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Piilt'l' I. COMPARATIVE AVAILABILITY Ofi' PUOS.PMORUS 

IW HJI.TIVm GRJ\.SS HAY PB.ODIDED IH 

S0Ul'HEAST1!1tN AUD NORTH CEi\J'l'RAL OKIJtllOJY1A 



Range l1'V&stoek Fai!uee?i9 h.ave cettn eor;ni:zant o:f: the probletrS al"!.$• 

S.ng tram inadequ.1.ittt miooral n.u:tritioo. ror m.~f\V y,#Jlcrs in '!Ml\V· l!lt"eas or the 

Um.ted. Ztntes $l.11d oth?,,r eGP.ntrie.3.. Ditri.og rueent f&,~l'$. m2W ot those 51),!lt 

nbW:ld.antly ottppliet b,1tJ1, on®' or tJ.~ra of' the ai:nm"al elemants ~l·d.eb. Gl"e 

k!lO$n to Gi'f'eict ~ow.th, rep?"od1,,.,rt~i@'l!!l i:-;:n,:i laet.ation in ~~.nge, llwstoek. 

t,f~;tV :,oils in centr:ol ::1}d~h.om~ a1?.a Z,newn to border on pho~p.h~ dtd."ie!en. 

cy, whil.$ r.-~· l)f tl:JlSti in ;;.ir.H1:tho&"!l .:Jklah.o'!le ~" def"J..nitely deE'1e119nt ln 

P~e,-1r,11t3nttil wo1"1:: :,tl1,h b,u,r;,!' c~ttlc nt the, Jl"..lah~ ~icultval 

t'.."q>Grim~t :it~tioa kti.s in:Jic,;'itod tl;~it th;;1re mt"'¥ ha mar!~ diffel"&nc• 1ft 

the ava1labil.1ty of' p'ilo:ar;hartYJ\ in for::i.c;es pr1:iht~ in C>kl~onm on soils 

that. dit,-fer in their c<rntent .~:if ~vailable r;hosphoru."3 {!toss:, fl .11- 19''1~). 

c~ ani:l hEti~n zhowod t1PiCfll $Jmptoms of phosphorus d:ef'ielener 1lfhen r.a 
prai:riEl: h~1 oonta:.tning apprQldmately ,.06 per cent phosrllorus. tdtb C'O'l'a 



gltiten meal. as a pl'Oteia supplement. The hay fed was produced near 

Wilburton_, in southeastern Oklaboma1 on so.U very loti in available 

phosphot"l.ls. None of these symptoms wa.a abowa b7 eow.s and heifer& fed 

prairie bay which contained m.bcmt, the same percentage of phoepborus,. 

hut which was grown near stillwater on a soil higher in available phos­

phons .. Since there vas. no great difference in tbe totd phosphorus 

content of these fOl"aps, dif'ferencee in the availability o.f the pbos­

phorus foil- beef cattle seemed likely. The need for int'orlrlation e.oneerning 

the availabili~y of the phosp!r.torus 1n 'these tvo hays provides the basis ot 

this study. In addition, hey from a meadow near the Lake Carl DlacltweU 

area which had.: been fertiliz-ed wit.h 200 powlds .of supel"'phospbate p&X" acre 

•• included 1n the study in an effort to determine possible effects. of 

such f'ertilizer ·treatment on phoul':,,horus availability .. 



REVI OF LITFlUTlBE 

Certain pl.ants are able to gro on soils that a very infertile am 
low in avail ble phosphorus. This is particularly true of many native 

pasture plants of low economic v lue,. $Ueh as t he Ari tid species, co only 

known as the verty ass ,and Andropogon virginicus orb.room sedge .. 

Among 'the variou harvested crops, there are a.lao wide differences in the 

bility of th crops to grow on soils lw in phosphorus. Rye and oats, 

for example, have been consider , . ner i y , to be able to grow well on 

soils where barley suffera from a lae of available phosphorus .. 

studies have been conducted in t .pta to learn why certain crops can 

obtain more phosphorus from the soils than others, am can make mor growth 

on soils low in phosphorus. 

Sommer {1936) found that in solution cultures~ wheat ard 'buck wheat, 

which have large root te and large absorbing surface, made a better 

gr hon low concentrations o · phosphorus than cotton which has rela­

tively poor root syste. ierre (19.38) h s shown that the solubility of 

com our:ds of pho horus in the soil has a great influence upon the v 11 ... 

ability or· phosphorus 1.n the soil to plants.. The following groups of soil 

phosphorus compout¥is are listed in what he believes to be th order or 
decreasing availability for p nt nutrition: {a} co pounds of calcium Di 

phosphorus or agnesium and phosphorus, (b) combinations of phosphorus with 

organic matter, (e) com ound.s of iron nd lUJllinn with phoaphorus am. 

( d) compourds of osphorus present in the form or the parent rock from 

which the soils are formed. 
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There are numerous references in the literature, in general agreement 

cone ming e e re.ct of soil reaction on plant nutrient availability,. 

bitson am St dart (1927) studied the r sponse of soils to phosphate 
-fertilization and found that acid oils av a much ater r spon a to 

phosphorus ertilization than non-acid soils. They suggested that in 

acid oils the phosphorus was largely present s iro and aluminum phos­

phates instead of the mor vaila lee leium pho 

Truo-" (1947) has illustrated aphic Uy the goner l t.:reoo of' the 

re1at:1on of a ccompanying soil eo~itions to +~he availability ot 

pl&nt nutrient elements. lis wor in:Ucat that soil phosphorus is most 

readily available to plants wh n the pH r ngs is tw en 6. 5 and 7.5. 

Harper {1947) reported tho results of a study in which over 3000 Oklahoma 

soil samples -were classif ied ccording to value and av ilabl phospbo-rus 

content., This study showed th ta aoil whose rent oek aterial as low 

in available phosphorus as also very likely to be low in :vailable phos-

phorus. Under avera~e Oklahoma conditi ons• the availability of 1 organic 

phosphoru to plants was found t decline th inoreasin soil cidity. 

According to Browne (19J8) . although plants are de n:lent upon the soil 

or th ir mineral nutrients, clima'1i ' eonditioll8 so arr et respiration, 

ssimilation, photosynthesis , metabolism and other physiologieal proo sses, 

that the composition of both tl1 minerl'\l an6 organic matter of ero s may 

greatly modified even though t hey are own on identical aoils. 

Beeson (1941) reviewe the work o Kunze in Germany who found no 

significant difzerences in the phosphorus content of' wheat grain, ~ut abo t 

half s much phosp orus waa found in the straw and chaff produced in dl7 

years as co ared to years o average rainfall. Daniel and Harper (19,35) 



X'i ported the result of a. study eoncerning the relation tw n ef.ective 

rainfall in Oklahoma r:d total o lcium and phosphorus in allalfa 

pr 1ri hay which up t thes f'i in,s. Although the th tical 

oorre,lation betwo n the ctual mount o.f rain and the phosphorus cont&nt 

of alf 14a was not high, t ir dat show that phosphorus cont nt fluct -

8 ith the rainfall. eCreary (1939) at th yomi St tion -~""'"ted 

tures in the Iaratni Pl ins clipped in pril during season of 

auf icient moisture or xlmum growth contained 0.73 r cent P2o5 nd 

18.~l per eent crude protein on the dry basi&, bile .forge clipped fro 

the same area on Jul.1 23 (after a riod of low . eo1pitation) contained 

0. 47 per cant P2o5 and 9. 3 per cent crude ot in. Another sample from 

the same repre en'ting the g.rovrth of f'orage bet een August 16 and 

September 3, after a. riod of high precipitation ard or th n sufficient 

moistur, contain o.74 cent 205 and 15. 97 r cent m-ud prot in.. 

Schrieber (1948) in finding concerning phosphate rertilization in Germany, 

te.ted. that in unusually d y y or , et crops have , ro low 1n phos-

phoric acid beoaus insufficient r infall caused a gre t reduction in th 

olubility of phosphate fertili~ers. On the other hard, normal r infall 

rcxlueed crops of abundant phosphorus content. 

umerous refer ences in the literature cite the effect of li a!d 

fertilizer applications 1n increasing plant nutri nt availability shown 

by ch es in chemical composition of pasture forage . ert111zer treat nt 

or oil ects th composition of forage in two ay s (l) by favoring 

in a mixed rorage th ~ h of certain species of plants 1n pr fer nee to 

others, td (2) by directly- ornoting an ·ncreas ab orption o'f the nutri­

ent or nutri nts added . Pierre and Robinso (1937) found in e t Virginia 



tt113rt forage from e..n · unp.r.:o-:h1eti ve a~il 'at the i\Jorganstown $tat ion \~"J o:uly 

6o per cenJ; a:s in phosphorus aa · the :f'orf.'i~ from tha unt:!1'eated plots 

er the· rnore 't"'.srt'.lle soil ~t the 1;gort·.l~la Stat:i.¢n. !d.bsr:al ;phos1,nat,e fer .... 

tiliZ:atifi>n i,nor,e:ia.aed the phosphoru:a eonte'!lt o:r·· the, forag.~ to aboi!it th;;p a~me 

lev.el on tlie t,10 are~s .• · ,Tho pe,l'\ccmtage i.neree,ses were 29 per eei1t at the 

t!orfie1fl iSta·hiGn and lDl per ~,.nt . at th~ fs:Jortranstrwm St~ition,, . Phqsphcr11~ 

i"ertil:t~~t.ion increased thf!'l phcsph~X'tia oontent ot wh:i.t~ clover an tz~1mJ.IZl1i<:l 

~ 10 ·pel"' cent · at) eo.~roo with ~n · average ot' 40 · pel" cent to.r Kera:.ueky 

blue graa..~.. These v1orker$ also reported tllat tne percent~gra lnerea.s,e in 

the phosphorns content of poverty grass :t"'ltom phosphate rortilizat,ion \\tas 

Sii)proldmi;rtely twice ~~. h5.gh .as thot o:t' the, blue grass~ 

0 1r1r1~n and Obansha:t.n {1942) :toul'ld t,hat on low· fertility soils" . 

pr...oaphate f"e!'tilizat1on iner,c:fasad the we!ght.e{l G,V&:TNaee '};'iGreantage of 

nitrogen, phoar,h.oric,: {;iqid mm c~leium old.d-e ln ,t,ha, forage.. On s:il'l'lil&r 

soils, t,h$~e ttt>rliJ?l?S :reparted that di ... caleiu.m, tr1....:c.altttum !llrtd superphos­

pbate t.reurt.mEm,ts all !nereased the ave:r~ge phosphori-0 aaid: eontent of' the 

tort1ge by ;o 1::er cent ov.er th~ respeettve ehecli: plota. 

»~own (1912) f'otmd substmntial incre.aaes. in the pe:reentn1;e of clover 

in ptlsture forage after the applie~.tion Qf phosphate and still a greater· 

in<tl"'eS\Sa af'"i.:,®I" the ed.d:itton of phosphate end Bsne,., From a low valt~e of' 

ll.7 per cent protein in forage f:l'om unt":ert1ll~~ plot$" .w}d.eb eontnned 

little clover,, p~osph~te alone incX"easoo. t,ho clover to 14 ~r cent and th~ 

protein of' the m!xture to 14 per oent* Phospbt\te and lime incr~aaed tbe 

clov~r ti, /lil pe,r C$nt and _t.h:e prot,$11'1 tc 21,..J. per eent,. J?hosphate, lime 

and potaah tt:>getller increa;soo tJ1-e clover t.:o 55 1Jer ee11t and th.a protein to 

a:J,.i,. ~ c.ent. 





Cc,nsld~rable <latn have been pu-hli~hos:1 :rtJfsax,.Unr; !ltnirnum tln.:i or,;,t.imtt~ li;l:!'Wl~ 

of phosJJhOI".aS f0cl' tseer c!':it,tle :and $!Jeep •. 

avel*age Vfeatd.nc: ''",i,1:ht 

'11~$ 69 pt)tlntl~ 

by Ci'.J,'1S- in control lot. 

ph.ot:tphorui~ tle t'ic i ent:, 

.0t1n~i1!; o:t b()ne 

p.rc,5hieed itn B;V(fjrtt;:;;;;~ 

f·Qr ~ontll"ol lot, .. 

. :; cnlv\1s in 3 

in t.110 trnitm 

.i"~vor~d 

di•t:~1eii11!'.l 

d:urinr;r a 

OkleJ:i~rn::1 

South d%£'i•iea, 

ln:'.·eedit'!I.}•, 

rl!:)ceS,ving no m:iner:ll 

&nd vig6!' :1::;.r::,t,w~on the 

notie.~abltJ 

ratt'ihell 

·to 1actatin0 eu-"'s f~Qv:e.1 l"em:fi.ci,al 

~\.<y~1;1r p:::sriod: e.over~ 

to 56,.3 eettt 

e,o\fJS ;;,:roduo~ 

·ti$· 

-this s.tudT 

~tu.?'tty eM 

of 26 pou:ntls .of 

did.lJI') pa,'i' ~ad. 

tii.lbuJ!'tt;n Btst!cn ~ 

h!'.;~:vier than a 1!imtlar lQ't 

in. i\pJif2.re:nt, J!enel'al xie,alth 

to 

:f'orth Etpprcximat.;;; ela.01,im 

1:'!i.tt&n.lht te~r s.te!;!rs.. ?base: 
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work! rs concluded that a 600 pound growing steer requires e. aily int k4t 

or 12. 4 r3 or osphorus and a f ttening steer of the all'le ight 

r quires 16 .. 4 gr s of hosphorus . 

Be son associ tes (1941) found that the pbosphoru require ent 

or owing and attanin~ steers in !daho were mt by fee rations con-

tining 0. 18 per cent or hosphoru~ or a aily intake of 2 s of hos-

phorus Tl p unds of body ight. Thee investigato s t th 

the mini pho pborus quiro ont is near r 1. 8 r ms r pounds of 

b y w ght than 2 grams~ tehell (1947) concluded that for body ,rights 

r ngin , f'rcm 150 to 1200 pounds, the phosphorus requirement ot Holst in 

heifers drops fro 0 .. 52 per c nt on dry ... att r b is to 0. 13 r cent, 

th calcium requirement drop:. fro. 0, 85 per nt to 0. 18 p r e nt rid t ~ 

calciu phos orus ratio from 1. 63 to l . 38:l. For late owth, 

t calcium r quirem nt continued to decrease, while t e po phorus require-

nt re iained approximately constant. The optimum caloi · pho orus t- t1o 

at maturity e found b.y those orker to be about 0.5 or o. 6, son,. 

~ ..!.• (1944) found th t lambs receiving rations 1th os horus content 

ranging rom 0. 15 to 0. 2) r cent were adequately suppli w th pbos orus. 

On the basis of phos oru intake per unit or live eight, t hes- re ntage 

, equivalent to 2. 17 to J. 8 grams daily per 100 pound of 11 light . 

Gallup rn igP.S ( 1950) conducted osphorus balance tudi in. 

ef ort to determine the · n1mum phosphorus requirements for la wei hing 

om 55 to 70 pou:tds . Thee workers report negative pho phoru balanc s 

wtth r tior.s which supplied 1.4 to l. 7 gr ms of phosphorus daily ~ r 100 

pourds of li eight, about n qua.l number of positive and negativ 

balances with tho e that supplied ~-Om 1. 9 to 2. 1 grams of phosphorus and 
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pos1t1w bal noes in every case with those r tions th t supplied rro 

2.4 to 2.9 gr or phosphorus per h d daily .. 

Reviews of the liter tur doal1ng with the minimum and optimum phos­

phorus requir nts of range beef cattle are nresented by Robertson (1948), 

Albert (1949) and Nance (1952). 

The chi&f hos.phorus-oontaining constituent of cereals and legume . 

a.rd t heir by-product s phytin, the calciu gnesium salt of inositol-

bsi.xaphosphoric acid .. Thus, the question of the. availability of pbytin 
/ 

phosphorus is n 1 ortant one in nutrition. worthy of consideration. 

According to cc nee and · iddowson (1935) phytin phosphorus represents 

46. 4 per cent of the phosphorus of wheat, 52 per cent of oats. 63 er cent 

of barley, 58 per eent of y, llow corn and 57.5 r cent of p anut 

Hay (1942) reported that in whet bran, the phytin hosphorus re 

resents 90 to 100 per c nt of the tot l phosphorus and that the phyt1n 

phosphorus content or wheat by-produets is directly proportion.al to their 

fiber content. 

Numerous experiments have shown that phosphorus utilizati-011 i 1 ai2ted 

in rations containing phosphorus largely in the form of phyt1n. There 

controversial theories which attempt to explain if ani why such ts the 

case .. Lowe, Steenbock and Krieger (19.39) .found t hat t~e ddition of phytin 

to low phosphorus basal ration, ther by raisi the pbosphoru content to 

o.68 per cent, rest' lted 1:n no si ficant i rove nt in bone for tion in 

chick s revealed y on ash determinations. On the other hand, the 

addition of pho phorus as di-s ium phosphate equivalent to the pbytin 

phosphorus increased the hon ash pproximatel.y 10 per cent. The r&sulta 

were obtained in both t he absence of vita in D an:l th presence of sub--

optimal levels. 
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by these workers to be explained hy a 18:ek of a diertM'f s.nurce ot the 

ene,m.e.. Singsen and i.liteh&ll (lW~) found ti,..t,t t.he efficiency o:f the 

chi:Ck in utili$1ng tr.1.e phytie aoid _pfaoapborua of r;oyheana: was satisfactory 

wha field CU"ed alfalfa. m.eal was included in the ration as s .source of 

phJtase, vhereai, commercially prepared dehydrated meal vas nvt &f•.'eotive., 

It was postulated by t:t:-ese w.:>rkez,s that. the phyt€!se of' th& commerciall)" 

prep&red !i.eal had been destroyed cl:1Qr:u1-g processing. 

Spit .Iler mtfi Phillip$ { 19/f,5) -c1:>!t.llt1ded tha,t n diet!'..ry S.OUl"Oe ef phytaae 

was not essential for the utilization of phytir, pt1.osphoru$ of SQybean meat 

'by the rfi't.. ~}outwell and r.issoci. ... tes {191,.6), in an eft"ort to determine· the 

ef feet Qf dl12;ta..t"y phyta:.se aoo vi ta1:i:tn ~ on the cveilabillty oi' the ; hQS-

.. phorus of wl1&a.t bran to albino rata, tou..."'i!i ·thirt · in t.he absenco or vlta!ilin 

D the phosphorus· of ~heat hrr.,w."l w:a,.15 poorly ~tilized. tt& adequate intake or 
this vltarrln increa•ll;eo. the utilizati,on :mt~rl:, ee{WU to that of inorgMJ.iC 

phospliorus. ~s tJea$ured by bone fish.. Io. this 1,1i1rk the preeeru:e or .absetu:e 

. Gt phoe:phorus &1)lU,tin:;_; enzymer; in the di,1its £ti.fl not alter t:he availability 

of ph~itt phos;)ru>rus-

. W..ttle.information i;j ~ivdls .. blr~ ,;,,iit,h i:;pEicl.i·ie e,~h:asi:.. on the a.vail­

.a.b1li t.y of p:hos~horus and eo.leium i.n ht\Y en.a paatu:ce t"orag-0 t"o:r beat' c~ttle 

ru1d sheep •. 

