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Input-Output Relationships 111 Milk 

Production 1 
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INTHODL1CTION 

Inp'.Its arc the factors used in production. They are also called the 
fact.ors of produ(~tioll. Tht')' lIlay be mt'll with all tIlt' difi'prellt 
degl'el'S of skill; they may bl' buil<lings, machilles. raw matel.'iu.ls und 
supplies. land or livestock. Output is the result of the productive 
processes. 

Farm pl'odll('tion usually consists ill bringing- t1ll' factors together 
so that the physil'1l1 PI'(}('~'SHes of .llatlll'C eun bI'in~ ubollt the t.hings 
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needed, FOI' exumple, wheat kernels plac('d in a properly prepared 
~V~(·dbed in It normal HeaSOI1 will develop into a wlwat crop; dairy •cows properly housed, fed, and cared for' will produce mIlk; beef 
cattle Imd hogs will prodllct' beef and pork. These physicttl pro­
('esses ure the fllndam(,lltal prOC('sses, The people of the world are 
fed and clotlll'd with thil1g-S, not with money, 

But as model'll economiC' life is organized on n specialized and 
commercia lizpd basis, there is a.lso It mOnebll'Y side to all produetioll 
and it is the de('iding fol'(,t', The matel'ial elements IISI'lI al'p' ()wlwd 
by someone, Before production ('all begin, the input elements must 
lx' hOllght or tlwir serviees II1Ui:>t Lw hin'd, 

Mm;t' thil\lrs Ilre produced to be sold for money, To sell they 
must be mllrkl·tahlp, Only producers of Inal'ketable cOlllmodities or 
~ITi('es ('lllI stay in busi ness, Su;:cess in l)l'oduction depends Ilpon 
the ability so to organ ize productive proC'l'sses that the money 
l'l'tlll'll-thut is. the difft'r'l'nee between tIlt' cash outlays for inputs 
and the receipts for outputs-becomes the largest possible. 

INl~UT-OUTI'UT UELATIONSHIPS IN GENERAL 

The prodllction prOC'l'SS mlly be organiz('d in several ways. By 
m:ing mol'l.' mllchinpr',V, requit'(,IIlt'nts for lU1I11I111 labor may be 
reduced. Tl'Iletol.' pOWl'l' may bp substituted fol' horse power, wholly 
til' iii pUTt. To U certain ('xtent. gmin and r'(Hlghage may be substI­
tuted for eHch other in feeding livestock. TIH' producer' must select 
rtmn the many diiferpnt alteJ'l111l'iV('S that or'ganization which pays 
best. 'lVhut pays best nt an,V givt'11 tinl(' d('pellcls upon tIll' response 
in physical output to till' changl's in tIl(' ~:'l'od\\ctiol1 process, and 
upon the changing prices of the various iT,putS Ilnd outputs. There­
fore, in actual production he is confl'(!ntcd constantly with the 
pl'oblem: How much does it pay to use I How many lIIen 01' mil" 
dlines 1 How IIIlI('h il'rtili:-;er ~ How mt ch fl'('d 1 

Many ever'yday pr'oblems of IllalHlgl'll1l",t can be decided without 
rl'S('1I 1'(')1. TIll' dl'vl'iopll1l'nt (If a new nwdlOd of prodliction often 
r'('I)I't'st'nb; not just a small stl'P, but It great stride forward. For 
example. in harvesting ~mudl gl'ain, 11 gr'ain binder-in itself u result 
of much input-output ('ngilll'ering research-saves so much human 
lautH' that its lISI.' has paid exccedillg-Iy well. not only in the Amerieas 
and in Austl'alia. where the cost of labor is high. but also in north­
westel'll Etll'o(>l' ",her'(' wugt'R of agl'leultll nil lubol'(,l's :Ire consider­
ably lowet'. The cost of gUIll'Cling against certain livestock diseases 
('ollstitull's so Iowan insurance premium against serions losses that 
its profitableness is nt'vel' in doubt. Many technical innovutions are 
of similar nuture. Cureful observation and experience SUffiCl' to 
show whether the new method will pay. 

But numer'ollS vitally important pr'oduction problems on farms 
al-; well us in faetories cannot be solYl'C1 h\' (lI'dinar), observatio.n and 
('xp{'r'ience. In(Jut-outputr·t'seareh is r'('~uirt'd. FI'()Jll the appear­
all(,(' of t.1lt' stulld of It crop of COl'll ()I' cotton it is not possible to know 
whether with nOl'll1l1J pri(~es it would pay to use not only 200 pounds 
of superploosphat(' pel' a('1'(, but e\'PIl 400 pounds. A fal'mer mI')' 
easily IISl' twi('(' as much. ()J' ollly hal f as mu('h. as is pl'ofitablp, HI' 
mlLy yelLi' after yel!,!' speud 1lI0ney for fertilizer thut does not pay its 
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way; or, as is more often the case, he may miss th(' increased ret.m'mi 
that could be obtained by heavier applications, 

Numerous problems of the same general nature arise repeatedly 
in the growing of crops and the raising of livestock, To what 
d('grce, for example, shonld practices be chang-ed when prices changp 
and certain factors become scarce and expensive in relation to others~ 
Systematic exp('rimentntion is n('('d('cl to obtain an answer to these 
problems quiddy, accurately, and at small cost. 

Both technical and economic analyses Ilre needed, but the tI,~.chnical 
l'('sl'al'ch must be of a special kind, It must fUl'l1ish physical data 
(hat will show how soon will be encountl'rec1 and how serious will b(' 
tIl(' effects of the law of diminishing- returns, These effects may show 
up as a deeiin(' in output perman due to l'x('essive overtime; or they 
may show up in poorer utili:mtion of feed at heavy feeding levels, or 
in small('l' incl'l'ases in yields from additional units of fertihzer, 

'Vith suell te('hnical information, togetlll'r with prices for cost 
fadors and products, the most l'('onomi('al l1Il'thod of production und('r 
vl1l'ying- {'irclllllstanCl's ('nn he IplIl'Ill'd and how far it pays to go as 
conditions ('hnnge, As It rule. it is fairly pasy to obtain large crop 
yil'lds hy tIll' layish liSP of fertilizers, hut a fal'llwr must ask: Does it 
pay? input-outPIlT information will pnabl{' prodllCP1'l'l to select the 
most e('onOllli(' P1'II('( i{'('s under chnnging price conditions, end thus to 
inc'I'l'Hs(' their Y1('t- 1'ell1l'ns, ' 

'1'11(' oi>j('d of input-output I'Psl'lll'('h in farming then is to furnish 
more a('el1l'lItl' lind {'ompll'tl, basic knowl{'dge of how yield pl'r n('1'{" 
production I1l'l' animal, or quality of product, is aifect{'d by changl's 
in Ilwtlwds of pl'o(llldion anelmtes of applieation of the input elemeilts 
and to Ilsc('rtain by economic analysis how the relationships affect 
ol'glln izat iOIl alld adjustnwnt of produC'tion, 

Expl'l'ience has shown that tIll' kind of trchniC'al information needed 
{'nn hl'st bl' pl'oyidrd if ('ontl'oll('d l'xIWriments are planned from the 
lwginning, by eC'Ollomists lInel te('hnologists working together, 

'Thnt was the WHy till' plan for this IH'{'s{'nt study of milk production 
wus work(>(1 onto TIll' input-output l'xlWrinll'nts reported in this buI­
l('tin ,wr(' IIIHll'I'tn kl'n jointly by (11(' BUl'l'au of AgTicultural Eco. 
nomics lind thl' BllI'l'lIll of DlIil'Y Industry, Tlll'Y wprl' designed to 
lI1l'lISlll't' tIl{' I'l'SPOIlS{' of dairy cows to It wholp sl'Y'ieR of rutes of teedin lT, 

KllO\\'iug th('sl' l'l'spnnsps, i(mll h{' nsc'(,I-tain('d how tIll' economic limit 
will shift Ilnd('1' changing ('onditions of pricl', 

INPPT-OUTPllT HELATIONSHIPS IN MILK PnODl'CTION 

Tn milk production. fPNI accounts t'OI' about 40 to 50 percent of all 
thi' ,('OfitS: lahor amounts 10 a~ollt '10 Pl'y'ct>nt: and use of huildinp:s and 
('(1 111 pl\H~n!, IHll'chasl' of bl'l'echng sto('k. n:·t:(,l'lnary fees. and other costs 
makl' up t;,(' t'('St. It is natuml, tlll'rctol'l', that input-output stIHlil'8 
in milk production should be ('olH'l'l'Iled first with the relationship 
b('tw(,l'll fl'ed inputs nnd milk output. 

How can thr I1)(I8t important ('ost fnctOl" th(' f{'('d 
j 

bpst b(' econo­
mized ~ How much do('s it pity to chll nge the ('stnblished feeding prac­
ti('('s if tlll' r('la t-ionsh i p hl'hn'PIl Iwi('('s of fl'l'd and prices of milk 
should 1)(' substantially ail('I'('(1'/ 'To nns\\'l'l' these questions we must 
know with sufficient accuracy whnt basic physical reIlltionships ar(' 
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involved, that is, how d~iry cows react to increases and decreases in 
the 11.'\,<,1 of feeding, •On 	this particular problem very few data werc available when 
work on this project began, and these data were restricted mainly to 
1\ eompnrison of production when nothing but roughage was -fed with 
production W}H'1l roughage \ms supplemented by grain, The basic 
dlltu therefore had to be developed, 

THE NATtIHAL PRODUCTION CYCLE 

To learn how dairy ('ows rea('t to increased feeding, a certain 
pel'iod of t,illH' I,ll list 111' ('Olls!<!(,I'ed, In milk p~'odlleti()nl as in other 
types of blOloglcal produ('tlOn, tlw voluJ1w of productlOlI and the 
l'cqui!'l'llWmS for input elenwnts go through certain characteristic 
chunges from time to tin1l' (fig, 1), Milk pJ'(I(\uction IHH'Illully pro­
ceeds Ilccording to 11 typieHI l'UI'Ve, Hw ladation curve, which at first 
rises sharply. !'eurllt's a maxillllllll in a f('w wCl'ks, and then falls off 
grndnnlly to zero in nbonl 10 lllonths, when the cow is Raid to bl' 
(~l'y, PI'l,j'el'llbly, the (h'y pl'I'iocl shollld not last for more than about 
8 weeks, rrhe eo\\' slHmld tlwn freshen again und repeat the pro­ •
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FIGURE 1. TYPICAL CHANGE'S IN MILK PRODUC,ION AND FEED CONSUMPTION 
THROUGH THE PRODUCTION CYCI_E, 

Thc graph :;hows :.! yt'III'~' milk I1rodlldion 1111(1 t'f'!'(\ ('nn~l1mJltillu of II Holstein 
cow on inplIt"-()utpnl I'x\lI'I'inWII1. Th(' fN'd-('OIlSllmption st'ult' has hN',l so 
l1rJ'ulIgcd that tilt' lIal'e\wr ~tlllldlll'(l "t'qnin'lIJcuts for tilt' milk prodnction ill'e 
shown on the C('{'tl-I'nl\s\IIIIIH iun ,;('u\{'; so wh(,lH'n~l' the fccd-c(lI\Sllm~ltioll Ibe 
is uunvc thl' milk-prodlwt"ioll liut' it iudical('s the ('ow has cutl'll more than 
stu lltiH 1'(1 l'('tjllil'('iIlt'uIS, Thl's(' 1I1'I'IIS 111'(' shadNl. Silllill1rly, when the nl'cII 
between (111' lim'i' i~ IIlll Shl1dcd it Indlclltes tlle t'ow hus euten less thun 
standllrd requirements, 
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duction . cycle. But the cycle ~s not repeated on exactly the same 
level. As a rule, the cow's production in each lactation period in­
creases until the cow is about 7 years old. After that it decreases. 
Feed consnmption rises and falls corresponding to milk production 
althongh not in exact proportion. . 

By cutting off suitable'periods of time-suy one lactation period or 
1 year-und by totaling all the inputs and outputR for the period, the 
al1alysis can be greaHy simplified. The problp,m then be('omes one 
of lenl'l1ing whether the whole lactation curve can be changed, whether 
it cun be Iwessed to higher levels. The aim is to ascel'lain how mnch 
f('ed it ta (es to do that and whether additional inereases create pro­
gr('ssively SIlHlll('l' rl'spons('s, TIll' input-out put experiments were 
designcd to I1waSllre thesl' 1't>lationships. 

DrFFlmENT Vmws Ih:oAIIDINo '1'lIg POSSIBTLl'I'Y (W INCHEASING 


PIWDUCTION TnnOtTGH l\101nJ IN'I'ENSIYE FEEDING 


The pr('sent inpllt-output- investigations have stariwl out with the 
obsPl'vation thnt in uctnal pl'adic(' tlw intensity of feeding of dairy 
('OWR varies eonRi(]('rably II'OIll olle clairy area to another in this 
cOlin try. Amoll~ practical dail'y farmprs'it is It well-lmown fact that 
hra,,!, frcding of dairy ('OWS will result in greatpl' milk production 
thnn light f('t'ding, 

Dn iI'y tl'chnologists also hold tIl{' vi('\\' tha t milk pl"OdllctioTl cun 
he in(:J"pase<l by misi nil' the kvt>1 of ferding. Bllt many believe that 
for most e('onomieal produ<"iion an(l for muintenllnC"e of the health 
of the herd, cows sho1lld not regularly bl' fed much beyond the 
stanclanl level, The majority would hold that dairy cows should 
I"lu'ply. if ever, be f('(l s1Ibstantially h'ss than the reqllirements of the 
Il('('epted feeding shtnda r(ls. 

In the nbsenc(' of pxpl'rilllPlltal evidl'nce. there is naturally some 
(IivPl"sit.vof opinion !"l'glll'ding til(' l'fft'et on production of dropping 
1)(>low the standard and of raising tIlt' fpeding h,\,(' I slIb"tantially 
abo\"P the standard, SOIllP wonld probably hold that milk production 
in('I'('asP" in proportion to imTPas('d fppd until the h'vel s('t by the 

f('(>dillg" standanh; is rl'ae1w(l. and that b('yolldthis point t-hen' is 

ollly a slight fnrthl'l" in('I"('asp, Otlwr tpC"hnologi"ts. l)(,l'hnps, would 

1)(> ineiilH'd to tire vipw that" tirp eirang<'s in llIilk produC'tion ar(' not 

only 1ll00'(' gl'adual but also ~'xtpnd furtl1l'r bpYOlHl tIlt' l('v('1 of the 

f('Pfiing standard. Graphically, these two view!' are presented in 

figul'o 2, 
It is of C'OIlsidemble p.:udicnl importnll('p wllPtlwr tht' first or the 

s('cOIHI point of view is t-1u> eOl'l't'ct one, If the prineiple of diminish­
ing l'ptlll'llS ~ dol'S Ilot apply to the l'ullgP cOYl'rpd in practical duiry 
fl'('ding, it appears that- it would pny to f('ed always at a rate that 
would inslll"(' maximUll1 prodllcl"ion. If pri('('s WPI'P such that it was 
profitable to fped grain, it 't"ould pay to f('('<1 all t1H' gmin they would 
take bpcaust' if it \\'('1"(' prontablp to f('pel the first unit of grain it would 
be l'qually ]>I"ofitablp to f(l('d tirp s('('olld, the third. and ns many more 
IIllihi as til(' animals would cOllsume . 

• 'I'hl) (1111111l1~hlllg I'('IUI'IIN ('0 11 (""PI rl'i'ers to the g~lIprul Iwlnl'ip!" or llillllni~hin~ "h,'sienl 
outPlItN, ill this ("11'1' olliput of 111111" . '1~h(' ,It','rpUHI' In phrslt'ul r\'t:lIrll (Olltput) ppr iulded 
unIt or luput (Intake) gll't's ri~l) to dimluishillg economic ,'pturns, 
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MILK..--------r-...·.-~·---~-

Diminishing returns ..------ •
concept 

"" Feeding standard 
concept 

•
STANDARO1-- MAINTENANCE --+- PRODUCTION--1 

RATtaN 

FEED 
BAE !9554 

FIGURE 2.-Two CONCEPTS OF PRODUCTION RESPONSETO INCREASED FEEDING. 

According to this view, maximnm production, presumably would 
be reached by feeding IH'COI'(lillg to an Il<'("'cpteu standard, Regard­
less of chuuges in prices of milk and fceds, this pradice then should 
be adhered to as long us llny profits remained in fc('(/ing for milk pro­
duction. If then H GO!ltmdion of production wen' called for. it 
shollld bp bl'OIlFdlt about by increased culling of cows, not by feed­
ing at a \OW(,I' rnte Pl')' ('OW; and an expam;ion of' production shoul<l 
bp accomplished by ruising more dairy heifHs. thus incl'easing til(' 
size of the lH'l'd-a slow method if in an emergency an illcI'ease in 
milk pl'OliuctioTl wcre (':tlled for. 

If, 011 the othcl' liupd, the rpsponse of dlliry cows in the form of 
H(lditionlll milk yield for efleh extra unit of Tt'ed deC'lines as th(' 
feedilw \(>\,(.\ is rllised step by Htep, it will be seen that the intensity • 
of fepcling should ChlHlgP as prices chllllge. Although an extra unit 
of fpeel uddt'd to 11 mtion :tll'eady heavy may bring only It small iIl­

('I'ease ill milk Ylt'ld, thii; 1n('I'('118(' ma'y be mort' than enough to pay 
fO/' the feed i ~ the priee of milk is \'Pry high in relation to the 
pl'iC(~ of fl'('d. But in periods of eompul'lltively low milk pri{'es and 
'Ill areas whert' milk pl'let's normally 111'1' low, the valtw of the pxt!'a 
yipld wonld 1I0t suflict' to pay fo!' tht' extm ft'pd. 

PREVIOUS INVESTWATIONS AND THEIH LIM rTATlONS 

Tlu;; STATISTICAL ApPIWACH 

Sevel'al att('mpts haw 1>(>('11 II HI (1(' to (\s!ablish 8t1('h e('ol1omic:111y 
important relationships as thosp bdwPl\11 fl'l'<1 inputs and milk out­
puts in order to USt' thelll £01' eC{)Il{)Illlt: analysis of the datt'Y entel'­
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INPU'l'-OUTPU'l' RELATIONSHIPS IN MILK PROl?UCTION 

lwise. So br the att€'mpl:i; mostly have tak€'n the form of the well­
known "statistical" :;tudil's. Usually they have tried to establish 
the relationship by statistieal treatment of data obtained from farm­
survey records, dairy-herd improvement records, and supervised­
accounting records (fZ, 7,10, 1.1,.).3 In the farm-surveyed and cost-route 
records only herd averages luLYC been available and the findings must. 
be discounted to some extent lwcltuse it was not possible to measure 
differences ill basic producing ability of the herds. In all three types 
of records. clllta on feed illl-JUts are likely to be inaccurate. 

There have been some mCQllsistencies in the results of different 
studies of this type. This has not been due to the methods employed 
bllt to the difficulties of estimnting with sutlkient accuracy how great 
were the avera~t' feed inpub, and other inputs per cow in the different 
herds of varyll1g average milk production. In some studies, the 
diffl'rences in feed inputs and milk outputs did not cover a sufficient 
range to permit accnrate measurement of the relationships. 

Nevertheless, these invl'sl'iglltions have produced valuable infor­
mation in spite of the shortcomings (1,6). In some cases, the results 
have appl"Oximated fairly closely the results obtained in the present 
study but the inconsisteneies between the different studies have not 
bel'n··iully (\xplained. 

HOWl'Vl'r, had it not bel'n for the int('l·est stimulated and the possi­
bilities indicated by these en rly studies. the present investigations 
would hardly have been undel·taken. When some of the most im­
portant input-output relationships have been established by studies 
combining experimental and statistical work~ valuable additional 
information to compll'te such production studies may be obtained 
by mOrl' stlldies of the stntisl"icn I type. 

In the preHent invesl'igntion the l'xperinll'ntnl met'hod hns been em­
ployed in an endeavor to obtnin more reliable oril:.,rinal data.4 The 
datil have been obtnilwd by condlleting experiments designed 
specifically with reguI·d to the problem at hand. 

THE EXPEHll\rENTAL ApPROACH 

Technical resl'lU'ch in lI1ilk production has been carried on for more 
thall hnH a t:cntllry. Most of the illYestigatiolls have dealt with 
such matters as: (1) The extent to which proteins, fats, carbo­
hydratl's, and other constituents of feeds, could be utilized by dairy 
cows for convel'sion into milk; (2) how well different kinds of feeds 
Wl1l"l' suitl'd for usc as dairy feeds measured by their influence on 
prodllction and quality of the milk and helllth of th~ cows; (3) dE'­
t(ll"lllilllltion of the relative nutritive vallie of various feeds for miJk 
production j and (4) how much of the diff('rent kinds of feed con­
stitllents are m.wded fOI" milk pl·odlldion and fOI.· the maintenance of 
body weip;ht. Experiments of this type have served as It basis for 
computing feeding standards. 

• NUlllh(>rs In ltnlieH rt~fl>I' to Lltt.>rnture (,Ited, p. RS. A number Qf otber reports arnllnhle 
IInly liN un(lllhll~h<'(l theMI'R hllY(> hel>1I IIlnde, 111:1111.11,,: th~ ""me technlquf' whIch wnN Indl­
("lIt"d In th.! enrly bull,·tln by II. H. '1'0 i1,'Y, J. n. l1Iark, lind lIf. .1. B. Ezekl"l, Input us 
n"lnt"d to Output In I~arrn O,·gnnlzntlon nnc! {'oHt-or-Produdlon 8tlllll"8. n. S, D. A. Bul. 
1277, 19:!~. 

<Ill ,."nllty, th" I>xpf'rlrnl'ntnl lIII"thod Is nINO statistical. Th,· OhHerl"lltlolls ohtalned 
rrom thl> ('xp ...rlll",n!; IIlllst Ill' 8l1hJ("ded to stntlsticnl nnnlyses In order to detennine what 
the dulu lJIenn nud how reliuble the results nre• 
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Although profit-and-loss statements have sometimes been included 
111 the reports, only a few inYl'stigations have been dl'signed •specifieally to learn the most economical quantity of feed to use, and 
these im·cstiglltions have bet'll toncl'l'Iled mostly with ascertaining 
thl' l'ffcct on production of fl'cdillg gl'Uin in addition to roughage 
as compared with feeding roughage a.lone in the :tHaifa-growing 
regions of the 1V('f-;t (4,5. i. 8, 11,1;2). 

'rhe Bmcau of Dail'Y Industry at its Huntley. Mont., Field Station 
(8) found I hat 82 percent as much milk was produced by cows fed 
rou~hag(' alOl1(' as by cows fed rOl\ghage and a limited lunonnt of 
gram. III retu1'Ils (l\'CJ' cosl of feed. Ht the actual prices prl'vailing 
at the time the ('xpl'l'iment was condllcted the fel'ding of rOllghage 
and II limited amount of gra in (1 pOllnd to (i pounds of B.5 pereent 
milk) proved II little more profit'ablc than the feeding of roughage 
alone. 

The Oregon Af!;l'ieultul'lll Experiment Scation ill work· at the 
Umatilla Field Shltion (l;n fOllnd thai- l'OWR when fed alfalfa hay 
alone producl'd 79 Iwrcent as l1lueh nlilk as whell fed alfalfa hay and 
grain (4.6 pOllnds for each 1 pound of butterfat). A table is pre­
sentl'd ~lwwillf!; til(' pt'ir'e abo\'!' w\tich buttl'rfat mll~t sell to make 
that rate of grain reedillg plly at dHfprent Sl'ts of assigned prices for 
the hay and grain. 1Vltrthl'J' it would pay better to feed more or 
less gra in wtJ,S not determilll'd. 

TIl(' Neyatla Agriell it lIJ'a I Experiment Station (5) over a period 
of 8 years fed cows on alfalfa alone in comparison with alfalfa and 
grain. TIlt' alllount of grain Hyel'aged 1:745 pounds per cow per 
}'ear or at thl' approximatp rate of 1 pOllnd for eaeh 5.4 pounds of 
milk produced. The profitableness of grain fe('ding depended upon 
the inherent productivity of 111(' ('ows as well as UpOIl the prices of 
fe('(llInd product. Hif!;h-producing cows responded to grain feeding 
more than low-pro<lucill<Y cows. .• 

CootWl':tli\'e work of t~ll' Burpall of Dlliry Industry and the Utah 
Agricultural Experiment Slation (.n in whi('h eo"'!' were ft'd alfalfa. 
hay a/ld pa~tllre in eomp:ll'ison with alfalfa hay. pasture, and barley 
showed thai tilt' procillt'! ion OIl 1'01Ighage alOlIl' wm; 79 Pl'J'('Cllt of that 
on ronghag(' and I.mrley; UUH PCHlII(!S of barley fl'd at the rate of 1 
pound to 6.1 pOlllHls of B.l IWI'l'Pnl milk sa \'eel 868 pOllnds of hay and 
led to the product iOIl of 2JHH p01lnds rnol'e milk. 

The reslllt~ (If :;11111(' of n1l'se ill\-(,Htigaliom; have been sumlllal'ized 
in a papPI' prp~l'1I(('d al till' I9-W JllPpting of I"Iw Americllll Sotil'ty of 
Animal PJ'odll(,t ion (liJ) ill whi('h it j" stated that "when milk testing 
lip to 4 pen'ent is worth as nluel! as lln equal ,wight OJ' more of gmin, 
it pays to fl'pel grain in at II.'as! mocll'J'ate amounts. say, 1 pound to 
ellch 5 01.' (\ pounds of milk." 

Although tlwHe inH'stigHliolls, perhaps. provide adequate data on 
the effect of l1l()(kra(l' grain fepding along with libeml feecling of 
high-quulity alfalfa hay. they do not give enotlf!;h information on 
either the high(,J' 01' the lowl'r le\'('ls of grain fe('dillg which, under 
certain pl'iee ('onditiont'i, might b(' JIlore profitable; nOr haY(> they 
been cOlldudl,d elsewhere than in the alfalfa-growing regions qf the 
'VeRt. 

The fceding-standards ill\'('sfiglltiOlIR haY!:' beell :limed al establish­
ing how much feed, on the average, it is desirable to give to cows 
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TNPU'l'-ou'rpu'l' RELATIONSHlPS IN MILK PRODUCTION 

of different sizes) yielding different quantities of milk. It was not 
Ilscertaillecl how the t\vel'age cow would react if the ration were 
cut down below nonnal, lior how far production could be forced by 
feeding far heavier than normal, nor to what extent the law of 
diminishing returns would be met if the feeding level were increased 
more and more, These problems have remained unsolved. 

There are reasons why, after some rough approximations were 
made as to the average quantity normally reqUlred, these related 
problems of an cconomk nature htLVe 1 'cen neglected, The subject of 
dairy feeding is very broad, extending into the fields of animal 
physiology and nutrition, plant physiology, and agronomy, In it 
are involved considerations of the conservation of crops, the con­
struction of dairy barns. lIlId til(> organization of the work of feeding 
and earing for the dniry herds, 

The quantity of feed needed to maintain cows has been learned, 
and tlll' aV(,l'age l'equir('nwnts fOl' milk production have been estab­
lished by llllmel'OUS expet'iments with cows fed such quantities of 
balanced raHolls as would keep thenl at uniform body weight, TIms, 
when all feed above maintenance was con\'erted into milk, and none 
into incl'('ased body weight, technically the most efficient production 
was obtained, It has been assumed thnt this rate of feeding would 
also be the Illost ceollolllieal, as a l'ult'. and feeding standards have 
been worked out on the basis of these figures. Total milk production 
has beell di\·ided by total feed eomillJUed above maintenance, and 
thus the average requil'l'llknts for feed input per unit of milk output 
has been computed and the basis provided for accepted feedmg 
sta IIda rds, 

The type of exper'illlents that come nearest to providing input­
output data of the kind needed are experilwmts in which many cows 
of known productivity arc fed at difl'erent le\'els of intensity. A 
good example is It series of experillll'nts in Denmark conducted in 
the years 1922 to 1928 by the State Uest'arch Laboratory of Copen­
hagen (,i), These expPl'illlcnts employed a considerable number of 
cows in large balanced gl'oups fed at: three different levels, but the 
expl'rimcnts were of the short-term type. rUBning only for about 21/2 
to 5 lllonths, In this type of exp('riment there is not time enou~h 
£01' fluctuations in body weight to become stabili7ed. Losses m 
weight. with a corresponciiIw saving in feed, and gains in weights, 
which mean use of feed for beef production instead of milk prOChl(,­
tion, pro\'t' to be a sel'iously disturbing infhll'nce, Some additional 
IOllg-il'rm {'xperimcllt S wel'l' so badly t1 isturbed by losses of animals 
on CXII(·ri1l1t·nt that the investigations were stopped, The results 
of the short-term l'xjwriments were used for computing avernlTe feed 
requin'rneHts P('I' pOllnd of milk pl'Oc1u('{'d and for l'c\'ising feeding 
standards, not for (It'tcl'minillp: input-output t'\II'\'(';<, . 

PLAN AND PROCEDl1RE OF PRESENT INPUT-OUTPUT 
INVESTIGATIONS 

Two SEHIES OF EXPERIMENTS 

Two series of {'xperinwllts wpr{' conducted, In the so-called series 
I ('XIll'l'il1H'l1ts, eows WPI'I' fed mtiolls cOlllputNl ill what might be called 
till' scicutific way-strictly according to an accepted feeding standard, 
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either the Haecker standard or the Morrison standard. All animals 
were fed nlaintehallce rations according to their weight, bllt produc­
tion rutions varied from 30 percent below to 30 percent above the '.
standard level. The diift'rences in rutes of feeding were designed to 
represent conditions where some herds continuously were fed more 
than the requirements called for per pound of milk in contrast to 
other herds that continuously were fed less than requirements. 
Therefore, if cows on the experiment in the heavy-fed groups responded 
to the feeding above standurd requirements with increased production 
of milk, the production ration was increased. 

For example, if cows in tL group fed 20 percent above the 
Haeckl'r standurd respOlHl~d with an increase in milk 1}l'ouuctjol1, till' 
productioH mtion was at once increased so as to supply 20 percent ovel' 
lind nbove standard requirements at the new ulld higher level of pt'oduc­
tion. In the same way, if cows feci nt a rate which slIpplil'd only SO 
percent of the l'l'quirements reduced their milk production the produc­
tion ration, for the I1('xt week, would be rcduC'ed suffieil'ntly to supply 
only SO perecnt of standurd rl"quirements at thr: 11('W and 10w(',' ll'vpl. 
Thus, the total ration was continuously adjusted to milk production 
in the. same way that practical dnirymen adJust the grain ration when 
they feed gl'llin at the rate of 1: 2, 1: a, ptc. . 

The diffN'ences in rates of feeding were accomplished mainly by 
varying the nllowa.nce of conc('ntrates, hut when tIl(' cows were dry 
or nearly so, roughage consumption sometimes had to be l'l"stricted 
also. To obtain eompl('te T('eding contTol, cows wel'(, fed in the blU11S 
the year round. They wen' allowed to ex('rcise in tIll' open in sllutll 
enclosures npar till' barn, bllt they elid not havp nny pnstnre. 

In another series, the so-euJled series II l'Xpl'I'lments, the feeding 
as. practieed by praeticlIl da irymen "'liS approached 11101'\' closely. 
Only one clw('k group "'liS fpel ac('ordillg to thp Haecker standard; the 
ot]W!' groupH were fed l'Oughuge at liberty. but the grain ration was 
varied in propOl·tion to milk produced, so as to feed different groups 
1 to 2, 1 to 3, 1 to 4, Ilnd 1 to 6 (1 pOllnd of gl'lIin for p\'ery 2 POI1l1Clt, 
of 4-percPllt milk, etc.). At two stations the ('ows in one groll]) were 
fed on ly roughage. Except for SOIlW of the groups fed nt stanclard the 
nllowlIllc(' of r·Otlghnge wus in no cnse clIrtailed, even if this meant that 
when cows WN'e dry 01' giving only It small qllantity of milk, they re­
ceiv<'d more fped than wus ('ailed for by the l'l'(fllirl'mentH of the fl'pding 
standar'd uSl'd. In this slwips some of tIl(' Iwr(ls were barn-fed througll­
out the year; others were on pasture during the Sl1Jllmpr. 

A1togethC'I" 157 yearly records were ob.tllined of cow~ fpd according 
to the series I method. nnd 210 accordmg to the serIes 'II method. 
Ench station, ex(,ppt the 011(' in Vir'ginia, fed /!roups of cows at 1'lOt less 
than .fh'e levl,ls, Olle group at ellch statlon was fed nccording to the 
HUl'cker or tIll' Mo)'rison standard. 

Towllrd the end of tIll' second yenr, it appeared that even the 
highest levels of {('('ding wpre still not high enongh to yield a suffi­
cient number of olisel'Yations 01' which to basp the very nppermost 
pnr·t of the (,111'\'(' of diminishing I'('turns. y(lt that range of observa­
!'ions Sl'('mpd to he whut was np('(1('d to ascertain the economlc limit to 
intensive f{leding Hnder prul'ticlIl conditiol1f; wherp milk pric('s were 
\'l'ry hi/!h in l'('lnf'ion to grain pl·ices. ']'herefol'e. at fin' l'x]wl'lment 
stlltions--Delu ware, IndiullIi!., Maryland, Mississippi, and Pennsy]­
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vania-the work was continued for 11 third year during which 87 cows 
were fed all the grain they would eat for most of the lacta.tion period. 

The sum totals of feed intuke and milk output for the entire year 
for each of the cows from the different herds constituted the observa­
tions. 'rhe few production records that were discarded were of ani­
mals that suffered really serious disturbances such as sickness or 
accident. 

PLAN OF THE EXPERIMENTS 

It was planned to use the best available experimental technique 
to obtain close control of ft'eding and accurate measurement of milk 
output and of quantities of all fpeos consumed. At the Sllme time the 
cows W('I'e to bp housed in average' dairy oal'lls where they would be 
tied up in stanchions. miikpd two or three times daily, and given aver­
age care. Thus envil'onmPlltal conditions would correspond to good 
LIn il'Y pl'llctict' and tIl(' results could be applied directly to dairy farm­
ing as now prllctil'pd. 

'l'hpSt' rNl1rircments could he fulfilled at reasonahle expense only at 
the State agricultural expl'riment stations. At the cooperating experi­
l1Wllt :-;tntionl3, the prodnrtioll of enell cow during previous lactation 
pel'iods was known from the J'ecoJ'ds kept. Assuming that all animals 
hnd had nn eqnnl ehnllce to dl'mol1strate their nbj]it~, to produce under 
similar conditions of good dairy practice, the productivity of each of 
the ('()\\'S tiSI'd in thl' l'xpl'l'illH'lltS eoulcl be estimated. The basic l)l'()­
ducing' ability during ('al'h experimental yt'llI' was estimated from the 
previous records b~' lI Pp.lying Dairy Hl;'rd Imyrowment Association 
C'oJ'rertl01l indors for age. lpngth of lactation period. nnd number of 
times a day milked. On the basis of this information, together with 
the datn 011 breed. age; and weight of the animals, the cows were 
sek<'tt·d for pxperinwntal WOl'k and allocated to different experiment 
gI'C)IIps ill sueh a WHy that thesp groups, so far as possible, were 
homog't'IWOIlS with respect to breed, yield, percentage of butterfat in 
the milk. age, and w(>ight. 

The plan t1Wl1 I'('quil'(>d thesp balanced groups to be feel at different 
len'ls of intpllsity for a J)('riod of time long enongh to cover at lenst two 
fnll \:wtatioll IW!'iods. Libpt'al feeding may result partly in increased 
milk yiplds Hnd pal·tly in incl'(,llsrd body weight. and a cow may draw 
on built-up body l'£.'R£.'I','e~ at later pei·iods. By continuing th£.' ex­
perimpnti; fol' two fnll lactation ppl'iods it was expected that the full 
cllInltlatNl P{l'e('ts of hra vy allCI !:iC!lnt fl'pding could be leamed. 

But tIll' n'l'y long' period of exppl'impntation aIso nwant vastly 
g'1't'utPI' diffieulti('fi 011 ueC'ount of loss of animals on experiment. Some 
('ow!'; would hnvp to be taken of!' the experiment when records were only 
P:ll'tly ('olllpll>tecl; gl'Oups wonlc1lw('onw nnbnlancrd wh£.'n slltisfurtory 
slIbstitlllps ('ould not Iw found, BeC'allse of displls£.'. injury. 01' dpath 
of ~onw of tl1(' c'ows. alto/!:p(hpr 41 per(,pnt of tl1£.' ol'iginal cows were 
('Iimilllltl'fl lwforr thp expPl'iment had I'lln thl'ough two lactation pe­
l'ioc1~: 17 ppl'cent \\PI'£.' lost dur'ing Ow first year and 24 ppl'cpnt dnrmg 
tlli' f-'('concI ypar, 1'hpSt' IW1'cpntages :lI'e high butno higher than culling 
ppl'(,(,lltngei'l in mun}' cOlTlm£.'l·cinl herds. 

('ows lI11d(>r 3 ,Veal's of age were not used bpclluse a cow had to have 
at It'ast onp ]netntioll J'N'ord to spry£.' as a basI' for an pstimate of the 
expected production during the period when being fed experimentally . 



12 TECHKICAL BULLETIN 815, U. S. DEP'l'. OF AGlUCULTURE 

Because only cows that had at lenst one lactntioll record and were 
normal in all respects could be used fOl· expel'im('ntation, only a •limited number of cows (as a rule 10 to 30) could be used from each 
herd. It became necessllry, therefore, to ('nlist the cooperation of lO 

State agriCUltural experiment stations. At these stntions, altogether 

454 anllual records of milk pruduction tUld feed consumption were 

obtained. 


PnOCEDURE 
~ 

As It matter of convenience in condllcting the 'Work at different 

stations all the cows were started on the eAl)eriment at the same time, 

regardless of the stage of lactation. FOI· ('ach cow the first Yl:'ar ended 

and the second year begltn when she again reached the stage of lacta­

tion at which the experiment started. By combining parts of the two 

experimental years it was also possible to obtain a separate Sf3t of data 

OIl llnbrok€'1l lactation periods for most oi' the cows. The cows vari('d 

greatly with respect to the interval between calvings and the length 

of the lactation periods. The records were therefore standardized as 

nearly as possible to n common busis by eliminating those parts of the 

records which were ill excess of a dry period of 60 days and It lactation 

period of 302 days. Rl'conls of milk and feed. for the 3 days immedi­
 •
ately after the calving Were disregarded. These omissions cause a re­

duction in overhead it'eel costs alld this must not be overlooked in 

certain types of economic computations. 


It was intend('d to limit the investigations· to the economic problem 

of how much to f('('(1 uncler diifer('nt price conditions. Tll('refore, all 

rations wer(' preparecl> ,in H. \Yay to guanl against any deficiency of 

prot('in, mill('rals. 01· vitamins. At fiJI str.tions all groups were fed 

enough protein to meet fully the requirements of the Haecker standard 

and the rations all cOlltained what would be consid('red a suitable vari ­

('ty of ingTl'di(,llts. L('gllm(' hay and ('ithe1" wheat bran or one of tIl(' 

oilnwals ma.d(' up part of the ,·ations, and til(' nse of these f('ecls no 

doubt pr('vented allY shol"tage of calcium 01" phospho,·ous. The quality 

of hay and silage was high enough to prpyellt symptoms of vitamin A 

d('ficiency. At 011(' shttion the grach' of the ha)7 aW1·agl'd mirLway Iw­

tw('('n U. R. No.1 and U. S. No.2 in quality; at byo others it av!'.raged 

U. S. No.3: and at all oth('r statiolls it a.ycrnged U. S. No.2. It 

waS belien'd. tlwrt'iol"(', tlmt allY differences obsl'rv('d in th(' I"(,S))OI1S(' 
 •of thl' cows fNI at clitfl'l"t'nt I('Yl'ls ('ould be attributed to Ow quantity 

of f('('el ('atpn and not to sho,·tcomings of th(' ,·ation8 in otl1('r n'sj)('cts. 


'I'll(' f<'('(]s \'aJ"il'c1 sonwwhat in nutrient ('on 1'('11 (' from OIl(' station 

to anotlH'1" so that ill avC'raging I"psults fl"Ol11 8{'Y('ral stations c(,l·taill 

adjustments had to 1)(' made. Th(' gTain was adjusted to a total' 

digpstiblp nlltl"ipnt ('ontpnt of 75 IWl"eent. '1'11(' silug(' at two stations 

was so I11I1('h nbo\"(' tll<' a\"prag(' H1 (h·y mnt!Pr that it was adjusted 

to a total diglCstibk nutTient ('ontent of lFl.7 p01"(,pnt. TIl(' figures for 

grain and silage in all the tabll's ,·ppres('nt adjust.ed yalues. 


Only a v('ry small part of t hl' nlltrien( i nta ke was obta.ined from 

pnsture. At half tl1(' stations tIl(' (·ows 011 cXj)('rimpnt had no pasture. 

AU cows, whethel· they were fed. hettvily or lightly, consumed some 

lu~y Ilnd silage in Hw barn dming the days 011 pasture, and grain 

fe('lling was continllNl at thl' IISII,III I"lltN:i. It was assllll1ed ('hat the 

cows would consume as many llutrients in pasturage il.nd in the 
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• roughage fed as supplements to pnstl1l'e as they consumed in rough­
age during the nonpnsture season. The nutrIent i:<take from pas­
ture. then, was estimated from the quantity of bal'n feed saved in 
the following wILy. From the nutrients consumed by the cows in 
the £01'111 of roughage before they went on pasture were deducted 
rhe nutrients in hay lllld silage fed as supplements to pasture. The 
remainder was considered to represent roughly the l1utl'lents obtained 
from pasture. 

At one station cows received a considerable quantity of nutrients 
during a day's grazing; at other stations they received very little. 
In Ol'cIPI' to eXpl'l'HS the pasture-nutrient intnke in terms of pasture 
days of equal value, the total qunnti~ of nutrients replaced by pas­
(ul'llgc' wns diyide([ by 15. On£' cow-day of grnzing was considered 

• 

• BAE 39647 

FIGURE 3.- -SPE-t-:IAL MANGER PARTITIONS USED FOR THESE EXPERIMENTS BY 
THE PENNSYLVANIA EXPERIMENT STATION. THE PARTITIONS WERE PLACED 
IN FRONT OF EVERY OTHER COW. THUS PREVENTING EACH COW FROM STEAL­

ING FEED FROM HER NEIGHBORS. 

