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INTBODUC'!'IOJf 

There ha been report,e of b-normal performance ot beef eattl 

1n s · th stern Okl.ah .for a m.nnber of years previous to 1950. Cows 

ot this area o.rt bad an u.nthri£t,r appea.ran.ce, es cially during the 

winter, and the pereantag calf crop and the \16a.?ling weight of calve 

were low. A deficienay ot phoJJphorue ws thought to be one of th 

causes or poor beef cattl performance in this ar • 

Eicperiments wore set up at. Wilburton and Stillwater in 1947 to 

determine pb.osplorus requirements of rang beef' cattle in the two areas. 

High, odium, and lov levels of lilo phOl"US supplementation vere used 1n 

each of thes experiments . The cattle at Wilburton showed an improv 

m.Gnt 1n r productive performanc when ted the high levels of supple

mental phos}iloru.s, but their peri'ormance was still unsatisfactory. 

c pared to th cattle at the Stillwater station. The yearly gains of 

the co , perce tage calf crops, and weaning weights of the calves wer 

notably smaller at the Wilburton station than at Stillwater. Death 

loses or caJ.ves at ealvi!lg time were ru. ... o high .. 

Studies have also been conducted :t ilblrton to determine th 

value ot t ecling trace minerals. It concluded fr data obtain , 

that t ~ a trac mineral mixtur to woonllng and yearling Herford 

heifers was not be efieial . ~re recent vork o.t Wilblrt bas shown 

that ~ontinuous feeding of trace minerals to cow bas no apparent. in

flueno on the weight a.!Xl appearance of either the cow or their calves. 

l 



An analysis of the range grass and v s showed that the :forag 

grow in t.he Wilburton ar contained much higher manganese contont 

than forage grown Stillwter. luq- grown ear Wilburton contained 

lSO to 270 p • of manganeae ,, whereas sa w s contained a .much 

as 700 t 900 p • Hay grown n stillwter contained 25 to '75 PID• 

of lDS.!Jganese. It s n shown by some r ers that a high level of 

an int.ho ration of r cattle is d&trimental , cau ing repro-

otive diffieulti ed gain. 

An experiment a et up at th still ter station in 1950 to atudy' 

th effect of high level of IllElllg3.n se on r product1011, weight gains, 

eert 1n blood eonstttuent ot rang er cow. De.ta r ported 1n 

this th sis r1z the fourth and final y •s work on this experi-

ment. Data on liver and bone or ccw that were slaught ered ar also 

inelud • 



Manganese has been show br ~ wrkers to be o.n s. enti.al con

stituent or the animal •s diet. Or rt and fcColl Cl9ll) and Shila 

and · Collur.i (19.43) t'ound that rats on a manganese deficient diet, failed 

to grow normally . Th femal gave birth to inferior young and in 9'7 

per cent of the cases failed to suokle their 7oung . !ble develop(d 

testicular degeneration and sterility-. Abnon:al bone fo tion in rats 

on IOO.Dganese deficient rations was not b,r Amdur .§ ill• (1945) , and in 

rabbits by Smith m, ll. (19.44) . Perosis, an abnormal bone condition in 

poultr., , bas been show to result fr tho laok or se b,r Wilgus 

& fLL. (1936), Wiese & ~ - (193'7) , Gallup and orris (1938), nnd others. 

er §1 ~. (19.40} and Keith ,S1 §J.,. (J.942) found that .mangan se -was 

eff ectiYe in preve ting !amen in pigs, while Johnson {l 940) sh0\l$d 

that l l el or imnga ese (lo ppn.) 1n a syntheti.c diet, adversely 

affected voight. gained and milk production or ewes, as compired to a 

ration containing 100 P!D• It was r ported ~ ~ ,n §il . (1942) that 

bll1 calves inta1ned. on a ration containing 28 ppn. manganese pr'O

duoed poor quality s , and Bentle,- and Phillips (l 951) showed that. 