William.a. ll &!• (19~...0) re,001·t~d tl1& results or a st-W,ly mi ·the avail­

abili t7 to the rut of ph,;;tciphcn:-as in le.apeaeza rtnd alfalfa hay. In thie 

study it was found th8.t when tbe e:;;;perimcnt~l diets O(»,Jtainec pho.:,phoru• 

at a minimal level illf s.dequaey i:'UW a.l.l other nutrients were ·Lt optimal 

lewl.s,. ( the mt'"tle tor all diets},, the pho$I)horuo of a low-phosphorus les­

pedea or alf aU'a hay was ill\l.oh lez:s .available to -the re.t for growth tmd · 
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bone development t an vas th phosphoru . of high phosphorus h .. Th•ee 

work r al repo (1942) s res s with r clover hay. Th 1r 

®rk ind1c th the ratio of iron an alumin to ph sphor sin t e 

s w the disturbing factor in t ut lization of phospboru • In.sol- · 

ubl phosph t s or iron an al were to d in the 'Y which deore 

ount or total pho phorus a: aila le to the eni • 

Ser aniva (1939) atud.1 · t e differe ces 1n availability or phos-

phorus in two varieti s of rice and fo that rice cont ining 1.12 p 

cent P~5 promote greater growth than a rice containing 0. 61 per cent 

P205. 

Cox as oi te (19JJ..) t guin a pigs a r tion containing soluble 

al n aalts in exc s& of the total phosphorus of th . diet, and obtoi 

a marked lowering of th inorganic phoaphoru or the blood to a level or 
15 p r cent of no • The a , calci encl pho horus con nt or th 

bones were re u.ced to 70 per cent of th normal in 10 ve p riod .. 

Ferrio s produced dition of 

no 1 phosphat equiva t to th co t t of t e 

diet ntirely pr vented t h occurre ce of th ·a to • ot ap sphoro • 

'l'hes 1o1or ers f rabbits t an ob rv8d t t the inorgani 

blood pho hor1.1 dropp ra:pidl7 'Wh n t e iro or al content of 

:xet:J6'1eu it phosphorus cont • 9 day after t e begin-

ni g oft work, it w ot · that th e r ti or pho boru int 

urin praet.ionlly ca • The ob rv r p tul t that tb inability 

ntal an.1, in this t 1 to utiliz phosp orue w du to 

t precipitation of th tary phosp orus ferric lumi 

phosph te . 



Street {1942) :red rats a purified diet containing vanous l.e'11els cf 

phosphorus, alumiJl.W.'ll sulfate and &lwninu.m hydrold..de., Be concluded th~ 

when ~ soluble f'o:,:,m. 0£ alwninum sueb as al:umhu;uu sulfate was fed to rats 

in an amount equal to thi pho.sphorus content of the ration· (equimOlar), 

there was almost complete precipitation of the phosphortfs in the intes,,,. 

t.inal tract. · i'his conclusicm was based on · growth rates: Sid inorganic 

pb.osphorws levels in the blood plasma. Aluminum sulfate was more effec­

tive in prec.ipitating the phcaphor11s than aluminum hydroxide .• 

K.r:tege:r and steenhoek {1940,) in a atudyottbe e.ttectot: calcium 

and. vita.min l) on the ava.ila.billt7 of phoaphoru.s• found in feeding GJfP&l'i• 

ments with rat$ that the availability of phytie acid p.hosphor11s was mark­

edly e.tf'.ected by the caleium and vitamin D e:on.tmJt of the diet,. With an 

optimal intake or ph0-sphoru.a and a eal.aiun..phosphoru.s ratio of l:l• ~ic 

acid: phosphorus -was alm.Q.st as readily atilized as the iuorganie form. 

Jlowever, when the calcium,,,.phosphorus ratio was increased to 2: l., the 

· e1vailab>ilit1 of ph,tie acid ph.oaphorus :was ~kedl.r decreased. Vitm.u D 

was fOW'ld to improve the utilization of be.ta the ox-g•ie and inorgpie 

f'oru ot phosphona.,. la the preauce of vitamin· Di, phytio aoid phospho.raa 

was 11ot as. readily availe.ble as the. ir10rganie forms. 
TJle et.feet of el trates ~D the aveilabilit.y o«f pho3Phorus ha& been 

a topic 0£ considerable atwi7. Langford {1942) .found 'tthat the edministra­

titm of a ndxture of oitrie ac.:td and potasaiwa eitrates in approxit.ua.tely 

the proportions snd quantit,iea: which would. be supplied with 10 c.,o., of 

b-e:sh oro~e, juice dail.7 increased the r~te of growth and the total oaletwn 

retention of rat.a on a wheat and mlk diet... Day and McCull:tm {19:;9) on tile 

other hand, observed that whu rs.eta were f'ed. a pU.l'ified ration bigh in 
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calcium and low in phospht,:rus,. t.he feeding of eitrates did not promote 

ealcification. Neither was 1t e:ff'eot1,re when the diet eont!:i:ined mt1>derate 

levQls of ce.lciU;:11 or !!>b,osphoru.s, or lcn,r ca.leiwn and. high. phoaphor.l:lls, 1rre-e­

pactive of whether a cereal ration or a pu.r1flsd rut.ion wa,s U.S$d. t.ibiitd a 

p!.tl."ified ration eonta.ining pbytin 'Was fed to rats.,, cltrates · caused sn in- . 

crease in calcification wen tbe oalciutn:phosphoru.s rat,io 1.1as hit.tt, but 

there was no &££'$.ot wh$n the calc.d.um:pho~horu.s n.t,io was aooiat 2d. 

Ha:tthaway and Meye:r (l9:3g,) fed, rats a rn(?hit.o~uio d:ie-t ~1'itl ~led 

lactic acid and. citric aeid or the s:a:lt& of these acid$ to the diet. Each 

or the1$e aeida increased tba a,1ara,1e bone ash values,. Cha11ey .and Bl'Wlt 

(1925) fo~nd that both ealo:r.1ll;:l ro1d phosphorus rete:ntion wttis in0reased when 

orange jaiee was fed to growing girls. ?1~o'N than three tinw s aa much 

pho~horn~ was aseimile.ted when o:rQ;nge juice was o.dded. to the diet than 

'When none was added., 

,Jones (1942) used the rat to study the rel~tioa of' pH of t,be in:t.es,.. 

tlnal contents to .. ealeiwn. e.nd phosphortts . utilization,. :i'his worker found 

that wlian given. in addition to a raehitogenic: diet,. lm'd• oleic acid a.nd 

vitamin D ell inereased the tr..e!di.ty of the l<>i.1e.r .portion of the ileum. a11d 

less consistently inereased tbe acidity of th~ coot1,~ end colon. Th• same 

subl:1tanee.s alao showed definite ar1tiraehito.ge:nie v.ction, which was much 

gx·eater 1n ,tJle ease or vita.min n than either lard or ole.ic acid. 'lhe 

addition of .atunu.num eultate to a stack diet resulted in severe rlllkets 

and a definite inerease. in the pll thro\lghout the greater part. f>f' t.l'ie in~ 

testinal tr8:ot of the rat. 

Shohl (19.37) dem.otuitrated Y:i:t.h rats that t.be feeding of 11cid p~ 

due:tng salts such as lW4Cl iat,ensified :ricketa, and had a dei'inite bul 



lladted effect on pi,oduetion of rl.cket.s. When citric .aeid--sodiwn ci\nte 

mi:idu.irea wen adjed to raoldtogeaic diets they no l~ ;p:tod:ucecl ri~a 

l!unktelt and steeub:ock: ·(194,) fotma that when cottonseed oil wu in­

elwled in a.J.ow-pho,sphorus, cereal-trea, rac!a1togen1c ration for}!ata,. 

ealo1tieat.:1or.i. was u:nifermly decreased la proportion· to the am.oun_t ot 

cottonseed oil £ed.,· ~lbea adequate phosphorus wu provided, however,, tile 

f'eetli:Qg ot eettonseed oJ.1 resulted 1n incre8$ed aalcif1eat1on above that 
' .. . . . ' . ' 

witbou\ eot.toll$'8ed ol.l. 

From this ;review, tile m~J'1" factors which arrect, phospho:rus utU!ation: 

inel~e (1) the. CatP rat~o,. (2) vita.min D1 (3) the ohemioal nature oE' the 

pbospho1:u.s eontairdng constituents .i..11. feedstutf's, (4} th& pH of the inws­

tin.al co-nteiati a.'1d (5) the pre·~· or absence 0£ cert.fin •lu.ble salts .1.A 

.te.ed.sturrs .. 



m. ~· . .AL O.DJm. ·n• . ' ·: ... : · .. ,.- '· •• ' ! . ·,· :. : '. 

this e~at wu des!.glied to •t.,, 'U'le nlati•, at!lbat1oa of 

pbssf'h.orus ia pl"aiirte ~ys pr~ in two dltfel"l!nt aeu ot Oklahoma. 
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Tri.els l, .2, ) am 4. 

Rations~ formtil.-1.ted 1n tboase tll"1als t,o t~at the a'0'$1la-b:tllt:y of: 

calei.m am phespht1l"tl:S :l.n three pra,i~ hay$. On.a hay was 1i4"ooucai on an 

Wtf'enili0$d plot oos 'iflUbm.'ton., (Ration lh ~nother wa~ produced MaJf 

Still.wait.er on soil which had :r:$Cei~d 200 pC'llllde of superphosphate por am-e, 

(Ration 2) ;. .~ a th1"1 ttne· w0;s pri:due~ ,on an ~ert:tllaetl plot ne.a,r Still• 

water, (:Ration ;) •. Analyses (!If the soil of the two gene:rel areas appeal' in 

fable :t, Proximate analrs(¥S of the teeds .usoo in this stu4y appa~ in 

Table~ 

the ~. were iM'Orp'(;):ratei:1 1n mainte:nan.ee rat1c:,.n.~.. file eontent of 

phaspttoru11, p1rotein .ant energy was approu•t~ly equtiliz0d ~m0::ng the Ffltions .• 

About 50 r,ex- cent ot the total phssphoru\S in 0aeh ration ffilS supplied by the 

~... T~$ reqtd.::red. a.dju.stMnta ln the amt)unt C)f tiq ln eeeh rat.ion. The 

other" :r~tion 1~.dien:ts were d.t'ied mola.sseo beet pulp, corn ,gltiten meal, 

$ttt:r·e:b., silt, am. wood ceUulose. l i'be wooo ~ellulose ,1:u:J;~ a(lded tm- bulk 1n 

ra:tiona 2 aoo J:, which eontained ttie Srtd.lllel" W1Wunts l!>f' llay. The ea;P ratl\()S 

for the rations in this 0xper!lnenti were approldmately 6.ltl, ;.J,il and 4,.lbl 

fosr lots l., 2 am J respect!:vel.y,... No attempt was made in these trlals to 

equal~e the .:,nle1um :lntalte amng lGt:a., The phosphortt$s intake per 100 poutld.s 

or bcdy weight was about o.eo grams. fhe phosphorus intake Wa$ kept at G 

lS 



.J.cw; lieftlt ~- !t •~ tbOUHht that U ditfe,rene&s in ~~ ~ 

a'b1U ty did eldSt betweeta. St-illwatel" and Wilbm'ton haJS, these tli.ffena~ 

might be· ·~re obvious nt a low la"91 · r4 :phosphorus ;u~. · !® •o~Ua 

ef: the. da:ilJ rattOJlS is sbov,n in Table.~. 

. ., ' . , . .• ', 

The a-at:tona ·\'IS84· in these tn41Ja. ere lb& •• es th,oae in tl"lals it 
. : ·. ' . ' 

~. -'• 4 tdtb aautwa e:qUali~ed iy the atid!Uen of eano,. ·~ u cal• 

.t~ ,~ phos~. ae e~'.13 ·•bt.u .b ~ mstaboUo .~sea• it -, 
. . . 

•. ' 

th~t. Uwt ~ sttdy-~ be md(3 with ratiomi 1a \fbleh both the· 

~ ot calcium tUli phosphorus were equalized Sn all ratlona., la tr1.als 

S Ql'd. 6:, md'tld.ent eale!um was. added .as caeo, (Me:r·clm, Re~t grade) to 
. . 

. ' 

.~ the:. wtu intake ot' caleium nearly equal in all J.o:ta., The Oa:P r·atlo 
- . . . 

·wse ~ocimte]s" ·6-J;l. in thmle t~·-

Trials ·7 &al S... · 

Rat.le. 2 eontaltl!.ng the ,rdrie 'bar trem the fe ... U.ima: plot near 

Stillwater ~ not · ted 1n these trials.,, Rations l. ami 3 ~ compo,.1med 

at"IDllar ·~ those l'!lt previous .. tidal& ._ept thmt a~t 1,,000 t.u... am ;go 
· 1.u •.. fi" Tlt.ai?d.ns A am D, res~t!ve~:1 ~· 100 ptlltmd& 1)f body ~e!Jht,~e 

ad~ in the :fol'm or cod l1Vitn' o!:1.,. fbe compo;$i\ion of feeds ~Ii. in: these 

\ri.a~ 1$ ~~-nted in Table s.. lfew aiuppU.ea of mq ~ useti anti it will 

· be noted that the Wilbur-ton pl'ai~ie hay· w&a sligbt,4 bj.ghei~ in p~phoru 

tbq the ·Stillntff hay.,,· T.he composiU.o.n of the ratioas iS: p:resented !n 

1.rable 6. .. 

rt,lal$ · "it Grit JQ., 

S,t.eeftl .~· used ae ~dmental animals 1n these tr~. The r-l!ltlOJlS 

Wffe the same as those used .la tl"ials 7 ri 8 except that t~ reaso~.~ 



palait~Mlity., the ~ellulose ttas omitted ~om tiie \t:Ubttrto:n. hay ratio'.r4, 

Also.,, diff~r.efl.t CC?'n. 5.;luten meal havtug th~· foll.QW:ir&g pv~:reem.age ~O.'llp0$i ... 

ti.on hs used; dry matter, 93 ... 54; protein, 46.22; <#:aloit~, (l.lS; and 

pb:aspboru~i., 0~111:., too eowpoait!on. of' rtations is p:r'esent.od in. ·table e. 

!l"i~l 11. 

:tt W8$ felt that ina$muC<b as. the, de;ta obtalned in t!ritt1fl l.-lO wit'h 

il?~al lamb!J d,icl .¥lot :llhow gftat i:!fferen.ees in the ut!l;f.zation of J}llos­

pn.oru .. "·out~ ill 'Wilburton &~. St:ll1watGr -p'tairle hay~, ~l"ha'P$ a 

f\1rtbi@r rettne!n$n\. !.n techmque was ne:c~aaary., Thia trf,al was de·e.tirg,Md 

to ${lfflllata the O'end..ttio• of me:f ~ttle in th~ W1lbttl't.Cln ~a by eon,­

dtietlng _balt\nee trial& with llltribs low tn b.ody n,se!'Ves ot pho~phor11s., 

To deplete the lambs: ·1n phospherua p.recedi.11$ th~ balanee trialt a 

ration w-, · fed titl.i.ic~1 was eompooe,d of' ,eo:rn glut~n meal., dried beet pulp~ 

cottonseed ·h'U.lls am a vitamin A and D supplem<:tnt at high potency eod 

UVQ:r o:tl., Thisi rat,ion was fed tor a. pel'"1Qd of seven :mt>nth-s-. At t-he end 

of thi.G P9Jl/'1od1 t:tie lambs: \Ver&. dli:d,ded tnto two gl'QUp&-• ()ne. group of lambs 

was f$d. tbe Wilburton h~ tfhich cont~i~ o •. 052 ·per· cent phoepboruis, and 

the other F,#ottp th& SttU.wate:r haiy · wUch eont~ o •. 058 p&r cent phosphe,.. 
. , .. 

ws. The re:mainil~r or the r®1t.ion ·eon.eisterl of ewn gluten meal, dried 

~t -palp-1 ood 11ve:r oil ~!.'ld suff't'Ol&nt ealeium e~bo~1te to equa;lize ()al ... 

. ctum intaks. The composition of the r~tion is sho~n izy'• Table 7. Thi$ 
. . 

r~tion wtth ~ Ctnf :r$t-io of .3.8;1 auppli<3d l.~16 1i5raros o:f: phospheru per 

J..00 ptul,;1$ of live weight . ., A,pprvo~tely fifty per- cent .ef the p}w$ph01'US 



'-h"t'*is a.,, i, :; ~ua ,. 
fJeste:en feede:r trether lambs WEd.ih:lni b$twe~n 6(). am 75 po.und.s were 

used in ·tbese tl"ia.ls. two we~ke; i'.lrlo:ir t,o being plat,ed ,on t.hi$:ir respective 

Jtation&_, the lQmbs ware drenehed ,'11th a phenotbiaJatne J)l"$1')Utrtion in ordel' 

to mt!limlz.e tr~ effoots of para11tltie 1!lfestat1on upon t.lte pbysiologi<tal 

res-ponse of th~ le:mbs., '.rh0· le.mba ,ve~e weighed on thx-ea eonseeut.:!ve d~s. 

and ~d:gt1t lambs wer:e ra.ml{)i'nl,y asatgned to each tre~tme:nt by weight~ BlQO!il 

samples were taiten at. intervals thwoughnut these trials to%' the det,er~ 

t!on or calcium am.l phosphor•• 

Trials 5 am 6,., 

'llie·starn t7pe ,vethGr· .ltlmbs welghillti from 6,: to 10 pourtdEl were used in 

these trials.., Tl1e detail& derse:ribad in the prevJ..c,ns. tr:1al 1.~re. f'ollmved 

b0re exee;pt that bl/ood samples we~ n.gt taken fo1' ~i.S:*' 

Tr1al.s ? llm 8, 

Tlie an1~1a which were ·us.ea :'ln the previous t'tials ( 5 .and 6) iJ&rec 

used during these trials and the same d$ta!ls were .followad 1ni-~tereno$' 

to the ea.re of the a~mals:., 

trials 9 eind w. 
1'"~ ye;arli1'g grade Hereford ~eer:$ we!gbi:ng .e;oo to 630 ~s were 

used in these trial~ in an etfo:rt to det.ermi.ne, if there 1& 'lit ditfere.nce in 

the way i:a whieh ateerra metaoo:U.se pbo~pho,n::u, from Stillwater and Jill.bur-ton. 

pr~le h~ya;. 



