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UNITED STATES , 

DEPARTMENT OF· AGIllCULTYRE 
WASHINGTON,.D. C. 

Comparison of :M~ethoc1s of 'Supplying 

;'~ . Phosphorus to Range Cattle! ,.,. 
:... 
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INTRODUCTION 

The feec1i ng of phosphorus to range cattle to correct nutritional 
defieipneies had .its beginning i.n studies made on the South African 
veld in 1924 by Thieler, Green, und Du rfoit ('7)3 when they associated 
certain deficiell('ies ill cattle with apho~phoL'Osis, ;t condition caused 
by an insllfliciPllt phosphol'uS intake. 

Phosphol'UR delieiencics ill the eal'ly Htages were recognized by de" 
pmv(>d appetite, as evidenced by the chewing (If bones 1111d other 

I Snblllit:t('(1 fol' pullJi('atioll .NoYf'lIlilPI' 2:::, J!l·IR 

• 
'For as~iHtllllep ill planning :lull ('()nliu!'lill;': !'jlf' sf:1Il1iN', al'lmowlcllgmcnt is 

rna<1f' to .N, H. IWiH lind Mills B. K()onf'(', Animal lInslJ:ln!1I'Y Division, Bureau 
of Animal Inrlnstl'Y, ll. S, Dt~pal'tnl\'nt 01' Agl'iC'l1ltnre; G. S. Fl'nps (retired), 
DiYiHi()n or ChplIlistl''y. :T. I!'. l"lJ(lgt', Eo n. H".),Jlo}(]s, nlHI n. L. HemiC], Depart
mrllt uC A;,:ronoUlY, H, Sehmi<1t, J)('Il:II'fment of; Vf·terinal'y Scicnce, 'l'CXltS 
!\;,:J'i<'ultllJ';J] J<:xpcl'lJlJent Stn f:ion; ani! .TIWIl',~ ~leHl'ir1e, forelllan Encino Pivi~ 
slon, Hnd :r. K . .Nortltwn~·, \·~'tf'l'inal'inn. King Haneh. FOI' aSSistance in the 
l!ompillltioll llJl(l intpl,'pJ:l'tnfillll 01' eXllerilll('ntnl (Infn, n('!wowledgment is nlso 
Illlldc to M. W. [[1\7.en, Bilreau of Animal Industl'Y, U. S. Deplll'tmcnt of Agri
culture. 

a Itnllc llllJllbm; !JI pal'l'llfhC$CS ,.er('I' to LiteratUl'e Citell, p. 2:;? 
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2 'PECfu'lICAL .BULLETIN 981, U. S. DEP:ARTMEN~r 01" AGRICULTURE 

materials. Advanced stages of the conilition were manifested in im
paired body growth and development and stiffness in the forequarters. 
This stage of aphosphorosi's was termed "styfsekte" in South Africa • 
!wd "creeps" in Texas and other localities in the United States (fig. 1). 
When the appetite of affected cattle became so depraved as to cause 
them to eat decomposed carcass material that was infested with an 
organism called. Olostridiwm bot1tUnul!T/" a disease termed by the South 
Africans "lamsiekte" (1) resulted. This disease is referred to in 
the United States itS loin disease and usually proves fatal. 

Early expeL·iml.'nts by South African investigators (5) showed that 
the feeding of bonemeal to bt'ceding cattle illcreased the fertility of 
the cows, causing grentm' regularity in breeding, and also increased 
the milk flow, which in turn favored increased gl'Owth :tnd skeletal 
development of the calves and prevented aphosphorosis. 

LItter experiments (1) showed that two-thirds of 11lI onnce of di
calcium phosphate was as etFective as 3 ounces of bonemeltl 0(' 2 ounces 
o:f disodium ph'};i;'lhate (20 percent P 205) w1:en fed by hand-dosing or 
mixed with S!tlt 01' a palatable feed. The first-mentioned pl'Oduct is 
only sli~htly soluble in water and so (~annot be administered satisfac
torily tllrough the drinking water. '1'hese experimellts also showed 
t.Imt disodiullI phosphate was It satisfactory SOIll'Ge of phosphot·us 
when difisolvl.'din t1H: drinking wate!' at the l'lltc of approximately 1.5 
OIIl1('eS (10 ~m. P~O.. ) 10 5.8 gallons of water, the average quantity 
(/I'lIl1k pCI' head daily, 

Sti IIflll,theL' cX(lPI'illlcnts in S~JlIlh A ~L'i(':,l sholl'pel that the i norg:tnic • 
phosphol'lls lcv{'l III t he blood of cattle 1l1c1IC'ated whether the anlm:tls 
Wel'e i'eceivillg f'ldlieient phosphoL'uS to trlcet theit' I'cquil'ement:s . 

• 

FIOUlLE 1.-Cow in "(,l'ct'py" ('onrlition clue to npbosphorosis, 
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METHODS OF SUPPLYING PHOSPHORUS TO R&.~GE CATTLE 

These investigations showed that the phosphorus content of blood 
from cattle receiving adequate phosphol'US ranged fr..om 4 to 9 mg. 
per 100 cc. of whole blood, the younger the animal the higher the 
phosphorus content. The method for determining the inorganic 
phospho,l·us in whole blood was reported by Malan and Van Der 
Lingen (6) ana luts been employed in phosphorus deficiency studies 
in southern Texas. 

Davidson (4) reports that phosphorus deficiency is closely associ
ated with urinary calculi of steers in the Cypress Hills area of south
western Saskatchewan, and recommends the· fp.edin~ of bonemeal or 
monoclllciumphosphate with good-quality alfalfa nay for the pre
vention of tIlls condition. Incidenlally, this trouble was not observed 
on the King nanell ill the coastal plain of Texas, where the present 
experiments were made. 

In experiments conducted by Black, Ellis, ,Jol1es, Illld Keating (3) 
in west-central Texas, urinary calculi in the bladders of steers were 
commonly found when milo gl'ain constituted the IlHljOl· carbohydrate 
portion of t.he fattening ration. '1'he resnlts of the tests indicated that 
the formation of urinal'y calculi cOllld be controlled to It considemble 
(IC'gree Ilnd pl'lwented in many instanc('s by sllppl'yin~ additional 
phosphorus in the form of bone meal. Over a 3-year period, n. high 
pCI'cenb!gc of: t1W,St<)(,I:S fNI appl'(~X,illlat.('I'y OA:l pOllnd of boncn~Cld ppi· 
head dally WI'I'(\ fl'eelToll1 talcull III the bladdcrs at the end of It 182
day feeding period, . 

Exp('rinwnts in sOlllh01'11 TE,xa,; by BI:wk, Tash, ;10Iles, and Klcberg 
(!2) ,in which bi:eec1in~ cat.t.ie on phospllorus-dcficient mnge were 
hallel'fed llpproxinlately G,o gill, of phosphol'lls per head chtily (six 
times pel' w(wk) wh('11 the ('ows wcre (lr'y lln<114.:.l gm. during lacta
tion, showed that nphosphol'osis could be pl'evcntf.·d alld cOl'l'ected if 
the phosphonls deficienci('s were not too fill' advanced. Disoilium 
phosphate :tnd bOllellH'al, ",ll('n :fcd so as to supply the Sltllle quantity 
of phosphol'lIS, weI'(' of simihll' l'clati\'(' values as sllPplenwnts to phos
phonls-defieient vl'getation. 

The pl'imal'j' advantage ill f(,pdillg a phosphorus supplement to 
cows IInder the ('OlHlitioni of thNie f'Xpel'ilTlents was the incrcased per
eent.age of the ('II-It crops and gJ'(~at.er weights attained by the cows 
flnd the.ir offspring, These test.s showed that only about (;4 percent 
of the control "ow!:) produc('(l ('nlves as C'ompal'ed with 85 pel'cent of 
those supplement feci. This cliffel'pnce was highly significant. Dif
fel'cnces between the ~llIpplemellt-fed groups WC're not significant. 
The control cows weanC'd only It GS-perc/?,nt C'al:f crop, whereas the sup· 
plemt'nt-fed cows weaned Sl pC'I.'('('nt. Only slightly mOrC th:m. 30 
percent of tile ('ontrol cows calved in g ('onseC'utive yeitrs, wbel'~:.'s the 
supplt'llIelll"-fed cows tl\'cragecl about 78 percent. 'l'hiil cl iffcrernce was 
highly significant. 

The feeding of phosphoru;:l supplements to cows had no influence 
on the birth weight;.:; of eah'('s, but the ayerage weaning weight per calf 
in the supplemcnt-fC'd group WliS G!) POlUlds 1110rc th:t...;. in the control 
gronp, which was It ('onsidemble advantage, '.I.'h(' difference in aver
ago weight between 12-month-old heifers in the supplement-fed and 
eontrol groups was l'sst'J)tia,l1y the same as nt wcaning time, but at 18 
months of age the. supplement-fed heifers a vcrnged 126 pounds 
heavier than the latter. . 

http:gJ'(~at.er
http:cat.t.ie
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THE AREA AND ITS PROBLEMS 

Thero t1re many phosphorus-deficient areas in the United States, • 
particu1:u:ly along the Gulf coast, the eastern seaboard; tind a strip of 
country extenc1irlO' north :fL'olll central Texas to well up into Sas
katchewtll't. and Afbel'ta, Canada (fig, 2), The collection of lllllner()US 
vegetntin\ Stllllplcsin sOllthel'n Texas and their analyses 111 experl
~nents (8) conducted from 1037 to 1\)-11 revealed evidence of deficien
cies 111 pl'otl'in and phosphorlls of considernble consequence, Few 
of the sampl~ls eontained more than O.l~\ pet'cent of phophorus, and 
few had tt calcium content of .less than (},2'~ percent, A phosphorus 
content of 0,1:3 pel'ccnt and tl calcium content of 0,23 percent of the 
dry matter of the vegetation consumed 1111ve been genel't\l1y accepted 
as the minimum amollnts of these elements l'eqllil'ed by range cattle, 
In many of these areas eattle get no feed other than the native range, 
and much of the time the veeretation is very dry, Records taken in the 
Itrea where the rnillcml stmneR were underway gencmlly showed the 
rainfall to be low each year in November and December, The 
Illlnllal l.'ainfall in the Ill'ell averages about 20 inches, In this same 
period thepl'otein contcnt of the plants is cOlTespondingly low, ·When 
precipitation is. low thcre is R tendency for plants to become some
what stunted lind r1ln(lII.'C early, ·When seeds iJpgill to IOl'll1 thel'c is 
a mthel' rapid IllO\,C'llIt'nt of phosphol'ns fl'OlII the stems and lea\'es 
to the s('edR, The ::i('p<!s shaller out, lea \'i ng a phosphorus-deficient 
fOl'uge JOl' grazing, It WlIS also ·foulld that (,oll~iderahle dilfCl'l'lIces 
existed in the eOlnpmiition of dill'cI'l'nt l:ip(~eiel:i and ill the saIne l:ipecies • 
in di ften'nt lo('ali tics, 

The ea\c:ium eontenl of the Vl'gebtlion is adequate .in lllost instances 

a lid seerni ngly lIot a n:e('ted materially by stage of growth ot' l'Ilinfal1. 


m ~~~~cr:~~~ :~~~~HORUS •rn ~:~::;T O:OI~M~~":ERIALS 
'--___________________________--J 

J.'IOUltE. ~,~··Al'(llll> in the United States suhje('t to ph0spllorUi; detieiency, 
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ME'l'HODS OF StTPPLYING PHOSPHORUS '1'0 RASGl<: CA'I"J'I.JE 