(0 be equal to 15 pounds of total digestible nutrients in pasturage. 
Tlli:-; quantity is about what cows would ordinarily get from first-class 
pastures. 

It, i:-; /,p('ognized that these estimates are bUl'dened with a sizable 
('\'l·or. However, on an llVel'llge the number of days on pasture was 
\'er}, !:l1nnll and rflllged within l'Utl>lcr narrow limits for the different 
gl'OUpS. 'L'herefol'e, ev(~n sizablt' errors in the method of evaluatiuO' 
pnRturagl' etntld hllye no material l'ffect on the finnl averages derived 
fl'om till' tota.l 1I11lnbel' of eow records. 

All milk pl'oducl'd and :111 f('l'd ('onf;l1lllcd were weiglll'd every day. 
'1'1\(\ i'l'Nls wen' fl'd to Plleh anima.! Bl'parately (fig. 3). Mangtlr 
partitions pnl\·ellh·d (,O\\'R froJll stpaling either concentrate feed or 

• 
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roughage from each other. What was not eaten was weighed back. 
Samples of an the :feeds used except pasture gl'llSS were analyzed by •the stations. Digestion trials were not run. Instead, the coefIicients 
of digestibility published in Morrison's Feeds and Feeding, 20th 
edition, were applied to the chemical analyses in estimating the di­
O'estible nutrients. Each lot of l1ay was clll'eful1y graded by tIll' 
firain ilnd Seed Division of the Agricultural Marketing Service. 
Samples of milk were tested for buttl'dat. In general, the. expl'ri­
mentill work was handled in accordance with the bpst available 
technique which it was possible to employ and still hllve experinwntal 
conditions correspond to ordinary good farm practice. 

The qutlntities of the various,. feeds were Ildjustecl eyery 'week ac­
cording to the plan of the experiment so that any chllf'ge in produc­
tion during anyone week was refiN:t{'d in the rations computed for 
thl' following week 

R('ports on the experimental work wpre made e\'ery week. The 
datu received were checked against the origillul barn l'(lcol'ds~ appar­
ent inconsistencies were investigated and It so-called deviation report 
was returned immediately to each station. In this report it was 
stated to what degree the feeding of each animRl had deviated from 
the plun for fhe experiments and how muc11 correction in feed wouM • 
be required the next week to make up the difference. A dairy 
technologist visited the stations from time to time and talked with 
the persons who nctunlly fed and carpel fol' the ('ows on (>xpE't'i.ment 

PREPARATION OF EXPERIMENTAL DATA FOH ANALYS1s 

AVERAGING OF FIRST; SECOND, AND·THIHD YEARS' R~CORDS 

As the weekly records of feed consumption, milk production, 
weights, health, and chemical analysis of the feeds, etc., were received 
from the cooperating stations, the data were accllmulated into an­
nllul records for each cow in the experiment. But before tabulating 
the results it was lleceSStll'y to lea,rn whethel' the first, seeond, and 
third years' records could be averaged together and whether all 
these records or only those obta ined in the second and third year 
were to be used. 

In setting lip the experiments it was expected thnt the full effect •
of the different mtions would not bl'eollle manifest until the second 
year. But at the end of the second year 110 consistellt pattei'll was 
found in the respolIs(' of the cows the seeoll<1 year as compiu'ec1 with 
that of the first year, except that the definitely underfed cows pro­
duced less the second year. Of the ('ows that had two COl,lSE'Cutive 
yearly re('ords the pel't'l'I1tage that produC'ed Inore the se('ond year 
thun tIll' first Ilt. five diffprent len·ls of fe('{ling from the loweHt to 
the highest wus 44~ 69, 6G, 40, and 62, respectively,; similarly, in the 
five groups the second year's production in percent of the first year's 
production was as fol1ows: 92, 106 106, 99, tmd 101, l'espectlvely. 
Beclluse production the second year failed to show any definite trend, 
group by group, compared with that of the first year, it was con­
sidered best to work up all the data together rather than separatl'ly 
by years. 

• 
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COMBINING PAinS OF Two LACTATION RECORDS 

Alloth('l' problem was whethcl' results would be biased when parts of 
two lactation records we1'(, combined in order to make up one complete 
lactation instead of measuring results in terms of unbroken lactation 
records. The cows_ were started on experiment at various stages of 
ladation and ended the year at the same stage of lactation at which 
tlwy "tarted. The qu('stlon is whet'ller a year's record made in this 
wa)" is cOlllpamble with a record that st:irts during the dry period 
01' imlll('diately after calving. If onl}: unbroken lactation records 
('mIld 1)(' used. the lllllnb('r of observations wou.ld be reduced by 24 
p(,I'("('nt. A separlltl' allalysis was made. therefore, to ascertain 
wlwtlJ('l' any si~nificant c1iff('rence would result from using the one 
kind of prOlluctlOn records instead of the other. 

A total of 367 original yearly records made by 25~' cows yielded 
280 unbroken 1actatiom;; L80 ('ows made records of sllfIicient length 
to nwke it possible to compnte production records by both methods. 
III many casps cows ",el'e stalted on experiment so close to the drying­
off date that till' IWl'ioc1i' covel'ed by their broken !mel unbroken 
l'e('ordi' w('r(' praetic!tlly identieal, but in 88 cases there were sub­
stantial difrprPIH'es in the dates on which the cows started their 
bl'Oken nnd IInbroken records. Thnt is to say, some of the cows 
had. b(>ell fresh for' s('Y('I'a I months bdoJ"(' they were pllt on experiment, 
al whi('h ((atp their bl'olH'1l !'e('ord began. 

TIll' ('omparison of the broken and unbroken records made bv these 
HH ('OWi' showpd all average differen('e of only 60 pounds of mIlk per 
('(I\\' PPl' wal'. This illdicates that very little bias will result from 
lIi'ing th.,: met hod of compm;iting broken records instead of using 
unh!'ok(,1l ladatioll rt'cords. It was fOllnd that in 42 percent of the 
('a~es the c\e\'iation 01' tIl(' bl'oken from tIl(' IInbroken I'l'('ord wus less 
than. pillS 01' 11Ii1lUS, iJOO ])Ollllds. and ill ()!) IWl'('ent of til(' cases it 
\\'ai' I('ss than 1,000 pOllnds. 

This indicates n standard pITC»' of about 1,000 pounds and this 
('ITOI' is IlO gl'patel' thun the usual IIllexpl:dned variation found in 
alla Iyz.i Ilg records of ('O\\'S of t he sa 111(' size, productivity, und feed 
illta I.e. It was thp!'efon' conduded that no significant diffel'ence 
would reSIlIt fl'OIlI IIsing OIl(' nwthod of cornputuliol1 instead of the 
othel·. NatllJ'ally, therpfOl'p, tIll' IIlPthod of ('ombining parts of two 
ladation J"('('ol'di' illto olle :tnllual pl'odlldioll L'(~eord was selected 
bl'(':lllsp onc-thinl 1II01'{' L'c('oL'ds could be obtailH,d from the. !tVailllble 
matel'ial. 

CHANGES IN BODY "'EIGHT 

.\s {('{'eI C'1I1l 1)(' IIsed for' lIIaking body sllbsiall('e as w{'11 !IS for 
llIaking llIille. grains 01' losse:.; in \\'l·jght sholll(l be e\'alunh'd in tpl'IllS 
of III ilk or f('ed providt'd the !In irna I is to be so fed that she will at 
sornl' time I.·e\'prt to the sanw wPight. as nt the beginning of the 
expprillwnt. In short-tinw l'xpel'iments a given gain 01' loss exerts 
a ~I'('atel' infhwn('c than in long-tillw (,XP('I'llIlpnts because the nutri­
PilI's Hsso('iated with gains Ilnd losses llIake up 11 greater proportion 
of the totHI. 

Aftel' a ('OW is put in bptter ('OIHlitioll throllgh heavier feeding she 
will t('l1(l to lII!1inbtin this condition so 10I)<r as the heaviel' feeding" 
;'Ollt illlll's; :rfter she becomes thin through fighter feeding the tend­
l'IlC'Y wi II be to rellmill thin until the feeding is more liberal. The 
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nutrients associated with gains and losHes therefore should be taken 
into account only once for the entire period. •The intent of the input-output investigations was to ascertain 
the most profitablt' l{lvel of feeding for a pt'riod that might extend 
over seveml years bllt in no case would be less than 1 year. Even 
then. the vahw of the increased body wt'ight produced by liberal 
fel·ding will finally 1)(> r~alized some yeal's Inter wl1(>n tIl(> cow is 
culled and sold for beef. But. this increased value is probably more 
thHn cOllnh,'l'blllallC'('d by tIl(' C'ost of I'll£' ('xtl'H, f(,t'tl 1'('fjllired year 
Ilfter YPlll' to maintain th(' heavier animal. Therefore, if the gains
!)l' lossl's in body \Y{·ighl' ar(' not V(,l'Y gl'l'ut they lllay well b(' ignOl"('d 
Jll the analysis of long-term inl?ut-output (~xperilll{'nts.

In thesl' experiment's It contlllllOUS 1'('("01'<1 of hody wl'ights was 
obtained from wl't'kly or biwt'l'ldy l-day wl'i~hil\gs 01' from monthly 
weighin~rs, for a conseclitin' duys. In acldition. a system of ~I'adillg 
for con(btlOn was ncloptpd lind at inh'l'vltls throughout tllt> experiment 
the cows were ~I'lldl'(l by tIl(' S:IIl\(, lIwn at tlw V:U'iOllS stations. The 
gl'ltdes ran frOIll 1 to 4. 1 l'l'Pl'('sl'lltinp: ('xc'pllpnt ('ondition. 2 good. 
3 fnir. and 4: poor. 

A ('ompari,mn of the wpights tak('n at tIll' Iwginning nnd at the 
end of ('rich of tlte cow's y('a1' on t'xperillwnt for 2 consecutive years •
showed thnt the six groups (tabl(· 7) from I'Iw lowest to the highest lev('l 
of f('eding gailwd 01' lost tIl(' following nllllliwr of pounds pl'1.' ('ow: 
~-'irst yellr: -26. +11. -21, +52. +21), + (i(i: s{'('ond yellr: ~5, +7, 
-:!. -no +26. +1). 

The lowt'st f('c\ ~l"OllP lost /'Ill' most. and the higlwsl f('(1 group 
gnllwd the most. Tlw data for tlw intcl"lIwciiat{' groups aI'(' not Yl'l'Y 

('onsist('nt. espt'C'ially if ('onsidered sepnmtely by years, but if the 
I'('sults from tIll' first and sN'onll YP:lI'H an' adrlpd togl'tlll'r. t\t('n only 
groups 2 and :3 Ill'Pel to ('xehang(' p1:u'('s to /llllk(' 1'11(' ~ains ('ollfortll 
to Ill(' ditT(,I'('/lt 1('\'els of f('t'din~, as will be ~('en from tIle fol1owing 
2-),<'ar total:-: -:H, +18. --:m. +4::3. +!iii. +7fi. TllP mtillgs fO!' 
condition of H(,l'h vari('d in tIl(' sam(' wa v as tIll' w(lights. 1'1t(' an'l'­
Ilg(' rutings of all ('OW8 fl'OIll low to hi~h 1('\'('ls o(fe('ding were as 
follows: 

GI'OUp 1. 2.79: WOllp 2, :!.7-k ~I'OIlP a. 2.!il: gl'OIlP .t, 2.a:~: gl'olJP 5. 
2.2H; Ilnd ~I'onp 6. 2.na. 

It will b('obs{'I'\'ct! that tl)(> \\"I'ighls tlw HP('ond y(':II' t('nd t'o be('olJl(, 
stahilized, tlw 11I1'~est loss tlw second yenr being H pounds and the • 
Inrg(·st gailt iwing 2(; pounds, as agaimlt a 26-poulld los~ and a ()6­
pound ~ain the first ),('111'. TIll' IluthOl'S diclnot think that thps(' Inssl's 
Ilnd ~llillS, l's)(>('iaUy aftel' Ill(' fil'st ,Vpal'. w(>t'e hll'~e enough to be 
tnl;:{lll into n('('mmt ",lwl1 anl\lyzill~ tlw 1'('slIlts. If the Vahll' of 
output ohtuilll'd in tl1l.' fOl'lIl of ilt('n':tsNl body w,.'i~ht is to be con­
sidered. tIl{' {'ost of tilt' ('xlra ft,(,cl inputl:i 1'('(Jllin,'1! to llIailltain thl' 
:ldd('d wl·i1!ht must also Iw takelt into a('('olJnt. If Ihis i" done. it is 
found that tlw Ylllu(> of til(' gain is morl' than ('ountl'!'bnhmced by the 
added cost (If maint('ltlllnCl' ill (JIll' :llld on('-ilalf Y(,Ul'S.r. '1'lw1'('1'01'(', 

in this study no ('I"NI it ('a II Pl'OI)(,·r!y he ~iwn to ga in!< in w{light. 

• If :1.;':1 pourHI~ of rll';~81Ihl" nlllrlt'nt.H nr.. n'llulrNI to prollul'" u pound of guln, It 
tllk('s :lim !'OtllU\!1 of 1I11lri~nt~ t.o WOdUl'(' tl gnln of tOO l~lU'I(IK. On tIl!' hllSl1l of th{'
!\forrlsoll ~tundurd for the lIIulnll'UUnl'I' of dlliry ('OWN, It Is ('stin",I",1 Ihlll 10 lIIalntnln tlr.. 
.l:lIln nr 100 pOII.HiH will rl'(ju I1'(' !!IS pourIlls of III. I 1'1"11 Is II YPlir. TIIII~, If for Ih,' Silk" III' 
S\rIlI)II('lty It Is IIH~UII...d Ihllt li.(, "lIr,,,, <If til(' nlllh'II "'I'I,l:hl l"Orn'SjlOn!ls :0 ll'" ,'a I11(' or 
(/>t>(] It look to produ!'I' It. tI.(, ('unlllllltln' ('(lst' of IIlllinjllinlllg t.e udded w • .'igbt will 
~ollnterbulllrrco tile "n)lIe of the gnip III I!lss thnn l'h yonrs, 

• 
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lNP"GT-OUTPUT RELATIONSHIPS IN MILK PRODUCTlON 

RESULTS OF PRESE~T INPUT-OUTPUT EXPERIMENTS 

SERIES I EXPEHIMENTS 

The results of thesl' experiments ('an be c1('scrihcd most briefly 
by figure 4, which pn'sents :m example of how tht~ plan wa~ actually 
carried out at Olll' st atiOIl for 1 year and how balanced ~rollps of 
cows responded to the l'h:lllges in feeding leyel at the stations that 
condud('d tilt' sel'i('s I l'xperimcllts. At this partieular Htation till' 
group fe(l at 120 ))('l"c('n1' 01' standard had tlw higlwst produetion but 
on nn il\'Pr:l/,!"(' for nil t\WSl' l'xperinll'nts production increased con­
Bigtc-ntl)' w.ith hcayil'r \,(,('dillg and tlw heayiest t('(1 group produced 
the most. 

10 

____ Tor.l Hucker relluiremenl3/or mAlntenanCir and milk 

-
~ Nutrients .\I~UabJfJ Jor milk production 

8 I------m H.JeckeT mA/ntelllJnCfI requIrements
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LEvELS OF rEEDING 'PERCENT) 

BAE lei" 
FIGURE 4.-COMPARISON OF HAECKER STANDARD REQUIREMENTS WITH TOTAL 

FEED CONSUMPTION OF GROUPS OF COWS FED AT DIFFERENT LEVELS AT STA­

TION A. 

Tilt' plan 1'(''1uil'l'd that till' cows he fed strietly according to the 
1I;t('eli:t'I' ,,{HildaI'd with SOIlll' gl'oups fpd 1ll0l'P titan tilt' standard_ :md 
dtill'l' groups bl'low tItt' stalld:ll'd, Figul'(' -I- shows that the purpose 
\\'a:-; i1t'('olllplisIH'd, The cows on til(' li('anti('st rations reeeivcd less 
thall tilt' stalldard ('ailed for, and thoHe on the high feeding levels 
J'(l('(>j\'('d a surplus, Tlw figlll'e also Hhows that tlwse differences were 
bl'Ought about by ehanging til(' gmin I'lItiOll. Thf' roughage part 
Ill' the i'lltioll Was pl'ndienlly l'Ol1};tant from group to group. Only 
a lilllilNlllJllOllllt of roughage was 1'ed-1.8 pounds of hay equival('Jlt 
PPl' 100 pounds of liw Wl'ight, Th('J'(,fol'l', in Ilw:;e l'xperinwnt:; ill­
('I'eas(>(l gl'ain i'Pf'ding wus not 1I('{'olllpanh'cl by a r('(lnctlOn in rough­
age consumption as "'as till' eas(> in the 8(>ril'8 II l'~q)(,l'imen{s whl'l'l' 
t 11('1'(> waS no lill'litat iOIl on til(' aHlount 01' roughage fed to the different 
grOU))H. 

That milk yipl<ls g(,IH'I':llly ill('r(>:lsl' with increased te('(l is brought 
out. mort' ('I(~al'ly ill table~ 1 lind 2 l\.11d fi~\Il'es 5 tlnd 6, which denl 
only with the l'C'lationship \)(>tW(>PIl fpC'd inpllts and milk outputs, Ilnd 
show what diffel'PI1CCs in yeady feed consumption oyer 1\. whole. year 

4:!:!OH O·42--2 



T.\BI.J:: 1.,.·,JJilk output and jeedillputs, yearly aver(/ge,~ of rOIlJ,~ Jt'd II/ JlIJt"'Ijicd fJ'·I'('('!Il(lge.~ of til(! I[uccker ,~tu"dar./; series .VI). I expuiment at _ 
.station A I OC 

FIHi'iT·YEA It RY';C'O (WS 

~ 
'roWI (ee<l ~onsumption n

Illlsl" pft)· 1'oWl dlgcstihl~ Ilutri· (toto I digestible nutr!·.\Iilk r.ro.du('in~ ~nr::;: Ml1SUnINI en's) related to Hnecker
Level o( (eerlln~ Ipercent nf llnerker Y('arl\' ree-"" ulJility, ·I~ :\ \'ernge durN ,4- ~ Oruin enn­ fluy con· Slhl~c I'On- standarri ....

stllndnril' orlts {lert',,"t (nt· sumed 1iume-d ~urn("1 C"l
iI,·c wcl~hl pI'rCt'nt (at· 

I.)r year corrcclcrlrorrcrrpfi >milkmilk Over main­ : 0 \"er mllin­ 1:1'roml ToUtItcnn,nC'c! tt\nnnce­ t:l
c-: 
t".'"'umbrr J~o(lmf", Pound.! Poulld, POllntt. Pound:! Pound~ Pound. Pound" Prrcml Parent9() t"n 8.982 I. I.:! i,5.'H 5,»27 '2,032 I, 9f'>~ 3.001 12.217 91 7910il 5 9.332 1.205 8.2!l:j 6,21.; ~2.620 2,495 4.006 12,75.1 97 9:) ...,

110 5 9.87.1 1,203 8. '>S7 6.722 3,127 3.302 4,090 12,072 102 lOt
I~l 7,5 9,30r. 1.303 11,48. ll,3il 4.. i76 5,012 4,248 13,6f>4 112 12213[1 5 9,2.'!.'i J,269 10.915 S,378 4,78.3 5.282 4. liS 12. ~J4 115 132 ::r. 

:;ECf}N"\}·YEAH HECOllDS c' 

~ !!<, 5 9.;12.5 1,193 8,22,,\ .1. 9S.~ 2,393 2,455 3,252 15.r.1H 94 81l
10<1 5 9,510 1.2!l.1 O•.~4·1 7.052 3,457 3,412 3,446 16.702 102 100 rr.JIll 4 10,047 1.220 10, iiS •• 520 3,02.5 4.35S 3. Hi 1.5.333 104 10;­
120 4 0.512 1,312 12.342 8.746 .i,l.il ,1,77R 3.59.5 16.020 112 12:\ c 
1311 5 9.2H 1. '290 10,r.m ~,317 -1,722 ,'j'.2S~ :1.356 16.100 115 130 t":: 

'tl 
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ADDlTW:->AL RECOIU.lR' 
o 

i "1 
['nhmil(·d' 8 8, i45 1.304 11.224 8. OtiS 5.3;~ I 6.072 . 3,6U" 12.162 121 141 >c:: 

::::
l.\t this statioll th~ cows werr alliargr TiolsU'iu cows ruilkNI twice n day. 

:J 'l'h{1 U\"l'ragt1maintpnflnrt" rt1quin'nwnts of .17 (,OW~t :{,59.1lotul (li~(\stihl(.' nutrients ...:as used for all groups. S 

"fh,'S!' rr('orcis suppl"'lJrnt{'d Ihr regular plan o( till' rxp('rirn~lJt hy prol'irlin!( morr information n! the h"nl'irst Irl'('I~ of f"NlilJ~. They werr trwl!, in th., third yl'nr of the c-: 


t'xprrilll!'n! pnrUr hy ('[)Ws on <"fl.'rlu",n! be(on'. hut rn"~tl~' by nt'W rows uddl'd to th., rxpl'rim(·nt. t:...,
• In this group Ihe rows w('rr r",1 all th~ grain th~y would ronSlIllIr In nrlrlitlon tn n roughngp !nlok., oe 1.r, pOml"" or IltlY "'1\1\\",1"01 <I:tily lwr 1I~1 I""lll.l, of liw w'·lgbt. c:: 
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BU!'ie J)ro­ Tfltui djgl'~tihl(~ 111J1ri·.\Illk IJrf)'dU('ing ('J)t~ NUlf.\UUlPd 
Lflypl fJ( f(·f.·din~ t J)#~r('NJt uf lIfl,(o{·kt·r Ytlnr)\, r('('" ahihty. ·1- ttr.lill ~(Jn ..A\'cmg{· rlue-cd. ·1· 

Iinwei~ht l)('rrcnt rat­sttlJHJnnH or;l5, percem fnt­ ~lJrn(ldror Yl10r rorre<>t£1'dcorre~tNI milkmilk Over mUlti­Total lenanc'(/' 2' 

..\~umbrr POlLlId.j Pound& Pounds Pound. f POU1I1f., Poullds 
70 2 0.333 1,2.;0 : 7.993 5,606 I. h,1fi l,oW
80 5 O. Ii; 1,287 9, iIi, B,4.;2 2. r,s2 2,9,17 
90 5 9, 28~ 1,100 9,933 0,449 2,670 3,194
100 5 9.102 1,380 11,385 i,90" 4.195 ·1,624
110 5 • 9,188 I 1,311 JJ,70i 8,080 4,aW 5,493
120 2 I 9,470 i 1,317 11,831 ~, 411 4,641 fl. 2-11 
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Unlimitpd 22 9, &15 I, :134 
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.- ---­ ---~-
J ~"'-t this station the rows \\'"nl largt' Hoi:;tl'in fu)(1 Brown ~wiss ('ow!': milkc1d :J tillll''s n day. 

, Th(l R\'eragr mAintenance 0(66 cows, "3,770 totnl digf's:tibh1 nutrients wns llSl'd (or nlll!Toups. 
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resulted from the feeding of different groups at various feeding levels. 
The data Ilre frolll two expCl'iment stations each of which for 3 years 
conducted one of the series I experiments. 

The dllta obtain{'d through these 3 years of experiments show clearly 
that it is possible to inCl'eU3l' the mi1k pl'oduction of dairy cows sub­
stantially by feeding mOl'\' thnn til(' fl'l'ding standard calls for. At 
the h,;o stations A nnd B, for example, the production of the groups 
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BAE 38927 

FIGURE 5.-RESPONSE IN MILK PRODUCTION TO INCREASED FEEDING. DIFFER­

ENCES IN PRODUCTION OF BALANCED GROUPS OF COWS FED AT DIFFERENT 
LEVELS FOR THREE YEARS AT EXPERIMENT STATION A. 

that were fed the largest l'ations aVl'l'Uged as much as 15 to 20 percent 
above the pl'oductioll of the groups fml at stalldul'd, and about 45 
percent more thun the lowest fpel gt'oup, which J'('('Pived only 70 to 80 
pel'cent of what the shllHlard requirements called for. This is truly 
it remarkable differellce. 

DETEHMINATION OF PHOIHlCTI()N HESI'ONSE TO l\fOHE INTENSIVE 

FEEDING 


Tht' expcrilllPllt·S uinwc\ also fo 11I(,:lSIII'(' titt'se differences with (,/lough 
Ilecuracy to permit them to !:jeryc as the basis for economic analysis. 
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• In other words, the purpose was to learn how nu.chextra milk would be 
obtained for eneh additional unit of {{'ed, and how soon and how 
-seriollsly the principle of diminishing returns would apply. 'Wh£'o 
the feeding level WtlS changed from the standf'ird level to a level 10, 20, 
and 30 pereent nbove tlH.' standard production ration, how much of 
an ilwr{'as{' in milk pl'odlldiol\ would follow from e:teh inerease in 
feed intnke~ \Vould incrcllses in milk production be proportionately 

• 

• FfED ABOVE MAINTENANCE ( 1000 POUNDS OF T. D N I 

BAE~!~ 

FIGURE G.-RESPONSE IN MILK PRODUCTION TO INCREASEO FEEDING. DIFFER­
ENCES IN PRODUCTION OF BALANCED GROUPS OF COWS FED AT DIFFERENT 

• LEVELS FOR THREE YEARS AT EXPERIMENT STATION B. 

lal'W'. Of' would tlw s('('()J)(1 :llld tllil'd ill('I'(-as(' sho\\' dedines in the 
ret lim?, The t'ypknl pictlll'(' of til(' I'(,Sltlt S ff'om tIl(> s(,I'i£'s I experiments 
is ['('v('ulcd ill figlll'Pfl 5, 6. and i. whieh show till' I'PSpOD!'ie of til(' ('(n\'s 
Ilt; individual stations, lind table 3 and figure 8, which represent the 
avcl'llge respons(> at all till' series I stations, In figures 5 and 6 the 
upper ClIl've shows to what dl'g'I'(lc lotal lIlilk production has been in­
('reused by h~I:l\riel' feNting' of two herds at two State experiment sta­
tiOIlS wlli(·h for 3 Yl'nrl-; fpcl the twnls IU'(,()l'ding to tll(' plan of the 
series I experiment!), The lower curves show hlCrementul output-the 

• 




--
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increase in milk production obtailll.'d for an extm pound of digt'stible 
nlltt:ipnh;-llt 1111.' clifI'pl'PIlt 1<"'l'ls of feeding, III fig-un' 8 tilt' average 
output pl'I' nnit of fced is ahio ShOWlI, The thrpp kinds of curves arc 
merl.'ly diffl'rent wllys of ('XI)f'pssing tilt' l'l.'lationship betwPt'n feed 
input'ulld milk output at variolls ll'\'els of fl.'Nling, 

The obst'l'vatioIlsin figur't's 5 and 6 covpred It period of 3 years, Each 
obsl.'r\'ntioll 1'1:'1)('(,";(,lIls (Jill' Yl'lIr's Pl'OdIlC('iOIl of a balan('pd group IISII­

ally consisting of fhe ('O,,"S fl'd inti i \'i<11111 11.v at a ('el'!a in h'Y('1 of feeding 

14 

::ill 
U ... ­
...: 
~ 
z 
t; 10 
<r 
w 
Il. 

t. ­
o 
til 8 
o ------'---- ­z 
::> 

Il. 
o ,,,1,t
o 
o 6 .-.---. -,'~;~ 
z 

q 

,,,' 

o 

;:: 'I,' 
~ 4 --,';'+------:------., ___J_____________~ 
o 
o 
<r 
Il. l I I I i 

~ l ~--.- -,_. /-----1---1--­-/' 

~/ I 
o ~-~-~-~-~-_L__~_~_~_ _L_ _Li_ _L_~_~~~ 

o 2 43 5 6 7 
FEED ABOVE MAINTENANCE ( 1,000 POUNDS OF T. D. N.) 

RAE: 38933 
FIGURE 7. COMPARISON OF INPUT-OUTPlJ1 CURVES SHOWING RESPONSE IN 

PRODUCTION TO I NCREASED FEEDING AT Two STATIONS CONDUCTING SERIES 
I EXPERIMENTS. 

ac('or'dillg to pIn II, Al'Iually, fel'd ('OIlS1I1IIpt iOIl for til(' \\'holl' .rl'ar 
did lIot eoHit' out exad Iy as plalllll'd hut il~ a\'('rHgp was elmiP to the. 
assiglled levl.'l." For ('xalll)I(', it might hp H:1 1)('I'('Pllt of till' f(,pl/illg­
stllndal'(/ l'l'f}lIiI'Pllll'IlIS illstt'ad of HI) 1)(>),(:(,111. ",Yith!lll' 1l1l'(hod of 
analysis uspd, small cl'rm's ill fppdill~ ill'P lIot ('lIl'1'ipdinlo 11ll' I't'stllts 
aR ('ITOI'R, All this l1Wl"llOd I'('qllirl'~ is a 1I111l1bt'I' of eal'l'flll o!l:-iI'I'\'atiolls 
cover'ing a slIitablp l'lIlIgl', 
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14 Btt('HlhW n gn1ut HlllIHlJlt of dlltll h:t:-: IIC'1'1I111011l1ll" from tlw PXlh'I'illll'JlI~ ,,1I1t'1I "Ull 
for IIlor,' thlill :: ~'I'lIrs, till. Ill'i!.;illJIl <l1I11l 1'01' ('11<'11 IIlIiJlIIII 011 exp('r'ilJlelll will be I~slll'd 
Hepllrllt('lr, 1I1II1 IlIH IIIl'ilHh.,t1111 IhiH hulll'llll, 
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The data from thes(' two individual stations arc presented separntely 
becuusp ilw data frolll only one herd bring out the principle of dimin­
ishing physical output more clearly than similar data arrived at by 
computmg llverages of .Inrg('l' balanced g)'OUPS of l'l'cords obtained 
from diifct'('nt shtt'ions and pl'('s('ntl:'d in table 11 and figur(' la, At 
station A, for example, the herd consisted of large Holstein cows all 
of tIl(' Slltlll' strain, of nnif'ol'ln type and ratlwr 1I11iform productive 
t'apacity, Till' PtH'il'ollnwlltal (,onditiom: \\'('1'(' th(' same, An the cows 
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fEED ABOVE MAINTENANCE r 1.000 POUNDS OF T D N.I 

BAE~16 

FIGURE B,·-RESPONSE IN MILK PRODUCTION TO INCREASED FEEDING, DIFFER­
ENCES IN PHODUCTION OF SIX BALANCED GROUPS AT ALL OF THE FOUR STA­
TIONS CONDUCTING SEHIES I EXPERIMENTS, 

wer(' f('d fO!' ayl'a I'S ill tln' sanw Ira I'll. t Iwy were suppl it'd tlw same feeds 
and r('t'pivl'd tI\l' sump cart', The balalleed groups of cows which wet'e 
made up at the beginllillg of til(' l>xperimellt were carried through to 
tIll' t'()lllplptioll of' till' il1\'pstigatioll alld the obselTations whieh are 
plott(~d on figurl' fi alld to whieh tIll' input-output ('urVl' has been fitted 
l'ppn'Sl'lIt the a\'el'agl' ]ll'oduetioll pm' co\\' in theS(' balanced groups, 
TIH'l'l' has bN'1I 110 n'gl'oupillg of t'econls and 110 adjustments of the 
original daln, 

At stili ion B the original balanced groups wen' likewise maintained, 
Tltl'Sl' gl'OIIP~ \\'('1'(' 111:1(1(' up 1'1'0111 Holstl'in and BrowlI SWi'lfl cows 
liI{('\\'is(~ I'l'd for 3 ),pat'S ill the Hatl1l' barn and subject to the same 
lHlyir()llIilelllal cOllliiti()I\H throughout. 



24 '1'ECfu",\lCAL BULJJETIN' S 15, U, S, DEPT, OF AGHICUUl'URE 

It seems important that the input-output l'l'lationships exhibited by • 
these two indiyidual herds were pract ieal1y the same llS the relati.on­
ships arrived at by u \'era:,ring lurgt' balal1c('(t gl'oups of production 
records obtained at nine difrel'N\'c eXpel'illll'nt statiOlls, Any pl'oeess of 
gronping re('oJ'(ls and arriving nt w(·ightt·d aVPI'ngl's for nil the groups 
at the nine diffet'ent sbtions may be Opl't\ to critici!'ml at sonll.' points, 
but in the ease of the two individual station lll'l'ds no >111('h grouping 

• 	 was mnde, The re~nlts from ("lieS(' two lwrds thll~ ~l'l'Y(' as a eheek on 
thl' l'esulf's from all )lil1l' stati(ll1S, BasNl tlpon thC:'sr t\\'o stations 
ulone tl bril'Ier 1'I'POl't could hayc bl'l'l\ prl'paret\ without allY material 
('hange ill the g(,IIPI'a 1conelw;iolls, 

TABU; a,-Milk OllfPIII (///(1 {I'('tI il/li/lI,~, ON'I'of/(' P('I' !frol' P('I' ('ow, {('tI al SJlr("i{ird 

I'(/Ic,~' (It 1/1/1'1'1.'1'1' Sial/riaI'll, 8(,l'i1'8 No, I l',l:/lCl'illl('IlI,s; ol'(,l'Ofle o{ -I ,~llllio1/8 


[tOnt Unit 1 Lc\'cJ !.m'cl I 1.0\'01 i Level Level , I 3 	 I 4 i 5 6 

Ye.t\rl~" tccords.. ~ 	 , ~umt~r :11 ':I;i-~'~~I-(~ ;-----;;;; 
1,Basic prodlll'in~ nhility. 4-Pt'fl'Oflt Cut- Pounds, S,&IO s, Sf.a t 8, 8,11 I s, sa:l 8, 9GII

('orrect.<lmllk, 

Live weight or COWS (nYllrn~tl) , Pounds Ii 12; I, atl5j 1,136 i 1,182 1,212

Outputs: 


.:Ililk protiuCtld i Poun<ls. __ i,7S:J B,Ofli 10. JOT f O,SOli 11, M5 •
Hutterfn! I Pllrccllt :1.81 a.S4 f 

I 

a.o:l I :1,79 3,80

Do Poumis .... _ 2nU.a :l4S, fI \ aU7,O i 371. 8 438,9


-t-pcn'eflt Cnt-('orreC'tl'd milk Pounds ! 7.5!iS i ~.Sfi5! n,u<Ju i H,-107 11.204
lnputs; I 


Orlliu consumed in yenr Pounds i :1, :0. ·I,4Ii9' 4.5:1:1 li, 'S.1

lillY I'oun(/~ ~:~i~ l 'I 4'''', ~,4~5 I :l. SUS a,fiiS

SihW(\ coru (or sor~hunlJ POllud~ 1~... tlH i 12:oiti I 12,054 112.107 9,9(i()

$ihlJ;l', nlfnl(a I'otltlds 520 .ifiO f 579 2i'U 203 

~tn.ll~1..'-'S l'nnmis lifi "'I'" 2·11 i 2(1) 12!1 

TOt!ll digt,lstiblc lllltritlnts ('OmmuH,'d POIluds 5, S!J.I 6, 41)0 I 7.2S,1: 7,4:15 S,711i

'rotal (lif:cstlhlt.1 nlltrirllls l'ml~UlIlt'd I l'OlHHls 2,020 , 3,132 4,Ol!i; -4,107 5,448
ov'er lJulirHel1!trH'(-\J 


~~eet1 ('onsuIIIJHion rl'lntl'd to Ill\l~t'kl\r 

sUlmitlr(/' 


\l(i ,Total' 	 Pt1r('t!J\t 102 10\1 i IH .\2:1
Over ul1lintenllnee , Pl'r('l'ul 02 10·1 lIS' 129 143 

! 

t Pro,luc\it>u T\,\('onis for t~Xpcrinllmtn' gnmps of t'nws 1\1 dUll'rent stntiol1~ hun:- bectlllrrnnged in fiU nscc[J(). 

lng order with fll (t:"rl'I1l'O IU t.1I1' IItu!l'kl'r slJUldnrd nml the ).troops hnI:Hw~'d with respet·t to' hasi(' producing 

shillt \', TIll' ~rlJul'ing l~ ~X1'J:llncd Iii more dotiiil iii pugos 35-3b nnd IS shuwn for Dclnwnrc, Mississippi,

!'\cw \"ork, nud Pimnsylnu.iu in tnhll' 7. ' 


t 'Phe tl\"enig,c Il1I\fnl('n:U1f~C requirclIllIlIt or Ii; ('()WS, :Jl~O~ loW Idig:l'Slihlc nutrients, was used (or nil f!roups. 


:4('v('rnl mntilpmntienl ('llI'YPS han' lWl'1I fitl'('(l to the ohsl'nTations, 

NOlie of t 1I1'~'.' ('un'ps ~a \'(. allY apPI'l'eiably bpttl'1' fit t ban thl' curve 

of tiilllinil'hing I'ctll1'l1l'-an l'XpOIll'ntial ('lIl'\'l'-lI;;Pt! \.>y ,y, J, Spill ­
 • 
JIlun (lJ) ill TpdlJlieal Blllletin Xo, 34R to dl'sCI'ibp the .law of dimin­

ish i Ilg I'l,tul'n:-; as it a ppl it's to till' llS(' of fe1'ti I iZI']' on cJ'ops, 'l'lle 

l'qlIn tioll of tl! is ('III'\'e is Y""·.Jf - A Rx, It was fOlllld that till' Sallie 


eul'VC also fits n\l'y l'losl'ly till' data obtnilwd on tlw J'plationship be­

tWl'ell feed inpllt alld llIilk oll/·IHIt. It dNil'l'ibl's ~atisfndlll'il,\' how 

t\w pl'inciple of diminishing 1'1'tUl'llS applies to m1lk pl'm1rH'tiolJ 

(fig. 9), 


In applying it to til(' l't':'i\llts of thr inpllt-ontput eXIH'rinH'nt it WlUi 


(,,'en possibll' to illtl'odllC'e a silllplifi('atiOIl,It was found that i11~ tlH' 

maximllm output, appal'elltly WlIS ('qual to .il, the 1'1I11gp bet\\,l'cn lllllXl­
1ll1I11! ulHl minimllm, ",I)(>n fCl·d consumption, (I·-the indepelJdent. val'i­

Ilbll'-wns l'xpl'essl'd ill tN'lIlS of total fetid l11inl1S Ha('cker mnintennncc 

n'quil'CIl](>llts, in othl'I' w(lI'ds Wh(,ll fCl.'d COllSulIlption is ('xpl'l'ssed in 

t~rms of the production ration. It is assumed then that 'the cow 
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produ('es no milk wl1l.'n fed (llily tllt' Haecker maintenance ration,; 
The equation then reduces to Y=A (l-RJ'), This curve passes 
through tIl(' origin and it fits the data about as well as the original 
equation Y=111-.:IR4, 

The Yallle of Y, output, incrt'lUws at 11 diminishing rate alld as;2', the 
feed conSUlIlpt iOIl, b('('OIlIl'S ypry large the r nllue of the CUI'Vl' de­
scribing tntal milk pro<iuetion approa('hes.fl, A beillg tIll' maximulll 
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FIGURE 9,-EXP.ONENTIAL INPUT·OUTPUT CURVE FOR A SINGLE VARIABLE INPUT 
FACTOR. 

J';X('l'IIt' frll' :t fl'W ('h;lIlgl'l' i II hi h('li Ilg. 1It il' tiglll'(' il' :t I'Plll'od /H't i Oil (If (ll!.' g/'a pit 
w:iO',1 h~' \Y, ,I. Spilhllllll ill ('XIII:tillill;': his eXllOllPlltinl yil'lll ('III'V\', }'" is the 
1I1'0,11l('lioll Wltl'lI 110111' of till' \'lIl'iahh' faetol' iH applil'd, I" thl' illl'l'l'aSl' in PI'O­
<111('lioll \lue 10 olle \llIit 111' tll(' factoI', 1" t hI' illcl'l':tse fOl' two 1111 its, IIIHI ~(l on, 
l' is (h~ IICIII:II prodll{'tiOll 1'01' ,I' l\IIit!; of ihe fadol', .If is the mllximum pro­
((uefioll, Th!'()rpficllil~', this 1IIIIxilll\ll11 lll'odueiloll woultl only ilP fortheoming 
Wltt'll ,I' iH illlillitely hlrgl', llowPI'PI', in pnll'ti('t'. tlte ('urve will npproll('h this 
IIIIlXi1ll\1111 within thp limit oj' Ih(' oh~l'r\,lltil/ns. A is Ihl' rangp hpt-\\'PI'n til(' 1'0, 
tltp IIIilli1lluI11 pmdu('tinrt, nnd .11 thl' nlllxi\llu\ll produ('tion, 'I'he \'(,I'tiI'1I1 lilies 
(/, II, (', fl, cl('" are till.' ilWI'('III!'lItH in prwillt'tillll (lilP to thp til'~t, Sl'COIHl. thil'd, 
[ol1l'lh. ('t(', illl1ul;; HlIplil'd, fl is tltl' ratio lll'twl'clI thest" illl'rt'IllPlIts; thllt is, 

Ii erie 
N = (/ = II = C = (j ('[1'" or /):.-:..(/ H; ('=; fiN, ete, 

1 f;llle() till' /-:rml(lS IWI'I' 1111 hllJ:IIH'NI IIlso with r('~Jl('C't to \\'('i/-:ht Ht tho.' SIUI'! of th.. 
eXIWrlllll'ut. tIll' u\'('\l'nge w..i~ht pror cow of nil g-rOlJp:{ tnlit'll t.o;':~loth('r was tuwd in ("om. 
putlllg Ih(' 11111 ill 1;>1111 11('\' 1'1I1ioll. For ('Nlllolllle ('vn)plliutilllls this Ill'1.lcI'dllre is (ll'l'fprable 
ht.·(.'H\H';l~ 11ll'l't'u:;('d mill, protltwlioll tllrotl~h inerpmwcl ff~t)dillg ('un ,)nl.\~ hl~ ollt:lII1("tl along 
with :lit itH'I'''Il~() ill wpight Ifnd thl'l'pfurp ill tnnln'PIUlllcl' rntioll. This i!lCrtlll~~,1 in main. 
!.r'lIllllc'l' mUClII fllliMt be cOIlMhlel'ml pllrt of tile udtlitioual feetl input ncccMMury to obtain 
thl' mill; output, 

http:approa('hes.fl
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production possible nt the very lwaviest feeding. It may not, of 
('ourse, be possible to feed the cow enough to reach this maximum pro­
duction expressed by A. Nevertheless, the A might be taken as a 
measure of the produdivity of the cow-in these experiments as a 
measure of the average productivity in the balanced groups.. 

