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Technical Bulletin No. 94.5 • NOL'f!mber 1947 

UNITED STATES 
"D~PA~r~E~T 'C».tr ~Glll(;(]LT(].E 

\vA~HINfi1TO~tD. fJ. 

Relation Between Urinary Calculi and Use 
of Grain Sorghum in Steer-Fattening 
Rations in the Southern Great Plains 1 

By \Y. IT. BLA('K, 81'IIiol' anill!al hus/)(Incilllon, and N. H. EI,!.I", )JI'inci)lHl c"ellll"~/, 
JJUl'et/.ll of Anilllalllltillsll'fJ, Agl'I:rlllilll'(ll RrNea/'ch Adlllilll'sti'ation, U,ritecl Slales 
Departlllent of Agric'liI/ure; ,'. :'II. ,'OI'm~, chief, Division of Ua1lgc' A ni/llal Hus
bandry, 'PI'IUS IIUri(,II11IlI'(1l E:rpcrilllcnt Station; I1IHI F. ]~. }\:1>;\'l'l:-10, a,5sociale 
(lgronollli81, Bureau of Plant indllstl'Y, Soils, anrlllgl'icliitural BngineerillU, Agri
cultural Research Administration, United SI{Jle,~ Deparlment of AUl'h'ullure 2 
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Il\'TRODUCTlOX 

In th0 southel'll Great Plains, whcl'P gndn soq.dllun is ((sed ('xtC[l

sivd.y in 1'lLltl'ning st('el's in fpC'd lots, eOllsicil'l'Ilblt> trouble· ha.s bC'(,11 
cxpC'riel1ced in the' fOl'll1lltioll of calculi in til(' blftddcl' 01' othp\, urinilry 
passage, Large calculi sOIl1Ptimes bc'corll(' lodged in tll(, ul'ethl'll, and 
calise dC'ath. This dison\c'r hilS bcpn \'cport('d as II mthcr c(.)mlllon 
OCCtllTC'llCC in the arc!\' slll'roundilig the Big Spring li'il'\d Station, Big 
SPtlr,1g, Tex. liJxppril'ncl'd rangl' cat,Ut'nH'l1 hav(' t1 ttri btl L(,d it lJ limber 
of losses n,mong l'nng(' sL('('I's to urinary calculi, 
~i~ condition is 'not associatC'd C'lltil'l,ly with dl'y-Iot [l'C'ding. At 

thp:=t~l'ginning of II f('Nling tf'st ill Jg,U at tll(' Big Spring Slatioll, 
8 cnvcs, mn(\otll s(,leclNI from 50 hpnd, w('r(' spnt to Fort \\'ol'th for 
imOO't1ia-Le slaught('r. Varying illl10unts of calculi W('I'(' found ill the 

1, hmitted for p\lblfcaUon April 14, 1\)·17. 

• 
2 knowledgment is madc to the following Burea\l of Animnl Inrlustry stafT 

mJT~ers; roT. \V. IIaz(,1I for n~sistnncc in COl1lpiIillj:!; the data and r. 1'. r~arlc for 
a~~nce in planninp; the t'xpcriments Ilne! int('l'pret.ing the data, C'rt'dit is alRo 
given to If. Schmidt, Di\'iRion of Veterinary Science, amI C, S, Fraps, Division 
of Chemistry, 'l'('xas Agricultural Experiment Station, for assistance in planninp; 
and conducting; the work. 
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bladders of 7 of the 8 head, indicating that the condition e:d.sts among 
range steers that have not been fed sorghum in dry lot. Numerous 
e}..llerimentg 3 at Big Spring, however, have indicated tlHlt the calculi 
disorder is aO'gmvated by the feeding of gl'fiin sorgh'lm. 

Davidson "ll'eported urinary calculi to be th(' most important defi
ciency disease in cattle in southwcstel'll Saslmtchewan, Canada. 
Although his investigations indicate that lack of phosphorus is partly 
the cause of the malady, he states that it is undoubtedly the result of 
multiple deficieney. According to Davidson, during a normal season 
in southwestel'll Saskatchewan the grass ripens and dries out cady in 
July, becoming deficient in phosphorus, vitamins A and D, find protein. 
Under these conditions urinary cnlculi trouble makes its appeaml1ce in 
~ctober, l'caches its peak in November and December, and then 
gradually cHsappears. Incidence of calculi is slight if heavy rainfall 
occurs during the latter part of the summer and causes a growth of 
green forage. This inVl'stigator repol'trd that the freding of bonrmeal 
and green cured alfalfa huy during the latter part of the dry summer 
season practically eliminates calculi trouble in Saskutchrwan. 

Prelimillflry tests WHe conducted at the Big Spring Fi('ld Station 
from 1939 to 1943 to udermine the ('ffect of various methods of feeding 
on urinary calculi. These tests indicfitf'd that fceding about 0.17 
pound of magnesium carbonate per hl'ad daily along with milo grain, 
cottonseed meal, and sumac silage to fattening' ste('rs significantly 
increased the amount of urinary calculi. Th(' addition of \'itl.\min A 
or carotene supplement did not influence til(' incidence of ('ulculi, 1101' 

did the substitution of cottonsccd hulls for sumue silugl' huv(' any 
eft·eet. However, the feeding of milo heads causNl a grcatly incI'('ascd 
calculi formation. Furthl'l'morl', it was founc! that tIl(' incidence of 
ealeuli varied considerably from Yl'ar to yC'fU' wilh tlil' saml' ration. 
In view of tb('sefindings and the importance of th(· problem to th(' 
cattle industry of the region, the ('xppriments rpportpd ill this bullptill 
were designed to determine the ('{I'pct of urinal'y cukuli on beef pro
duction and also to find mrthods of controlling thr disordrr. 

The experiml'nts hcre reported were begun late in the fall of 1942 
and continued for three sllccessive. years. They were ('unducted 
cooperatively at the Big Spring Field Station, Big SpI'ing, Tex., by 
the Bureaus of Animal Industry ane! Plant Industl'Y, SOilE, find Agri

3 BI,ACK, \V. IT., .JO='E5, .J. :-'L, andKEA'rI~G, J~. E. CO~lI>;\R1RO:-; Or' VA HI Ot':; 
FOU~IS Or' ~IlI.O GUAlX POU FATTJ-:XIXG R'rt;f:U'; IN THE SOl"1'llf:IlX Gltr:AT I'I..\ISR. 
C S. Dept. Agr. Tech. Bill. liS1, 16 pp., illlls. 19;37. 
--- .Ioxf;:;, .1. :-.r., Llnd KEATlxa, F. E. SOltao Em,AM:, :;OfWO FOPln;lt. 

A='D rOT1'OX:lr;JW IILLLS Ail UOGOIIAGf;:; r~ UA'rIOXfl f"OU r',\TTr:XISG p,\I.n:" 1.'1 
THE SOCTHWI;;"r. 1,'. S. Dept. A~r. Tech. Bill. 43, 24 pp., ilIlls. 102R. 
--- Uo\n:, P. K, .JONr:~, ,1. }f., find Kr:ATIXG, F. [':. P.\TT8XISCl H1'Er:ItS 

ON MU.O ClItArX IX TUB HOUTllEUX GUr:A'I' PI.AINS.t:, S. Dept. Agr. T('(:h. HlIl. 
847, 15 pp., illlls. 19·1!3. 