heifers on a ration w:l th less th 10 ppn. manganese were slow to ex

hib1 t estrus and required mor services per conception than heifers on 

higher levels of ma nose (:;;o .. ) Weak 1,nsterns were noted on 

calves from the o. ... 
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Al.th ssentiel 

t ituent in the diet of li? stock,. i t 1 thought tbut ge t 

detrimental . el n .. (1929) observed stimulation of 

growth in rat -he 100 p • or sulfat s added to a 

di or , dextri. , 1 t ; ho , growth s etard vi th th 

e.ddition f 600 p • Work Becker and McColl (19.3s) Showed that 

rat contai ng fr 0 . 005 to 0 . 05 e~nt chloride per-

tted no 1.'l both mal and£ advers effect 

rora n ed. at ey lev up to J .6 por cent, at that 1 el growth a 

depress , but re • tist'acto at 811 l el . Ohornock 

.G gl. (1942) fer. th t th 

ther was an inor e in oalot and 

a depletio of the tore of thes 

fed a rachitogenic diet s r rded in 

t- :t of the ration. These vorkers t 

nr1marily 1 1n the liver. 

t:horas axer tion resulting in 

ements. The groyth oi" ts 

portion to th ugane con

t gane is stored, 

mum: • (193 ) prodnc a co itio csll l ngan sc 

ric eta in rats by adding 2. 5 per cent ngan e carbon.at to a high 

calci , lfll phosp1oru.s ratio , and by adding 2. 9 cent lW!:zgun• 

te to a stock rati uu,~nin.g adequate levals of cal.Ci and 

osphorus . 

S er ,n • (1931.) obs ned th raff ts or riou 1 el. ot 

mru:iganese o :!other rats 

day' wer several litters, to operq ouri 

tbeir oung. Lat , Sld.nner (193l) showed that .female rats fed 10 

ngane e rat per day, in addition to a stock ration• were as suc-

cessful in rooring their oung a& f. es f'ed the stock ration alon . 



H also show that growth ws not retarded wh vea.nling ms were 

r rat.ion containing as mch as 2 .. 000 PJil.'1• manganese sulfate f r a 

twelve-week peri<Xl. 

In an experiment designed to determin the etfeot of high mnganese 

1n on growth and reproduction of rabbit ,. Nano (1952) f . that 

the addition of 1.000 pp:n .. lllZlnge.nese to a basal tion of prairie 1', 

, ground !heat, ground oats, alfalfa 11 Del terol, 

sn1 t resalt in an api:nr :t implir.nent of reproduction and lacta

tion of th does. In growth studies, the ddition 0£ 2.,.000 PPll• ma.nga-

retarded growth in ev triDl.. Th e.ddi tion or bone meal partia.llf 

counteracted this retardation. of growth. These resw. ts, howwer,. require 

eonfirmati • 

ork with h!gh levels of mnganes for pow. t... has ~ contradic-

tory.. Gallup a~ orris (1939) maintained ohiclcens for 20 on a 

ration eontai 1,000 • or manganese. They observ no toxic 

etfecta. Lil: , Insko~ !!J,.. {19.38) found that levels as high 

640 • or n.:.,~nese wre ot to;dc to poultry. On the other l'.a.nd, 

Va dcr Hoorn ~ !Jr,. (193 ) reported s a retardstion or growth wit 

1 els or manganese bov JOO ppn. Leve.la abovo 600 ppn. advo:reely 

af'f'eet normal be.rri g and growth of feathers. Batio s conta1n1n 

appr toly 4800 ppn. neae wre found by' Beller and Penquite 

(1937) to be extr, toxic to growing chicks. Sl.ingor ,d. ill.. (l 951) ~ 

in t.r1aJ. designed to detel"J!lln th t'feets of' ~nes e.nd salt 

bone abnot'?:Elit!ea L"l turk poul.ts, fo-.md that at a nese level of 

appr-oxhlately '11 ... growth retarded ho ash was lo-..rered. 

Oetting (1 35), (quoted fr m Ha.rnru:k), found that oral ndm:inie .... 

tration of manganese sulfate in larg do to do caused vomiting., 



gastritis, and p!1l'a1y is. ollum and Dq (1947) stated that taxic 

effect"' ot mngane e are obeerYed in animals fTfiJ:r the do is o 

larg that it causes gastric dhturbanc • The e ett ts included 

degenerative eha.ng 1n the central nervous ayst , the liv , 3:nd 

other organs. 

Per. and Sandberg (1939} reported a metabolic interrelationship 

6 

between manganese and v1tamin Bi· ill.e:, found that th addition of 2 • 

of manga.ne e to a stock ration used a disturbance 1n th l.actation or 
female rats, a.'ld that. th1 condition vas allev:tnted t,' t eding thiamine. 

