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INTRODUCTION

The problem of the mineresl recuirements of range livestock and of the
optimum minersl composition of range herbage necessary for profiteble range
livestock production is a field of nutrition which warrants additional study.
During the last ten years, many 80 called “eick areas™ have been found to be
deficient in one or more mineral elements and corrective measures discovered
for reclsiming thecse sreas for livestock production. The problem in many
other "eick ereas™ needs to be investigated.

The occurrence of abnormal conditions of cattlie due to & deficiency of
available vhosphorus in pastursge, hay and other feeds has bsen reported
from many locslities in the United Stetes and other countries. Under pre~
vailing conditione of famm and range, probebly no distary deficiency of
livestock, particularly cattle, is more prevulent than a deficiency of
phosphorus. The problem of phosphorus deficiencies in animsl nutrition hes
been brought about by the removal of this element from the soil by cropping,
weathering end leaching s& well as the increased re:uirements co-sxistent
with increeged _roduction through improved methods of breeding and manage-
ment. This deficiency is commonly sssocizted with solls that are deficisnt
in this element, but some investigations clearly indicsate thet this condition
might be encountered anywhere regardless of the phosphorus content of the
g0il 28 & result of ill-chosen retions.

Livestock men for many years have julckly recognized the losses from
disesse and noisonoue slante becesuse they are relatively uick in their
action and produce marked symptoms which are readily recognized as devie-
tione from the nomal with greaster or less mortality in a few days or wecks.
Nutritionel deficiencies, such ss a leck of aveilable phosphorus are, on the
other hand, slow &nd insidious in their development resulting in suboptimal

performance, KEntire herds may be sffected mand become unthrifty without actusl



mortality or any tengible evidence belng recognized es to the source of the
disturbance either by clinicel observetion or post-mortem examinstion.

Eecognition of the importance of phosohorus in & livestock eeding
orogral has resulted in extensive and widespresd research in the field of
nutritionel diseczes which have been resjonsible, directly or imdirectly,
for larze economic lossges In the cettle industry. There is smple svidence,
both from experimentzi studies and from practical observations of stockuen,
that phoéphorus ie responsible in no small messure for the smell calf erops,
voor geins on upparentiy good pueturage, celves being born premeturely in
the absence of contagious sbortion, and other reproductive difficulties.

The accumulation of information with which %o etudy this problem has
buon greastly increzsed within recent years, but for the most part present
knouledgg rails to furnieh satisfectory answers to some ¢ignificant prob-
leme releting to the mutritionel role of phosphorus in ferm animals.
Present phosphorus recommendetions for beef cattle sre bmsed largsly on
experimental results with deiry cattle and direct applicntion of thiz work
mey not be practical under rsnge conditions where animals consume varisble
smounte of grese of constantly chenging composition.

In the following review of literature, therefore, the object will ve
to present the importent and esteblished facte relative to metabolism and
the recommended recuirements of phosphorue essentisl for the maintensnce of
heslth snd the prevention of disesse in frnrm apimsls. The obvious end urzent
need for specific allowances of thies element under range beef cattle conditions

provides the basis of this study.
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REVIE¥ OF LITERATURE

It has been said that all living things in the last analysis are depend-
ent for their food suppliy upon the elemental constituents of the soil., There
is, therefore, a continual withdrawal from the so0il of these elements which
ere essentiel Tor olant and eanimel nutrition. Investigstions have shown that
an impoverished or exhausted soill produces a defective food supply which will
result in malnutrition &5 surely =g if the emount of feed were inade usate.
Obviously, the well being of our form animels, aside from infectious disesses,
depends mainly upon their state of nutrition. On their well being depends
the efficiency of growth, reproduction, lactetion, &nd fattening. The rate at
which these functione develop is the mein fuctor, except for market conditions,
in the profit derived from the livestock which the soii supports.

Because of its widespread occurrence in the earth's crust, phosphorus
hag long been recognized as an essentiel element in the dietsry. The recuire-
ments of the enimal body for phosphorus and its companion element, calcium,
for upkeep and normal development has been the subject of widespread research
for many years. Conclusive evidence that phosphorus, in combination with
calcium, constitutes the gremtest portion of the mineral matter of the animsl
body has been furnished by numerous ash determinations. Maynard (1947) stuted
that approximately 99 percent of the calcium and 80 percent of the phosyhorus
of the body were present in the bones and teeth. He further stated thet one-
helf of the remeining phosphorus is present in organic combination as nucieo-
proteins, phosphoproteins, nueleic acid, adenylic escid, phospholipids, hexo-
sephoechetes, triosephosphstes, thiamine phosvhete, phosphocreatins, and others.
The remsinder is distributed widely in the body tissues and blood.

The body of & mature cow contains approximately & percent ash of which

Morgulus (1931) states 36.1 percent is calcium and 16.4 percent phosphorue.

It is generaslly accepted that these two elements constitute about T0 percent



of the minerals in the milk where they exist in a ratio of 1.25 to 1. It
is clear thet the phosphorus secreted in the milk hss ss its precursors the
inorgenic vhosphates and the phosphatides of the blood.

Studies perteining to the process of tore formsation have shown that &two
enzymes appear to be involved, namely, phosphorylese and phosphatase. These
two enzymes have also been shown to be essential in the ccnversion of glycogen
to glucose. Although caleium and phosphorus exist in the bone in a ratio of
2 to 1, all workers asgree that the inorgsnic composition is roughly but by no
means constant, varying consldersbly emong spscies and with the age of the
animel.

In addition to the important role in nomal skeletal development, phos-
phorus is known to be one of the most importunt elemente in the physiological
processes of the body. Gortmer (1929) stated thet phosphorus is concerned
in the metesbolism of nearly all body tissues. It is present in the nuclei of
ell cells and is vitally concerned with the complex role in the chein of events
occurring in muscular contraction and in the trensfer of energy. Phosphorus
is considered by nutrition experts to be indispensible in cerbohydrate, fat,
protein, and lipoid metabolism, snd &s & constituent of certain enzymes. The
maintenance of the reaction of the blood ss well as the meintenance of calciun
equilibrie of the blood are other functions that have been attributed to phos-
nhorus.

Investigntions regarding the deposition of the calcium and phosphorus
salts in the animal body have clearly demonetrated the nutritive fuilures
following practically complete withdrawal of calliuwa and phosphorus from
retions known to bte &deyuate in -other respects. Among the early investige-
tors who studied the effects of rations low in these two essentisl elements
wore Chossat (1842), working with pigeons; W“eiske (1872), and Weiske end
wilat (187%), who employed cheep and goats; Voit (1880), who used pigeons and

later dogs; and Aron «nd Sebauer (1908) who worked with both rabbits end dogs.



Bone salts are constantly being sbsorbed snd rebuilt. This wes conclu-
sively shown by the extensive studies or. Hevesy, Levi, and Rebbe (1940) using
lebelled phosphorus. These investigators found that some of the phosphorus
atoms of the mineral constituents of the bone exchange with those present in
the blood plasma., Within 50 days, 29 percent of the minerasl constituents of
the femur and tibia epiphyses were found to be replaced.

The animal body is able to store some of the reguired minerals when the
intake 1s sbove that required for msintenance against periods when they are
limited or lecking in the food supply. This period of tine varies greatly,
depending on the perticular ingredient, how fast it 1s utilized, and the
reserve supply. OSufficient amounts of calecium and phosphorus must be pro-
vided to replace dally losses if the requirements for mormal growth, repro-
duction, lactetion and fatteming are to occur, Using radioactive phosphorus
as an indicator, Harrow (1946) found that within 27 days, 45 percent of the
phosphorus given was excreted through the kidmey and 11.5 percent through the
bowel.

Henderson and Weakley (1920), studying the effects of a low phosphorus
ration in dariy cattle, found thaet a ration containing only 0.133 percent of
that mineral materially affected the composition of the bones. The ash con-
tent was lowered to less than threc-fourths thet of normsl bones. The cal-
ciun snd phosphorus content wae likewise reduced and the breeking sirength
of the bones was not much over one-half that of noxmal bones.

For many years, cattle producers on the veld of South Africs were
plagued with small-percentage calf crops, undernourisghed, slow-maturing
cattle, and in meny instances with severe death losses, particularly among
older animals. Sir Arnold Theiler (1924) associated this disturbance with
a2 lack of evaileble phosphorus which he celled aphosphorosis. This condition

was rectified by providing any digestible phosphorus compound as a supplesent



to the natural grazing. The first symptom of a phosphorus deficiency was
usually a depraved appetite as evidenced by the chewing of bomnes, sticks,
bheir and the excessive ingestion of salt and dirt in sn instinctive effort
to secure the needed phosphorus. This condition was accompanied by a2 con-
eiderable loss of weight which greatly impaired the development of thke bvody.
In the advanced stuges of this deficlency marked skeletal changes occur-
red which these workers referred to as "atyfsiekte™. As the depruved appetite,
or "pica", become progressively worse, animals freguently ingested carcass
debris of animals that had succumbed to the disease. The tozins produced in
the decayed carcass by the organism Clostridium botulinum bovis caused lemsiekte,
or bovine botulism, which usually proved fatal.
References to bone pathology =how thet it is one of the mejor effects
of a phosphorus deficiency disease in farm animals. Theiler (1931) reported
his examination of the histo-pathology studies of the bones of cattle im South
Africa suffering from osteomalacis and rickets. He concluded that the rickets
and ostmalaciu he observed were very definitely caused by & lack of phosphorus.
Schmidt (1926) observed similar conditions in range cattle on the coastal
plains of Texas which have been referred to as loin disease, osteomalacis, and
creeps. He observed that as & result of & disturbed mineral metsbolism that
affected animels became emaciasted and wesk, frequently suffering fractures of
the bonmes without the epplication of external foree. Many of the calves born
alive soon died without showing any symptoms of any specific diseese. Grow-
ing eanimsls Trequently developed & peculiar stiff, creepy gait as though it
were painful to welk. Sometimes distinct lameness msnd stiffness became mani-
fested. Owollen joints eand distinct circumscribed enlargements of the distal
end of the metatasus and metacarpus were sometimes observed in younger snimale,
As calcium and phosphorus are withdrawn from the bones to meet the need
for these minerals by the body, the bones become porous and fregile being

easily bent. Udall (1939) steted that on sectioning the bones the marrow is



red snd sprinkled with hemorrhages, while the cortex was thin, spongy and
soft. Due to the porosis condition of the bones, sphosphorosis is often
called osteoporosis, ocsteofibrosis in addition to osteomalacia. Madsen
(1942) stated that osteomalacias is a disesse of adult animals which is char-
acterized by a softening and replacement of bone with osteoid tissue resembl-
ing uncaleified bone. Osteoporosis results in marked atrophy without osteod
tissue while in osteofibrosis there is partial replacement of the bones with
soft, poorly csleified fibrous tissue which mey also oceupy the marrow cavity.
£reas of phosphorus deficiemey in livestock are widespread, particularly
in the seﬁi—ar&d regions of the world and are generally sssociated with soils
that are deficient in this element. Mitchell and McClure (1937) stated that
the »rimary disease &3 well ae the secondary disezse developing from it have
been reported from every continent on the globe as well as from Centrsl Aleyicn.
New Zealand, Australia, Hswaii, Guam, Cyprus and Tasmania. They further stat-
ed that aphosphorosis has been definitely recognized in Montana, Minnesots,
¥isconsin, Michigan, Kansas, Utah, California, Texas, Florida and perheps less
certainly in New York, Pannaylvania. Iest.firginig. Virginia, South Cerolina,
Alsbama, snd Mississippi.

All writers on the ;uhject mention the greater prevalence following
periods of derici;nt rainfall. Udall (1939) end Morrison (1940) stated that
high producing cows and young growing stock were usually most affected due
to their greater nae;s.- Evidence was_round in the literature indicating
that at least under extreme coﬁnltion& of mineral shortages, serious distur-
bances ia reproduction occurred. Eckles, Becker, eand Palmer (1926) encounter—
- od é;nsiderable breeding troubles in the phosphorue deficient areas of western
¥innesota. On many of those famms, heifers did not show signs of ocestrum un-
til two years.or ege and many of the cows produced a calf every two years.

The average calf crop in the most severely affected areas were estimated to be



less than 50 percent.

After studying the breeding of cows on phosphorus deficient range for
two years, Theiler, Green and DuToit (1928) observed marked breeding deficien-
cies and found thet 80 percent of the cowse receiving bone meal supplement on
pasture calved normally as against 51 percent in the non-supplemented group.
This is in sgreewent with the results obtained by Hart and Guilbert (1928)
in studying the effects of bone meal supplementation on the percent of calf
crop in the phosphorus deficient areas of Celifornie.

