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Abstract:

The experiment was conducted to measure the effect of winter-feeding cows four protein levels with,
and without, additional phosphorus on the productive ability of cows grazing foothills range. Criteria
used to measure this effect were cow weights, calving dates, birth weights, weaning weights, average
daily gain of calves from birth to weaning, and calf score.

The experiment extended through three years. Fifty-six, grade Hereford cows were purchased in 1957
and divided into eight lots of seven on the basis of age, breeding and weight. In 1958, cows were added
to each lot making a total of nine of ten per lot. Cows were added to the experiment in 1959, making a
total of ten or eleven head per lot. Cows remained in the lots they were assigned. All cows were grazed
together and rounded up every-other-day and fed two pounds of a supplement containing twenty, thirty
or forty percent protein with and without 4.6 grams of additional phosphorus per pound of supplement,
lot 1 (control) received no supplement and lot 1P received one pound of a thirteen percent protein
supplement containing fourteen grams of additional phosphorus. Supplements containing additional
phosphorus supplied about one-half the daily requirement for the element.

The supplemental feeding periods were 147, 137, and 158 days for the three respective years 1957-58,
1958-59 and 1959-60.

Cows receiving higher protein levels lost less weight than cows receiving lower levels. Cows receiving
higher protein levels tended to calve earlier. Phosphorus supplementation did not seem to affect calving
date, but cows receiving additional phosphorus had more live calves than those receiving no additional
phosphorus. Birth weights between lots receiving different levels of protein were significantly different
(P<.01). Cows receiving protein plus phosphorus had significantly heavier calves at birth (P<.01).
Cows receiving additional phosphorus weaned significantly heavier calves than cows receiving no
additional phosphorus (P<.01). Treatments did not seem to affect calf scores. Cows receiving
additional phosphorus had higher inorganic plasma phosphorus levels during the winter 1959-60. There
was no significant difference in the plasma inorganic phosphorus levels during the winter 1957-58.
Blood data were not available for the year 1958-59.

Three of the four lots of cows receiving protein supplement plus phosphorus returned an estimated
profit above feed cost, whereas cows receiving protein supplement without additional phosphorus did
not return an estimated profit above feed costs.
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ABSTRACT

The experlment was’ conducted to measure the effect of winter-feeding
cows four proteln levels w1th and without, additional phosphorus on the
productive ability of cows ‘grazing foothllls range. Criteria used to mea~-
sure this effect wére’ cow weights, calving dateés, birth weights, weaning
weights, average dally galn of calves from birth to weaning, and calf
score.

The experiment extended through three years. Fifty-six, grade Hereford
cows were purchased in 1957 ‘and divided into elght lots of seven,on the
basis of age, breedlng and weight. In 1958, cows were added to each lot
making a total of nine or ten per lot. Cows were added to the experiment
in 1959, maklng a total of ten or eleven head per lot. Cows remained in the
lots they were ass1gned "All cows were grazed together and rounded up
every-other-day and fed two pounds of a supplement containing twenty, thirty
or forty percent proteln with and’ ‘without 4.6 grams of additional phosphorus
per pound of supplement. ‘Lot '1 (control) recelved no supplement and lot 1P
received one pound ‘of 'a thirteen percent proteln supplement containing
fourteen grams of additional phosphorus. Supplements containing additional
phosphorus supplled about one-half the daily requirement for the element.
The supplemental feedlng periods were 147, 137, and 158 days for the three
respective years 1957-58, 1958-59 and 1959-60.

Cows receiwing higher"proteln levels lost less weight than cows receiv-
ing lower levels. Cows receiving higher protein levels tended to calve
earlier, Phosphorus supplementation did not seem to affect calving date,
but cows receiv1ng additional phosphorus had more live calves than those
receiving no additional’ phosphorus. Birth weights between lots receiving
different 1eve1s of protein were significantly different (P£.01). Cows
rece1v1ng proteln plus phosphorus had significantly heavier calves at birth
(P< .01). Cows rece1v1ng additional phosphorus weaned significantly
heavier calves than cows receiving no additional phosphorus (P« .01).
Treatments did not 'seem to affect calf scores. Cows receiving additional
phosphorus had hlgher 1norgan1c ‘plasma phosphorus levels during the winter
1959-60. There was no s1gn1f1cant difference in the plasma inorganic
phosphorus Tevels ‘during the winter 1957-58. Blood data were nof available
for the year 1958 59

Three of the Foutr 1lots of cows’ receiving protein supplement plus
phosphorus réturned an estimated profit above feed cost, whereas cows
receiving protein supplement without addltlonal phosphorus did not return
an estimated profit above feed costs.
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~ INTRODUCTION

Rangeland makes up about two-thirds of the total area of Montana. This
rangeland is presently being utilized by a well-developed cattle and sheep
industry. Ranée forage is extremely important to cattle in many areas of
the state because the supply of domestic forage is limited and in many cases
can only be éupplied at a high cost. There is a problem of supplying cattle
with winter fofage that is:adequate in essential nutrients and energy,
particularly in areas of the state where domestic forages are scarce. Much
of the Montana plains and foothills area supplies year-round grazing becaﬁse
the winters are relatively open; however, the winter forage is often defi-
cient in some essential ﬁutrientg, particularly protein and phosphorus,

The importance of proper nutrition to the produétiveness of cattle has
been highly emphasized and the answers to some of the questions regarding
nutrition of cattle are being sought. At the.present time, only a modera&e
amount of eiperimental'data are available on nutritive requirements of range
cattle, and the effect of supplementing range forage with feeds sﬁpplying
the deficient nutrients. Much of the data that are available for range con-
" ditions have been collected in southern and western states where climate and
conditions are different from that of Montana.

Limited studies, concerned with wintering range cattle, have been con=-
ductéd in the-plains region of eastern Montana but this is not representa-
tive of the foothills regions. Experimental work with range cattle has,
until receantly, been dome in confined paétures in which it was necessary to
rotate the livestock among pastures to simulate free grazing.

The effects of supplementing range forage under Montana winter
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conditians have ngn studied to a limited dégrge. These studies have not
been,extensive.enqggh'to Prpvidg the answers to questions of economic and/
manageriai importance. Questions related to the effect of winter sﬁpple-
ments fed cows graziné plains and. foothills regions seem to be of immediate
importance._

The‘expg:imen§.§g§priygq in this thesis was initiated to study the
effect of fgeéipg supplgmghts varying in p;otein content witﬁ or without
additional pﬁo;pﬁg;qg upon ;hg Productive afilify of cows grazing Montana
foothills raggg_qu?;qgﬂph?xwiqter months .

The critggia_fgr peg;q;ing'thesg efﬁects were cow weights, éalving
dates,'bifthmweights, weaﬁing weights, average daily gain_bf calves, and
calf.scorgil |

Inorganic blood plasma_phosphorus,'plasma carotene and plasma vitamin

A levels were determined periodically to compare the effect of the treat-

ments on these blood constituents.
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LITERATURE REVIEW
PHYSIOLOGICAL FUNCTIONS AND REQUIREMENTS OF PHOSPHORUS
Phosﬁhorus is copsidered'to bg the most important mineral fqr live-
stock, excluding salt. Although many minetrals are required for normal body
functions, none have such an extensive and imbortant role in so many func-
tions as phosphorus.

General functions

According to Greavgs? gg,gl{_(1934),_phosphorus is present in every

‘cell and fluid of the body. It has a vital function in carbohydrate, fat

and some phgsgslofhppptg;n'me;abolism, It is essential in muscular contrac-
tions and iﬁ:thé functiogipg of thg_cengral nervéus system. If_enters into

the buffering powers pf the bldod and together with calcium, piays a fﬁnda-

mental rq}e»iﬁubong_forpa;ionrn_

Barmore and Lﬁck (1931) stated'thatyphosph;tg functions as a catalyzing
aéent for biologic;l Oxidqtion, the degree of.ca;alysis beipg propog;ional
to the\phosphate concentration. Mitchell (1947) 1isted phospho;ug‘as an
important‘miné}al con;tituen; of enzyme systems. He fu;ther emphasizéd the
hand-in-handﬁ;elatipnship_between phosphorylétion'apd Qxidation and the
ability of thQSe‘ﬁqnqtioné to provide and distribute energy -to body tissue
in an efficient mégﬁér."_Phos?ho;us_woq;d be a limiting factor if not pre-
sent in gdegua;é'amoun;sﬁ Rittenberg and Sheman (1946) sgggegted that the
synthesig of body p:otein_involv}gg the linking of amiqo acids from protgin
diggstion,~occﬁrs only after phosphorylatiop. Confirmation of this sugges-
tion is found in the experiments of Morris aﬁd‘Ray (1939). Fegdihg trials

with sheep indicated a depression in the value of protein fed sheep
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deficient in phosphosus. This depression in protein value did not appear
with sheep fed adequate phosphorus rations.

The_necessity of vitamin D for optimum calcium and phosphorus utiliza-
tion h;s been khown‘fof.some time. The importance of vitamin D ih this roie
has been emphasized by Palmer et al . (1935), Auchinachie and Emslie (1933),
Watkins and Knox (1948) , Maynard and Loosli (1956), and Taylor and Hubbert
(1960) . These workers have all stated that vitamin ﬁ must be adequately
| available for a minimum amount of calcium and phosphorus to be utilized to
| a maximuﬁ.ﬂegree in their normal functions.

Some workers have demonstrated an inverse relationship between blood
levels of.phosphorus and carotene. (Ross and Gallup, 1949; Thomas, 19513
and Thomas et al., 1953), These data indicate that phospho;‘os may be re-
sponsible in part for conversion of carotene to vitamin A. This ssme in-

verse rélatfonship was shown to occur in the milk of cows.

Phosphorus requirements

Phosphorus requirements for animals are not well known because of the
complexitiss resuiting from studies of different speciss, complications of
pregnancy, lactétion, growth and environmental conditions. The recommended
levels of phosphorus found in feedlng tables and accepted publications seem
to be re11ab1e but these levels are not entirely consistent. Some of tho
experimeﬁtal’work that has been done to determine phosphorus requireﬁents
and the conditions involved in she‘determinations follow. Nelson et al.
(1955).conductsd experiments with heifers and cows under range conditions
in north-central Oklahoma. .The results of this experiment indicated the '

minimum daily requirements for growth, réproduCtion, and lactation were met

]
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by a total daily intaﬁé.of seven grams of phosphbrué per head in the winter,
an estimated niné grams in early'summer and six grams during late summer.
They stétéﬂ that these requirements were met during the winter by sixteen

to twenty pounds of average quality prairie.hay and 1.25 pounds of a protein
supplement. Native grgsé‘containing 0.1 to;0.15 percent phosphorus met the
requirements during the summer;

Tillman et al. (1959) fed Hereford steers three different levels of
phosphorus (a 0.12 percent basal diet plus 1.5, 230, or 2.5 grams of phos~
fhorﬁs per one-hundred pounds body weight, daily) and concluded that the
highest level was sufficient to satisfy the requifement for bone growth and
inorganic bloddjplasma phosphorusvﬁut nét for maximum weight gain. They
stated that the requirement for weight gain exceeds that for bone growth and
maintenance of normal plasma inorganié phosphorus levels, These results are
in agreement with those of Burfoughs et al, (1956). The experiment describ-
ed above was similar to that conducted by ﬁeesoﬁ et al. (1941); however, the
results obtaineﬂ by ﬁeeson et al. indicated:0.18 percent ration phosphorus
S was adequatef This levél wés somewhat less than the high.level (0.12 per-
cent basal ration phoéphorus plus 2.5 grams per one-hundred poﬁnds bod&
weight) féd by Tillman et al. The latter researchers stated that a possible
'explana;ion'for the difference in requirements between the two experiments
was the.intaké of five mg. per head per day of diethylstilbestrol'for the
steers fed by Beeson et al. Steefs fed by Tillman et al. were not given
stilbestrol and in aéditioﬁ'these cattle were individually fed. These
_authors reported that feed consumption in all animals of their experiment

was inconsistent or cyclic. The cycles or ‘inconsistent consumption appeared

o
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to be related to the phosphorus contént,of.the ration. This apfarent cyclic
effect lends support to a theory proposed by Mitchell (1947) and Anderson
et al. (1956) . These workers. stated that gince phosphorus is so 1arge1y
concerned :in the utilization of the main organic nutrients and in the micro-
bial digestion:of cellulose, it is logical to assume that cattle require-
ments fpr this element should parallel the amounts of organic nutrients
consumed,

Haag (1951) reported that a ration is not likely to be seriously defi-
cient in calcium and phosphorus unless 'its dry matter contains less than
0.3 to 0.4 percent calcium and 0.2 to 0.3 percent phosphorus. Even lower
levels are adequate in the absence‘of rapid growth and high milk production
according to Haag. The phosphqr;s levels quotéd here are considerably high-
er than the levels considered to be minimum by other workers. "(Colovas,
1952 and 195§§‘and Dowe et al., 1957)° The levels considered minimum by
Haag apparently have an ample safety margin while the minimnm levels listed
by other workers may not include this margin of safety.

A study of phosphorus requirements of growing dairy cattle was conduct-

ed by Huffman et al. (1933). Two levels of phosphorus (0.20 percent and

0.41 percent of the dry ratién) were fed. The low level feeding resulted
in an immediate lowering of the imorganic blood phosphorus of heifers and
influenced this facéor up to eighteen months of age. Growth,.as measured
by height at withers, did not differ between calves on the two rations but
daily gain was considerably greater for the calves fed the higher phosphorus

level. Huffman et al. concluded that the phosphorus requirement for growth

is not directly proportional to body weight but probably depends on rate of
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growth. The work of Burroughs et al. (1956) and Tillman et al. (1959) sup-
poft this conclusion. 1In addition, a conclusion of these two groups was
that the phosphorus requirement of cattle can be expressed better as a
percentage of dry feed éonsumed, than in grams per one-hundred pounds body
weight. Since all three experiments (Huffman gg,gl.,'1933; Burroughs et al.,
1956; and Tillman et al., 1955) indicate the requirement for growth is not
.directly proportional to body weight, it appears that the expression of
phosphorus requirement as percent of dry feed consumed has considerable
experimental support.

Balance studies with 1am£s by Gallup et al. (19505 iqdicated phosphorus
balances were negative when rations supplied 1.4 to 1.7 grams of phosphorus.
daily, per onewﬁundred pounds of body weight., Equally positi@e and negative
values resulted with lambs supplied 1.9 to 2.1 grams of phospherus per ome-=
hundred pounds of.body weight and cpmpletely positi&e balances occurred With
lambs supplied 2.4 to 2;9 gr;ms of phosphorus daily, per one-hundred pounds
body weight.,

The work of Burroughs et al. (1956), in additiom to that already dis-
cussed, indicated that the phosphorus necessary for proper rumen function
in feed lot steers is higher than'0718 percent of the dry ration and appears
to be about 0.20 percent. The National Research Council (1958) suggests
that for high rates oflliveweight gain a minimum of 0,20 percént phosphorus
in fattening rations and 0.15 percent phosphorus in other rations be fed.
These are minimum requirements and allow mo .margin of safety according to
the N. R. C. bulletin. The reports of‘Golovas (1952, 1953) and Dowe et al.

(1957) suggests these levels (0.20 percent for fattening and 0.15 percent
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phosbhorus.in other rations) are minimum.

ACCor&ing to Otto (1938),'We11man (1932) stated that about 3.6 grams
of calcium and 2.0 grams of phosphorus are required for daily maintenance
of one-hundred kilograms of b&&y weight and that 2.5 grams of phésphorus
are required per;one~huﬁdred kilograms of gain in weight.

Theiler and Green (1932) suggested the ratio -between ‘"phosphorus
content" and‘”énéréy vélue"‘of forage is a getter guide for evaluating pas-
tures thaﬁ is the éﬁbrebsion-"percentage.phosphorus of the dry matter'.

The intake of gra%s, and hence the absolute intake ;f phosphorus is determ-
ined mainly by the energy reqﬁireménts of the animal so that a poor pasture
of low phdsphorus dontént-méy acéually supply as much phosphorus as a rich

- pasture of-me&ium phosphorﬁs content, acgordiﬁg to these authors.

EFFECTS OF PHOSPHORUS ON GROWTH AND ﬁEPRpDUCTION

Tﬁe apparent function of phosphérus in food utilization and reproduc-
tive effiéiency, was noted by'Eckles and Gullickson (1927) and Kleiber et
gl,‘ (1936).. The former workers found that dairy heifers recéivimg adequate

amounts of phosphorus utilized their feed more efficiently thén heifers fed

rations known to Be deficient in ghosphorus. These authors also noted thét
‘cows receiving adequaté'phosphorus came into estrus more regularly and com=-
ceived with fewer services than éows fed. phosphorus deficient rations:'
Kleiber et al. (1936) made similar observations.

