
A CBEMlCAii IflES!IGl'fIOJ OJ PHOSPHORUS IJUICIDO? IB 

RA.JG'I l3DJ' CA ftL:I 



A CHEMIOA.L I lfVES'rI GA!ION OF PHOSPHORUS DEFICIENCY Ill 

RAJIGE BEEJ' CAftLE 

:B7 

MDOll E . GillSOlf, JB. 

Bachelor of Science 

Ouachita College 

Arkadelphia, Arkansas 

1948 

Submitted to the Departmen, of Chem1atry 

J'rom the Laborator:, of the 

D.epartment of Ag:ricul tural. Chemist17 Research 

Okla.ho Agricultural and Mechanical. College 

in Pa.rt1al J'ultillllent ot the iequiremente 

fo~ tbe Degree of 

MA.SUB OJ' SCIDOE 

1951 



11 

C~1 "r•o?.1A 
AGRICULTtr. ,'.t & r ..• ::::.r·1cAL COLLEGE 

LlBRAR y 

MAY 9 1951 

A CHEMICAL IBVES'?I GA.lfIOB OF PHOSPHOBIJS DEFIC D!ll!ICY IB 

MIRO E • GllJSOJI, JR. 

MAS O'J' SC 

1950 

!BESIS AND ilSfJACT APPROVED; 

273850 



!he author e21>:re••• hl• graU\\14.e te 

llr. Willie l>. Qallup tor hi1 euo~, 

and conatract1w c.d\1c1• th.l'Oupo11t ,Ma 

lnffa-U p.Uen.. 

111 



l!e,riew of Jiite:oa.tt~ . 

E-ltp0'rimental 'Pr'!'Jeedure. 

~s;,J!ts. • • 

. . . . 
~- .... 

.. 

... 

•· 

" . 
.. .. 

,.. " 

• 

Pagt9' 

1 

3 

10 

19 

1v 



Beet ca\tl• produced in oerb.in areu of Southea•te:m Oklahoma are fre

qwmtly de.cribed aa unthr1ft7, lacking 1n fin18h and. 'rigor. an4 nen •creew". 

Inabil1 ty of the cattle to uke rapid 81,in• in. weight mtcl their t&Uure to pro

duce profitable caJ.t crops con•ti tute maJor er.onollic pl"Obleae 1n 'beef cattle 

prod.uct1011 in these area,. In ao .. areas, feed ahol'tage and po-or feeding 

practices mq account for part of \he unthriftiaesa, but in other areas, tb.e 

cattle tail to make the cl.ea1re4 pin• 1n weigh\, al.though fore..&9 1• a'98..1lable 

in ample quantities. 

In one such area near Wilburton., Olclahoaa, the color of the ao11 indicates 

a ftry low organic matter content. Soil samples taken from thia &N& bJ' \he 

Department of AgronoDJ7 •bow deflciencie• of calcium. total and a'ftdlable phos

phorus and potassiu. A de:ticienq of phoaphorm in forage produ.oed 1n thi• 

area mi~t be suspected aince 1 t i• known. that the content ot certain. adnerale 

in pl.ante 1• closely related to tbe uaout ot these mineral• available in the 

soil. 

Since the ao-11 anal.7eia and the appearance of b cattle in the Wilburton 

area indicated a phosphorua deficienq., a •tuq was undeJ'talceu to detel'IWle 

the Tal.ue of a mineral phosphorus aupplaen.t. f'or beef cattle under practical. 

ran .feeding and mana.ge•nt condi tiona. 

~o locations were selected. tor thia study'. one lJi the central. por\ioa of 

the atate near Stillwater. the experimntal nnge bordering Lake C. P. Black

well where the soil is on tlut borderline of bel~g ph.oaphorue deficient. a:a4 

one in tb& southeastern part ot the atate near 1lburton where the 80111e 

de£in1 tely phosphorus deficient. 
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At the end of the second 7e r ot this atu.cly evidence was obtailled. that the 

Wilburton cattle not recei:ring a phosphorus supplement were auffering from a 

phoephoru.a deficiency and perha-pe other unlmown disorder, of a nutritional n&tlll"e. 

Phosphoru.1 11-U:ppl entat1on w • only parttallJ' effectiw 1n pre-venting the di .. 

order&. ~ forage• trom the two areae contained app:ronmatel.7 the ume aaount 

of total photphoru• yet the cattle at the Wilburton area did not -do so well aa 

comparable lot• ot cattle receirtng tiln1l1ar ration.a at the Lake C. P. '.Blaelt-

well area. J:.t became the a1a ot thia in.,..•Ucation tileretore to explon othH· 

po-aaible cauaea for thia apparent nutritional. deticieney by making a ao:re coa

plete &aal.yaia ot the forage ~rom the wo ereas aad b)' detel'llining a nuabe:r ot 

coneU tuanta 1a the blood. ot cattle con-suminc the forage. 
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Hlneral deficient areaa are known to be preaent in many parts of the 

world. Althoul/J). characteristic disorder• aaong an1•als ill eome of theN areas 

haft be~ ~beerved for on:r 150 Teare, the, exact cauae was n;ot found unUl 

1924 wheu Theiler anc1 hi• coworkers (1) 1n South Atrica undertook the taalc of 

solving the cauee of a. diaeaae known a• Lamaiekte la cattl.e grased 011 the 

South Af'rie&ll wld. !heae inveatiptora tolm.d that animals contracted the 

cll.aeaee from eating putrl.fied bones. !his depra'f'ed appetite for boa•• an.4 
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al.so tor wood, rock•.- and other foreign •teria.J. waa f oW'ld ,o be dm to a lack 

of autf1cient phosphorus in the diet of the cattle. !he t.a41ng ot phoaphon1 

in the form of ateamed bone meal allledatecl the depraTe4 appetite and geaeral.17 

1mpron4 the heal th and well being of the aniu.la .. 

A ahort Uae l&teJ' in '111a ·countJ."T, Eclclea, Becker, and Pal.aer (2) re

ported ,a nutri Ucmal disorder amoag dairy cattle in certain section.a of' 

Minnesota. Although the disorder a.a DOt eo ae"9re u that reporle4 b7 !heller,. 

lt waa aerioua ·enough to e:ndanger tile dairy and cattl.e 1D8.utr1ea in some 30 

counties in Minne•ota. !he chief cause of the diaorder waa traced. to a def'i

cien.cy of phosphona In th• roughages fed the ani11al a. 

Aphosphoro.te. the term geaeral.17 applied to phosphorus def1e1enq in 

animals, baa been deftn1 tel7 recognised in recent ,-ara 111 Montua, Hinne.aota. 

Wisconsin, Richion,. lanaa,. Utah, Califon.ta. ~en.a, aad nor!da. Other areas 

when leaa aeftn deftcieu07 coaditiona extat haft been .f'O'Ulld 1A ••• York, 

Pennaylvaa1&, 'I.est T1rg1nb •• South Carolina, Alabama, .and M1saiaa1ppi. !'he 

prillar,y cauae of the trouble Which has been so di aaatvoua \o \he cattle lndu

try in such widespread. areas can be traced to a 4e:t1c1eney- ot aT&ilable phos

phorua in ~ aoil. !hese deficient soil• gift ri• to :fonge crop, coat&iniag 

inadequate aaouata of phoaphorua to meet the needs ot tan anhlala (1). 
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~iler (1) reported that lack of mtf1c1ent pho,-aphoru.a in the die, of 

catt le produced an abnormal craTing t <>r bon-ea, roek•-, and wo~d which normal 

• Becker an4 hi.a associates 1 Jllor1da (3) Npo-rte4 

that cait1e ate oyster- ahells4 old leather ahoe•, ,tones. and 1llmO" other curi

ou. obJeet•. •eklea et al ... (4) noted that this depraTed. appe\!.te wa11 aoat --
apparent during the earl.7 stages of phoaphorua defieienc7 but \ha\ it• • aot 

so pronounced. after the condition becuae cmon~c., 

·fbe oondi Uon of ca.ttle grastng on phoaphom.11 deficient fora,ge baa be n 

tliailar~ ascribed by a nmb-er of 1Dveetit,ato7a (5.,. 6. 7} . Stunted growth ot 

lhe oa\tle, low milk 71eld-,. and :reduced calf eropa are the 111&1.n. economic factors 

1nvolTed. Pailure of the cattl• to maintain a good f1n19h and boq welot bu 

been noted h all affected areas. •cltl•• and. aaaoc1atee (4) learud :f'roa. quea-

tion1ng, tamera that co•• produced an average ot onl.1' on,e call in two ,-an. 

further studies ~ then ma gaTe conclua:1 ve evidence that o•strua waa hhib1 tea 

b7 the flef1o1ency. Both !he11 r (1) a'A4. •cklea (4) toimd that the a.dditioll ot 

a phoaphorua .supplement to the ration X'8duoed mortality $1110ng 7ounc calve11, 

1ncrea.ae4 the f•rtili tT o.f tlw co••• and :resulted la the superior d.ewlopmenic 

ot the cal:na .. 

lt wu on by both th* South African and the Minn sota workers that the 

,content of inorp.nic phoephorq in the blood plasma of co•• dropped to Te:r'Y low 

leffl• be:tore U7 outward. qmptoas of a phosphorus d.etioieney were manifested. 

!he calcium conten, of the blood did not change. 'ft.le fee41ng of bone meal to 

affected cowa lncreaaed inorganic blood phospbortts from 1. 3 mg. J)*rcent to 

about 5 11g. pel"CQt. !he aoraal amoWlt ot inor0,111.c phoaphcru.a m the bloocl. 

plaSJDa of cattle reoelTing suttiol•t photJ)horu.• 1s :rroa lJ. \o 9 JWt. percen,, 



depnding on the age of the animal. Blood phoaphoru.e 1• usually higher 1D 

,-oung ulmale than 1n older ones (8). 

A atud.7 b7 :Black mul hi• aasociatee (7) was undertaken on the :U.ng laneh 
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at 11ngn1.lle. !uaa. to d.eterahe he llineral requirement• of cattle grand on 

a pasture known to be cle:t1c1en.t ia phosphorua. !.brae different mmera.l supple-

ment, were fed to separate lots o~ cattle, one lot which recelwi no miaeral 

aupplement ,fl"rlng a.a a control lot. !one meal. diaodiwn phosphate, and bone 

nal plus trace mineral• were fed to the three supplemented lota. lo •1fllU'1-

cant difference in pertormence was 1'o1ll>.Cl between the three auppl eaented lots 

but the difference between these lot• and \he control le,t was ffl'J' significant. 

fhe BUpplemente4 lots produced more calves, weaned a h1BJ1er percataf)8 ot ti. 

cal.Tea dropped, ud. the cal't'ea in these lots were sold at higher prices than 

thoae of the control lot • 

. Altllou.gb tbitre i• limited 1.aformation on tm, plwaphorua requirement• of 

range beef cattle, the minimua phospho~• requireaata of da11"7 cattle haTe 

bes atwu.ed -.t aneral. experiment dation•. Jee90n (9) has shown that tor 

fattening etM:ra a mt.ntm 1ntak• of 2 gnma ot pho-i,-horua per 100 potmda ot 

boq we,tfjlt per dq are re\ulrecl to prodl109 good. .,ina 1n weight. !hie re

qutreaent waa not met b7 t.ee4!ng a :ration containing 0.1s percent phoephoru:a. 

Mt\chell (10) stat.ea that l'OUgbagea conW»Sng about 0.12 percent or lea• ot 

phoQho-rua do not f'urnlah an. adequate aaount ot tbl.a element to meet the :re

quirements ot cattle :and aheep. fatldn• and J:noz (11), wo:rk!.ng at the •n 
I 

Mexico !A.g:rtcul tural kperillent StaUoa, are ot the opiaion, however, that the 

amount of phoephorua needed b7 cattle on \he range 1• leaa t~ \at umuall.7 
. ' 

recommended. Minima requirements calculated fl'Qll their data are 0.095 per

cent of phosphoru.a 1n tbe ration tor 417 cowa and. o.u3 percent ot phosphorus 

in. the ration for lactating cow•. ~ ... a 1000 pound cow con8Ulll1ng 20 pounds 



of d:ey aatter per dq ,rould be rece1'fing onl7 from o.s5 gram to 1.25 gran ot 

phosphorus per 100 pounds liftWeight. Huffman e\ al., (5) found that ration• ·--
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cont&11ling l••• than 0.2 percent of phoaphorue were inadequate tor da117 cattle. 