The R in the equation determines the path of the curve between 
the origin and A. It llWnSUl'es how much mHk would be forthcoming 
from an ndditiOlml 1,000 voun(ls of total digestible nutrients as 
compllred with the production that resulted from the previous 1,000 
pounds. If, for examp1e, :t particUlar cow ret.urns :3.500 pounds of 
4-perct'nt fnt-corrected milk on 11 production ration of 1,000 pounds of 
total dige5tible nutrients and 5,700 p01mds of 4-percent f:tt-conected 
milk on a production ration of 2,000 pounds, then t.he return for the 
second 1,000 pounds of prodndion rution wOllld be 2,200 pounds of 
milk. llnd 1'01' this cow the R in the equutioll fitted to the production 

2200 .
figlll'es would be 3"500 = 0.63., The second 1.000 pounds of produc­

tion ration reslllted only in 63 P(~J'('l'nt as lllllCh milk as was obtained 
from the fin;t 1,000 pounds. If It third 1,000 pounds of total digestible 
nutrients WPI'P added to the mtion, the additional milk obtained 
would be 0,63 X 2,200= 1,400 pounds. The total milk production of 
the cow wOllld then iJP ,/,lOOJ)Olll1ds and she wOllld be receiving a pro­
duction ration of 3,000 poun s of total digestible nutrients, 

It ",ill be noticed that' as more feed is supplied. more milk is ob­
tain('{l, but- the additional produdion for an' additional unit of feed 
declines. 

The C'tII've is a curve of total output that increases with increasing 
input bllt Itt a. diminishing rate. It was chosen not only because it 
Hts the datn but a Iso bl'ca USP pxperillll'lltal experience was in accord 
with the logic behind the equation. 

The cOlllparison is ilia de, not betWt'llll individual cows but between 
balanced ~roups of cows. In th is way the error is avoided of attrib­
uting to IIlcrpasl'd feeding the higher yields that really are due to 
supel'ior pl'mltlctivity. In balancing the expeJ'imentnl groups, high 
pl'oduccrs as well as low producers were allocated to each group in a 
way tlwl tendl'd to avel'llgp out the diffenm(·es. As fill' as can be ascm'­
tained from pl'('vions production l'f:'col'ds, all grollps were as nearly 
alike liS possihle with n'slll'ct to productivity, breed, size, and age 
(l f till' II nilllais. . 

The cUl'ves show to what dpgrec incl'f:'nsed quantities of feed sup­
pi it'd to these balanced groups of eows ha \'e resulted in incl'eased 
milk yields. They c0l1s6tnte the basic input-output curves. The.y 
show how "the II \'e I'll gP ('ow" a:-; I'cpl·espnt.ed by the group resp()nd~ 
to incl'eas('(1 fp(,ding. TllPse curves show themsel'ves to be diminishing­
output; ('UI'\:es, 

It is possible to inel'ellse milk yil'lds considemhly by supplying 
incl'Pllsrd quantities of feed, but the jncrease in yield is not the same 
for each addt'd quantity of fll!.'d, The increase fans off as the limit 
of the un.imul's productlve capncity is upprollched. 

It should also be possible to :inltlyze the data by comparing in­
dividual ('ows while taking fllll UC'{'Ollllt tlf the differences in 
productivity, as measured by "expected" yield based on previous 
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production records. However, in experimental work it is difficult to 
get cows for which there ar~ enough records on file to reflect trulv 
their inborn productive ability. The group compn,risons theref01~e 
are probably more reliable than individual comparisons; animals 
with serious bias in their records of basic producing ability have a 
chance of being allocated to each of the different groups and thus 
should be found throughout the range or feeding. BillS is most 
likely to be found amtmg high producers and, if individual records 
are used, the bias may be concentrated at the upper end of the curve, 
thus influencing its entire slope. 

l\lAHGlNAL HETUHNS USUALLY LESS THAN AVEHAGE RETURNS 

The most important fact expressed in figures 5, 6, and 8 is that 
although more milk output can be obtained by heavier feeding, on 
the average only 1.0-1.5 pounds of milk is obtained for an 'addi­
tional pound of totlLl digestible nutrients. This is less than half the 
average returll of 3 pounds of milk which is obtained per pound of 
total digl'stible nutrients in the production ration. So far, this has 
bpl'1l the cen1ral figure in the computation of rations for d:tiry cows . 
It is the equivalent of 2.2 pounds of milk per pound of gl·ain. (This 
applies when the grain ration contains 75 percent total digestible 
lIuh'it'Il!S and the substitution values of other feeds correspond to the 
accepted average feed values.) It is based on 'wiele experience gained 
frorn the feeding experiments on which feeding standards have been 
based. 

The prespnt exper'iments substantiate this fi~ure, but at the sllme 
time they show that at normal feeding levels the marginal or iIl­
erementaI !'ate of return is not of the same magnitude as the averagp 
rate, but much 10wer.8 If, in an effort to find the most economical level 
of -feeding, preBcnt feeding practices are changed step by step, so as 
gruchmlIy to mise the feeding level to about 25 percent above the 
Haeckt'l' standard, or if the feeding level is decreased to 25 percent 
Ut,low the standard level, it is the incremental rate of retur'n that 
should be considered. "Within this important range of feeding 
levels, most changes made by farmers actually take place. This 
i1lcl'l'Il}('ntal mte, which measures the increase in milk return iOI" 

each additional unit of feed, is only about half the average return, 
or about 1.5 pounds of 4-ppl'cent fnt-eorl'eett'd milk for each addi­
tioMI pound of total digestible nutrients. 

The so-called requirement for milk productioll-l pound of total 
digestible nutr'ient per 3 pounds of 4-lwrcent fat-corrected milk­
represents avel'lige inputs and outputs for the total production ration 
and does not indieate what ndditional or incremental returns can be 
obtained and what losses in output must be expected by moderate 
increases 01' decreases in feeding above and below the feeding stand­
ard level. The marginal rate of output, also called the additional 
or incremental rate, !U1SWerR most directly the problem of how much 
more milk cnn be obtained by heavier feeding. 

The response seems to be modified by othel' fOl'ces at work. For 

"'rht! tt.'rlll~ Unddlt InuIl1," IInHu*glnul," and Iitncl'r'uwlltnl" l'l'tUl'n ure used aynonYlllous]y, 
All denol" tho HtlllIe I:hln~-th(' InCrUII"I' In totnr output fl'sultlng frolll the use of one 
lIIor" unit of Input In till' prndurtion process, 01' the loss in output Hustnin.~d by withdrtlwillg 
one unit of iuput 1'1'0111 thu process, 
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example, it appears to be ~Teltter-as much as 2 pounds of milk ,for 
an extra potmd of total dIgestible Hutrient-if the increar:;e in feed­
ing starts from It low level 'of feed intake; and the -response is 
:>mllllcr-about 0.75-if the animals are already on a liberal feeding 
~~. . 

Althotl~h the principle of diminishing returnfl does apply to dairy 
feeding, lllcl'emental returns decline slowly withill n considerable 
range above and below the level indicated by t'he feeding standard. , 

SElUES II EXPERIMENTS 

The series of experiments discussed in this flection was designed 
to diselose the relation bet.ween the quantity of grain fed and the 
quantity of milk produced, when grain was fed at different levels 
of intensity and an unlimited quantity of roughage was made avail­
able to the cows at a1l times. As in series No. I, the intensity of feed­
ing was increased by adding nutrients in the form of grain. The 
cows would reduce roughage consumption to flome degree as more 
grain was fed, thus changing still more the composition of the ration 
toward more grain Ilnd less roughage. 

The vl1riation in intensity of feeding was brought about not by 
feeding at various rates in relation to a feeding standard but by 
feeding grain at various rates in l'cln,tion to milk production in the 
snme way as most dairy farmers do; that is, grain was fed at the 
rate of 1: 3 or 1: 4, etc. (1 pound of gl'l1in for each 3 pounds of milk, 
etc.). For [L more detailed description, see the section OIl Plan and 
Procedure, page 11. At two stations, Maryland aBd South Dakobt, 
the range of grain feeding varied all the way from no gl'l1in at all 
up to the rate of 1: 2. At three other stations the lowest level of 
feeding was at the rate of 1: 6. 

At the stations of Indiana, Michigan, and New Jersey the experi­
mental cows had pasture; at the M:u'yland and South Dakota sta­
tions they did not. Thus, at these last two stations all feeds were 
weiglll'd and analyzed the year round in the same way as in the series 
I experiments. 

Another characteristic of this series of experiments was that the 
diffprcnces in feeding between groups consisted not only in a differ­
ence in quantity of nutrients C'ollsumed but :tlso in the distribution 
of feed thJ'ough the lactation pei·iod. 

It is easily seen that the method of feeding may influence milk 
output beC'ulIse olle ll1ethod may be more effective than another in 
supplying a gJ'eater part of the nutJ'il.'nts at periods during lactation 
whell they can be utilized most (·fl'ectively. All modern feeding 
standaJ'ds nJ'e based UpOIl the prinl'1ple that most cconomlenl feeding 
is ohtained wlwn till' production !'atioll of milking cows is varied, 
week by week, in exnct PJ'opOl·tion to milk production. This does 
not apply to the ver'y fir'st ]>tLl't of the lactation period, \vhen cows 
cannot consume the full r'ation, 
. Those groups which wcr(' fed grain at the rate of only 1 pound 
of grain to 6 pounds of milk, as well as the group which received only 
r'oug-huge, differed from grollps fed more grain in that they could not 
pOflsibly consume tht' feed needed to covel' the l'eqnil'ements during 
t,he eurly part of the lactation period. At this time they were 
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• seriously underfed, LaiRr in the lactation period when milk pro­
duction had dl'dined they got t>nough 01' more than enough feed 
to n1('et requirements. but then the greatest need for libeml feeding 
hlul passed, 

When cows are left free to consume as much roughage as they 
want in addition to gr'ain and the roughage is of good quality, 
they will eat la l"I~e qua ntit ie::-: of feed ()vl'r and above tIll' <requirenwnh, 
of tll(' feedin~ standard (fig, 10) as the lactation period progresses 
and the reqUlrenwnts for production fall off, As a result the dis­
trihlltion of ft>N\ thronl!h tIll' llldation dol'S not foll(lw milk produc­
tion as closely as wlwl1 ('I)WS art> fed according t., u. feeding standard, 

IOr---------------------------------------------------------, 
- - - - Tolal H.lJcker requirements Jor mdlnten.lnCe and milk 
~ Nutrients o'1.\lailab/e lor milk productionm H.)f~cker mol/ntenanff!! requiremf!nts 
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FIGURE 10.-COMPARISON OF HAECKER STANDARD REQUIREMENTS WITH TOTAL 

FEED CONSUMPTION OF COWS FED AT DIFFERENT LEVELS AT Two STATIONS 
THAT CONDUCTED SERIES II EXPERIMENTS-NoNPASTURE. 

Furthermore, when feed inputs al'e aVl'r'agt'd 1'01' the whole year 
and ('omplu'ed to milk output it was found thaL the method of feeding 
good roughage freely in addition to gmin causl'cI the cows to consume 
considembly more than requirements as measured by commonly used 
feeding standards, That was true for prllct ically all cows, whether

• 	 tJley wCl'e fed heavily Oil gr'a.in 01' r'ec('ived only a Illod('ratc g-rain 
ration, 01' no g-rain at all. They so balanct·d their milk output 
ag-a inst feeel intak(' that when th(' Yl'ar WIIS ovcr' tlwy had conHUlned 
feed at the rate of 120 to 12;') Iwr'C'cnt of the Ha('ck('r standard for 
milk production, in addition to their maintenance ration. 

The cows fed only l'Oug-hagl' \\'('1'(' l1nderfed elm'ing the ellrly part 
of the lactation IWl'iod, but milk production soon declined and during 
the latter part of tIl(' Illetation period a sizable surplus of feed was 
consumed; and even these cows ended the year with the SttnH' 20 to 
25 percent nutl'ients consumed above the requirements of the feeding 
standard fol' mille. AR most of th~ overfeeding takes place in the latter 
pllrt of the lactation period when the production is likely to be low, 

• 
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it is not possibl(> for ('ows to r(>Hpond in milk pl'Oductioll to any con­
sid(>rnble deg-l'(~e dlll'ing- that lnetation but the surplus feed will tend •
to put the cow ill condition to produce more milk ufter the IlI'xt 
freshening, 

80nw aspl'ds common to all tlw !;eries II expel'inwnts hay!' bl'I'1l 
pn.'.sl'ntpd, It I'l'mnins to nwntioll tIll' rt'sults obtained by alHllyzing 
s('parately the past\rr'p stations und j')w nonpasture stations, 

NONI'ASTPIlE STATIONS 

'I'll(> prlldi('l' of hnr'n-f!'t'din~ ('ows j')w ,wal' rOllnd at the MlII'ylund 

:ll1cl South Dakota stat ions made possible complete fl'ed control. The 

quality of th(· rOIl~hug('-alfalfn hay Ilnd COl'll silngl'--used in thl' 

l'xpprillH'nt was abOYI' 11\'('ra~I'; tIll' hay ~r;\dl'd F, S, No, 1 01' No, 2, 

One station had pX('('ptionally !!ood hay andsilagl' of IlV('rag-l' quality, 

TIl(> othl'r had unusually high-qlllliity silag(· and hay of about aVl'mgp 

qllality, 


l'A1l1.t:·1. 8(''';('8 II ('x/lf'rill/("III,~ lI'itlwIII I/(/,~I'"'(": .11 ill.' fllltPII/ "lid {('("Ii illll/lt,~ 

"/ld //('(/r/I/ (,,'('ra!1t' Il('r ('OW for 2 .~tlllifJ1'JI 
 •

nrain fed al specified rute" in 
IIddition to 1111 the rou~hllgc the 

; nOIl~h. cows would consume 
lIetn llnll 1ll!l' -'--,---,- ­only , , 

,I: 2.fi or
I: 6 ; I: 4 1 1:;1 

j 1:2' 

IYearly re('ords . ;\ulIlber Ifi IIi 15 
i, __B~\~k!)rl)dtl('inJ!: ahility', 4-J'H.~rcenL rnl-('orrtwf('d Pounds 7.107 7. lin 7,120 _qsl! " 

Lh'e wei~ht of "OW$ (1I"orage) rotJIlels I. lOS : I.IXI! ; 1.117 1,2W
OUtJIUt: 

M ilk prodll~'ed • Pounds II.OUI 7, tiOt!' ~,128 S.37S· 8,·I"~
Butterfnt Percellt 4.014, 04/ 3. U:! I 3, !l!l 3. 9.~Un, __ _ Pounds 246 2911 :124 1 :l:ll 340 

4·perc!lnL rllt·('orrerted milk. PlJllnd~ n. 12R 7,521! 8. 113' S. :119 S.4!l!l


Inputs:

Onlin consumed in year Puund~ 4,la.'
0 , 1,360 I 2,:!i4 2,!J:W
!lay•• Pounds: Ii, .127 ,1, i88 fi,611 5, :J52 ; 4. "':1
('orn silnge , I'uuntls~ 1:I,:JIfI! 12,097 12,974 11.607; 1~.O~,4
Totlll dl"estihle nutrients ronsumed Pounds. .~. 8\17, fl. 475 7, Ii>! I i, 1!l1 I 1,-4(,\ 
'rotal dige....,tJhh~ tillt rit'nts l'onsumed over' Pounds. 2,[,.11 3,lm} 3, iRf' fa,S!!:; j 4.107 

tllllinlennnc:e. t 

l 1\ t orw or the stntiul1s the heu\'iest rerl group wa.s red ~rnirl HI t.he rate or 1:2..~. At the otlTl'r st..ntion the 
corresJlondin~< ).!r<HJI1 was flHt nl Uw rnte of I: 2. •

J The nV(!rnge IIln ntorlllllcf." or OR ('C)W:;, :{.:lfJfj total di~e:it ihll' 11111 donts. wus Ilsed ror all groul's. 

At (111(> station. 4-1 1I0I'Ill:t1 yt'ady pl'odllctioll l'p('Ol'lls \\'('1'(' w,pe! alld 
at. tht' othel' ..n I'l'l'ords, Til ('()IIl]>uting w('ighh'd averagl's for both 
stations the l'CSlllts fl'oTli ('aell stat ion w(,l'e weighted b)' thes(' 1111111­

bt'l's so liS to g-ive most \\·pjg-ht to tIl(' statiolls with the most 1'1'('0I'ds, 
The I'('stdts measlll'cd in {I'I'rns of fl'eds consllmed. and milk pro­

dll(,NI Pl'l' ('ow per ,Veal', an' shown ill tabl(, 4 and figlll'(~ ~1. 'I'll!')' 
show how thI' cows I'l's]>oll<il'd to the d iift'rPllt I'lltes of fel'dlllg gl'll ill 
ill add ition to I'oughagp a t Ii1)(,l'ty, ROllghage ('011 Sl JI 11 ptioll is Ilwas­
urNi in pOllnds of hay and l-iilag(' and ill tel'lllS of hay equivalent and 
gr:nin in pOllnds of standurd grain,9 

• On(' 1l0(lIltl of huy p.'lnh·lIl~nt III this stndy IN l'onshlpr1'tl "'111111 to 0.50 Ilonlld of totul 
digestible IIl1trl"ntH III th!' form nf ronghngp and 1 Ilonnd of gruln P.tlllul to 0.75 pOllnd 
of lotnl ,ilg"HtilJl~ IIl1trh'ntH ill the 1'01'1/1 of ,'UlW/'lIl1'U teN. 
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The group fed l'oughngt· alone produced 74 percent a~ much milk 
ns the gl'OUp fNt roughage and g),uin when'the I!raill was fed at the 
mh- of 1 pound fo), each apounds of milk pro<iu(,l·(l. This al!r'ees fairly 
well with the results obtained by feedirlO' grain at a similar rntc to cows 
inn Bureau of Dairy Indllstry herd ntl-Iuntley, Mont, (8), where the 
('ows fed rou~huge alone pr'oduced 76,5 percent as milch as ('ows fed 
,l'on~hag(' nml gmin, Rimilur comparisons of roul!hage alone with 
gram feeding nt the 1: 6 l'Ilte show H1.5 pCl'<:ent as II1I1('h production in 
this wOI'k und at oth(·), stations 79 to 82 percent as milch, (~ee p, 8,) 

A l'OIl1purison of fil!lIr(' 11 with figtln' 8 shows that the additional 
output of milk for illl'l'l'ascd nutrients l'onslll1wd in thesl' experiments 
ver'ify the resnlts obtained f!'Olll the herds in the series I experiments, 
The whole level. of pr'oduetion is lower in the two herds 011 series II 
('xlwr'inwnts. nonpastllr'e. bllt the slOI)l' of tIlt' input-output curve is 
practil'nlly the same, 
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FIGURE 11.-RESPONSE IN MILK PRODUCTION TO INCREASED FEEDING. DIFFER­
ENCES IN PRODUCTION OF BALANCED GROUPS OF COWS FED AT FIVE DIFFERENT 

LEVELS AT Two STATIONS THAT CONDUCTED SERIES II EXPERIMENTS-NON­
PASTURE. 

PASTnm STATIONS 

In pUI-outpul dntll obtu irll'd from the illations whel'l' cows had some 
PllstUl'C showed lIIul'h I Ill' san~l' gl'ncral tn-.m!!:; as till' <Iuta from the 
lion pasture stations, Production was consistently higher at all inten­
sities of gl'llill feeding, however', beclluse the cows at the pasture 
stntions wen' hi~h('r' in aVl'l'Ilge inherent productivity. 

The pastul'Ilge obtnirwd by the cows at the three pasture stations 
amouuted only to about the equimlent of 2,5 months grazing on first­
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duss pllstureY Bowen'l" the COWH actually were on pasture almost 
twice thllt length of tim~. In thes(' three experiments there is not •much variation in roughage cOllsumption from group to group. On 
un averagl', tIll' ('ollslImption P('J' {'OW was abollt 4l;~ tom, of hay 
equivalent including pastlll'c. This llniformity is in sharp contrast t<? 
what WtlS found at the nOllpll~tur\.' stations. Tlwl'c tIl(' average 
roughtlge cOllslIllq)tion ill tlIP gl'OU!> fed I'oughage ltlonc was about () 
tOl1H of hlly equi \,11 lellL In tIl(' gra in-fed gl'OIlPS tIl(' consllmption 
ol>clined as 11101'(' gl'!lin was fed, und ill the heu\'i('st ted gl'(mp the 
~onsumption WitS -l.a tOilS pel' ('ow. TIll' l'ellson for till'S/' diifel'l'l1el's 
probably lit'S in tlll' flld that tilt' rOllghag(' uSNl at tlH' pnstme st.a­
tiOllS was of only fail' quality, {'x('ept fOl' one of thp stations which 
lind l'platin·l), f('w eo\\'s lIlld had l'ollghagl.' of IInusllally high qllality. 

'l'AIII.~: ;j.~~-."i/'rit'.~ Jl l',rJ)('I'illf{'lIt,~ 1rith ,mMllre: .Ifill, outplIl (1I1(l t('('d illlJllt,~ 
(llIri I/('(/rl/f (LV('I'(l!I(',~ 11('1' ('01(' 1 (flr;l .~t(/I iOIl.'! 

I.(l\(ll l.e",1 Lev(}l Lt.1w·1 LevelI ll.:'w, I I 
-

I 
. ~ 

Unit 1 ~ 3 ·1 5 fi 

I 
~ , 

IY{,!1rly n'('(lrd~ ~lIlJlh(!r II 17 21 19 24 
1 

I -
ql IUt\Sh: l)rmlu{'il1~ ahUity, -t.'\H'nINll £1\\," Pounds HI.4H I Ill, mil LO,320 10,4511 10,:18:; lll,a~fi 

t"'f,rn"l.'U'd milk. •
l~\\.·\" v;\~\~ht of {lOWS ~n\'\\n\~\'l . l,lIt!:l I; HIS I,IIG I, LOS 1,181 1.2!':1 
Output: 

~t Uk llro<!ul'Ni l'utllul!-t S,·tt:! l<.~\I() 035 1 \I,5G:l IO,O<JO tn, ·16~9,Ilnw'rfnt , Pt'r(,t'lIl ·1.IlU, a.Sh ·t,12 :1.02 ·1.1l.5 :l.~!1 


lln \ PmuH,h; r :H:\Y I :1.(1,1\ :17l, \I I :i76.2 .(OS••~ ·1117.4 

)0) -')'1__'. f-t"lwTl'f'nt (3t"l"orrt~(.·t('d milk Pounds S,5_,1 i \I,!!!:\ i 9, '1~)7 HI, I(\.~ I Ill. ~~I.i 

lIlPllt~: 
a,Xi!! !: 

Jill)' I Pounds :I, .170 I, 3, ·ISli :i,Ii:i2 :I.UliIl a.H2S \ :!, ·lIt. 
("nrn Sil1U!.l) ; Pounds s. SOU I 8,1\12 H,2·12 n, Ills S. is!! j: •• S6.~ 
AU"I!" ~iitl~l' Pounds 7nS 1 '.i6 (~SI ,'H-l .1\1\ I. l~.') 

PtlSlurI' II day-IS puunds lotlll I Dill'S .~1. 5 .~6. n M,n 7n.2 711.:l iii. j 
digestible nutrients.1 : ! 

(iruin (,'OnsulIwd In ypur Pouuds I.Stis I 2, :!US 2,51a :!,IHII 4,1>311 

J , ., nssTornl Ili~t.'Slfbh.. nUlri_'uls ('OIlSlUlIl'(1 I'nlluds 0, J02 j (;, >liS fl, !ilIA i.l:11o} 7,-159 

1~oti11 dii!f'Slihlv nutrif'llts ('onsullwd II'nllBels 2. ;·IS ! :1,12·1 a,I51 :t 7,·' 4.IWj 4,1~H 


O\',-r lIluinll'rUul("l'"' j 


, ProtitH'Lion n'c:urtls fnr tIl(' (',XPl'rirlll'ntnl J!nlUPS HI, tht' ditft'rl'rtt .stIlt inu:-; Wl'n' nrrnng't'tf so nS to f('pn'Sl'nt 
in~rellslnl! It'\',,1!; of I!rnln [(,,,,Un!: lind thl'n hnll1lHx'(l with rrsPl'N W hlk<;(' llrodu(';nl( nbility nf till' cows. 
Th(l grouping is ('xplnirwd in wun' dNOil in IhlJ.!l'S an-3S nnd is :;hOWll ror thr $Lnt.inns rl.'pn'spnlNJ twn' 
11u<11nnll, :'llrhl~nll,lInd X"W J,'rSf'Y) Inlllhl" 7. 

';rlu,~ l.1\"t'rllJ!l' llIulnt("nnnCt' or 116 ('OWS, a,~~lH LOtal tligl'St.ihJl' uut.ri(lf)ts, \\"ns uSt·d ror nil ~roup~" 

As Ulel1tiOlH'd ahoyI:', milk pl'odudill)1 pl'l' ('ow at tllP pllshll'l' sta­
tiolls ItYeTllgf'd higher ill all groups than at tIlt' tlOllJllu.;tlll'e stations 
(l'abh> ;j). In th(' groups of C()"'R fpc! at ('olllpllrahlp len>ls the dif­ • 
f(,1'(,II('(' lll11,o11l1t('d to Ilbo11t 1,GOO IH)lIIlds of IllilI. 1>l'1' ('O\\'. III tll(' 
PllstUI'l'-Stutioll henls the ('OWS WPJ'(> of higlH'1' inhel'ent pl'oduetivity, 
Tlll',Y ('onslIl1ll'd ilion' f('('d and p1'odll(,pd 11101'(' milk. III tIl(' hl'u\'il's\: 
fl'<\ pastul'e group thl' ('ows atl', Oil lIll aVl'rage, about flOO pounds more 
grain Ilnd Ilt'()(hl('l'(labou( 1.800 pounds mort' milk than in tll(' lll'llviest 
fl'd nOll pastu I'e group, HOWl'Y<'I', t h(' fild that the ('()"'S had !):Ist 111'(' 
elm's not S('('IY\ to b(, ,'pspollsibll' /'01' thl' diifl'l'(,II('(' in milk prot IIdioll. 
tor two stations in th(' series No.1 experiments without pllshll'e gUVf' 
('onsidl'rnbly 111on' milk pn eow than those in tIll' :;PI'ies No. II 
('x\wrilllent with pasture. 

Till' l'Ilngp ill nil' Ip\'pls of gmill f,,('ding was 1I0t so grpnt in s('ries II 
(·xpl'l'il11!'lItS. pnstln'p. us in sl1l'il's II (>xPI"l'ilJ1('lltH. Ilonpasturp. The 

"'.\ ~llIll1ll1nll'l.I'11 P"SI\1rt' tillY 1I~ n~"11 hl'.,' hi nRRUIII,',1 \0 yil'ltl IHl"turugl.' 1.'1\\lI\'nl~nt to 

Hi pOUllllN 0( totnl tlll'(l!RlIbl.' nutrients, 
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• 


• 
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lowest fed group :Jvel'aged for the year 1 pound of grain to 4th ponndi' 
of milk; the highest fed. group consull\cc1 for the year 1 pound of 
grain to 2,3 pouilds of milk. . This gin's six group av('rage>s all within 
the range in which much of the ('Olll 11 H'I'eial milk of the> Fnited States 
is produced, Thlls the input-ontput curve (Fig, 12) showing the 
uYcmge rclntiom;hip be>l \\'PPII digl'sliblp Illltrie>nts and mil k prodllc­
tion pel' cow cOllld only be> based on obsPl'Yatiolls fairly close together. 
The more limited rangp ill total dig{'stib]p Illltri('l]ts ('OIlSllIllPd as well 
as til(' unl'PI'lainty of pastllrC' ('stilllatl'S Illakt,s it 1ll0l'e ditlklllt to 
dptprrnilH' lH'(,lll'utl'I,\' tilt' 1'1(1)(' (If till' ('UITt'. 
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FEED ABOVE MAINTENANCE ( I 000 POUNDS OF T D. N I 

FIGURE 12. -.RESPONSE IN MILK PRODUCTION TO INCREASED FEEDING DIFFER­
ENCES IN PRODUCTION OF BALANCED GROUPS OF COWS FED AT SIX DIFFERENT 

LEVELS AT THREE STATIONS THAT CONDUCTED SERIES II EXPERIMENTS -PAS­
TURE 

This slopp s(,pms to incli(,:ltl' U 11101'(' rapid dl'('lilll' in illcn'mpntal out­
put at th(' \'('I'Y highest ft'l'dillg 1t'\'l,ls than wa:-; rOllnd at til(' llOl1paSlllre 
stat iOIlS, It SlI/!/!csts thl' possibility that tl\(' cows that w('J'('I'l·d Illost 
Ir('u\'ily Oil /!I'ain \\'ould gTUZl' I(,ss .iniNlsin>ly and COIlSlll11l' less Illltri­
Pllt:-; thall WCI'P 1l1.'I'i\'('(] at by tlIP Ill('tlio<i. Plllplu,Vpd to pst illlatp pnsLlII'age 
intnkt', 

HOn;IIA1JE FEEIlI~':(;, INeLl'lllNIO EXCEI.I.E;>.;'!' P\S'ITIIES, CO~I PAllED 
\\'1'1'11 HC)l'(;IL\GE ";>';Il " :\I()DI~II,\TE A~101';>';T OF (;11.\1;>.; AT TilE VIH­

GIN/A AGIIICI'LTI;HAL EXI'EilDIENT STATIO;>'; 

The possibiliti('s ill till' East of duiry fal'llling without grain are 
illustl'!lted by I'(>:,;nlts of t Iw l'XpCrilllC'l1/ at till' Virginia s{al ion, It. 
wus not pradicubh>, ho",en'l', to cOlllbille the results of this expel'i­

.1220,,1° 42--:1 
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ment with results from the other stutions beeuusp the cows were fed 
at only two levels. 

One group of \'ows ut th l, Virginia station had all the pasture, alfalfa. • 
hay, Rnd corn silage it could eat, but no gmin; the other group had 
all the pastura~e, hay, and silage it could eat, with enough grain when 
neccssRry to bl'lIlg the total nutrients up to the Haecker standard. 

The cows wel'e on pastul'l' a full 6 months, and the pastures were 
good virtually all tllP time. From the saving in barn fN,d, it wus esti­
mated that an 1I\'('ragl' of nl'urly 19 pOllllds of digl'st ibh' Huh'il'nts 
per ~'ow pel' day was obtain('(l from tIll' pastlll'agl'. This was enou¥h 
for maintenance. and 1'01' till' pl'odtietioll of about 1 pound of butt~r!llt 
pel' day, which is equivalent to lu'oUJHI 300 pounds a yeaI'. 

Although it is not cil'sil'able to give too mu('h ('onsid('l'ation to the 
(>xaet reHults of tlwsl.' ('ompal'isolls, tlw indications are that the grain­
fed cows ('ollsllllled 2,100 poundH of gmill pl'l' Yl'jll'; and tlll'Y t'ollsllIlIed 
app.roximutely 1,100 pounds Jess i'oughag(' ('xpJ'Pss('(l in t('l'ms of hay 
eqUlvaJent than the cows fed roughage only (table 6). 

'rAnu: G.-lJollic protll/C"illg a/JilitH, aell/al prolll/etioll, UIII1. rrrd,~ rOIl.Wmf'ti b!l 
Cf)I(,,~ fed on /,U'IIII"(/i/<' (ll/d II/'(l·ill cUIII/JII/'('d with sillli/a/' ('(JI/',~ (rll I'OIl!l/tllfle 
011//1 flf fhl' nmillifl ;\ll"i('1I1I1I1'fI1 N.l'!lf'rillwllf SfufilHI •

First ('ol11purison I };l'l'ond l'OJIIluUt:;on 1 

ItNll l'ult I 

HouJ!hn~L' H(}u~hn~t..:HolJ.!!.lulJ!l': HouJ!hn~t~ 
nnd J!:rnln onl:r 'fiud grnin . ()Illr 

y \"'r\~' rel'<lr<is ~umlwr It . i" A \~llral:!l' Ih·l~ W(liJ!ilt PotJUlis .-; 1,:111 1,:100 1,:llIi 1, ''!sn 
BlIsie produ('in~ IIhillty, "~I)('r('t'nl (nl-('OrrN'tt'd POllnds. ~'.m'H 9.liiU \I, :lIn Il.:l!kl 

milk. 
Produ('tloll of 4'1),'n'NIl fllt'mrrt'l'll'lllllilk POl1nd~~ .. ~: V, ~,O;:I ;. ;U~ U.a!,:1 S,14S 
Fl'e(l~ ('OnSlllllel : 

Alfnlfn hill'. : POllnds I ~'. tlHfi :1,titi·1 :I,·I~:I :i,92S 

Cum sjh\~t· (IS.71)('r("'nll()(III.\I~t'S(\hlt, )lIltri· \ l'oumls ., \,,-\ >, Hfi : i'.O'.!n II,SUS 


~nlSl. i 

A('tullldn)'~ Ull (,,\Slun' I)nys lIiS I-~O ' I7:l IS4 

P(\Sllln' (tolnldigl'sllbh' nUlrh'nls 15\ !lilY' 1117 !!:!5 I 207 2:11 

Omln r'5 p,'n't'nl totnldl~,'stlhl,' IIl1tri('llls) POllnds ~,()S2 2,179 ; 

OrHin (7b pi,.lrt~l'llt lotnl di~t\$tih1t' rill I rit'ntg) POllnds 2,Il;ji 2.172 


during InrtlllitHl. 

Hlltin 01 ~ru[1I ('uIISUllwd to milk pro(\m'l'd ·\.·\i\ 4.31 

'rutHl diJ!l1Sllhlt' nutrh1lllS('olisullwd in rl'llf Pounds ti.XS!I ',I1:H O,H!1f1 

'l'otal digl'stihltl- IlIllritl-t1ts n.-quin'd Ht\'t'urdinj.! Pounds. ~:~~ I h,:ISI 6, U!J5 1;,-1-42 


to Ihtl'{'k~lr ~ttu~;,ltlrd. 


'rotn\ dl~('stlhl~ IIntril'lIts, l"'fl'('lIt of 1I111'e"I'r Pt'r('t'nl 11·1 JUS \14 10. 

stllll""ni for hoi h 11111111(1'/11111('1'1111" milk. 


I, •!

J"rcHnl di~l'stibJ(lllutril'nls, ,wr('t\ll( of IlnN'k£'r I\\rl't'nt 1:\1 II!I lat IHi 


sllllHltmj for milk only, I
Hou~htiJ.:t1 in tlYrlllS or hllY t~quivllh'nt (hay 51.2 1 Ponnds 1~.:.H)7 I:I,.J.I7 12, ~>t~J 1:1,4,;7 

lH'rl't'nl total diJ.:l1StilJl(· nutrit'lllS), I 


lillY l''1u\""h'J1\ pI'r day pI'r 100 1'01ll1<ls II"" 1 Ponnd~ 2.(\1 '.!..~n I: ·l.~S 2.91 

wl'i!!hl. ' 


P('n't'ntng(1 of llutri(ll1t~ ('oll:mllwd ill n y(lltr I 'l'n't'n I. :r;. [l .19. () 1 :nt 2 50.3 

thnt WIlS olJrnirwci (roE~J2!~~~',",___~__ .. "",_ 


1 If, wn.;; fOllnd t.hat th~"l ('OW!,: or LllPlWU g:ruups could ht· hllitUH'l'tI with n'(llrrU('," to husi(' prnduc'iuJ! uhility 
l'ither hy ornitt.ing I ('OW frunt llw ~rouJl (t.'d r()tll-{)lU~t' unly, lIIaklng ttH' IIIHlIlwrs S nnd 0, or by omitting I 
('OW from Ull' ~roul) f\·d f(lUghn~l~ 1UU\ v;rnin, l1mkhlR \ht· mtlHlwrs j mu\ 7. As tlwf\' \"liS no.n.nson {nr \}rt·~ 
f(lrritlJ.: ont' UH'thOl of hnlnu('inf! O\"pr lht~ otlJtir, till> dutll rr()lJl hoUt grollpill~s ani pn's(',Hl\!I 

IIlt'id('ntally. tlw Virginia ('xp('rillwnts illustl'atl.' the dil1ieulty of 
('urrying 011 ('x(ll'I'iHlPntl' with dail'y ('ows for a ~-y('ar lwriod, .\t 
HH' heginning, t-lll'I'(, W('I'(' f01l1' ('ow!,; ill the roughagp-fl'd gl'oup and 
four in thl.' gl'aill-f('(l g-!'OIiP but bl'fol'(' the ('nd of t.hp ~ yt'arH 011(' 

of the J'oughagt'- fNI C'owr-; was J'C'lllov('(\, lWt'a IIS(' of ~h'l'il it y, :t nothpl' 
dit'd f!'OIll CIUJI'l'!'. Hnd :l third ('O\\' waH kilJl'd I}('('alls(' {1l1ll0l'~ and 
inclIl'able abS('l'SSes had developed. In vicw of the fad that othel' 
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('xperinll'lltH ha \'(' shown thnl ('OWl' ea n lw fHI 011 roughage alone for 
2 yeltrS 01' llIore without allY bad ('ffect on their health, it was con­
sider('d ,unlikely that the chameh'r of the rntioll was in nny way 
responsIble for the death 01' removal of th(' roughage-fed cows, Two 
otlll'r {'ows. as neal'ly comparable as possibh' with till' three I'emov('(l 
from til(' rOllghag('-fed group. were substituted ill the experiments 
and ('\'l\ry l'fI'OI'1 was llIade 10 make til(' da.ta as comparable as pos­
siblt', alt.hough the small grollps and the substitutions obviously 
incn'ase. til(' ('han(,t' for ('1'1'01' ill t'hes(' ('om}Jllrisons, 

TIl(' gTa in-fed ('ows ('ollsllll1ed sOllwwhat less pasturage; and they 
pl'Odll('('d hom 1.200 to 1.450 11I0re prnmds of milk ill n ypar. on the 
aWI'ag('. than til(' ('ows ft'ci 1'0llghagC:' only, TIl!' l'esulhi of this 
('olllpal'ison W('n' in g('IH'l'al agl't't'nwnt with thosp obtained in other 
t'XIWl'iIlWlltS, (S,'p p, 8,) 

It shollid [)(' not t'd t hat only I'h I't'(' of til{' SP\'PI1 I'p('ol'ds madp on 
I'oughagp in thp Vil'ginin ('xpt'l'iIllPnt Wl'I'P with cows that calved in 
til(' latl' SUIll II leI' 01' fall, while Sl'Vl'n of the eight records made on 
~!Tain fl'eding \\'('l'e with eows that ('alved in the late sumnwr 01' fall, 
It is logi(,al that a clairy farmer depending principally on pasture 
for f(\{'(l would get a greater produetion from the cows if they 
fl'('shplIPd ill til(' spring than if H1PY frl'shelled in till' fall. 'I'll(> ehief 
\';tluc of tlw Vit'ginilL cxpl'l'inlPnts lies in the fact that they indieate 
a high I'ntt' of' pl'oduetioll amounting to 1 pound of butterfat n day 
01' 11101'(' than :30() pounds a Yl'al' that ('an be obtainl'd, in the East, 
from roughage alone wlwn tlw pasturl's are of tlw first class. the 
('o\\'s an' gootl, and most of them ('al\'(' in the spring, This is borne 
out by thl' data showing that wlwll ('ows on pastlll't' wen' fed ill 
addition all a\'PI'agl' of only 2,7:1 pounds of hay daily, they produced 
Isn p()ullds of hllttl'dat in IH4 clays, 

HESI'LTS OF SEIlIES I EXPEHI:\!ElIITS A:-If) SEIlIES II EXPEIIL\IENTS 

COl\lBI:-IED 

It was fOlllld that ill till' two st'l'ips of (,XPl'l'illl('nts, t'iw I'psponse 
in produd ion to IllOI'P inl(lllsi\'l' f('!'<iillg was ::H1bstant ially thl' sanll', 
'1'111'1'('£01'('. it was del'iclpel to ('omhinp the data obtailwd in both !il'I'il's, 
anel by computing \\'l'ighted a\'l'I'agl~s of lal'gPl' gl'oups obtain gre:lter 
('onsisIPI1C'Y in nl(' I'\'sult. III this way. dilfel'('IH'ps in the ppl'fol'lnanC'P 
I)('tweell statiolls ('ollid 1)(' eliminatwi. At SOIlU' stations thl' average 
pl'OduC'l h'ily of til(' hl'I'd was gl'pall'l' t han at ot IIPI' sl ations. thl' qllal­
ity of til\' /'('(>(1 was SOIllP\\'hat bl'ltpl' at sonw stations than at otlH'rs, 
and thl'!'!' \\'PI'l' also sonH' diffl'l'pn('es with I'PSPl't't to hOllsing and 
I'al'e, At two stations til\' (,O\\'s Wl'l'(' milkpd three tinws a day. whill' 
the,\' we1'(' milked only t\\'i('e a day ai tlw otlwl' stations, .\'Itholl/!h 
:hl' inpllt-ollt pllt ('\II'\'\'I' obtailled from tlH' diff('I'('nt' ('xlll'l'inlPnts \\'(,I'£' 
of t hI' sallw sha P('. t1wse d ifferellc('s bpt \\'('('n stations would yield 
eun'ps at dill'Pl'Plit 11'\'l'ls, as shown ill figlll'P 'i, 

At son1{' stat ions t Iu' loss al1lollg till' eows Oil experinwnt causpc1 
sl'\'PI'III gl'OIlPS to \)(' ullilalan('('d and thl' gl'OIlP ob:wn'ations were 
l'pdll('I,d to so sl1Iall a I IlI1 II \.)('1' that t'('liabll' illPllt-OlltPllt curves could 
1101. be fiUpcl to 1'1.('111." To llliliZt' the' info)'matioll still left at sll('h 

1I11II'III'Ollt"," ('\lr\"'~ W"r,' nlll nlt",l III ohspr\'nllons r~prl'S(>II'ln~ thl' prUlIII.. tlon or 
Intlhfdll'" ..,,"'" 1"'('nIlSI' II WIIH ("It Ihll' "h,> 1111'11"" """"'n I nr h"sil' "nltlll,'lrll! nhllily "'ns 
"lIl>j""1 10 1110 III II !'I , hh" H'HI "''I'or 10 olllnln n'lInbl,' n'Hlllts (rOIll lIlIIl procedure. 
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stations it becanH' IH'CeRSary to combine tlle observations from tIll' 
se\Ternl statiolls, The lI1eth()<\ chosen WitS to build up lIew balanced 
groups from dlC total number of completed normal records left: at a II 
stations. '.rhe new groups, bal:mced with respect to expected yield, 
\\'('re built to ropres('nt six different levels of feeding. This proel'll­
ure wus rep('uted at olle station Riter tmother so as to work ovpr tllP 
entire number of compleled normal records obtained at !lilH' l'xp(,l'i­
men!' stations. .At. the tenth station only two levels of fel'dillg WPI'P 

tpstl'd and the results from this station were treated sepnrat('ly, 
At the nille stations the new groups were so arranged as to rep,'cE'ent 

six ditl'('rent levels of feeding, ranging from R low level of grain 
fp('ding (1 pound of w'ain for evCl'Y 4,4 pounds of milk) to It V(,I'y 
high I('\'el of: gmin feeding (1 pound of 6'1.'llin for every 1,9 POlllHls 
of milk). Group by group these different levels of feeding would 
cOITespond, on the average, to increasing qUllntities of feed (,Oll­
;';l\Ill('Cl. but there would br some oVl'r1apping by groups f}'()))l 

illdidduul stations ill till' Ralll(' way a~ tlll'I'!' waR ()vrrlappilll! by 
indi\'idllal eows lwt \\'('1'11 1m lam'pd gl'OlipS at any mil' statioll, (Sl't' 
tabll' 7,) 

III till' fOl'lnation of fill' six IJI'W balalll'ed gl'oups at OIH' station 
aftPr allothrl' thel'l' tlI'OS(' till' ]ll'obll'm of what to do at thrl'e of tIll' 
"lations which ted only at five levels, In these three cases intul'po\n­
tion was resorted to not· only to provide OIDscrvations for the missing 
I!l'OUpS and thlls completl' Ow table Ilnd facilitate computations bllt 
nh:;n to approach more closely the true differcnccs between the group~ 
iN\ nt different levels, The whole level of productivity was highl'1' 
in sOl11e experimental herds than in others, If a certain feeding-kwl 
group were averaged without any contribution from the }1(>1'<1 of 
highest procIuctivity, It serious IDias would be introduced through the 
nH't hod of :n'eraging. This bius is Itvoidl,d if 1111 stations contributp 
theil' share to cal'h tl'etling-Ievel group, 'l'lw interpolations should 
!)t>ithl'r add nOl' subtl'llet trom tlH' ('xperillH'ntlll evidence, and in 
computing margins of PITor' 111(' t I'llI' 1l111111>PI' of n!JsP"vations-witholll 
tht, illh'rpolatp<l groujls-B1ust 1)(' hoi'll(' in mind, 

Table 7 shows tlH' make-lip of tilt, groups in 1'\1(' six IpVl,ls of fl'pd­
ing. !Llld table 8 shows Ow I1l1mlwl.' of cows in each group by stations, 
.\.t two stations the quantity of f:eed given to the sbmdal'Cl group was 
b('tweNI the 1: 3 and 1: 4 le\'els 01.' the 1: 4 and 1: 6 levels; at other 
stlltions it wa.s bplow 1111' 1: (j lewl. At the Mississippi and Penilsyl­
vani:l stations. whid\ fNI at Sl'Vl'1l diif('l'pnt tp(·ding levl'ls, the t\\'(1 

I('\'pls most Iwal'l" similal' \\'{'l'l' ('omhined. 
TIl!' next qll('stirJII \\'a:- 10 d('eid" II'lwt IIPr, ill compllting av('rages 

for !tll station;.;. th(' l'l'~mtts of illdi\'idllal stations Wl'l'e to bl' wl'ight(,d 
by ('ows 01' by stat ions, ~h()uld tlw results bl' trellted as if all tIll' 
cows ill anyone level of feeding were in one herd and each cow 
('ontributNl equa Ily l'('ga nlless or the difference in the number of 
(,O\\'S lit the Yltrious stations, or should tIH.'y be trpated as if t1wrp 
\\'PI'P tll!' salllP lIumbel' of cows at eaeh station and each stalioll 
c(mtrii>ut('d equally? 