Inorganie phosphoL'lls detm'minations of blood samples from caLtle 
in sevel'lll pastures veeified lhe :malyses of the gL'asS samples as to 
the low phosphoruH eOlltpnt of the fOL'a~(', The protein content of 
the fomge is USlI:tlly low alld appeal'S to bt, dosely tl!-iRociated with the 
pl~OSP.1lOl'll!-i content: being high('st in the early spring and lowest jn
mldwlI1tel', 

The !lrc'a, wherein theH(' in\'l'stigations WPI'P eondurted was in the 
nearly flat ('oastal plain of 'l'pxas bOl'lletill~ on the Gulf of Mexico. 
C1imatie eonditions .in the 'I'('x!ts Gull: ('(Hl~t area vary from humid 
jn the eastern part to subhumid tllHI atill in tlte southel'n tmd western 
parts. "Where the phosphol'us snpplenlents were suppliecl to l:!att1e the 
('onditions \\'(,I.'e sPllIlal'id and long droughts wel'e not uncommon. The 
soil typc's YIlI'.)' from hl'avy ('lays to fine salllts, The predominating 
gl'asses al.'p Rpl'('ies of Pa8jHt/Il7Il, of whieil the honeydew 01' Georgia 
grass is l:ll(',l1lOSf: il,nporhlllf:, ill\(l tlw -:11/(ll'o/lO(IOn ~pe('i(':>, eallecl sage 
gl'ns!'c's. Of le:-;:-;(,I' 11I1[>odall('(' al'C' bu/lnlo gl'H~:'l, hall'Y gnul1a, sandhIll 
grnRs, tLlld big :-;allgl'a~s OJ.' :-;t[('ahuista, ' 

Excrpt durillg p(II'iotis of dl'ought, fhel'e was usually all abllndance 
of \'C'grtafioll that SlJp[l()J'tpd gl'palpl' 1lI11l11lt'J's 01: ('aUle pel' section 
than did most ot1irl' rang£' :ll'ea,> of Texas, The cnttle in the :Ll'Ctl are 
:f,jr the most part lln(iersi:t.ed owing 1tll'gply to nutritional deflciencies 
in the yrgrtation. A pC'J':-;i;;tl'nt (,I':Wi;l,~ by nHlll,r cattle fol' bones, 
(lil't, wood, and other materials, indieating it phosphorus deficiency, 
is lIswlll,v in evidelH'C ill tinl(':-; of (lrought\\'lirl:n ('nttle al'e compel1ec1 
to exist 011 the vegetation alonp. The anilllals a/l'p(:tr<1 with this 
defieien('y (lisease u(,(,()JI1e thin and \I'PiLk and mo\'e with a pc(:uliarly 
!ifill'. t:1'l'C'P'y gaiL 

Th(1 :;tlldieH (2) fl'om 10:17 to If)H sho\\'('(} ('onclllsively that by the 
fC'l'ding of pitOSphOl'IIS slIppi('I11l'nt to I'Ilnge ('attir I1lltl'itional c1eHcien
drs ('ollid b(' ('onft'ollpd and 1>1\'\'('I1Il'<1 ill nlOst iIlShll1ec!'i, thereby 
j'Nildting ill fl I!l'patcl' lWl'c('ntngC' of ('Itlf el.'Ops and heavier cah'es at 
weaning timC', Howen'!', tltpl'C I'emainrd the pl'oblch1 of detel'mining 
the l'rlafi\'c \'alll('s of pl'ad;i<"nll11cthoc1s of supplying this supplement. 
A('('ol'dingly, til(' pxpel'irllent l'l'pot'ted h('l'ein was designed to compare 
di.,p('! Helf-fpl'ding 1lH'l,hods with tlw .indirC'rt llH'th.od of supplyjng 
phosphol'us tI11:0 lIgh ft,rti Ii:t.alioll of paslurpsi n areas deficient in this 
rlr'IlI(lnt. 

EXPEIHM E:'\TAL PROCEDURE 

Tllis l'xpt'I'inwllt \\'a-; ('oIHIIJ('[l'd fl.'OIll ,JIII.\' ID,I."l to X"orelHueL' 1!);H) 
at the Killg Ran('h, King;;vilil'. T('x.. b\' tlw BI1I.'(>:ul of _\.nimal Inc1us
II',\' of IIH' 'lTuitpd Sla[('~ l)('plll'tnH'n[ (;1' ~\gl'i('ultlll'l', the Texas A.gt'i
(,ldtUI'll! Exp(ll'ill1('nt Station, lind [hl' King Hanel!, The Tenncssce 
Vnllpy .\utIIOl'ity flll'nisltl'd tltt' :-lIpPI'phosphate IIS(I(I :for pn;;t\rre 
fel'liliMtioll. TIIP I"oil Was IHl'gl·ly Nue('('s (ine s!lnd, It ]oosr sand 
slliJjl'd to wjnd l'1'(biOI\ bllt not to \\'at(,I' I'I'osioll. 

FOIlI' gl'OlIpS of hl'ifl'I's apPI.'oXilll:lIl'I,\' :,!() lllOlIlhs or ngl' a.nd of 
Bl'nlllwll1 .. H(,J'dOl'" 1JI'l'PILillg (lig. :1) W('I'P t1iddpd al I'alldolll lUII\ 
plll('pel 011 (i I(I'lI!'I'P pn,.,! 111'1''':, d 1'011 t)S I.:l. 1I lId ;\ il.\'Pl'agl'd ,I ~ b('H(l IWI' 
\'(':11' 1Ilid gl'Ollp l, alHJlli ;,0 PPI'l'l'lI! 11\1)1'('. Till' ;tllilllal:-; \\'1'1'(' 1I';IHI.led
;'S 1'0110\\ s: 

(:/'1111/1 I (f'fIIllIlll,~J. 011 III I I iI,' 1':111::1' lIilil IHI IIlilll"'1I1 I-oIIPI'It'I\If'IIL 
(//"(I/I,/'~" (11\ IIlItil(' I';WI-:(' \lith lll't"I'''S to 110111'\111'111 phl'l'd ill 1\'1'11 'tiJ4triilll[pd 

sptf t"l'P!lP"ll, 

" 

http:llH'th.od
http:lln(iersi:t.ed
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Orou" 8.-011 IIatlve rlllll::e and t'ccciving supplemcnt:lI phosphorus fl'OIll (Ii. 
sodium phosphute (20 perccnt P,O.) !lissol\'ed in thc dl"illltlllg watet· in such 
fluuntity us. to provide 6:5 gm. of phosphOl"llS (1-1.88 gill. P,O.) ill 6 gallons of \vater. 

GrOU[l 4.-0n native rttnge f/~l·tllizc~l in Julr 1041 with triple sllperollosphate 
npplied Itt a mtc of 200 pounds pel' acre. (1)6 lloullds of P.O.). Ho\ve\,(~l'. us •
about l:! pcrccllt of the (HO-uel'c pllsture wilS brush coycred IIIHI uot fertilized, 
npl'oxlulIltely na,2S0 pOUl1(I$ wus IIpplied to the open al'cns, which amOllllted to 
1i7 IlOllllds IK!I' Uel'e fOt, thc section or 200 pounds per acre for about 500 aCI'es. 

The three untel'tilized at'eas used by groups 1, 2, and 3 were stocked 
at the rate of n.pproximately 1 cow to Ii) !lcn's. whcreas the fertilized 

• 	 area grazed by gl'ollp + waS stocked at 11 jO·percent gl.'catcl' rate, 01' 
:tppt'oxilllately 1 ('ow to 10 aCI'es. The nllmbeL's WN'c slightly reduced 
bl'tween A.prill~Ha and .Tulle HHi'i. Sallta Gel'tl'\ldis blllls were used 
with all gl'OllpS. Appl'oximately:W COws WCl'l' alloUt'<l to I. Dull. 

• 
l~lGUII[; 3.-I~rliIJlI\i1il X Hereford heifers selected In July 1041 fOI' experiments 011 

lIIcthods of supplying phosphorus to mnge cattle. 

Individual weights of all experimental cattlc were taken at monthly 
iiltervals throtlgh _April 1\),1:-1 and thcreafter every 3 months. In 
addition, weights of cows at tillle of weaning calves were taken after 
April 5, 1M·!:. Individual weights '",ere obtained for all calves when 
weaned at approximately 2'10 (hys of age. Blood samples were taken 
at ~8-dILy intervals from 10 reprcsentative cows in each woup, The 
whole blood WitS llsee! for inorganic phosphorus determmatiol1s, the 
nll'tlwd des('l'il>rd hy .Malan lind Van Del' J.Jingen (6) being used. 

Forage samples "'CI'p eo\ll'de(l at mther regular intervals tlu'ollgh
Ollt the. test. An attNllpt was ntadc to obtain material similar to that 
lJeing paten by the ('aU Il' at thl~ t·irne. The samples were sent to the 
'l'l'XltS Agrieultllral Experiment- Sbltion for protein, calcium, and 
phosphol'i.ls c\elel'nti nat ions. 

All phYHicnl eqllipn1l'nt. ine!uding ('nttll', fl'necd past.ures. ('olTllls, 
seales, llIinel'al slIpplenwnt;-;. and 11111('11 01' lite jabot· in\'oh'ed ill con
duetillg tltl' l'!II(\Y, waHt'lIt'nlsltr(\ hy tlH' KilJg UalJch. TIll' BIII'eall • 
of Aninmllll(l\Ostl'Y of tlt\.' Vnited Stat!'H Departmellt of .Agriculture . 
and tho 'j'pxas Ap'l'il:ultul'ttl Expl'l'i U 1('1\[ Station SIIIWl'visl'<l the. proj
(ld, ('oH('dNi all(~ allalyzed the fol'Hp''' :tlld hlood samples. and were 
rl:'sponsihlt· for thl:' [(·(,.hllie-a.1 phns0s of the exprl'imenbtl work in 
genel'al. 

http:phosphol'i.ls
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ME'rHQDS OF SUPPLYING PHOSPHORUS 'l~O RANGE CATTLE 

RESULTS OF EXPERIMENTS 

ANALYSES OF FORAGE 

The protein, calcium, and phosphorus contents of the vegetative 
samples taken from the experimental pastures al'e shown in table 1. 
In comparatively few instances waS the calcium content below 0.20 
percent 01' the phosphorus content above 0.15, thus indicating suffi
cient calcium but a deficiency of phosphorus. The samples with 1\ 

phosphorus content above 0.15 wel'l'\ for the most part f!'Om fertilized 
Ill'eas. The proLpin amI phosphorus contl'nt of most of the species 
analyzed tended to be lowest dlll'illg wi nter and drought periods, 
wheTl (hpl'(' was tho Il'ast green fl'ed. The 1)I.'ol(.'ill content was 
seldom above S pet'l'ent and uvcl'Ilgl'd only about '1 pel'cent for most 
species lll.mlyzed. rrh(~ calt·ium t'olltent wa.s seemingly not afFected by 
the rainfall. The tUlI1ualrtLinfllll ranged from approximately 17 
to 25 inches and 1t\'el'lIged abollt, 20 illches for the 5-yeat· period 
1042-46 jn the immediate Ilt'ea whel'(~ the investigation was conducted. 
The :t\'el'llge 1I10llthly rainfall on the experimental pastures is shown 
in table 1. The rclation uetween average monthly rainfttll and per
<:cntagl;\ 01 protein and phosphol'llS .in the most important grass 
(P(l8palum plicalulUln) ill the cxperminental pastures is shown hl 
figum 4. 

Th(' Iiglll'(' l'>h(l\\,li (hn!: both (Ill' pro(pi n :tilt! ph()~phorus contents of 
f he veg('lalioll aI'(' l'atlwi' ('Io~l'ly :t);socia(('([ with rainfall. In general 
IIH'I'C':lS('tJ spa);OIl:l I I'ai II fall 0\'('1' a ;}-month period, fOl' example, was 
I·pfl('('(ed ill high('l' protein and phosphOl'lIl:i pel'centages in the vege
tation fOI' about the same period. 