.JONES, .J. ~r., HI.APr·, W. IT., find Kr:ATING, F. E. 50iWO flu.,lIa:, s91wO 
FOUll~~R AND C()'l'TOS,,~:gD un.l.s AS Uo(~nuA(a::'\ IN UA'nO='s FOIl FAT'I'~:NI~(J 

f'AI.vI~S. Tex, Agr. Expt. Hlu. Bill. 3fi:3, a6 Pl'., ilIIIS, 1027. 
--- Blu\Cf!, "'. H., KI~ATIXG, F. K, Illld ,Jox~:s••r. II. FAT'ff:NI\,r; fH;f;r' 

CALVf:S ON .\111.0 nUA1X l'/tl,l'AH.:1l IS OIPn:Uf:XT \I'A "~So Tex. Ap;r. Expt. ~tll. 
]3111. iH7, 32 pp., ill liS. 1937. 

t D.H'IOS0N, \V. B. XGTrtlTIO:O:Ar, Of!FiClf:XP'" DISf;":,\f:H, Tlnall SOl'/Wf:S ASO 
f:FFr:~Ti'. Beprillt of puper prp"en(ed I)('f(,re t h(. 1lI1rllUlI lJ!('eting of the Hns
kutche\\,l111 \'eterillurr A""(lI'iutiOll at H:L-lkatoOll, Hu..;/mt ('/W 1I'!l 11 , O('wher Ii, 1!lli. 
ClIlllld ..J()ur. ('Olllpar. :-.\t·d. g: 1;"0 IG2. 
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USE OF GRAIN SORGHUM IN S'l'EER-FAT'fENING RATIONS 3 

cultural Engineering of the United States Department of Agriculture, 
flnd the Texas Agricultural Experiment Station. 

WEATHER CONDITIONS DURING THE EXPERIMENTS 

The templ'rntUl'(,s ttnd pre('ipitulion at the Big Spring Field Stution 
during the experiments n·re shown in tuble 1. '[call temp!.!l'IltU1'e 
mnged flom 26(; li', in Januury 1043 to 92° in ~[ny 1945, and this 
mnge was less than thnt found ill studies made ut the snme station ill 
previous experimt'nts, Tempemtures for similur periods during cnch 
of the 3 yenrs of the present e;.;pcrimellts were rather uniform, Ac
cordingly, uny diff(,l'ences in. th(' results of the experiments, one year 
with nl1other, (,oulclhurdly be nttributed to differences in temperatures, 
A1tlJOugh t}l('rc was ::onsid('l'nble \'n.l'ilLtion in the minfall between 
y(·ar.5 for definit(' periods, it wns not so excessive in uny instance as to 
interfere with the ('ondu('t of the ('xp('riments, 

TA IILE l.-'1'empl.'ralltres allli precipitation a/ Ihl' /Jig Spring F·ield Station, Big 
Spring, Tex" during the I?'xperimcn/s 

_ 11).12-13 I 1!H3--!4 I HH4-1'; • 

,lIean tempera, I ;lrenn tl!IllPcru·1 .. I;I!L>nn h.rnIK,m'l 
Month I tures . Predpi. tIIrcS Prec!pl. tures I'recirll. 

i tation tatlon Ultlon 
;I[nll· Minl,;llllxl•. :'olini· :'o[all· . ;lnnl· ! 
mum mum mum mum mum Ullun 

--------.1---' . I 

.p, ;.--:;- filch •., --:;:'--:;: /T,chrs --:;:/.--:;:r::
XO\'el1lber...... " •• ,.". 72! 39 0.08 67 3., 1,17 63 ,10,' 2.70 
December ....... ...... • ,;0 j' :11 2,81 .)3 20 2,76 .)3 20 1.:lH 
January ................ 'l 57 20 ,2\1 .';8 29 I. 1M 59 1 30 , ,.~5
February,........._....... 66 31. ,02 60 37, 2.112 til 3~j .29 

;I!tlrch................ _,. [17 3.; '. , •.Bfi r,~ 3S I ,OS 7:1 H I. 1111
1 
:'olay••... _........ " .. 8.11 57: 4.H liO 5\!.2(iO 9'1 ;IS. ,liS 
ApriL. ..............". 1>1 51 ,25 51 H .H 7S 461 ,00 


~-j-·-·'-~-··--··-I--
Total................. ........ [ S.f>6 i .. : ''', \0. 72 ;....... I..·... ! _7~S~ 


EXPERIMENTAL pnOCEDURE 

Eudy ill Kowmber of ('udl YNU', 48 }l('lld of I'llngl'-im:·d sl('er ('n.in~s 
born during the spJ'ing of tlutl yNU' W(,I'C S('IN:tl'd from the herds u(, 
the SonoJ'nan(\ Bal'nhiLrt, Tex,,'Raneh Expl'rirnent Stations in w('st
c('ntrnl Texus fOl' lise in the exp('t'iIlwnts, '1'h(1 st(>el'S awmged Good 
to Choice as fpC:dt'I's und \\'('1'(' of stJ'ictly beef typ(' bl'(,Nling (fig, 1), 
Th{'y ILwragNI about 437 pounds in weight th(> first y(,llr, 405 th(> 
second, und 460 the thire!, A preliminary p('riod of about 10 cluys 
to '3 w(lcks was giY('n tll(' st(·(,],S to 1>('('0111(' ILceuslo[)wd to the fpNts 
ILnei the n('\\' ('Ilvironm('nl. '1'hC'y \\'('1'(' 11,1l0ti:('(1 to (j groups, as IH'urly 
alike ItS possihk with rl'Slwd to weight, typ(', conformation, !lilt! 
fCl'{i<-r gmd(', 

As ('oneellt1'fltl'~, nil th(' groups WPI'P fNI SOIl1(' form of milo 01' ('Ol'n, 
togt'lhpl' with ('otlolls(,pd 1ll(lul; Itlld as 1'0ughngC', "Ul1l1t(' sorgo silugl', 
To study the ('f1'N'( 011 t lIP ineidl' ll('(' of ('itleuli in thp ur('thm, also, all 
groups \\'('1'(' f('<1 IL drlily ration of plIlnl'il'.('(1 lim('stolll' ill Yltrying 
um)unts 01' b<'H1l'Il1('nl. In lhl' ration fol' group 2, ground sl\('llpd ('0111 

WitS subslitlltNI for milo, Group 6 Wi\S f('(.1 ground milo Jt(·ads inst(lad 
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of milo gl'airi, Group 5 was I!ivl'n cottonseed hulls in place of sila~e 
in th(' first experinH'nt hut the eottonst'ed hulls were discontinued In 

latel' experiments, since no nppal'ent benefit was derived, A small •quantity of alfitlfn, l('nf meal was fed to group 5, !lIso, to sllpply 
approximatdy tht' snll1e I1mount of cnl'otene thnt was supplied to the 
other groups by the silage, 

• 
Except for the first period, th(' gl'llin and rotlonsec,d menl wel'(, CN\ 

in the' ratio of tl,pproximntply 6 to I, All grou ps we 1'(' allowed ItS 
ll1ueh of the mixture fiS til('y desil'(,tl nftel' gptting on full f('('d. 

Siln,gc wns k('pt ns ('onstll,ilt as possible betwe(,1l gl'ollpB, In the 
lasl 2 yeul's, how('ve1', til(' silugp for group Gwns so r('(\tH'pd that nbout 
the sunw UI110111lt of bulk wns J)l'oyidpd in til{' rations for Nl('h group. 
'I'll(' ;:;ilagc' was }'(,du('('(1 Oil til(' hn.sis of :5 pounds for ('nch pound of 
POI11U('(' in til(' milo h('ntis, Tht' ('ottOllSl'l'd. hulls W('[,I' f('d to group 5 
at the iLn:'ngl' ['aU' of 5,5 pounds pel' hplttl dl1ily, I'flngillg frol11 t1bout 
8 pounds for tilt' first rH'riod to about 4 pounds for th(' lu!'t, 

'I'll(' (,(}Il('('lltrn,tl's \\'PI'(' thoroughly mixl'd und thl'n spl'pud 0\'('1' un(\ 
mix,'(1 with thl' I'ouglmgp, which wn:;; pltl('('cl ill til(' fp('(L troughs fil'~t. 
TIll.' min('ral (iinl('stolll' OJ' hOIt('Il1Nti) \\'1\$ th('1l n(L<1!'d ILnd lho('oughly 
mixC'l\ with tlw ('omiJinN( f('('<is in the' trough, Commoll suit was 
k('pt in s(lplu'ntl' ('onlnilH'I's fwd wn:; lllwt~Ys I)('fol'(, til(' ritttit', 'I'hl' 
('nUI(' \\,(,('(, fpd n.l nppl'(/ximttll'l,\' ~ j~, 1.1\, a.nd :"j p. 111. ('u('h dll.y, AllY 
j'('('d 1'('fus('(L WitS ('!'mon,(L pn,dolls til tht, IWXt f('('ding and its \\'(,ight 
WitS «<'du('l('d fl'om th!' \\'{·ighl of th!' f('l'd !'('cL 'I'll!' S[('(I)'''' \\'('1'(' fpt! 
und('I' :;;lll'lt(·l', Each gl'oup had n, tolal IU·('it of about U)()O square 
f('('t. Ahout half of till' lu'('n Wit;; ulldpl' sllN!. 

