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I N'l'RO IXlC'l'ION 

The problem of the mineral requirements of range livestock and of the 

optimum mineral composition of range herbage necessary for profitable range 

l ivestock pro<luction is a field of nutrition whi ch warrants additional stQdy. 

During the last ten yenrs , m&ny ao called "sick areas" have been found to be 

de~1ci ent in one or more mineral elements and corrective measures diseo•ered 

tor rec.l.a1m1ng these areas for livestock production. The problem in mony 

other " s ick araas9 needs to be investigated. 

'l'he o ccurrence o f abnomal conditions of cattle due to a deficiency of 

available phosphorus in pasturage, hay and other f'eed.s has been reported 

from many localities in the United St &tes and other countries. Under pre­

vailing conditions of fenn and range, prob&bly no dietary defici ency of 

livestock, particularly cattle , is more prevulent than a deficiency ot 

phosphorus. The problem o f phosphorus deficiencies in animal nutrition has 

been brought about by the renoval of this element from tht" soil by cropping, 

weathering and leaching ns wall as the increased re11uirements co-existent 

with increesed ,. roduet1on through improved methods of breeding and mmnage­

ment . Thia deficiency is cormi.only aasociated with eoils that a re defici~nt 

in tb.1& element , but some investigations clearly indica te that th1s condition 

might be encountered anywhere regardless of the pbospborus content of the 

soil es e result or ill-chosen rations. 

Li vestook men for many years have quickly recognized the losses from 

disease and poioonous plants because they '&ra relatively qu1<:k in their 

action and i;iroduoe marked symptOJns which are readily raoognized as devia­

tions from the nonnal with greater or less mortrtli ty in a few days or weeks . 

Nutritional deficiencies, such as o. le.ck of available x;hosphorus are, on the 

other hand , slow end insidious in their development resulting in subop timal 

perfonnance. Entire herds may be ~ffected and become unthr1tty without aotuel 
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morto.li ty or any tangible evidence be1!lf:1 recogni zed a s to the source of the 

d1s1mrbanco either by clirJ. ee.l observution or post- raorte:m examizwtion. 

P.ecogn1 Uon of the i mPortance ot pboe;phorus in a 11 vestoek: feeding 

pll'Og:ram ha.e resulted. in extensive and widespread research in the f:ield of 

nul.r1 t1onnl d.isct..ees ~hlch hnve been ree,::ionsible, directl y or indirectl,:, 

for large economic loss~s in the ce.ttle i.ndustr,y. Ther e is ample avidence, 

both f rom experimeat6l studies nnd from practical observations of stoekman, 

th1;t phosphorus ie responsible in no small measure for the S\&ll cnlf · erop~, 

y0or gains on u;>p6.rently good. :ptisturage, . cel.vaa being born prematurely in 

the absence of contagi.ous abortion, and other rep~ductive di fficulties . 

'?be accumulation o f info:rmation with which to study thia problem has 

been greatly increased lfi tb.in recent yesrs , but ror the moat p11:.rt pr esent 

knowledge !'flils to turnieh satistectory ruiawera to some Eignif'ic~.nt prob­

lems relating to the nutr1t1onru. role of phosphorus in ft>Jm a1l1J1uals. 

P r esent phosphorus recom.endationG for beet' cattle a re besed largely on 

e.xperuurntal resul. ts w1 th dai:cy- cattle and direct n.ppli cuUon o f this wrk 

asy not ba pr actic~l under range conditions where animals cons,ne varle.ble 

amounts. ot gr ass of const6t1tl7 chenging COJ1pos1 tion. 

lu the following r eview or literature, therefore , th-e Qbject will be 

to pr-eaent the baportant and eeteblisbed tacts- relative to me\aboliSR e.114 

ihe recommended re;.lu1rements or phosphorus eeaenthl f'or the maintenance ot 

lle&.1 th ont.1 the pr evention of disetu1e in f~r.m animals. The obrtous a nd ur~en-t 

need for specific allo-wanoes 01' thi s element under runge beef' cattle oondit1ons 

provides the basis of this study. 
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REVIEW OF LITERATURE 

It has been said thf.1t o.11 11 "fing things in the last analysts a re depend-

ent for their food supply upon. the elero.entel constituents or the soil. There 

is, therefore, a continual wi tb.drawal from the e-011 or these elements which 

e.re essential for pl ant and animal nutr1 tion. Investigations have sho,n1 tha t 

an blpover15hed or exhausted soil produce& a defective food supply which will 

result in malnutrl t1on as surely as if the amount of feed were inade4.uate. 

Obviously, the 1"ell being of' our rum animals, aside from infectious diseases , 

depends me.inly upon their state of nutrition. On their well being dep .. nds 

the efficiency of growth, reproduction, lactation, end fattening. The rate at 

which these functions develop i s the main factor. except for market conditions, 

· in the profit derived from the liveotoek w.hich the soil supports. 

Because or its wi despread occurrence in the earth' s crust , phoephorus 

has l ong been. r ecogn1:r.ed as an escential element in the dietary. "l'he r e Q.uire-

aents of the animal body f or phosphorus and, 1 ts companion element , calcium, 
' .... ~ 

for upkeep and normal deTelopmeut has been the subject or widespread research 

for many years. Conclusive evidence that phospbol'US, in oombination wiih 

cal ci\111., constitutes the greatest portion of the .minernl matter of the a nimal 

body hes been furui.shed by numerous ash determinations. Maynard (1947) stuted 

that approximately 99 percent or the ealcium end 80 percent of the phosphorus 

of the body were present in the bones n.nd teeth. He further ete:ted thet one-

llalf o f the remuining phosphorus is present in organic combination ea nucl eo-

proteins, pho s µho:proteins, nucleic acid, adenylic acid, pho s r,holipids, he:m-

s ephospb.stes , triosephosphates, thiamine p hos:phf:.te, phospllocr eatine. and others. 

The :r61aa.inder is distributed wiuel7 in the body tissue s and blood. 

The body o f' a ma ture cow contains approximately 5 per cent ash of which 

Morgulus (19!31} states 36.l percent ia cal cium and 16. 4 percent pho s phorus. 

It i s gener ally occep ted that these two elements constitute about 50 ;,ercent 



.of the minerals in the milk whe.re they exist in 11 r atio of 1. 25 to l. It 

is clear thot the p bosphorus secreted in the mil k has as its precursors the 

inorganic phosphates ~mi the phospllatides of the blood. 

Studies pertaining to the process of ooi:e fo:nnstion han sho'Wll thet \ wo 

enzymes appear to be involTed, namely, phosphorylese and p bo~phatss e. ~hese 

two enzymes heve also been shown to be essential in th~ 0(!J:>.Vers1on o f glycogen 

to glucose. Although calcium and phosphorus exist in the bone in a ratio of 

2 to l, all workers agree the.t the inorganic composition is roughly but by no 

means constant, vary! ng cona1derobly emong species and with the age of the 

animt:tl . 

In &ddi tion to the im.J)ortant role in noxmal skeletal deTelopment, phos­

phorus 1e knolm to b e one of the most tmportHnt elements i n the physiological 

procecsea o f the body. Gortner ( 1929) e t a t ed tbat phosphorus i a conce r ned 

1n the metaboliSJll of nearly all body tissues. lt is present in the nuclei of 

all cells and 1s vitally concerned with the coaplex role 1n the chain or events 

occurring in musculBl' contn ction ~nd in the t re.nsfer of energy. Phosphorus 

is conoidered by nutrition e.xpertG to be 1ndisr,ena1bl e in carbohydr a t e , fat , 

protein, and 11poid mGt abollsm, a.nd a s a cons tit uent of ce rtain enzyme&. The 

m.aintenanoe of the rea ction or the blood a s well as the maintenance of ea leiw. 

equilibria o f the bloo,l are other fUllctiona that have be en attributed to phos­

phorus. 

Investigations regarding the deposition or th~ ca.lei WR and phosphorus 

se.lta in the anilllnl body have clearly demonstrated. the nutri t1 ve failures 

following pr&ctically com.plate withdrtu,al o 'f calel\11,l and phosphorus from 

ration& known to be ade q_uate in ·other respecis. Among the early investi ga­

tors who s tudied the effects of rations low in theee two essential elements 

wore Cboas a t ( 1842), worki ng with pi geons; Weiske (1872), and Weiske end 

Wildt (l.873), who employed sheep and goats; Voit (1800), who ueed pi geons and 

l ater dogs; and Aron and Sebauer (1908) who worked with bOtb r abbits and dogs. 



Bone salts ere 0011etantl1 being absorbed end rebuilt. !'bis was conclu­

si-vely shown by the extensive studie• ot HeT&ay, Levi, and Rebbe (1940) using 

labelled phosphorus. These 1mest1gatora :round that 80lle of the pbosphone 

a"*s of the mineral constituents ot the bone exchange with those present in 

the blood plaam.a. Wi thia 50 dqa, 29 percent of the mineral oonsti tuent& of 

the temur and tibia epiphysea were found to be replaced. 

'.?he aniaal body is able to store aoae of the required ainerals when the 

intffke is above that required. tor aaintenance again.at periods when the:, are 

U.Jl.1te4 or lacking in the tood supply. This period ot Uae veriea grea1tlJ, 

depending on the pe.nicular ingredieut, bow :ras\ it 1e utilized, and the 

reserve supply. Sufficient amounts of ealcim and phosphorua llU.e\ be pro­

vided to replace daily lOSffl! it the requirement-• tor aormal growth, repro­

duction, laet;atiou and :fat\eaing are to occur, Using radioactive phospborua 

as an in.dicawr, Harrow (19'6) found that within 27 days, 45 percent ot the 

phosphorus g1Ten wus excreted through the k1daeyi and 11.5 percent through the 

bowel. 

Henderson and Weakl.97 (1900), studying the ettecta or a lotr pbospborus 

ration in dariy cattle, found that a ration containing onl7 O.lSS percent of 

tbe.l •ineral aaterie.1.ly atfeeted the ooa:po&ition ot tb.e bones. 'fhe aah con­

tent was lowered to leas than thr!tc-tounhs tbat ot nonuu bones. The eal­

ci1.11 and pboepnorua conte:ui we.a likewiee. reduced and the 'bn8k.1ng &trength 

of ~he bones na not 11.uo~ over one-halt that of DOJ.11al bones. 

For llUllIY' years, cattle producers on the veld of South .Africa were 

plagued with sall-pereentage calt crops, undernourished, slow-maturing 

cattle, and in Jl8.D7 iaatanoea with seTere death losa&a, p&rticul.arly among 

older an.1118.l.a. S1r Arnold Theiler ( 1924) asec,.eiated thia disturbance 11'1 lh 

a lack ot aTiiilable phospborua which he called apbosphorosis. This collC11t1on 

ns rectified by pro"fiding UliY digestible pho£phorua com.pound as a supplement 



to the natural gJ'8.z1ng. The first apptoa of a pboapborua deficiency waa 

usually a depraved appetite e.s evidenced. by the chewing of bones, stieka, 

hoir and the exceesiTe ingaaUon ot ae.lt and. din in an instinctive etton 

to .eeou.re the needed phospoorua-. Thia condition was ecooap&..Died by e. con­

siderable lose of' weight which greatly impaired tbe development of the bod.7. 

In the advanced. stfigea of thie deficiency mariced skeletal ebang&a occur­

red which these workers referred to •• "stytsiekte". As the depraTed appetite, 

or •plea•, b$COlle progressively WONe. aniaala trequen\ly ingested carcass 

debris ot an1aala that had. aucc1.&bed to the d1seaJJe. The toxina prodlll.e&d in 

,iw decayed carcass by the orga:111.a Cloatr1dium. botulima boYia caused l•a1ek:te, 

or botlne botu11a, which uaual.17 proved f'atal. 

References to bone patbology smw ibai 1t is on& ot tbe major effects 

ot &. pbospborus deticieno7 disease 1n tai,n ani•ala. Theiler (19!1) NJporled. 

his examination or the hia,to-patbo.logy studies of the bones of cattle in South 

Atrtoa sut1'erin.g t'l'om oat90Jllalac1a and riclcns. He eo.nclude4 that the rioltets 

and os~eomalaeia he observed •ere Terr detini tely cauaed b7 a lack ot pbDsphorua. 

Scmid\ (1926) obsene4 similar condition& in range cattle on the coastal 

plains of Texas which baTe been referred to aa loin disease, oateomalaeia, and 

creeps. He observed that a.a a reeuli ot a disturbed. mineral aetabol1a that 

at'tocted anillala became eauleiated and weak, trequtmtly su:rreri:ng fractures ot 

the bones 1d tbout th.e a;p11cat1on of &:dernal roree. ~n., ot t:r.e eel Tea bon 

al i Te soon died w1 tbout sbovting any a;m.ptoms of any specific disease. G:rolr'"' 

186 alWtl&l.e trequentl7 deTeloped. a peculiar stitt', creepy gait aa though it 

were paintul to walk. Soaetiaea distinct l•enesa and stif'tness became mani­

fested. Swollen joiuta and distinct c1rcuascribed enlargements of the dis\al 

end ot the aetatasus and aetacarpue were eometimea obsened 1:n younger euS:aals. 

As co.lei um and phosphorus are w1 thdn:t.<n tro• the bonea to 11e•\ the need 

t'or $lteee aiu.erala by the body, •he bones become poro\18 and fn,gile being 

eaaily bent. Udall (19.59) stated that on aectioniag the bone-a the marrow 1a 
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red and sprinkled 111 th hdlorrhages, while 1.he cortex was thin, spona and 

soft. Due to the porosis condition or the bonea, aphoaphorosis is often 

celled osteoporosis, osteo:t'ibroe1e in addition to osteomalacia. .liladsen 

(1942) sta ted that osteomalacia is a disease or adult animal.a which is chai-

acterized by a so1'tening and replacament of bone w:1 th oeteoid tissue resem.bl-

ing uncalcified bone. Osteoporosis results in matted atrophy without osteod 

tissue while in osteof'1bros1a there ia partial replao•ent or the bones •1th 

soft., poorly c:aloified fibrous tissue which ae.7 alao occupy the aarrow cartt7. 

P..reas of phosphorus deficiency 1n livestock are widespre,-d, partioule:rly 

!n the s~i-arid regions ot the world and are generally assoeia..ted wUh soils 

thet are deficient in this element. Mitchell and McClure (19'S7) stated that 

the primary disea:2,e as well ae the aecondary disease developing from it ha.Te 
. .· . ,.··. ' 

been rep<>r\ed tram eyery continent on the globe as well ae troll Central .Allerie:a, 

New Zealand, Australia, Hawaii, Guem., Cyprus and 'l'aamani.a. They further stat-

ed that aphospboroais bas been def'initely recognized in Montana, Minnesota, 

Wisconsin, llicbigan, Kansas, Utah, California, Texaa, l"lorida and perhaps les,s 

certa1Dly- in New York, Pennayl vania, West 1'1:rginia, Vl.rginia, South Carolina. 

Alabama, and Misaiasippi. 

All writers on the eubject JHnU.on the greater prevalence following 

periods or deficient rainfall. Udall (1939) and Morrison (194'0) sta~ed that 

high producing cows and young growing stock were usually most atteeted due 

k their greater needs. · Evidence was _toun4 in .the literature indicaUng 

th~~ at lee.e.t under extre11e conditions of' mineral shortages, serious dietur-

bancea 1a reproduction occurred. Eckles, Becker, and Pal.Ja.e-r (1926) eneouater-

, 94 considerable breeding troubles in the phosphorus def'icient aree• of western 

Minuesota. On many of' those :rams, heifers did not sbow signs or oestrulll un• 

til t110 years of age and many or the cows produced e. calf eyer:, two years. 

The a't'erage calt crop in the moat severely atteeted areas were edi:mated $0 be 
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lesa than 50 percent. 

After studying the breeding or con on pbospborua d.et1o1ent ronge tor 

two yeara, 'fheiler. Green arul Ihi?oi t ( 1928) obaened 11aned breeding deticien-

oiea and :found that 90 percent ot tbs eowa rece1 rtng bone •eel suppl•ent oa 

pasture ce.lved nomally as against 5l percent in the non-supplan.ented group. 

Thia is in agre•ent 111th the res:ulia obtained by Hart and Guilben (1928) 

1n studying the effects ot bone ••l suppl•entat1on on tile percent of ce.lt 

crop in the pboapbol"\ls deficient areaa ot .California. 

Xxten.s1 Te atudiea ot aphoephoroaia in range be•t cattle baYe been con­

ducted on tbe King Ranch ot Texas in cooperation with the Unl'tecl Sta.tea Depart­

••' ot .Agriculture. Black and cowolitere (1943) &tu4:,1ag the etteete of phoa-

P~J'll.J.:,sqm,:L,ments on cattle grasing range deticien\ 1n thia lfi.ineral foUDd 

that ·the priilal"J' advantage 1.n. feeding a phoepborus-:-rioh suppl•ent to cow• 

under those coudi t;ions wa.a the increased pereen.tage ot calt erop and the 

greater weig"s at\e.1ne4 by the elll Te& at wet1aii,g 11.Jle. Baaed on a two-year . . 
average, this d1tt'erence na highly aign.tt"1cant. Sixty-tour percent or the 

control oowa weaned 58 percent ot their cal T&B as against 81 percent tor the 

suppl•-ented cowa. The autt.ors attribute this d1ttarence to the 1ucNl\1Je4 

llilk tlow or the cowa receh1.ng a phosphorus-rich supplement .. 

These worker& alao found that tbe feeding of phospborue supplseDta to 

cowa had no influence on the birth weight ot Cal.Tes. Howe•er, on the a-..erage 

tor the :period covered by the study, the weaning weight per calf' in the aupple-

aent-ted group was 69 pounds raore than the control group. At tnl ve llOntba ot 

age the ditt'erence in a:nrage weight between the two groupa wae ee•Emti&l.17 

the sa1H as at weaning time, but at 18 month• ot age th• toaer heir.era ayerage 

126 pounds aore than the oontrole. 

Lautow (1933), of the Bew Mexico Station, found tbs.t mineral fed two-

7ear old heitera had much leaa d11't1oulty at oalTing than tboee wbieh reeeiTed 
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only salt. In 1931., 6 percent of the control heifers required help at 0-nlY­

ing tille and 23t percent retained their placenta e. Eighteen percent of the 

co.ntrol cows died and 6 percent of the cal vee were lost. No difticul ties 

occurred in the minero.1-ted groups. At this sa11e station, Knox, Benner, and 

Watkina (19,l) studying the seasonal caloi\J'll and phosphorus requirements of 

range cattle noted that the addition of phosphorus supplements on New llexioo 

rtlnge usually increased the calf crop to above 90 percent with an averc.ge 

increase of 30 to 45 pounds 1n the •eight of the calf at w~nning tilte. 