It s a.loo bow that mnganese niraized th effect of toxic do 

of vi n B.i.. In another trial, Perla ,& Q.. (19.39) f'Ollnd tho.t rat 

1lhich received rations conto.ining additional vitamin B:f. .ware abl to 

consume larger amounts or manganese without adv effect • nc 

(1952) reported that th growth :rota.rding etteet of 2000 ppa. s 

1n o. ration for rabbits w.. counteracted the addition or brewer 

east. 

An expcrlment um e13nduoted b,r Grummer .z i;L. (1950) to det.ermine 

the possible mmt'ul effects of feeding high levels or mnga.ne to 

• The pigis on a ration containing no added ~ gained 1.2 

pounds day a e«npe.red to o. 9'7 pounds ~ day for the pigs receiv-

ing an addit10Ml 500 p • of manganese. Growth and appetite wre 

afteeted by this level of manganese am these pigs exhibited a stiff ss 

and a stilted .gait during th latter .pirt of tho tr1a.l . 

Beid ~ 11- (1947) studied th effect of' manganese other trace 

el nts upon calcium and phosi:tiorus metaboli ot dairy co.rs during 

lactation. Suppl nta.tion with manganese sulfate 1n additi to cal

cium carbonate resulted 1n a negative calcium balanc 1n every caee. 



It we thought that the deiresston or calcium metaballsm -was due to th 

manganese BUlfa.te. o appreeiabl etf'eet on the JiiosJiiGrUS 1?1etabolism 

WS noted. 

An experiment ws set up by ifelson ii '1· (1952) :to determine th 

effects of high 1evela of umganese on beet' cattle. Faur lot.a ot 16 

7 

oows ch were used. Lot l served aa eontrGl; lot 2 vas supplemented 

with enough manganese sulfate to suppl.y' a total or 250 ppn. of manganese; 

Lot 3 received a total o£ 500 ppn.. o£ manganese; and Lot 4 received 

total of' 500 ppn.. ot manganese plua iron and copper. Tbo first year, 

the feeding of high levels of manganese sulfate resulted in decreased 

yearl gains of the covs. The vee.nil'lg wights of t.b cal vas were not 

affected., The second ,.ear, Bl.ucker (1953) found that the co receiv

ing .500 ppn. nnnganese (Lot 3) had lower plasm. phosphorus level and 

JOO.de considerab:cy- sm9J.ler gains during the summer grazing season than 

the cows 1n Lots l, 2, and 4. At weaning, cal? from covs receiving 

250 pt.tn., manganese (Lot 2) war lighter in weight than calves from cows 

or the othor three lots. 8-der (l 955) reported tbat during the thbd 

year of this trial the differences in weight chat1ge of' the cow, the 

pl.a phosphorus levels, and the weaning weights of calves were vez:y 

S?ll1ll; however,, the cow in Lot 3 had a lower average ve1ght throughout 

the year than the cows of the other lotu. 

Bance (1952) used 6 Re:rerord steers in a digestion trial to deter

mine the effect of e. high dietary level. of manganese on the fecal excre

tion of calcium and }ilospharus. 'l'be steers vere divided into pure and 

ea.ch pdr s :fed one ot the £ollowing rations: (l) b'isal ,. (2) blsal 

plus 12 gm. manganese sull"ate (l.000 ppn. ), (3) basal plus 24 gm. nvmga.

nese sulf'ate (2000 ppn.). It waa found thnt steers whioh received added 



e 

aneae voided in th r ces a larger proportion or the dietary cium 

and pb.o }Xlorus than the et.eer on the blsal tio. • It felt that 

this 1 eased excreti.on of calcium and pbosiiiorus s th result of th 

f"ormation or an insoluble mnganeso :p10 ... · e :pl.ex in the gastro-

intestinal tract.. The result&, hOW'SV'er, wr not eon.elusive. Th in-

organic phosphoru.e content of· th blood was ~ent.1.y not ai'-

fect b.1 the high levels or :manganese . 

and sach (1942) reported that v.itb high l el 

ther was an inereas stomg of ~eee in the~ of gti1n 

pi • e the n..,~e e st 

sumption decreased,,. 