Extensive studies of aphosphorosis in range besf cattle have been con-
ducted on the King Ranch of Texas in cooperation with the United States Depart-
ment of Agriculture. Black and coworkere (1943) studying the effects of phos-
phorus supplements on cattle grazing range deficient in this mineral found
thet the primary advantage in feeding & phosphorus-rich supplement to cows
under those conditions was the increased percentage of calf crop and the
greater weights attsined by the onlv;s at weaning time. Based on a two-year
average, this difference was highly significant. Sizty-four percent of the
control cows weaned 58 percent of their calves as against 81 percent for the
supplemented cows. The autlhiors attribute this difference to the increased
milk flow of the cows receiving a phosphorus-rich supplement.

These workers &8ls0 found that the feeding of phosphorus supplements to
cows had no 1nfluqnco on the birth weight of calves. However, on the average
for the period covered by the study, the weaning weight per calf in the supple-
ment-fed group was 69 pounds more than the control group. At twelve momths of
age the difference in average weight between the two groups was essentially
the same as at weaning time, but at 18 months or_ags the former heifers average
126 pounds more than the controls.

Lantow (1933), of the New Mexico Station, found thst minersl fed two-

year old heifers had much less difficulty at calving than those which received



only salt. In 1931, 6 percent of the control helfers required help at calv-
ing time and 23} percent retained their placentae. Zighteen percent of the
control cows died and 6 percent of the calves were lost. No difficulties
occurred in the mineral-fed groups. At this same station, Kmox, Benner, and
Watkins (1941) studying the sessonal calcium and phosphorus requirements of
range pnttle noted that the addition of phosphorus supplements on New Mexico
runge usually increased the calf crop %o sbove 80 parﬁant with an average
increase of 30 to 45 pounda in the weight of the calf at wecning time.

It is well known that milk production is & heasvy drain upon the minersal
supply of the body. Maynard (1947) stated that a cow producing 10,000 pounds
of milk during her lactation secretes in it approximately 12 pounds of calcium
and 10 pounds of phosphorus. He further stated that when the cow receives a
ration deficient in phospborus the body must supply this shortage leaving the
animal in & depleted condition. Palmer et al. (1941) found that as a result
of this deficiency ovulation is often suspended during the millking period. Up-
on cessation of lactation these workers concluded that the cow is able to slow-
ly replace the phosphorus reserves snd oestrum agsin occurs. Kckles et al.
(1926) reported that the milk flow i1s eventually reduced by the lack of phos-
phorue in the feed.

Negetive calcium and phosphorus balances seem to be the usual rather than
the exeption during the early phase of lactaiion. In an extensive series
of balance studies with dairy cattle, Forbes and associates (1917), (1918)
and (1935) found that cows may be in negative balance with respect to these
two elements and still conclude the lsctation cycle in positive beslance.

The studies of Ellenberger, Newland, and Jones (1$31) found that a mature
Ayrshire cow lost csolcium for 20 weeks after the onset of lactation and did
not regein this loss until the forty-sixth week. This cow wae in negative

phosphorus balance for a period of twelve weeke followed by a storage which



which wes sccelerated ag the milk flow decréased.

These negative balances do not necessarily indicete thet a ration is
deficient in these two elements. 1t would eppear from these studies snd those
of Lamb et sl. (1934) that the utilization of calcium and phosphorus reserves
early in lactation is a nommal process. All workers have observed that the
loeses of phosphorus in periods of negative balance are less than for calecium,

It has been conclusively demonstrated that the utilization of phosphorus
in the ration is modified by many tactora.ralating to the ration or to thse |
enviromsent. Most mutritioniste agree thut the chemical combinestions in which
phosphorus occurs in the diet, the presence of vitamins, the accessiblility of
light, the proportion of calcium and rhosphorus depress or increase the util-
ization of phosphorus. The ratio of caleium to phosphorus in the dietary has
been found to heve an importent influence upon the metsbolism of both elements.
If either is present in inadejuate amounts, the other is not utilized properly
even though it is present in nomal quantities.

karly recommendutions on the ratio of these two elements were based on
the fact that they exist in ratios of 2 to 1 and 1.25 to 1 in the bone and
mllk respectively. McCollum znd associstes (1921) observed in théir early
studlies that a ratio between calcium end phosphorus in the diet was perhaps
of greater signlricénco to the welfare of the animal than the sbsoluts nnounis
of each. Meigs et sl. (1926), using four lackating cows, suggested that en
gxcess of calcium ip the ration mey interfere with the agssimilation of phos-
phorus. These workers claimed that 2 parts by weight of calcium to 1 eof
phosphorue constituted an excess.

Haag, Jones, and Brandt (19%2) indiceted that & celciuwm-phosphorus ratio
of 10.% to 1 was no more detrimental than one of 7.6 to 1. Bethke, Kick =nd
¥ilder (1932) pointed out thet for optimum growth and bone formation, & calcium-

phosphorus ratio of £ to 1 gave best results. Increusing the retio of these



two elements from 1 to § to 1 causes & progressive decrease in growth, bone
ash, and the inorganic phosphate content of the blood. When the retion was
changed to 1 to 0.25 growth was markedly depressed. Maynard (1947) stated
that the desired ratio of these two elements is between 2 to 1 and 1 %o 2,
but that adequate nutrition is possible outside these limits. With ndequate
vitemin D in the ration, the ratio becomes of less importance.

An excellent review of literature on the sspects of vitamin D as relat-
ed to caleciwm and phosphoruse metabolism is given by Rupel, Bohstedt, end Hart
{1933), Buffmen and Duncan (1935), and Follis (1948). That calcium snd phos-
phorus retention is merkedly improved by the administration of vitumin D wes
conciusively shown by Hart and coworkers (1926), (1927), and (1929), Pzimer
and Gullickson (1935) and Wallis (1938). FRupel and coworkers (1933), in an
extensive study of vitemin D with celves, found that a2 deficiency pf this
vitemin is menifested by a reduction in growth, progressive emeciestion and
defomity of the bones. They elso noted that there wes aa_accompanving re-
duction in the inorgsnic phosphorus content of the blood serum and in the
percentaze of totel ash.

Animale which huve been maintained for some time on a vitemin D deficient
roetion have been found to be in negstive celcium and phosphorus balence, De-
talled studies huve proven that the ingestion of adequate smounts of this
vitamin changee 2 negetive bulence to a positive one. The major portion of
the calcium and phosphorus, even though absorbed, appsrently is pnot retsired
by the tody in the absence of this vitamin,

Schmidt and Greenberg (1935) stated that an excessive dosage will lead
to & negstive calcium and phosphorus balance either by action of vitamin D
on the skeleton or ag a result of the stimulating action of the latter on tﬁn
parathyroid gland causing celcium and phosphorus to be withdrawn from the bones.

A reversal was observed of the bone versus soft tissue preference for calecium
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end shosphorus in fevor of the lstter, particularly in the lumen ol the
large intestine 8o thut excretion via this path iz interferec with when
exc selve doses of vitamin D sre sduinistered.

Bohstedt (1942) asssrted that celves mey tolerzte s ruther large proror-
tion of czlcium to phosphorus., O&tudies on the vitemin © nutrition of ths
<niry calf by Pupel, Bohstedt, end Hart (1973) revesled thst csives srew Better
on & ¢s:leium phoegphorus ration of € to 1 than 1.8 to 1. The fact that a cslf
hee & cdefinite vitamin D requirement and suffers from £ deficiconcy of thie
factor wae demonstratsd by these workere. They reported an improvement in
the concentration of cslclum and phosphorus in the blood plesma following
vitemin D therapy of sanimsl:s suffering from experimental rickets.

seilis, Pelmer, and Guilickson (19%5) ste=ted thet the average calcium
retention nay bte incressed fourteen fold and the phosphorus retention sleven
fold by vitamin D thers .y, Incressing the mineral content of the ration of
vitemin D deficient celves hed no frvorsbie effect or influence on the mineral -
retecntion. Vitamin D improved the minersl retention of cslves suffering from
a ruchitic like eyndrome within et lezest 2 to 7 weekes following therevy.

Fith the development of methods for the snalysle of biowd inorganic phos-
phate a valuable tool hae been placed in the hande of experimenters bac&usé
of its relationehip to various problems of nutrition, metsbolism apd discese.
The concentration of the imorgenic phosph=tes of the blood of csttle ar an
#id in eclinical diegnosie of aphosphorosis even before physical smptoms be-
ceme spoarent wes first rejorted by the &fouth Africen workers, Theiler, Green,
snd DuToit (1927). Xven though the inorgenic shosphate of the blood heg been
studied extensively in recent yngre as relsted to ephoephorosis in ruminsnte
research workers are not in sgreenent 88 to the normul velues for dairy and
beel cattle,

4 summuary of the averzge blood inorgﬁnlc phosphete content =#& found by
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TABLE I.

CALCIUM AND INORGANIC PHOSPHORUE CONTENT OF RORMAL BOVINE BLOOD

INORGANIC BLOOD CALCIWM
INVESTIGLTOR PHOSPHORUS CONSTITUENT (mg./100ce.)
(mg./100 cc.)

Meigs, Bletherwick & Cary (1919) 5.38 Eerum 10.38
Hart, et al. (1922) 3.94 ' 16.25
Robinson & Huffman (1926) 5.87 » 11.00
Hayden & Fish (1928) 5. 70 " 10.€8
Anderson, Gayley & Pratt (1530) 4.46 v 12.63
Average, &animsls sll ages .62 " 12.21
Dukes (1947) 2.30-9.60 . 9.00-12.00
Theiler, Green, DuToit (1927) 5.20 Whole @ =  -=-=-
Mslan, Green, DuToit (1928) 5.00 - ————
Green & Macaskill (1928) 4.50 » ————

Buffman, Duncan Robinson & Lemb (1923)

Growing heifers 7.00-8.50 Plesmse @ =  =—=—-

Mature cows 4.00-6.00 " SESEE
Greaves, Maynard, Reeder (1934) 5.00 " p——
Groenewald (1935) 5.10-7.20 " 8.15-10.30
Green & Mecaskill (1928) 6.00 ” ha

Maynerd (1947) 4.00-9.00 " ——
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the leading workers on the subject is given in Table I. In reviewing the
extensive studiea on the chemical comyosition of bovine blood, it should be
noted whether esnalysis wmere made with whole blood or with blood serum or
plasmc, McVicer (1947) found that blood plesms valuss were higher than whole
blood vuluee by approximetely 32 percent. In comparing velues published by
the touth ifrican workers, Green snd Mscaskill (1928), plesma determinations
were found to be up to 25 percent higher than snalysis on whole blood.

Black and ussociates (1942) found that symptoms of ephosphorosis develop-
ed in cattle grazing on 2 phosphorus-deficient rznze when the blood phosphorus
content fell below 4 mg. per 100 ml. of whole blood. In contrast to this work,
Enox, Benner and ¥atkins (1941) found that cows with blood plasme levels of
from Z.00 to 3.00 mg. per cent phosphorus in winter and spring and from 3.00
t0 4.50 mg. per gant in the summer were in excellent health. Huffman and
others (193%) maintained that blood plsama ;hosphorus vslueg lower than 4.00
ng. per cent are always sus;iclous, especially if the animal is lose than one
year of age. IGreuves, Maynerd, snd Reeder (1924) gave 5.0 mg. per cent as
the borderiine value,

Palmer, Cunningham and Ecklee (1930), in etudying $he varistions in the
inorganic phosphorus of the blood of dairy cattle found that exercise caused
= marked change in the blood phosphate of cattle. At first there was a def-
inite rise followed by a pronounced fell which persisted for =zeverszl hours.
Feeding had o amall but significent effect on the inorganic phosphute in the
blood. The values roce within the first hour esnd apparently did not return
to normel uutll efter sbout ‘thrae hours. They also observed thst parturition
caused & decrease in lporganic phogphute which smounted to =8 much as 2.7 mg.
per 100 ce. of plasza. The decresse wee observed the day befeore calving, the
lowest poin%t cccurring either befors or after pnrfurition.

Veriztions irn the ifnorgenic phos;hste level of the blood due to changes
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in the “hosphorus content of the ration, increusing age, pregnancy, and
lectation have been reported by Meigs, et al. (1919). Tho:} found that the
rhosphorus blood levels were highly variable in the same animal from day to
day. These workers reported that the feeding of from 4.5 to 6.9 grams of
vhosphorus deily as NeHgPO4 incressed the inorganic (hosphorue content of
the blood plesma from 6.2 to B.4 mg. percent.

In extensive calcium and phosphorus studies conducted by Hendersonm and
Feakley (1930) with growing deiry cattle, & marked depression in the inorgsanic
rhosphate in the blood was observed within a week following the Teeding of a
low-phosphorus ration. Blood inorganic phosphorus values dropped to almost
one~-helf snd remsined at that level throughout the experiment. These workers
stated thet the blood calcium levels remsined the same which indiceted that
an animsl could draw upon the bone for its calcium in order to keep the blood
supply normsl but that the animels were unable to do so for phosphorus, espec-
islly if there wee insufficient calcium in the rastion.