It is well known that 11.ilk production is e het:1."7 drain upon the mineral 

aupply of the ooq. Maynard ( 194'1) atnted that a cow producing 10,000 pounds 

of llllk during her lactation secretes in it a:ppro:xime1.ely 12 pounds or 08.l.ciua 

&nd 10 pounds of phospnorus. He further stated th&t llhen the cow receives a 

ration deficient in phospb-,rua the body mwst supply this sborisge leaTing the 

aniaal in a depleted condition. Pal.J1er et al. (1941) found that aa a result 

ot \bis deficiency ovulation 1s otten suspended during the a1U:1ng period. Up­

on oeeeat1on ot lacta'tion. these wortcers concluded that :the cow is able ~ slow­

ly replace the phosphorus renerves and oestl"Ull again occurs. Eckles et al. 

(1926) ;reponed that the milk flow ts eventually reduced by the lack or phos­

phorus in the feed. 

Hege.ti ve cal.eiua and phosphorus balances aeem to be the usual rH.ther than 

the exeption during the early phase or lactation. ln an extensive sanes 

or balance studies with dairy cattle, Forbes and aasocintea (191'1). (l91S) 

and {1935) found that cowe may be in negative balance witb respect to these 

~wo elE!llllente and still oonolude the lactation cycle in positive balance. 

'rhe studi es o'f Ellenberger, Newland, and Jones (1951) found tl:uit a mature 

Ayrshire cow lost c6.lo1 \JIil for 20 weeks a fter the onset of l actation and did 

not regain this loss until the forty-sixth week. This oow wae in negative 

phosphorus balance tor a period of twelve weeks tollo~ed by a storage which 
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whicb was accelerated ae the milk flow deereeaed. 

These negs tive balances do not necessurily ind.icto.te thst a ration ie 

deficient in these two elements. It would eppear from these studies and those 

of Lamb et al. ( 19:54) that the utilization of cal.cim and pboapboruB reser'feE 

early in lactation is tt nomal process. All workers have observed that the 

losses or phosphorus in periods of negative balance are less than for calc1Ulll. 

It has beeu conclusively deaonstrated that the utilization of phosphorus 

in the ration 1e au,dified by many :t'tte-tors relating to the ration or to the 

environaent. llost nutr1tioD1ets agree thn.t the chee1ical combinations in which 

pbospborus oceurs in the diet, the presence of vitamins, the accessibility or 

light, the proportion of calcium and pboaphorus depress or increase the util­

ization of phosphorus. The ratio of calciUJll to phosphorus in the dietary has 

been found to nave an important influence upon the metabolisa ot both elements. 

If either is present in inadequate amounts, the other is not ut1112r.ed properly 

even though 1 t is present. 1 n nonal quantities. 

Early reC<)!Ulendetioas on the ratio of these ho elements were based on 

the faot the.t they exist in ratios of 2 to land 1.25 to l in the bo:ne and 

milk respect1 vely. McCollm find associates (19m._) observed in their early 

st-ud1es that a ratio between calcium and phosphorus in the d1&t wae perhaps 

of greater aignitiaanee to the welfare of the sniaal than the absolute amounts 

ot each. •eigs et el . (1926), using four lactating· cows, suggested that an 

excess of calcium in the ration a ey intertore with the assimilation of' phos­

phorus. 'l'hese workers olaiaed that 2 parts by weight of calcium to l ot 

phosphorus constituted an e.xcese. 

Haag, 1ones , and Brandt ( 19:32) indice ted tha t a CE.1C1U'l-phosphoru.a r e Uo 

of 10. 5 to l ~aa no more detrimental than one or 7.6 to 1. .Bethlce. Kick ,.~nd 

Wilder ( 1932) pointed out thet for optimum grolllth and bone fo:rmation, a calcium­

phosphorus ratio of 2 to l gave best results. Incret;ei:ng tb.e ratio ot these 
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t'WO elem en ta from l to 5 to l causes a p'l'OgresGi ve decrease in growth, bone 

ash, and the 11:iorganic phosphate content or the blood. When the ration y;as 

changed to l to 0.25 growth was :mnrkedly depressed. lta.yn.&rd (1947) stated 

tbltt the desired ratio of these ho elements is between 2 to l and l to 2. 

but that adequate nutrition is possible outside these limits. With ndequate 

Yi tamin D in the r a tion, the l"fltio becomes or lesa importance. 

An excellent review ot literature on the aspects of vitamin D as relat­

ed to calelm and phosphorus meteb<>lisa is gil'en by l?u-pel, Bohstedt, and Hart 

(l9S~) 1 lmi'taan and Duncan (1955), a nd Follis (1948}. Tho.t ealci\lll ~nd phos­

phorus retention is aerkedl7 improved by the administration of Ti tMmin D was 

concl usively shown by Hart and coworkers {1926), (1927), and (192'9) • Palmer 

and Gullickson (1935) and Wallis (1958). Rupel and ooW<.lrkere(l9~~). in an 

e:rtensi ve s·\"udy of vi tam in D "1th oal Tee, found that a de:ti-eienoy of thi e 

v1tam.1n is menifeeted by a reduction in growth, progress1Te emaciation end 

defomi ty of the bones. They also noted tlwt there was a,n accompanying re­

duction in the inorganic phosphorus oontent or the blood serum and in the 

percentage of total ash. 

Animale which have been maintt1ined for oome time on a. vi tem.in D deficient 

rotion ha.Te been found to be in negative cele1'llll and phospmrus bale.nee. De­

tailed s tudies have proven that the ingestion or adequate amounts or this 

vitamin changes a negative balance to a positive one. The major portion of 

t .he calcium and phosphorus, even though absorbed, apparently i s not retained 

by the body in the e.beence or thia Yi tamin. 

Scbttiidt end Greenberg ( 1935) stated tb.at an excesSi ve dosage will lend 

to a nega tive calcium and phoephoru.s baluce either by action of Yitamin D 

on the Skeleton or a.& a re&ult of the s timulating action of the l atter on the 

parathyroi d gland causing eclcium and phosphorus to be withdrawn from the bones. 

A reversal was observed of the bone versus so:f't tissue preference for caleium 



t:,m1 ~~ho 6phor us in favor of th1:: l atter, particult<r l y in the ll.men oi' the 

l Rr ge int r~::;tin£- so the t excr.~tion via this path is interfe red. l'li th wh e n 

ex c , ssi ve do&eli 01~ vitamin D 8 r e &dminis tered • 
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.Bohs t edt ( 1942) a tH,*rt i::d t hnt c o.lve s mr,y tolera te e r bther lar ge proror­

tl.on of cd ciu.."11 to pho~pborus. S tudi f? S on the vi temin D nutrition of the 

::airy ca lf by P.upel, Bob.stedt, e nd Hart (i9~3} r eve~;lttd t hat e&lvae gr etr 'bt--t·tar 

on b c tt.icium pbo2phorus X'?'..!.tion of !3 to l tha n 1. 5 to l. The f'act th;; t a c6lf 

hae a definite vitru;i in D requirement and suff er:E from .a defi c i ,::iney o f this 

factor was demonstra t od by these workerE. They reported an improv011e:nt 1B 

the concentration o f e&l.ciuia and pbosphoruis in the bl ood phma. follOliing 

vitamin D th<i!rapy of animal s aurtering from. er _.Jerime ntitl rloke t s • 

. eUis, Palmer , and Gullickson ( 19!:5} stete,d tha t the s.verftge ca lei\Jll 

retention :aay be incr•J1ased fourt 1:1en fold ana the phosphorus r e tention elfi:'HD. 

fold b7 vitamin D there ;y . lncre&sing the m:ooral content of the r e tion of 

v1temin D deficit,nt calves had no f ovoreble effect or influence on the ru1n.e:ral . 

retention. Vl tam.in D improYed the mi nerel r et ention o f calves sutfet-i ng f':rom 

a rachit.io like .eyndrome within a.t l r:e st 5 to 7 weeks following tht<,r-epy . 

U th tho devel o pment or methods :for tho analyei~ of blo;...d inorganic pboe­

pl11,te a vtluable tool hes ,been pV!ee d 1n 'the hB.nfie or experimente r s: becaus e 

of 1 t s r elati on~hip to various problems of nutrition, :me t abolism a nd di e fleee. 

'fhe concentration of the inorga nic pho£,phe te.s of the blood of cnttle a ~ a n 

aid in clinical die.gnosi s of apbos pborosis OT$n befo re physi cal symptoms be­

cae a ppa r ent was firs t re;'Orted by the ::"°uth Jtfri ci:m lrorker s , Theile r . Or een. 

m1d Du-l'oi t ( 19~7). E-ven though the inorgsrnic µbosphate of the b l ood ht. ~ been 

s tudi ed ext en6i vel y in r ecent y Ger s a s r el E: t ed to e.phQsphorosis in rumine nts 

research workers nr e not in agr eenent a.a to t he normal valu1::;s for deiry a nd 

beef cattle. 

A SUWl'l!iiry of the aver age bl ood inorgani c phosphe t e eontent '" s found by 
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TABLE I. 

CALCIUM AND Il()RGANIC Pil>SPHORUS CONPE?ftl OF lllm!AL B>VINE BLOOD 

Meiga, Ble.therwiok & Cary (1919) 

Har1i , et al . (1922) 

Robinson & B'.ut'tauul ( 1926) 

Hayden & Fish ( 1988) 

Anderson, Gtlyley &. Prst\i {1930) 

Average, animals. ull agea 

Dukes (1947) 

Theiler, Green, DuToit (1927) 

Kalan, Green, Du'l'o1 t ( 1928) 

Green &Jlacaekill (1928) 

IK>RG.ANIC BLOOD 
PHOSPHORUS OONS'f'I'l'UElfl' 
(mg./100 cc.) 

5.58 

3.94 • 
5.87 • 

5.?0 " 
4. 46 

3. 62 " 
2. 30-9. 60 • 

5 .8) Whole 

5.00 

• 
Buff'lllan, Duncan Robinson &. Leb ( 1933) 

GN>wi :mg heifers 

Mature cowa 

Orea.vea, Kaynurd, Reeder ( 1934) 

Groenev,ald (l9Z5) 

Green & llacaskill ( 1928) 

Maynard ( 1947) 

7.00-8.50 Plaflllle 

4.00-6.00 " 
5.00 • 

5. 10-7.20 • 

6.00 • 
4.00-9.00 • · 

OALCilll 
(mg./lOOcc.) 

10.!8 

16.25 

11.00 

10.88 

12. 63 

13. 31 

9.00-12. 00 

8 .15-10.~ 
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the leading liOrkers on the subject is given in Table I. In reviewing the 

extensive studies on the chemical composition of bovine blood, i t sl:¥:>uld be 

no~ed whethor analysi s were made with vrhole blood or Vti th blood serum or 

pla.mr:... llcVice.r { 1917) found that blood pl c.mna values were higher than whole 

bloo d vuluee by spproximutely 52 percent . In comparing vnluea published by 

t.he South t.frican workers , Green ~nd Macaskill (1928), pl r: Siaa detelffl1?Wtions 

were found to be up to 25 _percent higher then 1:1.nalysis on l'tholo blood. 

Black and t:.ssocia:tes { 1942) found thn.t symptol!ls of e.phosphorosis develop-

ed in cattle grazing on a phosphorus-deficient r hnga when t he blood pboephorus 

content fell below 4 mg. per 100 ml. o f whole blood. In contrast to t his worJ:t , , 

Knor, Benn.er and f:'llt k ins (1941) found thi'rt cows with bl.ood pl a m e levels ot 

from 2. 00 to 3 .00 mg. p~r ce.nt phosphorus in winter and spring and :trom 3.00 

to 4. 50 mg. per cent in the summer were in excellent he.filth. Huffman and 

otllers (1933) maintained that b lood pla sma 1'.·hosphorus va lues l ower than 4 . 00 

mg. per cent are always suspicious, especially i f the aniraal is l oss than one 

year o f age. Greaves, Maynor&, a.nd· Reeder ( 1934) gave 5 .0 mg. per cent as 

th6 borderline value. 

Palmer. CunnirighalR and Eoklet (1930), in etudying the vari ations 1n. the 

inorganic phosphorus of the blood of dairy ca ttle found that exerci se caused 

a marked obange in the- blood pbospbat e of catt le. At first there was a det-

bli te rise follo wed by .u pronounce.d fa.Li.. TVhich persisted tor sever til b.ours . 

Feeding had a aaa.11 but a1gn1:f1ca:nt effect 1111 the inorga nic pbospb&te in the 

blood. The va lues rose wit.lli.n the first hour and. apperentl1 di d not return 

i . . 

to nol'BJ.al ,mtll nrter about three hours . '!'hey also ob&srved tha t parturl tiou 

caused a decrease i n inorganic phospruat e which amounted to s s much a.s 3. ~ .mg. 

per 100 cc . of l)l alli:?iia. The: deer-ease wee obsn-ved t bJ:, day before celvin,g, the 

lowest point occurr1pg either befor-e or aft er parturition. 

Veriat1olll3 i n the inorgenic phosr,ha te level of t he blood due to changes 
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in the phosphorus content of the ration, increasing age , pregnancy, and 

le.cta tion have been reported by Meigs, et al. ( 1919). They found that the 

phosphorus blood levels were hi~y variable in the same animal from day to 

day. These workere reported thttt the feeding or from 4.5 to 6.9 grame of 

phosphorus daily as NaH:#04 increased the 1norg1mic r hos?hOJ."US content or 

the blood pla.sma from 6. !3 to 8.4 mg. percent. 

In e:x:t ensi ve ca.lei um and phosphorus studies conducted by Henderson and 

Weakley ( 1930) w1 th gronng dairy cattle, a ,aarked depression in the inorganic 

phosph&te in the blood was obEierverl within a week following the feeding or a 

low-phosphorus rstion. Blood inorganic pbospborus values dropped to almost 

one-halt and renained at that level throughout the experiment. These workers 

stated the.t the blood calcium levels rmna1ned the e8Jlie which indice ted that 

an animal could draw up<>n the bone for 1 ts calciUII -in order to keep the blood 

supply nomlil but that the animals were Wllible to do so for phosphorus, e8pec-

1ally if there was insufficient calcium in the r a tion. 

Jones and Mullen (1926) also observed a tendency of the 1norge.nic phos­

phorus in the blood. pla sma or c&ttle to rise when phosphorus-rich supplements 

were added to t.be ration and a tendency to fall following th6 removal ot the 

supplement. In studies involving the blood constiiuents of calves and their 

dems , lileigs, Blatherwick and Ca.ry (1919) discovered that the inorganic phol,­

phorus of the blood increased until about 6 months of age after which it de­

creased until the normal r a nge for •atUl"e ca ttle was attuned. Van Landi ngham, 

Henderson s.ud Bowling {1935} ,' studying tile effect of age on the inorganic 

phosphate of whole blood, found that values tended to rise, reaching a peek 

at seven months of age and decreasing prog r essively to 24 months. Ka.Lan 

(1928) end Green and Macaskill (1928) found that the blood of new born calves 

conta ined twice as much inorganic phosphorus as their dm. This f inding has 

been coni'irmed by Eckles, Gulli ckson and Palmer (1932). 
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The c&l.cil.fll content of the blood is ordinarily quite constant, but the 

content of inorganic phosphorus is qui.te variable. '.t'he factors that govern 

the 1norgc1nic phosphorus content of the blood are not fully understood. Cal-

ci \JI snd phosphorus level a are strongly influenced by vi temin D and the pa.rs-

thyroid homone aa wall a& by the amount ot each other present in the. ration. 

The 8Dl0unts or each element present in the blood depends upon a balance between 

the absorption fl"Olll the ingested food , the excretion by way of tne ·.1rine and 

feces and the storage and release from the skeleton and body tissues. Some 

60 percent of the calcim in the blood is in a diffusible tom and the re-

lllainder is quite nondiffusible, possibly attached to the serum albumin. 

The .feeding of pbospborus-r1ch supplements as a means of preventing 

aphospboros1s in ruminants has been advocated for some time. Numerous studies 

have been conducted relative to the phosphorus and caleil.ill requirements of 

livestock under specific conditions. Maynard (1947) stated that the data as 

e whole were incomplete and so variable that it was very hazardous to drew 

conc l usions ae to the requiranents for a given species over its entire period 

of growth. Beeson and associate·& ( 1941) found the:t the phosphorus require-

ments for growing and :fattening steers under Idaho conditions was met by 

feeding rations containing 0.18 percent phosphorus, or e. daily 1nttt.ke of 2 . 00 

grw:as or feed phosphorus per 100 pounds of live weight . These investigators 

suggested that the mini.mun physiologieBl phosphorus requirements is pos&ib..Ly 
' 

nearer to l.80 grsms ot teed phosphorus r:er 100 pound& of 11 ve weight . 

In experimental studies at the Utah Station.. Maynnrd et al. ( 1936) pro-

duced aphospboros1s in cettle on a phosphorus intake of l.96 grama per 100 

pounds of body weight. From the slaughter date of beef cattle of different 

ages and u.nder different feeding regimes, Mitchell & McClure (1937) estiku ted 

that a 500 1)0und growing steer required a de.Hy intake of" 12.4 gr81n~ and a 

fattening steer of the same weight needed 16. 7 grams. In a series of mineral 
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balance studies with 1,000 pound atee:ra, Forbes, Frenob. and Letonoff' (1929) 

showed that a daily phosphorus intclce of 10 .. 84 grems was req,uired to produce 

e. posi U ve balance of that element for maintenance. 

Testimony is uniform to the effect thot lactating cows and growing animals 

are most severely affected bys deficiency of available phosphorus ia the ration. 

Huffman and associates ( 1933) found that the phoephorue requirement for milk 

production ranged from O. 5 to o.? grams of food phosphorus per pound of' milk 

produced a.bo-.e the maintenance requirement. Theae figures were bailed oa e 

1,000 pound oow end 10 grame of phosphorus for maintenance. l!'or a col. of the 

same weigh.t and 1,roducing ~ pounds of 3.5 percent milk, .Mitchell and McClure 

(1937) estimate that 26.6 grams of feed phosphorus per day is needed or 0.25 

percent phosphorus on a dry ration besi s . 