nar'T.ffl!'lln a,. • (1955) fed manganese at different level.a to lsmba 

tot st it ~f ct on b lobin f'Ol"mation . In ever-, ca.:) . th lambs on 

the high levels ot n . es had ignifica.ntq lower levels Qf' hemo lo-

bin 1n the blood. This condition ae to be related to th l 

iron levels or th lam on b!gh l!Jl..,igan , 

Bl.ak or fi §.1. (19.37) believed that lactation tetany 1n cows and 

sheep a associated Yi.th the te.m lowering of blood magnesium as 

th result of consuming forage ~icularq high in mangane • Und -

wood (l 940) s ted that the a.nes content of forag s in these lac

tation teta?:v areas wa approximately 734 ppn .. 

er t sting rq forage plants, Bolin (1934) reported that th 

difference 1n ma ese co tent of' various forage is due to the ditfe -

ne in their capioity to extract 1IBtlgW'lese tram the ,GOU,. nier-

W:ilHams (1949) stat that not o:n:cy- the amount of manganese in th 

soil but the availability of the manganese to the plants detemin the 

amcmn't found in the plants . There re sweral .raetors w1ch can a.tree 
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thtl aoount of manganese a phnt c:,an obtain from the SQU. Aecording to 

Gooden and Gri1m;lett (1'28),,, the r.ws.t important rsc:tor i~ lack of dra:in,... 

cge,.. The7 found toot oats grown on poorly drained son. contained eh 

tim.ee ,as much .~· SS· oats pmdueed on ~ soll. l,iming the 

S<>il was found to l)e efteet1ve in decrl'.fflfd.:ng ~e 001\tmit of the 

plants •. 



Tbie experiment was initiated in 1950 :t the Lake Carl Bl ckwll 

Area near Still ter . The fourth and final ye r • s work is re-

rted here. Or1gins1l y , 64 gr Hereford vs ver divided into four 

equal lots on ~ basis of age and previous reproductive performance. 

After being on the exper:tment f'or one year, two eo -1s had to be removed, 

on~ Lot 3 be ~ of a prolspsed ttt rus, and one f'rom Lot 4 beeaus 

0£ enlnr d o rics and tumor on the uterus. t t e and of the second 

r, one co•1 from Lot 2 h d to be removed because of spoiled udder,, 

nd one from tot 3 c use of a munmrl.fied fetus. Two cows in Lot J died 

shortly after c lvin.., during t e fourth r or the xperl.m.ent. 

of all lot re eon.tined to traps during the vinter 

n. They re i d a basal ration of prairie hay (free choice), 1. 4 

mid of corn gluten me l er head daily, f'ed on alter te da.y , and 

s lt, free choice. Tho co· s of Lot 1 (control group) received only the 

b s 1 ration. The co ,rs of' Lot 2 r · ceived the basal ration plus 1 . 68 

grams of manganese lf tel per head Uy. This amount raised the 

total ng:nne~ content of the r tion to ppro tely 250 ppm.. Lot 3 

r cei ved t.he bosal ration plus 3. CJ7 gr . nganese sulfate per head 

dally, ich raised the total a nes content of' the ration to approx-,.. 

!mately 500 • Lot 4 received the same ration flS Lot 3 plus a 

grade of manganese sulfate, which contained 
.. .,,., ...... nese sulfate, 11 per cent mmnonium sulfate, and 

esi sulfate. 
10 



supplement of 400 .. of' iron as ferrous sulfate and 40 • Qf copper 

as copper sulfate per head daily.. The irle hay contained proxi-

tel 8 PiJll. ~es-e. During the nter period the nerals 

mixed with corn gluten meal~ fed in a trough. 

11 

During the sunmer grazing period,. the cow o£ all lots were alle>wed 

to graze tive gras inst • Salt (free choice) a provided at all 

times. During the stur see.son th supplement.al mi era.ls (ma.nganes 

for Lots 2 and .3, and manganese, and copper ror Lot 4), wre m.b 

'With corn which va fed at th rate of o e pound per head per day, on 

al te da113 . The eovs of' Lot l received no supplemental mineral 

and e.t no time during the trial s supplame :ta1 phosphorus fed to e.rq 

of the cows 1n tho experiment. 

