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Abstract:

The study reported in this thesis was conducted to determine whether or not any benefit is derived from
adding trace minerals to rations varying in phosphorus content and containing urea or soybean oil meal.
These rations were fed to steer calves wintered to gain approximately one pound per day. Two feeding
trials are reported.

Forty weanling Hereford steer calves were used in the first trial.

The calves were divided into five groups so that average weights were equal. The five groups were
individually fed a basal ration containing dried molasses beet pulp, corn gluten feed, and urea.
Combinations of three levels of phosphorus and three levels of trace minerals were used in the rations.
All calves were fed hay which contained a low amount of phosphorus.

Weights and blood samples were taken approximately every 28 days.

The blood plasma was analyzed for phosphorus, calcium, vitamin A, and carotene. Although the calves
receiving a ration containing adequate phosphorus and trace minerals made the best gains, there were
no significant differences amoung the average gains observed for the five treatments.

For the second trial, fifty-six weanling Hereford steer calves, averaging about 390 pounds, were
obtained from one rancher and divided into eight groups on the basis of weight. Each of the eight
rations was individually fed to one steer in each of seven lots. Five lots were located at Bozeman and
two lots were located at the Fort Ellis farm, five miles east of Bozeman. Daily individual concentrate
and hay intakes were recorded for each calf. The eight rations contained combinations of urea or
soybean oil meal, low phosphorus or adequate phosphorus, and no trace minerals or added trace
minerals.

Weights and blood samples were taken every 28 days. Calves receiving low-phosphorus rations gained
less than those receiving adequate-phosphorus rations. Calves receiving urea rations gained less than
those receiving soybean oil meal rations. Calves receiving trace minerals in soybean oil meal rations
gained less than those receiving trace minerals in urea rations. These differences in gains were highly
significant.

Blood samples obtained were analyzed for phosphorus, calcium, vitamin A, and carotene. In both trials,
significantly lower blood phosphorus levels were found in calves fed low-phosphorus rations. There
were negative relationships between plasma-phosphorus and plasma-calcium in both trials. The
carotene content was high when the phosphorus content was low.

Rations fed in the second trial produced definite nutritional deficiency symptoms similar to those
described by many workers as a phosphorus deficiency. These symptoms were low



plasma-phosphorus, depraved appetite, unthrifty condition, rough hair coat, and poor appetite.

The environmental differences between the Bozeman lots and the Fort Ellis lots caused greater
variations in gains than the difference due to rations fed.
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I
ABSTRACT

The study reported in this thesis was conducted to detexmine whether
or not any benefit is derived from adding trace minerals to rations vary-
“ing in phosphorus content and containing urea or soybean oil meal. These

rations were fed to steer calves wintered to gain approximately one pound
per day. Two feeding trials are reported.

Ferty weanling Hereford steer calves were used in the first trial.

The calves were divided into five groups so that average weights were
equal. The five groups were individually fed a basal ration containing
dried molasses beet pulp, corn gluten feed, and urea. Combinations of
three leyels of phosphorus and three levels of trace minerals were used in
the rations. All calves were fed hay which contained a low amount of phos-
phorus, ’ , : ~

Weights and blood samples wexre taken approximately every 28 days.

The blood plasma was analyzed for phosphorus, calcium, vitamin A, and caro-
tene. Although the calves receiving a ration containing adequate phos-
phorus and trace minerals made the best gains, there were no significant
differences amoung the average gains observed for the five treatments.

For the second trial, fifty-six weanling Hereford steer calves, ave-
raging about 390 pounds, were obtained from one rancher and diyided into .
eight groups on the basis of weight. Each of the eight rations was indi- .
vidually fed to one steer in each of seven lots, Five lots were located at
Bozeman and two lots were located at the Fort Ellis farm, five miles east
of Bozeman. Daily individual concentrate and hay intakes were' recorded for
each calf. The eight rations contained combinations of urea or soybean oil
-meal, low phosphorus or adequate phosphorus, and no: trace minerals or added
trace minerals, :

. Weights and blood samples were taken every 28 days. Calves receiving
low-phosphorus rations gained less than those receiving adequate=phosphorus
rations. Calves receiving urea rations gained less than those receiviag
soybean oil meal rations. Calves receiving trace minerals in soybean oil
- meal rations gained less than those receiving trace minerals in urea ra-
tions. These differences in gains were highly significant,

. Blood samples obtained were analyzed for phosphorus, calcium, vitamin
A, and carotene. In both trials, significantly lower blood phosphorus .
levels were found in calves fed low-phosphorus rations.- There were nega-
tive relationships between plasma-phosphorus and plasma-calcium in both
trials. The carotene content was high when the phosphorus content was low,

~ Rations fed in the second trial produced definite nutritional defi-
ciency symptoms similar to those described by many workers as a phosphorus
deficiency. These symptoms were low plasma-phosphorus, depraved appetite,
unthrifty condition, rough hair coat, and peor appetite. ‘

.The environmental differences between the Bozeman lots and the Fort
+Ellis lots caused greater variations in gains than the .difference due to
rations fed. ' :
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INTRODUCTION

This thesis includes a study of wintering trials with steer calves. A

study of weight gains, blood analyses, and env1ronmenta1 d1fferences. as

~affected by rations containing e1ther urea or soybean 0il meal as a nitro~

gen source, trace minerals, and low or adequate phosphorus is reported.

A problem in western fange areas is how to winter calves economically
without affecting growth, vigorohand generél héalth of the calves. Cheapef
supplemental feeds can now be formulated by using non-protein nitrogen or.
urea as a replacement for vegetable proteins, Research at many experiment/
stations has shown that urea can satlsfactorlly replace a portion of the
protein in wintering calf rations without affecting weight gains°

Protein is a.very important nutrieﬁt for growfh; The distinguishing
characteristic of protein is the fact that it contains approximately 16

percent nitrogen. To determine the crude protein in a feed, the amount. of

" nitrogen in the feed is multiplied by ‘a conversion factor (6.25), which is

found by diViding 100 by°16.. Urea, a white ciystaline compound, which has
the chemical formula NHZ(I‘:NH2v contains 42 percent nitrogen; therefore, on.
the basis of protein, it would have an equivalence of 262.percent., The
process by which urea is converted to protein takes placé in the rumen.
The midroorganisms in the rumen utilize the nitrogen of the urea in the
manﬁfacturing of protein in their own bodies. Later, the microorganisms
are digested by the animal, and it is at this time that the ruminant ob-
tains the benefit from the urea, Urea is produced for commercial use by

a process of combiﬁing water, coke, and air and is rather inexpeﬁéive con-

sidering its protein equivalence. The urea used in this study was labled
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"Twﬁ—Sixty-Two" Feed Compound and is made by the Du Pont Plant at Belle,
. West Virginia. R

Soybean oil meal was used in this study because it is the protein
supplement most commoniy used in the northwestern range areas.

There are no known copper, cobalt or maﬁganese dificient areas in the
northwest. It is assumed the forage -contains these minerals in adequate
amounts to_satisfy the needs of the livestogk that feed upon them; there-
fore, it is questionable whether or not there is need for tfacé-mineral
supplementation. Sounder bases for recommend;tiéns'regarding mjnerall
supplementation ére needed. These three elements will be referred to in
thfs paper as tﬁe trace minerals, Trace minerals were added to the experi-
mental rations to determine their value. Only in the last few yeafs has
emphasis in nutrition.research been plaqed on determining the reIationship
that exists between the various nutrients. .

Phosphorus and calcium are the two major mineials‘essential in animal
nutrition. There are many phosphorus deficient areas in the northwest,
but there are only a few calcium deficiént areas. Because cattle and
sheep utilize latge amouants of roughages, which are high in calcium, the
problem has been to supplement these roughages with the proper minerals,
In this study, various phosphorus levels were:fed to learn more of their .
effect on growth., ) |
Vitamin A desexves considerable atténtjon in range areas as there

have often been deficiencies occurring in cattle, especially after drought

periods.
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REVIEW OF LITERATURE

The usé of urea in animal feeding is not new, as urea was fed before

" the turn of the century, Voltz (1907) worked with sheep and reported that

within wide limits the amid substances of molasses can’ replace proteins in
the metabolism of adult ruminants, At this early time.-he stated that
probably the organism of the ruminant possessed the 6apacity of building
up high holecular nitrogen compounds fiom a very limited nuﬁbem of amid.
substances and using them in metabolism., |

Mangold and Stotz (1936) found that the'nitrogen balances of two
young bullocks on a basal ration of hay and soya bean meal were unaltered
when 25 percent of the digestible protein in the ration was replaced by
an equivalent amount of urea., Fingerling, et al. (1937) reported a series
of nitrogen balance exéeriments with two'young oxen and showed that 50 to
60 percent of the nitrogen of urea is availéble for deposition as compared
with 60 to 63 percent of nitrogen in wheét gluten."They surmised, within
quite.wide limiis. that the nitrogen of urea can be utilized by growing
animals. The appropriate use of urea produced no harmful effects.

The first work with urea conducted in the United States was reported
by Hart, et al. (1938, 1939). . They stated that, when 43 percenf of the

M Com——

nitrogen in the ration was from urea nitrogen, the growth rate was little

less than that secured with a ration containing 66 percent of its nitrogen

as casein nitrogen; this work was done with growing calves.,
According to McNaught and Smith (1947), the economy of utilization of
nitrogen in the rumen will depend on: (a) the rate of growth of the bacte-

ria, which in turn depends on a liberal supply of starch; and (b) the
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balance between the nitrogen requirements of the bacteria as determined by
(a), and the supply of simple nitrogenous .compounds in the diet., If more
nitrogen is éonsumgd than can be synthesized, the excess enters the blood
-and may cause toxic effects,

Briggs, et al. (1947) and Dinning, gg;gl. (1949) showed that nitrogen
retention by steers was increased by the additiop of 25 and 50 percent
urea nitrogen to the ration; however, urea alone was a poor supplement .to
prairie hay. Johnson, _1;_1,'(1942) found that the addition of urea to a
basal ration, in amounts to produce the equivalent of 12 percent crude
protein on the dry basis, induced a retention of nitrogen in growing lambs
'that could not be improved by further urea additions but could be improved
by increasing the true protein content of the ration., It appeared thaf
the conversion of urea in the paunch does not proceed at a sufficiently
rapid rate to meet the protein requirements of the growing lamb.