Jones and Mullen (1926) also observed a tendency of the inorganic phos=
phorus in the blood plasma of cattle to rise when phosphorus-rich supplements
were added to the ration and a tendency %o fall following the removel of the
supplement., In atudies involving the blood constituents of calves and their
dems, Meigs, Blatherwick and Cary (1919) discovered that the inorgsnic phoe-
phorus of the blood increased until about 86 months of age after which it de-
creaced until the normal range for mature cattle wes attained. Van Landingham,
Henderson and Bowling (1935), studying the effect of age on the inorganic
phosphate of whole blood, found that values tended to rise, reaching a pesk
at ceven nonths of age and decreasing progressively to 24 months. Malsan
(1928) &nd Green end Macaskill (1928) found that the blood of new born calves
conteined twice as much inorganic phosphorus as their dam. This finding has

been conrimmed by kckles, Gulliickson and Palmer (1932).
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The calcium content of the blood is ordinarily (ulte constant, but the
content of inorganic phosphorus is yuite variable, The factors that govern
the inorgznic phosphorus content of the blood mre not fully understood. Cal-
cium and phosphorus levels are strongly influenced by vitamin D and the pera-
thyroid hormone a3 well as by the amount of esch other present in the ration.
The emounts of each element present in the blood depends upon & balance between
the absorption from the ingested food, the excretion by way of the urine and
feces and the storasge and release from the skeleton and body tissues. Some
680 percent of the calcium in the blood 1s in a diffusible fbrl &nd the re-
mainder 1s quite nondiffusible, possibly attsched to the serum albumin.

The feeding of phosphorus-rich supplements es a means of preveuting
aphosphorosis in ruminents hss been advocated for some time. Numerous studies
have been conducted relative to the phosphorus and calcium requirements of
livestock under specific conditions. Maynard (1947) ststed that the dats as
& whole were incomplete and so variable thst it wee very hazardous to draw
conclusions s& to the requirements for a given species over its entire period
of growth. Beeson and associates (1941) found thet the phosphorusz require-
ments for growing and fattening steers under Idaho conditions was met by
feeding rations containing 0.1€ percent phosphorus, or & daily intske of 2.00
grams of feed phosphorus per 100 pounds of live weight. These investigators
suggested that the minimum physiological rhosphorus requirements is possibxt
nearer to 1.80 grams of feed phosphorus jer 100 pounds of live weight.

In experimental studies at the Utah Station, Maynsrd et al. (1936) pro-
duced aphosphoroeis in cattle on a phosphorus intske of 1.96 grams per 100
pounds of body weight. From the slaughter date of beef cattle of different
sges snd under different feeding regimes, Mitchell & McClure (1527) estiicted
that a 500 pound growing steer rejuired a dally intake of 12.4 grams and &

fattening steer of the same welght needed 16.7 grams. In a series of mineral
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palance studies with 1,000 pound ateers, Forbes, French and Letonoff (1929)
showed thet a daily phosphorus intuke of 10.84 gremes was required to produce
& positive balance of thut element for maintenance.

Testimony is uniform to the effect thut lactuting cows snd growing animals
are most severely effected by s deticiency of avellable phosphorus in the ration.
Huffman and associstes (1933) found that the rhoephorue reyuirement for milk
production ranged from 0.5 to 0,7 grass of fooa phosphorus per pound of milk
oroduced above the melntenance requirement. These figures were bzred on &
1,000 pound cow end 10 grame of phosphorus for maintenznce. For & cow of the
same weight and sroducing 30 pounds of 3.P percent milk, Mitchell and HcClure
(1927) estimate that 26.6 grams of feed phosphorus per dey is needed or 0.25
percent phosphorus on e dry ration besis.

Only = limited amount of work is aveileble on which to estimate the
requirements of a lactasting cow under rangelconditionﬁ. In the extensive
studies of Black and associates (1943), the feeding of 6.5 grams of phos-
shorus to dry cows and 14,3 grams to lacteting cows proved highly beneficial
in southern Texas., It therefore becomes quite evident that much work needs
to be done with regard to the phosphorus requirements of cettle under con-
ditions of the western range.

The supply of phosphorus to meny of our farm animele comes entirely from
pasturage end hay which is often low in this element. Mitchell (1947) stated
thet when the phosphorus content of herbege on a dry basis falls to about
0.12 percent or less, such roughsge will not provide adegquate phosphorus for
the snimsl. This is in agreement with earlier studiee made by Watkins (1937)
at the New Eexico Etation.

A recent report of the committee on Animsl Nutrition of the National
Research Council (1948) advised that cettle should be allowed free access to

a phosphorus-rich mineral mixture if the forege ies apt to fall much below 0.15
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percent phosphorus on s dry matter bssis. This committee recommendes & rsnge
of from 12 grime of phoephorus per hend deily for wintering weanling celves
snd yeerlings to £4 grams for cows nursing cslves. GStenley (1938), on the
other hand, found thut there ves no beneficial effect of supplyinz & phos-
phorus supplanent to cows onm native pasture with an sverage phosphorus enaly-
sis of 0.176 percent. Body welght of cows, growth of calves, snd blood analy-
se8 were used ae @ criterion in this study.

Since yueation:s of mineral requirements heve arisen in ralation to
westerna ranges, numerous studies hoave been nede relative to the seasonal
variation of the composition of range plante not only to locate phosphorus
deficlent aress, but to more intelligently supplement the renge feeds at times
of stress. Xnowledge of the nutritive value of the native vegetation which
abound throughout these arezs snd serves in many instences as the sole source
of feed for & large percentuge o rsnge cattle is notably limited. Eeesonal
changes in the chamical composition of the most importunt ranre grasses has
become one of our mejor mutritional studies. |

In the phosphorus-deficient areas in Texae studied by Blaeck snd sssoc-
iates (1942) they found that 203 samples of forage contsined only .076 per-
cent phosphorus. Kuox and others (1941) reported an averuge phosphorus
content of .088 percent for 260 sanples of native vegetation on the experi-
mental renge et the New Mexico Stution. In both aress the forzge did a0t
contein sdeguate jhosphorus to meet the requirements of range bpeel cattle
which leoude support $0 the contentions of Mitchell (1947).

Investigutions relative to the nutritive velus of the forsge has revesal=-
ed many significsnt findings. In studieg in the Sweramento nd San Joaguin
valleys of Culifornia, Guilbert (1930) noted thet the phosphorue content of
the pative grusses roughly parallels the protein content. Knox and Neale

(1927), Stanley and Hodgson (1938), Sitanley (1928), Black =nd associates
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(1943), and Taeh and Jones (1947) agreed thut s low protein content of the
forage ie usually associated with a low phosphorus content and thst the
protein and phosphorus content of gresses tend to be lowest during winter
and drouth periods when there is the lezet smount of green feed.

Enox, Benner and Watkins (1941) etated that abnormsally large amounts of
winter rain leached the graesses to such an extent thet they became guite low
in protein snd phosphorus by eerly spring. They further stated that phoa-
phorus deficiency 1s more scvers and of longer duretion than that of piotein.
Leter studies by %atkins and Knox (1945) found that pesk values for both
protein end phosphorus occurred during either September or October et a time
when the phosphorus requirements of beef breeding cattle were met lsrgely by
black gremma and mesa dropseed.

A correlation between the stage of maturity and the phosphorus content
of grase has been reported by nany writers. Morrison (1940) stated that
during the early steges of growth, forage plants contained more calcium and
phosphorus on a dry matter besis than that at later stages of growth. Imms-
ture grusses from closely grazed pasture were much higher in thess minersls
than the grasses ellowed to mature for hay. Tash end Jones (1947) found that
the shorter variety of grasses had a higher average phosphorus content than
the taller grasses in the same period and at approximately the same stage of
development. They also noted that palétable reeds conteined more of this
element than did grasses grown on the ssme soil.

Watkins end Enox (1945) observed that the value of annual weeds dﬁring
winter and eeriy spring when they became sufficlently lerge rpr grazing should
not be undersstimated. In studying the grazing habite of cattle in deficient
areas of Californis, Guilbert (1930) noted that stock generully preferred to
graze burned areas at least during the first season following & fire. Pure

semples of these specles were collected from both burned and unburned creas,.
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These samples were collected st various stages of maturity and during the dry
season., At all stages of growth, the protein, nitrogen-free-extract esnd
fiber content from corresponding semples were not found to be significantly
different. However, & marked difference in the phosphorus content was ob-
served. The samples from the burned areas conteined from 25 to more than 100
percent more phpephorns than those from the unburned areas.

Black, Pesh, Jones and Kleberg (1943) }bund that the phosphorus conteat
of the formge incressed following periods of heavy rainfall. They noted an
increase in the phoesphorus content of the blood of cattle grazing plents which
had received abundant molsture as compared with the blood of cattle grezing
during the dry seasoans.

In the clasaical studies of Theiler, Green and DuToit (1924), it wss
found that a lack of adequste avsilable phosphorus in the diet wae manifested
in & lack of appetite for nommal food and the failure to utilize their food
economically. Riddell, Hughes end Fitch (1927) and (1934), snd Eckles and
Bullickson (1927) disclosed thzt a lack of phosphorus did not lessen the
digestibility of the ration, but it renrfangad the metnbolism so that the
digestible nutrients were utilized inefficiently. The lztter investigatore
concluded that cows on a low phosphorus diet reyuired 20 percent more digest-
ible nutrients to maintain live weight. That a phosphorus deficiency is a
limiting factor in the econonioai utilization of feed was also noted by
Kleiber, Goss and Guilbers (1936).

The effect of a phoaphorus deficiency on the quality of beef hes been
reported by Hall, Kackiatoeh and Vail (1944) of the Kansas Station. They
disclosed that beef from low?phosphorus steers was inferior to beef from high-
phosphorus steers in palatasbility, kecping quality, and shrinksge loss. These
studies revealed that fat tissue wus more profoundly affected than muscle tissue

by an inadequate plane of phosphorus nutrition. Rib roasts from the high-
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phoephorus steers were found to be more tender and juicy and have a more
desirable flavor of lean and intensity of flevor of fat than the roasts from
low-phoephorus steers. They were also found to heve & more desirable aroma
and a finer texture of lean.

The mere fact that a particular rutiom is rich in celeium or phosphorus
does not necessarily mean that the consumption of this food will result in
100 percent sbsorption and assimilation. Various studies have ghown that
only 20 to 30 percent of the phosphorus aand calcium ingested mey be utllized.
Forbes and Johnson (1937) stasted that the feeding of rations containing the
low phosphorus portion of plants may be responsible for many of the difficul-
ties commonly attributed to the soil. Eckles, Gullickson and Palmer {1932)
stated that although many of fhe vhosphorus deficient cattle used in their
expariments were from areas known to be deficient in available phosphorus,
aphosphorosis may be produced experimentally by the feeding of low phosphorus
feeds, especimlly during times of critical needs.

The profound physiological and snatomical disturbsnces occurfing in
cattle as & result of inedequate smounts of availsble phosphorus during the
entire 1ife span has been clearly demonstrated by repeanted and widespread
1ﬁvest15ationn. For practical economical livestock production, sdequate pro-
visions should be made to =supply phosphorus when the soll and herbage is de-
ficient in this element as shown by chemicel anslyses. The veriasbility of
the more pertinent findings reported in the iiterature regarding this world-
wide deficliency indicetes an urgent need for informstion upon which absolute

reconmendstions might be made.



OBJECTIVEE

This experiment was designed to determine the effect of different levels
of mineral supplementztion upon growth, certsin blood constituents and reprod-

uction in range beef csattle.

PROCEDURE

Thie experiment was initlated in Jenuary of 1947. Two arece of the State
were selectsd for this study, one, & miles west of Wilburton (Latimer County)
in south eastern Oklshome snd the other nesr Lake Cerl Bleckwell, 13 miles
west of Stillwater (Payne County) in the north centrel part of the Stete.

A% esch experimentel erea ) bred two-yeer-old grade Hereford helfers
end 30 grade Hereford weanling heifer celves were placed on experiment.

Each age group of heifers was divided in eccordence with sccepted experi-
mentel procedure into 2 uniform lote of ten head esch. Part of the bred
heifers at each loc:stion were purchased from C. i. Dean, Moorewood, Okla-
homa, and pert were produced in the experimental gruade herd of Oklshoma 4.
and . College. The weanling heifer calveg at Wilburtom were purchased
from Gene Moore, Fairfex, Oklchome, and those at Stillwater were produced
iﬁ £he Oklshoma A, and . College experimental grade herd.