Eckles et §1,4(1§§5) conducted an experiment intended to measure the
effects of uncomplicated phosphorus déficiency on estrug cycle and reproduc-
tion of dairy cows. Two rations were fed; one was considered adequate, the

other considered deficient. Cows on the deficient ration did not develop
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symptoms of serious deficiency, but blood and bong analyses indicated the
animals were deficient. This type of ration did not alter the estrus cycle
of the cows; howéver, the cows on the deficient ration éppeared to have
poorer breeding efficien;y as measured By‘reduced fertility, but not due to
failure to come into estrus. These researchers stated that the animals'
resistance to disease was sign;ficantly lowered by the deficiency of phos-
phorus. This lowered resistance could have been a contributing facgor in
the lowered breéding efficiency of the phosphorus deficient cows.

Watkins and Knox (1948) repoftédfthe results of an experiment in which

cows .receiving a seasonal calcium and phosphorus supplement were compared

. . \ .
with cows that received a continuous calcium and phosphorus supplement under

year~round grazing conditions. The cows receiving continuous supplement in
the form of calcium-phosphorus-salt mixture were heaviér, had only a slight-
ly higher level of inorganiclblood phosphqru# and weaned more and heavier
caiyes than the cows given the same supplement seasonally. These workers
further expressed ‘doubt that additioqal phosphorus to the continuously fed
gréup would have increased production on the level of nutrition studied;
They explained the possibility of a higher requirement at a higher level of
nutrition,:howéver. Although the inorganic phosphorus level of the bloo&
ffom the'cqntinuously supplemented group waé only 0.32 mg. higher than that
/of the seé;onally supplemehted group, Watkins and Knox stated it might
represent ah:inérement over the miﬁimum'which may have contributed to the
higher percehtage of calf crbp.

An earlier:repo?t (Knox and Watkins, 1942) gave similar results. In

the experiﬁent covered by this report, the addition of salt mineral mixtures
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containing 6.5 percent phosphorus to rations fed cattle on winter range
resulted in smaller dgath loss in new-born calves, larger number of calves
weaned, and'greater weight of caives at weéning.' Yearling and two-year old
¢attle receiving the supplement made greatérjweight gains than the controls
of the same age.

Eckles et al. (1933) reported that a phosphorus supplement given to
young cattle'sﬁffering from a lack of this element produced a stimulation
of the appetite witﬁ a corresponding increaselin feed efficiency and in-
creased weight\gain. These workers also stated that lactating dairy cows
fed ample amounts of nutrients except phoéphorus, hgve a relatively short
milkihg period and consequently a low ‘total production. The same cows, fed
sufficient phosphorus, produced more milk in a more extended lactation per-
iod resulting in reduced cost per unit of milk pfoduced° According to these
workers, growing heifers, either dry or im milk production, ma&e more
économicai'géiné in live weight, when receiving adequate amounts of phos-
phorus, thah'animals'consuming rations deficient in this element but con-’
taining thévéame\amount of total digestible nutrients.”

‘Begker et al. (1927) reported phosphorus deficient cows produced con-
siderably less milk than cbws receiving adequate phosphbrus. The milk did
not differ~in'c6mposition between phosphorus deficiemt cows and those re-
ceiving a&equété phbéﬁhorus. The deficient. cows in this experiment were'
exhibiting symptoms of severe phbsphorus deficieﬁcy inéluding anorexia,
stiff.joints'ahd'muscular weakness. |

Investigatibn of seasonal éalcium and phosphorus requirementélof range

cattle in New Mexico by Knox et al. (1941) indicated that except for a short
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period during the height of the growing season, the phosphorus consumed in
fange forage in this area:paé usually not sufficient to nourish breeding'
cows properly.

THE CALCIUM-PHOSPHORUS RATIO

Maynard and Loosli (1956) state, "while the desirable calcium-phosphor-

-us ratio has been defined as one lying between 2 1 and 1:2, adequate nutri-

tion is possible outside these limits'". The work of Theiler et al. (1927)

bears this out in part. Experimental data collected by these workers indi-

cate that the minimum requirements for growth of cattle are higher in the

_case of phosphorus than calcium and a ratio of P205'toFCa0 as high as three

to onenis not necessarily disedvantageous.

The growth and development of dairy animals were studied by‘Henderéon
and-Weakley (1930). They fed one rapion thet was nutritionally edequate in
everything except calcium, one ration that was adequate in alllnutrients
except phosphorus, one ration that was adequate except for calcium and phos-
phorus, and one ration that was believed to pe completely adequate for
normal growfh. :The animals on the deficient rations grew almost as well as
those on the adequate rations; however, animals fed low phosphorus and suf-
ficient calcium were observed to haye muoh lower inorganic phosphorus
levels in their blood than those fed edequately.

Fairbanks.(l939) proposed in a critical review of the calcium-phosphorus
ratio that factors other than the ratio of the two elements per se must be
considered. He stated that the presence of calclum and phosphorus in a
ration does not assure availability of either even though'the ratio of the

elements might be optimum. The variable availability of these elements, as
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they exist in feed, dées not add to the accuracy of the calcium~-phosphorus
ratio,

Lewis (1950) studied the calcium-phosphorus ratio using beef steers as
experimental animals. Maximum gain on a wiﬁtering ration was observed when
the ration contained 0.47 percent calcium, 0.20 percent phosphorus and a
calcium-phosphorus ratio of 2.27:1. 1In this study where the calcium-
phosphorus ratio was near fhe recommended range (2:1 or 1:2), the rate of
gain was almost prbporti&nal to the level of phosphorus fed.

In 1952, Thomas fed five lots of beef steers rations containing 0.20
percent phosphorus and varying levels of trace minerals. In this experiment,
varying Ehe amount of trace minerals was found to have an effect on rate of
gain. This indicates there is a possible balance among several of the‘minw
erals that must be considered for optimal nutritional allowances.

t al. (1957)

Observations of éteers fed wintering rations by Dowe
indicate when phosphorug wés adequate, a high ratio of calcium to phosphorus
resulted in'Iéwer gains. Lower gains did not appear to be due to an inter-
ference with'abégrption of phosphorus but with the digestion and/or absorp-
tion of other nutrients when excess calcium was present. This agrees with
the work éf Colovas (1952, 1953). Taylor and Hubbert (1960) state that
phosphorus aﬁd calcium should be giﬁen simultaneous éonsideration since an
excess of calcium will interfere with absorption of phosphorus.

Blum (1931), Holmes and Pigott (1931), and Hartman and Meigs (1931),
showed that’ the calcium to phosphorus ratio of the bones of animals can be
altered by varying the mineral content of the ration. Yeager and Winters

(1935) concluded there is some indication that the calcium to phosphorus

|
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ratio in the bones depends to some extent on the amounts of calcium and

phosphorus present in the rationm.

METHODS OF SUPPLYING LIVESTOCK WITH SUPPLEMENTAL PHOSPHORUS AND SOURCES
OF PHOSPHORUS USED

Experiments comparing methods of supplying phosphorus supplement have
been conducted by two groups of‘researchers. Black et al. (1949) and

Reynolds et al. (1953). In both experiments, bonemeal supplied to range

cows in self-fgeders, disodium phosphate dissolved in the drinking water,
and range fertilized with triple super-phosphate were the methods comparéd.
The results were similar in both trials. The range fertilization was
superior to the other two methods in reducing symptoms of aphosphorosis in
the cows, increasing breeding efficiency, and iné;easing weaning weights of
the calves. The range fgrtilization mefhod was the most expensive of the
three. DiSEoiving disodium phosphate in the drinking water appeared to be
slightly superior to the self-fed bonemeal method in all respects studied.
All three metﬁods improved productiveness of the cows and all three methods
resulted in greater returns per cow.

Another method of supplemental feeding of phosphorus was reported by -
Knox and Nea1¢3(1937). Three supplements were provided ad libitum to three
groups of cattle as follows: sixty percent bonemeal, forty percent salt;
forty percent”monocalcium phosphate, sixty percent salt; and forty percent
dicalcium phosphate, sixty percent salt. The mixtures ranged from about
seven to ten percent phosphorus. All three mixtures were effective in sup-

plementing the forage with phosphorus as measured by cow weights, weaning

weights of the calves and inorganic blood phosphorus levels. Knox and
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Watkins (1942)-§tated ﬁhat salt-phosphorus mixtures containing about six and
one-half percenﬁvfhoéphorus had been used with results simil#r to‘those of
Knox and Neale (19375° Increased reproductive efficiéncy and heavier calves
at weaning as.a resu}t of phosphorus suﬁplementation was fepérted by both
grouﬁs. |

Studies a£ the Kansés Agricultural Exﬁeriment Station, Anonymous (1955),
with beef heifers grazing green summer bastures'in&icated phosphoric acid
supplementation would raise thé‘inorganic blood serum phosbhorus 1eve1§ of
heifers higher thénjsupplements of,steame& bonemeal. The two sources were
equai in terms of weighﬁ>éained by heifers and both_supplements produced
gains greater than tﬁat of control heifers.

| Long et al. (1957) in&ividﬁally fed a group of steers tovdeterminé the
effects of three levels of phosphorus on wgig@t,gain; fgéd consumption and
inorganic phosphotus levels of blood plasma. In additién, three sourceé of
phoéphorus were observed; all were férée fed., The 0.19 pefcént phoéph@rus
and 0.15 percent‘phosphorus rations were superior to the 0.11 percent level
--in terms of weight gained by the steers, feed conéqution and inorganic
phosphorus contentqgf>£he blood plasma. No significané difference was ob~
.served between sources of phosphorus (steamed bonemeal, Curacaé Island
phosphate and dicalcium phosphate).

A study com@ariﬁg salt-protein blocks and salt-protein loose mixtures
with and without a&diiioﬁallphosphorus from boneméal was.conduc;ed\by Sﬁith
et al. (i960). fleifers grazing mature bluestem grass pasturés and receiving
the salt-protein mixture plus phosphorus, did npt gain significantly faster

than heifers on the same type of pastures receiving the salt-protein mixture
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without phosphorus.

Ross et al. (1950) conducted winter grazing t?lals with two and three-
year-o}d steers. Steers fed soybean cake with phosphorus gained more than
steers fed soybean cake only. Steers allowed to eat mineral (bonemeal and
ground limestone) free-choice, made greater winter gains than steers that
were not allowed a mineral supplement. Fou? different groups of steers were
fed mineral supplements with the protein supplement as follows: salt,
ground limestone, bonemeal 1:1:1; salt and bonemeal 1:1; salt only; and salt
and bonemeal 3:1. The rations of salt, ground limestone and . bonemeal 1:1:1
and the salt and bonemeal 1:1 produced significantly greater gains than the
rations of salt only and sélt-bqneméal 3:1. The rations producing the
gré;test animal gains ﬁere also consumed in greater quantities.

FACTORQ THAT AFFECT BLOOD CONSTITUENTS
Age

.Experimentai data from 122 beef cows under nutritional conditioﬁs
assumed normal by Robinson et al. (1926) indicated a range of 3.00 to 8.99
mg. of inorganic phospﬁofus per 100 ml._of blood plasma. The average was
5.87 mg. per 100 ml. The inorganic fhosphorus level of blood plasﬁa in
mature Hereford cows, reported by Haag and Jones (1935), was 5.2 mg. per
100 ml. Palmer et al. (1930) found the averaéelinOrganic blood phosphorus
of.a small*gfoup of calves to be 7.26 mg. per 100 ml. of plasma. Malan
et al, (1928) reported beef heifers approaching two years of age showed a
normal level of five mg., of 1norganic phosphorus per 100 ml. of whole blood.

Payne et .. (1946) reported the normal "lévels for blood serum inorganic

phosphorus in mg. percent were 7.30, 4.76,-5.07, and 4.89 for yearling bulls,
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herd buils, two-year~old heifefs, and aged cows, respectively. These data
were obtained from 560 animals. The phosphorus levels for bulls appearea
" to be somewhat greater than for cows and the quantity of blood inorganic

phosphorusldiﬁinishes with age acéording to these data. Eveleth et al.

(1937) reported a variation in the inorganic serum phoSphorus‘according to
age, with the higher levels occurring under six months of age and gradually -
'degcénding to forty-eight montﬂs éf age.

Ration

Accord?ng'to Robinson gg'gl, (1926) , inorganic phosphorus is one of the
constituents of the blood in mature animals that is influenced by the,éﬁognt
of phosphorus in the diet. V;h Landingham et al. (1935) support this
hypothesis.

Green aﬁd Macaskill (1928) stated that the inogganic phosphorus level
of the blood varies with the diet.

Malan et al. (1928) reported cows grazing on phosphorus deficient pas-
ture without a phosphorus supplement had significantly Tower inorganic phos -~
phorus, as well as totél phosphorus levels in the Blood, than cows g?azing
the same'pastufe but receiving additional phosphorus from bonemeal.

Van Landingham et al. (1935) concluded from experimental work with
young dairy heifers that'the concentration of inorganic phosphorus in thg
blood is an iméoftant index'of the seyerity of phosphorﬁs deficiency in the
ration. Fgeding low phosphorus rations to dairy heifers caused a lowering
of the inorgahic”phosphbrus in the blood. The rate qf léwering was roughly
proportional to the severity of phospﬁorus deficiency in the ration; however,

physical symptoms of phosphorus deficiency followed omly after several weeks
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in which the blood phosphorus level had been décreasing.

Blood inorganic phosphdrus levels of dairy cows were higher during the
summer months than durinéJwintér months according to Eveleth et al. (1937).
These data are supported by those of Knox and Watkins (1942). They stéted
that the forage contains 1gss phosphorus during the winter months and this
affects_tﬂe inorganic phosphorus level of the blood.

The effect of thfee different levels of carotene intake, supplied by
alfalfa hay, upon the carotene and vitamin A concentrations of the blood

t al. (1950). They

and milk of Hereford cows were studied by Van Arsdell
found a positive correlation between carotene intake and plasma carotene
levels. Levels of carotene and vitamin A as‘low as 57 and 10.9 mcg. per 100
ml, plasma respectively were recorded for short periods- during this experi-
ment withéut symptoms of avitaminosis.oécurring. No abnormalities were
observed during calving and the calf crop appeared to be normal;

Differences in blood constituents due to parturition, environmental temper-
ature, moisture, and other factors. '

Long et al. (1952) observed the blood composition of three breeds of

- beef cattle. They found the plasma carotene level declined subsequeﬁt to
parturition. Sutton and Soldner (1943) also reported this characteristic

in dairy cattle. According to. Long g; al. this observation suggests a phys-
iological stress due to lécfation and the concentration of this constituent
should Ee taﬁen into coensideration in evaluating the results of bloed énalyw
sis in lactating cows.

Repp and Watkins (1958) made an extensive study of the blood of range

cattle in New Mexico. They found that precipitation and air temperature
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influenced the carotene content of forage. Vitamin A levels of blood plasma
of cows grazing the forage were proportional to the carotene content,éf the
forage. |

Palme; et al. (1930) reported day~to-day variation in inorganic phos-
phorus levels of the blood of dairy cows even when the blood was drawn under
identical conditions. The inorganic blood phosphorus in individual cattle -
may Qary considerably from hour_to hour although the data of the experiment
reported concerning this point are‘very limited. According to these re~-
searchers, exercise resulted in a marked change in the blood phosphorus
level of cattle under'conditions of their expefimenf¢
FACTORS ASSOCIATED WITH DIGESTION AND METABOLISM.

Effects of phosphorus

The imﬁbrtahce of adequate phoéphgrus in feed utilization is shown in
part by thg follbwing reports: digestion tfials.with dairy co&s conducted
by Hughes et al. (1933) indicated that tﬁe degree of utilization of metabo-
lizable energy of the ration is not influeﬁced by phosphorus deficiency.
Riddell et al. (1934) pursued the same probiem. They concluded that a short-
age of phosphorus in thé ration, becomes a limiting factor in the ecanomical
utilization of feeds. They reported that phosphorus deficiency did not
depress the digestive functions of the ahimals. Oxygen consumption was
taken as an indirect measure of energy produced during metabolism. Results
of these measurements indicated a higher energy metabolism for animals on
the phosphorus deficient ration than the controls. Anorexia was a definite

symptom of the cows on the phosphorus deficient rations; this partly ex-

plains their loss of weight. The rapid gains made by these same cows, when
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phosphorus supplement was added, could not be explained entirely by their
improved appetities.

Work on mineral metabolism of sheep by Morris and Ray (1939) showed a
phosphorus deficiency resulted in lower feed intake and a 1owereé state of
health but only in an insignificant lower weight gain. A slight but not
statistically significant decrease in the d1gest1b111ty of the protein was
observed in lambs on phos;horus deficient rations.

Kleiber et al. (1936) reported phosphorus deficient beef heifers ueil-
ized feed poorly and had a lower feed;cdnsumption and lower gaies.than -
heifers maintained on a ration adequate in phosphorus. The phosphorus de-
ficient animals used the digested protein less efficiently for sparing body

protein than the control animals.