Loosli and McCoy (1943) and Watson, et al. (1949) demonstrated that
urea added to a low protéin ratibn'caused an increase in groﬁth gains
when fed to beef or dairy calves, ﬂoosli increased a 4.4 percenf protein
ration to a 1692‘percenf protein ration~by using urea and showed that this
additional nitrogen increased growth gain,

Bartiett and Cotton k1938) used a control ration with a limited amount
of protein. To this ration, they added 0.127 pounds of urea dain and fed
it to growing dairy heifers, The weight gains were inclreasedv but when the
same amount of nitrogen was given in the form of protein, the weight gains-

were greater than with urea. For growing calves, they considered protein

a better source of nitrogen than urea, McClymont (1948) concluded that, for
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growth or feed utilization in célves, the effeciency of urea nitrogen was
not greatly affected by the presence, or proportion, of grain in a low
protein ration, and that urea could not compete with protein rich con-
centrates at prevailing prices but might be economical where protein con-
centrates are costly or not available.‘

Contrary to the above conclusions, several workers have reported
sétisfactory gains from rations containing urea. Embry and King (1953)
reported tﬁat a protein supplement containing four percent urea compared
favorably with soybean o0il meal when either was fed with prairie hay{
they wintered beef calves to.gain 0.75 to l‘pound daily. Beesén and
Peiry (1952) used urea t6 replace from one-third to two-thirds of the pro-
tein equivalent supplied by soybean oil meal; this supplement was fed with
ground corn cbbs. No significant difference in growth rate was obtained
when the gains of these beef calves were compared with those of c;lves
receiving all their protein from soybean oil mea'l° Hamilton (1948) con-
cluded that urea was as satisfactory a source of nitrogen for growing lambs
as that from most ordinary feeds, provided at least 25 percent of the food
nitrogen was in the form of preformed protein, and provided further that
the total protein eduivalent of the ration did not exceed 12 percent,

Urea utilizétion-varies considerably_because of the presence or
absence of different quality proteins and carbonaceous materials.,
Burroughs. et al, (1951) stated that good quality protein, when not fed
above a ceftain'level, gives better urea utilization but when fed in large
amounts lowers urea utilizaiion. Cellulose digestion was greater when urea

was in the ration. Wegner, et al. (1941) showed the rate of conversion of
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urea nitrogen to protein in th rumen decreased when the level of prote1n
in the concentrate was increased to moxe. than 18 percent.

Loosli and Harris (1945), Lofgreenq et al, (1947). and Gallup; et al.
(1952) reported that an addition of methionine to a urea ration increased
ﬁhejnitrogen retention and that prdtein syhthesis from urea in lambs is
greatly enhanced by the addition of methionine. Apparently fhe quality of
protein accompanying urea in a ration is important.

Mills, et al. (1942) reported, when using timothy hay as the basal
:ration. that utilization of added urea took’placenonly when starch was
added to the ration. Mills, et al. (1944) worked with growing dairy
calves and found thet.efor maximum ‘growth, a .ration composed of a roughage -
and molasses and urea must be s@pplemented with some additional souree of
- a readily available carbohydrate or pretein such as any cereal grain or
| ﬁrotein concentrate. Arias, EQ_gl. (1951) and Bell, et al. (19511‘reboxt-
ed that a source of energy in the ration, either a readily available carbo-
hydrate, or a complex carbohydrate. aided urea utilization.

Burroughs, et al. (1951) studied the effects of minerals on urea
utilization. They found phosphorus and iron effective in stimulating uree
utilization and cellulose digestiqn by rumen microdrganisms. Evidence was
presented that other elements besides ifoh'And pﬁosphorue were involved in
rumen bacterial phyeioloqu These elements were-in addition to sodium,
potassium, calcium, magneswm‘7 chlorine, and sulfur, which were routinely
used 1n the art1f1c1a1 sallva .0f an art1f1c1a1 rumen,

Gallup, et al, (1951) observed trends indicating greater vitamin A~

storage when cottonseed meal was fed than when soybean oil meal was fed as
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the protein supplement. Urea had no effect on carotene and vitamin A
metabolism as measured by the plasma and liver values.

The palatgbility of rations containing urea is importani,and most
workers have reported thgt rations pontaining urea are palatable. One of
the first repbrts on palatability was by Mangold and Stotz (1937), who-
found that rations cohtaininé 15 percént‘urea were very palatable.

Bowstead and Fredeen (1948) listed some factors concerning the palatabil-
ity of urea rations.. Differences in individual animals had‘the gxeatést
influence on palatability; molasses enhancéd palatébility; thé most palat-
able of all urea-grain mixtures were those containing five percent urea.
Briggs, et al. (1947) found that pellets containing 50 percent of their
niprogen from urea were a satisfactory supplement in the .early phases of a
fattening period but proved unpalatable in the late phases. .

Hart, et al. (1939) observed that kidney damage was present when urea
was fed at the rate of 4.3 percent of the dry matter of the ration and was
also apparent when urea was fed at a 2.8 percent level. Work, et al. (1943)
showed that urea fed for long periods of time, at the rate of 0.88 and 2,29 -
percent of the dry matfer of the ration, did not cause liver or kidney dam-
age in steers under dry lot management. They‘also showed - that u.r:.ea‘7 when
fed to steeré on pasture at the rate of 0.18 and 0.35 pound per head per'
day, and as complete replacement for cottonseed meal supplement, did not
cause liver or kidney damage. Briggs. et al. (1947) found that when 25,
50, 75, or nearly 100 percent of the supplemental nitrogen has been fur~

nished by urea there are no indications.of toxic effects from urea. Harris

and Mitchell (1941) found that rations containing up to 3.16 percent urea
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~on the dry basis did not exert any obéervable toxic effect in lambs,

Considerable work has been reborted concerning phosphorus and calcium
levels for animal feeding. Theiler, et al. (1927) reported that minimal
requirements for growth are higher in tﬁe case of phosphorus than in the
case of calciﬁm° Galiup and Briggs (1950) indicated the breaking point
bewfeen negative and positive phosphorus balance was when the ration
supplied about two grams of phOSphorus_déily per 100 pounds of body‘weight.
Beeson, et al. (1937) also concluded that two grams of phosphorus daily per
lOO‘pounds of live weight were adequate for normal growth. They indicated
that an organic form of phosphorus, as present in cottonseed meal, is nbt
as évéilable to the beef animal as aﬁ inorganic form and that an excéss
supplementation of bone meal gives lower gains than adequate supplementé—
taion. Huffman, _lﬁél, (1933) Saiq the phosphorus requirement for growth
is not directly proportional to body weight but depends on rate of growth.
Lewis (1950) concluded that excess calcium added to a ration of borderline
phosphorus content reduced bofh feed consumption and rate of gain.

Kléiber, et al. (1936) repofted that a 16wupho§phorﬁs intake diminish-
ed appetite and the-effiéiehcy with which food energy was converted to body
energy but had no effect on the digestibility and metabolism of the food.
Hughes, et al. (1933) éoncluded'the metabolizable energy of a ration is
not influenced by phosphorus deficiency in'cattle°

Van Landingham, et al. (1935) reported that whole blood-inorganic
bhOSphorus level was found to be a good inde%-of the degree of phosphorosis.

The fall in phosphorus level was roughly proportional to the degree of

deficiency. Payne, et al. (1946) found that the blood levels of inorganic
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phosphorus decreased with age of cattle. Green and Macaskill (1928)
showed the plasma-phosphorus values of new born calves were much higher.
than the plasma-phosphorus values of their mothers. Thomas (1950) showed
. that plasma-phosphorus decreased as calves grew to 20 weeks of age.
Watkiﬁs and Kn&x (1948) reported that a yearly average of 3.53 milligrams
per 100 milliliters of blood for range cows was adequate for good produc-
tion. |

. There has been considerable work done wiph cobalt in the United States
but little work with copper and manganese, The major cobalt and copper
deficient areas in the United States are Florida and surrounding states,
around the Great Lakes, and New York and New Hampshire. These deficiencies
cause poor gains in livestock in those areas, and livestock have responded
very well to sﬁpplemenpation of these minerals.

When using a late cut timothy hay and a ration in which 39 percent of
the nitrogen was furnished by urea, Bentley and Moxon (;952) found.that
addiﬁg a mineral mixture containing copper, cobalt, manganese, zinc, and
iron improved average daily gain of steers by 43 percent. Klosterman, et
al. (1953) showed that the ash of dehydrated alfalfa meai, of molasses
fermentation solubles, or a trace mineral mixture significantly increased »
the gains of steer calves fed poor quality hay. The daily intake of the
calves was 800, 200, 25, 14, and 0.5 milligrams, respectively of iron,
manganese, copper, ;inc, and cobalt. Their results indicate that the poor
quality hay ration was.deficient in-trace minerals and that these minerals
apparently were present in alfalfa ash or molasses fermentation solubles.

Gallup, et al. (1952) found that excess manganese in a ration caused
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large fecgl excretions of phosphorus and calcium. Calcium and phosphorus -
.balances were positive when mangaﬁese was added to the ration at rates of
250 and 500 parts per million. With young Holstein heifers, Bentley and
Phillips (1951) found that rations with less than 10 parts per million
manganese were adeduate for growth. Addition of manganese as a mineral
supplement to provide 30, 40, or 60 parts per million did not stimulate
faster growth. Cattie‘readily tolerated 60 to T0 parts per million man-
ganese so Bentley and ﬁhillips felt that 20 parts bex million would be a
sa£isfactory level. 1If a ration contained less manganese, they ainsed
supplementétion.

Kidder (1949) had a 500-pound steer develop chronic cqppet.poisoning
and die after 122 days.oh a daily drench containing five grams of
CuSO435H20o Davis and Hannan (1947) studied copper deficient Devon cattle.
- They observed an increase in the alkaline blOOd ph0sphataSe values as
coéper values decreased. The blood inoxrganic phosphorus values rose from
below six milligrams bervone hundred millilitérs of blood to over twelve
milligrams per one hundred milliliters of blooa. Copper administration
quickly restored the phOSpHatase and blood inorganic phosphorus values to
normal. | |

Gee (1952) reported the daily requiremeni'of cobalt and copper for
cattle is 1 milligram cobalt and 100 milligrams copper, McNaught, F}_gio
(1950) found rumen baptefia caﬁ tolerate 10 parts per million copper and
somewhat less than 10 parts per million cobalt. Growth of bacteria was
inhibited by 25 parts per‘million copper and‘lOOO parts per million cobalt.

Klosterman, et al. (1951) fed wheat straw, cane molasses, field peas, -

~
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cerelose, dicalcium phosphate.vand Sélp to lambs, The addition of cobalt
significantly improved the biological value of protein but had no effect
on the digestibility of the protein.

Chamberlain} et al. (1948) found one milligram cobalt per day per lamb,
added to é'iation of 45 percent corn and 55 percent hay, increased gains
the last four weeks of a 14-week feeding period,

Pope, et al. (1947) reported that the most noticable effect oflsupple-
menting a ration with cobalt was the rapid resumption of appetite in cobalt
deficient sheep. A

Sedgwick° gi_glo (1950) worked with cobalt-deficient sheep. They
found cobalt salts g1ven by mouth gave increased appetites in ‘a week,
quickly followed by an increase in welght° Cobalt 1n3ect10ns were of no
value. Cobalt def1c1ency had no effect on blood phOSphorus° |

Neal and Akmann (1937) produced a malnutrition in calves that was pre-
vented or cured by cobalt supplementation and was aggravated by the use
of iron and copper supplements. Appetite failure was the most prominent
symptom, | |

Geyer, et al. (1945) corrected a cobalt deficiency in calves by fged- .
ing three milligrams of elemental cobalt per day. They found feeding ag
much as 50 milligrams of cobalt pei day pfoduced-no,polycythemia. Kenner,
et al. al. (1949) found growing dairy calves were able to consﬁme daily up to
' approximately 50 milligrams of cobalt per 100 pounds body weight for many
weeks without definite harmful effects, On the contrary, Ely, et al.