Only a limited amount of 'k'O:rk is available on which to estimate the 

requirements of a lactating cow under ru.nge conditions. In the e:x.-tensive 

studie6 of Black: snd associates {1943), the feeding of 6. 5 grftllls of phos­

phorus to dry cows and 14. 3 grems to lactating cows proved highly benef'ic1el 

in southern Texa&. It therefore becomes quite evident that much work needs 

to be done with reg&rd to the phosphorus requirem&nts of c~ttle under con­

ditions of tbs western range. 

The eupply of phosphorus to many of our t'am animals comes entirely from 

pasturage and hay which is often low in this el anent. Mi to hell ( 19·4'7) ststed 

that when the 1)boephorus content of harbage on a dry basis falls to about 

0.12 p ercent or less. such rouglu\ge will mt provido adequate phosphorus t'or 

the animal. This is in agreement with eerlier studiee made by Watkins ( 1937) 

at the New Jrlexico Sto.tion. 

A recent report or the comm1 ttee on Aaim1tl Nutr1 tion of the National 

Research Council (1945) advised that cattle should be allowed free a ccess to 

t\ phosphorus-rich mineral mi.xture if the .forage is apt to fo.l.l much below 0.15 
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percent phosphorus on a dry matter -011sia. Thi s com:ni ttee recomt!lends e range 

o f from 12 grr..me o f phosphorus per head daily fo:r. wintering weanling calTe& 

nnd yeurlings to 24 grams ror cows nursing cnlves. Stanley {1938}, on the 

other hand, found. that there ,ms no benef1ch1 eft,wt or supplying n phos­

phorus Buppl.ement to cows on native pasture with an aTerage phosphorus enaly­

sia of' 0.176 pe·Ment. Body weight of cows, growth of calves, and blood analy­

ses were used us s criterion in this study. 

Since q_ueetion~ of mineral requirements have arisen in relation to 

western r anges, nuaerous s tudies have been m~de relative to the seasonal 

varit~tion of the eom.position of r nnge plants not only to locate phosphorus 

de1~iei@nt ~roes , but to :more intelli gently supplement the range t'eeds et times 

o f stress. Knowledge o f the nutritive value or the na tive vegeta tion whic'h. 

abound throughout these are:ss and .serves in many in.stunces as the sole sou.roe 

o f feed for n large percentage o!' l"~e O!\'ttle i s notably United. Seasonal 

cha13_ges iu the chartical composition of the moct ilnporttant range grasses has 

become one of our •~Jor mitr-1 tional studies. 

In tb.e phospho1'Us-defioient areas in Texaa studied by Black: end eseoc­

iat~e (194:Z) they round that 203 samples of forage contained only .076 per­

cent pllospborus. Knox and others ( 1941) reported an average phosphorus 

oontent of .088 percent for 260 oarapl es of uati ve vegetation on the e:x.-peri­

.:nentel rcnge e t the New Mexico Stution. In both e:rees the forage did not 

contain ede q_ua te pho sphorus t.o meet the reQuirements of range beef cattle 

whi ch le.tide support to the contentiona of Mitchell ( 194'7}. 

Inveetigution.s relntivEi to the nutrit ive velue of the fore ge has :rev.-al­

ed mt~ny s1gnif 1ctu1t find1Jl8S. In studies in the ~ocramento u.nd San Joaquin 

val leys of California, Guilbert ( 1930) noted tha t the phosphorus col'.ltent of 

the native grussee roughly pare.llels the protein content. Knox a nd Neale 

(193?), S-tsnley end Hodgson (19~6), Stnnley (1958}, Bleck Rud associates 
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(194.3), and Tesh and J'on&a (1947) agreed -thtit a low protein content of the 

forage ie usually aasooia.ted with a low phosphorus conted and th.st the 

protein and pboepboru& conte-nt or grasses tend to be lowe-at during winter 

and drouth perioda when there . is the least aaount or green !"eed. 

Knox, Benner and Watkins (1941) stated tbat abnoimally large 8l40unte ot 

winter rain leeched the grasses to euoh an extent tb8t ,ney b&oUla quite low 

in protein and phoaphorua by eerl7 spring. They further stated thll'\ phos­

phorus deficiency ls mor~ severe and of longer 4urat1on than that or protein. 

Later studies by Watkins and Knox {1945) found that peak values tor both 

protein and phosphorus occurred du:r1Dg either Septeaber or October at a time 

when the phosphorus requirements of beet breeding cattle were met largely by 

black gremma tllld aesa dropseed. 

A oorrelat.1on between the ata.ge of matur1 ty and the pbospborua content 

ot graaa has ~een reported by many' writers. Morrison (1940) s~ated that 

<1ur1ng the early stage• of growth, forage plants ooutdned aore calcium ud 

phosphorus on a dry aatter basis than the.t &t later st~ea ot growth. Ilmna­

ture grasses from cloeel1 grazed pasture were muoh higher in these mineral.a 

than tb.e grasses allowed to mature for hay. Tash and 1ouea (1947) round that 

the shorter variety or grasses had a higher average phosphorus content than 

the t aller grasses in the same period and at approximately the seme Bt6ge of 

development. They also noted that pale.tab le weeds contained more ot tbia 

element than did grasses grown on the same soil. 

Watkins and .tnox (1945) obs&r7ed th.at the value or annual weeds during 

winter and early s pring when they became sufficiently large f~r grazing should 

not be underestimated. In studying lhe grazing habits or cattle 1n dertcient 

areas of Ca.llt"ornia, Guilbert ( 1930) noted that etock ge-nertilly preferred to 

graze burned arees at least during the f~rst eeason foll owing a fire. Pure 

s81lplea or these species were collected from both burned and unburned areas. 
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These samples were collected at various stages o!' matur1t1 and during the dry 

see.so11. At all ita.ges of grol'ith, the protein, nitrogen-free-extract end 

fiber conten\ trom corresponding samples were not found to be significantl7 

different. However, a marked ditterence in the phosphorus cor:itent waa ob• 

served. The 8811.plee t"l"Olll the burned 4reas contained from 25 to more than 100 

percent more phosphorus than those from the unburned areaa. 

Black, '?ash, J'one& and Kleberg (1943) found that the pho&:pborus content 

of the f'onge increased toll01'1n.g periods of heaYy rfiinfell. They noted an 

increase in the pboephorua content of the blood of cattle grazing plants which 

had reoeiTed abW1d:&nt. moisture ae oom.pa.red with the blood of cattle grazing 

during the dry eeasoua. 

In the claaaical studies or Theiler, Green end DuToit {19!4), it was 

found that a lack or adequate ava.ilable phosphorus in the diet was man1f'este4 

in a l ack or appetite ror noxmal food and the failure to utilize their rood 

economieally. Riddell , Bugbee e.nd Fitch {192'1) and (1934) • and Eckles and 

Bullickson (1927) disclosed ihet a lack of phosphorus did not lessen the 

digestibilUy ot the ration, but it rearranged the matnbolism so that the 

di gedible nutrients were utilized inefficiently. The letter investigators 

concluded th.at cows on a low phosphorus diet :required :ro percent more di geat­

ible nutrients to maintain l1 ve weight. That a phosphorus- dei"1c1ency is a 

lim1 ting factor in the economical ut111zaUon of feed wa.s also noted by 

Kleiber, Goss and Guilberi (19~6). 

The effect of a phosphorus defic1enoy on the quality ot beet has been 

reported by Hall , Mackintosh and Vail {1944) of the Kanaaa 8te.t1on. 'l'hey 

disclosed tba:t beef from low-phosphorus steers 1!168 inferior to beet tl'OJI high­

phosphorus steers in palatability, k ee ping quality, and shrinkage lose. These 

studies revealed that rat Ussue •es more profoundly affected than muscle tissue 

by an inadequate plane of phosphorus nutrition. Rib roasts from the high-
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phosphorus steers wero found to be more tender and juioy and have a more 

desirable flavor of lean and intensity of flavor of fat than the roasts from 

low-phosphorus steers . They were also found to have e more desirable sroma 

and&. finer texture of lean. 

The mere fact thttt a part1eular :ra tion is rich in celci\Jlt or pbosphorue 

does not necessarily mean that the consaption of th1s f'ood will result. in 

100 percent absorption and assilll.ilation. Various studies have shown that 

only 20 to :,o percent of the pbospoorue and calciun i ngeated may be utilized. 

Forbes and J'olmson (1957} stated th&t the :feeding of .ration& containing the 

low phosphorus portion o-r plants may be responaible for many of ths dif'ficul­

tiee cononly attributed to the soil. Eckles, Oull1okson end Pal.mer ( 1932} 

sta ted that although many of the phosphorus deficient cattle used in tbeir 

experillen,a were h'om area& known to be deficient in available pbospborua, 

aphospboros1a may be produoed experimentally by the reeding ot low phosphorus 

feede, especially during timee ot oriticel needa. 

The prof.ound physiological and a natomical distu1-bsnces occurring in 

cattle ae a result of inadequate amounts of avuileble pbospborue during the 

entire life ape.n hea bMn clearly demonstrated by repeated and. 1fidespread 

1nveet1gn.tiona. For practie,u eeonomice..l livestock produet1011., adequate pro­

viaione abould be inade to supply pbospborus when the soil and herbage 1a de­

ficient 1n this element as shown by chemical analyses. The veriabili ty of' 

the more pertinent findings reported in the literature regarding this world­

wide deficiency 1Ddic~tea an urgent need for 1ntol'S&tion upon which absolute 

recommendations might b& aade. 
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This experiment was designed to deter.nine the efterct of different leTels 

or mineral supp\.e.mentE.tion upon growtb, certein blood constituents sn-1 reprod~ 

uctioD in re!'lge beef cattle. 

PBOCEDURE 

Thi& experiment was initiated in J'e.nuary of' 194'7. 'ho sreas of' the Slate 

were select~d for this study, one, 3 miles west of Wilburton (L&tiaer County) 

in south eastern Oklshome. e nd the other near Lake Carl Ble.ckwell, 13 mile& 

west of Stillwater (Payne County) in the north centrel part of' the State. 

At each exper1.Biente.l erea :ro bred two-yee.r-old grade Hereford ·heifers 

elld M grade 1:{eret'ord weanling heifer celvos were placed on experiment. 

Each age group o f beiters we.s di Tided in uccordence wUh accepted experi­

mental procedure into 3 uniform lote of ten head eech. Part of the bred 

heitera nt each loc!!l tion were puroba.sed rrom C. A. Dean, Moorewood, Okla-

. ho.Illa, and per\ ,rore produced in the experimental grade herd or Ok:leboaa A. 

and II . College. The weanling heiter cal Yea i,t Wilbunon were pure baaed 

from Gene Moore, Fairfn:, Oklnhouut, end those at Stillwater were produced 

in the Oiclaboma A. e nd II. Col lege experimental grade herd. 

The retions fed correaponding lots at each a~ea •ere essentially the 

same. The only r ation difference bet•een the lots s t Stillwater and those 

at tnlburton was the source of prairie hay fed during the winter a.nd the 

r ange herbage upon which the cetUe grezed during the SUl!llller. These r ~tions 

are shown in Teble II. The hoy .fed at esch 1ar e& during the ~inter w&.a pro­

duced in t hat l ocal area on so1le comper ab le to the soils of the pastures 

which the cattle grazed during the summer. 

The oowa and lleiters in lot 1 in each area \'fere fed no phosphorus other 
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T tJ.H .• lf; II. RATIO NS FED 

WINTER SUMMER 
Bred COW$ 

Lot I ( 10 head) 1- Inadequ,nte Phosphorus. 
Prairie bay 
Corn gluten meal.4 
Ground rock selt, free cboice 
Estima ted phosphorus intake: 

l gm. per cwt.2 

Lot II ( 10 head) - ?robabl7 Inade-quate 
Phospbort.18 

Pre.i :ri e ha,1 
Corn gl1ateu meel 4 
Ground rock .salt , tree cmice 
Diceleium pbosphticte to provide a total 

i ntake or l i gms . pboepborus per cwt. 

Lot III ( 10 head) - Adequate Phosphorus 
Prairi • heyl 
Corn gluten meal.4 
GTOUlld rook salt, fr&e choice 
Dica lcium phosphete to provi de 
intake of !it ~s. phosphorus per cwt . 

Pasture 
Ground rock salt, free choice 

Pasture 
Ground rock salt, free cboiae 
Dicalcil.111 phosphate, if necess-
ary to provide an estiaded 
phos.pho~s i nteke of l ~ gtu,. 
per c,nrt. "" 

Pasture 
Ground rock ee.lt, free choice 
Mineral mixture, free choice 

(t~o parta s alt end 1 pa~ 
dicaloium phosphate} 

Weanli ng Heifer Calves 

Lot I ( 10 head.) 1- Inadequate Pb:>spborue 
Prairie hay 
Corn gluten ~eal 4 
Ground rock salt , free choice 
Estimated phosphorus intake: l gm. 

per cwt .2 

Lot II ( 10 head) - ProbMbly I nsdequate 
Phosphorus 

Pre i rie hay1 
Corn gluten meal4 
Ground rook salt, free choice 
Di caleim phosphate to prortde e total 
intake or 1ft gras. phosphorus per cwt. 

Lot Ill ( 10 hea d) - Adoquate Phosphorus 
Prairie ~ 
Corn gluten meal4 
Ground roei: eel t • freo choice 
D1calc1Ui1l phosphate to provide e total 
intake or 2i gins. pbosphorus per cwt. 

Pasture 
Oround rock sali , free cboice 

Pasture 
Ground rook salt , free choice 
D1calc1um phosphate, if necess-
ary to µrovi de &m. estimated 
phospho~e i ntake of lk gm.s . 
p&r cwt. "' 

Pasture 
Ground rock ealt , free choice 
Mineral fil1 :xture , free choice 
(two part1> salt u.nd l part 
dicalci\lll phosphate) 

l Prairie hay wes fed s.ccording to appetite. 
2 The phoisphorus inte.ke duri ng th~ early par\ of the srazing season probably 

e:xcoeded l Sil• per cwt. but approached this level &ts the g r &&S matured. 
3 The d1cale1tllll phosphate w&e added to the eal't. 
4 The Ct">rn gluten meol was fed at a l evel to provide euf'fieient protein f or 

the • a.r1ous ages e.nd weights of cattle. 
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than thnt present in the feeds and would be considered by m,.my investigators 

as being maintained on a suboptinu.a phosphorue inteke. pa rtioularly during 

the winter months. The only mineral supplement provided these atlillals was 

ground rock asl\ which was fed tree choice. 

The rr.1.tiona ot the cows and heifers in lot 2 in each area l'lere supple• 

mented with di calcium phosphete during tlle winter period eo u to provide an 

est~:nGted daily phosphorus intske ot l. 5 gr@s per hundred pounds or b-ody 

weight . The amount of mineral fed duri ng this period we,s ttdjusted ea.ch weigh 

day to oompeaeute for gains or losae& in weight . When ehe.aioe.l analyses in­

dicute-d that the phosphorus of the herbage had dropped below levels genertilly 

considered by most inTest1gatora ea barely capable of me1ntain1D6 the phosphorus 

nutrition of the all.11\sl , eome phosphorus was supplied 111 the salt. Only enough 

d1celcium phosphate we& added to the salt to supply 6.n estimated tot&l daily 

int alee o f approximately 1. 5 grams of phoephorµs per 100 pounds ot body weight . 

In moet instancee a mixture or l part or sineral to 9 parts or selt was ade­

quate to meet the ebove level. 

'?he r a tions of the oowa and heifers in lot i were s.uppl&ent&d with 

enough di calcium. pbosphete to supply 2 . 5 grems of' phosphorw. per hundred­

weight during the winter, tbis amount being considered fill adequate intake. 

During the S\lllll:ller the cattle of these lots were allowed free access to s 

mixturEt of 3 pa rts salt end l pe.rt dicnleiua phospha te. 

Corn gluten meal was fed to ell lots during the winter because it is a 

low-phosphorus protein supplement. 

i:.11 lots were conrined to traps and hf'...nd .fed during the five winter 

montha . During the e\JIUller ( eeven month.a), the oa.ttle were &llo•ed to graze 

wat.i ve pn$ture. Ji minimum or 10 acres p.:r head was l!illowed during the gr&z­

ing season which insured an adequate quantity of herbage. To eliminete the 

effect of e.ny variation between paetures the ca ttle 1rere rotated em,:,ng pastures 



eaeh two- week period . The cows were pasture bred to high quality purebred 

Heref ord bulls. During the breeding season the bulle 1tere rota ted among the 

lots of heifers eveey two weeks. Such a procedure f P.1\'0red equal dt.mi:.,S for 

coneeiption ond 11.ke'Wise tended to equalize the inflt1enca ot' eny one bull on 

a particul&l' lot 1a BO r u.r as herec.ity !llight d't'ect the size of calve& at 

ei tiler birth or weaning. The bulls wore put to pasture iJe.y 1st and t c.ken 

out about the lat of September.. 

The helter e~lves fl"l'.>m the first calf crop were retP-1ned in the eipcri­

mentbl herd and g1 van the ssme feeds tfl. 6 their dams-. The bull calves w&r& 

C6&trated and allowed to run with their dams until October nt which time 

they were weened &nd full fed for appro:nmatel:, 190 dnye. All ce.\l ves were 

dehorned with hot bell irons and established practices for controlling 

psraa1tes nnd dies.~ses were followed. 

The level or the blood plREllile. inorganic phosphorus wea tween as one 

measure of the ; hospborus nutr1 t1on of the cnttle. Blood se.m.ples f'l'Ol'A the 

jugular vein were collected in lithium citrated tubes from each individual 

&t the onset of the e:rper1ment end a t intervals: of from 30 to 60 days there­

after. '!'nese samples were ket1t under refri.geratiou end the blood pliumte. 

analyzed for inorgnnio phosphorus (Fiske and Subbe.ro• (1925} , ctilcium (Cle rk 

end Coll1p (1925} and ec.rotene (Kimble (19!39) by the Department or Agriculture 

Chemistry. ColoNetric deterL1inations of.' tb.1~ percent of hemoilobin and the 

number of red blood cells were al::10 wade. This indirec t motbod of determin-

ing the uumbor o:f red blood c:elle wa.s correlutod with direct mic1"0scop1e counta. 

All blood ,.mclyses were .st&tiatically treated by the ollfilysis or ve rianee meth­

od of Snedecor ( 1946) . 

All a nimals were weighed at approxima tely thirty- day intervals. '?he 

ce.l ves we-re weighed as soon after birth es possible and s.t weaning tilfie. 