BOOr 

70°h"rn Tl'PTT' "'! r' I ~'r ~ u; 6'oO~ • l \ f 1 i I 
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l!'I(lUR~; '1.---Hellition lwIW(~('1l nl'l'l'lIl::(' llIonlhly 1'IIIIIfall :llItl Jlel·~·(·ntll~es of 1)\'0
(eln Hlld phosphol'lIS ill f('l'tilized aIHI nn(crtilizt'li "egt'tation (P(/'~ll(/tllm 
plicatulllm.) 
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In 1!H5 with a low annulLlrainfall of 16.77 inches, 12 samp1es of 
Pct.'3pal'!l11L plicatuZI)J1n,. taken Inonthly throughout the yllln~ had an 
averago protein content of '_1:.78 percent and a phosphorus content of ·e 
about O.()(j pcrcent in tilG unfel'tilized vegetation, whereas in 10:13 
when t:he alll1l1all'ainfall was 2·L80 i11('lIe8, the protein,. content llver
aged 5,:30 pel'(.'(,llt, with no intl'case in tIll' pel"'cntage of phosphorus, 
indit'aLing the laC'k of ll\'ILilitble phOSpi101'US in Holnble form in the soil. 
Foul' sllmples of th~~ \'eg(>(-atiol1 ht\n'n in ~Ial.'eh .•June, Seplembt~l', and 
])(,(.'t'lIlbel' 1!)4:~ frOl1l tltI' £(>I'llIiz('(l lIn'as had an ltVl'I'age phosphorus 
content of (J,OD as t'ompan'(J wilh 0111\· (l.OT -1'01' the HIUflP months of 
UHii. Jnl!l·I(j, wl\l'lI the I'ainfall was abollt till' a\'el'age, and following 
It cOllIpamti\'cly dlT )"l'lll\ 10 samples of /!u8jJalum pllcatul'wn :h'Oln 
thei\'l'Ulizp(\ al'('a~ bad a p110Sp1101'1l~ l'Olli('lIt of 0,11, as eomp!l1'ed with 
o.O!) 1'01' Ill(' unl'l'I,t:ilized V('g(·IHtioll. This fillding illdi('atcfi that some 
Hvai I a b Ie phosphol'us sl ill I'emu im·d i It the soi I. as a 1'(,~1l1 t of the appl i('Il
Lion of tripll' SllPN'plll)sph:lIe- !Il Ihe :;UlllnH'" of l!HI, but a('col'lling (0 
PI'N:lC.IIt ::;{allcJlll'<!S ('\'('11 thIS IlIghcl' 1('\'('1 of phm;phol'us waS not ade
l(lIfdp 1'01' .II0I'lIl:lll'l'quil'PIIII·III:-; of J';lllg(l ('atll(, wlll'1I sllbsisting solely 
on I hI' l'i1llgl'. F.igLlI.'(' I ~ho\\'~ I hat the phosph()J'us c'ontcnt of the 
/\'1'1 iliz('cl gl'a~s was ('ollsistPllt:ly higlll'l.' 1'01' eSi:it.'ntinlly th~ clul'ation... 
of l,his Sllld,\', I hI' ollly ('x('eptioll~ bein!! ill t\\'o 01' t:IlJ'(~(' instances 
dUl'll1g I lip <II',\' ,)'('111' of 104ii, 

• 

• 




• • • 

~"::~~TAIlU: l.-..1t'crUgB 1)I"OICill, calciulII, and rh08p71Orlis COlitCIlI, on (111 ai/··d.ry baSis, of $Ollle of ll1e -more important forage plalltt"coIl8Ullled 

by the ('attle in tlw €:rperimcllt alld raillfall during tIle e:rpertmelltal period- , 5"'" P,,.pall,llll p/iCtl/uluTn AwlropGgolllittoralis l'otpalum &dottUYI Eragro.lilltrundiJlora; Rradiiaria cilialiuima I ElgOlluru& triplacoide. I 
Year:l.!I(\ ---------	 I Rain· 8~ womb 1.. 	 J',t;- ('al· l'hos· Pro· Cal· I PhQs· Pro. Cal· I'h05' Pro· Cal- Pbos- Pro- CaI- rbos- Pro-; Cru- t Pbos- t fall ~ 

l~ju cium phorus t~ill ·1um; phorus! tem dum phorll.$ telu ("Ium· phorus tein ciUlll phorus l teill ! dUIIl 'f phorus t 0 
r:::~---~--~-	 rp-----~--------------·---'-,-l-

, ,1 	 • Ii 1·'1..1 	 , , 
0Perrent PtTr~111 P"rml P€:(tlll Peru;;! I Peuellt i'(umt Parmi Pucelll 'Puulli Parellt Percml Pertell/ •PtTc~nt Paunt Puttll!;Pucent .Percellt IIndia "'.lt~ Janwlry ., '1 0..'\5 0.03 111 0.";3, 0,0:1 . •••. ... .. 	 4.:kI 0.;19, 0.04 •• ____ ,. __ •• ___1....._.. 1.85

{ 2£,,3 .39 	 .03 2..0 .~~}: .03 . • 5.11 .52; .05. 3.33 0.191 o. 04 l} 193 rp}'ebru.u-~ i 507 .35, 	 .OS 5.15, .321 .OS ................_.+ ........." .. J••• -.........._ • 

. 4 ~5::'Iun'b. 	 .41 .(15: .28' .0.. . ...... : .... ' " ................... ' ............... 3.~ l .'Ii t.04 .17 

0 
~
5.-IS 

.-l.llril. ,t 2'2 .31 .04' 3.60 .23 i .05) 0.09, 5.6:1 0.23 0.21 ....... \ ""_"1__ ' __ '__ 3.~21 .2.1 .05 .48 ~ 
~Iay 4.42 .40 .05 3.M .31 I .05; .OS 5.71 .23 .0......... ( ...........____• __ ....._ .......... ! 1.9$ 

( -1.04 ~ June 	 ....\ S.;;:! :~:. :rJ. 3.. 09 ._. ·!!:!.L.:~ j . :~~ !_ ..5~~~ ....:~~·._..:O:.!•••~:~:.L.:~~L..:~.:.._~:~~.L...:I~.L.:~.n 2M 

July. 4.9'2 .-11; . Oil 4.75 .:1tl .061 .57· .OSI 5.\;0, .201 .0. u.s3: ,-131 .10 j 4.5.1! .20: .OSI 2211 
 Z 
.-\Ugu,t 4, '!.'2 .44 .00' 2.l}S .14 I .05 .45:.04 I 3.59. .19 .05: 3.99! .42, .05 ;......... _......L........ .63 0 
:::ePt~mht'r 5.74 ~ .," ...., I Oi ' o· , I' \ ~ ~ ,.. 10 ' , . . • I I}~ 35~ • 09 _I.VV, ':'U i .. i t ~,,)f. v: ,~..;.u 1 ... _, .. "~~~~~~ .. ·;-·..'~'·~~t~ .... ~~ .. ,,~:~~· .. "' ....-l .... ~'·"...... ~ .-...... _,..... 140 I'd 
October 6.f..5 	 .4~ .1!: .• ;, j ....... ; ...... : i .f1· 16 :" ;" ....... , ..••••--:' ....... :........ :........ ;••• ~.;;,;;.'.-.... ~.I......:.! '99 I:Il
4. r.;l .~~, 	 6, 3..~ .33 i .O! I ~>ti • • ~; ~••J9, .29: .14 ; ....... -\- .......... -- ... 'l'" - I .:!t! I .0•• I 4. • ., 
 0'Xo\"i!lulJt·r *" ~ 295 .;-~ .04 ~!>S, 'l~ .05, •.,9, .,";!' ".!!2: .~~ .OI:..... -.. ;· ......> •.• ·• .. , ~.3~; .h.•06 ..•~- .rp 
n~("IIII,t'r 4 15 	 ..I. .m _~~ .;;;, ! .06 ! .63 .0. 4.,;0. .- .06 ................. ;......................... """--I} 09 ~ 
2.w 	 .25 .07 '2.':"1' .2~: .OS: .~9 .]2 3.64' .19 .00·......-· ....... ; ... --.......... T........ l--.·.-.. •


1 II1 
0JIt~1 i 	 1 ~ 
0 
~ I • I' 

J:lllnars 4.45 .:1I • (It :I ~3 .26 I, •m' 7.20 i .6-I! • Oi .................. -'" • 9.14 .00 .07 T 2. 90 i .14 I . ro., 5.25 rp
February.. 3.62 . .39 .(Il :3.01; .26 .m : ........ 1................. ,......................... 6.C4 .-17 _07; 3.15' .14 .03. .21 


~I:I,(·b.... { 3.32 .0:) 3.45 .24 .•04; '.3~: ..tl: .10;........ ,................ 11.79 .49,.•I2 .........I---.............i} 8
'i 19 . 	 .:14 • 1.18 
.;14 QoJ 4,8-'1 .2~ i .00, 6.03 ~ .49, .12 ........1........ ........ 6.91 i .41' .15 ;.............·-!--.___ ·_'I 0 

At>ril . 6.203 .on 5.93 .29,' .0. ' ........ ' .............. '"'''''''' .. ....... 5.9& T .31! .09 :........~........!'....-.- .17 

lIfny...... 6.35 	 :i! . . Oil 4.55 .:Z~. _(J.~ ~.~' .~Q; .0121 5.65.' \ ';;2 ,Oil ....... ~.!........(-.... ~...--....·1........1.·......1 4.(1.1 ~ 


b { 1\.39 .39 .09. 4,.,1 .261 .00 \J.GS. .~. .0, 6.00, ..1 .06 6.3.: .44 .0. :...........-...........I} 123 >
111. ...._.. • fi.iSJ I 	 .. 47 .11 6.42 .23 II .13 5.24; .51; .13 4.90' .21' .11 5.2111 .39 j .12 '........ ,._....... i ..._.... , . Z 


." '"'., <) 	 • ' • , i _ ') _ ). <)Jub·. -1,39 	 .33 . .04 .1,". ..4. .fH 5.04, .~9 j .00 ........................ _.. .1.50 .5. .0..........1........1-.....--, _.4 0 

AugusL 3. !.,; 	 .-IS· • 04 2.61' .2'21 .02 ........ ,..............: 3.14 .19 ••04 3.59, .3u .•04 2.741 _191 .03, .7S t"l 


.-I{ .. 10 ' .............. ., 11.;;3 .M .17 :'''' __ '_''''_'''', __.'''__ 8.29, .39' .10 ,..........__••••L...___.I} 590
~ePt(·Ulb~r••••. -{ J~ ~ 	 • 49 0
,15 ... . .. - ....!....... 10.65 .6-3 .IS !....... -'.:.---.... ......... 9.04 , .41 i .17 .• · .... :.··-------,-•••---·t' .
Ocwt.er .... ii.94 	 .39 .0. 3.f>l .24 i .04, 5.50 .32 .00 I 6.'0! .16 .OS .......:.___• ___ .•_. __.•.. 4.'Ii! .22 .06 I.!!:! 


XOWUlWr... Ui.'i . 	 .35 ~ .3.') 
.33r)(-relll~.... { Hg· :~ Hi ; :~ I :E (Hf "-':~ "--:~'l i~~! :~ :&i:=:::::=;=:==:::=;:::::::::::=~:~~:l::=::~\::=:~:j} ~:: t:" 

t"l 
See fOQtnole 1, Jl. 11. 

c:o 

http:ai/��d.ry


• • 

I:' 

-
o ~,TABLE 1.-At.eragc protcin, calcium, alld phosphorus rontent, on an air-dry basis, of some..of the more important forage plants consumed 
by the cattle in the experiment and rainfall dwing the experimental period-Contin\led 

1-3
---·--;:;>allllll plicatllitllll Andro]Jogolllittorali. Paspalum U/OCtlttn Eragrosti8 ucundijlora Brachi.r;. ciliatiuima I Elyollururtrip.acoidu tr.t. 