(1948) reported cobalt fed in excess of 40 m1111grams da11y pexr 100 pounds

body weight produced toxic effects in dalry calves.
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Guilbert, et al. (1940) stated that the_dhily'vita@jﬁ A requirement
for cattle was 21 to 27 I. U. per kilogram of body weight, or 43 to 55
I. U, of caroteng pef kilogram of body weight. Tﬁé National Research
Council (1§50) recommended a minimum, of 1000 I,',,U° of yi;émjn A daily,
for each 100 pounds of liye weight for growth and prevention of deficiency

symptoms in calves.
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'EXPERIMENT I ..

The experiment was conducted for two winter feeding periods; the

_p?ocedu:e and results will be discussed according to the year chduéted

and the two year's work will be summarized together,

PROCEDURE

A}

General .Information

Forty weahling Hereford steer calves were purchased from a Gallatin

'Valley commercial breeder. The calves averaged 384 pounds on November 13,

1951, when individugf.ﬁeights were obtained for lotting purposes. At'this
time the calves were ear tagged and number branded. All brands wexe two
digi; numbers, the first digit representing .the lot the calf would be in
and the ration he weuld receive, the second digit representing the stall

number to which he wa§ assigned. The calves were divided into five lots

on the basis bf weights. each lot being fed a different ration. Individual

stalls representative of those used in this trial are shown in Figure 1.
The calves were weighed on the experiment, December 10, 1951. The
average welghts of the lots at this time were not equal because of varia-

tions in growth rate; however. these yariations were not great, The calves

.were-welghed about every 28- days. and blood samples were taken at the same

time for the determ1nat1on of calclumv phosphorus, carotene, and vitamin A,
The Veterinary Research Laboratory analyzed the blood samples.

. The steers were fed in the college experimental steer barn. This
bafn was divided into five sectiens, each of which contained eight,individ—

ual feeding stalls and a small loafing shed, adjoined by:an exercise pen,
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Figure 1 One lot of calves in their individual feeding stalls at the
Fort Ellis farm. This is Lot 7 in Experiment 2. (1952-1953)
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Each calf was fed in the same individual stall throughout the experiment.
The calves were fed their concentrate and hay ration in the morning and
remained in the stalls until mid-afternoon@f Calves were then turned out
into the exercise pens where they had access to salt, water, and shelter.

| Thé concentrate ration and hay for“each calf was individually wejghed
éach day, and a daily record was kept of eapﬁ calf's, daily intake of both
concentrate and hay; All calves received the saﬁé kind of hay. The
rations varied in amount of phosphorus and amounts of trace minera}s,' The
concentrate rations were mixed by an eléctfically driven feed mixér to
Aassufe adeqqate mixing of the large and small quantities of ingredients.

The ratiqns fed during the experiment were formulated so théy would
provide adequate protein and total digestible nutrients but would be low .
- in phosphorus. Corn gluten feed was used to pfpvide protein, and because
it cpntained a low amount of phosphorus.

After the winter feeding trial of 162 days. the steers were put on
irrigated pasture. They were observed closely te see what effect the
.wjnter feeding had on the subSequeﬁt summer gains,

Rations Fed

With the exception of phgsphgrus.-all calves were fed a basal ration
which supplied all the ﬁecessaty nutrients in the'proper amounts to provide
for one pound per day gaih; The National Research Council's recommended
nutrient allowances for Calves.are shown in Table I, and these récqmmended
nutrient allowances were used in computing rations for the calves.

All feeds that were used to make up the rations were chemically

analyzed for protein, calcium, andwphosphorus."ngestibility estimates




RECOMMENDED DAILY ALLOWANCES FOR WINTERiNG CALVES 1/

TABLE I,
Expected  Feed per . Digestible Digestible
Body wt. daily gain animal protein  nutrients Calcium Phosphorus ' Carotene
lbs, 1bs. lbs. - lbs. ,i -~ 1lbs, } | ms. ms, - mgs.
400 1.0 11 | 0.7 . 6.0 . 16 12 24
500 1.0 13 0.8 =~ 7,0 - 16 12 30
600 1.0 15 0.8 8.0 16 12 36

l/ Recommended Nutrient Allowances for Beef Cattle, National Research Council Bulletin
No. 4. 1950,

i
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were arrived at by comparing similg; feeds and by uéing analyses of feeds
shown in Morrison's "Feeds and Feeding? (1949) . Thevchemical aﬁalyses_of
the feeds and minerals used are shown in Table'II. It is interesting to
‘note that .the percent digestible:p;otein and phosphorus content of the
'grass hay used was very low, inﬁicating that the hay was of low quality,
The locally grown hay was used in the exp;riment because of its low
phosphorus content. The uréé_uséd was considered one hundred percent
'gigegtibla-although this digestibility is too high for all conditions
underbwhich it may Be used. . Har:is; et al. (1943) reported a digestion
coefficient of 74 for ufea when fed to six to eight month old calves;
however, they fed it‘at the z;te'qf ;ix,pgrcent of the grain ration which,
~according to McNaught and Smith (1947), is probably more nitrogen intake
fhan'can be used for synthesis by the’bacteria, the excess nitrogen being
wasted. The consequence would be a-ioW'digestion coéfficient. In this
experiment, urea was incorporated at the rate of apbroximately 2 percent
of the concentrate.ratiqn. 0.68 percent of the total ration, and 31.25
percent bf the total protein in the cohcentrate Ic_étiono It is.believed
that urea was fed at low enough amounts in these rations to insure a high
percent digestibility.

The amounts of the different feed constituents used to make up the
different concentrate rations are shown in Table III. Approximately
seventy percent of the concentrate ration for all lots was beet pulp. ‘This
is a high per;entagé of beet pulp and may have had a tendency to decrease
the palatability,qf thé ration although palatability was not a problem.

The reason for the use of large amounts of beet pulp was to decrease the




TABLE II. CHEMICAL ANALYSES OF FEEDS USED IN FORMULATING RAIIONS FOR EXPER IMENT

1. (AIR-DRY BASIS) (1951-1952)
Feed ) - Protein Calcium Phosphorus  Cobalt Copper Manganese
% % % % % %

Hay 7.7 0.52 0.09 — ——— —
Dried molasses - A

) beet pulp 8,7 0°62 0007 ———— ———— L -
Corn'giuten feed 23.3 0,48 0.42 — — —
Urea 1/ 262,0 —— —— —— ——— —
Monosodium phosphate = ———v — 19,12 - — —
Cobalt carbonate : ———— — ——— 45,0 — ——
Copper sulphate L e ——— — —— 25.0 ———
Manganese sulphate —— m——— ———— ———— —— 24,0
i/ Acknowledgement is made to E.I. DuPont De Nemours and Co. for suppling the "Two-Sixty-

Two™ Feed Compound.,

- g2 -




_ TABLE III,

CONCENIRATE RATIONS FED IN EXPERIMENT 1. (1951-1952)

5

Ration No. 1 2 3 4
Adequate Low " Adequate High Adequate
Treatments Phosphoxus Phosphorus Phosphorus Fhosphorus Phosphorus
' Added Trace Added Trace Excess Trace Added Trace No Trace
" ‘Minerals " Minerals Minerals Minerals Minerals
| % % ¥ % %
Dried molasses beet pulp 12,37 73.40 72,37 69.91 72,37 »
Corn gluten feed 24,16 24.50 24,16 23.33 24,16 &
t
- Urea 2.07 2,10 2.07 2.00 2,07
Monosodium phosphate _ 1.40 ——— 1,40 4.76 1.40
Trace Minerals (mg./1b. of ration)
Cobalt carbonate 0,53 0,54 12,66 0.51 —
Copper sulphate 19.72 20,00 98.60 19.05 -
Manganese sulphate 102,71 104,17 513.53 99.20 -
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phosphorus content of the rations. The c¢rude piotein cqntené of ali the
rations was approximately seventeen percent. The calcium content of all
rations was the same.

The rations were mixed in 1000-pound mixtures, the monosodium éhas-
phate and trace minerals being added to the 1000.paundsc In rations 1, 3,
aﬁd‘s, 14.25 -pounds of monosodium phosphate were added to a 1000-pound
mixture; in ration 4, fifty pounds were added; and in ration 2, none was

added. Because of the additioﬁ of these different amounts of monosodium

-phosphate, the percent composition of the rations were changed; however,

this change was'slight and is shown in Table III.
Cobalt carbonate, copper sulphate, and manganese sulphate were added
to rations 1, 2, and 4 in sufficient amounts to supply each steer a daily

intake of 1 milligram cobalt, 20 milligrams copper and 100 milligrams

manganese. These minerals were added to ration 3 to supply a daily intake

of 5 milligrams cobalt, 100 miliigrams copper, and 500 milligrams manganese.

No trace minerals were added to ration 5. There were no chemical analyses

"of the ration constituents for the trace minerals, so the total daily

intake of these trace mineials is not known,

The rations were formulated so that the National Research Council’'s
recommended nutrient allowances would be met if the steers/ate 4 pounds
pf_cﬁncentrate and 8.5 pounds of hay per day. The chemical composition of.
ratioﬁs fed is shown in Table IV. The deﬁicient, adequate. and excess

phosphorus percentages of the various rations are shown in the table,
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TABLE IV, CALCULATED CHEMICAL COMPOSITION OF TOTAL RATIONS FED
' IN EXPERIMENT 1. (1951-1952)

Ration No. | 1 2 3 4 5

: % 7 % % %
Crude protein 1088 10,91  10.83 10,64 10,83
calcium 054 0,54 0.54 0.53  0.54

Phosphorus 0.20 0.11 0.20 0.40 0.20

RESOLTS AND DISCUSSION

Feed Con§u@ption

Based on the déily intake of 4 pounds of concentrate énd 8;5.pounds of
hay, the daily intake in terms of pounds, grams, and milligrams of the
imppitant,nutrients has been calculated and is shown in Table V. All of
the dairy intakes ére_in acéprdance with the requirements listed in Table*
I, -except for pﬁosphorus° Rations 1, 3, and 5 contained an adequate
: amoun# of phosphorus; réinn 2 contained a'deficienp amount of phosphorus;
and ratiom 4 contained an excess amount of phosphorus.

Throughout the experiment, the calves did'not average as.high an
intake of feed as was expected. The average intake of feed was 3.7 poynds.
pf concentrate and 6,9 pounds of hay. Because of this lower daily feed
intake, the daily intake of all nutrients was not as high as was antici-
patéd, The actual daily intakes are shown in Table V. The fdilowing are
soﬁe factgfs which may have caused the calves to eat less than was expect-

ed: the calves were allowed to eat only six or seven hours a day in. small
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TABLE V. - AVERAGE DAILY NUTRIENT INTAKE PER CALF FOR RATIONS
FED IN EXPERIMENT 1. (1951-1952)

Ration No. 1 2 3 4 5

Protein (lbs.) 1.19 1.20. 1.22 . 1,19 1.19
Calcium~(gms.) 25,44 . 25,51 25,44 25,42 25,42
Phosphorus (gms.)  9.68 '5.34 9.69 19.82 9,67
Cobalt (mgs.) 0.89 0,91 4.40 0,86 . ——
Copper (mgs.) 18,39 18.70 92.19 1776 . ~—=
Manganese (mgs.) 91,95 93,50 460.94 88.80 —

stalls; the calves were slow to start on feed because they‘ﬁere being
t;aihed to the stalls at the same time they were being started on the ex-
periment. Palatability of the rations may have been a fgctor at the start
of the experiment.