Repre.eentati ve .samples of the predotdnant apeeies o't net1 ve grasses were 



collected from each pasture in th~ t wo fa reas to deter.doe the crude protein, 

calciu,a and inorganic phosphorus content. 'l'heae samples we-re obteined by 

clipping the plant l to 2 inches above the ground. Only those plants which 

had not been previously clipped or grazed were coll~cted. Periodic arw.lyses '' 

were re.ede of ail t'eedc for major :feed nutrients by the Department of Agricul­

turul Chemistry Resern•oh. Soil semplee from both e rea.s were antilyzed by the 

Department of Agroaomy for ecidi ty, calcium, soluble phosphorus, n1 trogen, 

iron manganese 1rnd magnea.ium. 

The following r€cords were ke~t: 

1 . r. dghts. 

2. Blood en~lysee. 

~. ReproduoUon data . 

4 . Feed consumption. 

5. Observations of the state or. heal th .• 

6. Feed analyses. 

? • Soil ~malyees. 



Rl!.5ULTS 

PilRT I. WILBUB'l'ON STATION 

Soil hnalyses at the e:x:per1.inentu.l range wost of Wilburton, Oklahoma, 

ehowed that the soil wa& strongly acid end very low in &oluble pbosphntea. 

The soil clae6 varied from a Vilonia silt l0&lll and a Choteau very fine, brown, 

sandy loam to e. :Pottsville stony loam. 'l'he predominate species or g.ra&S •ere 

Big a nd Little Bluestelll., Indiem end Joint Grass. 

FEED .ANALYSIS 

The protein, calcira and phosphorus :ontent of the rdions fed is given 

in Table III. 

RAINFALL DATA 

The avernge monthly rsinfall et the Wilburton Station ie presented in 

'l'a.ble IV. 

BLOOD AMP.LY.SI S 

The eomposition of the blood ~l,.,mt.i o:t the eows and heifers 1.s shown 

in Tables V end VI respect! vely. It will be noted t het the average ioorgtinic 

phosphorus content of the blood plnsme of th(" oowe llftlS ?.l mg. per .100 li.t l • .:,f 

pla sma at tb.e beginning of tho experiment nnd tha t of tho heifers vt.r\ed from 

'7. 7 to 8 . 2 mg. per 100 iu l . of blood pln sma . The eYerae e 1 norga nic pho ::phorus 

value s or all lots of cows decreased from the beginning of the experim~nt to 

J,pril •• 194'7. The average value ot 1norge.nic :phosphorus in the plasma of the 
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'l'IJ3LE III • 

COBipos1t1on of feeds used at Wilburton 

Date of Sample Protein Phosphorus Calcium 

D1calciura pboaplmte 
Corn gluten meel 
Corn gluten meal 
Prairie buy 
Prairie hay 
Prairie hAy 
Pa stui·e 
Posture 
Pasture 
Pasture 

11-5-4-G lB .700 
11-7-46 49.75 
U-1'1-4'1 49.00 
11-9-46 4e~Jl 
9-fB-47 5.0:5 

11-21-47 5. 27 
4-:-28-47 12.02 
G-4-4'1 8.19 
8-26-47 4 .08 

l+-21-4'1 3.04 

TABLE IV. 

Average monthly rainfall at Wilburton 

Month 

1anuary 1947 
February 
YAEirch 
April 
May 
.Tune 
J'uly 
J>.ugust 
September 
October 
November 
December 
J'anua ry 1948 
l'ebrunry 
March 
.April 

Average Rni nf~ 11 

inche.e 

0.90 
0.18 
2.18 
9.22 
7.38 
5 .05 
0. 86 
0.98 
4.11 
3 .13 
2.64 
5.88 
0.85 
4.45 
2.95 
o.n 

o.~a3 
0 . 418 
0.060 
0 .064 
0.06.9 
0.176 
0.095 
0.051 
o.o~ 

2i.200 
0.133 
0 . 190 
0.460 
0.410 
0.660 
o.-t90 
0.590 
0.400 
0.400 



Lots 

TABLli: V. 

Blood anelyses ot oows at Wilbu~n 
(Average for all cows ot each lot.) 

I I I 
1 ,inter period I B\ll'Qlller period l Wi.nter period 1 Summer 
L 1 1 I peri od 
I I I I 

Dflte bled t 2/3/47 4/27/47 l 6/27/47 8/27/47 9/28/47 11/24/47 l U/31/4'1 2/P/48 4/16/461 6/1/40 
I I I I 

Lot l 
Lot 2 
t.ot e 

Lot l 
Lot 2 
Lot 3 

Lot l 
.Lot 2 
Lot e 

Lot l 
Lot 2 

_ I _ ___ - -- ____1 
I 
I I I I 

: I (1) Phosphorus (mg./100 ml. plesma) I l 
I I I I 
I I I I 
I 1.1 4. e.. I 4. 5 ~. 4 2.4 2 . 5 l 1.9•• 1 . 8*• 1.8** l 
: ?.1 6. 2. : 4 . 5 3.5 P- . 5 2.1 l o . 4 5.o 5 . s I 
: ? . 1 6. 6 I 4.l 3.a 2.9 2. s I 7.4 5. 9 6. s l 
I I I I 
I I I I 

: I (2) Calcium (mg./100 ml . plasma) l : 
I I I . I 

2. e** 
4.7 
4. 1 

: 10. s 10 . 5 : 11.6 11. 5 n.9 11.e I 11.e 12. ~. 11.5 : 11.8 
: 10. tt 10.4 I 10.s 10.s 11.3 11. 1 : 11.7 11. 6 11.4 l 10. s 
I 10.1 10. 4- : 10.a 10.s 11 .e 10 . s I 10.1 11 . a 10. 1 : 10. e. 
I I I I 
I I I I 

I I ( i ) Oerotene (mi crogre~ s/100 ml. plaa?Ua) I : 
I I I I 

I 12a.2 314. 2 !1'12. 6 450. 2 455.o 006.-1 l2.i1.1 1e5.9 42?. f le75.o 
I 112.4 258.fS 1717.7 453.l ii4.9. 534.e4' I 214.4 200 . 2 !!M. 8 : 475.0 
I 104.9 M l.2 1651.tl M3. 2* 449. !3 572.9 l 179.l• 182 . ~ 3E-0.7 : 441.4** 
I I I t 
I t I I 
I I ) ) I I 
, 11 ( 4 Hemoglobin ( perc!:iln't • , 
I I I t I I I 
1 I 9 . 8 I 10.0 10.0 9 . 9 l 
: I 9. 7 1 10. o 9 . a 9. 2 : 
l f 9.8 l 9 .9 9 . 5 9 . 1 l 
t I I I 
I I . I I 

9.8 
9.7 
9 .4 

I I ( 5) Red blood cells ( thoussnds/ cu.. mm.) I l 
I 1 5-, 112 6,42~! 6,075 G,685 l:s,908 
: : 5 , 280 b. , 527 5 , 930 6,120 15,940 
I I I 

Lot 3 : : 5, 262 l),192 5,99Z 5 , 832 15,8-43 

r Si gnifi cant e.t the t1% level. I I 

••s 1gni f1cnnt at the 1%- level . 

00 
..::, 
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TABLE VI 

Blood analyses of heifers at Wilburton 
(Average for all heifers ot each lot .) 

I I 11 · I 
I I ' 
, Winter period ', Summer period I Winter period I SUllll1ler 
I I I , , , eriod 
,--- I I I 

Date bled I 2/3/47 4/27/471, 6/27/47 8/27/47 9/28/47 ll/24/47 l 1 2/ 31/47 2/ 2/48 4/16/46 l 6/1/48 
I I I 
I I I 

• -~-------,~--- I c--~----~--· t I 
I I I 

Lot l 
Lot 2 
Lot 3 

, : (l) Phosphorus (mg/100 ml. plasma) l , 
: . I . . I "'** .... "'** I 7.7 5.4 t 6.9 4.e 4.3 3.8 I 2.o· 2.~ - 3. ~ : 

8 . 2 7.0 l 6.~ 4.3 4 . 3 3.5 I 5.5 5 . 4 5 . 5 : 
8 . 2 8.6 I 6.~ 5 . 2 5.3 3.4 l 8. 2 7.1 6 .6 l 

I I I 
I I 
, (2) CalciUll (mg./100 ml. plasma) I : 

5 .4 
5.7 
4.7 

Lot -1 
Lot 2 
Lot 3 

10.1 10.5 
10.9 
10.2 

I I I 

I 10.6 11.6 11.s 11.1 l 11.6 12.6 1 2. e l 10.9 
I I 

Lot 1 
Lot 2 
Lot 3 

Lot l 
Lot 2 
Lot 3 

Lot 1 
Lot 2 
Lot 3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 

10.5 
10.3 

105.7 
98.l 
91 . 2 

274.3 
279.4 
309. 7 

I 11.5 ll.7 11.5 11.6 : 11.6 12.2 12.0 I 10.6 
l ll.l 11.5 11.3 ll.4 I 10.4 12.4 10. 4 l 10.3 
I I I 
I I I l ( 3) Carotene (micrograms/100 ml. plasma) I 
I t 
I 55e.s :;eo. 2 447.4 105 .1 I 242.4 133.3 399.e : 
: · iso.o•• 320.9 4 22. 3 571.2 ! 22&.4 155.~ £G6.7 : 
I 570. l 337 . l 438. 5 552. z"* : 184.0 168. l ~43. 9 : 

I I 

(4) Hemoglobin (percent) 

9.7 
9.4 

10.6 

I I 
I I 
I I 
I I 
: 9.9 9.7 9.6 I 

l 9. 8 10. 4 9. 6 -: 
I 9.9 10.0 9.4 I 
I I 

{ 5) Red bloo d cells (thousands/cu. nml.) I 
I 

5 , 572 · 
5 , 380 
5 ,950 

5, 372 
5,182 
5,350 

6,540 
6,455 
6,402 

6, 465 
6 , 315 
6 , 242 

I 
I 
I 
I 
I 
I 
I 
t 

573.0 
253. 2** 
307. 7 

9.9 
9 .7 
9.9 

5,728 
5,648 
5,928 

• Si gni f i cant a t the~ leTel. 
•• Si gnifi cant at the 1% level . 

I 
I ; 



cows ot lot l 11ss oons1derabl7 lowar th&n the other tw loh and thia dU't'er­

ence wes aignif'icont nt the l~ level. Tho veluea t'or all lots of cow• de­

clined throughout the tirst SUilffler see.son. During August, 1947, the ev-el'8ge 

inorganic phosphorus level of lots l, 2 end 3 were 2 .4, 2. 5 a :tld 2 . 9 mg. per 

100 ml . of blood plasma , respectively. The values for the r es pective lota 

iu November were 2.5, 2.1 and 2.6 ms. The addition of dice.leis phosphate 

to the sult provided the oowe ot lot 3 d.id not s 1gnir1eantly alter the leTel. 

ot inorganic ple.saa phosphorus during the suwaer. 

During the winter of 1947-48, the avera&e leTel or inorganic pllospbD~a 

of the cows of lot l was never higher than l. 9 mg. percen't whereas the eYer- , 

age level for the lot 3 cowa was 11-ever below 5. 9 mg. percent. The pbosphorus 

level ot the lot 2 cows ;ranged trom 5.0 to 5.4 zg. percent. The •ariation 

be tween l ots for the Deoflllber, Yebruary and April bleediI1gs wes significant 

at the l~ level or probebility. 

'«hen t urn&d to pa.stnre in the spring o'f l948, the cows 1:n lot l 

showed an increase of l ag. pero-ent of plaaita phosphorus while the leTel or 

tlln lot 2 end lot 3 cowa tended to decrease. \Uth the exception of the bl eed­

ing or J'une , 1947, the lot i cows were consistently higher than the other two 

lots in inorga.nie pl asm.a phosphorue. The lot l oows ~ere eonsistenUy the 

lowest except during 1une and Noveaber of 194'7. 

The 1norge.n1c pla.•a pboephoru& leTel e of the heifers used in thia 

e:xperiri,ent did not follow a det1n1te trend during the f'irst winter end &l;lllMer 

periods. However, during the winter or 1947--48 the average levels of pbos­

phorua of the heifers or lot l were consistently belo-g: that of the other lots 

u.nd the differences between lots wer& significant a t the 11 level o'f probabil­

ity. \'hen turned to pasture 1n the Sl}ring of 1948. t he lot l a nd lot 8 heif­

ers sbov.ed an 1ncr~ ae in the pla.81lla phosphorus content while those in lot 3 

eihibited a marked deoreeee. 



The blood calcium levele in both cows and heifers showed only alight 

fluc tuntions throughout the course of this s'tudy. All veluea were within 

the accepted norm.al r enge. The average calciun content or the blood plas11u11 

of the cows r anged from 10. 3' to 12. 5 mg. percent while the plesme calc1 um. 

averages of the heifers renged from 10. l to 12.5 mg. percent . 

ill ca rotene vd ues tor both the eowe a nd he1riere •ere within eocepted 

nol11Ull limits tending to be the lowect during periods of low dieta ry carotene 

intake. A.1. ihough .sta tistically sign1f'1eent differences were observed. between 

lots, no definite trend u s indicated for e.ny pertieuler lot or lo\&. 

There were no consistent differences in the hemoglobin content of the 

blood samples t aken from tbe various lots of cattle. 'l"he number o-r red blood 

cells of all. lots were within e.n a ccepted nomal r6nge and no consistent vuri­

e.tion was round. 

Physi ·:!al symptoms of aphoephoros1s were evident in some cows of lots 

land 2. Theee symptoms were evident only in those cows nursing calves. 

Cow 11~4 or the control l ot l ws the f'irst eow to exhibit definite symptoms 

o f a phosphorus deficiency. Thie cow los t considerable body weight 1th1le 

nursing a l a rge heifer calf' during most of the first t1inter period and the 

summer period which followed . She reached 8 low weight of 493 :pounde dur­

i ng the month of Augue.t. 1947. following the weaning of her celf in October, 

1947. she ~e.ined only a few pounds and the n showed a sli ght decline 1:& weight 

the f i rst few weeks on the low-phosphorus winter diet. From August , 1947, 

to the end or the second w1nt6r period, J..pr1l 16, 1948, her :pl&sme. inorganic 

phosphorus wa8 belo,, 2.0 mg. per 100 ml . 

En.rly in the 1947 eumraer period , tbie cow becl'lltle noticeably s t1f1' 1n 



the joints, particularly 1n the shoulders, an.d exhibited a "creepy•, un­

steady gait. She moved o_bout with considereble dU':ficrulty. E:r:eesdve 

5l 

hoot growth •as alao noted as well us nervouene.s& which be-came bpparent 

foUolJ-i.~ the onset or the second •inter season. '?his cow n.s neTer observ­

ed in heat during the summer or 1947, and fdled to produce e ealf the follow­

ing 1>pring, lending support to the theory that co~a in edve.nced sb.ges of 

apboepborosis cease to have en oeetrum. \fihen turned to gnas in the spring 

of' 19461 i:.he gained so•e weight but still moYed aborit with a "creepy", stiff 

gail . Cowas 169 e.nd 158, also in the low-phosphorus group. exh1bUed aiJail&r 

syuptoms. 

Practicsl symptoms of a pboepborua deficiency were not noted in the 

hei f ers in lot l. '?hey were consistently the poorest lot in so far as t,o dy 

weight , thritt1ness and genere.l &?})esrCJ1ce were concernett. Tbs addition 

of poosphol'1.ls in the fol'!ll or dJ.ca lci\Jll phosphate to the salt ot the heifers 

of lote 2 and 3 during the second winter period reaul tod not o~i y 111 an in­

creased blood phosphorus · 1evel but also in increased weight a nd im.provea 

general appeara nce es well. 

A lack of appetite YBS not noted in any of the lo..-phosphoru.s lots. 

Ho-wever. the chewing of sticks and bark was noted in several 1l'l$tances. l)u.r-

1ng the winter period or 194?-46, the cows or lot 1 chewed the bark :from 

the trees and fence po~ts. Bark chewing WhS ~lso eYid•nt emo:r.ig the lot 2 cows. 

FElW CONSUMPTION 

'!'he e.verage teed consumption of all lots is given in Table VII. No 

61gnif'1ce.nt di fferences were noted in th.e teed consumption a.'JlOng the three 

lot& or heifers a nd cows. The lot l cows and lot l heifers, howtner, con­

suaed slightly less pr eir1e hey during both winter periods than did the other 



TADL:t VII 

Feed conswnption or cows and heifers at Wilbul"'ton 

Cowa Hetrers 

Lot 1 Lot 2 Lot 3 Lot l Lott Lot e 

Nu:llber of ~uimal s p6r lot 
Tot &l gain or loss per head ( l/~l/ 47 to 4/16/48) 
ATerag~ daily ration (lba): 

l. Winter period ( 2/16/,7 to 4/ ?6/47) 
Prdrie bay 
Corn gluten meal 
Ground rock salt 
D1ca.lo1Ulll phosphate 
C$lc1um intti.ke (gme/cwt) 
Phospborua intake ( gllls/ cwt) 
Ca/P ratio 

2. summer period (4/26/47 to 11/ 22/ 47) 
Native pasture 
Ground rock salt 
D1 c~lo1um. phosphate 

3. iilnter per iod ( 11/ 22/ 4'1 to ·1/16/ 48) 
Pruirie hay 
Corn gl uten meal 
Ground rock eelt 
D1calc1um phosp~ate 
Calcium 1nta.~e {gms/cwi) 
Phosphorus intake ( ErJS1S/ i.zwt) 
Ce,./P r atio 

r futd per cwt g!iin* 
Prdrie hay 
Corn gluten meeJ. 
Ground rock cal t 
D1 r)elc1UJI pho~phate 

10 10 

12.98 ti,. 22 
i . :?5 1. 25 
0.09 0.09 

o.o• 
4. 2i 4 . 98 
0.93 1.46 

4.5:l 3.6: l 

ad lib e.d lib 
0.05 0.05 

0.0005 

16.00 17. 26 
1. :m 1. f~ 
0.10 0.05 

0.05 
4. 32 4 . 95 
1.08 l.60 

4:1 :3.l:l 

* 'l'he f eed per cwt . ~dn f o1· the cows was not 1nd uded b$C6 \l.lS& 

most of' the cows thut c e.1 ved during t he wi nter showed a lose 

1n weight due to ;::6:rtur1 t 1on. 

