
I

before
2

calving At calving Weeks 
3 2

after calving 
4

At
birth

Kilograms
I 6 388.2 395.5 402.3 360.0 350.5 331.8 31.4
I 3 385.5 396.8 389.1 341.8 338.6 311.4 28.0
2 10 320.9 334.5 352.7 307.3 300.0 300.9 22.7
2 I 552.7 544.5 545.5 495.5 508.2 493.2 35.9
3 8 379.1 381.8 385.5 334.5 321.8 333.2 34.1
3 13 419.1 419.5 409.1 375.5 370.5 356.8 28.4
4 11 461.4 424.1 450.5 395.5 377.3 360.0 28.4
4 5 343.6 350.9 358.2 312.7 301.8 320.5 30.4
5 4 393.2 375.4 397.7 344.1 . 328.6 323.2 33.6 .
5 12 447.3 400.0 404.5 . 346.8 304.5 305.5 27.3
6 7 371.8 386.4 356.4 363.6 363.6 354.5 24.1
6 9 342.7 343.6 356.4 323.6 317.3 280.9 27.0
7 14 409.1 410.9 418.2 360.9 375.0 353.6 30.0
7 2 356.4 370.5 376.4 318.2 315.0 309.1 28.6
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APPENDIX TABLE 28. INDIVIDUAL COW SERUM VALUES BY BLEEDING: GROUP A -
TRIAL II

Cow
No. Bleeding

P
mg/100 ml

Ca
mg/100 ml

Se
ug/ml

Mn
ug/ml

Cu
ug/ml HcT

5 Ia •2.97 _ _ .002 1.00 34.0
2 4.77 9.44 -  - .002 0.90 35.0
3 3.74 — .001 0.88 38.0

8 I 1.39 9.24 r™ .002 0.74 34.0
2
3 '

9.13 9.80 - - .002 0.77 39.0

9 I 11.87 8.60 .004 0.85 34.0
2
3

10.61 :: :: .002 1.00 42.0

14 I 6.56 6.96 .004 0.62 38.0
2
3

12.17 .001 0.80 42.0

16 . . I 2.83 7.40 .001 0.73 33.0
2
3

7.38 9.90 .002 0.50

18 I 2.32 9.20 .001 0.89 38.0
2.
3

7.76 11.54 .005 0.90 39.0

20 I 3.22 8.60 .004 0.60 40.0
2
3

6.58 9.36 .008 0.80 45.0

22 I 4.18 . 10.60 .003 0.85 35.0
2 ■ 4.37 9.66 - - .001 0.99 38.0
3 5.10 — 0.037 .003 1.01 38.0

23 I ■ ' 5.44 9.80 —  ■ .004 0.86 37.0
2
3

3.16
e* lie

8.80 .004 0.73 40.0

31 I 3.61 9.28 .003 0.80 38.0
2 4.96 9.42 -- .002 0.89 36.0
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APPENDIX TABLE 28 . (CONTINUED)

Cow 
No. Bleeding

P
mg/100 ml

Ca
mg/100 ml

Se
ug/ml

Mn
ug/ml

Cu
ug/ml HcT

35 I 3.12 14.30 .. .001 0.86 40.5
2 4.11 — - .002 1.50 41.0

. 3 4.02 8.30 0.021 .004 1.28 38.0
37 I 2.83 8.98 ■ — .004 0.92 34.0

2
3

6.28 7.22 “ “ .005 1.48 40.0

43 I 6.85 .003 0.85 35.0
2 7.30 - - — — .001 1.18 37.0
3 4.08 8.80 0.046 .004 0.95 36.0

68 I 2.40 8.65 — —» .003 0.77 34.0
2 7.67 9.24 - — .002 0.93 35.0
3 3.74 10.40 0.028 .001 0.94 32.0

71 I 1.71 8.66 — ■ .005 0.61 37.0
2 . 4.48. 9.42 - - .004 0.66 39.0
3 . 4.22 10.20 0.010 .002 0.73 37.0

72 I 4.44 8.50 ■» — .004 0.94 36.0
2 2.46 - - — — .002 0.87 34.0
3 - “ — - - - " - “ 36.0

76 I 3.93 9.50 — — .003 1.10 36.0
2 5.82 7.54 — — .003 1.16 34.0
3 3.80 9.00 0.010 .004 1.07. 43.0

80 I 5.79 6.20 — —. .001 0.72 37.0
2 4.91 9.12 T " .002 0.78 39.0
3 4.30 9.82 - - .002 0.76 31.0

82 I 8.11 12.74 .003 0.73 32.0
■ 2 4.44 7.84 -- .005 0.55 36.0

3 ™ ” — -- -- -- 38.0
111 I 6.04 8.48 * ■ .002 0.80 37,. 0

2 3.72 8.98 - - .002 0.70 39.0
3 4.84 9.80 - — — - 0.89 42.0
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Cow P Ca Se Mn Cu
No. Bleeding mg/100 ml mg/100 ml ug/ml ug/ml ug/ml HcT
113 I 4.07 9.16 „ .003 0.83 34.0