After rerlewi11g a't'&ilable data, the laUonal !esearch Council baa rec0Jllll8D.ded 

the U88 ot a phosphoru. .. rtch mineral supplement tor raage beet cattle whenever 

the pho~oru.a conMn.\ ot for&&e fall• below 0. 15 pe.rcent (12). 

A.lthouB)l the ton in which phoaphorua oacura in plants 1a believed to be 

a fac'tor at'fecUng 1 ta a"fldlab111 v tor 80M animals, ruminant• appear to be 

able to utilise orpnic aa well aa inorganic forms of phomphorua. In a Nrl•• 

ot aetaboliam tl"f.alJ. leld, J'ranlclin, and Balltnrorth (13) found that plo'tate 

pho911horu;s. which made up owr 50 percent ot the to'-! phosphorua in. a DWlber 

ot natural feeds, ••• complete].J' h1'drol.J'sed 1l'l the alimental'7 vact ot aheep. 

An 11n ptro• ,eXperlmen..t aleo conduckd 1>7· theae inflati€Jl\ora demonatra\84. the 

complete 1::1Tdrol7sia of p~ta\e phosphorua b7 rwninal con'9nt• w1Wn eight 

hour,. !heir reauJ.ta confirm thou of earlier,, tho\l&h leea er1.t1cal, e%per1-

ments ca.rrl.ed out w1 tb. co•• b7 Jordan, Bart. and Patten (14). 

Deapite the 1aportan.ce ot vi tam1a D in phoepho!'\1.a •taboli-. apparently 

no etudtea have been -4• ot the com.para.Uw •lue e-1 dit!eren.t 90urcea or 

foraa ot Titamin D tor IIOtt etfictat utilt.saUon ot photsphoru.a b7 ruldnents. 

Animals on. th• range are believed to be adetuatel;y 8\1.ppl ied with 'fitamia D (15). 

Wide caleiwuphosphorua ratios which adverael7 etf.ect the utilisatioa of 

phoephorue 'b7 aoa't aaimala have not been touncl \o lntluenc. phoephoNa utili

sation b7 ruminant• (4, 13, 15). In fac\, Anlason and l'rllceaon (16) haft 

re~n~l7 thon that at leaat 6 grua of calcil:111 and from l to 1.5 graaa d 

phoephorua a.re required in a ration for a poaitt'ff balance ot theN eleMZLta 

1n the boq of adult wethen. Such ratios of 6 parta of calciua to 1 ot 



phoapho1"118 are not uncommon in native ton,.e. J'orage deficient bl pboapbon.a 

ha.1 'bem1 toun.4. alJJuHt. 1t1 thout axcepUoa, to auppl7 adequate aaounte ot cal.cl 

for grazing linatock (2. 17, 18). 
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!he effect of mineral elements other than cal.oiua on aetabol1• of pho .. 

phoru.1 baa woeived. llt.tl• att•.n.Uon la bee~ cattle n.ta.trition. Cer\aia ration. 

ndaeral• ia larg11 aaounta haft been fouad \o 1mpatr pho91>hona u.tilisatloll b7 

forming haolubl• compound• ot phoapho!'lla in th• alf.Mntary tract. Cox 11114 

aaaoclatea (19) nported. that ferric an4 alUJllillua aalt• when :feel to f;\11.n .. pip 

and rabbi '8 1n MO'Wlll 1a exceaa ot· the total phoaphorua in the diet caue4 a 

lowering of the 1nor111Jm1e phoephoru.• content o-t the bloo4 \o a lewl 15 pe:re•t 

o~ normal. Addition ot mono110dium phosphate equi"f&len.. '° the 1.roa or al.wala'Ull 

naulted in aoffl&l. phoaphon.a utilisation. Deo"oala aad. :llwhJea (20) haw n

ported a1adllar reault1 with ch1cke. 

Jones (21) found that the a4d1Ucm ot aluimm o~ be17lllm ealta to a 

high--eal.ctua, low-phoaphoru:• rachi togaic a.tat bade.eel the d.ewlo,-nt ot 

ricket.• in n.ta. I.em and Winter• (22) haft ahoft \:hat the teeding ot ferric 

chloi-14- in auch amounts a• \o combine with one-halt of tlle phospboNS in Ike 

diet reaul ted 1a con-a.td.eable reduc\ton in t •1 aount• of a•h, calci'tm, &1ld. 

phoaphona 1Jl '1.ie bodiea ot rat• at the en4. ot 30 daJ'•• 

Williama !.! ,!_l., (23) toad tb&t he phoaphoro.e of low-phoephorua clowr 

hq -.. leH_ available than that of h1gb.-pho91>ho1"11.a ~ when tha two h.air• weN 

coapaN4 a.a eoureea ot phoapborua for rate. An&l.¥•1• ot the wo hqs llb.owei 

that the greatfl' uout of al:wa1num and iron in. the low-phoephoru.a hq •• 

9\lf'ficient \o be a poaaible 41atm"bing factor ia the 11tilimt1oa of th phos

phorus. SiJDiliar coaparlaons ll&cle •1th the aah ot the two ha.7• ehowe4 that the 

phoaphoru froa the low-phosphoru.a IJa1' we.a ~ least a'Vailable. 
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Considerable NMarch ha• 'been pu.bl1she4 on the effect, ot a deficiency ot 

manganese in the d1eta of chicks, rala, mice and rabbi ta, bu.t nr;y 11 ttle baa 

1-ea reported coneeming the poasible effect of & 11U.paeN e.xceH on calciua 

aa4 pho-sphoru.a metabolla (24) • .lpparea.tl.y no atudiea have been made of manp,

neH 1.n bee:f' ea.ttle nutri Uon. Chornoclt and other• (25) reported tbe growth 

pae M ault& te, when 

aclded. \o .raoh.1\ogen1c diets of higb-cal.c1111 aad low-phoapborua contenl 1n 

aaounla to prodde from O. 3 to 1. 73 percent of man&aaeH, deenaMAl the growtil 

ate ot iata in proporUon to the aaouata added. .lt the 0.3 percent lewl, the 

rats were coneuaing an aYerage ot 15 ag. o~ u.npneae per dq oTer a JO-dq 

period. 

Saith and 1111a (26) .. in atuqin.g the unganeae req_utrementa o"t re.bl>ita, 

tou.d that ln.talcea of ma.no,neae up to 4 mg. per dq increaaecl rate of growth 

wheTeaa g mg. per d,q had the oppoa1 te e:ttect. !heae 1nTeat1p.tor-a expreaaed 

the opinion that 8 mg. ot 111N1paeN per day- 11111' be near the tone leTel tor 

rabbi ta. 

Archibald and Idndqui at ( 27) reported that da117 cattle, owr a period ot 

Hae, ahowed an iacrea.aing relw:tance to eat a ration ot mixed. grain when 10 

g:ram• ot maagaa•• te4 ae manpaoua nl.pbate wa• llixed w1 th the ration. !he 

grain aixture n• retuffd entirely atter the cattle were turned out to paature. 

:llfthJ .. (28) baa ab.own that beth 1roa and copper are dietary' ••1181).tial• 

for tb.e preftllUon and cu.re o't nu·hiUonal milk anaaia. A natural.lT oc-curr1n.g 

nutrit1L1 anuta enata among cattle in certain reglone in llorida (29). 

hffatigation ha.a ahOWJl that fonge produced tn tbeee regions contain.a l••• 

iron and copper than that from other more fertile aoila. When. attected cattle 

were g1 T8Jl iron ant trace a of copper \he condition waa oTerco• in all bllt the 



l'ora.ge 1'th1ich contains a high perceata.ge o-f lignin is ttGu.lly low :tn nutri

tive value (30). Crampton and l~ekson (31) foun4 tbat the pereentage of li~n 

tn pasture herba.£111 ine:reaaed as the grasses matured ana tha.t these ebauges wen 
assoo!atell with .a decrease in the dlge.sti'bility ot the hel'bage. Phillipe u.4 

~lln {32) MT& also i:moa the digestible energv of ~s to b$ olosel.7 re-

lated. to their ll&n-in oontent. ·J'orbes and Gan1gus (33) found that the d:q 

matter 4tgest1b.illty ad. total d.i&9aUble nutrient.a of various forages varied. 

mv-erse~ w:lth llpin cont•t. !he PGSS1ble eff'ect of llgnia on the availa

bility ot phosphol"tls in feeds ha.a not been thorougbl.y investigated. 



10 

LQcatioJ1a selected '!9r S,!11&· ?i!wo sites were selected for the stuq of 

th:$ ve.lu.e of ~ mineral. phoaphorus eu:pplement for l"Mge beef ca.ttle, ene site 

naar Wftlburton in the southeastern tt:1.rt, of the sta;te where the soils a.re o:~:f'i

n! tely phosphorus def1ciet ancd on~ near Stillwater at Lake c. I>. lll~ckwell 

wh~re the so!l,s a.re bordering on pl1osphoru11 defieiency .. 

Ca.tt1e1 ~ At the beginning Qf the st~ in J;m.ua,ey .1947. thirty brea th:ree

~-old cows and thirty wean.ling heifer ee.l,;,es ware placed at each location. 

!he cows and heifer ce.lvee were d1vlde4 into three lets of t-en cattle each &d 

were allowei about ten a.eres of pasture per head at ea.ch loca.Uon during the 

grazing season. lm.ri!'lg the winter,. the ca.ttJ.e were :placed :in traps and ted 

which wa.s tad as a. pro.teifl. ~plemen·o supJ>lied onJ.:, a. sm:all amount of phosphoro.s. 

fwo. lots of cattle in ea.ch a.{!P group at es.eh location. ,rere given dicalci:wn 

phosplmte prepared from tone meal as a. phosphorus &llpplement.. fhe am.o'WJit. sup ... 

plied wa.s calculated to, ;previde the $1mals in one lot with 1 •. 5 grams ot phos-, 

p.i:loms :pe-a- 100 pou.nds liveweight and th{)s& :bt the other lot with 2.5 gt'ams of 

phosphorus per 100 pouuds livewet~t. One lot ln each a.ge group received no 

phosphorus eu.ppl~ment. In or®r to provide the medium-phoS'_pliorus lots with an 

estima.ted 1.5 grams of' phosphorus per 100 po'Wllds ltwweigb.t when: on pasture. 

those a.t lake C. 'fl!. Jlack:Well were :m.ot i"ed a mineral .supplement other ttJlUl salt 

1 'lb.e cattle were purchased by the Departl\lent ot Anima.1 111.tsb~ .• Okla
home.: .c\g:ricultural E:icperiment Station,. !fh.e many d$talls of feeding and manage-. 
meat of the cattle w•ri, a.t:tend~d to 'by members of the cooperating department 
of An~J. lir!lsba:o.dry mld.G31" the direct SUJ?el"Visio:n of Pl"ofesoo:r o. B. Boss. 



.Prl!.irie MY (free choice) 
Com gluten; meal~ 1.25 lbs., 

per he~ pel" dtt7. 
Ch-o'lll'Ui ~ck salt (f'ree choice) 

Seme as lot 1 plus enou@:l diea.lcium 
:phosphate to prodie a total 1n
tr.tke of 1.5 ~s of ph.osphc.:rus 
per 100 11ws. body weight per daW. 

S~e as lot l plus enough dical.eium 
· phosp~te to provide a total tn

$,ake ©if 2. 5 grams o:t phosphorus 
pie:!? 100 1:~~. body we!g;llt per dq. 

Lot 3 
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Pastue 
C-Tow.u:\l. rock salt (free choiee) 

Same as lot l plus enough dicalc!um 
phospba.te to provide an estimated 
phosphorus intak• of 1.5 grams 
pe:r 100 lbs ... body weight per ,day. 

Sam,e as lot l plus enougb. d!calcium 
pl'losphe,te to provide an estimated 
phosphorus in:tak:.e of 2.5 el"NllS 
per 100 lbs. body weight JHtr ~. 