Effects of high energy and protein feeds on digestibility of the nutrients
in flbrous feeds

The literature available for this review on the effects of adding high
protein and energy feeds upon the digestibility of nutrients in fibrous
feeds was limiting., The work of Kolari and Hansop (i960) indicates there is
some effect however. They conducted digestion trials with sheep to deter-
mine the effect of additione of corn, molasses,:soybean oil meal, 1inseed
0oil meal, urea and alfalfa meal, alone or in various comBinations; upon the
digestibility of nutrients in flax plant product rations. The inclusion of
corn in flax plant product rations exerted a significantly favorable effect
upon digestibility of crude fiber and a slightly favorable effect omn dr&
matter and nitrogen free exﬁract. Addition of soybean oil meal to flax pro-

duct rations had little effect upon ration nutrient digestibility while the
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addition of soybéan 0il meal plus corn significantly increased the digesti-
bility of dry matter, organic matter and nitrogen free extract; Molasses
had no effect on diggsfibility of the flax plant ;roduct. Urea affecteé
éigestibility of fiber adversely, but aided,diéestion of the flax plant pro-
tein. Alfalfa meal increased digestibility of most of the flax product
nutrients,
LEVEL OF NUTRITION FOR RANGE CATTLE.

_ A range nutrition study with beef cows covering a five-year period was
reported by Marsh et al. (1959).l Three levels of grazing were observed by
allowiﬁg'different acre;ge per group. The stocking rates were 23.1, 30.5,
38.8 acres per cow per year. No éupplemgntal feed was given eicept when
deep snow covered the range or when drouth caused insuff;'.;:ieﬁt ferage for
wintering. In these conditions all cows were fed ha&. Cows grazed on the
light intensify'(more acfes per cow) were not nutritionally deficient and
wintered well. The moderate intensity of grazing produced somewhat thinner
cows with some stiffness and arched spines indicating a phosphorus defici-
ency. The Heavy grazing produced considerably thinner cows than either of
the‘other intensities with some definite nutritiomal deficiency symptoms.
The average crude protein of the forage for‘the five~year-period was eight
percent, Thé average inorganic phesphorus level of the blood for all lots
was 3.7 mg., per 100 ml., plasma which was at, or near, the critical level.
Lower weaning weights of calves and lower percentage calf crop in the group
of cows on heavy grazing was not attributed to deficiencies of’sﬁecific
nutrients.

Thomas (1951) reported the results of a lifetime study on beef cows.
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Observations were made of the relatioﬁ of nutrition and age at first calving
to 1ifetiﬁen§érformance of beef cows. One-hundred and fwenty yearling’
heifers were wintéred on low, medium or high planes of nutrition the first
year and subsequgnt years., The heifers were bred to cal?e as two-year-olds
or-three-yearjolds. Those calving as two-year-olds had mofe ffouble calving
and reached a mature weight more slowly‘than those calving at three years of
age, Two~year-old heifers, suckling calves, weighed about 120 pounds less
than dry two-year-olds wintered.at the same level. Wintering at a-léw plane
of nutrition (range grass pius 0.93 pounds of cottonséed cake per day per
head) appeared to be mosf economical,

Pope (1960) reported results of an experiment similar to that conducted
by Thomas (1951)., - In the report of Pope, there were four levels of winter
féeding. (Low level-fed to gain no weight the first winter and lose twenty
percent or more of fall weight each subsequent winter, medium level-fed to
gain one pound per day the first winter and lose ten percent or more of the
fall weight each subseduent winter, high level-fed to gain one pound per day
the first winter and lose no weight each subsequent winter, wvery high level-
fed to gain maximum amount the first and each subsequent winter.) The re-
sults of the first calf crop only were reported for the group wintered at
the very high level. The low level wintering adversely affécted fhe percent
calf crop and weaning weights of the calves. The maturity and conception of
the cows was déi;yed, The delay in skeletal developmgnt of cows on the low
level was not overcome until three and one-half years of age. Levels of
- feeding above medium were not profitable. The very high level did not ap-

pear to-affect conception, but increased calving difficulty and reduced the
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number of live calves at weaning. Calving dates, as they probably reflected
appearance of first hea@ affer calving, were directly relatea to winter feed
levels. Useful, productive life appeared to be shortened by liberal Winter
feeding.
Van Horn et al. (1959a) reported fhe'results of wihtefing trials with

range ewes. They compared the value of ewes fed one-third or two-thirds
pound of an elevén, eighteén, or thirty percent protéin pellet with ewes fed
no supplemen? or.wi£h eweé fed eleven pércent'prdtein supplement according
to tﬁe weather; Ewes gained or lost weight in proportion to the amount of
supplemental feed given. Increasing winter feed ievels increased birth
weights of lambs, pounds of lamb weaned per ewe, grease fleece weights and
clean fleece weights,

A moderate amount of supplement appeared to be profitable. This varied
from feediné only during bad weather to a higher level in which ewes receiv-
ed one-third pound of supplement the first half of the feeding period and
two-thirds pound during the last half.

EFFECTS OF PROTEIN SUPPLEMENTATION OF WINTER RANGE FORAGE ON PERFORMANCE OF
RANGE CATTLE

McCall (1940) reported that one-half pound of linseed cake per ome
hundred pounds 1ive weight, improved the palatability and digestibility of
range forage for beef cattle, Léwér levels of linseed cake did not seem to
improve digéstibility of the ration appreciébly but it did improve palat-
ability as determined by willingneés to consume and completeness of con-
sumption. ‘The experimental work was conducted under enclosed, closely.ob-

served. conditions in which the range forage was clipped and fed to the
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experimental animals.

Mature range grasses and hays have wide nutritive ratios, according to
Hopper and Nésbitt (1930), and require a high protein feed to supplement
them so that sufficient protein will be available to meet fhe requirements
of production, reproduction and growth.

Smith (1935) found little difference between corn and cottonseed cake
as supplements to the .range fofage at the U. S. Range Livestock Experiment
Station, Miles City, Montana. He suggests this is probably due to the
higher crude protein content of the grass in that area.

A comparisoh of cows receiving supplemental cottonseed cake with cows
receiving no supplement whilé grazing winter range in eastern Montana (U. S.
Livestock Exﬁériment'Station, Miles City) was studied by Black et al. (1938).
The supplemented group was fed éccording to the weather. The level fed
rénged froﬁ 0.5 to 3.0 ﬁounds of cottonseed cake per day with.a.usual range
of 0.75 to 1.5 pounds per head per day. The supplemented group had slightly
larger calves at birth, weaned larger calves and the coﬁs lost less weight
during the winter than the non-supplemented groups. . The non-supplemented
group had a higher calving percentage. The advantageé due to .supplementa~
tion were not great enough to pay for the cost of the supplement and labor
of feeding it according to these workers.

[y

Gallup et al. (1951) studied the effect of cottomseed meal, soybean oil
meal and urea on vitamin A metabolism in sheep. The results indicated
cottonseed meal affected the amount of vitamin A storage more positively

than soybean oil meal, Urea had no effect on this relationship. The

results were not statistically significant,
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Moustgaard (1956) stated the daily protein required for fetus forma-
tion, colostrum production and growth of the mamﬁary gland of Eattle, is
higher than the reported recommended level throughout the world. The re-
quirements fqr the functions stated by Moustgaard are not higher than the
level recommended for pregnant animais by the N. R. C. (Natioﬁal Research
Council). Theé N. R, C. requirements for pregnant cows are well above the
recommendations of Moustgaard except for the last two weeks of pregnancfe

Van Horn et al. (1959b) fed range ewes one-third pound of pellets per
head, per day, contéining either ten,-twenty, thifty, or forty percent pro;
teinﬂ A-contrél group received no supplement. The ewes receiving the
pelleés with the higher protein levels gained more during the wintering per-
iod. The differences in lambing percentage were not significant between
groups. The higher protéin levels affected the birth weights of the lambs;:
the weights increased with the protein level. This advantage in weight at
birth was o&ercome by weaning time. No significant difference in weéning
weight occurred. 'Returns per ewe, above feed cost, were slightly higher
for the groﬁp fecéiving one-third pound of ten percent protein supplement.

The returns from the non-supplemented groups were lowest of all groups

studied.
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PROCEDURE

Experimental animals and allotting procedure

Fifty-six grade Hereford cows Qere purchased for this experiment in
February, 1957. Forty head were from the North Montana Branch Station.af
H§vre, Montana and sixteen were frém two commercial breedefs at ﬁivingston,
Montana. All éows were three or four years old. They were fed together at
thelexperiment-station Red Bluff Research Ranch, Norris, Montang, through
the remainder of the wintér and subsequent summer of 1957. The.first ex-
periméntal year.began‘ﬁith the 1957-58 winter,

The fifty-six ﬁead of cows were érouped acqprding to. breeding, age, and
weight. Selections from the groups were randomly assigned to ene of eight
lots. The method of allotting resultéd in lots containing the same number
of cows from each.source and about the same age and weight.

Additional cows were édded to the experiment during the fall of years
1958-59 and 1959-60. Nineteen brea, g}ade Hereford héifers,,éighteen months
old, weré selected from the.experiment'station herd in the fall of 1958.
These were randomly assigned £6 the eight experimentél lots bringing :the
total for edch lot to nine or ten head for the year 1958-59. During the
summer of 1959, two cows died of Larkspur poisoning. All experimental cows
weré pregnancy teséed each ;ear by rectal palpation. Those cows that were
not pregnant,5acébrding to the test, were sold. Seven eighteen month old
bred, gradé Hereford heifers from the 1958 exﬁerimental calf croﬁ were se-
lected in thé'falllof 1959, These were randomly assigned to seven of the
eight lots bringing the total fqr each lot to ten or eleven ﬁead duriﬁg

1959-60. The cows remained in the lot to which they were assigned through-
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out the experiment.
The design of the experiment and number of cows in each lot feor the

three experimental years 1957-58, 1958-59, and 1959-60 are shown in Table I.

TABLE I. DESIGN OF EXPERIMENT,

Treatment 11/ 1P 2 2P 3 3p 4 4P

Calculated level of
protein, % 0 13 20 20 30 30 40 40
Calculated level of ' )
phosphorus, % . 0 3.4 0.7 1.7 0.7 1.7 0.7 1.7
0.5 1.0 1.0 1.0 1.0 1.0 1.0

" Daily feed, pounds O

No. cows per treatment

1957-58 7 7 7 7 7 7 7 7
1958-59 9. 9 10 9 10 9 10 9
1959-60 10 10 10 11 11 10 10 10

1/ No supplement was fed cows on this treatment.
Treatments

The treatments consisted of supplemental-winter-feeding of pellets
‘containing zero, twenty, thirty, or forty percent protein with and without
fourteen or 4.6 grams of additional phosphorus to eight lots of Hereford
breeding cows a£ the level of two pounds per head; every-other day. The
only mineral fed, except that included in the fellets, was salt. Salt was
available gg_libitum throuéhout the experiment. Table I shows the calculat-
ed level of protein and phosphorus of each supplemental ration. Table II
shows the constituents of the supplemental ra;ions. Table III shows the
results of chemical anaiysis determined for the supplemental ratioms.

Pellet number lP,-fed to lot number 1P was cémposed primarily of sun-
.cured alfalfa hay which served as a phosphorus carrier (14 grams per pound).

The phosphorus content of pellet 1P was about twice that of all other
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géBLE II, CONSTITUENTS OF THE SUPPLEMENTAL PELLETS,

Ration No. 1P 2 2P 3 3P 4 4P

Ingredients .
Barley === 950 800 550 400 100 e
Wheat mixed feed - 500 500 250 250 -— ———
Soybean 0il meal - 450 500 1000 1150 1800 1800
Molasses 100 100 100 100 100 100 100
Alfalfa sun-cured 1600 o e = e w=o w0 oo e
Dicalcium phosphate 300 —— 100 - 100 - 100
"CCC" Trace Mineral 3 3 3 3 3 3 3
Vitamin A l/ ) X X X X X X X
Vitamin D 2/ -X X X X ‘X X X

200 2003 2003 2003 2003 2003- 2003

1/ Vitamin A added to supply 10,060 1.UY. per pound of feed to all pellets
except 1P to which vitamin A was added to supply 20,000 I.U., per pound
2/ Sftigii‘D added to supply 1,000 I.U. per pound of feed except to 1P to
which vitamin D was added to supply 2,000 I.U. per pound of feed.
- phosphorus fortified pellets but the amount fed was one-half that of all
others. This presumably Supﬁlied the same amount of phosphorus as pellets
2P, 3P or 4P, but reduced the émount of protein consumed by lot 1P cows.
Theoretically, lots 1 énd 1P received no additionalAprotein. Actually,
pellet 1P contéinéd about thirteen percent protein but the low 1evei of
feeding (one pound every other day) was assumed to supply an insignificant
amount of profeiﬁ. Lot 1 did not receive supplemental pellets. The level"
of'phosphdrus in'pelléts 1P, 2P, 5P, and 4P supplied about one-<half of the
daily requirement of the cows in grams.
| The pellets were fed from one of four campsites located om three dif-
ferent winter feeding areas. The cattle were all grazed together and were
gathered from the range every-other-day during the winter feeding period and

fed two pounds per head of the respective supplemental rations except that

lot 1 cows did not receive a supplement and lot 1P cows received only one
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pound per head every-other-day as mentioned.

TABLE III. CHEMICAL ANALYSES OF SUPPLEMENTAL PELLETS, PERCENT. 1/

Year Pellet T Crude
Analvzed No. Moisture Protein Fat Fiber Ash Ca, P.
1958 1P 5.6 13.2 ° 1.9 20.5 20.4 3.08 4.29
1960 1P 4.2 13.0° 2.2 22.1 22.4 3,18 5.95
" Average’ 1P-g/ 4.9 13.1 2.0 21.3 21.4 3.13 5.12
1958 2 7.4 19.4 2.9 6.5 6.4 1.08 0.62
1960 ) 2 5.6 20.0 2.3 7.5 5.4 0.75 0.68
Average 2 6.5 19.7 2.6 7.0 5.9 0.92 0.65
. 1958 2P 6.6 22.0 2.8 6.3 8.1 1,59 1.15
. 1960 2P- 5.6 21.6 2.3 7.7 8.9 1.38 1.50
Average 2P 6.1 21.8 2.6 7.0 8.5 1.48 1.32
1958 3 7.0 28.4 2.6 6.7 5.5 1.05 0.32
1960 3 5.7 30.2 2.1 6.5 5.4 0.65 0.32
Average 3 6.4 29.3 2.4 6.6 5.4 0.85 0.32
1958 3P 6.5 28.6 1.7 6.7 10.5 1.91 1.57
1960 3p 5.1 32.2 1.9 7.0 9.6 1.45 1.95
Average - 3P 5.8 30.4 1.8 6.8 10.6 1,68 1z76.
1958 4 6.6 39.2 - 2.0 7.7 6.5 1,04 0.42
1960 4 4.9 42.3 1.4 7.1 6.4 0.66 0.45
Average 4 5.8 40.8 1.7 7.4 6.4 0.85 0.44
1958 4P 5.9 . 40.0 1.5 7.5 11.8 1.75 1.36
1960. : 4P 4,6 43,7 1.5 7.5  10.7. 1.50" 1.75
Average 4P 5.2° 41.8 1.5 7.5 11.2 '1.62 1.56

1/ Pellets were chemically analyzed only twice in three years.
2/ Lot 1P received only one-half the amount per day received by the other
lots. Lt

Experimental equipment

A portable corral and feed stall arrangement Was 1ocated at the camp-
site and éonsistgd of a corral and ten feed stalls. ~Figu'res 1, 2, and 3 show
this arrangement.

The corral was made of snow fence supported by steel posts. The feed-

ing stalls were made of unplaned, native piné, 1" x 6'" lumber and comsisted
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of panels 5'6" x 8', erected in such a manner that individual stalls were
eight feet 1oﬁg ﬁy thirty-six inches wide. The panels were supported by
steel posts. A movable cross-panel, 4' x 5'6", was placed in the fromt and
rear of each stall to secure the cow in position for feeding. There_were
five stalls on either side of a small work area where feed was stored in
covered metal cans, A scale and work table were algo conveniently located
within this work area. Feed boxes were 12" x 15" x 6".

" The entire corral and stall arrangement could be disassembled, placed
on a truck, moved to a new campsite and reassembled in about four hours and
required the labor of three men. Two men were usually ablée to gather the
cattlé from the range ;nd feed them supplement in about two and one-half
hours. The ﬁime‘required for feeding, throughout the duration of the exper~

iment, varied -as the number of cows varied from fifty-six to eighty-two.

N I A B
7

Squeeze
.chute- . Holding corral

Individual feeding stalls

Figure 1. Portable corral.
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Figure 2. The experimental feeding area at campsite 3.

Figure 3. Feeding corral, feeding stalls and the work area.
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Handling of experimental cattle

The cattle were all grazed together throughout the experiment. During
the winter feeding period, the cows were gathered every-other-day for
supplemental feeding. The cattle were moved to different grazing areas
periodically. These areas are outlined in Appendix Figure I. The dates the
cattle were grazing these areas are shown in Appendix Table 1. The predom-
inant forage species grazed by the cattle are shown in Table IV.