Trial ll. 

Western wet.her lambs wei15hing he,tweEtn 70 and· 00 ponnd.a were used in 

tbis st:udy., Thea~ latnb:i were placed on the low }'ho~p~l":U$ ra:ttor, nt abo'ut 

six inonths $! a~ am were about thirteen months' of age rtt the st~rt Qf the 

b!\lanee ,tudy. A.<3 1s· i.niier:ited ror prerlons tr!11~1, th~ la:mb& wm,,e treated 

tor inter!lal parasitism in order to d:tminisb its: posG!ble e.:t':reet 11pcn the 

ph}:rsiologtoal ;response of . tt10 lamb$.. M!lie~nt. to t:t"Gti.ltm.ent w$s at raldom 

tn pair$ et' lambs, near the :Sflllle weight . .,. 

Tr1ala 1,, .2, .3 and 4., 

?he term 1itria<ln, QllJ ttsed in. th!s writing,, applies to thr~ lambs of 

appro:x.tmate~ the sarae weight, eo.eh fed a ration in which 2'bout fi:fty per· 

eent o:r the · phosphorus wa3 supr;lied by' ono 0:f th~ . different pr~iri.Eit halrs 

md.er' tnvestig~tion+ 'fe keep JA:mbs ,t:ttM.tl each tried on the same level Qt 

phosphorus intak$1 the amounts of rat:toWJ t'ed :t1.1ere adjust~a in err!,eh triad 

to the intake of t1ie lamb eating the leae"t., 

Previous to eolleotion pe:riods t,h-e L"i\E1hs we:re fed their respective 

rations at. the ban in individu&l stanchions., al'rl ffl'len not eating, we:ra 

allowed the freedllm of a large box st!!?ll.. .\\a soon aa ell lambs were on 

teed., tito tr:iadG wer~ plaeed in t10tabolism ,,talls a.t the An:1.mul 'fh1.aband:X7 

Arenri,.. The metabolism stalls were similar to those, described by f'!riggs 

and Gallup (1949). The lamb$ were fed only that amotmt or feed which they 

would elean up in. a Nl!aeonable length of time. Feed refusal$· were left 1n 

the feed box f'or OQnsumption during tbe following feeding period,. The 

metabolism. period eonaistoo of· a prelim1nfll7 period ot ten days and a. 

colleetion fJ1i!ir!o4 of twanty days,, feees am urine ~ing eollGoted dU1!1t~ 



the l1tte:r pe.l'ict. At th~ conclusion ot the colle~t.:ten p0:rtiod, tb.e tw:o 

triads were rettll':r.-1 '.ho th~ lJ!£1rn .tw.li: tw;0 mere, tr!ada i~:re pl.aeon · tn tna 

tnatabolism $:talllS,.. Iambs at barn 'rt($re corit1nued on their res,pee:ti:~ 

;1:a:M .. Qns t:i,tid individually fed until ell twenty-.four l3;tiilbs besn on 

colle:ction/Ji . 

i~twed and td1q"ota4 tor an.':l.lyaie. sampl~s Wlllll't tt<::i!.difi,:)l.i wtt-h 

llCl, am kept 1n t!,gbtly S'l!)~led jars under reftt"t~ration at about s° C* 

At the cloae of ·th.a trt~, the lambs •ra slaughwed in an Oklab.oma 

,ci1 tr packlnght>\'lSe and samples of bone t~» to,:, pbow~ph1n,~ and ash 

det~rmi•ti,ona,. A o_.!neh section n&.a:r the cCenter f;}f the iront CSMti!l:l· 

bo:ne ·was taken frem the ear<Ja~s of eaeb lamb., The bones \'rel"'~ cleane1:1 of 

temon and laan titl'sue ,1tld ext.xia!?:teci in h:et mm3fuN>tts. ether fa, ii.8 hour$. 

1fhe Satr4lles w~re dri1.;;:d b1 a.n oven ct, 1000 C for llJ · hot:.rs anft ashecl iitl a 

mui'fle fu:r~ee at 1..;tl' c~ 

~ials ;. am ,. 
The ~ia.d .f,$oo1ng teebmque, described :tor the r1r1t f'-o~ trials was 

c<>ntinuad in th$ same mannel" i:n tne:se trials .• , othe~ details .r,f thg me:t .... 

aholis.m poriods were the same, a,a tliose f'w enrli.e~ tl'ials,. 

trials 7 am~ • 
. Inas~uch as rat.too 2 was diseonti:nued. fZt the close .of trial 6, the 

triad f~e,U.n.g teehnique rtaa t\lso di3co11ttnu.ed am a pai:red foeding tech ... 

m.que su.bstituted:"i Fm•t:ner, the eQlle:etion period was divided into t,wo· 

ten .. dq pe.rlods.,. At. th~ conelus:t.an or· trial 7 1 lain.es w:t tl1in pru.r$ t'fere 

l'everaed. and plaeed on the ration cont.d.n!ng the otho~ test hay~. Detail$ 



feoos wero measui:>ecii i~lm aliq,uoted once diil1ily.,. ·a.Tld ·representative a&rnples 

tight!:'," sealed J,n jal"s an':!: stored at, about 5° o. At the em of tw'fl ten.. 

day ·co-Ueeti.on pe:ricda, the steers wer0 rotated a'1d placed 011: the rat1t,n 

Balal.'lee t:dals wen eoMueted with depleted lambs involving e ten• 

da;r prelilrdna..~ pert.ad rollcrNecl bw fI twent:y-thijr tle,i1lect:ton period.. Three 

lambs 1:1era f'ed ea@ tet:lt ration ai'l.d 'the trt~il wae oon¢luded ~t the e~ of 

Feeds were allQl~ed for ea.loium, pboapb.Ol'US' and other eonstitu.ents 

aeccrd.ing to proeedttr(!; described l')y the th,O .. Jt,.C,,. (1945},. Feces affi1 urtm 

were .analyzed for, ealc,ium a..vl pho,sphorl1Sc by s.1.mila:r procedures aa modified 

in the Depart,ment of igricultur~l Obem1..st.ry Research., 





The el1-~11dc.9,l ~11al.yses of ha.ye sha\~l ·cm a dry aa·ttet- ba$lS the 

pe,.rc~r,t...:ige ·of c~lei.um w;)s o.,65, o.67, O.,S6 th~ pnos,pho'.tus o .• O:S6, o .. u:,, 
• 

£l~066 f:w tr1e llilhm:-ton., Still11ater fertilized ~:nd Stillv1ater ~nrertiliaed 

hays1 N·speetivllilly. 

The J)hos:phoru$ end calcium lntak& of the l'Smhs on the ,u.rrerent. 

rati&ns .ars• ~eported in. Table 9.... the a:verago. intake$ of phosphorus in 

~ams ta lambs fed :t>at.:lons 1, 2 and ;,were l!i.,7i 16.-78 and l5 .. 6S• :respac ... 

tiveJ.:. Table 16 presents a summary of the·$@ data. In e1re1f1 case, the 

total phosphorus intake tor the eolleet:ton ~rtt:d was greateat for those 
.. 

lambs foo. rations co:ntaining the fe:rtilize£1 Stillwat.Etr hay. This higher 

phospho:t-us intake is ac'Oounted for by· the phosphorus p-resent in the atart)h 

pho,,us .:lnt~kes for lam.h~ of lot J wa$ somewhat higher than tha't., of lot 1. 

The averaga ph.oephQl"w~i. r,?itention in gra• for the twenty-d~y eoll.eetion 

parted was -0~54" :/i2.49 am. -0,.,09 for lots 11 2 and 3,; res~"'Seti~l.Y, as 

pre,aenterJ in Table: 16. ';!;'he .negat.lve pbQspho:t"U$ ha.la~ wh:leh ooeurred 

durlng twial 4. are llif'.f!eult to ex,lai.n, aside from the rae:t that the lambs 

wel"e nearlY six months ,ol~e:t' and: theil" munt~mnce phe>spborus. r~q~en.ts 

~e polfsibl,v higher than tllQse et the time trial 1 ua initiaterl. Prae ... 

tieall:it all of the phoaphwuo excretefil v;ae present in t,he f('loea. In trial 

4 the oombin1:1t,:ton feces. ai:d urine ,samples were fou.ul to eo:ntain. o~a2); 

0.,328., .0 .... 260, o~.3:3.3 am 0-.27.$ per cent pli-ospn.crus on dry matter basis f~ 

lambs l tbrough 61 respeetivel,, while the feee-$ analymed alone contained 



e.21,. o_.319, o.w.., o.220, 0.134 d ,o.,266 per· elffl.\ phos~• cm ·dr.r 

matter- 'ba$!t~ Th$: nt.&nti.on of' phospnorus by lamb$ tEitt prab-!e fuq· pro!ucet 

• aoil tertt~ with SUJ1$1"phos~te ~ s!~ntlr oeatel" .tho that 

t,y lamb& ted similar hay pr«ttteed on wif'tlrtUtaed aeil. \Vhen subjellted to 

an ~is of· vartaaee as outlined 'by Snedecor (19.48) too mean a.tr~noee 

•~ ai,m.tioa_nt at. t~ ti.ve· pat'· cent l~l or probability. Diff.eN-nees t11 

pioGpborul· retention '.b1 lambs fed the dertillzel Stillwater· am lU.1be,oa 

bays ~ small; however1. the trend we• f'11: slight~ b!gbeio ftftentie val_. 

tor latn.m fed the St1Uw•t• hrl7• 

The· •verage: calt!ium J"Stention tn #U1$ tor the tweat,y-dq collection 

pi.Jr.i.ccl was ·•6.04, /2.32 alll ... 9.04 f°" 1-cte 1. 2 rud J napeetively. No 

ftXpl&natton tol! tJm mthe,: large negative eal~iwn lml.~S$ to~ lot$ l. ~mi 

l. ~ the postti11e ealcim balance for lQtc 2 ls orreet1 . ., 

m.ood pJasma phoar,}10l"t1$ am o.al.fiwn le-.els at ,,_.1ous ,in~a.ls th?'oueti­

.oui t.:n.ale 1, :a., 3 am 4 .are· presents in fable 10. Th\t ~age plasma 

1e,els ·of' phosphorte were within ~tIJal limits in all eases except fr# 1ot 

1 when bl«i on~ 3m,1 ... l'1nh 25th e.m4 May *h·· .Ba3lmung tdth the 
; ' 

January lltll b~~, i\ is ~Y that J.ot 2 boo. the hlghut average 
' ' ' 

plasma pb0$phmms ktvel throu,ghout the r~tder or thirt experiment,., '-­

ther:,, in all QUes ,elte&pt the June 27th bleeding, the lambs 1n lot ,-~ 
. . . 

cona:ts'be»tlf higher aver~ plasma phoScp)/lO:ru$ levels than tb~· .tn lot 4. 

This, wou:W tend to, indicate ~at the lembs: ·we-l"e maldng the -alt etf!dent 

use, ,af" the· phoapbOl'WI !Nlm the fertilized hq and that ume:r \h0 cor.d.itions 
. ' ' ,, 

of thts ~linGnt, blood pl.a&JM. phosphorus levela might s11ggest tb.Qt. lamb• 

fed Stillwater 'hay' made more efficient wse of the h.fi1Y phosphol'Us than. d!d 

those red Wilburton hay:., 



Pl1otogr8l'lH;; of' the bone sa:,1ples wr1:1 ~e at..i{l aec01l1pany thls di.ecus­

sion. (irigtU:-as .l and 2) lt appears qw.te obvio1Js ttJ)On exai:iine,tion or the 

r,hotog;raph~ that ltt11bu i~ lcrt; 2 i'E..'fil t,he f'e:rtil:tze(! hay :ratioi1 hwi bones 

lslith thicker, heavie.r walls ttrui those of eitl:er lot& l or l• 'ibere seem. 

to be .1:10 great. d5.ff'areuces 1:;etwee,:i the bones of lots l and ;. 

t1oos :were "f/f3.f'J! ~'"iil.'tll'LJ. bcrt,h vithin w.,1d biJt-ween lots. ,tvert'l;gi;; percentage 

ash in bone GaOt:icns fro:Ii lots l, ,2 EXtd 3 1,ec1:'e 67.0C't, 67 ... 39 ~d t:7.26 

l"espoot:t.:vel)~.:· 

ively.. As i11 p1•t:iVlouu t1'"i$J,s* nc:ga.tive enlelUl.lt balances oeeu?r~t, the 

aver'6Eces ... 10.21, -).67 a.vii -12 .. liS; f'or lot.:,s l, 2. nw.d :; 1'eS!:rectively. 

As wa,s cJ.so trrae in p1::svions trials, the r,,\t&nt.Jcm oJ:' ph!H:itJhorM by .lm1'l.bs 

fed. pralr:-le l'J.ay p,t"Oi'luo:ed on ~oil f&t"til:l~i -w:i.th a11µerphosphate was :;rettter 

thSJ';i. th.at l,y lamb!} fed ;a1j;ll.lar hay ;lrodu.ced 1:>n unfter,t.illzec isoil et b-,th 



Figure 1 . Sections of cannon bones from lambs in trials 1 , 2 , 3 and 4 . Bones 1- 4- 7- 10 from lambs fed 
Wilburton hay; 2- 5- 8- 11 from lambs fed fertilized Stillwater hay; 3-6- 9- 12 from lambs fed unfertilized 
Stillwater hay. 



~ J)h~l'lortl$ and.caloium.~nttoa.da:ta £.or :pimtm·· in t~ia~ 7 ·~.· 

$.·~ ~oo.ntsd in·'.h\ble 13 •. It appean: that vitami~ A and D suppl~n~ ·· 

~ion b~4 ~ ~mt ·etrecit, ~,ealetma ~11t~~ Con~ to.ft,nM.nga. 

in egl:t.- t.1:,Wa, ealfdum bal~nces wer& postt.i\'& with a~e calcium 

:te'teat:to• 11'1 tenr4q collection period~ or /6.,33 ~ /1".,'!!l ~ for ladba 

ted _pf'e.rtili~ed Wtlhttrtcn ;and .stillwatf))l" bay· ~ationlf, .. re$ptlni~.. Phoa­

J')horua retent1tm. val•~,, a the other. hu11 were slightly negaM.ve ·nth 

-o.6:, e.nn .0:-48 gran. ~tJpho:rus b~lanee 1n a te:a..uay •olleot1on. period 

tOJ!' lambs fed· ~t1ons of WUbltl"to~ and $t:lllwat~r hay II respeett:vely-,. 

Mats 9 am: 10,. 

. ·The phosphorwf -1 ea,loimn steritlon data fOJ.'> '"~era 1n ~- 9 ffl'd.· 

10 are ~sented .in fable- .14.,· IJ!he$' d~ta ~· --.tertzed'. by a greate1r -

pred~ce .ot positive phosphoms and e!\lolu.1D bal~ than was trui,. 

vd.tb · lambs 1n trials·. 7 ~ s. th& a~~ p.,\os·pnel"U~ ~ calcium reten-· 

tion in grQmS d~ ttie 'tm1'<>d~ eolleictiori periods reg, ~:rs 1n these 

trials weF$ as f'QUowa1· 

''No,. 
trial o-f liq 
. ,.l!a.- ,~- - . ~i:S. .. ~I 
- 9•1 2 . Wil,~-ol'l . 

9-B 2 Stillw,a.te:r 

10-A 
10-A 
10-B 
10-B 

2 Wilburton. 
2 . . Stillw•ter 
2 Wll.bu:rtoa 
2 StlllW&~:t," 

32.50 
.'.32+50 
44--.64 
44.,64 
46.S2 
46:,,,52 

P.Re\ained 
. ! F-ml$ .j 
~ taytt· 

.;1.,90 
/~77 
...o .• 6'7 
/6,.a 
.... ; •. 86 
/o-.62 

.!'.,-vetage 
Ca tnt•ke 
- !/.'.mi:J, .,,, __ .,..,.........,_-. ~ 

. 166.s 
186.,S 
233.,5 
2Jl+5 
233.5 
233.; 

Ca Jietailled 
. (msu1.) 
1r,a.51 
/4.5~'J4 
1~ .. 61 
:/;%.84 
tn.1, 
/41.'12 



l 

'rri~.l ll .. 

~~-~.1~~·~1:¥ 
l,l.,:;15 ~ .• £d) 

(;.:]~ 

Jj;.30 



Tri ls ere eonduoted with lambs nd ste rs to determine the rel ... 

tive retention of pho pborus in prairie h grown on so-11 of different 

pbo phorus content. 

The r tention or phosphorus by lamb rad prairie hay produced on 

oil fertilized with SUp$rphosphate as greater than that by lambs fed 

similar hay produced on unfertilized oil. The dit erence s tatis• 

tically significant. . Although atatistically ignific nt dif' erences in 

phosphorus retention ere not obtai wen the hays fro untreated a.oils 

· ;re compared, phosphorus retention s slightly gr ater for those lambs 

fed prairie hay grown on soil high r in a'ftilable phosphorus. There s 

no di£ rence 1n the per cent ash in bon from lambs fed the thr t st 

hays. Fro a gross examination, ho rver, it appeared that th bones from 

lambs fed th fertilized hay had thicker and mor dense walls than those 

:from lambs f'ed the unfert.U1zed hays. T r& re no obvi,ous diffeNnces 

in the physical structure of the bon s from moo fed ilburton am 
Stillwater u?lf'ertll12ed h s. 

The addition of a vitamin A 1¥1 D supple nt to rations ln tr1 ls 7 

aai 8 ppe red to haven pronounced effact upon oalcium retention. Vita­

min A and D supple nt tion increased the utiliz tion oft lcium in 11 

rations as indicated by ch higher calcium ret ntion ~ lu s than 

obtained in tri ls 5 and 6. A in previous trials, pbosphorua retention 

wa slightly greater by those lambs ted the unfertilized hay fro Still• 

water than by those ed th un ertilized hay from ilburton. 

)l 



li~~ef,Gli:>d eteers were ft;,'d iit:Ulwater and.· ~lllburton hey rations t0 

determine eomparat:lve dii"fevences in the llajra in phosph&rua availability. 

It ,e.;ppears fi''ffl. th& results w.ith steers,. that the phoepbevus fro-m t,he 

Stillwater hay wa$ utilized mo:re ef.fieiently than th~t from t.he Wilb1stton 

hay;.. 

ln trial 11, · :tambs which. had boon on a low phosphoz·us diet wewe fed 

rations t>f Stillwate:v snd t;Jilburton hay.. lt vm.$ feiJJJtd t,hat u.nd~:r th&$e 

conditions the ltimb!s l"eeeiv:l.ng the Stillwat-0:r bay atol1'ed slightly l1lffl"e 

pbosphol't,1S than thsae ~ceivir1g tha Wilburton hq. 