10 

13. 14 
1.25 
0.07 
0.12 
6.4.2 
2.61 

2 . !S:l 

l'>d lib 
0.05 
0.01 

17.05 
1.2: 
0,05 
0 ~1 2 
6.18 
2. 52 

2.5: l 

10 10 10 

a.~ e. e7 8. 65 
1. 25 1. ;?5 1 . 215 
0.05 0 .05 0 .04 

0 .01 0 .06 
4 . P,6 ..i . a4: 5. 69 
1.10 1. .. 8 2.41 

3. 8tl 3 . :!:: l 2. 5:l 

ad lib ad lib f.td l ib 
0.04 0 .04 0 .08 

0.0005 0 . 003 

15.18 15.76 16. 48 
1 . 23 1.2i 1 . 23 
0.02 o.o~ o.oi 

0.03 0 . 12 
4 .77 5 . 41 6. 2i 
1.21 1.61 2. 56 

:! . 9 : 1 3.~:l 2 . t: l 

l:!17 llM 900 
1~6 99 00 

'1 8 4 
2 7 ~1 



lots. The culcium-phoa phorus rntio based on averege consumption figures ror 

dl lots ranged from 4. 5 to 2. 4 to l, the wider ratios being observed in lot 

l in each instance. 

The heifers or lot~ on the high phosphorus intake made greater use or 

their feed than did either ot the low intake group& s,s eddenced by the :reed 

req_uirements per 100 pound& of gein. The lot 1 heifers req_uired considerably 

more feed per 100 pounds or gain the.n did those of lot f . 

The. sumaary of data ou weights and calf crops is given in Table VIII. 

Gains to June 1, 1948, show thnt the lot l cows gi:_ined. only 36. 5 pounds aa 

compared with gains ot l~,3.9 and 130.0 pounds for lot 2 end lot 5 respeeth·ely. 

The summary da ta on weight or the three lots of heifers it presented in Table 

IX. 'l'be average gain of' the heifere to the same date was 292. 6 pounds tor 

lot l, 368. 5 for lot 2 t.and 415 pounds ror lot !5. 

REPROIDCTION 

From t he eUJ1.ll!iary data included in Table VIII, the low percentage ealt 

crop g1 ven f or the first breeding Bea.son cennot be attributed ta differences 

in treatment. Only alight diffarences were noted in the birth weight of 

cal ves. During the s econd breeding season the hnav1 sst calves were produced 

by cowa in lot 3. 

Only three cow& in lot l calved each season. One of those eo•e l ost 

her c:elf' at birth the first year. Five or the cowa that eel ved the first ye"4r 

ft:1iled to reproduce the second year. Of the 5 cows tha t cal ve.d the firet y ear 

in lot 2, three produced calves the second yetir, one or whioh was Qe~d at birth. 

'1'wo other cows in this lot gave birth to premeture eel ves. Ot the seven cows 

that calYed in l ot 3 the first yelil.r, fi'fe f ailed to re-produce the following 

eeeson. Cow j'l38 of lot 5 lost her crtlt the first year bui produced e 110:rme.l 

calf the next year. Cow #l 75 ot lot ~ did not produce & eelf her first year, 



TABLE VIII 

Summtl..ry or data on weight·s. and ealf crop a t Wilburton 

Cowe: 
1947 

Numb er per lot 
Date pn,Ject beg~n 
Av. initial weights 
Date summer be&an 
Av. wt. per ccnrr, beginning summer pel'1od 
Date alJlllaler period ended 
Av. wt. per cow 6nd of awnmer 
A:v . gdn during summer period. 
Nuaber of calves born, 1947 
Number or calve& weened 
Percent ot oelt crop 
Percent oalt oro:p weaned or tbose born 
Av. birth wt . p~r eel! 
Av. weani ng wt. per calf 
Av. wt. per cow, weaning date 
Av. gai n per cow duri.ng l eict eUon 

1948 
Dnte winter period began 
Av. wt. boginAing winter period 
NtJmber of' o~l Yes born 
Percent ot c~lt crop 
Av. birth wt . ot calf 
Date winter period ended 
Av. ghin or loss winter period 
Av. wt. per cow, 6/l/48 
Av. gain 6-l-48 

Lot 1 

10 
1/31/47 

65~. 5 
4/27/ 47 

606.0 
11/22/47 

693. f 
67.~ 

7 
7 

'10 
100 

57.0 
318.0 
658 • .( 

4.9 

11/22/47 
69~.2 

5 
ro 
67. 2 

4/16/48 
-68.5 
690 .0 

36. f'i 

Lot E 

10 
I/51/47 

653.5 
4./27/47 

604.~ 
.ll/22/47 

7~6.0 
151.e 

I 
5 

50 
100 

55.0 
!302.0 
709. 2 

55.7 

11/22/47 
7:36.0 

6 
60 
64 

4/16/40 
-11.9 
78?.4 
1:3~.9 

Lot 3 

10 
l/51/47 

655. 5 
4/2?/47 

59'1.0 
11/22/47 

685.3 
88.3 

8 
7 

00 
87 . 5 
56.5 

305.3 
673.7 

20 . 2 

11/22/47 
68!5 . 3 

4 
40 
7? 

4/16/48 
,'36. 2 
79t . 5 
1:30.0 

: 



TABLE IX 

Sur:lmary of de.ta on weight a ot hai fere a t Wilburton 

Number per lot 
Date ??'Oject began 
AT. initial wts . 
Date winter period en.ded 
AT. wt. end winter period 
Av. gnin or lose during winter period 
Date summer period ended 
AT. wt. end sum.mer period 
AT. ga1n sUllllller period 
AT. wt. end winter period 
Av. ,a1n or loaa winter 
Date 1ummer0 p&t'iod began 
Av. wt. 6-l-46 
Av. gain to 6-1-48 

Lot l 

10 
l/31/47 

~82.5 
4/ 27/4? 

429 .5 
/.4? .o 

ll/£2/47 
5'78.5 
149.0 
594.9 
15. 5 

4/16/48 
675.l 
292.6 

Lot 2 

10 
1/31/47 

382. 5 
4/27/4.7 

424.5 
,'4:?. .0 

11/22/4:7 
600.8 
176.3 
653.l 

52.3 
4/16/48 

7!i.l0 
~66.5 

Lot 3 

10 
l / 'Jl/ 47 

382 . 5 
4/?7/47 

4.41 .0 
,'58 . 5 

11./22/ 47 
656 .0 
215.0 
717.0 
105. 3 

4/16/48 
795 .0 
.41:1.0 

~ 
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and in the s :>ring of 1948 l ost her c~.lf at one dey or age . Tho c.slf' ~as 

nomal when born. A cold freezing rain started eoon efter the celf was born 

and death was attributed to chilling. 

SOIL JL"iALYSIS 

The $Oils or- the Lue Carl .Bl&ekwell area -were found to b<>rd&r upon a 

phoaphorus det1c1enoy. Tha soil elees varied trom a Renfrott e ley l.oam to a 

Z(!nele fir.ua , sandy loa. The predominant species of range .gras&ea were Big 

end little Bluestem, Indian, Dropseed, But:falo and Switch Gra&a. 

FEED ANALYSIS 

Th.e average protein, calcium e.nd phosphorus content ot the na ti Ye vege­

t1:1tion a nd other components of the experimentti.l r e tion is given in 'table X. 

RAINF.t.LL 

The everttge monthly rainfall at the Lake Carl Blackwell erea is presented 

in Tabl e XI. 

BLOOD ANALYSIS 

The average analyses of the blood ple sma constituents is gi ve:n in Te.bl es 

nr and XIII for the co!l's r:ind heifers respectively. lt will be noted thi:1t 

the everage inorganic phosphorus content of the in1 tial blood af.mrplee t aken 

before suppl&~entation ~as significantly lower tor lot 1 than the average 

of the other two lo\s. No expl an u.tion ia offered for thi s dnce they were 

e.lloUed as uniformly a:5 possible taking into consideration 111'eights and 



TABLE X 

feed t1nolysie nt Btillw&ter 

Item Dmte of Sampl e Pre>tein Phosphorus 

Dical ciun ~hospb.ete 11- 5- 46 18 .700 
Corn gluten meal 
Corn gl uten meal 
Pr alrie hoy 
Prairie hay 
P r e.iri.e hay 
Prairie hey 
Pasture 

11- 7-46 49.75 0. 38:3 
ll-17-47 49.00 0.416 
l-l6-4'1 5.74 0.062 

l 'h·l -4-47 3.99 1).055 
ll-17-47 3.84 0.054 
ll-19-47 3.94. 0.069 
fh l '1-47 8.60 0.115 

TABLE XI 

Aver age monthly r8infall at Stillwater 

Month 

J t.iUU/lry 1947 
Februo.ry 
Karch 
April 
May 
J'une 
July 
.August 
Septembe r 
October 
Nove;&ber 
Decem.ber 
J anu,11 ry 1946 
J'ebrtHU'Y 
Me.rah 
April 

Aver age r ei nfell i n inches 

0.65 
0. 23 
0.75 

11.06 
6.79 
2 .00 
3 . 20 
0.20 
l. 68 
0. 28 
1 . 51 
l. ~5 
1.30 
5.98 
3 .1~ 
~. 41 

57 

Cnl.cium 

23. 200 
0. 1~5 
0 . 190 
0.450 
0.460 
0.400 
0.388 
0.390 
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genetic background . The first bleeding was made after ther were allotted . 

During the second winter period as well e s during November , 1947, the l ot l 

cows h &d thtr l oweai plasme phoe.9horus value et all bleedings r e:f.lching a low 

of 2.8 mg . r:,ercent in. faia.rch, 1948. The ve.ri e tion between lots was signifi­

cant. a t tha 1% level duri ng Nov€.inber, February and March, e nd e. t the ft!, 

leTel during April. The lot 3 cows recd ving t he highest plane of pb.o ... phorus 

nutrition y;ere eoneiatent l y higher in plasma phosphorus. 

The stir<1e genel'tl :pettern 111as obE0rv-ed in t he avenge !: lam'!'!. phosphorus 

content o f tbe three lots of betters . During the e-eeond winter period , t he 

lot l beit'ara lu1d coneis:tently lower ple.&4& phosphorus nluee than the other 

two lot& and tbe variation between lot• wes aigniticant at the lt level . 

Ex8111n tion ot the e.Terage plasma oaloim leYels reYealed thet v&lues 

throughout the period reMained within the nnsal range for cattle. Average 

Taluos r anged from ·9. 9 to 11. S mg. percent for the cows and 9 . 9 to l ~. 5 mg. 

percent tor the heifers. .At the close of the winter period . April, 1948, 

the lot 3 heifera had significantly lower Talues than did the other 10,e. 

The pl ama ca rotene levels o'f both heif'ere end cows were extremely low 

during tho l ~tter pert of t he winter period of 1~4?- 48. In 'fi ew of the f sct 

that carotene content or the prairie hay f ed wee l ow it seemed ad'lise.ble to 

teed a ce:rotene mix eo as to provide all lote of cows with a minim\lt! of 

92,000 !. U. dei ly. 'l'be increase in the ple811la carotene values for April, 

1948, ~as du~ to t he SJ!lall ,.,,mount of gree~ grass consumed which could be 

found io the~inter treps es t>;ell as to the oa rotene mi x fed from February 

10th, to )larch 17, 1948. The he1tors were round t o have the loweat level 

o~ this bl ood contst1 tuent ,Jurin.g the second .:inter period, values as l ow s.s 

50. 6 !licrogrwus per 100 ml. or pl«smu being obso·ved . 

Only sli;;h~ diff erence& viere not ed i n t ho :percent or hemo~ob1n "m.ong 

the three l ots ot cows end heitere:. There \'Ji'er e no large verie.tion& in th~ 



Date bled 

TJwL.Ii, XII 

Dlood unaly EH,s o-f cows at Stil.lwater 
(Aver age fo r &11 cows ot eaoh l ot) 

I I I t 

: Wint e r ; erio,1 : SUJ1J1er period I Wintor ptJriod : Summer 
I ! I 
1 1 : period I -- -- --- j - - I l 
l 2/11/ 47 4/l?/47 I 6/ 2/47 10/7/47 n/4/47 : 2/ 21,a e/1a/1.e 4/ 22/1s : 6/9/48 
I I I I 
I I 

----- -~ ------ ---- ----- - ---- -- - -- -----T- --- - -- --------, 

I I I I 

Lot l 
Lot 2 
Lot 3 

Lot l 
Lot 2 
Lot 3 

Lot 1 
Lot! 
Lot 3 

Lot l 
Lott 
Lot! 

Lot l 
Lot 2 
Lot 3 

I I J I : ( 1) Pbospho.rus (mga./100 :ml. ple sma} : 
I 4 ,;,¥. " ... t 4 1 llt Ill; ~ 'l.. I .... ..... ., .,,... '-1. A : 
I - • 41 o . ~· t • 4..' • V V' e4J I w. ,:,· '-) . (')· t..,- e •,t I 

I 6.1 1 . ~ I •.2 4.5 s.o : 4 . 4: 5 . e s . ~ : 
: 7.6 8 .0 : 4 . 2 4.6 6.7 l G.l 5 . 9 5 . 4 l 
I I I I 
I I I t I I ( 2} Ce.l~ium (mgs./100 Ml . plr:1tvu ) , 
I I I : t u . 2 9.e : 11., 11 . a 11.0 , 11 . 2 10.9 10. 5 , 
: u.1 9 .4 : 11 .e 11 .s 11.1 I 10.9 11 . 2 10 . 4 : 
: 11 .1 9 .V I 11 . s u.7 10 .? i 11.0 11. 7 ll. 3 : 
I I I I 

:- I ( S) Carotene (mi crogrmns/100 Jhl . plaaa) ! 

4. . ~ 
4. 7 
.f . 6 

9. 9 
10. 2 
10 . 6 

I I 
: 90 .e 259. 1 : 1031.1 eao . 5 213.s : 76.5 74.0 27a.o : 745 . 4 
: 99 .9 195.9 l s1s.s• :ua.2 ooo.5 : 72.1 e-t.6 264.o : 7i4. tz 
: 1,1.9 200.• : '"· 2 e2!5. 5 264.1 : 6a.o ""·' 339 .o ! 865. 5 
f I I I 

I : ( 4) Hemoglobin ( percent) I I 
J I I 
t 9.'1 9 . 5 I 10.0 9.1 8.8 l 
i. 9.1 9. 3 I 9.9 9.8 9.5 i 
t 9.0 9 . 3 t 9 .8 9.6 9.2 i 
I I I 

I (5) Red blood oelts (thousand~/cu • .mm.) I 
! 6,160 5, 420 : 6,775 5, 983 5,719 ! 
l 6, 54!> 6 , 295 I 6,770 6,Zl.O G, 128 f 
: 5,669 5, l92 : 6,81.8 6, 110 5, 898 l 
I I I 

I I t I 

9. 5 
9.7 
9.8 

fi , 627 
6 , 027 
5 , 907 

I I 
• Si gni t iaant at the 6~- level . , 
•• 51gnif1oant ai the 1% level . 

r;, 

'° 



TABLE XIII 

Blood anal7ses of' heU'era a.t Sti llwater 
{A-, erage tor all heitera or each lot.) 

I ~ - -----~---~--------- ---- - --- I 
I I I 

I Wintor period i Sumer per1o4 I Winter period ! SU111111er i l , period 
I I 

t f I I 

Date bled l '2/ll/47 4/17/4"1 l 6/2/47 10/47/47 ll/4/4'1 I 2/2/48 Z/18/48 4/ 22/49 ! S/9/48 
t I I I 

!,ot l 
Lot 2 
Lot 3 

Lot 1 
Lot 2 
Lot 3 

Lot l 
Lot! 
Lot 3 

Lot l 
tot 2 
Lot 3 

Lot l 
Lot 2 
Lot 3 

- -- ------------ ---- --------- ------r --- --------------~-
: I I I 

. t t ( 1 ) Phosphorus (mg./100 ml. ptasaa) I 
I 5.9 •. .,.. : 6.o 5.o : i.~· ~.;.. s.9*• : ,.o 
l s.s o.6 I G. 1 5. 2 : 4.9 s.3 s.s I 5. t 
: 6.6 7. 3 1 &.o 5. 2 , s., 7. 4 ,.o : 5 . • 
1 t I 

l l ( 2) Ct1 lcium (m.g./100 ml. ples1u) I 
t I I I 

j -11 .0 10.5 I ll.8 ll.3 I 10.9 11.3 12.5 ,,' 10 .. & 
I l l 10 I I - - ' : _ . • 4 . 2 1 11.s 11.5 1 10.e u.~ 10.e , 10. ~ 
I ll . 3 9 • 7 I ll. 9 ll . 4 t 10 • 2 11. 0 9 • g* : ll • 0 
I I I I 
: : ( 3) Carotene (microgroms/ 100 ml. plaama) 1 
I I I I 

: 1a. 2 165.9 I 2a9.9 251 . 2 I ise. 1 54. . 4 2,1.0 : 667 . 9 
l 80.6 192. 5 t 264.l 260 .7 l 57.'1 65. 5 263.0 1 734.f?-
: m. e 172. 6 I 2zs. i 319. 4 : 62. z 50. 6 295.o I 692 . 9 
I I I I : l ( 4) Hemoglob1Ja ( percellt ) 1 I 
I I : I 

I I , 6.7 · 9.15 I 10.0 9.7 10.0 l · 9.7 
I r e.i '·" ; 9.e 9.6 9.e ; 9. e 
: I 8.8 9.~ If 9.9 10.0 9.4 l 9.6 
t I I 
I I 
! I ( 5) Red blood cells ( thouaend~/cu. mm.) : 
j I · _ _ I 
1 l '5 , 4'71 r; . 282 f 6. 915 6,195 6,490 I 5 , 960 
I , t> , 19z 0 , 110 I 6,eo2 G,12e 6 , 193 : 6 , 067 
l l 5 , 679 !5,112 l 6 , 852 5, 65Z 6,032 l 5 , 99'1 
I I I I 
I I I I 

I 
• Significant et the 5% level 
•• B1.sn1 r. i cant et the i i l evel 

~ 
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number of red blood cells of the cattle of this experiment. 

Symptoaa of e phosphorus deficien.oy were e>bserved in cow tUn of lot 

l during the early pert of the second winter period. Soa!e stiffness••• 

noted 1n th.e front legs and shoulders. No physical eymptoas ot an:, defic­

iency were observed in. any or the heifers. Cow- #1711n lot! retueed to 

eat the corn gluten meal when mixed w1 th the mineral supplement! 