Gen"9rel s~eil~!~ Samples of all a:a.alytieal !!laterl~ '"1tell'e obtained 

through tJl& coo-pere:i;ic,n of' the Department o,f Pm.imcl Rusbmdry, Oldahoma Agri=, 

~turiil E:!!;pe:riment St,ation~ Sampl.ss 0£ h&y to be used. foy: wfn.t.er feeding 

we.re t~n soon a:tter bf.).1tng.. Ao.ditlonal samples were taken during the wint•r 

ative balee. A portion ef the compo.site sample was ground ·ta e, tJt.ley mill .and 

'1.Sed f'Qr the determination 0£ us:ual. feed constituents including (;aleium .and 
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ph.o:$pkO'JU., Carotene wu 4-te:rmined iwneU.ate~ after gl'!nding the sample. 

Another ·por-U,011 o.t the ~st t. sample wa.a clipped into lengths o.f about one 

inch wtth eheare ad used tor mineral ~si"B. ·file ~ general procedure 

as toll&Wei Whensver. 1.10.apo.·dte samples o:t different gras-s e,ec!es which made 

up. the hq •ere to 'be analy9d .. 

Bepzaaente.tive ·sa.wpl•s of com glu.tea meal and CODWlerctal diealei:Qm phoa

pha.te were B&em"K by e<m'binlng small um.plea taken. tram a numb.er &t ·saeb m 
·each shipment. 

ll'Ql!':Ulg the grazing eea:son samples of the predominate species ·.of grasses 

in. t~ paa.\V'4'6 are taken &t abou"t ~ intervals. fh.ese were tnaapern4 

tQ the la:bo~at&ey in a stnall lee box and J.mine-dtatel.7 eat into short: ll!Ulphe b; 

tbs determinattoa ot ,caroteae ud motatlU"S. P.ort.ion:a of these sUJ.ple:a w.re air 

dried mi hulled •lmtlar to the hq eamples tor further chemical anal.yd:•• 

P"eau.t1ons •ere take tG protect. all :sample-st, f'l'Oll dust and other source& 

et mineral cou1tamtnatton ·iu:rlq collect1ea. d27tng, aa4 sampU.ng. !he .-.plea 

we.re stored tn sealed gl.a.ss Jars ln the labo-.to,ry. 

11:Lood ,11&mples were taken from each .aatmal at abeut 56-daT iutenals. fh.e: 

bhlod was clra.wn from the Juglar veia into tubes eontaWn~ 4 mg. of lltldum 

citrate per ml. <tf blood and eh1Ued tn tee wa.te~. !htse samples w,re kept 

refrigerated previous to .$.'Dd betwe.ea analytical 4$te:rmina.tion,e wh1oh we~ 

s;tarted. imecll-atel.¥ aft~ the samples were rec.etved tn the laboratory. 

ta aia.tt!on to carotene ant inoromlc phosphort.m whJ.e:h were determiud 1r.t 

56-~ bter,,ais 011 &11 animals tu the expe:rtm,nt .(60 animal• 1n1tiall.7 at 

:each lo,ee.ti.u) determinations were mat• ot calct'm!l, m&."1est.u .. copper_, pl.asua 

protein., hemoglobin, mu\ hematocri t b blood of a rep~esenta\t,ie nube~ ot cows 

u lots l Md 3 ,a,\ each loca.tta. !hese determination• were made la 1950 



I 

during f:eb~iw ud Apl"tl -r,hea the ~i.mal.s we::re on wintel' feed. e.ad in JWle 

wllen 4 "'1l!...:ts - ~ .,. pa-• t"" two ..,,.t1u,, 
!l~od, ~ft:1i.s. l.Tnll$as sta.ted otherw1lle •. all oolo!ri.metric detemin~ti"as 

•?e aie with the Evelyn ph9tQ.electne eolorimete.r eq,ui}')ped t1itb. the proi:ttir. 

lur~:ie JX1Qephor1113 was dtteminelll ill b.lo't'f& plasma by th$ pffl.eedve ot 

11sk-e 83:14 S.11.;'b~w as modtf'let\ t~r u~e with the: Eve~ phO'toeleet,rtc e0clor~· 

imffter ( 3ls.). After preeiplia:tion or the pla~ pro:t~las 'ri'bh 10 pe~cent 

tl'ichlo~etic a..e1Jl a.nl ce.ntrifu~ng, an a.l!.«raot of the snpe~ten.t 11\td.d. was 
' 

t,:,e:a:tce!ll.. with m<}.l.y'bdie Mid anti the phosplloaolyl)iie acid so formed was ~ille&4 

with p .... "~ino•~pt•I sulfon!c a.old. ~ tnteiasltf of the reao.ltio.g 'bltte eolo:r 

was detel.'t:li~~d ta the <lOliirilneter .. 

Pl~~ ealeium: 'll'Ja.s p,r~e!pilta.ted. with a.r.amon:lum omla.t• irt a.eoori$tce with 

the pro~ed~a t}f ;f~l~ &.n'ii Ctlll1p (35}. IU't$1X" :repeated ce:ntrtf~ng ruaa wash.-

S.ag, the ,~~ill.$. o#l.3te was dissolved ill S'lll:turic a.ctd mid th• Gxalie acid 

tttrat.e,li With p()t~$$:1Wll:. pel:'man(gl'Q.a.te.. Oentrtfuge tubes dmwa Qttt to ·a. $mall 

tip wex-e 1.tSad in th$J1c dete:l"m1n~tlon $d tu the determlna.tion of •~e'Stum. 

An. aliquot of the sup~tsllt 11t'llid f:rom the calcium prec.tpttat1oa w~ta 

used fer the 4&tem1tmtion e,f •gnesium. aceording tG- the: meti,iod usc:ribed b7 

llenis (36). sta~esiwn -.s preelpi ta.tea With ~o~i• phoJJp~te. washed wi -th 

dilute ~niP.m h;vttroxtde a.s in, the ealeium determination., ~d di.ssolved in 

·s~furic acid. fhe p~spht>rus ln. the JlJ~~esiUl',!l. pho.sphatt JlS.s determilUlld. Dlf 

the File and lllbiYarow eol~rimet1~ie method (34). 

Q.Qppe~ was Jete1'$ill~4 117 the i,:roceA~e of ·Car:bwrl~t,, ~. ~., (37) tn 

whieh °t'he plasma proteins we.re preeipit&.ted •o. ~::id;~t:ed with triehloroaeet1~ 

acid anti the ext.met. trea.tei. wf;th so<.U.~ diet}Wldi.thioearbs.mate. !he '1olor 
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Carotene WAS detemtneA by Ximbletris method o~o in w.nich the plasma pro ... 

teins •,re preeipitated with ethyl ,alcohol and the carotene extmeted by shak;.. 
i 

ing with Skellysolve f. Oaroiteue ns Aete:rmined eolorimetrically in a.n aliqUDt 

.of the Ske11Tso1ve F solution. 

For the determination. af vita.min A {Ju:), .a.n aligu.ot of the a.bo:ve S.ally

solve soluti<:>n was evaporated to ~ess at 115° fJ. wder redllced press~ ·an.4 

me re19ld.ue taken Up• in chloroform. Aut~l:IY tr:tebloride in ohlorofor.in wa.a 

aided to the solu.tion and the 1uten1d ty or- blue color produced was mea.~4 

<;»lo:rimetrt.ee.11.y.. A eorrect:1en was me.de £or the reaetio,n of carotene with 

to G}tand fGr 15 m:tnlltes. the in.tensity oi the re'Sw.ting O()lor was mea$tU'ed in 

a colorimeter.. !he vaJ.ue olitained. in this manne.:r was cheeked by a method 

described by lt<>ch and &u:!ke (J9) in. wh1ela the s;pec1f1e gmvi t;r ef the blood and 

of the pl~~ were detsminea 'bw the coppeir sulfate method and th& hemoglobtn 

cal~ula.ted. fr(lm these specf.f!.o gravity values. 

Fla.SID$ prot.ein wa, calculated using the Sl)leeifie gm'Vity .of the plasma. 

which was determined by- tl1e copper sulfate method descrl.bei b;r l:oeh enti Xa.nke 

(J9). Pl.a.~ protein was calcub,te:d UtJing the fo!lf)wing fonulaa 

ls ~ JtiJ(Gs - 1.0070)_. where P's 1s the plasma !Jl'O,tein eoneen.tra.t1on in ~· 

per 100 1 ml. of pla$ma and .(;a is the specU'ie gravi tr· of the plasma.., 

A~gses .!! feea.s. )'f)ed. .n:a.trients 111 ~.. ~a.ss and supplemental .f.eed 

samples weire determined by the conventional scheme af feed analysts as described 

ln. th1' Official and tenta.Uv& !~ethGds cf Ai\l.a.l;rsi.s of' th~ Association of Official 

Agieultura.1 Che!!iiste., sixth edition" 19ti;. '1n.e eonst:ttue.nt.e were naoisturei 
I 

I 



aisnfl protein,. ethw,:? (Jat;;l&,ct, cru11e fi'ber, and ni t1•ogen-free ext:i:·act~ raner~ls 
I 

in the hay ~.J'.Hi di:f!e:re:att g;r~i)s sp,el:d,es were alto determined °bl"' method$ p.1"e= 
i 

'l.'\~r!bsd by the &sso.ef.t:l;Uon (lro). E;l!!,,ny of these metlaoe.s ai·e so well hiow that 

they ueed onl.,v h:id.ef deserlpt.ion .. 

ltioiEitu-re was detenninei by dry'ln.g 9-t 10.5° 0. in a convection ih"aft eleetrte 

Jilthe.~ extreJJt. we.s deterlllil'.l:~d. by e:!:tra.ction. of the d17 3Qllrple with 

~drous diethyl frth;;;r fot" 16 hows. 
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the pncedure of' Peterson ( 41) was followed for the determination 0£ 
i 

carotene bi atr-dq f'e>n,ges.. !he samples were saponified with. alcoholic IOB 

and the ns'Ul tint mixture extracted w! th Sltellysolve :a, f ollowea by dilution 

with water to b:nng about a eepare.t:ton of two lawen. !be lower layer, which 

eon\aine<l the chl.oroplqlla and. other ptpents,, was 4rawn oft and d1scarded .. 

the 'U:pp4'r la79r., whieb eo:ntataed. a mixture of carotene a.ml mnthrop~ll waa 

washed 111 th 90 percent met~l alcohol to remove the xanthrophyll aad a. large 

proportion ot the yellow p1i'fll$ab·s other tbtm ca:rotene. After further washtng 

and 4l".Y'lng, the total yellow color· 0£ the Skell:,.solve solution waa d.etend.nei 

•lth the Eveqn photoelectric -calo.:rimeter a.n.i reported. .as erude carotene. 

Solutions of' p'IU'e beta..carstene 1n Skellysolve ll were used to calibrate the 

colorimeter. 

!h:e crwlce ·ca:roten~ waa then fu?'ther pur1.f'1ei ·as described by fall end 

1'e1q (42) by pouring the Sbll.N'solve extm~t through an adeo.;rptima; column o£ 

magnesJ:mn o:d.de and Jt,tlo So.pel/'eell.. Carotene was eluted from the .c.olunm. w1 th 

a 4 percent solution of aeetone in .Skellysoln ». ~ of the coloretl iapuri:

ties in th.e crude carotene enmet not removed. 'bf previous extraction with 

methyl. alcohol wen, retained in the colwm:.. '!he color of' the ac&tone.-Skelly-

solve I solution was taken a.s a measure of the true carotene of the sample. 

:Beginning ia the wi».tei- of' 19tts, additlonal analytical deteatnat1•• were 

made to include th.-e pel"centag,e Gf all1ea, iron, al-1.nwa., manganese., ma,gaesbm* 

soti•• and pow.ss,1um 1n precl.omiute grass 1,1pe41es whieh matte up the • usecl 
' i 

1n: Winter feedtu1;. Iu add! tion, determination.a were made of cellulose and 

1!.~iu b these samples. 