. I ndi \'iduul w('igh ls of :;;lp(,l':;; \\'('1'(' tfl,kc,1t Oil tlu'('(' SU('('('::;si\'(' tliLYS ut 
til(' Iwginning Ilnd ('11(1 of ('neh· ('xppl'inwnt und Oil 1 clllY ILt 2X-dl1.\' •intel'\"ids throughout ('Il('h ('xppl'iJll('nt, ,,-pighin):;:;; \\'('1'(' iJl'gUll 
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promptly at 1 f.' m. and continued. without interi'uption until they 
\\'('re compll'te(. At the cnd of each expt'rirnent the stt'('l'S WN'p 

shipped. to FortWorth, Tex,) a distn,IlC(I of approximatdy 275 mile's, IHid 
slaughtered, The cll.1'casses were grttded after being chilled 24 hOl.:.rs. 
At tho timo of slaughter tho Ul'inal'Y bladders Wt'\'(1 rcmo\rl,d and the 
calculi tht'rein filtered fron} tho urine. The calculi were tuk('n im
mediately to tho Texas Agriculturnl Experiment Station, whero they 
were dried l1.nd weighed. 

RESULTS OF EXPERIMENTS 

19'12-43 EXPEHlMENT 

The ayel'ilge dv,ily rntions and gains p('r lwad by periods in tlw 
first eXperilll('nt m'e given in table 2. 'Yith few (Ixceptions nIl groups 
consum('d ess(lntially the sam(~ quantities of feeds ,within a gjV(lJ) 
period, and the aveTage rations rOT the entil'('. period for all groups 
W(II'O almost identica1. Group 6 consumed afl an'rage didly ['atiofl 
of 13,35 pounds of ground milo hends as compared with 11.33 pounds 
of ground milo gmin consum('{l by the otlWl' groups, On it threslwd 
grain basis, the qWUltitios of grain would be essentilllly the snme, 

.--"---'~----'" 

1fj nnutlh..t1 f"fmnH')U ,tU \\ 1"'[.'11 (nl(1 choh,'C to all grouPS .. 
1 'l'hls rK'r!O(! /J;u\ 1·1 .r.lr~ "olr. 
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Group 5 consumed 11.11 aycmge of 5.50 pounds of cottonse('(t hulls 1)('[' 
day, which seemingly was ll,bout cqultl to tIl(' 14 pOllnds of surna(' silltgl' 
consumed by the other groups, ItS measur('d by gains in wl'ight. • 
Oonsumption of conccntrlttcs gradually inCI'l'asNl thl'ough tIl(' first 
six 28-day periods, or 168 days. Dm:ing the last 14 days, 01' fl'OIll 168 
to 182 days, howeycr, the flyemge ration of conC(,lltmt('s decrrnscd, 
indicnting that the steers were reaching It rather high df'gl'('(' of finish 
at thr end of 168 dnys. The roughagr, Oil the other hnnd, showed n 
f,l1'fldual d(1cl'l'lls(' as tll(' test progn~sscd. 

The nyprngr daily gnins for the steel'S in all groups I~('llchcd tlH'ir 
maximum in tIl(' fOUl'th period. For thc most part, the rate of gnin 
was rather consistent fol' 1),11 groups throughout tIl(' tl'St. Groupf\ 1, 
2, 3, nnd 4, howcyer, showed a noticeable decrease'. in.gains during tIl('
last 14 days. 

The avemge gains, amount of caleuli in the bladdprs, feed consump
tion, and carCflSS gmdes for the steers in the first ('xppl'impn tare gi ven 
in table 3. Tlie gain was greatest in group 2, which ['eceind ground 
shelled corn in place of ground milo, and smallest in group 6, f(,a 
ground milo heads. The aycmge amount of cnlculi in thc bladd('l's 
was smallest in the group recei v-ing corn and largest in the' 011(' recei\-il1g 
milo heads, indicating a close l'plationship between the kind of grnin 
f<'Cl and the amount of calculi in thc bladders. 'rh(' n\'p/'flge gains 
ill ench f.rroup wel'c highly slltisfnCLOl'Y and WeI'l' not mnti'rially affected 

TABLE 3.-Summary of results of tlte first r;rpcdmcnt, Nov. 11,1942, to J[ay 12, 19.f8 
(182 days) 

,- ...~~-. ·aTOU\'51. Iff'( 
ground

GroujI I Cirulli'" ; ~ milo n~nup n
(f,'( G(rt~:f} 2 GW,~~I) 3 

I •(ft"( ~ ~rnln, + ~ r~tJ
g:round ~round ground ground .1 ('(lIlon· . ground

milo sh('II,'d milo milo ~t'l'd ntiloItem 1 

~rnin, rot H, grain, ~rnln, hull~. h('nd~.
n.Oli O.Or. 0.12 O.H olfnlfn 0.011

pound pIHll1d pound "ound h'nf pound
IInt~· linw- IImt'· o()n(·~ mt'lil, )hnt~.. 

stone) stlln' ) ston<,) III! 011 O.Ofi stone)
pound
linw..

I gtonf'l. 
~ ~.. ...... ..~  .~. 

';tcers._ rlumbl'l kl R 8\ v"rngo InitinI w('I~ht pounds •• wi) ! 190 40, 490
. \ n'ru~l' finnl 'n'lgh! rio. U2:1 9211

Ay<'rn~('!,nln '" ••do 401 -1:13


!JOI I. !J05 
4:?:l ·109 ..\ \'!'rn~1' d!lily !'nin do. '.!,20 2. as 2;12 i 

A ...('rll~~ umount of cnlruli In hlncltlf'rs 
gramS 101

A...('ru~(' ("NI consurrll'tI jlH 100 ll()tIl1!I~ 1 -\51 22 : I.H 


of ~lIill: 

Grain. . pounds 517 47n HlO I
rotttms('Nj nll'nl rio iii RO 

::"r~o Sling!' or hulls r!o 1).12- ,'i!I{) i 'on r
A Ifillfn I!'nf mHll do 
 Igmch'ncy! .... do 17 4!i f l~ SO i I, :li Ii'. 17 Ii I.'Cnr('n~s~wd(144~'" SCOftl 12 :1fI 1 

120H I 12 !>II j HI"t 1'1 Ii;' 

------------'------.-.---~.-
I Olll'stl'('r wnHrlllowd lrom thr pspHinl!'llt (Iwin~ t" ('hrnntr bl<.nlinv nnd ii~ rl'{'(mls \Hn'lIotinrludl'diUllwrosults, . 
'Two~tr /'rSW('T!,r"rnon'c! tn JUlIllllryolI fI('roUnl (.ft'f\lruli.nnd thl"ir r'·(·"TlI~."tlwr thnn thos('[orcnlrllU. 

\\ tn' :not indui)pd in tllt' rt'~ullS, 
~ P()nllll~lIr'tf'..r ~ulll pI r 100 pllu\HI~ of Iligl'~'lhl,· lIutri"nls ('IHISUlJWII. flig('stihilil) fMl!lr~ UFl'd: ;\lIIt. 