On the average, all steers ate very wéll after they had become accus-
tomed to their own stal}s and the ;atians. Aftex the calves had been on
the expe:iﬁént about three weeks, they sta;ted consuming four pbun@s per
day of the concentrate ration; they were fed this amount the remainder_of
ﬁhe experiment. All calves in all lots ate their rations readily.' The
calves started eating five to six pounds of hay per day, and in aﬂout four
weeks time, they were consuming between seven and eight ﬁpunds per day;
and, after six weeks, they were consuming eight pounds per da&. The calyes
were fed this amount during the remainder of the experiment as it seemed

this amount was the maximum they would consume. The calves were not éatiﬁg
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their allotted portions duéing the first four weeks, and low intake of
feed partially accounts for the low gains that were made during that period.
This low consumption the first_periqd lowered the overall average daiiy
intakes of hay and concentrate, thus making it appear as though the calves
. did not eat as much toté} ration during the experiment as they should
have. During the last eighteen weeks, the palvés were eating fpﬁr pouﬁas
of concentrate and eight pounds of hay, which wés the amount calculated as
necessary to meetr;heix daily x,equi_,__rements° The calves did not eat an
adequate amount the first four or five weeks, but did the last eighteen
weeks. The gains, as pieviously meﬂtiqnedq corresponded to theée feed in-
tgkes. Salt was fed free choice at all times throughout the experiment. .

The fged consumed per one hundred pounds of gain for the different
rations was Gery closely associated with weight‘gains. The feed effi-
ciency ahd gains -are shown in Table VI, The high gaining lot (1) had the
highest feed efficiency for both concentrate and hay. As the gains
~ decreased for the other lots, tﬁé feed efficiency for both concentrate and
hay decreased.

The cost of the éajns is shown in Table VI. The mps; economical ga;ns_
were made by steers in lot 1. The least economical gains were made by
steers in lot 40 'The excess amount of phosphorus added to this ration did
not incieasé,the gains of the steers bhut added greatly to the cost of the
ration. The second leagt_gconbmical was ration 5. This ration cost the
samé as ration: 1 but the gains made by steers were less, xhemefpre.xésult-

ing in a higher cost pexr pound of gain.
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TABLE VI, PERFORMANCE . AND COST OF GAINS FOR CALVES IN

EXPERIMENT 1.

(1951-1952)

Ration No. ' 1 2 3 4 5
No. of Calves R 8 8 . 8 8
Avexage Weight (lbs.) |

Initial 393.6 406.5 407.4 401.0 *  396,0

Final | 554,2 542.0  559.0 541.8 531.8

Gain 160.6 135.5 151.6 140,8 135.8

Daily gain 0.99 0.84 Q.94 0.87 0.84
Average Daily Feed (lbs.) . | |

Concentrate 3,73 3.74 3.74 3,73 3.73

Hay C 6,93 6.96 6,93 6,92 6.92
Feéd/cwt. Gain |

Concentrate 376.00 . 446,90  400.10 428,80 444,70

Hay 698,90 831,80 ©  740.40 796,20 826,10
Feed Cost/cwt. 1{

Concentrate) 3.00 2.83 3.01 3.39 3.00

Hay 1,00 1,00 1,00 1.00 1,00
Cost/cwt. Gain

Concentrate 11.28 12,65 12.04 14.54 13.34'

Hay | 6.99 8.32 7.40 7.96 8,26

Total | _ 18.27 20,97 19.44 22,50 21.60

1/ Cost of feed ingredients are shown in Table VII,
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Rate of Gain

As previously mentioned, the calves were fed to gain épproximately
one pound per day; however, all the daily‘gaihs were lqwef.than one pound,
probably due to a lack of feed consumption. The range of daily gains was
from 0.84 to 0.99 of a pound. If the calves had been accustomed to their
stalls prior to the starting of the experiment, it is believed that all
lots would have averaged one péund per day gain, or better, during tﬁe
experiment. The average daily gain for the 28-day éeripd prior to the
start of the experiment was from 0,33 of a pound for thése_to be fed ration
1to 0.82 of a pound fo; those to be fed ration 3. The average daily gain
or loss for the first 28—déy period of the experiment ranged from a loss of
- 0.1 of a pound for lot 3 to a gain of 0;2 of a pound for lot 1. Most

calves lost weight during the first week or two because they were afraid:of .

TABLE VII. PRICE OF FEEDS USED IN EXPERIMENT 1. (1951-1952)

Feed | Price/cwt.
Ha& : 1.00
Dried molasses beet pulp 2,23
Corn gluten feed | 4,65
' Urea (262) ' 8.50
Monosodium phosphate 14u§2
Cobalt carbonate | 198.00
Copper sulphate 14.00

Manéanese sulphate | . 11,00
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the stalls and did not eat well. This one factpf held the average gaihs
below one pound per day. The fourth period, March 11th to April 8th, seem-
ed to be the pe;iog of most xapid gains. All lgts averaged more than one
pound a day gain; lot 5 had the least gain during this period but had
greater gains than any of the other lots during the fifth period, April- 8th
to May 6th. There was little difference in the average daily gains of all
lots for the 162-day experiment.

Weight gains of the various lpts are shown in Table VI. Statistical
gpalyéjs reyealed no significant differences in the gains of the five lots;
h0we§er. there were definite trends. It is believed a more precise expér—
imental design would have xe&ealed statistically significant xesults as is
indicated by Experiment 2, Statistical ;nalyses are shown in Table IX,
There sgemed to be a tendency for increased gains when the urea ration
was supp{emen@éd with trace minerals when the‘phgsphorus content of the
ration Wés,adequaipo This trend is shown by the fact that the steers fed
rations 1, 3, and 4 had agexaée daily gains of 0.99, 0.94, and 0.87 of a.

5 pound respe¢tively, while steers fed rations 2 and 5 had average daily
gains of 0.84 of a pound. Ration 2 was deficient in phosphorus and ration
5 was not supplemented with trace minerals. It is believed that the lower
gains of steers fed ration 2 were due to the thSphorus;deficient ratien
fed, although no yreal phosphorus deficiéncy symptoms appeared in the lot 2

stee;§° According to Welch (1940), bone chewing, board and cpr;ai pole

chewing dxefirstindigations of phosphorus deficiency. The steers in lot 2

did not seem to craye bones.pr sticks to chew; therefore, it was assumed

that these steers were not suffering from a phosphorus deficiency.
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Plasmafcalciumvgpd Phosghorug__

Blood samples were collected from all steers at the beginning of the
experiment, approximately every 28 days, and when the steers were weighed
off the experiment. Each sample was.anaiyzed for phosphorus qnd}calgium.
except samples collected when the steers were weighed off the experiment;
The blood samples were not analyzed for phosphorus and calcium at this
time because the previous samples had been collected only two weeks before
and it was felt that little change @puld have taken place in the blood
mineral constituents,

The plasma-phosphorus varied directly with the phosphorus intake,

t al. (1941) and

which is in agreement with results published by Knox,
~ Greayes, et al, (1934). There were highly.significant differences in fhe
?lasmaaphospho;us levels of the steers fed the high pr,adequate or low~
phosphorus rations. There were‘also significant differences in the plasma-
phosphorus levels of the three lots of steers that were receiving adequate-
phosphorus rations. This diffgrence cannot be explained by‘thg author,
The Oniy difference in the rations fed was the trace mineral content. No
trend in ﬁlasmé—phqsphorus was fgund; The plasma-phosphorus level of the
steers receiying the ﬁigh trace mineral ration was beiween the level of
those receiving no trace minerals and those receiving moderate amounts.
" The plasma-phosphorus and calcium leﬁéls at sampling dates are shown in
Table VIII. |

As the blasma—phpsphorus levels increased or decreased, the plasma=
calcium levels had the reverse trend; this negative relationship became

more pronounced as the experiment advanced. These differences in
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plasma-calcium levels among the steers fed the high, - adequate, and'loﬁé
phdspho;us rations were highly sigsificant. There wéreisignifi¢ant differ-
ences in the plasma-calcium levels of the steers fed the three adequately
supplemented phosphorus rations Just as theze was with the plasma-phos-
phorus levels of those steers. These findings are in agreement with
Greaves, 21_319 (1934) who observed a low-negative coxrelation betwees the
inorganic calcium and inorxganic phosphorus in the blood of beef steers.
Lewis (1950) reported no correlation. These findings bring up the point
of the calcium-phosphorus ratic, which undef most conditions can haye a
wide range. The observations of this experiment tend to show that if thei
phosphorus intake is cgntrblled ét optimum or above optimum levels, the
plasma:palcium.williyaxy accordingly and will establish a desirable ratio
in the blood. The effect on the mineral content in the bone and muscle is
'unknowna The plasma-calcium and plasm~phospheorus relationships are shown
in Figure 2. The statistical analyses of plasma-phosphorus and plasma-

calcium values axe shown in Table IX.

Plasma-Vitamin A and Carotene

Only three yitamin A and carotene blood leyel determinations wexe '
made. These were-at the E}ginning,.pn the March 11th weigh day,_and the
end of the éxperiment. The determinations were made teo see if there would
be any interactions or effects due to the rations fed. There were no sfa—
;istical anslyses conduqted on the carotene and yitamin A blood lévels;
however, trends were observed., The thSphqrus-dsficient steers had the
highest plasma-carotene levels, which is in agreement with work reported by

Thomas, et al. (1953). 1In the first half of the experiment; the carptene
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TABLE VIII, CALCIUM AND PHOSPHORUS CONTENT OF THE BLOOD PLASMA
OF THE CALVES IN EXPERIMENT 1. (1951-1952)
.Ration No. 1 ‘ 2. 3 4 5
: Plasma-Phosphorus (mg./100 ml.)

Sampling Date "
Dec. 10 3.6 3.8 3.5 3.4 3.5
Jan. 10 5.2 4.7 4.9 5.7 5,2
Feb, 7 5.9 6.2 6.3 6.9 6.5
Mar, 11 5.5 5.1 5.6 6.2 5,7
Apr. 8 5.5 4.5 6.0 6.1 5.7
May 6 6.2 5.3 6.3 7.2 7.1

Pl.;asma—Cal‘cium (mg./100 ml.)