For mit1.era.l ans.ly'ais, 10-pam samples o:t the clipped laq WGl"& weighed. 1:tlto 

fle,t ... b.o.ttom platinum. llshe:s and ignited in a lffllfi"le furnace at 1+50° C. ,oftr

lli~t. ~ a.ah was treated with dilute J!Cl and allowed to simer on the 
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hotplate for .\'!'$V,!E.l1'a1 .hours: and. th.en sira.porated to dryllea& t~ rend.er the silica 
i 

insoluble. '11e res!itt:e ".ffi.t:t. then taken Up with dilnte mu a;.1cl allowed. to s~er 
I 

on a hotplate to-r se'Veral MUl'>s in order to dissolve $11 soluble oelemen.t!l~ 'lhe· 

solut!o~ ~ i"ilt•red ·.end tla& insoluble portion weighed as Si02 • ·~ com:M.nei 

filtrate and. washinge we.re made t~ volume in a volumetrto flask. fb.ts ot}l.utton 

will be referred to as :eolu.tion A. 

:fcrtr the utermina.tion ot 1:r.on and. a.lwdnum (40) (BR4)2HP04 ws.s Md.el 1m a 

&lfqWJ.t 'lkf ,olu'bion A and the acidity of the solutio:a. . adJustri wtth. tb.Vmol bl• 

be:lng u,1N.. as the tndlmto'Z'. Iron and. alumin:um. were precipitated as the pJ10&-

phate u,on the a.Mitton of 2,. ml .• of .am.";'loniunt a.ee-ta.te. A.fte;r stirring ~d 

al.low-lng the, ,solu:Uon to stand ovarni~t. the p,reeipitate was £1lte~ro o.f:£', 

wa.shed with 5 percent ammolilitw nitrate., f.gntt.eil ant weighed a.a hon an.d •lumi

num pho"Spba.\e,, 

I,:onc was determi:n,ad. In an allgutJt of solution A.,. following its. oxida.tion 

ldth bl"&mtne. 11a' a.diit1on. of thio·eyanate to p1"0duce the· :red eolor ot i?On 

thio-cyaue.te. ~ !:ntens1 t1' of' the color p;roduced us aonrpare·d w1 th that (!fE a 

known solution o.f Iron tl'$ated in a d.mila.r ~r. Color ct>mpa.ri:ae.13,s were 

Alumin'W!l 1r&s caleulated from tb.& nsults 0£ tb.e iron a.nA alurd.num: phos

phate d-etemina.tion •d the eolorimetrie iron deteriniut1on .. 

Fol" the -&ete:mina.tton of maganese (43),, an aliquot of solution A was ~ 

f~ ot ehl•·rtdes by bolling w:1 th nitric acid. !fhe IW:l.f1).Uese was then oxidi~ 
I 

b7 a.ddit,ione o:£ potae&ium pe.r!odate i.n small mnonntil and boiling uatil the 
I 

res.ultiug t1olut1&n showed no t\rr-ther tncrJ;tase ta colo,r. After aQJustmeat of 

volume of the 'SC'lution. the .c'Olcr J9l"o-dueed wt;s compS;t"ed (in the visual eoler

imet-er) with standard. ,sol11t1ons containing known ~unts- of potas'idum 
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Ma£'M11:inm (lto) wa.e determined. in the eombined f11 trate anrl w&shings fNi:m 

the calcium dete-rmination.. After add!tton of nitric acid the solution was 
I 

evapor:a-tei to 4l'1JltMHt to Aeeompose the ammonia sa.J.ts and the a-estdue taken up 

m ti.lute ICl. Sodium cttnte was a.d.ded. to hold i:ro,n in solution a.nd ~stum 

preeiplta.ted with (IJI>µ~4 in an. $tlke.UJ1e so.lutton. 11.b.e solution wa.a sttned 

atil the preciplu.te was grauular. allowed to stand at room tenrpemture ovel'--

a1p.t,. fll.te'red. ud wa-shed. fre.e from chlorides with dilute ammonium hJdronde. 

the p:reetpia1;e was the 1~1:ted and wei~ as Mgi'::!)7. 

~ al!~t ecf' solntioa A was neutra.llzed with .axmnonium ~d.ro:dde tor the 

a.etermiution of se-dium: an.cl potastd.:WI. 11'he amoun:ts ot these elements ta th• 

solution wen .determb.1$d wtth the aid ot a Pe':rkin .and Elmer flame photometer. 

Li~ wae 4eterm1n.ed b7 th$ 72 perce:nt sulfurie acid method of Ell'S.s., 

?.Jatrone~ u.4 ~74 (44} • f.he ~le waa. extra.et.ea.. with e, b&nMne-ethanol 

mixt~ to remove f~t-seluble material aui digested with pepsin to break down 

proteia.. It, wa.s then digested with 5 percent sulturie acld, il"ied. at1d ~1-

getJte4 with 72 percent su.l.fUric acid to remo:ve :cellulose.. After digesting i:n 

3 percen,t. -sul~ie aeid., the re•idue 11a.s filtered. td.th suction. and 11~ 

determined 'by the las~ of we:t_ght on igo.1 tlon .• 

tm J'.o~Jenklaa method was used for cellw.oae dete~in&tion as modified 

by •t:ron,, Ellta. ad Maynard (45). !he se.mpl:& 11raa extracted with a bensene

e'tbuttl mixtm-e a.ud t:rea.tea. with sodium sulphite .Md ·aodiwa b1Pochl.orite until 

tree from ltgn.in. ·fhe reeid:ue was tlwn filtered. wl th suction and cellulose 
I 
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C3+v!n5 ~. At Wilburton in 1948"'1' the cows in. low ... phospborus lot l waned 

a 50 percent calf' crop; the average weig,ut of the calves at binh was 67 pouude. 

!.he me-iium-phosphclrus lot 2 cows weaned. a 20 pereent calf crop with an avers.me 

birth wei~t ,o.f 68 pouds. Lot 3, which was the high-phosphorus lot,. wean.ed. a 

30 psrcent calf erop with au avera.€1) b!rth we1 gut of 75 poun4s.. fke average 

wean.tag wei~ts of the cal"llea in lots l, 2,, md 3 were 351, 390, and 369 pouads, 

re.spectiv.ely. !".ile weaning weidl,ts of the ea.Ives in $11 lots were con,sidered. to 

be lower t~ desirable. 

In 1948, the caws a.t .le.ke C. P. :Blackwell ln the low-pho9Pk()l"US lot 1 

weaned a. 70 pe~eent cal.:f crop which averaged 67 poun4e at birth. !he medium,... 

phosphorus lot 2 cows weaned a,n 80 percent calf crop which avera.{!,9d 67 pounds 

at bi.rth, a.ad. lot 3, th.a blgh-phos.phorua lot,. weaned a 70 percent calf crop with 

u avera.£9 btrth weight of 63 pounds.. !he we~lng weii#>;t.s of these calves were 

let 1, 444 poUJ1ds; lot 2. 395 pounds; and lot 3, 435 p&'ll11Q.ts. 

111 1949. the t1111ntrtoa cows, which were started on the experiment as 

wean.ling heifers. liropped. their first calves. 1!hese hei.f'ers and the eattle 

placed en expexi.ment as bred heifers made a total of 19 animals t.n lot l. A 66 

percent cel.f crop, was weaned :f':rom this lot of cows w:lth an airera.ge birth wei~t 

ot 6S poma..s. From a total of 13 cows in lot 2, a 69 per.cent ealf' crop •• 

weaned with all average birth weight of 69 poua4th !he twenty cows in lol 3 

weaned -~ 65 percent calf crop avera.g:tag '8. pouads at birth. !he weaning wei ~1ui 

of cal vee at Will»lrto~ from lots 1. 2, aad 3 were .302, 3s3, a.n4. 386 pounds 

respectivelF. 

:From the 20 eowe 1n. each lot at .Lake C. l?. Blaekwell in 191t.9. a calf Cl"Op 

of S5 p,rcelll;t was weaned in lot 1, g5 percent in lo,t 2, and. 80 perceat in. lot 3. 



tlle avet-age birth weight for eal ve-e :la the three lots being 75,, 71, an.i 73 
! 
! 

pounds respectively-. !lit) average W$az&ing weights of the calves were lot 1. 

465 ]!O'm!.ds. lot 2, 4-17 pouuds; and lot 3. 457 pounds. More complet.e details on 

th'e effect of a pao.spnorua aupplement ou reproduction are given in Oklahoma 

~xpe:riment s:ta.t1on Misoella.uEu>eua Pu'bU.ea.tton. 17. ?ta,' 1950. 

Blood. 'Value•~ 'fhe average plasma taor~e phosphorus and ea.n:tene eon.

teat ot the blo-oi fer the various atJ!4 groups in the three lots of' cattle at 

ente4 together since \here appears 'to be a negative eorrela.t1-on b&tween pl&SIIB 

phoaphoru.:s .and carotene as ia diaeussea. la.tel'. 

pho:ni• intakes, sht)Wed a Mason.al T.!l.rie.tion.. fbese values for cows in lots 1,. 

2, and ; ar• Jl"eeented 1n table l. At: Vltlburton. these values for older eowa 

ta lot l d'l"Opped to betw:eea 2 tio 3 mg. percent durin:g the winter $.tl4 :reach-edl a 

general :t.evel ot enly about 3 to 4 m.g.. penent during the sunme-r. Antwus af 

the -same age •t 1take c. P. lllack'1ell showed the ·138Zlle trend but tlle values were 

generally about l mg. percent hf.per on e&fl'6sponding bleeding dates. 

Phoapho:rue 'Values tor Wll:bw·toxi cows in lot 2 ~eeetvtng medi-. amounts 0£ 

phosphorus ~e o.xuy slightly lo-wer than correspon.ding values tor COW$ at Lake 
I 

Q. P. :81~itll. fhese values :ranged fl'Om 3.0 to 7.0 mg. pe~ent for the 

t'Jillnirton ~s •llD4 from 3. 9 te 7. li. mg. pe.rcent for the J.ake O. P. lla.ek'Well a,ws e 

Cen in lot 3 rec:elv1~ the bigh-phosplwrus supplement at both I.take e. :P. 

Bla.ekel1 &14 tlilbvton .h&d plasma. il'!()r~ic phosphoi"Ue values simil~ to thll'ill8 

ot COVts 1n lot 2. Jt ~ be noted .. hQweve:r, that ph-ospborue va.lu.es in 'both 
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Sea-:-soui variation itt caarote».e .and pbosphoras con.tent of blood plastla ot 
ort.g:t.nal cows tn. 10.tg l., 2, am.d 3 at W!lbvton mt -~ C .. P .. :Bla.sitwall a.:ieas 

tot 1. , :Lot 2 . . . . _ , ... . , . _ !tot ; _ , 
Carota,e Phosphone CarQ\•n, Pho.spho'.tU.S Oa!'Otene Pbo~hGNt 

:Oate mcg./100 m:J.,._ . m.ft; .. /100 ml.. mc§.[100 ml. . . '!!4ft»./l00 ml. . meg./100 !!!le . 'Sig./100 ml. 

:al \]2 i n J. w J tr B ra J fj 

1948 
1eb~ 74 186 2.6 l.S 1:i 200 5.g 5.1 17 182 5·? 6.1 
April 273 42'1 ,.4 1.6 ~5 ,.3 t} 31 m t, 6.5 

46 679 4.7 4~1 June 7 .3 3.0 7fn 75 8 . 
.AU£U.&t 841 810 ,.1 3.9 702 7!7 4.-9 4.7 !~ 707 5.0 4.3 
llf Ofllllll)tll' 351 2SJ .4 3.1 J80 232 5.6 4.3 219 ;. b,. 4.5 

19ll9 
96 ,,J'a..~uary 142 133 5.6 2.3 126 13; 7.4 6.4 92 7.5 6.; 

Febl"Wtl'W 1~ 170 ).4 2.3 110 l9S 5.4 7.0 11! 142 6.6 5.7 
April 2- 218 2.4 2.7 1;3 251 t~ R:~ 138 lr&4 6.3 7.2 
June 996 g36 4.7 3.2 s32 503 g99 103 ?·2 3.3 
September 662 490 >+. 4 3.1 583 753 4.o J,-0 510 79 .7 3.6 
lfovembe,r 673 734 ;.4 2.7 549 791 3 .. 9 3.1 554 6)1 3.7 2 .• ; 

1950 
Januaey 137 230 l!.. ~ 3.4 156 273 6.1 6.o 167 174 5.3 1 .. 0 
Ma.rob. 176 173 ,.4 2.6 158 219 4.9 5.2 180 154 4.6 6.1 
Ap:rtl ~i: 222 .3 3.0 357 362 a·g ,.1 tuso 173 6 .. o ,.9 
lu.ue 833 3.; 5.0 g31 875 .. 4 .; fJ;70 692 3.3 .a 

~ :e siga!ties ~ C. P. Jla.ckwell ~ .. 
W !£g11U.'iet Wilbu;-ton area. 