The rztions Ted corresponding lote 8t esch ares were erssentislly the
sane. The only ration difference betwesn the lots st Stillwater and those
at ¥ilburton was the source Of preirie hay fed duringz the winter and the
range herbage upon which the cattle grezed during the summer. These rotions
are shown in Teble II. The hay fed et esch ares during the winter wes pro-
duced in thet locel sres on soille comparsbie to the scils of the psstures
which the cattle grazed during the summer.

The cowe and helfere in lot 1 in each area were fed no phosphorues other



TiBLE II. RATIONRE FED
WINTER SUMMER
Bred Cows
" Lot I {10 head)l- Insdequete Phospborus.
Prairie hay Pasture

Corn gluten neal®

Ground rock sslt, free choice

Estimeted phosphorus intake:
1 gm. per cwt,.®

Lot II (10 head) - Probably Insdeguete
Phosphorus
Preirie ha
Corn gluten meel?
Ground rock salt, free cholce
Dicelcium rhosphete to provide a totel
inteke of 13 @ms., phosphorus per cwt.

Lot III (10 head) - Adeguste Phosphorus
Prairie he
Corn gluten meal?d
Ground rock sslt, free choice
Diczlcium phosphete to provide
inteke of 2% gms. phosphorué per cwt.

Ground rock salt, free choice

Pzsture

Ground rock salt, free choice
Dicalcium phosphate, if necess-
&Yy to provide an estimsted
phosphorye intske of 1y gas.
ver cwt."“

Pesture

Ground rock selt, free choice

Mineral mixture, free choice
(two perts s=lt &nd 1 part
dicalcium phosphate)

Weanling Heifer Calves

Lot I (10 heud) - Insdequate Phosphorue
Prairie hay".
Corn gliuten nesld
Ground rock selt, free cholce

Estimsted phosphorus inteke: 1 gm.
per cwt,
Lot II (10 head) - Probubly Inadejuate
Pl:n.t.uq.:hcn-x'us1
Praeirie hay

Corn gluten maal‘

Ground rock sslt, free choice
Dicaleium phosphate to provide a totel
intake of 1% gme. phoephorus per cwt.

Lot III (10 hesd) - Adegquate Phosphorus
Prairie
Corn gluten meal“
Ground rock zalt, free choice
Picalcium phosphste to provide a totel
intake of 2% gms. phoephorus per cwt.

Pasture
Ground rock salt, free cholce

Pesture

Ground rock salt, free choice
Dieslcium phosphate, if necees-
ary to provide &n estimated
phosphorue inteke of 1% gme.
per cwk.®

Pasture

Ground rock sgelt, free choice

Minersl mixture, free choice
(two parts salt and 1 part
dicalciuwm phosphate)

L Prairie hay wae fed sccording to appetita.
The phosphorus inteke during the early part of the grezing sesson probably

exceeded 1 gm. per cwt. but appromsched this level ss the grsss mstured.
S The dicalcium phosphete wae sdded to the =slt.

the verious sges and weighte of cattle.

The corn gluten meel was fed ot a level to ygrovide sufficlent protein for
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than that present in the feeds and would be considered by meny investigators
&8s belng maintained on & suboptimum phosphorus intske, particularly curing
the winter months., The only minersl supplement provided these animals wes
ground rock salt which wes fed free choice.

The retions of the cows and heifers in lot 2 in each area were supple-
mented with dicelcium phosphete during the winter period so ss to provide en
estimsted dally phosphorus imtske of 1.5 grome per hundred pounds of body
welzht., The amount of mineral fed during this period wes uadjusted esch weigh
day to compeneate for gains or losses in weight. When chenmical anslyses ip-
dicuted that the phosphorus of the herbagg had dropped below levels generslly
considefed by most investigztors se barely capable of wmainteining the phosphorus
nubrition of the animsl, some phosphorus was supplied in the gslt. Only enough
dicsleium phosphete wee added to the sult to supply s=n estimated total daily
intake of approximately 1.5 grams of phoephorus per 100 pounde of body welght.
In moet instances a mixture of 1 part of mineral to 9 parts of celt was ade-
gquate to meet the sbove level.

The rations of the cows and Leifers in lot ¢ were supplexented with
enough dicslicium phosphute to supply 2.5 grems of phosphorus per bundred-
welght during the winter, this smount being considered en sdequste intuke.
During the summer the cattle of these lots were sllowed free accegs to &
mixture of 3 purts salt end 1 psrt dicslecium phoaphate.

Corn gluten mesl wae fed to ell lote during the winter becsuse it is 2
low-phosphorus protein supplement. |

£11 lots were confiped to treps and h=nd fed during the five winter
monthe. During the summer (&even months), the cattle were sllowed to graze
netive pasture. 4 minimum of 10 scres pér head wes mlliowed durlngz the grez-
ing semson which insured an edeyuaste gusntity of herbage. To eliminete the

effect of any veriation between pastures the cattle were rotated among pezetures
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each two-week period. The cowe were pasture bred to high quelity purebred
Hereford bulls. During the breeding seeson the bulle were rotxted emong the
lots of heifers every two weeks. Cuch a procedure favored egual damce for
conceaption #nd likewise tended to ejualize the influence of sny one bull on
& perticulzr lot im sp fur se heredity might uffect the eize of calves st
either birth or weaning. The bulls were »ut to pasture Mey lst and token
out sbout the ls%t of Ceptember.

The heifer cslves from the first calf crop were retzined in the experi-
mentsl herd and given the ssme feeds =& their dsms. The bull calvee were
cestruted und allowed to run with their dems until October st which time
they were wecned snd full fed for approximately 190 dsys. All calves vere
dehorned with hot bell irone and estsblighed practices for controlling
psrasltes end diesecses were followed.

The level of the blood plesma inorgenic phosphorus was token a2 one
mezsure of the :-hosphorus nutrition of the ecnttle. Blood ssmplss from the
Jugular vein were collected in lithium citrsted tubes from each individual
&t the onset of the experiment snd st intervels 6? from 30 to 60 days thsre-
after. These samples were kept under refrigeration and the blood pliasma
analyzed for inorgenic phosphorus {Fiske and Subbarow (1925), calcium (Clark
sndi Collip (1925) and csrotene (Kimble {15329) by the Department of Agriculture
Chezistry. Colormetric detersiinations of the percent of hemoglobin and the
number of red blood cells were also made, This indirect method or_detaﬁmin-
ing the mumbor of red blood cells was correluted with direct microscoric counts.
£11 blood anmnlyses were stetistically treated by the unelysis of veriance meth-
0d of Snedecor (1946).

All unimsls were weighed at approximately thirty-day intervels. The
calves were weighed as soon after birth ss possible and st weaning time.

Representative sanples of the predominant species of netive grasses were
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collected from each pasture in the tvo nress to determine the crude protein,
calcium and inorganic phosphorus content. These samples were obtrined by
clipping the plant 1 %o 2 inches sbove the ground. Only those plants which
had not been previously clipped or grazed were collected. Periodic anslyses
were cede of e2ll Teede for msajor feed nutrients by the Department of Agricul-
tural Chemistry Resesrch., CSoll semples from both areus were snalyzed by the
Department of Agronomy for scidity, cslcium, soluble shosphorue, nitrogen,
iron mapgurese &nd magnesium,
The following records were kept:

1. weights.

2. Blood epslyszes,

2. Reproduction data,

4, Yeed consumption.

5. Observutions of the state of health.

6. Feed snalyses.

7. E£o0il uanalyses,



SULTS
PAFT I. ¥ILBURTON STATION
SOIL ANALYSIS AND PRLDOMINATE GRASSES

Eoil unalyses et the experimental range weet of ¥ilburton, Oklshoms,
ghowed that the soil was strongly scid and very low in soluble phosphates.
The soil cluse veried from a Viionia silt loam and a Choteau very fine, brown,
sandy loesm %o & Pottsville stony losm. The predominate specles of grasg were

Big and Little Bluesten, Indiem enéd Joint Grsase,

FERD ANALYSISE

The protein, celcium and phosphorus ontent of the rations fed is given

in Table III.

RALNFALL DATA

The avernge monthly reintsll et the Wilburton Stetion is presented in

Teble IV,

BLOOD ARALYEIE

The composition of the blood pxasqa of the cowe end helfers 1s shown
in Tables V »2nd VI faepectively. it will be noted thet the averesge inorgunic
phosphorus content of the blood plasms of the cows was 7.1 mg. per 100 ml, of
pleems a% the beginning of the experiment and that of the heifers var*ed from
7.7 to B.2 mg. per 100 ml, of blood plasme. The everasge imorgsnic pbhosphorus
values of all lote of cows decressed from the beginning of the experiment to

#ipril 4, 1947. The sverage velue of inorganic phosphorus in the plesse of the



T#BLE I1I.

Composition of feede used at Wilburton

Item Dute of iample Protein Phosphorue Celeium
® % %
Dicelcium phosphate 11-5~46 -——— 18,700 22.200
Corn gluten real 11-7-46 49.75 0.382 0.133
Corn giuten meal 11-17-47 49.00 0.418 0.190
Prairie hay 11-8-45 4.28 0.060 0.460
Prairie hay 9-28-47 5.02 0.064 0.410
Prairie hay 11-21-47 5.29 0.089 0.660
Pasture 4-28-47 12.02 0.176 0.4%0
Pasture 6-4-47 £.18 0.095 0.390
Psature &-26-47 4,08 0.021 0.420
Pasture 11-21-47 2.04 0.030 0.450
TABLE IV.

bversge monthly rainfell et Wilburton

Month Aversge Reinfell
inches
January 1947 0.80
Februsry 0.18
Karch 2.18
April 9.22
May 7.28
June 5.05
July 0.86
August 0.98
teptember 4,11
Octobear J.13
November 2.64
December 5.88
January 1948 0.85
February 4,46
March £.995
April 0.71




TABLE V.

Blood ensiyses of cows at Wilburton
(4verage for all cows of each lot.)

T i
| ]
Lote winter period | Euwmmer perlod ' Winter peried { Summer
H i ! geriod
i : 1
Date bled 2/®/47  4/27/47 E 6/27/47 8/27/47 9/28/47 11/24/47 l12/%10/47 2/2/48 4/18/48] 6/1/48
i 1
! i -
t ! (1) Phosphorus (mg./100 ml. plasma) !
i
]
Lot 1 7.1 4.6** 4.% 2.4 2.4 2.8 1.7 N - 1.0 | e.8%*
Lot 2 .3 6.2 4.5 3.5 2.5 2.1 B.4 5.0 3 | 4.7
Lot & B | 6.6 4,1 2.8 2.9 2.6 7.4 5.9 6.5 | 4.1
) |
] ] i
! ! (2) Calcium (mg./100 ml, plaama) : !
] ] ] . i
Lot 1 { 10.8 10.5 { 11.6 11.8 11.9 11.8 11.8 12,8 11,5 | 11.8
Lot 2 10.4 10.4 10.86 10.6 11.3 1l 11.7 11.6 11.4 | 10.6
Lot 2 ! 10.7 10.4 10.8 10.6 11.8 10.8 10.1 11.2 10.7 | 10.2
i
]
(%) Cerotene (microgre:s/10¢ ml. plasme) \
]
Lot 1 178,82 314.2 772.6 450,2 4%5.0 666, 4 { 241.7 165.9 27,2 E 675.0
Lot 2 112.4 258.5 7.7.7 433,1 294,9° 524, 2% | 214.4 200, 2 234.8  1475.0
Lot 2 104.,8 301.2 651.2% 283, 2* 449,82 872.9 :179.1‘ 182.3 360.7 :441.4“
| }
(4) Hemoglobin (percent) E
9.8 10.0  10.0 9.9 | 9.8
9.7 10.0 9.8 9.2 | 9.7
i 9.8 9.9 8.5 9.1 | 9.4
1
~ (5) Red blood cells (thousands/cu. mm.) E
Lot 1 - 2,112 b,427 6,075 6,685 15,908
Lot 2 5, 280 5,227 5,930 6,120 ?5,940
Lot 3 5,262 Ib.192 5,592 5,822 Fs,aw

:_51sn1ficant et the 5 level,
*#significant at the 14 level.

L3



TABLE VI

Blood snalyses of heifers at Wilburton

(Average for sll heifers of each lot.)