FEED CO N&JM.PTION 

'1'1le aver&ge feed conauinption and teed per hundred pounds of gain is 

given in Table nv. During the first •inter pe.riod, it was o'bsened that 

the lot l cows end lot 1 heifers consumed slightly more hay than the other 

lot•. 'i'he lot 5 heitera oonsmed sl1g.htly less prairie bey during the 

seoond winter than did the other lots. The calcium-pbospborus ratios in 

all groups ranged from 4.6 to 1.9 to l. 

All lots ot cows ab.owed losses trom the start of the experiment to 

the concluaion o~ the second 1rinter period. The lot l heitel'& geiaed 

264. 5 r ounds as against 27:3. 5 tor lot 2 and ~e.o ror lot 5. Prorlding 

2. 5 grem.s ot teed phos-pborue per hundredweight daily reeulted in a greater 

net gain for the 441 deys es well as more ettieient use ot the feed es eT-

1denoed by the amount ot teed required to produce 100 pounds or gain. 

The summary date on we1ghta and calf cropa ere presented in Table XV. 

The lot l cows gained 19.0 pounds trom tb.e st1art or the experiment to 1une, 

1948, while the l ot 2 cows gained ~.5 pounds and those of lot 5 gained 71.0 

pounds. These gains are lower tha:n toos e obs.ened in the cows et the Wilbur­

ton Sta tion which is due presumeably :~o tbt:l fact that nearly all or tho oows 



TABLE XIV 

Feed. oon&umption of cows e.nd heifers at Stillwater 

co,.-s Heifers 

Lot 1 Lot 2 Lot 3 Lot 1 Lo\; 2 

~ber of -animal s per lot 
. Tot'1l gai u or lose per head (2/5/47 io 4/21/46) 

Average daily ration (lbs): 
l. W1Dter period (2/5/47 to 4/34/47) 

Prairie bay 
Corn gluten ~eel 
Ground rock ealt 
D1calo1um phoaphe.-te 
Celoi\111 intake (gm.s/cwt ) 
Pboephorua intake (pe/owt) 
Ce/P ratio 

2. SUDlller period (4/27/~7 to ll/3/47) 
Native pasture 
Ground rook salt 
Dicaloium. phosphate 

3. Winter period (ll/3/47 to 4/21/48) 
Prdrie hey 
Corn glut en meal 
Ground. rook eal't 
Dicaloiua phoaphe.te 
Calc11.111l intake (gas/cwt ) 
Phosphorus intnke (gius/owt) 
Ca/P r a tio 

Feed par cwt gain* 

Prill ri e hay 
Corn gluten meal 
Ground rock salt 
Dicaloium phosphate 

10 10 10 10 
-116.e -93. 5 -9a.o f 264. 5 

13.96 
l.~ 
0.03 

4.06 
0.89 

4.6:l 

13.75 
l.38 
0.03 
0.06 
5.04 
l.67 

3.1:l 

13.92 
1.38 

0.05 
O.l& 
4.95 
2.68 

a.~:l 

s.36 
1.38 
0.03 

8. 52 
o.7o 

3.8:l 

ad lib a.d lib e.d lib ad lib 
o.o3 o.ot o.o4 0.02 

· 0.0007 0.005 

14.51 
1.22 
0.06 

3.52 
0.76 

4.611 

16.13 
1.22 
0.04 
0.07 
4.Z3 
1.41 

~.l:l 

14.92 
1. 22 
0.06 
0.16 
5.50 
2.40 

1.9:1 

12.7Z 
1 . 22 
0.05 

4.70 
1 .0:1, 

4.4:l 

1065 
119 

6 

• The feed per nw't . gain for the cows wits not included because most of the 
eows th&t ca:.. ved during the winter shot,ed a loss in i11~1ght due to pe.rtur1 tion. 

10 
f P-73 . 5 

8.22 
1.38 
0.03 
0.02 
4.40 
l . 4~ 

3.1:1 

a d lib 
0 .02 
0.007 

12.90 
1. 22 
0.06 
0.06 
4.'12 
1.60 

2. 9:1 

10~6 
115 

6 
5 

Lot 3 

10 
tWB.O 

8 . 34 
1.38 
0 .03 
0.02 
6. 50 
2 .60 

3.1:l 

ad lib 
o.o~ 
0.003 

ll?. . 64, 
1 . 22 
o.o,. 
0.14 
6.51 
2.61 

2. !3t l 

909 
102 

6 
9 ~ 

~ 



at Stillwater produced a ci3lf eech season. The summary data on the weights 

of the three lots of heifers are g iven in Table XVI. The lot 3 heifers gain-

ed a. total of 455. 5 pounds while lots l and f gained 415.5 and 410. 5, respee-

tiYely, during this eame period . 

R!PBODUCTIOM 

No difficulties in the bre-eding etfieienoy ot the three lots of cows 

were noted. During the tiret breeding season, 29 of the 30 he&d or COWli 

produced calves end all of these calves were alive at weaning time. !be 

fo llowing breeding season, 22 calves were born in the three lots or cows. 

No sign1 ficant difference in the birth weight ot the ea.l ves wes note<\ du.ring _., 

the :first ee:ason. However, -the calves from the lot 3 cows were the lightest 

at birth during the s•cond eal ving season. There was a decided difference 

in t be weaning weigb.t or ·the cal.Te.a in h'fflr of' the lot ! oows. 'fhe ce.lTes 

produce~ by the lot~ co•s were elightly lighter than those from the lot l 

oowe . . The cows in lot :3 wero in be,ter con.di tion at weaning time than were 

the ?'Cflin1ng two lots. 

·p~ III. Brl:WIB PRODUCED i'ROM COWS AT &rILLW.ATi.R AND WILBURTON 

The twenty-seven hefl.d of steers produced by the cows e.t both siat1ona 

were full ted f"or 197 days in a large lot on the Wilburton experimental. 

erea. They were self fed ground llli.lo and hand fed weighed aounte of' prairie 

luly and eott.oniseed aeal. , daily. Some whole oats were fed to start the steers 

on feed. 'l'hey were e.ll~wetl free eccesa to e mixture of ground rock: salt ud 

ground lillestone ·h1ch we.s provi d.ed in separnte boxes. The sTe~ge f t ed con-

sumption and the feed required to produce 100 pounds of gain is presented in 

'fe.bl e 1--vII. The eteers were placed on feed October 14 , 1947 , et which time 



TABLE XV 

Summery or data on weign\e 1tnd calf crop nt Stillwater 

Cowa: 
1947 

Numbor per l ot 
Date project beg~n 
Av. initial weights 
Date aU1111er period began 
AY. wt. per cow. beginning summer period 
Date eummer period ended 
AY. wt . per cow, end of summer period 
Av. g81n· during sUIIDller period 
Number ot ealvea born, 1947 
Number or oelves weaned 
Percent ot calf crop 
Perc11mt of oalf orop weaned. 
Av. birth woisht per oalt 
Av. weaning weight per calf 
Av. wt . pe~ cow, weaning dete 
AY. gain or loss per cow during l e c.:te tion 
/iv. pounds of beet, let year 

1948 
Date winter period began 
Av. wt . b~gin.ning winter period 
Number of calves born 
Peroeut ot cnlf crop 
Av. birth wt. per oalf 
Date winter period ended 
Av. wt. end winter period 
Av. gain or loss winter p~riod 
Av. wt . por cow, 6/9/48 
AY. gain. 6/9/48 

Lot l 

10 
1/31/47 

820.5 
4-/ 24/47 

6.56.0 
l l/3/47 
847.5 
182.5 

10 
10 

100 
100 
68.l 

349.5 
870.0 
34.0 

349. e, 

ll/3/47 
837.5 

8 
80 
66.6 

4/21/48 
704.0 

-143.5 
839 . 5 
19.0 

Lot 2 

10 
l/'Jl/4,7 

820.0 
4/24/47 

667.0 
ll/3/47 

826.0 
169.0 

9 
9 

100 
100 

'13.4 
38!.7 
827.0 

7.0 
344. 6 

11/3/47 
626.0 

7 
70 
67.l 

4/21/48 
726.5 
-99. 5 
825. 5 

5, 5 

Lot 3 

10 
l/31/47 
e20.o 

4/ 24/ 47 
666. 6 

ll/3/ 47 
857.0 
190 . 5 
10 
10 

100 
100 

66. 3 
Z-46.0 
880.5 

60.5 
Z46.0 

ll/3/4/l 
867. 0 

7 
70 
54. 5 

4/21/4:S 
722. 0 

- 135.0 
891.0 

71.0 :t 
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TABLE XVI 

Suows.ry of data on weights ot hei:t"ars at Stillwo.ter 

t1umber per lot 
Date project began. 
Av. initial weight 
Date winter period ended 
Av. weight end winter period 
Av. gain or loss winter period 
Date aummer period ended 
Av. weight end aUJttner period 
Av. gain summer 
Dote winter period ended 
AT. weight end winter period 
Av. gain or loss winter period 
Date sumsaer period began 
AY. wt. 6-9-48 
Av. gain to 6-9•48 

Lot l 

10 
1/31/47 

420.0 
4/24/47 
454.5 

fM.5 
11/5/47 

'7~4.0 
279.5 

4/21/47 
684.5 
.,.49.5 

4/21/48 
835.5 
415.5 

Lot 2 

10 
1/~l/47 

420.5 
4./24./ ,., 

451.0 
,'30. 5 
ll/3/4'1 

721.0 
270.0 

4/21/4& 
694.0 
- 2,.0 

4/21;,e 
a:n.o 
410.5 

Lot 5 

10 
l/31/47 

421 .0 
4/24/47 

45'7. 5 
,'36.5 
ll/5/47 

709.!5 
252..0 

4/21/48 
729.0 
;u,.e 

4/21/-48 
674.5 
, e3.5 

.... 
01 
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they averaged i53. 8 pounds. At the conclusion of the fattening period on 

April 28, 1948. the steers averaged 698. =3 pound&. No differences maong the 

stcere from cows m.e.intained on verious levels or phosphorus 1ntl.'lk:e were noted. 

The e.veruge dsily- gein ot ell steera for this period w~s l. 85 pound a :;,er head . 

One steer became badly foundered shortly ~ft er being plnoed on feed. The 

sWillila.ry sta tistics or the steers fro& each lot of cows at both etation& 1n 

Table :XVIII . 



I. 

II . 

A. 

B. 

TABLE XVIII 

Feed eonsmption deta ot steers at Wilburton and Stillwater 

Average f&ed consumption. (lbs): 
Whole oats 0,08 
Ground milo 11. 84-
Cottonseed meal l.52 
Prairie hay 4.16 
Salt 0.03 
Ground l1ls1estone 0.006 

Tot&.l. 17.626 

Feed per owt. gain (lb&): 
Whole oats 4.00 
Ground milo 659.00 
Cottonseed meul 85.00 
Prairie hay 284.00 
Snlt 1.00 
Ground lilllestone 0. !!-0 

Total 951.30 

'!'ABLE il'III 

Sum.mar,- data ot steers e.t WUburton and Stillwater 
October 14, 194'? to ~\ pril 28, 1948 

Number Average ATerage Avenge 
Per ln.1 tial Final Deily 
Lot Weight fleigh-t Gain 

Wilburton: 

Lot l l 274 589 1.76 
Lot S 2 f82 574 1.64 
Lot 3 ' 278 555 1.56 

Stillwater 

Lot l 7 359 710 1.98 
Lot 2 6 571 '723 1 .98 
Lot 5 7 !351 660 1 . 8!5 

.A"erage 
Selling 
Price 

t173.76 
169.18 
165. 98 

~18. 99 
2£2. 55 
202. 12 
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DISCUSSION 

'l'he soils &t the Wilburton experimental area were found to be Tery low 

in a:vailAble phosphorus and the phosphorus content of the 'forage grown the:re­

o:n was extremely low througbout most ot '\he year. 01" the grses sampl e s 

analyztid. only one (April) we.s fo und to be above the 0 . 12 percent l evel co n­

s 1 1!ere tl by W&.tkins ( 19 S'7) and Mitchell ( 1947) to be the :rnini.ml.l!ll level which 

will p rovi de for ll:.dequa te :Phosphorus nutrition o f grazing cattle. .No e ,;::pre­

oi able differences lllere noted in t he phosphorus content among the 9redo1t1inant 

grasses. The pra irie hay fed during the winter period •-as lower in uhos-phorus 

than the a verage hig h quality prairie he y reported by Morrison (1940). 

Th• daily i utake of phosphorus :for the cows and heifers o f' lot 1 during 

the first winter period was O. 95 and 1.10 gr ums per 100 pounds of body weight , 

respect! vely. The inteice for the second winter season WfJ.S 1.08 !lnd 1 • .21 grams 

pe,r 100 pounds of body weight in the lot 1 cows 1md he.ifers r e spectively. 

Ut\iler the oo.nditions o'f. this experiment tht, phosphorus intake wa s found to 

be 1Mdequate to support optimum gro11;th of heife r s or meet the needs ot cows 

during gestation a nd l acta tion. Average plasma phosphorus levels duri ng t he 

s.econd winter period of the e<>w1:1 of lot l w-as 1 . 99 mg . µereont. The a verage 

f or the lot l heifers wus :3.12 mg. percent . Inorganic phosphorus v~lues s.s 

low &s 1 .0 mg. percent were noted in nursing cows exhibiting prono unced sym­

ptoms ot apbosphorosis. These values are considerably below t he border l ine 

value reported by Efo.ok £.nd eo-lrorkere ( 1942). During the .second winter­

period , b l ood ;_)bo sphorus values of indi victual co s t..e l ow ce 2 . 0 mg . -percent 

were observed ·d thout deti ciency symptoins being mani fest ed whi ch e.grees with 

th& irorle o f Kno:i., Bermer snd iatlcins ( 1941). These workers repo rted tho t 

co ws wi t h blood plasma levals o f f rom 2 .0 ~o 3 .0 mg. ::- e r cent of phosphorus 
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were observed during the winter months and tha t the animals were in excellent 

health. The dry cows or lot l were apparently able to meet their phosphorus 

:requirements a s evidenced by increased body weight a nd improved general appeer-

anoe . Unthrirtness, extr~a emaciation, stiffness, low phosphorus blood values 

6nd other symptoms of aphospborosis ware observed in l&ctating cows which were 

similar to those reported by Theiler ( 1924) a nd Eckles and Palmer {1927). 

The phosphorus requirementeesteblished by other workers for beet cattle 

&re higher t han the daily intake or the cows and heifers in lot l. ~rmsby 

(191'1) e.na.lyzed the data or Lawes end Guilbert &lld found thst during the 

first year fattening 8teers and heifers retained 5.609 grems of calcium and 

2,9?2 grams of phosphorus , or an average daily retention of 15.3'7 grams or 

calcium e11d 8 .14 grams of phosphorus. Y.a tkius (19:;?) reported unsati e!ectory 

results with mature cattle when the daily phosphorus int~.Jce fell below 10 

gra.'ll.s a nd the daily calcium intake fell below 20 grams. 

The phosphorue intake of the lot t cowo &nd heifers during the firet 

winter period was l . 48 grams per 100 pounds of body weight . The intake 

-------------during the e.econd winter period was 1 .60 aud 1 .61 groms per 100 pounds ot 

body wei ght , f'or the cows and heifers respectively , J1:hieh :ffii.l ed. to support 

optimum growth or growing heifers or 11u1nmUl!l perfo.rrn.anee of p.rod~~ i .:ag cows. 

When phosphorus t.mpplementation vres begun tor the winter period so as to 

provide approximfl tely l.6 grams of :feed phosphorus per 100 pounds of body 

weight the plMmia phosphorus l evels of the lot 2 cows incre8eed from 2 . 10 

mg. to nbove 5 . 0 mg. percent . The values for the lot 2 heifers 1nerea seii 

t'rom 3 . 5 mg. percent to more than 5 .0 mg. percent during the same period. 

Tbe increa sed diet e: ry inte.ke of phosphorus reeul ted in gre&ter gains , higher 

olood pho sphorus levels and. an improvement in general body ~p:pea r ta.nce. 

The phosphorus intake of the lot 5 cows and heifers tor the :first winter 

seaaon WfiS 2 . SJ. und 2.40 grams per 100 pounds of body weight , r espec tivel y . 



The int8ke for the second vd.nter period was approximately the seme. This 

level was ~onsidered ode\ius te for optimum growth and skeletal development 

of the heifers. Supplttaentl'ltion or dicalciurn phos-phate to incre.ase the in­

take to 2 . 5 g1·~Jns or feed phosphorus per 100 pounds of body wei ght during 

the s econd v.·inter period resulted in increa sed weight , higher plasma phoe­

pborua l e vels as woll as en illr,rovernent in thrift and b-ody s.ppearance of the 

heifers. The general appet:renoe and thrift o f' the cows of l ot 3 was noticeebly 

be\ter t ll&n th!-.t of the other two lots but reproduction es mee sured by per­

cent nga c nl:t crop was not op timua. This btz.s suggested thet these cows eithf:r 

1·ecei ved insufficient ;>hos:phorue during the prece~di ng grazfng sea.eon to in­

oure a normal percentuge of conception or tha t eome other factor contributea 

to this condition. 

During the summer period , the phosphorus value s in the lot 1 cows drop­

ped f rorr, 4 . 9 mg. on April 24 , 1947 to 2 . 5 mg • . per 100 ml. 1il~sme. The tiVE,l ·• 

uge pl nsme p.hosphorue vnlues of the lot 1 heifers dropp ed fl'Ol'fl 5 . 4 mg. per­

C€:lnt to 3. 8 mg • .fo1· the same period. Cows nursing cd ves durin1a this period 

l ost weight r apid11 and several bec8Ilie stiff and •creepy• . No symptoms or 

a pbo~pboru6 deficiency "ISere noted em.ong the dry co,ts in t'l'_ii,~ lot a l though 

low blood pbo epborus values prevt>iled during th.e lat ter pt!,rt of the period. 

Clinioal sympt01:1s of hphoaphorosis were noted in ecveral of the cows 

of "lot i2 .(!,uring the summer period. At the boginning of this period the 

averc.ge pl a sma phoepho:r-u~ level tor all the cowe ~r this lot was 6. 2 mg. 

percent. The l ovel decrea sed to ~. l mg • .at the close of the suroraer g~az­

ing sea.son . I<'or the some period thto pl&sma phosphorus coneentrotiou in 

the lot 2 heifers decreased from '7 . 0 &g . perct:1nt to 3. 5 mg. As the greas 

nea red m~turity it became necessary to add.dic~leium pbosph~te to thl'J ground 

rock ~~lt m..ixture so as to provide an estimM ted intuke of 1. 5 grems per 100 

pounds or body wei ght fo r t he cows un<l heifers of lot 2 . This estimoted in-
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take was ine.de,JuBte to m!iinta.in a constant pl€i1s:.ma :)hosphorus velue in either 

the co•s or heifers of thiE lot. 

