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Technical Bulletin No. 943 • December 1947 

• 

Nutritional Qualities of Range Forage 

Plants In Relation to Grazing With 
Beef Cattle on the Southern Plains 
Experimental Range 1 

By D, A, SAVAGE, senior agronumist, Division 01 Forage Orop8 and Diseascs, 
Bureau of Pla,nt inrl,lIstr1/, Soils, and. 11griIJIIlturai Engineeri1l!J, Agl'i(Jlllillra/ 
Research Administration, and V, G, HELLER, head, Deval'tment of Agricultllral 
Ohemistry Research, Oklahoma Auricllltuml Ewperiment Station 2 
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CONCRETE information on the chemical composition of native 
and introduced graE3es and other range foril.ge plants is urgently 

needed ic the southern Great Plains to provide reliable indications of 
the nutrition:tl quality of the plants, of their palatability and utiliza
tion by cattle, and of their effect on beef production, These quali

1 Submitted for puhllcation Frh,'ual'Y )047, Based on c-r]oprrative ill\'pi;tlgation~ 
conducted hy the Bureau of Plant Industry, Soils, nnd Agricultural Engineering 
and the Okluhoma Agricultural EXiJ('rilllent Station, Tlw wOI'k con'['s analytical 
lind ['elated phases of a compt'cheni'iI'e grazing investigation contlucted COOPCl'll
tively by these agencies, the Bureau of Animal Industry, and the Soil ConSPt'Yu, 
tion Service of the Unlh'd States Department of Agriculture, anti by Otll,'" 
agenCies, 

• 
2 The writers gl'Utefull~' acknowledge their ilHll'htrdnrss for ad\"isol'y aSsif;t

ance in planning and conducting these im"/'stiglitiolHi to \V, H. BIaek, Burl'llu of 
Animal Industry, Ilnd M, A, Ht'in, 0, S, AnnHHlt, und M, .-\, IlPll, Bureau of Plant 
Industry, Soils, Ilnd Agricultural Engineering; for aiisi::;tunce in collecting forage 
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tative characters are mOrt' importnnt than fomgt' yields in evaluating 
plants for grazin~ PUL'POSl'R, ' 

This il1formatlOn can serve as l1. guide in selecting species for the 
extensive revegetation work now in progress in the region and i.l 
developing sound management practices. Knowledge as to 110W much 
food the various plants contain at different seasons is extremely helpful 
in planning grazing operations to obtain maximum beef production 
consistent with sllstained fOl'agt' growth and in deciding upon the kind 
and quantity of extra feed required to supplement the native range, 
Increased meat production cOl1lbined with recurring shortage of pro
tem feeds, cereal grains, and mineml supplements creates an urgenl 
need for information on the feedinO' value of pasture plants, 

This bulletin, presenting the results (1) of analytical work as inter
preted in relation to plant palatabi~ty and use by beef cattle, (2) of 
blood analyses of the cattle, and (~) of special grazing and supple
mentary feeding tests having It bearing on the food value of the pastme 
plants, may he :'lUmmarized as follows. . 

SUMMARY 

The foruge from 20 speeies of native ano introduced grassl's, forb::;, 
and browse plants was collect('{] 011 the Unih'd States ~outhel'J1 Plains 
Experimental Range at monthly 01.' less frequent intervals during the 
(i-year periodlD40-!5 and anulyzl'(l to determine the more important 
chemical constituents. including l'l'ucle protein, calcium, phosphol'lIs. 
fat, nitrogen-free extrad, cl'Ude flb(·r. ash, and moist lire, Carott'llI' 
determinations were added to the studies dUl'ing the last ~ yeal'S of 
the period. 

Fuctors other than the e\WIlIit':tI composition cOllsidel'pt\ illc1l1ded 
(1) the mineral and cal'otene eonfent of the blood plasma of \)('('1' 
eattle receiving Yal'ious Illineml sllpplenwllts on the t'xperimental 
!'ange, (2) the gain in weight of almost ;jOO head of yell rI illg Hl'rl't'ord 
.... teei's used Ill1IllHllIy ill cond ucti ng com pl'elH'nsi \'c gl azi ng llnd ra IIgl' 
IIl1111agement investigations on the range, (:q the relative qllantitil's of 
different minerals cOllsllll1ed by tIll' livestock. (4-) the ('oll1pal'HtiVl' 
qllantities of each species of plunt available to and paten by tl\l' cattle, 
(5) the type of soil and its composition, and (H) the wide di\'cl'sitv of 
plants re'pn·sentl'd in the vPgetational asso('iation, • 

DUl'ilw the Ii-year period the ('Iilnatie ('onditions prpvailing on the 
PXpel'illl(:lltai' range were sim ilal.' ill Ilearly every I'('sped to those 01.'

('urring generally in (lI'ier parts of the sOllthel'll Great Pl:tillS, Thl' 

alHl blolJ<I sampl('s, to (;pcil G, AI'IlISll'llng' an(1 R. H, :'IlellYllin, ;11'" BurPllu of 
Plaut IlHlustr.\', Hoi Is, and .\gl'!f'ultnrnl I'JlIgim'Pl'ing: for nSf<istllJlC'1' ill ('0111'('1
iug hlood samples IIIHI mukillg IlIP palata!)ili!.\' dpfl'I'minations, to ,T. H. Harlun, 
of the SHllIe Bureau; for f;(,('() and of hl'r ll."siS!n n('(' in {,(IJI!IIIt'tinl{ rl'J.{J'IlSSill;.!' 
studies, to J, B. Smith, Soil ('OIl;<PI'YUtiOIl Sl'nll'e; for aSSiSlan('(' in nlllllyzing tJw 
fllJ'nge uUfl hloofl slImpl!'s, to \V. G, Oms;;, Frllncrs )Ioypr, anti oth!'r \('<,huil'ian:,;, 
Oklahoma AgJ'i('ultlll'nl ExpPJ'iJIIPllt ~tlltilJn; for hl'lp in making p('onltmi(' 
llual~'sN; of grazIng I'PSIIItS ill UHf), to \'\'(('J' X(-lso II , of Olf' HIlWI' Stll ifon, :11111 
W, Ji', Lagrone and D, W, lIIa('khul'll, Burl'ull flf Agri('ultural ]o;f'0111 'II ii's : flli' 
a,,:.:i:<tanc(· in gJ'adiug and nllottinJ.{ ealth', to W, n, B1:H'k, I\lIrl'all of ,\;lilllal 
Industry, Chlll·lt·s Ganln!'r, It. L, HUSH, IIl1d ,J, D, Edmonson, OklahoJJla 1~\t('IISif)1l 
HCl'\'icc, IIl1d ,Johll ~('IS()n, Hoi! (:()Il:ipl'\'ntiull HpJ'vie,': f<lr :I()\'I,'(> iu IIltPrprt't i1 g 
<lata, tG N. n. EIIi", BurPtln of Anilllal IlldustJ'Y; ami til J'allcIH.'J''; for Sllp(llyIJl~ 
cattle, to apVl'Ilisers OIl sales \'lIllie of cattle III 1!).!;', Hlld to othpJ'il (or l()cnti.JI~ 
sources of cottonseed cake, 

• 
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NUTRITIONAL QUALITIES ~F RANGE FORAGE PLANTS 

experimental area l'epl'l'sents .that type of land most subject to wind 
erosiol1 and least suited to flll'llling in tIll' region and is typic-al of land 
most likely to remain in or to be l'estorl'd to grass. The nllb'itional 
results are therefore considered to have direct application to the dl'ier 
parts of the region and broad app1ication to the area as a whole. 

DUl'irw each month nearly every species of range forage occurrill<' 
~ . . 1 I' . ..,on the experimental range contallle( ea (,11l1ll greatly 1Il eXC('Sfl of the 

minimullJ requirement (0.23 pN'eent of dry matter) for beef catHe . .All 
grasses showed a calcium average (if) percellt nbon! this lllinilllum, nnd 
ull forbs (Jlongl'assy hel'baeeous plants) and shl'ubs cOllta i lied even 
mOl'e. 

The 5-)\ ar uveruge (spring of 11)·10 co spring of 11)-15) monthly 
phosphorus content of all grassl'S combilwd was in exeess of the lI1illi
IIIUIJI 1I(,(,(1s of beef ('attle (0.1:3 pel'('('lIt of dry matter) from April to 
Odober. inclllsin'. although a f(·\\" speeies l'xhibited phosphorus de
ficiencies late in SllmnH'I' and eal'ly ill fall. Xl'arly all \\"lll'll1-weather 
grassl'l'. whic-h illc-Illde species most typical' of \"egetation ill the south
erll GI'eat Plains. were defi('ient in phosphorus \\,hih' dOl'mant fl'om 
NOn'mbel' to ~Ial'ch, 

:Most of the palatablr forbs ('oniain{'dmol'(, phosphorus in SlImm(>l' 
and less in willt(,I' than thr gl'al'sC's, The quantity of phosphorus in 
the forbs declined ~nC'(;f'ssi\"('ly hom pady growth to maturity and 
dormancy-from sJll'i IIg t() fa II a nd through i Ill' winter, 

The ealciulll eOIlI£'nt of n(,:lI'I." all rangl' fo ..a~e species waS mol'(, 
t han double the phospllol'm: ('ontl'l1t. ('spel'iaLly in winter whell some 
of the plantsshuwed phosphol'llS dptleieney. 

TIH' month)'y trend ill an'I'lIg{' protl'ill contellt of 1+ natin' gmssl's 
was directly related to the mOllthly ehange,; in phospho!'lIs, ash. and 
moistu!'e. and ill\'er5('1." ('OITelated wit h t IH' tl'(>l1<1 ill fiiJp!, and lIitl'ogl'lI
free extl'ac't. The tl'ell<1 of pt'Otein ill most l'!lllgt' forage spl'ei('li was 
also c1inl c-t]y rl'lat{'d to suc'C'l'sliin' C'hanges ill plant developllll'llt. st'llson 
of g!'owth, and quantity and dist I'ihnt ion of pl'pcipitatiol1, 

The average pl'ot!'i II ('()J}tC'n t: of tl](' (,001-"'(,11 t her gral':-'l'S ('xc'petied 
that of the warlll-weathel' speej(,s e\"PI'Y IIlOlIth ('x('ppt .July. although 
the cool-weathel' tyIWs at'e often dormallt. dry. wootiy. alld relatively 
unpalatable much of th{' summ{'I', 

Palutable forb,; that :tl'(> PlIl{,1I 10 ;'::Olll(' px\('nt l)\' ~':tttle when till' 
plants are young lIlilllllly ('olltaill 11101'(' PI'O\('ill I Ita II til(' warm-weather 
grasses at that tinH', Tlte'l'C' fod):; ill('lu<ip bu:-:h IIHH'llillg-glory, ;,::ulld 
pell, lind llOl'se",{'('d, 

Skunkbush (or i:iktillkIH'\lsh J II lid sllntI Hagt'iJr'li:ih. \\"h ieh are bl'o\\'sed 
to a very limited extent by catt.it' late in \\'inl{'l". N;p('('ially when Othf'l' 
forage is laeking- Ol' wholly C'o\"{,I'P<l with SilO\\'. ('olltaill 1ll0l'P pI'oteill 
nt that time than the c\ol'lllant SUIllI1l('r gl'ass('s, '1'11(' \\'ood.". l'l.'sinolis 
natnt'e of these plants gl'l'atl." r('(luel's th{'il' palatalrilit.y and makes 
tllem of litHe lISC' for gl'llzing ]lUI'POSt'S, 

Fat is an l'x('('lIent SOIIl,(,l' of PIIl'J'g-.r. hilt its (,Ol)t{'nt in thl' grass(.'s 
was lIsnally low and not g'l'('atly signifi('ant, 

Nitrogpn-frl'{, extl'aet. which I'PI)I'e:<PI)I('d tIl(' greatest pl'()])ortion of 
the gmsses (·H,5), was hight'I' in winl(11' than in SlImnwl' and :;howed 
\'ariations dlll'.ing the .\'pal' np)lositl' to those I'P('ol'(i('fl fol' pl'olein, 
phosphol'us, mvl fat. 

Crude fibel' l'l'lJl'esented about one-third of the a\"{'rnge composition 
of the dry range grass{'s and YariNl inversely with the more ntluuble 
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c~emica.l cOI~stituents in the forage. In:general, ~l~e larger the. quan
tIty of fiber 111 the grasses, the lower theu' palatabIlIty and nutrItIOnal • 
quality. 

In the ease of most range forage species, the ash content, containing 
the essential minerals ':md inert material, varied in a mannel' analogous 
to that recorded for protein, fat, and phosphorus-the trend being in
versely related to that of fiber. 

Monthly trends in moisture content showed a fairly close and posi
tive correlation with changes in the more valuable chemieal constitu
ents, indicating the close relation between succulence and food value 
of forage. 

No introdueed gra!:'s consistently superior to the principal native 
species of the southern Great Plains has thus far been discovered, al
though three introductions have shown promise-Caucasian bluestem, 
Turkestan bhll'stem (yellow beardgrass), and weeping loverrrass. 
These gl'llsses exhibited about the same b'end in content of the different 
chemieal eonstituents dming the 2-year period 19-14-45 as the native 
grasses of the warm-weather class, 

The carotene, or provitamin A, content of 10 species of grass was 
extremely high during the spring and decreased successively there
after in a trend similar to that recorded for protein, 

The compnrath'ely high grazing value of native range forage in the 
sont11em Great Plains is indicated by tlVCI'ag(' weight gains of yearling 
Hereford steel'S on the experimental range. These gains amounted to 
aO-1 pounclg per head for the summel' Ilnd 52 pounds fOl' the ,,,inter. 
The cattle included in these averages received nothing but range for
age and galt in summer and 200 pounds of protein concentl'lltes per 
head in addition to the range forage and salt 111 winter. The monthly 
gains uf yc>arling ~teers were fairly dil'l,('t in their rc>lation to ('hunges 
in the quantity of protein, phosphorus, ash, and moistul'e in the for
age, The I'Ilte of gain decreased from April to September. 

Yearlin::r gteel's fed a minera.l mixture of steamed bonemeal and salt 
or steamed bonemeal, lime. and salt showec1 no aclvantaue in summer 
or winter ::rains oyer simihtr steers re('eiving ~alt alone, 'These results 
indicate that no min(,l'alli 0(111.'1' than salt are requil'ed to supplement the 
ran::re forage in tltis area, espeC'ially when the foragE' supply is aug
mented with cottonseed ('ake in winter, 

The phosphorus and ealcium ('ontent of the blood plasma frol11 the 
salt-fed ('attle w(,l'e ('(I1l!llly as high liS in tlw blood ft'om ('attie that re
ceived a mineral mixture. Thl'otl::rhout the year, the quantities of 
these elenwl1ts in the blood were in ex('('ss of thos(' n('ecl('d by the steers. 

Cattle having aC'eess to a consi,lerable quantity of the ('ool-weather 
grasses in winter in adllition to the (liT-range forag('. and others eon
fined solely to a l'P::;('('(led pasture of a cool-weather grass, made much 
more wint(>1' gain with les::; protein ('oncentrates than comparable cat
tle O"raz('(l ('ntin'ly on the dormant range. 

DurillU Ow laBi" half of the 1945 BlIlIlml~I'-grllzing sea:;on the f('('ding 
of C'ott()I1s('t'<1 ('ake> to YNlI'ling steel'S in SlItJiei('nt qHantity to oV('I'('omc 
the peoh·in defkien('y in th~' ran::r(' for'age )'('suIt !.'flin maintainin.g. the 
O"ains at rates almost as hrgh as tho~(' r('cord!.'<l on more nutrltlOlIS 
~rass durinO" the first 3 months. Tht' additional weight gain:; r('('or<ll'C1 •
101' the cattle receiving the supplement and theil' great(,r finish and 
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higher market value left a substantial profit after defraying the cost 
of buying and feeding the concentrate. The increased gains resulting 
from feeding daily rations of 1 and 2 pounds of cottonseed cake to 
each steer late in summer were in npproxihHlte proportion to the 
quantity of supplement fed. 

The trend in the content of carotene in the blood plasma of yearling 
steers showed a direct but delayed relation to that contained in the 
forage. An increase in the carotene content of the forage, causecl by 
the revival of growth in March, was reflected in an April increase of 
this constituent in the blood. Successive decreases in the quantity of 
this constituent in the forage from May to the following February 
were responsible for corresponding but delayed decreases in the blood 
carotene. 

PURPOSE AND SCOPE OF THE INVESTIGATION 

Some analytical work with range forage plants has been done by 
other investigators in the West, but very little within the confines of 
the region that includes western Kansas, western Oklahoma, eastern 
Colorado, northea~tern New Mexico, and the Texas Panhandle. Val
uable contributions to the subject include the report by ~IcI\Ii11en and 
Williams (32) 3 OIl two grasses fOl· a 3-year period in the Oklahoma 
Panhandle and that by Fudge [mel Fraps (16) on a variety of grasses 
for a 3-yeur period in the southeastern part of the Texas Panhandle. 

In this study the writer:3 conducted experiments on palatabilitv and 
grazing use by beef cattle under different systems and intensities ()f 

grazing to determine the nutritional qualities and relative grazing 
values of the various plants at different stages and seasons of growth. 
Other factors considered in ~va]l1ating the feeding quality of the 
vegetation included (1) the mllleral and carotenc content of the blood 
plasma of beef cattle receiving various minel'Ul supplements 011 the 
mnrre, (2) the gain in weight of the cattle, (3) the relative quantities 
of cl'ifferent minerals consumed by the livestock, (4) the comparative 
quantities of each species available to and eaten by the cattle, (5) the 
chemical composition and type of soil, and (6) the wide diversity of 
plant species represented in the \'crretation. The plant collections aml 
other range studies were made ulHfer the direction of thc senior allthor 
and the chemical analyses under the supervision of the junior author. 

The forage from 29 species of native and introduc('d grasses. forbs, 
and browse shrubs was collected on the experimental r:tllgf! during the 
6-year period 10-1:0-15 and analyzed completely to detpnnine the more, 
important chemical ('onstituents. Xinetpen of the more impodant 
species, with an occasiouallllonth ex('('pted, w('re analyzed ('aeh month 
during the .3-year period from April IlHO to April HU5. SPYell of 
the principal native gr:I5S(,8 were analyzed eyery month thr'ollghOllt 
the G years, Three introdu(,Ni grass('s wer'p atlded to the study in 
1P44 and compared with seven native grasses at monthly or birllonthl), 
inten·als during IV+1 nnrll!)-l:iL Car'otene. or pr·o\-itamin A. dl'tc'rmi
nations were added to the studies during this pPI'iod. Other plants, 
most of which were a mllable for gn\l~i ng for on ly a IiIII i ted ppriod, 
were analyzed at less frequent intel.Tals during the first;) years . 

3 ItaliC' /lumbers in pnr(!nthes('s r('fer to Lit('rnt\ll'C Cited, p. ~S, 
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LOCATION OF AREA AND VEGETATION STl"DIED 

The Southern Plains Experimental Ran?,e, a pa,rt of the United 
States Southern Great Plains Station, at "oodward, Okla.• contains 
4,315 acres of native range land and long-abandoned farm landof a 
highly nlriable but generally sanely texture. It is located n<.'a l' old Fort 
Supply in northwestern Oklahoma, at an alt.itnde ranging from 1,Oi5 
to 2,300 feet above sea level and near 10nO'ltude 1)1)°30' E. and lati
tude 36°30' X. The native wgdation, soils, and climatic conditions 
are fairly typical of considerable areas of land in the drier part of the 
centrnl and southern Gl'eat Plains. 

The area represents that type of land most subject to wind erosion 
and least suited to farming. It is typical of land that is most likPly 
to remain in grass 01' to be restored to o-rass. For thet1(,' I'<.'asons the 
nutritional results reported here have (TIrect application to much of 
the runge lands that have, ne\·et· been farmed and to most of the farm 
land that is being returned to permanent pasture grasses in the drier 
parts of the region. In addition to these specific applications. mallY 
of the more fundamental principles resulting from this study are 
expected to ha\"e bruad application to the region as a whole. 

CLIMATIC CONDITIONS 

Climatic conditions ill the vicinity of the eX'periml'ntal range nrc 
similar to those pl'<.'\Oailing gl'nl'rally in the south<.'rI1 On'at Plains. 
The annllal precipitation :for tlw 7:3-year period 18i3-1D-!5 aye!'aw's 
2:3.08 inches, of which 71 pe!'cent occurs duri111! the' growing season, 
i. <.'.~ April to Septemb('t\ inclusive. The Sll!l1m('[' mins u;;tlaUy. but 
not alwa.ys. occur in the form of sporadic, localiz('(l, tOlTl'ntial silo\\"
('rs. frequently interspersed with high temp<.'raturl's and occasionally 
with hot winds of high y('locity. Drought. p<.'riods OC'(,lIl" n<.'ady ('\'C'!'Y 

y<.'ar and infrHlu<.'lltly persist for ,,('n!'al "l'llSOIIS 01.' years. Till' 
wintHs arc usually mild, op<.'n, and faidy <It)" with an o('ulsionnl 
light shower or snowstorm and sharp fluctuat:ionsin temperature. 
Senrl' blizzards !\re infr<.'fjl1ent. Peotra('{pd ('01<1 mrel," ()('l"urf'. nnd 
the gronn(l is seldom c(jY('rHl with snow for many days at a timp. 
High winds often int<.'nf'i fy the ptf<.'et of cold w('ather dl! !·jng the wintpr 
and eariy sp!'ing. Low hl1lllillity is common to the region. 

The average annual precipitation for the (i-yenr p<.'r-1od of tll<.';;p 
inY<.'stigations, as d<.'tHmined :fl'om two locations on the <.'xp<.'r-imentnl 
r-ange, was only 1.3i inches below the 73-),t'ar ltYernge (table 1). The 
growing season of H)-!() was th<.' (h·i<.'st recMc1<.'d in the lo(,ality sin('<.' 
1SH(i. 1'111' twxt ;) ),(':\rs W('fl' eh:u'a("f'P!'izp(J by anllua I pn'('i pi tnt ion 
that Yill·iNl littlt, from tIll' ayeragp and by conditions gt'l1erally fa\'
OJ'able fo!' range 'forage production. 

SOIL TYPES AND COI\IPOSITIO:-; 

:\Iost of the soils of the experiml'11tnl l'nng<.' nre of a sanely natlll'p, 
but nearly eYery regional type from Lineoln Rilty day loam to Ti\'o]j 
sand (dune pha;;e) i:; rC'lH'esl'nted on the a ('I'n, a ("(,0 nl ing to a l'l'("on· 
naissance soil surw'y of thl' <.'xpe!'irnental range by K. T,J. Kolhno!'gl'll I 

in 1!)31) and a (h,tHih'd Roil sun'<.')' of the same rangp hy E. G. ll'it'l.· 

• Assistant soil conservationist, Solll'ollserytltion Service. 
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" ~I 1'.\111." I.-A !'O'(/!/C mONtJdl/, R(1I8())wl, lIlld II 1/11 ual ]J1'("';pit ((lion Oil the SOllt liei'II Plai/ls E./'pNi'lnental Range, 19¥J--'l5, o 
"" ('oll1/I(/I'cd witlt (l/'('/'{l[je8 since 1'('('(}/'r!8 were begull ill thl' locality ill 1878 Z 

~--------,----,-'------------------ t"''-"-,~, PCt'C'illi{Hti(Jll I:), 
d

"pur IIr 1~'rlUll :>~Il\)" .It~::-r~:--:~~-~~('Jlt. -:~·~~"O\.. Apr.-Sept. nnun SJUIl. ~·ch.. \101', Apr. Dec. Sensoll, I A 1 
L ," _._.' '" _ ,, ______ .,:: 

~-,,- , ...:; 

JIlt'li(If lut'h(.'{ IlIc}',.,I".!'" IUC},'.; 11I~"rs I I/lchr.. IlIdlC" li/eh.. IlIche~ Iilehes lllche., IlIch,. IlIche.1 ?fi 
IfJ.l(L o "i0 1. 70 0, 2,Ii I. O!l , 1. 97 O. 78 11.!iO L :,m I. -13 O. 85 2. 81 O. 92 9. 07 10.41 o..,1911. • :?O 1. ~7 .72; 1..12 ' 1.7512.02 2. [ii LOB 3.51 8.18 .li7 .09 12.48 24.51 
1(}·12 .. .0:) .3:3 1. iiI ! 4.08 1 I. Iii 1.9Ci 1.7<1 3.48 1.3(j 7.12 .01 . S2 13.77 23.59 ::0
lV·la .• _...... . (j., .I!l • 22 ' J. IHi i 5. -.IS 15. 0.1 L fj(j . liS 1. 91 .76 . 24 3.11 16.43 20. 99 ~ 

10·1·1 , • r • ,s·1 
I 

I. an .!l3 -I. 26 ! 2. 68 " . 78 15. 07 1. (i9 I, 13 3. 07 L 99 1. 57 15.61 25.37 Z o19·j5~·' :==::= __ I. 1·1 .71 I. -10 , 3. ;i7 I . U9 I 2.50 1. 93 2. 49 4.45 . 19 0 .20 15.69 19.33 
"""-,'- '-1-- --,,· ..'-'''-I--'---j--------

t=l 

AVl'rH!-(I', ;j
I!UO/;; ::0 , Ii) Loa , 8,1 ' 2, s:{ 2. 2\1 2. 20 2. 31i ,',' I. 78,' 2. 30 13, 30 I . 95 1. 17/ 13. R;; 21. 71 

~1l->7:I I!llii ... _ ('l' 'j'l 1'>1 .) II ., I') ') fl" '> (je•• 2 ,- .) "!) 1 f)'> 1 19.. ») I .. , • -~ -. t}•. - _ •• ,) _. " I' ". -tn -~ .) .. - .. .82 Hi. 31 !2a. OS o 
'_~_L__" __I __ ._. • __-'-__--'-__-'-1__-'-__--'-__-'-___'--__ t>:l 
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patrick 5 in 1943, Soils thilt characterizc the experimental ran~e are 
further des('ribed in It published soil survey (14) of WooCLwanl 
COllI1ty, Okla, 

An Informal report by Fitzpatrick shows that most of the soils on 
the expeL'imentnl range and in the l'(>gion gem'I'ally are well supplied 
with mineL'llls and other ('sselltial clements in available form, These 
soils were developed mainly from matel'ials originally washed out 
from the Ro('!,:" Mountains and contain Ii wide variety of minel'llls 
that have not be('l1 leached below the depth of plant roots, except in 
some of the YCl'Y sanely soils, The higher sagebrush-clad dunes are 
faidy low in content of available phosphorus but contain alllple sup
plies of calcium fllld other minerals, Most of the hel\yier soi Is be
tween the dunes al'c high in all minerals. jm'luding phosphorus, 

Fitzpatriek states that ll10st soils of the drier pints of the region 
are well supplied with avuih' h1e minerals, He adds, however, that 
the Miles series of loumy fine sand, which is charncterized by n nntural 
covering of shinnery oal\' ((t/uerclI.g navardi Rydb,) and occut's.in com
paratively restl'ietl'(l areas nlonfr the cnp rock 111 ~Jal'ts of Oklahoma, 
Texas) llnd X ew ~[l'xjco, is usually deficient in lllJJlel'llls, };ince this 
soil type is not relln'Sentcd On the expel'illlental range. the analytieal 
results of range fOl'l1ge alld the data frOI1l milleml feecling studies 
with ranf!l' ('attle al'e not likl'ly to apply directly to the shinnery areas. 
Soils of the r(lgion that nrc den'loped 1"'0111 Permian Hed BNls or 
reddish lihnle::; nnd JimestOllPs may exhibit iodine deficit'n('Y, Such 
soils rarely OCCt1l' on the pX]ll'l'inwllta\ rallge) and symptoms of iodine 
defi,eit'lley are infl'l'(llll'llt alllong human beings or livestock of the 
regIOn, 

NATIVE VEGETATION 

Searly all the pl'ineiplll gra::;ses and other l'anfrc forage plants of 
the Cirent Plains 1'Pf!ioll HI'(~ l'epresentl'din th(' plant IIssocintion on 
the exp(,l'illlentnl l'tl11f!(' and were induc1ed in the Ilnlllytical stud ips, 
The sand-dlllle Rng(1 type of vegc·t11t1on that C'hal'ilctel'iz('s thp a1'('1\ 
consists mostly of gently rolling sta.bili7.('d dUlles frequently inter
spersed with ill'ellS of h(,ltyil'l' soil and clad with highly va!'i:tble quan
titil'!:i of sand sllfr(>bl.'ush, frt'flSS, and other vegetati(Jn, 1I('mreting to 
Parl,N' Hnd. 8llYage (.JfJ). Nearly every square rod of bllll supports 
froll1 one to a doz('l1 or mOl'c plants ot sand sagebrllsh, \\'11 kh ::i \'('S 

the landsea[)(, II gl'ay npP(,lll'allee. 
Repl'esented on the IIn'li are 51 sp('C';('s of {!rass and morc than 216 

species of JOl'bs nnd shrubs, ~rost of: the I!t'asS('s ar(, bundl types, 
which uswtlly pl'('s('nt !l thin open stand Hsso('iate~l with otlwl' species 
of vegetatioll, A <1('ns(> lihort:-gl'aRs tUI'f: )lrt'dOIl1IJ1lltes to tIll' l'xclu
Sl()11 of In'ush onlr on slllllll 111'<'11;'; of Ill'ltVV soil betwe!'n tIl(' dun('s, 
The density of Ill':ush and Torbs usually 1n'('I'(,:ls('s and that of gmss 
declines wi'th slI(:C'('ssiv(' illC'l'eases in siopp and depth of sand, The 
vegetntion, ther(!fore, constantly ('hange!:! with topography llJl'(Hlgh
out the area, blli.: when ('01lsi<1el'('u as a whole is fairly uniforJlJ withi)} 
difJ'('rent sets of pastures, 

The 29 species ot gJ'assPs, :forbs, ftl1(} SIH'llh~ included.in thl'se stll(ii('s 
nre listed, togetht'I' \\'ith I h('ir COl1llll0n and s('i('ntific 11Illnt'S, soil habi
tat, and customary period of growth, in table 2, 

• 


• 


• 

• Formerly soil scientist, Dh'ision of Soil Survey. Bur<'I\U or Pluut llli! ...;try. 