Figure 4 shows some of the experimental cows and the dye brand used on
the head to identify their experimental lot number. Eartags and number
brands were used on all cows; however, the dye brand used on the head and
back the first year and on the back all years made identification much

easier for the men who fed the cattle.

Figure 4. Experimental cattle and methods used to identify the cows for
supplemental feeding.

Occasionally, throughout the wintering periods, the range was covered

with snow limiting the amount of forage the cows were able to graze. Heavy
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TABLE 1V, PREDOMINANT FORAGE SPECIES GRAZED BY EXPERIMENTAL CATTLE 1/..

Forage
Common Name Scientific Name
Bluebunch wheatgrass 2/ Agrspvron spicatum
Idaho fescuelgj Festuca idazhoensis
Giant wildrye - Elymus cinereus
Che;tgrass,brome Bromus tectorum
Blue ‘grama -Bouteloua gracilis
Prairie junegrass Koeieria cristata -
Needle-and-thread _ Stipa comata
Plain; reedgrass CalamagFostis‘montanensis
Rubber rabbitbrush ' Chrysothamnus nauseosus
Silky lupine Lupinus sericegg
Fringéd'Saéewort .Arpgmigig frigida
Antelope bitterbrush: Pursﬁia tridentata
Common snowber;y ngp?oricargds albus
Willows ' . Salix spp.

1/ The experimental area is a foothill range of rather high moisture and
there are several species of annual grasses and sedges that are
important in spring and early summer but are not important on w1nter
range and are.omitted from the list for this reason.

2/ Dominant of all grasses on the ranch.

3/ Co-dominant with Bluebunch wheatgrass at higher elevatlons
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snow seldom remained for long periods, but when grazing was hampered by this

condition the cows were fed about fifteen pounds of grass hay per head,

daily. During the winter grazing periods, hay was fed two days in February,

1958; five days in February and one day in March of 1959; and one day in
February and two days in March of 1960. The cows were moved from the range
to the calving barn at ranch headquarters prior to calving each year and
the range forage was replacéd by twenty to twenty-five pounds of grass hay
pér cow, daily. Supplemental pellets were fed throughout calving.

The cattle received éuppleﬁental pellets 147, 137, and 158 days during

the respective winters 1957-58, 1958-59, and 1959-60.

Cow weights and blood collection
Each year, the cows were weighed on the first day or the day before the
supplemental feeding began. This was considered to be the initial weight.

Weights were taken about every fifty-six days subsequent to the initial

weight. Final winter‘wéights were taken on the last day or the -day after '

supplemental feeding tefminated. The very few cows that had not éalved be-~
fore the final winter weigh day were not weighed (six head in threé years) .
Summer weights consisted of: initial--same as final winter weight, and
final summer weigﬁts were taken at weaning time each year. Appendix Tables
1L, IIL, and IV contain'these weights. The cattle wefevnot shrunk prior to
weighing. Weights were taken on a portable scale thus éhabling the weighing
"
of cattle at the feeding campsite as well as at the ranch headquarters.
Blood samples$ were taken from the cows during the experiment. Fifty
cc. blood tﬁbes containing one cc. of sodium citrate were used to collect

forty to forty-five cc. of blood by venous puncture. Inorganic plasma
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phosphofus, plasma carotene and piasma'vitamin A levels were determined by
. the colorimetric methods of Fiske and Subbarow (1925) for phosphorus and
© Kimble (1938) for carotene and vitamin A. The methods used were modified
‘for the Bausch and Lomb "Spectronic 20" colorimeter. The results of analy-
ses for thé year 1958-59 were not available for thié-report. Blood data of
the other years are shown in Appendix Tables V and VI. All experimental
cattle were bled during 1957-58. Approximately one-half of the cows were
bled in 1959-60.

Breeding
The cows were pasture bred each year. Table V shows the dates of
breeding and bulls used.

TABLE V. BREEDING.

Year Bulls In Bulls Out___ Bulls Used

1957 6-7-57 8-16-57 Three yearling purebred Herefords.
Breeder--W. B. Ellis, Cascade, Montana.

1958 6-8-58: 8-18-58 Same bulls as above. Two-year-olds

. _ ' this year. o
1959 6-8-59 8-18-59 Three two-year-old purebred Herefords.
(about) ©  Breeder--Montana Agr. Exp. Sta.
Calving

The cows were taken to the calving barn about five to seven days before
the first calves were expected each year.. The respective dates the cattle
left the winter grazing area for calving were March 3, 1958; Maréh 4, 1959;
and March‘7;€l960. The portable corrals and stalls were moved to the calv~
ing barn and supplemental feeding continued through calving. Grass hay

(twenty to twenty-five pounds per head, daily) replaced range forage during

calving.




43~

The calving bérn (identified in Appendix Figure 1 as CB) was located
at the Red Bluff Ranch between Warm Springs Creek and Highway 289. ‘Wire
corrals were arranged.in conjunction with the calving barn so the cows could
be sorted. Usually, the ?ows that seemed nearest their parturition time
were allowed access to the calving barn. The barn was of stone construction
approximately twenty by sixty feet. One end of the barn was partitioned to
form a smalr'ﬁdfernity pen and Holding‘chute. A sling with a chain hoist
to facilitate haﬁdliﬁg weak or sick cows was situated in the opposite end
of the barn. Medical supplies were available at the ranch house near the
calving barn.

The cows were observed periodically each day. As the calves were born,
they were eartagged, weighed and thé weight and date of birth recorded;
Calves that were born dead but appeared normal otherwise were also weighed
and recorded. One deformed calf was born; its birth weight was-not taken.
All calves were weighed within eight hours of birth, although the length of
time betﬁeen birth and weighing was not clésely controlled. Most calves
had opportunity to nurse before their birth weights were taken. Appendix
Tables II, III, and IV contain birth-weights‘énd dates, .

The ¢alves were branded, dehorned and castrated prior to the time the
cows were turned out for summer grazing. The respective.dates that grazing
began following calving.were May 3, 1958; May 5, 1959; and May 23, 1560;
however, due to the fact tﬁat supplemental feeding began late in 1957-58,

suppleméntal'feeding was continued while cows grazed spring range until

June 2, 1958,
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Weaning

The cows and calves were removed from summer pasture each fall (Novem-
ber 3, 1958; October 29, 1959 and October 28, 1960) and taken to the ranch
headquarters Qhere the calves weré separated from the cows for weaning.

At this timé, final summér cow weights were taken and the calves were
weighed and scored. As‘the calves were individually ﬁeighed, three scorers
consisting of two experiment station staff members and an extension live=-
stock specialist, gave the calves a numerical score. The average of the
three scores given each calf was‘recorded and is shown in Appendix Tables
11, III, and IV as are the weaning weights. The scoring was not done by
the same individuals every year.

The actual weaning weights of the calves were adjusted for age of dam
ana sex of calf to 180-days of age. The method of adjusting follows. Each
calf's weaning weight was first adjusted to a i80-day weight by computing
the average daily gain from birth to weaning. The average daily gain from
birth to weaning was.multiplied by 180 and thelbirth weight added to this
product., Correction for age of dam was made by multiplying the 180-day
adjusted weaning weight times a percentage factor corresponding to the-age
of the dam. These factors consisted of 110 percent for calves from two-
year-old cows, 105.percent for calves from three~year-old cows, 102 p;rcent
for calves from four-year-old cows and 100 percent for calves from five to
ten-year-old cows. No corrections for dams beyond ten years of age were
necessary in this experiment. To correct for sex of calf, the average
weight'adjusted for age of dam for steer calves was divided by the average

weight adjusted for age of dam for heifer calées and the result multiplied
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by the weight adjusted'for age of dam for each heifer, Adjustment for sex
of calf was necessary each year of this experiment since the average weaning
weight of the steer calves was greater than the average weaning weight of
the heifer calves all three yearsl The method used for adjusting calf
weights is based on data réported by Knapp et al. (1942) and Clark et al.

(1958) .




46~
RESULTS AND DISCUSSION

Produption of cows wintered on the range

Individual cow ﬁeights and the méasurements and observations of their
offséring are recorded in Appendix Tables II, III, and IV. Production
measurements by lot are shown in Table VI. A summary of cow production is
shown in Table VII,

_(_'}Q_vl weights

The effect of supplementation on cow weights was inconsistent bgtween‘
years., Cows supplemente& with higher protein- levels lost less weight
through the wintering period than cows receiving a lesser protein level, ex-
cept at the thirty ﬁercent level, In 1957-58 and 1959-60, cows receiving
thirty percent protein pellets lost more weight than the cows receiving

twenty percent protein pellets. Van Horn et al. (1959) found that the high-
er 1eveis of prdteiﬁ producéd more géin on ewes grézing winter range.

The effect of adding additional phosphorus ‘was inconsistent on weight
gains of cows except at the thirty pefcent protein level. At this protein
level, additions_of phosphorus resulted iﬁ cows losing less weight during
each of thé three years. There was no préiic;able effect of additional

phosphorus on weight gains of cows.

Blood analyses

The results of blood aﬁalyseS‘for inorganic plasma phosphorus, plasma
carotene and plasma'vitamin A are éhown in Appendix Tables V and VI. Values
received for plasma vitaminAA 1eveis were not éonsidefed accurate, Extreme-
ly low values énd the:inconéistency of the values within a given treatment

and analysis would seem to 'lend support to this line of reasoning. Values
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TABLE VI. PRODUCTION OF COWS WINTERED ON THE RANGE, 1957-1960.

Treatment 1 1P L2 2P 3 3P 4 4P
No. cows 1957-58 7 7 7 7 7 7 7 7
Avg. wt. (1lbs.)

Initial (1-7-58) 1004 - 962 1007 987 994 1006 289 1019

Final (6-2-58) 985 918 1016 984 986 1000 1027 1030

Gain ~19 ~44 9 -3 -8 -6 38 11
No. calves born

alive 6 7 7 7 7 7 6 7
Avg. calving date 4-24  4-21 4-21 4-16 4-8 421 4-26 4-4
Avg. birth wt. - 76 80 79 84 76 79 76 74
Avg. weaning wt. 409 423 408 426 406 433 387 443
Avg. adj. wean- .

ing wt., 1/ 391 408 398 398 381 411 382 404
No. cows 1958-59 9 9 2/ 10 9 102/ 92/ 10 9 3/
Avg. wt. (1lbs.)

Initial (12-18-58) 974 1004 972 1032 961 988 1014 1063

Final (5-4-59) 903 938 952 970 941 982 1004 1048
Gain ' -71 ~66 =20 -62 ~20 -6 -10 -15
No. calves born

alive 8 9 7 9 10 8- 10 10 4/ .
Avg. calving date 4-1 4-16 3-29 4-12 4-7 4-16 4-1 4-15
Avg. birth wt. 74 71 79 90 72 - 82 71 76
Avg, weaning wt. 389 367 385 418 362 366 388 389
Avg. adj. wean-

ing wt. 1/ 377 391 374 434 369 379 385 410
No. cows 1959-60 10 10 10 11 11 10 10 10
Avg. wt. (lbs.)

Initial (12-16-59) 1006 1060 1111 1010 1072 1094 1089 1109

Final (5-23-60) 900 947 995 918 962 987 996 1032
Gain -106 -113 -1l16 -92 -110 -107 -93 =77
No. calves born

alive 9 9 10 10 9 10 10 10
Avg. calving date 4-24  4-14  3-31 4-10 3-30 3-28 4-8 4-5
Avg. birth wt. 79 78 71 77 .78 77 76 80
Avg. weaning wt. 370 403 406 372 427 420 394 416
Avg. adj. wean-

ing wt. 1/ 355 387 382 358 391 366 373 389

1/ Weaning weights were adjusted for age of dam and sex of calf to 180 days.

2/ One cow within the lot had not calved on the date final weights were
taken, therefore the average weight of the cows for each of such lots
was computed on one fewer than the total number in the lot indicates.

3/

taken, therefore the average weight of the cows for this lot was
"computed on two fewer than the total number in the lot indicates.

One cow in this lot had twins.
included in computations this

The record of her calves was not
year.

Two cows within the lot had not calved on the date final weights were
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TABLE VII. SUMMARY OF THE PRODUCTION OF COWS WINTERED ON THE RANGE, 1957-
1960. : .

—

Treatment . 1 1P 2 2P . 3 3P 4 4P

Total No. cows 1/ 26 26 27 27 28 26 27 26

Avg. wt. of cows (lbs.)

Initial 995 1009 1030 1010 .1009 1029 1031 1064
Final 920 934 988 957 963 990 1009 1037
Gain v -66 =75 42 =53 -46 -39 =21 =27

.No. calves born
alive . 23 25 24 26 26 26 26 27 2/

Percent of cows -
having live calves 88.5 96.2 88.9 96.3 92.9 100 - 96.3 103.8 2/

Percent of cows wean-
ing live calves 88.5 92.3 85.2 85.2 89.3 100 96.3 92.3 4/

Avg, cdlving date 4-17 4-17  4-7 4-13  4-5 4-11 4-12 4-8
Avg. birth wt. (1bs.)76.3 76.3 76.3 83.7 75.3 79.3 74.3 76.7

Avg. weaning wt. :
(1bs.) 389 398 400 405 398 406 390 416

Avg. adj. weaning
wt. 3/ 374 395 384 396 380 385 380 401

L/ The figure does not indicate the number of different cows but only the
total number of observations of cows within ‘treatment over the three
year period. :

2/ One set of twins were born in this lot during 1959.

3/ Calf weaning weights were adjusted for age of dam and sex of calf to

180 days.
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below twenty micrograms pér one hundred milliliters of'plasma are not often
reported in the literature e#cept Whén the vitamin A content has been inten-
tionally lowered. All cattle in this experiment, except lot 1 cows, receiv-
ed supplemental vitamin A, The low levels of vitamin A, reportéd in Appendixv
Tables V and VI of this papér, probably resulted from excessive oxidation of
vitamin A during analysis. The phosphorus levels and carotene 1eve1§ re-
ported in Appendix Tagles.V and VI were assumed to be reasoﬁably accurate.
The level of significance of differences in carotene and‘vitamin A levels
between-treatments was not tested statistically.

The difference in plasma inorganic phosphorué levels of cows between
phosphorus levels within-protein level were statistically significaﬁt |
(P<.01) for 1959-60, but not for 1957-58. Table VIII and Table IX show
the analyéis of vgriance for blood. plasma’ inorganic phosphorus for years
1957-58 and 1959460,

T
TABLE VIII, ANALYSIS OE,?ARIANGE FOR BLOOD PLASMA INORGANIC PHOSPHORUS
LEVEL (1957-58).

Variation D.F. S.S. M.S. F
Between protein levels/year 3 8.92 2.97 2.06
Between phosphorus levels/

protein level/year 4 8.83 2.21 1.53
Error S "102 157.18 1.44

Total ) 109 174.93

According'to thé,énalyses, ﬁlaﬁma inorganic phosphorus levels increased
from December 16, 1959‘to'Apri1 21, 1960 ip cdws of all treatment groups.
The levels of ingrgéﬂic-pﬁosphorus in plasma from cows receiving additional
phosphorus was higher than for cows receiving no additional phosphorus,

however.
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TABLE IX. ANALYSIS OF VARIANCE FOR BLOOD PLASMA INORGANIC PHOSPHORUS
LEVEL (1959-60). :

Variation D.F, S.5, M.S. F
Between protein levels/year 3 2.04 0.68 0.80
Between phosphorus levels/ ’

protein level/year . 4 14.01 3.50 4,17%%
Error . 94 80,30 0.85
Total : 101 96.35

**Significant at the 1 percent level.

Calves born and weaned -

These data indicate a possible advantage from feeding additional phos-
phorus in terms of live calves born. The number of live calves born to cows
receiving additional phosphorus was equal to or greater than the number of
live calves born to cows féceiving no additional phosphorus except at the
fhirty percenf protein.level'qf the year 1958-59 anq at thehtwenty percent
level of year 1959-60. The level of protein did fot seem to have a com-
sistent effect upon number of live calves born, but in genefal, the cows
receiving higher protein levels tended to have greater calving percentages.
The advantage in the'number of living calves born to the phosphorﬁs supple~-
~ mented cows had been partially overcome by weaning time. Cows receiving
twenty percent  protein pellets without additional phosphorus, Qeaned the
same number of calves over three years as the‘céws receiving the same level
of protein with additional phosphorus. Cows recei§ing forty percent protein
pellets, without additional phosphorus, weaned four percent (about one calfS
more calves than cows receiving forty percent protein with additional phos-
phorus. Cows receiving additional phosphorus at the zero and thirty percent

protein levels weaned four percent and eleven percent more calves than cows




-51-
receiving the same protein levels without additional phosphorus.' Knox and
Watkins (1942).and Reynolds et al. (1953) feported an increased number of
calves and an increased weight of calves at weéning from cows fed supple-
mental phosphorus while grazing winter range known to be deficient in the

element.

Calving date

Cows receiving'the higher percent protein supplements tended to calve
earlier than those receiving the lower percent protein supplements; however,
the number of days in which the éarlier calving lots of cows exceeded the
later calving-lbts of cows was not'significant. The control lot of cows
calved later than most of the treated:lots of cows each year. The control
lot had the latest thfee-year-average calving date.