Yenr lUui ,t '" I!": IRain· 
_ili l ~I~ ~l~ ~.~ ~.~:~ ~l~ ~1~i~'~I~I~I~ ~ ~ 

; t"in i ciulIl I"horus 1 lclll ciulIl l,.horus. lcill ' dum I phorus, Icill cium: phorUs 1 Icill I dum i Ilhorus, leill clum phorns .... 
--;;~--;~---:--I--i--I--l--j--!--l--I-----!--!--i--!--'--l--.--.-- ~ 

• tPt~Ullt i Ptrcent jPtrCt1l1 Perunt !P<TC~t IPercwt jPtrCenl IPerunt !Ptrc<nl Percent :Ptrct~nl ;Perct1lt jPercenl PtTC<II/ IPtTCtnt P'~ctnt Pcrcenl Perct/It' [ncAa
Jallunr~ ., 3,90 0.41. 0,04 4.49 0.•41 0.04! ...........__ • ••.•••. 4.50 I 0.•41 o.~ j"""" .•..,... ••••.... 3.14 0.19 0.04 0.98 
February... 9,bO .44j .10 8.23 .29 .10 12.fl6f 0.61 0.12 ............ ,..._•••• /... _....._. __............................-...... .22 
March {7.13 .44 \ .OS 4.67 .25 .00 I 1i.3O f .42 .OS ........ ,•••••••• 1........ \ 6.44 0.35 O.OS .........- .............. } 500 I•••• .•• 7.&1 .41 .J:! 6.69 .25 .11 7.2'l! .49 .16 ........ l........ j........ 4.60 .23 .09 ..............,.. ••••• '. 

M-U..... . 6.6.; .451 .09 0.22 .29 .08 6.05 I .50 .OS .......1........, •••••••• :........ ........ ........ ........ ........ •••••••• :93 

l\ln~·...... . 6.01 .liO .07 5.50 .3:! .07 4.35\ .54 .07 5.10 i .29 t .07 I 4.SO I .33 .00 ........ •••••••• •••••••• 2.57 

JWle ;{ ~.l;:; .40 .0') 4.85 .24 .10 I -loW .44 .00 ........ ,........ , ........ j 4.!0 .34 .07 ........................ } lOS ~ ' .. 


..... ..: 5.81 42 .14 4.73 .2G .09 I 4.29 .51 .OS ................I ........ ! 4.60! .33 .10 ........ ........ ........ • 
 co 
Jul)·.. .... . •• , 4.1):3 .liO .07 :l.43 .16 .05 4.02 .56 3.25 I .40 .00 ........ ........ ........ 1.20 QO
.00 I'''''' .'................. 

AugUSt........ , 3•. 7:1 .49 .~ 2.94 .36 .04 .............................+.......\........, 4.~21· .42 .04 ........ ........ ........ 1.62 

September i{6.fl6 .42 • I:! 5.85 .23 .10 7.15 .52 .10 ................ ,....: ••• l................I................ ·........··..... } 4.36 -

...... ! S.52 .41 .17 6.25 .29 .13 9.56 .48 .15 ............... :........1...... · ..•..···,..•....• ......•••·..•••••..·····1

October. .t 4.00 .:IS .00 ....... ........ ........ 5.48 .36 .09 I 4.00 .1:1; .OS t 9.671 .38 .17 .....,.. ........ ........ .00 ~ 

NO\·eUlbi~r...... ' 3.09 .:19 .05 2.47 .16 .m 3.SO I .33 .OS I 3.69 .26 I .00 ................,........ 3.SO .14 .00 .60 

Decemher i{ 2.70 .:l6 .03 2.27 .16 .03 ...... • ........ ........ 2.91 .15, .031 S.74 .43 .~ ........................ } ~8 
 ~ 

1945 • "'1. 2.55 34 .04 2.43 .24 •04 1....... 1................ , 2.55 'li. • 04 1 6.71 .53 .13 ••--............ '''''''' • t::1 

tr.t1 'w 

" . 

J 
I'd 

Jnnuar~' ...... 1' ~1.70 .4:! .~ 2.55 .20 .0.1 ........l......•• ........ 3.13 • 24 1 .04; 4.98 .431 .00 \·..•..··1..·..·.. ........ LOS 

February....... 3.90 .:16 .04 3. as .24 .04 7.M .65 .13 ........ 1........•........1..... ·.. ................. ........ ........ ........ .60 

March ,{ 4.40 .34 .04 3.110 .21 .04 6.86 .51 .09 ........I ........ t.......• 7.79 .29 .16 ........................ } ~ U 
. . ······ ..··i 3.94 .41 .00 / 2.70 .19 ,04 5.52 .47 .10 ........;........,........1 5.00 .31 .14 ........ ........ ........ .. ,
.-\I'rll. .......... 6.85 .44 .OS·· 3.90 .19 .03 7.25 .48 .12 ........· ........1......... S.70 .. 3.'; .14 '"__''' ..........."... 2.~ 

Mily........... 5.85 .47 .fI71 5.~ .2.1 .00 4.60 .40 .05 ........ !........1........1 8.25 .24 .10 ........ ........ ........ 1.29 

June' 1.{ 3.30 .39 .~ 2.95 .19 .04 3.87 .46 .~ ........,•• · .. ·.·:........1 5.OS .39 .w. ........ --.............. } 61 

t-3 

....· .... · .. 1 4.SO .4.1 .07 3.90 .31 .07 5.28 .51 .11 ................,........ 5.70 .42 .09 ..................-..-.. • 


July........... 3.34 .42 .041 4.00 .22, .00 4.44 .51 .~ ........I........{........' 5.09 .44 .07 .............._. "'''''' .37 ~ 

AUgust......... ,1 5.-10 .34 .00 4.23 .23 .~ 6.58 .47 .07 .......-r ....... 1....... .1 8.86 .33 .10 ........ ........ ........ 1.91


1September {5.35 .36 .00 4.69 .21 .04 6.31 .37 .OS r·.. · ...................I 7.07 .34 .08 .............--......... } ~ 10 E;
"""1 6.38 •.'19 .10 6.~'6 .24 .OS 8.43 .51 .13 ........................ , 6.45 .29 .11 ................ "'''''' - :=I
October........ 6.:11 .:19 .10 6.29 .33 .10 6.40 .54 .10 6.9.1 .14 .10 8.31 .26 .10 ......................_. 4.08 

November...... 4.20 .24 .~ 4.64 .24 .05 6.26 .46 .0; __............._1........ 7.38 .32 .08 ....______...___1......__ .00 

December { 4.70 .32 .04 3.73 .26 .04 --...... --...... ........1 4.46 •16 1 .04 ...----- .............--......... ---..--·1..·"'" } 54 


....-- 3.23 .26 .05 3.18 .39 .~ __ ."._. " __".' ....__.. 3.77 .21 .~ ..................---... --...... I..........------ • 

~. I

:=I 
,t;\1 

• <"'. 



• • • 
•24 1 2-03. J I~~ I { 5.28. .49\.06 3.71 .04 ------.. ------.- ___••_._t-.-.-.-.L-.--..II··__ ..~_I·--..---I---·-·--I·-·-··-·t...-----1--·--·-..----.-- } -, ::=-:...--. l~~ :~ I :~ ~:~ :~ :~ :~:::::: :::::::: :::::::: ::::::::i::::::::::::::::C:::::: :::::::: ::::::::r:::::: :::::::: ::::::::} a:: 

e r$ •••••• {10.15 .41 .10 7.23 .31 .09 ---.-.-- 1.••••··-\---.---·1-. ---.- ·-------1-·..···· ..--... -.... ---- ------.- . .00 
l"l.-.-••- •.1••••••••••••- •• 

],I cl { 7.92 .49 .07 6.9S .29 .08 .-_•••• ; .--.--- ...-.--- - ••••--.j...--. -. -'-'---' -.-...-- · .. ----·1-------- -------- _..----- --.----- } .31 


A aru .._·· ..·--I ~~? :!~ :::J ~: ~ :~ :tJ :::::::: :::::::: :::::::: ::::::::':::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: f .89 0 
~ 


pr •••••••··--1 7.80 .48 .O'J 6.60 .35 .10 .------- ••, ••--- -••-.--••-.----••••••-- •.!.......- .--.•••..••••..- --•.••.- .-.....: .-•. _.-....-.--.- .~ 

.46 ~.
May••-... ...... t t~ ::~ :~ gg :~~ :~ :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::~:: :::::::: :::::::: ::::::: .,,:' 

1 { 12. 06 .54 .13 S,40 .24 .10 13,52 .71 .15 ......, •••••••, .....---••••••••• -...........,.-••••••--- .-...., ••••••••• } 3.82 '0 
':; 

.(O 
~.1.44 
"d

7.,'5~~t~,:~-:I! 1~ !! I :~ :~'~~~ ::m~: :~::~: :~~~~~I:~~~)~: ::~:-~: ;l·j:;-; ~:·l[: [::..-; [~~jl ~:.~~l :r~ll: .;lj-~ ·~~l:~~f~:! 
2.48 

.., 

~-
C Q 'r.. ···~-lL.....-........,........1..............--. ........ ~,51 I .25 .12 ............. -..............--......-...........................- .-.--••• } 2 

Q 
',-,


N b .{ 9.10 .491 .15\••••____ """" .....--., •• 55, .54 .10 .-...... ,'..... --••••••••••••••••- .-...... "'--" ........,•• - .....-••••-.} .00 

, OVCOl cr.__ 10.62 .50 .14 ........ \••_.........-•••• 11.80 I .56 .14 ..······r·....·· ........ --...... ··-···--,--..--··1----···- -.-.-.-- ......-

1 ~ 
I When two sets of data are given for 1 lllonth, the lower set Wll5 obtained froOl samples from fertilized arCll5. In all other instances the data arc from unfertilized areas. 0 
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INORGANIC PHOSPHORUS IN WHOLE BLOOD 

'fho average amounts o£ inorganic phosphorus in whol8-blood sam •ples taken at regular intervals are shown in figure 5. In only tl. few 
instances did the inorganic phosphorlls content of the blood of the 

G5r-~------------

-" 

2.0 I ! ! ! 1_-1.--..1.__-'---1.--..1.__1.-....1--1:.__1.-....1--..1.-' 

g ~2! ~= =1O"'~ le~ ~Q !:!Itl ~~:.!J~ ~: ~~ ~~ ~~ !:!,...~ ~~ f;1~ gj~ "!~ ~~ re~ g~ 
~ g~ ~ei ~~ ~~ gt ~ei ~~ ~~ g~ ~~ ~~ ~~ g~ g~ ~~ ~~ g~ ~~ ~g: ~~ g~ 

~5~~~ ~~~zO/~~~ 


1941 1942 1943 1944 1945 1946 

_ GROUP ,- (CONTROLS) ON NATIVE RAtIG!: WITH NO PHO~PHORUS SUPPLEMENT 

- - GROUP2-0r. NATIVE RANGE WITH ACCESS TO aONEMEAL IN SELF'FEEOERS 

------ GROUP3'ON NATIvE RANGE WITH ORINKING WATf,R TREATED WITH DISODIUM PHOSPHATE 

- - - GROUP4-0NNATIVE RANGE FERTILIZED WITH TRIPLE SUPERPHOSPHATE APPLIED TO SUPPLY 

96 POUNDS OF P20. PER ACRE • 
li'mUUg ii.-AVCL'Ugc inol'gllllic phosphorus in wholl)·blooc1 Sllmples taKen ft'om 

COWIl nt I'eg-IIIIII' Intel'YlIls IIUl'jllg Ih(,' cxpi!l'Iment. 

contl'ol COWS (gl'OUp 1) ri::>o above 4: mg. pel' 100 cc. of whole blood,4 
which is considol'cd the minimnnl amount for cows without showin~ 
ovidence of dfads of phosphorus deficiency. As a rule these followeCL 
heavy rainfall, when thcl'O was all abundance of fresh gr~en grass or 
when most of the samples ,yere from dry cows. 