SOilS, and Agricultural Engineering, 
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T,\BLE 2.-List 0/ gO 'range forage Slwcies included in !lie a7!{f7.'1ti('al1('01'l.~, showing the 8oil,~ in 1V/dch lltey OCCW' on the 

eJ.'pl!l'iIllCJltall'(lll(jc and tMil' customary 8(,Clson 0 f !I"owth wlten clbnatia conditions are favorable 

SoU!! in ronge habitat z
ClusS uf \'t'CNHtitUllllHt ('tll11111011 IlBllh.' t f;('icHtific fIIUIlC Orowlng (",riod q 

('IllS!! 'fexture J >-3 
!:l;l ..... 
>-3 ......;\'Illil'(' .~p('de$ o 
Z 

]'('rPIlII illl ~r'i"~(,S: > 
\\'/11'111-\1'('111 hpl' tYPI'';: t:" 

BIIll' ~r:IIIl:L. ______________ _ HOlile/oulI gracilis (ll. 13. K) T.llg._____________ Apr.-OcL____ Sandy Lo heay)' ____ _ Vfsl-Lfs. D 
Bulfulo ~r:l.~".,_, ____________ ; HIIC/doc daclyloides (Xult.) ElIgl'hll _______________ do__ _______ Very henyy________ _ Vfsl. q 

i?r(lgroslis Iric/lOdes (Xult.) "rood ______________ Mur.-Nov____ Very sandy________ _ S-Lfs. >
~nJl[I lo\"('gms,,_ - - - - -_ - -- -- --l::land paspaltllll. _____________ : PlIspa/llm SITllIlli.,!eUIIl Kush___________________ Apr.-Oct___________ do____________ _ ~Do.
Sand bl1l('';\''111 3_____________ ; 111u/ropogoll hill/I! HlLck _____ .. ____ ______ _____ May-Sept__________ do____________ _ >-3S-l?sl. t;lHidl'-()Ilt s grulllll, ___ • ________ f HOllle/Ollll clIrlipelll/u/lI (1\Iil'hx.) Torr________ __ Apr.-Oct._____ Caliche-rocky______ _ Fsl. UJ
Hwill'hgl'Hlis. _______________1 PcwiculIl virgulll1l/ L _________________________ May-Supt. ___ Sandy_____________ _ S-Fsl. 

SlInd dr()p~('NL _____________ , Sporo/Jo/lIs CTlIplmuirlis (Torr.) A. Gray_________ Mar.-Nov____ Sandy to heavy ____ _ Lfs-Vfsl. o 

Little blul',,[('111 3 ______' ______ 1 AlItirop0Q.01I scoparius 1\Iicln_________ .. ". __ ____ l\Jay-SepL___ Sandy-caliche______ _ Fsl. 

"'l 


Ginnt n·l'(lgrn~s_____________ j ('a/Cllllomlja giyulliea (NuLt.) Scribn. and 1\lurr__ Apr.-Oct._____ Very sandy________ _ S-Us. 

Blowout gnlSs. ______________ 1 Nec/fie/dill j/C'.c1l0S(l ('1'hurl>.) Va:;py ________________ do ______________ do____________ _ Do. ~ 
Fall witchgrnss. ____________ _ Lept%ll/(I cogi/ailllll (Schult.) Chasc____________ May-Sept_________ do____________ _ 
Hldr), grnlllu.... ___________ _ /Jouie/ollCl hirsuta Lng_ _______________________ Apr.-Oct._____ Sandy-caliche______ _ Fsl. 

Do. ~ 
CvOI-II'I'ilth('r Lypp,;; I o 

>:j 

'1\'xn~blul'gl':I";; .. _. __ ._." I'oa lime/wi/em Torr.. _______________________1 Scp.t.-Junc____ Sandy to heuvy----- I.rs-Fsl. 
"'(,IlIl'm wlll'lItgra~ .. - ____ J A!lroll!/rOlt sl,liiltii Rydb ______________________ Sept.-May____ Heavy to sandy _____ Vfsl-S. 1:: 

ElIIlllUS car.(ldell.~is IJ ______________________________ do_______ Sandy______________ Lfs-Fsl. o
('Illllldll wild-rYI' _-. ___ -- _-. _I' t<.1 

Annuul grlts:;"s: 
~l'!lrpj(· Hllldgrnss ____________ Trip/llsis purpllrcu nVnlt.) C'hnplII "____________ June-SepL ________ do_____________ Lfs. 

LIWI.' barll·", .. _____________ 11 lJordW/Il ]llIsilllllll NuIL. _______________ •____ Mar.-Apr_____ Medium heuvy______ Fsl. ~ 
Sixw('('ks rl'SCllU __ •• ________ _ Feslucl! octoj/ora 'VnIL __________ ------------- _____ do____________do_____________ Do. Z 

S~t.· fmJluottl.!i ut ,·1lI1 Cor Intlle. ~ 

co 



• • • 

...... 
TABLE 2.-Li,~t oj ,2f) ran!1ejorO!1e species included in tlte anaZytical '!t'ork, etc.-Continlled 	 o 

Soils in I1UI~(' hnhiilll 	 >-3 
{'lass of ngrtlltion llno ColUlIlon ntlmo 	 t:t°ft'nUtlc IUlUlll (Jrowim: Jlrriod ---_..--.----- 8 

Cluss 'rexturt,'" 	 p:t 
Z-'-1 H 
n

Forbs (h('rbnc('ollS pJnnt~ uthl'f' I :>
I.han v;rn,.,,): 1 t'" 

l}tllih 1ll0I'llin/!-glory. -. ------1 Ipollloea i('p/oJlhllllu Torr. _______ .•. _ --. ___ _ "Illy-July ___ -I SuJldy .. _. ________ _ J.fs. t;l
,!:land ]l('IL ____ ... __________ , ']'cplirosin t'iryilliul/(I (1,1. P\'rs,.__ • . •. ---- "lay-Aug __ --I Ycr,\' ,.;an<l.\' .-------- S-Lfs. C1
11or:;o\\'ced _______________ J Erigeron elllHldel/sis J,_____ ... ____._. - .. ------. Mny-Scpt____ l l\'lediulll hellYY _____ _ Fsl. t'" 

_____ do ______ of Sanch-_____________ _ t'"Pnrtritigt'-p<'lI. ___ • _________ j 	 (,JwlI/aecrista jllsciclIiuta (1I.lichx.) (:I'[,(,IH' _____ • Lfs. t=; 
Psorillca telwijior(l PUI'.,h. ______ . ___ ....... __ Apr.-Sept.. __I l\f('dfullI hcu\'y_____ _ Fsl. ;j!:l1('noPl'scUrf-jlP:L .--- • ____I 

Shl'ubs:~ Z 
Sknnkbllsh I:-kllnkhru"h', •• __ _ RllII.~ {rilob((II~ XutL ________ • ___ • __ .- ...... . "Iar.' Xov__ -' Sand\' to medium __ _ S-Fsl.

Vl'b.-Kov____ -'_____ tIo____________ _ oSuml $:l!J;t'hrush ____________ _ 	 Artemisia jilijolill '1'01'1',_ ... __ o' ___ • __ - ____ .. . Do. .... 
c.o 

in/roduced !lmssc.~ I 
J'crt'I}!lial, '.\·urm-\\'I,tHlwl' types: I 	

s 
\. nucn:;lllll hhl(';:l('111 _________ : Amiropogoll 1'nterlllcdius ,"ur. ClIllC(lSlClIS (TrIn.) I l\lny-Scpt. __ .l Mediulll sandy_____ _ Fsl. ~ 

11 tll'k. ; I t:lAnciropo!loll ischacl//1111t L_. _... __ ....______ .. _____do.______L ____ clo. ___________ _ t':Tl1rkestnn blucslcm 6 ________ ' 	 Do. 
"C"It·t·ping lov(·grnss _________ _ Bragrostis cllrvlIl(l (SchrntU X (,p,,-. ____________ j l\~nr. -Kov____1___ - do . ----------- Do. !" 
o 

1J~tst('t1 in npprh\huhtl' ordrr ".~ g:llJwrn.l ~rn~illg \Oahu' within ('nrh ~rouJl as d('tPrmhwd for th.., ('xllrritul'lItul fllUgC'. -=: 
3 F}l1 tl,w ~"l11tl> IU.UIl, Le... Inurn} thw ~ltHl. ~ sandy. \·ft.1 -;nlry ntW :-;tludy Joaul. 
!_ .rrlu,. ('t!lIUIWH nunhl ~in'U 1It J,litt'h('(!("k's: ;\hul11ul of thll (irns,;..\s of Ul(>- l"nhtd ::;tfiU'S Ct"'•...:. 1), • .A. :-'1i~'. Puh.2(0) (ur tlh~ At'lHl~ ..,.truiro])o{1oU is h('nrdgrass.. 1n this bllll(~till. ~ hOWcVtlr, thl" l"OUUllon unutr:;; h~\nd bluc-stt."lU" unu Ulittle bhu'stNn" nr(l u!'t.'u. rt,lS(Jt.'l"tivCly, {or A.)wllii and.4.. :fC'oJ)uriwr. h(>Mltl~- or tht"ir wiu(' tll't"·I)tunl't.~ throughout the region whl,'re 

, these g:ms..~ls nn:l- 1U\1h"(·. • 
~ 
H 

t IJlnnts J.:rtt('u lIWSl of wluH"lr. 	 n 
• J>1(Jllt~ wholly ,1orlllunt "t11~ durlng' HY (~JI!IIlt'rl"ds of \\ illh'r. C1 
tIn !'i\lutl!('fU Tl"m$~ rUl'kt'!<iulII b1tIt\~hiUl b n;("rrt'll lo U'i H~t'lluw hNH·t}J.,::ra,...;.H t'" 

0-3,..., 
iii 
t!'l 
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NU'l'lU'I'lOXAL QUALl'r1f~S OF HANm~ FOHAmi 1'IJAN'rs 

EXPI~RIMENTAL PHOCEDnu:s 

FOIUGI:: SA!\II'L1:'>G 

The forage samples of gl'asst's and :fol'bs WC1'e obtained by hand 
clipping nil of the sUrtacl' gl'owth above a I-inch stubble, The shrub 
s!uupl('s were limited. to til(' ,!-inch tips oC the plant. In this .nanuet' 
the samples l't'pres('nted neatly all 0'£ the smla('p growth of herbaceous 
plants and the bl'o,,"!:'e tips of woody species, 8.incc the samples in, 
cluded more of the COal'ser basal portion OI the gl'ass!.'s and f01'bs thun 
is customarily gl'tlz('~l by livestock under propel' mllllng('trlent, the an
alytical data PI'o\'.ide It conservative account of the food nllltCl'illls or
dinarily COIISllIlH!d, '1'he samples were obtn ined from moderat!.'ly 
grazed pnstUl'cs and l'cptesented plants that had not been gl'llzed or 
clipped tllll-:ng the CUl'rent season but had bN~n slli>jPctcd to eompar
able gL'azing treatments ill the past. 

Ellch sample included sufficient plants to be fully repI'esentutive of 
Ill(' species for the l'ange as It whole, All samples wem not collected on 
Ihe same soil type because IIIany of tIm species arc l'eHtl'icth'e in theil' 
soil requit'ements, This lHay nccount fot' some Ot the reportec1l1iffer
('nees ill the chemicnl composi tion oj' eli Il'cr('nt species that unclollbt('dly 
rcf\c'cts natural dilf('rences in th!.' min('rul content of the various soil 
habitats, Starting ill April, when the young leaves of most gt'aSSN; 
were 3 to (j inches 10n~ 1l11d in optimum clevelopment to start g'mzing, 
en'l'Y FUll1pIe for a glyen year was limitNl to gl'owth pl'odm'ec\ thnl 
:\,('111'. Ex('!.'ptlons WPI'P samples of shrubs nnd cool-wpatJ1Pr gmssl'S, 
,ddeh i'l'l'qucntly inelu(\ed ROllle of the growth pl'oducl'<1 {(ming lhe 
(ll'e\'iOllS fall and wintel', ~lost of the sal1lplt1s obtail1l'111l'Om Junll-
11I'V to )fa 1"ch l'epres('lI tecl the wi n (pl'-dol'l11ant g1"owt11 of til(' l)l'l,\'ious 
Y('llI\ ('X('ppt for collections of shrubs Ilnd cool-wl'athel' gl'lISSPS, ",11ieh 
oftt'n ineluded some Uew growth pl'odm'('d during the snmplinp- ),('111', 

Stugt' 0'£ plant development, a\'l'mge height of plant, and (l('I'cenlngl' 
of gre('ll l\Iatl~l'iHI pn's('nt in the fOl'nge wCI'e recorded in t.1ll' fil'ld rOl' 
C\'cI'y;.;nmplc, Rl'pl'l':;(,lItutive purts of tho many plnnts obtained 1'01' 
('aeh species collection wel.'e weighed on the TIlng(' inlll1l'cliately aftel' 
till' Hlntl'I'inl W(lS coll('ct('cl. Thl', slllnpl('s to bp nnalnl'!1 for ('urotplIP 
Wl'I'l' coll(lded late in thl' nftcl'110011,.Ulld I'CPI'('~(,lltHti;'l' pol'tiol1;; of tIl(' 
bulk material .ft-om pa{'h sp('('ips \\'l'I'P pili' in airtight ('ontninel's, 
weigl1('t\ gl'eell, pi:u'pd in cold stOl'ngl' o\'prllight, alH1 t!'llnspOI'tNI to 
~tillwalf'I' ('adv thl' Il('xt 1l1ol.'llillg. whpl'p tlll'\' \\'('1'(' (lIlltlvzed illlllledi
aft'ly, The I'est: of tl\('s(' :uH1 a"n (JUIN' SHlliplp;; W('I'P ,~ir-dl'ied, th(' 
1Il0istUI'P ('aleu lat ed, and the IJllltl'l'ia I II Ilulyzl'd, 

BI.OOD S·\:\II'J.L\G 

A study of til(' (,ffN't of ll1ill(,I'ul ;-.upplt'llll'llt;-. on thr 111111('1'111 ('Olltt'llt 
of the !)i()od plasma. of 'yl'al'lillg ;-'{(,I'I'" was e,ondul'tNll!y 1)('I'iodi('al 1111
aI""ps III I!H~ and In I:} and. wns pxpllnc!l'tllll WH to 11H'lud(l mOllt hh' 
ol:'binlOllthiy IlnIlIY8l'S POI' both nlinPI.':t1s find enl'otplIP, TllP rl's\ilt.., (J'r 
t hesl' ;-.Iud iI'S and or pi 111 ilUI' ann 1),,,(',, of IIIP rallgr fm'age pl'Oyidcd cia ta 
for complll'isons of H'tI~(lIl:t1 eilangp:,; in Ihc ('0 III po:;i (io 11 of thl' fOl'ngl' 
lind blood with monthly tl'l'nds in till' gains of h('pf cal tie through til<' 
YCtIr, Tn t:h('~(' ('ompnrisons th(' blood snmp\(l~ were obtainl'd in til(' 
en~ni ng' fnllll 1~- to lH-lwncl lots of ),('1\ rI i ng st('CI'S l'eceivi ng eli Iferent 
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mineral supplements ou the rnnge, placed in airtight Huska containing 
anticoagulant material, stoted in a l'eft'igerator overnight, and trans
ported to the laborntol'y the next morning. 

ANALYSES 

The green grasses, ground dry samples; and the blood from the 
cattle were analyzed by standard and accepted pl'ocedul'(.'s that Inlty 
be briefly d~scl'ibed as follows; PJ'?Xi~llte anll]y~es .of (hoy fe~(~, 01licit~1 
and Tentative MNholls of AnalYSIS of the Assocln,bon of Ofhem 1 Agl'l
culluml Ohemists. q) ; carotene of the g~een plallt Wall ~nd Kell~yt(43) j carotene of tne blood samples, Kllnble (B5); calcltllu of the 
plasma, Olark and Collip (9); and phosphorus, Youngburg llnd 
Younghurg (49), the colors being detel'lnined spectrophotometl'lcally 
jn th& last tInee methods. The air-dry forage sllmples were ground 
through the fine st'l'een of It 'Wiley mill and stored in sealed containers 
until analyzed 'fol' moisture, ash, crude pI'otein, nitrogen-free extrllcts, 
fats, crude fiber, cldcium, and phosphorus. Mltgnesinm, lignin, cellu
lose) ancI h~micellll.lose wer~ 11;1so deteymin,cd for a p,llrt of the samples. 
The rest of tIle mOisture left m the tnr-dl'ICc1 mlLtcrlal was determmed 
by oven-drying to permit un expression of moisture on both the field 
and dry basis. 

ANALYTICAL RESULTS OF NATIVE RANGE FORAGE 

The genel'al chemical flatme Ilnd clll'otene content of five clnsses of 
native l'llnge forage oCCUl'l'ing on the (·xpel'imental rllnge nre b('st 
indicated by a compllrison of the vuriolls e\H'lllicnl constituents COIl

tllined on an average ill the forage (tables 10-1D, in Appendix). Four
teen of the leading perenllial ~l'!lSFi(,I:l, when analyzed by Inouths 
throughollt the 5-year period, sprl11g of 1D·1O to SIH'ing of HJ.10, showed 
the following avei'age llllnual chemical contcnt: ~roistUl'e, 37.7 p(,l'cent; 
nitrogen-fre\) extract, '17.5 percent; crude fibe)" 3'.1:.6 percent; crude 
pJotelll, 7.7 f)crcPl1t; ash. 7.6 pel'c(,lltj fat. 2.6 percent; calcium, 0.38 
percent; an( phosphorus, 0.17 peL'cenL The monthly Ilyernges pre
sented in figure 1 S)lOW 11 fairly close (IOl'J'eln.tion b(otween the trPIJ{ls 
in moisture lInel those in protein, phosphoL'tls, and ash~ llnd an equally 
close cOl'relatiOJl between changes in nitrogen-fl'ee extract lUll'! those 
in crude fibol·. The more valuable constitucnts of tho plllnts, L e., the 
protejn, calcium, and phosphorus, represl'nt rather small pl'opol'tions 
of the total composition. The nitrogcu-frce extract !lnd crude fiber, 
which aL'e the less vlllllable ('onstituents in the pliU1ts, constitute 82.1 
percent of the totlll dry muttet'. 

MINERALS 

Oalcium llnd phosphol'llS arc of fb'st impol'tllnC'c among the minerals 
needed fOL' bone. stL'UctUl'C and c1ewlopmcllt of I)('e£ cat!:h'. They L'tlnk 
with commOn salt as basi('. eS~1Pntials in Iivm;{o('k diet. These elcll1(1l1ts 
should be present.in a well-bldanced !'ation in tile apPL'oximate Pl'OPOl' 
fioll of 2 parts of cnleiull1 to 1 part of phosphol·US. Mitchell and 
McClure (;J4) and otherH report a prefeL'cnce fo!' a somewhat nan'oW(ll' 
mtlo, i. e., about 1.71 to 1. Most nlltl'itionists agree that 1111 overstlpply 
of calcium in propol,tion to phosphorus, which oftell occllrs in range 
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FIGURE 1.-AYQ1'IlgQ lIlonthly trQnd III ('hemiNl) cOIllPosltion of 14 pel'f.~l1nlal gl'assQs 
for II 5-year period, spring of 1040 to Sllring of 1!J45. 

forage, may reduce the efficiency of the phosphol'us by causing its l?ss 
through the feces. N. R. Ellis 0 reports informally that the proportlOn 
of these elements may va~'y i,'om the ideal ratio jf each element is 
present in suflicient quanti ty to meet livestock 1'equirements. He stated, 
however, that an excess of calcium is obj~~(,tionltble when the qUllntity 

• of phosphorus is deficient. This is verified by Guilbert and Rockford 

• Principal chemIst, in chnl'l:le of nutrition investigations, Bureau of Animal 
Industr:y. 
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(18)) who report that n high quantity of cnleium with low phosphorus 
is unfn \'orable to phosphorus utilization llndi ntC'nsifies deficiency . 
Mitchell anel McClure (J4) also substantin.tC'c1 this conclusion by stat
ing that malnutrition may result from fl'eding rations containing dis • 
proportionate qlh.ntities ()f calcium and phosj)horus. 

Black, Tash, Jones, and Kleberg (4) report that a phosphorus con
tent of 0.13 percent and a caleium content of 0.23 of the (11'y matter of 
the vegetation consumed are gPlll'I'ally ac(,ppll'cl as the minimum quan
tities of these elements rl'quiled by l'tlnge enttlf'. This ('ol1<:lusion is 
confirmed by 'Watkins (4fJ) and many otl1('\' in \·pstigatol's. Gastler 
anel :Moxon -; state that rOl'ages ('ontalning less ,han 0.11 percent of 
phosphorus nnc11ess than 0,:20 lX'I'('('nt oT calciurll are deficient in the>;e 
rlements. The minimum 1'C'C]uirenl('nts "'ere )'eeently set at slightly 
different ll'YeIs by Guilbert, Get'la ugh. and Ma(("en (11). Dedueting 
the 25-pel'eent ma)'gin of sufety TI'O\11 their figl1l'es, Tora:rl' eontaining 
no percent dry mntipr nHlst pO:;:';(,S~ OJ(j pPl'cent of calcium and 0.14 
percent of phosphol'lIs fOt' winte'l'ing I,OOO-pound ('ows, 0.19 and 0.14, 
)·espectiypI~'. for nursing ('(J\\·S. 0.:2:2 :IIHI O.lH TO)' winte)'ing 500-pound 
weanling ('alyp~. 0.:20 and 0.17 for tIl(' 11())'Jl)al growth of nOO-pounel 
heifers and steel's. and 0.15 and 0.14 fol' the normal growth of 800
pound heifers and steers. 

CALC!C;\[ CONTENT 

It is obyious fl'0111 t11(' ('(llcinl11 c1ata in table 10 (in the ApPt'ndix) 
rhat nearly e,'ery sl)('cips of I'll ngp fOl'1lge OCCUlTil1g on tIl(' expe)'illlcnbtl 
mnge ('ontains this l'h'Ull'nt in qUllntitil's g)'patly in ('xee:;;s of the 
minimall'equil't'IlWllts of beef cattle ('verr lIlonth in 1\)(' year. The 
only species tlUlt fpll below the pl'escl'ibc'c1 l11iJlillllll11 of 0.:2:) l)l'L'c(mt •
('alcium at any time hl the year wpre little hlul'slplI1 ill Del'ember :mrl 
,) anuary and sanel bluestem and blue granm in ,January. The 5-year 
nYel'age allnual calcinm content of a11 grass was !is percent higller than 
the minimnm of 0.:2:1 pl'L'cl'nt sl)('cifiec1 fo)' lwl'f (,llttlC', The palatable' 
forbs included in this study ltycragec1 thl'PP tinll's as 1l1u('h calcium as 
t~le grasses. yo!' neatly eyl'l'Y l1l.onth in th~ year. the quantity of ~a~
Clllm present m all grasses HllIl fOl'bs ('ombl1wd \Yn~ double th(' 1111111
mum requirement. The brow:;e tips of skunkbnsh tend sand sagebrnqh 
are also excellent SOUL'ces of ealcillll1 anel containec1 this element in 
quantities gl'patly in ('xC('S:-i oJ those present in grass('s. This is l1?t 
important, howeyer, sinel' ('attle sel(lol11 eat thl' brnsh ex('ept late III 
winter or carly :in spring. lln]pss thr gl'H:';s snpplies are who11y COll

:-iumec1 or coyerec1 with snow. CattlP occnsionall \' browse on the new 
.!!Towth of skunkbusl1 and to a more lirnit.ed t'xtent'on that of sand sage
brush hlte in winter. 

The leading grasses in terms of t'lLleiulIl COllt('nt during tIl(', 5-yeal' 
perioel, spring of HHO to spring of HH5, wC're sand paspalulll. purple 
sanc1grass, blowout grass, TC'xas bltwgl'ass, s;wit<'hgl'ass. bllfl'al0 grH>;s, 
and western \\·heaJgl'l1ss. The dust and i:mnd that cling to thf' pubescent 
leaves of £0111' of th('se species may aC'('onnt ill part for thl'i)' high (':.1
cium conbmt. The plants werr shaken hut llot w:uihed to remove the 

'GABTLEII, G. F .• lind ~rOX()X, ;\. L. ('.\I.(Jl'~r AXil J'1I0Hl'HIlIIl',; co:-rn:NT m' 
GRASSI;;S .\'1' Dfl<n;IIF.;'\'!' STAGf.B OF (;JWWTlf. S. Dak. "\gl'. Expt. Rtll. 11imeog. Pam. 2, • 
4 pp. 1944. [Processed.] 
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earthen particles beforc the analyses were made. Thesc particles were 
not wholly removed from the samples, partly because of the difficulties 
involved in doing so and partly because the inert material constitutes 
a part of the mass eaten by cattle in the normal process of grazing. 

The wal'm-weather grasses that remain dormant most of the winter 
possessed the most calcium during the summer, whereas the cool
weather grasses that are usually dormant during late summer con
tained the most calcium during the winter. The difference in seasonal 
quantity of this element, however, was not great in either case. Al
though most of the grasses possessed slightly more calcium during their 
active period of growth than when they were dormant, no sharp posi
tive correlation ·was found betwet'll calcium content and stage of growth 
or time of the year (table 10, fig. 2). The analytical results, when 
studied by years or seasons, showed no correlation between the calcium 
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content of th'} fora~e and seasonal 01' annual precipitation. Tltis 
observation agrees wIth that of Black, Tash, Jones, and Klebet'g (4), 
who found that changes in the calcium content of range fomge in 
southern Texas was not related to the quantity of annual rainfall. 
Harper and Daniel,s llOwever, reported that prairie hay prodnced ill 
Oklahoma during a season of heavy rainfall was low in calcium. 

Iil. contrast to the results with grasses, the calcium in forbs and 
shrubs on the experimentall'ange was considerably influenced by stage 
of growth and time of the year. The calcitim ~ollt(>lIt usually increasl.>c\ 
as the plants developed and approached matUl'l ty. The yeady average 
calcium content of sand sngebrush was neady three times greatet' than 
the annual average for all grasses. The average for skunkbush was 
more than twice that jn the grass. These results agn'e with those 
reported by ",Yntkins (47) for browse plants in New ~Iexico. The 
superabundance of calcium in the forbs and shrubs lends no special 
significance to their value as grazing plants in this region whel'e the 
grasses contain sufficient ql1antities of this elell)l'nt. The calcium 
superiority of the Torbs twd shrubs, however, might indicate tbeir 
increased value as pasture plants in loca,lities where tl calcium deficiency 
is known to exist in the gmss, 

PHOSPHORUS CONTENT 

Information regarding the phosphol'lls content OT range forage is 
extremely importnnt, hecause this l·lement is orten c1efieient in gl'usSes 
and is so limited in some pari's of !lIe world thtlt fanlt)' bone d(~·\'('lon
ment and other forms of malnutrition are frequl'nth" evident. :Most 
investigators in t he ",Vest c011sider the feeding of phosphorus supple
ments on the l'ftIlg(' as lUI axioll1at ic requ iI'Plll('Ilt ill the proper nutrition 
and deyelopment of bN·f cattle, 

All 20 species or range forngeplants analyzed :from the l'xpel'imental 
mnge through the ;')-yenr period showed a phosphorns content in ~\.pril, 
May, and June gl'Nltly ill ('x('('ss of the minimum l'equlrell1('nt of 0.1;3 
percent (table 11. p. 52), Similar 1'('s111ts wcre recorded '1'01' the '7 
native species tlmt wel'e analyzed in compn.rison with three introduced 
grasses through the fifth and sixth years of the sludy. 