Dec. 10 10.1 10.0 10.5 9.9 9.8
Jan, 10 8.9 8.8 8.7 8.7 85
Feb. 7 9.0 9.0 8.8 8.7 8.5
Mar. 11 9.8 9.7 9.2 8.9 8.8
Apr. 8 9.0 8.5 8.7 7.7 7.8
May 6 9.1 9.5 9.0 8.7 8.5
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PLASMA INORGANIC CALCIUM VALUES

Sampling Dates

PLASMA INORGANIC PHOSPHORUS VALUES

Sampling Dates

Average plasma values of calves fed low-phosphorus rations
Average plasma values of calves fed adequate-phosphorus rations --- --- —
Average plasma values of calves fed high-phosphorus rations ..............

Figure 2. Changes in plasma inorganic phosphorus and calcium values
during Experiment 1. (1951-1952)
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TABLE IX. VEAN SQUARES FOR WEIGHT GAINS AND PLASMA-
. PHOSPHORUS AND CALCIUM VALUES OF CALVES -
IN EXPERIMENT 1. 1/ (1951-1952)

Source of S Degrees of u
Variation Freedon Mean Squares
Weight Gains. -
Among Rations 4 945,78
High-Phosphorus vs, Adequate-
Phosphorus vs. Low-Phosphorus -2 196.35
Among Adequate-Phosphorus 2 : o 1695,20
High-Trace Minerals vs. Medium-Trace '
Minerals vs. No-Trace Minerals 2 : 1487.20
Among Medium-Trace Minerals 2 . 404.35
Among Animals Within Rations : 35 1308.76

Plasma-Phosphorus Values

Among Rations 4 5,01%%
High-Phosphorus vs. Adequate- , :
Phosphorus vs. Low-Phosphorus : 2 8, 12%%*
Among Adequate-Phosphorus 2 1,90*

Among Animals Within Rations 35 0.42

Plasma~-Calcium Values

Among Rations : 4 1.24%%
High-Phosphorus vs. Adequate-
Phosphorus vs. Low~Phosphorus 2 1.51%*
Among Adequate-Phosphorus -2 : 0,97%

Among Animals Within Rations : 35 - 0.21

1/ Montana State College Statistical Laboratory conducted the analyses, .

*  Significant at the 5% level.
#% Significant at the 1% level,
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TABLE X, VITAMIN A AND CAROTENE CONTENT OF THE BLOOD PLASMA
OF THE CALVES IN EXPERIMENT 1. (1951-1952)

Ration No. 1 2 S 3 4 . 5
Sampling Date Plasma—Viiémin A (mcg./100 nml.)
Dec. 10 27.8 23.5 21.2 28,0 24,2
Marn 11 ' 2‘596 I 2403 2205 23_0,5 2309

May 20 24.5 25,7 24,0 23.2 22,0

Plasma-Carotene (mcg./100 ml.)

Dec. 10 94,3 127.1 89.5 109,0 91.3
Mar, 11 161.5 173.4  145.6 144.1 1 176.8
May 20 157.9 224,1 156.9 125.0 176.9

level of all lots increased from an ayerage of 102 micrograms per 100
milliliters to_}éolmicrqgrams per 100 milliliters and during the last
half, the plasma-carotene level .of the three lots of steers receiving
. adequate phqsphorusbseemed to level off. The carotene levels of the steers
receiving excess phosphorus demreésed to 125 micrograms per 100 milliliters
. by the end of the expexihentq whereas the garptené levels of the steers re-
ceiving no phosphorus supplement increased to 225 micrograms per 100 milli-
liters.
The vitamin A levels fluctuated less than the carotene levels. At the
beginning of the experiment the range of the average vitamin A levels was

from 28 .micrograms per 100 millilitexs of‘blopd‘to 2lvmicrpgraMS per 100
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milliliters of blood for calves fed rations 4‘and 3 respectively. The
range narrowed ponsiderably‘at_the haifway point and tended to level off
during the rest Qf’thé éxperiment;v The avé;age vitamin A level for all
calves at the end of the experiment was 23.9 micrograms per 100 milliliters
9£_b1§qd° The. plasma-carotene and vitamin A levels of the-ﬂiifeant lots

at the thxee'dates‘gf sampling are shown in Table X.
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EXPERIMENT 2

PROCEDURE

General Information

In the fall pf 1952, fiftyrsix weanling Hereford steer gaivgs were
purchased at the Miles City, Montiana market, They were raised by a rancher
in eastern Montana and were unifpxm,in size and quality, They averaged
375 pounds on Noyember Sth wﬁen théy'weie individually weighed. At this
time, the calyes were ear tagged and _].pfted° Seven calves were assigned
to be fed one of eight xatioﬁsp The average weights ;f the"calveswassighf
ed to the eight rations were approximately equal at the time of lottihg;
however, these average weights were not quite equal on December 2nd, fhe'
starting date of the experiment. Two more lots were included thaglin the
brevigus year's exper?ment. and these two lots were fed at the Fort Ellis
farm located five miles east of Bozeman. The feeding siallsg lots, and
management ét.Fort Ellis were similar to those at Bozeman. "The Fort Ellis
farm is a section. of the Montana State Agricultural Experiment Station at
Bozeman, Montana.

The lotting and feeding of each calf was changea from the previous:
year by utilizing a 2x2x2'£actoral design. One calf in each of the éeveq
lots was fed the same 5ation; therefore, each calf in ;hensame lot was fed
aNQifferen; ration, This feedfng method was used to examine -environmental
differences. The calves were branded acpbmﬂing to lot and ratiom, thg
- first digit of-the two digit brand designating the lot and the last number,

the ration; thus, calf 24 would be in 10t:2 and.would. be fed ration 4,
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In November, there was an outbreak of shipping fever. One calf died
and five were treated before the start of'the experiment,

The steers were weighed on the experiment December 2nd. At this time
they were trained to their individual stalls; the daily feeding was simi-
lar to that of the previous year. Accurate records wére kept of the daily
intake of each steer. Weights were taken every 28 days, and the blood

. samples collected at this time were analyzed for calcium, phosphorus, vita-
min A, and carotene. The ﬁetepinary Research Laborétpry conducted the .
blood analyses. No blood samples were obtained from the calves at Fort
Ellis because of the lack of necessary equipment.

Results of the previous year's experiment inﬂicafed there was an add-
itional weight gain obtained when trace minerals were incorporated in a
concentrate ration containing approximately two pexcent urea. Because of
this increased weight gain, soybean 0il meal was incorporated in four of .
the rations_ahd urea was used in the other four to see ifﬂincreased gains
would be obtained from the soybean ration as well as from.the urea ration.
Phosphorus and trace minerals were studied in combinations with the urea
and sp&bean rations. The design of the experiment and the rations fed are
shown in Iable XI. The basal ration was composed of barley and dried mo-
lasses beet pulp; a large amount of beet pulp was fed becausé of its low
phosphorus content. The low-phosphorus ha&v fed to all calves, was produc-
ed on the same land as the hay used the previous year. The chemical anal-"
yses of all the feeds and minéqgls used in the rations were detemﬁined by
the Chemistry Résearch Laboratory° The :gﬁipns were mixed in an electrical-

ly driven feed mixer. Five pounds of concentrate ration and seven pounds




TABLE XI, COMPOSITION OF RATIONS FED DURING EXPERIMENT 2. (ATR-DRY BASTS)  (1952~1953)

Ration No,

1

5 .

;

2 4 5 6 8
Nutrients in Total Ration Urea ﬁations_l/ Soybean o0il meal Ration
Low ‘Adequate Low | Adequate
Phosphorus Phosphorus Phosphorus Phosphorus
frace Minerals 2/ - added  ~=—- added = -~-- added = ---- added
Protein’ (%) 8.98  8.65 9,23 9,32 9,07 10,15 9,48 9,73
Calcium %) 0.47 . 0,47 0.47 0.50 0.59 0.49 0.43, 0.49
Phosphorus (%) 0.15 0,15 0.21 0.21 0415 0.15 0.21 0,23 .
Vitamin A 3/ added added added éddedr added -added added added
Ingredients in Concentrate (%)
 Barley 42,25 19,05
Dried molasses beet pulp 56,15 66,65
Urea (262) 4/ 1.60 ——

Soybean eil meal

14,30

N

copper, and 147 mgs. manganese,

3/ Vitamin A was added to each ration to provide each calf with a daily intake of 5000 I, U

.Vitamin A was supplied through the courtesy of Chas., Pfizer & Co.
4/ Acknowledgement is made to E.I. Du Pont De Nemours & Co. for supplying the "Two-Sixty-Two" -

Feed Compound.

1/ Calcium carbonate added to urea rations to equalize calcium content of all rations,
2/ Added to supply each calf with a daily intake of approximately 2.75 mgs. cobalt, 25,5 mgs,

o
o

- gp -

Ty——




- 44 -
of~hay were fed daily to each calf.’

As during the previous year, the steers from this experiment were put
on irrigaied pastures at the ehd of the wiﬁter feeding period.
Rations Fed.

.The use'bf eight different concentrate rations made it possible to.
determine effects of féeding combinations of the three different variables
upon weight gains and blood analyses, The rations were formulated to
supply the calves with daily intakes of all nutrients (with the exception
of thSphqrus ih ratibns 1, 2, 5, and 6) that would meet the National
Research Council's recommendations shown in Table I,

The feed constituents were all chEmically analyzed‘fqr total nutri-
ents;.theée analysgs were used to‘formhlate the rations fed., The analyses
of the rations are shown in Table XII. The mixing of these rations.was
done in 1000-pound mixtures. The percéntages of the constituents used in
each ration are shown in Table XIII. The percentage composition of the
first four rations were similar and the pex@entage composition of the last
four were similar; yet they were different fiqm‘ea¢h'othe;w This was
because the first.four rations contained the ﬁrea while the last four con-
tained soybean Qii meal. The‘urea used in the rations was fed as 1.6 per—
cent of the concentrate ration, 0.67 percent of the total ration, and sup~
plied 28.4 percent of the crude protein in the concentrate ration. These
levels are less than the recommended maximum levels, Although probably
tbo high, the'digestibility‘of the urea nitrogen was considered to be 100
percent.