Tlwl'e arC' \':lIid al'gllllwllts for both methods, It would appear 
that tIlt' cOlltl'ilmtion of fl or 10 cows from Olll' station to a fl.'eding­
lew'l group Rhould bp gi\'('n IllOI'£' w('i~hl Ihan 401' 5 cows at nnotlll'1' 
station, But WhCll I his is done t he en \' iI'Ollmell tal conditions ulldel' 
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'l'AIIL~: 7,"-Glas,vif/cation of the e,vp('J"imclltal groups illio Ii lli{f('rCIII Icvels of 
{e('dillg,' J eombinl.'d" data, (rom!J .~/(//iulls 

Le\'ol 1.0\'01 1.0\"01 
I 3 4 5 

Stillion Lc\"ol 1.0\'01 1.0\'01 
Ii 

_.i__ 

I)l'luwllrc~ 00 SllIntlllrd 110 120, 130 i lTnlilllit(,(1.
In((hulII SIIIII(I,;;';1 1:1i 1:4 1::1 1:~.5 I Do.t ",\Iurylnlllf lIo 1:6 1:4 L:a I") Do.
:'1i"hi~lIn 1:li I HtllJldunl' 1:4 1::\ :\ \·('rUJ,::l\ 1::1 1:2.4. 

nnd 1:204,
\ U:;si,;si ppi 85 do II.~ 1·15 

I 

1:10 A \' e rn g~, Ii~a; 


ullfl uulimit· 

ed, 

:\t:'\\ Jl'rsl'Y~"N' I:Li 1;4 :4tnndnnl 1 A \'l'nlg:f\~lnIHIN 1::1 1:2,5,
I lIrd !lnd 1::\ 

:0\(,\\ )'(lrk SO 110 do 110 I~O
Pl'lll1l'yl\"unin ~\ "~rU~l\, ill !lO 110 

130 

lind ~O, 
do 120 l'nlh"III'd, 

";olllh Ihtkotn Standard; 1:11 ·1 1:4 
i 

A Vl'ntJ!l't- 1::1 1::1 _ 1:2 • .':1. 
lUIII 1:4. 

• 
i ·Plll' purpOS(I()( ('ornhluinJ: tlw n·sults orUstnlHIll:-O' lS tn .'Iho\\ thl'> J.W1111 mI nISI)(Hi~t' [0 illC"rl'nSNI (pcdinJ! (or 

ttll t'U\\'S Ull ('xlk'rillll'TlL Tht' t'xperill1l'nt yil'ldt,t1 au:! n'('ord~ thal (~IU)tI ht' lISl'tI (or this Imrpose< The 
t~xl)t'rlllll'fltnl ~r()l1p$ nrl' i,ll'TltinNJ ltil)wr hy tI ngllr4'I'Xpn\s~ill~ th(,\ IIt'r('I'ntUl-tl' o( Ilul'('k('r slnndnrd (or milk 
prodll(·tinn (O\'Pf mnillil.'rulIU'I') t lIt\ g-rollps Wl'n' (I'd or n rHtio W111(1h t'XPrtl.!'Sl'$ llw raw nt whic'h t}w ~fOUt>~ 
or \'OW$ wert' (l'd grl~in in propnrtion (,0 milk produ('tion t-t·p.'rt'('ut r:lI~enrrl'l·lt.'d milkl. 'I'lll' word "Ull 
hllllh'tl 

H 
JllIIUIl!'i lIulimilt,d I-!rnill (l'l'(liu),!. Al nil statinns. tht' gfOUP" :lffl ftllilu.d hr.l!inuing with til(' 100n':-;t 

le\ t·1 of rt.'('din/-! Bl'C'nt1S~ t}w stutions ditft'rt.·tI hUll! in tIll' lIum twr nllli kind o( (t't'llinl! Il'\'l'ls l'lllployell ill 
t)w l'x,wrirlll'Jll!'-, it wus IIl'{'t'..'{$ury tn H\ t'nl~11 lJulikt, ~roOJl"'ltrlll at <;OtlU' ~l:ttlnll~ iutt'rpollilt. for n trti~in)!
I!roup Tllt'St, illtt'rpolnUoJls IIrt.' slum II ill till' tnhh~ 

: .\ t t l!I'<:tl. stat ions Lilt' ~"OWS Wt'ft' ft'S(rit'll'tilo t ht, IIt\t't·J,:l'r~t:lIlIlard f1ul) wlu'u till' rOlJA'h:l!!,ll {'Ollsmnption 
wus nul SIIIIi(lit'l1t tn ('f)\·('r n'qllin'ult'llls Tll(1 ('U\\)o; Wt1fl' rl'd rtlUJ!h:HW fn'('I) 'It nil tilill'S and townrd tht' 
t'n!) of ltH'tntinll HIHI flurinJ,! t 11l' (Iry I.(iritul t lU'r ('iJn~lIrlll'jl ulnn' t hnJl 1h(' -::tufJtlnrd requin'd. 

",hil'h till' diifl'l'l'nt g-I'()UP~ \\'('1'1' kept eallllot 1)(' ('onsid(ll'ed to bl' 
idl'lItical 1wcallst' tlll' conditiolls as well as til{' l1lunbel' of ('OW" 
difrl'l'NI b('h"('('ll stat iOllfl, Thl' data w(,1'e titl'I'efOl'l' tu;selllbled in 
both wavs and it was found that thl'I'e was no lIlat('I'ial <1itl'(lI'PJl('P in 
til(' I'('slilts, 'I'll(' silllpl('1' nlPI hod of ",pig-hi ing- by ('ows was the11 
followl'<1, 

TilE 1I·\J.ANCIl'\(; OF EXPECTED YlEI.DS ~m'\Sl'IIING BASIC 1'1I01)\'CllIa; 
ABILITY 

• 
III IlJakin!! lIJl th(' balalH'pd g-I'OUpS it was dt'cided that tlw de\'ia­

tioll ill a\'Pl'a/!l' eXI)('('[<,d yipld f:-Ol1l frl'OIlP to group should not 
PS('Pl't! JO() POllllll" of 4-pPI'c('111 fat-('ol'l'e('h'd l11i11e A sl'panli'<' (lIlaly-

l'\I",~: K .\ 11111111,' IIf 1/('111'111 J'I'('(JI'I/S 1/1(1(/(' /'11 ('Oil'S ill Ih(' ,~/}(''';{i('t1 !lrtlIIJ).~· lill 
Slllti(JII,~; ('(iIIlllill('(/ dll/(1 [1'(/11/ $1 ,<llIlillll,' 

L(,\t'l L{'\l'l 1."\"'1 1.,'\\,1 Ll'n-l 1.('\'('1~tl\ttt1U I 2 a .\ fi" l---'-~-
Sumba .\"nUll/a Yllwh,·, Sumlin ~Yllmbcr I l.\rllmbtr 

Ih'lnwnn' 1L III U t! 1(1 • SIn<fillllll -! ~ u s i 14;\[nryIIlJllI II s U 10' ~~l
.\li~hl~I"1 J, 4 ~ i ·1 4 14 I .S
.\ lIsslo,.II)pl S 7 ' 12 13 4 s 
~t'W JI,'rsl'Y .S , II .~ , II 8 J s
~('W York :1 2' 3 3I 2 2
l'l'nB!;\'I"IUlln IIIj 11 II III 2'.!:;OIlUI'llllkOIIl ~ 5 ·1 ':l 

'i'utul llft I~l fi(i 5.1 52 !I-l 

-------.----­
, All inh'rpulnt1oH hilS ht'l'll Ulntit.1 (or this missil1J,!: group by tukllll! till.' I\Vtll'U~~' of rhl' JHl.xt lower and n('xt

hlchrr recdin~ I~\'('I groups before b,lInncing 1111 the groups, 'l'lle number:; for the missing groups have not 

• 

bee" included in the totllis. 
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sis of variance of exp('e/t'd yields had show1\ that with tIl(' nnmber 
of cows availablt', larger dt'viations from gl'oup to gJ'(JllP nre likely •
to be real d('viations not ('III1S('<1 by ehlll1('e vIII'iations and error in 
meIlSLU'l'lllents of expected yit'lds, 'TIl(' expe<'lpd pl'odllction of ull 
cows wh ich (,Oil tribllted 1't'('oJ'(l::; £01' th is a lIa lysis a \'l'I'agNI H.917 
pounds of 4-IJel'('('nt fat-C'orl't'cled milk, and th(' gl'Ollps 1'('pl'esentillg 
ditf('rt'llt f('('( illg levels in all llillP stations WPI'P thpI'pfol'l' ulliit lip 
in sllch a way liS to Ilveragp bt'tw('t'nH,H17 alld n.017 pOllnds, 

Some 1'(,(,OI'd::; ('ollid not lw filtl'd into thp ,groups whpl'p thpy be­
\ongl'll without unblilall('illg tirp gl'onp, Tlwsl' l'l'c'ol'ds Wl'.I'l' eli 111-
illUh'(1 from the' llllalYsis, RI1t'h elilllinations wt'I'p IllUdl' pntil'l'iv 
\)11 till' basis of l'xpt'ctcd j>rotillctioll withollt I'l'gal'd to tIlt' qllantity 
of milk pl'odu(,NI dllring thl' tillw of l'XjH'I'inll'nt, Afh'I' tht',\' WPI'P 
ll1ad(,. it was thought thn1 tIll' gronps fpd al tIll' six c1iffpl'l'nt le\'(lls 
cOllld bl' ('ollsidpl'l'd ('(PI III in a II I'ss('lItiul I'eslwds, 

TI\l' basil,' PI'O(\Hl'lllg ability of l'ach gl'ol1p, Ill'; l'stlmatl'd fl'olll 
previous I'p('ol'ds IIfl(',' adjllsting to til(' ugt' at wlii('h {'neh ('OW Plltpl'pd 
tin' expt'l'illll'nt, and. adjusting to a IO-lI\tlllth bl'tat ion 1W1'io(\. il'; 

shown in tabh· H, ])ail',Y-lwl'd illIP!'O\'l'IIH'lIt fal'tol'i' WP!'P UH'd III 

!\Inking tht'sl' ud.i\l~t.Jll'llls, • 
~r,\\tl,f: Il- -/l(/,~ic /II"O([lId,I!1 (/bilitll of ('()I(',~ ill til{' Ii {<'('IIt"1IIJoiI'V('/ !lr{)1lp,~: "0111 /Jill "ft 

tin/a fr()/II II ,~/(// i/)Il,~ 

4-p"r­
Ct'nt 
("t­BIIU"r(1I1 eur­

n'ch'd 
milk 

1~(JlLlld,'1 Percellt POfllUis PotLlld~, 
~.~09 4, 06 :~'ii,:I 8,888 
S,S5:! 4,00 :15:;,8 8.852 a 8.UG8 4,03 :ltil. () U,OOH

-I 8, SI!I 4,05 :157.0 8.8&'i 
.\ S.Sllfi 4, II :If;4.4 9,012
6 S. S211 4, o:J :llifi. I 8,869 

I 

TIH' I'l'l II t ionship of tlrl' dill'l'l'l'/lt f('pdillg Il'vpls to thp Hal'('kel' 
standlll'd is showlI ill tublp 10, If IIIUilltPlHllI('P is eall'l.rlatpd ut the 
Hllcekpl' l'talldal'd ulld allY 1Illtrielll" ubovp IlIuintplIlllll'l' Ul'(, cOlllpared •with the 1I1Il'('I\:PI' stlllllial'd fol' milk it is fOlllld that the lowest fed 
group cOlIsulIled about 9 PI.'I'('l'lIt Il'SS thall till' stalldal'd amI till' 
higlwst fpd gl'oup ;1(3 1>l'l'cent 1l100'(' thall thp Rapel,!'!' stalldal'd, If 
both muintplIan('c and produdiol1 l'p<jllil'l'lIIl'lIh:; at thl' Hal'ckl'I' stalld­
ai'll Ul'\' ('olllhilH'd ali(I ('ornpal'('d wilh lotal nutl'il'lIt intakl'. tIll' h','el 
of (,(·dillg at thl' lowest f(,d gl'!IIlP is 4 p('l'eent. Iwl(H\' tIll' standard 
allll that of the highl's! fed group is 18 percPlIt abo\'{' till' stalldanl. 

THE RELATION OF MILK OUTPUT TO FEED INPUTS 

Tahle 10 ShOWli the pl'oduetioll (If the ('ows and (he fl,(,d ('OIlSIIlIlP­

tion dllring tIll' ('OIlI'S\' of (hI' ('xpl'I'illll'lIt. Thpr(' is a (,Ollsis/{'nt 
stt'ppillg-up of pl'oduct ion with ev('t'Y illt'l'l':tsp ill tttl' quantity of 1'1,('(1, 
I'II11gillg 1'1'0111 7,(j~CJ pounds of 4-p('I'('('nt Illilk for' illl' gl'ollpfl'd 
gl'ain dlll'ing tIl!' laetutinn 1ll'l'iod at th .. !'UtI' of 1 pound for Plleh 
4,4 pounds of lIIilk produced to IJ,IJ65 pounds Jot' the group fed gl'llin 

• 
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nt the rate of 1 pound £01' ca('h 1.9 pounds of milk pJ'odll('('d, Tlw'I'(' 
was no great \'ariation in th(' quantity of roughuge ('onslIllIed, but 
till' grain ranged from 1,770 poullds {or the lowest fed group to 
5AHi pounds {OI' the h.ighest {pd group, The hay equivalent per 100 
pounds lin' \wight IWI' day I'IJIlgl'C1 from 1.7 pounds for the highest 
:f~d gl'Oup to 2, I fOl' tl\(' I<.",est fpd grollp, Tit is !'ate of l'Oughuge 
('onslIlllption is abollt whnt.('an bp eXlll'ded whell the hay is of medium 
to good qllality, 

'('AIII.E l(), b'eed ;1/1'/lI.~ 1/1/(/ milk Ollllllll o{ ell'll'S {('{/ 01 IIII' (j /(,I'!'l,~; ('olll/!;m'rl 
(/a./u (rol/l II SI(ltiOIl,~ 

Itl'lll ['nit 1.('\"('1 Lt'v('1 1.('\'j·1 Lpvcl 1 Level Lt.'\'('1 
1 2 3 ., I ,5 6 

y ~nrl)' n'cortls ::-';lIl11ht~r I· 05 00 "sf ,~2 114I"hot' \\'(-it-:ht of cows (n\'('rll~(') Pounds I, tOO I, tOil 1,144 I 1,Ii4 I, ~~~1 
:lllIk pnl,luc('d 

Output: 
Pounds I7,7aR S, :lui. H, SU(i 11,454 11,81:1 10,154BIIIL,'rfnt, I)t'n'l'nt

1>0 
3.90 :I~}~: :I. Ofi 3. on , :I. OS I 3.8!lPounds 30~.O .1 __• h I :151. 0 :li4. " ,!IIO. .J, 39:1.6·t-pl'n'l'nl fnl-corrN'tt'd milk' Pounds 7.ti2fi ' S. 184, 8,824 11,400 I 9, i81l I 9,Omi 

(;ruin ('ollstlllit'd dllrill~ IUt'tnlioJl 
Inputs: 

Pounds ~'oosl 2, i77 I :I, tiM I 4, 1:12 5,:104Hullo ~rnin to 4~1>l'n'('111 lIIilk durin!,! 1::1.00 .1::1.18 I 1:2. .'iti ' 1:2,:3i 1:1.8!lIn('tlllion, 
Orni,. (,Oll!'llllll('d in yt'nr I'otlfuls I, 770 ~, 1711 I 2, RiO ,5,41ti1111), liOUJlds i a,87:1. :I, \124 :1,80:1 3, il8Sll"~l', ,'orn (or sorghlllll) Pounds 10, SO!! ; It. 1114 i 1I,4!H) 8,713HIIIl~(" ,,If,,lf'l POlJlJ(ls 1m, 1 4fi7 I 4U9 :198~lllng:t'l$ Pounds 
1""'IIlr(, (t tillY 1,5 pOllnlls 101111 til. I)'~ 16 f • R:' 'lIlt; \ ]iO

f)ay.., -_,5 I 25..1, _1.8. 19. i)«'slihl,' nUlrh'nls). 
HOIJI.dHl~(' t'xpn's.,-;t'{1 us huy ('qllinl' 1 

2. 12 2. 18 i :.!. 13 1.72h'nt Iwr IUO pounds lin' \\'('iv;hL 

"rolul c1i~l'Slihlt\ uutri('nts C'(IIlS1tllwd Pounds .1,654 
 i.132 i,.'l:H 7, RIIDTotn) diJ.w~tihll' Ilutrit'tlts ('onsulli('d I'ounds 2,3Uti 3,844 4,24:1 , 4,611o\'('r mnint(·nnnl'(,.1 


F"l'd "OnSlllnl'tioll (totnl dl~!,$tlhl(' nil.. 

lrif'ntsl n'lnlt'd to Ihw('kf'r stuncillrd ~ I 


Tntul'. 
 P('r('('rH tHi : 101 10fi . 110 1141 116()n'r mninl£lI1JU1{'f' I i I'll r('l'nt !11 i 102 110 1:.>(1 128 1:18 

1The 1l\'t'rng-l1 IIlnintt'lUUll't' of aU2 ('ows. 3,2&1.) pOllnds of tntnl dig('Stihh' nutrients, was used (or all groups. 

Fi:,rUI'(> Ia shows till' b:l:-:it' I'piatioll:-:hip 1)(>1\\'p(,1I f('{'(1 inputs and 
III iIk flU t put. Thp 1'(':-:\>OIlS(' to Ill'a viel' {('pd ing iIICI'P:I!:;(,S at a PI'O­
:rJ'Pssi vely slo\\'PI' I'll ip as (he level of feeding increal:ies and is properly 
"('I)f'(";('lItpt! by a (,UJ'VI.\ illstead o{ n straight line, The output for 
it(h\pd fpl'd is mon' t1WII (\\'ic(' :IS much at ·the low('st lev{ll as at tim 
hi:,rlwst 11'\'('1. At till' lowl'st I('wl 1 pound of addl'd nutrients pro­
dl1t'pd 1.7 pounds of 4-pl'I'l'Pnl: milk: at till' highe:-;t 1('\'('1 1 pound 
pl'Od 11('('(\ 0,6 pound () f 4- \>PJ'(,pn t 111 iII" E\,pn t hps(' h i:rh(·st and lowpst
1('\'(·1:-; an' within Ill<' h'\,pls found in praetil'l', 

'I'll(' a vPI'a:rp 1'('!:;ltltS ('xpn'ssP<! by this input·out put (,IIJ'VP obtained 
f1'01l1 all thl' J'('('onls wl'if,\' th(' n'sltlts obtained in the analysis of 
thp data fl'om till' stations in tht' two sPI'it's of ('xpt'rinll'nts, (8('(' 
fi:rs, 5, 6,i, 8, 11, alld 12,) TIll' agn'ellwnt is not pel'fpd throughOllt 
thp "Hn:,re, At til(' hi:rlwst le\'('1 till' J'esponse' ill output to incl'eased 
f(,l'din:r is sli:rht Iy W{'HIl'I' at tJlP two individual stations of l:'Rl'il's 1. 
But this is to b(' PX!)P('tp<! lx'eause these two stations had the two 
h i:rh('st pro(\lIt'i IIg !t('I'ds,12 

::r Oth,,!" minor dhh"'PlutIH111'f; urI' to h~' pX)Jt,(·tt'd nt tlw lowf'r lev('lH. 'l'lu:1o composition 
()( 1Ill' rll tilln \\ liS sO/l",whul dIlT'·,·..." :II Ih,' t\\'o sIll I I"n~ thlln II I 1111 stnllons II \'erllJ;ed 
I O.l!t'rht'I" '('!ttl nv('rH~(t louttOIlH for all I'l.Iatloll1{ ,'unfnillflll more rUlll-!hU~f'. Jh'eUlINf' tilt' 
(lll!p~tihlf'-l1l1trh'l1tH .!O.y~h'lI1 Ort'r\'uhw:-: tlu' rnllg'lulI.:t.', it 1:-; not 10 btl (lXJlP(·t~d thnt the 
an','IIl!I'S for low h'I','ls lit /III stllll"n~ sh,,"ld Hhol\' IllIit<, so IlIrg~ 1111 OUlput for 1,000 
)l(lUnt.ls of nutrients 11K 11'11. ohlllltl\'d III 'h(' two S~I'Ir~H I slllllonK, 

http:l(lUnt.ls


40 'l'ECl..u;lCAL BVLLE'l'IN S 15,' U, :::., DEPT, OF AGRICULTURE 

12 

_.L...J·"co 

10 ~
i 

cJ 
IL 

f­
z 

z'"Ou 

t~ 
",0-

C" 
0,, ­
~o 
",Ill 
...JO 
-z 
~::J 

0 
0­

a 

6 

4 

~ 

r 
i 
ci 
t-! 
IL 
0 
III 
0 
Z 
::J 
0 
<I. 

-=1"P"' i'Y""'-­
# + 

........ ;;

-,,it' 
... ~;.;",'-'", 

~,' ,/"
~--.-.<-1--/::1 

1 ,I' 
1 I~"
1", 
I~/~",

r----~ ~ ,i' - Probablo error lor a J6~cow herd 
0 
0 g 

2 

CD 
CD 
N 
M-
'"U 

,'//
,I' 

I~'
,I, 

- !fl ...-- ----
Z 

"" 
I~' 

0 
:l!Z 

ug 
ILO-Z 

f-a:o 
~~t-
U U.
a:Zo
",a:
,,-'"f­
"'" 

0 

2 

0 

Z 

'"f­
i Z 
--;:
r-._,I 

t 
j 

1 

~ 

1/' 
,'1,' 
I, 

--P.lR'P"'f------­ i·;'~ -1-­

~~"'I",on' '"T I I ---~ 
a: o 2 3 4 5 6 7 

FEED ABOVE MAINTENANCE (1,000 POUNDS OF T,D,N,) 

BA£. 39608 

FIGURE 13_ FEED INPUT AND MILK OUTPUT OF ALL COWS FED AT SIX DIFFER­
ENT LEVELS OF FEEDING AT NINE STATIONS CONDUCTING EXPERIMENTS IN 
SERIES 1 AND II, 

J)lFFEHE~CES I~ HESI'ONSE BETWEE:,\ (;001> AND POOH COWS 

011(' of tht' 1I10st difli(,11II pl'oblt'llls l'IIl'ounh'rpd in this invest igation 
~ras 10 a;;('('I'taill how 11111('11 <lifferPIlL'p ill product iOIl I'pspm\sl' there 
1-1 Ill't W(,,'11 good ('O\\,;; a 11<1 poor cow" aI nll'iotls Ip"l·ls 0 f feeding, 
III otlll'I' \\'Ol'd:--, to what l'xtpllt dol'S tI\P inherent productive ca­
paeily of th" ('OW dPlprllliJl(' what I('vel of -fl'Pcling i:-; the most 
{'colll/Illica I? 

TIt(, dil-t'lIssioll so fat' has dt'all with cows tltat would produce on 
till' awmgl' abollt 350 pOlllHls of blltt('dat ill ;~02 days undel' the 
('ondil ion:-- of fN'tiillg alld managPJ1wllt pl'(·vailing at the different 
l'xpl'I'illJ('llt ::Iations, To 1(':11'11 tilt' diffel'PIH.'e betwl'l'1l the rl'sponse 
of ;.rood alld poor ('OWl', all tIll' I'('t'ol'ds \\'('r(> first <ii\'i<ll'd into two 
gl'oups Ull Iltl' basis of illh('rpnt pro<ilwillg ability-one below average 
:lIHL (Jill' aho\'(' :I \'1' I'agc', But wl1l'1l this was done it was found that 
most of thl' low-prodlleing ('OWl' W('I'(\ at cPI'tain stations and most 
of tll(, high-produ<,i II/! cows W('J'l' at otlH'1' st at ions, Any com­
pal'ison, th('.l'(\/'ol'(', of lo\\,- alld high-pro<1ll('ing cows would be diR­
tortl'd b\' tht' rH'c'et of djtrl'n~llec;; ill ('IlVirOlllllclltal conditions at 
Ill(' val'loLls stations, 
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• 

• 
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• To overcome this difficulty a further classification was made. 
"\Vithin each group of stations the n.verage expected yield of all cows 
was calculated and the records were then divided into two groups; 
one composed of records of more than twerage expected yield and 
the other of records below the average of the group. For the PUl'­
pose of simple identificn,tiol1 the subgroups were caned "poor" and 
·'good." The cows were poor and good in relation to the general 
level of productivity of \\U the cows, but this level was fairly high 
gO that there was hardly a really pOOl' cow among them. 

The classification of \111 the l'ceord8 then resulted i.n the followi.ng 
gl'OUplllg: 

(1) "Low" stlltiollS. with an expected prolluetioll below the 
average 	of all cows. 

(a.) "Poor"-below average of group 1. 
(b) "Good"-above average of grollp L 

(2) "High" stlltiollS, with an expected production above tl)6 

• 

average of aII cows. 


((1.) "Poor"-lwlo,y average of group 2, 

(b) "Good"-nbovp :Lvel'agl' of gl'oup 2, 

'this divisioll permitted comp:lI'iSOIl bphYl'pn the good and poor cows 
\vithin each group of stations with little bias due to the differences 
in environment betw('cn si':ltiollg, However, !tlly comparisons made 
between the "high" and "low" stnti(llls will be influenced by this bias. 

Hnlldling the data in this w:ty was nut as s:Ltisfactory as when 
nil records were combined since too few records wet'e aVi\ilable at 
some levels of feeding to llV(>\'age out individual cow differences. 
As a result the response shown to different rates of feeding was less 
consistpnt when the records were classified this way (fig, 14) than 
wlwn the records of all cows were analyzed together (fig, 13). 

• 

It will be noted in table 11, which shows the data of these foul' 
grolll)s thnt the subgroups tNl at ench of the six levels were balanced. 
close y wit'h refeL'ence to bllf;ic producing ability. The body weights 
of the groups making up the si~ feeding levels WPI'e .not very well 
balancpel bpcauc:;e the lIumbers of cows wcre not SUffiCleI)t to permit 
eliminatioll of those that were too light or too heavy [mel still leave 
Pllough ill e~lch of the groups, 

The standard errors of estimate arc H measure of the variations of 
the groups about the curves shown in figure 14. The curves are 
fitted to the data given in table 11, It is found that these standard 
errors of estimate arc It little la rgel' than those met with in other 

.. 	 analyses of results obtained in these experiments. It is believed that 
this Itu'gel' variation is cnu8ec1 by :t lack of balnnce in the groups dU!~ 
to the limited number of cow!;, although in computing the standard 
errors the number of cows in the groups are taken into account, 
However, even with these larger errors there is little possibility thut 
the cUl'ves shown in fignl'l~ H: vary much from the "true" curves 1\1111 

the odds are extremely small thnt there is in reality only one curve 
for each of the two gl'OUpS, "high'" stl1tions and "low" stations. . 

The yield of the pOOl' cows at the low stations increased with 
incrensing quuntities of feed lip to the next to highest feeding'level. 
At this level the cows wPl'e fed an average of 1 pound of grain to 
2.3 pounds of milk. This represented on the basis of the Haecker 

• 
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standard about 15 percent above totnl rpl]uirpments, A.t the heaviest 
level, 1 pound of grain to 1.8 pounds of mHk resulted in a considerable •drop in production. The "good" cows at the low statjons dropped off 
slightly in milk at the heaviest level of feeding while both "good" 

and "poor" cows at the "high" stations increased their milk produc­

tion nt the hell viest level of reeding,]:l 
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FIGURE 14,-INPUT-OUTPUT CURVES OF COWS OF DIFFERENT INHERENT 

PRODUCTIVITY ATTHE NINE EXPERIMENT STATIONS. 


'Vhether the fe!'d of cows that nrc naturally low producers can 

actually be increased to a poi lit at which there is no further increase 

in milk production or whether the result's observed can be ascribed 

to chance vilriations or to SOIlW (:ollditiollH lW(:liliar to the "low" st:t-


II A ~lmllur limp in p"oduction WIlH ohs("'I'{'<! b,I' ('('ttit in I'Jng-lund (II), [fis ohs(~rl'llti()nH 


were ohtalned (["('Ill tl <IILlry-rurm Kur""~' or 'Il h('r<iK (I "e,' :l-Y"!l!" IWl'iodH, An Inc!"I'"'''' in 

t"'e<lInj! levels f,'olll 80 \lc,'c'i'nl of tit!' gng-IIHh st!lnclI,rd 10 n;; (le"('Pllt r!'sultcd in au 

'In~rt'IIHo In production from ull(lnt f\,:lOO (l01ll](1~ to aiJout 7,50Q pounds or milk per cow 
(IN' YPllr, But II flll,tl",r itll'r('IIS(! III reed to 1II0r" t:hun HO (JprC"('nt 0)" stlllldunl resulted in 
II drop In pI"odudlon to uhoul H,SOO 1)1)\111118 ppr eow pe,' Yl'II", '1'1t(> cows sl'f'med to be 
('olll\l!lrtlbll' in ,.ro<luetil'c lllllUty to tltt' 10\\,l'Ht l,roelt,,"ill!!: COW" in tLL!' In\lut-output ,'xW'l"l­
mellts, but PcUit's I"eport dMS uot tpl! wll/-lltp,' II", ('O\\'S lit til(' dill'pr"nt 1('\,,,18 W"I"" of 
tho 1'11I1l~ Inht\rl~nt' IJI'm]uctidt,\', nOr it.; if ('!p:u' 10 wllnt" «PJ..:'I'lIH the Hgut'l,':; are bmwd on 
IlciulIl tluld <1l1hl lint! to whnt exteut VII theoretical c()lIs111,"'ntiolls, 
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• • • • 
TABLE II. Injluence ojdijJerences i,l inherent productivity of roU's IIpon re.~pOf!.~1' in output to if!cren.~ed feed inputs; yearly (werages percow­

combined datn from 9 stations . 
LOW STATIONS, POOR OOWS 

---.,.-----: ­
. Rlltioor iR!t..;ie, pro­	 Pasture 1 GraIn 75- I grain to I Roughage ex­

ducin~ I·pcr~nt 	 day-IS TotalSilage, 	 p~rcellt I 4-perc~nt Ipressed ns hay ~ ,Awragr. ahiH!,-, rnt-cor· 	 Silage, pounds . totnl rat-cor- equiyalcnt digestibleLey"l or (p",ling J(l'cords! II.YO 4-prrcclll Hay corn (or alfalfa Mangels totnl 	 C1rcetccllllilk ~orghulllJ 	 (hges.tihle Ireelt',1 milk i per day ror nutrients 1-:3. wNght rat.cor. produced cligeslihlo nutrlent5 i during leac~ 100 pounds ~onsumed I 

T<'cte,jmilk nutrients ~.___ !~~~~:Ition I IIYe w('il!ht In a year o 
C1 
.~Po1md.. I --j ------ ­

_\"'lmIJer POllnds Pounds PO~lld8 Pound.• POlmds POllndl Pound,If [lays 	 Pound.I 641 1'3 80 . Pnund.• C1
L H. 931; fl, ;).[!l 6.035 3.870 8.225 43 2.0 	 4,742 

I2 	 23 944 Ii. 524 5.93S 4.470 9,554 . I 2. S 1:423 1;4:50 i 2.~~ 5,040 
1-:3 ....,-\ 2,2-12 1·3 ?5 2. -I3 J9 996 fl•.162 6.795 3, ~71 - - ~ " ~ . 4.7 	 5,656 ::043 I: 	 3 351 I I:?' 3- 2.154 Ii 995 6.431 7,602 3. 90~ i~:ni I.. - - 2.2 6,309 t;;l 

5 16 99S O,S;2 7.893 3.696 9.035 I 86 I 
~ ~ 

8.6 3:61\2 I l;ii:3b ; ~.o~ 6,395 t" 
Ii 14 1.050 . Ii. 444 n.894 4.054 I 6,15·1 2.19 5.2 3.944 1:1.82' 1:il8 6,320 >I 

; :3 
LOW S'f A'I'IO:-iS, ooon COW;'; 	 o 

.--.~---- ~ 
1. 13 I 099 1 S.83:j Ii. SOl .1. OJ.> : 9, fjj·1 	 '3.7 1,775 1:3.94 2.09 : 5,57S

1. i 	 gj
'2 III 1,078 8.831 6,855 500·! 10,406 	 9.5 1,538 : 

I 

1:4.70 I 5,730 ..... 
3. 	 14 ; 1. 054 . ~, 948 7.887 4. i48 . HI,736 5.1 2,502 1:3.19 i 6,332 "tl 

-i 1:2.76j 
r:f)4 	 17 1. 089 ' 8.966 8.544 4,629 II. Slq Hol:::_::~:: 2.2 3,2Hl 2.26Ull 6.9il 

5_ 	 9 1.244 8.951i 9,354 4.810 10.945 j 2.1 4,250 : 1 :2. 29 1. 97 i,7:-19 
6 	 31 1.134 ~.8IH 9,20\ 4. lOll , i,950 : 31 ' .. 6.R ,i. 257 ; 1:1. 79 1.77 7.667 ~ 

mGll ,,'['·\'1'[0,,8, POOH rows 
-----( , 

1. 	 17, 1.1421 8, itl:J 7, 61S :!.47-1 11.710 1.488 351i 2.1. 5 I 1,087 1:4.68 ' 2.09 5,697 ~ 2. 	 'lO' 1 147 0,913 8. 207 : 3.087 11.064 : 943 III 47. S 2,343 1:3. f>4 2. OS 6,182 
3. 	 1O! 1: 2(17 ; 8.738 9, 624 3,270 12.590 I 818 2li 30.2 3.115 1:3.16 2.00 6,817 "tl4 __ 17 . 1.239 • 8. 851 ~ 10, 118 3.470 , 11,654 I i51 152 32.6 3,972 1:2.61 1. 95 7,448 ~ 
5, . 14. 1,180 8, 1lO7 9. 434 3,424 I 1O.5til I liN 236 34.9 4, III 1:2.31i 1.96 7,365 
6•• 27 1. 2ijj 8.823 10. 347 1I 3.188 : 11.578 747 75 41.6 5,448 1:1. 94 1.73 8,142 g___L_______ 

UIGU STATlO:-iR, (lOOD COW~ 	 § 
L .... - .. -....... 171 1.201 11.518 lU,105 3,432 i 13.277 584 ._-j 60.5 i 2.20i 1:4.71 2.23 6,624

2. . __ •_____ .___ 14 1.191 11,482 lJ, :122 :1,1i34 12.576 1il2 102 I 32.5 3,407 1:3.37 2.13 7,266 ~ 
3...... ___ •________ .. 20 1. lOS 11,445 1O,7US i 3,482 11. n:lO 9:m 275 , 50.2 3,418 1:3.21 2.16 7,351
4._ . ____ ._ ..._. Ii 1.271 11.554 11, :111 I 3,527 12,273 980 44.7 4,320 1:2. flO 2.05 8,075 
5 .••• ___ .. _._ ...._. 12 , 1,302 316 !11.4811 12,l'Ylti 3,464 12,472 r.04 2!l:l 48.2 5.225 1:2.46 2.00 8,750 

6....... ------.---.. -. ___l.~L~ 13, 736 1 147 IlJ,389 3,710 11,140 227 32.2 7,008 1:1.96 I. 71 9,592 

..J ----...-.~- - -_.- t; 
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tions is something that cannot he answered from the data at ham1. 
It is evident that something operated to prevent any significant in­ •crease either in consumption of nutrie)lts or in milk: production of 
the "poor" cows at the low stations when grain feeding was continued 
upwnrd beyond the 1: 2.4 level of grain feeding. It is not clear 
whether the seeming inability of the poor cows at the low stations to 
consume more than nn aver'age of 6.H26 pounds of total digestible 
nutrients acted as a brake on prodnction or whether the low produc­
tion acted liS It brake on consnmption. 

In('remental output was next considl'red. Inspe('tion of thl' curves 
rew':lIs that, if good cows al'e fed the same amount of nutrients above 
mllintenllncc liS" POOl' cows nnd nll cows then are g-i\'en a small addi.­
titmal amount of fe('(l, say 100 ponnds of g"r:Lin, the p-ood cows will 
respond with 11 1llrg-er inc-rease in output than will the poor cows. 
Howc"er. it was found that ",11('11 we do not compare incremental 
output of cows fed the same absolute amonnt of feed above mainte­
nnnce. but instend compare response when both g-rollps are fed at the 
8anle intensity, if, for ('xlImple. both g-roups are fed 100 percent of 
th(' Hal'cke!' standard reC(niren1PJlts, then the two g-ronps showed little 
diffel'ellC'e in incremental retmns. The good cows feel at Haecker 
standard produce more milk and receive more;;feed. Simi}:lrly if the • 
input-output curves for both gro1lps are inspected and if on both 
cun'es points nre selec'ted nt \\'hidl the incremental outpnt for both 
p-1"01IpR is the sanll'. it is then found thnt tlwse two points COITl'spond 
to pradic-nlly the same perC'entag-1' of the prod1lction standard fe('cling 
le\'el for both gro1lps. 1'1](' fig-1Ir('s :1I'e shown in tahlt, 12. 

F\l('d rOllSI.JllllltiolllJl lll'rc't'nt or I In('('kl'fprodlH'­
tion ~tnIlfllln} rNluin'uu'nts 

lncremrntnl Olltput (ndditioJlIII lIlilk rllr lin 11Ii<\itiol1nl 

pound or lotnl (lIc('~tlhll' 11\11rh'nD (po\lnds) 
 .'; ~ iuh n stntiuns 

""nnwl" I Poor" I unund'~ t HPoor"H 

('ows ~ ('ow~ row~ I COWS 
\ 

•Perrrut ~ l)erullt I Perrelli, P~rctTlt
2.00 !/I !II RS R' 
l.',~ 1m I {Ii' i 9:1 91
[,,'.<1 IlIlt In:l , n\\ 97 
1.25 II!I, 110 ; 10. 1().t
1.1~1 12\1 120 . 114I IIi
0,• .1 1"-1 1:14 126. 129
0,.'>0 Hili I,;~ ! Hi I 144 

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

At allY gin'll ill<'r('IlH'lltal output of l11ilk tl1<' high stations "good" 
lind "poor" ('IlW~ \\"('1"10'1\,(\ at neal·l)' the san1£' pcrecntage 01 production 
shllldanl. At the low stations it appt'urs that the "g-ood" cows had 
to be fed n hight'l' IwrC"entage of standa I'd I"equi rell1ents than the "poor" 
hefore theil" increl1wntal out put dropp(~d to the level of the "poor" 
cows, but evell I]('I"(~ the diiferenc('s ,,'ere not very large at the more 
model'nte fe('ding- h,\·('ls. IInclif tIll' he:l\'j('st fed sllbg-roup of the "poor" 
c'ow!'; at the "low" stat ion~ is omittNl tlwn the fig-un's for the "poor" 
cows w01lld change lind show Iluout the same incremental output as 
the "good" cows. 