In nearly every instlll1ce the phosphorus conf('nt d('ci'etls('([ gm(Juully 
with the growth of the plants (fig. 3), The high('st phosphorus con
tent, nearly three times the minimnm 11ee<1('(l by b('('f! eaWe, was re
c~H'ded :in April when tlte pl:lIlts were YO!!l1,!!, tender, H!lc1 gt'owing, 
~early every pltln,t showed rt. :-;IJght c1eCrClhi(' III p~lOsphol'l1s III :Jla,\' and a 
further dCcl'Nlse 1Il Jun(', hut ull possessed elUl'IIl,!! these months mueh 
more than the quantity ne('decl for the peoper development of beef 
cattle. The clo::;e correlat iOIl bctwe(,tl phospltonr;:; ('ont('nt Hnd gl'Cl'l1neSS 
or ra.pidity of growth in 1'('1 at ion to rainfall corroiJOl'fltes the findinO's 0 f 
McCreary (SO) in ",Vyomillg-, e"> 

Furthet, reductions in content of phosphOl'US l1:iually occurred as. the 
plants approach('dll111tlll'itv in midstllllliwl', entered <lormnnc\' ill fall, 
and weathered during willt('L', Exceptions were noted fllYlOng the 

• HAItPER, H, ,T" and DASII'I., n. A. 1t,\I.S~'.\I,l. ,WFeCTS ~nNERAI.S I~ £lAY, Okln. 
Agl', News Sen'.• l\Iimeog, Rpt., :! Pl!. Ina..!. [Processed,] 
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"warm-weather O'rasses when O'l'owth was occasionally re\'in'cl by late 
summer rains aI~d phosphoru;"hlCreased, In contrast with some of the 
results reported fOl' calcium, changes in the phosphorus content were 
directly and positively related to the occurrence and distribution of 
rninfall. The growth of revi"ecl plant:; always contained 1110re phos
phorus than the older, drier, or more dormant forag-e, Othel' exceptions 
to the tendency for phosphorus to elecL'('ase during the fall and ",intet' 
included the cool-weather grasses that usually l'ell(,w growth in th(' fall 
and continue acth'c development of Hew lea \'l'S 1I10::;t of the wint('t', 

A few of both the cool-weather and wal'm-\\,('ather gl'ass(>s exhibitNI 
phosphoL'us deficiency late in Sllmll1£.'r ancl early in fall. However, the 
monthly :n'erngE's for all wat'l11-weatheL' g-rasses combined 01' of all 
warm- and cool-weather grass('s combined showed the contl'nt of 
phosphorus to be in excess 6f minimum needs from April to O('tobel" 
inclush'e, It seems obviolls from the results presented in this l'{'I)Ort 
that no minemls other than common salt would be l'('quired to supple
l11t'nt the local range fomge during these i months, ' 

Neal'ly nIl the warm-weather grasses, which inc'lude species most 
typical of native vegetation in the southern Great Plains region, Wt'I'e 
deficient in phosphorus from No\"embet' to March, inc1ushoe, 'rhe 
phosphorus contC"nt dt'cline(l as a result of wt'atherin!;l" dul'ing- th(' dor
mant winter periocl. An an'rage minimum content of O,Oj' percent was 
I'eached in Januat-y and Ft>llI'llal'Y, It is ('\'ident from till's(' data that 
::tOCkl1lt'Il who hav(' nothing- but tll('s(' dOl'lllilnt wal'l1l-wpathl'l' gra,;::es 
available for winter gl'llzing should feed It phosphorus ::;upplpnH'llt to 
range cattle Ot' PI'o\'jde c(lttonse('d t'ake or otht'!: ft'eds ('ontaining l'xtm 
phosphorus, 

In direc:t contTast to tIll' SUIll!ll(>r g-I'asses, the ('ool-\\'PHtl~(,I' gt'a::sps Oil 
tht' ('xpel'lmenlal mnge ('onl:llnNl, a slq)('I'ahulldalH'C of phospholous 
t'\'ery monlh fl'orn OctO\)t'I' to rudy ,Ju Iy, Alth )lIgh t hesp gmss(';; 0('('111"'spal"ingly, they are widely distrilmt('d 0\'('1' tht' ('xpt'l'int(,lltail'angt' and 
undoubtedly contribut(' g-rpcn fOl'agc to tIl(' wintcr dipt in "ufli('il'llt 
qunntiti('s to comp(,llsatt' for dl'fkiellcil's ill phosphol'us and )ll'Odtalllill 
A in the otllPr vt'g-eiatioll, The data clt'arly indirat(' that enUlp grllz('(\ 
on It purl' stand of t1lPse ('ool-w('atll(,I' grasses would I'pquil'p no extra 
phosphOt'IIS, cx('ept possibly late in JlIly al1(1 Augllst. A pastlll'(' ('()Iil
pospcl of a mixtul'P of til(' two elas:;{'s of gl'llss~ 01' st'paratt' pa:-:tlll'l'S of' 
t'ach grazed in rotation wht'n till' I'('speetiv(' gI'llSSP~ an' in optillllllli 
condition for \Hle, should \\'holl\' ('Iiminatp th(' 11('('pssit\, of fr·p<iin!! 
phosphorus sllpplpll1pnts to bc,(,f ('attl(' 1111(\('1' ('olHlitiOils similar 1'1; 
those pl't'yailing on till' exp('l'irll('n{al rallgpo 

The I('ael ing Ill'assps in a \'PI'agp pho;.;phol'lls ('ontpnl on a ,\'(':1 I'ly 
basis and for tlw wint('L' G1110llths \\"(,I'e tlH' ('ool-\\"pnthpl' gnlsii('s, Tl'xas 
blut'gl'llss, Canada \\,i1d-I'YI', and wt'siPI'n wht'nlgra;;s, in thl' ol'd('l' 
listl'd, Tlw out:;tanding wal'lll-\\,pathpl' g"a::;.;!'s dllL'ing tIl(' dOL'malH 
winter I)PI'iod \\'('1'(' "iallt 1'('N\gI'H"S, blo\\"out grass, sand paspll III III , 

sand lon'gl'as;;o ;;alld~ll'()p;.;('('d, buffalo gl'(lS", alit!, hlll(, gl,'Hllla, Hill('p 
all of tht'sp waL'Ill-\\,patht'I' .~I'ass('s px('ppt. salld \O\'('gl'a"s, hllffalo gms:-;, 
and him' "I'1I111a al'p !,priollsh'la('king in palatahility dUl'ing tIl(' wintp!' 
lIlonths,lt is ('\'id\'l\t that' till' thl'l'l' l'X('PptiOIlS (:onstitu't(, tIl(' lJIost 
valuable dormant gra:;:;('s fOL' wintpr gl'llzing, 
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• 
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• 
Most investigators in the Great Plains region ha\'e long been im

pressed with tl1e fact that the l£>ading nati \'e frl'asses of the an.'ll are 
not only outstanding in food yulues during the SlIlllmer but usulllly 
l'etain more of these values in the elol'lllant condition than do the 
gmsses of humid, subhumid, or mountainous regions. These gene rill 
oiJsel'Yutions nrc attested by til(' fact that sand lo\"pgl'(lSS and lllltfalo 
g'mss lose only about 50 pel'cent of their summer phosphorllH contellt 
durin!! th£> winter; sand dropSN'd, 55; switehl!l'ass and blue !!rallla. 
about 00; and the bluestems. abollt G2. 

~[ost of th£> palatable fOl'bs analyz£>d in conn£>('tion with these stlldies 
('olltained 1ll0l'e phosphorus dul'in!! the !!I'owin!! season and less elm'iIF' 
tilt' winter months thiln did the I!ra::se:;, The tn'net in phosphOl'U~ 
c'olltent of thpse nongrussy IH'rlJlll'l'olls plants was clos£>ly analo!!ous to 
that in the w!lnn-w('llther gmsses. The qllantity of phosphorus de
('lined SII('('(':;siYely from eady frrowth to maturity and dormam'y. 
TIH~s(' forbs wen' ll1ueh more palatable to beef cattle wll('n the plll11ts 
we),e young and tenti(')' and high in food ntlue. 

• 

The pilo:'phorlls ('ontent of skunkbush fInd sand sag:(·bnlsh rarely 
fell b('l()w the minimum stipulated fOl' berf ('attle. This elellll'nt in till' 
shrubs equlllp(l (JI' slightly exeepded that in lllO::;t grasses dlu'inl! till' 
~umm£>I' Ii months and was much highel' than the quantity ('ontailJ('d in 
IllOSt dOl'lnant !!l':tsses during the willter months. In resp('('t to till' 
yearly a \'erage phosphol'us contl'nt, sa nel sagebnlsh excP('(led till' a \'
('I'age for all !!I'asses by a margin of ~":Ui percent:; skunkbu;;h. to t ht' 
rxtl'nt of o.!) pl'rcent . .Altholl!!1t the quantity of thes£> shl'ubs !!razNl 
by bPl'f ('attle durin!! til(' wintpI' is ('olllpal'nti\'('ly small. it undouht
ed Iy ;Issisl S in own'OIl! ing phosphorus dl'fil'il'lwil's i 11 ;;Olll(' () f till' 
!!l'lls;,;es. 

PHOSPIIORl'S·C.-\LClt.::\1 REIATIO:'lSHlP 

Tlw I'elnti\'£> quantitieiZ of pilo;;phol'uS and ('akiulll in the fOI'a!!e I'M 
I·~ IJl'l'enninl !!ra:,ses during fOLlI' spasons of till' ~'ear are ('OIllIHII'(,d 
with t1l£' ll\'('l'Il"l'S for thl'l'(' otiwr C'lass£>s of \,p!retation (fig. +l, Th(· 
1'(':Hdt:: show tl~lt none of the speC'i('s \\'1'1'1.' dl'fi;'ipnt in ('akiulIl at an." 
time and that llone f£>11 below the an'I'al!P phosphorlls ('ontl'nl durin!! 
til(' SUl1lmCI". although many of the Ipadinf!" sp('('i(';; had I£>ss than th(' 
minimum I'cquil'enH'nt dUl'in cr till' wiMpI". Of slJl'('ial ;;ignifi('an("l' i" 
tiH' t011Ri::;teney with whi('h tllP ('aleiul1l ('011 ll'n t of all spe('il'':; IIIlH'lt 

1l10l'P than c1oubl(·d till' pho:-;phol'l1s (,Ol1t(·l1t. ('specially whell then' wa:; 
it dl'fi('icJI('Y of thl:' lattC'[' ('I('llIent. rndpl' lhesp ('OlHlitions it wOllld 
be us£>le;;s ;111(\ pl'obably a sel'ious llIi~takt' to fN'd cftleium 01' lllil1l'I,;t! 
snpplelllents containing nt!l('h ('aleiulIl to bN'f ('uttl(' ('OI\:,UIllllll! tht' 
fcml"l'. To tlo so would aeld to the abllnd!IlH'P of nt\('illlll:t\l'('adr 
pl'(':;~nt in the fol'tll!l' alld (('nil to l'('(itl('P t hI' (,f1kiPIH'Y of tIH' pho;. 
phOl'llS pI'l'Sellt ill til(' !!I'ass 01' a(\dNI t hrOllgh till' IIH' () f ('o!. tOIl;;pl'11 
eake as a slI)lplc·1I1Pnt. Th('s(' (lbSPI'\'ations a 1'(' \'('I'ifip(\ f\,()111 thl' 
1'0110wi ng l'r)1ol't b.,' Knox a lid 'Yatki liS (.18). of XI'\\' ~r('xi('o : 

'\IiIlPI'1l1 "Uh,,1H11('\';; "11{'1I ;1;; lilllP"tolll' ;Ind oystl'l',:lwll ;;hlll1lrl not hr 11"1'(\ nil tilt' 

• 
I'IIngf', for 111t'Y 11I'(I\'ill\- oilly ~'IlI('iUIll arlft/II'p 1'11111'1'1.\< l:H'kill!o! III pho,:phlll'lls. fill' 
whi!'h 11H'1'1' is a lllul'h !o!1'(·:t.tpr 11('\'(1. Xi'illl('1' j,: it adl'i':ahlt' I,() mix llipsp sub· 
..-11111(,(,0{ willi IIIP higli-phtl>;pliol'lls IIljllPral~ ':11('11 as hOltl'lIl!'H!. borli' hl;wk. Hilli 
lli.l'alciIllJl phosVhat!', for tlip;;!, Pl'odlH'IS tlii'm,,!'!I"P'; fl1rui,;h IImpl£' ('alr'illlll, 
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l<~lG1,1U: 4.-Fin>-yeul' Itypraf!p !lllO~llhorl1s amI C"lllclulll "Olltpllt of 17 S[l(lcles or •classl';; of mllge fornl;\' dUl'lll1; -1 grnzing seaSoilS of the year, 
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PROTEIN 

• Pl'otE'in 1':11lk:; first in importancE' among thE' chemieal constitnents 
needed in the growth and deyelopment of beef cattle. The proteins 
are composed of amino acids that are essential to the normal growth 
of animals. In many areas and during the greater part of the YE'aL' 
the protein of most gmsses is so limited that cattle cannot make pt'ofit
able growth without a supplementary supply in the form of pl'otein 
concentl'atps or other feeds high in this constituent. 

The different p'a::ses and other forage plants occurring on the ex
[>erimentall'ange ('an be best entluated as to protein content by ('0111

parillg the analytical data with the known requirements of bed 
cattle. The l'elntiye quantities of digestible protein needed in a ration 
for different classes, ages, and wl'ight!; of cattle are presented in detail 
in a recent report pl'ep:ll'ed by Guilbert, Gerlaugh, and )1a<1:;en (17) 
for the .,\..nillltli Xutritioll Committee or the National Research Coun
cil. They recommended 8.5 perrent digestible protein as the propel' 
allowance for normal gl'owth of cWO-pounel heifers and ste('rs, 5.7 for 
(jOO-pounel animals of this clas:;. 4.7 for SOO-pound animals, and 4.3 
for 1.0oU-pound animals. The digl'stihle protein COllt('nt of a feed 
llSlHllly average:- about tw()-thil'd~ of it::; crude protein content. ,£hel'e
rore, the aboY(,-listec1 requirements. when converted into crude protein 
for comparison with t1l(' analytical (lata from the experimentall'ange 
Torage. total l~,i~, S.C,'.l, and Ii.;) percent of crude protein, respec
tively, TOt' th(' difl'el'ent wei!rhts of heifers and steers. 

• 
Tll~ cOllllnittee's recol1lJ11enda.tions for wintering yeading st('el's of 

the kind used in tests on the expel'imental range would reqliire 1L fe~\d 
('ontaining cru(lc prot('in ranging from 7.5 percent fot' Ol)(l-pound 
,.teers to B.,s percent for DOO-pound animal::;. The lower figme ('011

,.[ itnt(\s the requirement for wintering pn>gllant cows and heifer'3. 
The protein needs for -fattening beef cattle a1'(' 1I::;ually'1O to illl l)('t'('t'n[ 

higlwr than the requirements for wintering. Rations for fattening 
yeading steel':; to ol)tain daily gains of :!.~ pOlll1(l::; pel' IH':ul should 
contain"n crude protein content ranging from about 10.8 percrnt fot· 
nOO-pound animal~ to H.G percent for :-Io()-ponnd steers. 

The ft-yral' a n~l'age c1'ude protein ('ontel1t of :.W spN'ip;:; find 5 claf;f;e" 
of range forage are f,riYen in table 12, page 53. )[onthly pJ'otein daln 
fol' fOUl' !renet'al ('Iasses of the y(,getation are j]]ustl'atl'tl in figul'e .) 
ill cOJJ1pai'lson ".ith the gains of yea,rling steer:;; for the ,:ame tllonths. 
In ti,t,YUl'l' (j, tlH' aWl'age pI'otein content o:f ('\'1:1'), impol'btl,lt species is 
('ompllI'ed "with the fibl'r and fat content for the four grnzmg seasons. 

WAR)I-WI~A'rli ER ('RASSES 

• 

The bulk of range forage in Ulis l'('gion is composed of Wl11'm-\\'puth('r 
grosses tflat usually dry up fnil'ly PHrly in fa)!. l'eJ1;nin rl,o,t'mnnt mo~t 
of the wmi('l" and ren('w gl'owfh rathrl' IHtt· 1I1 sprll1g." 1hr tr('nd In 
ihe mont.hly protein contt'nt (If llUl"t of tiw:-l' ..pede;.; wa=-, IILt'petly related 
io SlJ('(,p:,=,inl changes in plant (If'vploPIlH'Ilt. :;('i\=,on of (~rowth, pre
cipitation, mobtllre content. amI phosphorus ('Ol\lrnt, umI affrC'trc1 thl' 
rate of gn in of beef catt II'. ~\"11 of tlll's(' .f!Tn..;..;p.., ran exl I'pmp1y high in 
protein contl.'ll! in April wlH'JI till' plallt;-. \\'(,I'P Y(ll1llg, telHl(>~\ and. gl'Ow
ing actiwly. I'll(' quantity 01' tId, ('OIHitu;,ltt prl.';':('lli in t11(' gras;:, 
(le(,I'en5('(1 sli!rhtlv in ~rnY and I'oll"i<lrrabh' tnOl'P in .JIIIH" bllt WaS 
maint:dnecl limit;g thi" lliolllh at n ](,\'('1 w(,il ahoyr that rl.'qllil'ed for 
the normal growth of most ChlSS('", of beef caltk 
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1,'WUlUi; :>,-;\n'ragl' lIlollt.lllr tn'lIll ill t.lll' IlI'(lll'in ('OI11l'lIt of ., l'ill~S('S of rung(~ 

forugl' ,for II ;;'Yl'UI,' p('riod, spring of )!HQ to spring of 104il, ('Ollllllll'l'd with 

lIIollthl~' Cllllllgl';; ill tilt) rate of gllill of yearlillg ..;t('('r8, 


The a n~I'ag(' pI'otein content of nil wllI'm-weathcr grahS(>S waS 18 

percent in April, B.4 in ~rllY, and 8.1 in .Jllne, The n\'el'agl' for the 

a months was 1:2.0 percent', which l'('I)l'eS('nt:; all allowall('e more than 

suflicient for the rapid fattening of beef ('attIe, Thel'eaftN" til(' 1>1'0

te!n content Il~llally decl'l'ilSl'd Ill' the plnl~t:i approllt'hNI matlll'ity ill 

mIdsummer, rlpelled. ent('I'l'd dorlllnll('Y JI) tIl(' filII. and weatlH'l:cd 

during the winter, Similal' tl'('nds W~;'I'(> 1'('pol'!Nl by 131'ennNI and 

Fleming (6) and Fleming, Shipl('Y. and 11illt'l' (1:)) fOl' foul' X('rada 

l'Ungc gl'ilssesj by Kik ('!4) for fOllr gl'Ul':;t'$ ill Arkallsa:;; by San'j:; • 

(Hi) for fi\'e gras!i('S ill Xorth Dakota; and by WlIS:iCI' (.~;;) fOl'two 

gl'llsses in Colol'lldo. 
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PERCENT rr ,CRVOt r~Dtq IN OVEN"CRlto f()~AGE 
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SI'\UNI\8USH 
R\,.iJ( GRA"'A 
SANO OAOPSEEO 
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• 
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SlOE-OATS <;R'''. 
8L:U( GIlA~A 
$"~O LOYCGRASS 
S~NO 8~;iJE5T£M 
Sv,,"'TCt1Gj;j:ASS 
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• l"WUltE U. 1"1\'(' ,\'('lIl' H\'P!'U/-:(' fnl. JlI't1tPill, IIlltl flb!'l' t'ulllplIl \If 17 l'1ll'd('l'! (lI' 

('Ins;,!'!' of l'ullge !OI'Il;;(' COl' tIll' ., grazill:'; s('aSOllS. 
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Septemhl'l" mins often CnURl'\l a 1"l'\'[vn1 of growth and ac'counted for 
:t slight illCl'(,!~SC in pl'otl'in ('olltpnt O\'C'l' the summer minimum of 4.7 • 
pel'cent, rec'ol'decl for Al1gllst. The nvemge protein contl'nt of 5.2 
pel'cent for these warm-weather gl'llSSCS during the last 3 fCtOnths of 
the growing season insured a substantial continuation in the gains of 
beef cattle, nlthough the quantity of protein was not sufficient to m!tin
tHin gainsllt the rupid fattenin~ rate recorded during the eady sum
lllet·, The clfe('t of l:inpplementll1g the range forage with cottonseed 
C'ake late in sumll1{'!' is reported eh;ewhere in this bulletin. 

Dul'illg' the wi nter (j months these gt'llsses declined in (lWrage content 
of crude pl'Otpin from ·1.5 percent in October to slightly more than 3 
percent in lj\'hruHI'Y, The low winter lwerage of 3;7 ver('ent. recorded 
lor th is clHk'i' of Ye:2'(lhltion, shows clearly that it reqll1l'e.'l some protein 
Hupp]ement iol' tilt' winter muintellllllce of bee! oattle and considernbly 
more lOl' fattenillg purpo;.;(';>. These grasses lost during the winter 
;;8.8 percent of their aY!.'J'uge summer protein content. The average> 
rate of decline W!l:; from 9 percent jn the summer to 3.7 during the 
winter. The extreme rate of decrease amounted to a drop from 18 
percent in April to ainlL ')!'tlary, 

The principal wn:rU1-we\\thel' grasses in terms of average protein 
('ontent during til(' summer Gmonths were sanel dropseed, sand puspa
IInll, blue grnllln. blowout ~ntSS, buffalo gl'usS, sand blm'stem, switch
gt'!l:-;S, and slll1d Joyt'grass, III the order listed. The high protein COll
tc>nt of sand dl'OPRt'pd and blowout grass is of little importance, how
('\'1.'1', when other )!I'nzing values are consitlered. These two grasses 
ure mueh higl:er in fibe!' and much lower in palatability than IfloSt of 
the other spec!es and, tht'!'cfol'e, are rarely eaten by cattle in mode1'ately 
grnzell pnstlll'es where other gJ;asses are available. It is evident that • 
('attIc confined exdnsl\'dy to sand dropseed would obtain greater quan
tities of protein during the summer months than could be procllt'ed 
from pUI'l' :-b~nds of othel.' warIll-weather grasses, but it, seems likely 
that ('attle ~{uns would be affected adversely by the r~]atl\'e harsllll,es,'l 
of the sand dl'opseed. plants and the higher quantities of fiber thl.' 
animals would hnve to a,ssimilate in grazing them. 

..:\. consirleration of chemical composition, palatability, Ilnd other 
factors 1nvolvl.'<1in ('valuating plants for grazing purposes leads to 
I he conclusion that the following warm-weather grasses :n'c of su
perior value 101' sUlrt11ll.'r grazing and rank in somewhat the order 
listed: BIIll' grnn1a. b,utfalo gross, sand l(wl'grnss, si<le'oats gTnm:\, 
sand blllestem, and SW'!tchgl:ass. 

The dormant snmnJ(.\l' gm::;ses that ran highest in protein content 
<luring the winter months includC'd blowout grass, sand paspalnm, 
purple Slllldgl'llss, sand drop~('C'<l, b~lffalo grass~ bl11~ grama, side-oats 
gramu, and sand 100:'rgl'aFs, 111 the orc1C'J' hsted, 'I he fil'S!; three arc 
distinctly unpalatahlr to cattle dm.illg the winter and the fourth 
)E decidedly less pflintab1e than the others, whieh it exeeeels in protein 
content, Therefor€'. hC'{'tlllSe of these ('onsideratiol1S and thr ach'llntage 
of sl~periority i1) pl!O:;phOl'US Nmt(lnt, it mILy be concluded that hulflll0 
grass, blue gl'ama, fmd sand lon·grass are the most vulu(tble dormant 
grasses :for winter grnzlng, SidC'-oats grama, sand blu{>stem, and 
switchgrfl:;'~ 1'Ilnk nC'xt to tlwJ';(' :;p(>('ies, The slight advantage reported • 
for bnft'alo gl'n~s 0\'('1' blue gl'Hllla in wint('l' grazing valuC' is verified 
by ~kMi11~n, Willinms, and Langham (38), who i'tn.tt'd that huffalo 
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grass proved to b(' !'upcl'ior to blue gl'alllH foJ' "'inter p!l$ture in the 
Oklahoma Pflnhand[(' . 

The l('acling gl'llsses of the Great Plains ar(' ~enel'al1v recognized 
as beil1~ outstanding in their ubility to retaitl much of the high food 
vnlues 111 their dorlllant condition that they possess in the green sta~e 
of growth. A comparison of the avel'uge protein content for tIle 
growing season, April to September, inclllsive, with that for the 6 
months of winter dormancy uJfonls tt simpll' Illeans of expressing 
the 'winter loss of Sllmmer protein. TIlliS, buffalo grass is found to 
have lost during the wintf'l' only 47.3 per('ent of its average summer 
protein; side-oats gramll, J~.7; sanel lovegrass, 56.3; anel blue grnma, 
57.1. The tlllll'I' grh$ses show grl.'atl.'l' summel'-to-winter losses of 
protein. amounting to 74.1 perN'llt for sand bluestem and 75.5 for 
switchgl'llss. 

Grasses that w('t'e outstandillg in wur-long ~o'ni\illg yaille among 
the w:ll'm-weathel' species werl' blne 'grnmll, 1)tltl'a10 grass, and sand 
IovegrnSS. Sanel lovegrass was highly relished by cattle during the 
summer and was eaten more readily ill winter than other tall gl'asses. 
It often constitutes much of the wintCl' diet to the near exclusion 
of other available species when the sllpplies of short grasses are ex
hausted or wholly covered with snow. 

Othl'l' rlutI.'adl'1's that contribute to th~ sllperlative qualities of these 
and other leading grasses of the Great Plains l'('gion were described 
in a recent report bv Savage (3.1. pp. lb'1-168) , whieh was published 
in Great Britain. Further and 1lI0re specifi<' agronomic characters 
of these gm1iSes have bel'n rlescdbed in cOllsidl'I'Hble detail by Hoo\'er' 
Pi). "Wengel' (.~8), Savuge (.18), and Snvage llnd Smith,' 

Other wal'm-wl'athl'r grasses thllt w('rc nlllllyzetl periodically (lUl'ing 
the first;) years of this study, but 110t: tabulated herein be('ause of in
suflicient dab\ to !dford a continuity of monthly comparisolll'. included 
fall witchgrass and hairy grama. Thl' first is fairly palatable to b{'cf 
cattle. It mnkl'd intermediate among the otlH'1' WIU'J))-\\'puth{'l' spe('iNi 
in protein content and exceeded most of thl'Il1 in cont{'nt of minerals, 
Hairy grama proyed to be one of the least palatabl(' grasses on the 
l'xperimelltal range and usually ranked with little bluestem in being
comparatively low in protein contput. 

COOL-WEATHER GRASSES 

Native vegetation on the experinl(>l1tal rangr is characterized by a 
wide variety of plants. includmg the thl'l'c cool-weather grasses thut 
remain green most of tIlf) winter llnd run ext~'emely high in content of 
protein, miJl~rttlsl and provitamin A at that time. One 01' more of 
these grasses O(,CUl'S sparsely but ~eMrally distributl'd on nearly all soil 
types tln'ougllOut the range. TIle quantity of forage contributed by 

• these species to the winter diet of beef cattle is not slIllic.ient to provide 
fully for all jnad{'quacies of food ell'rt1l'nts in the dormant winter 
fOl'urre. The small qUl~ntit.r ?f gr(>('11 fOl'llge. PI'OdllCt'c\, however, is 
sOllglJt out llIltl l'aten w.Jth re]ul!l by cattle and undoubtedly selTes hl 
It large lI1l'tlSlll'e to compensate for deficiencies in pl·otein. miJH'l'tlls. tInd 
carotl'lle jn othrr wintt'l' forage. ." 

• SAYAGE, D. A., Ilnd SlUTlI, J. E. JtF.GIlAIiSING ~n;TIW!)S f'OI! 1'lft: Sot'TIIFI::\, 
GREAl' NAI::-;S. U. S. Southern Grent Plains Fil'l(J ~tl\. ~Ihnp()~. <'ii'" Hi JI(I.
1944, [Processed,] 
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These graSSt'S lIsll:\ lly pos: ..;pss as nlllch (ll'ot(>i nand othpl' essential 
nutrients froll\ Odobel.'to .\pl'il as tilt' \\'intel'-dornmnt grasses do early • 
in SlililllH'l' whell it would never he considered lleCeSSRl'yto 1(>(>d prctein 
COllcelltt'ldes on nutive range, of this arelt; therefore, the presence of 
lllrge quantities of these gl,'llsses 011 a wiiltel' rtlllO'e would insure II 

better-balanced diet for beef cattle than would be obtalna1ole with clIov 
roughage and cottonseed enkl' alone. Aninl'rl'lISe in the quantity of 
these cool-wenthel' gl'llsses, through thn establishment of n'::;l'l'lh'(l 1>as
tUl'es for exclusive winter use in rotation with other grassl's during the 
summer, would undoubtedly InC;l'ease cattle gains ltlld greatly l'l'([uce 
the winter l'equirl'lnent for protein concentrates. 

The average protein content of the cool-weather g1'llsses ex(,peds that 
of the wann-weather species every month in the' year ('x('epi .July, 
which ngrees in general with :1, Xebl'fiSka report (;]5, pp. lJ-16) thaI: 
"cool-weather gl'Hsses nttaill llighel' percentages of protein thlln 110 
wllrm-wetlther grasses, II Despite these ndYlUltagrs in composition, the 
cool-weather grnsses ure often (h'y, woody, and dOl'mant much of the 
slimmer !Ind are of seeondal'Y vnlne iol' grazing purposes at that time. 
Their high fC'edingvaluc when yollng and relatively low !1Utl'itinl vulue 
when matul'L' are analogous to tlw reslllts reported fOl' th(> warm
weather gmsses UIlt! agrce with the tl'elldrt'-pol'tcd for }i(lntucky blue
gl'l1ss by BUl'kllcr and Henry (8) and Brown (7). 

The maximum c\C'\'(I\opnH'nt of these coo\-weathl'r gl'US:-it'S usually 
rcquir('s nl()!'C llloistlll't' ill th(' fall, wintc!.', and pady spring than is 
commollly re(,L'i\'ed in this I'cgion. ReSC('([l'c1 :-;tan(\s of W('stl'l'll whcnt
gmss 1lH.\'l\ survived 10 yt':l/,S of ('lima! i(' ('ollditiollS nl lVooc\warc1, 
Okln" however, and usually prot\ucl'd mOl'p total pasturngp than was 
obtainable froili. wheat in this arl'lt. Furthe!'lJ}OI'C, t!Jei'it' gTtlSSPS are • 
helieved to reIH'l'Sl'nt t), bettcr balanced (li£'t than wlwat PllstUl'C, since 
tlH'Y huyc ll(l\'Ct' been reported as cllusing cIt'ath losses from grass 
[ptany, the ailment ('ommonly rei'el't'l'd to as w\H'at poisoning, ·'N('~tel'n 
wh(latgl'ass usually contllins morc pl'otpin thnn Ih(' oihl'l' (';)()I-\\'pnther 
ILI'asses, whil.'his fOl'lunatc l}p(,lll1Se seed of this gl'l\ssis more pipntiful 
ana easil'1' to harvest lIlld drill with ordinlll'Y flll'Jl) machhlery. 

WIi'iTER-ANNUAL CHASSBS 

Other cool-weather gl'assN; that \\'l'r(' flllalyzl'C1 during thl' bl'ier 

pel'iods tllp)' \\,l'I'e availablp for gl'nzing included littl(' bndl'y lind 

sixwl'cks fl's('uP. These ",intl'l' annuals, \o(,l111y l'efl'l'l'l'd to as winll'l' 

gmss, OCCtll' pedo<lil.'llily dming seasons of helwy winter plwipitation. 