The blood samples from the cows in group 3, which receivedphos
p1tOl'US through the use of disodium phosphate dissolved in their 
clt'inking watct', had the most consistent um£ormly high phosphorus 
level. Aftet' November 1942, this group had tha highest blood-phos
phorus Jevel for most of the ronltlinc1et' of the experiment the one 
principal exception Loinn' from November 1D43, to May 1944, when 
the cows in group 2, fed bonemoal, and those in group 4, grazing the 
fertilized pastul'e, had slightly higher blood-phosphorus levels. In 
only two instances did the phosphorus level of the group 3 cows drop 
below 4 m~., and then :for only very short periods in cows with large 
calves. Tile cows receiving bonemeal from self-feeders (group 2) 
maintained [t safe phQsphol'\IS level "fOI' most of the time. Only oc
casiona,lly did the phosphorus chop below 4; mg. peL' 100 cc. of whole 
blood, and when this OC'Clll'l'ed it was usually associated wit.h lactating ., 
cows that seemingly dill.not con::;l/Ille suflicient bOllemehl to meet their 
phosphot,US l'equir(,ll1ents durillg the timo whell theil' calves were the 
heaviest dt'ain 011 them, Oil the othel' hand, some cows in the group 
appal'ently comlllmetl conshl(,l'ably more bOllemeal than they needed. 

IInol'gnnlc pl!osphol'uS if! usulIlly sOlllewhat lower ill whole blood than in 

serulll. 
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• '1'ho phosphol'uS cOllteni; or I:l1t' Wood from cows in group 4, which 
~l'azed the .:fortilized pastul'c, showed n. down wlml t!,t'lld ,tItcr th~ 
hrst year. It was close to 01' below '1 mg, pcr 100 ce, of \.1100<1 most of 
the time nitot' Mn:y l04'!> showing L'uphl tlcelincspl'Ucticlllly every 
Limo gl'Hzing conditions bccnm~ adv('l'se, The phosphot'lls content wus 
cxb'c'lIl1ely low 1'ollowi ng the dl'Y !:Hllnlllet' or :tD H"i ilnd rl'llch1.lc1 a dllngeL'~ 
ollsly ]O\V point ofabout 2,25 nig, in the midwilltl'l' or 1!).Hj...4G. ]')hysi~ 
elLl symptonls of aphosphol'osis Wel'(~ COlllmon among lhc lactating cows 
ill this ~t'OIIl~ dUl't!lg. this pei'iod, II; ,,:ns al wlLyS possi~)lc to dillgnosc 
aphoSpllOt'OSIH d{'linll:{'\y 1n thc ('ows III gt'OUP 1, whIch gt'lu\pd un~ 
i'el.'lilizl'd rallge and l'pccivcd 110 pitOSpilOl'LIS slIpplclllcnt, alHl in group 
", which gt'azcd tltn rt~1'! ilizcd rangc, by blood Hnalyses befol'p, lictllltl 
dillicnl symptoms 01' lho cOllditio1l nPPl'tll'ed, FigUl'C 5 show::; tJlltt tho 
blood phosphol.'Wi IP\'ehi () f tlH'Sl~ t.wo gl'OlqlH pal'all('lt'd each otl111I' 
VOl'y elos(ll.y .d't(\l' LIIl' Iil'St .)'eal' o[ til(l ('XPl'l'illlt'l\t. 

Rgr.A'I'l()N 01" CA·t"I'r.I~ WJo:IGll'l'S 'I't) PIlOSI'HOltlJS TN'I''\'"'' 

The a\'CI'ugll initial weights tWIL HlI{'<:PHSi\'(I Yl'IU'Iy w{·ighl's o~ lhl} 
cows ill cItch gl'OllP Ihe :WOl'tl"(1 w('lInin" wl'ighls or Ihnl'alvps at :lP~ 
pl'Oxinmtiy :MO d:l}~S, Ihe wrights or thr.it' d:illlH at till\{' of wCIlning, 
alld tho qllltlltit:ic:i ~d' phosphol'll:; HlIpplcnwllt ui:il,d at'll shown in table 
2. The (Iail.y pho."phoL'lIs inftdm P('l' ('ow in P;I'OIiPS 2 alia a .is shown

• 
 in fin'uro 0, . 

A ~ompn.risoll or the control gl'OUp Ilnd groups 2 and 3, :fed supple~


n1('ntrll phosphol'lIH, shows that fhe ill i lia l weights or tho cows 1YOrO 
essentinlly Iho SIII1IO a! I:he beginning or tho test, Hnl! Lhel'o wel'c no 
essential dill'el'ollces fIt tho end of the first yl'tLl' i)\l(1i.ngilL Novembel' 
:UW}, Tho gL'en.i'('st (liffcl'cllC'(I WtlS hot-weell CIH' control cows and those 

It'multI;: (j,-~(lI"IIIl;; or pliOSllil(lt'utl ('OIl;;IIII1(1!1 IIPI' \'011' IlHily ill gl'OllpS ~ Hud 3, 
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grllzing the fertilized pasture, the latter averaging 65 pounds more 
at the end of the first year. By the end of the third year the cows 
on the fertilized pastUl'~ averaged 293 pounds mO~'e than the control, 
cows, and 53 and 57 pounds more, l'espectively, than the cows fed 
honcmenl amI tho!';,) fed clisodium phosphate in the drinking water. 
After the third year, however, the cows in these two groups were 
heavier than those in group 4, indicating that the fertilizer was losing 
Hs eil'ectiveness. At the end of tIle fifth year the differences between 
tho controls and othol' groups were smallar tha,\ at any time after the 
fjI's~yeaI'. These avcra~e yearly weights fOl' aa cows in each ~roup 
do not reveal the h'ue pIcture, however, as there was always a hIgher 
pel'centnge or (hy cows ill the control group. Dry cows have a tell
dency to cnrl'y mOl'e flesh than lactating cows, and accordingly this 
control group, owing to lL lower percentage cvJf Cl'OP, would possess 
It little .tnOl'n avel'uge weigh~ pel' cow than would IULVe been the case 
h;lClll1ol'e 0 t' tlwlll PI'0c111CNI en.1 vI's. 

~PABr,g 2.--ilvel'llf!O IniUul 'Weiuhts awl succccdinU 1/ea.l'ly 'Weiuht,~ Of the eo'Ws 
in each [11'01111, ·weaminy 1veiflht.Q of enlves, WCi(ThtH of their darils (It tillie Of 
'lVc(J,1I:in(l, (/,/IeL ",Uln/ilies of SIill11lclIIC'/l/s 81lPIJliC(l 

-, ... - ..............,...---~.~~ ...- -.-. 

Group 3 (til- Group 4 (range(l r<Hlp l, (no Oronp ~ (hone sod IUIIl pllos- fertlllzed wIth plW.Pllorns nlcul In srlf phate In drink- trlplc super· supplement) fceders)Hlml Ing water) phosphate) 

Cows Calves Cows Calves Cows Calves Cows Calves 

Po/mal., l'onnals Pounds Pounds Pounds Po/md. Pounds Pounds. 
A. verngo Inltlul weIgh t of cows __ • - ••• 706 708 '_"_"_ 708 705 •• _••••• 
Average weight 01 cows lit ontl 01-

FIrst yeur ....................... 1,077 1,087 1050 1,142 

Second yeur ..................._. DIn 1,020 1:051 1,106 

1'hlrd yenr •••• , ................ . SU7 1,107 1,103 1,160 

Fonrth yellr .................. . S82 1,140 1,155 1,107 

}'Ifth year... •....... -......... 1,0.\7 1,148 . 1,105 1,100 


Averngo weIghts of cows lind clllws 
at. wellnlng time: 

~'Irst Clllf crop ., -. ........ _. 77·1 500 039 52·( 956 529 993 544 
Sccllndcnlfcrop ...._____ ••• .... 82.; r.oO I,O.j~ 511l 1,028 5.13 1,052 562 
'I'hlrdcnlfcrop ....... _.......,_ 780 400 1,0\5 s-io 1,039 519 1,007 557 
Fourth cnlfcrQP. _ .... _....... 878 4117 1,0-18 556 1,000 560 1,007 54~---'-------------- 4·year avoragc................. 802 ·(S9 1,011 535 1,029 542 1,0\5 551 


======== 
Supplcmcntor fertlllzcr used pcr cow 

utend of
1;~lrst y~nr ........... ,,~ ........ - .. ~,.~ .... _....... ~ .......... ,.~ ......... ~ .. .. 27 40 __ .•.___ 1,880 .• __ .••• 

77 _•• _. ____ " __ " ___._.__ •Hccond yellr .. __ ........... " ........... - ...... .. 47 

'I'hlnl year.. .. ........ -................... __ .. . .(.; 70 •••• __ ._ "_" __ ' __ ••• _. __ 

I"onrth yellr _ ...... __ ......... - ... -.. • ..... fi2 89 ""_'_' ••..•••• ___ •• _•• 

I,'ilth yenr. ....... __ .. • , ........ -" __ ....... .. 90 80 •••_••••.•••••••••••••••
-- --.~ _._- --,--.------. 

5·Yl1ar totnl _ ., .. _, __ • ___ ._._ 230 '". ____ • :105 ••_.•••• 1,880 
A YOrHga J)('r y(~ar ~ ...... p ~. . .~_~~~ ...... ~ .. ~ ,1)0 ~~ ...... _~.. 73 .. _~_ ........ _ 376 __ ._~_,-: _ 


_________~_____!._ __'c.....__.!.__ _!__ __!._ __.,.!--.!----L--

~ 

The weights of the cows that weaneel calves, nt the time their calves 
were taken from them,give a much truer picture of the comparative 
weights of cows in each or the groups. At the time of weaning'the 
first calf crop, the control cows averaged 219 pounds less per head~ 
than the cows that grazed the :rcrtilized pasture and Hi5 pounds and 
182 pounds, respectively, less than the cows fed bonemeal and diso
clium phosphate. At the time of weaning the second calf crop, the 
cows on the fertilized pasture that weaned calves averaged 227 pounds 

• 


• 


.' 
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more than the control cows. Differences between the controls and the 

other two groups were slightly less. The cows that received phos
phOrl!3 in I,heir drinking 'wate~' were the heaviest of any of the groups 
at the time Tf weaning their third calf crop and continul)d to be so .' 
for the J'emainder of the experiment. At the time of weaning their 
fOllrth (.alf crop these cows avemged 221 pounds more pel' head than 
the controls, 51 pounds more than those fed bonemeal, and 92 pounds 
more than t,hose 011 the fertilized pasture. This extra poundage would 
bring considemble adclitionall'evm~1\1;\ to the producer if the cows werc 
to be disposed of fol.' market VIll'por,es. In addition, these 1,clLviel' cows 
beclluse of sllpplemcntal fecc1i1Ig' produced much hen,vim' calves at 
wetmhtg time. 

~l'he cllJves :t'rolll t.he cOlltt'ol gt'ollp wcre the lightest in weight; each 
YCltr, Ilnd with one exccption (the fourth calf e\'op) the c!Llves f1'oUi 
the cows on HIe fertilized pastnre were the heaviest. For the foul' 
calf ct'ops the calvcsft'om the fertilized pasture group averaged 62 
pounds mOl'e pel' head than those from the cemt.rol cows, Hi pounds 
more than those from the cows ~fed bonell1eal, and 9 pounds more than 
thosc from the gl'OU p receiving phosphorus through t.he drinking 
water. 