2 3.85 8.50 - — .004 0.85 36.0
3 3.26 8.00 — .003 0.85 40.0

117 I 5.86 10.10 — — .003 0.72 31.0
2 3.83 8.44 — .002 0.80 37.0
3 4.10 9.00 — 001 0.61 35.0

123 . I 4.83 9.00 —. mt .002 0.86 31.0
2 2.48 8.16 “ " .003 0.66 34.0
3 3.52 8.60. — .002 0.70 33.0

125 I 2.95 9.64-. — .002 0.71 39.0
2 5.17 9.40 - - .003 0.66 40.0
3 6.56 8.40 - - .002 0.88 40.0

128 I 4.85 9.58 «■ — .002 1.08 42.0
2 4.35 9.46 — .004 0.81 43.0
3 00 8.54 — — - - --

129 I 8.97 10.00 *• — .003 0.90 32.0
2 4.27 6.92 — - .001 0.64 36.0
3 5.95 “ - “ " .002 0.93 37.0

132 I 5.66 10.10 ■ mm .005 0.93 30.0
2 5.36 8.80 — — .004 0.81 ' 33.0
3 3.48 8.20 - - .003 0.86 36.0

139 I 3.13 9.22 ■ ■ .002 1.40 32.0
2
3

2.58 8.90 .002 0.7.1 39.0

143 I 8.14 . 9.70 .003 0.90 33.0
2 3.85 8.78 - " .008 0.74 30.0
3 4.36 9.66 -r" ' .003 1.21 34.0

148 I 3.55 6.70 mm ■ .002 0.76 32.0
2 3.47 - - - * .002 0.58 37.0
3 5.02 . 8.80 — — .001 0.85 32.0
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APPENDIX TABLE 28. (CONTINUED)

Cow P Ca Se Mn Cu
No. Bleeding mg/100 ml mg/100 ml ug/ml ug/ml ug/ml HcT

149 I 6.06 _ _ 33.0
2
3

- - “ - .001 0.53

150 I 4.63 _ _ .004 0.83 39.0
2 2.71 8.80 .003 0.93 39.0
3 3.60 8.34 0.018 .002 0.96 37.0

357 I 2.93 —  — — — — — — — 39.0
2 3.73 9.24 -  - .002 0.73 41.0
3 ' 4.74 10.00 0.031 .002 0.65 39.0

372 I 4.19 _ —  — — — — — 36.0
2 3.27 11.10 — ~ .002 0.89 39.0
3 2.79 ■ 8.08 . 0.045 .001 0.70 34.0

397 I 7.02 —  — — — — — 37.0
2 2.66 9.04 -  - .001 0.71 36.0
. 3 4.92 10.44 0.018 .003 0.61 38.0

a Bleeding I - 3rd week in December. 
Bleeding 2 - February 10 and 11, 1975. 
Bleeding 3 - At calving.
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APPENDIX TABLE 29- INDIVIDUAL COW SERUM VALUES BY BLEEDING: GROUP B -
___  TRIAL II