They otten provide consj(\t'rtlblt' green forage ·f()l' It f(~w w~eks early 

ill spring an(~ are faidy. pa]nlabln to livcstoC'k at that time. 'l'hey 

usually conhunl(lss ])l'ot(>lll thun the pel'l'llninl grassl's; howe\,('\', they 

(!Olllpetc seriollsly with the bl'tlpt' gl'll~S('S for ,Pl,ldy spl'ing nlOhltl1l'e, 

and tlH'n dry lip to fOrtll It worthless Il1tXtUl'(' of "fornge among tIll' new • 

growth of the more pel'lllHnent grasiles, 


PAL.~TA[lLE FOH[lS 

Se\'Pl'Itl of the forbs or nongrHBsy hQdJll(,NJlIS plants tllltt ()('('ll!' on 
the ('xpl'l'im('ntal l':tllge contain a highel' pl'l'('enlnge of pl'otl'inlhrough • 
the year t~lItn do the Wllrtll-W{'atlll't' gl:asses. Tbrsc plnnts indlllle 
bush mOl'Illng-glory, sand pea, horseweed, partridge-pea, and slender 
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scurf-pell. The first three spt'('ips lire pulatable to cattle when the 
plants are young and are also eaten to n limited extent nt other Sl'asons . 
Although these species constitute It small plllt or the l'IltiOll, they no 
doubt help materially to balance the diet. 

BROWSE l'LANTS 

Skunkbush and sand sagebrush, ",hi('h ai'e eaten to a very limited 
extent by cattle late in winter, cOlltain mOL'e protein at that tiule than 
do the uormant summer p'asses, although they do not have the COIn
position of a concentratl' reported by :McCrellry (31) for sagebrush 
leaves in 'Yyuming. The high protein and mineral content foulld for 
saud sagebrush agrees with the results reported by Watkins (4'7) in 
New .Me~ico. 

The wooely, resinous nature and high camphor ('ontent of skunkbush 
and sand !:iagebrush, as determined by analyses for the experimental 
runge, greatly reduces their palatability to beef cattle and makes tht'111 
of strictly negligible value for grazing purposes. In fact, their serious 
detriuH'lltal (lffect in competition 'with the better classes of range forage 
fnr exceeds in importance any minor browse value they may exhibit 
when otherromge is lacking or entirely covered with snow. 

. FAT CONTENT 

Fat is all excellent source of energy, but its content is usually low 
ill gra!;s(':; and, therefol'e, not great]y significant (table la, p. 54.). 
This com;tituent is wOl'thy of some consideration, however, since its 
enerf1Y vnllle is 2:25 times that of protein and nitrogen-free ('~tract. 
The fat content o:hnll'l\l-weathel' grasses changes ]('S5 than protelll ciUl'
ing the yeal' but shows nbout the same trPlld. TheSe gl'ltSfies usually 
decreased gradually in {at (:ontent from about :3 percent in April to 
1.8 perc'cnt the [onowing February, with an avel'nge of 2.7 Pel'('Pllt for 
the Sllllllllel' (l montlu; and 2 percent for the winter pedod (fig. 7). 
The two shrubs ('ontained greater qUHntitips of fat than the cool
wefltht'l' gmsses, ·whie·h, in turn, exceeded the wltl'llHYl'ather !;pecies 
in this l·espl·ct. )IoHt of the pnJatuble forb:; possesspc1 more fat than 
the ,,,arm-weather grHsses but ]('S'; than the cool-weather gl'tHiSes. 

The leading specics in terms of fat contrllt dl1l'ing the wintt'!·, when 
this constituent is most lH'('dl'cl by liYe;;to('k. wcre sand sagebrush, 
Texas bluegmss, SkllllkhuHh, Canada wild-I'j'l': westcrn wht'argL'llss, 
little bluelitl'm, purple SllII dgl'tlliS, sanel paspalulll, and si(le-oats gl'al1111. 

l\ITROGEX-FHEE EXTHACT 

~itrogt'n-:fl'l'l' ('xtl'ftet is tIl(' principal source of hrat nnc1 el1l'I'gy in 
plants. This l'1ll'bohydrate frl1ction i:; ('OIH}>os('d chipf\y of stal'C'hes, 
sngars, and lwntosans that are e!lsily digt1i'tible. This constittll'nt, 
whieh {'onHt itllte';'; the greatl'l' POl.'tiOll of gl'll5s, ranged from anavN'uge 
content of -w.n perc-cut of the cll'Y mattt'!' of all grass during the sum
mer to c~H.l pereent c1ul·jng the winter (table l·~, ]1. ii:». The trend 
in monthly contl'nt of this ('onstitul'llt in Illol;;l gl'assl'S ytll'il'd in a man
ner opposite thnt rl'pol·t<.,(l fot' pl'Otein, phosphol'lls, antI fat (tables 
12, 11, and 1:3). The content of nitrogen-free {'xtl'uct showed a sharp 
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FIGUI\E 7.-Average .monthly fat content of 4 classes of range forage for a 5-year 
period, spring of 1940 to spring of 1945. 

increase from the young growth in April to the older plants in July, 
after which time it usually fluctuated at a high level until the follow
ing March, whell a decrease occurred with the revival of new growth 
in the spring (fig. Ii). The cool-weather grasses usually possessed 
slightly and consistently less of this constituent than the warm
weather types. The leadinrr species in terms of average nitrogen-free 
extract content on a year-long basis were skunkbush, buffalo grass, 
sandlovegrass, side-oats grama, switchgl'ass, and blue grama. 

CRUDE FIBER 

Crud~ fibet· represents about one-third of the composition of dry 
range grasses and constitutes much of the woody, structural part of the 
plant. Appreciable portions of this material are utilized through the 
action of fermentation and the p"csenee of badel'ia in the lIlultl-lInit • 
stomach of ruminants. In general, the lar~el' the quantity of fiber 
present in a forage crop the lower is its food vallie. The fiber content 
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of most plants incl'ea~es with mailll'it)' (fig, l)) and usually varies 
inversely with changes in the ('ontent or tIlt' mure desirable constit
uents, i. e" protein, phosphorus, fat, und carotene, 

Buffalo grass, side-oats gl'nma. blul' gl'tll1la. and sand lo,'egl'llSS were 
lowl'st in fiber content and highl'!:it in palatability among the warm
w(lather grnsses on a yeat'-Iong basis for the [> years (tnble 15. p, Mi), 
Grasses that were highest in fiber content on a year-long average were 
giant l'eedgmss, sand dropseed, sand bluestem. little blue:;tem, switch. 
gmss, sand paspahlli'l, and blowout gmss, in descl'lI(ling order as listed, 
Only three or these fibrous grasses-sand blucstl'lll, switchgrass. Ilnd 
sund paspalulI1-arl' highly p:datable for sumlllel' grazing, None of 
the highly fibrous grasses, howc\'cr. arc caten t'eadily by cattle durin~ 
tIl(' wintet', Therefore it appears that palatability is inversely related 
to fiber, 

ASH CONTE:,\T 

The ash ('ontent of range plants ('ontains su('h (>ssential mincmls as 
phosphot'us and calcium and also con!-iiderabl!' in(>l't material in the 
form of dust and i-iand that C'lings to the fomgl', The qnantity of this 
inert material is partiC'ulal'ly high ill such pubp"c('nt, 01.' hirsute, species 
as sand paspalum, bufl'alo grass, and purple sandgt'ass, Despite the 
prl's(>nel' cd these earthen partieles, till' cOlltpnt of ash in thp nath'c 
forage showed a seasonal trend closply compamblc' with that l'ecot'ded 
for phosphorus alon!' and for other essential food constituents, in
cluding ])rotl'in (table Hi. p, iiT), The fish contellt of mo~t e1assl'S 
of 1'a ngr fOl'llge dl'dinl'cl sueC'essi \'('I,v fl'om Apt'i I to ~l'ptell1ber; from 
gr£'en growth in spring to mature growth in fall (fig, 10), The cool
weatlwr gl'llsses showed a 111HI'k£'(] increase in ash eontrnt as they re
\'inc1 growth in fall :ll1d continned a('l:i\"(' (h~"('lo]ln1t'nt dUl'ing the 
wint('I', The wal'ln-weather grasseil fllI('!'lHtt'c1 sOllll'what in a"h con
tent during the winU·I.' but showed a mpid increase in this constituent 
as they reyived growth early in spring, . 

MOISTl'RE CONTENT 

The ('('suIts of all analytical wOI'k ('01lc111('{(,(\ with nati"e, rang(' 
plants on the experim('ntal I'ang£' show that n fail'l." cOll!-iistcnt nnd 
positi,'e ('ol'l'(llal:ion exists b('twl'en tile 1'('latiYe qllantitir8 of moist IlI'P 
in thl' firl(I-('ol1l'ctecll1lat(ll'ial and til(' ('(llllpal'ntiyl' ('ont('nl: of essential 
food ('onstitlwnts on an oven-dry basis, Th(> 1IlOistlll'P ('ontent usuall\' 
rI(lC'l'(·a:.:p(1 with inc'I'(,flsPs in st:lge of dl'y('loplllPnt of the plants (fig, 
11 and table 17, p, 58) and, thel'efol'(". ~llOWt'd a trenrl compnl'able to 
that l'('('ord(l(l for pl'otr·in. pho!-iphOl'l1S. fat. aud a:;h, It seems appal'
Cllt from th('s(' re!-il1lts that the food ,'alnt' of a plant is indic'at(·(\ in 
a gt'l1pnti mannet'. at least. by the quantity of Sll('cllll'nc'(' and green 
material that it contains, 

[NTHonUCED GHAsses CO~II'AHEn \VIT" TJEAnl~G NATIVE CHASSES 

Many native gl'ass('s 1'1'0111 all parts of tl)(> world han· b('(ln test('d 
l'xfensiyclv at th(' Unit('d State;:; SOl1thel'n Cil'Pilt Plains Fil·l(J Station 
at 'Vood,,:al'c1, Okla.. and ('18e\\']1('l'e in the rc·gion in an efrod" to find 
an introduced perennial adapted to the area, Tu date, no intl'oduc
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FIGURE 10.-Average monthly trend in asb content of 4 classes of range forage 
during a 5-yenr period, spring of 1940 to spring of 1945. 

tion consistently superior to the principal native ¥L'asses of the region 
has been discovered. Three introductions have shown some promise, 
however, Caucasian bluestem, Turkestan bluestem, and weeping love
~rass. The Turkestan bluestem is referred to as "yellow beardgl'llss" 
III southern Texas, where it has shown considerable 'promise. 

The two introduced bluestems are the only exotic species that • 
are fully adapted to the hot summers and cold winters of this region. 
These grasses were obtained from southwestern Asia where climatic 
conditions are closely comparable to those prevailing in the southern 
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spring of 1045. 

GI'(~at Plains. These two bluestems are similar in growth habits but 
differ markedly in forage yield and palatability to beef cattle. They 
produce more and finer stems than the native Ana1'opogon species, 
bear more viable seed, and usually reseed th~mselves more readily . 

Caucasian bluestem has been consisteJltly more productive and 
more palatable to beef cattle than the TUl'kestan bluestem. It has 
been slightly less palatable, however, than such leading native species 
as sand lovegrass, sand paspalum, blue grama, side-oats grama, 
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switchgl"llss, and buffalo gl'n:-~, Th(' ~irn i l;lI'ity ill f!\'owth of Turkestun 
and Cau('asian bluestelll alld tlw ,,11Jll'l'iol'ity of til(' Caucasian species 
with l'eslwct to pl'oduetion and palatability 1(lltd to the conclusion 
thnt it is the better forage grns~, • 

'Yeeping Iovegrass, Illl intl'odudion from South Africa, ::-11ows some 
prQmi;;e for the rl·gion be('au;;c of its prompt g('I'mination, strong 
s('l'(~ling VigOI', ~as~ of estnbli~hm(\nl, I'apid and viWH'OU;; growth on 
a wIde range of !ioil type::;, l'eSlstanct' to 1I('at alld modpl"Ilte cold, and 
11(IIlvy forage produetion [01' nt Ic'ast u few yeal's, This spedliS is 
shOltCl" 1i\"(~(1. IH)\\'PH'l', than till' nati\'c spee1es nnd distinttly Il's:; 
palatable, Thl' "alue of this !!I'aS" for erosion eontrol fllHI'othel' 
purposes ha:; been I'e})ol't('d by edell'I' (11) nnd :-ita Ieli and Elwe\1 (4/), 

These three intl'oductions Wet'e nnalyzl'd with ['('spect to the princi
pal chemical constitlH'n\;; at lllonthly 01' billlonthly inlen'als timing 
19l! and H)45, ~l'Y('1I of the leading natin' gra:isl'':; \\'PI'(' ('oUected on 
the same dates and flllalyz(,tl fol' eOlllpad;;oll, All WPL'P abo analyzed 
j'Ol' earotel1e, or prodlnmill A, fol' ('ompari;;on with simibll' Hnalysl$ 
of Cllrotl'ne and millt'I.'als in,th(, blood plasma of bed eattlt' gr;lzing on 
ttl(' l'an!!l', 

The 1i1OIlthly tlYeragt'R of a II (,Ollst it U('lltS, ('Xl't'pt clu'oteJ1(" for eaeh 
of till' thl'PI' lntl'od uCI'd !!l'a:-H'::, ('Olllpa rt'(\ wit h a \'I'I'al1('s 1'01' two elas:'('s 
of natiye gJ'a;;S{'S, a1'(' ;;hOWll ill tablt' If.;, lJa!!e :iD, 'I'll(' dl'tailed monthly 
avel'llges for (,~ldl 0.1' the lIatin' gl'asst' ;; dlll'ing thi:: ~-:yeal' pel'joel are 
not Pl.'t'sPllt('d 111 til IS l'epOl't. bet'f\us(' tlH'S agl'el' dosel.)' with ttl(' (bta 
and tren(ls alrl'ady l.'('I)(ll.-tpd 1'01' tlt(' sallie spl'cics litll'ill!! the fil';;t 5 
yeal's of thi;; study, The pl'indpal ('xception was that timing tht' fil':>t 
5 years sanel drops('ed led nil Ot\WI' W;u'I1l-WeatltPI' gl'tLs:'e,::; in pro\(·in 
content bllt (luring the last :2 yeal's fl'll bpi!)\\' blll(' gl'ama, hun'alo 
grass, and :iHud pnspaluJlI in tltis I'P;';I)('('t. DUI'ill.!! the ;.;hol'tel' pl'l'iotL •
ti1l'se last tltr('l' :-p('('ies rallkc(l in :l\'('l't1gl' pI'otpin eOl1tent in dp~l'ellll
ing ol'dpl' ns li:;t(·d, 

The three illtI'Olltl<'('d !.!!',\:,;,,:e:,· l'xhibitpd ahout thl' Sal11l' tl'el1l1 in 
('ontent of the di If!,\'pnt (·fH'lllicnl (,Ollstitll(,lIt:;. dlll'ill!! the \'Ptll', as waS 
JlI'pdously l'epol'tl'd fol' na th'e gl'assp:; () I' t ht' \\'lll'lJl-\\,{:at h(,[, t'las,;, 
Each of the intt'oduetioll:;', as w(>\1 a" the :tyeragp:; fo)' all of Ih(' \\'al'lll
weathel' gra;';H';;, tl('('liI1Nl ;';1I('('(>ssl\'(·I." in pl'otein ('onh'nt fl'Olll .\pt'il to 
JanuHl'\', bllt ('xhihitl'!l a :-.Iight ill(,I'P;t;;1' dul'ill!! tht' foll()wln!! )fal'('h, 
~imil:n: tL'eJl(l" (){'CIll'l'Nl with l'psI)('('t to tlH'nil'ying ('(mtl'nt' of pllO:i
}lbol'u:" fat. and ash, bul' with opposit(, tl'!'IHls in till' ea:;p of fillet', 

T('XllS hltu'gras:,:, thp ('()Ol-\\'('llth,,\' ;;pl'('i('''; u:-'Nl iu (ht';"'(' ('Olllpal'isoJl;i, 
(I~('(ll'(!(ld ('\'Pry ot})(II' !!I'a,s;;in :~V(l1'ag(' pl'oll'in ('(~nt(>nt fot, till' yea 1', 

" ('(~ptng lO\'l'!!I'nlis ('ont:1ll1ell ;.;It!!htly 1ll00'P Pl'otl'11l than th(' a \'l'I'H!!<' 
fOl' all w:u'Ill-\\'l'uthl'I' llatiyl' !!1'!tS;;('S but po:,:-!'s:-,pcl ('ol1sid('I'nhl." 1('",:; 
pltO:;phOl'US, 'rhi" intl'oduction. hO\\'t'\'l'I', ('ontnilll'd II';;;'; pl'Ot!'in thall 
did blu!' gnlllHl or Illdl'alo gl'f\S" wll{'l1 IIH' :tlllllHd an'l'ag(' rOl' Ihp ~-yt'al' 
1H'l'iod is ('ollsi(\pl'{·(\. Tlll'ln·,,(al1bltll':-,tpnl ('OJ)t;lil1l'd ilIon' (ll'o(pin (hall 
C'alll'HSinn hhll';';('lll hut 1('"" tlwn w(,ppin!! )oY('!!I'a,,;.; nlld Ill()St of tlw 
nntin' ;,;pPl'ips, 'flit' adnlllta!!l' that Til l'kest un hhw-:(l'lll ('xiliIJi('d O\'l'I' 
Cau(';tsian bhwsh'l1\ .ill ['psPPt'i to pl'OlPin, pho.,phoI'lIS, (',,1I'illll1, and 
fat ii( ('()untel'halalH'(I(l hy t\1(' :;ujwI,jm'ity in palatability alld fOI',I!!l' 
\>l'o(ll1('tion of tltl' C'all!'nsillll hltlP"tl'lll, 

'Yt'epil1(f IO\'('!!l'il:'s ll:-,u:t1ly ('olltaill('(11110I'(' pl'Otpill than fOlll' of thp •S(,Wll nati~l' !!l'aSH'S, but this ndn1l1lngp j;.; m"PI'('OIlI(' by its low!'l' ('on· 
tent of phosphorlls nnd mudl 10\\,('1' palatability, It ('ontaillNI lC::is 
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fiber than stwd dropseed l\nd sand bluestem but mOl'e than most other 
spe<:ies, The smull quantity of additional ct'ude libel' that it contuins 
!n comparison ~,,!th most other ~l'ass.es, howe\'~r. does not full~' explain 
Its low palntabillty not' reflect tile 111gh bl'ellkll1(Y strength of lts le:tves 
and stems, This gl'llsS pmved to be the l~ast paTatable species ill g-mz
ing tests conducted fOl' the past 2 yelu's in which cattle grazed 'free 
('hoke on 4.0 difl"!.'l'<.'nt grasses in one pilstlll'e and on 57 difl'erent grasses 
in Ilnother, Its illferlot'ity in comparison with the other grasses waS 
less notkeable during the winter than during the summel': This was 
({Ui,' to th(> fnct that the introdueed Irl'llSS (r,'eens up etlrliel' ill spt'ing 
and ('ontinu(>s growth lut('1' in full thun otller wlIrl1l-W('llthel' grasses, 

CAROTENE CONTENT 

The only yitanlins defillitely known to be required by Iwer c:lttle are 
A find D, 1t('('OI'dlng to Guilb('lt and Uockfol'c1 (18). Th(,y ndd, how
e\'PI', that thPl'(' is \'N'Y little likelihood. of a yitamin D deficieney oc
('uI'l'iug in range iOl'ag(' becltll!-;e it is pl'('~ent ill sUIl-eure<l feed5 and is 
den'loped in the animal body when l'xposl'd to sunlight. Vitamin A is 
tIlt'refUl'e of prinHu'y inlJ)ortanel.' among the yitamim; ne~·de<l by Iin'
stock. A pr'o]onged t/{'fici{>ncy of Ihis vitall1in 1'1.';.;uHs in lower"gains, 
less eflicient lIse d feeds, more siek animals. gTeat('1' modality, n lower 
grttde of finished ;.;toek, and night bIiI1l1nC'Hs. a('('OI'ding to 'Vall (/14), 
Kemmel'PI" Fudge, lind Fl':lps (.!-n, and Jones :llld otll('l's (.?J), The 
pdncipal sourCe of this vi tallli n is the carot('ne 0\' yelloW' pigment 
founel in all green-plant tiH;';u('. The content of this material deelines 
l'apidlv in the d('conll>osition of :forage upon PXPOHUl'(! to SUIl and ail', 

Thc"IIY(>I'uge monthly or binlOnthl§ ('Ul'otel1e ('ontent of tln'ee Intl'O
duped gl'a:;:;l'S and :;('YC'II Ilatin' specip:; fOl' the ~-YNlr lJel'iod In·~·I-~:i i::; 
shown iJl IlIbl(' 1!). pagr Hi. Th(':;e 1IIJn1.r;.;rs wei'll wrjghed j)) mic'ro
grams of ('ill'otew,' pel' gl'am of dry forage und thNt expl'e:;~e<1in the 
efll.1ivrde>nt of pal't;., per million, The l't']ntive jmportftllc(> of this C011
stituel1tin till' <1iti'l'l'l'nt kinds of foragl' nt YnriOllS tinll's in tIl(' \"enl' ('an 
be p\'ahlated best by fil':-;t ('ol)sitiering the minimum l't'qnll'l'nients rOl' 
oe>et catt/e>, KemmC'I'el" Fuc1~e, and Fl'tlps (B.]) report that;1: p, p, 111, 
mny be lIcet1Nl in (hY-I'ange forage foe ('nttle. Theyinclicatec1, how
eyer, thnt ns low as 1.7 p. p. m. wvolcllw 51iflicil'nt in gl'PPI1 fpc'd. Con
sldel'ing the ltig-het.' figure as repl'('s('nting minimum t·('(lllil'(·tnpnts. 
Texus bluegl'ass, butl'alo gl'nss, wepping lo\'('gI'H-'(s, and Cnll('t\sian hhw
stem bad an ('xt'Pss of ('lI l'Ot('!1P at a11 t inll'H. Five 0111('1' ~p('eies tell 
belo,," tIl<' minillium l'('quit'('ment: ill .JIIIlHary, and 011(' sIH'ci(>:< ill J'allll 
ill'\, an d ~ Iill'ell, 

¥rbc limited pel'iod in whil'h tl1p:;(· grn",.es ;;howpd a minor Ile
fici('Il('" of c!ll'oU'ne iR not cOIlsidprNl slIllieiPlIt to!' Hm" dp}('t{'I·joIiH pf
feet Oil bpefetlttle, und nOlI(' was oh:;'PITPd. Cuttle grazing onfol'agp 
higll in ('ul'ot('n(' til'\, ('npnbl(' of stOl'ing amp!t· supplies of thl;{ con
stituent for usc or!'!' )'nthpr ('xtellsin' P"!'iOl1:- whpJ} tilt' forllgeis 
defici(>nt. Jone;.; and other:') (2~) !'('POI·t that "hort .v{'al'lillg~ n'quit'ed 
an tlyeruge of I·I:! dilYS Oil It C'nl"otl'IH'-dl'f-j('il"llt (lil't to depletl' (h('jl' 
previous storag(' of thh; ('OJlstitll<'Jlt to it \I(',!!l'l'P "ulli('ient to (>xhlbit 
([pfic-ie!1('Y s}'mploJl11'. ,Thc ('0In [HlI'atiwly low l'(lrotel1(' (,Ollt PlIt of d I',\' 
rang!' fOl'Hge Inte in WWiP)' was no doUbt ('olll[Jl'n:;ntpd i'm' lly nn ('X('es;.; 
of this ('o]Uilitlwnt in the ('ool-\\'pathl'l' grasses. 

E\'(~ry native s[lN'i('s or Wflrl1l-Weatlll'l' grass <lCtl'pused ('onsist('lItly 
and successively in ('HI'otpm' content from Apl'.iI to the followillg .Jall' 
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lUlI·Y. All of them exhibited It slight increase with the revival of 
gl'owth in March. The decreasing tI:end in carotene content was 
directly related to successive stages III the growth development of the 
plants.. The older, drier, and less active the gro\\:th, the lower the con
tent of carotene. TheRe results agree closely wIth those reported by 
Langham, McMillen, and Walker (129), Smith and Stanley C,w), 
Hathaway, Davis. and Keim (19) 1 and Wall (i14). except that Wall 
found an increase from the young O'rowth to the flowering stage. This 
eonstituent showed the same trenS noted for protein lmd phosphorus 
and wus ulso related directly to the rate of gain of bel'f cattle. 

The trend in carotene content of Caucasian bluestem was the same as 
that ~'ecorded for the warm-weather natiY(~ grasses, but with Turkestan 
bluestem al1(l weeping lovegrass thet'e was a slight increase in Septem
ber correlatl'd with a temporary revival of growth at that time. '1;'he 
eool-weather grU1:iS decreased in carotene content from the actJve 
green stage of growth in :March to m!tturity in July. Favorable con
ditions for l'egl'o\\·th cau!:ietl nn increase in the Clll'otene in September 
and again in .Janual'Y. The average carotene content for all grasses 
decreased sucl'l's::lively from 4:62 p. p. m. in April to 16 in January. 

GRAZING RESeLTS RELATED TO NUTRlE~TS IN RANGE FORAGE 

The comp:lI'flti vely high gmzi ng value of native range forage in 
the southern Gl:eat Plains is ('leady indicated by the relatively large 
gains recorded for yearling Hel'eiord steers on the experimental range 
during the last S grazing seasons, 4: summers and 4: winters. The ~1-
year n"erage 1ive~weight gains per 11ell.d was;1()·1 pounds for the 
:-;ummet' and 52 fOI' the winter. The cattle included in these IH'erages 
receiwd nothing hut the range forage and salt during the sllnuiH~r 
and 256 pound::; of protein concentrates per head in addition to these 
feeds dlll'ing the wmter. Cottonseed pellets constituted the protein 
supplement u>'l'd for all winters exeept one, when soybean pellets were 
used most of the time. The grazing seasons ayeraged 170 days in 
Jength during the summer and HjO days during the winter. 

TRE:,\D 1:,\ CATTLE GAINS AS RELATED TO FORAGE CO;:lII'OSITION 

All steers used in the gl';\zing tests. on the experimental range were 
weighed individually alld the gains I'('('ordell at monthly intervals 
throughout the year. Three-day weighings constituted tbc basis for 
d('termining initial and finn.l weights fOI' ('aCll "eminnnllal grazing 
season. Thcse procedures afforded :t reliable IllCllllS of comparing 
monthly c-hanges in rate of gain with the trend in chemieal eompo:-:j. 
tion of the forage plants. The average results of these comparisons 
for the last four summer f,rrazing seasons are given in tltble ;3. The 
trends in monthly rate of gain were fairly dire(~t in tlH'il' pORitive l'C
Intiom;hip to changes in the content of pI'otein, pllOsphorus, ash, and 
moisture in the grflss. The I'e· WilS It less positive, correlation betw('en 
the seasonal ehanges in ('!ti!'iuIl1 content and th(' trend in ('attIc gains. 
Some il'nelency was noted for the content of fiber and nitrogt'n-fJ'N' 
('xtract to be related invel'~ely to livestock gains. 

The cattle made the greatest rate of gain in April nnd May wh('n 
th(> grasses were young, lush, and tendet'. During this perlod the 
gl'H~Sl'R contained the greatest quantities of protein, phosphorus, cal
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TABLE a,-A t'erage t1'e1!(l,~ itt monthly ,qain~ 0/ :'1em'ling steers and 
1l1drltional qualities of range gl'(l.YSes /07' the 4-yeal' pe7'iocl
194~45 

'rrend In slimmer gain and forage compI)sitioli 
Oain data and [or/lge an8lYl~d 

.\llr.- ! JUlie ; Jul" If Aug ; Sept.-; Sum

-------------_;~f___I__'____'_~I~ 
I I OJ/CIl-Galp.data: _ 'III _. ? I I, /Qled 1 

'Iotal per head_ ------__ pound,,_. 106. 7 66. 0 vO." I 4_. 6 . 38.4 j 304. 1 
Average daily _________ ._.do.___ 2.31 2.201 1. 63) 1. 38i 1. 21. 1. 79 
Monthly percentage of total .. ____ , 35. I " 21. 71 16.5 ; l·t, 0 '. 12.7 pOD
Accumulated by end of each I. !", 

month: f:!; I I
Pounds per head______________ ·IOn. 7 i172. 7 j223. 1 265,7 ,304.1 _____ • 
]'ercentage of totaL. __________ ; 35,1 56.8 73.3! 87.3 100 __ .... 

(lrazingperiod ... __ ... -.days__1.J6.7 30 31 /31 31.5J170.25 
Composition of grasses (in per(,(lnt, I ~ 

Q\'en-dry) ; 
Warm-weather gmsscs:! Wtlghltr/ 

ICrude protein ________________ 15.2· 8.1 5,6: 4.7 4.9 8.4 
Phosphorus __________________ f .30' .21 .16, .171 .14, .20 
Calcium_ ------ _____________ ! • ·l2' .3R ,39' .331 .39 .39 
Ash ___ • ___ ~ .... _______ .. ___ , 8. 9! 7.9 6.8 6.7 6.5 7. <I 
Moisture (in lipld) ____________ £l9.7 , 03.0: -15.6 47.9 38.2 53.2 
FaL _____ . . .-. _________ • 2.9. 2.41' 2.8 2.3 2.5 2,6 
Nitrogcn-frceextracL ________ .: 43.2.4/;'7 50.9 49.8 49.6 4.7.6 
Crude tiber-----"' - .. _ _ _ 29. 5 . 3-1. 5 . 33. 6 3ti. 2 36. 2, 33, 6 

All grass(!s (including 8.l1l1uals lind ill. . 
, coo!-weat~er types): ii, I 

(rude protem ______________ .'1 15.5. 8.3/ 5.6 .). I 6.1 
8;9~ho~phoT\I$---------_------ .. j .30, .21; .16, .16, .1.5; .2() 
. 3~ 

Calclum ___ . ________________ .; .41 .37 .37 .33; .39 
Ash ___ ..._. ___________ 1 R 9 7.6 6.7 6.6 i 6.7 7.5 

Moisture (in lipldl -- _________ . 70.2 i 61. 6 ·l3,5 46.3 I 37.9 52.5 

Fat-. __ • __ ... ___ .. _______ •. 3.0' 2.5 3.1 2 . .1 2.9 2.8 

Kitrogen-free extract. ________ • -12.5) ·17.1 50.;'i, 49. S 48.7 ..f7,1 


___C'r_lI~~~ber.__n__------u-... 2H.7 I 34.31 33. 9j 35.6) 3.1.8, 33.6 


I (,alculated on the bllS!s 01 a s~a.<on of 170.2:; ,IRYS. 