Bull wer-e placed 'W1 th tho cowp o 1, and removed. Sept ber l. 

To minimize sire differ , t.h were rotated among the lots. The 

cal s were ed on Oetober 12, 1954, en th vere seven to eight 

months of age . 

B:Lood samples for det.erm.ination of blood~~ phosphorus , plasma 

protein, h globin, hematoorit , and red blood cell count wer taken at 

r gular intervals from one balt of the cows in ch lot. lndi vidual 

weights of e cal.voe vere obtam at tho time blood sample wer 

ts.ken. 

Tb zper t. was termi ted on Octo'bor 20, 1954. F rt,y of th 

eows were slaughter and inspected f'or gross anatomic 1 e.bno ties . 

Liver and bone sample we · taken for further study .. 

The thod ed in th dotermi tion of the mangan ae cont nt or 

the livers s modifiooti . o! the method of Wllle.rd a. Gr th o 

(1 7). 
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The following procedure s used to obtain the bone me surexnent 

data. One f"ore leg of" each cow was re ed at the prox1 end ot the 

metacarpus. and s stored in a treezing r until samples could b 

t en. The bones were later tha d nd llowd to dry for approximately 

24 hours.. Th meat and tendons ue:re stripped back vi th the aid of a 

knif: to expose the large etacarpal bon which was removed from the 

foot t the carpus joint. The large etacarpal was then scraped cl n 

w::l. th a knife. The mid.-poi nt of each bone s found vi th ruler and 

djaeent one-inch cross sections we t en t this point, by the 

use of an electric at saY. Three measuret:!.e!lts of' bone w1l thickness 

were tskErl th a micrometer t each side of the mid.-point of the bone. 

Three mo surements were taken o the wall thickness of e eh section. 

The six measur ts vere averaged to give the aver ge thickness of the 

bone wall or e eh mi 1 . 



RESULTS AND l>ISCUSSIO 

Cow Data 

'l'h weight data of the cows are summari~ed 1n Ta.bl I. High levels 

ot l'!lf:Ul81'lnese pparently bad no e££ect upon weight . of the cows. The 

1nit1a.1 weight of the Lot 3 cows (500 PJilll· manganese) was considera~ 

lesa than that of the other lots use ot very small 8\U!J!n&r gains th 

seoona. year J however, this group of cow an average yearl.7 gain of 

39 pounds as cc:mxered to yearly lossea of 331 12, a1'.ld 2S pau.nda f 

Lots l, 2, and J., respectively. This observation is very similar to th 

reeul ts reported b.r Swader (1955), tdlo found that Lot 3 'WBS the orily' lot 

which bowed a net ga1n during the third ear. The weight cha.:nges of 

the co were ~iable f'rcm year to year, and were not consistent enough 

to be related to tho manganese lwel.,.. Because of their lower initial 

ight and thinner condition• th Lot 3 cow would prooobly b expected 

to gain more weight than the cows ot the other lots. If nanganese doe 

exert an adver effect on gain in weight, possibly tolerance to high 

level.a ws built up the eows of Lot J. 

The eff'eote of the addition ot iron and eopper to a high manganese 

ration were not clear-cut. Russell (l 94 7) had reported an anemia among 

hors that grazed s in tJhieh th forages contained high levels or 

nganese, whereas in areas where the l!IQl1gan e level was non::tal. no 

anomia was noted. o symptoms of anemis were observed in the present 

experiment. and beneficial effects of the iron and copper could not be 

1.3 



seen in "this datf,l ber::muae or the incr~se~ gain or Lot. 3,over the other 

lot,s~ On t'ho other hand, the lots wbi.eh reffl)ived sr.Jppl..omentRJ. ~~ 

mthout tho ed.r1ition of iron ·sn.d copper (tots 2 am 3) had avarsge i"bal 

weights ttld.ch trer~ l~:r tl:wn the othw lots. However,t tbeae differi.. 

eneea in weights wer,t:; ~11 :and probably eould not be related to th• 

treatments. 