""min. ;fUl: milo htlJ'd!'. (7.·1. .;;,hdkd ('orn, ~.(jt (1:'ttfln~N'd IIIt-nJ. 'i';I.J:L "'umnr- sUrH.H-, u~ 1 ('f,tt"IISI t~d hull,,-,
.( I.,; nUulfa h'af 1111'01. ~;A. • 

• (jTfld(·~("f!fi'~. ("tWirl', S-..12, inclush·(o.; Good, l·t··T~~ indu~h'(J; (""unUllHt'ltll, 20-2·1, 1I1('111'';\'';nud t·ttht~.
'.!rr'30, inl'hlsl\,(l. 
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USE OF GRAIN SOHGHUl\! IN STEER-FATTENING RATIONS 

by the amount of urinary calC'uli in the bladders, The feeding of 
0,12 pound of limN,(one pl'r lwuci daily slightly iOC'l"l'useci the incidenC'(' 
of culculi OY(,I' that I'('sulting from the fpeding of 0,06 pound. The 
amount of urinary enkuli in the group fed bon(,IlH'ul illstl'lld of lime
stone WIlS reiatin'ly low, TIl(', feeding of 5,5 pounds of cottonseed 
hulls with 0,3 pound of alfalfa leaf Ilwa,l, in plaC'c of ahout 14 pounds 
of sumae silage. seemingly did not un'N~t tl)(' calculi pic tu 1'(', 

Two steers sufl'ering from cnleuli forlllation in tlw urinary tmet wer(' 
removed frOIll the group fed milo hends after b('ing 011 f('eel approxi
mat('ly 2 months, When slaught('t'('(I, th('y w('('(' found to haye a 
C'ompamtivply S IIIall amount of calC'uli in the bladder but I'ath('r large 
('aleuli were lodged in the methl'l1, 

In efficiency of f('ed utilization, the gt'OUps fNI milo grain and 
shdlrd corn had consid('1'abll' ndYantngc onr tIl(' group fed milo 
Iwuds, The last-mentioncd gl'oup had the' lcast dl'simble ('U1'cass('s 
of any of tll(' gl'OllpS, but there was no Illatl'rinl diff(,I'('nC'(' umong 1'1.11." 
of the' C'lu'C'nss('s, In Yiew of the fact that two sU'('rs in tIl(' gl'Oup 
frd milo hea,cis hnd to b(' remond 1'1'0111 the t'xp('rinwnt owing to 
cn,lculi trouble, this group ItpPl'ltrl.'d to b(' tlH' I('ast satisfactory one, 

19'13-44 EXPERDlE:s'T 

The aYel'agp daily mtions and gains P('t' \tPlul by prl'iods in the 
5l'C'ond 'l'xlwl'im('nt an' giYell ill titbIt' 4, Till' 1l.\'('I'agt' mtions bv 
p(ll'iod:; \\'(11'(' (':;!:wlltinll." the samr- in all groups and slightly Irs!'; thai1 
thosr fol' the Pl't'\'ious ypat', '1'hp stPt'I'S USN! in H)43-44 anntg('d 
ilbou t. 58 pou nds l('s5 at the beginning of til(' t('st than thos(' of thp 
fil'st YNU', ('on:;('qut'lltly, on a weight basis t1l('1'(, Wit!, littl(' difft'I'(,I1(,(, 
in th(l dnil." mtions l)ptw('PIl Y('ltl'S, For gl'Oups :~ nnd G, fpi! milo 
W'ILin with 0,]2 pound of lin1('stOIlt' and milo Iwads with 0.06 pound 
of Jinw:;ton(', 1'('sJwC'tiw.J.\', tIl(' consumption of ('ol1C'pntmtc's inC'l'raspd 
I'nthl'l' w'ndunll}- t hl'Ough thl' first fiyr, lWl'iods, '1'11(1 otlH'1' groups 
sho\\'('d a, furth('I' inc'I'pas!' in tlH' sixth pl.'l'iod, '1'hl'I'(' was It t."'it<!unJ 
J'l'<iuC'tion in I'oughagp consumption from ppl'iod to J)('l'iod but it WitS 

(·s5(,l1tinll.'· tIl!' BMW' fol' all gl'OUp5, As nll'('ndy indicntNl. til(' silage 
wus fp([ at Itlowl'l' 1(,n'1 to group 6 IWNtllS(' of thp additionnJ rQugh:l~<' 
eontnilll'd in til(' milo lll'ads f(·d to thi:; group, ' 

Th(1 1'at!' of gn,illl'l'ac-lH'd its maximulll in tll(> thil'!l ppl'io<1 fol' tlll'PI! 
of tIl(' gl'oups and in tllp fourth J}(,l'iod fol' th!' 1'('l11aining on('s, 'I'll!' 
grdns, how('\,('1', w('/,p ('ol15islpllt througllOlIl til(' t('st, and thl'l'{' WitS 

n() mnl'l\:('ll diffl'l'('n('(' l)('t\\'('('11 Itny of tltp ~I'O\lp:; COl' til(> first I GR dnys. 
In thr Inst 14 <lnys th(, group 5 5trPI's, f('(1 no rnilH'l'ftl oll\l'l' t!mll slllt, 
gn.ilwr! Ipss t1l1ln n, haH pound J)(,I' Iwu<1 dnil.'-, TIH' group 2 St(,('I'8, 
fl'd sll(·IINl ('om, nnd thl' g/'Oup :3 S{(,PI'5, fpr! lI1ilo graill with 0,12 
pound of lin1l'sloll(,. i.lso show(·d n. Ilolic('abll' d(,(,I'PtlS(, in l'a.!(' of gn,in
dlll'ing tlu' lost 14 dnn;, ' 

Th(' H\'l'l'ng(' gnins,' amount of cakuli in til(' bladdpl's, f('('d ('onSlllllp
(ion, nnt! ('IlI'CaSS ~I'illl('s of tlte :;tp('!'s in tlH' s('('ond ('xlw!'inwllt nl'l' 
gi\"rl1 in tnbl(' 5, Tht' a\Tl'I'ngf> J!llins of nil gl'OUpS "'('I'(' highly s:ltis
fnetory, As in til(' pl'f"'ious [pst, Ih('I'(- did. !lot S(,PIll lo 1)(' n ('Io,;!' 
(,OIT('latiOI1 1)('[\\,(,(,11 rntr of gnill nnt! nmotl!ll of ul'illn!'y cnkuli, hilt. 
Ow!'!' npp('nr('d to bp n (,105(' l'('lntionship bl't\\'{,(,11 III(' killd of gnlin 
f(ld null the amollllL of ('nlculi forn1('d, Agnin the group fl'd milo 
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TABI,E 4.-.t1vcrayc daily rations and gains per sleer by periods, 194fl....44 

• 
Ground 111110 gruirL. ...... . 
CottouSCt~d: menL ..... ..,.., +'_ 

1 8ulllnc sorgo silage ........ . 

Limestone,. , ........... . 

A,wage dully gaIn ..... ..!
Ground shelled coru ....... -I.:!!! S.IO 10.59 12.61 13.57 14.05 12.07 

,?ottonsecd 1II0n1......... '", 1.-12 1.32 t. 78 2.10 2.2t> 2.3.'\ 2.00 


2 SUIIIIIC s(m:o sllago ....... .. 19.79 1•• 35 14.48 '12.82 12.2.1 11.9:1 10.41 

IAmestono .............. . • Of) .00 .OU .t~1 .00 .00 .Otl 

A,·cn.~c dally gnln....... . 2.a2 2.49 2.-12 2. it 2.40 2.20 1.29
l
orOUlld milo grnin•••••••• 4.a:l S.IO 10. iO 12.47 la. OIl 13.7S 12.01 10.67 

COlton",cd meal ......... . 1.42 1.32 1.78 2.10 2.33 21 2{J 2.00 1.88 


3~t1rnllr sorj:o silu!!,o........ . Ill. 711 17.3il B.n5 12.80 12.27 , 11.9:1 10.41 14.47 

1.lmcstnnc, ............. . .12 .12 .12 .12 .12 .12 .12 .12 

A"eruge d,.lly guin..... .. 2.10 2.48 ?52 2.88 2.. 79 2.40 1.2·1 2.4-1
l
lround mllograln........ . 4.:1:1 10.70 12.01 14.07 1·1.31 1.2.S2 IO.8ii 