~ 
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~:t·otene &i.nd ino1·gBc1rl.e phosphoru.~ eontent of' the blood 'f)la;~®' of the or:tg;i= 
' . 

tha.t ~ vossible uegati·v"'" Cl>l'Nltttio1:1 existed 'ba·i,ween the a:vera£S ea~tene a.nil!. 

inor~e p1i;lbsp110rus t;Ontent of the blood plasma. 1lable 4 sliow~ the awra.ge 

levels t"hm.1 tho:lSe in the lii~-pbosphorue supplement lot. !ms :relatie!lm'li.p 

Sfion.~ ~im.t1ls of the sa.me 8.£-S ~oup was ertdent a.t lake e. P. lll~ell only 

~hou..t ·50 1,e:.rcent of the time. ):u. the next oldest &~ g~·<rup. listed in table 4 
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-Seasozuu VlU'ia:tioa in auotene. and phosphorus content e-r blood pl.a~ of 
oridtlal. ~lfers in lot, l. 2, an.a ; at ifiilbu:rton an.a Lake o. l?. llla.cltvtall ane.s 

Lot 1. . . , .· l:ot .2 . ·.. , . . :Lo'la l 
O.arotene Pho siphons Oa.rowne Pho ~hG:t'Us · Cante:fle · Pht>splu,n:•l;ts 

Date Meg.llOO mi. .. mg./100 ml~ . meg./100 m-1. m.9./100 ml.. mcg./100 ,ml. mg./10?, ml. 
. .. . - -- (-, '. . .... 

ll1 r12 :a w 
19qg 

Feb~ 54 1,;; 3 .. 9 2.7 
April 277 llOO 3 .. 9 3.2 
Jun.. 661 562 & .. o 5.4 
.l.ugg..Bt S5.Q 736 5 .. 3 5.6 
lio'YeJAoer 364 262 5.0 3.7 

1949 
lu~ l~ i,; 6.2 2 .. 8 
Yeb~ 159 3. 9 :2.6 
April 2.27 231 3.; 2.B 
lune 954 716 5.2 2.7 
September -661 496 4.7 2.9 
NoVfmlbe:o 672 661 3.s 3.2 

1950 
Ja.n.uara- 1;0 20! ,.1 3.5 
Maroh 199 l.46 ,.6 2.8 
Ap~il 346 305 .1 ?·2 .June 921 8!2 3.9 .• 6 

! ~ ;~gaifiea ~e o. P •. Blackwell area. 
c;;. 1/ si.pit1et tiu1:rc:rtoa .ai"ea. 

:a 

;i 
f93 
69J 
719 
260 

91 
96 

150 
817 
462 
5()2 

153 
lll 
339 
S29 

fl B 'CJ J iv J Y1 

168 154 7 .. 4 5 .. 4 ;1 7.4 7.2 
267 7,0 5.9 293 344 7.0 6.6 
3)9 · 5.4 s.z 693 30g 5.4 4:1 
S37 ;.2 5 •. 719 754 5.2 4.9 
25s 5.1 4.6 26o t132 5 .. 1 4.8 

124 7.7 6.6 91 116 1.1 s.~ 
172 6.7 5.9 96 157 6.7 6.9 
245 6.5 5.1 150 204 6.5 S.l 
Jl5 4.6 5., 817 12; 4.6 3.9 
586 4.l 3. 462 512 4.J 3 .. 4 
700 3. 3.0 502 613 3.4 .. 3 )• 

4.9 196 ;:i 231 5.7 1;3 7.1 
J,87 5.4 5 .. 4 111 16; 6.4 
175 6.7 5.s .3l9 191 6.7 6.3 
963 ;.o 3.5 7 3 SS6 3.s '"'3 ., .. 

N 
'-"' 



tnLI 3 

Seasonal va:da.t1en !• ~isene ua. phospherl!lt!t content ot 'blood pla.~ &f ca.Iwal 
ot o;rtgt~ ~n amt heltera h lfts l, 21 ud 3 a$ 'itll:nirton eat lake e. P. Jla4kwell a:/reai5 

- . , -- , . _ I Lot 1 . - k ,. Lot 2 . ~t l, _ _ >J 

Cante11$ fho~hol't\C 6al'Otell$ :fh.r1~1ilioFU,s ll•ettffl.$ Pho~hn2'111 
Dat~ mc,;./100 .1'41. ~,./100 ml.. mc,./1o_o ml. . 'IJl&./100 ml.. m.eg./100 ml. m.g./i,qo ml. 

n2 td ll t7 J TI i B' :e 1J 13 ~ 

l94S 
hb:rua.27 57 73 3.2 2.1 51 106 5.1 4.2 64 82 1·s 5,.9 
.April 275 158 4.1 3.,g 434 14; 5.3 5.s lrol 1~ .5 !')l 3 ~-
Jimt ;;2 ~) 7.6 5.3 541 6o7 7 .. 9 5.4 1*54 :,aa ,.i 5.5 
J.u.g11st 513 4a s.o 6.o 511 5g4 !j.9 5.0 >1,1 ;30 6.1 5.9 
lovembe:f 257 300 5.9 ;.s 391 221 6.3 ~.6 356 18$ 6.o ~., 

1949 
126 6.7 4.,o January 101 3.2 112 lOS 75 91t, 6.3 7.1 

Febraaey lJ.33 134 4.7 3.6 91 161 6.2 7.1 76 103 1.s 7 .. 5 
ApJ;"il 171 235 4.; ?·9 ~4 235 6.7 6.1 102 170 i.2 1., 
Jti.ne 1'$1 i7; 6.2 .2 2 627 ~·4 5.0 526 492 6 .. 1 5~ . 
Septembei- 428 71 ;.o 6.o 441 495 .1 4 .. l ,I! !too a:i ,.o 
JoTember 420 638 3.7 .3.4 471 671 4 .. 4 4.4 )ffl6 ,.6 

1950 
204 ;.6 216 Janua~ 156 7.0 180 6.o 1.>+ 118 6.7 

March 171 135 5.2 6.o 203 134 5.2 7.3 130 117 6.2 6.9 
Apr1l 371 192 6.o 6.5 391 210 7.3 6 .. 1. 629 a26 ,:~ 5.5 
lune 692 1007 ~.2 3.r; 591 1076 5.2 3.5 750 506 3.2 

l Animal.a W$.:tilt born in Spring 01 1947. 
·~ l\ a1e)'lif'tea Lake a. 1. Blackwell area.., 
3 W ti@.l!t1•s Oilburton area. 

$ 



Average plasm.a ca.rotene value o.f animals in lot l expressed as 
-®. pereen:ba~ of the average plasms Ci,'J,:rotane veJ.ue of .a,ntriw.ls in lot 31 

194g 
Febl't$:l;V 
Ap:ril 
June 
Au.gi1si; 
November 

1949 
Januar:, 

· Fe br-u.a:cy 
April 
Jtme 
Septembet' 
liovember 

1950 
JaJi~ 
li-JG.reh 
April 
June 

96.1 
sa.o 
s6 .. 1 

11~.o 
102.6 

l~-1-9' 
135.7 
179.1 
110.; 
129.a 
122.J~ 

132.0 
91.i 
73.3 
97.5 

102.2 
121~7 
15G.6 
11,:.6 
129.;2 

144.6 
119.7 
118 •. 5 
11s.9 
102.3 
116.3 

1;3.s 
165.6 
151.3 
116.rs 
143.1 
133.9 

85.0 
179.3 
102.l 
121i.o 

7a ,,. 
116:3 
1:&2.5 
97.6 

112.9 

130.2 
91.l 

113.2 
9§.Z 
96.9 

111.l 

lOJ.l 
.s:g. 5 

159.7 
92.s 

l A~r;a{Se._ pla.$ID8, ea~ote:ne vse4ue ••. for lot 1 l: 100 
Avera{l,,e pl.af3Wt earGte:ne w.lue f'o:r lot 3 

~ ~lb ·C. P\. B1aclmell area.. 
::3 :;J :tlJottrtol!1 area. .. 

134.7 
56·9.7 
167.6 
13s.s 
113.a 
51.3 

95.1 
123.ti. 
13rs.1 
79.4 

159 .. 6 

134.o 
lyJ.1 
13s •. 2 
116.5 
117.s 
131.3 

108 •. 5 
115.4 
B5.o 

111.l 



i 

cows :la; lot.e 1. 2, ·Md 3 ·$J."e g!.ven 1n table 5.. llata for i'ill'l'1u-toa cows :m lots 

Vitamtn A coatqt ot bl.ood pl.a.em& ot representatlw eow•l :fl:'Om 
lots 1. 2., an4 3 at Wilburton ·and .Lake a. P. :Blackwell ·areas 

(Yal-.s ta mog .. p.er 100 ml. of plasma) 

Da\e :tot l Lot 
1: ! 

:12 'JS ,. JI 
19~ 

F-eb~l.'1' 5.0 10.i 
April 11.4 23.1 lt..g 
Jtto.e 
August 33.7 21.9 29.7 
Jfovember Z/.0 30.1 

1949 
JQ~ 17 .. ~ 19 .. 6 12.0 
hhrwitry 16.4 9.2 16.4 
April lJ.1 14.3 10.0 
Juae 15.4 27 .. 1 16.1 
September 30.1 23.3 GS.a 
1'ovember 20.6 16.'5 27.4 

1950 
Januar»' 23.9 17.9 20.0 
)lar&t 5.5 10.4 9.2 
.April 10.s 11.3 12.0 
d'tme 24.o lf.3. 7 1; .. 6 

i J.ve:m_ge valual\ fo:r ; animals. . 
.,, B s1{9dfie:s ~ e. P. lllacitwell area • 
.:, 1J s134f'ies Wilburton a.ree;., 

2 J&o.t. 

t'I ll 

4.7 
19.1 ;.5 

2~.5 
311..3 

oo.>+ 
14.o 
15.2 
17.3 

31.2 26.2 
17.6 22 .. 9 

20.9 21.0 
12., 13.2 
13.9 11.2 
39.0 23.7 

l 
fJ 

22.1 

20.3 
13.7 

20.3 
9.1! 
9.0 

42.s 

2 Md 3. £or la.~ 1948 ad ea,rly 1J49 are 1aeompleh due ta au outbreak ot bangs 

df.sea.ee -.ong the eews in lot 2. lh1rblg the same period, tbr&~ m:i suni&~ 

stauitnc;. vita;mia A •$ determined. on. tlh.-e plasms. ef ·the. -~lm£'91' cows aad heife~-e 

tn. let ?· !he resulta. therefore, do net pel"mit O-OOlJ)a.rlson with those o'btaiud 



27 

With the ·Olde,: "1!'s an.a. have bee omi\ted.. !he vitamin A ,raJ:11es nn~i from 

abaut 5 : to .lfo mcg. per 100 lid. t!il plasma !n. all lats at both lt1cat1on.s. Va.J:aes 

0£ 25 meg. p:e1.' 100 ml. and $1.bove were usu.all,~ ebtai.nei durlng the le;tte,.. par\ 

~f the gmziag ffl3ason9 jlist before the cawe were conf'ined. l<i winter traps. Dur,... 

hlg wbter t~a~. "1.tamtn A values were f~J1U&ntl7 beln 20 meg. per 100 ml. 

an.a W$:ft ~.:tate.d to !)ho-apl.uit"Ua in.take 01" location. 

ta.bl:e , gi:ye9 the resua 1rs o.t the more eefil.Plete ~ate of blood from e!)1re 

in. lots 1 ani 3 •teach 1oca,11n. 

As nd .• t be exgeeted, the caratene values for both lots at ea.eh location 

W'Ell"e Mp•t dnri:l'!l.g the s\ll.!D'ilSr ~bg sea&C'lll. th.97 fncreasea. b:om about 170 

!le-g.. pet" 100 ml. b h'bl"Q&Tq and April to ~ver 800 ~g. per 100 mt. Sa .1'1:me. 