Tabl& l 
.§0U1: 4MlJ;se1 

Or anio Available :vailable 
De cription Seil T Soil Re etion at ho phorus Potash 

j ppm. 

ilburta ~Southe;st O!QJ!1 ) 

pth O -8" gray vary fi 
sandy loam strong~ acid 2.9 1/ 

sn-12n gr; y very in 
amy lo m strongly acid 2.0 i-

brown samy 
lo m moderately cid 3 .. 5 

8 -12n brown samy 
lo erately acid 2.7 2 

Table 2 
Proxi 

C msition of lkz tt.er . 
Di7 her Crtde 
atter Ash Protein Ext~ ct Fiber N. F. E. Ca 
% % j % f % J 

ilburtan* 92 .. 11 6.16 4. 21. 2. 44 Jl.75 55.41 o .. 651 
Stillwater** 92..45 7.04 6.79 ).02 29.70 5.3. 45 0. 670 
Still ater 92..4.3 6.65 6 ... 52 2.62 .30.;1 53. 70 0.562 
Corn Gluten 

eal 91. 72 2. 52 47. 15 · 2. 75 80 44. 78 0. 188 
lasses B t 
Pulp 9). 06 6.52 9. 50 o.71 l.3. 79 &:/.42 0. 457 

Corn St :rch W?. 62 -... . ... ...... -· 0.002 

ppm. 

56. 2 

83. 4 

96. o 

P L1gnin 
~ % 

0. 056 9 • .33 
0 .. 113 9,..94 
0. 066 13. 20 

0. 395 

0.0;6 
0.02.2 

Cellulose 92. 17 .... . ... - 0. 0002 0.0058 
Salt 99. 59 -- -- 0 092 0. 0064 

* 1lburt-on h fr unfertilized 1and.,. 

**Stillwater hay fro lan:i £ert1lized with 200 lbs. of superpbospba 
per acr . 

+Stillwater h rrom unr rtiliz land. 
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Tnb.l 3 
A-oer ge Daily Ration Fe Lambs in Trl ls 1, 2, 3, 4. 

Dried 
Com olasses 

Hay1 Hay2 Hay.3 Trial Lot Lamb Gluten et 
o. No. o. teal Pulp Ho. l No.,2 No. 3 Starch Cellulose Salt 

gm. • gm. gm. gm. g • gm • gm. 

l 1 16 9;. 30 152.50 686. 25 18.0 ~ l 17 95.30 lS.2. 50 ,67. 7 114. 37 76~02 18. 0 
1 y 18 95. 30 152.50 582. 17 )8.12 3 .12 18.0 

l l 19 97.18 155. 50 699. ;o 1s.o 
l 2 20 97. 18 155.50 .374.94 U6.64 77.7', 18.0 
l 3 21 97.18 155. 50 59.3. 62 JS. 87 38. ffl 18.0 

2 l l 97. 50 156.00 702 •. 00 18.0 
2 2 2 97. 50 1;6.00 .3'76.16 119. 00 78.oo 18. 0 
2 3 3 97.50 156. 00 595. 56 39 •. oo 39. 00 18. 0 

2 l 22 95 •. 00 152. 00 684.oo 1a.o 
2 2 2.3 95. 00 152. 00 366. 51 116.00 76.oo 18.0 
2 3 24 95. 00 152.00 580 •. 29 38.,oo J8.o6 18.,0 

· 3 1 10 106. 90 171. 50 711.75 18.0 
.3 2 ll 106. 90 171. 50 411. 60 128.05 88.oo 18.0 
3 .3 12 106. 90 171. 50 654. 85 42 • .30 42 .. .30 18.0 

.3 1 13 92. 15 148.50 668.25 18.0 
3 2 14 92.15 148. 50 .356.40 110. 90 72. 25 18. 0 
3 .3 15 92. 15 l.48. 50 566 • .35 36. 65 36. 65 18. 0 

4 l l 89. 85 
. u,.,o 654.75 18. 0 

4 2 2 89.85 145.50 349. 20 lOS.40 72 75 18.0 
4 J 3 89.85 145.50 554. 90 35. 65 .35.65 18.0 

4- l 4 85.25 1)8.50 623. 25 lS. O 
4 2 5 85.25 1.38.50 .332.60 103.10 69. 25 18 ... 0 
4 3 6 85. 25 138. 50 528. 30 38. 85 38.8; 18. 0 

ilburton Ilay. 

2rertilized Stillwater Hey. 

3Unrertilized Stillw ter Hay. 



Table 4 
C;Q'mpeaition ot ft;atioli$ - !rials 11 21 ;, 4,. 

:Lot Estimated 
Mo-. Feed Amount Proteln Net.. Ca 

_..,,_..._ __ ...,_-., ____ _... __ ._...._....._.._ __ ..,__......._.~-~f-.U-·.-E_)_:11~:r~.gz~·--·-· ,_,, ____ _.._,,._....~--· 
gm.. gm.. therms gm ... 

125 58 .. 93 .2.JQ 

Wilburton bay 

Salt 

Total 

Oorn glute!'l meal 

IsJoleiesos. beet pulp 

200 

900 

.16 

125 

200 

116-09 

No. 2 Uq . . . . . . . . 482,.J 32.74 
(Stillwater Fertilized) 

sta-rqn·· 150,.0 _..,, 

Salt 

·rotal 

100.0 

l:8 

1075,.,3 :uo.67 

No. 3 Uay 763.6 49 .•. ?i 
(Stillwat.er Unf'ertllir.ed) 

Starch 50,.0 ..... 

50.0 

lS 

Total 1.aD6 .• 6 127 ... 71 

.J9l 

.926 

5~859 

,2.30 

.. 926 

,.231 

.487 

.U4 

.. tl!/1 

.114 



Table S 

Pr0::d.•\e Analpes of Feeds - Tri$ ; _ and 6.- . 

· l'tlbv.rton Hq* 

lttll\fater ~ 
$t1llwa_., tXt(Yi 
Oom:·gluten meal 
Dried· mll~B be&i. pulp 

· .. % 
9).62 

94.ll 
94.00 

9J.22 
92.55: 

· *iii~on bay from tmffft.1ll•$d 1am. 

,, 

.$ 
4.,9:5 
?.91 
5.41 

44 •. 79 
7.61 

'$ '. % 
o.69 0,,60 

0.,1 o.s, 
0.40· o.;2 
o.u o,.S6 
o.-Sl 0.01 

_. KStlllwate:v b~ ti-om 'land fertilised with · 200 lbs,. ct· superpbospbata 
per acn,. 

+itu1wate hq from- ~erttl!Ja~ landsit · 

'., 

fable' 
C~it!on or·· Ration& - Tr:iala 1 and a. 

Ration 1 
Ctn:n gluten mal. 1;6 
ihfied mola$sea beet, pulp 120 
Wilburton hey 540 
st&l"Ch 24· 
CellQJ.ose · 60 
Salt, 18 

'lotal i98 

, Imtion 3 
Corn gluten~l 
Dried 110-lassea -et pUlp 120 .. 00 
Stillwater bay · 616..00 · 
Calcium •~bonate 2.91 · 
Salt 18,.0Q, 

Total 892.91 

;s,..)9 
s-4, 

.2'.01-

....... 
-·-

S&..39 
s.45 
n.,s 
,-.~ ___ .., 

9S.,19 

f>.447 
0,..0,2 
0.013 

----·-o.su 

0,.$0e> 
........... 

~-
o.506 

0.234 0.4200 
0.930 0 .. 0900 
.l .. 510 0~3024 ...... --~- _ .. 
~ -

4.674 o,..a,124 

0.,234 0,.4200 

0.93-0 O,,,.Q91XJ 
2.34,6 0.,3024, 
1.164 -· 
-~ ~-~· 

4.674 0.8124 



fable 7 

Compoaition of Rations: ..- fri~l. ·~ 

Ration l 
COl"lt gl.'1tea. maal 

Dried beat. pulp 

W1lbt#ton hq 

Salt 

l'itit1ot11 J 
C~:rn tluten meal 

Dz;ied beet pull) 

S\illwater hq 

caeo1 
Salt 

·Amount 
gm., 

105 

160 

840 

.10 

m, 

10; 

160 ' 

752.8 

o •. 9 

10 

lOal.7 

:h'~ln Ca 
gm .. gm.. 

47.,.02 0~12' 

12,.16 ~296 

41.$9 :a.681 -- ~-~-
100.76 4110 .. . 

47,,.IJ2 o .• 126 

1i.16 1'*'296 

40.12 2'*40$ 

,........,. .,oo 
·--· ..,. .. 

99,.90 4,.190 

r 
gm. 

o.s;6 
0,.090 

o.436 
.... ~ 

l.,082 

o.s,6 
0.,090 

0..436 
,...... 
~ 

4082 

Cod liver oil to supply about 300 r,.n •. of' vitamin D and 1000 I .. 11. of' 

vitamin A ~r 100 pounds of body weight wen added to each ration •. 



Composition of Ra:ti.-ons- J?ed to Steere -· Trisle 9 .and 10. 
,.C.)'.I. -~·- f ll'-•_1¢11a'1Wi~t·.~'!~--· - b24 _:·.1>1:.::;r. - - -- -·. '" - " - · ·· · ·· · · '--~ · ~ 

Ea'M.mated 
iiet 

N<~cl 1.m:ount :Protein ~a C~ P 
. ....._-,~~-r.-:_--_h~-8~•J~--~~. -~~-~~--~~--M.,.-,w~--n~--~-~~z-· ·--~-n-~,-·---~-.. --~-~---:~•-···-J'~-~1t-~.4-•...__...._ •. ~t-·-· .•.. ~,-•·....-.,~_r~c..,,_b._4,•-~~-•-r----.....;._..,~~ 

Corn gluten irieal 

rtalasises b$et pulp 

Wilb1~ton hay 

Stal"~ 

540 
4ffl 

216o 
96 
70 

2,3,J.,.;4 
:;:;.,80 

100.00 

t',b:&.',t"filS 

o •. 92 

3 .. 72 

14~04 

l.61 
•. ~6 

1 ... 21 

C0t'i liver oil to supply about 300 :r. U. of vitamin tl end 1000 I., u.. ot. 
vit!ii.min b. pet' .lOO pounds of body weight .• 

... Corn ~rlutiu meal 

Ptolas~a l.@~t pulp 

Still.wat&~ hay 

caco1 
S~lt 

;40 

400 

70 

2:3:l.54 

'.l).,80 

)56'.64 392,..?/,i, 

O.,~J,2 

3..12 

9.,33 

4.66 

1 ... ~ 

•. )6 

1.,21 

Cixl liv-er oU. to supply aboiit. JOO I..,J.1. of vitami.n D a!l\1l 1000 l •. u .. or 
vita.min A l.00 pounds er hoo;r weight~ 

· J ·a i>.ll!c"Jiti'. ·;. < itl -.. · it - ab - . •; .e •• w· :,r,..r_·111wa~ 

• 



Trial . Ration 
Mot No. 

Lamb Total P 
No. Intake 

Total P 
Exeret~d 

Table 9 

Total P Daily l: 
Retai:ned R.etention 

Total fla 
Intake 

Total Ca 
Excreted 

Total Ca Dflil.y Ce 
Reta:ineti Retention ~,1 ,-· ~ :;i_¢.'f' ;.,~~~•~iT ...... .P---~, ... -... · ... ______________________ ,.. _____________ .,, 

gm ... 
l l* 16 15.61 12/72 
ff 2** 17 16.73 13.22 
Ii J·!HHfc 18' 15.82 13.49 
ti 1 19 15.91 14.22 
~I 2 20 17 ... 80 11.?l 
N 3 21 15.31 14,17 
..,, 1 l lS .. 96 1$,3"1 ;:I, 

n ,, 
(:._;; 

"l. 
,I:;,. 17.12 14.79 

I! 3 3 16:18 14,..73 
ff 1 22 15 .. 57 llf.11.31¥ 
n 2 23 1itbi>'70 12,Sl 
1t .:l ·24 15.78 15.29 

3 l 10 17.53 16.22 
fl 2 ll lS,77 16.37 
tt J 12 l?.76 15.84 
ft l 13 15.,15 16 .. 60 
il 2 14 16~22 l) • .35 
fi 3 15 15,35 14.37 

gm. 
2.89 .•. 14 
:;.51 ,lS 
2.33 .12 
1.69 .,08 
6,.09 ,.:,a 
1.,14 

,59 ,0.3 
2~3:J .12 
l,45 ~07 
1.23 .06 
J,J;9 .19 

,.o 
,i.i,~'j .. 02 

l .. 31 .,07 
2,40 .12 
J .• 92 .10 

~1.45 .... (;l/ 
2.fJ7 l4 .. ,'\ 

.98 ,05 

n(} .·· "'''. 7:i.) •. G-#-

62 .. 1) 
77~03 

100.·;9 
63 .• :36 
71 .. 60 

101.11 
6;3.56 
78,.80 
98.52 
61,,9.'3 
76.'79 

110.10 
69.5$ 
86.59 
96,.24 
60,.29 
74.95 

g_m. 
91.87 
;6.ll 
69.73 
94.49 
;0.94 
73.45 

102.30 
00.;4 
91.07 

103.12 
60.09 
r.J,,-, o·'-· t:.~1..:: •. -~- 0 

124.74, 
70.17 
91/)3 

118 ... 22 
62.,·68 
,:;,o.·.·.~·''· t,.J- .• 7+t 

gm. 
6 .. 97 
6,.02 
7.30 
6.30 

12.42 
-1.s; 

... 1.19 
:,..02 

... 12.21 
•4'160 

1+S4 
... ,., ';;'1 

•ll+.64 
.... ,9 

.. ;.JJ~ 
•2l1t9$ 

... ;2.39 

... , .• 99 

gm. 
.35 
.30 
,37 
.32 
.62 

.... 09 

..... 06 
.1; 

-.61 
... 2.:, 

··09 
... ,.26 .... 1, 
-.03 
-.27 

-1~10 
.... 12 
•.JO 

4 l l l,t.81 18.50 ... :,..69 •,18 94.29 99.54 .... ;.,2; tlj,.26 
tt .2 2 15,,86 15+10 .'76 .04 59 .. 07 59 .. J6 ..... 29 •• 01 
•• 3 :, 15,,0l 17,50 •2.49 •• 12 73.4.3 l00.32 -~6.89 •l •. 34 
ff 1 4 14-09 20.90 .... 6.@l •,34, 39.46 l.03.39 ... 13.93 •• 70 
n 2 5 15 .. 08 16.,99 .1 •. 91 -.10 56.,25 57."71 .. 1,.46 .... 07 
n :, 6 14.27 20.83 ... 6. 56 ..... 3,3 69.88 91,.82 •21.94 ... 1 •. 10 . 

*Lot l ... U'ntertilized Wilburton Ha7 
**Lot 2 .. ll'ertilited Stillwater Hay 

***Lot 3 .. Unfertilized Stillwatt~r llay 
~ 



Table 10 

Average Blood Plasma Phoaphorua and Calcium ~vela ....... lfrials l, 21. 31 4. 

tot m>., t~ov, 6 Dee .. l2 Jan., U :feh. ll War. ; i¥111r. 25 ftpr., 25 liay 25 June 27 -------------------------~~:••·1wi,fl!lt·-~. --~ -. ...,.. ___ 1·311 _.;ia~.4~.-C;uu.-· ~~ '!I --• J)i~ 

(mg, phosphorus per 100 mi. of plasm.a.) 

l 4 .. 84 ,.;, l;,.64 3.,48 2 .. 74 2. 78 - . . J .. 52 2.'7.S 4.07 
2 /};i-70 4.70 5,53 S,.18 ),..28 :3i)2 ;,.74 3.93 5,02 

3 s.oa '4.,.78 4,.64 3.,94, 2,.93 ;.06 lu'77 31tf>? 'J •. 79 

{ mg rt e,alci u.'11 per 100 trJ.. of plasma) 

l 12.21 10 .. 68 -· ll',4.3 ll,,44 11.19 11 .• 39 ll.:30 ll..67 

2 11.19 11 .. 54 ....... 11.12 11.,09 ll,.,32 11,40 11.1}0 11.39 

3 ll.80 10,.59 ~- 11.68 ll.50 :ll.S7 ll.65 11.,.65 11/17 

t 



fable ll 

Bone Ash Data (Ether Extracted Seetiona} -· Trials l, 2, ,. 4+ 

lot 1 Ia:m\ Lot 2 Lamb Lot 3 .Lamb 
Bone Bon.$ 'Bone· 
to., Ash !Io. Aah lfo., Ash 

'f'. % 1' 

.l 65.99 .2 68-5? 3 66.St 

4 66 88 .•.. , ) 69.02 6 67.94 

7 67 • .55 8 67.87 9 fn.17 

10 67.,.SS l1 69.34 l2 (://.4s 

13 68.42 14 67.}Y!J l5 67.15 

16 66.,.50 17 69.06 lS 66.57 

19 66 ... 1.2 20 6/i,,.98 21 67 .• 'J'J 

.22 67.,,31 2.J 67,/~.8 24 67.94 

Avera~ 67.,,08 Ave.rage 67.89 Average 67 .. /lh 



Table 12 

PhoaphONs and Caloium R-etention Data """" Trials !; and 6. 

Trial Rition. Lamb Total P Total P Total .P Daily P Total. Ca Total Ca Total Ca Daily .ea 
No. No., ?'Io., Intake &tereted Retained Retention Intake Excreted Retained Jl&tention 

gm. gm. 

' l* 1 16.36 6 66 l • . 
tf 21* 2. 17.51 14.47 
• ~ .3 16.57 17.25 . 

tf l 4 16,37 11.04 
fl 2 5 17.$1 15.&2 
ft ) 6 16 .. ;7 16 • .35 

6 1 7' ll .. 62 1a .. s4 
lt 2 e 12.11 ll.71 
fii 3 9 11.67 13.07 
ff 1 10 10.92 15.98 
'It 2 ll 11.81 14.01 
It 3 12 11.60 1;?*06 

*Lot l • thttertil:tzed. Wilburton Ba7 
HLot 2 • Fertilized Stillwater Ba)' · 

H*Lot 3 • Unfertilized Stillvra.tsr Ha," 

gm. 