•• fCotLons~t!d Ilwal ... a ....... __ 1.-12 1.70 2,10 2.:Uj 2.as 2.1:1 1.01 

1') f)'J 10.41 1,4. ,Ill~,Bonofllcnl ............ . .27 .·10 .48 -:54 .4:1 ,-\-1 

• :lUIIIIIC sorgo sllnge" .... .. 19.70 14.65 12.5:! 11. (~I ! 
.\ "crugo dally gain...... . 1.95 3.10 2.·17 2.96 2:~ I 1.51 ~!'''6 

around milo grnln....... . 4.:I:! 7.95 10.34 12.m 14.10 13.14 10.8.1
l~:~j 1.) 005 ('ol.tonsel'lI mcal ...... • . 1.77 2.35 2.18 I,U2 
8umac rorgo silugo..... __ . IU~ lk~~ 1-1.17 128-1 12.2:3 10.11 1-1.32{ II.!)() IA"cnlgc daily guin_ .... __ 2••Jj I. Ill) 2. i'2 2.38 2.·10 2.7tl .jl 2.27 

arOUnd milo hends f>. n~ I 10. :!S 1-1.07 15.·'7 17. S:~ 10.91. 1 t.'i.18 1a.51 

('ottOlISC"d 1111';11 . 1.·12; 1.:!2 I. ill 1.0.5 2. ~'O 2.11 j 1.00 1.1'0 


6 8umul' sorgo silage_ 17.12; 15.t~! 1 II. 4~1 8.00 5.92 IO.UO 

I.. irU(iSlOl1t'" ~. . .. ' .Oil , .()(, t .00 .()(I ,OIl US.011 I .00 .IHi 

2.3·, i 1.81;! o.m "A "crug!' dllfly s,lin 2.02 !th2 2.411 2.43 1.49 2.35! I 
------------~----~--

I Granulated common salt wns Ccd Creo choice to all groullS. •l This period had 14 days only. 

TABLE 5.-S11llwwry of results of Ihe second experiment, Nov. S, 1943, 10 May S, 1944 
(182 days) 

-. I I f I 
Group I : Oroul,2 i GrOup 3 :,' Or(lIlpl I Oroul'5 Group 6 

((,'II i ((," , ((cIl ' (rcd . HI'" (("d
ground ,ground ground: ground ! ground ~r()und

milo . shl'"ed milo' mill! milo I milo 
Item grOin, ! !'Orn, gmin, I~min, . ~min, no hends. 

O. ()IJ I II. [)Ii 0.12 O. +1 lIIirll'rnl O. on 
poun,1 I' pound pound pound but pound
lime' I lime' lime' hQIll" cnrnlllon 1I11l~' 

stfllW) ~IOII~) ston(')· IIll'ull saltl' st.olld,- ,c""", __'___ . . ,"--_._---------. -- - .. ~~,- .. -". --- 
~h\tlts .. '" _~~ .......... _ numh('r ti s 171 8 8 8 
.\ wru~~ rnllinl wel~ht ...... II(Juntis., 410 -131 -1:lS -13S ·1:15 411 

Kii &.0 .~W I S8.'i SIO 81\0:~:.~~~:~:: ~\W:l w('i~h.t .. , :::·::::J~::::i 437 -126 41-11 ·1.-li 414 12R 
,\ \'('rtl~~ dnily ~1l111 . __ _ . _. ..<10 __.. ! 2.·10 2.31 

2.11 I 2.-10 2,27 2.35 
,\ wrage amount of l~\JcIlIi in hlnd,h'rs i' 

~.rnrnl'" : -I. ii53 .192 1. lliO • !l'~5 .IlS0. 12.65 
Averngo Ceed conSlI1II d pcr 100 pOlIlllls o( I 

gnin~ ~ 
Orain ... ___ ..... _ pounrI., ; -1.>0 oil);; '13; ,t ·112 '177l Sit; 

('ottollseNI menl 110 , 'jU f );1 ,; 7~ i :·m .7 

~orRo sil;lg~\ . ".... ~" . "do~ I~t! fil; ~ f',!n :'S9 r':lll i ·103 


ElI1el"l\c)" . _.... __ • _• __ • _. . do .. : HUH 19.2-1 1n.:.!fl 20 [WI hili Ii iii
I'" 'l~ j('arC!.~ grndc 3.................... _s{'Orc.. j 1~ [)I) : .. -i> I 1~,U() I lZ•.;o I 11.;0 I 12. ;5 


'<----'-'" 
I Olll' st.,·(·r died in.rtlllllnry and its records were nr,! inclUded in the results. 
'8"e Cootnol(' :1. lnhll' 3. 
a ~cc lootlloto 'I, tabla 3. • 
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USE OF GRAiN SORGHUl\I IX S'l'EEH-FATTEXING RATIOXS 

hends hnd the greatest amount of cnlculi and the corn-fed group the 
lrnst, btlt both gl'Oups had consitiernbly more cnlculi thnn thosr in 
the 1942-43 t('st. GI'OUp 5, fed no min('rnl othel' thun suIt, nlthough 
muking only slightly less gnin than the oUwr groups, bnd a eomparn
tively small nmount of urinary calculi. In contl'fist with the results 
of the 1942-43 test, the group receiving 0.12 pound of limestone p('r 
h('ad dnily, group 3, hlld cOllsidernbly less minarv cnlculi thnn the 
groups ('('ceiving 0,06 pound, with one exc('ption':-group 2, In lhe 
1943-44 experiment, it wns not nN'('ssal'y to 1'emo\,(' any st('('rs b('C'nuse. 
of cnlculi trouble. Two st('crs died lute in ,Janum'y ns a result of 
mnlignant edl'ma. 

In efficieney of f('('(1 utilizntion, there wns little dif\'('r('ncc b('tw('en 
tli(' groups. HOW('VCl', gl'OUp 5, f('d no minernl other thnn common 
snIt,' nnd gl'Oup 6, fed Illilo iwnds, requir('d the most f('ed per 100 
pounds of gain, nnd necordingly werc less efficient in prod llcing gnins. 
Tiwn' wer(' no ~ignifieant dif\'(,I'cnces in CUI'CUSS grndes b('twecn the 
sl'ycral groups, us ull were. within the low Choice grnele, 

19,t4-J5 EXPERDlEN1' 

The nV<.'!·llg(' daily mtions and gnins P(,l' hrnd by period:; in thl' third 
('xperinH'l1t nl'r gin·n in btble 6. At the beginning of tlH' trst tht' 
steel'S w('l'e intel'll1l'difltl' in \\'('ight to those uSNI in the pl'cyious t('sts, 
All groups ('onsunwt/ slightly mol'(' f('rel in the first nnd third I}(>riods 
than those usrd in tll(' two pl'('('('(ling YPltI'S. IfOWC\'('r, nil (lx('ept 
group i5 C'onsunH'd slightly It·ss fOl' tilL' entire pcriod of 182 dU.n;. For 
four of til(' groups, the consumption of con('('ntml('s in("I'('aspd ~rnd
tInily through til{' sixth lwriod. Groups 1 unt! :3, f('{.1 gl"Ound milo 
grain with O.OG nllCl 0.12 pound of limt'stone, 1'(lSIH'ctin·ly, r('uC'll(Id 
thPir muximulll ('ollsmnption of C'on('('ntmtps in th!' fifth J>t'I"iod. 
Ex(,ppt for group 0, th(> c'onsumption of silltg<' was slightly gr('ntpr than 
during the two (ln1(,Nling t('sts. It ~I·nduall.\' (/('(Tt'!1sl'd from about 
24 pounds ppr IlC'ud dnily during tlIP Jirst p(lriod to I\hout 11 pounds 
at thl' ('IHI of thl' test. 

Groups I nnt! 2, (hi milo gmin and shel/('d ('orn, I'PS/H·('tiwl.\·, with 
0,00 pound of linlPstonp, find gl'OUp. 4, f('d milo gmin with bOIl(,ll1pnl, 
rPll("h('d (hpil' Il1nximum mte of gain in thl' third lH'riod, Wlil'I'I'its oUll'r 
groups had thpil' Il1Hxill1ull1 gnillin till' fourth 01' fifth pl'I'iod. Thl'r<' 
\\'('1'(' noti('('ltb/P <I('('r('IIS('5 .in lhp mIt' dUI'ing till' S('('ol1(1 /}('I'iod fOJ" nl/ 
groups nnd fOI' most of til(' groups durin~ thl' Inst 14 <lny:;. Tltl' gnins 
HS It \\'holp \\'('rp simiJHI' to thos!' of till' IiI'S! ,\'('HI', but slightl~ II'S':; thnn 
thosp of til!' s('('ond \'1'111'. 