I (Jblnln~d hy dividing IOtnl5. hy i. 


cium, ash, fat, and moisture, lind the least fiber' and nitrogpn-frp(, 
extra.ct. All of the mluable food constituent.\; showed a </eel'eas(' 
iu June, but tlw,Y wel'(~ suflieient during that month to maintain uYerag{' 
daily ¥ains of :z.~ pounds pel'lH'ad, which is comparable with SOI11(> 
of the b~ttel' gains obtained on It illll-gl'1l.in ration ill It feed lot. 

The !'ates of gain eontinucd to decline in JUly and August in 
direct proportion to BlI('C'essh'e clecl'eaSt'J3 in th(,' nutritional qualities 
of the ~ra!:i.'" The j!uins liho~"ecl a ft~rther slight de<:rease ill Sep.
tl'lIlbel', 11.1 c:ontrast to a small In(,l'ease 1ll food ('(mtent of the gmss at 
Ihnt time, This 1[I('k of cO[T('iation between ~ains and food con. 
stituents mlly h:tve been due to the collrction of fall sllmples contain
ing mol'{\ revi"ed growth from late l'ains than was typical of the rl1tire 
fornge for that p('riod, MOl'eorer, Septembet' rrains of the ('utile were 
!'edut'ed to some ('xtent by the Irdditional shrin~age in wpights ('aLlsed 
by the 3-day weighings at the end of tIl(' season, as contr'nsted with 
!l I-day weighillg for previous months. 

The close cOrt'elation between monthly changeR in the principal 
clH'mieal constituents and the trend .in liyesto(~k gains agl'e('s with 
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a rP('(lnt L'(,POl't h\' (,Ial'k(' al1dTisdah' (/(J) fol' silllilnl' ill\'l':ili!!ations 
on tIl(' plains of Houtht'I'n Albl'I'ta ItI1d Saskateh('w:tn, 

Th(l gain data on the t'xperinwntal I'Hnge sho"'l'd that thl' stt'ers 
made ~T,:31)er('('t1t of theil' total Stll11l1H'1' gain by tIl(' pnd of Augllst. 
A pmctica suggestion woultl be Jot' stocknwn to tnk<' tHh'antngl' of 
this faet by sl'l1ing th('il' t'nttl'l' SIN'l'll at that tin\(' wlwll pl'il'l's arc 
u!oiuallyhight'l' than latt'I' i II I he "l':lSOI1, Th is would Il'H\'(l 11101'C' fomge 
for tIll' remaining ('tltUt', bllild up tilt' \·i!!ol' of tht' gl'ass, and an)id 
oVl'rgl'azillg that hn:; \>1'0\'(·<1 to Ill' (':-p('eially damagillg to the Yl'gt't;t 
tiOll lall' in sumnH'I' alld l'/lI'!\' in fall. 

In dil'l't,t ('ontl'Hst with tlit' HIIIlII11(II.' data. til(' tl'('IHI ill wintl't' trains, 
as mllstrall'd in figure;) in COllll(l('tion with til(' PI'l'\'iOllS Llis('u:islOn of 
pl'ott'in. showl'd no (lil'l'c't l'('lation to l'hangt'!oi in tilt' food ('ollt('nt of 
the graSSl'S, TIll' ",illtN' gains wt'I'e infiul'Il('ellmot'l' by w('athel' COIl

ditiolls than by lIny otlll'!' f:l('tm', 

EFFECT OF COOL-WEATm:H GHASSES ()~ CAT1'LI:: GAI~S 1,\ \\~I~TER 

The vlIllIP of ('()ol-\\"l'ntitl'I' .ltI'n;;sl'S ill pl'odding ~I't'l'nf{JI':lge ('x
trt'mely hi!!h in llutritiollnl qllnliti(ls dlll'ill~ the wiMpt: lUI'; bt'('1I. nwn
tioned in l'OlIl1Pt'(ion with till' di'·wlI~:iiolll' of ('1ll'1lIiC'tII ('oll!JH)sition, 
The impoI·t:\I\('l' or this [,\'1)(' of ~I'a":i fOl' winl('I' grazing llll~ hN'n 
stuC\iNl b,\' t'ompnmtin' WHzillg' le"(,, {'()Il(~II('(('(J durill!! til(' ,,'illt('l's 
of 19-1:-1-1,) and WI,i-IB, Th(l lil,:;t [('st ill\'oln'd the' liSt' of 1ll':lYV 

yeal'lings 1:-) to :!() nwnt h:; of ng(' g'I'uzl'd Oil tlH' dOI'IlIaIl! winll'I' I'allgp 
in comparison witlt almo:;t i<\l'lIti('al ('ult\p gl'uz('{1 011 similar l'HllgP 
snppll'IlH'lIted with t'('s('(ld('{\ 11I'l'lIS of Tl'xn,.; blll('I!I'ns~ and W(,S((,I'11 
wht'at~l'lIss, TIll' pl'opOl.'tioll of tllC's(' :,rI'('1'1I willtl't: gI'aSS(';'; in this 
pasflll'l' was Ilot ;.;utlit·i(>nt to sati,;I\' all PI'otl'ill J'('«(I1il'l'lllt'llb; but ('on
tl'ibute(\ much mOI'(' pl'otPill. lllirH'I,tds, alld ('i1l'OtPI1P (pI'O\'illll1lin ~\l 
than W('n' obtainnh](' Oil tll(:' a(ljat'(,l1t dOl'llIallt l'al1gl', ~tt\l'[ing ill 
the fall with {,:lUll' of l'(plal wpi:,rhl and ft'('<h'l' .!.!\'adp in ('ad1 pu;;tlll'l', 
till' lot thal had 1l('PP;;;; to till' ('()(il-\I'putllf'l'gl'jI"H'" \\"{'i!!lwd Ii!!,:l poutld" 
mOl'e pel'lll'ad in tltt' :ipdng, 

A similal' bllt 11l0l.'p COlllpll'll' tl'~t of tlw wint!'I' !!I'Hzing ntlu(' of 
('()ol-w('atlH'I' alld \\"11 l.'I1\-\\'(,U 111(,1' !.!I'aS:;('R was ('(1I1dll!'lp<\ dllrin!! till' 
s('('olld \\'il1((,I', .\. ;i1l-Hl'I't' I'p"p('d(;-d li('ld of \\,(,..,tl'I'1l \\'lll'al!!I'n~~ was 
IIRt'd ill a !!1'Hzin_!! ('ompal'i";oll with thl' dOl'mllnt gl'Ii";;t"': oil (light 
natin' l'allgl' pn~tlll'(''';, Tltt' To I'll In' andlnhlt, to til!' ('attl\' on til(' 
\\"('st\' 1.'11 \\' Ill':\ tgl'lhS pn.:;t] II'P ('ol'-.;i" ll'd () f ('ollsill (' I'a bIt' d 1.',\' I'Psi d III' 
.from thp ]lI'("'ioll"; ;;UIlIIllI'I', to!!('] 111'1' wit It til(' ('()Iltinlwd :,rJ'(lWI h of 
gJ'('('1l It'(\\'('s at thp hns(> of fltp plnllts all winiPl', 

Th£' SIpPI'S Oil thi" pn;.;t,",\" :-tcl{'kpd at til(' I'alp of Olll' 1I1lillWl III !.:.! 
!l('I'PS. ~aillP<1 l;)H,.i pOllll(\:iIll'I' hpad dul'il1.lt thl' I-~T-d:l,\' ",illll'l' I!!'UZ
ing l'l'u:;on t'x{Pl1ding f1'01l1 XOY('mlwl' iii, l!l~:i, to .\pl'il 1:1, IllIG, 
Com pfu'ah!t· l'('PI'S, allot t('c1 7,:3 :1('1'('''; () f dOl'lllllnt }'lIllgl' pl'l' Ill'nd, .!.!n i11 I'd 
only On,}; pounds pel' ll1'fld <Iul'll!g tlIP ;.;allll' 1>l'I'IO<1. III bot h ('a,.;p,.; tlll' 
pastlll:PS Wl'l'{' gI'Hz('(l lllodvl':ltt'ly but tiH'I'(' \\':1:' 1lI01'l" l"IlI~l'd fill'agl' 
l<~ft at till' ('nd of thl' :'('!\S()1\ on tilt, t't's('l'<ipd pa:i!ul'p than Oil tltt' 
natiy£' !'angp, TIlt' \\'('sU'I'n wlwnt.!!T:t;;;o; lwei it ('HI'I'yill!! {'ttPllI'ity 7;~ 
p(,l'cent .ltI'patH than tlw lIat i\'(· l'lIngt', Tht'I'pfol'(" sill('(' til\' ('aUI{, 
on wesf('I'n wh('nt~l'nss mlld(, Gel· P(il'('(fnt mort' gain pt'l' lH'ud cllll'jng 
tll(' wintl'I', this pa"tlll'e pl'oc1u('Pl1 neal'ly tltl'('(' limp;; il;.; I1Hl<'h gain 
pel' acre (table ,1), 
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'l'ABLE -l.-.Avel'age lrintcr flai1l8 P" I' hcad aml other data 'recorded for lIere/o-rd steel'S on 1'eseeded western wheatgras8 ~ o
in ('(}lIlpl(ri.~OJl with nati/'c 'l'(tIl[J(' dlll'illg a 1.fl-day grazing season Z 

;.
t' 

Weight I .. 'r Ilt'ntl ~Fcl'der gradu :r C'arrylng callac· Total I A" rage 11\'" weight gnin DIty of pllsture t'OUOIl' C ~. o 
:Forog~ Steers Pasture :'k! ;.-

J I I [I F' J' I' I I I )0'- I I'cr Pcr per Pcr D II Per11 t 1\ ilia lilt n IIIn hl'lll\ section hcad' hcnd 8 Y ncre ~ ..... 
M 
(Jl.l'O.':II~_; -I~;":: -;;r:::l-;;;::; Nil mbtr -::;; -:;;:- -;;:;: -;::;:;:;: -;::::::;: Potlnd. -;::::::;:

ReSt'l'(INI w(,stern wlll'ntgr:t:;'~._~ _____________ 391. (j 550, I I 78 7i 12, liO .1. 2 152 148 158,5 1. 08 38,0 o 
"-lDorlllllnt lllltiV(' winter fllIll_W ________________ 390,7 487, Ii 78 77, 208 1,5Hi 7.3 88 267 96,8 .66 13,3

1 
DilfC'I'CllCt',ill fll\'or of WC'l'tl'l'fI II'h('lltl!;I'lISS: ;_...- -I---I'---;---'-;-"-'~-'~(---'--------------- ~ 
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MPercentage of glliU----------------------j-------i-------j------" ------1------/------/------ 73 • 80 64.0 \64.00 186,0 
I:rj 
o 
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The superiority of the western wheatgrass for winter grazing is 
proved further by the saving it afforded in the use of protein con
centrates. The cattle on this pasture received a total of only 148 
pounds of cottonseed cake per head during the winter, as compared 
with 267 pounds for the cattle on native range. Of special significance 

• is the fact that this pasture provided ample green J?asturage all winter, 
whereas adjacent wheat fields failed much of the tIme to produce suffi
cient growth for grazing purposes. 

The steers on this pasture, stocked at the rate of one animal to 4.2 
acres, gained at the average daily rate of 1.08 pounds pel' head during 
the winter season. Comparable steers allotted 7.:3 acres of dormant 
native range per head averaged only 0.66 pound per head during the 
same period. The steers on native range received an average daily 
ration of 1.7 pounds of cottonseed pellets per head, the rate being 
increased from 1 pound in November to 2 pounds on December 15. 
The rate of feeding the protein supplement to the cattle on western 
wheatgrass was the same as for the other cattle in November and 
December but was reduced to 1 pound daily in January without any 
reduction in gain. It is evident from these data that the western 
wheatgrass supported 73 percent more cattle per section of land, pro
duced 6J percent more gain per h~acl, aIld returned nearly three times 
as much beef per acre as the dry wmter range. 

The quality of feed and rate of ~ain on the western wheatgrass 
would undoubtedly have been much hIgher i:f the old growth had been 
removed in advance and nothing but the new growth had been avail
n ble. It also seems logical to believe that if the cattle on western wheat
gr!!ss had been fed no protein supplement they would have made gains 
closely comparable to those of the cattle that were fed heavily with 
the sllpplement on dry range. Under such conditions both lots would 
have received about the same quantity of protein in their respective 
diets. 

EFFECT OF MINERAL SUPPLEMENTS ON CATTLE GAINS 

Early in the course of the analytical studies the chemical elata, showed 
that there was little likelihood of a serious mineral d('ficiency occm'
ring in local range forage, especially when a numbet' of plnnt types 
were available on the range and cottonseed cake was fed during the 
winter. Feeding trials with beef cattle on the range were conducted, 
however, during favorable and unfavorable growing seasons to obtain 
more conclusive information. This work was started in the spring of 
11)43 and has been continued, modified, and expanded since that tim('. 
Gnin data are now available for 3 summers and 2 winters. Each 
s('miannual grazing season covered a period of approximatdy 6 
months. 'fhe studies were conducted with 16- to 2-1-heac1 lots of 
yearling Hereford steers of uniform age, breeding, initial weight, and 
initial feeder grade. An excess of range forage wasavnilable to the 
steers at all times, since lightly grazed pastures ('ontaining eRsentially 
the same kind and quantity of vegetation were used for the compari
sons. 

During the first two semiannual grazing periods a mille['al mixture 
consistin~ of steamed bonemeal, lime, and granulated salt. in the ratio 
of 1-1-2 by weight, was fed to one lot 01' steers in comparison with 
another lot th1\t received salt alone. Since early analyses of the forage 
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showed no evidence of a calciulll deJiciency lit finy tjme, the lime was 
eliminntt'c1 frol\1 the lllixtltl'l' in the spring of 1!),j.4 and tht'l'eafter, 
'l'h'is was done to avoid an o\'el'olliance of cnlcium that would reduce 
tilt' etfectiYeness of the phosphol'Us, The mineral mixtm'(' red thCl'(~
after ('onsistcc1 of 1 part of steamed bonel11eal to 3 parts of salt by 
weight. The studies wet'e Ilugmented during the -winter of ID44-,H; 
tlnd the SlIl1Il\ll'l' of 1045 by adding a c'ompnl'able pnstlll'e Jot in which 
the ('attIc hnd fl'ee ncc('SS to scpnl'utll bunks of steamed bonemeal and 
salt. The work wus fur!·lH.'I' ~';,,;panded during the winter of 1945-46 
to include comparisons of titt' mineral mixtUl'e with salt alone under 
tltl'N' mtes of sto('king and dl'grees of C1'L'nzing use. 

The ,)'l'ul'lillg gai)1 ell! til, as ~lIl11l1W t'j~t'd fOt' the five grazing seasons 
in table ;), were essentially the same :£01' the lots that received salt alone 
as they "'el'e 1'01' the lots that \\,(I]'e xed other minernls in addition to 
!'nlt. 'The steamed bOlwmea], when fed sepal'lltely with salt or in 
mixtures with salt, caused no significantincI'ease 01' decrease in steel' 
gnins. as compal:ed with salt alone, Similar results were obtained in 
th~ winter USl' of wNtnling ('lIh(>H -for the sixth grazing season, com
pleted April l~, Hl4!L The~(I I'PSltits indicate that no minerals othel' 
thnn salt are requil'ed to supp]eml'lIt the local range :£orage for these 
::lasses of bellf cattle, espl'cially wll('1) t\l(' fOJ'age js supplemented -with 
:!ottonseed ('ake during the wi'ntl'l'. Similar resultfl were reported by 
Brouse (6) for wint('dng cal,es in the N'ebraska sand hills. He 
found that there waH no significant benefit :£rom :feeding minerals 
other than salt to ('nlws fC'C\ !L da1Jy mtion of 1 pound of cottonseed 
cake. 

TABLE 5.-Fi1'(!-MaMll Ill'(' I'a{/i" Ii I'C-l/'cif/lit (/ain c(Irh of yearling steel'8 
fed different mineral 8UppZell1ents on native f'ange 

Oaln per head 

'rwo'wlnl~r anr· 'l'hr~~.~ummer .FI\'C·SCRSon a,·cr·Supplemental mlnernl IrMtnwot 
II~(' Il\'~mge ago I 

----~--:------I---:--
'fotal 1 Onily 'rota! _ 11ally Total I Dally 

-------------------- ---,-------'-----IPounds /'01/111/,' 11'0111111,' : POllnd., 'Polln~. Pound.!
Boncrucal and saIL _______________ 49.7 0.31 1131S, 8 1. 89 1368, () 1,11
Salt alonc__________________ - _____ : .I(J. R .31 323.;3 : 1. 92 ,373,3 1,12 

Gain, in favor of salt ___________ .'. ' 11~0--14.7f--~031"4:8--.0-\ 
I Yearly totnl on bnsl~ of 5 St'RSons. 

The inability of the steamed bonel11eal to effect an increase in stPl'1' 
grdns during t he wi ntel's. (ll':,;pite l'<',P01:tt'd deficiC'l1cies in phosphol'lIs 
among soma 0:£ the gL'aS~;(lS at that time, may be l'xplained as follows. 
The winter shortage of this element hI some gl'aSS('H was no doubt :£ully 
('ompensn.ted :£01' (1) bv Ull eXCl'SS of phospho1'lls in other grusses and 
forage plnntfl fwd (2) 'bytlle wintet' fC'(lding of pl'ot(lin concentmte$ 
('ontaining phosphorus. 

All steers used in thesl' testH Wl'l'C fed equal daily quantities 0:£ pro
tein supplements during the w.inteL's, Ench stE'C'l' receivC'C122 ponnds of 
cottonseed pellets, containing '13 percent protein. and H)3 ponnds of 
soybean pe1iets, containing 41 pel'cent protein: during the first winter 
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and 312 pounds of cottonseed pellets during tIl!' 8('\:olH1 winter. The 
phosphol'lIs content of thesp slIppleHlt'llt s was 1.U) percent for the cot
tonseec1 pellets and a.O!) for the.soyb~tt11 pel1et~, which agrees closely 
with the averages reported for these products by Ellis, Kauffman, and 
Miller (13, pp. 10[J5-1(17.i). Since 1 pounel of the cottonseed pellets 
provided slightly more thun 5 ~m. of phosphorus, it is evident that this 
material helped greatly to satisfy the phosphorus requirement. 'The 
conclusion is that the phosphol'US needs of cattle on local range forage 
will be met by the winter feeding of sufficient cottonseed cake to satisfy 
ll1inimurn protein requirements for normal growth. 

MINERALS CO""SUMED BY CATTLE. 
Further evidence that range forage used in these experiments con

tains sufficient phosphorus for beef cattle, especblly when supple
mented during the "winter with cottollseed cake, is presented by the fact 
Ihat the steers showed a clpfinite reluctance to cat the minerul mixtures 
unless forced to do so by the absPllce of salt on the side, and even then 
the consumption of the mixture was much less than that of salt alone ill 
adjacent pastures. 'Vhen salt was fed exclusive of other minerals, the 
average quantity consull1Nl was 18.1 pounds pel' head during the 
~umll1er and 2G.O pounds clming the winter, 01' a total of 44.7 for the 
,\'(>ar \ table (j). 'Yhen a llIineralmixtlire 0-£ saIt and bonemeal was feel, 

TABLE 6.-.:hemge seasollal COIlS1l1nption of mine1'al8 by yew'ling 
MeeJ's on native mnge 

M inernls consumed per hend 

1>!incrnl supplrrncnts fod -------------------
A veragr, IA Ycrngc, 'rotal,
2: winters 3 sumIDers fj seasons 1 

- pOll::;;-lt~~lind' Pound, 
~Iineralll1ixltlre_______________________________ 22.6 11. 8 34.4 
~alt alOl1C ____________~-------------.------------1 26.6 18.1 44.7 

I Yearly total on hasis of .'i sensons. 

the average used per strer was 11.8 pounds in the summer and 22.6 in 
Ihe winter. Cattle haying access. to separate bunks of the two minerals 
:lte ~.G times as much ?alt as they did bonemeal during tl~e winter and 
i.8 t1!11E'S as much chll'lng the summer. 'These results mc1lcate that the 
cattle had no craving fOI' phosphorus, and are in direct contrast to 
those recorded in such phosphorus-deficient area:.; as southern New 
:Mcxico, where the cattle eat 1110re of lL mineral mixture tban they do 
of salt alone. Reporting informally for that area, 'V. E. 'Yatkins,lO 
of the New )Iexico Agricultural Experiment Station, stated that the 
average mineral-mixture consumption for a considerable pl'l'iod "was 
:)2 pounds pl'r year "while salt alone was 35. HiH mineral l1lixtme 
contained equal parts of special steamed bonemeal 01' spent bonr black 
and salt. These results wprc confirmed for the same area by Knox and 
Neale (f27) , whoreportecl tllat the cattle nte about thl' same qllantity of 
salt l'cgal'dless of the quantity of m111l'ral it contained. Bal'lH's, Smith, 
ancl.J ones ([2) of Texas reported that there is good. e\'idenec that ('attle 

HI Xntl'itioll dlPmist and associate in Animal Hus1Jnndl'Y, in a letter dated 
F'ebrlHlry 10, 1!)·J[j. 
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• 
consume ttppreciable qllantities of bOllemcal only when they need phos
phorus in addition to that whieh they t'eceive from the forage or other 
feeds. 

A good grade of granulated salt was used in the studies on the 
experimental range, and all minerals were fed in roofed watertight 
bunks to ayoid leaching and to facilitate records of consumption. 
Catt1e trailed to the experimentnl l'llnge from adjacent ranches where 
block salt was fed attf,the loose salt voraciously and for seyeral days, 
indicating that in previously licking the blocks they hn.d failed to 
obtain sufficient salt to satisfy their appetites. Anot-hel' obselTation of 
interest is the fact that thl.' cattle consumed mOl'C minerals during the 
winter months, WIWll the forage was lower in millerals, than during 
the summel', when the vegetation containcd greater quantities of such 
elements. 

EFFECT OF MINERAL SUPPLEMENTS ON BLOOD PLASMA 

• 

The question n.s to whether or not phosphol'us is needed to supple
ment the local range forage was further studied thl'ough a series of 
analyses of the blood plasma, from the salt-fed cattle n.nd from those 
fed both phosphorlls and salt. 'fhis is an excellent means of dpter
mining the I1l.'ed for mineml supplC'ments, according to Black, Tash, 
Jones, ancI Kleberg (4) aud Theiler, Gl'een, anel Du Toit (Jr3). TheRe 
investigators showed that the inorganic phosphorus content of the 
blood of an animal indicates ,dll'thcr it is receiying IHh'(Juflte phos
phorus. In South Afric!t and southern Texas, whel'e sel'ioliS phos
phorus deficiencies occur in the range foragl" the whole blood of 
cattle receiving no phosphol'uS snpplements oftell contained as little 
as 2.5 milligrams (mg.) or inorganic phosphorus pel' 100 c(~. Cattle 
fecI bonemeal unclel' the same cOllclitiOllS maintained what was refen'ed 
to as a norma I inorgan ic phosphorus content of 4 to :: )':,;:. pel' 100 cc. of 
whole blood. ",y", H. B1ack,l1 however, stated inforillally that the 
4-mg. level is considel'ed about the dungt'r point for either y(,tll'lings 
or 2-yeal'-0Ids, but that he would expect this le\'el to C'xtend O\'el' a 
period of at least 90 clays before any symptoms of deficiency would 
be. observed. 

The blood plasma analyses on the expel'in1C'ntaI rallge were con
clucted with 12- to 18-hl.'l1(1 lots of yC'al'ling stN'l'S at monthly Ol' hi
monthly intervals from the fall of 1942 thl'ough 1945, The l'esults of 
these studies sho"'ed that tlw blood plasllla conl"ainC'cl. mthel' high 
quantities of inorganic calcium and inol'ganic phosphol'lls at nil times 
in the year (table 7). There wus no signifi('lmt difl'el'pn(~C' in the 
mineral content of the blood betw('l.'n the S(N'r;; l'l.'ceiying bont'meal 
and those receiving salt alone, This indi('ut:ecl that (Il(' l'allgp forage 
and protein conCt'lItl'ates used as snppl('I1lf'nts ]lI'oyi(IPd all t IH' phos
phorlls needed. This OhSl'I'Yat.ioll is ~-Hlbstal1t:iatcd by till' 1'l.'POl't of 
Beeson and others (3,) tha(, \\'h(,11 fed at (he sa 1lH' Ipwl, the ol'gall ic 
phosphorlls of cottomieed lllenl wns a;; ('fl'eetivc in pl'C'\,pnting II phos
phorus deficiency as tIle inol'ganic phosphol'uS in b0111'l1lpa.l. 

• 
Expressed in terms of milligl'tlms ])(')' 100 ce. of p1a;;lIltl, the calci!lm 

content ranged from D,!) mg. in NO\'Pll1h('I' to 11.:1 ill Apl'il, with all 

11 Sl?niol' animal husl.l:lIHlmHn, in ehal'ge, Bccf and Dllal-Pul'[Jos!' ('attle Illl'csti
gations, BUl'eau of Animal Jmlustry, 
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TABU; 'i.-Eifert of lIIiJl(!1·al811pp7(,11l.(,llts on the ('oMent of calciuln and phosphorus ,in lhe blood l)lasllla of yearU,ig ..., 
H 
osteers il'om 1942 to 1945, compared with similar at'.tZyses of tlte range forafJe 	 ;.
t" 

Avcnlgc mirl(,lful contellt or stN~r hlood and rUllgu fornge 	 tl:l 
c::: 

Chemical coustituent dNcrlllillcd I I 	 -', I I t"

~~I~~'~I rl~ M~. ''Ow,"X" 

' 	
~ 
8 ...... 
Z 

Blood p'"'''' (I. milli,mn," pc. 100 ".l, I! I I ! <=>
For ;;t('('rsJed bOllClllr!11 ami ~lllL __________________ 11. 26 j11. 28 11. (i6 ,to. 42 ...11. 21 ; 9.90 ;l0. 22 pO.O] \10.67 110.74 .... 
1'01" I5tl'('rs frd snit alulH' _____ • __________________ •• 11. 361L 49 12.02 :10.11 ill. 23 9.97. 9.69 pO. 17 10.58 1]0.74 c.J 

AY('fag(', all s[errs_. _________ ... _______________ II. :311 L 29 II. 84 10.27 ,II. 22 1 9.94 I 9.96 pO. 09 to. 63 :10.74 
::1Range forage (in percent, O\'L'I1-dry basi;<): 'I : ; 1 \ 

Warm:~\:rather gl'!~~~('s_------------.-_------------- .33e . 42~ . 4}~ . ??~i .366.. 4231 . 3~51 . 3471 . 42~1 .385 Ul 
('OOI->lblther grns~('.:; __________________ .. __________ .41, .39.) .336 .3:JD, _399 .467 .463 .494 .48:), .423 
All gra.~~('i,.---___________________________________ .496 .427 .392 .37]\ .371, .420: .359; .378 .417: .403 o 

Phosphorus content of- ,. , . ! 1 l 
t':: 
~ Bloo(~ plasma (in milligrums 1)('1" 100 t'c.): 	 _ ~( , '? ,_ ! _ . - 1 :-::

7.52 5. Sf! 
For ;;t('('I":; f('d suit 111011(\ _____ • _____________________ 5.25! 6.19 j" 5.72 5.22 5.75 4.33 n.·16 5.67 7.42 5. 78 o 

":j
,\ , , , , 11 ~t·. ' - -.., , (j?0 - -6 - 29 - 69 . 4?8 6 '8 r:o' 8- 7.47 5,84 

;.

}.or stN'rs fed bOIll'lIll'al aUfl snll ___________________ v. d) i 6.•0 I o.SO I' .").36 5.63 4.. 22 G.oO I6.02 

. \crltg~! It • (('r" ______ , __ ---;c---------------- o. :1. i . - : ,I. , D. D. I'·' ... ..,.:)
Runge forngc (Ill p('r('('l1t, o\'('Il-dry \):1:-1:<): " . o 

Warm-weathl'r grn:i~es_____________________________ .847 ..255 .182 .1:;9 .1·13: . lOS .079! .0691 .089 · 159 ::0 

Cool-w(.ather gl"ns,:l'ti______________________________ .3:37 .250' .150 .Iiil .241 .192 .IS7, .2311 .141 · 209 o 
H 

All grns.~l.s________________________________ .350 .2.18 . 171 1 .153 .1IH( .123 . 1011 . ]0-1 .101 · IG8 	 c::: 
~1 1 1 
C 
:::l 
t":l 
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average of 10.7 for the entire year. Similarly expressed, the phos
phorus content varied from 4.3 mg. in November to 7.5 in March, with 
an average of 5.8 for the year. These three phosphorus figures for 
blood plusma when converted to the bp.sis of milligrams per 100 cc. 
of whole blood for comparison with the data cited for the other investi
gators mentioned above, would be 3.3, 5.8, and 4.5 mg., respectively. 
These data, under the conditions prevailing in this locality, are indic
!~tive of n, satisfactory phosphorus supply f.or yearling steers. Th~ 
fact that no sudden 01' pronounced decrease 111 phosphorus content of 
the blood occurred during the year is further evidence of adequate 
phosphorus in the feed, since 'V. E. 'Vath.-ins 12 of New Mexico reported 
that the inorganic blood plasma phosphorus drops within a week or 
so when livestock is changed to low phosphorus forage. 