The chemical composition and estimated available nutrients were
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TABLE XII. CHEMICAL ANALYSES OF FEEDS USED IN FORMULATING RATIONS
FOR EXPERIMENT 2, (AIR-DRY BASIS) (1952-1953)

_ Crude , Ether Crude  N-free
Feed Moisture Protein Extract Fiber Extract Ash
% % % % % %
Hay - 4.5 6.4 2.1 30, 48, 8.1
Barley 12,4 12,1 1.7 3.8 71.2 2,2
Dried molasses | )
beet pulp 7.3 9.7 0.2 20,7 57.7 4.4
Soybean 0il meal 8.6 46,3 ' 0.9 6.9 | 30.5 5.3
Urea —;—- 262.0 ——— —
Mineral Content éf Ration Ingredients
~ Calcium Phosphorus Cobalt Copper Manganese
% % - ppm bpm ppm
Hay 0.53 0.10 0.10 18.0 72,0
Barley 0.03 0.44
Dried molasses beet pulp 0.61 | 0.07
Soybean oil meal 0,40 - 0.70
Urea —— ———
Limestone v38.30 ————
~ Monosodium phosphate —— 22,40
Cobalt carbonate —_— _— 55.0 1/
Copper sulphate —— — — 26,5 1/ =——-
Manganese sulphate ———— ———— 29.4 1/

1/ Expressed in terms of percent,




TABLE XIII. CONCENTRATE RATIONS FED IN EXPERIMENT 2, (1952-1953)
Ration No, 1 2 3 4 5 6 7 8
% % % % % % : % %
Barley 42, 42,1 41, 4], 19.1 19. 18, 18,
Dried moiasse's beet pulp 56,0 56,0 55,5 55,5 66,6 66.6 66.1 66.1
Soybean 6il meal ‘ 14.3 14,3’77 14,2 14.2
Urea 1.6 1.6~ 1.6 1.6
Monosodi_w;i phosphate R 0.8 0.8  ——= - 0.8 0.8
Lix'neston‘e | 0.3 0.3 0.3 0.3 |
Trace Minerals (mg./1b. of ration)
Cobalt carboﬁate e 1.0 e 1.0 —== 1,0 —— i.0~
Copper sulphate ——— 19.9 ———- 19.8 —— 20,0 e 19,8
Manganese 'su\'lphate Cemee 99,7 cmee 98,9 —emm  100.0  -———  99.2
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similar for all réti:bnso Neither of these basic rations would be practical,
as the percent beef pulp is xathér\high; however, experimentally it was
necessary to use these amounts in order to gpntx§1 phosphorus levels as
well as other nutrient levels. Limestone was added to the urea rations to
equalize calcium content of all rations. Trace minerals were added to
rations 2, 4, 6, and 8 at.théAapproximate levels of 1 milligrani cobalt
carbonate, 20 milligrams copper sulphate and 100 milligrams manganese sul-
phate per pound of feed. These levels were very near the moderate levels
used in the previous experiment except for cobalt which was added at a
higher level. The combination of the,cgnqentiate and hay ration made a
total ratién which contained approximately 9 pefcenﬁ cxude‘protein.‘0°5
percent calcium and 0.15 percent phosphoxrus for the low-phosphorus iﬁtions
and 0.21 percent phosphorus for the adeqﬁate-phosphorus rations. The hay -
used in Experiment 2 was the same low quality hay as that used in Experi-
ment 1. Chemicél analyses of feeds are shown in Table XII.

Ail rations were chemically analyzed for nutrient constituents.
There seemed to be a large variation of the various nutrients amoung the
rations; the chemcial adalyses are shown in Table XIV., Thexe wés little
variation of energy content amoné the.xations; however, there were varia-
tions of amounts of the individual energy producing nutrients, The mine;al
constituents of the rations varied considerably from the intended amount.
 The phosphorus content was similar to the calculated amount except for
.ration 8, which was slightly higher. The calcium content of the rations
varied from 0.43 to 0.59 percent. There was a variation in trace mineral

content, although the supplemented rations contained more than the




TABLE X1V,

CHEMICAL COMPOSITION OF CONCENTRATE RATIONS FED IN EXPERIMENT 2,
(AIR-DRY BASIS) (1952-1953)

Ration No,

1 2 3 4 5 6. 7 hay

Moisture () 9.6 9.00° 9.30 9,70  9.20 9,00 . 9,30 8,10 4,50
Protein ) 12,60 11,80 13.20 13.40 12,80 15.40 13,80 1440 6.40
Ether extract (%) 1.50 0,80 1,9 . 1,10 120 1,00 1,00 1,10 2.10
Crude fiber (6 14,40 14.70 15,00 14,80 16.80 16.60 16.60 15.90 30.50
_Nitrogen free extract (%). 57,30 58,80 55.50 ~ 56,00 54,80 52,70 53,80 54.80  48.40
Ash ©p) 460 4,90 5,10 5.0 5.20 5.30 5.0 5.70 8,10
Phosphorus (%) 0.21 0,21 - 0.35 0.35 - 0.22 0,23 0.34 0.4l 0.10
“Caleiun (%) 0.39  0.38  0.38 . 0,47 0.68 0.4 0,37 0.43 0,53
Manganese (ppm) 51,00 63,00 65,00 148,00 - 55,00. 104,00 48,00 )114.00 72,00
Copper (ppm) - ” 25.10 30,00 26,70 43.00 19,30 37,60 21,30 32,80 18,60
Cobalt (ppm) 0.56 0,90 0,55 1,45 0,17 1,13 0.24 0,96 0,10

< gy -
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non-supplemented rations except qu_manggnqse in ration 2. These énalyégs
included all the ;;ace mine;aié that were in:the feeds 'as  well as the
added trace minerals. There is no explanaiipn for the vafiations in the
chemical analysis; however, it is beljeved'the?e whs poor samplind of ra-
tions for analyses. The fact the trace mineralg wére in such minute quan-

tities increased the chance for error in mixing and in chemical analyses.

RESULTS AND DISCUSSION

Feed Cpnsumptidn

The rétiqns were calculated so that a-daily intake of five pounds of
concentrate and seven pounds of hay would provide for normal growth. As
in the first experiment, the calves did not eat these amounts of feed
throughout the expexim,ept° Prior to the experiment, the célves_had been
eating hay and a little grain in the feed stalls; howeﬁero they were not
;ocked in the stalls and were accustomed to going in and out of the stalls
at will. When they were weighed on the exbeximenx. it was necessary to
train them to their individual stalls. shut them in the stalls and limit
the feeding time to six or seven héuxs daily. This méthod of'handijng
caused them to be nervous for a while, and they did not eat as much as they
should have. The calves were on the experiheﬁt a month before they were
consuming the five pounds of concentrate and it was March 10th before the
steers at Bozeman were eating the seven pounds of hay and March é?th before
‘the steers at Fort Ellis started eating seven pounds of hay. The concen~
trate rations and the hay were not considered unpalatable. Probably the

reason it took so long to get the calves eating the desired amounts of
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feed was that concentrate ratioﬁ was more than_one-half beet pulp and
therefore was a bulky ration; also, the calyes were allowed access to their
feed only sik’pr seven_h_d.,urs-da_i}y° The steers fed adequate—phg§phgxqs
rations had‘gogd appetites thxpﬁghgut the experiment. The steers fed the
phpspho?us——deficienp rations seemed to lose intetést tpﬁg;d the end of the
experiment and feed consumption decreased. The average daily feed. intakes
thgqughout:ihéiexpeiimght are shown in Table XV. As ShOWﬂ,iQ-TabIQ XV,
there was"betiep consumption of theiadgquate-éhbﬁphérﬁé rafi9q§$ At the
beginning of the expé?riment0 the calves were not:getting the réqﬁfred
daily 5110wancgs bec§u§e of the lowered feed consumption; however, after
asbout oné ﬁpnth}-the;calﬁeﬁ were receiving sufficient nutrients for ade-

quate growth.

TABLE XV, AVERAGE.DAILY CONCENTRATE-AND-HAY INTAKE PER CALF. IN
3 EXPERIMENT 2.- (1952-1953) -

¥
3

Ration No. - 1 2 3 4 5 6 7 8

Ibs. 1bs., 1bs. lbs. 1bs. 1bs. 1bs. 1bs.

" Concentrate 4.4 4,5 = 4.7 4.7 4.6 4.6 4,7 4.7
' Hay 5.7 5.9 5.9 6.0 6.0 6.0 6.0 6.0

>Based on the ayeragé daily intakes and the chemiqgl analyses- of the
rations, the daily intake of protein and minerals are Shownfin Table XVI.
The. crudeé protein intakes of all calves was high enough, with possibly the
exception of calves fed rations 1 and 2; however, it must be considered

that the calves fed these fwo rations were gaining less but comparing the




TABLE XVI. AVERAGE DAILY NUTRIENT INTAKES PER CALF, FOR RATIONS FED IN EXPERIMENT 2.

(1952-1953)

Rgtion No. T2 3 4 5 6 7 8

Protein (lbs,)  0.94 0.93 1.0l 1.02 0,98 1.10 1.04 1.08
Caleiwn (gms.) 20,55 21,06  21.25 23,30 27,40 22,37 21.14 22,63
Phosphorus. (gns.) 6.8l 7.04 10,15 10,17 7.28 7.47 9.90  11.90
Cobalt (mgs.) ~ 1.38 _ 2,13  1.43  3.36 0,62 2,61 0,78  2.32
Copper (mgs.)  97.14 110,53  105.24  140.48 ~ 88.88  126.53  93.94 119,32
ManéaneseA(mgso) 289.38 324,35 331.80 ' 510,74, ' 297,19 440,70

309.50

410.08

_"[g.‘.
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protein intakes on the basis of ppunds of body weight, their intakes were
as high as the others. The calcium intake was well above the minimum
requirement. The phosphorus intakes were definitely low for steers fed
rations 1, 2.,__5v and 6, and lower than the_minimumnxecommehded\level‘ for
- the other lots, although it was belieﬁea the phosphorus intakes were high
.enough to.give good growth. The trace minerals in the feeds plus those
supplemented in the rations equaléd the daily ihtakes shown in the table.
The intakes are Qery much in line with what was expé¢ted, except for the
ménganese ;ntake'gf éalves fed rations 2 and 3. and the copper intake of
the calves fed ration 2, It probably would havé been desirable to have
had a larger spread in the trace minerals between the supplemented and non-
'sqpplemenied ration. No record was kept of the salt intake as it was fed
free choice in boxes in the sheds, and the eight calves in each lot, all

receiving a different ration, ate out of the same box.

Rate of Gain

All calves were fed to gain an average of one pound per day, and the
only known reason for a lack of gain would be a deficiency of phosphorus.
The daily gains for the month before the beginning of the experiment
varied from 1 pound per day for ﬁalves assigned to ration ? to 0.3 of a
pqund per da& for the calves assigned to ration 2 Thqre is no explanation
fé; these variations as all calves were fed and managed the same before the
experiment started. The calvés were fed all the hay they would eat and
about two pounds of éxain° buring the first 28-day period of the experi-
ment, few of the calves made any gain. The reason again was that they were

trained to the stalls at that time, were nervous, and ate poorly. -The




TABLE XVII. AVERAGE DAILY GAIN OF CALVES BY RAIIONS AT 28-DAY. INTERVALS IN
' EXPERIMENT 2, (1952-1953) | '

Ration No. ' | 2 3 4 5, 6 7 8
Dec. 2 — Dec. 30 0.20 0,05 -0,15 017 0.5 0,18 . 0.4 0,40
Dec. 30 - Jan, 27 0,81 0,93 _ 0,90 1.3l 1,08 072 119 0,99 -
Jan, 27 — Feb, 24 0.7 0.5  1.20  1.14 0.9  1.04  1.09  1.1I
‘Feb, 24 —- Mar. 24 0,98 1,33 1,50 1,94 1,40  1.57 - 2,08  1.79
‘Mar. 24 - Apr, 21 0,60 050 1,62 1.4  0.84 0.8l  1.32 1,18
’Apr. 21 — May 19 0.31 0.34 0,79 0.88 0.59 0,60 1.11 0.68