No consistent ebnomallties" imieh oould be l"Oh'ted to traat~nt,, 

were observed whcti the eotrs wre sl:e:a_~ered.,. Hovever, 1 t should be 

poitrted out that the mor*'..al1.ty rf;te, or cows was higher in those lots 

·whieh reeei11ed supplemental manganese,. Of the original 16 cows vbi.ch 

s'tal'"tsd in eaeb lot1 ell 16 CGftS' of' t,ot l {eOMl'(ll) finished the tnel., 

vh:U.,e ttlree em,rs fr<'Jm tot 2, four frr,y.a fJOt .3,,. and tvo from tot 4, eit'her 

died or had to be, rema"IG'd .f'-or various reasons during the f'our year& of 

the experiment., 1rh!s difference in onte"cJl!& suegeets e possible cretrl

mental ef'f'eet or a hit-sh ~nese 1»take. 

A smmnery of -the production de·ta is g!vrm. in Table: I. Calf pro

duction wiu:, red-.:teed ,..n L.ot 1 by the death of" .~ calf ~t birth, 1n Lot :, 

by the doet'c.h of two 'Celts ~ml one ru:ldttiorisl ealf' at calving time; and 

in t.ot J., by t110 premature births mid the daath of mother cslt' s't cas

tration. The calf loss&S end mortall ty rate or 'th~ e-01-m were higher 

!:n the lots reee!ving wmgeneee., this ia ill a~ent with the find

ings of' Blueker (l:953) and Si-tader (1955) in the second and thil'\d yeaN 

&f' this study. Further htdieeition t.h&t the high l~la of man~ 

m:tght be adversely affoothg tlle reprocbletive per.f."oJ,"lUU'l® of the cow 

was seen. from a pregnanq check of the cow that were slaughtered. All 



,of thar oovo ·in ~ 1 ~ p!'0~ 'ffl.Ula tt.vo cou$ .tn: .Lot 2,. two 1n 

IiO't :3, €1.?ld tt,io h .Lr,t 4 ,~ open .. 

fffl:; . i J ; -L>- :~. H . I;; _ .I\ J J I ( r . \' r; !I r A. .. '; [: = ~-··· .Su.ppl'1menwl. 

l:ta!cl•)IW:i\ iP:'!a-.6 .-.- •• lt!lli,,l , .. -i,ll 1··-···~i·l:••t:1& 

250 PIU• SOO ppn .. , SOO P• ~~, 
minei"al:J 

.. t . - . i' .. . L · ... !;:·5£'neae ~~tese ~:h"t.r.a.,, ll:~ eopi,~~~ 

I~ ~L~;,) .:tb 

Averag~ weiy,ht of cows {lb$.) 
Initial ll-10..!i.3 lllS 
Bef'Gre ®lv11'1 

1-20..S4 1008 
ind, of ld:nte:t> 

feeding 4-21.-S4 S7l 
Final lo-2~54 1002 

Avet"Bge weight, chango 
of :COW (ibs.) 
lff.n'ter· ~ te 

calvh!g 
Winter loss 
~ gQ..i.n 
Y~ly gain ~· loss 

-21 
~ 

2U. 
... 3) 

19 

1, 
1~2 

llOO 

963 
1050 

38 
..... ~ 

sYI 
..a2 

76 ' 

l) 

I.SO 

1.1l~ 15 

99J 1107 

lUl.4 lllC 

922 «:a 
1022 10?9 

. .:n 
-Ei1 
100 

39 

W! 

u4 

4je 
·oo-t;JI~ .• - I ~ .. &. - :I).~~•.,·· .id/ MIM'*-·~t m &_11!:.- • ;. ia.: ~ ,:«!i!'it•ftlll!*i.·,:· .. • :if...d& m u· 1·u ltil0t-?£•it;1"! .. il!!!!Lll*tW'~·""".' ---

15 

1Cm!:reeted, f'Ql" ~ qr ood:ing j lb. to tho ·~ .blrtb "tfeig'l'm ·Of ,OOQb 
Jaeifer. 
~ weatdng ~ts 'Wel'a eoneetw; (l) tor &ge 'qr adjustuig All 
ee,1 ves to· n standord tt,ae -r 210 &i,ys, c~ (2) fr,e aex qr ~~ 25 l.h. 
to tile a_gc oorreeted t~ at «tch ld.f'er.., 
Jone oalf dioo at bb:th .. 
llf'll.-o e«:1WS · died shortly aft~ .i~, ·<mO additk~ ~ died at 