'I'll(' u\'el'ng(' gflills, nmoullt of C'flleuli ill til(' blndd('rs, f(,l'd ('on
sumption, Ilnd ('f1.rCllsS grnd('s of thc slpCl's ill till' third ('xpprinH'l1t nl'p 
giwl1 in tnbl!' 7, Agnin litp guin;:; in nil groups \\"('1'1' sntisfn!'lory nnd 
lhe' difr(ll"('IH'PS IH'twI'PIl group~ \\"(>1"(' of nUl!' impol'tuIWl'. .\~ til th(' 
first two ('XlwriIllPnl,.; tl1('rl' npppnrpc/ ~o hp no l'OlTt'lnlion hl'tW('PIl 
gnins 11 lid til£' Hmount of f'l1i!'lili in tilp blndd('I's; flll'tlll'l"l\lOrl', gmtlp !l; 
fpd milo .lIPnds find (UHi pound of linwstoIH', hud t Ill' most l"nll'lIli in 
til(' hinde/PI'S lind mild!, the· Il'tlst gHin. OrollP :~. fl'll Illilo gmin IInll 
O.I:? pound of IiI1ll'stOJlP, IlltHlp £'s;':(,lltinll,Y till' sanw gnin but hud Ips5 
thun olH'-fifth as 11111('.11 enlc'uli. nl'Oup 1, fl'd milo .!!Tllin nnd D.OO 
pOllnd of Iim('slOIH', lllndl' 0.1 pound grpnt('1' dnily gnin limn group:3 hut, 

http:11111('.11
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TA8J,E G.-Average dctilV rations and gains per sleer by periods, 1944-45 
..,--.----,-------,,--------------- 

! 	 ! 

I 	 28-d1lY period No.- fA \'CNl~U 
GroUp, Feed IIl1d gn[n1 	 ' r r IS" 

NO.: ._____:~\~\~-1.--4_!~I~I~1 ~IIIY:_
---j- l'oUI"I.: Po"",181 1'0"",1", I'olllid,' 1'0111111'1: 1'0wlIl., I 1'0WIII.; /'oIWtl. 

orOUl'(llll[h) gNlln .• 5. 14' 8.1~1 I 11.:111: 12. IS: 1:1.0\ 12. io I 12.20· Ill. r..I 
I ('(lllonSl'c(\ Ilwn[ .... 1.50 1.311 I I.SS 2.(12 J 2.li j 2.12 2.1~1 1.81) 

I SUIIIIIC ~Ihlge .• ••••••• 2:1.!H IS.8o" 'I 10.Oi: H. 12, 12.711' 11. SS 11. IS 15.115 
L[mcstone ................ .(10, • Oil .IKI. .011 .()61 .011 .O(j .00 
A\'CNlg,cdnllygnht ",. 2.:CI; 1.&1 2.74,', 2.,11\ 2.42,2.201.:11 2.20l
GrOlUltl shelled (.)rn... [,.12 i 7.\15 11.11 I 11.03: 12,8:1 I 1:1.00 "11.48 10.11 
('oltons~d lIIell[ .. • ... I, r.o 1.:1.'l 1.8.", I. I~I 2.14 I 2, 17 i I. III Ull 

2 SUIIIIIC$lIn~c.. ........ 2a.IMl! 18.5:1 1 ItI.02i 14.12 1 12.M: 12.IXl' 10,i4 10.SO 
LlIIII'~l()IIl' .... .... ... .11ti i .on I .un I .00, .11ti! .011 .00 •Or. 
A\.cmgcJIlIllygnlll ...... 2,OSI 2.02, 2.SS 2.:17\ 2.601 1.85 1.40 2.a.I
orOUlid milo ~mln....... [,.I,d 7. i,1 I 11.21. lI.I\:1 I l:u2 1 12.:14 11.40 10.31 

('olton""",'d men[ " .... 1.1iO I 1.:12 1.80 I' 1.\I:ll 2.2:1: 2. on 111.'.!!Il{. I,' 1.82 

3 	 Sumncslln~l\.. 2:1,08 li,U~ Hl.nn 1:1.5!! 12.U:I' 11.92 ... 15.iO 
LhllcslOlw .. , •• ' '.' : .••• '\1 .12 .12 ,12 ' , 12 .12 I .12 .12 i ,12 
A\'cmgo dllll)' gnh!. 2, M I, 02 2.I~l 2, II 2. Coll; 1. 021 I. 1:1 i 2. IIIl
Ground milo ~tnln. . .• ' 'I 5.14 i ,. ~,107 II.:tO 12,28 la. (Xl, I-I. :~', 1~,: •• 1l811 to.•8 
('ollonl'(,.'d men[ I. lin l I.SS 2.115 I~'''I?': 2.38! 1.8\1 

4 Sumac sllngo. ' I 2:1•• !!ll,-, IS":"~I!' I 16., t,l\(~ I:UXI '.' :'8': II •. ~:81 I It., !,Ss: I.~, S2 

\ :~~!~~:~~~\nliy ~;'il;: ..! \.ill: 2.01 2: &~! 2.11() 2.00 \ .1iI 2: Ail2.IKl 

OrOUlld 111110 I\NI[n, ,f 6.14 7.0·1; 11.10 12.02/ 1:1.81 H.il i I~. 23 11.07 
2.~l.i j ~.205 	 ('Qttoll~I'('(1 lIIelll 

! 2:~:~~ tk~~ I tt\:~, l~:rJ ~ I~:~: 12. IX) 1 ILlS lk~~~SUIIIIIC slln~l'{A\,CNlg~ dnlly gll[n • ., 2.57 I.l'" 2.58: 2.SS ~.bQ 2.3·. .[,2 22,1 

I

IO.M 1-1.,13 i [5,20 15.115 16.·1-\ J.I ,~l II ~~ 
O,roulld 1ll1l0,IIl'lIdS

('()UOIiSN'ti 111('1,1 ' l.:CI I.R2 I. 01 2.00 2.011 LSI 1.11 
Ii ! 8uIIlnc sllng(' 	 I\.is 111•.\0 D. M H. ;2 8.00 7. t,; \I. O. 

I~)
i l ..iull'stolll' . .00 .110 .00 ,lin ,0(\ ,1)0 

A \'('m~(' tinily g(\[11 	 ~. IU 2.CX) t I.O',! 2. H 
1.1_K_l_'_2_"_li_!~; 

..,"'" 

I (lmulllnl('<.! cOlllmon "'I[L \\'IIS (cd fre~ t'holt'(l to nil ~rOUJlS. 
:'1'h[s Jl('rlod hll(l [.\ days only. 

,:r.~nl.f, 7.-8101/1/1OT1! of l'e.~lIl1s of lile Ilu'rd ('X7Jeri III(,lIt, Nov. I, 1944,10 J/(lY 2, 
194iJ (182 r/OYs) 

"- ~-----	 --~-

!1 ~(~:ll , O~~~;IJ 2 (JroUI) 3 Orolll)<\ (lrotll' .,. (irl(;I~!r I. 
(fl" !IN (fC( 

~rtltJllIl ~rOIlIIlI RrOund grouud grOIllIl! ~nl1llt.1 
milo shelll·d milO 111110 milo IIlIln 

Item ~min, ("urn, ~rnin. Rrnln. graln~ h(':I<13, 
I},OO fl.Un nOIll!Il' O.M

0.12 I O.H ('rlll btn ' "oulld 
liuw'"' [hnt)· Ihlll)' hult". ('QliIllIOn liml\· 
~r,OtH~l M<Jlll'1 stolle) 1II~1l11 SIl)tl 51')IW) 

1'0111111 1'01111,1 POUII!,! , pouud 

_.,-_._--_.. , 	
t 

-
: 

"_~"" ,,4 '0-""" ' 

8 " S s l'!4hl l'rs .. - ., 11\I1I1h'r 
·Im ·11.1 4~l! I 457 !"\,(,l1i~I' Initial \\""I~ht 1'011111 15 	 loll 
.'ii,1 11112 S...O R7t) ! !HS 

...\ \'tl~~~l\ RUIn do mA\,{lnll!l' finn I W(lighL. 110 
·1:12 :wa -110 i ;1811 

2.~'tl 2.37 2.16 2 !\() I 2,\4A \'rl1tlw llnllr ~llltt d" 
.\ \,l'IlI~" IlIlIounl of t~,lrtlh ill hlatll\(·rs 	 I 

Jl'rnUl~ 2.IH:;:' .038 .8~'6 • Is!l • .3M .t GOO 
\\"'r"g~ 11·(,lI conslIlII("1 I,'r 1110 pOllllds nr I
R~lIl: IpOIlIl,ls 	 ·1711 ·lllS i .1g! ! 021I1mln 	 4~~ ! 'I~~ ! .~2 I '-".' So1~ 


::lor~() 5\lli~(' 

Cntton!l{'(',II1H'ltl ... dll 	 S5 

lin ;011 IW'~ , 7:!l (\."ii 11~ 513 
IS, Tol )~ j):l lrllll)

1~l\tdrltr)' ~ , , . tlo I'.m 1\)00 ! 17 IIi 
('nr~l~q ~nld(. 1 i:l.('(It't l \I.NI II. 7fi i 1257 \0 .~ 12, fAJ : 12 [Ill 

,
_" __'_''''~_'~__ 'h"-_"_ ""_,,,_<- "',_'" ."'~ ! 