• 
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• A study of the incremental outputs shown and of figure 14 gives 
some indication of how a whole series of input-output curves for cows 
of different inherent ability to produce would be arranged in relation 
to each other. T!le curves would all start from the ori~6n, rise and 
fan out as they do m figure 14. It appears that they would be so related 
to one another that they all would have approximately the same incre­
mental output at the same percentage of Haec'ker standard.H It 
would se(>m that one of tilt' criteri:l for a perfect feeding standard 
might be that it aS~1gnec1 such hmOlmts of feed to cows of different 
basic fH'odlleina ability that the incremental output would be the same 
for al cows, alnwugh they g-av(' dift'prent amounts of milk. It appears 
thnt the present fp(,(ling standards come fairly close to fulfilling snch 
a n'quir('ment. As ITIt'nt:ion('d 1n another section, that does not mean 
that the Ha('ck('r standard r('q1111'('S t'l1o\lg-h fe('(1 to ke('p cows in good 
condition y('al' in and ),par out 01' that the standal'(ls pl'esedbe the 
quantitit's whi('h al'(' most pCOJlomical to fppd. 

• 
EXPEHDIE:,\TAL LEVELS CO:\IPAHED 'VITH THE 

HAECKER STA~DARD 

One of tlw most notabh· contributions to the s(,1pn('p of fe('ding- dairy 
('o""s WilS made b~' T. L. Hae('kpr of MinIH'sota. His stanclanL }lro­
mulg-at('(1 oyer ao years llg-O, haR stood tll(' test of tinH'. fOI' in all tllPse 
YPlll'S ollly minor mmlifi(,:Itions have been made. In the input-output 
stmIy the Huecker standurd was llS('tl as tht' basis of feeding becall~e 
it aPlw:lrpc1 to be prneti('nlly as :I('('III'ule as any other and l)(>cnuse it 
was not subjl'ct to chnng-C'.Ir. 

In the input-output series I l'xpel'inwnts the yarying levels at which 
tIl(' C'ows were fNl wel'(> based Oil dl"finitl" IWl'c(llItag-e dl'\'iations from 
the HlH'cln'r stalHlan1. TlwRe d(>\'iatiolls nlng-pd from ;~O lwrcent below 
standard to 30 percent abo\'e. In the sPI'ies II pXI)('rinwnts the cows 
were f('(1 a(,(,Ol'<lin~ to a difl'('l'l'l1t s.ystl'm .. bllt a 1'('('01'(1 of tilt' nlltrients 
tIll'Y r(,('pi\'NI was a\'nilabll' 1'01' ('ompal'ison with the rl'qllirements of 
lhe H:IP('kPr stnndut·d. 

• 
In both serips of (lxJWI'iments (>Y('ry station fed one g-I'OIlP of C(lWS 

:w('ording- to tIl(' stand:lrd. but at thrpe s('riNi II stations the standard 
was modified to SOIlll' deg-l.'el'. 'Vlwn the roug-hu/!e fed, at liberty. at 
t1l('se three stations proyidl'd the qllantitips of nlltrients prescribed by 
tht' standal'd, grain was withheld. But at no time was any limitation 
plnC'l'd on the quantity of roug-hag-e fpd. Cows that consistently re­
('('I\'l'<1 all the g-ood roul!hag-e they would eat, plus just enough grain. 
to bring the nutrit'nts up to standard, maintained a good state of 
fi('sh alld produced well. Bllt cows that g-et all the good roughage 
I he'r WUlIt in tIl<' ('OII1'S(> of a Y(':II'. ('OIlSUllW Huh'ients in exc('!';s of the 
staildal'C1. This i1' Il'u\' whetlll'l' tlll'Y art' fl,d much or Iittl(' grain 
Ol' nOll(' a t a II. 

Cows ft'd l'ollg-h:lI!P only. or \,('ry small qnantities of grain, not only 
fuil to 1'('a('h the IlPak production of mOl'e libpraHy fed cows but the 
milk flow soon d('C'lill('s 10 til(' Ie\'('l lit which th(' f('pel consllm('d snp­
pli(ls the f1l1HlItity of IIlltri('n/s l'l'qllil'P(l. FI.·om tlwn on, until tIl(' llPxt 

"Aur ~t .... h;ltt III.. , pusslug tltrouglt tltl' origin rI'Jln'~('nts 11 ronsluut llert'('ntagp of 
HI1""kpr "1IIU"11 rd. 


l> At onc ~t:ltiOIl tit!' ~lordH(j11 Htllulhll'll WIIS used. 
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lactation, cows will consume morc nutrient::; than specified by the 
standard, The result is thut at the end of the yenr they will have 
consumed nutrients in excess of the standard, • 

The cows that were fed throughout the entjre year according to the 
Haecker standard som(>times bcc-ame thin in fll·sh find fail(,d to pL'oducc 
milk in satisfactory quantities, This tendency was pnrticulal'ly stJ'ik­
ing at fOUl' stations, By tilt· second yen!' a caSlial visitor at allY of 
these stations could piclr out at It glallce the co\\'s fed according to 
the Haecker standard, In thp most l'xtn'llw instancl'. ('ow::; fed lib'idlv 
according to this standard hecan1<' so thill that till' f{'{'ding plall wn~..; 
modified before the end of the fiJ'st year to pel'mit l'ollghag(> at Ubpl'ty. 
lit all times. with snpplemellt:u'y grain whene\'('l' necesstll',\' to bJ'ing 
the iutake to stullchtl'd, 

Figures 15 and 16 show the typical appearance of cows fed for more 
than llyear lit 100 pen'pnt of till' Hnp(,kPl' stalldaJ'd as ('olllpal'ed with 
the appeltranC(l of ('ows fed Ilt a level ('onesponclillg to 130 percent of 
thE' produdioll standurd, 

('ows fed according to the standal'd the year round do not have 
the OPP()J'tunity to mnk(> lip for the deficiencies that oceUl' eady in 
the llll'tlltion lWl'iod, The main tl'(lJtbll' Sl'Pllls to b(, Ihat' litl',\' do not 
:l('cnmulate Pl10llgh 1'PSP1'\'P fll'sh, eitlll'l' <luring lartation Or while 
<lIT. to Pllablp them to pro(hl(,p hea vi ly uHer (,ll1 \'lUg. 

WllE:'1l tlw llutJ'it'Jlts al'P all 01' m()~4Iy iJl litp f(lJ'lll of J'onghngp. nil' 
Hneekel' standard assigns nmOllltls of Illltl'i(\llts thnl :Ire dpfinitely 
too low fot' tl1(' ypal'-I'ollnd fl'('(1ing of dail'Y ('ows, No doubt 
the fact that Haeckel' fed rations ('ontnining a ruthel' high JH'OPOJ'­
tiol1 o£ grain, when he was preparing hi!' standard is pit I'tly I'(>spon­
sibJl' fol' the Illodt'l'atp quantities of' Ilntl'il'nts pt'o\<i<1P(1. The fil(,t 
thnt thp Haec];:(>1' litalldnnl is expl'ess('cl in h'I'IllS of digpst ibll' Ilutl'i('nts 
and that II giwn w()ight oi' (ligl'stibll' Ilut I'ient::; ill tll(' J'ollgiJngps 
commonly ns('d pl'Obably is /lOt. wOl'th so I11l1ch nut I'itiollally lis 111(' 
same wpight ill til(' f01'111 of ('Ol1cl'ntl'aies has cOllsil\PJ'abh' to do ",ith 
the pxcess of {'akulated nU!l'i('nts conSllllwd by ('OW"; fed Inl'gl>ly on 
roughage, 

But e\'pn if then' is ROIllP Iimitnt'ion 011 till' qllantity of l'ollgiJagp 
fed. the standnrd R}weifil's sllffiei{'llt nllt\'jt'nts fo\' most p('onmni('nl 
production only when the \'altl(, of milk is low in 1'plalion to the 
pl'i('p o'f -(rp(l, alld light f('('dillg i;; l'all('<1 fol', TIll' T1at,('kt'1' f(,(.ding­
standal'Cl len'l In liS! hp elaRsed, thet'l'fol'(~, ali n. low !'athel' than ll::; an 
n\'('/'I\"e I<>vel of feedincT, 

It lY)!WUI'S that til(' pf.em]('nt ide:)s a hont feeding ne(>d to 1)(' 1'('\'iR(>d, 
For nllltty ~'eat's it hilS bpl'l1 H::;StllllPd (hat till' slandal'fll'utt' of f(\('ding 
is neal' tllr most profitable I'at(' lind t'll(' aim has lJel'n to fp{'d ('ows 
Ilt standanl IInl(,ss they \\'('I.'p l)pillg I'tlll OJl n tpst of ;-onH' kind. ill 
whidl th(> eC'otlotlly of pl'odudio!l was a JlHlttpr of Sl'{'Olldnl'Y ('011­

siderntion-then thpy WPI'!' 1'pd mol'P IWll\'ily, It is 1I0W ('\"i(/('nl that 
the most pl'ofitabl{' !t'\'C'1 of f('('dillg. pX('\lIsiyp of lila illtptlaJl(,p. llIay 
range fl'o/ll standal'd to aR mll('h a~ an pPI'(,pnt allow :-;tandal'd and 
that the l'('lation bl.'l'wP(,1l pJ'ic(' of fl'pd and pri('p of pl'oduct lS tlH' 
major cOllside/':ttion in dt'C'iding how 1I('1I\'ily it payl' (0 fN'd ('OWS, 
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I~-PUT-OUTPUT RELATlOJ\"l5HLPS IN MILK PRODUCTION 

FEEDING GRAIN AT CERTAIN RATES IN PROPORTION TO 
MILKPHODUCED IN COMPAHISON \VITH FEEDING FROM 
\VEEK TO \VEEK ACCORDING TO REQUIREMENTS OF 
AN ACCEPTED FEEDING STANDARD 

One reason for fl'l'din{y cows Ilccording to different grain-milk 
ratios at some Sb.ltiolls ami according to a ~i\"l'n pel"("l'ntagl' of stllnd­
anl at otht'l' statlOns, was to disclose whether tlwre is any advantage 
of (llll' Ilwthod OWl' the oth('I' ill ('('onOIllY of production. This was 
also til(' /'('ason for including a c1wck group fed at the standard rate 
at all statiolls, ;\ tnlt' ('omparison cannot b(' made bptween feeding 
with l'eft'I'ellC'l' to a stall<iard at !:ion It' stations and feeding at \'Hrying 
!!I'aill-Illilk ratios at othel' stations bel'ause t'll(> eIH'il'onmental ('011­

(Iitions all<i quality of f('pel w(>I'e not the salll(' at all stations. It was 
IH'c'pssur,\'. thl'I'pfoJ'(', to lIlak(' t1w ('oillparisons witilill, I'athpl' than 
bpl\\"('(>Il. staticms. Threp (iifi'pl'l'llt ('olllparisollS \\"eJ'e 11I:1<le bptwl'en 
~l"OllpS of ('ows fNI a('('ol'\ling to a standard and groups of ('ows fed 
al a ddillil(> ~l':Iill-lllilk ratio. . 

The first was a ('onlparison brtwN'1l !'tunclal'd-fed cows and ('ows 
fl'd at tlw 11l':tI'pst ('olllpal'ahh' ratl'. Data fl'om fin' stations Wl'l'P 
Ils<,d ill Ihis ('olllpal'iSOlI. At tilrpl' of the fi\'(' stations. til(' 1: 6 ratio 
l)(>t"'Pl'll ~I'aill fed and Illilk prodIH'('d was ('Ios('st to til(' Haeckc'r 
standard. At till' othel' two stat iOlls, til(' 1:.J. ratio WHS e1oS('~t to 
"tnndanl. 

Data 1'1'0111 tlw sanll' fiw statiolls W(,I'(, llsed in t-iw ~('('ond eom]1ari­
};Oll bllt in this instant'\' [pl'ding" at the HaeC'kpl' standard was com­
parl'd with fpl'dill~ at till' I: l; rat in in all stal iOlls. In both the 
fir~t alld t lIP st'c'one! ('OlllP:II'isOIl 1'('sIIHs wel'e computed by :I\'eraging 
tOg"l'l iIel' t Iw da ta fl'Olll a II fi \'l' lota tions. Thus in each instance the. 
('o'ws \\'PI'p di\'iclpd illto ollly (wo ~roujls, 

A similar ('(JIlljlnl·isoll was iliaciI' by seh'ding two of the five 
.. tatiolls. dividillg til(> eows into 011(' gl'oujl ft'd ae('ol'cling 10 a standard 
tllI( I a lIotill'l' gTOU p f<,(i at (hl' I; () leYI'I and comparing till' a\"~'rag('
da I a f()J' till' t wo ~r()u p=,. IH 

Tahlp 13 i"llIlllllal'iz(>s Ihl' rp~lIlt~ of t1wse threl' compal'isons. indi('at­
in~ ina \'(>rH~l's til(' Iin' \\"('i~ht. eXlwetrd yipld. aetua I yield, and 
til(' fp(>d alld IllltTil'lIts ('OIlSIIIIIl'd by the ('ows ill each group. 

Tn pal'll of thl' thl'Pp ('ol1lpal'iSOIlS, the ('OW5 fpd ae('ording to the 
lIapl'iwl" stall(hlJ'd prOdll('l'd a sma 11(,1' total quantity of milk, bllt 
1I10l'P milk pC'1' ullit of nlltTil'lIts ('onsul1led than the ('ows f('cl at the 
grain-milk rat ios IIsNI in tilpsl' ('()l\Ipal'isons. The stan<lnrcl-fl'd ('ows 
atl' 1l10l'l' ~J':Iill alld I('ss t'ol'ag('. cOllsuming less total digestible nutri­
(,Ilts thall till' aVl'l'agl's fol' till' l'OWS in thl' othel' gl'oups. 

Fppding :H'eOl'ding fo a stalldnJ'(l I('nels to p('rmit till' ('onvl'\'sion 
of fl'l'd i"to lIlilk dirl'ctly inst(\ael of fil,~t into body suhstan('p and 
tl\('1l into lIIilk a;; witt'" ('nw~ al'p O\'C'J'f(>c1 anel underfed at cliffel'pJlt 
I)(>riods of ladal ion. 'l'hpol'ptieally it wou Id appear that fl'eding 

1".1'-;'·(1011 thou::h dutn fl'um fh('H'I') two stntiOf):-\ WPrt." ltwhulpd in thp uV(lrnge dntn for the 
f'lHirH !!rollJ) of Ii\"(·, till'Y- \\'(,J'(, HPi('(ilPcI for II ~I'p:lrntp f'olllpnrisOIl. This \\'n~ done hccfillse 
tI\I' 1II,;(hOIl or Hlnl1(\lIrel f..pellm: III Ih..", 1\\"0 Slllllol1S dlll""'pe! from th" IIIpthne! follo,n'd 
lit Ihe' ulhp,' HIII!lul1s, AI nil's,' !,,"n S(IIII,,"s, th,' "O\\'8 hll.<1 no IIIISIIII'", 1111(\ ,'ollghu/,:" wns 
1I111i1,'t1 111 nil' Inlll'r purl of till' 1111'1110011 III ol'l!,'r to k,','p the nutrients more nellrly ut 
tho slllllflllrtl 1f'1'I'I (\lIrll11; Ihnt 1l4!l'Iod. 

,1:l:!Oj·I" ,I:! ~I 
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according to a standard would be more economical because it is (1. 

well-established fact that the conversion of llUtrients'to milk is more 
efficient than the conversion first into body tissue and then into milk. • 
The above computations bellI' out. the theory, But the advantage 
in feeding cows from wl'ek to wf'pk aeeOl·ding to tlwir pstilllated re­
quirements over tlw common method of underfeeding during the 
flush of lnetation nnd overil'eding du!"ing the laftp!" pnl't of Inetntion 
and while they nre dry is not sufficiently pronounced to be of nny 
great prHcticnl importance. 

T.\8LE 1a. --Ooll/pori,'mll of l'fTiciell('1I o[ /)I"Odll('lioll Of l'OIf",~ [t'li wI'doJlf ,u'co/'diIlY 
to I'('lfllil'(,I/H·III.~ wilh that o[ ('Oll",~ [('d ,,1 IlflJil"lla:;/IIuld/1 11/1' .~"111(· ;IIII'II.~if/l 
(or 1111" 1('/10/1' !lI'(/I' /),,1 1II"·OI'(/.i"fI 10 II IIICl/IIIQwllidl I'('sults ;11 I('IIIIIOI'O/"i/il 
fCI'clilltl 1/101'(' IIlIrl /('.<,~ Ih(lII I'o(//{i/"I'II//'"I .• 

i , rl'hird ('OIJlP:lT-First ('oJJ1pnrj~ }l.r('onci ('orn­ ison (2 :-if'rip~ I I son (.i ~4Irlf1s II pnrison (5!wril'S nonpll!'tUf(' stn­stntion:;.) II slntio",,\ 
Item llnIt tlons1 

I 
l:\UI1H!' );ti or ~tnJl(t .. ~tnml-l1:6 1:6nrol ' 1'<\ , nrd 1 IIrol 

~{('a...~un'ml·nl or inlt'l1sity o( rl.·(ldirll~; 1'f're('lIt IO:! 10. 103 \On ml lOt) 
F.'('d ('OIl<lIl11ptinn (lolnl dig('sII1I1,' 
nutrients! n'lnlrd to nll,'~krr smnd"rd 
r('l'luircomt.'nts, tntnl. 

MrsstJrPlIwnt or ,~nlt'irll('Y: Milk pro· l~ollfl(ls I. 2S:l 1. 2tH 1.2-"2 1,271i 1.200 I. Hi3 
due,'d (4,p('r('('nt fnr·corn'rtt·"\ for ('n('11 
pound of [1·(>,1 cOlIsnlUNI (total 'li~(>s· 
tft>lr uutrien(s). 

Inpul,olllput dntn. 
Y <'nrh- f(,(,Ofd$ :\11 Ulhtlr ;Ji aa :Ig -II 1\1 lfi 
A \· ..ni~,· Ii\'(' I'"(>l~hl POIlnds 1,102 1.114 1.112 , 1,117 1,12·1 1,I7P 
Unsle produ('in~ nhllIty, 4·prn~'nt Pnllnd~ S,660 ~. 601 ~. ;·19 1 S.S211 i.531 ',MO

fllt·corr!'twd milk. 
F~d ('on511I11plion: 

I 

Ilrnln 17,; l1('n...nl (otnl 'lI~rstlhlp Pounds I. !lS·t I••1i:1 2.mO 1.,1:1:1 1,1;;"" 1,31iO 
nlilfif·nts). 

ICilY Puuwls ·I.:I~~I 4,:(S·t -1.:1,4 ,t.HS2 '1.11112 1I,1:1II 
Si1tl~l' Pounds s.na.'i 11,:102 S.1I51 I t.!i2U fl. HUll II. 200 
PnSltrrp J)n~'s :14.11 ,12, f. 33.2 ·tn.I; () 0 
Totnl f"('d consumption (Io(nl ,Ii· POllnds. 5,001 6, :I',~ 5, gaS H,2114 ;'1,7:"1fl Ii...aa 

~(>st!IIIo' nll(rlrnls). 
Milk pro,lrrrlion, 4'lwr",nl fat·ror· Pounds 7.5;0 li, n:la .,111:1 7. 9ft! Il.~lia 7,48:1 

rper('d milk. 
5 -'w f'folal ,U~pstlblp nUlrlNlt n''ttllrt'' POIUHis ,," \ I n.U27 5.77k fi,O!.!2 ~.II.'i~ .'l,U27 

nwnttl (or hoth mnjntt'rlllnt'I' nrtfl 
mil~ 

l A t aof It)(lS(' ~tnlfolls ttlf.' row~ \\ f'rt' rflstril'l(ltl lc) tht' I{tll'('kl'r ~tnrHllInl onl~· wllNt t Iw r011l!hnJ!" ('nll ­
sumptlon WI\$ not s,utllc'if!nt to ('O\'rr r(lqllirt'lll(1nt~. '1'11(' (·On's. Wt'n' ft'd rtlllJ,.thHg~ (n'rly nt all t ill1£'~ and 
towllrd tIl\' NIII of th~ In~lI,tion nn,1 oInrlll~ tI", ,Iry PI'rlod tlwy {'ollsUlllt'd ilion' tll1\11 II\(' ~tl\n\ll\rd 
reqllif{lcl. 

, n"", orr,.~\ling th"t npp('l\r~d most ('01 If 11IIru IIlr to till' ,WOllard rul.('. 

Many inv('stlg'atOl's hold t'hat I"ollghag<'s an' OYPI'('\'a I11 a t('(1 by the 
total digpstihle Hlltl"i{'nts IIl('lho<1. Ii' so, tl1{' small a<1\'anta(Y(' of 
standard fe('(l ing' wit h n·fpl·PIlCt' to mi Ik pl"Od IIl'('d pCI" pound oftotal 
digt'stibl(' nutl'i('nts ('OIlSllIllPd would lw leSS(·Il('d. This stndy i\l(li­
cates (tnbl(' 13. nlPaSUI"PIll('lIt of pfJieit'llt'y) that fl'Olll a gin'lI quantity 
of total digestible llutl'i('nts, ('ows like those used in this experi­
TlWllt, will produc(' not 0\'('1' aoo pOllnds mol'P 4-Pl'ITPllt ndlk in a 

year if tlIP\' IU'P fed at II given J)pI'(,PIllage of standard [rom \\"l'ck 
to wt'f'k dui'jng the Iildat ion IWI'io<1 illstl'lI(l of at tilt' mtl' of l: 6 or 
1: 4; and if 1111 lilllitntion iH put upon tlw I'ollglwgl' ('on~lllllption the 
increasp will 1)(> Illlleh Ipss than :100 pOlllldH. In spill' of tIl(' ilion' 
efficient use of nutdents when the cows were fed aL standard they 
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actually produced less milk per year, This is more important than 
efliciency of cOIwersion, Furthermore, the cows fed at standard 
failed to carry as much flesh as those fed at the rate of 1: 6 or 1: 4. 

That the forages as It rule are cheaper sources of nutrients than 
the concentmtes must not be overlooked. Therefore, the most 
economit'a I f('eding pI'np-tice usually is to make the fullest possible 
use of forages, ApIJ!u:ently, in most dairy areas and under normal 
price conciitions there should be no limitation in the quantity of 
fomge cows lIl'l1 allowl,d to eat. And if cows are allowed to eat all 
the hay. silage. and pllsturagl' of good quality thut they want, they 
will b{' OYPI'f('cl when the milk production has declined to a low level 
lLlld wlwll the)' are dl',Y. accol'<illlg to-any accepted feeding standard. 

Bul this l'xtl'U feed is not wasted because Liberal feeding before 
cal\'ing I'l'sldt~ in IIIUl'l' lIIilk for about 3 or 4 months after calving 
(15), TIll' gl'l'ater use of eheap feed before calving may largely 
countel'balanl'e any less pfJjeient cOllvel'sion of feed to milk because 
of tlw Illltl'il'llts tIrBt being converted to body substance instead of 
din'ctly into mille ApPlu'ently the chief reason the standard-fed 
('ows (Jl'Odllt'l'd less thall the uthel' gl'Oups was that thl'Y wert' in 
thinlll'l' condition at cuh'ing time in spitt' of the fact that during the 
dry I>priod they had I'eel'i \'pel 100 pounds of total digestible nutrients 
in addition to maint(,llanel' as the plan called for, 

TIlt' fal'l1I(,l's' I'ull' of fpl'ding gl'llin wi.th reference to the milk 
pl'odut'pd as 1 pOlln(l of gmin to 3. 4. 6. etc.. pounds of milk appl'ars 
(Jradieally a::; pflkient as fpl'dillg continuonsly with reference to a 
stalldanl and is much sil1lpll~r to put into practice. 

THE l~FLl!ENCE OF LEVELS OF FEEDING 

INFLUENCE l1PON PEAK PHO()I'CTION AND PERSISTENCY OF 

PnODl'CTION 

All t IH' 1'('t'ol'll::; Iwgi Iln i ng wlwll t) \l' cows wPl'e fn'sh and rnnni.ng 
unintl'l'rllptpdly thl'()ugh 44 wet'ks wpre assembled in six groups 
with rd'l'I'l'IH'(' to till' 1l'\'('1 of fpl'ding, Till' l(l\'pls of feeding and the 
gl'OlIping:-; an' ::;ho\\'1l ill tabll' L4, Figllrt, 17 gives similar informa­
t ion h\' \\'ppk:-;-llll' six Ip\,(,is Ira\'(' bl'l'll ('olllbilll'd so as to lIIake tluel' 
('Ul'\'('~ im:tl'ad of six, This was dOllP by a\'pmging togpther the 
data fl'Olll t 11(' lowest t\\'o 1l'\'Pls. the intl'rnlediate t.wo lewIs, and the 
higlw::;t two 1{,,,l'Is. and slliootiring tl1l' data by usillg 1111 adjusted 
,i.wl'!'k nlO\'ing 1I\'l'l'age, This PI'()(,l'SS eliminated numerous very 
l!linol'dl'\'iations, It was plUlllll'c1 to sho\\' also tht.> Ullsllloothed dabL 
but till' width of the snlOothed line practically obscured the 
til'rial ions, ' 

Till' 10\\ ('st fed groups l'l'aehec1 peak production in the fourth 
\\'Pl'k. llrl' Il('Xt Imy!';.;t in till' fifth \\'(\l'k. alld all the rest of till' sixth 
Wl'{'k, TIll' 1)(,lIk pl'odlletion val'il'd IInifol'mly with tIll.' level of 
[(,l'<Ii Ilg-thl' ('()W~ 1'(\(/ the hl'll \'iest I'l'aelwd the highest Iwak and 
tho::;l' it'd the h'lll't had tIll' IO\\'l'st p('ak l)l'odllctioll. The mnge was 
i1'01l1 a$),~ POIlI1(1::; of 4-Pl'!'l'Clll milk a (ilLY to 45,6 POllllds II day. 

http:rnnni.ng
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TABLE 14.-Per8istency of l"odlLction: Avemge production of all ro/O., Ihal had Iln/)roken lactation recordl! and were fed at 8 levell! similar to ~ those 1mJIlenieri in lable 7 

/Awel 1 (fI.l cows) Level 2 (1i.1 cows) I Level a (56 cows) Level 4 (62 cows) Level 6 (46 cows) Leve16 (891 cows) 

Produc·; produc,\ Produc· produc-j Produc.: Produc­
tion of tlon of ' tion of tion of tlon of , tlon 01Weeks o( lactation ·I·per· . Change in pro- 4·!wr.' ('hllnge In pro· 4·!wr· Ohllnge in pro- .j·per·· Change In pro· , {-per· , Change In pro· 4·per· Change in pro· I

C('1It1nt·, <luctlon (rom 'C('ntlnt·; duetion from Wilt flit· <luetlon from IcentrnH <luetion (rom lcentrat. duction from Clmtrat· duction from 
cor· I pro,'lous period cor·' previous periOd .. ror· I previous period \ cor· : previous period I cor· !lrcvious period cor· previous period 

rN'tcd j , reptcd I . rect,'d . rected reeted ! rected ~ 
i milkl I milk 1 \ ~ milk I milk' I milk 1 milkl 

1----,--' . .' -----,- 1----1 '--I -1-
1, PO.~L1/d.", Poltl/d., Ptrcrot' P~Il!ldS: POILntt.. I' Perc"," POUlld$: POILntt.. Perunt Pound' POl/nd.• Perctllt, Po!",d.; Pound8 Percent POltnd. Pound$, Porernt 

r1-4.••_..........._ •• --"r H_I 0 ~\lS. 4 _ 01',4 3 , _ -. _ . " 9.19. 2 . , .. _ .1 10.10.0 . _ _ _ -., 1024. ,1 I ...,. -.-. ~ 
5-1L•._____• __ ....... '1052_ 5 +131. 5 +14.2S IOS'.4 +189. 0 +21. 04 IIH5..~ '+221. 5 +2'2. 97 i 1~'2t1. 0 '.+266. S ,+27.81 I 12.12.5 :.+222.5 +21.60 121>1.8 +240.31 +2.1.46 

9-12...___ ._.__........ _1 !HO.7 I-III.S-I?f;2 1012.6 -74.8 i -6.!l8 101l~.2 -0~.8 -7.83 1144.4" -81.6· -6.Q6 1 1li5.7; -76.8. -~.I~ 120.l.4 -61.4 -4.8.1 

.--3 

113-16..._____• _____.... I 819.41-121.3 ;-U.SIl, 008.8 -103.8 !-10.2.1 9~ .. , -10.1.3 i -9.0.l 1044. 1,-100.31-8.,6.1089.0, -86.7 -,.3, 1119.4 -84.0 I -6.98 ~ 
17-20.•______ •____.... .1 726.81 -02.6 -11.30 S02.0 -105,01-11.6.1 .~~2.·1 -105.31-10.66 I 960.5 -8.1.6 -S.OI 1 1020.2: -68.8 -0.:12 1027.1 -02.3 I -S.25 

0021-2\ •• __________ ... _I 66R 81 -60.~ -S.~6 i21..1 -S1.4 ;-12.14 ~(l~.~ -7:1.9 I -8.37; 880.2 -so. 3 I 8.36 I 9!L7 108." -1O.Q4 956.7! -72.41 -~.85 ..... 
2.,-28 .....__........... ~9511-71.1 -10.15 661\.6 -54.0'-1.61 12,1., -82.8,-10.24, ROO. I -80.1 -9.10 SSO.4 -61.3 -0.,21 889.5,-61.2. -1.02 ~, 

!;l-~2-- ..----...... -- ! 5'1:1.3,-51.8 -8.72 582.;1 -S~.~,-12.6.5. 05!1~ -60.5:-0.16 726.0.-7:1.2 -0.1., 762.5 -8??-1O.57 821.21-68.31-7.68 
3.1-.10 .• _____..._.... I 401.0: -02.3 -11.41 494.6 -8,., .. -15.06 I 559.h -9Il.O -15.11 618.4 -108.5 1-14.93, 64t.2 ,-113.3 -14.90 728.41-02.S -11.30 
37-10. __ ..... ____ .• 1384.3;-90.7 -20.10 394.3 -101).3 -20.28 45!J.2 -!O(l.4 -17.94 48:1.1 135.3-21.88,508.5 -138.7'-21.43, 60a.2,-12.5.2 -17.10 ~ 
41-44. ... .......... !_21_l_I._3_,_-_9_:l_.0_:_-_24_._20__::I~=-I_I_:l._I_.:.~~_a~I:..9_ :.I~,,:..a__-_2_2._9:1__a~":..~ _-_127_,_.3_!_-_26_._.l5_i_;Il_g~I_-_I23_.9_ -_24_._37_1_~~!_-_14_2_.6__-_23_.64_ 


fIl 
TotaL. .. '. ,17422.2 i ,7850.6' r 867!U., Ill9oi. -j- 1 91;:10.31- . _10.098.8 I' . - ... oI' 

~e.ofperslstency I" I 10. 69 1_ - - 1-··.. 10.2.1: I-.LOSI i 1" -. B.!l~J - - • - " ! 8, 57 1 'j' .. - 7.37 t<l 

I A"crag~ production per cow (or lli~ 4·weck period. ~ 
'Averlll(e p('recntlll((' <lre'lInc from fifth to thirty·sixth wN'k cOlllputl'd by dividing totlll of d,'clines from 9-12 period through 3:1·:l6 period by total production in 5-8 period through 

29-32 period. The smaller the Ilgure is, tlie gr('lIter till' pt·rsislcncy. ~ 
>o 
~ 
(=3 

~ 
>-3 

~ 
~ 

• 
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• 	 The trend downward from the peak was much the same and very 
uniform for all groups (fig. 17). A common method of express­
ing declines is til{' percl'ntllge dl'crease per month. For example, if 
11 cow gives 1,200 pounds one month Itnd 1,100 the next month, the 
decline is 100 pounds or &.a3 percent of 1.200 POUI1(h;. The yil'lds 
of milk by 4-week periods !md the declines aTe given in table 14. 
After the thidY-Rixfh week the declines were accelerated because of 
pn~gnallcy. Pl:rhaps from this time on, pregnancy rather than feed 
is the domilHUlt factor in controlling milk production. To see how 
thl' six levels of fpNlinl! illfillt'll("ed tllP monthly declille, nn average 
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FIGURE 17.-AvERAGE LACTATION CURVES SHOWING PEAK OF PRODUCTION AND 

PERSISTENCY FOR COWS DIVIDED INTO THREE GROUPS ACCORDING TO LEVEL 
OF FEEDING -360 UNBROKEN LACTATION RECORDS AT NINE STATIONS CONDUCT­
ING SERIES I AND II EXPERIMENTS. 

was takpll of the declines for seven 4-week periods from the peak 
productioll throul!h the thirty-sixth week. 

The (Jpl"('pntagp dl'l'iilles dl'I'l'easl'd as tl\!' level of fl'pding ill('reased, 
and tlll'SI' 1!1'IHlations clowllwnl'd art' slIlliciently re~'1.1Iar to be con­
clusin'. Illcrpast's in feed Ipad to tlH' pro<1uetion of more milk, fil'St 
hy i lI('reasi Ill! tilt' (wak pJ'()<illetioll a lid. sr('olld, by iI'SHeIl iII/! the sub­
s('t(IIl'nt dp('lilll's. Tn otht", words, the whole lactation curve has 
bt'pil pushed to a higher level. 

INFLl~ENCE UPON THE PERCENTAGE OF FAT IN THE MILK 

The l}Pr('rntagl' of fat in thl' milk of the cows fed at the diu('I'ent 
1("'1'18 during tlll' expl'l·imrnt was compared with the percentage of 
fut in the 	milk produced before the cows were put on experiment.

• 
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Table 15 shows the changes in fat at the different feeding levels. 
The an'rages at the bottom of the tuble show that the milk at each 
of the six fel'ding l('v('ls declined in percentage of fat, runging from 
0.01 percent to 0.18 percent, Ilnd thl're was no consistency of change 
with l't'ier('nce to tlH' level of feeding. Honw slight !;ign ificance 
might be attached to the fact that tIl(> lowest fed group declined the 
most. but the general conclusion is thnt the percentage of :fat is not 
clHlllg('d by heavy 01' light f('(>ding. '1'11(' general d('ciirl(' observed in 
all groups may have b('cn the l'c!;ult mainly of ;Idvaneing age. as it is 
not likl'ly thnt such consistent declines wonld occur purely by chance. 
•\.nol"hl'1' of t'he po!;sibh· ('olltributing fadors is thnt till' Il'ngth of 
thl' luctation IWl'iod used 1'0 (l\'tel'mirw tli(' bHsie pl'Odu('ing ability may 
havt' been 'longer than til{' 302 days allowed in t\1'i8 investigation. Tlw 
ditf('I'('IICl' in til(' dl'('lilll's found Ht tllt' var·iolls stations ('an best be 
~'xplairH'd hy tlll' vllriation in till' factol's nWlltioll('d above. 

·1'.\JlL~; ]·-'.--('IItlll!U' ill 11'11 IIrr{1I I Ic.~1 of IIli/l.. prolllt('Cr/ dlll';lIy 111,. /,.I'!H·rill/f'1I1 
('om/ll1/'e(!. willi lillIl Of /III' mill.. IH'(lI/H/'cli 1))'f'ri(JII.~I/I: {'o/lilli/If'{i 1111(11 (I'll/II 9 
.vla 11011 •• 

, I , I 
I 

f.A'Vf') LfI\'(\) 1.,·",,1 Lel\"t'l I,II\,P) IA'v['1t I~'t\tiHn .,I :! 01 II 

Parellt IJerCt'lI1 Pace"t Perrrlll "('fC(1I1 Perrott 
l)f'lnwllrt.' -II.J.! -fl. ~n -0.111 -0.0;; -11.11 -11. I:! 
Intllann -.fl!l -·.2k -ll1 - 2.. - ~H -.1' 
~Inrylllnd -.O:! -.22 f 1:1 -.Ill ,.,.02 I ........ Ofi, ,
~!ichi~n!l - O~ ·t.lfi ~ ,12 . 02 - .O~ -.02 
~lississilllli - :0 fJ2 +.Ifl +.01_W. :!~ - :!:l T". 


N~\\~ J('r'S(\Y -.111 f.. III 07 IfI -. I:! I' 

x~'" York - ·111 - 15 -.:11 IS --. \7 -.2:\ 
P('nnsyl,'nniR .1. .11; . l-.O:) II I 201 -.OS" ..!'cmt h f)lIkntll .. 2:, '. I~ ~. 2;, a:l - II - ..Jr. 

Tlltnl ~J.fH • I. 21 :G ~.Hli IHi -1.1)[1 

Sin11)h' nVt'lrm.!f' -. IS t:l . f).\ II -.(\7 -.12 

THE INFLI'ENCE ON THE BHEEDING AND CALVING EFFICIENCY AND 

ON TilE I-IE,\I:1'I-1 OF llAm\' COWS 

TIWrt, is II son)('wl\at gl'IH'I'nl f('('\ing lImong dairy fal'lnPI'f: that the 
l1l'a\'y fpl'fiillg of graill is hal'lnful ill a 1111 II tlJ('r of ways. HO/lII'sp(';!\;: 
of cows bt'ing "hul'lIt 01lt" by l'xl'Pssiw I!raill f('l'dill~:l\'lost of tlwm 
think that it ('aI\SI'S dig('stiYI' \lisol'(II,I'''. mmally ('u\\(·o "otl' ft'Nl"; 
otlwl's hll\'l' a f('('lillg that it ill(\w'p;: IHast itis. impairs br,(,pdillg eili­
eipncy. lIlld sl!ol·tpns till' usdul lif(' of dairY ('ows. 

'I'llis inwstigatioll ~aw all opport\lllit~: to obst'I'w tlw l,jf('ds of 
fpt'f\illl! dill'pr'('llt qUlIlltitips of grH ill UpOIl Ill(' Iwalth of dairy ('OWS 

fcll' :2 .\'paI'S. Th is was prohahly IOllg Pllough for Ow fllll ptfpd of 
tIl(' !'at inns to Iw\'ol\\(' IIlallifpst in SOliI\' I'('sl)('ds but IIot lOll!! pl\oul!h 
to Iwrrnit a. c1dpl'lllination of till' rl'lation oi! ht'l1vy grain fepdin,g to 
t.hl' H:-il'fnl Ilfl' spall. 

Along with alld somewhnt illeid('ntai to th(' IU'('ullIulation of data 
1'('lllti,'l' to f('l'd illPlIts alld IlIil\;: olltpU!, d('tnilpd illforl11at iOIl wa:-: 
ohtllirwd on thp hl'alth, bl'Pl'dinl! I'('('ol'ds, dl'aths. and r'pmm'nls 1'1'0111 

tht' expl'l'inwllt of ('OWS. after til(' Ptfl·etS of ditf('l'('nt 1('wls of feeding 
had a ('ilall(,p to (,Xl'r! tlwII,:-:pl\'ps. Prp,gllalH',V alld 1)I'Pl,diI1I!R \\'('1'1' 

not ineiudNl IIn\l'H.<; till' ('alving' 0('('111'1'1'<1 11101'\' than 10 lIlonths llftl'r 

• 

• 


• 

the cow started on the experiment; likewise, any cow that died or 

• 



• 


• 


• 


• 
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was removed within 6 months after starting on the experiment w.as 
not included. 

Infonnation was obtained on 298 cows for the first year of feeding 
and on 188 fOl' the second year. The cows were divided into six 
groups. fl'OIll low to high. according to the level of grain feeding. 
l\fost of the ("ows fed at the highest level were on experiment for 
only 1 yen)' and this year was the third instead of the fL'st, as might 
be infelTetl from table 16 which shows the number of cows under 
ObS(1rvHtioll at each level of feeding tUld at each station. The data 
for Virgillia are not included because the cows there were fed at 
only !.\Y() Il'vels. Table 17 shows the number of cows removed from 
the' experiment because of disease, death, or other reason. There 
wpre rHI' mOl'p I'PlIIovuls tIll' seeond year than the first but there was 
no ckfinite I'plationship between the level of feeding and the number 
1'1'1l1oved. Although 1lI00'e wel't~ )'emovecl from the lowest fed groups 
than from tUlY of IllP other groups, 3 of the removul~ were because of 
poor condition I'athel' than because of disease. These cows might 
ha ve lWl'n rptained. ' 

Tuble 18 giveH detailed information regarding breeding, removals 
frol1l tlw expl'riment. and deltths. The caUHes for the removal of 
COWH frOJll tllP ex])priment are of interest. Exclusive of 18 percent 
l'PllIm'NI lll'eallsP of Bang's disl'ase, 16 percent died. The causes of 
tlw dpaths HI'P listed as follows: Forl'ign bodies, 40 percent; mastitis, 
:20 ppJ'tl'nt; abseesHes and infertions, 20 percent; and parturition and 
Ilephritis, pach 10 pel'cent. Of thosp )'PlI1oved fOJ' canses other than 
cIt-ath. stl'l'ility ac("onnh'd for 42 percent; mastitis, 24 percent; abor­
tion (nollconhlgiouH). 24 IWJ'cPl1t; poor condition and unprofitable, 
8 P<:>I'('pnt, nncl old age, 2 pe)·cent. 