There was no predictable effect of phosphorus treatment on calving date

of the cows. Analysis of variance for calving date is shown in Table X.

TABLE X. ANALYSIS OF VARIANCE. FOR CALVING DATE.

Variation D.F, 8.8, M.S. F

Between years 2 3686 1843 5.60%%*
Between protein levels/year 9 5450 606 1.84 1/
Between phosphorus levels/

protein level/year ' 12 6226 519 1.58
Error : - 180 59261 329
Total - 203 74623

Interactions ) .

Years X phosphorus . 2 2671 - 1335 4, 06%
Years X protein , 6 2849 475 1.44
Phosphorus X protein 3 574 191 0.58
Years X phosphorus X ‘

protein 6 2585 431 1.31
Error ' 180 59261 329

# Significant at the 5 percent level.
%% Significant at the 1 percent level,
1/ Approaches significance at the 5 percent level,
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Birth weights _

The effect of treatments was more consistent for birth weights than
any other factor except weaning weights. The effect}of treatment on weaning
weighté was similar to that of birth weights. Table XI showé the analysis
of variance for birth weights.

TABLE XI. ANALYSIS OF VARIANCE FOR BIRTH WEIGHT.

Variation : ' D,F, 5.8, M.S. F
Between years 2 76 38 0.78
Between protein levels/year 9 2242 249 5.08%*
Between phosphorus levels/

protein level/year 12 1468 122 2.48%%
Error ' 177 8583 49
Total ' 200 . 12369 .

Interactions
Years X phosphorus 2 126 63 1.29
Years x pretein 6 1774 296 6, O4%*%
Phosphorus X protein _ 3 318 106 2.16

. Years X phosphorus X protein 6 295 49 1.00
Error 177 8583 49

%% Significant at the i percent level.

A summary of the birth weights ef calves is shown in Table XIIf

The difference in birth Weights-of|ca1veé between &ears, between pro-
tein levels within years, and between phosphorus levels within protein level
within yéar was highly significant (P< .01).

Cows receiving twenty percent protein with additional phosphorus ﬁad
thé‘heaviest calves at birth in years 1957-58 and 1958-59. This lot had the
heaviest average birth weights for the three-year-period. The average birth
weights of calves from cows in lot 1 (these co&s received no supplemental
pellets) were neither tﬁe lightest nor heaviest during a given yeaf.. Over

the three-year~-period, birth weights in two other lots were equal to lot 1,
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three lots had heavier birth weights, and two lofs had lighter birth weights -

than lot 1,

TABLE X11. SUMMARY OF BIRTH WEIGHTS (Average weight in pounds).

Year - _ Lot or Treatment
1 1P 2 2P 3 3p 4 4P
1957-58 76 80 79 84 76 79 76 74
Average of all lots = = = = = = = « = = =« = © 0 = = = - - - - 78.0
Average of lots receiving additional phosphorus - - = - - - - 79.2
Average of lots receiving no additional phosphorus- - - - = - 76.7

Phosphorus treated lots.exceeded non-phosphorus treated lots- 2.5

1958-59 74 71 79 90 72 82 71 76
Average of all lots = = = = = = = = = = ¢ = = = = 2 = = = = = 76.8
Average of lots receiving additional phosphorus « = = = « = - 79.7
Average of lots receiving no additional phosphorus- - - - - - 74.0

Phosphorus treated lots exceeded non-phosphorus treated lots- 5.7

1959-60 79 78 71 77 78 77 76 80
Average of all lots = = = = = « = = =« & = = = = = = = @ = = = 77.0
Average of lots receiving additional phosphorus = = - = = = - 78.0
Average of lots receiving no additional phosphorus- - - - - - 76.0

Phosphorus treated lots exceeded non-phosphorus treated lots-= 2.0

Three-year averages - - .
'76.3 76.3 76.3 83.7 75.3 78.3 74.3

76.7

Average of all lotg = = = = = = =« = = @ = = = c = « 4 & = = = 77.1

~ Average of lots receiving additional phosphorus = =« - - - - = 78.7
Average of lots receiving no additional phesphorus~ - « = = = 75.5
3.2

Phosphorus treated lots exceeded non-phosphorus treated lots-

Weaning weights

All weaning wgights were adjusted for age of dam and sex of calf to a
180~day weight. 'Analysis for effect of ration on weaning weights was made
with this consideration. Table XIII showé anglysis of variance for adjusted
weaning weights.

The effect of supplementing cows with phosphorus during the winter on

the weaning weight of calves was evident. Calves from phosphorus
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supplementéd cows were significantly heﬁvier at weaning time than calves
from cows receiving no phosphorus supplement (P& .05). The advantage of

feeding supplemental phosphorus occurred in nime out of twelve comparisons.

TABLE XIII. ANALYSIS OF VARIANCE_FOR ADJUSTED WEANING WEIGHT.

—

Variation 5 D.F. 5.5, M.S. F
Between years 2 13532 6766 5.20%%
Between protein levels/year 9 11337 1260 0.97
‘Between phosphorus levels/ , : \

protein level/year 12 36732 3061 2.35%
Error 170 221089 1301
Total _ ©193 282690
Interactions :
Years X phosphorus 2 8243 4172 3.21%:
Years X protein 6 10106 1684 1.29
Phosphorus X protein 3 4530 1510 1.16
Years X phosphorus X '
protein _ 6 ‘17417 2903 2,23%

" Error 170 221089 1301

% Significant at the 5 percent level,

F% Significant at the 1 percent level.’

Thg difference in weaning weights of calves from cows fed different levels
of protein was not significant within year. Table XIV_sHows a summary of
the weaning weights of the calves.

Addition of phosphorus at the twenty and forty percent protein level
had a greater effect on weaning weight than addition of phosphorus at the
thirfy percént protein 1eve1.. Over the three~year-period, cows in lot 1P
(additional phosphofﬁs at‘the zero percént’pfotein level) weaned calves
about the same weight as lot 2P.

Supplemental feeaing was continuéd throughout calying; however, over

the three-year-period, a total of six cows calved late and supplemental

feeding was terminated prior to the parturition date of these cows. It is
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TABLE X1V, SUMMARY OF WEANING WEIGHTS (Average weight in pounds) .

Year Lot or Treatment
1 1P. 2 2P 3 3p 4 4P
1957-58 391 408 398 398 381 411 382 404
Average of all lots = = = = = = = = = c « e o = = @« = = = = = 396.5
Average of lots receiving additional. phosphorus ------- 405.0
Average of lote receiving no additional phosphorus- - - - - - 388.0

Phosphorus treated lots exceeded non-phosphorus treated lots- 17.0

1958-59 377 391 374 434 369 379 385 410
Average of all lots = = = = = = = = = = @ = = = = = « = « - = 389.5
Average of lots receiving additiomal phosphorus - = = = = =~ = 403.0
Average of lots receiving no additiomal phosphorus- = - - - - 376.0

Phosphorus treated lots exceeded non-phosphorus treated lots- 27.0

1959-60 355 387 382 358 391 366 373 389
Average of all 1lots = = = = = = = = = = = = = n = = = = « = = 375.0
Average of lots recelving additional phosphorus ------- 375.0
Average of lots receiving no additional phosphorus- = - - - - 375.0
Phosphorus treated lots exceeded non-phosphorus treated lots- ~-=-=-

Three-yvear averages ) '
374 395 384 . 396 380 385 380 401

Average of all lots = = = = = = = = @ = = = = = « = = = - =« 386 -
Average of lots receiving additiomal phosphoitus - - - = - - = 394 '
Average of lots receiving no additional phosphorus- - - - - - 379

Phosphorus treated lots exceeded non-phosphorus treated lots- 15

possible that supplemental feeding had a greater effect on weaning'weight by -
stimulating lsctatfon,'than-it did on gestation--especially for those cows

that calved eariy and received supplement during~severa1 days of lactation

(as much as fifty-three days for cows in lot 3 in year 1959-60). Although

the possibility of such a stimulating effect on lactation occurred, the

evidence of its effect on the Weéning weights is no;‘strong. During the

year 1958-59, cows in lots receiving no additional phosphorus calved

earlier than cows receiving additional phosphorus; The cows in lots receiv-

ing the additional phosphorus had heavier average adjusted weaning weights.
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During year 1959-60, cows in lot 3P calved earlier than cows in lot 3. The
adjusted weaning weights of calves from the earlier calving cows (lot 3P)
were lighter than those of the célves from cows calving later (lot 3).
These data suggest ‘that fhe difference in adjusted weaning weights was
due to treatment.

Average daily gain from birth to weaning

' The differencg between treatments for averége daily gain to Qeaning was'
similar to the difference between treatment for adjusted weaning weight.
The average daily gain from bir#h to weaning of calves.was different between
treatments. The iots of cows receiving additional phosphorus'had calves
that gained faster from birth to weaning, ITIreatment differences for birth
weight were highly significant (P<:.01) and difference in adjusted weaning.
weight between phoéphofus levels within prd;ein level within year was sigﬁi=
ficant (P<f,05)° Aﬁalys;; ;f variance for average daily gain to weaning
‘is shown in Table XV.

TABLE XV, ANALYSIS OF VARIANCE FOR AVERAGE DAILY GAIN TO WEANING.

Variation D.F. S.S. M.S, F

Between years 2 1.27 0.64 12,80%%
Between protein levels/year 9 0.32 0.04  0.80
Between phosphorus levels/
protein level/year 12 0.81 . 0.07 1.40
Error : 170 9.13 0.05,
Total 193 11.53

Interactions .
Years X phosphorus 2 0.16 0.08 1.60
Years X protein 6 0.13 0.02 0.40
Phosphorus X protein 3 0.00 0.00 cmea
Years X phosphorus X protein 6 0.50 0.08 " 1.60
Error 170 '

9.13 0.05

#*% Significant at the 1 percent level.
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The average daily gain to weening for phesphorus supplemented lots and
non-phosphorus supplemented lots were as follows: (comparisons are averages
of the three years). Lot 1, 1.64; lot 1P, 1.74; lot 2, 1.65; lot 2P, 1.70;
~lot 3, 1.64; lot 3P, 1.67; lot 4, l.65§.anq lot 4P, 1.75. These differences
were not statistically significaht, but for this experiment the average
deily gains of calves from phosphorus treated cows, along with the differ-
ences in birth weights,'were'sufficient to cause a significant difference
in the weaning weights of calves frem cows between phosphorus treatments.
.The greater daily gains of calves féom phosphorus supplemented cows was
probably the result of more milk produced by the phosphorus supplemented
cows, Other reseafchers have reported é-stimulated milk flow due to phos-
phorus supplementation of cows deficieqt in the element. (Becker et al.,
1927; Eckles et al. 1933, and Maynard and Loosli, 1956).
Calf score |

Analysis of variance for calf score is shown in Table XVI,

]
S ——

TABLE XVI. ANALYSIS OF VARIANCE FOR CALF SCORE

Variation D.F, S.S, M.S. F
Between years ’ 2 98.64 49,32 1.25
Between protein levels/year 9 446,00 49.56 . 1.26
Between phosphorus.levels/

protein level/year ' 12 389.90 32.49 0.83
Error : 163 6412.03 39.34
Total 5 186 7346.57

Interactions
Years X phosphorus 2 33.70 16.85 0.43
Years X protein : 6 377.87 62.98 1.60
Phosphorus ‘X protein 3 108.87 36.29 0.92
Years X phosphorus X protein 6 212.14 35.36 0.90

3 6412.03 39.34

Error 16
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Individual calf scores differed widely but the variation between treat-
ments and years was not greater than the variation within treatment and

years.

Economic value of the experimental supplements

The actﬁal value.of:thé suppléments used in this experiment céuld not
be determined because the calves were not sold at weaﬁing time. An estimate
of the value of these supplements is bésed on an assumed calf price of
twenty-eiéht dollars per hundred pounds of live weight. The price repre-
sénﬁs an average for steer and heifer calveés over the three-year-period
of this experiment.

" The cbst of supélemental pellets fed throughout the experiment is
shown in Table XVI1I as ptige pgr ton and cost per cow ﬁer wintering period.
Table XVIII shows the estimated returns per cow from supplemental

feeding.

A possibie advantage_té‘be gained from'feeding supplements is greater
calving percentagés. A value was not given éhiS‘factor because all death
losses could not be aséociated with the treatment. One cow in each of lots
1, Zf,'and 3 died of causes not aséociated with treatment. One calf from
lot 2 died of urinary calculi. One calf from each of lots 2P, 4, and 4P
died of unknown causes. Thesé losses lowered the weaning percentages of
the respeétive lots. Considering the deéths-no; due to treatment, these
daﬁa indicate that lot 3P, had the highest weaning percent. Weqning,peru'
cent;ges in lots 1P, 2P; 3, 4, and 4P weré about equal to each other but
lower than 1ot’3P, Lots 1 and 2 had the lowest calving percentages. The

actual calving percentages are shown in Table VII but the values listed
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TABLE XVII, COSTS OF WINTERING SUPPLEMENTS 1957-60.

1

Treatment 1 1P 2 2P 3 3p 4 4P

Cost of supplement
per ton § 1/

1957-58 --- $61.16 $67.29 $71.60 $80.94 $76.25 $95.64 $98.90
1958;59 : -—— 64.06 63.00 63.00 72,00 78.001 86.00 89.00
1959-60 ---  63.75 §1.0d 64.20. 68.00 72.55 78.40 80.90
Average ‘-=- 62.97 63.76 66.27 73.65 75.60 .86.68 89.60
Cost of'supplement
per cow
-1957;58 2/ --; $4.50 .$4.95 $5.26 $5.95 $5.60 $7.03 $7.27
195%-59 3/ - 4.38 4.32 4.32 4,93 5.34 5.89 6,l0
1955-60 4/ -—- 5.04 4.82 5.07 5.37 5.73 6.19 6.39
Average cost === 4.64 .4.70 4.88 5.42 5,56 6.37 6.59

1/ The specifications. for the pellets were sent to three local feed
manufacturers who submitted bids. "The lowest bidder was awarded
the contract. - o

2/ Cows were fed supplement 147 days.

3/ ‘Cows were fed supplemént 137 days.

4/ Cows were fed supplement 158 days.

in the table were calculated with no consideration for deaths due to factors
other than treatment; all cows were pregnancy tested before each winter

- feeding period stagtedﬂ
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. TABLE XVIII. ESTIMATED RETURNS FROM SUPPLEMENTAL FEEDING (per cow per year

Lot number

1 1P 2 2r 3. 3P 4 4P

Cost of supplement .
per cow ($) 1/ - 4.64 4,70 4.88 5.42 5.56 6.37 6.59

* Return per cow above

control (§) 2/ --- 5.88 2.80 6.16 1.68 3.08 1.68 7,56

Returns per cow
above cost of .
supplement ($) --- 1.24 -1.90 1.28 -3.74 «2,48 -4.69 0.97

1/ Average cost over the three-year period.

2/ The control group (lot 1) had the lightest three-year average adJusted
weaning weight. Return per cow above the controls was determined as
follows: average three-year weaning weight minus the average three-
year weaning weight of controls times $28. per cwt. The estimated
average value per calf from the control lot was $104.72.
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SUMMARY

During the winters of 1957-58, 1958-59, and 1959-60, fifty-six, seventy-
five, and eighty-two Hereford cows were wintered on the range. Eight lots
of cows comparable in breeding, age and weight were fed seven different
supplements. (Lot 1 cows, controls, did not receive a supplement).‘ Lots
2, 2P, 3, 3P, 4, and 4P received two pounds of supplement per head, every-
other-day for 147, 137, and 158 days during the respective winters 1957-58,
1958-59, and 1959-60. The supplements were pelleted and contained four
different protein levels, Additional phosphorus was added to four of the
seven supplements. Cows in lots 2, 3, and 4 received pellets containing
approximately twenty, thirty, and forty percent protein. Cows
in lots 1P, 2P, 3P and 4P received pellets containing approximately zero,
twenty, thirty and forty percent proteiﬁ‘with additionai phosphorus added
to give an additional 4.6 grams of bhosphorus per &ay or about one-half of
the cow's daily phosphofus requirement. All cows were grazed together.
During calving, the range forage ﬁas replaced by twenty to twenty-five
pounds of grass hay per head, daily, and éupplemental pellet feeding contin~
ued,

The difference in inorganic plasma phosphorus levels between treatments
was not significant during thg‘winﬁer of 1957-58. Cows receiving additional
phosphorus héd significantly higher inorganic plasma phosphorus levels dur-
ing the winter of 1959-60 (P« .0l). The proteinllevels fed had no signifi-
cant effect on inorganic phosphorus 1eve1§. Blood data were not available
for the year of 1958-59.

More live calves were born in the lots of cows receiving additional
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phosphorus. The level of pro;ein fed did not seem to affect the number of
live calves born. The number of calves weaned differed between lots, but
due to deaths of cows and calves not asso;iated with treatment, and the fact
that all cows were pregnancy tested each fall, the weaning percentaées of
the respective lots could not be aqcurately compared.