1 On~ MI'\'r dl('" In JallUHQ :1I1.j :1_ «,('OrtIs wrrr not Included In UtQ re~tllts. 

, ~N' fooluol(,l at ttl IIh..,;t 

2- ~l\1! rO()tlltll(~ 4. tuh,c ~l, 


• 


• 


• 




• 


• 


• 


USE OF GRAIN SORGHUM IN S'l'EER-FATTENING RATIONS 11 

on thl' other hand, had three and one-half times as mnch calculi, Group 
4, fl'd milo gl'fiin and bonl'ml'al, made praeticallv the somc gain as 
~roup 1 but had considerably less calc~lli, Group 5, fed no minNal 
other than salt, made about avemge gam but was considembly bt'low 
the average in amount of calculi. Onc stl'er in this O'roup evidently 
had been sutl'cring from calculi trouble as its carcass, a'fthou~h ~I'fiding 
Choice so far as finish was conce11wd, was condemned because of 
uremic poisoning, In group 4 also, one steer showed symptoms of 
calculi trouble toward the dose of the test, The gl'oup fed corn was 
the most efficil'nt as it produced the most gain from a given unit of 
fl'ed, The gl'Oup fed milo heads was the least eCIicient as ill the two 
preceding tests, 

There was essentially no difi'erencc in the carcass grades of the vari 
ous groups as all aYCl'fi~C'd within the Choic'C' ~mde. Group 4, whieh 
received bonenwal, had, on the aVel'a!!e, slightly' the highest finish, 
Figure 2 shows the group 5 stpers at tlu' end of the test, The condi
tion of tlwsl' sl('('I's is typi('al of that of the othpl' gl'OUpS, 

FlO l:HB 2,-G1'01lP 5 8tCcr~ (fed no mineral other thlln COlilll101I snIt) nt the end 

of the] 0-14-45 experilllent. 


AnmAGE RESULTS OF TUE THIlEE EXPEHI)IJ.;:-1TS 

It wns ('vidc'nL ('nch year that th(' kind of groin f('t! hnd a elOS('l' 
I'('llltionship to th(' int'idellC'(' of cn,l(,lIli thnn did till' kind of milH'1'II1 
:;upph'lll('nt fed, In 2 of th(' 3 y ('III'S , the' StN'I'S ft>d sllPll<'d ('01'11 
(group 2) nnd 1h(' low lill1('slonp 1('\'('1 mndp lhp gl'('ftt('st IlVt'rH~(' 
;,rllill find in nll :3 Y(,IlL'S lind t1J(' Ipu;;t tnkllli in tll(, blndd('l's (tnblp l'\), 
On lIH' otllpl' hand, the' 51('('1'5 in gl'Ollp H, f('d ~I'ollnd milo Iwnds, mnd!.' 
tlll' INlsi gain in 2 Yt'111'S, und ('n('h ~'(,IU' hnd til(' grl'ull'sl Hmount of 
('lll(,tdi in t1wir blnddNs, Th(' di(I'I'I'('Il('(' in nYl'I'n~(' gains Iwtw('l'11 
~I'OlipS 2 nlld (} fOl' Oil' 3-),('111' pl'l'iod WHS signHi('nnl (p<O,O[J),5 

.j ~XI':()I~('()ft, C:' \Y. 1-11'.\1'15"('((',\1. :'1I~TIIOf)g A I'I',.II~[) TO I';X(l~;III:'II;X'fS IN ,\0111-
C'!'I.'I'l'ltI.; ,IXIl III 0 I.e){l Y, Ed, 3, -1-1.2 JiP" ilItJ~••\I1I(~", lUII'll, I!) 10, 
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TABLE 8.-AIII01lIlt of calculi in bladder allcI total. gain of i7Hiivi(l1wl sleers ili each 
_ of lhe six grollps for Uw three experilllerlis 

1042-13 exp'!rllll~nt' }o.la-I.1 CXI,crllllent 3 J044-15 cxpNllllcnt I 

Group Rutions u!!Cd I ~AIII~t~~s~AIII~t~s~A_~l~W

No. 

No. t11k!.11l g:lln No. cnl:!UII gllin No. ClI~11l guln 

-~--------------- - -------- --- ---- -.--Gram.,.Lb. IlJ. 

8 G~ai7:) ·ISS I 0.3·1() 470 
20 :O:lO ·Il~l 3 1.0·15 4!i1 

Ground 111110 grnln, Ii .525 ·HI·I ·1 .157 3411 
cotton$(!cd lIIeal, sorgo :14 •OM 45i 	 21 .128 ·!flO 

354silage, !Iud 0.00 pound :11 3.2'_'0 ·11·1 ~'!l .01.1 
limestono ....... _...__ ...... ~ 2H 0 ·\015 32 In.·115 :150 

Ii 2.055 :185 	 -Ii .1l1iU ·1211 
f~\ 2.5()2 ·118-~. , - 1----- - --'- .."........,--, --- ----- -- 412 
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·If,O 20 o -ISO 15 .025 as5 
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0

1 
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as .:H5 ·1()O :11 o 355 48 ,lOU 420
I 30 o ·12; all o 

:ISS 	 40 .050 ali:!5 .050 auu :1-1 .12------ -- -- -""". -------~-
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_._.- ~---
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hOllumulI1 IlIstcnd oC ·1·1 0 :IU·I 2[, 0 ·It~i 

:IU () 

:1\) 	 ,OrA) 4:1S :19 () 421 ·11 o 
4.5 	 .OID• \ u; 0 ·117 ·hi 0 47S 
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"~~rm__ ,-., ,'., 
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ot' ~r thnn salt in !lIst ·1 .1. 11K) alII 01 o 
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) ('ommon sIIlt w/\S red ad libitum to nil gronps.

~ OIW slcl'r in gruup I 11'115 fI'nw"c,1 Irom CXIwrllll('ut tit the rloSl' or lest bCCIIIlSl' of t'llrouk hlotltiug: hIs 

\'I'('urds were COIISlcll'rctI to be S('rloush' nITN'l!',1 h~' tbls eOlltli\.loll. 'I'wo III j(roup G weT!' ~IIIUglltl'n'd 011 
JI1t1ullry 20 lind I'el>runr~' 1:1. rlOSIll'(·t1\,\.:ly, hN::IIISV or clIlculllll the ur~thm. HcsuHs fro'lt till'$(! thrc('lIl1ll11t1ls 
Wl'Il' 1I0t 111('11111('(1 III n I'\'!'(I~PS.

, Ottl' Sll'l'r hi ~1'ol\JlI nnd one IlIlll'OUP a ,lled lute In JIIlnlnt·y frollllllnli~nllnL ",Iemll. Tbl'ir n'sull~ \\I'n' 
not hlchldl'd in IIWn1\:CS. 