The phosphorus content of the range foraO'e declined successively 
from April to the following January and ~farch. In contrast to 
these results, the phosphorus content of the blood was maintained at 
monthly levels mostly in excess of 5 mg. per 100 cc. of plasma through
out the year. The superiority of conditions for range production in 
t his locality is indicated by comparin~ these results with those obtained 
by the juniol' author from cattle grazll1g on phosphorus-deficient ran~e 
in eastern Oklahoma. There the cont~nt of inorganic phosphorus 111 
the blood often falls as low as 2.5 mg. per 100 cc. of plasma during 
winter months and usua11y averages much less than 4 mg. at that time. 
Further evidence of the adequacy of phosphorus without mineral feed
ing under local conditions is indicated by comparing the 5-mO'. level 
maintained in the blood plasma of both the salt- and mineral-fed cat
tle with the analyses reported by Knox, Brenner, and 'Watkins (96). 
The blood plasma from their mineral-fed cattle possessed an inorganic 
phosphorus content of 2 to 3 mg. per 100 cc. in the winter and spring 
and 3 to 4.5 mg. in the summer. They reported these figures as being 
indicative of adequate phosphorus, since the cattle were maintaineu in 
excellent health and superior condition. 

EFFECT OF COTTONSEED CAKE ON CATTLE GAINS 

The composition data previously discussed show clearly that a pro
tein feed of some killd is required to supplement the dry winter range 
in this region. Stockmen fully recognize the deficiency at that time 
ttnd usually attempt to correct it with the use of cottonseed cake, wheat 
pasture, or similar fercls. It is not commonly known, however, that a 
deficiency in protein content also ocems frequently in native forage 
c1urinO' the JaUer part of the summer. It has been shown in this re
port t7utt the pl'otein content of most range grasses in July: August. 
and September often falls below the minimum required for rapid 
growth and fatteninO' of beef cattle. The gain data support this con
clusion by showing that yearling steers make an average daily gain of 
only 1.'.1: pounds pel' head during these 3 months, as compared with an 
average of 2.3 pounds for the first 3 montl1S of the summer when the 
protein content of the forage satisfies requirements for rapid growth 
and fattening. 

In view of these results, n, comparative feeding test was conducted 
uuring the summer of 1945 to obtain more definite information on the 

12 See footnote 10, p. 42. 
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effect of feeding protein sllppll.'lllPnts to yearlillg slcl.'rs late in sum
mer. Five lots of extremely lInii'ol'lII cattle were Ilspd. All lots avel'
n~ecl the same in initial weight and feeller grade on April 2:2. and were • 
allotted the same acreage, kind, and quantity of grass for the seaSOll, 
All lots averaged the stlnle in weight at the end of J line and had gained 
{lit' same on grass and salt alone b('fol'(' the Rupplemental feedill,!! 
period was started on J lily I, 011(' lot waR fpcl a (laily ration of :2 
pounds pel' lwad 0 f ('ottollseed 11l'Ilets (43 lWl'ccnt protein) from 
.July 1 to the t'nd of tl1P season (O(,tober 5), and another lot was fed 
1 pounrl of the Ram(' slIppk!llClIt pel' dHY clllring this ppriod. The 
range forage was fnirly g'rl'l'n ,Hnd fairly high ill protl'ill t'olltent 
th,l'ougl~ most of .Tlll~· but thel'etdtel' waS partially to wholly dry milch 
of the tune, 

The !!ain data, as RlIlI1l11Hrizpd in tnble R. show thnt the feedin!! of 
('ottonseec1 Iwll<'ts c1Ul'ing the latter part erf the slimmer of 19JfJl'e
stilted in maintaining the rate of gain at nearly the Same high 1('\'('1 

l'ecorded on richer gl'aSS alone p:1r'lif'l' ill the season, The gains were 
approximHtely in proportion to Ill(' CJuantity of pellets fed, The etlt
tIe that recf'iYed n (laily ration of 2 POlIIHls of cottonsef'c1 enke pel' head 
a-fter June 30 gnillP!l :3Gl,4 ponnds pel' head for the entil'e season, as 
('ompal'ec1 with a1U, pounds fO!' the 1-pound lot and 2UO,i ponnds 
for the three lot:; that hod l'eceiyec1 no protein supplement, The 

tt,'erage season-long gain n(\Ytlntagl' was 70,7 pO\lnds pel' head for the 

:2-pollnc1 l'llt~ of Tel'(llng and fiO,S 1'01' the I-pound, 


T.\HlJE R.-E'jfl'rt of hl'o ]'(III'S of /(>('(ling ('ott0718(wl (,fl1..'C on the ape1'age 
gaills of ,IIcal'1i ng 81N'I'8 dW'ill [I the 7rl,~t half oft Itc We-day ,~1U1Wlel' 
gNlzing 8(!a,~On uf 1[J.l5, _lpl'il.!.! to Octave;';; • 

\Ams ;?I.t!hal \ Flnnl! 'rota: gain pcrhead I! A\'crngc I Gain 

T'rolrin SIIflpletM111 H~nd per \ PIg L 1wright l To Alter! I dnily per 


feu [huly . head ('~J)r, (OCI. b) • JUn!' .10 July J .'I~asoll: gain IICro 

i I -- : [1;\) : (Q, I totlll \ 


_________'___ I.__f______\~\ dllYs) 1\_________ 


..'·lIm. j l ~, . 
bfr . . POlLnd&, Pound., : POILnd" . POII/IIis' Pound" I Pound., . Pound., 

Two pound,,______ 20 7. I: ;)43.2 90·/. (l I·I·/. a 217.·1 361. 4 2. IS iiO.\) 

q,nc !)o\\nc!._______ 20 7.1 512.8 884.3 1·15.0 195.8 341. 5 2,06 48.1 

::\011<'. ______ .____ 32 7, I 5-12.3 833.0, \·1·1. 9 145.8 290.7 1. 7ii: 41. 3 


(juin ,in fn\'or of ,----1'--·,:-----1·---\--1---;1--
l'!lklll~: i I I

At 2 POlllld,'-_I_______ . ___ ._ - _____ ------ 71. (j IO.7 ,43' 9, G 

At 1 pound _______ " _ _____ _____ ------l ;)0, OJ' (lO. S. .31 ' 6,8 


I i I ! _...:-_---'!!....-_-!....1__ 

The ('ottonseNl p(·lIets 1I0t ollly pl'ovidp the ndditional prot('in re

quired 1'01' rapid I!l'()\\,th and fattplIing, but. ll('t'ol'dillg to a l'etent l't'pOl't 

by Hobhs. (htllup, all(l Taylol' UfJ). this ('OIl('Plltrat(l also incl.'pases the 

appal'ellt digestibi lity of all nutl'i('nts ('olltained in the lll'Y grass, Ful'

I1\eI'1110L'(', tIl(' f(,(,·ding of tllP pl'otpin sllppll'IlH'l1t stimulat(·s 01(' aplw

tite andiIl(,I'l'aS('''; the ('onsullIptiol\ of (h',\' l'Oul!hnge. (t{'('ol'(\ing to 
Ht'Ollse (lj) in a l'e{'('nt report of tNitS ('olldu('t('(l ill lhe Xehl'llslm sand 
hUh;, The inCL'pase in l'I1Pl'gy illtnke affol'(\N.I by th~ extl'lL forage con • 
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slItnNl is probably 1·('SPOlISiblt· 1'01' p.ll·t of IItl' adllitiollall!aill obtained 
frolll t'vl'tlinl! pI'olein on the l'XPl'I'illll'"lalralg'I' hIll' ill Stllllmel· . 

'I'll£' cul\(·-J'C'd eat tIe had 1ll0l'p "bloolll," gm(\l'(l highC'I', and w('rE' ap
]>mised at Itighel' pric(>s in the fall thall tlH' ('attll' thai 1'(ll'I'iY('cl no 
protein supplements. In makinl! an (,(,OllOlllil' :lppmisal of the I'NadIH 
by COlH'erling them ttl the basis of a spetio!1 of land «(;40 uel'l's), tlt(' 
2-pound l'atl" of -feeding showl'd a Ill't I'PtUI'I) of 8-~!)lAO 1ll01'1' than Ill(' 
nonsl1ppll'mentetllot. 011 thl' same basis tltt' I-P0tlllcl I'nte of fN'dilll! 
I h(· pelletf; showed a return of S:~():',.:~O I1\OI'!' thall I Itl' t'1H'l'ks. Thl' addi
tional weight I!ains and till' higher Vl'i('('s n'{'l,j\'pd pCl' pound WPI'(> 

tnO!'(, tIm 11 SlI flidt'nt i n H)-~:i i 0 ([(> fmy till' ('os! of buyiIII! and fel·ding t Iw 
('ottonscetl pellpts. Thps(' I'('sults ('orl'o\)ol'at(' ill pal·t the l'epol't by 
Ellis and Hodgson (1;3) that thp "fattpllilJl! of l'attle on grllS,.; wilh 
('otlolls('('d enkl' durinl! the SPl'inl! an(l S\lnIlI1PI' Illonths has been found 
during mol'e L'P('('llt ypnl's to Ill' lll1l'('ol1ol1ti('al pral·ti('(· ... 

C.\({O'I·!::;\I:: \X CATTLE Bl.OOD A;\\) IlA"cE FORAGE 

Till' en 1'01 (,11(' ('outNl t of titt, blood pla:-'llHl () f ,\'(.;( rl i Ill! ,.;«'('1';'; I!!'az('d on 
the pxpprill1('nt[lll'nnge, in ('ompnl'ison with tltl' (pl:tlltity of this matp
rial in tIll' prilleipal class!':; of I'ang(\ fOI'nl!\' at llHlIlthly or bimonthly 
intet'nils fot' th£' ~-yeal: pcriod1f)·'·-J-Ji-; i:-: ",1101\'/1 in lalll(' D. TIll'tl'(,l1d 
in the conh'llt 01' carotell(\ ill till' IJlo(ld s\tow('d n dirp<"t but (\('lnyp<\ 
relation to that contnitll'd in tlw fomgl'. All inerC'asE.' in thE.' carotenE.' 
of the fO!'al!£', enus{'{l b~' thl' I'l'\'i\·:t1 of J!l'o\\'th ill )1:11'('11. wa:; l'eflpetpd 
in an in('l'('ase ill this ('ollstitut'llt in tilt' pattie ill April. The hif.!h 
.\pril C'ontpllt of foragl' (':11'0(('111' ('ll\lspd a lal'g<, im'l'l'asl' ill tl1l' blood 
(,:11'otpl1(' foL' Ma \'. Likpwisl'. st!(,(,ps:-:jy(, <1N'I'('llH'S j 11 ('Urot (,IH' i 11 f hI' 
fornge wCI'e l'C'sjlOll;-;iblp for HI\('('l'ssiY(~ but (\l'lay('d d('C'I'pasl's ill tl\(' 
('tll'otene contpnt of thp blood. 

T,\BLI-; fJ.-(YlIl'otCI/{' ('oMent of t/I! Mood ;;1".<11111 ()ll!('((l'Iill[l.~//'''''I{ 11/ 

1'rlntioll to th(' '!/lIlIi/it!! of tMs ('ollgliltu'llt ill tlu' /'(lIIr!£' /orllflc dlll'illO 
the J-!l('{(1' pf'l'iod l.'JU-F; 

Cnttle hloo,l nnd forngl' nllnlyzed I '~I ----;-,---'-j-- -----~ -

I Apr__ ;'\!tIY \ Jul)' i f;rpL ::\0\'. I JIIII, ! ;\Inr, ~~;;---- - --~TT-\--I-
Blood pln~llln (in I-(IlI11ITHl>i p('r 

100 !lll.t: 
For ;;(P(>f,., [pel hOll('II1('nl aile! 

salt. 37\1 (i~;) fi:n 1;,\1 373 J2i) \).1' 3\13 
For ~((,l'rs fed ~nlt fllotl(' • __ 3iin Ci02 nOG ;jOti 37~ 20U 2~0 ·'20 

A \,('rltl-((', nil st ('('rs 3(\9 (\.,., 020 .1~3 :HIi lfi7 IR7 ·107 
nnn~(' forage (in lIIir'rograllls 

1)('1' I-(l'Ilm (p. p, 1lI.1i: ! 
\\'nrm-\\,('at}wl' gl':I"~(''' __ • - __ ·W) :!:'!O III 71 17 3 13 12!l 
('oOI-\\'('llt lwl' grHsH's ·171 t,j I HI} lOr, ~7 12~ I, 0;)0 29H 
AU !-(rIlSs(,S 4ti2 228 lOG fiR 2(i l() 118 I·HI 

----'_•._--- I 
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I:III<IJ Ii: 2!)1-:n4. i11I1S, 
t ,'H) WM,I., ~r. B" lIuti K~:r.!.~:Y, Eo G. 

]!l4a, llE:n;I:)([N.\T!IIN O~' 1'l'Im (·.\ItOT~:N~; IN 1'1.A:-1'1' TISSUE, ,\ It.\I'IU CIlItOl[,I· 
'I'OtJII,II'IIIt' ~n:rIlOIl. In<lus. 1111<1 1·:II!!in. Chclll...\nlll~'t, I';d. \;:1: 
] <';"":W. 

(.1-1) WM.I" It. 
lO·HI. Tim ('.'ItQ'n:'''H: (1'ItO\'IT.UII:-1 A) CON'n:N'I' m' OIU..\1I0~1.1 n~;llS. Okla. 

K~qli. Stu. Bul. 2-12, 1;; JlJl. 
(-I;;) \\'.\SSt::Il, <" H. 

UH;;. II UiIlPltQ'I'BIN CO:-1'n:N'l' .\I.\IH::S \\"IN1'~;1t FAT \',\I,I1,'III.E FlJlL\m: FOIt 
ml'(lIIADO It.IN<a:S. <'010, Fal'llI Bul. 7 (5): G, 7, 13, IIlUH. 

(,W) WA1KI:-1", \Y. E. 
w:n. 	'nn: (".\L('Il·~r AND PIiOSPUOIIl'S Co:>:H::N'rs (w I~!I'OIt'rA:>:T XE\I' ~1~:XlCO 

H.\XGF HIIt.\la:s. X. )I('x, Agl', (']xpl:. SW, [TN·h.] HilI. 2,I(j, iG PII., 
ill liS. 

(-17) 
:10·1:1. ('''~II'OSlTION (n' I1AXG~:: GIL\SSBS AX!) IIIW\\,S" Nr VAItYI:-1G s'rMa:S OP 

~r.\'I'I·ltI'r·Y. X, i\(('X, AgT, EXJlt. Stll. ITp('!I,] Hul. :-lll, -Ia lIP., 
ilIus. 

(-IS) \\'1';:-';UEIt, I •• E. 
1\1·1;1. IlI'n',U,O (lIt.\R8. Kanil. Agl·. I~XIlt. StH. Hul. :l:!l, 71:> Illl., 11I11l'. 

(.I!)) Yon'oBI'HG, G. 1-1., and YO\':-1liBJ;HG, ~I, V. • 
lHao. 1'IWS!'UOltl'S In:r.\II1)I.IIi~I. "SYIi'I'I';~1 ot' III.(jOIJ "N.\LYI,~=-"'. Jour. 

Lab. alld ('lIn. )J('d. lli: 1(08. 

• 




• • • 
APJ>ENDIX 

~.l'.\I!I.f: 10. '<:111111/11(11"11 of the (//",'/'(/!1e ('(11611111 ,'ollfrlll o{lIl1lir(' i'1I11!I(' (on/I/I' [0/' a 5'1/1'(1/" !ieriod••~/I/·iJlU u[ 1111,1) 10 sprillg o[ .l9.',;j, (18 
''.1'111"( "8('(1 011 (//1 (lI'('/Hlru /)(1 II i., 

('1I1('h,"\ cunll'ntI ----,__...."...'_.,.______ .."'-'"~.--_ -__ ,~ ...- ____ ,_'-" --. __.- zJ- ...~-, ...- .. ,..,....,...~~ ,~ __~_* ~ 

Cl 
KiwI of t!..1I1~ti tOl1lgl,\ ':-:Ulltlllt·" \\tintl'i'i I I__ ~<),__.,,", _~ ...... '" ___ .. ______ ••___ ., _______~_ Rurll- Win· ::J 

Hf' l' nH.!r IeI' IA 111"'"\ '"" 
."!Allr. I ;\\")' JUIII' July; .\u~. HI'IlI. Ort. I No,'. ! Drc. .lUll. F('h.: ~\ur. , .... 

1 oj---' i-·-I.~. I --'j- ·-1----- I i I -1'_.__1 
Pl\rl' llllln1 gnlsSl'S: 
WurnHn'nlh~r tYJles: j)(f('fiII 7J)trrellt Pauut {PtrCtnt L"(1UlIt I,percellt 'PerCtut 1Pe-c~nt Peru"t IpVftllt tptrcent ilJrrctlil J>trrtnl perUllll Perunl >

Z 

.Bhl!' gmllla _ II :lIIa 1l.402 n.a7!l1 0.41(\, 0.:156 o.asa 0.2'J5 I O.34tl 0.:1:17 tUO:I 0.:!S7 1l.2l~) O.~1."~ 0.286 O.:t17 t' 
BUITulu g,'USS , .·125 .:177 ,423 ,4(~1 I _:~~!l, .439 .418 .5-12 .:11'2 .248 .:132 .:139 .410 .:104 .301 o 
8111111Io"~gn\~s •.Jr,I,1 • 5:!!1 •:-l3G .:lbll: • :152 I • 404 • 372 • :171 • :IOU • ZlO • :;no .391 .4011 • :13U 3N q

_"IS I .1i01 .59S • til:! I .()Or. I .592 .595 .75:1 .672 .638 .5\11 .ti29 .0:12 .f,-IO .0:\9~:!!:~i I~i~i:~~~~~!~!' .:19:1 1 .:lM .311 .:132 .21S .391 .:116 .:161 .275 .IS5 .2'2t1 .292 .a:l:I. .270! .:105 >
8id,"'OHtS gnuun .:182 I .:139 .407 .:l1G .24i .~'!lO .2f,O .:IS:I .:117 .277 .3:1S .451 .:~10 'I .:~lS .:1:1-1 

t' 

Swit('llgrn:;.,..; .a!li! t .:168 .:120 .391 .:100 .429 .40t .515 .260 ,:\Og ,471 I . (is I ,:ms .·123 .3\16 3
~nt~(l dnJJlS~'llti ·11Il. .:lnti .:1601 .:!SO .:!s4 .338 .307 .:110 .250 .240 .:!S9 .249 .:141 .274' :108 t'l
Lilt'" hhll'.~!i'1II . .·IS2 .:!!Iti I .356 11 .:16-1 .237 .:1112 .258 .:170 ,210 .17:1 .2·12 .:l07 .:lIlol .~>tlO! .:113 (f1 
Uinnl. n'cdgl'Hss 1 •:Iliil . ~;".I· .. 309... .:J:!S. .254 .3U7 .:m ,:It.) • :143 .276 I .2:1[, f'2t.. •:no, •:15.2. i. .:mII,. .

m"w<llIL ~nL>;g .450. .:ISS .·120 I .4()1; .412 .5)7 .434 .5.'>111 .515 .•.&:\01 .413, ,f.1I) .4:14' .·ISS 1 .41i! ~ 
~\ \"l'mgll =:--.::I.tS1 _:.392.. -'-.:iSIT-,390 C . .:3~~L··1l3. .31~i I .445 .__.~14 r~ .~'1i2, ',;!:'!.- .412 r-·?!l4 .::ili~ \ .. :lS1 

::J('001-\\ ('nU"'r tY]lt's: 
r .. , • roll! t) I' .. (j ••_ ; • I , " 'I: r:'" t r." ~ .. , i .- - , '0) >'!'(',Xas hlu(·gm~ .•HS ••1"_1 .:11- ••1.11 .•11" .434 .4.'iS! .-1.1.1 .-1111 ••,,0 I ..,13 .".s, .31" .411.. .4.1_ 

\\*'(,\SLL'rJl wll~ntgn\s.'j: .. 37i~' _:mo i ~~:! ~ 4:e!!J .2.j9 .. :112: ~a·tr)' .~~)~ r .f.f,o ~a~31 .~,)2~ .2'\8 ~ .;U~! ,4f~1 ~ ':'~~ Z 
~CIIIIIUIn wild·rye .·IIS .-Ir.:!.;, .--,' .-.1... ______, ..__ ..•IL,______,___·! .44.• :_,_I_:-'~ :'IS.I-l-~ t'l 

,\ "('r:\~I' .~~S:! :{il i .271; ,~,~~, .!H:~· .;\;;4 .a~IIJ t ~4S5 f : IS;)! _5f~) I ,·In·t ,,1:1;1.; .~J:{5 .47·1 .-IOSf 

":I
All prH'ltninl gr,\:;"'tt'~ ,~~~l avt! .:i(itri~ ,~a7t .a.m 107 - "::Jii j <--",4iHK 1 ·,anr. ·-~.:n:(:· .:iii' ,-"-Ifi"'t-"'- :,~:! .!lMi', --- ~~i~i o,

Anuuf\l grnSS(~$: ~ PUI')III.I snndgruss ... _i~M~I___:.. __I.. alU _:~I_ : i -110 ,;:11 I .DIS o 
.A II grasses•••• _...... ·1:11 !I!IIl .:I(~S! .:I7I,,;:tIO! '1112, .:17_~ 1_"~!~~1 ,~~.:~li5' -.·a:ltj=.:Ji~ ',41[1_' :\';1 -.:i;VI--::Ihli t'l 

, .-~-, - .
Pnlllt!llJl,' forbs: , , 

Hllsh mOnling·glnn ,-1).,; ~74S' 1.;",,,1. 1.;{:!S: L:':!2 4 Ui~1 : \.1.711 rj 

Hall<l pea __ _ miT .G:!ti' .Hi'V t h~ I.:J!'H l.~HS tom 1 1. J~O: 1 (i;t'; I LUliS' I 1\,11 ~71 t L2·m 1.0i' >'" 
JJor!it!wced~,,~ .. ___ .. ~+ (IJb I. IS4 1 1.1ti31 I. ~~;4, I 1>14, I. I\)~ j 1.10:1 \ I. ~~~I I L:111i I 1.:12" UISU I. I:I~ f I. 2'_~) I. .11'1 ~ '-I . -'~-1 ...

.:;r.;!It:1Sl-I.-I-IO·'''1.:1U7jT:!:., I 'T.iiS4 -I. IIKI' L 11'2- I. 1117' 1l12\) I I. 2:1[,' LlII .".-\\'~rn~¢ "... • ................... _ 1.4" ! (f1
~ ! __ ';..z 

All pallllll1.I(' 1,lalllS (gmS!1\'s nlld lorhs) .~I\J ~_-:5~·~'~S2'1_~..-:.r;ti2_) 4!~1 !-_~~: .175: _.4.j~~ -=- .-ISI .4SO i .4!1!! I ·1\10 
Shrubs: 1'1'~'~-;'--;~IJ~~I .~I;;I-;;;·-1.-2~7-1-~s -1.2$0- _1125 -.I.~."!lSkUllkbl"h \1.:I~.' I 1.18.'7\ .1.1).(\1

Sund s Igl'l.I'U~1l 1..:1 li.'i!! i5li'. S:l\I • \1.10 l I. 014 • ~G2 • ilKi ,liS • Hili :'(H·I·....:~II--~ CJl 
AVt.'I1l}.;ll '~tj;lll _t;ti'-,I\~~-I .S!l\i-:.::r:JO"CL~. dij l.~.t .119:11-:SGi"( 1~(Ji;iJ; .l'IS .\l5t1 .002 I-' 

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



• • • 

TABT.E 11.-S1111lIlHII·Y of Illc uecru!/c Jlhos[JllOrll_~ COli If'll I (If III/tin- rllll!II' fOI"lI!!t' for f/ ,'j'1/('(lr /wriod, .~/IJ'ill!! of l!1·W 10 s/)rill!! of 19·15, as ~ 
('J,'Il/'(,_~!l/'d (1/1 1111 () I'l'It·d 1'1/ /J"_'<i.~ 

--~- .. -.~,----------------
.Phusphorus cOBlt.'lll 

"3 
M 

Summer WI"l,-r aKind Of ral1~e (orage 
w P::, ,-, I \ -I , I !"--I ~::~:. !Winlt·r!AnnulIl 

~ 
.. ~~ 1\ftlY June _~~~::_ ~~:... ...:':I~_ O~t. ~_~)"(••__~~~._. __ •• ~__,___ ..., 

a:.
PertlJluiul grns.st\'i: t'
'VnrIn.w~alher tYIWS: Pac(1I/. PrrClllt Ptralll Ptrrtut ,PeTctll1. PtrC'~,lIt Pattnt PtICtnt 'PrrcnJt J'rrcrnt Ptrc:t.nl ptrCtJl/IPuun, ,IJ>rrctnt Puunt 


Biuogrnnlll ................................ 0,2"8 O.~'!H 0,2'J5 02:11 0.194 0,139 u.1I8 Il.OO!; I 0.103 (I m'2 O.OflS 0.005 0.214 0.08~ O.BU b:) 


Bullnlogmss, •••• __•__....__..........___.... .:UU .203 .187 .1;l(Ij .191 .174 .la5 .IUO! ,OSO .086 .070 • ooa .190 .uua .140 d 

SIIIHllo\.t.grtL<;S .............................. , .29·1 .?.!l! .2'.!'1 .~'Ili .~~)J .192 .1Il7 .1:14\ .111 .Of.s .101 .0&9; ,224 .112 • illS t' 

t'
SI1I1tI IIlSPlllulIl ............................... :lSS .~4:1 .247 .2112 .l9tl .151 .152 .1(14' .127 .lIi .OS2 .IHJ .2.18 .115 .177 

SIIII<1 ~JU....~telll............................... .3(\S .2S2 .187 .12'~ .120 .106 .I:m • t~'j.j • II\) •{I52 .049 .040 ,IU8 .074 ,131. M 


"3SI<le-1latsgrumtl.............................. .299 .2'11 .144 ,OSU .1:1·' .OS2 ,065 ,O(\i .0iO .020 ,(l... .IJOO • Ill! .058 •.109 

Switehgrl~<;S __................................ .:1112 .2lli .193 .124 .128 .115 .152 .0,9 t .U~l .on .Of,g .0(~1 .208 .085 .IH 
 ~ 
8t11ldtiropseo,1 .............................. .:192 .ZlI .2';(l .17S '.lb9 ,158 .IS.~ .0SIl \ .• 121 .O!IJ .Oi8 .OW .Z18 •• 107 .li2 

l.Ittlebhll'slelll ................................ :llJO .285 .Z!3 .1,1.189.119.1:10 .1:!7 .•Oi2 .O(i:l .058 .0011 .m .US!! .IL-~ co 

(lhUltret."grl~<;g..........._....._............. .2..1\1 .315 .IM .161 .JlO .130 .151 .OI>S: .111 .085 .053 .340 .100 .13tl .W:I ,l 


lliowoulgruss ................................ .:154 .2\13 .Zl6 .214 .104 .Iii .IS~ .I:!!I' .12i .114 .U'J5 .084 .233 .12'J ..liS e.> 


.-\veragc..................................... ---:a:i'9 ----:252 ~~ ----:lii6 ----:-w ~-.~ti05---::1ii5 ---:o7il -:OOu --:tiiJS -:2i2 --:Ii98 --.-155 

CooI·weather types: ------ --------------------- ------------------ c:: 


3·e""bIUer,...<;S ................................ 347 .2011 .ISO .146 ......... 200 .Z8.1 .124 .194 .2Hi .20(1 .3.14 .210 .m .m 

WcslemWIClltgrnss ........................... :I$.~ .:J:!1 .221 .149 • lOS .098 .223 .275 .!?tKI .21:1 .216 .071 .199 .210 .~'!H ~ 

ClllllltlBwiltl.ryc ............................ .:120 .314 .218 .lli .J(~I .088 •2III .266 .210 .245 .2iO .~'2S .194 .Zlg· .217 

tj 

.... \'('rIIg0 ....__ ..............__ ............. • • :15:1 -z.;;o ~ -:Iii7-,-:lulJ- ----:i2iJ ~ ----:222 ----:-zII ~ -----::m -:2iI ----:lii7 -----:22S -:m M 


.... II p~'I"nllilll grnSSt'S .......__.............. --:342 --.25£ "'""'i:0ii8 -,-I5S ---:Ts'7 -:T:lS ~ ---:T:i2 ---:-i:iO !iiS ~ ---:T:i2 .209 ----:T2f.' ~ 
~ 
.AlIIlIlflll(rl~<;SCS: "'.=.. .. -"" =. '.":= = = =1==' ,;= --""= "'-= ==---= =-= =~" .~,0',. 

oI'urplo SlUltlgr!l.S.!.............................., . 272 1i5 . IS!! . 18:1 .140 .004 .097 .Oi2 • ()Ill.. .203.0S8 • 139 

"'l

All grasseS .....................____........... ~..:..~2 .... 253 -21:1 .~Ifii[ ....:!58...• 141 _•. 1~2 _ .~I~ _..:.1,:'1. _..:.!IIO ..~!IH . •12'l I .. 211 .• I:a__~Wi 
PnlMllbleforhs' -~.. ..••. .! . __ . ---.-- " .-- j--... -----._.-- --- .. ---.-.-,-.-- o> 

Hush mornlng.gloty._....................... ••• _ .45.~ 240 • ~12 .121 .134 .tHO . .210 .O-IH . ~X) ::::....
Stllltipcll . ................................. ...... .:!,J~ 1m I .145 .14:1 .!XI3 .(kll .002! .1)59 .lkl.1 .mo .IHS .Wll .11411 .m! a 
lIorsewcl.t. ................................... ~~.-:i!~:,. __.li-tl. 2...7 .210 .. _: l(li!.._.:O,~~.L..:.'~~ ~~ ___. ~~~L._~~ d 

Averngc ..............................__....... .354 .~~.S, liS 1 .ISil .154 .Im lli4 .074 ()(~i .!k10 .Otll .~'2S .()(\().! :1:111 t' 

dAll Plllllwble plants (grnsses lind forbs) ........ ~~~~ . .;:~. ... :!,.!'l 1...-~I~~.! . ;'1:1 I . ~~:~I~ :~~I .11:1 ~2-~~1 ~ .~;~C -,~:09~ :~IH '. }~i .wi. =~~~ 
 ::;, 
M 