'.rAB\'~; lli.--:Vllllllwr Of ('Oil'S /1"01/1 /'(/ri()I1.~ .~fllfiol1,~ 1/sell fo def('rmine effects of 
f('/'/lill!! 1('1'('1 IIIJOII II('nI/II IIlId Ilr"eclill.ll ct!il'iclH'11 

Dutn for fceding: le\'(~ls imticnted­

Y(,Hr null stntion 
 _: __,2_J-:----4- J _'~ __~6__'.. 'rot81_ 

l 1vIl'1II1JCr i IVumlJer I l'tumlJer LVrtmlMr ,I Number Number Nu.mbtr 
Delnwurc I Ii 5 :; 5 5 S 34 
lllrlianll .; ,; I 5 4 6 15 40 
ll-lllrylllnd 
!\'lit'hi~un 
l\fis~iss[PJli ~ ,. 13,i ~ J : 2~ !! 
Nt,w.JPrflt'y :; 5 5 7 6 28 
N~I\' York 4 I 2:1 3 , 3 18 
l'onllsyl\"llllin 7 I Ii:; 2 I 23 47 
Rout.h Dakotu [I 4,·1 j f)' 5 23 

~-.-.-~ ~--~- ----"-_.- --.~.----- - ~----.--....---­
'I'olul 

l)l'lnwnrp 
Imllullu 
Murylulld 
I\'lichhmn 
lIIississippi 
N'~\\' .Jpr!-i('Y 
Nl'\\' York 
l'('unsy)\,ullin 
~l1l1th Dllkotll 

'I'otlll 
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TABLE 17.-Nllmber of cows from each [lrOUp btl stat'ions that died or were 
removed (rom the eXIJel'irnent •

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

Data for feeding levels indicated-

Year and station 


2 6 Total 

---------1---------------------

FIRST YEAR Number Number Number Number Number NwmiJer Number 

&~l~~;~~·.~::::.::::::::::::::: ....... i --....- . __ .. ::::: :::::::::: '--" I ·--..i·····3 

.Marylllnd.... __ ._..................__ .... 1 __ .. __ • __ • .•.•...... ..•..•..•• 1 2 

Michigan...................... .......... 1 .......... 1 ................._.. 2 

MississippL............... __ .. 1 1 .••.•••..• .......... .......... 2

Ne"'" Jersey_~ ~~. ________ . ____ ..... ~ ~ ...... __ .. __ 

New York .•.•••_••_.........) ............ __ • .......... .......... 1 


§;~my6~;lk~it~i.: ~::::::::::: ... _____. '_--____.______2 ,___)_I___~ 
'rotai.... .......... 2 : :! I I . :1 : .: 13 


===~_-::::"..:!"::":--~~=-~_= """'-7_.==== 

SECOND YEAR 

Delaware...... ... . I ....... 1 1 .......... .......... a 

Indiana._.......... __ .... __ . . 2 3 1 1 2 ....._..._ 9 


~~[{~~~·E:::::::::::=:::::=: i --'T ···....T'''''''T :::::::::: ·------·i· g 
New Jersey ..........._........ 2 ......... .......... .......... 3 4 9 

New York... ................. 2 ......................... __ . 1 1 4 


§;~~~YJ~lkI~~i·:::::::::::::::: ~ "2' . 4 .. ·· .. ' ..... ::: 1 ~ • 
:::::~·;~~~~~~~~~~~~~~:·I~i::::;I=+I~I=+I::::;I~ 

It cannot be said that either light or heavy feeding was superior 
. in its effect upon the staying power of the dairy cows during the 2 

years that they were on this experiment continuously. 
There was a definit.e trend upward in the number of cases of "off 


feed" as the level of feeding inereased. This finding is in accordance 

with the general belief. Fe,,;' of the cases of "off feed" were serious. 

Cows that were fed all the grain they would eat sometimes went 

off feed once or twice and, thereafter, avoided overeating. Probably 

some of the cases were merely symptomatic of other ailments and in 

no way attributable to the kind or qua.ntity of the feed consumed. 

Udder troubles were more prevalent in the highest fed group! but. 

between the five other groups there was no significant difference. 

The total number of cases of udder troubles was not excessive, being 

only 11 percent of the C{)W-Y(';tl'S. Thlls 100 cows kept for one year 
 •would have 11 cases of udder trouble. 

The breeding data are more voluminous' and, therefore, provide 

a basis for more definite conclusions. It will be seen that the services 

required for conception are not dependent in :my way upon the level 

of feeding. One of the two medium-fed (TrOUpS had the best record 

so far as pregnancies were concerned, while the other medium-fed 

group had the worst record. 


From the study of these data covering 2 years it appears that the 

only ailment 01' trouble tha.t can be definitely attributed to the level 

of feeding is the freqnency with which cows go "off feed." However, 

the ·number of cases of udder troubles observed among the cows fed 

at the highest level would lead one to suspect some relationship be­

tween the quantity of grain fed and the incidence of udder trouble. 

The study was not continued long enough to ascertuin the long-time 

eifpct upon the health and staying power of dairy herds of contin­

uous feeding at different levels. 

• 



• • • .., • 
T.HlJ"E 18.- llr('etii1!{1 and hrnlth datu of COil'S It'd at R different Lev('Ls I 


Bn·,·,lillg daw U,'ulth data 


"~"--r--" . . I . 
AillIll'ntsof! t "I~('st Ion lind Couse of rClno\'nl from "xpcriruent other-I 	 ~ 
CBuse of dcnl h "C

I Illnrnnlllr,r thnn rlenthFeeding lew1 from IOW('51 ('ow 	 C• :tit~n'ic'('sl syslpms 	 ...,
to highest ~ rurs tfinw$ rrt\J!~ (or 	 ," 

brrd nunrlrs cO'!C\·p· '~i~7,~' ----I------·~ -;~:T--I- --1 I. l ' c:::I 	 o 
,'lIon i 	 'i'iml's l:drlcr Rteril·l Masti- Abor- condition' Old ; _\111Sti-1FOreigIlIAb~~~fsesl Calv- ,Nephr!- >-'3 

otT fcrd troubles tty • tis ,tion nnd un-' age ; tis 'body' infcNion, ing tis "C 

I \. , I I profitable: I • c::: 


----,--1- ___, ~_l._ .. - .. ----. --:--!--- .---- -' --_:_-·--I--!--i-- 1-3 


I 	 ~ ..:.YumIJ(T' ..-VumIJ!.T .Yu'1ll~:r •.YUI~!'j,~r ..Yllmhtr, ...\~ulllJJt:r l.Yumbtr .Vumbtr .J.YllT~ber,.LV:llm')fr J.Vtunber /ltumber .N'lunbeTI.lVumbe'I1\r-umber 'Nu7nb~r Number t:'J1 .... 	 ~r, \G, ," _ _ 4 :; 4 3 _ 3 3 I I I 1 
 t"'2 ... '0 15, 71 2.:2 5 S 9 -I 2 3 . I' 	 ...........--.- ;..­
3. 	 70 133 ", I." ·1 9 6 2 4 3 ... , .. . •......................... 

4. 	 67 110 5:{ 2.2 3 IS 6 5 . 3 ..... .. __ ........ _.............. ~ 

5._ ....._....._........._.••. or. 12:1 ,5, 2.2. I III 6 5 ........ .... . ... _...... _.......___ •__ o 

6. _., ..... __ ...._........... . 	 lOs 191 1I~1 L 9 ! 2 20 23 2 I I 2 1 ... _........___ Z 

1 • lf~) 19·1 >7 4.7 5. ~ 4. i 3. 5 2.3 i 3,,5 3. 5 I . . 1. 2 1. 2 1. 2 1.2
2' lOll 196 sg 2:2

q 0 

I 6.:1 : Ill. 0 11.:1 5.0 t 2.5' 3.81 ·1........ ......._...... ~ 
3' . 	 ItKI 16S 95 1,8 ' 5.1 11.·1 i.O 2.5, 5.1 3.8 ..... ........ .. .. __.......___ 
100 liS ;9 2.2 i 4.5 2ft 9 9.0 i."" 4.,..,..... .... 1.5 _...... _••• __.. 

rfl 
4 " 5' 	 100 IFf> I ~r, 2.2 j 1.5 !H.2 9. I 7.6' 3.0 " ..... , ....... J 1.5 ............. ­
6'....... . 100 17i ~ 93 ],9 1.9 IS. :; 21.3 1.0' 1.9' ..9 .0: 1.9 [ .91 .9 ...._.......... ~ 


1 1

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

1'I'lli' C'las:"Hkntions untli'r IH'utth datu !lrt' not mUlunllv tlxclusive. The same cow may have been otr fecd, hnvc: had mllStitis and died front [\ foreign body. 
j Cakulatc'd un tIl(' bllSi5 uf 100 ro\\"·yenrs. ~ ~ 
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ECONOi\IIC SIGNIFICANCE OF PHYSICAL INPUT-OUTPUT 
HELATIONSHIPS 

A~I'iculture in this country long ago passed the stage where pas­
tUn' and rougll:lgt' t:rops for <lu i ry ('OWS W('t'e produl'ed lIlostly on 
lands that ('OIi1d not wry w('11 \)(' llsl'd for' oth('r purposes. A large 
part of tlw Ix>st lands in the ('Olllltry an' now Wi('t! for produdion 
of feed crops. In thl' dairy I'l'gions most of thl' t'liltivat(>d an'a is 
deyoted to tIll' growing of f('ed ('I"OPS which are used dir(,etly---or 
indin·t'tly thl"Ollgh fpl'ding to young sto('k lind worln;(o('k-to pro\'idp 
for tIll' dairy Iwr<l:,;. Thll:';, at pl'pspnt til(' gr('atpr part of the dairy 
feed crops-graill ('rops and roughagl' ("['(Ips-is produeed through 
an eXI)l>nsiVl' ('0III b i nu t ion of Ita rd work, good land, and \'al uable 
Illaehinery. Th('sl' ('I'OPS I1IUst bl' lls('d l'('onomic:tlly. 

That pu!"('hasl'd fpl'ds, u:,;uully rpprpsl'nt ing a heRvy ('ash outlay, 
mllst b(> N:onolllizl'd is sPIl'-(·\·idpn!. To gain this l'("onollly, lIlany 
dail'ynwn wpigh th(· daih' gmill mtioll to ('ach indivielual ('ow. 

If both gl'ain and roughage's al'(' to bt, uspd most (>fredin'ly they 
must b(' f(>d in such quantitil's that t1l(>ir eOIlVl'I'sion into milk will 
r(,~lIlt in till' largps!: nPl cash [,(·tlll'lI to thl' dairy farmer. He must 
[('(>el at tIl(> most l'('ollomi('ul Il'\'('1. 

Tlw inpllt-olltput ('111'\"(';; sllpply ill ('OIHll'lIs(>cI form SOIllP data 
whic'h so far haY(' bl'('11 lacking- for asccrtailling definitely the most 
l'("onolllical i'el'ding Ipn'l. ",Vith thpsp data it becollles possible to 
leaI'll how mll('h ill til(> quallt it,\' of f('('d :::llI1uld 1)(> nlril'd upwlll'd or 
dowllward in al'l'onlalH'P with ('hanges ill till' 1'l·laJionship betwl'en 
till' pric('s of fp('ds and of m iIle 

Till' fp('(lillg- :,;tnndanl:,; indi('atp tl1(' physic-al needs of clairy cows. 
TI1('Y tpll how Illll('h fl'{'d nlllst b(> g-iYl'n to cows of diff(,l'cllt sizp and 
diif('rpnt inherpnt IH'(l(ludi"ity in ()J'(ll'I' to k('ep thpl11 p['oduC'ing with­
out I()sin~ 0[' ~uining in bod." \\"(lip-hL III many lo('alitips thp Tppding 
I(>vel 11I'I'1\'<,d at by supplying til\' qllant it", of ~rain and roughag-e 
J1P(>c1pd to bring nut['ipnt" lip to tlw Hapckl'I' standard will not be far 
f!'Om tIl(' most p('onolllic 1(>\'(>1 of f('(>ding but only by ('hanC'(> clo(>s the 
rat(> of f(>p<ling- indicaic·(J by till' fl'(>dili g standar'd coinC'icl(> with the 
1II0st P(,OIHlIIl il'H I ru t(' of fl'l'ding, In a[,pas \\'11('1'\' tIll' priC'(> of 100 
pOtllHis of milk is nHl<'h 10\\,(>1' than thl' pri{'(' of 100 pounds of grain, 
good ('ows will iw f('d Illuch Ips:,; thall til(' f(l('dillg standards ('all for 
during- tlw pariy part of t:Il(' lactation pPl'iorl. As a rule they are 
ullahh· to ('onSlIlllp ['oughagp Pllough to pl'Odu('p as much as they would 
if tIll',\' Wpl'P nlso fl'r1 SOI11(' g-l'ain, but It does not pay to suppl('mellt 
tlIP I'oug-hng-l' by~(>('(~in~ I1;l'a in. . , 

In tlll' \'PI',\'Il(>glllllll1g of tlwlu('tatlOn IWl'lod such ('o\\,s may pl'Odm'(> 
at n. hig-h rat(', Fol' a while· tltp,\' Illay mainta.in this rat'(> fail'ly wen 
by milking oil' tlwil' {\('sh, Bllt wlwlI thp Ilutl'ients intakp is ('ntil'(>ly 
insnffici('nt 1'01' til(> outPllt of milk thl' tin1l' is soon 1'('a('lwd when 
natul'(' pl'otpets 1)(,I's('1 f hy a ('ontinuou;; dpC'1 inp in milk production, 
a. OP('lilll' that ('OIllP;; e'arii('I' than Honnal :lIld ('ontinllps unt il a 1(>\'(.1 
is 1'('a('I1('(\ whi('h ('an 1)(> slIstailwd Oil thl' qllantity of filltripnts l'(>eeived, 
Still Inlpl', in til(> ladatiol1 ppl'iod \\'h(>n til(> natlll'al c1(>('liJ1e in milk 
produdioI1 has flll'tllpl' 1'('(hH'tld tl1(> milk yipld, th(> intake of I1utrients 
will 1)(> far in ('XCI'S;; of tlte quantit ips 1'('(lllin'd fot, Illaintenance and 
produl'liun, Thlls, fol' the year as it whole the cow will balance ac­

• 


• 

• 

• 
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• counts in such as WILy us to come ont with n f(,cd consumption well in 
excess of the requircments corresponding to the reduced milk 
produ(,tion. 

The Iwulth of the ('ow does not seem to sl1ffer bec'anse she is fed in 
this way. Cows go through sHch a period. of dl,fki(:lIcy regularly year 
after Yl'HI' ill those al'(':IS \\'IIl't:l'graill is sO I'xpPllsi\'(' in I'elation to milk 
that it tost considerably 11101'(' !wr poulld thall milk docs. The reason 
why duiry farming ('olltillllPS in su('h a1'c'as is that thel'l' is 110 better 
war of using available l'Oughagt' stlpplips. 

On the otlwr hUlld, if III iIk pI'i('PS ar('\'(,I'), fa \'ora bIt' in I'plat ion to 
graill pritPs it pays to go cOllsiderahly beyolld til{' fepding slnlldul'd 
Ipye] and to fl'pd pl'attieally as Illueh grain as tlH' eows will t'at, Sneh 
IH'adicps Illay IIwall that the produdioH I':ltion is increased to more 
than 30 pen'cnl abm'!' tI\l' produl'l iOIl ration PI'ps('!'ibed by the 
standn I'll.• 

• 
In ot Iwr words. thl' qualltil ips that al'p ('('onolllie:t1 to supply depend 

upon pric{'s of f('(ld alld IlIilk,l; This pric!' rl'latiollship dl'tl'I'lllines to 
what pXIPnt it i~ !'colloillical to Iltilize' till' ('ow'~ ability to produce, 
whptlwr 1hi~ ability is to 1)(' lit ili,wd only partly, tllHL production re­
stl'ictpd to tlIP quantity which call hI' pl'Odll<'('d by I'l'pding only rou~h­
agt', 01' ",Iwtitpr till' inh('I'('nl Ill'od1l<'ti\'ity is to Ill' IIsl'd to it~ very lilllit, 
a lilllit ",hidl. in til(' I'asp of good CIIWS. lIlay Iw n'Helwd \\'11('11 the cow 
rl'fllsl'~ to l'at ilIOn', At this point tilt' prodllctioll response Illight still 
1)(' ~Ilfli('il'nt to pay for' still 11101'(' gl'llill if tilt' co"'s would eat .1t. 

"Thl'll tlw input-ollt pUI rl'latiollship is h'arrwd, tlll' l'collomie limit 
eilll Ill' locatt'd undl'r \'arying conditions of pri('l's by relating the 
input-outPllt data 10 till' pric('~ which Ill'p\"ail ill diif('rpnt areas and 
at diffl'r('nt pl'riods of t inu', Th(, data ohtailll'cl frolll thl' input-olltput 
pXllI'rillll'llts ill seril'~ No, I h'lI Itow nllwit Illilk c:tn bl' l'xpedelL from 
('xtra inpllts of gl'ain in addition to a ('onstnnt intake of L'Oughage and 
to what ('xU'llt tlIP I'alp of outpllt fulls oil' if grain fpeding is Torced 
to high!'r IPn'ls. Bl'I'all~(, tilt' rail' dilllinisill's, a point is rp(lehed where 
I'xtra 111 i Ik olltpllt \\'i II not pay for add it iona I fl'I'<I, How fnl' it pays to 
go thl'n dplwnd:; Ilpon pri('('s: 1h.lt is. upon the ('ost of thl' extra grain 
and tlH' nt/Ill' of tl\(, illl'l'('ni"l' in lIIilk vit'ld, 

• Tlw (,(,OIlOlllil' lilllit ilia\, Iw lcll'n\(~d In' ~l'\'('ral diffpl'ent kinds of 
(,OIllIHltlltions, A silllpll' ~\'ay is to l'ollsi'dl'l' tilt' balallee bl't\n'(,11 the 
addl'd ('ost of :lIlO\lIl'I' ilWn'IllPllt of fpl'd ami till' ill('I'(':lS(' ill n'cl'ipts 
dill' to thl> l'OITl'!4pClndillg inc/'past' ill Illilk ),ip1d, As long as each 
stl'pl't'Sltits ill all additioll to I'Pl'('ipt:!4gl'patpl' thall tIll' ilH'I'pai:l(' ill feed 

11 Within {",,'tlLln lI,uitH u(hlllllllllli f('l'd 1I1"~' II<' HUllPli!'d ill th,' rol'l" of rou~hll~1' or In 
tlu' fOt'l1l flf !.!r:lin Till' ('aJl:t('il~ 1)1' tllP l'OWX 10 ('OIHHlllh l rnu;.:hagp limits thp ('lIoi<'" l)p.. 
tWf\{\1l tiH',sp two tYlH'H of fpflel. BI'sunt! n c'PI'tulll I)()inl. dPIJPndillJ,! upon tll(1 si'1.(' of the 
(·ow nncl IIH\ quulity of tlH' rOlig-IIIlJ,.!I'. i1 i~ IHll pos~i )Ip to p~'n\'id(' 11101'(1 fllp(J ex{'ppt in tile 
('oJlC'Plltrnh'ti form: flint iR. px('('pt in tltl' f01'1Il of .~rnitl. t:utiI tlII:; limit is "t'nC'il(ld, the 
fnrllwf hns n ('hoicl' lind will nt'tfilllpt to :mpply tlw f(1(~1 in flu' c:hpHpest" form. 'Phut IllUY 
h('~ in t 1)(1 f01'1I1 of 1lOlItlLJ!ruwlI rlitl~lull:'~('. hump-grown j.!)'U in. or ill t htl f01'1Il or PUl'phUSNl 
J,!fuill. "~ht,-thllf it' PIlYK IIpst fOl' rurnlPt·~ 10 ;o;p(lIul IJIOII(lY 011 r(~l'til;1.('r8 und s('(l(ls for 
r,'rtili1.IIIiCln I1n<l r('sl,pdlng of pllsllIl'l" lind hll\' IlIndH lind fOl' In('rpuH('t! p"(JIhH'l.ion ot 
:dJut.:!' ('I'OPH. or It is ilion' !Ji'ntltnhl.' ttl purf'hlls4 1 'SOIllP addit'ionul t'IHll't'1I11'Ut(~ fpl'ds dppeuds 
tllk)il 1I1t~ H('I'I~n#-ws of }.!ood Hlld l)Oor lund u"uilnhlp. wh:lt" otiH"r :~'I'OI)H ('nn b(l J..;'I'own on 
th(\~u IHuds. Hull to whut (lxfpJlI til,· ,\'jplfIH uf til., "oUl:hal!(1 CI'OIlS ('nn I.e ilH'rpus(ld by 
\','rtili1.(·"H lind illlprO\'I't! ('lIl1nml prll('1 \('('H, I t also d('I)"ll(i, IIpon how 1"'11 I'lly tlll' fllrllls 
nru HhwlwtJ. how prnlHlllIly hOllu\ !!rOWI) /I,'nin ('nn hI' tJ}lt'd 1'0" oth(\I' typps of Ih'(lst"l)t'k 
nlHl Itt wltnt prh~(I;{ l'oltl'l'nfrat(l~ nJ'(~ u\HI1:lhlp. pt'c'. 'l'h(\HI~ Hlld nth!'r fu('ton; whh'lt dp~ 
ti'rlllll1P tilt' rt,luth'p prnfHnlJh',wss of r(,{lding- rOtlg'hug'flH us ('olllllHr(ld to f('ptiing g-ruin will 
yur'y rroll1 nrPIi to nrt'll uucI P\'j\11 ("0111 fal'llI fo fnl'm nud It Is 0\1 t !':I cit' tlu' st.'oPt' of this 
stlldy to dl"'URH II",,.., III'ohl"m" In «<·Inll. 'I'" '{\lIIpllf), lit(' ",iH('IlHsiou, it hus therefor!' beeu 
reslrktt!d ao UM to (hml Dlninly with grnin pric~H nnd 111111. pnces, 

• 
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cost due to anothel' inCl'ellll'nt of f(,pd--otlH'1' I'eceipts and expenses 
remaining the sallle-it pays to take that step. 

As outputs grow slllllller, a point is finally reached where the incre­
mental milk output is no more than suflicipnt to <:o\'el' in value the 
cost of the corresponding illcrement of feed. Here the economic limit 
has bl'ell reached. How soon the limit is I'eached depends UpOIl the 
price of milk as I'eluted to till' price of gmin. How small an incre­
mentallllilk output will slIffice to pay for anot-lwr pound of grain can 
be found immediately by ("oll1puting the grain milk price ratio. IS 

In oth('r words, th(, Illllllb('r of IHllllld:-; of llIilk it takes to pay for 
un extra ponnd of grain is fOllnd by dividing the milk pl'ice illto fhe 
price of gmill. If milk costs $:3 P('I' Illlndl'l'dwt'ig-ht and grain $1.50 
per hun<ll"('d\\,pig-hl. til(' grain-milk pl"i('(' ratio is 0.5. An :l(ld('d 
Olltpllt of only 50 pOllnds of milk will still pay fOI" an inel'(':1s(' in mtion 
of 100 poulHis of grain. Coillmn 4- in tahlp :W thlls shows how many 
pOlllld:-; of milk in addpd o"tp"t will hI' Ruflieil'nt to pay for an extra 
pound of g-I'aill at priN's pn'\"ailillg in dil£('l"pnt arl'as. Evidently, in 
tIll' areas with fhp higllPst milk I>l"i('ps ill 1"('lation to grain pl'iees it 
will pay to inl'I"l'asp gl'aill f('('(lillg- to a l('n,1 \\"lwl"(' only :In inc'I"eas{' in 
output of about j() pounds of milk is obtained fo!." each extra 100 
poul1(h; of gmin f('<I. 

The input-output l'xlwl'inwnts show thnt so Iowan incremental Ollt­
put is I'('aehed only at thl' Ill'a\'i('st 1('\'('1:-; of fppt!illg. This IllPallS that 
forfairiy high-producingcO\\"!' within tl1£' arpas with a .favorable price 
l"t'latiollsiJip then' is 110 pradi('al lilllit to graill f('('ding, exeept per­
haps, tlie limits didah'd by t'OIlC(,l"Il for till' hl,:t1th of the cows. Most 
cows which proclu('p 9.000 pOllnds or III0 J"(' of 4-PPITPllt mill;:. if fpd 
grain in addition to a COllsta:lt roughage intake as in series I eXlx'ri­
mel1b;, are ullablp to ("onSIlIl1(, .fpl'<l ('IlOllgh to bl'illg tlw pro<iuC'tion 
ration above 1:30 percNIi of til(' Ha('("kl'1" standard fp('cling h'wl. and 
at this 1('\'('1 tllp iIH"'PIlll'llial olltput i:-; still 70 to 80 pounds per 100 
pounds of grain addpd to til(> ration. 

'l'.IIII.I·; l!l, -"'('·~I)()I/S(' of <lair!! ('()I/',~ /0 ill('rr'(/.~('rI {('('llill!1 

{'l'otlll rl~!d t'OnSlillll'tioll, tutallllilk olt1 JHIt I nlld irH'rt'lIltmtHI OUfput al dilTeront l(wels or (ee(Ji'I~ in relation 
I (I Ilul'l'kt'r SllllHlurd "(lXpl'riIlWlIl :o;:lntinn 21 

-.--~~--....-~.-.~-

Incremenllll 
'1"01111 (('('d 'I'otul milk output,1 JHHltlds 

eoltsumptiOIl, output. o(·j·percent (lit, 
pounds of pounds o( c:orre<.'tcd milk 

"-pl'rl'Cnt fllt.· (or Hnmldi,J.!ruin l'qUi\". 
1111.'111. corrected lionnl pound o(

milk grllin or g:rllin 
equivalent 

\10 B,20U 8,500 1.41t)0 9, JIt) II••1:10 1.0110. 0,910 11l,2iO .8I~'tl 10,690 10.840 .f}lao 11,4:lO 1I,2iO .5 

1'1'0 flml tho incn'IJl('ntlll output, II rl'gn'ssinn "'1UlltiOIl W!lS fltled lo the origiulIl dlltn hy the method o( 
leu.st squnres. 'l'lw tlrsl derirnth'(} of r his equntion Ai\'l'S lhu iIlCfl'nl{'.lltnl outpUT,. '('hus, the \'nlucs given 
hl colullln ·1 rOI,n'sent the ~1()pt'S o( the ('ur\'(' III, tht· !lO-, 100" II()., 12()" IInll I;JO,pem'nt points. In other 
words, the figures in!ll(,lIting iJl(!renl('nt.nl output IIppl~' ('xlI('lIy to th!' ("('r1in~ le\'l'l for whidl thoy lire listed 
HIIll Hot to the Intl'rvnls hllhnwn tlw5l~ It·v('ls. For l~:wltJnll', till' iJlerl'melltnl Olltput Of 1.4 pounds of milk 
for nil cxlrn Jlound of grain upplil's to t.lJl~ flwding !t'\'nl of UO pCf('t'nt of stuudllrd; it is not an uveruge which 
IIp(lIi~$ til the whule il\t~n'lIl hOtWI!I'J1 Oil Jlnd IOU pen'cnt of WlIl(llIrd. 

• 

• 

• 

'. 

IS'I"h(' rt'!ntlonshlp hl'(wl'l'n 1)I'i('",; or 111111; nne! ~raill is I1RIIfiJl~' I'XprI'SRf'e!.IlS th~ milk­
graIn I,rl(',' rntio. Bnl It ilJslputl tit!' );l'IIin 1I1"!('(' IN ,tliI"IUN! hy Ihl' 1II11i; pnc('. tltf' r!'~lIlt 
glyes I irN'tly the lIollnll~. 01' part of II POIIIHI, of 1I1ltlillOIJIIl IIIl1k nc('t1l'U to plIY for 1 pounu 
morc grll in. 
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INPU'l'-OU'l'PU'l' RELATION'SHlPS L.' IVlILK PRODU(,.''!'lON 

These facts may now be related to the input-output curves to de­
termine more aeclIrately how far it pay:; to increase feeding in differ­
ent loC'alities with varying 1)l'jees,'Vhen it is known hO\\· small an 
additional output is needed to pay for an extL'a pound of grain, the 
feeding levels ",h ieh ('OITeSpond 1-0 a cel'tain additional (incremental) 
output. clm be loeated on the input-output ('UI'\,P or in a table of the 
type presl'uted as table Ii) which is del'ived f!'Om the input-output 
CUI'yes, The feeding levels are expressed in percent of the standard 
feed i n 0' level. 

'I'll(' rletpl'lnination is silllplifil'd if tIll' 1'01Ighagl' ('oIHillmption n'mainH 
constant at the difl'('I'Pllt Ipn'ls of grain fpeding as it will if roughage 
of not too pOOl' C]lIality is fe(l sparingly. The valne of the roughage 
thpn bpcomps a kilHl of' o\'l'dll'ad cost and has no infillpnce in detpr­
mining whpl'e fhe (,('(lIloll1i(' limit iH I'l'lwlll'd. It de.pends entirely 
lIJlOIl the I'plat ionship Iwf \\'('(,11 gmin pril'ps and milk prices, The 
10('u1 price of gmin diYided by till' pri('e of lIIilk at the barn door 
gin's us th(' ratio which ilHlicntl' how nlany pounds of milk we mWit 
obtain for alt l'xlr:! pOllnd of gl'nin at the economic limit; that is, 
whell fe('ding at. the mosl' profit'able level. 

In till' inpllt-olltPllt l'x]wl'inl('nt spril's I. ronghage consumption 
was limited to some dl'gl'('l' and did remain practically constant at 
all fl'pding- ]l'vl'ls, Thl' I'eslllis fY'om these experiments may SCI'\'l' 
as It basis for making l'p('omm(,IHlations for pra('tiee in dairy al'l'as 
",lw1'l' ('ows an' fed appl'oximafely till'. same way as in this series 
of l'xp~'l'in1l'nts, In actllal pmdi('e, w(' filld that on many enstcrll 
dairy fanns the roughage ration is limitl'd and increased grain feed­
ing d(l('s not lead to any decrease in roughage consumption, 

Table 19 was derivl'd 'from input-output CIH'\'es obtained in tll(' 
series I experiments, It presents the rcsults obtained with good 
Holstl'in l'OWS \wig-hing 1.200 POllllds and prodllcing 8,000 to 9.000 
pOllnds of 4-percent fnt-corrected milk when fed at the Haecker 
:-;hlndanl 1(>\'1.'1. Bllt it has I1lIH'h widl'l' appli('ation, As \\'as shown 
in thl' spdioll dis('ussing the respOllse of good and poor cows the 
inc' I'('nwn tal out Pllt for cows fed tIl(' same percentage of standard 
l'p(Jllil'l'llIl'nts wOllld Iw appl'ox:imntply thl' san1l' for cows of different 
basie producing ability. But cows wl'ighing more or less than these 
('ows will I'PC] II i1'(' a cl iffl'l'ent ma int"l'nance ration and to that extent 
total 1'('(>(1 ('OllSlIlllption will hp ('hangpd, 

This dis(,IISHioll has bl'en in t('rl11s of adjllstnwnts madl' b~' the indi­
\'idllal dairy fal'lllP!.' and how the input-output relationships apply 
10 su('h adjustnwnts, However, whpn the sanw pl'obh'l11s arp viewpd 
on thl' national Heale and it i~ rl':t1i7.l'(1 that tl1<' S:llllP IH'obh'm~ al'p 
nlPt with Oil :t million f'al'Il1S th,e kllo\\'INlg(' of these relationships 
talw)o; on adcl('d import:uH'l'. 

SII('h knowll'dge wi II Illakp it possibl(' to plan national pl'Ogr:ums 
of adjust Ill('nts on a 11101'1' Sl'<'tll'(, basis than bl'forp, For ('x:unple, a 
program for I'l'glllating milk 1)I'odlldion by ('on! rolling the number of 
daiy'" ('OWl'; is not likC']" tOSll('el'l'd if till' I'ond is left open to take 
adv:int:age of the gl.'p:il posHibilitips of in('l'P:tsing protlnetion PPI' 
('ow by nHlI'(> Iwltvy fl'l'tling, If slldd('nly 11 grpat pxplll1sion of milk 
(1l'o(lllet ion is nepdl'(l, it is important to know that till' aV<'l'a~e I'e­
qllil'pnl('nt of f'p('d 1)('1' pOllnd of milk is nol applieable when it comes 
to oblailling 11101'(' l11ilk fl'olll till' 11111111)(>1' of ('0\\'1' II!)\\' 011 hane!. The 
feed reqllircmcnts for ::;Ileh lUI increase in production from the same 
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number of cows nrC' twice ns I:u'ge as the average feed re<]lIin'l1wnt. 
If ubout 11 billioll pounds addit iOilal Illilk is needed, it \lops not take 
about 100 million bushels ui' g'rain, bnt ubolll 200 million bushels. 

REGIONAL DIFFEHENCES IN INTENSITY OF FEEDING 

Dairy farllling is pradi(,pd in alI the -1:8 Stal(,s, bUl til(' arl'I1S with 
a sl1bst~1I1tial allloUllt of (!Onlllll'ITial dairy lH"odudion make up ollly 
II small pl'o)lortion of tIl(' land in thp South, and a still srnall('r 
propOI·tioll of the I1griPllItul'al arl'a in till' On'at Plains and ill the 
~r()lIntain Htah's {fig. 18)Y' 

Thl' principal dairy n'giom; nrl' f:ound in tllP XOI·th At lantic, NOI.tll 
C(,l1tml, and Pacific Coast St atl's. BptW(,PII t lIP difl'l'l'('nt parts of this 
\·us( II I'I'H , ratll('r IH'onounc('(I (lifl'('I'Pll("('S :11'(' found in the prevailing 
pl'arti('('s with l'PSlwet to lllanHg('nwnt and. fppdillg of dairy IlPnls. 
Thl' d('tt'l'mination of input-outPllt ('UI'VPS thmw SOIl1I' light on the 
('xt('nt to whieh tlws(' dill'l'n'IIl'l's an' I'collolllieHlly justifi('(1. 

It has bN'1I shown that thl' qllHnl'itil's \\'hieh l1Iay bpf'('d Pl'onornieally 
in difl'p\,('nt ar('as d('IWnd mainly upon till' n'latiollship bet\\'('('n g'l':lin 
pl'ices awllllilk pril'l's. This I'Plat iOllslrip alse) nll'iPH to a g'1'l'ut l'Xt<'llt 
b(,t'Wt'll elill'pl'l'nl pUl'ts of till' <lail·.\' I'p~ion. but it was fount! that til(> 
"aria/ions of this mho bpt \\'(,PIl Ul'pas WI'I'(, (,oll~id(,I':\bly SlIlHllpl' Ihan 
til(> nll'iatiolls of pithpl' Illilk 01' gmill pl'i('('s. . 

ThrouglFlut this diH('uHHioll til(> (PI'1ll "gl'nill" lIH'all::; that ('Olleellt rate 
ration ",hielr is nlllst ('olllmollly f('(/ ill thl' nll'iolls (·('gionH. Fal'IIll'I'S 
and f('Pcl dl':ri('I'S ('ollstantl." attl'nlpt to 1Il:t1n' up this ration fl'olll such 
pl'Opo['tiolls of tl)(> eomnlollly lIspd fel'd~ (slI('h as ('01'1l, smull graillS. 
",hpat hl'an, and oils(ll'd Illl'u/t.,) as will fUl'nislr a slItrki(,llt (1Ilantity of 
nutl'iellts and pl'otl'in;; most l'iIPaply. O('nl'I'ally spl'akillg, this grain 
mixhll'P ('an 1.)(' pl'm'i<\('(] nt 100\'('sl: cost ill Ih(, gn'at slll'plus gmill ­
producing I'('gioll of tl1(' Xol'fh CPlltral StatpH 1'1'0111 whieh grain is 
I'xpol'(ed to ot 11(>1' I'('gion::;. Although t1I('!"c. otl\(>[' regions PI'O(itwP 
hoth graills and I)ils!,pd~ tlll''y ship in I11 0 I't' fepd than til('Y ship out. 
1'he[,(lfor(', tl\(> fartlrpr away a dairy al'pa is lo('atp(l horn II\{' SIII'pillS 
gmill-pl'odll('ill!! I'pgi(,n, til!' lrig'h(,1' is the priel' of grain. Thl' South 
and the Pn('ifi(' ('on;;( iranI hi!!h('r pri('('s thun til(' Middlp 'Yl'st. lwei 
th(' "el'Y high!'!"! pri('!'!" an' fOlllld ulollg til(' Atlantic spabo:ll'd. 

Bilt i hpsp pri('(' difI'PI·PI}('ps. whieh in tnl'll t(,11(1 to gin' ris(' to 

tv-Tile Inap g-nlilllJdlk IlI'H't' rHliol{ Olt whl(lh flH' IIIIIP (n. (I:{l Is hHSpd Wt'rt' cnlllpn,pd by

Ilh'ldlll~ II:" I'rll'" or ~I·aill I.~· III(' "ollll'o"il" 111"1,'(' or Ifill 1lI'"lds of IIIi1k. TIll' sOI1I1I ~"alf' 

of tlH' lIlUP IIl't'P~~iIH14Id ~omp SIJHHllhillg of thtl ....p 1'lItlo~_ 


Th.- g'I'nill pril'PN u"ipt! WfOrt' h:Il-H)d on tht' I'r[(l(' of Ion POlltll)S of t'ollt't'ufrutt'S of rlH~ tVPf' 

n.!'lllHlly ft'rI 10 lIlilJi t'OW!'<. ill t'ul'li lIrpn~ In tilt, I·;a:---I. til("' .l!I':tin prjl'p WI1S \'lrtllullj' n 

('0111111(11'1'1,,1 IIli\:pil (ppd IJI'it·p_ 10 par'I!'> of tlw ~\Ihh\(lst. (II£' ;,!I'uin J)l'k.~ Wltx hllzo;cd mo:-;tly

011 tho \"I11uf' 01 homf..~1·0\\·11 ,-oneflllll'nfPt-l. 

~Phn prh'(l};: of mill, uspfl ill Ihl':-lp ('OIllPlltuUf)n;o, \\PI'P 11 ('lHllpoxitp of tht' \\'11O)p milk Ilrief' 
111111 th.. pr"'" of 1Il0 PI1lIlHI~ of ,1'IH'r("'111 flll"'o""""I,'d IIIffk IIIl1rl«'I'I'(1 III til" form of ('1'''"111. 
It was HSl"ul1wd Ihul th" CI'PIIIII 1I1:lI'kpf'(ld wottJd ('ol1tilJlW 1'0 , ..:-;t :!:J pl'rrl'nt bUllpl'fut. nrHI 
Ihllt ~kllll 111111, 1\'1111 w''''Ih :{Ii ('(,IIIl< Il hIIlI(II',," IJOlillds. I Ilrll 1'1(/1111 I 1lI'I"(>ti (l( the ItpOls 
"111I'rln,l: ililo II", <'Olilposll" pdf'I' WI'I'" \\'I'hdll"d hI' th" IIIIIOUllls "old durlll~ .w:m, '1'111' 
pl'il"'S <If lIIill; sold lit rplIIII 111111 nf fllrlll huttl'I' "old, hll\"(' h"l'1l 19'1Ior(,(j. It 11'118 IISSUIIII'!! 
thllt prlf'I'S or l'l'luil 1ll11i( It'"s dl~II'lhllt1nll ('osls wOlild 11l1l)1'Oxllllllt" IlI'll'l's for "'hoh' lIIilk 
lind tlilit 1'111'111 hutlf'I' /lI'iI','s h,.. (/1,Il'ihlllloll "osls 1I'01iid "I'PI'OXllllllle hulll'rfll' III'I,'('s. 

I'rI['(," "oll""I,'!1 1111111(111.\' h,l' Ih" o\/;I'II'lIlIlIral ~I"rl(,'(illg' ~('I'rh-(.. IIlId A. ~l. S. dlllll 
showinl: Ihp 0'\1"5 of "(lIl('('lIlrlll,'" cpa 10 lIIiI)( ('!iII'S III ('II('h nr,'n, \\'('I'l' IISl'li 11M the b"$I~(01' 1111 1'"111111\1(% 

.\. dlsth\l'llnn wns 11I111i,.. nn II ('011111,1' IllIsls (1n'IO I'I'IISIIS IllItll), beh\·(.... 11 IIrl'lIS whl'r,' 
whoh' IIIlIk ~lIlps \\'1'1'<' IIilIlOI'IIIII!. IIrl'lI" whl'l'l' slIl,'s of (IIrlil IlIItt(", nnd nf ,'I'l'lIl11 suhl liS 
uult!'rfll! ",'r,' ""PMtnnt. II lid III'I'IIS whl'l'I' 11('1t11l'I' of Ihl's(' WII,; Illiportllllt. 

.\r'·lIs wh"I'(' III IIi, Sill", did lIut rem' I! II. 111111111111111 uf a,GOO lJOlilltl~ ur lIIlIk e'lllll'lIlent pcr
squlI ra DliI(" w('re left 1)11111 k. 
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PRICE RATIOS FOR 1939 
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FIGURE lB.-MAP OF GRAIN-MILK PRICE RATIOS. 1939. 

Til .. fnnll pri('(> (If ]O() pound:; of th(' ('OIl('('lItratp~ 11101'( ('ollllllonly fl'd in 1111 111'1'11, dil'idpt! hy llip wlwlpl'lilp JlI'iI'P of l'irliPI' 100 pounds of 
lIIilk ('ontailling' ·1-ppl·(·Pllt hutrt'I'fat, 01' its IIlilli efjllh'ulellt ill !i'I'IilS of 101l1l1'l'fll'' IlIId :;kim milk, whicht'rf'1' WII~ 1I1111'(, ('Olll1ll01i, was ~ 
IIs(>(1 fOI' (,OIlIPlitillg' thp I'lIt ius. ~ 
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diifl'l'l'llCeS in tl1(' grain-milk price mtio nrc ('onntemctecl, to some 
dl'grc(>, by COl'l'(>spol1dill/.! clifl't)I'(,IH'(,~ ill milk pl'ic'('s, In gt'IH'ral, milk 
IH'ices follo," the /.!!'aill I>I'j(,PS, lwill/.! low('st in the cel1tl'll] part of • 
tl1l:' country, H1cl'l'n~illg with disblll(,t' hot.11 to th(> \\'cst find to \ll(' ('list, 
and reaching tIl(' highl'st point :don/.! the Atlantic spaboul'(l. 

Although tlw /.!cIlP\'a1 pal tpl'll 0 /' l'Pgionli I pl'i('p~ is tllP same for 
both /.!l'llin and milk, til(' l'l'lat in' difl'l'I'l'lI('P:' h(>(\\'('cn til(' pritcs within 
the diffcI'ent l'p/.!ions un' not til(' same, Thel'P/'OI'p, the gl'uin-milk 
price rutio \'arips from (Jill' duil'." al'ea to alloth('l' alld that I'atio 
dl'tel'1111IH'S to a largr l'xt('nt 110\\' intt'IlSi\'rly it pnys to fpl'(l. 

Fi/.!l\rp IS ~h()\\'l' what' an'as IlllVP a uniform Pl'il'l' ratio and ho\\' 
!!I'pat lin' tllP difl'(,l'('n('Ps lll'h\'e'Pl1 the' ratios found in val'iolls al'PHS, 
'rhl' most fa\'ol'ablc pl'i('p l'pl:diollsllip pl'P\'ail:, in SOllie' s11Iaii lll'pas 
along thc At l:llltie spaholll'(l nlHl till' Gul f ('oast. for cxampll'. in eastpI'n 
Massn('hus('tt~. Oil Long Islnlld. aroulld Ilw ('it it's of IIll' SOlli hl'ast. lind 
:dong thp Oul t: coast. 