"""'30 3.04 
.... 68 
•• 67 
1,69 
.22 

... 1.02 
,40 

•l.40 
.. ,.06 
.. 2 ... 20 
•-.46 

gm .. gm.' gm .. gm,,. €{!14 

•.• 015 10; .. ,, 116.-60 •12.87 •• 644, 
.152 l.07.0$ 105.59 l .. 46 .07:J 

•• 031,,. 105!'86 134,14 .2e •. 2s ..1.414 
.... ,034 103.74 118,48 •Uu74 .... 111 
.084 107.05 109.95 .. 2.90 •«l45 .on 105.8€!, 127.02 -21..1; ·l.046 

.,.0:51 S7.50 8),.'Zl •4.23 •. m 
.020 83.Sl 91.50 .7.,69 •.-394 

•• 010 S3.51 85.06 -1.;5 •• ow 
aiio.3.3 75,.,3 92.97 .. r,.44 • .,872 
•• 110 82.)9 87~91 .;.,2 .. .,-z,6 
.. .,073 Sli,37 79 .. JO •2,.07 ... 130 

• 

,... 
N 



Table lJ 
Phosphwus 1;tnd Calcium Retention Dat.,, ..... Trials 7 and s. 

~....-.... __ r. f•. iii'.·1 Q_..-lt.'l:.11o:M.,;;.,; er _Jt+?...,..si~~~~,..---------------------
Trial Ration Lamb 'l'otal P Total P 1'ot~l P Dail;;t l? Total G.a Tote:l Ca Total Ca Daily Ca 
..!qt... JJo~. ,._ t~,o. ,.. ,,. .... Ir1:t;~ag _ , , ,:Sxcr~t,.~g • ,lte._tl:tia~ ... )l'P.t.~?lt+Qll .. ,.,,. .. )~.r:italt!_ __ E:g;eret~1.1 Retdned Retentit>n 

{tm-.• gr,;_. gm. gm. ij.!U, gm .. gm., gm,, 

7•A l# 1 8.12,4. 9,.)90 ;.,1.266 .... 1266 l/:,/74 ,40.,060 ,16 ... 68 r(.,668 
ll 3** 2 a.124 8.2Mi O 11<'1, 

'1W •- , Cf .... o:ne 4.6.74 49.tslO ... 3 .. 07 ... .,307 
f'I l ';'.} 7.,'71$ {; •. 920 ... 1.202 ... .,1202 44.403 41.L~S ./-?955 l.2955 $ ···•. . . 
n ~ 4 7,.71S ii ... ;s-6 ... o,-868 .... ,0868 l+l.,.403 i.-i,.2.,;306 ,2 ... 097 ,'.2097 .,I 

II 1 ~~ 7. 9.110 -l.392 ..... 1392 4/. .•• 403 38.4.6S ,'5.93$ 7'.,,935 
ff 3 6 ?,.710: 761 ... l.OLtJ .... 1043 Lii.-40:3 1;4. 524 ... 0 .• 121 .... 0121 

7 ... 13 1 l s.•12A, S.Bli,.3' ... 719 ..... 0719 46.?i} .{i,,3.00 f'J,.,68 f.368 
Ii 3 2 8.1?4 S,f393 "" ,769 -.0769 46.74 45.01 fl .. 73 ,t.r1; 
!l l 3 8.,124 9.,360 ,;,i,l,2J6 · ... 1236 46.74 4/.,..,96 /.1.78 1-178 
tf .] 4, ~t~.1~ g.657 ... o.,:n """0533 ti/;. 74 41,,:?.2 .j;.;2 l,.552 
tt l 5 f.l2l~ 9.035 ... 1.317 .... l:317 44-40'3 1~2..533 11.865 ;.1,_~65 
u :, 6 e.124 e,.900 ... 1 •. 182 ... 1(1182 44 .• ,W.3 45.10('5 -0.705 .-.0705 

s ... , 3 l s.124 t .094 1.0094 ll::.,,,14 40,.15 l,5 .. 59 /.559 
u 1 2 8.-l2li, 7,, t .. 534 f.0534 46.74 39..'79 /,6.95 l:,69S 
It 3 ) ~.124 s .• _.2., .... 126 ·~0126 !/:::,.14 4J.,36 /.5.3S ,l.,538 
ft l 4 124 9 .• ... 1 • .&,66 ... ,1466 J.h •. 'U,, J:5 •. /-l0,94 fl •. 094 
ff j 5 ;3.lZ>.4 9,J)5 .... 926 .;..,0926 1/.J. 7l,. 36 .. '75 ./9.99 f~999 
ff 1 6 :8.1.24 s.:36 ..... 236 .... ct)2,36 46.?t., J7.9S f'' 7" /.,S76 -c1• _O 

8-B 3 1 tl.12!. 7.6;, I- .NN,. ,t.01+94 ,4.6. 74 · 37.05 /9.69 l.969 
ti l 2 s.124 7.'70 f j,42L~ ,f,0424 46.74 .37,98 l/'t, 7' ~ .. S76 (j. \). 

ft 3 3 s.-114, s .• 19 I ~066 ,J,,0066 46"'74 36,9it t_9.tW /,c;go 
ti l 4, B.124 s.?5 ""'6 ... 0626 J.,,6.74 l+O• 70 'f6,.,()4 ,!,.604 ... ,.10,,;• 
11 ) 5 S1'12/., s.42 ..... 306 ... 0306 Mi. 7J;, 35.16 ;'11 .. 58 tl.158 
It l 6 S,124 8,.20 - ,,076 .... 0076 L1h,. 74 37.36 /.9 .. 38 /,.9:38 

...,_,... _______ ...,. ____________________ ..,,._ _________ ..,.. ____________ ~_ilod•;e;-·11.1·:--.u:. n ..,., .,. ,;i e~ """"Jl!f.¥---~ 1 a urt 

*Lot l • tintertil:lzed Vdlbarton Hay 

*~Lot 1 • Unfertili:eed StillwatEir Hq ,t-,­
~ 



Tal>le l4 
. , , Pbo!,lhoru• ~ Calciwn Retention Da:ta ..- Tri~& 9 m1il 10. ·. 

Tl'ial Ration Ste®r Total P Total P f otd P Daily P total Ca Total Ca Total Ca Dail7 Ca 
lio-. No-. No. Intake Excreted . ietained Retention In.take · ~rete4 Retained lt;etention 

P• 
9•1 1* l ;a.5 

fl 2** 2 32.5 
ti l ' 32.,; 
ft 2 4 12., 

10-A l 4 44.,64 
.n 

If 

tt 

10...2 
tt 

ff 

tt 

2 3 44,.64 

l 2 44,.64 

2 l 44.64 

l 4 46.52 

2 3 46.52 

l 2 ,,.,2 
2 1 46.S2 

·•Wilburton bq rat1.on 

**Stillwater hay ratio;a 

gm. 
29.4.2 ,, 
27.59 

31.73 

~7.S7 

/i0.62 

42.2,; 

so.01 

34.62 

~-27 

,4.).22: 

51,u.49. 

4$.,lS· 

gm. gm. gm. P• gm. gin. 

,}3.os ,/,,JOS 1136.S 1ia.s1 (,.67.97 /6.197 

/4-.91 /,,491 l.36,S 136.90 /.49./-jO ,}4.990 

,/,0.72 ..; .• 0'1'2. lB6.S 1)7.62 /.49.18 /4.918 

,/A.,,63 ,/..t.~63 - 186.8 146.02 ./Ml .. 78 /4.(J7$ 

/4.02 ,}.402 233-t5 184.06 .j.4.9.44 f4.9/.4 

,.2.41 {,.241 233.; 197,,//0 ;,s.ao ,e,.sao 
-5.)7 ... 537 2.3:,.; 171.72 /,61,78 {.6.178 

;.1,0.02 11.002 2)3.5 155.62 /77.SS {-7.788 

•3t-15 .... 375 23).5 198.~ ,'lS:.23 . ,JJ.52) 

(.3-.30, {..330 2,,.s llih9S ,'44.52 ,4.4;1 

.7.97 .... 797 .a,,., 205.47 ,'28.0) .,'2,SOJ 

-l,.66 .... 166 a,;.s 194.57 . ,t3s.93 .;. J.&,j J 

t. 



Lot 

11 

l 

1 

Aver~ 

32 

3 

3 

Average 

Table 15 

The Average Daily Retention of Phosphorus by 
Depleted Lambs Fed ilburton and Stillwater 

Prairie Hay 

Phoseorus 
Lamb .. Intake Excretion 

gm. gm. 

1 0.70 o.65 

3 0. 71 o .. 70 

5 0. 76 0,.55 

0. 72 0 .. 6.3 

2 0. 70 0.61 

4 0. 71 o.69 

6 o. 76 0.5) 

o.72 0. 61 

lwilburton hay ration 

2stillwater hay ration 

45 

Retention 

gm. 

/ 0.05 

,'0.01 

,0.21 

,'0.09 

/.0.09 

,'0.02 

10.23 

10 .. 11 



• 
Table 16 

Summary, Avera~ Phosphorus and Calcium Retenti on Data. 
Phosphorus Calcium 

trial Ration Intake Excretion Retention Daily Intake Excretion Retention Daily 
Nos No per per . per Retention per per per Retention 

• • geriqg Pt1rlod neriod oeriod _period per iod _ 

11 
gm. ~· gm. gm. gm. gnh gm. gm. 

l , 2, 3 and 4 15.57 16. 11 - 0.54 -0.027 98 .• 67 l04.7l -6.04 - 0 .302 
(20 da,Y collection 22 16.78 14. 29 -,2.49 ,1,0. 124 62.02 59. 70 /.2 • .32 ,to.116 periods) 
(Lambe) 33 15.68 1.5. 77 -0.09 -0.005 76.1.3 85 .17 -9 .04,_. - 0.452 

; and 6 l 13. 87 15. 63 -1.76 - 0.0SS 92.62 102. 83 -10. 21 - 0.511 
(20 day collection 
per iods) 2 14.73 14.00 ./,0 .73 ./,0.036 95.07 98.74 - J . 67 - 0.183 
(Lamba) .3 u.. . 10 14.68 -o.;s ":"'0 . 029 94. 20 106. 38 -12.18 -0.609 --
7A, 7B, SA and SB 1 8 ,06 8.69 -0.63 - 0. 032 46.15 39.82 ,'6 . 3.3 t0.633 
(10 day c(lleotion 3 a .06 S. 52 -0.48 -0.024 46.15 41.47 ./,4 . 57 ,t.0.57 periods) Lambs) 

l 41. 23 42.76 -1 .. 53 - 0.1; 217.9 169. 3 /.48.6 l-4• 
.3 41.23 37 . JO -,J.93 ,1.0.39 217 .9 169. 9 /.48. 0 /,4.80 

11 l 14.40 12. 60 ./,1.80 ,1-0.09 
(20 day collecti on 
periods) .3 14.40 12.2) .;.2.20 ,to.u 

lLot l - Approx. 50$ of total .phosphorus intake from prairie hay grown in southeast Jklahoma - Wilburton. 

2Lot 2 - Approx. 5~ of total phosphorus intake from prairie h&,1 grown in central Oklahoma .- Stillwater. 
fhis hay was grown on land which had previously received 200# Superphosphate per acre • 

.31,ot J - Approx. 50% of total phosphorus intake f rom Wlfertilized prairie hay grown in central Oklahomn -
Stillwater. 

f;. 
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:PART II. ECT OF AlJG ESE Iffl.' AKE ON C I.C Itmt 

AND PHOSPHORUS tJrILIZATI BY L 

• 



Pre,dou.s discussion hota 1ndie~ted th& &tUJ'e Qt· dttf:ff&~es in :nu.tri"" -

tive -eondition 11r beet Cfllttle at the Range Cattle liinerala station, nea 

Wilburton, am those a:t the l'Ak$ Carl Bl~kwell Range, near Stillwat.er., 

thought to be dtte to ditt'ere-nees. in nu.tritive value of· \he ,range f~e at 

these· two ~.. ~f' ca'tt-le ~ Wtlb\ll'ton. · displayed symptruas tyPieal. or 

apho.tpboresi$ but n.nnained unth1"1tt1 even when phoapbortw was supplied,. 

Chemieal EmGlys:ts showed th~t f:o-rage- fr-0m the two ~a e0ntained simila.r 

amount.$ of the tu1J~ ·n,itrtent.s but that the \Ulburton forage was solaewhat 

lower in phosp.\oru_s :$m.d we.1S unusug11:, high_ i.n manganese-. The- hays collecteti 

during one year were f:o-und to have th.e follow1ne mineral ·co:l'!':tp0$itlon, ex ... 

~a«l av p.el:'Oentag&f,lt 

~ i...... ·-'~ ~ .. tln 
. lli!I . ...IL, -L.. 1·¥1, a .. 

Wilburton Hay t:l.,24 ~ns; 4.04 .• 009; .0~53 .;:16 .. ,so ,.il44 .01sa 
etillwate.r Hey 0 .. 422 ,061 5.6J ,0091 .. 0075 .. 159 -6SS ti,· .. .161 .Ol.48 

Fr• these data.,. it cen be ~-een that the prairie ooy grown in the 

WJ.lburt.on are-a contained~ time$ as much manganese and ma£_nosium as the 
;• 

hay grown in the Stillwater .area.., Smaller di.fferencas. were f'ouncl ;tn other 
' ' 

m:n.e:ral constituents,,, In ,other repor-t.s,. T:tdvell (1951) i"ound that prairie. 

hq produced near Wilburton contained from 150 to :no pp\."l-. o.r manganese• 

t'lher&as prairie hay produced 1n the · Stillwater area contained only' 25 t-o 

75 ppm. the grass· •c:tea wliieb .made ·up the botanical composition we.r& 

rd.miler in the two hqs. The Wilburt.on hay contained a pctiater pt"Cportion 

o-t weed;s. 

It mm suggested theref'O't'& t.ha't·manganese, or: f'~etors associated with 

it in the Wilburton forag~,, po$&1bly intarfeN with the utilltu.,t,im of 
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nutriGnts, inelt..'d1ng pho.spho:ru$,,. 1'Inmerou.s ref ereneea hlUve 1ndioat.ed a 

possible 1.r:i:t:.e:rfe1•ene.e ot fl1$,nga:nese:, e.speQ:iall)r til.t !>iigh levels of intake, 

vd th the proper ab.'io1.>ption and as.sirniltittion of ot,h~:r iltlnex>al elements. 

·:EV':tde:l"lce of someivh~t 10111 phosphorus avs:t1ahi15.ty 3.n W:Uburton rrairie hay 

1..1.S :present~'l in Part I. of this th~si.s.,. 

'l:he purpose of this inves,t1g"1t;ton we.s to determine the efreet on 

pbosphortts .an<.'! ealeium retention; mJll'lg~nesl"~ e.ddetl in inere.a1d.ng amounts 

to a ntiom: of nat1xral f'eeds for growint5 la;"nbs,. 



T'he essent1a1i'ty of Ul3nganeaa as ·~. dietary ele~r1t has been dem.Qn ... 

st.rated. Wa;ddell (1930) reported tbt,t whole cows' !l'rl.lk, as the aole diet 

of' animals, failed to support g!"Owth and well being. Joung rats, tor ii;i... 

stance, when .fed such a diet,. develo:pe(i a severe .r,a.nemia in the oourae of 

a few weel;;s' t.ime. 'i'o the diet of 011e ~Teup of fama,,le rats, this worker 

added ~ganeaie as a soluti1.:in oi' ma..Ilge.z'lese chloride at tl1e level o-f 0.5 

solutirJn. of potassium io{Ude at th1;;1 level 0,,2 milligra.Yis iodine per 

100 e.c. wai) added; while the third female rat gro:up reeei·ved both man:ga­

nesa ,eJld :iodine iu the ab!JVe form,! alf'td aozicentratio:i:is. Imm&diat,ely fol-

beg~ to ovulate at regular intervals. 

Daniels and. i:merson (1935) in a study ot the relation of' manganese to 

congenital deb'.ili ty reported that the death of youg rats reared on m.1a· 

diets i~if'ied with copper :en1ti iron was tb.a result too little man~se 

in the diet the ,lllOth:er. l&u.ng born of these milk-fed fem.al.ea were 

found to contain 65 per cent lass mangal.'1ese than the, young from females 

receiv-ing a smilar :raticm with added mangexie se,., 

Beeker and MeCullum (l931J} fed die.ti3 e.ontain1ng the following levels 

of manganese chloride to .rats: 0 ... 18, o.:,6, 0 ... 9, 1.8 and J,,6 per cent. 

Animals gt"ew w~ll ou all. diets, except the one containing ).6 per oent 

manganese chloride. The diets contained 0.?5 per cent phosphQ'ru.s.. These 

workers postulated that the lligh level of pbcsphoras effectively prevented 

$ym,ptolll.$ 't:.oxieity by red.uei11g th.e am.oun,t of absorbed manganese, and 
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fetller stated thQt the conditiot.t 1n the intestine which influeneea the 

absorptioa of man~se eonsti tu:t-es the eontrolllag factor ia det.ermt:DJ.ng 

th$ level at wh:ieh maug•ese 1s toxic .. 

l)lwriberg and co-workers (1938) dem.onstrr.1.t.eci t'.hat r.i:anganese e~~und$ 

which er• euily .soluble 1n the pstro-irltest.:l.ruil ltr(il.Qt f.U"e capable of 

producing r;teu,ts in rats. i'he amcnmta ot: mangeneoe t'ed, bowev,•, wem 

tar ~eater th.ea those which t>Jffill.d be f~ in nai,ur&l foodstuffs. These 

worker.a ware of the opinion that the e$s.ential f:aetor in the prol!uction 0£ 

~e.$.e rickets. is the form.:F;t.ion or relatively insoluble and poorl1 

absorbable manganese pholl.lph,.,te in the intestinal tract, ldth a <H>ns.equeat 

dee~se in t.h& amount of phosphor\1~ available tor bone tor,matio11. 

Choraoek ·a.nu co-wrkers (l.91~) studied tho efteets of various amo:unta 

oi' wmp.neae in the diets of young gi-Oldng rata, with speoiel x-ef'erace to 

the Wl.unee of this elf;.mw.nt on ce.le:ima and. phoepho.rua met.abolls in the 

pre,sence and Qbsanee of' vitamin 1.,., Thay found that the grG\iltb of rat& on 

high maDgantu• intakes (l,,.12 s.ru:1 1.,.•73 Pel' ee.:"l.t manganese in t~ diet) was 

reta:rded b. prQportion to the .vni!OtL"lt ;>f :::,ll!W.gaueoo in the diet. The manga-: 

nese was. ted as r.-nganese carbonate,. :tttgh manganese intakes (o.66 to 1.12 

per cent) in con~tion trl..th. high-calei11..r11 and lo~phosphortis diets increased 

the excretion of phosphorus · :i.'n all cases, and of calcium at the highest 

maaganese intake,. They repol'ted that phosphorus retention ll'a:S affected 

mo:re than ealoiwn. retention,. A 21.ore favorable caleimn:pbosphons, rat1o 

in the diet~ . produoe.d by inereasing the , phosphorus eontent,. tended to 

~rove ret,ention ot:· these al.em.en.ts even in tlle presence, of manganese. 