Cows receiving higher protein supplements tended to calve earlier
than cows receiving lower protein supplements. These differences were not
statistically significant. There was no significant difference in calving
date associated with feeding additional phosphorus. |

There was a significant effect (P£ .0l) of both protein and phosphorus
supplementation on birth -weight 6f calve;. Lot gP had the heaviest calves
at birth and lot 4,.had‘thé lightest calves at birth. Cows receiving
additional phosphorus had heavier calves at birth than the cows ?eceiving
no additional phosphorus except at the zero percent protein 1evei.

Cows receiving additional phosphofus weaned heavier calves than cows

.receiving no additional phosphorus. These diffe?ences were statistically
significant (P<L .05). There was no significant effect of protein level on
weaning weight.

There was a con;istent trend for calves from cows receiving additional
phosphorus to gain more weight from birth to weaning. The differences in
average daily gain from birth to weaning between freatments were not sfatis-
tically significant} however,

Cows in lots 1P, 2P, and 4P annually returned (above feed cost) an
estimated $1.24, $1.28, ‘and $0.97 per cow more than the controls (lot 1).

Cows in lots 2, 3, 3P, and 4 annually returned (above feed costs) an-
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estiméted $1.90, $3.74; $2.48, and $4.69 per cow less than the controls.

These data indicate. that the range grazed by the experimental cows was
not seriously deficient in protein or phosﬁhorﬁs. The cows receiving addi-
tional phosphorus during the winter prqduced more calves that Qere signifi-
cantly heavier at birth and weaning than‘cows receéiving no additional
phospho:ﬁs, indicafiﬁg the winter fange was borderline or slightly deficient
in phosphorus. The response to phosphorus treatment by the cows on éhis
experiment was not as great as thaé‘reported by other researchers when cows
were grazed on ranges;known to be deficient in the elemeﬂtr |

Under the conditions‘of this experiment, feeding a protein supplement
with additional phosphorus to cattle g?;zing winter range was profitable,.
buf feeding protein Supplééent wiéhout:additional phosphorus was not
profitable. Thé cows recéiving twenty percent protein plus addifional phos-

phorus returned the greatest estimated profit..
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Appendix Figure 1. The experimental area, Red Bluff Ranch, Montana Agricultural
Experiment Station.



APPENDIX TABLE I.

AREAS GRAZED-AND BEGINNING AND ENDING DATES

CATTLE NUTRITION STUDY. (1957-1960) .

OF VARIOUS PHASES OF THE RANGE

Area being . Area ‘being
grazed 1/ Dates.(inclusive) grazed 1/ Dates (inclusive)
D 6- 7-57 5/ to  6-30-57 A 12-18-58 2/ to "3- 3:59
.C 7- 1-57 to 7- 9-57 CB 3- 4-59 4/ to 5- 3-59 3/
B 7-10-57 to 10-15-57 H 5- 4-59 to about 6-1-59
B - 7-16-57 67 ~ : E about 6-2-59  to s 6-59
D 10-16-57" to late Oct., 1957 7/ E ~ 6-8-59 5/
F late Oct., 1957 to- 1- 6-58 - ' - C 7--7-59 - . ..to about 7-15-59
A - 1- 7~58 2/ to about 2-6-58 B about 7-16-59 ‘to 10-28-59
I 2- 7-58. to 3- 3-58° B 8-18-59 5/ _
CB 3- 4-58 to 5- 2-58 I 10-29-59 7/ - to about 11-14-59
G 5- 3-58 -~ to 5-20-58 F . about 11- 15-59. to 12-15-59 =~ -
N O -5-21-58 to 6- 2-58 3/ A 12-16-59 2/ to -4- 6-60
D 6- 3-58- ‘to  6-30-58 CB 4- 7-60 4/ to 5-22-60
.D . _ :6-8-58.5/ - G . 5-23-60 . . to 6= 1-60 . .
c 7- 1-58 to about 7-10- 58 E 6- 2-60 to about 7-1-60
B about 7-11-58 to 8-31-58 E. _ 6- 7-60 5/
B o . 8-18-58 6/ C about 7-2-60 to about 7-12-60
H about 9-1-58  to 11- 2-58 B about 7-13-60 to 10-27-60
I 11- 3-58 7/ to about 11-15-58 B late Aug., 1960 6/
CF about 11-16-58 ‘to 12-17-58 I 10-28-60 7/
1/ Areas outlined in Appendlx F1gure 1 .2/, Breeding began.
/ Supplemental feeding began. 6/ Breeding ended.
/ .Supplemental feeding-ended;. 7/ Weaning date.
&/ ‘ ‘

‘Hay replaced range foragg-du:ing calving.
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APPENDIX TABLE II. PERFORMANCE OF INDIVIDUAL COWS AND THEIR CALVES BY TREATMENT. (1957-1958) .

Init. Final © Summer Calv= Wean- Adj. A.D.G.
Cow We. 1/ WwWe., 2/ We, 3/ ing 4/ Birth ing Wean 5/ to
No, Age 1-7-58 6-2-58 Gain 11-3-58 Gain Date Sex Wt. Wt. Wt. Weaning Score 6/
' . Lot or Treatment 1 (1957-58) :
2 4 1125 1125 - 1230 105 138 F. 65 390 440 1.92  84.3
29 4 955 960 5 1140 180 86 F 75 410 374 ©1.52 85.0
50 4 900 870 =30 1030 160 101 M 70 410 374 1.65 82.7
85 4 - 955 980 25 1105 125 132 M 90 390 406 1.71 72,7
97 5 © 920 905 -15 1025 120 104 M 70 380 347 1.54 80.3
902 5 955 980 25 1150 170 150 - Dead at birth, deformed ———-
937 5 1215 1075 -140 1235 160 87 M 84 475. 404 1.78 83.0
Avg., 4+ 1004 985 = -19 1131 146 . 114 75 409 391 1.69 81.3
, Lot or Treatment 1P (1957-58) '
16 4 1185 1075 -110 1235 160 89 M 100 485 426 1.77  92.0
20 4 815 795 =20 900 105 123 M 65 390 392 1.77 83.7
52 4 1020 990 =30 1165 175 115 F 78 405. 430 1.80° 82,7
87 4 860 785 =75 925 140 89 F 70 440 387 1.62 88,3
910 5 1070 1040 - =30 1160 120 131 M 920 430 437 1.93 .80.0
947 5 985 950 -35 1080 130 82 F 78 - 490 427 1.87 83.7
43 4 800 790 -10 . 900 110 148 M 80 320 359 1.51 81.7
Aveg. 4+t 962 918 <44 1052 134 111 80 423 408 1.75  84.6

-EL-




APPENDIX TABLE II. (CONTINUED) .

h

Init. - Final Summer Calv-- . Wean-  Adj. A.D.G.
Cow We. 1/ We, 2/ We. 3/ ing 4/ Birth -ing Wean 5/ to
No. Age 1 7-58- 6-2-58 Gain 11-3-58 Gain Date Sex Wt. We. We. Weaning Score 6/
Lot _or Treatment 2 (1957-58) o B o
3 4 980 1000 '20 1100 100 107 .M .78 410 384 1.66 72.0-
26 4 980 970 -10 1090 120 121 M 80 . 420 436 1.93 - 83.0
56 4 1060 1105 45 1155 50 148 F 85 360 424 1.73  72.0
82 5 880 915 35 . 1085 170 118 M 80 395 381 1.67 74.0 -
89 4 1050 1040 -10 1195 155 93 F 82 430 401 1.63 80.0 °
915 5 1075 1045 -30 1180 135 83 M 77 440 367 1.62 - 80.3
934. -5~ 1025 1040. 15 1115 75 109 F 74 400 390 1.65 80.3
Avg. 4+ 1007 1016 9 1131 115 '111 ' 79 408 398 1.70 77.4
Lot or Treatment 2P (1957-58) )
33 4 1210 1215 5 1300 85 131 M 85 385 401 S L.71 79.7
39 4 985 940  -45 1105 165 85 . M 90 495 426 1.82 83.3
64 4 900 930 30 1240 310 .97 F 75 Died 5/26 S
83 5 875 865 ~10 1035 170 91 M- 75 455 - 392 1.76 81.0
91 4 890 925 35 1065 140 97 M 80 425 382 - 1.64 79.0
935 5 975 1035 60 1190 155 152 F 85 320 377 1.52  73.0
963 5 1075 980 -95 1115 135 89 M 95 475 - 408 1.74  76.3
Avg., 4+ 987 984 -3 1150 166 106 84 426 398 78.7

1.70
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APPENDIX TABLE II. (CONTINUED)..

. Init, Final Summer  Calv= Wean- _ Adj. A.D.G. -
.Cox We, 1/ We. 2/ We. 3/, ing 4/ Birth ing Wean 5/ to ,
No. Age 1-7-58 6-2-58 Gain 11-3-58 Gain: Date Sex Wt, Wt, s Wt..  Weaning Score 6/°
) ) ’ Lot or Treatment 3 (1957-58) C v
14 4 1095 1145 50 1250 105 128 F 85 400 430 1.76 83.3
48 4 945 970 35 1110 140 127 F 85 395 423 1.72 82.7
57 4 1030 930 -100 1090 160 76 F 68 430. 376 1.57 83.0:
79 5 940 955 15 1150 195 76 M 69 365 299 1.28 71.3
84 4 “885 915" ' '30 1060 145 ..101 " -F 65 390" 374 1.58 78.7
904 5. 1025 990 =35 1160 170 86 F 75 390 349 1.40 74.7
930 5 1040 1000. <40 1140 140 95 M. 85 475 416 1.84 84.3
Avg. 4+ 994 986 -8 1137 151 98 76 . 406 381 1.60 79.7
. . i ' Lot or Treatment 3P (1957-58). ) .

6 4 1105 1150 45 _ 1230 80...132... .F 80 . 350. 382 .. 1.54 73.0
12 4 1065 1085 20 1215 130 95 M " 76 . 490 436 1.95 90,7
73 4 915 920 5 1070  .-~~150 117 M ° 85 395 386 1.63 74.0
90 4 940 820 =120 1055 ! 235 83 F 75 500 446 "1.90 88.0
917 5 - 1115 1130 15 1300 -170° 129 M 80 425 429 1.94 73.3
944 5 980 920 -60 1005 -85 82 . M 80 510 424 1.91  90.3 .
953 5 925 975 . 50 1070 95 136 - M 80 360 375 1.64 65.3
Ave., 4+ 1006 1000 -6 1135 135 111 - +79 433 - 411 '1.80- 79.2

: -SL_
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APPENDIX TABLE II. (CONTINUED). . ‘

Chronological day of the year in which birth occurred.

Adjusted for age of dam and sex of calf to 18Q days of age. .

The average of scores given by three persons at time of weaning.

Init, . Final Summer Calv- . Wean- Adj.. "A.D.G.
Cow We. 1/ We. 2/ Wt. 3/ ing 4/ Birth ing Wean 5/ to
No. Age 1-7-58 6-2-58 Gain '11-3-58 -Gain Date Sex Wt. We.  We. Weaning Score 6/
. - - Lot or Treatment 4 (1957-58) o
24 4 1210 1265 55 1300 35 136 F 70 360 403 1.70  71.7
47 4 935 935 0 1130 195 91 M 82 470 414 1.80 _ 88.0
71 4 1035 1060 25 . 1245 185 123 F "~ 75 310 326 1.28 71.7
86 4 780 810 - 30 915 105 117 F 75 370 379 1.55 8l.0
914 5 900 950 50 930 - =20 134.. F 65 305 331 1.39 63.7
916 5 1030 1200 170 1425 225 . Cow did not cdlve -=- -—- mme maae
921 5 1030 970 . -60 . 1140 170 95 M 87 . 505 442 1.97 84.3
Avg. 4+ 989 1027. 38 1155 128 116 76 387 382 1.62 76.7
Lot or Treatment 4P (1957-58)
13 4 1115 1175 60 1300 . 125 105 F 63 415 403 1.74  83.7
34 4 1040 1080 40 1220 140 95 M 68 450 400 1.80 82.7
42 4 955 955 0 1215 260 93 M 77 Calf died 4/15 =-«c=  wua-
- 77 5 915 960 45 1150 190 83 M 78 460 386 1.71° 84.3
88 4 995 985 =10 1110 - 125 87 F 78 470 426 1.78 79.0
901 5 1130 1125 =5 1210 85 110 F 76 430 420 1.80 82.0
961 5 . 985 930 =55 1065 135 85  F - 78 435 386 1.61 74.7
Avg. 4+ 1019 1030 11 1181 151 9% 74 443 404 1.74 81.1
1/ Date supplemental feeding began. : '
2/ Date supplemental feeding termimated.
3/ End of summer grazing; also weaning date.

-.9[-




APPENDIX TABLE III. -PERFORMANCE OF INDIVIDUAL COWS AND THEIR CALVES BY TREATMENT (1958-1959) .

. Init. Final ‘Summer - Calv- Wean-- Adj. -. A.D.G.
Cow We., 1/ We. 2/ we, 3/ ing 4/ Birth ing Wean 5/ to
No. Age 12-18- 58 5-4-59 Gain 10-29-59 Gain Date Sex Wt. Wt, Wt. Weaning Score 6/
A Lot or Treatment 1 (1958-59) -

2 5 1095 990 -105 1185 195 86 M 83 - 450 . 423 1.96 - 80.6
29 5 1000 1005 =5 1210 205 - 99 M 69 380 383 1.81 82.0
50 5 960 - 905 -55 1100 195 83 ' F 85 425 403 1.81. 84.0
85 5 1010 940 =70 1150 . 210 93 F 70 395 391 1.83 81.0
97 6 935 835 ~100 1050 215 87 M 76 385 367 1.68 78.0

902 6 1080 985 =95 1190 205 89 - F 68 .360 348 1.60 79.0
937 6 1170 1055 -115 1275 220 85 M 90 - 440 416 1.88 82.0
"931 3 810 745 -65 920 - 175 93 M 57 280 288  1.25 69.0
741 2 710 - 670 =40 850 180 107 F 66 Calf born dead ==«- ————
Avg. 4+ 974 903 -71 1103 200 91 74 - 389 377 1.73 79.4
Lot or Treatment 1P (1958 59)
16 5 '1100 1045 =55 1300 255 . 100 F. 83 390 395 1.80 79.0
20 5 790 7/ .= 970' == 166 F 65 335 511 2,57 -=--=
52-5 1095 .1080 =15 1225 145 104" F 90" 375 386 171 770
. 87 5 820 770 =50 920 150 96 - F 66 385 382 1.82 78.0
722 2 715 690 = -25° 885 - 195 101 . F 62 335 379 1.61 75.0
910 6 1075 1030 =45 1215 185 90 F 70 430 ' 415 1.99 82.0
925 6 1035 825 =210 1050 225 101 F 62 270 274 1,22 72.0
947 6 990 965 -25 1175 210 26 F 67 400 396 1.90 82.0
957 6 1205 1100 -105 1240 140 - 98 F. 75 380 380 1.76 73.0
Avg., 5 1.82 . 77.2

1004 938 -66_ 1126 188 ;106 71 367 - 391

—LLa




APPENDIX TABLE III, (CONTINUED). . Lo

Wean- Adj.” .A.D.G.