During the summer grazing season ·plama phosphorus of the lot 3 cows 

decii.ned from G. 6 mg. to 2 . 6 mg. per 1.00 ml. For the .. em.e period phosphorus 

level ot the lot 3 heifers: deercmsed from 8 . 6 mg. percent to 3. 4 mg. percent. 

Apparently neither the oows nor the heifers commmed ade quate amounts of' the 

dica loi um pboephute - - g round rock salt 1.nix to maintain pla.S!!la phosphorus 

levale. When the dicaleium phospha te wa s mixed with the corn gluten meal 

during the winter months to insure e daily phosphorus intttke of n1)pro:x.imate­

ly 2. 5 grBms per 100 pounds of body weight the blood phosphorus valu&s in­

creased to '1. 4 mg. a.nd 8 . 2 mg. percent. for the cows and heifers, r espeoti vely. 

Exs;:mim.tion o f th~ dt>t a reveel t hat t he :µ l f.l. sme. calcium levels t hrough.-

out thie expel'iment remained within the noma.l range :for cattle Teoei ving 

ade1ruate amounts of this element. 'l1hiiii liOuld be antio1pt,:.ted from the c t.1.oiu:n 

content or the hay end grass fed. 

'fhe ea.lei 'ID -- phosphorus retios duri ng the winter periods r anged fl'Otll 

4 . 1 w 2 ~ 4 to l for t,hree lots of' hei fers and .from it. 5 to 2 . 5 to l f or tho 

three lots of cows. Bohsted.t (1942) a nd other workers reported the,t the 

abeolute amou.nt of calcium a nd phoapho:rus in the dietary i s ot greater 

signiti oence to the welfare of the a?Wll.als than the rs:UO·· between the two 

elements. Lamb and oo- workeN ( 19:34) reported that i'atios e.s wide a~ S. 5 

w 1 · 1:m:v-e been satisfactory for r aising dairy calves. Iu this study ade~~u.nte 

pllospborus w&s fed to the heifers .• 

The plMmHi (!a rotene levels showed marked tluctua'GiQn.s ··t1iro1JgMUt the 

course o f this study . The lol'l-est values ware obser·ved a t the begin.ni.ng or 

th& exper1m.ent when the ccrotene inthke was l owest . The ca rotene l evels in 

all lots remained within t he nonaal range. Payne end Kingma.n ( 194'1) report­

ed tha t oows with plasm.a lovelti aa l ow as 82. 68 t 4. 11 mcl\ • per 100 ml. or 
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pl asma showed no symptoms of I!'. deficiency. 

Such fac tors ns age. gest ntion, lectstion and dry vumther did. not · 

nppreeiab.ly affect t he hanoglobiu content of the blood. The a.veroge for 

all enimnls a.t this station was betl!ieen 9 . 1 and l0. 6 gram.6 per 100 ml. ot 

blood. Dulces (1947) reported an average of 12.03 gr ams par 100 ~l. or blood 

as ru;)l'mttl for oattle. N1tel und Becke r (1935'} r eported average vt.lues for 

beef cattle of 10. 95 t l . 54 to 11. 06 i 1 . 40 grams . Hemoglobin detcmina• 

Uons were made because low hemoglobin levels have l'..a,en reported in this s reEJ. 

These d.ntt.£ indicate th1.1t \he cattle were not deficient 1n oome subst~nce which 

might result 1n l ow hemoglobin levels. The data reported in this s·tudy indi­

cate toot there is no relationship between tb.B hem-oglobin content of the blood 

and the blood plasma phosphorus l evels whi ch i e 1.n agreemont rl th the studies 

o'f Black snd co-workers ( 1942) . 

No signitic. ;nt differences wGre noted in the red blood oell oontent 

among the supplemented and non-supplll)iented lots. Dukes reported 6, ~25,000 

as the a verage number of red blood ~ells per cubic mill imeter o! blood. The 

indirect colorimetric method was standardized by direct microscopic counts. 

The lot 2 a nd 5 cows were heavier than the eoY1e of let 1 on Jun,e 1 , 

. 1948. The lot l heifers gained 292. 6 pounds as compe.red ~i th gAina of 

368. 5 and 413.0 pounds for lot 2 and :'!,, respectively. 

STILLWATER 

'l'he soils at the Lake Cerl Blackwell e rea were found to b e borderline 

as regards available phosphorus and the -forage grown thereon was found to 

be l ow in phosphorus during the dzy seasons of the yebr . :During the e&rly 

part of the growing season, the phoErpborus content ot the pt,,,etur age was 

found to he about e ,1ual to the 0. 12 percent le-vel considered by Watkins 

{1937} and Mitchell (1947) to be t he 6.inimum level re~uired for adequat e 
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phosphorus nutrition t'or grazing cattle. The prairie hay which was grown 

on soils of compar~ble phoa~horus content were found to be lower in this 

element than the uveragc for good. qual1 ty western pre.iri-e hay report.£,d hy 

ltorrisou (1940) . 

The daily phosphorus inte.ke for the cows and heifers of lot 1 during 

the f irst winter period. was 0 . 89 a nd o. '70 grams per 100 pounds of body weight , 

respeeti vely. The intake t.he second \'tinter was appro.:d.mately th& ewae. Under 

the cond1 t1ons of this experiment, the :phosphorus 1:nteke wee found to be in­

adequate to support opti.mum e.;rowth of' hei .fers . The perfomr:nce of the cows 

o.f lot l WliS about equal to tb.st of the other tJtO lots bu·t they appeared 

lees thrl fty. The e verage plasma phosphorus laY&.18 during the eecond "£inter· 

. wati 4 . 09 mg. percent for the heitere and 3 • .16 mg. fo'!' the cows. Only mild 

symptoms of i:,, ph::isphorus deficitmcy flere noted in nursing cows when the ph.s­

.".:la phosphorus content fell bE1low 2.0 mg. percent. Several cows in rot I wi th 

low blood phosphorus values •ere observed to be in excellent health which i s 

in agreement with the fi.ndings of Knox, Benner and We.tkins ( 1941). 

The phosphorus requirements reporte d by Black and co-workers ( 1942) 

and Watkins (1957) for beef cattle are higher than the ddly intake of' the 

cows and heifers in lot l. Most workers egree that when the eve:nwe daily 

.Phosphorus intake falls below 10 greJllS for 1111:: ture renge b eef cattle tha t un­

Mtiefactory results will be obtained. During the second Vlinter period, the 

cows in lot l loot 145. 5 pounds end the lot l heifers lost 49 . 5 pounds. 

The !Jhospho?'118 intake of the lot 2 cor.s 1and h e-ifers dUl"in_z the firfl t 

winter was 1 . 67 ond 1 .4~ grams per hundred po1inds of body -weight , respeeti ve­

ly.' .At no time did the :pl e sma phosphorus level in either group fe~.l below 

the 4.0 lilg. percent level reported by ::i.any workers ii>& the borderline l evel 

ooll6istent wi th good health. This luvel o-f in·t a.ke WBS :found to be adoqul:i te 

for growing heifers and bred cows. During the second winter the daily intake 
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of the cow and heifers was 1.41 and 1 . 60 gr~ms per 100 pound.s body -,;ei ght• 

respectively. Co"Ws nursing clilves ahowetl low pl asma phosphorus l evels but 

wAre oba«n•,red to be i:n excellent henlth. The average pl as.m11 phosphorus values 

for the l ot S cows ;!uring this period was 5 . 29 mg. percent and was 5. 44 mg. for 

the l ot 2 heifers . 

Tne n hosphorus 1ntuke of the lot !1- cows during the first winter period . we.s 

2 .68 ~r F.m s per 100 ;,ounds of bo dy woight e nd 2 . 60 g,.rems for the lot 3 heifers 

fo.r the same perio d . The intr~ke for the second winter wt.s approximately the 

oNAe . The r .. verage pl asm.a phosphorus v11lues for the second winte r period were 

6.01 mg. percent for the col'Js trnd 6. ~ mg. for tl:1e he1 !'ers. The heifers s how­

ed an average gl:l.in. of 19. 5 pounds while the cows l ost a.n avenge of 135.0 

:>0unds w~ich could be attributed to losses due to calv1!38. 

During the first summer grazi ng season. the plasma phosphorus V!!llues of 

the lot 1 cows decreased from 6. 2 mg . percent to 3. :3- mg . per 100 ml . .For the 

same period , the blood -phosµhorus valu ,·,s i n the l~t l h,ai:fers declined f rom 

6. 6 :mg. por 100 1111 . of plasma to 5. 2 m.g. 'i'he lot l cows gained 182. 5 pounds 

during the S\mmter grazing period E.S co1npe.red with a n Rverr;.ge gain of 279.5 

pounds for the l ot l heifers. The lot 2 cows and heifers gained 169 . 0 and 

270.0 pounds, respectiv ly. The lot 3 co'YiS and heifers for the sanie period 

gained 190. 5 t,n,d 252. 0 pound&, respectively. 'I'bese findings ere in agreement 

with tmae of Darlow ~nd co- l\<>rkers. ( !.94-6). 'l'hese workers reported that there 

was oo benefit derived from supplying a mineral mi xture to steers during the 

gr azing se~son a t the Lake Carl Blackwell area. 

The blood calcium levels in ell lots sho~ed only sli ght fluctuations 

throughout thrrt cou.rL'le of this study. itll values -,;-ere within a ccepted normal 

limits indica ting th!.! t a l ack of a vail able cal cium was no problem in this e.re6 . 

The ealcitW values r anged from 10. 5 to 12. ~ mg. per 100 ml. ot plasm~ in the 

cows end 10 . l to 12. 6 mg. percent in the hei 1"er&. 

The ce.lcium-phos:phorue ratios in the co\lis varied from 4. 6 to 1.9 to l in 
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the three l ot or cows &nd 4. 4 to 2. :: to l in the hei fer lols during the 

winter period. 

Wide fluctuations 1n the uver8ge ce.rotene le'fel ot all lots was noted. 

'fhese levels were lowest during p~rlod.s or low dietary Cf'.rotene intake. Dur­

int the second winter p~riod, these levels ~ere obserTed to be very low in 

eaeh lot . From Februery 2 . 1948 to Mar~h 18. 194.8 the c &rotene vt, l\F,£ ii 

,the lo·t l cows r a~ed from 68.0 m1crogra111s per 100 ml . plmsma to 84 . 6 mg. 

For the same period, the carotene values in the lot heifers ranged from 50. 6 

to 63. 5 mg. per 100 111 . pltH,ma. These levels are for the moat pert below 

the 97. lS t. ?.68 mi ~-rogra111s :tor young T6nge Hereford cows and 82. 88 l 4-. U 

microgr ams for mature cows reported by Pa:,ne and Kingman -(1947). ?o prevent 

the efte~e ot' M- prolonged carotene de:t'ie1ency in th.e three lota of cows , a 

crude C6rotene concentra te W&.8 fed the cows so a s to supply e. mirdinun of 

92 , 000 I. U. per head d.aily. The feeding of carotene in addition to smell 

t:mounts of green gra ss _p revalent in the i,.-inter feeding area during the eErly 

spring accounted f'or the 1ncresse in p.lesmn carotene levels at the close ot 

the winter period. 

No c.orrelation betweeu the, phosphorus inteke nnd the veri,ge hemoglobin 

content of the blood wt'ie observed during this study which is in agree.."l'lent l.1.th. 

the 'findings of Bleck a nd eo-~-ork:ers (1942). The a verages tend to be lo e r 

than the nome.l velues of 10. 4 to 10. 7 per 100 cc . of blood es re:ported by 

Mcltay (1931 ) and 10.~:,4 to 11 . 6 gre,ms reported by Brooks and Hughes '1932). 

No cons istent differences were noted in the red blood cell content of 

the cs ttle a t this area . The va lues found in this study were somewhat lower 

thun the average reported by Dukes (1947}. 

There ,res no consistent difference in the weight of the cows s t th& end 

of the 1'irst year of this experiment. The weaning Y.eights of the calves :from 

cows of lots l ond 3 were a.bout the same. 'l'he c s:l vee or lot 2 weighed a pprox-
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ime tely S3 pounds more then the calves or lot 1 tmd 36 poundt> more then the 

cal vea 1n lot 3. 1'he _percentege calf crop was a pproxim atel y tbe SiliMe for 

all lots. From this standpoint of lteigbt the heifers in lot 1 and 2- Y.ei ghf:d. 

approximately the smne and the lot :3 heifers weighed a pproximately !35 pounds­

more than the other 2 lots. 

STkERf:: PRODUCED BY COWS AT STILLWATER .AND WILBUETON 

The ~wenty- seven head of steers pro(luced by the oou ciuring the first 

year were full f ed a standard t'attening r ation for 197 days . No di fferencef 

in the :fa.tteoi}l8 ability of steers produced by cows mainta ined on vs rious 

le-.els. o:r phospho_rus intwce were noted--. A 1:.·ide variation erlsted in the age 

of the steers whieh -would account in pert for the difference.a in the !'ate of 

gain and the tnerage Delling price. per head. 
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Wilburton. 

... . The soils in this area were found to be low in ~vaileble pboephor-

,J1e and the llerb tJ.ge grown thereon was low in phospso:rus coat-ent. Ade-luate 
- .... 

i4 

amounts of calcium were found in the herbage to ·support nomal growth ot 

young cattle and reproduction &na leietettion or cows. 

2 . The feeding of' 2. 5 grmns of .feed pllospbol"Us par 100 pound.e of live 

weight per heifer du.ring the period covEtred by this study produced heifers 

t h.at were l2Q.4 pounds heuv1el" than those in 'the non-supplemented lot. Reif-

ers receiving l . 5 grams of phosphorus per 100 fOUJldB of UTe •eight daily 

for the same period weighed 75. 9 pounds lllcrl"'e than tboze not receiving any 

mineral. Ibt ~nly were \ooae heifers which rece1 Ted the p.bos.pborue-rich 

supplement much heart er but ~hey were much healthier and ruore vigorous. 

:;. LMt i1 ting cows and growing heifers did not obtain s:de.;ua te phoa: hor-

us from tht, g rowing forage or prairie hay produced in this area . "these da ta 

E:ihow th.e t to insure good growth of young beef heifers e daily phosphorus in-

take of 2. 5 sraas of th&t element per 100 pounds o .f body weight is indicated 

during the winter period. .Additional phospboru.a i.s ret.;.u1red du.ring the 

4. Severol of the cows on the lo• plane of phosphorus nutriUon that 

nursed celves during tllfl eummer period exhibited pronounced pbo.epborua de-

:N.ciency symptoms of unthri:ttineas. eae.c1aUon, .sti ffness ana low blood pls.a-

me phosphorus l evels. Ho symptoms were. noted in the higb.-pbosphorus lot. 

BUllwater 

l. Cows th~t received no pho.epborus aupplement End nursed cal ve.e were 

found to hhve low blood phosphorus levels but they di d not develop £evere 
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symp toms of a.phospborosis. 

2. The feeding of dicalcium phosphate to growing heifers in this s ree 

did not reaul t in a signifi.co.nt increase in gain oTer tooee in the non-supple­

mented lot. This suggested that the herbage was su:f:f'iciently high in phosphor­

us to promote nomsl growth or young heifers during the short period covered 

by this study. 

Steers Produced at Wilburton and Stillwa.ter 

1. There lfl.l~ no dit.ferencee in the- average dai.ly gain and the &'t'e,rage 

selling price of the steers produced by cows raainte.1ned on vttrious l evels of 

pho.a.phorus inteks. · 



59 

BIBLIOGRAPHY 

A.ndereon., A. K., R. E. Goyley and A. D • .Pratt . 1930. Studies of th.e chemi­
cal comµosi tion of bovine blood. · J'our. Dairy Sci. 1~: 336. 

A:rmsby, H. P . 1917. Nutrition of f&:rm animals. New York: McMilla.u Company. 

Aron, H., and B. . Sebaue:r. 1908. Untersuchungen ueber die bendeutung aer 
kalksalze feur den im.chsenden organismue. Biochem Zt>it 8:l. Cited 
in \jj . Va. Agr. Exp. Sta . Bul. 231 . 1931. 

Beeson, w. M. • D. W. Bolin and C. ii . Hickman. 1941. The phosphorus re; uire­
ments or growing 8.nd fattening beef steers. Idebo Agr. E:xp. Ste.. Bul . 
2-40. 

Bethke, R. M., C~ H. Kiele and W. Milder. 1932. The erteot of the ealeiua­
pbosphorua relationship on growth, ee.lci:t'icaUon and blood eoaposition 
of the rat . Jour. Biol . Chem. 98:389. 

Black, W. H. • N. H. Ellis, and S. M. . Jones. 1942. Et:te.et ot supplying 
phosphorus to c4lttle graz.ing a phosphorus deticie-nt range upon beef 
?roductlon. lour. Anim. 8c1. 1: 345. 

Black, W. H. • L. H. 'le.sh, 1. M. . J'ones and R. 1. Kl~berg, 1r. 194~. lt'tects 
of phosphorus suppl•ents on cattle grazi ng on renge def'i.oient in this 
mineral . U. s. Dept. Ag:r. Tech. Bul . 856. 

Bohst.edt, G. 1942. Minerals in d&lry er~ttle nutrition: A renew. J'our. 
Dairy Sci . 25:441. 

Brooks, H. 1 . and 1. s. Hughes. 1932. Hemoglobin content ot the blood of 
dairy oe iitle. Jour. Nutr. 5: :35. 

Cho set, C. 1842. Note sur le systeme osseux. 1842. Compt. Rend • .A.cad. 
d.es Sci . 14: 451 . Cited 1n Ohio Agr. l:.xp. Sta .• Tech Bul . p . 6 . 19~1. 

Clark , 1£. P . and 1. B. Coll1p. 1925. A study o~ the Tiadall Method for the 
determina tion of blood serum cdei• with a suggested modifica tion. 
Jour. BioL Chea. 65.: 461. 

Darlow, 1~ E., V. O. Heller, J.C. Hillier, Dave Cenipbell, B. R. Taylor, D. 
Stephens, H. M. Briggs and J. A. Hoefer. 1946. Supplements for fatten­
ing two-year-old steers on greas. Twentieth Annual Lives-tock Feeders 
Day Report . 