Plasma ino1\~.nl-c phosphons values showed the eame charaet111ristic. 41ffel\

enpes between lots a,. were ehou £or the entire group o'f co•s: ta table l. In 

lot 1. bulr~c pho'S,Phorus value• were about 4 mg. pereeat tor eow• at· Lake 

C. P .. l~ll Gald about 2.8 for cows at Wilbvtcn. In lot J, b.or~c phoa

pllorI1e wJ.'O:&s w-ere a'bout 6, mg. percent for ,0011.a at both loca.t:tGD.s •hile a, 

Wint.er teed. and dropped tfJ, 'ftll.ues below 4 mg. per~t d.ud.%1,g the fint two 

meaths on pasture .. 

lfeme.l 'Values <t£ 9' to 12 iug •. percent of plasma eale:i.ma were obtRinei f'or 

cc.wa ta both lott at a.eh .1oeatS.on. !hese results are tn agreemerit with ea,r:ner 

Alw:tt3h plasma agn.es!Wll. values ~a from 1.27 'to 2.23 mg. perce.n-~ 
' 

they 6-PJ?etiU'et w ·1>e unrele.ted. to location or pho-Sph.orae intake ot the cow•. 
1Ia.sm copp0l" ·,m;.l;ues were almost 14entical tGr eows at .lake e. It. Dlaekw•U 

ad Wilburton in lo:t 1-. ranp.ng :f:r$1 63 to 81 mog. )?&r 100 ta!. $tmila.:r val•• 
:w:el'$ obta.hed f'tu• the cows in lot 3,_ ·the hlguest value• in both lots bebtg 



WU! b 

Oompoe\11'1~--°'t bl<lod ot f.tmte in lot:e l aai 3 at t11e lii.aJle o-. 'I. llacbell aad '1!1'1rlW'tl}n ateae 

:Plasa ~t•• ih.esphon# Calctwa Ma .. s.u11at• h~:v ftGteu. ~11.cfll>izt femat~~, 
Xlat$ mol; .. /100 •1-~ _ m.J1,./10~ f!Jl. rD.g .. /100 m.h fit;§•/10.Q ml • • ~~:../'JJJ() ml .. __ •. ./100 ml., [?-~/100 11Jl.. w~. !!~een,~. 

;el ,a B 11 :a. w 

ihJo. 119 177 ,.s 2.5 , .. 1 ll .. O 
Apt.. ~., !53 ... 3 2,.8 10.1 10 .. 6 
J~ 861 "' J.b 29 10"2 12.0 ...... 

» w J w I i 

feb. ~66 170 ~.o ,., 9.'."l 9.J 
Apr.. _ 2 192 6.6 6.o g.4 9.fi 
, .. 739 golf, :, .. g 3.1. 9.3 10., 

ill eigial.tit, ~ o._ P. Jlackn1l. L~" 
W •!-~ties Wtlbur\tm a,...a.. 

L)t l 
J ti 

l.2$ 1 .. 72 
l,.3T 1.71 
1.21 1.,1 

1.io'b l 
lJ t1 

1.;lt. 1.69 
2.28 1.11 
2.05 2.2 

I t,' ) if 

72 R 1.2 6.5 ,, 
' 1.1 ,., 

ll. $1 1~0 7.5 

l1 W' ~ w 

1' l 
71. 

66 7.0 6~0 . 

5i 7.4 6.1 

' 1.3 7.a 

J. w 
,., 9 .. . :} 

10.0 s ... 1 
10., 9.7 

J w 
10.1. 9.3 
10.1 i., 
10.; 10.; 

J w 

;4 J2 

'' ·~ ,r 

l w 

33 3) 
33 30 
rt 35 

N 
f1-c1 



I 

.~f 7 gJI!, pe.r 100 ffi.1., ·mw. abrne whil<tl oa wi:ntr;)r :ra.ti®:s cmd &ft~{l" beittg t'!ll.'D'.ed 

to ~stin·e:. · ~h~ae val.1ll$'S· we~e ~e".tall;ir hi ~Gir t~il t..l)o~ found .at i1lt:rarton 

·~ -ch W-$:N) a.• 10·-1 e.s , ~. :pe:r loo ml. in J'e'bri»\1'#. and April., 'but· above 7 ~

,~ 100 $1. tn lmJ.$'.ro 

l!eme:gl~bin. 'Value.• fi:11" berth lot~ of' :ee~s ais' Lelte a. P., Blackwell ware con

~at9:nttw h!.gli~r than thtJt• 0£ the oor..::.•isspending lot,s at '~filbwton. Yalu.es. 0$ 

10 fl!!., ~r lfYJ ml. of blood UH ct:bWilJ!i tor cows !n lots l .aua 3 at Lakl' c .. P. 

lilacltwell while a-eiws in lot$ 1 and ) :a.t Wili:rurt~u ran.gea £rem B.,6 to 10.; ~ .. 

;per 100 ml,. 

~• lW hemogl!()b!:11: 'W.tluas" the co•s of both lot,s at..~ 0:. P. lilae.Jme1l having 

a h..tg'lae:f pa~te.ge "' rei blood ~lls then th& ·cows t'l,t Wiruvton. ~• nd 

'blood oeJ.1 vo11.2me 'Jrat\;~d. f'.rom 33 t~ 37 pe:ri:ent in 1:eh ·1 and 3 at leke ·~. P. 

lll~ktie1l ,and. fffl!ll 30 to 35 pe:ei~11t in. the!S lots at tfiI!>m,,tQn. 

Sea.sol$1 .ela~~ in t1ie composition 0£ p:t'edl,)mina;te s_peoie:G Gt pas~ 

~SS8'lll' eoll:eetea dmng 1911$ £~ the ·~. C. P. ltla&well ~i. Wilb'ill't1.)a areas 

.a.:$ ~'b$t\ in ta'ble f. tt ••• hopeo. ta). rele.t. these ~s to ~a !n 

hlood .cofilP()JJit1oa o±' the $:l.lmalt. 

At. the m.a.ekwell;. area, the protei!l con.:bent or the grasses: deer..aaed ~• th.t!t· 

~ing season pm.gt>e·ss:ed from a Blue of about 10 pe.rcen,t in ftl\V to ·tne lo;w 

1Y&l1ae of a.bout 3 :pe-rcen.t in Qetote:r. h gene:ral, as the· FOtein coniamt de

·G:l'Sa:sed' the .er• fiber in~asea. f'~m a. value· 0£ about Jl percent to oval.' llO 

i-rcent. ~etum ~·at:Ht, ttt:ich we~ 'be.tween 0.3 to o.l} percent: during~. 

June,, and Inly·, e.~'°rea.sad., tc l&sfl thim 0.2 pe:rc-ent in Oetoba7.. Likewise. pbos"" 

p~>~ val1l'Els uec~d,eaa. f'rotf'i aboat 0.12 pe--ceent ill tho ear.J.y p.art of' the grazing 



TA:sr& 1 

Oompo-dtion ot predominate apeciea of nati-ve gtaae•• 

Drz Ratter OOJ1R08ition 
lether C?'Wle B-1'ree 

Date »esertptloa Am 1~te1n Extract. Jiber Extract ea 1 Oarota.e 

1948 
Mq 

June 

Jul.7 

Augo.d 

0<,tober 

~ g. :Blackwell Area '/, 

Switch 5.98 
Littl• »luestem 7.os 
Big Bluatem 7.10 
lndi• 7.s6 
Littl• Jluestem 7.15 
iig Blu.eet• 6.49 
hdian 6.77 

Switch 5.19 
Little Bluea'MIII 6.11 
Jig Ilueatem 6.01 
Indtaa 7.0~ 

hitch 5.6o 
L1$tle :Blue•tea 3.55 
:etc :Blueatem 5.90 
Indian 5.66 

Swltoh 
l4 ttl• Blue at• 
31c :s1-.., .. 
fnd!an 

6.03 
3.15 
4.07 
4.9s 

i 
9.9s 
s.71 

10.26 
9.26 

7.71 
7.s7 
7.50 

t;i 
6.so 
6.76 
5.22 
5.19 
5.96 
i..n 
2.92 
3.72 
3.33 
2.02 

j 

1.98 
1.32 
2.10 
1.87 

2.51 
4.07 
3.21 

2.67 
2.75 
3.30 
3.20 

2.36 
2.17 
3.30 
2.22 

1.65 
1.30 
1.140 
1.34 

'I> 

)).72 
33.06 
31.32 
3'J..S7 

31.73 
31.24 
31.46 

lcO.; 
35.06 
36.S6 
31.20 

46.,i. 
lJ;.Sl 
41.18 
1'6.6o 

lr>.42 
35.62 
36.49 
~1.32 

~ 

51.34 
119. 77 
49.32 
49.14 

50.90 
50,33 
51.06 

45.99 
48.1+4 
47.03 
!45.80 
1").28 
43.28 ,,.66 
>«>. 71 

1'8.9! 
5.5.;1 
;4. 7l 
50.34 

"' 0.286 0.146 
0.356 0.103 
o.'327 o.11ts 
0.368 O.ll8 

0.350 0.102 
0.:,)0 0.119 
o.36o 0.111 

0.250 o.oso 
o.,sg o .. oso 
0.332 O.OS5 
o.:,:>2 0.076 

0.214 O.OS!j 
o.249 o.o,a 
0.282 0.092 
o.a>6 o.osl+ 

o.2'4 
o.16o 
0.165 
0.19ft 

o.olM! 
o.o;5 
0.050 
0.049 

ppn 

337.ll 
266.7 
1.16.9 
273.~ 

172.4 
163.6 
177.9 

101.0 
186.6 
214.s 
237.2 

127.6 
109.9 
209.0 
1p..1 

·1g.o 
14.o 
17.0 
7.; 

~ 



~3 7 (OG,a$.b.•I) 

17,~~mo.n !!!! 
19~ 

Jt,4%(4 ... , t4 I , • 

4pri.l U.ttle il'i!ieatara ~-~ 14.~7 4.1.~ 
lcl« »l•fl'.\. s.'·'' 12 - a.47 .. ,,, 
l•ata.n. s.~ 14.97 j.67 

. .t~ U, tt1e .Jl11e•t• ,.,, 6.$14 a.09 
Jtg ilust·e.m 5.38 1.26 a.01 
'btiu. ,.,, 7.14 2.;1 

A'1~t\ Li t·hle Jl•$t9m 10.11 ;..79 )..1)5 
1:tglluestem · 1.y;,. ,.,9 

:s, '' 
~··· ?nil• ~ .. 91 1t 47 a.01 . ·• 

Sw1..kh ;.s, 5.1t 1 .. ,, 

ia~be• Uttl• Jlu.es~. 1.0.; ::a 1.63 . ' ,. .& 

$lg lll1$Pi9m 1.0." ,. 1.62 
:Wile 10 .. 0; 2.2; l.lJS 

:2!i;.4!5 ~.)6 ·~.)90 
26.tf l}9.tl7 $.)'JO 
23.7g 4~l.l2 0 j#J~ ..•. t ~, 

;2.60 51.1,a 0.:570 
32.1, 52.52 0.,20 
,i.97 51 • .61 o. :50 

29.!4 53.14 o.lf.90 
2i.3:; 55.oy o.~-
,?..65 52.96 o.l}6o 
3\.00 ;.; .. a, o.,m 

34.36 50 .. 5, o.lt60 
y:: 2"' 50.01 o.ti.;o ~· !.), 
3 ~.72 51.52 o.410 

(hl'T() 
0.230 
O.!J.O 

o.otcg 
0.081 
0.093 

0.066 
tl.01$ 
0-~ o ..... , 
o.o;o 
,.031 
0.025 

74., 
106.0 
11$,J 

r, J t'l-•,_:. 

~hl 
a;.lt. 
,2.1 

\...Ii ,_., 



seaaon -~~- 'lta;lnecS ®f 0 .. 05 p,~eea:t in CctobGZ<r. ~ie cal"Qtene C{)!!lteat --Cl-f'- the 

~~see:; dti:-r:bag l:9~ •• well ov~r lOO p.p .• m. ,d'ltt!nr$" mo$t o-f the graziag e.$a:s.~ 

liti,, ~ppac\ tG vw:ue,$ o.t l•~s the.a 2(); p.p.m. 1~ Oeto'b:el'. 