Average 0,61 0.65 0,97 1,10 0,82  0.82  1.19 1,03

- gg =
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gains by weigh‘peribds are shown in Table XVII. All thns increased the
second period and‘;emained fairly'pgngtant“un;jl the fifth period, the
~month of April; during this period, the average-gains.degreased for all
calvés. The reason for these decreased gains was that tﬁé corrals became
muﬁdy at this time. The calves fed the four phosphorus-deficient rations
made much lower gains throughout the exﬁeriment than those receiving ade-
quate phosphorus. These differences ﬁexe"higﬂly significant. Comparing
‘the gains made by calves fed urea rations and those fed thé%sgybean 0il
meal rations, the'palyeé fed -the uiea iatipns ga;ned less than those fed
fhe'soybean rations; this differenée was also highly‘si&nifiqant. When
trace minerals were~nged to the umea‘iatiqha.gain; were increased to equal
those- from the soybean ¢il meal rations, It.is.integesting to note that
when tracé minerals were. added to a urea ration, there was an increase in
~ gains,” but when trace minerals were added to the soybean oil meal ration,
there was a decrease i,n'ga-i.ns° There was an intexéctign of urea and trace
. ménerals which resulted in increased gains, whereas the interap;iqn of

soybean 0il meal and trace miherals.xesulted,in'deqreaséd gains, This
interaction was trué regardless of the ‘phosphorus intake. These differ-
_ences wé;e highly significant. There was no difference in gains due solely
to the amount of tr;ce minerals consumed. The statistical analyses are
shown in Table XVIII.
The previous discussion was concerned only with the effects of the

various rations on weight _gains. Because there were calves fed both at
Fort Ellis and Bozeman an environmental factor was introduced, which was

examined by means of the factorial design used. The difference in gains
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TABLE XVIII.- MEAN SQUARES FQR WEIGHT GAINS AND PLASMA-
PHOSPHORUS AND CALCIUM VALUES OF CALVES
IN EXPERIMENT 2, 1/ (1952~1953).

Source of : Degrees of
Variation : ' Freedom Mean Squares
Weight Gains
Environment 1 38,861,11%*
Rations 7 - 9,043.84%*
Urea vs. Soybean oil meal (A) 1 8,354.57#%
Phosphorus vs. Low-Phosphorus (B) 1 51,243 ,50%*
Trace Minerals vs, No Trace Minerals (C) 1 82.57
AXB 1 . 157.79
AXcC 1 1,874,58%*
BXC 1 16,07
AXBXC 1 977.78
Environment X Rations T 595,22
Within Subclasses 39 2/ 665.15
Plasma-Phosphorus Values
Among Rations 7 - 12,06%%,
Phosphorus vs, Low-Phosphorus 1 82.,94%*
Among Low-Phosphorus 3 0.10
Among Phosphorus 3 0.40
Within Rations ' 32 0,46
Plasma-Calcium Values
Among Rations 7 1,57%*
Phosphorus vs. Low-Phosphorus 1 6,81%*
Among Low-Phosphorus 3 " 1,08
Among Phosphorus 3 0.32
Within Rations ' 32 0.38

1/ Montana State College Statistical Laboratory conducted the analyses.

2/ One calf died before the experiment started.

#% Significant at the 1% level,




TABLE XIX. AVERAGE DAILY GAIN OF CALVES BY LOTS AT 28-DAY INTERVALS IN

EXPERIMENT 2. (1952-1953)

Lot No. 1 2 3 4

5 6 7

Bozeman Station Ft.Ellis Farm
Dec, 2 -- Dec, 30 0.58 0.30 -0,02 0,17 0,39 -0,25 -0,10
Dec. 30 -~ Jan, 27 0.70 1.09 1.03 1.08 1.28 0,78 1.05
Jan, 27 -~ Feb, 24~ 1.23 0.92 1.06 0.98 0.77 0,98 1.08
Feb. 24 - Mar, 24 1,15 1.44 148 1,25 0.6 2,52 2,37
Mar. 24 - Apr, 21 0.98 0.53 0.88 1.20 0.78 1.20 1.38
Apr, 21 — May 19 0,33 0.46 - 0,62 0,38 0,39 1.34 1,20
0,74 1.10 1.15

- Average 0,81 0,79 0.84 0.84

- 99 -
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IN POUNDS

GAINS

Average Gain of all Calves
at Fort Ellis - —— —— —

Average Gain of all Calves
at Bozeman -—-—-————————————

WEIGH DATES

Figure 3. Differences iIn gains due to the environmental differences be-
tween Bozeman and Fort Ellis are shown. (1952-1953)
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due to envirommental effect was highly significant. These differences
among the lots, by pexipds. are shown in Table XIX. Figure 3 shous thé
§;me-tngnd of gains as shown in Table XIX.

The gains éf the five,léts:of steeis fed at Bozeman were fairly low at
the beginning of the experiment but increased to more than one pound per
day during the middle.df the eiperiment'and then decreased toward the end.
Thére was considerable loss of weight from steers fed at Fort Ellis during
tﬁe first period, but by the:fouxth period, the gains were aboveé two pounds
per day and these gains remained above one pound per day for the remainder
§£ the trial, The reasons for.these differences in gains might possibly

.be:'(l) there were different feeders at Bozeman and Fort Ellis, although
feeding was‘dqne at the same time and all calves were aliowed to eat the
same length of time; (2) the stalls at Fort Ellis were much larger than
those at Bozeman, see Figure 4; (3) watering facilities were inside the
.shed at Fort Ellis and outside at quequ; (4). there was a slope to the -
exercising pens at Fort Ellis,whereas at Bozeman the pens were quite flat
and did.ndt drain well in the spring; and (5) the pens at Fort Ellis were
of wire construction, whereas those at Bozeman were of pole construction,
These were all envjronmentai differences, and in this experiment the effects
of these differences were much greater than the effects from the different
rations. These differences show the difficulty of controlling environment,
~and the desirability of desiéning experiments to examine the environmental .
differences. |

Efficiency and Cost of Gains

The performance of.the steers fed the eight different rations is shown




Figure 4. The top pictures show the feeding stalls and exercising pens

at Fort Ellis. The bottom pictures show the same facilities
at Bozeman. Note the difference in size of stalls, construc-
tion of corrals, and slope of the corrals.



TABLE XX, PERFORMANCE AND COST QF GAINS FOR CALVES IN EXPERIMENT 2, (1952-1953)

Ration No, 1 2 3 4 5 6 7 8
No. of Calves 7 7 T 7 [ 7 7 61/
Average Weight (1bs,) . : :
Initial : 387.6 382.6 391.7 390.3 387.7 392.4 400,9 400,7
Final 489.8 = 491.6 554.6 574.4 525,0 530.0 600,7 573.0
Gain - 102,2 109,0 162.9 184.1 137.3 137.6 199.8 172.3
Daily gain 0,61 0.65 0.97 1.10 0,82 ~ 0.82 1.19 1.03
Average Daily Feed (lbs.) , ‘
" Concentrate 4,42 4,55 4,70 4,70 - 4,57 4.56 4,65 4,69
Hay . 5.72 5,94 5.91 5.97 5.98 5.96 5.99 6,06 .
Feed/ewt, Gain (lbs.) :
"~ Concentrate ~ 726,40 701.51 484,56 428,51 558,79 556,75 391,10 456,96
'Hay 939.46 - 915,66 609,69 544.72 = 731.32 727.57. 503.68 591.25
Feed Cost/cwt, 2/ ,
Concentrate 2,59 2,59 2.68 2,68 2,97 2,97 3,06 3.06
Hay 1.25 1.25- 1.25 . 1.25 1.25 1.25 1.25 1.25
Cost/cwt, Gain 7 '
Concentrate 18.81 18.17 - 12.99 11.48 16,60 16,53. 11,97 13,98
Hay 11,74 11.44 7,62 . 6,81 . 9.14 9.10 6.30 7.39
Total 30.55 29,61 20,61 18.29 25,74 25,63 18,27

21,37

1/ oOne calf that was to be fed ration 8 died from lung congestlon Jjust prior to the beglnnlng of

the experiment,
2/ Feed costs are shown in Table XXI.

_09;
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in Table XX. Included are the gains, feed consumption and cost of gains,
The average initial weights weré similar for steers fed rations 1 th;oﬁgh
6. Those fed rations 7 and 8 gained more. during the last thrée or four
weeks.before going on the experiment. It is' doubtful that this small dif-
ference in initial weight had much efﬁect on daily gains and cost of gains.

The q&e;age daily concentrate consumption varied between the steers
fea-the deficient-phosphorus and those fed the adéquate-phpgphqrus rations
but diﬁ‘not vary within each type ration. The calves fed the deficient-

: phosphorus ration did not eat as well during the last two periods of the
iiial. There wa; very little difference in hay consumption, although
steers fed ration 1 had the lowest déily intake.

The feed efficiency was closely pelafed to the daily gaiﬁs° If the
calvesxhad'been>ranked according to weight gains, the same ranking would
have applied to the feed efficiéncy;.as the daily -gains increased, the feed
efficiency increased.

The cost of one hundred pgunds of gain varied from $18.27 for the
calves receiving ration 7 to $30.55 for the calves receiving ration 1.

The urea rations cost less tg feed, but because the gaihs received from
them were less than those xeceived'from_the'corresponding ;pybean 0il meal
rgtioné money was not sayed.A The costs of the feed ingredients used in the
rations are shown in Table XXI.

Plasma-Calcium and Phosphors

Blood samples were collected at the beginning of the experiment, each

weigh day, and at the end of the experiment. The blood was analyzed for

phosphorus content at every sampling period, but calcium determinations
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TABLE, XXI. . COST OF FEEDS USED IN EXPERIMENT 2. (1952-1953)

Cost Per Cwt.

Hay : 1.25
Barley , ' '2.25.
Dried molasses beet pulp ) ) 2,63
Soybean o0il meal - . 5.30
Urea (262) - © . 850
Monosodium_phOSphgte 14.92
‘Limestone - 1.20

"Cobalt carbonate . 198.00
Copper sulphate : ' 14,00
-Manganese sulphate 11,00
IVitamin A supplement . 132,00

-

were made only at the beginning, at the midpoinpq and at the end of the
trial, Blood analyses, by collection dates, for calves fed the various
.xgtions are shown in Table XXII,

The plasma-inorganic phospﬁbrus level varied directly with the phos-

et al. (1941).and Greaves, et

ety

phoxus‘iﬂtake which again agrees with Knox,
al, (1934) . There was a much greater difference in the amount of phos-
phorus in the blood of the calves fed deficient-phosphorus rations and
those fed adequate-phosphorus rations as compared with the plasma-phos-
phorus of the calves fed similar rations during the previous experiment.

The calves fed all rations had similar initial plasma-phosphorus levels,




TABLE XXII.