434

Init. Final *;° ' * Summer Calv-
Cow We, 1/ We. 2/ wt, 3/ ing 4/ . Birth ing Wean 5/ to
. No. Age 12-18-=58 5-4~59 @Gain 10-29-59 Gain Date Sex Wt. Wt. ' . Weaning Score 6/

: ’ : Lot or Treatment 2 (1958-59) ' -

3 5 1040 960 =80 1150 190- 80 M 87 395 366 1.61 81.0.
26 5 1020 8/ 990 8/ -30. Died 6/20 -- Cow had a normal calf that died of urinary calculi
56 5 1020 1155 135 1425 270 Cow did not calve === === m——m eeem
78 6 1060 990 =70 1280 290" 98 M 85 . 350 350 1.53 73.0
82 6- 945 : 920 =25 . 1105 185 84 M 75 370 349 .1.58 80.0
89 5 1060 . 1010 =50 1225 215 98 M .81 405 405 1.87 81.0
725 " 2 675 675 0. 850 . 175 82 F 66 375 388 1.63 e

729 2 765 735 =30 1105 370  Calf died at birth--- - - coe=
915 6 1070 1060 =10 1285 225 . 88 M- 80 385 370 -1.67 81.0
934 6 1070 1025 =45 1175 150 84 M 80 415 . 390 1.79 81.0
Avg. 4+ 967 948 =19 1178 230 88 79 385 374 1.67 79.5

Lot or Treatment 2P (1958-59) :
33 5 1220 1190 =30 1360 170 109 M 98 400 420 1.86 82.0
39 5 .1010 955 =55 1150 195 118 M 82 - Died at birth  ---- mee=
64" 5 1120 985 =135 1110 125 98 M 108 450 451 1.98 81.0
83 6 935 965 30 . 1125 160 116 F 95 400 441 1.97 81.0
91 5 920 885 =35 - 1065 180 92° M 85 415 404 1.84 80.0
705 2 805 725 =80 840 115 108 F 85 395 460 1.90 -———
935 6 1035 280 =55 1175 195 96 F 80 425 426 1.97 82.0
960 6 1215 1075 =140 1230 155 95 M 86 440 434 2.01 86.0
963 6 995 8/ 970.8/ =25 8/ Died 6/12 8/ 83 M .87 Cow died 6/12 -——— -
Avg. 5 1032 970 =62 1132 162 102 90 418 '+ 1,93  82.0

=8£-




APPENDIX TABLE IITI, (CONTINUED). X - S -

Init. Final ‘ Summer Calv- ) Wean- Adj. ~ A.D.G.
Cow We. 1/ wWe. 2/ We. 3/ ing 4/ Birth ing Wean 5/ to
No., Age 12-18-58 ~4 59 Gain 10-29-59 Gain Date Sex - Wt. We. We. Weaning Score 6/
. ' ~ Lot or. Treatment 3 (1958-59) oo R
14 5 1085 1135 50 1325 . 190 84 M 78 380 357 1.61 81.0
48 5 975 7/ == 1220 - === 132 M 85 355 421 1.99 w---
57 5 1020 945 =75 1190 245 -~ 90 M 74 425 410 1.94° 82.0
79 6 1020 1025 - 5 1185 160 79 M 69 360 331 1.51  77.0
8 5 960 915 =45+ 1125 210 91 F 71 ‘340 . 332 1.49 77,0 .
709 2 780 ° 760 =20 1000 240 93 M. 68 385 415 "1.78 80.0
717 2 795 750 =45 1980 230 95 F 55 340 374 1.62 75.0
904 6 1070 1070 0 1180 110 88 F 70 395 383 1,78 81.0
927 - 6 835 815 =20 . 975 160 119 M 80 255 279 1.15 o=
930 6 1080 1055 =25 1220 165 99 F 72 385 - 392 - - 1.82 80.0
Avg, 4+ 962 941 =20 1140 190 97 72 362 369 1.67 79.1
_ Lot or Treatment 3P (1958-59)

6 5 1105 1100 =5 1325 225 108 F 112 385 406 1.67 80.0
12 5 1080 . 1025 =55 1295 270 105 M 76 395 406 1.90 78.0
73 5 "935 925 =10 1095 170 110 F 85 360 326 1.37 80.0

90 5 915 890 =25 1175 285 101 M .66 365 371 1.76 79.0
706 2 795. 785 -10 935 150 . 95. M 68 345 374 1.57 78.0
713 2 710 1/ - 890 = 132" F 85 220 281‘ 0.97 72.0
917 6 1030 1150 120 1295 145 95 M 86 450 445 2,07 82.0
944 6 1005 965 =40 1150 185 88 F 85 440 425 '1.94 85,0
953 6 965 1020 55 1130 110 119 F 73 335 375 1.72  77.0
Avg., 4+ 949 982 =6 1143 193 106 _82 366 379 1.66__79.0

—6Lm




APPENDIX TABLE III. (CONTINUED).

Init, Final . Summer Calv- Wean~- Adj. AD.G.-
Cow We. 1/ Wi, 2/ We. 3/ ing 4/ Birth ing 'Wean 5/ to
No, Age 12-18-58 5-4-59 Gain 10-29-59 Gain Date Sex Wt. Wt. Wt. Weaning Score 6/
: o Lot or Treatment 4 (1958-59) : T
24 5 1220 1160 -60 1330 170 91 M 20 490 475 2,22 86.0
47 5 990 1020 30 o - 95 F 80 445 443 2,07 78.0
61 5 1050 1050 0 1105 55 93 F 64 415 410 1.97 82.0
71 5 1125 1140 15 1370 230 90 F 65 340 332 1.52 76.0
86 5 - 805 800 =5 970 170 88 F 70 360 347 1.58 80.0
702 2 830 855 25 995 140 88 F 55 345 366 1.58 ———-
704 2 820 830 10 1045 215 81 M 64 305 312 1.27 72.0
914 6 940 935 -5 1100 165 99 M 63 285 287 1.29  71.0
916 6 1325 1220 -105 1335 115 920 F 80 - 440 429 1.99 85.0
921 6 1030 1025 -5, 1180 155 91 M 80 460 446 2,11 86.0
Avg. 4+ 1014 1004 =10 1159 157 91 71 388 385 1.76 71.6
Lot or Treatment 4P (1958-59)
13 5 1215 1150 =65 1445 295 88 F 82 435 419 1.92 84.0
34 5 1105 1140 35 1285 145 83 M 86 500 468 2.20 88.0
42 5 1115 - 1100 =15 1250 150 82 F 66 390 366 ©1.71  88.0
772/6 1025 965  -60 1200 235 73 8/'F 608/ ---  --- cmme meee
s - -=e= m—— - - - -- M 508/ 360 8/ 324 8/ 1.52 8/77.0 8/
88 5 1015 7/ -——- 1225 - 144 M 80 335 428 2.01 81.0
701 2 855 860 5 ° 900 40 115 M 72 340 405 1.71 -—--
730 2 675 1/ - 820 --- 144 M 80. 280 387 1.59 75.0
901 6 1125 1135 10 1275 140 87 F 77 400 386 1.76 77.0
961 6 1000 985 =15 _——— s-- 95 M 62 430 424 2.09 84.0
Avg. 4+ 1014 1048 =15 1175 168 105 76 389 410 1.87 82.4

1/ Date supplemental feeding began.

2/ Date supplemental feeding terminated.

3/ End of summer grazinmg; also weaning date.

4/ Chronological day of the year in which birth occurred.

5/ Adjusted for age of dam and sex of calf to 180 days of age.

6/ The average of scores given by three persons at time of weaning. )

7/ Had not calved as of final weight and no weight was taken. The corresponding initial weight
and summer weight was subtracted for purposes of computing averages.

8/ Individual weights not used in computing averages.

9/ VNot included in statistical analysis because of twin birth.

= Ogm




APPENDIX TABLE 'IV. PERFORMANCE OF INDIVIDUAL COWS AND THEIR CALVES BY TREATMENT (1959-1960) .
e e e e e e

Init, - -Final ) Summer " Calve Wean- Adj. A.D.G,
Cow We. 1/ Wt 2/ We. 3/ ing 4/ Birth ing Wean 5/ to
No. Age 12-16-59 5= -23~60 Galn 10-28-60 Gain ‘Date Sex Wt. Wt. We. Weaning Score 6/
Lot or Treatment 1 (1959-60) . ‘ )

29 6 1140 1145 5 1225 80" 183 M not taken 315 1/ === ———- e

50 6 1050 960 =90 1075 115 132 F 84 370 405 1.68 68.3

85 6 1085 1010 =75 1125 115 120 F 85 385 . 401 1.65 77.7

97 7 1020 " 920 =100 1110 190 124 F 80 355 - 375 1.54 76.0
741 3 850 725  ~125 905 180 80 M 65 415 366 1.58 82.0
810 2 825 715  -110 860 145 = 122 M 75 310 267 1.31 67.7
887 2 800 660 =140 Cow died prlor to calving-cause unknown =-- cmea cmaw
902 7 1130 990 =140 1150 160 93 F 74 . 355 331 . 1.34  70.7
931 4 880 800 ~-80 970 170 93 M 77 330 300 1.21 71.0
937 7 1280 1070 =210 1260 190 92 M 90 445 394 1.69 79.0
Avg. 5 1006 900- =-106 1076 149 115 79 370 355 1.50 74.0

Lot or Treatmént 1P (1959-60) : :

16 6 1245 1090 ~155 1320 230 115 F 90 415 423 1.74 84.0

20 6 955 - 880 ~75 960 80 1ll6- - M 75 410 399 1.80 83.0

52 6 ° 1220 1050 -170 1260 210 92 F 98 - 440 410 1.63 81.3

87 6 965 780 -185 955 - 175 78 M 64 440 366 1.68 87.3
722 3 825 810 =15 . 970 160 86 F 64 390 371 1.51 78.3
847 2 740 670 -70 870 200 o= - Born dead —— C me=- N
910 7 1230 1030 =200 1200 170 98 M 80 440 397. 1.76 84.0
925 7 1025 950 =75 1100 150 97 ' M 85 290 270 - 1.00 62.3
947 7 . 1125 1115 =10 1180 65 153 F. 75 325 396 1.68 68.7
957 7 1265 1095 -170 1260 165 "109 ., M 70 480 451 . 2,12 85.7

Avg. 5+ 1060 947  -113 1108 160 105 78 403 387 1.66__ 79.4

-'[8-.




 APPENDIX TABLE IV. (CONTINUED).

1010

Init, Final Summer Calv- Wean- Adj.  A.D.G.
Cow Wt. 1/ Wt. 2/ Wt. 3/ ing 4/ Birth ing ~ Wean 5/ to :
No. Age 12-16-59 5-23-60 Gain 10-28-60 Gain Date Sex Wt. We. Wt. Weaning Score 6/

, , _ ‘ : Lot or Treatment 2 (1959-60) N ,

3 6 1100 1005 =95 . 1150 145 © 82 M « 72 415 445 1.56 85.7
56 6 1400 1235 =165 1295 - 60 78 F 60 440 384 1.70° 81:7
78 7 1170 1045 =125 © 1220 175. 109 F 70 425 380 1.84 82.3
82 7 1085 . 1020 -65 ‘1125 105 77 F 68 395 345 1.45 76.0
89 6 1170 1080 =90 1200 120 76 F 60 440 380 . . 1.68 76.7
729 '3 1105 880 -225 1075 195 78 M 64 490 426 | 1.90 . 85.7

‘819. 2 825 735 =90 865 1300 5298 0 M- 70. , 340 . 339 1.32  70.3
831 2. 820 705 =115 915 2107 109 F 67 320 - 350 1,31 66.7
915 7 1240 1245 5 1270 25 . 93 F .82 . 380 356 1.43 81.0
934 7 1195 1000 -195 1225 225 112 F 93 " 415. 417 1.69 82.0
Avg. 5+ 1111 995 -116 - 1134 . 139 91 71 406 382 1.59 78.8 .
: . ) Lot or Treatment 2P (1959-=60) :
33 6 1325 1190 -135 1370~ -180 115 F - 83. 345 352 1.40 71.7
39 6 1135 1000 -135 1200 200 . 82 M 72 415 353 . 1.56 85.3
64 6 1120 1000 -120 1125 125 100 M 95 .. 430 394 1.66 85.3
83 6 1105 980 =125 1115 135 91 F 80 445 410 1.73 84.3
91 " 6 1020 935 =85 1075 140° 97 M 80 405 366 1.59 78.0
811 2 765 660 ~105 860 200 132 F 60 225 271 0.97 51.7
832 2 - 825 775 =50 945 170 116 F 60 305 344 1.32  64.3
835 2 680 . 775 95 935 1600 Born dead " -- see e ———— eeee
841 2 775 690 -85 925 235 93 F- 65 305 314 1.15 '65.7
935 7 1150 990 =160 1135 145 20 M 90 430 378 1.60 80.3
960 7 1215 1100 -115 1230 130 .93 F 82 420 393 1.62 80.3
Avg. 4t 918 =92 1083 165 101 ' 77 372 358 1.46 74,7

-z8-




APPENDIX TABLE IV,  (CONTINUED). .

"A.D.G.

Init, Finmal ~ . ° Summer . Calv-. Wean- Adj.
Cow -Weo 1/ We. 2/ We. 3/ ing 4/ Birth ‘ing Wean 5/ to
No. Age 12-16=59 5-23-60 Gain 10-28-60. Gain Date Sex "We. Wt Wt. . Weaning-Score 6/
' K _ Lot or Treatment 3 (1959-60) -
14 6 1275 1090 -185 1270 180 83 M 95 - | 490 419 1.80 83.3
48 6 1175 . 1065 -~110 1225 160 90 M 90 - 455 455 2.03 90.7
57 6 1125 1060. =65 1155 95 95. M 72 410 365 1.63 81.3
79 7 1170 1065 ~105 1235 170 8  "F. 75 370 . 336 .1.36 75,3
8 6 1065 7/ Cow died 5/15 =-=- === 9% F 70 Cow died calf was raised by cow 42
709 3 980.° 865 . =115 985 1200 83 M . 79 470 421 1.79 82.7
717 3 975. 885 =90 1080 . 195 . Cow did not calve == - . =-= s waew
904 7 1175 1085 . =90 1170 85 88 M 75 425 370 . 1.64 88.0
930 7 1225 1045 =180 1175 130 103 F 75 390 377 1,58 81.3
827 2 790 670 =120 815 145 - 75 F 68 . 405 385 1,48 67.0
886 2 825 790 .-=35 1065 - 275 100 M Born dead oo esie emea
- Avg. 5+ 1072 962 =110 1118 156 90 70 427 391 I.66~ 81.2
: . : : Lot or Treatment 3P (1959-60) _
6 6 1260 1075 -185 1240 . 165 ° 88 M 85 465 400 - 1.75 . 84.0
12 6 1245 1140 ~105 1335 - 195 86 F 70 450 . .383 1.64 82.0
73 6 1080. 985 =95 - 1150 165 86 M 60 385 301 1.34 79.3
706 3 945 845 <100 £ 940 95 80 M 66 390 328 1.37  75.7
710 3 1225 1075 =150 . 1220 145 78 M 75 480 415 1.78 83.7
713 3 910 . 830 =80 - 945 115 - 89 . F 70 360 326 1.25 72.0
840 2 785 740 . <45 925 185 87 'M 78 320 299 1.08 67.3
917 7 1250 - 1160 - -90 1295 135 93 M 100 495 453 “1.96 85.7
94 7 1125 975 -150 1165 190 87 F 78 440" 388 1.62 85.0
953 7 1115 1045 -70 1120 75 103 - M 90 420 371 . 1.56 - 85.7
Avg.' 5 366 1.54 80.0

1094

987 __ -107 1134 - 146 88 77 420
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APPENDIX TABLE IV, (CONTINUED). _ .
' ~ Init. Final Summer Calv- Wean- Adj.- A.D.G.
Cow . We. 1/ We. 2/ We. 3/ ing 4/ Birth ing Wean 5/ to
No. Age 12-16-59 5-23-60 Gain 10-28-60 Gain Date Sex Wt. We. Wt. . Weaning Score 6/

Lot or Treatment 4 (1959-60)

24 6 1280 1210 =70 1315 105 91 F 68 405- 374 1.60 80.0
47 6 1150 1075 =75 1180 105 143 M 85 385 425 1.89 82.0
6l 6 1105 1015 =90 1115 100 © 86 M 80 490 422 1.90 89.3
71 6 1290 1190 -100 1335 145 96 F 78 345 328 1.30 72.3
86 6 970 825 -145 940 115 79 F 73 460 405 1.74 . 83.3
702 3 ° 985 920 ~65 1110 190 78 F 67 435 399 1.64 84.3
704 3- 1000 945  -55 1190 245 106 M 75 330 - 324 1.30 64.7
829 2 780 . 750 =30 865 -115 101 F 70 340 359 ‘1.34. . 72,0
914 7 1175 1000 =175 1145 145 - 111 M 80 335 321 1.34 - 73.3
921 7 . 1155 - 1035 -120 1185 150 99 M 80 415 377 1,65 82.0
Avg. 5+ 1089 . 996 =93 1138 142 99 76. 394 373 1.57 78.3°
: - Lot or Treatment 4P (1959-60) o :
13 6 1450 . 1335 -115 1425 90- - 80 M 80 530 445 2.03 ° 85.7
34 6 1225 1155 =70 1260 105 9% F 84 440 - 412 1.71 82.3
42 6 1225 1120 -105 1205 8 90 F 100 Calf died, cow raised cow 84's
. calf

77 7 1150 1090 -60 1225 135 88 F . 65 375 342 - 1.45 77.7
88 6 970 1055 85 1200 145 93 M 84 455 404 1.78 80.3
723 3 1150 1030 =120 - ——— 102 F 80 .395 401 1.58 79.3
730 3 800 725 =75 910 185 114 M 80 360 368 1.50 79.3
813 2 800 690 -110 845 155 117 M 70 320 344 1.35 63.3
901 7 1210 1140 -70 1240 100 91 F 95 445 414 .1.66 85.0
961 7 1110 ~ 985. =125 1135 150 87 M 67 425 368 1.67 85.0
Avg. 5+ 1109 1032 =77 1161 128 96 80 416 389 1.64 79.8

1/ Date supplemental feeding began.

2/ Date supplemental feeding terminated.

3/ End of summer grazing; also weaning date.

4/ Chronological day of the.year in which birth occurred.

5/ Adjusted for age of dam and sex of calf to 180 days of age.

6/ The average of scores given by three persoms at time of weaning.
7/ TIndividual weights not used in computimg averages.