G$ttse,s a.t tltEJ Wtlbvton l\l'e~ sbGUoo el~n~s i:a p~t-el,n: :and. e~e fi'.ber CW!l-· 

\fmt 1-tlmtmr' tG' th!llee at tho ~e CJ. :P.. la:l;ackflell ~. lb,e ea.lei• '$lu,~s, ~w.,. 

-e.ver\,. ~n:ei hi,~ •~~0-u;i1 tlie ae&S® and w~:re ,fij;~ut o.43 :peroe!lt h_ the dead 

~$S Ci)lle~t• m J~v•\>$rt.. Altmli~ th\l phaspb:G'~te eont.en.t ()f the gra.-ss.es at 

Wi.:lb.wt&n wei:re high, in: 4pr11 a1.1t ainl:t;la..r to t~ese -of· gm;Sc•es at the l.U.-adtwell 

area lui~ ,JU'fle. aad. ~:st., they ~pped to about @ .OJ p,,e~eent h lt'Ove•leJ" .. 

!he •J()r $,ed. n•trle:i;:t\s. Md t,he l.1~itl,_ _ tlC:l.1.ulose.. and ~~en-e ;0on.t.eJ1t 

tlie m.tive ~- f31'mll th,~• ~~s and o-tne-r fee.a supplies :t"ed. iiU'J."ing- the winter 

awe given h- tabl• ,.. file same suwlies 11:rt ~em glv..ten me:al -ana bone me$l -·~ 

ted ~t '0~·\h lo~tiens. !b.~ .eompos!tion f!Jf th~ com gtu.te». meal ltSed. in 19~4, 

W$S vecy si)')Jlihw tG" •t wsea in 1'4,-,a. A s$.:ngl.e supply ot ban$ m.eal we& 'IJ.sed 

dving be,tlt ~$s:,;os. 

Pmine new p,rodJle$j and .:f$d, .at the '~W& loe'a.t1<lttlt d;~g the tw~--- wmter 

pe:rio~~ ~Wu~d ll-etme& 4 ai ; p;el'C-ert\, of pmtetn., $bo'l).'t 33 p-er~ei1t o,f -~'rtffl.~ 

fil1el'11, ,a,¥J;i ,sli~tl.7 o.wr -50 p-erc~mtti of nltr~~-free eXctl.'act. Li~in va.l•• 

~ge-d '.fJ"Om 1.s ttl 9,..S- percent and eelluleyse from 33 't.o ·45 percen:t. ~- a.w~a 

Jla.~011,. mw.ever, Qffllt~ed ~- veq hi~ proportion of the el!~ gras,ses .• 

;_1;id~ce!I)al1W ll!g Blusst-an a11l $4.ttl:~ iluest,em. whea-ea's that p.reHlueed d1,\ring tl1e 

,same year, ~t ililbvt:Gtt e:ont~ei en.'3:~ ,6()_- pel"eE!lll:t at th~~e speeies-~ •ij(} pel'-ce01'3.'t. 



!'ABLE g 

Proxim&t• oompoaiUon, ll191in, cellulose, aud cax-otene content ot win.lei- f'•ed• 

Dr, Matt~17 Oosoa1t1on 
Di,- Ether Crude B-tree 

Deacrll!tion Matter Aah . Protein lb~ract nber 111:dr.ot ?4oln Oellul.ose . Caro-ea,•1 

"' 
~ i 

191'8 ... 49 I.eke a .P. lllaclatell -- 94.6s 4.43 Prairie hq 7.52 
Oo:rn. gluten aeal 94.71 5.02 43.35 
Bone •al 96.52 81.05 0.65 

1948-49 lf'f.l'burton 
7.16 Pralrie ha, 9,.54 4.28 

Cof!l ctu\e. aeal 9 .71 5.02 43.ij 
Jone meal 96.52 s1.05 o. 

1949-50 !!!!, C.P. Bl.&eltnll 
hatri• bq 

CompGsite umple2 94.a:> 7.so 4.95 
Climaz gl'UMI 94. 34 s.r, s.u 
Weeq graa•• 94. 58 10.u 6.25 

Corn gluten meal 92.96 5.9~ 45.92 
Bou meal 96.52 Sl.05 o.6; 

l ATera.ge T&J.ues fo-r the Winter feeding pert.ode. 

~ ~ 

2.05 32.s2 
3.1s 3.s9 

2.10 35.01 
3.18 :3.19 

2.11 3l;i..g2 
2.06 32.71 
,.59 29.69 
2.7s 4.63 

,,, 

53.11 
44.56 

51.45 
44.56 

50.32 
51.75 
50.36 
11().73 

<I> 

8.82 

8.83 

9.56 

,. 
lio·.28 

'37 .S2 

45.33 

2 the compo.a1te eainple contained 9~ Climax graaeea oompoaed of Big ancl Little Jtueawm au4 ~ ot 
weeds and 'dl1Cl&H1tied graa••• clealp'ted a, weeq graaeea. 

ppa 

9.1 

12.2 

15.3 
15.0 

~ 



194~5() ~~,meie __ . 
i ~Ke ha7 1t 

Q~mpGsite ssmpltJ 
C1balt grasses 
W•etT gn1aes 
l'oN.ll§J. mat-ter 

P$1.ri.e _,~ 
O!tir,n g'l.u.ten meal 
Jone meal 

94,.2! 
9J.~. 
:;:6, ,:s.1, 
92 .. 9; 
;G .. 52 

mJa a ( ionttnaei) 

l:l~ 
i.81 
6.31 
l.!l ; .. ,4 

s1 .. 05 

4.l!j 
3.16 
5,5$ 
~.,a 
~.82 '·= Q"ll ,4f;, •. .-.,~ 

0.65 

3.29 
a.61 
4.]8 
~ 91 ;; .. ·_. 

a .. 1 
2.1s 

,i.24 ,,:n ,.6, ,9 .. 16 
,1.2~ , ..• 12 , .. &} ~.l, 
3(),.Sj 50 S4 9.92. ji.1. .. 
;2.G1 ,2 .. SJ 11 .. ii. ,3.j!) 

1':l~ t5·90 9.)f2 a.t2 
.. 73 

J '.the o~!'ll'>os1 te aasple contaiz,,e4. ~ e.:ttm.ax ~sses composed ot Its aa.4 L1ttlet Jl~otem, i5~ ••·• 
tree«J O'&SS&s ait!d t"o~i~ mat{;)ir,i•al, and 25%. ·nt melasiitied ~s.es. . . . . 

4 i'u:r•eed 1eb~ 20t 1,50, te complete •f~ter :te:•U.ag.-

14.4 
Oh5 
27,4 
l! .. tl 
, .. 2 

\;st 
~f~ 



Jifterene-es b$t'Ween rne twl:! ha.ye in tl1$il' content of eartaln minews a.~ 

sn,oq !n th$ relffllte p:res:ented .in. ta,ble 9* ~· :pl'educed a.t the :Bl!!,ekwell ar-. 

had, $ sli,giltly lowe;ir e&l.oi\li'J.l and lligner phosph~TU.s eonten.t tl:mn tmt p,:-odueei 

at tl~ Wi.lb:urto.n ,e,re~ during $im:tlar N'ea:rs. ~@llc1ut1 val:o.es rangel fro'!l Oe t@ 

o. 75 ps:rcent.. trne ~·· pro-dueet! at the l!lacltffll a:rea eontai:ned. 'D .061 ])ercent 

pho'S'phoru.$ ·trie f1::st ~ea,r a.nd o.o6!J, per~en.t the ~cGnd year. ~a.ii ~t Uilburton 

ce:mtained 0.053 peTcent phosphortls the r,.rst year a.no. 0.047 pe:rcent. t!::i:e seconi 

year. 

1.T!here wa.s little importan·~ dif±'tu•;srr~e between the hays in their· eon.tent, of 

iron$ el1lr.!l}num, potass1:ri:n. :11lf11d. so-di'.!:1ln. l?Tu.e TJ?tlburton MUl> herm,,Yer,, cont&ini3cd 

cveir 0.10~5 percent 11W~le~e Md trver 45Jt0 percent me.@+le~iu.m. whine lw:; prod11,eed 

~.cor!l 0.16 to 0.19 j_,ercent mf~e~ium.. AU;hottgll:. these t..ifferenees in th:em11elwe. 

m~-v· 11ot be iI~o,rtant, the;r reflt1H3'ti the :t"'~la:frionsllip 'between ~ins,ml er.;:r.ri;:ent o::f 

the plqt and. factors a:ssoeiated with lo~ .. 1ty and t:'tw soll ·cm. whteh the plant 

is grown. 



~ TABI.3 9 

I.Uneral content of Yinte~ t•ea.l 

_________ D;;..::ry.--.;;;l!'kttel' Co~Q~•l Uoii 

Deacription O& P Sio2 f•4 Mn4 Mg I •• A14 

1948-49 t!!!!.. C.P. Jlagkftl.l 
Prat.rt• hq 
Corn. gluten meal. 
!ou meal 

19118-49 lllburton 
P:airie ha1' 
Com gluten meal 
Bone meal 

1949-50 1.!!5!. c.P. Jlaaklrell 
Prairie~ 

Compo at te eample2 
Climax era•••• 
'feeq oa•••• 

Oom glulen meal 
!one meal 

,, ~ 'f, 

o.42o 0,061 5.6; 
0.214; 0.689 

25.1 18,74 

0.520 0.053 4.04 
o.21f5 0.689 

25.1 18. 74 

o.1*6o 0.064 5.00 
o.ioo 0.067 i:~ 0.370 0.069 
o.uo o.sr 

25.1 1s.7 

,, - 'f, f 'It 
0.0091 0.0075 0.159 0.549 0.010 

0.0095 0.0253 0.561 o.43s 0.037 

0.0091 0 .• 0032 0.188 0.615 0.010 
0.162 0.672 0.022 
0.234 

l Mineral.a other than oalclua and phoephorue ,re-re ra.o, d.•tel'Jliiaed on co~ gl.uwn Mal or 'boa• meal 
aince ,hettf teed.a were ttom the .... ,uppl.7 a, both locat1ona an! coaaUtu,e4 onJT a. aall pa.rt ot ti. 
total ration.. 

2 See footnote 2. table S. 

o.011S 

0.0152 

0.0131 



191l9,,-50 i'ill>W:~On 
· J.-.t:de • 

eompost te sampl.$.3 
~Ur.mx ,~~•-•tt ~ . 

Weeq gn.11et 
Jo~1€Ji. •lerial 

P~Jrie-~1l 
Cb:t"'ti gluten meal 
l~ne m~ 

j See foctno·t~ 3, ta.'blt fl., 

0.750 
0.570 
o.410 
1 .. 220 
0.530 
0.110 

2;.1 

!Ul& 9 (aontt•u4) 

0.047 
0.045 
0.056 
0.052 
o.os6 
o.g17 

l~.7t 

4 .. ~ 
5.JQ 
6.,27· 
2.27 
6 11 . --

G.00&2 
&.0077 

0.0042 

o.02S7 0-.431 
0.0309 0.351 

0.318 
o.;tµi 

o .. 01S2 o.:;,s 

4 b~ts ~ or.titted to,r {s.ras$ aamples 1'hi@ wen ~-wad ili e. Wtl&:V mill., 

0.366 o.oii6 
o.;99 (:t.03'1 
0.,501 o.ou 
0.621 o .. on 
Q .. )85 O,Ol'f 

0 .. 0136 
0.0069 

0 01-1; __ 'i'! ..... . ,.,,,p 

~ 



!he eoniltion t,f the ea:htle in all lets at the :Blaol.,ell a;:reQ was s~M.s-, 

t~ct:o~ as Jud~ ·1:1y stan.da:rda of t,.,~e A.n!m.al lin.s'bMdrg D'epartment for b.eef !}e,ttle: 

~e,gaJ a.s described in this e~eriment. ~ie mtisfa:etor;v ]H:;:rfor"&lt",nce t:!J'l the 

ca.ttle lll. l~t l :is evidence ·M:1a?~ ade~t& p11osl)bol""Q;$ w~s p:t!JV:ided in thG native 

Pl:!!,stt$'$ ~tJses ~a~ea in the sumr!le!" and the p!'~i:ri& ~! pre:auced :1n tlii s a:re:a 

aaa fe4 with a low-pl'io.spl:ioms protein snpple!nel!!.1t bi. the ·wmter. Furthe.:i;, evi"" 

dencee o:£ the ade.q~CY &f pmsplw:rw:J 1ntat.., is ,rovided bf the reS1alts o:t the 

blood phosphol"l!s i·M,ermiM.tions. Althou~l the~e values for th.e od9nel. eq,ws 

tn lot; .l dl-Qpped tu between 3 and 4 .mg~ p~:resnt toward the end o::t tbs Winter' 

ptriQd, simUa.r values were {))trtained .Ji1:luing the e$l;rly part of the gra,s!ng season 

:t'o:r eompam'ble .aatmsl.c11J is. l.O"ts 2 and 3 :re~ei vi.ng a. n:1.neml !)hosphol'Q:11 s:o;pplement. 