*

¥
] |
Lots Winter period Summer period ! ¥inter period | Summer
H i___period
l L)
1 1
Date bled 2/3/47  4/27/47 6/27/47 8/27/47 9/28/47 11/24/47 | 12/21/47 2/2/48 4/16{485 6/1/4¢8
1
| e
]
! ! (1) Phosphorus (mg/100 ml, plasms) | 1
Lot 1 ' 7.7 5.4 | 6.9 4.5 4.3 5.8 1 2.8 g7 32 5.4
Lot 2 I 8.2 7.0 | 6.8 4.3 4,3 3.5 | 5.5 5.4 5.8 | 6.7
Lot 3 8.2 8.6 6.2 5.2 5.3 3.4 = 8.2 7.1 6.6 | 4.7
| . i
| (2) Calcium (mg./100 ml, plasma) :
Lot 1 i 10.1 10.5 10.6 11.6 11.6 11,7 { 11.6 12.6 12,2 ! 10.9
Lot 2 | 10.5 10.9 11.5 11.7 11.5 11.6 11.6 12.2 12,0 | 10.6
Lot 2 i 10.3 10.2 1 1.1 11.5 11.3 11.4 10.4 12.4 10.4 | 10.%
|
|
! (23) Carotene (microgreme/100 ml. plasma) i
Lot 1 | 105.7 274,3 568, 8 280,82  447.4 705.7 242.4  122,3  399,8 573.0
Lot & ' g8.1 279.4 280.0%* 220.9 422,3 571.2 226.4 183.6 £66.7 25%, **
Lot 2 91.8 209.7 570.1 337.1 438.5 558. 8™ 184.0 168.1  243.9 307.7
| L (4) Hemoglobin (percent) i
Lot 1 ; 9.7 9.9 9.7 9.6 | 9.9
Lot 2 ; 9.4 9.8 10.4 9.6 9.7
Lot 3 | | 10.6 9.9 10.0 9.4 9.9
i (5) Red blood cells (thoussnds/cu. md.)
L]
Lot 1 ! : 5,572 | 5,272 6,540 6,465 | 5,728
Lot 2 ' ' 5,280 i 5,182 6,455 6,515 | 5,648
Lot 3 ! : 5,950 | 5, 3560 6,402 6,242 ! 5,928
1 ! 1
i ] |
] 1
]

Signiricent at the 5% level.

** cignificant at the 1% level.



cows of lot 1 wes coneiderably lower thaon the other two lots and this differ-
ence was aignificant at the 1£ level. The velues for all lots of cows de-
clined throughout the first summer season. During sugust, 18947, the sverage
inorganic phoephorus level of lots 1, 2 and 3 wers 2.4, 2.5 apd £.9 mg. per
100 ml, of blood plusma, respectively, The velues for the respective lots
in November were 2.5, 2.1 and 2.6 mg. The sddition of dicalcium pbosphste
to the salt provided the cowe of lot 3 did not significantly slter the level
of iporgenic plasme phosphorus during the summer,

During the winter of 1947-48, the asverage level of inorgenic phﬁsphom
of the cows of lot 1 was never higher than 1.9 mg. percent whereas the sver-
age level for the lot ¥ cows wes never below 5.9 mg. percent., The phosphorus
level of the lot 2 cows ranged from 5.0 to 5.4 mg. percent. The wariation
between lots for the December, February and £pril bleedipgs wee significant
at the 1% level of probzbility.

¥hen turned to pzeture in the spring of 1948, the cowe ir lot 1
ehowed an increase of 1 mg. percent of plssms phosphorus while the level of
the lot 2 end lot & cows tended to decrease. With the exception of the bleed-
ing of June, 1947, %*he lot Z cows were consistently higher thsn the other two
lots in inorgenic plssma phosphorus. The lot 1 cows mere consistently the
lowest except during June and November of 1947,

The inorgepic plesma phosphorue levels of the heifers used in this
experinent did not follow & definite trend duripg the first winter and summer
periods, However, during the winter of 1947-48 the sversage levels of phos-
rhorus of the heifers of lot 1 were coneistently below that of the other lots
and the differences between lots were significent at the 17 level of probabil-
ity. ¥%hen turned to pasture in the spring of 1948, the lot 1 2nd lot & heif-
ers showed an incresse in the plasma phosphorus content while those in lot &

exhibited a marked decreese,
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The blood cilcium levels in both cows =nd heifers showed only slight
fluctuations throughout the course of thie study. All velues were within
the accepted normal range. The aversge calcium content of the blood plasms
of the cows ranged from 10.3 to 12,3 mg. percent while the plsamz celcium
aversges of the heifers renged from 10.1 to 12.6 mg. percent.

ALl carotene velues for both the cows znd heifers were within eccepted
normel limits tending to be the lowest during periods of low dietery cerotene
intake. Although atatistically significant differences were observed between
lots, no definite trend wus indicated for sny perticuler lot or lots.

There were no consistent differences in the hemogliobin content of the
blood samples tsken from the various lots of cattle. The number of red blood
cells of all lote were within an sccepted nomal range and no consistent veri-

etion wes found.

ABNORMALITIES

Physical symptoms of sphosphorosis were evident in some cows of lots
1 and 2. Theee symptome were evident only in those cows nursing calves.
Cow #1324 of the control lot 1 was the first cow to exhibit definite symptoms
of a phosphorus deficisncy. Thie cow lost considerable body weight while
nursing a large heifer czlf during moet of the first winter period and the
sumer period which followed. ©She resched & low weight of 492 pounds dur-
ing the month of August, 1947. Following the weuning of her celf in October,
1947, she reinped only a few pounds end then showed 2 slight decline in weight
the first few weeks on the low-phosphorus winter diet. From Auzust, 1947,
to the end of the second winter period, April 16, 1948, her pleesma inorgsnic
phosphorus was below 2.0 mg. per 100 ml.

Farly in the 1947 summer pericd, thie cow beceme noticeably stiff in
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the joints, particularly in the shoulders, and exhibited m "creepy", un-
steady geit. She moved sbout with consideresble difficulty. Excessive

hoof growth was slso noted #s well &6 nervousness which becsme :tpparent
foillowin: the onset of the second winter sesson. Thie cow wes never observ-
ed in heat during the summer of 1947, und fsiled to produce & calf the follow-
ing spring, Lendipg support to the theory that cowe in advanced steges of
sphosphorosis cesse to huve en oestrum. When turned to grasgs in the spring
of 194€, che geined some weight but still moved sbonut with & “ereepy®, stiff
gait., Cows 169 end 158, also in the low-phosphorus group, exhibited similer
synptoms.,

Practicsl sympioms of & phosphorus deficlency were not noted in the
heifers in lot 1. They were consistently the poorest lot in so far a&s tody
welght, thriftiness and generel appesrence were concerned. The addition
of phosphorus in the form of dicalciwm phosphmte to the salt of the heifers
of lote £ and 3 during the second winter pericd resulted not on .y in an in-
crezsed blood phosphorus level but slso in increased welght and improvea
general appearance as well,

A lsck of spretite wes not noted in any of the low-phosphorus lots.
However, the chewing of sticke snd bark wes noted in seversl instsnces. Dur-
inz the winter period of 1947-48, the cows of lot 1 chewed the bark from

the trees and fence posts. DBerk chewing wes eleo evident smong the lot 2 cows.

FEED CONSUMPTION

The aversge feed consumption of all lots ie given in Teble VII. No
slgnificent differences were noted in the feed consumption smonz the three
lots of heifers snd cows. The lot 1 cowe and lot 1 heifers, however, con-

sumed slightly less prsirie hey during both winter periode thsn did the other



TABLE VII

Feed consumption of cows and heifers at Wilburton

Cows Heifers
Lot 1 Lot 2 Lot 3 Lot 1 Lot 2 Lot 3
Humber of animels per lot 10 10 10 10 10 10
Total guin or loses per head (1/21/47 %o 4/16/48)
Average daily ration (lbs):
1. winter period (2/16/47 to 4/76/47)
Prairie hay 12.98 12,22 13.14 8,30 8.87 B.62
Corn gluten meal .25 1.25 1.28 1.25 1.28 1.725
Ground rock salt 0.09 0.09 0,07 C.05 0.03 0,04
Dicslcium phoesphete —— 0.04 0.12 —— 0.01 0.086
Calcium intake (gma/cwt) 4,22 4,98 6.42 4.76 4,84 5.89
Phosphorus inteke (gme/cwt) 0,93 1.48 2.61 1.10 1L.48 2,41
Ca/P reatio 4,5:1 Z.6:1 2.511 .81 el 2,511
2. Summer period (4/26/47 to 11/22/47)
Netive pasture ad lib ed 1ib ed 1ib ad 1ib  w»d 1lib ad lib
Ground rock salt 0.05 0.085 0.08 0,04 0,04 0.03
Dicelcium phosphate ——— 0.0005 0.01 -——— 0.0008 0,002
2. Wuinter pstiod (11/22/47 to 4/16/48)
Prairie hay 16.00 17.26 17.03 15.18 18.76 16.48
Corn ziuten meal 1.28 l.22 l.88 1.22 1.28 1.23
Ground rock &slt 0.10 0.08 0.05 0.02 0.08 0.02
Diceleium phosw?ate ——— 0.08 0.12 m——— 0.08 0.12
Celeium inteke (gms/cwt) 4,22 4,95 6.18 4,77 5.41 8.23
Phosphorus intake (gme/cwt) 1.08 1.60 2,52 1.21 1.61 2.56
Ca/P ratio 4:1 dalil £.5:1 Z.9:1 .21 2.4:1
Yeed per cwt gein®
Prairie hay = esmes meeeo ———— 18 114 900
Corn gluten meel  eseee seeao ———— 126 99 (28]
Grouns rock sl eemes eeeea ————— 7 8 4
Direlcium phosphete @ =000 eeees e;eee ceeea — P ”

* The feed per cwt. £ein for the cows wse not included because

most of the cows that celved during the winter showsd a loss

in weight due to perturition.

(4



lote. The celcium-phosphorue ratio based on svercge consumption figures for
all iots renged from 4.5 to 2.4 to 1, the wider ratios beinz observed in lotl
L in each instsance,

The heifers of lot & on the high phogrhorus inteke made greater use of
their feed then did either of the low intake groups as evidenced by the feed
reguirenents per 100 pounds of gein., The lot 1 heifers required considerzbly
more feed per 100 pounde of galn then did those of lot 2.

The suamary of data om welghte and calf crops is given in Table VIII,
Gains to June 1, 1948, show that the lot 1 cows guined only 6.5 pounds as
compared with geins of 122,9 snd 130.0 pounde for lot 2 and lot 3 respectively.
The summery datz on weight of the three lote of heifers 1f preseanted in Tsble
IX. Ths everasge gein of the helfers to the saeme date was 292.6 pounds for

lot 1, 288.5 for lot 2 snd 412 pounds for lot 3.

REPRODUCTION

From the summery dsate included in Tsble VIII, the low percentege cslf
crop given Yor the first breeding sesson cennot be sattributed to differences
in trestment. Only alight differences were noted in the birth weight of
culves, During the second breeding semson the hesvisst calves were nroduced
by cows in lot 2.

Only three cows in lot 1 calved esch seszson. One of these cows lost
her calf at birth the first year. Five of the cows that calved the first year
failed to reproduce the second year. Of the 5 cows that calved the firet year
in lot 2, three produced cslves the second yesr, one of which wee desd at birth,
Two other cows in this lot gave birth to premsture celves. Of the seven cows
that calived in lot 3 the first yesr, five fauiled to reproduce the following
gesson. Cow #1278 of lot 2 logt her celf the first year but produced & normel

calf the next year. Cow #175 of lot Z did not produce & c¢sif her first year,



TABLE VIII

Suwnimary of dats on welghte and e=ll crop at Wilburton

Lot 1 Lot 2 Lot 3
Cowe:
1947
Number per lot 10 10 10
Date project begsn 1/31/47 1/21/47 1/21/47
Av. initial weights 852,56 652.5 653.5
Date summer bsgan 4/27/47 4/27/47 4/27/47
Av. wt. per cow, beginning summer period 806.0 604.5 597.0
Dete summer period ended 11/22/47 11/22/47 11/22/47
Av. wt. per cow end of summer 693.2 736.0 £85,3
Av, gain during summer period 67,5 131.5 88,3
Number of cslvese born, 1947 7 ; 8 8
Number of calves weaned 7 & 7
Percent of calf crop 70 50 80
Percaent calf crop weuned of those born 100 100 B87.5
Av. birth wt, per cclf 57.0 58.0 56.5
Av, weaning wt. per cslf 218,0 202.0 05,3
Av. wt, per cow, weaning date 658, 4 709.2 67a,7
AV, galn per cow during lactetion 4.9 55.7 20,72
1948

Date winter period began 11/22/47 11/22/47 11/22/47
Ai¥. wt. begloning winter period 683.2 726.0 885, %
Number of calves borm 5 6 4
Percent of calf crop ; 50 60 40
Av. birth wt. of ealf &87.¢% 64 77
Date winter period ended 4/16/48 4/16/48 4/16/48
Av. guin or loss winter period -68.5 ~-11.9 £36.2
Av. wt. per cow, 6/1/48 £90.0 787.4 785,58
Av. gein 6-1-48 36,5 132.9 130.0

e



TABLE IX

Suamary of dats on welghts of heifere 2t Wilburtoa

Lot 1 Lot 2 Lot 3
Number per lot 10 10 10
Date croject begen 1/31/47 1/21/47 1/21/47
Av, initial wta. 382.5 IBE.D 382,5
Dute winter period ended 4/27/4% a/2n/47 4/r7/47
Av. wt., end winter period 429.5 4724.5 441.0
Av. gtin or loss during winter period £47.0 £42.0 #5€.5
Date summer period ended 11/22/47 11/22/47 11/22/47
Av. wt. end summeyr period H78.5 600.8 858.0
Av. galn summer period 149.0 176.3 215.0
Av. wt, end winter period 594.9 853.1 717.0
Av. gain or losz winter 15.5 52.3 105.8
Date summer period began 4/18/48 4/16/48 4/18/48
Ave wt. 6-1-48 675.1 75.10 795.0
Av, gain to 6-1-48 292.86 286, 5 415,0
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and in the s:ring of 1948 lost her calf at ome dey of age. The celf waa
normal when born. A cold freezing rain started csoon after the celf was born

and desth wee sttributed to chilling.