~h~ws bo...~ ~tur:ely,. e.n&ther died. at ~t.'ie. .• 
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The difi"er es in birth weight or oalv among th :four lots er 

so small tor related to tr :t-

in veaning ght were a.lso very • Lot 1 

averaged 9 pounds •e than Lot 2, 3 pounds more than Lot 3" and 2 pounds 

more than Lot 4. 'l'hes di:fi'erenees were not .statietically significant. •. 

lson (1952) and Swad (1955) 1n th first e.nd third year or thi 

exper:l.ment ale f'allad to fin · significant dit£ 

we ht. On the other hs.:nd, Dl.ueker (1953) f a ignL..~ t ditt'or-

c 1n wean! weights th econd r • A oons1derati n of all four 

softbisworkrev-ealsnomar 01' constant errects of high l 

• 

A 8UI!Jm?Y of t e hl.ood ,.ZH<LLvs!S is shown 1n Table II. The averag 

blood pl.as phosphorus ue.s of the shoved considerable w.ria-

tio tbraughou the • o mrked and oneistant dif'f enc 

th 1 ts could be se ; although Lot l tended to have th lovost pbos-

phoro. e. This does not agree 'W1 previous vork b,r Blucke:r (l 95:,) 

and S er (1955) wh .found • t Lot 3 consiate?l had lower values 

t the o er lots. 

Pl.a phos oru values ere low durl.:ng th wint , dropping 

·t.o an a rago af 1. ~, 2.90, 2. 70, & 2.05 for Lota 1. 2, 3, and 4, 

r pcotiv , dur April. 'l'he ava-age pla phosphorus valu for 

all lots lesa 3.00 mg.. 100 • or pl during the tbs 

ot Fe Valuos thi low· are c ered to repres ta 

cr1t1 
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II 

Iv 

III 

II 

IU' 

I 

II! 

I 
!! 

11 .. H 

10.~ 
J1 

.;i"'...,jl 

; 

t'i •. 80 

ll .. 1 

10 .. J 10,.G 

'7 .. 93 

(Gn.,, 

10 .. ? 
, r.) 

~- t 

11 .. 1 

12 .. 3 

11 .. 5 

6 .. CS 
"· ,,_ 

l(t,1 

.32 

"' . " 
V'f 

"t.5!> 
l"I 
i' 

s .. 1, 
·7·. 
~}.C!"7 



l 

thnt pl.a. below 4.00 

of a pending apho phorosis. How er, 

• per o t. gavo indication · 

• Cl 941) reported that 

range beef co healtll;r rePJ."'OdUOed no~ when th 

pl.as ph-oa orus levels droppod as low s 2. 00 • per cent tor short 

periods. o of phos ros d tiei cy observm during the 

, so these reaults agree 'With wor report b.r • 

The begimd.ng of th. grazing season brought a co s1d ble ri... 1n 

t e bl.90<1 o pboru.E va ues; :ue of .3 .. 00, 5.56, 4.68, a.1,d ';.. 07 

mg. per t for Lot.a l, 2, 3, and 4, res t "!I' , b reached during 

.. There still eoneid bl.e f'luet.uatio 1n blood pho'3pl orus 

val s a g th lots out tho grazing period. It ou1d 

be pointed out that except tor one "foc:E, t co e rotat.ed. nmc)ng 

the pastUt"es, a ld that the 1oveat blood phosphorus values, ot tre-

antl , o f the CO'!.re -which bad pr · o sly grazed one . · :-ti<.nllar 

pastur , Yhi 1."'1 t a pa.!rture ,,o . 1 . 

Th1 eondi tioo of low blood pbospba and oorr pondingl7 1 

ai of co ile zi.ug observed ,y Bluck (1953) 

and Swader (1955) ill t second year of t..his work.. This 

h~ eoount for tl: e omall summ gai o£ Lot .3 durl.nz t e s ... nd 

, beca 1se during tha..t the Lot J co • 1 

e zing oason. Dirfare:ieo war not r 

c position or the f'o · ge of the pistur s, but a iJ3'· 

t er is some unkno1..zn or ssooiat :th ~.sttn • o. l which is 

Di.ff ces in hemoglob . , hematocr'l , pl.a otei:n, md red 

bl ell c , and e not be rel.atocl to the tr t,... 

ment .• 



l, 2,. 3, 

4 

Lot 1 2 Lo ; 4 

~ 

.) .) .) 