From thlese obsermttaa:s and tlio,ae ~ported b;r Watld.ns and Xlltl'X at Bew Mexi:eo, 

it appears that bloc.ta pbos~~s va.lties 1:Jf ;.,..l~ mg. percent ara ~ot belo,w the 

no~. or expected. range for h.eef coiwe~ 

f!ie ~mat G:f fe,.ed phosphoru.:s reqU.11:'ed to, ~intain blGod phosphol'U:S ~, 

tb.ese lt>vels ·~ be elosely ~pro:ximated fl'C.lm :reco\ris of teed intake ~, feed 

oompositi~n.. luring the '!linter montlis the cows tn lot 1 eon.swnea. .g ave.;rage .of 

17 pound.a o.£ ~· itt,lld 1.25 po'U.lld.s of cam.1 gtute:m. meal, peer head, da1;1Jr. 'fhe oru..v 

ot'he?' availe.l1le ,sou:ree erf ph.os:p:h,nru.1 was fwom oca&sional we~ds a:nd wint.~r 

~Sate$ w'l.11®, iur:tng mild W:~thert< st~1rted gr@wth ·~ thin the winter t;rap. en 
the usmi'lption tmt these materials in the am"u..nts preBSn'li were of n.egl1gible 

velu.e* it is lli1tim$ted. that the eo.w~ eon~ea 9 .. 70 g;rams (;f ph~spho1>us f'r0n the 

da1l;r feed etr!lta.1n1tt~ 0.111 percent (.;f phospho1-u"S. E~:fes.s.sd in rela:tton to 

average. l'leig;nt: of 'ilhe et)WS du;rin{t th,e lRinte:r, the daily phtH.1J'll»f'US in:tak:e wo'tlld 

1."El 1.21 gram.s per p0:unt1s of livewei~t,, a ti~ constde,;i-able lo,wer thaJi 
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that~· ra~Mdea •. Pho'9Pho.rus lnteke .caloul.a.t&d. 1n the same mar:m.er fe.~ 

calvEie. tn lot l we1.ll4 be about l. 25 grs.ms pe~ 100 poundfJ ot· live1Nd.~. 

••n appeared to be 110 mtable method f<n.-. eal.ou:lat!ng th• ea.ct p'.ho-spho!1ls 

1nta.ke of the eattle wb!le, on pastu.xe, eonse,uently, intakes were eatima:te4. on 

the ba£4 s of' the pho'l)hons content of tne predo-mbaile sps-oles. of ~ssea d\td.ng 

"-fterent months of tb:e gra.linc :aee.,on. h a.d.Ution to p:bo·Sl)lwmtt these oauea 

supplid cantelle .and p~tetn ln conJJidea-a"blzt ~tar mounttt than the hay .fet 

dunng the w!nter._ which UC()WJtt t-o;~ th• tncreased. pe.:rceatage ot pm1JJ)mras 

a:n.4 caTo,ten-$ in ~ blood. of tae cattle m lot l du.l'lng the .fNmZ.lell'. !he :lui tial 

d.np bt phospbons in the 'blood .o,f antm111 in lets 2 and. ; ta indicatiw o'f de

creaeed intake a.-so:etated i,erhapSJ wl th selective gl'AS!ng o::r re~sal o-f' mineral 

ft$ a.ppat•Euat effee:t a:t lo..,.plmsphorus: 1-nta:ke on b1eod eaJ"O~ne which •as 

obse~ lm:lng periods ot ,eon-stant ~~tene intake in this st~ has become 

tae su)Jeo.l of another !nve•tt..-t1on (46). lt appears tl!mt a. low ... phosphot"Us 

tntake kterfeJ!'s with 4arotene cen.veJO.ef.Qn to 'Vitamin A. ~s ,etfee\,, ll.owever, 

·na4 no ~ri:eu11 ec,n.sequence in the present investigation since ~toms ,of 

'rltamb A tie.ftci«1eies ftft not obsenad and blooi 'Vi tamia A vsJ.ue:a were at all 

U.s Wlthin the 'l'aD.91 'nported for beef cattle (6, '47) • 

the <n,~ttott &:f . .., cat'tl, !n all lota ~t. Wilburton ha.s been deaeribed on 

Mf"le~t ~eioas- a.• unsatiafaater.r wtth. ~ct·~ ~.neml ,"Pp..-n.nce:, ;growth.Ii 

~ ealvlu.g rec.oms (lt:7. 143).. PhG,spitorus ~4 to. be the f'lnt· ltmlt~g 
I 

factor tu tM nu.trtt.ioa ot' t»se aubls stnee th•se in lots 2 and 3 maiatalnat. 

ht~· l>lood-pho&phoms level• aud W$!'& 1n b-&tte,r eondi lion .at all title a thaa 

,co~'ble a:nlrala ta lort 1. mte pa,stve ,gm.ssee awl~· fed at W1lburtd. cou

Wned. •Dll' Gllrjitl,r less pb:osphe:ru th.am. tm·se o.f the Jl.ackYl&U ~e. :,et. 

eztreae ••:a ·Gf· phtJsphons de·ftelen~ We?'e .Cfflll:'!!lon among the oows tn lot 1 .. 



llurtng ~e. wtster feeding '9riod. b-l-oei phosphoru13 value• in this lot were- da.u

~rous.ly low. iaspi te the imp!'$ve4 eond1t1oo of ·,the animala 1~ lots 2 u.d. 3~ 

attl"ibut,d to phGsphorns ud the· maintenance t>f nomal hlood pho.sgbons \i!alu.ee, 

•van t~ be1Jt· lf)i&• of co•• .and c-.el.ve• at Wilbvton were J;Udged infe):"ioi- to those 

in the pt'H)met. l•t at ·the Jlac'.ktrfell area.. All ex_plamd:lon ns soupt ia a more 

·complete anal.yats o~ the bl~ of' the cattl~ and of the forage JJZOOif.1.Ced al the 

'1JG e.naa. 

fl1.e relatively high eo:o.ient oz 1'4811gauest,, 25:3 p.p.m • .- fomd bi the torap 

-.i Wilburton was touna. 10' be asueia'hd \Iii th a high percea,~ of' thi• elUftt 

h. the 911.l Ju-,tng wf.nter :f'eEiti•g whe.u fe~ .intake could be calc.'tll&tet with 

man~e.se per day. Although~- u these amount•~ not be detrimental., 

the· :fact tl!ia.t it •s pre-sent in .am.o:m1t,9; S tiaes- that tonal in the torage at 

1$ke c. P. Jiaekwell lea.d'a to ti. .imgge..,tiion tkat, other ,~ elem.en.ta of greater 

phym.ologteal :impertanoe ~ ltke1d.:$• be present 1n :relatively- large araounta~ 

~e :1?C:s.a1'ble pN,senee of auch element• l• b•tag lnvttstt-.tea. Mlot experi

ments wt th Bbbtte hfJ.,i,e yJAiL4ed. ev1&mce that. ra.ttou w.yplytng o•:r 300· p .p.m. 

of raru1~ese. 1:nh'i'blt ~th. 

the. l-011, values, obtain•t .i"o!' he!!lOglobta and rel oell vo,lume ·a.N· s\l'Q~,g 

•v14tlllce of~ a:1$mie ~U:t1:on ~g the ca.ttle at. Willlunon, pa:rtieularl7 

during tJ1$ Jfl?'ioi of eQnf'!.ne:m.ent to w!nte:r ~s. ltoth tlw h:emc;gto1:r1n anti tbAJ 

hema.tocrlt 'Val.us we:ra to~ io b1e hiper ef'ter the cattl• hat been on paalun 
I - . . . 

t"G'I!' a.bout:• mo~ths. All o.:ther blceoA eonatitueats ieteJmUed wen ~uwl to l>e 

!1l the no~ ~. fo~ ·~ ~attle .. 

t1 ·;. J . · .t; ~ .. L~_· ·, a.· 
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.!1::1,tbf.e,c:tol':Y production of ~nroee beef cattle at L&lte C. 'P .. »l~elJ. was 

t1'btaine¢1 b:v ~,zi11g the eattle 011 native pas:t'IU'e g.ra.ss during the ~·ammer and 

:i?sed.i'n:g t1~. native ~ .~112plemented with col'"!l gl:uten .:aeal during the wi:p.ter .. 

Salt wa.s the (t)nly mtn.er~l i:fllJP:.olement. f'ae wtnter wa;tion S'ttp]>lied 0.105 pereen:t 

o:r pli~sphoras,. Ade:! tional ph'e>~ph~ma.,. .fed as d.icalcit!J!l. phos:t;)hate, ad.de& t.o the 

:protein ~JPlei3e11t du.l"ing the 'Winter an.a. m1:r:eil with ·Ml t fo.r tm ~attie d'IU"1ng 

the s1mi;,,~r w,?.>s af no a.ppa,i"ent value. 

'tm,ie:r similar eond.:i tions of ~:iltg-eme:nt mel. feed:tn.g a.t '1f1lb'.11?'ton11 ili 

&lt1:lihe$.~tem Okl.~1,>U, beef ea.ttle develli>:ped a ,evere phosplwrus d.efic!t)ncy~ 

!b:e . S'Um1i'i.'$?' F..:..stu.t'El ~sses prov:tded onls s!i~tl~r less phosphorus tl?l:lZ: those 

e.t ~e fl. i. Blackwell and the winter mtlon eontain~d. 0.101 p~:refmt ot pll.os,,. 

1iho:t"l:l.l,l. l rrd,1:teral piwsphoru:s SUI!plemerd.; only partially a.11eViated the con.di tion 

Anal~rs:ts of 'h1oi,d t:rom. t'r,.a ;phosphol'ttS deficient cattle revealed a low 

1nor~$e poos,;hor".lS eon.tent (J.f tne :r;.1~~ and lo~, v.aluea :for pl~sinl1li lJ:roteius, 

heei:,g;l(}'iJittt a.nd re:a eell vol,:1.we. V~.lues f'o~ ealcium* mamiesiun.. copper. 

ea,:oote:ue, m1.d vi tsn!n J\ we,:-e within the rto.rmal range. !l.ood from the :pbJ.n~:pho:ru:s 

sll'ppJ..e:me.nted ee;ttl.e eontainsd. nom~l a.1ncnmt.g of iITct.1\g;.uxic phosphor-tl:s but was 

low in. p:b.,sira protein, hemo:glo1Jin. and red cell vol1.1.me.., 

:file 111:t,t!ve {st'.il.$& 1'1!ey'S at t!ie two area;s 11e1",i similE'rr in thei~ content of 

total :r~e.cl nutrtents, eellulei~e, ltgn.in, carotene. calcium,, 1rontr a.:l'l:l"ni:n.wn. 

po tas:siut1, end $Odtm.. ,rr~ t:Til.i:lu.rton ha;y was s1i~t1Y lowe,r l:n phosphttt"'Us, 



Aa~. 1mava.tlab!lltg td· :,hospl:wms. a.ad :possible blte:rfe,:renee with ttotmlal 

p-hesplwru.e metabe,lism by ma:n.~c,se or· sons cl'G·aely assoeiated. mate.~1$1 u ~ 

Wilbnr-~n ~- -~ offem -.s possible ezplanatlou for the pQor eonilt!on of 

cattle in ~ Wilbur'tioa area. ·1n addttion. low fert111 ty" ot 'bile s~i1, the pre"lltlt.

lece of weeds in the paetves, and l,n, a"Vaile.bilit;, o-t 8trtente tn the fo~ 

of tide $Z'ea .am :eug@Bstet a,,a contributing facto~, ... 
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