Aulmals f'ed. larp amoun.ta of maIJ.ganese developed ser;ere ricke'ts aa evt­

deaoe4 'b1 low blo• plasm phosphorus levels and by· the eond!tioat of ~ 

boma;,. V.i t.amta » adminiatrat.ien resulted u an u,proved eondi.t:1on. 



'' 
llWiiberg and $Jl$001ates (1938) reported thf:tt ma.nganese rick~ts 1ft 

rats was produced by the sa'bsti:tutiGn $,f an equim.ola amount ot. lllm'lganese 

.earbonat• £or a. 5 per cot of ¢.si.ium eal"bonate in a &igh-odcium and low-
. ' ' 

pho~horu$ nchitogem.e diet, .and also by the additi<m of: .2~9 per: cent .of' . ' . . ' ... 

maaganel;ie carbonate to a rb>ok: diet o:t optimal eallli~ an<t. phosphorus con-
. . . . . . . . 

te11t.. . ThtiHiS wo:rk•rs reported that a. soluble. man~ese milt, nu.mgan.~ae 

ebloride, was raohitogenie, but th~t a lass sol1ible s~lt., .manganese dioxide, 

wa.s aot., In these otudi$t;, 11itamin D was tiimid to bt1 ef'fe:etivEJ in curing 

mangamese ri .. ek$t.s ,then addei:1 to a di~t. r>pt:lm$l in oaleium. aad pbosphor11s •. 
' . . . ' . ' 

but. only slightly effective lYhea1 added to a diet low in both enleia and 

plaosphorW:>. 

Smitk, .ti .M:• (1944) reported that, mtmt:;anesa deficiency in the rabbit 

eeriously interfered. with normal booe development. These .workers reported 
' ' ' 

a decrease in breaking strength,. "Weig.ht, _den$1t1, length and ash content .. 

. of the humeri of' da.ficient animals:. A mioro.scopie study of the 1:twaeri 

revealed extensive deviations from the oo:i:'Wll Yhie:b wa$ interpreted as 

suppressed oeteogene:sis,.. Th$re was a aic,ani!'icent deerease in growth and 
' ' ' 

a aeerea$ed content of manga:n.ese in the liver .of m.ang;nese deficient rabbits 

as eompared. to the controls.. Testiolllar degeneration. was round in the de-. 

f'icient at.t,imala,, Although the ovm-ies and uteri of the femele .rabbits were 
~ 

fotmd to bQ significantl,y. S!l'.lllller than the controls, ro.icroseopie atwiies 

did not reveal en7 eignificaut alterations in struet.ure·. 

Ellis and ~workers (1947) studied m.:mge;neae deficieaey in the t"abbf..t 

using the pai,rei--feeding technique with s baseJ. d.1.et o, milk. :l:i'or rabbits 

on tbe uasupplemented diet,. these workers .found a lowered .argine..se aetiv­

it7 in the liver and a lower alkaline phosphatase activity ot t;ne ul.n&r•· . 



fb.e tnab weight* ,percentage ash, total asn, dfllQsity aai leagth ·o£ tl•. 

hll.ma?'us was. sipificetly !owe in the m.a.niane.se de.f'ietent sninutla. 

Carratala, ti~- {l93S) r~ported that ehr<mio poisoning developed 
. . \ . 

in r~bbtt$ after teedini; 0/T ... 0.9 milligrmus o? msngauese sW-f$t'e daily 

or 0.10 ""' 0.94 m:i.Uigr,ama of· m&:ng8!1eee chlor1de, daily tor ao ... 2S days. 

Liver ti&s\ila showed the greatest 4amage. 

~, a JW:• (1950) fed a low mangeneae (l.2-ll ppm.) basal ration 

consisting Of corn, ®:,bean Oil &neU1 CQffl gluten mef.'tl, i?'OUffli alfalts, 

salt and limestone to 4 lots of piga. The. basal ration. -was suppl.emented 

with 3 levels . of manganese, 40, so and. 160 J.1arts: per iidllion. !he pigs ·' 

fed 40 parts per million of mangane,a-e mnde the roost. rapid daily gain and 

ranted .highest. in' efi"ioienc7 of gain in ea4h of 4 trials. The ration eon,.. 

t.d:n.f.Jlg SO· part·S• per million p:rodu'°ad ~ightly fast.er gain~ thUl. the b~l 

J".&tion:, while the ra:tion containing 160 parts per million produced gains 

which W.:Nt approximately equal ,tt, that of ·thai basal. 'When sows w:re tell 
' ' ' 

rations eo.ntaini!l€t 40, 30 Md 160 JXl:rts per mllioa of mangana~e., tertU-

it7 W&S slig,_'fltly ·imp:t'()Ved, but t'bera WSI.$ no iuprov&•nt- in milking a.bil;ltJ'.., 

When 500 ppm. •. of ~l'Ose we.s ~dded to the basal ration, pigs averaged 

0.97 pound daily gun a.!'ld :reqtti:red 453 pomids or feed per cwt. gain a.a 

o~ t,o l.,2l pounds gain tn".d 428 pound.a or- feed tow the unsapple.mented 

gr<>up-., A.oeQrdinij to thes\~. workers.,. 500 ppi.u. definitely reta.l"ded appetite 

ud gro'Wth, espeoi~ &uring the latter part ·of the trial .• Pigs fed the 

ra.t:ion couteiaing the aupple1.1ental wmganese developed a atli'fmlss: of 

Um.be .and a s1..$lted ,gait toward the ·end of the !J,q,e:riment.._ 

leitb ·am1 assooia-t..es (1942) reported a,titfness in. to to· 100-l.b. pigs 

on iUets high 1n a.sh (6 to 9 per cent) and low in ~ese {11 .. 14 ppm • .). 



Mu.~se · s.ulfat-.. was then add.ad. ;to tl1e rati;ons in amoimts to supply SO 

to 60 parts per million · of mangan,u.11e,., As a, reault, the 15 pigs whi.ab 

reoeive4 mang~ese s.upplem.ented ration& showed ao sips .of' stilf'ness. 

Fifty par aent of: the litter rua.t~.s, ho1-1ever, ted the WisupplemenW;d r~tioa:, 

~ stitt. These worker~ reported ·that the $id! tian of ~ese to tae 

ration VfilS i~:f'fective in curing sti£fne,ss in piga after the stif.fneas had 

dev.eloped. 

Johnatoa (l94l:} .found that pigs ,grew normally on ·St ration con.teining 

less than o.s ppm.. of manganese 'Whicm. prodU:esd high i..neidence of paJ."Oisia 

1n ehicka. Re-pro:duction ia swine on this ration: was unsuocEH:~sful. This 

'WOl'ker report•d (1944) that pig:S e:e.n be grown ~t .sati.sf11ct~y rates t:roni 

w~ to slaughter weight$ on. rations of natural feedstuff~ containing 

7 ~ ·10 pu,ts pet" .million o-f' manganeae. When the total ash eon.tent. of the 

ration . exceeded 10 per cent, there ap1)ea.red to be a slight beneficial 

effect from the: addition of manganeoo. From t:hesa results,,.. $.t wa& eon-

swine management praotieetl \idler.a pigs have €iccein:s to pasture or ~se 

emT.y.tng i"'eeds au.oh. as oats, bran or shorts .. 

Reid and .associates (1947) studied the ai't"eot o:t mangenese and· other 

trace element& on the. metabolism :Oi.' ca:lcilml and phosphorus during early 

laotat,io.n in the dairy cow. During the fir,t 5 rlO:nths of laet$.t1on ot $ 

Holstein and 4 Guel'nse:y c.ow:s, calciru:11 equ.UibriW!l -was matn~9.1ned most 

frequently in the group. of cows :t'oo Mieo (a mineral 13uppl:ement of tke 

fo.llowing per.e&.ntfil.ga com.positlon: oalci'lll\l, 33; f/18gnesium, 2; meno;aaese, 

0,..20; iron, 0.20; iodine, 0 .. 045; copper; 0.025; zinc, 0.01 and cobalt; 

0.002) as ·a $UpplemEtnt t.o. a basal rat:lon of grain, corn silage, and t1.m­

oth7 hay,. Stipplem.entation or the basal ration with manganese sultate in 



addition to ealeiu.m: carbonate resultefl in Jtlega;tive calcium balances in 

eve1ty CJii.~, wbeveas several positive balances oeeru.rred when the 'basal 

ration was supple,r,ented with oalc:iam carbonate al(;;n.ti. 'l'he ,marked. depr~~ 

sion 0£ calcium me-tabolism appeia.1N1d to l1e affected by the mrmg.mesil s~~ 

fate · eupc1::il$mentatio:a... ::?ho~phortMJ: metabolism 'Was nc,t a;ppreeiably af.f e~ted .• 

C.askey,,. Gallup and L~orri$. (1939) re:porte{i that a deficiency of manga-

nese in the diet o.f' chi.aka re!.'tulted a significm1t shortening 01? bo:r:.ea 

was also founl'i in tiber,,e ~tudif.H~ thtit M1e ash content of the bone:s was 

signif'ieantJ..y low,'.i,r in chicks fetJ! ;\ low 1ri.ru1,g~leoo d:iet (5.5 perts per 

million) than in th~&;1 feel ii,;, hi m.'mgat!$$e {100 part.a per 

millio..'1). 

J\t"'ld!lli. ti .!!• (1945) h:1ve .,how:n the, need fox-' t11anganea.e· in bone de,.. 

veloprri,ent or the rat.. lengtli, density,, breaking 

were low as eompa:red to p-airnleiYitcs 01' the sa.\ift® i..ieight receiving adequate. 

~e3a. T111ere wa.s no difference, 'between the t,wo groups in percent.age. 

of afh, calcium Imd phospho:ruo iu t.he fa:t-f'rae dry bone. 

Lardy and. &$Goeiates (1942) fomld that; bull calves fed to the ag& of 

18 months or1 low-mangru1ese ration!! were able to pro.duce only poor quality 

~perm. otb.ei- hulls on the smae ration aupplexaented with manganese sulfate 

produced normal sperm.. 



The rations ted to Lwbs in this e;xperiment were c.orriposed of prairie 

hay, 46.9; yellow corn, 29.); CffU gltiten XJteal., 23.5 and ealeium carbQ'nate, 

o ... ,; pe:r ee:nt.. This ration on a dry matter ha.sis contained 15 .• 5 per eent 

ratio of' about l.;3 to l. It supplied abotd, 1.5 grams .of phoqphorus per 

100 pounds 1lf body m~igbt.. The proximat,e analysis of f:eed. oonstituents 

are presented in Table l.. Manganese sulfate (re..<tgent. gr£,;;de) vas added to 

weight., respectively .. 

'I'able l 

J?rozimate Analyses of 1:i'eeds ----------. .......--~-· --·-·-·-·---"-----------------·~ 

, Prairie hay 

Yellow oorn . 9), .• 64 

93.65 

100.00 

Protein Cale.iwn Pho!:ID.· ··-·.¥t?r_. u. s.· r.·."IS!l.·g~ .. · ese .. 
• -- .... ~- '"1b1* -~- :::£;.__ - -~ 

% ;1; % mg/100 

-

59 

o.Jll 

o .• 01 

0.10 

40.00 

(l.Jl 

o .• sa 

7./3 

o .• 6 
. 1.2. 



lrurther investigation in-to the possibilit,y ot ntanganese: :tnterf&l"enee 

with normal ealeium and phosph.ort1s metabolism in .l.ai:ub$ was <H.mrltietod with 

a basal ratlon eompoa~ of l}l1airie hay, 4:S,.6; soybean 1;1aal, 20..4; yello:w 

eorn, 28.9; s:nlt, l.'l a11<l oole::l,um t,a:rhon11i;e1 0.4 per cent,. This ration 

arupplioo 1,.06 per cent pr:ot;ein,. 0.,1:i,8 per cent cale:tum anrl 0.2s per C$nt 

carbonate, o .. 3 ~er eent., This rat,ior1 $upplied 15.,44 per cent E;,£oteib1 0.46 

par cent ealoium a.in o.27 p01• osnt ph"7sphorus (dcy matter basis}.. The levels 



B1 xperiment l SubJ~et 

Experiment 1. 

Tel · nati ve type ther labs weighing between 65 and 95 pounds a 

us in this experiment.. 1' o w ks prior to bein.g placed on the test rations, 

the 1 bs ere drenched with a phenothiazine par tion in order to mi -

mize the e.ffect of porasitio infestation upon phy-siological response. The 

labs wera ighed and r ndomly, by ight, assigned to each t t ration. 

l'he triad eeding te~hnique 1as • The lamb in foUT triads i re f 

rations eontaini o, J 'JO am 600 pp • o mangane e. Later, they re fed 

r tions containing 900, 1200 nd 1500 pf,)U}. o ma "anese. 

Experiment 2. 

lve stern w ther J.runt .s weighing bet en 54 and 77 pounds er used 

in this study. 'th , acco i to eights, into three 

uniform groups of four lamb e ch. They ro dr nehed for internal parasites 

as in the previous experiment, m fed in triads during the experiment. 

Experi t } . 

Six nati type ether lambs weighing from 60 to 64 pounds 1ere used i n 

this experiment.. The details d tr atrnent · ere th same as during the second 

exper1 nt. 

Experiment l. 

The lamb r fed the te t r tio for · period of ten days pr i or t o 

being placed in the me bolism stalls .. During this 1 a::, period each l amb 

was fed in an individual :feeding stanchion and given t h freedom of a lar e 

box stall bet een feedi ngs,. The t riad f ecding technique described in Pa.rt I 
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was ·used in an atteul,pt to keep lsmbs in each t,rl~~ on t.he aame 1:Jho~harus 

intake ·as is show 1D Table 2.. Aft~r tf1e 1,.mbs t'-'a:?e on. feed, th~:, i~re 

p;laoed 1n metabolium stalls for a f;(tn,...d®y nrelim1ttt1!!'f !ind tt~ty-d&y col .... 

leetioa perloo... The urine and f'eees vere colleete~ daily. 1'he nr!mc uas 

meaatU"eC: and a ten per cent t11.liqu·ri>t t~ken ·ror ~s.lyS,iSJ t,he f'eei;)s v~& 

weighed, an.ii a five p.er CfJ.nt aliquc:,t t1::t1!.en. Tl1e dn11.$r ~:Hql.lO'ha of both 

the f'ece:e ad urine were ~~..rc,tely eotibln~ mto co~s!ter: ytd.eh wr-e 

hel.<1 ttM«r refrigeret.i@n until ~Mlyscd for:' ealelum: end ~hosnhffl"tt!;'J,, 

E•riment 2. 

Detslls of' 11rooodure follower~. during !'l:et.eboli$:'! tM1:ri.t'>da in. this ex'"" 

periment were the same- a.e for e:x:per1.J'llsnt 1~ excent t?i~t t~·1e collection 

period ·was retlttoed to ten dtt..Vtt.. '.'i'urthe:r, t~is 1"itmbs r,,e!'e rot>F,t.ed fn the 

second ~»cl\ t'hird trials in s11oh a way that at the en,1 of the e~91"11'tent 

es.eh lamb hat\ reaeiverl t\\11 three 1'7'vels o-1' manr~a:nese. 

Experiment 3. 

The triad feeding teeti..niqtviil e~mloyed in t!".<e f1rst fa!o e:xper!m:ente 

was also used in thio experiment. tfron m1al?m:ts of" 1;1:rtne ~:!'!~ feces -~;l!,o,. 

ples from expe!'iment 2. it :.l~'l·,1ee:red tb;:t :;;or;.1'°' :':!t.nrrane~e was he'.i'!!!J c~.rried 

over by the la.:1bs fr41,:;,n one trial to ®Other.. '1'hh;i uas em:i.~oial.ly trne 

vhen the lambSc reooiving t:..)).e lOQO pir:,. level in on.e tr:lal vei'N!J std t~~'ef1 

to the, zero level !.n the rollowinr; trie:1.. !n ~n etteoot to de.~re~,S& thie 

carry.over efteet of' fl'.'4U'lganeae, the prol1:lrl.inery- f~,etJ lng ~eriod 1.-ras enan~ 
to twenty days. At the eonolusi,on of: the first, twn:ty...d~v ~-rellmin!-'.L"";V' end 

ten-day eoll.aet.ion '.!.')eriod., too lamhs were rotE1.tet~ at rendt}Jn td thin tritJda 

and plaeed on a re.t!,:)?1 cont,~ining another level et man~an.e$e"' ~t the end 

o£ the axperiment each lamb had reooivei! all three levels of manganeoe. 



.?ti thli:., ~»tt watffl'." con,stunpt,ion ~$ it':Sawred in order to obtdn 

a mo:re l!lcteurate~as~ment ot -~cium.ints.kei mince it was f'o~nd, that the 

water supp)J' eon\'1;'1~$d about 0.03 ~ams of cal~1u.m ~ 11t.-.. 

Expertm~ta 1, 2 and J •. 

Fe~. ealctum ,nu phosph~_s de~nat:to-ns v,e;,e made aeooro:tng to the· 
' ' . . . ' 

~oeedttre descri'bed b1• the A,...O,.A,.C.,. (1945). The ~cium and phosphorus in 

:fe.~. and Urine war• dete:t:'Wiinod by the same ~cedm'it Y motU.£ied by t.be 

hptWtment ot ~cultural Chemf.st,ey, Resealreh-. Th0 · method used in deter• 

m!m.ng manganese tms ~. modificotlon of that used: 'tw ~illard and Oreathouse 

(1917).~. The _method of t;malysis .for ·othw Tood co.ns,tituents aro described 

bJ'. ~--0.A..C. (1945),. . 