A faYol'ublp l't'lat iOIlShip, altlHlII/.!h not <lllitl' £';0 faw'rablc as tl1(' 
('11(' IlIpntiOlwd, is foulld ill a \'nst al'(,:1 takill/.! ill lIot ollly tht' cknsely 
popuilltl'd illdllstl'htlizpd p:\l'ts of the' EasiPl'n State's. but llIost of the 
Corn Bplt. alld stl'l'tl'hing to till' eastc1'\1 ('d/.!c or Kal1sas. Xebl':lska. 
and South Dakota, It is I'ath(>l' surpl'isillg that the pri('p ratio 
throughout tIl(' /.!l'pnl<·I' pnl't of 1111' Mi(ldlc "'l'st is as fayorablp as in 
('onnl'cti(,lIt, till' lowpr part of N(·\\' York St:ltp, Np\\' .Jf'l'se'Y. Mal',\'­
lal1d. and P('nns""'allia, SOI1l(' 1I1'!':lS in till' O\'(':lt Plains, tIll' Ro('k" 
;\Iountain Stat,·s: :lilt! ill souIIH'l'1I ('alifol'l1ia. han' till' sanH' ra\'()\',lbip 
l'at1<t, 

A Icss f:l\'()\'Hbl(, 1':llio is foulld in a hl'oad lll'lt 1'0 tll(> north. as w('ll as 
to tht'south alld \\'p"t. lipari," Sll 1'\'011 IHI iII/.! tlw al'('a .iu~t olltiiJlp(l. This 
zonp also takt'£'; in I!ood-sizpd :ll'pas ill tlw Ro('k,\' )Ioulltain St:att's :lnd 
till' Pacifi(, ('oast Statl's, 

TllPiP:lst f:l\'ol'ablt, pI'i('!' l'plationships al'p round in a f'l'\\, 1I0\,therl1 
:lI'pHS Il('l\r til<' Can:ldian bOl'd('I', in a iwlt pxtl'n<lin~ rou/.!hly from cen­
tra I '1'('1111(''';-:('(' t h I'OII.!!II till' 'n'xas P:llI ha lid 1('. a lid 111 the llorthern part 
of tIll' Pn('ifi(' Coa~t Statps, 

B('Tol'c l'OlISid(ll'ill/.! 11I0l'P clost'ly till' illfll1pl1(,(, of thpsp pl'iC'p l'l'latioll­
i-Ilips it is \\'1,11 to 1'('(':111 that tl\(' most {'collollli(':!l 1('\'('1 or TP('cling is 
dl'tt'rmin('d ill til{' l1l::ill by tlIP l'('latioll;;llip IJpt\\'('('Jl f('('d pl'i('('s and 
I1l ilk p!'icps, 

This r('asolling npplips to thp ,1('\'('1 of fppcling' as d!'tPI'milll'd by 
lIutl'ipnts int:lk~' ill 1'l'llIlioll 10 protiuC'f ion, Ho\\' IlIIJ('h milki" obtaill('d 
fOl' all t'xt I'a IUO pou IHis of !!J'a i 11 01' its 1'<111 i \'a 1~'11 tin ot\wI' f('\,t!s dl'IWlIds 
UpOIl how fa I' \\'(' han' g011(' along thl' ('111'\'(' of dilllinishill/.! 1'l'tIIl'JlS alld 
tllis ill 1111'11 d\']ll'IHls IIpllll thp illltpl'pnt PI'o!lu<"ti\'ity of the ('O\\'­

whie'll. so to slll'ak. d('I\'I'llIill('S tlIP 11'\'(,1 alld shapp 01' till' CIIIT('-lIlid 
tht' quantity (If tolal IIl1il'i('llts ('OIlSUUll'd, 

TIlt' total ratiol1 is llla<1p lip of I'oll/.!ha/.!t's nlld /.!1'ain, '1'11('1'('£01'('. 
Iwa\'y /.!min f('(>ding is 110t Iw('pssal'ily til!' salllt' as ilitplIsi\'(' f('Plling, 
Thl' !!1'Hill ratioll llIay 1)(' lal'/.!(' bp('allSP Ill(' \'()lIgha/.!l' I'nlioll is small. 
alld lwa\''y /.!I'uin fl'l'dill/.! IlIa,\' Ill' a sign indi('ating tltat I'uu/.!hag(' is 
scal'ee or IlO( oIl IllP l>('sl qllality, That is tltl' t'a;;(, to ;;Illl\(' L'xtl'nt in tilt' 
East('I'1l BtalL's lind in till' South, 

III the' 1tlidd It' "'I'st. J'Oligha/.!(· SII ppl ips an' IISIl:l II,\' pl('lIi i1'111 :111(1 

of faid,\' /.!ood quality, althollgh unfa\'()I'ablp \\'('atll('I' dllring the hay­

• 


curing l>t'l'iod may still play hu\,()t' with till' quality of the hay, 

• 
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11\ the ilTiga t('d vllll('ys of the 'Yest tIl(' pnstU1'e :viehIs ran be kept 
tit a high I('Vt,l all through tIll' SIIIllI1lPI' and hay call be luu'n'sted undel' 
i((('1\1 ('onditiolls, Tlwl'pfo['e the rOllghage is of high qnality and great 
gllnntitil'~ of J'()Ughage are consnl1wd, TIll' low rat(· of grain fel·ding 
pl'ncti(,l'd in thesp Hr('us muy still coincide "'ith tl high level of total 
llutriPllts 1'l'(1. Himilnl' eOll11itions Hre found in tIll' interior parts of 
till' P:l<'ific Const 8tutps. 

ThPl'pfol'(', although prie(' I,t'lrrtionships ('onst"itnte a major influ­
('11('(' ill dpt(,l'lllillillg fp('(\illg illtpnsity, llll's(' ])ri('(' l'elatioJU;hips gi\'e 
ris(' tn propol'l.iollul di11'(,I'('I1<'('s ill gl'uill fpNling ollly it' the gllality and 
qua.1l1 ity of tllP rOllghag<' sttpply i::; approximately the same between 
n'!!IOIlS, 

"1\) sitnpli I'y dis('ussion of tli('illfhlPl1('e of the gl'Hin-milk price ratio 
UpOlI till' intpnsit.y of fpp(ling, it is ('oll\'pnipnt to ('ollsi<1P]' first only til(' 
midpoint nllllC' of tlieinerPllwlltnl outputs, It has been found thnt 
yariations in ill('I'('nwllt:1I Oltp"tS t'l'lltl'I' around 1 ('xtm pound of milk 
])pr pOllnd of grHill acldp(l to the mtiol1, I~ah'l' the dN'rease in this rate 
as hig-Iwl' IpI'pls of fC'Pding nre rl'tlelH'cllllust also be takl'n into account. 

This simplilip(l input-ollt put I'plation::;hip "1 {Ol' 1." ean be l'l'latl'd 
to pric('s as tlH'Y aI'(' found in different parts of the country in the 
"'a)' PL'psPllt('([ in tnbh' 20, 

1'.\1111'; :!(), t.'!'I/lIi(JII,~h i,l lie/w!'en Jlri('e,~ of gr(1.ill mUolls alid /JI ilk ill (Ufrerellt 
(/ /"(-II.~ 

I 
[lIlYl'rN1Cl' 

1It'I Wrl\1l t h(\ • 
; I'dc!' of Prit'l' of I I'"'" of lOll j H;ttJo?f

p.rnin prr i milk 1It'J' t p{)unds or ; t{rfHll p.n~es 
Stut~s 100 llOlllHI,'· lOll IU)lI "'" I milk nll<l 100 to .nlll~ 

I pounds of pnl'es 
l!rnin J 

In (2) {'-l ~ (4) 
~-~-~-...-~ 

Ilol/lIr., Iiol/llr,v !Jollar., 

• 
\·t'rJlIllIIt LXX 0.1:3 0,93
C"olHll'C'til'llt L~~; 1 2.112 .72 .i3 
;\'onlwl'Jl Nt'w Jt"""'PY L 75 i 2. ()2 .87 .0;­
(\'1111":11 1"'1111')," anill 1. !iO 1. 90 .40 . .7tl 
\\·l· ...tt'ru ~'IIlI\jl~otll . lIS 1. 21 .23 ; .sl 
IOWll . ur. i I. 25 ,3D i . ill 
"~is""on"'iJ1 I. 12 1 :IS .20 I ,SI 
~nrthw('<.;tI·rll Ifhlho LOfi r I. 25 .20 ,S·I
.:\orlhl'ru .1 rkal\'tI~ 1 "5 . I. OS -.Ii i 1.111.-, I\\',"II'm \\';I~hill~t()11 1.45 LaS i -.Oi i 1.05 
\Y 1',II'm KI'nlll!'ky 1.20, 1.0" , -.15 1.14
'\·t'~h'l'n :T",u:-. . 1.15 1.10 -.05 1.05 

\\lll'~lJ!l' or prlt't·... U'lHlrlt·t! to 111" \crlr !lltu!"nl ::\lurkl'tiJl~ ~l'r\'i<:e (ur wag. 
~ ("1I1L1Hltl {:!I mlJHb ('oltlrtlll (11 

('''''111111 (I. 'lh id,'" II)· COhlllll1 (2). 

T:ddp :,!O, ('OIUIllIlS 1 and:2. ~hO\\'s how ti\(\ a\'pragp pl'i('p of th(' clairy 
!'ntioll (gTaill) and tIl(' jll'PI'nilillg f:II'II] pl'i('!' of Illilk YIII'\' 1'1'0111 on(' 
clail',\' :\1'(':1 to nnothl'i', BpH1'.ing ill mind tlint :t l'l'tlll'n of 'JOO pOllllds 
of nlilk may I'PHsolillIJly 1)[' PXjW('lN! JOI' ('[1(-11 100 pOllllds of !!L'aln add('cl 
to til{' ,'ntioll at tI l'Iltlwl' lo\\" ]pwl of i'P('dillg, tlw tabl0 ::;hows the 
('hangp::> ill I1I00Wt:U'Y I'Ptlll'IIs thnt willl'psul! fl'om tlw IIS(' of an (lxtrH 
100 liolllld" of gl'nill'l'atioll fpd to dairy cows, 

Th('sp fig-t1I'l'~ ('olnl1m :-3) show til(' ",idt' (li£1\'1'(,IH'(' ill 011:' ~nins to 
l'p nmdp by fp('(ling- grain to dairy eo\\'s in 01H' I'l'gion rOl1lpll1'('<1 'with 

• 
HllotlH'I', III ,..m]l<' lIn'!!s 110 gain is ;;11Own, The added rcccipt.s for 

·1!!~071· ·t2 
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milk bnrel.v coyer the out lay fOI' the extra feed. Indl'pd. if grain feed­
ing were not llt'('essary in SOHit' of tIw::e ill'pas. to pl'{J\-ide 1110re pl'Otpin 
iol', an unb.ala!l(,N~ rnti~n. OL' to slIpph'l1H>nt IIIl ilY'trflkiellt rougha~ll 
ratIOn. ~l'alll Jeetlll1g mtght: not pay at all. .\s will ht' >,('('n, l!oWPYPl' 

(figs, 5 and (i), when i('('ding is scarce the incL'('JII('lItal output-tli(, out­
put for an additional 100 pounds of gmin-in(·I'(·aH·" to 150 poullds of 
mille and lIlay e\'l~1l appl'ofloh 200 pounds. This expla ins why a 1110<1­

l'l'ate quantity of grain may prove profitable e\"t'll lIndel' th~'"e price 
conditions. 

Howeypr. in tIll' arpas wlH're tIll' pl'ic(' ratio is 1 01' eY(,11 mOI'P-HIH1 
thus k::s fa\'ol'ahl('-gruil1 will havp to 1)(' USN] wl'y cautiously. Hel'e 
it is ellSY to :rn beyond til(> t'('onomic JillliL t'slX'('ially jf the roughage 
is of high quality: • 

An pntirply ditl'el'('nt pidul'e is pJ'C'senh·d llndt'I' thC' (,011<litions thnt 
p\'('nril nC'a r tlw Ilwtl'o[lo1 itan ('('n tt'I'S () I' till' XOI,t:h Atln Ilti(' con st. 
TIl{' prke~ ht're HI'P tlt(· higlwst foulld in any of tht' brgt' Illilk mal'kds 
ill tlIP wodd, Y('\ gl'a i II l)J'i('('~. although hi:rlwr than ill tlIP 1Iidd IC' 
1Yt,:::t, are not l1C'arly so high n,lat i\"C' to milk priet·s, Xear the bi:r 
('itil';; tllt'Y nrC' no highpr than in llorthpl'J1 N('w England wll('J'{' farmel's 
arC' more thall 200 milt's away from their milrket and milk prices are 
low. 

As thC' ratio of the pl'ice of grain to the pricC' of milk dl'Ops lw10w l ­
and thus b('col11(,s 1l10L'(, fnyornblp-it pays hl f('PcI nwl'l' Itpayily. If n. 
dn iTy fUl'I1lPr \\"('I'e to mo"e from wpsh'l'n 1Va~h i ngtoll to nOl'tlll'rn N C'w 
Jersey and adjust hi", pradkt's to tll(' liP\\' pri('(' rt'lationship. tabl(' 20 
$how~ tlta t lIP m.ight J'ensonn bly ('xlw('( to ga iII fl'om 7fi C('lItS to dOl'e 
to a dollar Ol1 e'-C'IOY Ion poullds of graill adlll'd to the l'atiOll of his 
cows as ('ompnred to tilt' way he fed his h(,I'<1 IIt'foJ'(', 

Thus. in til{' (,Hl't(,I'n nl'('n, thl' dairy fal'Illl'I'. Il\" f('(>(lil}!T a tOil more 
grain to ('ach of his cows 1)('1' )Ft·a I' thai\ do hi" fl'llow fal'nl~n; in blltter­
pl'ochlcin:r I'(':rions fa I' away fl'om thl' llH'tropolitan milk mal'kpts. :rain 
close to $15 to $:W 1ll'1' eow, For n hel'd of :W t'(}\\"s. thil' alllollnt" to 
approxinmt<·ly ~:300 to $400 1)('1' year, 'Ill(' basit' input-outpnt rela­
tionships. togpthpL' with prentiling pl'icps. lar~l·ly t'xplain why heay)' 
fc('ding (wC'n of plIl'dHlSecl grain prevails in these .Atll1ntic sl'abo<ll'd 
m'('us. 

In c('L'tnin northem Ul'('as on the Pacifie coast lind in pnrts of th(' 
South. priees of gl'ain al'(l fairly high \"hile the pric('s of milk and 
('r('um sold for mannraeturing IHlL'J)()s('s aL'(' rather low. III !'ol11e 
areas wherC' el'C':Ull is sold fOl' btlt tC'1' prodnction the relutionship be­
tWC'(,ll th(' YlllliP of milk and of gmill is such that there is no margin at 
nll to l'ncoura:rC' libpl':l1 ·f(,pding of grain. 

In SOlltlH'1'I1 California. wllt're milk prices are influC'nced by the 
mUl'kpt Tor' milk ill tlip gl't'at ul'ban centers, price relationships are 
about th(' sanl(' as in tl)(1 -;\1iddlp 1rl'st. 

In till' Middle W('sf milk prit'es nre. fairly 1m" but grain pl'lees 
lire sllmc i('n tly lo\YPl' to alIo\\' fOJ' a m:lI':ri n ill fayOl' of gl'ain f('('dmg. 
.As n mattN' of fact. tIl{' grain-lIlilk pricp ratio is jm~t as favorable 
throughout I11m;t of til{' dail'Y :tJ't'as of tIl(> Middh'1Yest a::; in the lnrgel' 
pnl't of tIll' (,lIstC'I'1l <lair',Y areas, Dairy ral'nlPl's in the Middle 1V('st 
mny ('111.'1',)' gmill fN,dillg IIH fill' as farlllPr!; ill th(' East within the same 
price ratio zone (fig. 18). 

When ill actual practice it is found that a majority of middle western 
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dairy farmers do not feed as heavily as in the East, tIl(' l>xplana­
tiQn pJ"Obnbly li('s partly in the Jaet that mm'c and, perhaps, somewhat 
better roughage is uyailable Ilnd parll~ ill the smaller absolute mar~in 
that pl'e"!t1ls 1Il the Corn Belt:, Lake States, and the wheat-procluclIlg 
al'eas. 

Alfhoug-h the relationship betwPC'1l n g-rain price of $1 and a milk 
price of $1.50 pel' hun<1I'l'd pOllnds ill tll(' .i\Ii(ldl£> 'Yl'st is the S:llIll' as 
bl't\\"('('n a. g-ruin pl'ic£> of $2 amI n 111 ilk pl·ice o:f $3 pel' lUO ponnds in 
til(' Emit. th£> reward J01' conYl'rting- another 100 pounds of graill into 
milk is 50 ('('lIts in the fin,t case lln<l $1 in the second. 

TIll' small ucldil ional eost of milking- and ("ooling- and providing 
eans fOl' an additional 100 pounds of milk should also be takl'n inlo 
('onsidel'ution, Ilowe\'pl', in many cases, the fl'l'tilizPl' valt1l' of !td­
ditiona I amounts of nitTog-en, phosphorus. and potassium ohta inN1 
in the form of tIl(' additional pUI'l'hasl'll g-I'ain llIay lower the 11et ('ost 
of the extra, g-rain as mu('h as the small ad(lilional costs lower the 
net value of the addit i()11al milk. TIH'rl'forl'. for the sake of sim­
plicity. all of thes(~ additional items have he('11 left out of considera­
tion, If thnt iH done, Uw g-ain in the l'xamplp just g-iwn eomcs to 
50 cents in the l\Iiddh' ,Y('st as c(1Il1pnl'l'd to $1 in the East. 

In addition. thel'(' is also the factor of risk to cOl1si<1l'I', The pI'HC­

tkal dairy fUI'Il1l'l' has no nWHI1S of knowing exactly the dl'g-I'Pl' of 
intl'nsity at Wh1('h he is fl'c<iing, To play satl' he will prefer to :;top 
bl'fore the limit if; l'eHehecl rather than g-o too fnr. ,Yhen the l'l'wal'd 
in the w{'stPI'Il an'as ill dollars and ('ents is so much IO\\"{,I' fOl' (la('h 
of tlw nnit:; of ferd snpplied lwfore the limit is I'l'flched. it is prudent 
to stop Ht (I slig-htly lower rate than in the eastel'll areas. 

This is pspeeially the case if pL'ofitahlp l'('iul'ns can b(' obtaiued by 
putting- tIl(' j'ppc] to otlwr llHeS. Hueh as fpc<1ing- the l'oug-hag-e to IIN·f 
Cllt tIl' or slleep and thl' g-rain to bt'l'f cattle. lambs. hogs, ancl poultry. 

[;\PCT-OUTPl'T RELATIO;\SHIPS AND ORGASIZATION 
OF THE DAIBY ENTERPIUSE 

It hns I)('en shO\rn in what way the fundanlPntal input-output 
I'('iatioll:-<hips g-o\'('rll fl'P<iing pract.ic('s on <Iail'Y farllls al1(l cOlllpl'1 
dairy farmer!; to follow different pra('tices in difl'(')'('nt ar('as c1epl'IHl­
illg- mainly 011 pl'cYlliling- prices of grain and milk, if farmcrs are 
to )'palizc fulll'ptUl'IlS from t1wir cla i I'\, IWl'lk 

"Th('n only lOO pounds of JIlilk ('nil l)(' obtained for an extra 100 
pounds of g-rain-and at liberal fl'l'<ling-le,'els evpn less of all incL'easc 
in output is obtained-dair), farllwl's Illllst eonsidel' milk priees and 
g-rain prices e1ospl~' and ndjust the quuntities fed if the relationship 
IwtwN'n till' I>ri('('s is a 1tl'l'l'(l. 

It is now to 1)(' l'onsid('L'cd how this ac1jllshnent process works out 
on individual farms undt'I' c1ifl'l'!'l'nt l'il'('lImstant'l's whi('h cOL'l'espoluL 
to ('onditiolls fOllnd on farms in Yal'ious aretls of the dairy regions. 

It is not It qUl'st ion of j\wding- intensit·y alone, It is II problem 
of' ('hang-ing- the quantitil's of j'ep<1s sllPplied at the same time other 
('hanw's a1'(, mncl(', Of tlll'se 01"1 WI' chanl!('!; the most impodnnt ones 
a I'P ('on('erned with thl' siz(' of t 11(' hpl'(1 and the cropping- system 
followed 011 the furm in order to IH'oduce more and bdtl'r roughage. 
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INCHEASED GHAIN FEEDING \Vn'HOUT EXPANSION OF HElm •Oil a fal'ln w\t('l'l' the quality of tIl(' ronghagl' and tIl(> productivity 
of thl' cows "0 COlTl'~p()nd to eonditiolls at thl' s(,I'il'~ II nonptlsture 
stlltions, thl' nclYHlltaw' of IlC'tl\'iH gl'ain fCl'ding is 1'('(ll1C'ed if the 
numbel" of cow~ cannot hl' im'l"l'lIst'd. In the series II l'xperiments 
cow~ \H'I'{' fed itll thl' good-quality l"Oughn/!l' the)· \\'Ollill eat. 

'FlHh'l" t1ll'S(' ciITllm~tall('t's til(' 11('1"'iel' gl'ain fl'l'ding was not fnlly 
refieetN] in an ill(,l"l'HSl' in tot':t1 "f('('(] (,OIlSIII1lPti :t II (1 in produdion 
beenu~(' thl' Il('rd if fetll1lor(' gmill eOIlSuml'~ It'::-:::-: roughagl'. '\V\l('ther 
this saying in l"oughag(' ('an 1)(> l'ountl'(l at full \':t1u{' <ll'pends upon 
what otlwl' lISl' ('an Lw made ofiL 

If the inel"l'asl' ill milk pl'odudioll is IIlt'aSul'N] against tI\(' inc'l'pnspcl 
qlllllltity of graill fl'd and 1I0t against thp sm:i1IPl' inl'I'l':\se in total 
f!'('(l ('OnSlll11l'(1. til(' illc'I'l'llwntal olltput-thnt is. thl' ill(,l'l'as(\ ill milk 
oiltaill('r\ 'for till (lxh'a pOll II (I of gl'aill-at lliffel'Pllt feeding levels 
will bl' :-:ho\\'11 ill the> following tablliation. 

TABLl': 21, ('hallr/t\~ ill il/l'/'('melllill 01(/1111.1 Il'it" 'i//,c/,{'C1srd g/'(lin jrcriillg when the 
alllouni IIJ r()II{I/tIl{IC ,b-c/'nves 

/lIrrrlllflll,,1 (/1/11'111 of milk 
I r"I',',meel,,/ ",ill:) [or an 

Oruin Jl{'r (·ow I)('f yt'tlr (potJJ)4l~l film pOlJlltlnfVTllill ([.olmtls) 
o 1.50 

5(~1. 1.1:1
1,000 .,"'5
1,500 , f'l 2.IKKI ,,\0
2,[,00 .37 

'\VIH'n a small qllllntity of gmin is H(ldt'\] to a ration cOI1Ristillg only 
of I'oughage, til(' l'l'spOl1se is l.:') pOIllHI!' of additional milk ppr 1 
pOllll1I of :l(lditiollul gmin. ,\Ylwl1 500 pOIlI1(l~ of gnlin is fe>rl tIl(' 
I'Pspollse j:; 1.1:3 pOllllds of addit ional lIlilk 1)('1' 1 pound of lHI(litional 
graill. ('te, This tabulnt ion bring!' out e1l'arly the> I'apid dl'cline in 
in(,I'('Illl'lltul olltpUt \\'ith ilH'I'!'HSP(1 gl'ain 'f(,pding. if this heavier fl'ed­
ing is HC'c'ol1lpani('(\ by n l'pdl1dionin I'ollg-hnge> l'0I1!'lI111ption. Tlwse 
in('I'!'I11l'nlal 1'I'tlll'IIS in<li('att' that:. if f'lWI'P al"P no altt'I'ltative usps 011 

tIl(' farm fOI' til(' l'OIlghagp sa\'l'd-alld this might \\'(,ll lw tht' easp if 
onl.\' a fairly ::-:hol't 1ll'I'lOd of lilllP is ('onsidl'l'l'd within tIl(' snm!' crop 
),('111' it would not' 1'11,\' to go 1I11ll'h lll'yolld 1.O()0 pounds of gr'ain per 
('ow. This lI]lpliPS to fal'lllS that: prodllc'l' high-gl'adp roughagl' and 
olll'I'at(· UII<I('I' till' pri('(' ('IIIHlitions \\'hieh \ll'('\'ailpd in 1'l'C'l'lIt YI'ars."1 

Hmyl'\'(']'. till' ill(,I'I'asl'd grain f('l'dillg mny Yl't pay hettP]' titan it 
apl)('a]'~ 1o, jlldging fl'om Illl' ill(,I'l'lIu'lllnl Ollt pilI: shown ill til(' la1>11­
latinll, pl'o\'i<lpd pl'ofitnhlp liSP (':Ill 1)(' rnadl' of tll(' I'oug-hu/!l' saVl'd. 
JOI' ('xalllpil', by addillg 1lI0l'P ('O\\'S 10 tlH' IH'I'<1. 

""1'hnl 1.. , I'. S. :\(\. 1 111111 :\n, 2 IlItr 111111 sil""" nr II "rI'll !!''' '111/1 Ii I)' or h"ttl'r: nllit ('Oil'S 
\\it'h un inllt\I'PIlt' Pl'utilwli\it.\· or 7.!.!OCI IHlllJl4l~ of·' PPI"('{l11l tilt ('OJTP("'P(} milk lWI' y(\ur_ 

" So Ion" II" lilt' \'alilp of Ih" :"lflifiolllli IIllik is IIfllll'pdllhl)' j.!'1'1'1I1!'I· Ih:1I1 th" \'n)\I(' of Ih" 
ndllHlullfll '''1'11111. il pn,'-" to f(','d th .. -"XI I'll "I':!in. '1'1111", wi!h milk Ill: $1.;5 IIl1d grllill lit 
$1.!m I''''' 100 1'01111(1", t 11(0 VIIIII" "I' Sol pOlllltis of !IIIII; Ihl' 11I''I'PlIIl'lIlnl (\lItPllt II'h<'1l 1.OOIl 
POIlII')" of grllill h; 1','11 I" \\'01'(11 $I.·W :\IId (I", ('osloI' 100 pOIIII(I;; "I' grllill Is ~1.:I:l--n 
111tTpn\IlN\ or 01\1\' '·1 ('Plltt-l 'Til.. IU('I'f'IlIPJH whf'U t.iiOn IHHlIHl['\ of 1!I'uin is ft·cJ is only n ...
Pflllllils of !IIilk for lin ('xll'n 1011 IHlIIII(I" of ItI'lIln II'hll'lI I" WOI'lh $l,l:!, 'rlll" is 2:1 rC'lIts
1<.-,," Ilinn till' 1'1111", or 1011 Jlollllil~ of 1l,Iditiolllll /.:1'11111 it look tn P\'O"I"'(' II. 

I'I'lP(~,{ of $!!Jill for mill, Hud $1,70 fOl' J.!I'uill JWt" IIIU 1'01111(1:-; would (lllP.HIJ·rl~(' ((1(itling
Ill'yollll J,OOll p(lllIlIl~ hili not IIJl 10 till' l.:W() 11"'(,1. .\t l.~OIl I'onlllls of j.!'I':lin Ill'\' ('OW, thl' 
I':lhwl)c til!' :tllililInlllllllllllt wOllld lJe :j;:!.JO)',IJ.{j,I, .$l.li(), IIhi"'l 18]() \'!,I\I~ Il'SS Ullin :j;l,iO,
tile nihil' or til(' 11(i!litiOIIlIl 1lI'IIIn, 
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INTENSIFICATION OF MILK PRODUCTION THROUGH INCREASED GRAIN 
FEEDING AND HElm EXPANSION WITH NO INCREASE IN ROUGHAGE 
PRODUCTION 

The discussion in the preceding section was limited to the possi­
bilities of increasing milk production economically by feeding more 
~l'Uin per cow, without expanding the size of the herd. But in actual 
farm practice, there nre H number of other possibilities for increasing 
the totnl milk production, For example, by purchasing additional 
grain it may be possible to feed more eowseconomically even on 
farms where it is impossible to il1('reuse the quantity of roughage 
grown, 

Dairy fnrmC']"s throughout the ("ountry can supplement their own 
feed supplies with cOlllparati\'e ease, by pureiuu;ing grain. But with 
roughages it is a diffl'rl'nt mattl'r, A1i a ruJe, the1ic feeds are bulky 
und it is not profitable to transport them very far from the place 
they are grown, ROllghages arl' re/!ularly bou/!ht only in n few 
an'HS of ex("eptionally high Iwiees for milk. Thmi, on many farms, 
the quantity of roughage that cun be produced is one factor that 
limits HlP size of the dlli I'Y her<1, 

As pointt't1 Ollt later. it may be possible to inci'ease the prochlc­
tion o:f roughage on some farms with no increase in the total crop 
nereagp by ehangl's in tIw farll1 oL"ganization, HO\y('yel', these 
chnngl's may take some ti Il It' ; and on some faL"I11S the limit of rongh­
agp produdion lIlay already han> bepn renehecl, But on these farms 
if grain fl'l'(ling is stepped up, thl' ('ows will reduee their consump­
tion of roughage to It cprtain extent and it then beeomes possible 
to kpep more ('OWS with the same limited roughage supply, 

'I'll(> extent to whieh her,d expansion is practical will partly depend 
on the bal'II space ayailabl(>. the amount of labn.r required to take eare 
of the extra cows. and whether additional cows can be raised in time 
or bought at a satisfa("(ory price, For the most part, these considern-
ti(llIS are outsillp the >WOIW of this stlldy, , 

Chungl's from light to heavy /!rnin fep!lin/! usually come abont over 
a period of years as tIll' priee of milk inereases in a giyen locality, 
As it r('suH of re/!ional diff('rences in the price of milk and grain, 
togethel' with a seurcity of high-qllality roughage, farmers in the 
markl't-milk areas near the cities of the Northeastern United Atates 
aI"(' fN'ding J\)or'(' gnlil1 pl'r cow than farmers in nny other part of 
the l'ollntry, In these lllarkpt-l11ilk areas of the Northeast. the nnm­
b('r of co,,:s Hnd othel' rOllghagl'-consnming animals is comparatively 
high in relation to the :H'I'pagp of forage crops, Milk prodlletion 
per l'OW is also high in thp1iP :II'pas. exceeded only in certain parts 
of tlw '''Test '",I1('I'e a high quality of alfalfa hay and ('x('ellent 
pastul"('s are nva i lable, 

Table 2'2 shows to ",hnt l'xt(>J1t the practice of ]W:1.YY /!rain feeding 
redures roughnge consumption and makes possible an increase in the 
size of the 1)('1"(1. TIll' J"ate of feeding in this table varies from 110 

grain to 4.000 pounds of grain per cow. The cows are given as much 
roughage us they will COllsume,22 Just how many more can be kept 

'" 'I'h(, rOllgbnf(c f['d per cow might be nrbltrnrlly Cllt do\nl below tbe nmoullts nctllnlly
('011$11111['<1 III tllJ~ l'l<Ilt'rIUWllt hy thp rows that WPI',' (('d most h('nyll)' 011 grnill, Bllt Ulull'r 
most l'ir['UIll~tnlll'('s It, would 1I0t pnr to go DIllch low(~r hN'lI\lSC the hl'nvily f."d rows In 
tltn ('''J!I'I'luwnts Wl'r!' app,'oa!'hlll!(1l rongllll!((' lutak" so low that It prO\'lded 110 more thnn 
WIIS needed to insure a"lIluRt mineraI 1I1Id ,'l!lIl11ln deticlencicti, 
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may be estimated on the basis of data obtained in the two nOll­

pasture experiments in series II. To begin with, it is assumed that 
a certain farm produces enough good-quality alfalfa hay to feed • 
20 cows 1£ they consume roughage alone. 23 This sume quantity of 
roug-hage will be enough to feed 26 cows, if they are given a heavy 
gram ration at the rate of 1: 2. . 

TAllf£ ~2.-AIIJlli(:(/tion of thel'C,~1l1t8 of serics IT e,J;perill/el/t.~ (1I01lpast1lre) to 
a. dairy fa/'/11 '!L'itlL a. liJll.itec~ ,~/l.Jllil!l ot 1'ol/.g7ta!/e 1 a·ncl on 'lchich lncrea8Cs tn 
prociuclion IIHtI} be obtainc(l tllroll[}h fcccling [Irain 

\'ARYINO INPUCl'S AND oU'I'PU'1' FOR TlIE WlIOLE lIERD 

"'hen amounts of grain fed per cow are ' ­
---...­---~--[tom Guit 

No 1,000 2,000 3,000 4,000
gruin pounds pounds pounds pounds 

lIa\' equivnlent eatcII per cow (totul Pounds .. 11,720 11,22·' 10, 72~ 9,928 8,93~
dlgl'stlblc nutrients X 2).

l'\umber of cows required to ellt all tho Number. 20 21 22 24 26 
lUI\'. 

Milk (4·Ilt.'rcl'nt fut·currected milk) l'ounds 0,123 i,2i1 7,924 8,294 8,504
protiul'cd per cow. 

--1-­'rotulmilk produced•.•.• _______ Pounds 122,460 152,691 	 I l7oJ,328 190,056 i 221,104 
t 

RE'I'URNS 

------------------~------~----~----~----~--~-----

A. When priccs approximnte those of I 
"'iSCOtlSlII, 111·11: 

Vnluc of milk nt $1.75_ ..•________ DolInrs. 2,143 2, ?28'724 3,051 3,483 3,809 
\'oluc of grain fed nt $1.35_________ Dollars 0 50·' 972 1,404 

DifI'er<~ncc ......... __________ Dollars ..... ~~i~(2:5U~ 

===I~I==

B. Whell prirt's IIpproximllte those of I 
lIfllSsllchuRel.ls, 10·11: 


Vnlllt' of milk lit $:1 ........... . Dollnrs 

Value of ~rtlin nt $2 ........ _•.. Dollnrs 3,07ri 
 4, ~~b 5, ~~~ I UIg ~: ~5 

Difference •. _. ___ •__ • ____ ._ .. __ Dollnrs..... _ :J,674 4,1(\1 4,:100 i ·1,532 4,553 
=:=I=i==

C. Wh,'u I'ri(o('s npproximnte those of 
Wisc'onstll, 1!I:19: 

Vnlitc of milk at $1.25.. Dollnrs .. 1,5:11 1,009 I' 2,179 i 2,0188 2,704
Value of grnin nt $1.10. Dollnrs o 2:11 484 792 1,144 

DitT~rl'nce Dolhus•. 1, fi3l 1,678 1,695 1,696 1,620 
=='=== n. Whon prices approximllte those of 

MtL~snchusetts, lUaU: 
Value of milk nt $2.50...... ....... DolInrs .... 3,002 3,817 4,358 4,976 5,528 

Vnlucofgrninnt$1.70....... 'Dolltus..... 0 357 748 1,2'24 1,768 


__~iffl'rCllCO .. __==~~~.~:~nrs--..~-- --3,(J62__..~l:~60 1~1~------;,760 
I Of tho totnl roughage supply on the farm it is assumed that all amount equal to 117 tons of hny equiva­

lent is availtlble for the (htiry cows. 
I In nddition to the specified qunntities of gmlu the cows arc fed till the good roughngc t!jey will cnt. 

Table 22 shows that as the quantity of grain fed is increased the 
total quantity of digestible nutrients in the ration also is increa3ed 
but not in the same proportion because there is a decrease in rough­
age eaten.2'1 The illC'I'ease<1 grain feeding results in a fairly rapid 
increase in milk production, an increase that is very pronounced at 

2> In these computlltlons, the cows were aS8umed to hu\'!' nn a\'('mge bnsic pI'oducin!;
abllity of 7,200 pounds of 4·pl'I'Ccnt fllt-corrected milk and the 11lfalfn \l'u~ assumed to be 
U, S. No. 1 nnd U. S. No.2 In quulity.

'" 'l'be eX'~nt of the decr{'1l~e hilS bl'~11 estimated by Hendley (;j) II 0.5 pound hay for 
euch 1 pound of grlll11 added to /1 mtlon of roughage oltly. Comput-:lt1ons from data tnken 
at other pinceR (4., 7, S, .11, 12) counrm lIendley'H obscrvaUons. In these experiments it waS 
fouud that the decrcase on the a vernge varied froUl 0,5 to 0.7 pound. 
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first nnd less marked as largc'r quantitieR of ~rain are eaten. In 
ligure 19 the digestible nutrients in grain, rougllage, and total feed, 
as well us the 111llk produced !illowl1 ill table 4, are plotted "'ith refer­
ence to the \"erticul axis, against actual pounds of grain fed per cow 
plotted along the ho]'izontal axis. This gives a straight-line increase 
for total digestible llutrients -fed in grain. The decrease Trom group 
to group in nutrh'llts consumed in the form of roughage is better 
represented by n Cllrve.2fi The. eur\Te representing the best fit: for 
the total digeRtible nutriellts is the sum of the digestible nutrients 
in the grain alld roughage. The actual increase in milk production 
from gl'OUp to gt'oup dosely approximates the diminishing returns 
Cllt'\'(' which was fitted to the milk production data. 2G 

The lIt-xt step is to ch,terminc the -feeding leYe! nt which the maxi­
mum ca!ih rl'tlll"ll or d ifrl'l'l'nce bl'hn'pn the ynlue of milk and the 
..nlue of gl'llin can b(' outained rl'olll the entire herd at specified 
pric('S for milk and gl'a ill. 27 

Table 2:2. sc,etiull A, shows that with supplies of silag(' and hay 
eorl"l'spontiillg to appl'oximntely 235,000 pounds (117 tOllS) of hay 
equintient l with milk at $l.75 and grain at $1.35 pel' 100 pounds. the 
maximulll l':I:::lt I'ptUl'n is reached \\'hen 24 cows share the roughage 
and l'onSllnH' 3.000 pOllmls of grain pel' head. However, the return 
of $:UHl in this ('use is only $54 mOl'e than when 22 cows consnme the 
nnli laule rOllghage and I'P('ei\'e 2.000 pounds of gmin per head; and 
it is olll." $12:3 higlll'r titan the retlll'Jl when 21 CO\YS share the l'ough­
HW' Hnd ('OllSUlIlP grain at the 1,000-pound level. In tnI'll, feeding 
21 ('ows at the 1.000-ponnd level would bring a return of $245 above 
fee'dillg :20 CO\'"S Oil l'Ollghage aIone. Under these price conditions~ 
it is probable that few farmers would feed 111u('h above 2,000 pounds 
of grain pel' cow. 'fhe additional return of $54 above the cost of 
tIl(> "gmin would 1I0t induce many farmers to keep two more cows. 

In contrast, th('re is much more to be gained by feeding up to 
2,OU() pounds of grain pel' cow when milk is worth $3 a hunch'ed and 
grain is worth $:2 a hundred (the price sitnation in much of Mnssa­
ell llsptts in 1941). This is illustrated in table 22, section B. ,Yhen 
:WOO pounds of grain is fed pel' cow, the herd is increased to 24 
cows, to consnme the roughage on hanel. At this level of feeding, 
tll(> miJk produced is worth $4.532 more than the grain fed. This 
return is $18:2 mOl'p than whpll gl'ain is f('(l at the 2,OOO-ponncllC'yel, 
l1lH] $371 more than the return from grain feeding at the 1,000-pOUlld 
len·I. 

Lower prices for milk and grain, such as those which prevailed in 
,Yisconsill in 1939. decrease the advantage or heavy grain feeding. 
Titble 22, section C, indicates that in this situation little advantage 

:r:, 'I'hl' ClIl've shown is ba"Nl on the eqllation Y=586:1-0,152n-O,0004!l2u" In which Y 
is thn pO\llHIs of totni digC'stilll .. nllt"j('nt's in rOllghnge, and II the actulll pounds oC grnin, 

c. 
C" The ellrl'(' is Imsed On Ihp eqlllltion j"=8781-2UiiS (O,ii0704)'000, in which Y represents

the poullds of 4'llPrt'('nt fIlL-col'l'Ccteu milk prod lieI'd Pl't" eow 11Il<l y rl'presents the pOllnds
of gl'alB (luteu IWI' cow. 

To Cllsh ':NII1'n as used here is not to be confused with net income, It is merely thnt 
",iin't'n'nce" whil'h lit various lel'els of r""(ling is uI'lliinhl" for paring other costs of PI'O­
chH'lng nnd mll,'/a·tlng milk. Anr IlUempL to itl'lllizl' those costs in dNllil Is outside the 
"('ope of this stlldy, ~ince ther wOllld vary f,'o," f"rm to fnrm nllt! fro III region to region,
On the vthel' side of t:h~ led!'('l'. howe\,I"', mor(' ill tl'lIsi\'" r!'('lling 1111'" ns that more mllnure 
will ho 1I1'lIilllhll~ f01" C11l1lltll,"llg th" fl,,'tiiltr of the llltlll. ~l'his added vnlue Is sufficient 
to lJo rOllsllh'rcu In lillY attcmpt to estilllute nil fuctors ueurlng on thc economy of more 
intensive fcellillg. 
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POUNDS 
(THOUSANDS) •

Milk production 
(4porconIF.C.M.) ~ "'~ x
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8 t-------+--~-~ 

!.----I )( 
7 	 IY.~" I 

r------.'--4----------~~ ---­
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~Total feed consumption 
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/! 	 i 1
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• 
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GRAIN CONSUMPTION (POUNDS. THOUSANDS) 


BAt:: 39,,51 

FIGURE 19.-RESPONSE IN MILK PRODUCTION AND ROUGHAGE CONSUMPTION TO 
INCREASED GRAIN FEEDING WHEN COWS ARE FED ROUGHAGE. FREELY AND 
GrMIN IN PROPORTION TO MILK PRODUCTION. AVERAGES FOR TWO STATIONS 
CONDUCTING SERIES II EXPERIMENTS-NoNPASTURE. 
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is to be gained from feeding above the 1.000-pound level. At the 
1,OOO-pound grain level, the return frol11 21 cows is $1.678. To feed 
22 cows at the 2',OOO-pound level would add only $17 to this return, 
and to feed 24 cows at the 3.000-l?oI1l1d level would add but $1 more, 
not considering the cost of providmg replacements for the extra cows. 