Shrubs: I p. "3 

Skwlkbush • ................................ .407 .2ll1 .185 ,1:19 .150 .115 .13i • lit) .144 .151 .117 ...... .215 .1:1:1 .Iii 

SlUluSllgcbrush .........................._.... .3n .354 .:!'.~l Iii(! .~'IlO .218 .~'IlS .H15 ...... .127 .119 .116 .259 .147 .21.18 


Averngc .....__....__..........._..
__...... -.:192 ----:323 --:-~'IJ!II-·. iua' -.-rn- .107 ---:173 ---:lil-:W-\.- .1:; ·-~ii8 -.Jio ---::m -:-;;---:IsS 

http:Ptrc:t.nl


TAllJ.lt2.-Slimmaru of Ille at'craue protdn C07IIt:lIt of nolhc rl,e forage for a· 5·ymr l)criod, spr.lIU of 1940 to sprillU of 1-.. as 
c;L·[Jre.~s('d 011 UJ! orclI·d)·y b(l.~;.~ 


Protein conteu~ 


Kiud (II mllg'· lomg.. SutnI11('r \\'illt~r z 
q 
>-3

_---'-' -------. ----I~--I-- I I ~~~:'IWlllwrIAlllluBI 
AI~:...1~~__~_ ~:..__~I:g~.. :'2'':. ~.~':.. x~..:~~ _~_!~'::...,___ , ___,___ 

perenullll gmss,·s: I 1 3 
o\\"urlJl-w(~nthcr t\']1('s: Peru'!t J>trcent Perce"t PrrCtll( Pacelli Ptrttlll PtTC(1I1 Pactnl PeTu"t PercaJl l'trcelll PttUllt Percent Percent Puct'" 

lllUl'gmlllll ..: .••••_••••••_••••••_••••_••• _•• 17.71i 1O.H 1l.• 37. !i.n 7.41 IUS S.:lS 5.36'14.62 3.39 :1.77 3.40 10.08 4.3.2 7.20 z 
llulflllo!:mss .•.••••••••••••••••_•••_••••_.. 10.20 10.00 S.16 !i.:H 6.26 7.:n 4.:17 n.m 4.M lUI 4.29 4.34 9.04 4.76 6.00 > 
Snlld lo\'(·gmss._•••_•••-.........__......... 18.:19 Hl.:15 G.!!!l 5.76 4.44 4.17 Ii. f(I 4.7ti 2.81 2.61 2.62 2./;:! It:!:! 3.60 5.92 t" 
Snnd Il~SI"'hllll ....._••••_................. __ 21.$ 1:1.31 S.~5 5.01 5.00 5.BU 4.69 5.IH 4.S:1 5.1l7 4.16 5.4U 10,14 S.OS 7,nl C>8nml lhll'st~IIL .... , ........................ 18.:12 14.52 S.1I -1.80 :1.39 4.:14 2.24 2.78 2.10 2.29 2.19 2.2., 8.111 2.31 5.61 

8I<1,·,0Ilt.. gnuUn.... .......................... I.~. fH 12.17 7. IS -1.39 :1.85 ".39 3, .,2 -I.M 3.24 :Uli 3.40 4.31 7.9') 3.75 5.84 
 ~ Switrhgmss .............................. I!U2 1:1.1\0 8.03 4.00 •. 44 3. liS 2.72 2.14 2.16 I.ii 1.11ll 2.17 8.79 2.15 5.47 

81111<1 <lrOI'5(·....I............................... ~~l.!l.~ H,lS n.M ~.7S 6.21 7.10 6,62 4.114 4.74 4.73 :1.85 4.00 10.80 4.S1 7.81 

Liltle biurstelll........_.................... lIt:l:1 12.78 7.26 4.:11 a.1l5 3.69 2.95 :J.SS 1.00 2.07 1,Ii2 2.00 8.00 2.41 5.24 ~ 

Oillntrt'C<lgn~o;s.............. .............. Hi. 45 12.~'2 6.84 5.:17 :1.34 4.05 3.00 2.fiS 2 . .11 2.2.1 J.~'\l 1.92 8.05 2.37 5.21 
 -t'llllowoutgmss ............................... \8.27 12.0:1 7.00 6.U4 -I.M 5.87 i.15 S.li S.31 :Uil 4.27 5.57 ROO 5.21 7.14 (Jl 


.-\ nrngc......................._............ lii.ii212:41--s.ii'" ---:;:SU' -4:71 ~ 4.(;3- -:t3i :i:5O ~ ---:t(i:I---:r:iG ----u:ol---:r-7i'TIi::{cr 
 o
Cool·w~nthrr types: ------------------ --- --.-- ------------------ -- ."1 

'l','xllshlul'gmrs .......................... lfo.f..t 12.0:1 7.:12 5.80 o.m 8.M 1fl.•;S 11.·19 lO.Hi 1:l.l0 14.37 1r..11 9.93 13.IH 11.7~ 
Wc.~(rm wJJ(~ltgrn.":L ........._............... 22,12 12.7.1 9.-18 n.24 5.G.1 5.74 1:1.':0 2(U17 18.M) 8.51 H.~~) 2'.!.51 10.32 16.25 1:1.2'J 
("IIU1lln wlJd'r~" .. _•.••••••__••• __ •• __._..... 2Ul'l 1;1.67 7.61 ;1.~2 3.C.2 3.:12 12.liU 211.18 1:1.8.1 13.7G IS. <~ 24.51 8.79 17.29 13.04 ~ 

ZA\'crn!;c............................._._..... 19.89 1 12.11~1 s. H 5.10 6.00 5.98 14.32 17. Z5 H.W· 11.79 15.•8 21.04 9.58 15. i2 12.70 o 

Allp(·n·t111inlgmSS,'L .......................... 1~.42 "'::-50 S.l:'_.!~.o._. 5.01 _5.3~L 6.63 7.13. 5.~~ 5 .. 16 5.,( 7.:!:lj !I:~./ G.28J_!.:.~ 


\:J:j
,Annunl gmSS('s: • oI I I 

t'l 

l'Ufph·Stlllugmss.............................. .' ........ 10.72 7.00 6.61 7.61 r.,:~3 6.28 4.30 4.18 3.nO ...... 8.00 4.00 6.31 

All grll.<se~ ............._...................... 18.42 12.[;0 ~ 5:tiQ """'5.iT ~ --u:tiI-7.08 15:li8~ ---s.ii3f7:23TU:-24rO:22---u:i s: 
o 

Pnl,ltllblc(otbs: =-~"'"-===""'=I==! =======~ t'l 
Bush 1J19r11lng·glory.................._........ ...... 17.09 13,52 12.38 S.27 5.00 3.03 ..... _._ ..... ........ ...... ..... 11.38 3.m 9.~'9 

l'IIIHIJI('u ....... " ...._............................... 1U.:\!i 15.17 12.11 5.H 9.&1 7.M O.ii 7.52 s.r.:! 5.26 3.83 12.:lS 6.11 8.00 
 ~ lIorscwee<l......_........._...__.........._... ...... la.92 9.3S 8.35 12.:IS 9.70 7.11 7.25 3.IS 7.34 7. M 9.11 10.76 G.92 8.67 
 > 

A\,cmge.....__........................... ~..... 16.791 1.2.69. 1O.9~. 8~L 8.43 ~--2':~ 5.35 6:4il ti.40 6.47 lUI 6.~ 8.00 Z 

.-\IIJlnlnU\hlePltll\l~1l;mS5(·sn"'lltJrbs) ........ IS.42--i3~~;;n=~~:.. 6.~ 5.7~1•..'~~1 6,49'7.07 5.64 5.26. 5.72 7.14) 0.82 6.2'il=8.~ 

Shrubs: ---j-----,-'-------------I-------
~ 

8kunkhllsh ....."...................... 16.8-l 13.SU 10.71 8.86 It 0:1 7.~~; 11.16 7.111 5.07 li.11S 5.4:1 5.IH 10.75 6.23 1\.49 

S4ndSllgt'l;fu~h.............................. li.ll7 Hl.r.:r" 20.44 8."';S 7.112. V.H) SA:! S.:I.S 4.14 7.81 7.00 tl.41 l;UO 7.27 10.34 


A ,,"mgt'..................-................. '-17. ;;ll--;:~: :i,\ 1_ ';5~ [~I-&i2r'7-:-;3l~o-:;~ -7:2il -7:7'71'"'5.36 7.4Or6.67fO:03fl2:os ~~ 
~ 

http:7:7'71'"'5.36
http:6,49'7.07
http:u:tiI-7.08
http:lii.ii212:41--s.ii
http:5.36'14.62


ClTABI.E 13.-Sumlllary of the average fat contellt. of naiiL"C /'(/lIgc fOl'l1gc {a}' II 5·year period, Hprin!l of lfi!,O to spring of 194{i, as exprcssed 
~ 

all (III ol'ell'(//,lI /J(/.~i.~ 

Fal contl'nt 

I 1 t -1 ~ 
Kind or nmgefomge ;;ultllncr 1 'rinter , . Q 

1 'I ~~~~:- I 'i:~la .\11 Iluul 
Z::~~.I !\lay I~I~ '. ~~.I:~I~,-!I_.oc~J Nov.I~~.l~~1 FCb'I~I__-1___ ' 
::q 

JUlIO ___ H 

;..' I I I I 
Q 

l'erennialgrtlsscs: I ' ; I . , t'" 
"~arIIl.wca.th('r t~ P('S; .Pt~~t'I!' PU:)C~:'llPaf~./~! IPtrC~~I! 1J'r~;t~i! IPt~C~/!} JPr~full :Ptretllt PUft!.,t Percent IPuct!.,l ~.Pfrc(!.!! {fJt~ct~'.! Pe.rctn.! Pergelll

Dlue1rntl111,"~~- _~ ... ___ .. ~ ..... __ ...._____ •__ ~ ~~a :;-5? !~U~~ :t.::~: ;;-;.,1) ;;.•~-~ ;;.~'lt J.IB !;:)Q };~lt J.~5! U.!tl ;j"'" !.6_ ;;.~lU b:l 
ButTa ograss .................._••.•••_... _.10·1 .. 53 _.O!, I ;3... ' •. ~~ • .40 I' .. 61. 2.3U ..., .. 3~, I.ro, 1.56 .. 66 .. 11 _.IS c:: 

Sandlo\'cqrtlgs ............................... :I.·Hi 3.2-1; 2.3\}: 2.1l1 2.791 2.31 2.39j 1.b:l 1.97 1.721 1.IlQ 3.411 2.70 2.16 2.43 

~nndpaSPillum~_. __ ~" .... __ .......... ..~_ .. ~ __ , 4.27, 3.16, !!.. ~17; :!.:W ~.. 63 2.751 2~41 1.~J:J 2.17 2.421 2.83 i 1..62 2.95 2.2.3 2.59 ~ 

!'land blnestetn ____....____ ................... 2.:1S 2.114 2.85! 2.71 :!.:l:! i 2.9S 2.46 2.0q 1.86 1.94 i 1.6:1 1.46 2.70 1.90 2.30 t'! 


;.:>::1ide.ollt$grnma•••• __ ..__•______ •• ____•__... 2.SS :t.oa 1.78; 2.m! I 1.95 2.79 1.96 2.1S I' I.SS 1.76 I 1.84 3.n 2.42 2.23 2.32 ,.::
ilwitch~rnss...... __...................... .. 3.00 i 3.35 2.15 j 2.51' 2.31 2.271 2.12 2.30 2.21 1.55' 1.47 1.93 2.75 1.93 2.:14 Zf~1l1 dropse~\L _ ........ __ .. ____ ...... __ "' .. _.. __ "'__ ~.f!S!~. ~3 t ~.3(j :; i~: !;S5 ~2~ I !.?~ !,~4I !.?2 ~.4?· I.4G 1.O~ ;.44 ~)"5!! ~.f!J 
,.lLcbluc.<tellI .....____ .................... ..84, •• 86, •. 86 .. 4'1 .. 06 3.0'1 .. 3. _bS, •.34 __ 43 I.SS 2.3. ..65 •• 3, -~. co
GuUltrcet.1J:!ras~L~ ...._____ ~.. _.. "'~. _ _", ... _", .. _.. _.. _ 2.52) 2.73 ~ 2.42 ::ti2 2.45 it7; 3.07 2.fX'1 2.26 2.17 ~ 1.25 1.7~ 2.91 2.20 2.57 ,;:0. 

D!owoutgrllSs .........-............_._...... ~~l 2.69 L~~!~~~-=~.-:..~~.L~~~ 2.12 2.:~1 e' 

c.o> 

A\·erage......__........_..._.............. 2.98 2.891 2.40 2.75 2.30 2.69 2.35 2.18 2.05 1.93 1.76 1.92 2.67 2.04 2.35 
 c::Cool.weathertypes: ---,--------------------------------- ----- 
Texasblue~rass .....___• __....____•__..... 3.24\ 3.4:11 3.02 6.09 3.52 4.34 4.11 4.37 4.45 4.51 3.69 4.00 3.94 4.19 4.06 Ul
'\·esterIl\~hl'tlt!!rtl'{ ......--.--......--- ••--.. 3.62. 3.26 2.16 3.34 3.61 4.0~ 2.91 2.65 4.101 2.78 2.81 :l.42 3.3~ 3.11 3.2:1 
Cllnadawlld·ryc ....._._____..._______• ____.. 3.98 3.201 2.SS 2.56 2.14 2.~6 2.8~ 3.95 4.16 3.81 3.99 4.35 2.94 3.86 :3.40 t::: 

Average............____________•__• ___ ...... ;1.61! 3.30 2~69 4.00 3.09 ~ 3.75 3.:.'!l 3.66 4.24 3.701 3.50 3.93 3.41 3.72 3.56 
t"l 

~ 
• AIlPlerOnnilllgrusses ........._.._______ •____ ._ •. _~i 2.9S___::~ 3.02~_:.~ _ 2.911~1.?:501 ==J~3_1_.'_-=~--=35 2.83 ~_.~ 


o 
""nnua grasses: "'J-'-\---'---1-\-'-'-"" --,-".~-~.--,-1l'urplesllndgrllSs••••_________••• __ ••__.....__ • "' __ "'I=.:=:.~~I 2. 7:' _~ 2.991_:~:J 2.59 __1'~_' ...1.27 ~ 3.44 2.331~ 

Allgrasse.'L_ ..............____..___...._____ •• 3.11 2.98 2.5:1 3.06 2.4S 2.97 2.6U' 2.531 2.52 2.27: 2.()S 2.35 2.86 2.39 2.62 g; 
Palatable rorbs: =\='='='''-=1--;='='' "j "-==,= ·==~··~·;·=·=·=:····-=·~i===-==== l:t1....

llushltlorning.glor)'.... __ . __ ..••• __ ................. 1 2.63 2.07 'I' :1.22 \1 3.2U I 4.42\ 2.11, 1.2r.!. ...- I !. . :1.13 1.70 2.72 Q
Sand ' ~ .) - .. - . .)-. ., i OJ r:' ,- --.J ' .) .)'.J c::11t)t1 ............................ _.. __ ...... ,1.01 .. ,8 3.•3 3__ '. .1.• 14 3.0·1, _•••1 i 1.84 .93! .11 '. _..• 85 u.19 •. 00 .. 1>1 

llorsewced .........______ •___...__.....___ .... __.... .. ........ . .... 1... ... 1.351" t. 1.3S 1.35 


Average....._......._____ 2.82 _ 2.~3 L~~sJ_::.~~C:i~~:;~c~~u:.I=-T7I! '. L~~_...:~:~!~':77 i-~.ss 3:16. __ 2.4~ S
d
mm__ m • ___....... 
 1.79 

::tJs!:!~atnblc plants (~rasses an\! rorbs) .. __....__ 3.lel 2:9~L 2. 5:.!=~IC:_.~:.~:.J=i §:I.:::.:·~!r i.~u~~.£.jS~!=:'.lUJ 2.~_! 2.39 I 2.8U-, 2.34 !::"::~2 t"l 

SJ.:llnkblish.......___ .........____..______ .. 2.43 3.961 U$! 7.03 ' 5.161 10.30 ',' 5.46\ 4.07 i 3.001 4.031 3.72 3.481 5.53 4.07\' 4.81)
Sands3~cbrush __ • ___......_••____________..__ ~~ 10.26: 10.05 12.83 ~~ 7_SS ;~I~~I~ 9.20 I~~ 

Average._________......_.__•_____••_____.___ 2.00 4.52 7.221 8.54 9.00 12.00 I 7.56 5.98 I 4.00 I 4.11 •• 20 3.03 7.36 4.81 6.09 


• 
1 j

• 
1 1 

• 



• • • TAlII.~: H.-Sltllllll(lry of Ill(' (It"cr(lgc llitrogclI'frcl'·cx/l'(lct CO/ifNIt of /Intire rall!!C [Orrlgl' for a 5·yc(/1' I)priod• •~lJrill." of J!14() to .~pring of 
I!H5. as e.)'/J/·I'.~.~(·d 011 (III. Ot'fl/·c1r:1 llll.~i.~ 

NilrOVl·U·rn~e-extract COlltl'nt 

Kind of r:Ul~~ forage $UJIlIUt'.. 	 'rinl~r ~ t z- ________• _~ ~_ • 	 ~.___ ._ • - ___ ' 1:"1l1Il' .\ Win· ArulIlal c:: 
I I I I ' I I t I r ' wr tJJ1t'r 8 

l:::: ___________________I~'_~h~~~l JUlie I July Aug. s~I~I-~~~:-~~-~L~::J~\·h.,-:,~I~l------L--- .... 
>-'3....

Perennial gras."<'s: 	 I I I I I "I .! I o,,"'nrm.\\'ratlu"'r tYlwS: 	 ,[-'erant ;Plfctlll Ptrunt ,Perfrnt ,Prrctlll PtrUllt :PtTftltl !Prrcrllt ~JJrrctllt ':PtTCl'nl ·j.Jtrctut Prruni 1 Partnt jPrrctllt lPt.rUlIl ZllIUl'~mrJJa .••••••__ ......................... 1 4:1.63 I 49.0S I .IG.S9! ,.1.70: 49.51: 49.9~ I W.31: [A). 55 , 4fi.151 r.o.20' 48.3". 52.U": 48.48 I 49.61 I 49.M >
lI11ir,\lo~m."s ......_. ____ •... ~' .............. 48.471 5:1.481 ,oil. 51 5:UO, 52.t12! 44.74; 411.0:1; '>I.ilS l (>1.51 I [".2.'i I49.:!'J ! W.f}4;. 5O.5.'i I ~1.40 \ [.0.98

!illndh)\....gru-'~........ , .... ~ .............. 44.10 49.72' 5:1.17 M.M: 51.11: [.1.9(1 51.12! 52,70j ~9.201 r.o.62 46.95 , W.W! [.0.77 w. 13 1 W.45 t"' 


~aml 1)'~'I'IIII1IJL.. ........... .." ........ ' :1:1. ~91 40.2:1 40.67 i 4fo,4fi I 46.:15 i 47.3L [rI.OO I49.:\8 1 ·12. f}4, 40.45 4S.11 40. O!l I 42. 42 14" 79 44.10 /:)

~:l1H1 JhU'~[('ln.._............ ' .............. T 40,SO 42.SS 47.89! .'.0.\1.1 &l.tll1: 52.51 49.49 W.17 1 4I.W', 46. H W.S4 5.1.79 l 47.62 48. foil 48.14 

Shl(••outs~nllnll••• , .. --...... __ .......... ____ .I.IIi.4s. 45.33 55.Wj51:11i 51.47' 46.51 50.72 4S.ti5: 5:1.73 51.03· 59.01,1 44.:t1j 49.39. 51.2.'i1 91.32 

c: 
>
SwllCh~nlss•••__ .~ ................____ ..___••• 118.31, 46.97 46.3\ 51.91 t 53.r.. ,2.52 W.6l 52.07 5O.SO. 49.32 I 54.5:I! 45.48 t 48.29 r.o.47: 49.:t'i t"' 

Sawl dr~Il..,,<,~d.... .......... "............. 40.f>l, 43.M 41.M 5O.n3 j 46.48 ·1:l.57 47.60. 47.411 4G.tlS I W.19! 47.W' 4:1.19 r 44.43 47.07 t 45.75 ~ 
Liithl bhulstem_~ ___ + ~" •• ~~. w""'''''''< 42.$. 4:1.71 47.11 I 49.78; 47.~h 50.~; 48.07; 5~.17 ~ ';8.71! :;2.f~ r 5lAfj: 50.72 ~ 4(tD7 1 50Ai 4~,72 "::l 

.. 

Gillnt rel'<lgmss ••_......... .. ! :1•• W I 41.21 41.Hl. 4S.t}l: 4l>.S9 W.OO 52.91 51.[>5 44.104! -HI.:t! 49.~9 35.00' H.15 j 47.5.'i I 4;'.85 .... 

1ll0woutgnlSS ••• __ ............... 35.15\ 42.76 42.SSI W.SlI ;;I.tilj. W.05' fAt. 17 , 5/.59 51.01 51.2:1 51.49 4ttlS' 45.56. 50.28 47.!J2 £ 

.\\w"~r __ ._.....__. __. ______.. 4/:011- 45::11';-4;;. foS T W.SU' 49,84, 49.10, [>0.10 i [.0.92 48.lb 49."'-,' W. f.i 4ii:'w f47.J'Sf'4ii.':i4)--iS: 2t o 

Coo\·wrallwflrl'><'S! ,--.--(------.1--- ~-- -.. ---;--.. -.~ .--. .---' "'1---,---1---'- ... I:j 

T""L,hhl('gras.'. " .... ............... : 41.43 40.11 47. OS I 41.W 45.21, 44.77: 3(1.)0. 4r..m 4:1.ti:l i 45.m 41'.l;t: 4/.951 43.42! 43.!H 4:1.r.5
1 	 l::::""',h'rn \IJll'al~raS" ... __ .• __ ..........", __ 'I! 34.7n I 14.55 47.66 50.51" 48.lm 47. GIl 42.711 42.4S 42.15, 47.:11 4;1. (~I 46.14' 45. f}4. 4:1.!l7 I 44. SO
I 	 >

Cnu",I.i\\ ild·r) l' • " ......... --........--.... 3S.72.i~ 49. 03 1 55.671~i~L~j...:~~~I·~;~f~;~~!~;~ 	~ 
C

AYeragc..____• __ .......________....... __... , 38.30 L=~~~~i 49.42 L~S.69 L.~.::~L=~_L.~::::.~L_~.~.:~!.~1 45. 
95 l 43.49 L~ t;; 

All perennial ~rn.,s<,~•••---------...--.--.....--' 40..4:'!~_~_~W l~9~7~:, 49:.,01.1_4S.3SJ~ 47.1.:l~I~1._~L2~.~J 48.08 1._47• '-:j 
oAnnllnlgms...'('S: 	 ---------.. ~;--.-•. --'- ---·-·----------1------·----1---'---49 

Purpl,' smlll~r.", ............. __ ..... _ 	 49.oo! [.2:...~J 47.80 1~1 44.88 I~_!!:~:J·------L~~·~ ~
.:.::.::\----_--.\48.48 	 50.39 
o 

AII.lglmll'.."<'rs.I.. ' ......--.................--.....:Ul.4:~lo.44.64 ~7.11 _9l.HI. ~9:~L~·93 48.351_4~.22 46.971..•• ~9:~~) 49.00 I•. 45.0~.t~:911. 48.~~1.•~~~~ 
a atn J I' or J~. I I " 1 I ' , :' , 

t;; 

I'dp 
III!~hlllornill~·~I,,·~ 	 ........ I' 32.4(1.52.73 5.1.:l!Il 40.46 1 47.77,.... _.......... __........ 1..... ,: ...... ~: 46.00 ....... : 46.00 
 t"'sand:",''',' . 	 . ....... ~2.l>!: 4S.p5! 40.~~ i 5~ ..~~' 4~.£1!: 41l.3.,! i 42.11 I 42.1~ 31!.48 3!:.55. ;15.61: 45.~1 i 41.!()! 43.6~ 
 >lIurJ'{\ ''tIl ..............___ •__ 45.1". 51.35! 49.t.ti I 4,.23, 4•••S· 44._. '.____... 53. OS , 4!i.95 , 4•• 04 .1514 48.24 j 45.,0. 46.9. 
 Z 

>-'3.\\('r;I~~ .~~.... " ~~:.:::L4~17 j.~LO.?IX~;~~~X~,};i:~F€t~}11.42.n 1;4:;-..60r:;;~7-;::'42~IO "4~:JS~ -~-,t~3~1°"C~~~'!.... 	 U2 

All pala,,,Ioh' "],,,,1- i~t;l","" ,.,.1 " >... 40.4:1: 43.85! ~•• 74' 50.02 i 49.80 I 48.59 47.99 48.78, 47.M f 48.27 48. 26 1 45.01, ~I;," t 47.5ti 47.15 
' Shruh·~ 	 --- --t---'--~ '-,~~-- '~i-"--i---~~j~ ...- ..... ...- : ' ;- ~. .,.--+-.- ·-~-1--·-~...,.,-·-··--'~·-.. ''--_' 

t'kur,kbu,h 	 ....... : 49.SI 55.60 I (,s.ns r'l.07 \ (04.41: 60.68: f~).:lfi, 51.!12' :;0.49' G192 58.'I! r.o.21 59.93. :-.6.60 58.!:': 

:;'l!l'L"I~l'h'u,,1: ____..__ • 43.47 46.08' W.21 45.76; 41;'03. 49.3\ 48.•11 '51.27 -IS 69 45.211' 40.&5 46.97 46.97 46.97 

,\\l'n\g~ ................. , ...____...__ j -Ir.,I;! 5O.S4·;,s. !O·I54.42-55~671-55.01 1"'""54:56 1'51-.92 I" 5:I.SS I' 55.31 151~9'J :-:j5.53 ; '5:1.45' i,52. 20 1-52.
01 


82 
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http:O�I54.42-55~671-55.01
http:32.4(1.52.73
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• • • 

'l'AUL~; lri.-SulI/lI/ul'y of the U!'c/'(Ig(' crlld(' ii/wI' ('(}lIt(~/lt of '/Iulil'(' ,'Ullfle fOl'uge to/' a 5-yea/' periud, .~/l/illfl uf 1!14() tu s/lrillg of' 194ii, a8 Of 
~ 

e.l·ll/'(>s.~etl 011 all ovell-d/'!I basis 

Crude IIber contcnt 

~Ull1ml'r "\\'inwrKind of rnnge (oroge t;j-1---.----;---- ----I Sum- "'in- An o 
Apr. I May I June I July I Au~. I Sept. Oct. I Nov. I Dec. I Jlln. Feh. I '!\lar. lIler ter nual 

~ 
-~--,---,---,---'---~I·----'---,---,---,---,------------ Z .....Perennial grusses:

Wllrm-weather types: Paalll PtrClul Ptrunl Ptralli PtrClll( P<rctnl Ptrct1l1 P<rcelll Percent P<Tunl P<reenf Perunl PtrCf;nl P<renll P<rrenlHlue gr.unu. __________________________________ &?
2H.til an. III 2ti.61 . :1I. 50 :m.04 34.85 34.12 34.29 40.19 37.22 37.61 :16.20 :10.54 36.61 33.57llutralo gruss _________________________________ t"
24. III 21i.40 31_liS 2$.:12 27.11 31.52 30.16 27.51 28.71 2tJ. i3 36.24 a2.91 28.20 30.88 29.54

Sunll lo\'e~r.ISS_____________ ." ______ •______ ..__ 24.00 28.72 aO.U5 :10.71 35.32 35.44 34.84 33.99 40.1)4 41. 21 41.53 :19.2Ii 30.82 38.58 34.70 tIl
Sand Illlspalllm-----__________________ • ________ 211.5:1 28.21 a7.38 35.41 35.7S 37. SO 31.1i2 34.08 35.92 40.51 42.10 43.02 34.02 37.88 35.95 q
Santi liliestem..____________ • ________________ • :!S.U7 30.01 33.75 ai.74 :19.36 36.]2 41.35 40.43 38.27 45.54 44.68 38.49 34.3:1 41.46 37.89 t" 
Side.auts graIIlB.____ ... _______ ..._______ • _____ ..... ~ 26.04 :1ll.94 27.85 ;J5.oa 35.45 36.79 :lti.511 41.28 3.1.00 35.67 25.38 :15.61 32.02 34.58 33.30 t"Switch grass _____________________ ... ___________ 2i.16 27.78 311.41 :14.84 35.li6 3(i.04 :19.30 38.11 38.96 43.H 37.93 43. :19 :12.98 40.14 3(1.5Ii
Sand dropSt.,<,d. ________________ •• _. ________•__ 28.24 :10.311 37.14 :15.54 38.49 :19.28 :17.53 ~0.5O 40.80 38.02 42.84 46.27 :14.84 40.99 37.11'2 ~ 
l.ittle. hluestem •• _•_____ ... _. ____ •_____• ______ 28.44 :10.47 35.11 37.05 40.35 :18.12 41. 27 35.30 39.9n 38.28 39.39 :Ii. i9 34.92 38.67 36.79 
Giant recdgrass. ~ _______ ... _.... _.. ~ .. ... _.. _.. ___ .. ____ :17.05 3n.:li 42.88 30.08 39.i8 37.63 :15.25 :18.oa 40.87 43.5.1 44.08 48.9:1 :17.30 41. 78 :19.54 Z 
D lowoll t gruss____________________ •___________ • 33.16 34.1)4 3U.75 33.14 37.38 37.33 33.47 30.04 35.32 36.98 36.04 40.50 35.90 35.3U 35.65 <0 

_4... "",'-rage. "' .. _________ .... ___________________ .. __ .. II'
28.50 I 30.41 I 34.H I 33.58 I 31i.16 I 36.45 I 35.95 I 35.78 I 37.51 I 39.08 I 38.89 I 40.221 33.26 I 37.91 I 35.58 t» 