• 
Table 2 showf.! t hat, lite geneml trend of the phosphol'lls intake by 

groups 2 und a WtlS upward as the expe;'iment progressed. When the 
!LVerage amolln/".!:; of bonemeal 01' disoc1iUlll phosphate consumed by 
groups 2 n,I1(1:3 JOl' the G-yeat' period !Ll'(} eonverted to phosphorus, the 
cows in groll)) ~ \~()llSllll1ecl G.8 gill. of phosphorus pel' head daily 
throughout the experiment and the cows in gl'OllP 3 lltilized8.9 gm.. 

As shown by t.he table, about. 376 pounds of supel'phosphate per 
year was used 011 the pasture grazed by the cows in group 4. In terms 
of phosphorus, this nmounts to about 100 gm. per cow daily. 
. Figure 6 indicates !t genernl increase in the consumption of the 
supplements during the midsull1mer, whcn l'ainfaH is usually ata low 
point. and the gmss is in a low productive state. The extremely high 
points of conslllnption, such as neady ;32 gm. of phosphorus pel' head 
daily by group 2 in May 1946, immediately followed the end of the 
scvere drought extending back to October 1!H5 (fig. 4). 

CALF PRODUCTION 

The percentage of calf crops, average weaning wcights of calves, 
and vallie of weanee! calves ror the four groups tLre given in table :3, 
The percentage c!Llf crops with few exceptions were highest in each 
o:f t.he foul' groups :fol' the first two crops of calves. For the third calf 
crop, there were slightly reduced percentages in the groups supplied 
phosphorus through the drinkin~ water and grazing the fertilized 
range and about 15 percent reductIon in the control group. The group 
fed ,bonemelll, however, showed 110 reduction, For the control cows 
the calf crop in I"he fourth YCtLr dropped to 22 percent as compared 
with an average of abollt 84 pel'tent for the first three crops. For 
groll ps 2 :llld ;: the decli lIei n eillf crop in the fourth year was only 
5 and 2 pet'cent l'cspectiv\,·ly. III group ·1 the percentnge calf crop "\Vas 
the same as the avemgc 1'01' t he a pI'('('cding )'CtU's. 
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~L'Anu~ 3.-Calf prod/lOtion data of the 4 ea:perimental urOl/pB 

First Sccond rrhlrtl Fourth Avcr· 
Item enlf coif rolf rolf age of •

crop crop crop crop four rolf crops------_._--------------- ---------------
GrllUp I (no suppltllJlClltnl phosphQrus): 


00\\"9 < ..... ~ .................................. _ .... ., ..................... ~ ...... "' ...... ,. .. _llunlll('r.. ~ 43 ·12 40 42 

,Cnll crop •• " ...................................... pCrL'Cut•• 91 421 69
88 74 22 

(Jnlvcs y,'eJul(~d ...... '" .... ~ ........ ~ ................ ' ........ ~,,~ ...... ~ ...... ~ .. ,do......... S(i 83 67 2'l r..t 

AVernKf' 1I''''lIIlu(.: II'l'lghL per elilL ' ...... "' •• _•• ' pounds •• WO 1i(KI ..no 497 4811 

WCnllIltl-enlf wol~ht per cow ' ........ ' '" ._, ..... do.... 430 ,lIIi !!07 112 319 

Wcuned,cllll weight per ncrl;" _"'''' .._.........do.... 29 27 20 7 21 

Vnlull of wl'uned enlf pcr Ilerc, .... ' .... _.... , ...dollors I., 4.35 4.U5 !I.UU 1.115 '3.12 


(] roup 2 (hOnOlllcul, SI'II·fed): 

(!O\\'S ................. "" ...... _.. ~ ...._ .................... ""''' _ .... ~ ~ ....... ~.,. tltllnill:'r"",.. 43 ·13 ·1:1 40 42 

(lclf crop ......... ,. ,..................... _.... ' .1'Neen t •• U!! 0:1 II!! S!! 92 

Cnl'll)s wl!nnm!. ................ , __ ,' ....... ' ., ......do.... 80 8.~ 01 85 88 

A\·~rn~o wcnnirlJ( weigh t pl'r culf .• __ •• " ' '. .." pouuds •• L2·' litH ,')·15 ,~1i(1 535 

Wenued,cllII weight per t<lW, .. ' .. __ "........... do .. ". ·151 '150 ,111" 47:1 4118 

Wenued,clllf WI!lght per nere __"'"'''' '... " ••• ' .... '10 •••• 30 :11 33 30 31 

V,lllIo of \Venned ('IIlf per ncro •• " •. ~ ....... ,," dollnr~ '" ·1.1i() -1.(;5 4.95 ·1,50 ·I.M 


(IroUIl3 (dlsodlulll plwsphale hi drillkilll( wltte'r): 

CO\\o·s,'_~ ... ~~.,_~ ............. _............... __ ." ,"' ........ '; .... II I,Unbt1r .. ·13 ·12 ·12 ·10 42 

(!1I1f crop.......... ", '" .... ' .......... ' '. ~ ... IX'rccnL. ~ 08 9S U5 tl5 !ltl 

Calvcs wcnnoll .... ,.•• ' .. ___ .......... ~.' ...... .110•••. 93 U5 88 9'J !r2 

A vertigo wenlilnl( wulghL r"~r t~llf .. _... _,,, .. " poulltlS" 529 ft.1:1 LIII 500 542 

'VclIllcd·cnlf wel~hL Iwr 1'0\\' " .......... __ ....... ~ ,do... ·192 50S ·157 f>lll 500 

'\'rnncd·t1lIf\\·I!lghLPl'rncr,' ...... ~ do." :1:1 3:1 :10 3·1 :13
'0- ........ 


Value uf wonllcd cnlf pl'r nero, ........... ' ..... clt/llnrs I •• ,1.05. 4. U5 ·1.50 n. HJ 4.89 

(lroull.] (rcrtllized pasture): 


Cows....................................._......nulllbrr. G2 5; fl7 57 57 

Cnlfcrop................... , ._~ ................. p('m'nt." ilIO 11)11 U5 OS US 

Calves wcllned ....... , ........... '. ,......... ~ ......do .... 9:1 06· 95 9S 00 

A verngo wClIlllnl( weight IlVr enlL .. ' ....... _•••• pounds .. [~I·I 5li2 557 542 551 

Weuned·t'fllf wl'l~ht !lllr CQ"'" ...................... do.... 507 542 528 532 527 

'Vellncd·cnlf wel~ht per ncrr."._" .................. <10•••• 40 48 47 47 47 

Value of weaned cnlf I)~r nere.. _._ ...............t1ollnrs I •• U.OO 7.20 7.05 7.05 7.07 
 •

I Wcnned <;t.IVcs vnluctlnl $0.15 per pound, 

The cumulative etl'ect of a deficiency of phosphorus on calf pro
duction is indicated by the decline in number of calves produced by. 
the controls from year to yea-I.. The ca1:£ crop for this group ranged 
from a high of !)l percent in the first crop to It low of 22 percent in 
the fourth with an average of ()9 percent :foL' the fom ca1:£ crops. The 
pet'centage calf crop in the groups receiving phosphorus remained 
mthel: consistent throughout the 4 years. The most pronounced 
decline was in the fourth crop, and this mlty be attributed to the dry 
season of 19'~5 dUl'ing which time some cows :£ailed to get with calf 
owing to their pOOL' ('onclition. 

For tlte 4 years, the cah'es in the groups l'eceiving phosphorus 
through the eating of bonemeal, dt"inking of watm' treated with di
sodium phosphate, :tnt! gra~ing of range fertilized with superphos· 
phate had 4(), 53, and ()2 pounds, respectively, hiO"her averlwc weaning 
weights than those in tlte contl'ol group. FUl'tiwrmorc, tile average 
weights of the cows at Lime of wenning the calves in these groups 
were 209, 227, and 213 pounds, respectively, more than those of the 
contl"Ois (table 2). The cows that consumed bonemeal produced an 
llverage of 149 pounds morc weaneel clllf pel' cow and 10 pounds more 
calf pel' acre for each of the JOlll' ('tdE crops thtl1l the cows in the con· 
trol group, whereas the cows getting disocii1l1l1 phosphate in their .' 
drinking water produced 181 pounds mom weaned calf pel' cow and 
12 pounds tnorCl)(\I' aCt'e, and those grazing the fet·tilized range l)1'o, 
cluced 208 pOllnds mot'e weaned calf weight pel' cow and 2() pounds .. 
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• 
mOre pel' acre than the control cows, The average incl'easec1 weight 
of wcaneel calve:; PPI' acre fOl' the group,.; getting supplemental phos
phOl'US 0\'1.'1' that of the contI'ol group [ullounted to $1.52 for fhe group 
fed. bOllcmcal, $1.77 fol' the gl'OUp l'ecd\'ing disoditlltl phosphate, and 
$3.05 for the group on :fertilized pnstul'e. 

The cows supplied with phosphorus directly by supplementation 
or indit'ect1y through :fedilized ,'egetation got settled in calf more 
readily thnn the nOllsuppl.eml'ntec1 gl'Ol1P, as shown by table 4. 

During the expel'iment cows in all the groups had equId opportunity 
to CQllcci\'c ancI dl'op :rolll' ()[' five calves. The amount of time between 
conceptions, liS d(,tl'L'l1linNl :horn the ll\'emge (lntes of the calvings, 
was mntel'iaIIYgJ'eatC'l' 1'01' the eontl'ol group than :tOl' any oj' the 
I;?l'OUpS getting rho::;phol'u::; stipple-mentH. ...\lthollgh the gL'OUp on 
l:edilized pasttll'e had lL gTPIlU't· numiJC'I' of ('o\\'s than the gl'onp that 
l'ecei\'(~d .no addilionnl pltosphol'u::; stlpplement, this larget' group of 
~:o\\'s wa::; a 11I1O;.;t :1 1\'(,(,1\::; PH dic,t' in gC'tt iIIg ~ptt led i11 ea If the fi l'st year 
thall the ::;l\lallpl' gI'Ollp~. 'fhis iIllIIH'c1iatc pfJ'l'ct is also note'll fOl: the 
other two gl'OUp::; that "'pre !!lrPll :t pho::;phol'w; stlpplelllC'lIt. 

• 

FOI' gt'oup::; :.!, a, and4, gl'Uillg additional pho::;phtH'lIs, the :tyemge 
time \JetwN'1I ('ahringR was 1 ,\'l'al', 01' appl'oxirnatcly 100 d!L)'S less 
than fOI' the ('OIlII'oL gl·Ollp. By Ow (,lid uf till' C'xpedml'nt, all the 
fOlll't h cal n'fl and ::;onll' 0 r till' lit't h en lyl'S hnd lWPIl d roppedin groups 
:.!, 3, and 4, WhPl'PfiS i.1I gTOllp J so 1I11\('h tilll(' had beNt l'equil'ecl rOl' 
(,OIH'~'ptiOIiS that ollly JO ('o\\';.; in thnl: gl'OllP had dl'opped their fourth 
calf. 