Duk'.ea , H. H. 194'7. 'fhe physiology or domestic en1mals. New York: Comstock. 
Publishing CompIDty, Inc. 

Eckles, C. H., R. B. Beeker and L. s . Palmer. 1926. A minerel deficiency 
in the rations or cattle. iann. Agr . Exp. Sta . Bul . 229. 

Eckles. C. H., and 1. W. Gullickson. 1927. 'l'he reletion of sunlight to the 
£1"0\':th and development of calves . Jour. Dsiry Soi. 10:87. 



Ee.kles , C. H., J. VJ . Gulli ckson and .i:.. . S . Palmer. 19~2. Phosphorus defic­
i ency i n t he r a tions or cattle . Mi nn~ Agr. Exp . Ste. Tech. Bul . 91 . 

Ellenberger, B. B., J. A. Newlander and C. H. Jonee. 1931. Calcium and 
phosphorus requ i rements of' d,siry cowa. Vt . Agr . J:-xp. Stn . Bul. !351. 

Fairbanks, B. w. 1939. The calaiwn- phosphorus rat io . Nori h .Amer. Vat. 
20: 1 . 

Fi ske, C. R. and Y. Subb&row. 1925. Tha oolorimetric det el'!lination of 
phosphorus. Jour. Bi ol . Chem. 66: 375. 

Follis, R. R. Jr. 1948. The pathol ogy o f nutri t 1onal diseasas . Illinois: 
C. c. Thomas. pp. 104- 109. 

Forbes , E. B., lt. M. Bugle, C. M. P'rltz, L . E. Mo rgan n.nd s. N. Rhue. 1917. 
'l'he mine-ral .m.et e,boUam of the milch co11. Ohio .Ag:-. Exp. Sta. Dul . &>8. 

P'orbee, E. B., 1 . A. Halverson G.J;ld L . E. Morgon. Tbe mineral metaboliSlll or 
tbe mi l eh oow. Ohio Agr. Exp. Sb:. Bul. 3:30 . 

Forbes, E. B., R. B. French end T. V. Letonof'f. 1929. The mine r al metabol­
ism of the beer st eer. Jour. Nutr. l:201 . 

Forbes, E. a. • and S . P . J'ohnson. 1937. Phospborua deficiency i n cetile 
as a reaul t of conditions other then lo. phosphorus eonttmt of the 
soi l and of the feeding stuffs grown thereon. Amer. Soo. Anim.. Prod . 
Proc. p. MO. 

Gortner , F. A. l9U . Outlines of biochmllietry. New York : John Wi ley 
a:nd Bone. p 455 . 

Graenwaldp 1 . W. 1935. Influence or r ~tions i n certain minerElS on the 
cOl!!position of blood and niilk o f cows on the bloo d of thei r progeny. 
J'our. Vet. Sci. 4:93. 

GreaTea, 1 . E., It. 1 . Maynard and Wendell :Reeder. 19:54. Influence o:f 
calc1ua-pbospborus i ntake on boYine blood. Jour • .A.gr. Be&. 48: 1033. 

Green, H. H. 1928. Deterrdnetion of phosphn:"Us eompou11ds i n blood by 
ury CQill.bus\lon,. ·J'o\U'. · Agr . Sci. 18: ::572 . 

Green, H. H. and F.. H. Meceskill . l9 t-.8 . Studies la mi neral aetabolism. 
VI . Comparison ot the blood o! OOY and <Hilt in respect t o mineral 
constituents. Jour. Dairy Sci. 13: 582. 

Guilbert , H. R. 19&>. Problems i n r ange nutrition in Califo rnia. P roc . 
Amer. Soc . /~im. Prod. p . 9 2 . 

Haag, J . R. and L. S . Palmer . 1928. The e f ft:ct or va ria tions in the pro­
portions of cdciW!l.• mag!leeium and -phosphorus contfd.nad i n the diet . 
lour. Biol. 1;hem. '74: 367. 

Haag, J . R., I . R. Jones and P . M. Brandt. 19~2 . The infl uence or various 
mineral isupplem~nt s on the c alciUll, phaophorus, and nitrogen metGbolism 
ot dai ry cattle. J our. Dairy. Sci . 15: 25. 



61 

Hall, J. L., D. L. ~ackintosh and Gladys E. Vail. 1944. Quality of beet! 
11. Effect of dietary pbospborua deficieney~oa quality of beet'. Kaua. 
Agr. Exp. St a . Tecb. • .Bu.l. 56. · 

Hart, E. · B,, H. Steenbock, C. A. Hoppert and R. M. B•,t 'hke. 19?.2~ Dietary 
factors influencing calc1\Jll ass.1m1lo.tion. J"our .. Biol. Ob.em .• 54: 75. 

Hart, !:. B., R. Steenbock, G. c. Humphrey, c. A. Elvehjs and H. Scott. 
1926. '?he influence of. sunlight upon eele;ium. equ111brura in mUlcing 
cows. JOUr. Biol. Chum. 67:371. ' 

Hart, 1 . B., B. A. Beach. E. 1. Delv1che and E.G. Bailey. 19~7. P:boapborus 
d:efioie.ncy in dairy cattle dise'-tse. Wice. Agr. Ex;p. Sta._ 13ul . 389. 

Hert , G. H. and H. P. Guilbert. 1926. Factors influencing percentqe calf 
crops in r ange herds. Ce.Hf. Agr. Exp . Sta. Bul. 485. 

Ha.rt , 1£. B., H. Steenbock, E. c. 'l'eut and G. C. HU11phrey. A study of the 
influenee of he.rs cured w1 th varying exposure to sunlight on ce.lcium 
met:?b<llism of milking e~we. J'ou:r. Biol. Chell\. 84: 3_67 ~ 

Hayden, C. li:. and P. A. Fisll. 1928. !he nonnal blood of some <Wmeati~ated 
animals. Cornell Vet. 27: 197. 

Henderson, H. O. and C. E. Weakley, Jr. l930. The effect or reeding diff er­
ent m1tounta of calc1UJI and _p hospho:rus upon thei gl'Olftb. e.nd devel opment 

·of dairy animels. W. Va. Agr. lup. Ste. Bul. 231. 

Hevesy, C.H., Levi H.B., and O. H. Rebbe. 1940. Rate or rejuvination of 
Skeldon. Bio chem. Bour. :!4: 532. 

Hut:f':man, C. ?. , c. Yi . Dunesn, D. s. Robinson and L. W. Lsab. 19~.. Phos­
phorus re.:i_uirements of dairy ca ttle when a't'tlllt"a 'furnishes the princ1 • 
pal source of protein. Mich. A.gr. hp. Sta. Bul. 1~4,. 

Hufflae.n, C. F. snd C. w. Pl.mean. 1935,. Vi temin D s tudies in oftttle. I. 
The antirachi tie vnl~~fot bay 1n the ration. ot dairy cattle. lour. 
Dairy 8ci . 18:511. 

Jones, W. B. alld 1. R. _:Mullen. 1926.. $t-ud1es "n the eb.a.ical COllpostti&n 
of b-.er blood. I. Tbe concentrlii tion of certnin:~):onst1 tuenta in normal 
beef plasma. Jour. Biol. "hem. 57: 245. 

Kimble, :W . S . 1939. 
1 n · hum.s.n plasma. 

Pbotocolol'l!letric determ.ination o'f Ti ta.min A e.nd carotene 
1our. Lab. & Ci fn. Med. 24: 1055. 

Kleiber, Ma.z , Harold Gross , snd li. E. 9ui1bert . 1936. Phosphor-us x.et ¥1bol1em. 
end food utilization in beef heifers. Jour. Nutr. 12:121. 

Knox, J.B., 1. W. Benner end W. E. Watkins. 1941. Seasonal calcium and 
pho sphorus r e ,i.u1ren.ants or range '.Bel·eford ca ttl€" b l!i.&6d u~ >r:t blood 
t.rnai.ysis of thes e two elements. N. Ma% • .Agr . I;.xp. Ste . Dul . 262. 

Knox, 1. H. and P. E. Neale, 1937. Mineral supplements for cattle on 
phosphorur:; defi ci ent r snee . N. Mex. Agr . Exp . St.a . Bul . P49 . 



62 

!.amb , L. w. , O. B. itinter, C. I . Robinson and c. F. Huffman. 1934. A 2tudy 
ot the phosphorus requirement of dairy cattle. II . Phosphorus calcium 
and nitrogen metabolism ot dairy cattle when alfnlfn furnished the prin­
ciple source ot protein. .Tou.r. Dairy Sci . 17: 2!!3. 

Lanto,r, J' . L. 19~2. Mineral.a tor range cattle. Am.er . Soc. Ariim. Prod. p. ?l . 

Madsen, L. L. 1942 . Nutritional diseases of cattle. Yearbook or Agriculture, 
Keeping livestock healthy. pp. &46-651 . 

lilala.n, .A. I . 1928. Studies in mineral metabolim. III. Oomposi tion of bo­
vine blood. 1our. Dairy Sci. 54:72. 

Mal.an, ~'\.. I., H. H. Green and P . J . DuTolt . 1928. Studies in mineral metabo­
lism. V. Compos.1 t.ion of bovine blood on phosphorus defici ent :pttstt~~t;.,. 
Jour. A~r . Sci . 18:376. 

Maynard, L. A. 1947. Aninal Nutrition. New Yon:: J.ioGrewil1ll Company • 

.ftaynerd, P.:. J . , J . :K. GraaYes and R. R. Sm.1th. 193.6. 
improve sugsr-beet by- product ration for cuttle. 
Bul. 265 • 

PhoS"'~horu.s aupµlem ents 
Utrth P;.gr . il::.tp . Sta. 

.McCay, c. M. l 93L The hemoglobin rmd totol phosphorue in the bloorl o f col!le 
and bulls. Jour. Ddry Sci. l·:! e,73. 

MeColiUII., E. v •• N. Simmonds, P. G. Shipley and E. A. Psncs. l9f~. An 
experiment i;,l demonstration of the exietRnce of a vi t am.in which pr.:>motes 
calcium deposition. J'our. Biol . Chem. 53: 293. 

MseViosr, Robert. 1947. Unpublished dat a . Okl&. A.gr. E:x.p . e t a • 

. 1leige, E • .B. , R. R. Blatherwick ~nd C • .A. Cary, 1919. Contributions to the 
physiology of phosphorus a nd ce.lc1um l!'1etabolism ae rele.ted to milk se­
cretion. 1our. Biol. Chea. ~7:1. 

lieigs, E. B. , lJ • .A. Turner, 'l'. s. R&rding, A. M. Hartman und F . M. Gram . 
1926. Calcium and phosphorus metabolism in. dairy oowe. Jour. A.gr. ReEi . 
32:8~3. 

Midlin, R. L . und A. M. Butler. 1938. Jour • .Biol . Chem. 1 22: 673. 

Mitchell , B. B.. 1947. !be min.er~l requirements or faxm animals. 1our. 
An1m. Sci . 6:365. 

~ itchell , H. R. end :F. 1 . McClure. 193'7. rUner3l :nutrition of fem a..ni­
,iela. National Research Oounoil Dul. No . 99. 

¥ ol'gulus, s . 19~1. Studies of the chem1<.rnl composition of bone a.sh. Biol. 
Chem. 93:455. 

Morrison. F. B. 1940. Feeds end Feeding. N~ York: Morrison Publishing 
Col!l:pany. p . 109. 

Neal, Willi a e.nd R. B. Becker. 1935. 'l'he hemop.,l.obin content of the blood 



o f heal thy e n.d an.emic i.aelt s ick " cattle. l our. Agr . Res. 46: 55'7. 

ttaU onal R~search Council Bul letin Mo . 4 . 1945. Hecomm.ended nutrient Allow­
ances for beef cnttle. 

Pal.mer, L . s., w. s. Cunningham and C. H. ! cklss. 1930. Nomal Y&ri.stions 
in the inorganic phosphorus or the blood or dairy cattle. .Tour . Dai ry 
;~Ci• 13: 174. 

P6l.lmer, L·. S. and. c.- H. :iekles. 1927. Effect of phosphorus de:fieient 
r i~Uons on bloo(l composi t1on in cti ttl e . Proc. Soc • .Itxp. 13iol . Med. 
24:~7. 

Palm.er, L. 6. 1 T. W. Gullickson, • . c. Boyd. C. P. Fitch and J . i . Nelson. 
1941. 'l'he ettect ot r a t i ons defici ent in phoephorue and protein on . . ·. 
OV'Jla tion, estrous, and. reproduction or dairy heifers. .Tour. D&iry. 
Sci. 24:199. 

Pa.lmor, .i.. . s . and T . w. Gulli ckson. 1935. Factors in ealcim and :phosphor­
us n11;:,ta·bolism. Cornell Vet. 25: 82. 

Payne , M. o. and H. E. K.i~e.n. 1947. Carote ne blood levels und reproduc­
t1 Te performance i n r ange Herefords. Hour. Anim. Sci. 6: 50. 

Ri ddell, I. H., , 1~ S. Hughes iu:i.d J" • .a. Fitch. 1927. The r el e t.ion of :phos­
phorus de:t'icicency to the utiliz.ation of feed in d&iry ca ttle. ? roe . 
Am.er. Soo. Anim. PTOd. 

Ri ddell, 11 .• 11., 1. S. Hughe& n:nd :J . B. Fi tch. l 9S4. The relation of pb.oe­
pborus. deficiency to ~he uti l1:z.e.t1on of teed in dairy o&ttle. Kans. 
Agr . Exp. St a·. Tecb.. Bul. 36. 

Robino0n1 C. s. a.nd C. F . Hu:f'Onan. 1926. Studies on t he chemi ca l composi­
\ l.e 11. or b af blood. II . 'i'llfl COlll~sition of the blood of dams 8.Dd 
o~1ves iwtedi a t!lY afl@r calving. 1our. Biol . Chem. 67: t57 . 

Rupel, I . 1 . 1 G • .Boha \ 6dt and E. n. Han. 1 952:. Vite.llin Din the nutriti?n 
o:f the de.i:ry Cttl:f'. Univ. W1EC • .11f!.,r . Exp. f;t n . Ree. Bul. 115 . 

Sc~i dt , H. 1926. Poed1ng bone meRl to rringe e~ttle on t he Coastal Pl &iaa 
or Texas. 'l'Eixas Agr. E-xp . Sta. Bul. i44. 

Scmni a t. C. L . J,.. end I:i. :Lt. Graenberg. 19!.!;5. Occurre.nce, tr~..:.n;sport and 
regul!i.tion of calcium, e:.rngnesium end phosphorus i n the ,1,ni:..ial or-~ania. 
Phy. Rev. 15: 297. 

Snedecor, George W. 1946. St e.tistic,u llia-thod.a.. .Ames: 'I'he Iowa Sta.t e College 
Pres s . 

St&nley. J . B. 1928. 
r ange in Arizona. 

Nutritional. studies with ca ttle on e. gnissland t ype 
Ariz. /.-;gr. J1xp . St a . Tech Bul . 79. 

St anley , I • .B .. a nd; e. 1l. llodgeon. 1938. Se.esonal changes in the chemical 
ootaposi Uon ot eom.e Arh:ona. re.nge gresses. Ari z . A.gr . E:xp . Ste. Tech. 
Bul. 73. 



·Tesh, L. H. end J" . M. Jones . 1947. Pbo6phorus. 'fhe CHttl el'!,en , F£ibrufi ry. 

Theiler, Sir Arnold. 1924. Phosphor-us deficiency in the live etock in­
dustry. .Tour. Dept. Agr . Union of South 1,frica,. 

Theiler. Sir Arnold. 1;i1. The pa;hologic aspects of phosphorus end eal­
oium de:tic1eney in c nttle. Ve t . Rec . 11: 1143. 

Theiler, Sir Arnold. 9 Ii~ ·n :- .Green and P . 1 . DuToit . 1927. l'inimum min€<ral 
requirements in cattle. J'our. Agr. Soi. 17-: 291. 

~heller, Sir Arnold, H. H. Green and P . 1 . Dll'l'oit . 1928. Studies in 
1ll111e1:·al metabolism. II . Breeding cH1itle on phosphoru.l' ~.e!'i'lien1. 
veld. Iour. Ag~. Sci . 78: 364. 

Udall, D. H. 1939. The Pr&etice of Veterinary Medicine. 
l1s,hed by the J.uthor. p . 553. 

' New York! Pub-

Van Landingham, 11. H., H. O. Renderson and G. A. Bowliug. 1955. Chemi ccl 
composition of the boviu-e blood. J' our. Dairy Soi. 16: 557. 

Voit , E. 1880. 
o:rgan1 mc.u.s. 
251. p . ,. 

Ueber die bdeu.tung des bi.lkes te1;m 4419-u tr1eri 8ohen 
Zei t . Biol . lli55. Ci tad in I'. Ve. Agr . Exp. Ste • .Bull. 

1931 . 

Wallis, G. C. 1938. Some effo~'~t! o-f vital'l.in .D defio1enoy on m(1ture dniry 
cows. Jour. Dairy Sci . 21: 315. 

Wallis, G. C. , L. s. P~lmer and T. w. Gullickson. 19~5. Cnleium and 
pbos.phorus retention in c attle . J'our. DBi ry Sci . 18: £13 . 

Wdkina. I . E. 1937 . .'llle eelcia and p.hosphorus contsnts of important 
1few Mexico. range ~~ages . N. Mex. Agr. Exp . Sta . Tech. Bul. 246. 

Wat k'lns , I . E. and J . H. Knox . t945. Seasonal variat ions in the composi­
tion of range rord.ges . Jour. An . Sei. .ct : 29? • 

. Wd8lce., H. Ueber d~ eintluS':' von .kalk oder p.hospht:rrseeurfirirme nah:rung 1.m:f 
<lie 2,u stAr,lellBl!ttzung d~•r ~.l!oChen. Landw. Vere. St ti . 15:1.52. 1872. 
Citeu in. ll1 . Vf>. . J\gr. 1~·!>· St a • .Bul. 251 . p. 4 . 1931 . 

Weislce, Ji. and ~il<lt , E. 1873. U:ntersuchungen ueber die zusam..'1len.setzung 
der koob.en. Be1 kelk oder phosphorsaeuren ha~. Zeuachr. Biol . 
9: 541 . Cited in W. Vo . A{;,r . ~:xp . St a . Dul. 231. p . 40. 1931 . 