PART I1. STILLWATER STATION
E0IL ANALYEIS

The =oils of the Lake Carl Blackwell arss were found to border upon a
phogphorus deficlency. The soll cless varled from s Renfrow cley losm to a
Zaneie fine, sendy loem. The predominent species of range grasses were Big

and little Bluestem, Indian, Propseed, Buffelo and Switch Grass.

FEED ANALYSIS

The average protein, calcium snd phoephorus content of the nutive veme-

tution and other components of the experimentel retion is given in Table X,
RAINFALL

The eversge monthly reinfall at the Lake Carl Bleckwell srea is presented

in Table XI.

- BLOOD ANALYSIE

The average analyses of the blood plesma constituents is given in Tebles
XII and XIII for the cows snd heifers respectively. 1t will be noted thst
the everasge inorganic phosphorus content of the initisl blood semplee tsken
before supplementation wes significuntly lower for lot 1 than the average
of the other two lots. No explanstion ie offered for this since they were

allotted a8 uniformly as poesible teking into consideration veights and
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TABLE X

Feed analysis st Btillwater

Iten Date of Sample Protein Phosphorus Caleium
“ % &
Dicalciua phosphete il- 5-486 =  —-==- 18,700 22.200
Corn gluten meal 11- 7-48 49.7% 0,383 0.133
Corn #luten meal 11-17-47 49.00 G.418 0.190
Prairie hsy 1-16-47 E.74 0.062 0.450
Prairie hay 17=14-47 3.99 7.055 0.460
Prairie hay , i1-17-47 2.84 0.054 0.400
Prairie huy 11-19-47 2.94 0.069 0.388
Pasture 6-17-47 8.60 0.115 0.390
TABLE XI

Average monthly rzinf=ll at Stillwater

Eonth Average reinfall in inches
January 1947 0.68
February 0.23
dsrch 0.75
Acril 11.06
May 6.79
June 2.20
July 3.20
August 0.20
September 1.68
October 0.28
Rovesber 1.51
December 1.35
Janusry 1948 1.30
February 3.98
Merch 2.13
April 2.41
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genétic background. The first bleeding was made after they were slliotted.
During the second winter period ss well &s during November, 1947, the lot 1
cow8 had the lowegi plasma phoephorue velue st mll bleedings resching = low
of 2.8 ng. percent in Msrch, 1948, The variztion between lots was aignifi-
cant &t the 1% level during November, February and March, and =t the 5F

level during April. The lot 3 cows receiving the highest plane of procphorus
nutrition were consistently higher in plesma phosphorus,

The szme genersl pattern wes obsorved in the average :lasme phosphorus
content of the three lots of helifers. During the secomnd winter period, the
lot 1 beirers hed consisterntly lower plesmsa phosphorus values thanm the other
two lots and the varistion between lots was significent at the 19 level.

Examinetion of the everasge plasma caleium levels revealed that values
throughout the period remeined within the normal range for cattle. Averege
valucs ranged from 9.9 to 11.8 mg. percent for the cows and 9.9 to 12.5 mg.
percent for the heifers. 4t the close of the winter pariod. April, 1948,
the lot 3 heifere had significantly lower wvalues than did the octher lotn;

The plasna carotene levels of both heifers and cows were extremely low
during the Lstter pert of the winler period of 1947-48, In visw of the fuct
that csrotene content of the prairie hay fed wae low it seemed advisshble to
feed 2 carotene mix eo as to provide all lots of cows with e minimum of
92,000 1. U, daily. The incresge in the plesma carotene values for April,
1948, wrs due to the smsll smount of green gregs consumed which could be
found in therinter trups 25 well 58 to the csrotene mix fed from February
10th, to March 17, 1948, The heifers were found $o heve the lowest level
of this blood constituent during the second winter period, values as low &8
50.6 micrograns per 100 ml. of plasma being obscrved.

Only glizht differences were noted in the percent of hemoglobin smong

the three lotes of cows end heifere. There were no large veriations in the



TiBLE XIX

Blood anulyses of cows et Stillwater
(Average rfor all cowe of sach lot)

] ] ]
Winter period i cusmer period : ¥inter period | Eupmer
! : 1 period
i ' i
Date bled | 2/11/47 4/17/47 6/2/47 10/7/47 11/4/47 E ¢/o/a8  2/18/48  4/2n/48 ) 6/9/48
; :
i
! (1) Phosphorue (mgs./100 ml. Pluame) !
Lot 1 I - 6.2 4.1 5.5 3.3%¢ 8.2  z.8™ 2.4} 4.2
Lot 2 E 8.l 7.3 4.2 4.5 5.0 4.4 5.8 6.3 1 4.7
Lot 3 : 7.6 €.0 4.8 4.6 6.7 8.1 5.9 5.4 ) 4.6
]
(2) Celcium (mgs./100 ml, plesama) E
Lot 1 1.2 9.8 11.6 11.8 11.0 | 11.2 10.9 10.5 | 9.9
Lot 2 ! 11,1 9.4 11.8 11.6 11.1 10.9 11.2 10,4 1 10.2
Lot 8 ! 111 °.9 11.%8 11.7 10.7 11,0 11.7 11,3 i 10.6
| [}
! (8) Carotene (micrograms/100 ki, plasma) )
Lot 1 90.8 260, 7 1071.1 280.5 213.6 I 78,8 74,0 78,0 E 746, 4
Lot 2 $9.9 195.9 | 818,5* 318.2  500.3 72.1 84.6 284.0 1 724.2
Lot 3 1£1.9 200.4 986.2 295.5 284.1 68.0 74,7 3%9,0 | £65.5
| (4) Hemoglobin (percent)
Lot 1 9,7 9.5 10.0 9.3 8.8 9.5
Lot 2 9.1 9.3 9.9 9.8 9.5 9.7
Lot 3 i 9.0 9.3 9.8 9.8 9.9 9.8
] 1
' (8) Red hlood cells {thousandﬁ/cu. mm. )
Lot 1 | 6,168 5,420 6,775 5,983 5,719 %, 827
Lot 2 &, 545 5,295 6,770 6,310 6,128 6,087
Lot 3 5,669 5,198 6,818 6,110 5,808 £,907

* Significent st the 5% level.
*# Significant at the 1% level.




TABLE XIIX

Blood analyses of heifers st Stillwater
(Average for all heifers of each lot.)

- - ‘
Winter period Summer period " ¥inter period E Summer
! period
Date bled b o2/11/47 4/17/4% 6/2/47 10/47/47 11/4/47 2/2/48 2/18/48 4/72/4B 8/9/48
1
i .
! (1) Phosphorus (mg./100 ml. p:laana)
Lot 1 5.9 4. 7% 6.0 5.0 ' 3.5** 3.9** 3.9%* 6.0
Lot 2 6.3 6.6 6.1 5.2 b 4.9 6.3 5.8 5.5
Lot 3 6.5 7.5 5.0 5.2 1 5.‘ 7.4 7.0 [} 5.‘
L]
! (2) Cslcium (mg./100 ml, plaafn)
Lot 1 "11.0 10.5 ' 11.8 11.3 i 10.9 11.8 12.5 10.6
Lot 2 I11.4 10.2 ! 11.8 11.5 i 0.8 11.3 10.8 10.5
Lot & 11.3 9.7 11.9 11.4 1 10.2 11.0 S 9.9* 11.0
' (%) Cerotene (micrograms/100 ml. plasme) !
i
Lot 1 ! 78,2 163.9 289,9 251, 2 i 55.1 54.4 277.0 Essv.a
Lot 2 80,6 192.5 264.1 260.7 | 57.7 65.5 262.0 1 724,82
Lot & _ 81.5 172.6 238, 3 219.4 g 62.3 50.6 292.0 1 692.9
(4) Hexoglobin (peicent) E E
. 1
Lot 1 8.7 ‘9.5 1 10.0 9.7 0.0 | 9.7
Lot 2 8.8 9.4 ! 9.8 9.6 9.8 ' 9.8
Lot 3 8.8 9.2 ) 9.9 10.0 2.4 I 9.6
_ ' |
(5) Red blood cells (thousandd/cu. mm,) .
i ' ]
Lot 1 H 5,471 5,282 | 6,915 6,193 6,490 15,960
Lot 2 H 5,192 5,110 | 6,802 6,128 6,193 16,067
Lot & 5 5,679 5,112 | 6,852 5, 653 6,022 15,997
1] ] :
|
L]

. Slgnif‘ican".‘ uat the 5% level
** ci{gnificant et the 19 level




number of red blood ceills of the cattie of this experiment.

ABNORMALITIES

Symptoms of & phosphorus deficiency were observed in cow £137 of lot
1 during the early pert of the second winter period. Some gtiffness was
noted in the front lege snd shoulders. No physical symptoms of any defic-
iency were observed in any of the heifers. Cow #171 in lot 2 refused to

eat the corn gluten meal when mixed with the mineral supplenent,

FEED CONSUMPTIOR

The average feed consumption end feed per hundred pounus of gain is
given in Table XIV., During the first winter period, it was observed that
the lot 1 cowe end lot 1 heifers consumed glightly more hay than the other
lots. The lot 3 heifers consumed slightly less preirie hay during the
second winter than did the other lote. The calcium-phosphorus ratios in
all groups rana‘d from 4.6 to 1.9 to 1.

All lots of cows showed losses from the start of the experiment to
the conclusion of the second winter period. The lot 1 heifers gained
264.5 counds as ageinst 275.5 for lot 2 and 208.0 for lot 5. Providing
2.5 greme of feed phosphorus per hundredweight dsily resulted in & greater
net gain for the 441 days es well as more efficient use of the feed as ev-
idenced by the amount of feed reguired to produce 100 pounds of gain.

The summery date on welghts and calf crops ere presented in Tsble XV,
The lot 1 cows geined 19.0 pounds from the start of the experiment to June,
1948, while the lot 2 cows geined 5.5 pounds and those of lot & gasined 71.0
pounds. These geins are lower then those observed in the cows =t the Wilbur-

ton Station which is due presumesbly %o the fact that nearly all of the cows



TABLE XIV

Feed consumption of cows and heifers at Etillwater

Cows Helifers

Lot 1 Lot 2 Lot 3 Lot 1 ot 2 - Lot 3

fusber of animeis per lot 10 10 10 10 10 10
 Total gain or loss per head (2/5/47 to 4/21/48) -116.85 -92.5 ~-898.0 £264.5 £877.5 £%08.0
Average dasily ration (1ba): _

1. Wwinter period (2/5/47 to 4/34/47)

Prairie hsy 13.96 13,785 13.92 8,26 8.2¢ 8,34
Corn gluten mesl 1.38 1.38 1.38 1.38 1.38 1.38
Ground rock salt 0.02 0.03 0.02 0.03 0.03 0.03
Diceleium phosphete ' ——— 0.08 0.16 ——— 0.02 0.02
Celcium intske (gmse/cwt) 4,06 5,04 4.95 2.52 4,40 5,50
Phosphorus intake (gme/cwt) 0.89 1.67 2.68 0.70 1.42 2.60
Ca/P retio 4.6:1 8,1:1 2,3:1 3.8:1 J.1:1 - B
2. Summer period (4/27/47 to 11/3/47)
Netive pasture ad 1ib &ad 1ib ad 1lib ad 1lib ad 1ib ad 1ib
Ground rock salt 0,03 0.04 0.04 0.02 0.02 0.03
Dicalceium phosphate ~=== '0,0007 0.005 - 0.007 0.003
2. Winter period (11/3/47 to 4/21/48)
Prairie hay 14,61 16.1% 14,92 12,72 12,80 12.64
Corn gluten meal l.22 1.22 .22 1.22 1.22 1.22
Ground rock salt 0.06 0.04 0,08 0.05 0.06 0.04
Dicsleium phosphate ———— 0.07 0.16 ——— 0.06 0.14
Calcium intske (gme/cwt) 3.52 4,33 5.50 4.70 4,72 6.51
Phosphorus intake (gus/cwt) 0.78 1,41 2.40 1.0% 1.60 2.61
Ca/P ratio 4.6:1 3.,1:1  1.9:1 4.4:1 2.9:1 2,31
Feed per cwt gain®

Prairiec hay m—— ——— -=== 10865 10%6 509
Corn gluten meal w=ma - - 119 118 102
Ground rock salt -—— - —— 6 6 6
Dicalcium phosphste i i et 5 9

* The feed per cwt. gein for the cows wes not included because most of the
cows that calved during the winter showed & loss in veight due to parturition.

v




at Etlillwater produced a calf eech sesson. The summary dsata on the weilghts
of the three lote of heifers zre given in Teble XVI. The lot & helfers gsin-
ed a8 totai of 453.5 pounds while lots 1 and £ gelned 415.5 mnd 410.5, respec-
tively, during this ssme period.