Jb:pe.:rf.ment. 1 

Bal~ trtals~re completed '4th 4 lambs ·021 the oosal rati•n and OJ1: 

each leV$l of.added manganese. T11ble 2 pres-enta the calcium and ph.oepborw,, 

~te:Dt1on data. f'or the entire; e~ri.ment. Tab.le 3, pr~sents e G'ttm-.1l.B17 or 
the a'.\\l'erage cale!nm and. phru1phorus, oolwee.s in relati.on to the J.twels or· 
~--so.tea., 

It is n-Gt&wfflhl' that the :rations -Oont~ 3t?O and .6oo ppm. of man,,. 

pnos.e gav$ low$r phosphorus ~tent1on valu~s than. the basal ration.; 'rhese 

:results al"e in ~~ament wi.th the general . ebse:t'Vation that hi,~h levels of' 

manga11:e:se deerea.~$ calcium ~tit. phosphorus. utilla:ation: in antmals.. fJhen 

higher levels or mangaoose were fad, howewr. there was no do~eese in oal,• 

eium am pbcsph~ Nte-ntion.., 1n tact, thee& latte1" ·:re&ults indieew that 

the ldgher levels or m.an,ga•ae (900,. 1200 .Md 1500 ppm"'.) favored calc1wn 

and phoaphorus r$tention. 'Be<:au$0 of irngulariti&a on the p:lll't i>t the 

te-etter, theft is aome queetion regarding the validity ~' tJ,,•e latter r$enl.ts .• 

The indiri.dual datei tor lambs:~· e~ri.~nta 2 and .3 ~ p..~s&nted b,y 

meO&~:r- (19.53).. 'fa.hie 4 p~ts tha ecf'!'eet -of difte-rent. levels .of· m?lJ'litr 

.se intat& ou the retention .:,t caleittm end phorepholim by tone amhs in the 

aeeond ~ant:.. ·It will be wt.ad that onJ.¥· three hmb$ were incl~ :l.n 

the 500 ~ lewl'1t· One lmnb was nmovsd 1 fr'om the ~l';iment bee~sm of 

te.ilur.e t& ~Y ~ t~,. Tabl.e $ ~ts a •~ or tl1e r.esult.s obtained 

i,J!l th1s ~~t~ Ditt.~enees: in <raldttm and 'Ph•phortw haumoes b$tween 

t.Naimtr1w& were small; hotrever, the results tend to C'>nf',i~i the ~!Sultt' of 



experiment l,. in which the higher level!$ of msnzanese gave slightly higher 

retention value.a £or the ise elements .• 

l'h~:re -wa$ .no i..!'!;dication that the high left;lS of manganess intake t.:l• 

urea the pathway of ex~ret.ion of calcium or pho$phorua ~irtoe the £~cal 

exeret.ion of both minerals wes es.se.ntially the sem.o at all levels or t'lf.ilJ-

' 

Table 6 present a the s.voraz~ ds.ilf. ,co.lc.ium ar1d phosphorus retention 

sulfate;. however, f,S in experiment 2, practic£lly all of the phosphorus . 

a swumar, of the oaleium and phosphorus balances for l:runbs in ex.periments 

2 and J. It ean l)e seen -from this table th~_t. lam'bs fed the ;oo .and 1000 



'lhe ef!"eot of hie::h levels ot manganese intake on ealeiw:1 tm(.l phoa,,. 

phol:!'ua retention was studied it"A three balm.ice e~eriraents. with la,:abs. 

In experiment l .manganese aul.t'ate. was added to a basal :ration at 

level.s o:t o, 300, 6CJfJ,. 900:, 120) and 1500 ppm., of the ration. 'l:he data 

from this experi.':rtent h:i.dieiated that raar..ga:1em leval;J of' 300 ~4ld 600 ppm. 

slightl.1 decreased phos,horua retention.. LJt,e,.n highar lewle of ~enestll 

(900, 1200 and 1;00 pp:n.) were t'ed, however. there 'i-UJtB a sl.i.ght inerease 

ill :ealeiwn 1:1.nd phospboras r,,tentlon. 

in the GEY®nd ·experiiaent,, m.ancre.l'iiSGG int.fiK0I~ (!)f 500 ru1d 1000 ppm. had 

no appreciable etrect m the reten:t.ion <l):f :d t.her cal.eiuru or phov,.)horus. 

ln experiment 3 wht"U"e &UiPPle:i~frr..t:al .m.~.nga"1.ecrJ ties ·su;Jpll,etl as manga­

nese earbonnt.e, ti,ere a..prGrirtitl ·to 'b,;.; f:\ ·trend to,wal'ti a .m'fiall deet"',,lalla in 

the :retention of pl1o~ph;)Z''l18 by lr,.z~bti i\31:: ?'(l.'tion;,;~ oon.taining i!k""lugaaese at 



Table 2 
feet of Manganese Intake on the Daily Retention of Calcium and Phosphorus by 

(Manganese aa manganese aulfate) . 

gm. gm. gm. gm. gm • 
.30 l 2 l.40 1.48 -0.08 1.1, 1. 25 -0.12 

2 2 1.3s 1.26 /0.12 1.04 o .• so 1_0,,24 
Avex;mg~ , 1, 11 , 1.17 iR,Q2 , 1,oa .• 1.02 ,!o,o2• 

300 1 2 1.40 1.60 -0. 20 1.13 1,31 .o.1s 
JOO z 2 l , .38 1.41 -0.09 1.04 i.oo / 0. 04 

Aver'!ge ,1,32 , l.~J . o,JJt 1,os .1,15 .. 9,01 
600 1 2 1. 40 1.67 .o.:n 1 .. 13 1.43 -o. JO 
600 2 2 1 • .)8 1.43 -o.o, 1. 04 1,02 ,'0.02 

W5 '!1).16 l.08 1 •. 22 • 

900 3 2 1.,77 l . 52 10.25 1.41 1. 26 / 0.15 
900 4 2 1.,28 0.91 /o. Yt 0.99 o. 79 /0.20 

1._2-2~-~~---1. 21 ,o. Jl 1. 20 .1.02 ___J_0_._1a 
1200 J 2 1,,77 1.4; /O.J4 1.41 1.os · /0.33 
1200 4 2 1. 2s o .• 87 /0.41 0.99 0. 91 ,to.as 

Avernge . l, 55 1.1,5 . e0,37 ;i..20 i,OQ /Q •. ZQ 
1500 3 2 1,77 1. 57 fO.';!J) 1,41 1.,26 t0.15 
1500 4 2 1.28 1 .. 07 /o.2l. 0. 99 1, 12 -0.13 

Averase 1 . 5~ l.32 ,0. 20 1.20 1. 19 , , fO. Ol 
I 

$ 
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Table 3. 
£1~..ra~ Daily Retention of Calcium. and :PhosphorltS (experiment .lJ 

. __ ... c'alci~rn·"'-""" . Ph~osrllorus. 
Ration ?m ppm... Retention Retention 

... ·· ·. _-_·_ : .. ·_ .~~li.?;;i'tn-... -~• ti_a.,t_~, ;;s· _a •t·~· 1 11 ,;;.,.·c·.,11 L' ··tf!P: gm,.. g1R,.. 

)0. /o.JYZ /.,O.fY1 

300 ... 0.14 ...(),.J)6 

600 ... 0 ... 16 .. o.l.4 
900 ,P:r •. Jl. /0,.18 

1200 10 •. Jl'l jO,.ZO· 

1500 'o ,,:o r •"'•· ·/-0···01 .-. '.,1111 



Table 4 
Et.rect of~.anganese. intake at Level$ of o, 500 _and l.000 pp.mt on Average Dai~ Retention. 

ot Cttloium and Phosphorus ~ Lambs, (Manganese aa llr1anganese Sttlf:ate) 
. . ·..• . . . . . - . . . ' . . . -~ .. . . . . . . - ~'---· ·---· _...,._ .. _____ ---·-· - ... -.t-!!ilM@(di 

ga, gm. gmt. gm, gm., gm,. gm. gm. 

l o 4 2.65 :,;; o.30 ,.o. 20 1,64 l,,60 0.02 f0,.ll2 
l 500 3 2.6; 2~46 0 .. 2, ..0,04 1 .. 64 l,46 0.01 10.17 

.. J ..... lOQ.O . , ,i ..... ,,, ,2162...,. ....... ;,i,.§Q 11 _J~;.1;,52 , .. , •Oe.48 n,, , ,_.l,.,6.,4, ... ,._,,lt-2' .. -- 0101,, ,, .... o,gl, ·-
. .. 

2 o 4 2.-e6 2,42 o.,, . -0,.01 1.59 1. ;2 0.01 ;o.-o, 
2 · !100 4 2.S6 2,,}/7 0,23 f:0.16 1.59 l,.51 O.,O"'l ,'O.Ol 
i ~ :i " ~ ~ ·AQ O 1/t . 'j_o "'''t ld~ l ~ 3 0 Oir: ~ }2 ··1 0· ·, ~+\; ·w· ··.ii'.71· ··· ··~'.?11_:;;· . . .,,1 · )bv t · .... ·:tJ~ · . ~ .·-~~~.u .14·_,·. - , . ': . .«&.tifv , 1 ··tr 0U_t;;;; · "" 

3 · 0 4 2,:71 2.14 0.27 10.30 1.60 1.1.1 0,02 l.!).11 
3 soo 4 2.71 2,21 0~51 --0.01 1 .• 60 J..43 0,.01 10.11 

• l i' ,;; ' lQ.QQ ,;: ' 4. ~ ' &,,7.1, ,, .2r.U ...... ,Qi;JJ',;e .. i '""' .. ,lo,~ .... ,,.... 'H ••• q0 ". J..~~ 9,0J ..•.. eQ.Jil '"'"" 

Table S 
Aver,ag$ Dtuly Itetf.tnt10il. of' Celcium and 1110:a)lh~ ·{$xperi.mant 2.).~ 

.8· r "8!1 . ltM . . ,A r 7 • · IP e I Ji · !!If. 

Cal~itml 'PhoaphOl'.'UO 
Rati,on fan Pl?!• . . ftetention . Jte~ntlon 

iii& "J a CF ,' "it. ) t :'. : t .t t t: -~~. :.t.ii .!1' 'qlc . J - ·_1i _· .ii ... : ·11 ~Ill lti,..1!!.:ij. ,ue. Iii .. '·: ngm,,. : 1 .. H _t (Iii .i•.t 

o 1o.03 ,'o.os 
500 10.04 ,-0.10 

1000 . ,}0,05 ;(0.10 
... 

·°' '° 
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Table 6 
Etteet of ~nese Xntaka at tev•ls of 01 500 and 1000 ppm. ,o-n A'Ver$g& Daily Reta-nt!on 

.. __ of Calcium. and Ptu,&phorua b1 Lambs•- (Ma~~nese as !!anganeie C~bt>na.te) _ 

Ration r~o. ot , . ,., , , ,,)2,e.lc;ua . ,. . . , . , ........ ~1.t.2s;hm1. ,,., 
Zlii1 . _ RPI, 18 __ Jamel . , .. , i!\Alm _ FjOeS, .. . Urine, . , Rr4tentien .. ., ,. • tatA!se . , , _ :roe2§ ... '"', Urine ·. , .R1&t1tdn•1 ...... , 

gm.. gm., gm. gm. gm. gm. gm,., gm, 

1 o a 2,.6s 2.ss 0 .. 19 .0,06 1,60 1,s9 0,.02 ... 0,01 
l ·soo 2 2.60 · 2.87 0,25 .0.52 111 ;4 1.tM, 0.01 "'"0.11 
11: I . .M!mi., M 2 . Ol 1' 2.22, 1·., 2 •. ~ 1· -2.6i i ,:91.! ... , , > ..,1.~a, .! ti,2/t j J Q.Qg .! > -Q~!)/; OR 

2 o 2 2~30 1,,2 0,05 ,o,.,, 1.,,$ 1 • .26 o/J7 ;o.o, 
.2 ;oo 2 2.42 2.n 0,06 /o,or;. l;o,Ml 1 .. 49 o,o., ... o.~04 

·.,i ! t ,1~ .,, ·, ,it ;, , . ~.44 • i,2i ·· ., .. .Qt,16 ,,,, :t,g,,~ ·· ,, 1 l11&'t., 1.61 ,. 1 •. Q1Ql, 1 . 1 .. 0~1:r ,,; 

3 o 2 2,39 1.,86 O;ll l.0,92 1 .. 61 1,24 o.o; ;t,o.'J4 
, ,oo 2 2,f?rl 2,2e 0:1105 ,._o,/34- 1.62 1.ss o~oo 10.04 
~I 1 imo . . •. ''·" n 1f 2-iB?. ' ;t,,92 ' .• o,gg ' ;Jg,~ ' •L . ,,..J,as:2... ' 1.~ "' ... Q,QZ .. , il~.a .... 

Table 1 
.., .n 1 .. Awoga ~iJ.t Re,.i;r~n~,ton 9f GG:teit¥f! !JI! 1!~1~ ( e119ei:i,tpeDj l}, •. _,, 

Calcium Phosphorus 
, .... LI 1 R,atiOt\ IE• /~~ , ,. , . ,Retention . . _ , ,Re~~,i\1,ou, ..... , ,. '!'"' 

gm,. gm, 

0 ,0.40 ,to.13 
500 .,/0-j!O'! ..;0.10 

1000 ,0.19 /-0,02 

..,a 
0 



Table 8 

Summal'y of Calcium and Phosphorus Excretion and Retention Values. 
(E:{J)eriments 2 and 3) 

Ration Cal;,cium. . • PhOSJ<hOr!a§ . 
E!Pffiment ppm •. Mn Intake Excretion R~tentionl Iutake · Excretion Retention1 

gm. gm. ,, gm. gm. 

2 0 2.74 2. 71 1.1 l.61 l.5.3 5·.0 
500 2.74 2. 70 1 .. 5 1.61 1,51 6,.2 

1000 2.74 2. 68 2.2 1.61 1. 51 6. 2 

3 0 2.62 2.23 14,9 1.53 1.40 s.; 
;oo 2. 63 2. 61 0. 8 1,55 1.65 -6.4 

1000 2. 65 2.46 7.2 1.54 1. ;2 1. 3 

1expressed as a per cent of intake 

-..J 
I'-' 
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Low"·· soil fertility ha:s bee.n !J.Ssoeiated w:tth :poor ple.:n:t growth a;nd 

incf.tieient livestock production,. ':i~he J.mport1.uiee of adequate phosphol''US 

nutrition or plant.a ttbich i:i'tf't:eet phosphor11a ut11ization :;tn 

many il1~1Mti::;ators 

::e-,g 1,e:C.l'llU'l.(J,,l:lGi!o 

techniques is 

ttt,racer ti 

haV& etm .. 11,"i!"'~l., 

suapeeted. 

tion.~l e-xp~r:lm~nte 

lems •. 

i:ti ard.ir«'ll i1utr:ition. Amo~ these n~w 

:r~Jio:r,~ot:ive :1t4oi;ope pho.sphortzs (132) as a 

have proven us.efu.,,\ beeauae they 

beh6ivi,or \ihich h(;!.d h$en h,s:retof'orf;l oP.ly 

&. hlSis sr·or more rigidly eontrolleifi nu.tri ... 

h1g1·, a:ri.d: lrn:1 eortte:n.t. '.!'hi£\ mang~:ne~:e hay was proiueed n&itt' 

t'alburton1 ~nti the low he.y vu1s pro1,iuced. near Sti:J.lwate:rr. 
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Chievite and Hevesy {1935} eonducted the .f'u•st experiment.a in which 

radioactive phosphorus was used ta s.tudy- problems of phosphorus nutrition.. 

Radioa.ot.ivc phosphorus as an indicator or tttracer·n showad that phosphortlS 

atoms of' the minereJ. oonstit.uent.s of b;:m~ exchanged rapidly w.ith those 

present in the bloo:l pla.smti. 

Oohn and Greonbe;rg (19.3S) e:nployetl the rat i:n studying the pathway of 

radioact.i ve ph.osphorutJ in. ;met:~J:.C)lisr.J.,. i'hor~o workers :to.um that the radic,;;,· 

act! w phosphorus we.s etbaorhed w:l thin 2 to 8 hours after, ingestion. 'l'weu1,t7 

to thirty per cent renained un!lbsorl-;ed. Of that absor1)ed, 20 to 30 per cent 

was e~ereted in the urine du.ring tlw f':trst 24 hottrs after 9dmim.strat:i.on. 

In the rat the rank of ti$:zui;1s .·d th respect to ·their affinity for p:32 was 

brain.. In this ·,;11ork 't,he br.F.1ln tissue ra-p:poure·d to h~ve· a very slow turn­

over of pbo$phorus.. In the ra.chit1_c: rat, small amounts ·of p)2 wer,e found 

in the hone·. ·~hen vita~n n was fed to tf)0 :r>M!bi tic rat~ l.gre.;;er amounts 

or p32 appeared in the bone.. ":,ho-n 7..JZ t'./U.s administered to phosphoTU.S ... 

de.f'icient. rsta, tr.ere was t1:; greate:r ret~entio:n ot p.32 in the bone than in 

the normal rats.. The e:;,,;cretion of,. P.32 in the lll'i:ne was greatly decreased 

during phoaphoni~ de:fieienoy .. 

11eve.sy (1?48) reported that the :!lbsorption of' radiooctive phosphorus 

from the gastro-intestinal tract of the rat was increased 1:>y glucose and 

decreased by iron salts. :?he excretion of radioactive phosphoru.s in the 

urine of rats maintained on inadequate phosphorus was ilboutona .... fourth 

that at rat.s on a !'lOl'llltll ration., Vitamin D was tound to increaoo the rate 
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of renal tubular' phosphate. absorption, thereby inereas!ng the concentration 

of t.hia ion 1n tbe plasma. Smith and oo-workars (l9SJ.) studied the dietri• 

button .c,f intravenously injeeted radioactive phosphate in the tissues of 

swine,. These ·workers ftJtJ.'l.'ld that older ani~ls had a slower rate or uptake 

ot p:32 tilflft yoUl,g animals. The rank of sof"t. tissues with respect to thew 

affinity f(IJ! p32 was shown to bet bile, Uver, ld.dney ,. thymus• ~ node, 

h~Hirt. spleen., tongue" rru1sole~ ltu1g,, smooth ~tomach muse-le and brain. 

U&vea:7 am associates (1940} nm@ use of radi.oe.etive phosphorus in a stud7 

experiment to keep the r®dioaetive plasma inorganic phosphorus at a eon ... 

stant activity level. Within 50 days., 29 per een.t or the epiphysis of the 

disphysis was '1 por cent.. Only half of tho mineral constituents of t.h$ 

scapul.$. •re :round to be u.n~han&:100• 

Spinks and as300iates (l94S) studi<C:'3. phosphorus iitilization tr1 four 

porabed into the- lsyitlt'i mas.h as t,ri ... orilcium phosphate, replacing the ·'bone 

me.al in tbe ration. R.adioaeti:ve pho1Jphox·u~ ~ras .:lhsorbed and appeared in 

the yolk, white a'!'d s:.h.ell of t.he ee:g within .24 hours aft.er feeding., i'he 

maJC!nmm recovery of p)2 .following a single feeding Wn$ within 2,4. h0~$ in 

, the ~ase of the shell., 413. to 72 hours. in tbe eesa of the . wbi te end 124 

hQure fol* the. yolk:. Th1&y reported. thett a coos:Ldertble quantity of the 

abeorbed phosphorus .was stored in the tibae lJj days af'ter i"eed~'l the p:J2., 

·Aceord1:ng to this work, the percentage uptake of phoapboru.s tr.om tn ... 