Cool-weather types: 
rrCl.as blueArass~ .. ____________________________ ~ Westem wheatgruss. ______________________ •__ 

~ 

_ 30.39134.16133.91140.151 :15.37133.581 :Iii. iii 137.00 131.17127.08127.19128.04134.59131.181 32.8928.2530.823:1.19 :12.11 :14.9334.4532.09 :12.58 21.88 27.35 25.26 24.02 32.29 27.20 29.74Canada wild·rye____________________.. _____ __ 24.82 33. 18 34.72 33.97 35. 14 36. 64 32. 88 33.43 25.58 23.40 25. ~8 21. 84 33.08 27.10 30.1>9 ~ 
A "crugo. __ •____________________________•___ _ 27.82 32.72 33. 94 ~ 35:1'5 34. S9 1'33.8'6 ~ 26.21 25.94 25.98 24.63 33.32 28••0--;o:m t:; 

t:"l 
A\lperel1ni!llgrasscs· ____________•____________ ·_lc~:'·35.1~~~':'I- 34.361 :~.II~I 35.941 36.11 I 35.50 I 35.47 I 35.0:'1 36. 26 1 36. 13 1 31i.SS I 33. 27 1, 35.89 I 34.:i8 ~ 

AnllllalgnLO;:;cs: rurplosandgruss ..... ______-. •• ___ ."" .. :14.17 33.13 33.45 31.23 34.,8 35.75 34.45 34.91 36.99 35.1>9 ________ 33.351 35.44 34.40 
o 

ldlgmsscs ___________________• __________________ 1 28.351 31.121 34.281 33.94 I 35.631 36.021 35.521 35.40 I 35.08 I 36.31 I 36.061 30.881 33.221 35.881 34.5.';· I-:j 
=1=1=1=1=1=1=1=1=1-=1=1=1=1=1= 

Palatable forbs:
Bush morning-glory _________________________ ._1 ...----- 34.17 37.98 30.65 37.26 3()~~J 35.27 46.54 37.15 o 

!:l:jSand ""a ____________ •. ___ ._ .. __ ._.____..__________ __ ~~ 1--36~74-1 ...j3:ii8-1--53:i)r 1--52:89 I"42::12' :n.41 

:> 

28.10 28.85 33.86 33.86 :12.38 ~~: 41i.30 39.53 .....lIorsewecd. __ •____ • _______ ..... .___ •_______ •• _ .._____ _ 3:1.19 17.70 29.81 Zl.27 28.-.,. a~ AW ~n •• a~ &00 27.34 40.22 34.37 o 
q 

.~\"erugo. ______________ ......________________ I. ..... _-1 31.82 I 28.18 I 31.44 I 32.80 I :12.461 44.551 39.821 :19.85 I 44.721 45.liS I 45.!1(; I 31.34 I 43.43 I 37.93 
.,..,==I==I=·I=~=I==I=-o-=I=___=_=I=I==I=I=I=I=I=I= ~ 

AlIpala1ableplants(grussesanllforhs) _______.. 1 2S.:l51 :11.241 :~.2(i I 3:1.521 35.151 35.431 37.021 35.921 :15.1141 37.30 I 37.]91 :;g.0! I 32.831 36.851 34.84 d 
",-==/=---=1=1==1=1=1=1=1=1=1=1=1=1=1= !:l:j 

Shmbs: t:"l 
Skunkbush. __________________________________ / 21. 79 [ 16.27 / 14.08 [ 16.4;1 I IS. 57 [ 16.73 / 21.52 [ 41. 86 [ 27.14 / 21. 24 [ 28.91 [ 29. OJ / 17.65 [ 28.38/ 23.01 
Sand sagebrush.______________________________ 25.88 22.08 22.56 28.76 24.84 25.43 27.17 38.87 29.19 34.64 37. i:I 45.98 24.93 35.60 30.26 

.hcruSL __________________________________ .1 23.84 I 19./8 I 18.32 I 2'2.00 I 21.71 I 22.08 I 24.35 I 40.37 I 28.17 I 27.94 I 33.32 I 37.SO I 21. 29 I 31. 99 I 26.1)4 

http:14.9334.4532.09
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T~BLE !-sulI/mary of tllc aL'cragc a,~h COlltCllt of tll/tirc nlllgl! fJgc for a 5-ycar IJcriod, spring 01 19.~O to sprillg of 1945, as eJ1P,aed 
on /Ill oven·dry basis 

Ash content 

Kind o[ rango [orago Summer "rinter 
,--~-~-... '.,'.. ----,,..--.,---- Sum- IWinter IAnnual 

Oct. Nov. Dec. , Jun. Feb. Mar. Uler z____________________I~I May I~I~I Aug. I~,___,---,---,___,___,___,___,___,___ 
C1 
8Perennial grasses: l:llWarm-weather types: P(Tcent Perunt Percent Percent Percent P(Tcent P(TCtnt Percwt P(Tcent P(Tcent Percent Percent Perunt Percent Percent 

Dluc~rama.--.------------------------------. 8.02 7.75 8.48 7.85 7.82 6.52 7.92 7.9<J 7.74 7.34 H.62 7.58 7.i4 7.87 7.80 ::3 
Buffa 0 grass. _________________---------------- 9.8:1 6.77 9. a{) 8. 13 11. ~9 10.74 12.6:! 11.. 7:l 9_ 92 8.45 12.21i 10.53 9. 38 10.92 HU5 ..... 
Sand lovegrass _______________________________ • 11.66 8.93 7. sa Ii. ~7 6.28 5.35 6.20 6.46 5.53 4.07 e.27 4. ~5 7.37 5.00 6.43 o 

10. i4 14.43 10.54 9.80 9.77 8.30 7.0:1 8.78 14.49 10.91 9.44 9.74 10.60 10.07 10.33 Z 
~~~ gFu~s~~~~~~~~=:::::::::::::::::::::::::: 9. no 8.51 7.32 5.59 4.14 4.86 4.40 4.88 5.C:l ~. 0:1 5. liS 3.93 6.67 ~. 75 5. it >Side-oats granlll ______________________________ . 8.91 8,47 8.04 7.2; 7.32 7.0:1 7.16 8.92 S.10 8.29 10.85 11.94 7.84 9.21 8.5:! t"
Switchgrass. __ •______________________________ . 10.47 7.~2 7.05 5.71i 4.95 5.56 5.27 5.32 5.94 4.19 4.69 4.99 6.87 5.97
Sand dropscetl. _____________________________ • 5.07\ 6.:14 /:)

9. ~'6 8.:14 8.28 ti.o.~ 5.46 5.49 6.63 5.54 5.14 5.00 4.85 5.45 7.15 5.52Little bluestem ______________________________ O.7ti 8.45 7.60 6. Otl 5.77 4.58 5.24 5.26 5.44 4.50 5.56 7.02 7.04 5.50 6.27 
Giant rcmlgruss .. ____________ .... _.... ________ . ____ 11.47 5.08 5.07 4.79 3.96 4.49 4.73 4.47 4.20 3.71 3.45 11.00 5.06 5.34 5.20 ~ 
Blowout gruss. __ . ___________________________ .. 10.10 7.51 7.57 7.34 6.63 6.2'2 6.52 7.83 6.32 6.30 6.17 6.17 7.56 6.55 7.06 s: 

8Average___________________________________ .. , 9.35 .....8.38 7.89 6.83 6.69 6.29 6.70 7.02 7.13 6.12 7.07 7.57 7.57 6.94 ;.25 
t>:I 
Ul 

Cool-weather types:Texlls bluegruss .. __________________________ .. 7.18 7.69 i.71 6.86 7.21 7.9S 8.55 7.20 10.00 9.16 S.9a 9.87 7.44 9.04 8.24 o
1\Testenl whclltgr llSS.~_. ______________ ... ______ ... ~ 11.19 8.08 7.H 7. rn 7.29 ;;.47 8.65 9.82 1:1.3.1 14.0.1 14.59 13.90 8.46 12.39 Ill. 42 "'.l
Canudu wild rye. __ •________________________•• 10.62 10.25 8.4311.3S 8.53 II. OS 4.48 4.68 4.53 7.32 10.53 11.83 10.92 10.25 0.61 

l:ll 
A vemge__ .......___________________________ -' 9.92 7.51 1 10.56 9.03 >8.27 7. OS 6.:1S 6.39 6.99 8.17 9. 18' 11.89' 11.37' 11. 2ti' 11.46 Z 

All perennial grasses____________________________ . 9.4i I 8.35 7.72 6.7:1 6.03 6. H 7.02 7.48 8.15 7.24 7.97 8.41 7.56 7.71 7.63 o 
~~ =1============== t>:I 

"'.lPurplesandgrass_____________________________ . __._==:~_~~~~~~~~~~==~~~ o 
l:ll

All grasses_____________________________________ 9.47 8.35 7.64 6. f,g 6.60 6.41 7.01 7_36 8.49 7.30 8.34 8.41 7.53 7.82 7.67 >===.====.==----:-======= o 
!'alatll bl~ forbs: 1:":1!lush mornlng·glory___________________________ ,__ ..•... 8.52 Ii. 09 6.19 7.78 4.74 7.2;Sand pea______________________________________ .. ____ . L~I LOO Ui 1---4~57-1-...j:4s-I'--a:7i-I--Too-,---S:j8- 4.80 ~6.28 LW 6.24 5.32 6.75 6.01 5.35 

~llorscwccd4 __________________ ... ____ __ .. _________ ____ ~ ~ LM 11.80 9.41 9.06 7.78 6.63 L68 L28 LOS L38 ~~ 9.52 5.42 7.28 f; 
Average __ •__________________________________ ::::.:.:.:::.:.I~I_~ ~~~~~~~I~~ 7.771~~ Z 

All palalllb!e plants (grassesandforbs) _______ .__ 9.4] ~.3iJ 7.7~ 6.!!! 6.67 6.00 6.84 7.10 8.06 6.961 7.91 7.97 7.62 7.47 7.54 Ul 

Shrubs: I I 
8 

~kunkb~lsh .: ____ •_____ •__ •_______ .._______ ._ 8. Ii!> 6. ~ 5.19 5. 3~ 4.i? ~. 97 5. 4~ ~. ~1 fl. 38 5.73 6. ~2 6. 98 ~. 05 6.4:1 O. 2~ 
Sand sllgebrush _________ •____ •• ____________ .._ 9.4.1 8.8. 0.84 0.06 5.8:! b,22 11.12 6.31 10.41 6.20 4.36 4.11 1.20 6.2.'; 6.7,1 

... \'eruge ___________________ •_____________ .__ -'5:971 7. 6u-l6:02 5.69 5:316:W 5:78 -6.77 8:40 ----s:u7 5.5il5:55 ----0.6.1' ~ ti:4s 
<:TI 
""-l 

http:4s-I'--a:7i-I--Too-,---S:j8-4.80


00 T.~DI_E 17.-SIIJl/JI/(//"1I oj thr Ilrer/lgc lIIoi.~tllrc (,Olltl'lIt of //l1tire 1"fI1I!/C fora!I" for (/ {i-Hcar Ilcr;IHl, .~flrillg of 1!1·W to .~p/"illg of W't5. us CJl 

'·J·IJ/"('.~"('(l 011 (/11 o/,(·II-dr!l./J({"i.~ 

..:\lojsruf(· {'I)Ut'·Jlt. 

Kind or range rOnl!(C 8umnwr \I'in \l'r o 
t'l _...- ,. ------I .. -- _. Isum" 

.., 
Will- I \lll1l1,,1 ::q, tiler fer" 

~A!Ir·1 ~I~~,. ~1II1J JII~\, k~I:'1 i'('pl. .O~'I._ ..:~~ Dec. __~I: I",:I~J~______.___ ,.., 
o
;;.

})ercllllini ~rns."(ls: t"Jlrr(rul ;PtrCl':lIt PtTCl!II,1p(T(tllt iP/Trlllt lprrallt PlTCtllf Prrctnf Prrctlll /'trcr,,' P(fctlli Percellt PtTCent PeTcorl Percent 
Hlue V;ramn "__ i\~. I1II i\7.75 [,g. 4:1 :11. ~ 45.13 27.52 211. ~\i !l.28 5. Uti n.!l7 7.72 7. So 47.17 II. 27 29.22 W 
ll"ffu\o gmss ..... [,'i. !II 57.4:1 :1:1.81 I ~').S5 29.8\1 :10.26 2'J.5·\ n.O\l 5.75 11.:17 $.85 7.4·\ :18.5:1 10.84 24.6'" c: 
Sand IOl'cgmss... 71.5.1 .:1. liS Itl.41i 47.77 ·17.75 ·1Ii.1I 44.17 HI. 211 5.07 Ii. 118 7.0a 1i.'S [18.38 13.:17 35.88 t" 

-S2.·1fi 'is.liO 77~221 S9.2fi (iO.(Kt -1:t.. tif\ :{7.7V H.SS ~i.22 H.-15 7.. nl i~j)H tID.S7 12.l)li an,in t"~~::3 r,\~~~~l~u~:~~:: S2.111 .~.S4 77.\12 51\.112 5:1.:10 H.5~ :12.91 \1.41 5.6.1 7.77 7.R7 7.1I7 (;".45 lI.i~ :\'~.m ~ 
Side-oats v;nuJla IH.·18 t~I.S2 5:1.1l4! :1;.112 ;1!I.55 2!1.'9 2t1.Dfi 10,84 5.82 S.SH (;.2. 7.21 4i.'11 lo.m'l' 2!1.:lf :; 
R\\'ifehRrn~" 

'Varm-\\"N1UWr types: 

so. iii 7-1.115 .... ,S I 55.11l ,'i5.U9 4,1. .54 :~1.25 I il.70 Ii. 27 ii.4R (i.SIi Ii.;I5 114.43 11.;,0 :17.(1'; 
f;and drnjJ,.,(,d 117. RS Itl.(ill liS. ();;. 45.S2 .J8.92 :J8.6{ :18. ~I I iii. :~~ IU 5 8.711 Ii.' 01 7.:!(1 fJ5.·\O 1:1. 0:\ :If.211 ~ 

_. s- -.\ "' -.) 'I() , ". '1" t -, 81 '\'1 '11 ,., 0- 13 "1 ' .,- - 'I') - -'1 I' ,'I 1"11)' 1'1 °1' 'I" 'II'LiIIl(.lIlul·SII'UI 411.,,1 .hOI'" I-"l"'~'~".l. nil,' •.•••. .. ..., I. ..h .).-, 1,-- t.,. '~I .... ,I •• 01 .11,. I
Giant n\l'd~r.:ts.-: [';).LV 72.n2 ,')7.$7 5n.711. fi:.!.lt ~1.47 -to.:.!I} 2·1.5H S.75 JO.27 7.18 S.IH flli.t!! IIi.():1 !11l.Oj '" ..... 
lllowollt ~mss I 7·1.04 ttl.S4 56.12 42.1iti! :li.82 :19.49 :17.01, l(i.!!11 ,'i.n7 9.-1;; 8.(11 1i.71i .,2.:1:1 13.5:1 i :n.:~~ co 

t -~7tJ. ill 1~~~'73~ ti:\.00 45~! -"47:85 -i~~ -:{5.0';;-!1i101 n. 77 ~~ 7:?!'fi5.r;s-' 12n51:it:~7A\'en\~l' 

COOI-W(,!ltlll'r tnlt·::;; 

Texas l.Hlh·t:!fil~"i 7(, I),,", na.72 54.27 :H.4:l t M.nt 4tV;O fl.1 flU l -t7.32 , 7:t 75 4tl.12 4fi.fiU I ;,:tn7 5~.12 5.1.92 ;'·k02
-oc-~._ I' l-'=-l-I='''='==t-=='=~ c: 

U2
'\"cslt'rJl wJH'al~J'ns... 77.2/1 '1.7R f,~.·\(1 :1\1.211 :::1.01 28.19 f':IIISI 5:1..111 ;'\1,80 ·\:1.:10 :10.:191 5li.SSt 51.:12 4!1.l!I, .;0.2" 
Canada wild-ry,l i:!.:!5; j-4 2~ _~tjl. ng __ ~~t1':.-(':{ f-.24~~~ _:"J(J.!Uj 5U,:!!) j~~_ ..-:~2.~~~ .').1. J~ -liT_fin _I},. II t _·I~. =- _-17~.U~ _ t8.1~~ 
A\'em~(' j:\ as iO.07: f...~.25 t :m.07 t :l7.tll :u U.ll 5~•.j5 J ('2.241 m.l:J -fR,B7 4t.ssl 42..flfl: 51.22 r,(l.:~fi 5t

) iH 
c: 
t'l 

..-\1\ pcrclltliul J!t"at'!-'t'S !"71.:!.~ ~~;I·",(i~~~L43.5G L.45...~~~ ~,_~:!~~3S,:7~-I~;~:~.'E.t",-,I.~:f~~I(;.~!lt'~~I,_.~7~l-:EJ=I),,=211.7:[;:~~';~ "tt 

_J...nn\lol ~m.s!'t·s: o 
fJnrplC ~lIHi~mss • "'l.. . ;,,;:_._. .l?':'>::,!~1g I..!,~ ~ ~-t..O·2-~.I~LE;.:~- _.tl.:2~1~ ..:..=.:.:..:.L2~1~..t I~:~ 

... ngnl$.«'s I 71.:!.~ I till.02!. 1H~(;2 \ 4:148\ 4ll. 2!l~!,;,,8!l~ :18:.ss 1.1\~:S~ 1",,~~·:l0 ..!11:~~". 14:~:L.~::~ \ .,5!;'2~i.VO.~IJ,:I~.~; ~ 
Cl 

rullltllbl,' rorhs: :;;:: .....1IIIsh 1I1[,,"jl~·~lllI'r CoS.S.1 flI.4,'iSII.S7 RI.80 !.:I.I',(J Ir,~.sIl12l1.11724'f'~ II .... I··· ··........ ·1·,· I·· ..... 24'[oS o
Sl1nti lll'lI I. . , .... 7ftZ.~ ~k"\.~fi fi:i.tH 57.:12 4S.nS :t!.2~ I n.{t7 (t70 6.4" HLl-i !L24 I. 1il.:H II.SU :H.:ri c:l1orsewel'tl 84.J 7 711. \~I ':I."~! ~;g. Iii 1i2.4:\ f..t.li n.112 8.!4 R.51. 8.7\1 I U.:16, TJ.!III Hi. 48 42. fl2 
i--- ---- ...- .... _ ...... -......-.-- "+'C•••- -,-. - - --""-._,--- ---,-~~- -- ---'--- --- ---

A\'em~c ; .. " .8:1.42. 'Ii.AAI.tj7.1i41.115.~~1!47.02_.3ti·!i!I._~·!~L~~~~~.....2.:..~J__ll:4'-L 9.:111 L~:.(~_.~~_~ E3c: 
:;;::AlI/lallllalM /llnnlS fl'r:lS."".<lllllJ [Mhsl ! 71.28' ~:~:~~_~j4:~1,t.;~7.~I~II:4~~'~~I'~}S:;~:~ =~:57' ·IS.~~[.H~~~ ~c~T¥fC;~:;~Tl~.~~C~j9· --19.46 =~.:.~ 

Shmbs: I I j I I I!:,kunkhllsh .\ m.ss flO.3t flU.56 5US! 51.71 I 46.!l8 45.65 23.10. 28.I~ 4.04 30.7fl 44.f\,~ II 57..~5 29.43 43.49 
S(mdsagehfllsh. ............ _ -;'7.li2 7fi.f~1 f,~.95 S!.:!;;' 52. C., ; 42.79 45.72 14.36 IO.2R fl.'S 11.77, 54.72 1 li2.00 23.94 42.U7 

... \'Crl\gC ..... , ......_______ ........m... 7:ri01'72.9G (:4:2°152-:2;-1 ~. 20 1"'«.8il145.iiil1~8. T.I Cl!t21 IS:'1tfii::!7\4tl.tmTwTs2ilii9: 

1. . . t'l 

._.. _-

http:7:ri01'72.9G
http:t..O�2-~.I~LE;.:~-_.tl
http:I�",(i~~~L43.5G
http:fi:.!.lt
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TAlltt18.-('liemical composition of tltl'ee inlJ'oduced _use8 compared 'with tlte a1Jerages for siJ.· warm-waher 
nath'e species 1 aJld one cool-lI'ertflu'J' natice species 2 ill, montldy 01' bimonthly (H'Cl'(lge8 fOi' tIll' '2-yem' pe1'iod 
1944-45 

rllCJIlicnl composition, O\·t·!l·(lr)~ 

Clwmll'al constituent nnd kind or grn:ts -,-----,------,------ z 
oApril ;\Iuy JIII~· ~l'Jlll'llllJer ,.!'\O\'l."lIlhl'rl_~~_~~~~~~_ >-3 
~ 

Crucle protein: --~.--. "~---'T-;';;::;; --;,;;::,;- ..-p~m-;- -"J:~TrfIlI Ptrcrul Prrcelil Percelll Parrll'
Caucasian bhlestcm________________________________ 1(j.20 10. a-l 5.7-1 2. no 33. 4 I 2. 98 3. 73 6. 4 i o
Turkestan blue;;lcnL_______________________________ 1 In.o(j 10. (j9 7.39 4.5fi 2. 88 2. 6!.i 3. 3fi 7. 2a 
Weeping loy('grass. ______________________________ • .1 20. S3 s.!lS fi.92 5.01 3.47 3.H 4.28 7.42 ;:.-

z 
Warnl-Wl'IlUll'J'nlltiYCSpl'ci!'s .. _____________ • ____ ' IROn 10.41 6. SO -I.9i a 56 3. 12 a 90 7. 26 t" 

Cool-weatheJ' native slweh''; _____________________ .\ 15.82 10.2·1 8.72 8.33 8.79 10.32 lfi.71 11. 13 D 
o

Phosphorus: ;:.
Caucasian blucstcm______________________________ _ t".3i2 .215 · 157 128 .081 .089 167 >-:Turkcstan blu('stenL________ .w. __ r • ________ • __ .. _. ~~g I ...,· 4-1~ .2·14 IiI) .09!l .0!l2 .087 189
"'ceping lo\,('grnss________________________________ _ 119 _ ]54.303 IR7 14!1 12!l 118 .0iG M
'Varlll-w('at!ll'J' nnti\'(' spp('i('S ______________________ _ {f) 

· !~55 . 2:;7 .200 In 120 .081 I .079 . 181 
.321 .2-19 .162 173 · Hi2 147 .071Cool-wcather native sppcil·s _________ . ____ . ______ . __ _ 18-1 o 

"l 
Calcium:

Caucasian bhl(·sl(·llI_________________________ . _____ _ · iii(i .519 · anI .28(i · :378 .338 . :382 .406 5:

Turkestan bhl('$t('IIL ______________________________ . 

~
· fi!li .5Ci!l · -I2!.i .3n2 .251 .319 .3fi7 .410 z 
'''c('ping lo\,('grass ___________________ . ________ . ___ _ o· i08 . -IOi; · a07 .3a-l .381 .310 .259 . 38fi 

t':l'Yarlll-wcathpr nntin' sppcit's ___________________ . __ .1 .542 .453 .-143 .340 . 400 .418 .443 .434. 
C'ool-w('uther nlltin' s(Wcies. _______________________ _ 3-? "l· -152 .419 • i w .3:37 · -I-I!) .3in .53i .420 o 

~Ash: ;:.-Caucasitm bill pst (·IIL______________________________ _ 13. 16 9.27 7. ao 7. 46 6. 86 6.80 7.39 8. 32 o
Tllrk('stllll bhl('StCI1l_______________________________ _ t':l1-1. SO n. i8 7.01 8. 7-l 6.17 6. 53 7.19 8.69
'''eeping lon'gl'llss. ________________________________ ! 4. (i7 'tI9. i3 5. R4 5.14 -I. 67 4. iiI 4.70 5.62 
'Varlll-w('ather llaU\,(' SI)('cip:l______________________ _ ]0.3(j 8. (jii 7. i9 Ii. 05 (i.9!) 7.57 7.88 8.03 t" 
Cool-weather Ilntin' species________________________ _ 9. (j6 S. (i0 6. 24 7.86 8.92 9. 93 11. 80 9.00 ~ Fat: UlCIlIICal'illll bhl(·st!,III __________________ • _. _____ .. ___ _ 2.6n 2. [,7 2.54 1. 73 I. 30 1. 38 1. (i3 1. 98
Tllrk('stall blllestelll __________________ .... ___ .. __ _ 3.05 3.49 2.85 J. iO 1. 28 1.40 1. 4!l 2.18 
'Vcepin~ lov('grass __________ • ____ • __ •. _ _. _. ___ • __ • a.2:3 2.7!) 2.73 2.48 2. 07 L 82 I. 90 2.43
'Yarm-w('ather nat iv(' sp(·ci(·s ______________________ _ 3. 2\1 2. i·1 2.55 L 86 1.65 1. 50 L 62 2.17 
Cool-weath('r Ilati\'e species ____________________ -----1 4.00 a. 79 4. 60 4.45 4.49 3.65 3. 98 4. 14 

O"c 
See footnotes nt "'HI of table. co 



----- -----

• • 

- --- -- --

• 

TABJoE IS.-Ohemical composition of three introduced grasses, etc.-Continued. 	 C!) 
o 

Chemical composition. oyen-dry ;5Chemical constituent and kind or gl'1l!l!l c 
April May July September November Jllnuary March Average III 

Z ....Nitrogen-free ext.ract: 	 PtrClllt Percenl Pacellt Percent Percent Perunt Percent PercentCaucasian bluestem ________________________________ 40.41 48. 81 53. 85 51. 45 54. 44 39.00 58. 32 49.47
Turkestan bluestelll ________________________________ 	 ~ ·Hi. 78 47. 35 50.91 53.13 49.44 38.15 51.37 48. 16 
'Veeping lovegrass. _____________________________ • __ 39.89 48.37 50. 94 54. 92 55. 27 42. 61 56. 60 49. 80 ttl 

§ 
q'Varm-woat.her native species _______________________ 40.13 48.34 51. 31 51. 15 49.17 48.47 49.54 48. 30 

Cool-weather native species_________________________ 	 36. 49 43.3241. 84 45. 12 48.52 48.20 45. 36 37.74 

Crude.fiber: 	 ....Caucasian bluestem________________________________ 27.49 29.01 30. 54 36. 93 34.31 49. 54 29.25 33.87 ~ 
Turkestan bluestem______ --- _______________________ 26. U3 28.82 31. 23 31,63 40.57 51. 50 36.56 35. 28 cgWeeping lovegrass _________________________________ 	 .,.26.27 34.04 35.32 32. 55 37.34 47.75 32.56 35.12 
'Varm-weather native species_______________ - _______ 27. 64 29.64 31. 95 33, 73 38. 95 39.89 37.03 34.00 ~ 
Cool-weather native species_______• _________________ 28. 67 32.41 31. 93 31, 16 32.55 39.15 30. 56 32.35 ;:: 

Moisture in field-collected forage: Caucasian bluestem_____.___________________________ 74.4 74.1 60.4 43.5 40. 3 13.0 16.4 46.0 ~ 
Turkestan bluestem ____________ ._. _____ • ____________ 75. 7 69. 0 56. 9 54. 9 26.0 13.6 11.7 44.0 ~Weeping lovegrass _________________________________ 67.2 63. 6 55. 9 47.3 34.4 17.6 19.9 43.7 trJ 
Warm-weather native species. " _____________________ 69.1 65. 9 55.5 46.0 26.2 13. 3 22.4 42. 6 
Cool-wellther native species. ________________________ 	 ~ 70. 9 66. 3 51. 1 47.5 52.1 44. 4 65. 7 5U.9 

o 
':oj 

I Blue ~rama, bullalo grass, sand lovcgrass. s8nd [lllSlllllulU. snnd bhll·st~!JI. 8n<1 Slunl c\ro(lseed. 
I Texas bluegrass. 	 1;; 

::>:l... 
2 
~ 
q 

~ 



• • • 

TABLE 19.-0arotene, 01' provitamin.d, content 01 tlt1'ee important ini1'oduced gra8ses, compa7'ed with seven leading 

1wlil:e species, at 'IIlontltly 01' bimonthly intm'vaZ.s 1m' the tE-year period 194J,.-45 

ZCarotene content d 
Class lind kInd 01 gfllSS 

.April May July S~()telliber November January March .A verage ~ ..... 
oIntroduced grasses: P.p.m. P. p.m. P.p.m. P. p. m. P.p.m. P.p.fR. P.p.m. P. p. '111. ZCaucasian bJuestem _______________________________• 327.5 332.8 69.4 56.5 43.9 4.2 38. 3 124. 7 >Turkestan bJuestelll ________________________________ 441. 1 257.3 105.8 135.3 20.5 1.8 6. 8 138.4 t<

'Veeping Jovegrnss _________________________________ (jS4.5 129.8 128. 9 153.3 7.0 5.4 6. 5 159.3 £) 
\Varm-weather native species:Blue grama_______________________________________ ~ 505. 8 175.6 93.1 58.9 10.1 2. 8 24.0 124.3Buffalo grass _______________________ • ______________ ~414.8 173.9 63. 6 36.7 41. 5 6.1 30.5 109.6Saud lovegrass____________________________________ 541. 9 240.9 176.6 ]04.8 34.6 3.0 6.4 158.3 ~ Sand paspalulll ____________________________________ l'135S. 0 a09. 4 142.2 113.7 4.3 2.9 6. 4 133.8 C/JSand blucstem ____________________________________ 477. 0 285. 9 94.2 74. 8 5.7 3.3 3. 5 134.9Sand dropseed ____________________________________ o395.3 228.1 93.2 37.8 5. 5 2. 2 8.6 110.1 "l 

Average________________________________________ 
448.8 235.6 110.5 71. 1 17.0 3. 4 13.2 128.5 ~ 

Cool-weather native species: C'l
Texas bluegrass___________________________________ !.".l474.3 150.5 88.6 105.5 86. 6 128.2 1,050.1 297.6

Average, native species___________________________ >.j462.0 228.4 105.6 87.7 26.0 16.0 118.1 149.1 o 
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