I Olll' stel'r In grvup :I wns n'UtOl'l'd rrolll ('XPNltlll'llL Oil JUllnnr}' 12 bl'(~IU~l' or r()rn~e poisoning; l'(·suIlS
rroUt this IInimnl were not inellllll'llln lIWl'IIgl'S. ~t('l'l' ~o. II ill ~roUJl·1 "llIi .<Il"" :-.'0. ·12111 group II ghowcl1
C,,!<It'"l't' or '"-Ilcullin the urclht'll tit tit" "nt! or th,' tcst; nnd Sll"'I' ~o. 12 in gruup 5,nlthough showIng lit) c\·I· 
Il,'II"l' of CHlt'ull trouble borOn! slaughter, II'IIS rouud, IlL tittle of 51,Hlghtl'r, to h,IIC urelille Iwlstltlinb lind it~ 
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USE OF GRAIN SORGHt'},! iN STEEfHi'A'fTENING RATro~S 13 

Differences in amounts of calculi in th(l~e gl'OUpS wcre highly signifi
Clmt. Group 4 steers, fed ground milo grain I,lml boncmeal in place 
of limestonc, ranked next to group 2, fed shelled corn in average 
gain and low calculi content for the 3-year pedod. 

In the first year, six of eight steers in group 2 had no calculi in thoir 
bladders; in the second year four of cight steers WN'e free from calculi; 
and in the third year one of .\ight steers }lad none. In the 3 years 
only one steer in gr(Hlp 2, fed shelled corn, had as much ns 1 gram of 
clllculi in the bladder. This gI'OUP, therefore, was pra<.!tiea.llyfl'ee {tom 
calculi each year. It would appear that replacing milo grain with 
shelled corn controlled the calculi formation to such an extent that 
the feccl-.l0t pcrtor~lance was not affected adversely by the presence 
of calcuh in the Ul'mnry system. Even .though the calculi could be 
largely conb'olled by feeding corn in place of milo, the problem was 
to prevent or control the formation of calculi when milo was fed as 
the latter grain is the predominating carbohydrate <.!oncentrate in 
the region. 

In gronp 4, as indicated above, the feeding of bonemeal at a rather 
high level tended to reduce the incidence of calculi, as compared with 
the results obtained with groups 1, 3, 5, and 6. In the first year 
five of eight steers had no calculi; in the s('eone! year, four of eight; 
and in the last year three of eight. The difl'el'ences in gains betwcen 
groups 4 and 6 were not statistically significant, but diff~r('nces in 
amounts of calculi were highly significant (p.<O.Ol). Differences 
hetween other gl'oups in these respects were not significant. 

The fC'eding of cottoJlst'ed hulls in place of silnge, together with l1 

small quantity of o,lfalfa leaf meal to supply about the same amount of 
cHotcne as woulclbe contained in the silage (group 5 in. the first yeal"s 
experiment) seemingly did not influence the formn.tion of calculi in 
the bladder. The use of no mineral other than salt (gl'oup 5 during 
the last 2 years), as compared with a low level of limestone, likewise 
had littl(' ('[fect on the amount of calculi. In group 5 there were two 
steers 'with no calculi ill the 1943-44 test and Olle steel' with no calculi 
in the In.st yen.r. The average amount of calculi in the bladd('l' per 
steer in gl'Oup 5 oyer the 2-ycur period was 0.515 gm., whkh was 
similar to the 3-year average of 0.441 gram for group 4, freI boncll1eal. 

In 2 of the 3 years group 2 fed shelled corn was the most l'fIieientl 
as it produced the most gain for a givcn unit of feed. This gl'OUP also 
ayeragrd slightly higher in this respect for the 3-yeal' period, but this 
incl'e(Ls('el efHcirft('Y o,-el' that, of the val'ious groups f(ld gl'Oulld milo 
grain was l'datiyely unimportant. The SlN'I'S fNl milo hl'ads W('I'(" 

to a considerable c:dC'ut, the least C'friC'ipnl in thpil' produ('t ion of stN'I' 
gains. 'rho difl'C'I'(,llce was statislicn,lly signifiC'nnt. These f(Letors 
fmtitel' indien,te that although th(' rILte of ~tLin W(LS not mILlet'ildly 
affected by the (Lm(junts of C'ILlculi in the hladd('l's, thel'(, may be a 
relationship betwN:n the indde!l('e of calculi and the ('fTkiPIlt'y of 
feed utUizaLion, GI'OUp 2, fpel slu,Ued COl'll, fOI' instnllC'(" hnd the 
greatest effieicncy fLnd the len,st cltI<.!llli over tbe :3-ye!Ll' period, wlwl'llas 
group 6, fNl milo h('ads, lULCl ill(' \{lllsl nffieipney n,nd 11H' mORt <'nl('uli. 

The fiY(,l'figC' ('nl'('nss grude for nil gt'Ol1PS WfiS low Choicl', indi('ut.ing 
that the CUI'(:IlSS gl'ilde wus !lot nfJ:{lctcd by the incidence of cnlculi. 
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SUM~(ARY AND CONCLUSIONS 

Exprl'imrnts made to study the r(fect of minal'Y calculi on' brcf • 
pl'oduction and methods of contl'oIling the disorder in sterl'S on fatten
ing rations were conducted for 3 years at the Big Spring Fil'ld Station, 
Big Spring, Tex. The work was ctll'ried on coopC'J'athrply by the 
Bureaus of Animal Indu.::try and Plant Industry, SQils, and Agri
cultural Engineering of the United States DC'partmeni. of Agriculturr 
and the Texas Agl'ieulturnl Experiment Station, Each exp('riment 
was begun early in Novembrt' and extended over a pN'iod of 182 days, 
Six gt'oups C'onsisting of eight head each of Good to Ohoice gmde 
steel' calves were st'1t'cted fot' each experiment, As ('otlcC'ntmtC's 
they were fed some fOl'm o( milo 01' corn, together witli cottonset'd 
meal; as roughage, sumac SOI'p.:O silage, The following vnriatiolls in 
feeding were studied to det('rlnine their effect on the incidencl' of 
calculi: Including in the ration pulverized limestone in varying 
amounts 01' bOllemral; in group 2, substituting ground shrll<'d com for 
milo; in group 6, feeding ground milo heads instNtti of ground milo 
grain, In gtoup 5, cottonseed hulls and a smnU quantity of alfn!fu 
leaf meal wel'e used in place of silage in the first yetU', The roughage 
was kept as constant as possible betw('('n groups in ull tests', FOl' til(' 
most purt, the grain and cottonseed meal WCl'C fed in the ,'atio of 
approximately 6 to 1, but 'all groups were fed as much as the steel'S 
desired after getting on full feed, . 

The results of these experiments indif!ate that calculi fOI'mation ill 
the bladders of the steers was closely I'elated to the f('eding of milo 
grain ancI to a lcsst'r extent to a lack of phosphorus in the ration, 
The tests indicated that calculi could be contl'olled to a ('onsidl'l'Uble • 
degree ancI prevented in many east's by feeding corn as the carbo
hydrate concentl'H,te in a sumac-silage and cottol1set'd-mt'ul mtion fOl' 
flLttening steel's, ancI also by supplying additional phosphorus in tht' 
form of bonemeal. ' 

Although ('alculi we1't' ddinitely associated 'with the feeding of milo, ., 
it was t'vidc'nt that their inciden('e was influenced by til(' form in \"hieh 
the milo was fed, Each year the amounts of calculi in the bJaddC'rs 
of tbe steers fcd ground milo heads were consistently gl't'u tel' than in 
those fed grotl1ld milo grain, 

Over the 3-ycar period, a high percentage of the st('ers fed appl'Oxi
matC'ly 0.43 pound of bonemeal per head daily wel'e free from euieuJi 
in their bladders, 

Althougll the formation of calculi wa::! not significantly influenced 
by the ealeium level in the ration, there was a tcnd('ney toward It 

smlLHer amollnt of culeuli in stpers fptl 0.12 pound of limestone' pl'l' 
head daily than in those fed 0,06 pound, 

The results of these· exp('J'imcnts, although not eonelusivl', indicated 
that the formation of ul'illu.ry ('aiculi ill stpers being fatU'II(1{1 on grain 
sorghums may be ('ontrollt'd to a considl'rablt, l'xlpnt by using the 
thrc'shed gmin mther Lhan the lit·ads, and by supplementing the 
ration with phosphorus, 
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