. ~aleium phosphate rose gra.duall::r in the egg and he.came relstiwly eo1'lstant 

in a.bout 14 to 15 days aft,e,r the .firot feeding of' the tri ... caleiwn phosphate. 



O*ie111 Jl .!!• (194-1) found that 5 per cent .or the radioactive phos­

phorus,, in tri-caleium phosphate, appeued in the egg over a 25-de.y per-iod .. 

'the 132 wa& fed daily for the entire 25-day ~eriod • 

. Shil"ley, iJa:vi~ and Neller (1951) fertil:izad an arc.i:a of'. meadow uith a 

strper phosphate fertill~r containing: ratlioaetive phosphol"u&. The hazo­

v,sted forag$ was. fed to a iltaer in B. 111etabol1sm stall and the steer was 

aacrificed after a period of Jl hourEl. 'i'he eontenta of 'the various. seg­

ment~ or tbe digetc,tive traet, as 'itfflll a:s the nrinolptJ. 0t"g:ang 8lld tissues, 

'Were separated and assayacl. for ra.dioaotivity. :&pproldmatelf 4.; rier cent 

of the ie0ta,->e in the e,r20s 'Wf:.s oreoent ir, tlie GJ.im.entary tra:~t Md. 36«3 

· per cent in the t'W'iN'n t;ud r€ticult,n e,-ontentG.. i;o iis.otc>pe wa~ fou.nt1 in tbe 

phosphorus ugrtske rate was: 1~0$ prono1meed in. ci!if,Hrp bet:ween four and ten 

months or age than in swine. 

Lilfgree11. anc1 Kleiber {1953} reasoned tb.r2t if the body photJphorus o:f 

an animal were labeled with fl.Ji isotope of phoJBpho:rus,, it would be possible 



to determine the proportion or th~ fscial phosphorus which WU origin~ting 

from the body ·since the;t fr-aet!on W&uld be labeled, while tru-,,.t pasa:ing 

through the gaatro-,d.ntes'tinal tract won~ not be labeled. In e~rim.ents 

with lambs• th!i!lsf!;; workers made use of radio~ct:Iv@ phosphor-us t.o determine. 

th• tne 1Ugest:Ud.ll ty or the· phosphorus in alt-alfa hay,. Thay l"ound th~t 

an avel"'ag$ of S8 ~ cent of the rs.cal phosphorus of am'bs. tcd alf~lta h1q 

was of metabolie origin and 12 per cent Wlls imdigaated pho.aphorua fl"'om tne . 
. 

hay;. While the spperent digest,ihili~y cf the r;.<hospnorus of the hl!IY aver-,. 

aged .2.2 ~r eent. tho true digostibili ty was 91 p-~r ee11t... · They concluded 

that the pho.s:phona iu alf'nlf$\ hu._y was hi.f1h1; avll'<ilable for absorption by-



lt.,. ~r!menvai Ra;!f !9!1s. 

R.ation l contained prair.ie ha, {0.0;2 per cent phosphorus) trom 

\ttlburton, Oklahoma., while rations 2 e,nd 3 eentained p1•air:ie hay· ( O .. OS.8 

pel"' cent phosphorus.) b'om .stillwatE!!l", . Oldahonm.. The remainder of' e,""cb 
' 

?'$ti.on c<1»ns1::rt.ad of e:orn {tluten meal, dried beet pulp, .cod liver. oil and 

ealoiwn e$'bonate·.. The rations hti>d a cale.ium:phosphorus ratio. of 3.,811 
' 

and m.tpplied l,.16 grams of' phosphonw p~r 100 pounds of 11ve'weigbt. 

!pprox:tmately fifty par .cent of the pho:sphorus in eaeh ration was $Upplled: 

by the ba,ya., Ration J, a control ration, W&s: th.e same as rati.on 2 e::i:eapt 

that steamed bone meal was supplied tt, er:;ch s.nimal. in ar.iounta to supply-

L ·., ?~rtme~~!l .Snk?J"il;cts.JturJ :ftior T:i::tat.mnt 

Th~ six lambs used iJi Tri~l ll in P~rl ! o-r · th:te thosiz · were also 

used in thia experi•nt,,., At the eoncl?t.sioo · of Trial ll, the h.robs ere· 

given a six-day re.st :pt:!Jriod 1n a lar1t.~ box stall and l'Jlfti:Vidually fed the 

Wilburto;q. and Stillwater hay test ro:t:i.cms 'tt~d :t~ . the above t.rial,. At 

the end ot the rest :period, tb.e l.ambs were :returned to the ~tabollsm 

etalls .fo~ treatment. 'l~he th:ree lambs receiving the eootr-ol ration (ra ... 

tion 3) were of similar breeding and approximately the same weight as 

tJ1.ose t1$ed .in .trial ll.. '1'hs·se lambs reeel.ved adequate phosphoru'S i:n the 

rat1-cn thilt"ty ... six days pr1o.r t.o the beginning ot the p32 e~rtment. 

a •. I . P:t>rua,d.;qm ,fRt Reio1efiia ~fc!W0£Va &!mm.ttrtitl-s 

?he nine lambs were.. given pb:ospn.oric acid containing radioactive phoa-• 

phon:s 1n e gelatin oaprm1e <h:wing .the !ll0t'nil1g teed.iug. A 'uni.form dosag& 



w s us d for each lamb in the group in ceordance with b y ight as 

follow 

Treatment Ration Ho, s.mbda of f 32 per lf!mb 

A Control 3 79 500 

B Control 3 110 700 

C Control J lll 700 

1 il urton I y l 81 500 

2 Stillw ter iiay 2 78 500 

J ilburton Hay 1 86 500 

4 0 tillw ter 1:ay 2 86 500 

5 ilburton Hay l 73 450 

6 Stillwater Hay 2 82 5 0 

80 

Blood s liva s mpl s ere taken at various intervals fter admin-

istration of the isoto •· At ti interv ls of 8, lJ and 49 hours a ter 

admini tration of' th isotope, on l mb fro~ each oup was s cr1ficed or 

mples o paroti gland, c nnon bone , liver, rumen solids and ru n l.1q­

uid • 

D.. ethoos of 

Total phosphorus determinations wer 

refer~ d to in art I . 

lzsis 

de by the sa prooedur as 

S mpl s for p32 deter nations re weighed in a beaker upon removal 

from the c•rcass nd ig sted in nitric acid . After digestion , th mate­

rial as tr nsferred to a Syr cuse typ watch lass and placed under the 

open window of the Gei"'er eounti g devic . 'he number o counts r min­

ute r unit (e.c . or ~m. ) of sample was caloul ted, and are expr ssed s 



per cent of administ.eroo dose in 100 units (e,.c,. or gm.) in the 'fa.ble l 

and f'igun;is l am 2,. 

81 

T"ne. activity or the p32 administered to the l,~mbs was determined by 

the tA.se of the Ge-ige1• counter t!ilt the ttme the. lambs were. ~iwn the capsule 

containing the p32• 



DISCUSSION 

rela:t1vely st11all dii':teremoes i11 

,,)32 .':.n +"".: .• "' .. · 'I'- 1· · d t· .'.I l ·· ""h , ... 1,,1,.,. wClne, ,· l.VSl' an paro l.u g lf;t?lCI.S Iii ···ml 

1 2. 

fed dif'f erent :rations. 

It will be 

ration 2, 

"').f.'\ 

lruf£b fed ration · l mo:re p:u:. than corre~poncU.11,g ti.ssi;i.es of the 

Samples 

e.ither the lambs :fed rEztionfJ 2 or 3. 

the lamb fed :ratirJn l were s,ppre-

the lrurib fed ration 2 .• 



Figures l and 2 present in gra.pbic form. the relati v• rates of p.32 

~take by tissues analyzed in this e,rperiment. 

The total phosphorus present in the bone, aaliva and parot.id ia pre­

sented in Table 2. There was no diff.erence between the th.ree groups 0£ 

l8!11bs in the per cent phosphorus {dry matter basis) in the ether extracted 

bones. './the av.erage percent~ of phoapborus ln the bones was lZ"57,. l.2 .. 07 

·and 12.14 for lambs fed Wilburton hay ratio-ns, Stillwater hay rations and 

the control l"fl.tioos, re~peotivel:,.y.. Likewise., there was nQ diff'erenee in 

the ash content of bo:ne.s attributable to troat.'.!'.ent. i'here appeared to be 

a di.ff ere.nee in the amount of ph<n,:phorus present in sail va ,clue to treat­

ment •. St.µnples of' s.al:i::ra taken at three intervals ,fol.L~1'Wlng admini.stration 

of p32 ave:ra:,;etl 63 .. 7, 95.2 a.".ld 72,.5 mg:. of phos:ob.orus per 100 ml. for 

latnbs .s. 6 and C, :respeatively. 

It these trends reflect i,he $ta.te o:f :nu.trition of the lrunbs with 

respect to phosphorus., the lambs fed the ti:ilhurton hay i'or a period of 

t-hirty-,six: day€! were in a .filore depleted state and therefore had a greater 

neeil for supple.m.ental phosphorus th.~1 th,ose fed ·the Stillwater hay. 



C\1 

~ 
'O 

4-l Q) 
O 1-i 

Q) 
.p .p 
i:: Ill 
Q) •rl 
() i::: 

•rl 

ff tmt· tt~ ~r +fHti. h~ HLAL.,. H ·tt~ h th ti I- _11 
-l- ! i l :EUf: J;f Ir :w a:+Hft ~n .. m tfE~If: PF m TIU:iffE'.tff:tlfilJIIIIIIIHIUld 

·_c:'f:ffil~lf!Jh;llj FigJlre 1. The.,_l"'rcentage o:f pdioaj>tl.ve .Eho1lJ1,4_- or'llP in 100 grains 

d : :tb:tr H~tt.rr...111 ,_,~ +1-r.......tt.....::.ti -at s,, 13 and 49 hours art.er adinin1sttat1on 

f material 

'+-.-·I ~.,~,a·· tl=i++j:::!:f:j:~ 

i fr= in: -jf;}1t; 
Saliva (c.c.) tambp feu 

1 

at1,-on ,1 t-+ H-H-H-tt-i+JI-+ ~t-"-+-:_.~-f' +-LJJH 

; -Jhtt+f: ±~: . ;1/ ;;i;:tft 
! f-t~t~--:~+1:t__._:tl-r ._:t}i t-~t 1-tH 
t· r+ =i=E t-ht ____ ----· 

P-arotid Gland - _J Lambs'"' ~d ~ation 1 

Parotid Gl-and Lambs feQ Ration 2 
1-i ~ 
(!) 'U 

P-. ell ------+,; t-t- -t"t-J-

6~-±:va (c.c.) 

'S¢-va '( p~ C ~ Y° 
;LJl:mbp '--fed ~ation 2 

rnmb'p+:fed ~&tlon 3 
,- H _ ,-HFrt .-Par-0t-:bd ~l~oo :bambs fed Rat-ion 3 

. 0064 

. 0056 

. 0048 

. 0040 

. 0032 

. 0024 

. 0016 

. 0008 

. 0000 
3 

::.n....:m:: 
t...tu...ttt..: 

t 

.+ 
' 

6 

.-, 

9 
~:::t 

12 

tl:F Hfl-
..:. LLL.L..u.. ll.1:1. 

15 18 

_)_J_ 
-'--"--

l-J--t 

R=+t 
H-

WTTTl'tt •H +itE fr'!W~fr H~Hf HntWHHHH:t±tlliH mttt:t 
Ul..i.I.w I I I tH IT cl t ,:j L L Ll 

21 24 27 JO 33 36 39 
Time after Administration (Hours) 

42 45 4S 51 



C'\I 

Hl1llfillM!Wltttt!f~I HIUH41Hlt ,Hf' l!l !t ri: n, ·w H· '!I: 'lhH ·1;:{ i:i, w:w f"W 'if' iW'HI ·m nnlf 'Htll4i1llllll+c, 
~gure 2... ..!he pe~cen.tage.. hf.. ia.d.i.o.activa phop]?hb.ru~ ih.J.PD __ grams. .of,J,11a.tetiai · ('<', 

p..., 
'O 

C+--1 Q) 
0 H 

(1) 
+:> +:> 
i:: ti) 
Q) •ri 
C) i:: 

•ri 
H E; 
Q) 'O 

p..., C\l 

. 0064 

. 0056 

. 0048 

. 0040 

. 0032 

. 0024 

. 0016 

. 0008 

.nooo3 

11 111' 1111 i- ttu_, . . ;... . , , · , · , at 8., l3 ..a.n,d+-49 hours af"ter ,a.dmintst£atio 
1 

Befie. _...18.m.bf "if"ed ,Ra.tiol'l 1 

Bone - La~bt3 --;f'ed "{l~Ttion 2 

~one - ... I::.ambs ff31l Ra tlon 3 

--tilllllU!U: Htt=H :H .· 

------t:ttg=ttt11rr1w•rtrti?tm 11rttm 18 

Live:r.:i: - Lambs fed Ratiol'l !I. 

Liver - Lambs· f'ed Ration -2 I , 

M.ver - Lambs-,,fed Rattion 3 ! 

t! J.J. t:!ll.:..:.! :...:.1..t..tL. cl :.:!:::ti:t.w. ::l 

24 27 30 33 36 39 
Time after Administration (Hours) 

ti... 

42 

± 

+fJ 

45 48 51 



Radioactive. phosphoru.a was us.ea as a "trs.eern so.l:>stance to study t:he 

affinity of t-iasu.es a..nd rru3,terials from lambs low in phoaphorus and fed 

for 36 days on Wilburton and Stillwater hay test rations.. Certain tissaee 

and materials were round to h.ave a high affinity 1'or ?32 •.. Saliva and bone 

fr~m tbe lambs 1'ed Wilburton hay eontainad. more radios.etive. phot.-phorue 

than that er lambs fed St,illwater hay 0:r the control lambs •. Thi.a saine 

trend also appeared, but was less pronouneod, in the case ot blood, pa­

rotid glatld, and liver,, these d&:ta may be interpreted as indicating that 

the lair.bs .fed the }lilburt.on hay ration were in gr~ater need of pho.sph-orus 

then these .fad the Stillwater ha.y. 



:table 1 
The Percentage of P.a.dioactii!e '.Phosphorus in 100 Gra."Tls of Flaterial 

. at B 13 and,t}~ Hott.!'S after Administration ,...,.._,.,, .• -,""' .;..."'(" "~~---·--... &-...... ___ ...... _____ . _______ ,.,..,.. ___ . 

Sou.rce of S),iaterial 

.At S ti OSJ:".§! 

Blood 
Saliva (100 e.c .. ) 
P arotid glai~d 
Bone 
Liver 
Rumen solids 
Rw,1en liquid 

At ll l~urs 
Blood 
Saliva (100 e .. c,) 
Parotid gland 
Bone 
Li,:re:r 
Rumen solids 
Rwnen liquid 

At. .. ;,a •. ,!10~:i.;t,~ 

Blood 
Saliva. (100 c .. e .. ) 
r.iarotid gl.and 
Bone 
Liver 
Rwaen aolid.fJ 
Human liquid 

.. !JOO) 
• .00:21 
.,)019 
.0005 
.0030 

.OCJ0-3 

•. JfX?.7 
.0019 
.. 0056 

.. 0050 

.oo-:i(~ 

.. 0030 

.0030 

.oo,,,r1 

.. 005'7 

.OOM. 

.. 0026 

•. 0003 
.. 0019 
.0021 
.OJO'J 
.. OOJl 
.ooa, 
.0053 

.. ooo,} 
,.0021+ 
.. 00.34 
.0017 
.. 0052 
•. 0105 
.0067 

.0001 

.0011 
,.0018 
.• 0.027 
.00.35 
.. 002<:, 
.0016 

.0001 

.. 0021 

.onos 

.0002 

.0008 

.0100 

.. 0097 

.0012 

.0011 

.0007 

.0005 
,.00111 
.00'72 

_, .0053 

.0003 

.0017 

.0025 

.0025 

.0057 

.0050 

.00.26 
------------·-----. .,.._,,.~lilPl•li~, .,-;_ .... i" •u ,,.:,..-,-_,..N ...• S_IIJ!I~-------



fable 2 
-----·------- Chemical An~l~.?.f Tl~U:!}s_and Ma~etl!!!_ ______ .. _______ _ 

Source ---~ - i,,.,---· '! ... 

~- t· i 1· - 1' "" • • l· - ~ - t;l i') - I. . ... Lila el' a . • • .Lf.ih:iJQ !•'h.: · ...:: _ .. ..: -~ . :.t .. ",..., --

ione (ether extracted) 
Avera.ge 

1:,.34 12 •. 20 
12.57 

·Per aent phosphorus, dry matter 
12.19 11.96 12.14 l2.ll 

12,.07 

basis 
12,.05 

:Mill.igr~JJfl~ phosphorus ;oer 100 rt1l. 
Sali·va 

6:;0 p •.. m. (l ... 12-52) 
10:30 p.m. {1-12-52) 
9t00 t'hm. (l-lJ-52) 

Average 

.6 
tn.6 
56-.0 

6.3.7 

• 6 
l09.6 
rrs.4 
95.2 

:11~92 
·12f14 

1.2.55 

(:l/.16 . 
6'7.2' 
.34.8 
i_Jr! ni.; 

------------·~ -~~~~-...... ~~-=-1:r-- ~.~--~·;,_....,. ____ , _______ _ 

Saliva ,s.o 
A:ver-age ..................... ~ .................... ,,... ......... ~ .......... ~~-----

B011e 67.99 
A:verage 

Parotid 0.26 
Average 

.a, L:1 ... 0 

36.0 
.o .o 

n __ .v 

56.0 

Per cent ash, dry n;i..!lJ.tter basis 

50.0 ~() 

43,0 

'""7 ,c1' '"'7 ')~ '.l7 '"'i'. £-., f;;il. t:7· .. ".lf' ,<_[\ ',l"l b • 04 b . • c-,;1 • .,, ·• 'J'if:1 ub ,. ;;n,) 1::) • ,,r;;; 00 • ..,,.:;. 

67 ,(/3 

0.22 
0.1a 

6?.,'76 

Per cent phosphorus, fresh basis 
0.01 {h14 0.17 0.17 0.20 

0.16 

{,1:, .• 01 

0.23 
0 .. 21 

32.0 

6S .• J4 

''" 1C} ';.))!,,,Ji,,7 

- ,,....._.~.,....,~~-~~, fl 

l1embs .fed Wilburton hay rati,:,n {ration l) • 

2Lrunbs fed St.illwa.ter hay ratio11 (ratic1n 2), 

'Lambs fad eontrol ration (ration 3) . ., 

(X, 
O'-
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