Cow P Ca Se Mn Cu
No. Bleeding mg/100 ml mg/100 ml ug/ml ug/ml ug/ml HcT

I I 2.04 .. __ .003 0.91 32.0
2 4.07 7.90 ” “ .003 0.51 33.0
3 3.96 — 0.028 .002 0.89 35.0

4 I 7.30 9.00 ■ ■ .003 0.76 37.0
2 3.77 6.80 — — .006 0:75 38.0
3 — “ - 0.031 -- - - 42.0

10 I 5.86 9.60 .003 0.83 36.0
2 3.96 8.26 ~ - .005 0.58 35.0
3 3.27 ' 7.90 — .004 0.66 32.0

17 I 7.96 8.24 * — .001 0.66 36.0
2 4.11 6.80 - - .001 0.40 36.0
3 — — — -- -- 35.0

27 I 3.71 9.20 — .003 0.93 39.0
2
3

5.20 6.24 .003 0.86 36.0

28 I 5.24 10.06 „ .003 0.70 37.0
2 4.37 8.24 - - .005 0.51 35.0
3 3.18 6.80 0.028 .002 0.63 38.0

30 I 4.21 ■ *, .004 0.80 35.0
2 4.39 7.90 — — .004 0.67 34.0
3 5.91 9.85 0.042 .004 0.82 35.0

34 I 4.68 9.52 mm — .004 1.00 33.0
2 4.90 7.10 . — — - .003 0.69 34.0
3 4.16 — -- -- 35.0

40 I 4.35 8.52 mm mm .002 0.98 36.0
2 4.05 11.16 -- .002 0.74 40.0
3 6.33 9.80 0.031 .002 0.89 38.0

42 I 7.86 mm mm .001 0.83 39.0
2 2.98 9.70 — — .001 0.90 42.0
3 5.04 7.22 0.024 .004 0.98 39.0
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APPENDIX TABLE 29/ (CONTINUED)

Cow . P Ca Se Mn ' Cu
No. Bleeding mg/100 ml mg/100 ml ug/ml ug/ml ug/ml HcT
44 I 6.70 8.72 _ _ .002 0.83 33.0

2
3

5.52 7.08 .002 0.65 38.0

48 I _ _ 41.0
2
3

' 3.00 11.04 .002 0.54 39.0

50 I 5.24 ■ 10.18 .005 0.90 39.0
2 3.02 6.00 — — .004 1.00 36.0
3 4.48 7.94 0.008 .003 0.61 . 35.0

59 I 3.69 — M ■ M .004 0.82 35.0
2 3.94 10.30 — — .005 0.55 35.0
3 4.40 7.20 0.016 .003 0.55 31.0

60 I 3.34 * — —• * .004 0.86 33.0
2 4.30 6.80 — — .003 0.70 37.0
3 5.04 7.96 0.024 .001 0.71 36.0

74 • I 3.34 10.40 ee .002 0.89 37.0
2 3.66 9.74 — — .003 0.52 34.0
3 3.80 - “ 0.016 .004 0.73 33.0

78 I 6.46 8.80 ■ ™ .005 0.85 32.0
2 4.00 7.34 - - .003 0.54 30.0
3 5.40 6.62 0.030 .005 0.54 30.0

79 I 5.69 ■ ■ •m — .004 . 0.98 33.0
2 5.32 9.00 — — .001 0.70 32.0
3 4.46 8.12 0.015 .003 1.30 33.0

81 I 5.11 ■ ■ .003 0.88 37.0
■ 2 3.04 11.44 — — .004 0.64 37.0

3 — — M tm — — " 36.0

92 I 6.95 10.16 — — .002 0.73 40.0
2 3.66 10.00 — — .003 0.65 41.0



APPENDIX TABLE 29. (CONTINUED)

Cow P Ca Se Mn Cu
No. Bleeding mg/100 ml mg/100 ml ug/ml ug/ml ug/ml HcT

99 I 3.82 10.20 _ _ .004 0.85 37.0
2
3

2.04 8.60 :: .003 0.64 33.0

107 I 5.18 10.60 1.10 40.0
2
3

5.97 - — .002 0.65 41.0

H O I 6.07 9.06 .. .002 0.60 38.0
2 3.54 7.30 — — .004 0.82 38.0
3 4.18 11.80 0.040 .003 0.68 37.0

120 I 8.00 9.80 .005 1.07 33.0
2 5.66 7.56 — — .004 0.56 33.0
3 . 3.42 7.40 0.026 .004 0.55 35.0

130 I 6.97 . 9.56 ■ «a .003 0.90 35.0
2 5.81 — — .005 0.52 35.5
3 3.74 7.54 0.008 .003 0.85 36.0

131 I 7.22 12.10 ■  — . .006 0.90 38.0
2 4.73 . 8.80 - - .002 . 0.44 37.5
3 5.04 8.20 0.024 .002 - - 40.0

137 I 7.5,3 9.86 , ■  ■ .006 0.84 38.0
2 6.68 6.70 - - .003 0.51 36.0
3 - - - - - - - " 0.72 - -

144 I 6.06 9.00 ' MB — .002 0.66 42.0
2 4.71 8.60 - - .002 0.43 42.5
3 4.48 — 0.023 .004 - ~ —

151 I 6.39 8.20. ■ ■ .008 0.75 36.0
2 5.08 8.60 — — .002 0.65 37.0
3 - - - ■ - - — ■0.82 39.0

368 I 3.92 MB ■ .002 0.86 38.0
2 4.33 10.20 ™ ■ .003 0.60 39.0
3 4.18 6.76 0.024 .002 0.35 36.0
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APPENDIX TABLE 29. (CONTINUED)