'I'AIII,I<: ·1.-·,U'C'rflYC 	 !in/C'.:! of !!lIlI'illYS allIL necraye n/lll/licl' of cl(ly.~ betweell 
8/1('('c,~sil'(l ('(/tL'(,,~ Jar ea('h of Ihe !II'O/lPS 

GE~ERAL DlSCCSSION 

The gent'I'tti ('olltlilion of HI(' cow::; in ('aeh gl'OtlP at appI'oximately 
the midpoint of' t.he l'xpl'l'inwl1t (Xo\'l'lllbel' W·I,.I:) is ind'teated in 
Iigu\'('s 7, H. D, ltlltl W. His ('1(,lu'ly e\'i(\C'llt Ihnt the sllppl('lI'Ient-fed 
groll p::; alHl Ihp gt'OIlP Oil tht' I'I-I'li IiZNI pa:>tll I'P wel'e ill Iwt h'r condi
tion thall the rOllll'ul ('ow;.;, a" S(-\'prai ('O\"S in till' ('(Jilt l'oL ~roup showed 
('vi 1I('1l('(' of H plw:>phol'o:-.i;.;. Thpl'P was no tria t(,l'ia I dill ('1'(,Il('e in the 
g('llcl'1ll nPP('fll'nn('(' or 111(' groups gl't tin.!! addi! iOIl:!1 phosphol'us by 
;o,lIppl('tllPlltaJioll fllHl t hI' gr(Jup gI'Hzill.!! 1'1'1'( iliz('d pnst 111'(', px('ppi in 
tllP h,st' .\·PHI' ",11('11 tilt' .!!I'OIlP 011 fpl'iiliz\-d 1',1I1gP was SOIlH'l\'lla( illfcl'
i0\.' l \I ('0 II(Iit inil I() lit (' () t It (' I.' ( \I' (I gI'l III p..... 

,. 




• 


I h , . I t _ n it l : ~ ,,11 ~ 'llll",'II'f" d 1,1:t"l'lt"!,u,, .ldh'I••1I !':I-IIIl'" :tilt! ITc'pi\'
j,,, tjIt,f"' i.;l}! i,t..t'f,t 'Ull~ "H"I']).' ('''Ild!!l''!! iluil' ,Itltl;" ttpLH... phul'u .... i..; i1l 
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• 
1." I:'" I;" ',' :: "'II' "I, l;"fl'l'lili",·1\ {la-flit(· ;0111 ~lIJlpli('d l!(lIi!'ull'al ill "piC 

:llt'd.'!"" \' ..tt l rlil',!'ti!lP"";-; Ill' lb.,. ('II\\'~ 

I' f ~~: ~~~f~q~•. J 1"\\'" ','r ',uf, "I·~'f:/.t·ll l'J: _I' ;1":'1 ""qppHlld phll-..p}IIJIU .... i..\ til ..... 

-ft'.1! _ d q ,1: )"'0': L j1.' ,. ttH' dt'lf~I\,~:.! \\'PIT, 'nt,. U" ... ll~ niJl'liliou ilnll 

t .r j t. 
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Pn,lllf< If! (;'fllll' I '''\\' "" l"I!~ .. ll'l·riliz..ol ii, WII \1 lilt n t!'ipl,· "II (lPI·phos· 
phat .. :tl'PliPl\ I" JII'/Il ill .. :11; 1",1111<1, .. I' [It) Ill'" a'·I· ... :\'otl' bLl!lt ... ",dilloll of 
pow"" :uid irH'n·a~f'd "';"0\\11: of \t~f~t;ll .. t)}1 a .... ,'uru[Jiu.·d ,,·ith tJH~ tllI.t'ttt·liliZt1d 
affla.... IIsl'd b~ ~r(JI~)i"" I, :,!, .llld ;; I 1i":1fl'P' i~ "'1 a!:.[ ~I t> 

• 

PnHII/l'IIt/ll all" 1'11,1 dala ;tlllll'l'lltl'II' foj' till' "Olll[dl'll' I'-"P\·I·jll1l'1l1 
I HI II Ilil an' '1111111l:tliy,l'd ill tnbll' ;" TIll' !.!t·(IIIP ~l'H%ill~ til(' fl'l'liliz('ll 
p:HlIl'!'. -11Il'/,l'd :ll'l'lCl\.iJll:ttl'l\ ;.1. \'l'I·"('I!t!.!l'l'lLll'l'l\tall tltt' otltt'l' pas
IlIn·,. I'I'IH hl,'pt! :tlll)l" I'" 1H'1'I'(:ld lllOI't' \\I'!Ull'd ('HI r \\\'i~111 I hall pit hpJ' 
till' !,!l'OIIfI I\·d IlIltwIII!';!1 I'rlllll 'I'll' (',,('t!I'I" Ill' thl' !lilt' I'\,t! di:-:()(liulll 
pllll"l'h:lll' ill Ila· d'lldulI:,.!· \\all'l', :lllli ahollt 1:.!lj I'('I'('\-II[ 11101'(, thall 
tltl- ,'oul 1'1" !!llIlq:. I)i \\('all('d 1'~III' \\I'iuhl I'l'l' ('Ill\', hl1\\!,\·I'I'. tIll' gl'Olljl 
!Ill 1'1')'1 i1IZl'd l;tll!.!!' [,rlllllln'l! Illd~' :tilf)\ll I:.! pl'l'('('1I1 ilion- tl.',ll groltp 
:! alld ,. IH't'I'Pllt 111111'1' t Ital( un.II!'::' Thl' CO\\"; ill til\' ,Ul'OlIP", 1\·<1 1'''0''
plHlI'II~ "11'I'I'lly OJ' IIIdlP,,·tl~, II{JIII'II'I', HH'J'H!!l'd ;.Ii P,I'i'!'Pllt It\!lIy 

w('alll'd "alr l\t'l!.!lll pl'J' ('0\1 tllllll 1111- "111111'111 gl'IlUjl !!l'1II1I!! no ad(LI
tiollal pho-..phol'll". Tl,i", dill'l'I'I'I!l'I' w:t... Iti!.dd,\' :-i.!.milil'unt. III wpallNI 
('al r \\'!·;gltt IH')' :Il'n', !!I'IJI1P"':.!,:;' :\1 ilL 1:tYI'I'agl'd allout ,,, 1'(,1'('(lnt J11()I'(~ 
I hall IIII' ('0111 rill gJ'1l1lJ', 

'['IHlE;, '-;1I/l/1I1'1I.,/ hf lli,,'[I/,.JIIJII 'I/lt! (" •.<1 1/'1/1{ (Iutl r</IIJI/,~ fur till' ('Oll/Iill'll' 
( .rJlI ri 1/1 ( 1/ I t/!Ii I (Ii) 

Cir,Jlll' ·1"'uUp"! P;l'"un·
: : ,t,~',f~~ 'I ~11 "JI.",huu;.. It fl1itlJ>(L 

f!J;f';'fJh.~rl'- .. . n .i! \1 Hit ,n,,)..
iI, dr:uh· 'Ultdplu",,·i I j l' .~ ~ ~ ~·r 

J,Li4*" 

( i, d ~.? ~ J" ·1 iu ~ ., ltd 2:""" 
\\ l' ~: c. ;~ ", :. " I .... ',!tl t ...lt t ;HI 
\\. l~ J' ,! ' ~ .. ,..' fi 'I' : , I : lI(1(1 111,~ 
\\" Ill' ': . \" !. ~ :. :t! h'l 
\ ~;'4j ' .. , If., ! , -. " 1'.1% 
'\ i; '.' ,,1 ~ - ,: " ,! ' ,~ j ,H(f ... :r f ~ ~~I 
, ,1'1* ,,' ,\' "j' .~, '<I :!' ~I 
l't;p i,l !<~'~ TH'j : * ,'f ,"H 1<, 1141 11 :,;!:-n 
I'Ld J,t,,· '. r ... !~ ! '1,', l. ~'II 
i'~ ~f) 'l.b.'~'l 1 tJ : •.•. 11 . ,. ,. r. • rTr "',. J~ ~I 17:
f -. t ,,! \." -; ~ I',' '. '. '1';1 tl , • t ,,! ,', ,t t". r" .:, tI t: . ',;r, 1.1'-1 !II 
t " t "I ;.!:" ' '1- , r: ~ ',!'. • f ~'I I ,. .,ff"lJ,r ; : ", ~Il 

t. • " '.! ~ l' l' ~ •. 

I' !1f{ 'rlJ I, ,.,; 
'\; t '.'~'H' ~'-' ~. ~ 1 .~U. \I 
",.1 ,.1'!, If.! '"'' ;!lI' I' II 

\\t·t"'i ~" .< ~,., I 
Pr~, t .11 ~d • ··~i'r "".~·t ~. I ·,th·, H, ~;·f·l;. ~jl'. ~1 ' IL" pLI!I. 1-:"~ ,11.11 

~'!Ht "Ii t 'J't, ,Ot·, ~,: 11'; ttJ. '~t ~l T" ,\. h.1 lJ";" ~t" "J III 1- '"t •.1 {·t ....,.~. J\I r t! ·"1: ti'J,li' d. 
II ...,,! 'lH ;~,~; l't'!' in'f~' .". "I ~ ~y l,t.otfl t~I'r i. >.f !d. IU\l 1114\ 

'11,..-1 , tl~ ,;;'jl ~tH II ft' 'l~', "\ 0 ~ IJ! f1t.n·.JlhUUI" HI'I,l, !Ll"nt t1('r t1l'f(" 
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The IIverllg(\ value of the weaned calf weight for the sllpplemellt
fell lind fertilized-pasture gwups amounted to fJC) percent mOre on 
tlw· basis of cal:f weight pel" cow and 77 ver('ent mOl'e on the basis of 
('Illt weight per :te'l"e thim fOl' the control group, Differences on the •basis of: calf weight pel' cow between the' ·gl'OUpS getting additional 
phosphorus were not g!'cat, whereas the eli tferences between these 
groups lind the controls were Hignificnnt. 

In teems of phosphOI'lIS, the amount consumed by the cows fed 
bonemelll wm, {J,G ponndR pH head Pel' year and by the cows supplied 
disodium phosplmtc in the ddnking,,,ater, (jA, POl1l1t1S, If the phos
phor'us applied 1.0 che pa~tl1l'(\ u~l'(l bv g!'oup 4: had been completely 
uti 1 iz('d dlll·j 11U- tlw cntit'(' (,XP(ll'illwntal period, nearly 18.G pounds 
would hlt,,1' !J{;t;n ('()n~ull1('(l pC'I' ('OW pl'l' "PHI', .Althongh the!'e were 
indi('(ltiolls Illat t1w ph.o"p!\(;['l/~ ill thl' s()il was ,,('l'iollsly depleted at 
the l'nd or tllp (IX lW I'i IlIl'Il l, tiS dl'tC'L'milH'(l by blood and yegetative 
llllftl \':;(.... Hlid till' (,(Htditioll (J t' !"Ii(' ('attle. wt th(':-lC (:onditions may 
!Iot han· hp(,11 dul' 1'l1lil'l'ly lo low ph()~phoi'L1:' ('ontent in t1w soil, itS 
tlw \,pgc'l'nth'(, ~I'()I\'th dll1'ilt~ tlj(lla~i ,'Cal' find It lutlf of til(' (lxpt'riment 
WI!:' lllU('1\ iJplo\\, 1101'111:\1 o\\,jll~ to 10\',: rainfall in this period, 

At tIl{' pri('{'s or 111(> <,lIpp1C'1IIPllts ftlldt\'l'!ilizCl' used in this expeL'i
Iqent, flH' t'o:-l o[ the bOIll'I1H'nl fed to gl'OUP 2 1I1HountNl to $1.71 per 
('OW lIt'!' yl'Il/,; of' till' <li:;Or/.I111l1 p/Jo:,phate f(·d to group 3, $2,78; and 
01: thl' SIlIWl'phosphntp OIl. tit('\'l'l'tiliz('f1 pa:-;Inrc of group 4. $14,55, 
AJu,1' the l'()st of SlIppINIl('lIl<, 01' fc'!'tiliz(>l' ilS(>d had becn deducted, the 
('OWl' in gl'Ollp :\ 1'('(I1I'1\('c1 $;;,,2:2 pt'!.' he(H1 :£Ol' (,:lell of thc 5 years; 
tho,<':(1 in g-!'Ollp:2 )'P(UI'lH·t! S;H,fll; those in gl'OUp 4~ $48.69; Ilnd those 
in gl'OllP 1, $:~S,:l-I, 