1-?D - 2 .. ' 3-7 3.22 5-" -3 2.34 - 1 2. 
43 2 - 7 2. r/ !tl l.g6 
1+7 2.1 - ,41 - '57 3.09 

2.61. 2 57 121. 3.0S 122 2.l,:L 
115 1.75 3. ~ 13'1 2.9' 12.'l 2. 
ll? 3-~ ll4 2.6' 145 2.99 lilt 2-.V/ 
11 2. 2.13 9 3.43 155 2 .. 
124 2.61 120 3.19 154 2. 13 2.3 
140 2 .. 70 1'10 2. ~ 2.91 
15) 2 17.l 3.1.5 

57 1. 
1 2.53 

2.45 2. 2. 2 • 

... UY,........,.'"-l,~u..,,J" U~i.U, . .L.lo...U." ( < 5 

ll 

.. 
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tound that the amoimt of mnganea stored a not proportional to th 

ngan e to cone t te th 

liver 

tl tendency for, 

f pigs when they- wer fed retio~ additional ma!lRa-

Th t ct toot the d.1.tf' enoes in liver' manganese the lo 

were l, would ind1 te that a lligb l or et1on takes pl.a,ce 

in oattle receiving cu.ppl tal mngan • Acoording o N nee (19.52) 

.mtl!ligo.?JteGG is rougb:4r proportional to the amount of suppl 

ental ngane f • 

A of tho bon own in Te.bl IV.. The dit-

terenc in thicb s 0£ \all of the la.."ge m.etnOfl.rlJ}l bone, amo th 

l.ota, were very s::e1l m:id not &tat1at1 7 ignifictmt .. avere.g 

thi.ckn W13 .l, 5.9,. 6.o, and 5 .. 9 • for Lots 1, 2, 3, and 4, 

-speetively. Reid (1947) stated that the addit..i.m of mangan sulfate 

to a tion f da1r.1 cows incr sod the ealci excretion until a nega-

tive calci balance existed. ee (1952) reported that high level:, 

of ~e sed the fecal excretion of ca.lei and pb.osphoros 

by steers. A a3nt11ar effect is indicated 1n the work o£ Cbarnock Jil. 

(1942) \id.th rats. 

When cond1ti0?18 of this nature a.re sn ro enough or la~ l.ong 

enough, docalcifieation <;>f the bones usuaJ.l.1' ooour. In the present 

experiment, there s no ov1d c 0£ deeru.aif1oa.t1on despite 1 a 

of osphorus, rdati sq high in"t-.@ 0£ calcium i'Nm fo and di.t"-

terent am<>Un·ts of ~ese. 



J ... l f 3;tWtJ"*1,ii. 

Lot 1 

lie supplemental 250 I:)}:El .. 
mnganese 

~.#l!!d.r,,a&.1~!1f! 
mcmgwiese 

;;.,:.e:t.Jli¥.i!l!a 3l!l . .4J. -•0&11 .•.-.•=-w 

~ . mm. Animal m ... 

1 .... 7 6.l 5 6.5 
.3 ti .. ) 6-7 ; <'I> _.,o 

43 6.8 10 ;.4 
;9 6.2 18 5.7 

11; 5.3 26 6.2 
12.4 6.3 114 :5.6 
140 ;..o 116 ;,.6 
153 .5~9 120 ; .. , 
160 6.3 1'70 5.6 
118 6 .. fil 1?1 ,.o 
117 5.5 11 5.9 

lit! 6 .. 7 

AVfi!l"ft).1/1,0 6 .. 1 :5 .. 9 

Ard:m.1l mm. • 

? 6 .. 0 
"J.'7 7.2 
8-7 4 .. 9 
121. 6.S 
14,5 S:..3 
149 6-.t~, 
154 , ... 7 

Jit;DJl!!lili :! 21.r,ei. " u·J ... J 4·1411, _,,.. 

~o ppiu.. manganese, 
iron and eopp&l" 

I ., i! l.· Ii Jll.4il$U'.~~1/:! 

Amw"1 mm,., 

12 6,.2 
;i 5.9 
57 , .. s 

122 5.4 
127 6.0 
147 6,.2 
155 6,.2 
163 6.2 
176 5.7 



1950 

tho 

daily. 
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