-

REPROTUCTIOR

No difficulties in the breeding efficlency of the three lots of cows
were noted., During the firet breeding season, 29 of the 30 hesd of cows
produced celves and all of theee calves were slive et weaning time. The
following breeding season, 22 calves were born in the three lots of cows,
No{signiricant difference in the birth weight of the czlves wes noted during
the first season. However, the calves from the lot & cows were the lightest
gt birth during the second calving sesson. There was & decided difference
in the weaning weight of the celves in favor of the lot 2 cows. The calves
produced by the lot I cowes were clightly lighter than those from the lot 1
cows., The cows in lot ¥ were in better condition at weaning time than were

the remaining two lots.

PART III. STEERS PRODUCED FROM COWS AT SPILL¥ATER AND WILBURTON

The twenty-seven head of steers produced by the cowe at both stations
were full fed for 197 days in & large lot on the Wilburton experimental
area. They were self fed ground milo and hand fed weighed smounts of preirie
hay and cottonseed mesl, daily. BSome whole oats sere fed to start the steers
on feed. They were aliowed free sccess to s mixture of ground rock saslt and
ground limestone which wes provided in separate boxes. The av&rﬁge‘fzed con-
sumption and the feed reguired to rroduce 100 pounde of gain is presented in

Table ZVII. The steers were placed on feed October 14, 1947, et which time



TABLE XV

Summery of deatz on welghts and celf crop &t Etillweter

Lot 1 Lot £ Lot 3
Cowst
1947
Number per lot 10 10 10
Date project begen 1/21/47 1/31/47 1/31/47
Av. initiel weighte 820,5 €20.0 820.0
Date summer period began 4/24/47 4/24/47 4/24/47
Av, wt. per cow, beginping summer period 655.0 657.0 866.8
Date summer period ended 11/3/47 11/3/47 11/2/47
Av, wit, per cow, end of summer period 847.5 826.0 857.0
Av, gain during summer period 182.8 189.0 190.5
Number of calves borm, 1947 10 2 10
Nunber of celves weesned 10 ] 10
Percent of calf crop 100 100 100
Percent of ¢alf crop weaned 100 100 100
Av. birth weight per calf 68,1 7%.4 66,3
Av, weaning welght per calf 349,.5 382.7 246.0
Av. wt. per cow, weaning dete 870.0 827.0 880.5
Av, gain or loss per cow during lactstion 34.0 7.0 60.8
Av, pounds of beef, let year 248.5 344.5 346.0C
1948

Date winter period began 11/%/47 11/3/47 11/2/47
Av, wt., beginning winter period 837.5 826.0 867.0
Kumber of calves born 8 7 7
Percent of calf crop 80 70 70
Av, birth wt. per calf 66,6 67.1 54,8
Date winter period ended 4/21/48 4/21/48 4/21/48
Av. wt. end winter period 704.0 726.5 722.0
Av, gain or loss winter period -143.5 -99.5 -125.0
Av. wt. per cow, 6/5/48 8%9,8 825,5 891.0
Av., geln, 6/9/48 19.0 8.5 71.0




TABLE XVI

Summsry of data on weights of heifers at Stillwater

Lot 1 Lot 2 Lot &
Humber per lot 10 10 10
Dete project begen 1/%1/47 1/%1/47 1/31/47
Av, initial welght 420.0 420.5 421.0
Date winter period ended 4/24/47 a/24/47 4/24/47
Av. weight end winter period 454,85 451.0 457.5
Av. gsin or loss winter period £24.8 £20.5 £26.5
Date summer period ended 11/3/47 11/8/4% 11/3/47
Av. welght end summer period 724.0 721.0 709.5
Av, gain summer £79.5 270,0 £62.0
Dete winter period ended a/21/47 4/21/48 4/21/48
Av. weight end winter period 684,56 694.0 729.0
Av. gain or loss winter period ~49,5 -27.0 £19.5
Date summer period begsn 4/21/48 4/21/48 4/21/48
Av. wt. 6-9-4E 835.5 831.0 874.5
Lv, geuin to 6-9-48 415.5 410.5 463,56

o¥
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they aversged l33.8 pounds. At the conclusion of the fattening peried on
April 28, 1948, the csteers averaged 698,32 pounds. No differences samong the
steere from cowe meinteined on verioue levels of phosphorus intake were moted.
The averuge deily gein of ell steere for this period wss 1.85 pounde per head.
One steer beceme badly foundered chortly after being pleced on feed. The
summary statistics of the steere from each lot of cowe st both etations in

Table AVIII.



TABLE XVIII

Feed consumption data of steers at Wilburton and Stillwater

I. Averege feed consumption (1bs):

Whole oats 0.08
Ground milo 11.84
Cottonseed meal 1.52
Prairie hasy 4.16
Ealt 0.03
Ground iimestone 0.006
Total 17.626
II. Feed per cwt. gzzin (1bs):
Ehole oats 4,00
Ground milo 629.00
Cottonseed mecl £3.00
Prairie hay 224,00
Ealt 1.00
Ground limestone 0.0
Total 951.30
TABLE XVIII

Summary date of steers et Wilburton and Etillwater
October 14, 1947 to ipril 28, 1948

Rumber Average Avernge Averege Average
Per Initisl Finsl Deily Selling
Lot Weight Weight Gain Price
A. ¥ilburton:
Lot 1 1 274 589 1.76 $173.76
Lot 2 2 zez2 574 1.64 169.18
Lot 3 4 278 555 1.56 165.98
B, Stillwater
Lot 1 7 359 710 1.98 218.99
Lot 2 6 371 723 1,98 2£2.88
Lot 3 7 221 660 1.88 202,12




DIECUSEION
¥ILBURTON

The soils =t the Wilburton experimentsl sres were found to be very low
in svalilsble phosphorus and the phosphorus content of the foreze grown there-
on was extremely low throughout most of the yesr. Of the grsss sauples
analyzed, only one (April) wse found to be above the 0.12 percent level con-
sidered by Wetkins (1937) and Mitchell (1947) to be the minimum level which
will provide for sdecuste phosphorus nutrition of grazing cattle. HRo &:pre-
cizble differences were noted in the phosphorue content among the predominant
grasses, The prairie hay fed during the winter period was lower in phosphorus
than the asversge high guality preirie hzy reported by Morrison (1940).

The dsily intske of phosphorus for the cowe snd heifers of lot 1 during
the firsf winter period was 0.93 and 1.10 grems per 100 pounds of budy weimht,
respectively. The intske for the second winter csesson wes 1.08 snd 1.21 grems
~ per 100 pounds of body weight in the lot 1 cowe &nd heifere respectively.
Under the conditions of this experiment the phosphorus intake wse found %o
be inedejuate to support optimum growth of heifers or meet the needs of cows
during geststion snd lactatibn. Average plasme phosphorus levels duripg the
second winter period of the cows of lot 1 was 1,99 mg. sercent. The average
for the lot 1 helfers wee Z.12 mg. percent. Inorgsnic phosphorus velues us
low 88 1.0 mg. percent were noted in nursing cowe exhibiting pronounced sym-
ptoms of sphosphorosis, These values are coneidersbly below the borderline
value reported by Bluck end co-workers (1942). Durinz the second winter
period, blood »hosphorus velues of individual cows &6 low s& 2.0 mg. percent
were obeerved ;ithout deficiency symptoms being manifested which apress with
the vork of Knox, Benner =nd ketkins (1941). These workers reported thot

cows with blood plasme levele of from 2.0 to 3.0 mg. ercent of phosphorus
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were observed during the winter months and that the animals were in excellent
health, The dry cows of lot 1 wa.ﬂrs apparently eble to meet thelr phosphorus
requirements ss evidenced by increased body weight and improved genersl appesr-
ance. Unthriftness, extreme emeciation, stiffness, low phosphorus blood vslues
and other symptome of aphosphorosis werec observed in lactating cows which were
similar to those reported by Theiler (1924) and kekles and Pealmer (1927).

The phosphorus reguirements esteblished by other workers for beef cattle
are higher than the dsily intcke of the cows and heifers in lot 1. AZrmsby
(1917) enslyzed the duta of Lawes and Guilbert and found that during the
rirst yesr fattening steers and heifers retained 5,609 grems of cslcium and
2,972 grams of phosphorus, or an average dally retention of 15.37 grems of
calcium and 8;14 grame of phosphorus, P®atkins (1987) reported unsaticfactory
results with mature caettle when the dally phosphorus inteke fsll below 10
grans an'd the deily ceslcium inteke fell below 20 grems.

The phosphorus intaske of the lot 2 cows and heifers during the firet
winter period was 1.48 grame per 100 pounas of body weight. The intske
during the zecond winter period was 1.60 and 1.8l é-z;;zﬁ;-ﬁer 100 pounds of
body weigh%, for the cows snd heifers respectively, which feiled to support
optiaum growth of growing heifers or meximum performance of produciag cows.
When phosphorus supplenentutioﬁ ves begun for the winter perliod so as to
provide approximetely 1.6 grams of feed phosphorue per 100 pounds of body
weight the plesme phosphorus levels of the lot 2 cowe incressed from 2,10
mg. to anbove 5.0 mg. percent, The values for the lot 2 heifere increzssed
from 2.0 mg. percent to more than 5.0 mg. percent during the same period.

The incressed dietery inteke of ;hosphorus resulted in grester geins, higher
blood phosphorus levels and an improvement in general body appecrence.

The phosphorus intzke of the lot 3 cows and heifere for the first winter

season was £,61 und 2.40 grams per 100 pounds of body weight, respectively.



The intske for the second winter period wee approximutely the seme., This
level wae considered sdeguate for optimum growth snd skeletal development
of tfm heifers. OSupplementation of diceleiuwm phosphate to increszse the in-
teke to 2.8 grams of feed phosphorus pef 100 pounds of body welght curing
the gecond winter period resulted in incressed weight, higher plamems phoe-
phoruge levels se well se an improvement in thrift and body sppearance of the
heifers. The genersl appeerance end thrift of the cows of lot 3 was noticesbly
better then that of the other two lots but reproduction es meesured by per-
centage calf crop waes not aptimum, This hes suggested thot these cows either
received insufficient nhosphorue during the preceedinz grezing seacson to in-
sure s normal percenisge of conception or that some other fzetor contributed
to this condition.

During the sumier period, the phosphorus values in the lot 1 cows drop-~
ped from 4.9 mg. on April 24, 1947 to 2.5 mg. per 100 ml. plasme. The sver-
age ploaeme phosphorue values of the lot 1 heifere dropped from 5.4 mg. per—
cent to 3.8 mg. for the same period. Cows nursing celves during this period
lost weight repldly &nd severul beceme £$iff and “creepy®™. No symptoms of
& phosphorus deficlency were notesd smong the dry cows inm thiz iot slthough
low biood phoephorus values preveiled during the latter part of the period.

Clinical symotome of sphosphorosis were noted in egeveral of the cows
of lot © Cduring the summer period. At the beginning of this period the
aversge plesma phosphorus level for sll the cows of this lot wae 6.2 mg.
percent, The level decrecsed to 2.1 mg. st the close of the summer graz-
ing seacson. For the same period the plasms phosphorus concentration in
the lot 2 helfers decressgsed from 7.0 mg. percent to 3.5 mg. 4£Ls the gress
neared maturity it becsme necezsary to ndd dicaleium phosphete to the ground
rock :telt mixture so s& to provide an estimsted intuke of 1.5 grems per 100

pounds of body weight for the cows end heifers of lot 2. This estimsted in-
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tuke was inedejuszte to maintein a constant plesms shosshorus velue in either
the cowe or heifers of thiz lot.