1Yhf'1l U1I' V!lItH' 0 I' wPlllwd ('al f w('igltt iR pl'ol'atecl on it pel' nCl'e 
basis. (Itt' f('I,tiliz('c1 ill'pll bN'lIl1S(' of its higher rate of Rtocking (50 
IWI'N'n! grPiI!PJ' IhH)) tlH' olh('J'!'}mll(I(' !L return, tlltN' deduction of 
('o<'t of' RlIpph'J1lC'llt 01' ·fl'I'[ ilizPI', of $4,20 pC!: ael'C per year, as com
plll'pd with $:t7:1 PPl' Hen.' f())' (he )!l'ol1p lwciving disodillm phos
phntp, $;UiO fol' 01(' group fl'd bOI1I'I11Nd, and $~,50 for the control 
group, 

Sl.'.I.'.L\I{Y 1\~D C()~CLCS[ON 

.\.It l'SllPl'iIlH:llt \\,11:-> ('oIHIllt'lpd ('oopl'l'ativl'I," by the 13ul'eau of 
,\JliJlll1'J Induslry of 111(' '-nitI'd :-;lnll';-; DepHl'ltnPlll: (If Agl'iclIltm'c, 
till' T('sus .\g-l'i<ollltul'al EX\lPl'illlC'nt Stllllon, anti (ht' King Ranch .in 
HJ1J1 bl')')) Tpxa-. fj'()Jll .J uJ,\' UlJ J to X(n'Plllbpl' ] !),/f.i for the PIIl'pose 
of ('olllpru'il1g 11I('llto!\s of' :-lIpplyillg phosphol'lIs to 1'11.nge cattle. 
'flll'(I(' ,!.!'I'Oll})S \\'PJ'l' I1I'HZ('" (lJ) twfpJ'lilbwrl llatin' l'llJlgP-gI'OUP 1 J'C'
('pi ,'j 11!! no alIt! it itlll:d pItO"plt()I'U~: .!!;1'01i p :2 hadng lI(,C'('!:-iS to bonc
111 PH 1 jllu{'pd ill \\'P11-dbll'i1J1l1pd -1'1f-J'('(ldpl';-;; 1II111 gJ'oup 3 snppli('d 
pIIO"pilOl'IlS tbl'oll!!," (ltt' \I~P or <ii:'o(\iUlll pho,;phntp (li;;;~()ln·d in the 
tll'i1Jkillg wat('/', .\ fOllrlh gTOllp ,!!l'Ilzl'd l';tJl::W j'prtiJiz(>(\ in .JIIly 
H),ll ",Hit t l'ipll' sllJl('I'phn"pltn[(', :1'I1l' jlH--! 111'(1" gl'HZl'C\ b~r gr~JIlp;; 1, 
:2, and :\ WPl'(' "(ll!'kl'd lit 111\' mil' 01 appl'oxllIlnIPI,\" It,OW 10 LI neJ'C';;, 
\\,hc>l'(':\"; Ibp i'l'I'lilizl't\ pm.tul'!' gl'i1zl'd hy g'I'nIlP I. \\'11" :-tll(,k('11 at llP

pl'(Jxitllntl'iy a ;,[J JII'I'I'(>1I1 !!I'I'i1!PI' I'atp, 
'1'11(' ('a Il,jlllll ('Olth'llt {j filII' rOI':!,!!!' \\:\..; 1I:-1Ii111 V ";1I11i<"il'nt. a~ if was 

-pld'JIlIIH·lo\\ tl,:!11 JH'I'f'I'III, ()lllltl' !lltH'I' h:llld,t'l\p "(',lIPllllioll 1I:-i1l:t1ly 
:-11I)",pd n dl'li{'i"IH',V or l'itll-l'ltlll'lI", lilli,' 1)('{'H"iollall," bl'illg al)()\'(~ 0.1;) 

• 




METHODS OF SUPPLYING PHOSPHOHUS TO RANGE CA'l'TLE 21 

percent. FOL' the most part, the samples from the fel'tilized pasture 

• were higheL' in phosphorus than similar samples from the unfertilized 
Ul'eas, 1'be protein content waS seldom above 8 percent and averaged 
only about 4: pe)'C'ent. Both the protein and the phosphorus contents 
of the :fol'age Were closely assoeiated with rainfall, bcing lowest during 

• 


winter and drought periods, when. there was little gt'cen feetl, The 
mi.nJall,'angr.(\ 1l'Olll fl yl'tll'ly low or about 17 inelws to II high of 25 
:inches and tlrerHged auout 20 inches for the 5-yetll' pedod in the im
llll'diute al'elL .in whie\t [he cxperimellt wns conducted, 

To prevent phosphm'us deficiency, the minimum amount of il1
o)'ganic pho~phOl.'usill the blood of cattle should ue {tbove '1 mg, I?el' 
lOU cc, of whole blood. Thc ('OW5 grazing the unfertilized nattve 
fllnge with lIO add itiona\ ph()sphol~IS usually had less than this 
amount. The blooa sallll'll'S fl'olrl the group supplied phosphorus 
through t1\(' dl'inking wat!.')' hnd thc most unifol'lI1ly high \)hOSphol'US 
1('\'e\. Th(· ('ow::! fl'd bOl1l'rHeal maintained n safe pllos]) 10)'US level 
1I10:;!: 01' nw tillle. Gl'Ollp·1 :-;howed a t10WIl\\'[Ll'(\ I:l'clHl in blood phos
phorus nIter the [i)'st yelll', l'(,llching dnngPI'ollsly .low levels 'following 
the dl'oughts in thl' t'UllHllPI' of Ill,l;) and Ihe rnidwintel' of 1!H5-4.(t 
HowevC'l:, for lit!' greatel' part 01' the l'xpC'l'imental pel'iod, these 
nnill111ls lllainlllillt'{\ Il fnil'ly nOl'mal amount 01' in(H'ganic phosphorus 
in Iheil.· blood, l?hysical sylll ptOllls of nphospllol'osh; elta l'actcl'ized 
hy ('1'('('1')' ('0111 lit ion wel'(' (,0Il111HJlI ill nl is gl'OU p a1ll011g lacta ling 
tOWs lO\l'n I,d till' do:;(' 01' tlte ('xpC'I'illll'ut, 

~\t fht'[inl('. of w('llninl-( till' rOlll'tlt ('nlf (,I'Op, toward tlte close of the 
l'xpl'I'illH'III', tIll' gl'oup a ('OWS I hal' \\'!'nllNIl':ll\'l'S an~l'agecl about 221 
pOllnd:-; Ilion' in \\'t'il-(ltt: than thosc that wl'a.IH'd ('aln!s in thl' control 
gl'OUp, :il, POlllHls 11\01'(' than those in gl'oup 2, and Og pounds 1ll0l'C 
t lin II t!lO!-iC' in gl'tJlI p·L The iteayie:;t ('ow:; at the ('Iosc of t.he tp.st wel'e 
in gl'Oll P 3, anelllH' i I' phOf;phOl.'llS in trlke> '."HS sOll1('wha t gl'(':lLcl' than 
those in grollp2, TIi!' lalteL' gl'Ollp ('on:511med, on UIC'· aycrnge, 5,6 
J.i0uIHls of actllull)itO:-;pllol'lls pe>l'lll':ul pel' yl'HI', lind th(' 'fOI'nH'l' group 
('OIlHIIJlINl (i,'l POl1IH\H, Difl\'l'em'('s in the w('ighfH of (hl' ('uh'es fl'om 
lhe t1u'('e group:; l.'(·('ei\'ing pllOSpltOl'us \\'('I'C' n()t Higltifitnnt, 

A (ll'l'I'('use ill p(lI'('C'ntng(' (':rtf (,I'Op fl'om ),C'al' III year in the conb'ol 
g\'(>up ilHlkatC'd :t ('lllllttlath'c efl'C'('t or p\tOSpitOI'lls deficienty, In the 
!!l'OllPS getting u(hliliOlwl p\loHphol'lls the ('aU ('I'OP WaS I'llthc)'constant 
ihrongholtt tite pxpC'l'imenL the 011(' ('x('('ption of impoltlUH'C being ill 
the JOllrth vcnr \\'1IC'n t1H'l'e\\'us SOlll(, dl'{'l'ca!'(', dlle in all pL'obability 
lo the (It',V s('n:;on of ID~IJ elU1'iug whi!'h timC' a Hllmh('I' of cows didlH)t 
gl't with ('ld!' b('('alll'C of theil' pOOl.' ('ondition, A::; ('ompal'Nl wHh the 
()cl.'cenlnge ('alf ('m]) of thC' control gl'OIl]), bOn('l11Clll fee·ding iUC'I'eas{'d 
diP ('alE (:)'OP by 3:3 per('ent .1'01' Ul(' cxpel'imentlll pet'ioel , disodiull1 phos
phnt('in (he (ll'inking wat('r 1,), 3D p('l'('('nt, and pastul'e tl'I'Uliz.ation by 
4~ pel'l'pnt.

TIl(' wC'an('d ('nl f \\'l·ight (ll'I' ('ow pel' yell I' on tlF' hasis 0 I: foul' ('11If 
('I,'OPS was ilH'I'('n:-;(·d by H!l pounds \)1' (he usc of. bOll ('Jl1l'a I aR a, sllppl<,
tnC'nt, 181 pounds b)r dismliuJl1 pho:;'phate, in fhe drinking wa!:el', and 
208 pounds lJy fpl'tilizin~ the !'angl', BOll<'IlINI.H'('eding ilH'l'ens('(l the 
wenned C'aU weig-ht 1)('1' 1l('I'(1 by 48 P('I'('cnt. dismliunt phoi>phllLe in the 
drinking WI\t(')' bv m (ll'l'('('nt. flnd pastul'e fel,tilizntion by 128 pel'c'ent. 

Supplying pll(isphorn~ hy (1)e ll1C'f:hods emplo},{'d in this C'xpcriment 
shortened the Iwriod bctw('('n eah'lngs, On the averagc, therc WIIS 
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about:J year between cal vings in groups 2, 3,t.and 4, 91' appro~ately:'
J.oo days 1e$s than for t'~e control group. To the end of the t.xpt;rl- .. 
ment groups 2, 3, and 4 had dropped fOllr calf crops and part of:tl1e ,. 
fift~, whereas the cows ill the control group had barely completed:· 
thew fourth. . 

'Vith weaned calves ya1ued at 15 cents per pound and after deducting 
tIle cost of phosphol'\I$ supplement or fertilizer, group 1 returne4,. 
on the Ityernge, $3R34. pel' cow pel' year for the 5-YC01' period, or••50 
per acre j groll p ~,$5".51 pel' eow, or $3.(j0 per aCI'e; group 3, $51;22.',,: 
per cow, or $3.73 pel' 11<.'1'0; and gt·oup 4, $!8.(j1) pel' cow, or $4.29;per .~ 
UCl:e, 	 ,. ' ... 

Ulldet th,e cOI)(!iLions of this cxpe,rill~e!lt i~lVolvj!1g It 5-year ~riod;~ ., 
the supplY.lng of phosphot:us byfertJJtZlltlOn of pastut~ gave the, 
~relltest l'cLums pCI' nCI'e, but the use of cUsodium phosphate diSSQlve-d;f 
III the elL'inking Willet' I'e~:lltltcd ill the highest net returnspcl' cow. .In\'· 
the lust yellr, hO\\,(Wel" the. cows on the fertilized range were somewhat.· 
hlret'iot, hI (IOlHliti6n to the other two supplemented groups. 
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