Cow P Ca Se Mn Cu
No. Bleeding mg/100 ml mg/100 ml ug/ml ug/ml ug/ml HcT '
446 I 7.34 _ _ .001 0.87 38.0

2 6.66 -  — —  — .001 0.66 32.0
3 — — -- -- 27.0

NI I 5.82 5.38 *"* ■ .003 0.82 35.0
2 3.35 —  — —  — .002 0.39 40.0
3 5.40 8.30 0.037 .002 0.35 39.0

N2 I 6.85 10.00 ■  M .003 0.97 35.0
2
3

2.83 8.64 W - .004 0.72 36.0

N3 I . 4.33 _ _ _ _ 37.0
2 6.16 7.80 -  - .003 0.38 38.0
3 5.26 9.90 0.024 , .003 0.75 —

134 I 3.69 12.10 ■  M .007 0.62 35.0
2 6.97 -  - —  — .004 0.62 34.0
3 3.60 9.40 0.029 .003 0.65 36.0
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APPENDIX TABLE 30 . LEAST SQUARES ANALYSIS OF VARIANCE: CALCIUM -
TRIAL II

Source D.F.
Sum of 
squares

Mean
■squares F

Total 147 638.875732
Total reduction 6 393.032715 65.505447 37.570
MU-Y I 355.8957 355.895752 204.119
Treatments I 5.800391 5.800391 3.327*
Bleeding 2 16.065826 8.032913 4.607**
Treatment x Bleeding 2 8.303708 4.151854 2.381*

Remainder 141 245.843018 1.743567
* Significant (Pc. 10)

** Significant (Pc.05)
*** Significant (Pc. 01)

APPENDIX TABLE 31. LEAST SQUARES ANALYSIS OF 
TRIAL II

VARIANCE: PHOSPHORUS -

Sum of Mean
Source D.F. squares squares F
Total 181 721i000732
Total reduction 6 205.806290 34.301041 11.651
MU-Y ■ I 180.887665 180.887665 61.444
Treatments I .550778 .550778 .187
Bleeding 2 15.831545 7.915772 2.689*
Treatments x Bleeding 2 18.444153 9.222076 3.133**
Remainder 175 515.194336 2.943967

* Significant (Pc. 10) 
** Significant (Pc.05) 
*** Significant (Pc.01)
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APPENDIX TABLE 32. LEAST SQUARES ANALYSIS OF VARIANCE: COPPER -
TRIAL II

Source D.F.
Sum of 
squares

Mean
squares F

Total 176 21.065109
Total reduction 6 16.027115 2.671185 90.135
MU-Y I 14.162581 14.162581 477.896
Treatments I .578408 .579408 19.551***
Bleeding ■ • 2 .486847 .243424 8.214***
Treatment x Bleeding 2 .399307 .199654 6.737***

Remainder 170 5.037994 .029635
* Significant (Pc.10) 
** Significant (Pc.05) 
*** Significant (Pc.Ol)

APPENDIX TABLE 33. LEAST SQUARES ANALYSIS OF VARIANCE: MANGANESE -
TRIAL II

Source D.F.
Sum of 
squares

Mean
squares F

Total 174 .000350
Total reduction 6 .000018 .000003 1.538
MU-Y I .000001 .000001 .755
Treatments I .000011 .000011 5.643**
Bleeding 2 .000006 .000003 1.401
Treatments x Bleeding 2 .000002 .000001 .496

Remainder 168 .000332 .000002

* Significant (Pc. 10) 
** Significant (Pc.05) 
*** Significant (Pc.01)
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appendix TABLE 34. LEAST SQUARES ANALYSIS OF VARIANCE: HEMATOCRIT -
TRIAL II

Source D.F.
Sum of 
squares

Mean
squares F

Total 189 18966.000
Total reduction 6 17231.133 2871.855 302.934
MU-Y I 16727.508 . 16727.508 1764.477
Treatments I 25.752 25.752 2.716*
Bleeding 2 52.206 26.103 2.753*
Treatments x Bleeding 2 76.224 38.112 4.020**

Remainder 183 1734.867 9.480
* Significant (P<;10) 
** Significant (Pc.05) 
*** Significant (Pc.01)
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