During the summer grazing season plaems phosphorus of the lot 3 cowse
deciined from 6.6 mg. to 2.6 mg. per 100 ml. For the same period phosphorue
level of the lot 2 heifere decressed from 8.6 mgz. percent to 2.4 mg. percent.
Apparently neither the cows nor the heifers consumed sdequste smounts of the
dicaleium phosphute -- ground rock selt mix to meintain plasms phosphorus
levels., ¥hen the dicszicium phosphete was mixed with the corn gzluten meal
during the winter months to insure e daily phosnhorus intske of avproximate-
ly 2.5 grems per 100 pounds of body weight the blood phosphorus valucs ig-
creased to 7.4 mg. and 8.% mg. percent.for the cows and heifers, respectivoly.

'a‘xm;';im.tion of the deta reveal that the plesme csleium levels through-
out this experiment remained within the normal renge for cuttle vecsiving
adejuste amounts of this element. This would be enticipsted from the calciua
content of the hay and grass fed.

The caleium -- phosphorucs retios during the winter periods ranged from
4.1 w 2.4 to 1 for three lote of heifers end from 4.5 to 2.5 to 1 for the
three lots of cows. Bohstedt (1942) and other workers reported thet the
absolute amount of celeium and vhosphorue in the dietery is of grester
significence to the welfere of the animale than the retio between the two
elements. Lamb and co-workers (19%4) reported that ratios ees wide se 6.5
to 1 bave been satisfsctory for reising dairy calves. In this study adejuste
phoephorus was fed to the heifers.

fhﬁ piasma carotene levels showedlmarked fluctuasions throughout the
course of this study. The lowest velues were observed at the beginning of
the experiment when the cerotene intuke wes lowest. The czrotene levels in
all lots remained within the nmormsl range. Peyne and Kinguan (1947) report-

ed thet cows with plesme levels as low as B2.88 f 4.11 mcg. per 100 ml. of



plasms showed no eymptoms of & deficiency.

Such factore as age, gestation, lsctetion end dry weszther did not
appreciebly sffect the hemoglobin content of the blood. The average for
all enimals st this station wes between 9.1 and 10.6 grams per 100 ml. of
blood. Dukes (1947) revorted an average of 1£.0% grans per 100 ml. of biocad
a5 normsei for cattle. Nesl and Becker (1923) reported everage vealues for
beef cattle of 10.95 ¢ 1.54 to 11.06 f 1.40 grame, Hemoglobin determina-~
tions were made becsuse low hemoglobin levels have been reported in this sres.
.Theae dsta indicate that the cattle were not deficient in some substsnce which
zight result in low hemoglobin levels., The data reported in this study indi-
cate that there is no relationship between the hamoglohinlcoutent of the blood
and the blood plusma phoapﬁorua levele which ig in sgreement with the studies
of Bleck and co-workers {1942).

No significent differences were noted in the red blood cell content
anong the supplemented and non-supplemented lots. Dukes reported 6,285,000
58 the average number of red blood cells per cubie millimeter of blood. The
indirect colorimetric method wae stenderdized by direct microscoric counts.

The lot £ and & cows were heavief than the cows of lct 1 on June 1,
. 1948, The lot 1 heifers grined 292.6 pounds as compered with gains of

368.5 and 412.0 pounds for lot 2 and 2, respectively.

STILLWATER

The solls &t the Leske Cerl Blackwell crea were found to be borderline
&8 regarde avallable phosphorus snd the fﬁrage grown thereon waes found to
be low in phosphorus during the dry secsons of the yesr. During the eerly
part of the growing sesson, the phosphorus content of the paeturage wes
found to he about egual to the 0.12 percent level considered by Vatkins

(1937) and Mitchell (1947) to be the minimum level rejuired for adequate
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phosphorus nutrition for grazing cattle. The preirie hsy which wes grown
on soils of comnarable phosphorue content were found to be lower in this
element than the mversge for good auality western preirie hay rerorted by
lorrilon,(lgiﬁ)._

The daily phosphorus inteke for the cowe and heifers of lot 1 during
the first winter period was 0.89 and 0.70 grems per 100 pounds of body weight,
respectivel}. The intske the second winter wss anproximately the éuﬂa. Under
the conditions of this experiment, the phosphorus inteke wee found to bs in-
adeguate to gupport optimum growth of heifers. The performaznce of the cows
of lot 1 wes ebout equal %o thst of the other two lots but they sppeared
lese thrifty. The everage plesme phogphorus levels during the second winter
~was 4,09 mg. percent for the heifere and 5.16 mg. for the cows. Only mild
symptoms of ¢ phosphorus defliciency were noted in nursing cows vhen the plus-
na phosphorus content fell below 2.0 mg. percent. Several cowse in Iot 1 with
low bléod phosphorue velues were observed to be in excellent health which is
in agreement with the findings of Knox, Benner end ¥etkins (1941).

The phosphorus requirements reported by Black snd co-workers (1942)
and Watkine (1937) for beef cettle are higher then the dzily inteke o7 the
cows and heifers in lot 1. Most workers agree that when the mvernve daily
phosphorus intuke frlls below 10 grems for muture renge beef cattle that un-
zatisfazctory results will be obteined. During the second winter period, the
cows in lot 1 lost 143.5 pounds end the lot 1 heifers lost 49.5 pounds.

The vhosphorue inteke of the lot 2 cows and heifere during the first
winter was 1.67 and 1.43 gr=ms per hundred pounds of hody welzht, respsctive-
ly.” At no time did the plasma phosphorus level in either group fe!l below
the 4.0 mg. percent level reported bylmuny workers as the borderiine level
. conelstent with good health., This lével of inteke was found to be adequzte

for growing heifers and bred cowe. During the second winter the daily intske
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of the cow and heifers wee 1.4) and 1.60 grams per 100 pounds body weight,
respectively. Cowe nursing culves showed low plessma phosphorue levels but

wers obeerved to be in excellent henlth. The sverage plesms phosphorus values
for the lot % cows during this neriod wae 5.29 mg. vercent and was 5.44 mg. for
the lot 2 heifers.,

The nhosphorus inteke of the lot 2 cows during the.firet ¥inter period was
2.68 grems per 100 pounds of body weight end 2.60 zrsms for the lot & heifers
for the same period. The intrke for the second winter wus spproximately the
seme. The sverage vlsema phosphorus values for the second winter period were
6.61 mg. percent for the cows znd 6.%) mg., for the heifers. The heifers show-
ed an sverszge gein of 19.5 pounde while the cows lost an aversge of 1856.0
pounds which could be attributed to loseses due to calving.

Puring the firet summer grazing seeson, the plesme phosphorus vslues of
the lot 1 cows decressed from 8.2 mg. percent tp 2.2 mg. per 100 ml. For the
same period, the blood phosushorus valuc«e in the ot 1 heifers declined from
6.6 mg. per L00 ml. of plesma to 5.2 mg. The lot 1 cowe geined 182.5 pounds
during the summer grezing period ss compered with an rversge gain of 278.5
pounde for the lot 1 heifers. The lot 2 cows and heifers geined 169.0 and
£70.0 pounds, resﬁbctively. The lot & cows snd heifers for the seme period
gained 190.5 and 252.0 pounds, respectively. These findinge sre in ngreement
with those of Darlow znd co-workers (1946). These workers reported that there
was no benefit derived from supplying & mineral mixture to steers during the
grazing sesgon st the Lake Carl Bleckwell sres.

The blood celeium levels in &l lots showed only slight fluctustions
throughout the couree of thie study. 4#All velues were within sccepted nomal
limits indiceting thet & leck of sveilcble colcium wes no problem in this eres.
The celciuwm values renged from 10.3 to 12.2 mg. per 100 ml. of plesms in the
cows snd 0.1 to 12.6 mg. percent in the heifers.

The celcium-phosphorus ratios in the cows veried from 4.6 to 1.9 to 1 in
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the three lots of cows and 4.4 to 2.7 to 1 in the heifer lots during the
winter period.

Wide fluctustions in the aversge carotens level of all lots wae noted.
These levels were lowest during periods of low dietery carotene‘intake. Dur-
int the sscoﬁd winter period, these levels were observed to be very low in
each lot. From February 2, 1948 to Karch 18, 1948 the crrotene velu:«g in
the lot 1 cowe runged from 68.0 microgramse per 100 ml. plasmus to £4,.6 ma.

For the szme period, the carotene values in the lot heifers renged from 50.6
" to 63.F mg. per 100 ml, plsama. These levels ere for the most pert below
the 97.18 i-?.G& nicrogrems for younz range Hereford cows snd 82.88 f. 4.11
nicrograms for mature cows reported by Payne and Kingmen (1947). To prevent
the effe2*z of v prolonged cerotene deficiency in the three lots of cows, a
crude carotene concentrate wae fed the cows s0 e to supply & minimum of
$2,000 I, U. per head deily. The feeding of carotene in asdcition to smell
#mounts of green gress prevelent in the winter feeding sres duriné the esrly
spring adnounted for the incresee in plesme cerotene levels st the close of
the winter period.

No correlation between the phosphorus inteke end the aversge hemoglobin
content of the blood wee observed during this study which is in zgreement aith
the findings of Blzck and co-workers (1942). Tﬁe everagee tend to be lower
than the normel velues of 10.4 to 10.7 per 100 cec. og blood =& reported by
McMay (1921) end 10.%4 to 11.6 greme reported by Brooks and Hughes (1932).

No consistent differences were ﬁoted in the red blood cell content of
the cattle st this srea. The vilues found in this study were somewhst lower
then the aversge renorted by Dukes (1847).

There was no conslstent difference in the weight of the cows at the end
of the firet year of this experiment. The weaning weigzhts of the culves fronm

cows of lots 1 and 3 were sbout the seme, The cslves of lot £ welghed spprox-
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imetely &3 pounds more then the celvee of lot 1 and 36 pounds more than the
calveg in lot 3. The percentege call crop wus syoroximetely the sszme for
all lots. From this stendpoint of weight the heifers in lot 1 and 2 weigzhed
approximately the enme end the lot I heifere weighed spproximassely Z2£ pounds

more than the other 2 lots,

STLERE PRODUCED BY COWE AT SPTILLBATER AND WILBURTON

The twenty-seven hesd of steers produced by the cowe during the first
year were full fed & stendard fattening retion for 197 deys. RNo differences
in the fattening sbility of steers produced by cows meintsined on various
levels of »hosphorus inteke were noted, 4 wide veriation existed in the age
of the steers which would sccount in part for the differences in the rate of

gain and the aversge selling price per head.
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CUMMARY AND CONCLUSIONE

¥ilburton

1. The =oils in this ares were found %o bé low in svaileble pboephor-
.us and the herbage grown thereon was low in phosphorus content. Adejuate

amounts of cslcium were found in the herbage to support nomsl growth of
young cattle and reproduction and lactation of cows.

" 2. The feeding of 2,5 grems of feed phosphorus per 100 pounde of live
weight per heifer during the period covered by thig study produced heifers
thut were 120.4 pounds hesvier thsn those in the non-supplemented lot. Heif-
ers receiving 1.5 grems of phosphorus per 100 pounde of live weight daily
for the ssme period weighed 75.9 pounds more thsn those not receiving any
mineral. IHot only were those heifere which received the phosphorus-rich
supplement much heavier but they were much heslthier snd more vigorous.

3. Lactating cowe and growing heifers did not obtain sdeguate pmashor-
us from the growing forage or prairie hsy produced in this area., These dats
show thet to insure good growth of young beef heifers a dsily phosphorus in-
teke of 2.5 grams of thet elemesnt per 100 pounds of body welght is indiecated
during the winter period. Additionsl rhosphorus ig& required during the
summer grazing sesson.

4, Seversl of the cows on the low plane of phosphorus nutrition that
nursed celves during the summer period exhibited promounced phosphorus de-
ficiency symptome of unthriftiness, emeciation, stiffnese znd low blood plas-

ma phosphorus levels. No symptoms were noted in the high-phosphorus lot.

Etillwater

1. Cowe thet received no phosphorus supplement cnd nursed culves were

found to huive low blood phosphorus levels but they did not develop severe



symntoms of aphosphorosis.

2, The feeding of dicslecium phosphete to growing heifers in this ares
did not result in a significunt increase in gein over those in the non-gupple=-
mented lot. This suggested thaet the herbuge wags sufficiently high in nhosphor-
us to promote normel growth of young heifers during the short period covered

by this =ztudy.

Steers Produced at Wilburton end Stillwster

1. There were no differences in the average deily gein and the average
selling price of the steers produced by cows maintzined or various levels of

phosphorus intcke.
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