© -48-
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APPENDIX IABLE-V PHOSPHORUS CAROTENE, AND VITAMIN A BLOOD LEVELS OF COWS

" FED VARIOUS SUPPLEMENTS ON WINTER RANGE (1957-1958).
=== ‘ e e

Milligrams of imorganic phosphorus/lOO ml, plasma

Lot ' " Cow No. ) 1-7-58 1/ ‘ 2-27-58 2/
1 2 4.92 3.44
29 4.56 2.44
50. 5.43 3.64
85 4.61 , 3.20
97 3.16 2.67
902 4.78 3.28
937 5.15 2.97
Lot Average : 4.66 3.09
Lot A _ 16 5.52 . 4.39
1P 20 3.60 - 4.70
52 7.56 4.88
87 6.61 4.92
910 5.71 5.81
947 5.81 2.88
43 . : - 3.44
Lot Average -5.80 4.43
Lot -3 6.72 4,05
2 ' 26 6.00 4.92
56 6.36 4.97
82 6.20 . 5.48
89 3.92 2.82
915 4.09 3.88
934, 6.61 5.01
Lot Average . 5.70 4.45
Lot : 33 6.77 4.48
2P - . 39 6.05 . 3.93
64 7.36 4.18
83 4,83 5.38
91 6.72 2.82
. 935 5.34 4,52
963 3.80 4.35

S
)
S

Lot Average , ' 5.84
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APPENDIX TABLE V. (CONTINUED). . ‘ - i

Milligra@g'of inorganic phosphorus/100 ml. glasﬁa

Lot . Cow No. : 1-7-58 1/ - 2-27-58 2/
3 : 14 " 4.60 461
48" 4.88 ‘ 4.22
57 ° 6.46 4,22
79 4,52 3.88
84 5.71 4.14
904 6.66 » 3.84
930 7.14 3.40
Lot Average . 5,71 . 4 .04
Lot L 6 6.15 3.60
3P ' 12 4,22 4.70

T 73 . 4,26 ©9.96

.90 4.52 3.24
917 _ (7.14 4.52
944 '7.25 4.70
953 3.44 3.88
Lot Average . 5.28 4.94
Lot 24 | 3.36 4.92
4 ‘ 47 4.04 4.4k
71 3.28 3.60
86 6.82 3.48
914 5.15 3.97
916 4.31 5.20
_ 921 5,86 4,44
Lot Average 4.69 4.29
Lot 13 4.26 4.88
4P 34 4.26 bbb
42 4.78 4 b4
77 4.39. 3.24
88 3.20 4.26
901 5.76 3.88
961 5.15 4.31
4 .54 4.21

Lot Avergge‘
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APPENDIX TABLE V. (CONTINUED).
- e —m—————

' Micrograms of carotene/100 ml., plasma
Lot Cow No. 1-7-58 1/ 2-27-58 2/

1 2 98.74 . 72.32
' o 29 123.49 104.78 |

50 80.12 80.12

85 140.52 98.74

97 95.22 109.65

902 124,75 162.67
937 - .136.49 ' 100.00 .

Lot Average 114.19, 104.04
Micrograms of vitamin A/100 ml. plasma Q/;

Lot ' .2 33.63 7.66

1 29 12.26 9.10

-50 " 25.62 5.17

85 7.87 ----

97 31.35 -

902 41.79 ‘ 17.08

- 937 - 28.01 ’ 16.69

Lot Average 25.79 11.14

Micrograms of carotene/100 ml. plasma

" Lot 16 ' 114.68 ‘ 88.17

1P 20 . 110.91 95.22

52 151.43 75.59

87 151.43 109.73

910 - 139.18 65.69

947 ’ 131.29 98.74

43 0 eeeee- 95.22

Lot Average - 133.15 89.76

Micrograms of vitamin A/100 ml. plasma 3/

Lot 16 31.70 2.67

1P 20 13.88. 0.63

52 31.52 4,22

87 34,51 8.40

910 18.48 37.53

947 ' 15.32 7.34

43 et 5.48

Lot Average - 24,24 ‘ 9.47
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-APPENDIX TABLE V, (CONTINUED).

Micrograms of carotene/100 ml. plasma

Lot 7 Cow ‘No. - 1-7-58 1/ ] 2-27-58 2/
2 _ 3 113.42 -72.32
26 83.30 : 61.33
56 180,12 - 118.46
82 186.07 52.83
89 124.75 109.73
915 120.97 77.85
934 101.17 46.56
Lot Average : 129.97 77 .01

, . Micrograms of4vitamin A/100'ml. plasma 3/
Lot ’ 3 34.72 8.47

2 ‘ 26 24.00 _ 20.77
56 31.84 41.08

82 .23.12 '1.55

89 13,95 22.91

915 28.89 00 eae--

934 15.32 39.33

Lot Average 24.55 22.35

Micrograms of carotene/100 ml. plasma

Lot 33 118.46 88.17
2P 39 214,51 70.05
64 169.80 11,92

83 189.18 132.55

91 ' 118.46 108 .47

935 136.44- 104,78

' : 963 90.52 68.96

Lot Average 148.19 .83.56
Micrograms of vitamin A/100 ml. plasma 3/

Lot 33 ‘ 35.95 : 2.28
2P 39 29.31 -——
‘ 64 . 31.94 10.33

83 30.82 48.88

91 14.30 : 6.36

935 14,13 22.28
963 12,05 12.05 -

Lot Average . 24,07 . 17.03
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APPENDIX TABLE V. (CONTINUED).

Lot

Lot Averagg

Lot

Lot Average

Lot
3p

Lot Average

Lot
3p

Lot Average

Microgfams of carotene/100 mi.

. Cow No.

14
.. 48
57
79
|84
904
930

14
48
57
79
-
904
930

6
12
73
90

917
944
953

6
.12
73
90
917
944
953

plasma
1-7-58 1/ 2-27-58 2/
90.52 68.96
126.04 63.51
106.04 82.38
164.09 . 119.72
87.00 61,33
158.39 89.35
169.95 39.43
128.86 74.95
Micrograms of vitamin A/100 ml. plasma 3/
24,49 18.98
27.13 12.37
34,69 '10.86
15.18 39.43
27.06 9.98
28.64 6.68
39.29 - 18.94
28.07 16.75
Micrograms of caxotene/100 ml. plasma
' 120,97 63.51
174.16 131.29
158.40 83.56
165.52 104.78
135.24 64 .60
161.24 97.57
175.59 109.73
155,87 93.58
Micrograms of vitamin A/100 ml. plasma 3/
25,51 = eea--
40.98 17.54
16.41" 34.02
38.34 3.73
28.08 9.77
12.93 38.17
14,51 20,17
25.25

149597
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APPENDIX TABLE V. (CONTINUED).

Micrograms of carotene/100 ml. plasma

Lot Cow .No. 1-7-58 1/ 2-27-58 2/
4 . 24 119.72 80.87
' 47 127.35 67.87
71 124.75 117.20
86 _ 135.24 144,55
914 113.42 59.23
916 122.23 . 54.95
921 © 141.86 73.41
Lot Average ' 126.37 85.44
Micrograms of vitamin A/100 ml. plasma 3/
Lot - 24 ©20.95 16.52
4 . 47 '29.94 5.90
71 17.50 : 14.23
86 35.99 31.42
914 30.29 50.96
916 14.06 27.97
921 38.66 5.55 .
Lot Average . 26,77 21.79
Micrograms of carotene/100 ml plasma
Lot _ 13 124,75 - 85.91
4P 34 186.07 98.74
42 - 107.22 61.33
77 122.25 84.73
88 151.43 . 97.57
901 81.29 53.86
_ - ,961. . - o .95.22 - 70.05
Lot Average S 124.03 78.88
Micrograms of vitamin A/100 ml. plasma 3/
Lot 13 19.29 . 2,81
4P . 34 43,50 ., . . 14.58
. 42 . 44,39 . .  4.67
77 | 19.43 30.54
88 o 20.00 3.97
201 33.14 . ©7.94
961 28.92 _ 35,78
Lot Average ” ©29.81 : 14.33

1/ Initial cow weights and. blood taken this date and supplemental
~ feeding began.. ,
2/ Blood taken 51 days after supplemental feeding began.
3/ The values listed are probably not valid. Those values below 20 mcg./
100 ml. are probably the result:of excessive oxidation during analysis.




APPENDIX TABLE VI.
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PHOSPHORUS, CAROTENE, AND.VITAMIN A BLOOD LEVELS OF
COWS FED VARIOUS SUPPLEMENTS ON WINTER- RANGE (1959-

Lot

Lot Average
Lot

1P
Lot Average

Lot
2

Lot Average

Lot
2P

Lot Average

Mllligrams of inorganlc phosphorus/lOO m1 ‘plasma .

_1960) .

" CowNo. 1/ 12-16-59 2/ -
29 4.52
'50 3.80
97 2.08

810 4.57
937 3.05
3.60
16 3.97
52 2.55
'87 4.35
910 3.48
3.59

3 ——ee 4/

82 -2 4/
819 2.48

915 -——- 4/
934 3.05
2.76.
- 33 3.72
39 4.22
83 4.01
811 - 4.18
841" 3.20
960 3.36
: 3.78

3-10-60 4-21-60 3/
4.65 —m———
3.44 -——--
2.48 ———
4.74 el
5.01 4,39
4.06 4.39
6.41 ———
5.38 3.24
4.92 5.52
5.57 4.38
3.44 4,22
4.09 4,22
3.12 4,22
5.06 4.35
4,70 ———a
408 4,25
6.21 ———
5.15 5.76
3.68 4 .88
6.10 ————
4.97 5.71
3.97 4.26
5.01 5.15
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APPENDIX TABLE VI. (CONTINUED),

Milligrams of inorganic phosphorus/100 ml, plasma:

Lot : Cow No. 1/ - 12-16-59 2/ 3-10-60 4-21-60 3/

3 " 48 2.48 3.28 3.72
57 3.12 3.89 5,06
79 2.52 2.48 -
930 3.93 3.12 3.84
’ 827 4.01 4.35 4,97
Lot Average 3.21 3.42 4.40
Lot 12 2.67 - 3.40 4.88
3p . 73 , 4.35 4.74 4,26

840 ———— 4/ 5.06 5.62 .
917 : 4.74 4,01 5.34
. 944 2,82 4.70 - 4.31
Lot Average 3.64 4.38 .88
Lot 24 2,23 3.01 3.97
4 71 4,22 3.16 3.56
829 0 emm- 4/ 4.13 4,57
914 ' 2,93 2.89 ———
921 3.24 3.68 3.64
Lot Average 3.16 3.37 3.93
Lot 13 3.44 5.01 5.96
4P 34 3.84 5.76 4,74
' 77 3.20 3.84 4.76
813 3.48 5.24 ————

961 2,55 4,88 5.06 .
4.95 5.13

Lot Average : 3.30




-
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. APPENDIX TABLE VI. QCONTINUEDQ; - . , .

\

Eicrograms of carotene/100 ml. plasma

Lot Cow No. 1/ . 12-16-59 2/ 3-10-60 4-21-60 3/
1 29 136.49 . . 70.05 = eee-w-
50" 122.23 18.71 ~eee-a
97 106.04 23.57 = mme--a
810 187.58 98.74 = —-----
. ' 937 - 114.68 ‘ 36.41 " 243.54
Lot Average ©133.40 49,50 243.54

""" Micrograms of ‘vitamin A/100 ml. plasma’' 5/
Lot 29" . 16.80 T 32.83 . —ee-o- |
1 50 20.35 1.23  meeea-
97 14.16 18.59 E—
810 e 5.27  meece-
937 20.35 13.95' . 36.94
Lot Average ' 17.92 14,27 36.94
Micrograms of carotene/100 ml. plasma
Lot 16 171.23 ‘ 40.44 | mmmime
1P 52 - 158.39 55.96 401.01
- 87 - 203.19 70.05. 415,27
910 165.52 —ie-- —eeien
Lot Average 174.58 55.48 408.12
Micrograms of vitamin A/100 ml. plasma 5/

Lot 16 70.46 47.27 . —ee---
1P ' 52 18.24 ) 11.14 30.93
- . 87 15.60 4.15 24,21

910 18.73 , ettt mmeem—
Lot ‘Average : : . 30.76 _ 20.85 27.57
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APPENDIX TABLE VI, (CONTINUED). B

Micrograms of carotene/100 ml. plasma

Lot Cow No. 1/ 12-16-59 2/ 3-10-60 4-21-60 3/
2 - 3 eeeee- 4/ 38.42 267.62
82 = eeeee- 4/ 9.23 409.40
819 , 133.89 39.43 250.84
915 -—ee== 4/ 46.56 333.89
934 221.14 57.05 W =mecw-
Lot Average 177.53 38.14 315.44
Micrograms of vitamin A/100 ml, plasma 5/
Lot 3 0 eemee- 4/ 44,74 22.21
2 82 = emmee- 4/ 15.57 20.91
819 = eeeee- 4/ 9.95 20.28
915 c—mee 4/ 22.95 : 22,81
934 22.03 .18.80 -
Lot Average _ 22.03 22.40 21.55
Micrograms of carotene/100 ml. plasma
Lot . 33 119.72 50,76 = =e===-
2P 39 - 80,12 21.56 . 282,72
: 83 174.16 37.42 307:89
811 203.19 95,22 we=-- -
841 '119.72 47.65 276.85
960 221.14 64.60 359.90
Lot Average 153.01 . 52,87 306.84
Micrograms of vitamin A/100 ml. plasma 5/
Lot 33 " 18.66 24,53 LT
2P 39 22.81 12.72 17.92
83 19.57 5.27 23.83
811 - 5.03 7.98 = eeea-
841 1.23 . 2,64 14.51
960 10.93 17.47 18.27

Lot Average 13.04 . 11.77 18.63
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APPENDIX TABLE VI. (CONTINUED).

e

/ ’ '
Micrograms of ‘carotene/100 ml, plasma

Lot Cow'No. 1/  12-16-59 2/  3-10-60 4-21-60 3/
3 48 152.77 40.44 250.84
57 42.87 38.42 250.84
79 372.48 24,50  ==----
930 . 136.78 36.41 © 243,54
827 117.20 8,31 - cimoon

Lot Average

164,42 29.62  248.4

' ‘Micrograms of vitamin A/100 ml. plasma 5/

Lot ' 48 - 25.09 . . 12.90 19.43

3 - . 57 19.79 3.20 22.70

79 20.03" - 6.40 = ==-eo

930 27.06 ' 13.53 16.94

. 827 13.49 19.89 i

Lot Average B 21.09 11.18 19.69

-, Micrograms of carotene/100 ml. plasma

Lot 12 241,78 52.85 291.11

K) 73 -+ 164,09 ‘ 42.37 345.64

840 - Y 42,37 288.59

917 165.42 30.37 238.26

944 141.86 - 64,60 421.14

Lot Average . T 178.31 46.51 316.95
-Micrograms of vitamin A/100 ml. plasma 5/

Lot 12 ' 16.59 58.62 29,91

3r - 73 25.87 4.74 18.63

840 —eiee 4/ 4.53 24,42

917 ' 17.82 ) 17.29 18.17

944 11.18 12.30 25.97

Lot Average _ 17.86 19.50 23.42




APPENDIX TABLE VI, (CONTINUED) .
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ll

Micrograms of carotene/lOO ml. plasma

Lot Cow No. 1/ 12-16-59 2/ 3-10-60 4-21-60 3/
4 24 129.95 82.38 219.46
71 196.90 34.40 249.16
829 ——c——— i/ 43.46 201.59
914 133.89 26.43 o mee---
921 180.12 26.43 245.30
Lot Average 160.22 42.62 228.88

‘Micrograms of vitamin A/100 ml. plasma 5/
Lot 24 . 24.04 38.10 24,07 -
4 71 17.78 - 20.14 21,37
829 0 meee- 4f 22.25 21.75
914 14.30 . 13,71 =  eeme-
921 11.11 11.60 23.05
Lot Average 16,81 21.16 22.56
"Micrograms of carotene/100 ml. plasma
Lot ' 13 - 189.18 33.39 295.30
- 4P 34 193.79 67.87 309.57
77 154.20 35.07 292.79
813 127.35 38,42 semme-
961 143.21 35.40 250.84
Lot Average 161.55 42.03 28712
‘Micrograms of vitamin A/100 ml. plasma 5/

Lot 13 23.41 138,90 30.71
' 34 14.34 15.11 26,25
77 16.66 16.52 21,23
813 1.97 17.26 = mee=-
961 13.74 18.31 22.70
Lot Average 14.02 21.22 25,22

1/ Approximately one-half of the cows in each treatment or lot were bled.

Initial WélghtE“fbr"thé wintering period were taken; cows were bled
and supplemental ‘feeding began. 4

Final bleeding occurred during calving. Any cow that was in the bleed-
ing schedule and had not calved before this date was not used for
collection,

Not included in the initial bleedlng but was included for the two
subsequent bleedings.

The values listéd are probably not valid. These values below 20 mcg./
100 ml. plasma are probably the result of excessive ox1dat10n of
vitamin A during analysis. '
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