CALCIUM AND PHOSPHORUS CONIENT OF THE BLOOD PLASMA OF THE CALVES IN

EXPERTMENT 2, (1952—1953)

Ration No. 1 2 3 4 5 6 7
. Piasma-Phosphorus (mg./100 ml,)
Samgjing Date ) y
' Dec, 2 4.3 4.1 4.4 4.5 4.0 4,1 4,1 4.3.
Dec. 30 4.3 3.8 5.4 5.6 3.6 4.0 6.0 5.4
Jan, 27 3.4 3.5 55 5.9 3.5 3.8 5.6 5.4
Feb. 24 3.2 3.3 5.4 5.8 3.4 3.4 6.2 5.8
Mar, 24 3.3 3.9 6.3 6.7 3.4 3.7 6.4 5.7
Apr, 21 3.1 3.3 5.6 5.6 3.2 3.4 5.9 5.5 -
May 19 - 3.3 3.2 6.5 6.1 3.5 3.5 6.3 5,9
Plasma-Calcium (mg./100 ml.,)
Dec, 2 8.8 9.9 9.5 9.8 10.0 9.8 9.6 9.4
Feb, 24 10.4 10,7 10.0 10.2  11.0 10,2 10.1 9.7
:'May 19 10.3 . 10,8 9.3 9.8 19,6 10,4 9.3 9.4

g9 =




- 64 -
‘but as the trial progressed, the calves ;epeiving the adequaté~phosphorus
ration§ had an increase in biasmaiphosphorus while those receiving the
dﬂficient—phoSphorus rations had a decrease in plasma-phosphorus. These
différenqes were highly significant. The calves receiving rations 1, 2, 5,
and 6 had deficient élasma—phospho;us levels. It is shown in Table XXII
that the phosphorus lévels were a little higher for the calves receiving
rations 5 and 6 than for the calves réceiving rations 1 and 2 xegardless of
' thg.fapt that the calves fed the four rations supposedly were receiving the
same phosphorus intake. The chemical analysés in Table XIV shows a little
higher phosphorus cohtent fér rations 5 and 6 as compared to rations 1 and
2, which of course reflected in the blood levels.
| As previously shown in Experimeni 1, there was a pendency for blood
calcium to vary inversely with the. blood phgsphpru§; As the plasma-phos-
phorus increased, the plasma-calciumndecreased.anq;vicé yerSap_ This?trénd
is shown in Figure 5, The differences in the calcium blood levels were,
“highly significant, regardless of the fact the galcium intake was supposed-
ly constant for all ;caﬁ,onso The statistical analy%es are shpﬁn,in‘Table'
XVIII. As shown in Table Xv, there was‘a:wige variation in calcium content.
of the rations; howevér, there was no relationship of the percent calcium
in the rations and the plasma-calcium }evel;of calves eating those rations.
The plasma-phosphorus and calcium leyels observed are in agreement with
Greaves, et al. (1934) and the Experiment 1 xepoxtéd in this thesis.

Plasma-Vitamin A and Carotene

Plasma-vitamin A determinations were made at each collecting date;

‘plasma-camqtene was detemmined at the beginning, mid-point, and end of the
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PLASMA INORGANIC CALCIUM VALUES

=
o
e
—
N
(@]
=
Sampling Dates
PLASMA INORGANIC PHOSPHORUS VALUES
E
o
s
a
N
(@]
=

Sampling Dates

Average plasma values of calves fed
low-phosphorus rations —-————————————————

Average plasma values of calves fed
adequate-phosphorus rations — — ———

Figure 5. Changes in plasma-inorganic phosphorus and calcium values
during Experiment 2. (1952-1953)
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experiment. The only reason for analyzing the blood for yitamin A and
carotépg was to see whether or noet there would be ény interacting effects
with the"yafious rations fed. As shown in Table XIII, all calves were
sqgglemenfed with 5000 I. U. of vitamin A per day, an' amount sufficient
tp'meet all requirements.. As a result of this supblementaiignv there were
ne vitamin A deficiencies observed, although it is interesting to note in
Table XXIII.that, at the beginning of the experiment, all paives ﬁexe a
little deficient in vitamin A, as far as blood levels were concerned, but
responded very rapidly to the supple@ent. By the end of the first péripﬂ{
the blood leyels had almost doubled. During the experiment, there was no
definite trend of plasma-vitamin A, There were large variations, but there
were ne calves that could have been classed as being deficient in vitamin A,

The plasma—ca;oﬁené values, also shgwn‘in Table XXIII, were rather
- high at the beginning of the experiment, decreased by the mid-point, and
‘were rather high again by the end of the experiment. The carotene levels
of the phosphorus-deficient calves. seemed to be a little highexr than the
'leﬁels of the bther calvés. This trend was alse observed in Experiment 1,
and by Thomas, 23.313 (1953) . There were no statistical anglysés xrun on
the plasma;yitamin A~aﬁd caroiene changes, as there did not seem to be any
definite changes or trends different from expected,

-DeficiencXVSymptqms_

There wexé few phosphoxus deficiency symptoms observed in any oi'the
calves fed in Experiment 1; however, some calves had relatively low plasma-
phosphorus -values. In Experiment 2, howeyer, some marked deficiency syméf

toms were observed in the palyes':e¢eiving the phpsphgxusrdefipient.tatiqns.




TABLE XXIII, VITAMIN A AND CAROTENE CONIENT OF THE BLOGD PLASMA OF THE CALVES IN
: | EXPERIMENT 2, (1952-1953)

- 19 -

Ration No. 1 2 3 . 5 6 7 8

. Plasma-Vitamin A  (meg./100 ml,)

Sampling Date | _ -

‘Dec. 2 16,4~ 15.8 15.6  15.6 15,0 13.0 17.4 16.0
De¢. 30 30,2 27.4 23.6 30.6  25.8 . 24.4 29.4 27,8
Jan, 27 22,6 26,0  26.4 228 24,6  19.8 212 21,0
Feb, 24 26,4 27.4 25,6 27.2 5.0 26,6 25,4 29,2
Mar. 24 30,0 30.4 27.8 3l.4 29,2 28,4 30,0 35.0 .
apr. 21 20,0 302 26.0 218 29.4. 2.6 218 28.8
May 19 31,0 28.4 27.0 27,0 23,0 25.6 25,4 26.8

_Plasma-Carotene  (mcg./100 ml.)
Dec. 2 90,4 97.6  117.4  116.4  106.4  106.4 . 100.6  107.0
Feb. 24 | 80.8 76.8 84.4 94,0 71,8 8.0 - 83.8 94,0
100, 4

- May 19 138.8 134.0 105,0 111.6 95.4 115.2 93.2




_GQ_

Figure 6. Calves on the right were fed ration 2 and those on the left
were fed ration 7. The calves on the right show phosphorus

deficiency symptoms. Note they are chewing sticks. The
difference in the gains can be seen.
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The calves fed the other rations showed no deficiency symptoms and were

.normal. The deficiency symptoms observed were mych';he same as those

described by Madsen (1942) as symptoms of phosphorus deficiency.

The first symptom observed was a decreased amount of inoxganid phos-

' phorus in the blood. There was a gradual ﬁecréase from the beginning to

the end of the feeding trial. The final values were about 3.3 milligrams

phosphorus per 100 milliliters of biopd. The next observed symptom was a

‘ depraved appetite, manifested by chewing on sticks, bpards and fences. The

calves gradually developed an unthrifty appearance with rough hair coats
ithat were slow to shed in the spring. Toward the latter part of the trial

their appetites were poor and feed efficiency was lowered. Calves showing

phosphorus. deficiency symptoms are shown in Figure 6.
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SUMMARY

The study reported in this thesis was conducted to determine whether
or not there is any benefit deﬁived from adding trace minerals to rations
varying in phosphorus content and containing urea or soybean oil meal.
These xationé were fed to steer calves wiqtered‘on a plane of nutrition
believed to be adequate to produce a gain of approximately one pound per
_day. The results of two feeding trials are reported.

The first experiment ﬁas conducted during the-winter of 1951-1952.
Forty weanling Hereford steer calves were divided into five groups on ‘the
basis of average weights. Five different rations were féd and contained
approximately two pe;cént urea., Low, adequate, and hiﬁh phosphorus levels
 were fed in combinations with no trace minerals, modezrate amounts o} trace
minerals, and excess frace minerals.. These phosphorus levels used were 0,11
percent, 0,20 percent and Oq4d percent of the ration. The moderate amounts
of trace minerals ﬁére fed so that each calf had a daily intake of 1 milli-
gram cobalt, 20'mj11igxam§_coppex. and 100 milijgrams manéanese daily,
whereas the excess amount was five times ;he§g.amountsa

The second expgriment was. conducted during the winter oﬁ 1952-1953°
Fifty-six weanling Hereford steer calves wefe divided into eightvgroups SO
that their average weights we‘re,'sil_nilar° Each calf was assjgned to one of
seven lots, five of which were fed“at Bozeman and two at the Fo;;,Ellis
farm, Eight rations were.fed so that each calf in a lot received a dif-
ferent ration and seve; calves were fed each ration. The eight rations
varied in source of nitrogen (urea and soybean oil meal), trace minerals,

and phospﬁbrus. When urea was used, it made up 1.6 percent of the




- 71 -
concentrate ration. Trace minerals were added to provide each calf with a
daily intake of 2.75 milligrams cobalt. 25.5 milligrams copper, and 147
.milligrams manganese. The two.phOSpho}us levels used were 0,15 and 0.21
percent of the total ration.

In both experiments, the calves were individually fed, and accurate
records were kepﬁ,of feed intakes. Weights énd blood samples were taken
appxpximaxely eyery 28 days. The blood was analyzed for bhésphomus, cal-
cium, viﬁamin A, and caretene,

In the first experiment, there were no significant djffergnces in
gains, although the calves that were fed adequate phosphg;us and trace
minerals at two different levels magg the gxgatest.gains. In the second
experiment, when trace‘minprals-werﬁ added to a urea ration, the gains
were_significantly higher than when trace minerals were added to a soy-
bean 0il meal ration. In the second experiment, the gains of steers fed
the adequate-phosphorus rations were significantly higher than the gains
of steers fed low-phosphorus rations; soybean oil meal rations produced
significantly higher gains than uréa rations.

The feed efficiencies and cost of gains were related to the weight
gains. 1In the first experiment, calves fed the high-phosphorus rations
had the highest cost of gains, pmimaxily because of the price of the phos—
phorus supplement. In the second experiment, the urea rations cost less
but produced lower gains than soybean oil meal rations.

There was a pesitive relationship between plasma-phosphorus and phds-
phorus intake. There was a highly significant negative relationship be-

tween plasma-phosphorus and plasma-calcium, although calcium intake was
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held constant. The blood carotene levels varied inversely with the plasma-
phpSpho:ﬁs levels, There seemed to. be né,Specifjc txen@ or changeé in the
blood Vitamin A,

In the second experiment, pﬁgspho;us deficiency symptoms were observed
in calves receiving a low-phdsSphorus ratien but ngjhgn:galvés receiving an
adequgte-phosphg;us gafiqnf Symptoms wexre low pFasma=p50$Phprusq depraved
appetite, unthrifty condition, rough hai,.r'_coé.ta poor appetite, and poox
feed efficiency.

The difference in gains due to the different pnvirqpment§ at Bezeman
and Fort Ellis were much gﬁeate; than the diffgrgppgﬁin gains due to the

various rations fed, This difference was highly significant.
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