In the search fm' the most profitable feeding level it has been 
realized that in actual practice this problem is closely connected with 
the problem. of the size of the herd and, incidentally, much light has 
been thrown on the problem of what is the most profitable size of 
herd. It has been indicated that the feeding level, the size of the 
herd, and the roughage supply must be adjusted together in order to 
rellch maximum returns from the dairy enterprise. 

It is an interesting fact that in dairy areaS where the margin 
between the value of 100 pounc1~ of milk and 100 pounds of grain is 
Slllltll. the penalty for not keeping the right size of herd is llot very 
great. The farmer and his family may, year after year, needlessly 
house, milk. 'feed, a.net t'al'(' for 24 ('()\\"~ illsh'ad of 20 without being 
paid for it. Bllt. altllOu:.rh 111IIc11 labor has been wasted, there is no 
additional pcnnlty in dollal's and CPlltS. 

INTEXSIFICATION OF DAIIIYlNG TIIHOl'GH IXCHIUSED flOn.iHAGE 

PUOIH'CTIOX 

Endier pages of this bulletin haye shown to what ext<'nt milk pro­
duction p<'l' C()\Y ClI!l bei!l('l'l'ased by heavier gmin feeding. They 
have also inclieatell to ,,'hat degree an expansion in the size of the 
herd is made possible by the r('(luction ill the consumption of roughage 
which occurs simult.aneously with increased grain feeding. 

On most farms, ho\\ ever, it is possible to make an even greater 
expan~ion in size of herd auel in production of milk by increasing 
the production of home-grown roughage in addition to feeding grain 
more heavily. This increase in roughage production can be aCCOlll­
pI ishell, in time, without increasing the total crop acreage. In this 
fashion, some dairy farmers have doubled and trebled the number of 
cows in their herds, and have incL'easecl milk production even more, 
without increasing the size of their farmi::i. 

This trend mny be i1lustratl'd best by comparing various representa­
tive types of dairy-farm organization. For example, table 23 shows 
n typ<, of farm organization that was fairly common in the Great 
Lukes States :30 years ago and that still exists, though it is less common 
today. Hereafter, it will be called farm A to distinguish it from 
other types of organization discussed later. 

Himilar chang('s have o('culTedin other areas with different prices. 
Examples could be multiplied, but this illustration will serve to show 
the application of the eXlwrimental results to dairy farming. 

To simplify the work of estimating how much milk could be pro­
duced from this mu('h feed, the grain was reduced to pounds; and 
the roughage was reclucrd to hay equivllient, also expressed in pounds, 

. figuring 3 pounds of silage eqllal to 1 pound of hay. In these terms, 
the total f(,rd-crop pL'ocludioll of the farm in table 23 amounted to 
:36,000 pounds of gmin Ilnd 113~a33 pounds of hay equivalent. 

http:altllOu:.rh
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'l'AllI,E 2:{.-L('$8 illt(,II,~i!'(' /111)(' of orllllllizalioll 1)/1 II 120-I/I'rl' (/airy farm in 
\I'i'~('()l/sil/ ({arlll :1) •

[tor II lOnit Production 

Crops:
("orn I!rnin 

.:lcre.~ 
III :100 hushels. 

Corn silll~" 
Smtlll grnill~ 
Clover hflY 

10 
20 
20 

RO tons. 
IiOO bushels. 
all tons. 

Totnl cropillud liO 

PILSlure fiO 
Li\"~sto('k!

('ows 
Ift'ad 

13 
Heifers 4 
Cnl\'("~ 
Horses 

3 
3 , 

Aftl'I' drdllding tlw gnlin and hay rp(Jllilwl for t1w horsps and young 
sto('k. 27.600 poullds of ,!3l"aill and S3,OOO pounds of hay rquintlent 
,yerr Idt fOI' til(' ('OWS or h)J' otltl'I' disposition. 

TIl(' llrxt Htep wns to find how mlleh of this fred cOllld bp llsrd 
profibtbly in milk 1)J·oduetiol1. assllming 1939 pricps in the Gl"pnt Lakes 
t;tat£'s. InH}>cctioll of tlll' £'xperinwntal data. disclIssed earli£'l', indi­
catl'<1 thnt Hw 1II0st pl"Ofitabl(' I£'vcl of fppdin/! probably would bp clOH(, 

to 1.000 pounds of g-rain 1)('1' YPIt!' for cHell cow. 
Assuming- t'1la.t thc cows wpre k('pt on pasture for 5 months of 

tl1(> ,n'ar, which was COlll1l1011 praet i('(' for this typc of farm, the 83.000 
pOlllHls of hay ('quiYal£'nt\\'ould be approximat('ly the quantity COII­

sumpel by 13 ('ow:; dllring 7 mont·hs of barn fepding.~8 
At thislr\'l'l of f(\£'dillg-, the' 1:3 ('o\\':; on farm A would consnme 13.000 

pounds of grain. }Pltving 111(' 1'l'maining 14,600 pounds for sale or for 
otllPl' USP!,). If sold, thi:; HllrplllH gl'Hin would b(' \\'o1'th around $160 
at a pri('e of $1. to 1)('1' 100 pounds, 

o\wl'ag-p milk ]l1'O(luetion at tll(' 1,000-pound lev!?l of grain feeding 
is close to 7.300 pounds pel' cow, At 1939 prices in this area, amount­
ing to $1.2;i I>PI' 100 pOllnds of mille the totnl production fl'Olll 1:3 ('ows 
w(Juld bp wOlth approxima/"ply $1,185. Added togrtl1('I'. the gross 
,a luI.' of tlw slll'plus gl'U in and the mi Ik from this farlll WOlild bp worth 
closp to $1.:345. 

Th(' ratio of grain f('('ding- /"0 milk producti.on fol1o\\,pd in this 
plan was appl'oximate>ly 1: 7, but with high-C(uality roughage the in­
('remclltul output at the 1,000-pouncl level of feeding is only 1 to 0.85, 
(See p, 68.) At the prices a!')snlllcd above, the value of 85 pounds of 
milk is $1.06 and th(' "alnt' of 100 pounds of grain is $1.10. This indi­
('II('S that the 1,000-pollnd len'l of grain f(>l'(ling has alI'eady gone 
slightly beyond tl1(', most ])I'ofitnblc point at th(>s(' pl'i('('s. 

Obviously. then, it would be unj)t'ofitnble to attempt to hlCl'eaSe 
milk production by heavi(,I' gl'ain fpedilw so long as that pal'tjeuJar 
IH'i('(' 1'(>lntiollship ('xists and so long as hay and. COI'11 silnge of high 
qun.lityarc available. It also would b(' obviously unprofitable to add 

'" l-::-:p(,I'illl('lIt" alr~lIc1y rll~,1 Iruli,'ntp 111111· "Oil'S hlll'IJ-(...d 1111 yelll' Ilnd ,.('cph·ing. 1,000 
pounds or !!,~lIln will ('onNIIIlI('lIfll)('oxlrnlllely 11,aOO pOllnlls or hllY ('!Jllh'lIlplIl, or Ilnll\'l'rllge 

. 
• 

• 

of !J4-1 pounds p('" lIlonth. At thllt "II Ie, ('Oil'S on PIISIIII''' fi lIIonlhs would consullle 6,600 
Pl)llIlIls or hllY ("lulntit'lIl III i 1Il0ni hs of IUII'II rl'('(llll.l;"; lind 1.:1 ('OWR 11'0111(\ ('OIlSIIIII(', In 
rOllnd nlllllh('rs, nJlPI'oxillllltply R:i,O()O pnlllllis or hay C'lul\'llll'nt. It Is nssulIl('d the tolnl 
Qllllnt!1y of grnln f,'d would relllllin nuout the SlIlIle wilelbcr the cows were 011 pnsture part
of the tlmc, or ulll'n-fed nil yenr. 

• 
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anoth!.'l' cow to til<' lH'rc1 unll'ss more roughaw' 01' n b('Ul'r qunlity of 
roughag!.' could be obtailled, since a cl!.'crt'as(' 1I1 the quantity of rough­
ng(' fed pel' cow would llN'pssihltp heayier grain feeding. 

'Vhat possibj lili('s are there'. theil, for illCL'l>ftRing thc net retul'll b~r 
chang-in/! til(' type of fal'll1 OI'gallizatioll withollt altering thp size 
of the farm? Some dairy farmers in the Great Lakes States have 
in('r('as('d tlwir prodllction of rougliagl' by chungin!..\" thl,ir (,I'OP rota­
tions, by utilizing a largl' sharp of tl1P Cl'OpS as roughage instead of as 
grain. lind by in('rcnsillg tl)(,ir crop yields through the usc of mll11Ure 
sHpplellH'ntpd in sOI1le cases by IHlI'C'hasl'd f(>I,t iliz(>l's. 

Th('sQ changPH to a 11101'(' intl'l1siw sys/"('111 of c1aiL'J fnl'ming a1'l' 
i IIIlRtrn t(>(l ill the l:W-al'I'p flu'lIl in ta blp 2-1. For conwniplI(,p. th is 
farm will be l'cfl'l'l'cll to hCI'l'after as farlll B.. Durillg thl' last 1() to 
80 ypars many faL'lIlS ha\'p l'hang(,d so that tl\l'.\' HI'(' no\\" liln' fal'lll B. 

TAli!.!;; :2·1.--.1[01'(' ill/('lIs;/'(' /JI/l(' Ilf OI'[IIII/;ZII/i,J/l 1111 (/. 120-lIe/'(' t!a;/"JI /(//"II/ in 
W;S('OIlS;/! ([(11'111 .lJ) 

{"nit Prodllction 

('rops: . .'lerrs 
("orn :.;iilHw 20 2(X) tOil•• 

JO noo bllsiwls. 
:10 . 7f> tons. 

~lI1tllJ ~I'nill 
"Ifnlfn 

liII .'Potui rl'Olllnnd 

Pa.~tUrt, liO 
LiYl'sltwk: I[e"d 

24Cnw~ 
s·Il~irl'''' 

C'lll\"('s r. 
:1Jlors~s 

Fp('(l pro<illetion 011 this fnl'm amollnts to Hi.OOO pounds of grain 
and :ZH;~.-100 potlllriS or Itay <'qi\'al(,lIt. Of this. IO.HOO ]l(llIlHls of grain 
lllld 51.400 POllllcls of Itay ('<]ui\':tit)lli \\'PI'(' nllotil'd {o tIll' hors('s and 
young stoek. This left 5.200 pounds of grain and 2:32.000 ponnds of 
hay t'qll i va Ipll t fM till' ('OWS 01' for ot hpl' u~p~, 

It W;lS assullwd that tilt' 60 tt('l'PS of pastul'P Oil farm n was about" 
(·qual ill qua.lify to tIll' pasttll'p on farm A. PI'('liminnry ('aleulations 
tlll'1l in<ii('atl'd thnt if tilt' Jll1ll1h('L' of cows \\'('I'P ill(,I'pas('(1 (,Ilough to 
liSP 1111 th(' l'oughage anlilabll', the pn.stnrp would pro\'ide f('pel for' olll:­
2 months. Ba I'll fp(·<\ i Ilg \\"i th roughage \\'ould bt' I'l'qui I'pd the rPIll:tin­
ing 10 IIlOllths. It was also :lssul1lpd that the mte of gl'nin fpl,t1ing 
r(,lI1ain('<I at 1.000 pOllnds ]>l'l' eo\\". On this basis, the 2:i2.()On pOI 111 cis 
of roughage left afh'l' other stock had been cared for would be suffi­
('iellt to takl' eal'(' of:24 (·()\\"s.~" 

1'1\(' 24 ('0\\'5 on fann B wonld tl1('n 1'equil'(, 24.000 pounds of grain. 
As only i).200 pounds of gmin was left after ded\letillg the needs of 
otlwl' liwsto('k from the tottll pl.'oc.incNI, it would be necessary to buy 
18,800 pounds of grain. . 

At the 11):39 Wisconsin pl'icl's of $1.10 per 100 pounds, this pnrchnsl'd 
grnin woul<l ('os! $207, Allcl. at $1.21) 1)pI' 100 pounds for milk, and an 
average of 7.300 pounds ])PI' ('QW, thl' milk produced in a year by 24 

,"' FJ~tltlllll~", liS ·111 lhi' ('"H" of fllrm A, on Ih(' bl\~IR of!l-14 pounds of lu,,- eqllj\"l,lent per 
CO\\' for ench Illonth or ham 1\'Nllng' ()t. 0,4-10 p()\lIld~ [fir ]0 lllonthH. ' 
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cows would be worth $2.190. Subtmcting the value of the purchased 
grnin from the value of the milk leaves about $1,080. 

To recapitUlate, the value of the milk from 24 cows on farm B would • 
be around $1,980 after deducting the cost of grain purchased i and the 
value of the milk from 1;~ cows on farm A would be around $1,3-1-:1 
after ndding the value of the surplus grain sold. This indicates that 
a change iu·the type of farm organization increased the gross return 
by approximately $63fi. It is to be assumed that additional sales of 
about two cows and five CHIves from farm B would addallother $125, 
raising the total difference in gross returu to about $760. 

The n('t increase in cash retul'Ils resulting from the change in fnrm 
oraanization would be lefls than $760, however. for there would be 
saine increase in eXlwnsl'i' other than the gTain which already hal:; be('n 
considered. 

The incrNlse in gel1t'l'nl t'xlwnses resu Hi ng from mOl'e i nh'nsi \'e cIai J'y 
farming Yllries !!l'e:ltly Oil different farms. For.' example, surplus fam­
ily labor is aynilnhle on HOllIe farllls and ('nil be more fully lItiliz~d 
as crop production becomes more intensive Imel more livestock is kept. 
Labor-saying machinery lind equipment is widely used now, and with 
impro\'ed barns and haymows enable a person to accomplish more 
work in a giYl'n time than can be done without them. .Allowing for •tiwse and other eli ff(,l'ences. table 25 contains a liberal estimate of 
ncl(litional expenses invo1Yecl in theincrellsecl production of f~ed and 
inc'rensed Ill.lIl1b('r of cows on furm B as compared with farm A. 

It hal' already b~en estimated that till' change from It less intensive 
type of dairy farming. as repl'esented by farm A. to a more intensive 
typl' as repreRl'ntecl by farm B, increased the gross returns hy around 
B7{)O. Subtracting tl1P $31B addt>d expenses, shown ill tab!!' 2;\ Iplt\'es 

. $447 addt'd JWt ill(,OIlW from the more inh'l1siYe type of farming with 
no ehange ill tltl;' total acre:~ge of erops. 

'l'AIII,Jo; 25.-Adt7itirtl/u/ (',rJ)('II,~('.~ ti,/(' to 11101'(' illt('II,~ir(' fal'lllillo-t(/I'/ll B 

Lnhor--{>;xfru for h:lyill~ and ;<i\o fillillg, :.! Il1llllth!'___ _ __________________ $70 

Silo ll1lill~, Ill/whim' nllt! po\\,('1' hil'l'___ ______ ... _ _____________________ 15 

Gra i n (:tlJ'<,ad~' (lpdm't{'(l) ________ _______________________________ _______ _ 

nniJ<1ings upkepp _____ ---_" . ___________ _____________________________ fiO 

_Mllkill~·lI1achin(' IIpkp<,p ___ _. ___ _____ ._____________________ ___ 20 
!o;i\l('-d<'Ii\'('l'~' rak<" hllY lon<1PI', 11\\\\,1'1' fork. Iiml'-spr('nd('r upkeep____ 30 

Alfalfa. ~ppd fIll' 10 /!(','ps--10() pOl1l1<!s____ ___.___________________________ 21 

LinH'stone--10 tOIlf;___ __ _____________..____________ .20 
 •FN'tili;wl'-B,OOO pOUl](h; of 0-20-20 _____________ __________________ 60 
Yetel'illaJ'inll 1111(1 1I1I'<lipilll'--$O,(l:O Jl('" ('OW for 11 ('()W~____________________ • 7

'l'nxes 1\ nd im;lIL'n 1\('(' .._____ _ ____ _ _____________.. _______________________ _ 2() 


'rotnL_____________________._... __________________________________ Ill3 

In as('('J't:dn ing whethpl' the less inirnsive 01' tIll;' mOl'e intrllSiye 

type of dairy :farl.llin~ is 1I10st dpsirab]p,:ln important (,()l1sidpl'lItioll is 

the frequency or l11fl'C'qm'llcy of drought. In areas where unfavorable 

yt'al'S for crop production are fjlirly ('ommon, the intensi\'e dairy farlll 

rUIlS the risk thut the hay and silage crops may not furnish enough 

roughage for the ]nrger llumber of livestock. The ouly chance for 

adding to the roughage on such a farm would be to cut the oats for 

hay. Another ulternntive would be to feed more gl'nin in place of 

pal't of the roughn~(', sin('e nutrients lIsna]]y ('an b~ bought more 

cheaply in the f01'111 of grain thf\n in the fOl'm of hay. This is particu­

lurly trlle in 1I yellr when til(> ItIlY crop 11'; short. 

• 
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The less intensive clairy fann, with fewer c(nYs and with 20 aeres 
of COl'll, 20 acres of small grain, and 20 acres of clover, is much less 
likely ever to be short of roughage. COl'll from ha If the eOI'll acreage 
normally goes into the. siLo, llild in case of a poor yield all of the eOI'll 
crop may be used as roughage. 

Pasture improyenwnt gives an opportunity for even more intensive 
dairy farming. For example, tlw ~32,OOO pounds of hay equivalent 
availablr 1\)1' milk cows on farm B would C:1LTY 35 cows for 7 months, 
provided the 60 aeres of pasturt' ('0111d be 11l1provNl suflieiently to 
cRr·r)' them tilt' other 5 mOllths. This: of course, would necessitate the 
purehnse of st ill more gL':lin. 

So far in this dis(,ussion, tl\(' 19a9 priccs of gmin and milk in 
"\Yist'Ollsin 1I:r\'c lWPII nsslllllNI. But if thr priC'P l'Htio jwcame Pllough 
more. favorable to justify fl'pding gmin at a 3.()OO-POlll)(1 len'linstead 
of a I.OOO-pound Il'n'\. thl' PL'OCl'SS of intl'n;;ifi('atioll could bp carried 
st iIl fartlwr, Fp('(1 i ng a.ooo pOU1)(ls of gra i11 Ix'r ('ow reducl';; the 
rN]lIil'pd hay equivalent to 8::!ii POUIHh; pN' month. This would make 
it possible to carry 40 ('ows instl'acl of a;i for 7 IllOllth:'i barll fre(ling. by 
llsing aIL aynilable l'onghuge and buying approximately 115,000 pOllnds
of gl'llin.30 

:Many clairy fnrmel'S who are nl'ar ('itips whprc prices of {bid milk 
and fl'pd are high blly all thpil' ('()\\':'i, 'fhi!' wOllI(l rplease the roughage 
COn:'illl11p([ by yOllng sloe1\:, making it possible to incrcase further the 
sizp of thc 11(>]'(ls 011 Iho(-;l' part icu Jar farllls. Ob\-iollSly, this can be 
<1onp only So long as otlll'r farms producp a surplus of young dairy 
stock for sale, Dairy Ill'()aS in which milk [wd feed prices are low 
usually pl'odnee It ~ul'plus of young dairy stock £01' RaIl'. 

'I'll(> USP of tl'Heton; nn<1 trucks fortarlll work instpac1 of hor8rs 
\Yould nIso r('l('a~p add i tiolla I I'ollghag('. ill(,I'l'asi ng tilt' total quantity 
of ff'{'d :n-nilnhlp for milk ('O\YS. both 011 illtiiyiclllal farllls amI thl'ough­
out thl' ('(lllntJ'y as It whole. 

• 
AsslIming 7'n1Onths of barn fN'ding at thp 3,OOO-pound grain lenl, 

it wOllld tukl' 4!l ('OWS t.o eonsnme all the roughage pL'o(lllCcd 011 farm B 
(2H3.·IO() pOl1JHls of hay equindent). 'This extremely intensive type 
of dairy farming is not unusual near the lnrge eastern fluid-milk 
mal'kptn. A fail' proportion of 1:1w,,(\ intelH;j"e farms are highly 
pl'OHtuhlp although they mllst elI·a.\\" 011 oth('r farms 1'01' grain and 
l'l'pla('(·nwllts. 

INTERPRETATION OF EXPEnL\m~TAL HESCLTS 

Di fl'('I'Pllt 	 ",ay~ of Hna I,,,,,,iug thp l'('('ords obI a inl'll frol1l tll(> in})ut­
• 	 output <'xpprimpnts hayl' bl'pn prl'srnted. togl'tlwl' with tIl(' informa­

tion ('xll'n<'ipd from tlll'SP data. The pllrposl' of the stnlly wus to 
:n.;('pdnill SOIlW of til(' most impol'tanl' of thl' inpllt-ontput l'l'iationsbips 
ill 111 ilk 1)J'{)(Inrt ion II nd to liSP this knowll'dge for lila king J'l'('omnH'nda­
tion:'i 1'01' IIH' wldeh would ('nabl(' dairy t'al'llll'L'S to appl'oHch ll1o['e 
('108('\", t1Hl:'i(> f('('dhlg pr:teti('(ls which are the most profitable 11n<1(>r 
\'arying Ill'irl' rOJl(litions. ' 

Tn OJ'( PI' to nl ilizl' til(' rornhinl'cl pXIWril'llCP obtninpcl :fl'om the 
l'xpl'rillwnt and intpl'pl'(·t jt in a WHy that eun bp npplipd din·ctly to 
11I'ad-ieal (la iI'," fl'pd i ng. it is lH'('('ssllry to make cel'tai n gl'ncl'Ulizntiolls 

• 
'" 'rita! Is, S~7 JI 'lIlIl(ls of hill' 1'11111\'/111'111 IIl1l1's 7 1110111110< .. qllllls :;,7S0 pOllu(l,; IlI'l' CIJW, 

Dh'\<I,'" illio flip !!:Il,(I;Ja PIHIIHIR o[ lIny 1''1l1lm11'1I1 Hl':illnllll', It illdlclIll'S pUoligh rouglluge
Is Ilrnlhlulo for ·10 cows, 

http:gl'llin.30
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and to smooth tlH' data so Ow)' may IX' nsed as a basis for feeding 
r('('om m!'l1 (1 at ions. •

In makin~ recol11melHlntions f'Ol' pra('(icalfpetling. feed inputs may 
bp expl'essea In te1'lllS of llIany different lIlIits. They may be statp(\ in 
pounds of sila¥e, hay. and grnin; in hay ectuimlent and grain. Ol'in 
pounds of nutl'lents, 11('( l'llergy, starch valu{'s, feed units, or some otlwr 
twit that measures fe('ding value. SOllle sl1('h ft't'd units are used ill all 
feeding standards. To most dairy farmers, however, recoml11PIHla­
tions regarding the most economical fppcling level will be most lls(>/'ul 
if the recommendations intli('ah' II l'(,l'tain rate of feeding gl'llill in 
addition to ronghilg(', By itself, the rate of grain feeding has 110 

llH'aninf;!' The intensity of feeding depends upon the nutrient intakl' 
in the form of both roughage and grain, TherC'fol'P, ('hallgt'S ill tlw 
I'tlt('~ 01' grain fpp(\illg wiT! l'l'lmlt in ('OIT('SIHllHling ('hanges in th€' 
ratps of total fl'Nl ('onsllmptioll only if tIl(' roughagc' is 1H'ld constant 
OJ' if I'ollghngp ('onsllmption ('hllllgt'S in a J'l'gulal' way tog(·tlH'J' with 
chnng('sin gl'llin fpt'ding. 

On many dairy fal'lIls ill the Eastpl'l1 Stntes rOllghag(' is fed spar­
i ngly. nnel rougilagp COllSUlllption wi II I'l'mll i n ('onstant with '1 ncrpnsp<1 
gmin fl'Nling bl'C'ausl' pyen at high 11'\'('ls of grain fe('ding thp CoWs 
wi II consmne a 11 the roughagl' offered to nu'm. Ilowever, on most 
dairy fal'llIs roughage is f('c1 frpely. and with inc'l'('uHl'd gl'llin fepding 
rOll,!!hngl' ('onsllmption will dl'clint', But if til!' rOllghug<' is of lowl'r 
quality than that used in the c'xpl'riments till' c1eclinl' in roughage 
cOllsumption may be smallpr than in tlll' expl'l'inll'nts. On a gin'n farm 
tll!' l'Oughnge ('ol1sumption IIslIally nll'ies within a limitt'dl'HlIgp. P,g .. 
fJ'Om 2.0-2.5 pounds per 100 pounds of hody w('ight. . 

In tIll' expprimentsit was founel that thl'I'l' was a Vpl'Y ell'fin ite tl'n­
<1elley fol' til(' (,ows to 1'('(lllc; l'Oughag(' ('onslllnpt ion ns 'grain fpeding 
"'fls pressed to high!'r 1e\'pls, 'YIl('ll no gl'a ill was 1'('(1. 111(' cows ('on­
slJllJt'd rOJlghnge at the .ratp of 2,9 pOJlncls of hny eqlliYalpnt' for pal'll 
100 pounds of lin> weight; hilt at thp lll':tviest It'vpl of grain fpNling 
this l'a1(> of l'ollghngl' ('onsnmption dl'oppt'd to 1.7 pounds of hay 
pqnivn1('nt pH lOQ pounds of liyp Wl'ight. ' 

Thl' SlI Jlle tpllcl('ncy was fOllnd ill the iniel'l1wdiate grotlpf' but not 
with pel'fpct consistt'IH'Y. This was not Rlll'prising bpcltusp at sonw 
of thp stntions which cont:ributec1 to the six ditfpJ'Pl1t f!'l'ding-If'\'l'l 
/!I'OIlJlS (tnhlp 11) the rOWs wC're 1l0t giw'lJ a chance to ('at as milch •
l'Ourr\UIITC' as thC'v wanied, 

r '" '. ,At Ot\H'I' stat lOllS till' ('O,,"S W(>J'('. fed roughage freely. but thC' 
tota I 11\11111)('1' of obs('l'nd iOlls from thps(' stat ions was not suflkil'lIt 
to l)J'()yide Iwr:fPC'tJy l'<'gIJlal' anti ('ollsistent changes from one le\'('1 •to anothpJ', It was thollght, ho\\,p\'(,I" that theil'l'pgulaJ'itips found 
ill the ohsl'l'ypd data \\'('1'(, caused by disturbi ng factors, the influenep 
of whi('h did not awrage out in the groups with the rl'stricted ll\1lJ\­

1)(>1' of obsC'l'\'atiom; obtailled. 1£ m01'e and larger groups could haw 
bl'el1 fl'd under i(\PJlj ien I conditions at the diifer(>nt 1eye1s, the grollp 
aY('I'nges would probably have shown much smallC'r variations fJ'oll) 
tll(' tTend wldeh shcnY('d up so clearly. Thereforl', by tht, fitting of 
trends to the olmpJ'vations and smooth ing of a \'el'agc's !'Ill' true a vpmgc' 
1'(>lationship should be' approll('llt'd llJorc' closp\y than if the netnal 
llIlacljustC'd obsprvations ha<l b('('Jl Ilsl'cl 

For thl's(> I'paSOIlS, it WlIS (h'('iclecl that Oil t1w haHis of the averag<'s 
obtained from nIl l'N'ords a g('IH'l'aliz('(I fec·ding chart' should be 

• 
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• constructed. This chart should £,Xpl'£,SS the expeI"im£'ntal )"£'sults in 
tIl(' forin of smoothed :tverages whIch related the typical challges in 
roughage and graiu consumption and in milk output to ratios of 
fpeding grain in addition to roughage, as it was done in experil1lPllt 
II. These challg£'s should covel' the' full rnnge of grain feeding from 
the 1l'Y('1 at wltielt 110 gl'ain at all was fl'd to II ralp of gmin i'petiillg 
of 1: 1.8, whieh n'sliltl'd in a eonsull1ption of 5A()O pounds of grain 
Iwr eow fll'r ypa I'. 

EXTEXSJON OF IXI'l'T-Ol'TPl"T Cl'BYE TO Low LE'. ELS OF FEElH:-;"O 

TIH' six 1('\'(·ls of fl'('ding showing awragl' input-oulput ],[.Iation­
::;Ilips fOl' all. cows at nin(' stations 1'l1ngpd from 1 pound of gl'aiu 
1'01' pneh -1.,4 pounds of milk pl'oduc£'cl, to 1 pound of grain for (lach 
l.S pounds of mille But in pl'netice, und£'r cel'tnin eircull1stnncps, it 

j 	 mH,Y pay to Il'('(1 below this range. Tll(.'rdo~'e in order ,to co\-er' also 
IllP:::e lowl'sf palts of' III(' l'Hngp tilt' lH'xlconsl!lprntiou ,yas how milch 
is pl'oduction rp<ltlCNI if CmYEl are 1'('<1 at low le\'(~ls of feeding. 

Tlt('sp low le\'els Wl'n' l'epresentpd ill the input-output experin1l'nts 
by the groups Jed no I!ra ill at all and the groups fed only 1 pound 
of gl'ain to G pouIHls of m.ilk. Of the nine l:ltations that contl'iiJutt'd 
to tilt' g('lwrnl input-ont put nnalysis only two, Maryland and South 
Dakota. had groups that wert' ft'd roughage as the sole. ration. In 
('()l1lpal·.ing the roughage-alone len'l with the 1 to 6 levels of tlH';:(' 
t\\'o statiolls. the problem of ditfel'pnces in ellvironllwllt bd\\"('l'n 
,,(ations was met again. It, was hplit'\'pd that, to tlyoicl attr'ibuting 
to f('('(iing some influences 011 Pl'll<iud ion Hetually cauH'd IJY tlwsp 
<1i Irprpn~'('S in enVil'OlUIll'nt. com pn I'i"ons should Il<' IllatJp only bl't \\'('('11 

I!I'OUpS of cows (l,t the same ::;talion . 

• 

. \t each stnt ion a, group of ('ows fl'd rougllagl' only was balan('ed 
with l'csl)(>('t to body weight. alld basil' p!'oriut'illg ability al!aillst a 
group fed 1: 6, and thp data JI'om (hI' t \YO stat ions were combilll'(l. 
TIll' combillPd roughage group produced 5,M2 pounds of 4-percent 
fnt-('ol'\'('ctpd milk and the 1: 6 group 7,684 pounds. The roughage 
group atl' 11l01'(? hay (ii17 pounds) and more silage (852 pounds) bllt 
I'N·(·in~tl no grain at all; while the group fed 1:6 cOllsumecl1,369 
pou lids of grain per cow. 'I'll(' hay fed to both groups avC!rag-pd 
C ~, No.1, and t-he silage was made frolll well-eared COl'll. TIl(' 
qllnntity of digt'stible nutrients consumed by each group '\'as 10 
IH'I'{'Pl\t a hove the Hnpck('l' SUIIHln 1'(1 for mainf'(?lHlIH'P and milk 
('olll\)ill('<I, Hesults of this part of tlw study HI'(' sho\\,11 in tab]£' 26. 

'1'.\IlI.~: :!Ii. "'Ollfl""/II' !'I"'W,~ !/J'(Iill {<'('dillll a/ //1(' I'o/e o{ 1 [)oll/Ill {fir each 6 
lWII/llis of ·i·lH'/'('/'n/ lIIilk a/ (///. ,110/'/1101/(/ til/if 801//1i lIal, o/tl ,~/(1Ii()I1,~ 1 

·· 1 15 ('O\\'5 (~d •. 
I~ rows Crd grnin lit till' 
rOUAhngt' rnr,(I of 1 

Ilinn(' pound for ~I\l'il
I tl pounds of 

milk 

1 Po UwI:! POllllli$A \,rrngr'II\'t, \\'l'h:ht .. . •• I,Oi, . t. tS9Bflsi\, I)rnth)l'hl~ nhility, 'I'p,'rrt'nl, fat·mrrrl'It't1 milk I. l~" 7.202PrnrllH'lion, ,1'p('rl'Nlt fn(·rorn'l'll'd milk Ii,ono i,5S2Ortllfl GlHwrti(int LOtnl diW'sl ihlll llutrif'ulsl I, :lIiUJ~lra1(n hny·-V. S. Rrltd(,l. hi~h No.2 6, aSI ii,SfH( nrn ~lIng('.. .. •.. '. . . 12,91!i 12,OIi:!'I'otlll hny NIUil'III,,"t consllIul'd ..•.. 

Y['lIrlr iutllk!' (tolnl dig!'"1 illll' nutri('nt~) 
 II, ~~1~ 10, 7tH 

5. ,,\, 6,5011lIllY ('quivnh'nt pl'r dny (or ['Iwh tOil "IIlllIti' lin' w('I!:hl 	 2.~i

• 	
2,40 



80 TECHt,ICAL BULLETL." 815, U. S. DEP1'. OF AGRlCUL'l'URID 

The roug-hng!.' gronp prodllc!.'c1 80.4 pcrC'!.'nt as much milk as did 
the group fed 1: 6, This rcsult is in 1'!.'Hsonauly close agl'!.'!.'ment "'ith 
oth('l' work by the Burl'au of Dairy Industry at HlIl1tlt'Y, Mont. (8), 
wht're til!.' ronghag-l' ration produc('(l H2 pcr('('nt as Jl1u('h milk as thc 
1: 6 rate of g-min feeding-. It also clw<.'ks wen with resnlts obtained 
by ~h(,l'w()od and D('an (73), but not so well with those of Headley 
(.-J) _ Th(' CO\\-S in H('adley's ('xpprinH'llt peri'ol'llied l'l'la( i n'ly better 
011 a ration of alfalfa hay alone. 

III ol'(ll'I' to coY('r tIll' full range of gmin f('e<ling- it: was then 11('C­

('ssnry to {,OlllhiIH' th(' inpllt-outpnt informution obtn inl'<l frolll the 
('ompal'ison of thp two lowest leyeh; of ft'c<\ing, tlw I'ollg-hag-t'-only 
h'wl alld thl' 1: 6 ]pvel with til(' genpral illpllt-outPllt relatiolll:ihip 
nSl'Pl'tnill('d fL'olll thl' six difl'l'l'Pllt levels of fpl'(ling- at uilll' stations. 

The u\'PI'ap:ps showing feed inputs at in(('l'IlIl'dia('e Ipn'ls \\,pr(' bia!;(,d 
to 801ll!' dep:I'('(' l)('('n liSt' t II(' stations (,011<ll1('t i11 g seri('!' T pXjll'l'i nH'l1ts 
did not f('('d us l11uch l'ollghap:t' as thp eOWl:i wOlild ('onSUl1ll'. It 'was 
thoup:ht thn! this hins could bps! Iw !'lilllina(pd hy assllminp: a straig-ht­
line t['('I}(l in (he ('hallgp in l'ah' of l'ollghugl' consulllption fl'Olll t1H' 
100Y('st to t1H' hight'st lpvt·' of fppding. For SOIll!' of til(' int('I'I11Pt\iatp 
p:l'Oup~ t hI' a"P 1':1 gt' t'ol\sllmption 11I'l'i\'l'd at by tlw application of this 
tr(,lId ('()IT\'~pOl1(ls ('losl'ly with thl' cOllsumption netually found in 
tlll·l'Xj)(,I'illH'lItS. Colullln:~ in tnbl(' '27 ~hows tIl(> fig-lIl'('!; for rong-huge 
{'()n~ulllpli()n tll'l'i,'pd nt by tIl(' outiilH'tl nwthod. and by tnkinp:illto 
a('('Ollllt tIl(' rnet (hat tIll' hody wt'igh! of tlH' ('myS in(,I'Ptlspd from till' 
lowest to t Iw h ip:lwst fp<l p:I'OUpS and thnt hll'g-e cows COIl!'UIlIPd mOl'e 
l'Oup:hap:l' tha II Hila II cows. 

TABU, '!.7,-,,-NlIlooll/('C/ clalll [/'(Jill Ii {('('dill!/ Icrc'I,~ lit !! stlltiolls 11111/ 2 f("('c/iIl!1 I('I'I'I,~ 
III ,! .~llIliulI,~, [JI'I'[W/'I (/ {o/' Iii,. [Jllr[J(},~(' uf (',~lillllllill!l Iii" lIIo,~1 [lr()fi/able rate 
Cli wit kit 1(/ fcn/ {II'C! iii 

l!(Iu~hu~(' :II ilk : j·:'-!.tinH1U'd
t·XI'J'(·~:-t'd 'rntnl (Jruln .-\,Iju,[(',j produredquantHi('s

1.('\'01 01 fI'('II"," Os hn)" lin)" llrain [",I (owllli- [ll'rl~)I111dLhp : o[ milk 
(rnUl 1t1\\t'" til l'ftuivah'lIl Pqlli"!ll .. [lid in c1urillJ! g('sllhh' of J!rniu \\dvlll lh('~l' fl'Ptlshil!h,·q '''1'11111 It'nl [I'd a ),'I'ur ltu'("IIIIII nutri.. rl't! dnr­wlllild

1101I1JIl~ in n yt'ar Ilt'riod pnt~ iIl~ ltwill­protlUt""ltVI! wpicht linn 

pr.. lmbf I'mwc/ft POJw.i,'( J'j)tIfltl~1( })OIJ1H/,'f !'oilm{s Pounds l'Qlilldlf 
I 1,11"11 2 \1 II, :I:lh (I II ~.1~~ Jj.·1:'~ 
2 J. II~HI :!- ,~ 11,111" 4;.(\ ·12(1 ,I, .~, Ii 'i,O:!(1 In. -;
:1 I. lIWI '2.7 w,;:a UOII ~IO r..1i·12 7, ;i17 s,U 
I I,llll 2 Ii 10.1-17 1.:1;.1\ 1.11itl 5, !l0l i, uri 11.3 
~ " :1171.12(1 2 !i tn.!:I" 1,~110 I,INI li,l;t,t [I. tl 
Ii 1.1:111 21 ~J. "'17 2. !![~I 2. IIKI n"lun s~ f;:{~1 ,I.! 

I. 1111 :? a u. HI!! 2.7U(l 2,.1'20 n,fi;\'" ."", !11,~ ~1. ;, 

I. J;~I 2 !! ~'. 1;I~i :1,1'" ~.tJlII Ii, '-11;'\\ V. l;;t~ 1. I " 1.1liU 2 I -, 'I~ :i,IIOO, ;t.:HiO 7.UHl !J. :It;f~ 2. ~" 
III 1.1;" 2.11 '. ,171 ,1.1\;'0 j~ !~1I7 2.:1:t~ 7'-..11 H. ;'i;dl 

II 1,1"" I !J S.l\!; I, c,tllI ,I,2m '.:HI H. 'i'O.... 'J. ~ 

l~ 1.1'1(' I s ':.7.• 1 ,II ~ I;>11 '1. ti!10 j. j'J:{ H. "\Ii 2.1 
1:1 I. '~IKI l.i j.:{~!"i !i. 411(1 (~. tHO j, !J(l.~. !J. ~J'j I 2.0 

(Jmin f(,l'diltrr iIH'I'l'a:-;pt/ fl'Olll 110 O'I'aill at all nt 111(' I()\\"('~t jpyel to 
;).,IO() POlllld" P~I' ('OW IH'I.' ,\'(\HI' at I~(' higllPsl \('\'('\. .\ straight-lill(' 
(1'\,11<1 was II 1st) II jlplil'd to find (ill' gm ill l'OllSllIlljll iOIl 1'01' tIl(' iJltel'llle­
dinl(' g'I'OlljlS, thl'l'Pby sllloothinp: tIl(' an~l'np:('s showing grain ('011-

HlIlllptioll rl'Ollt gl'lllljl to p:roup_ 
Chnllgps ill (otal r(,l'd I'ollstllliptillil {'I'O)l1 tilt' \o\\,p:4 (0 thl' hip:1H'st 

• 

( 

• 

, 


\t','pl \\"('1'(' 1l1'I'i n·d at lJy adtlilw 1'Oll"b:l"'(, COI1StUIII)tioll and "Tain . ,., n l:'" ~ r. 
('OIlSIIIll pt lOll. 

• 
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INPL"l'-OUTPLT1' RELATlOXt:HIPS Ix }'IlLK PHODUCTION 

Tht' )'t'~\I\t illg- figlll'P~ for total {pcd cOTli'umption were then c1ll'cked 
against till' a\'(,l'agl' input-outPllt l't'lat iOllShip al'l'i\'l'd at by till' 
a 11:1 Iy~i~ of a Ii l'el'o!'(ls ('Ins~ifil'd into six d itr(>l'ent lPn'ls of feeding 
I titbit' ~i, fig, :W), This ei1PC'k against 111(' expl'rilllelltal data. showed 
that at till' higlwst 1('\'('18 of fep<iing t here was a considerable dpgree 
(If conformity, But at inh'rllH'diatc>. and ('sIWl'ially at 1(HWl' lPn'ls. 
Hll(lOt ht'd a \'pragps ind it'a ted In I'gPl' fped inputs than wen' aetually 
foulld in till' t'xpPI'illIPlltS, It was thought that this <lisCI'('IHUI('Y 
probably a)'ose be(':ll1sP tIll' rat.ions al'l'in'd at by assllming pP!'fpl'tly 
I'('glrla)' citangl's fl'OBl 0I11' f(,pdillg k\,t'l to anotlll'r conhlilH'd sOIlI('wlult 
IlW),P I'ollg'hagp alld Iphs gl'aill than till' aYPl'agp I'alion l':ltl'1l by SOlI1(' 

of 11)(> g.'ottps in thl' ('xpl'l'illll'nts, It is a w('II-I'('l'ognizp<! p)'inciple 
thnt if l'ollghag(' ('OIlSlllllptioli i" il1('I'('as<><I gl'l'atly. tl](' Pl'Odllf'tin' 
nilllP of tltp nut l'it'llts ill rOllg"'1.:· is I'(·tlll(,pd to S(JIll(' t'Xtt'llt. a1­
t!tollg-h tllPl'(' is hal'dl,r all." {,XPl'I'llIlt'lItal datu ",hic,1t won](l iJl(li('ut(' 
ho", l.!:I'l'H( tltis I'l'dlletioll sholiid bl', 

1(it lll' asslIlIll'd that tilt' l'('dudiol1 ,\'mild (':II1S(' tlJ(> pl'()(ludi\'e 
\':i1I1l' or till' Itay <'qlli\'alellt to d{'('I'('HSl' 1'1'0111 ;j~ )lpn'pnl \\']\('11 only 
17 pOUIIlI,. 1ll'I' ('O\\' P<'I' day is pal!'11 at tllP high!'si I{'\'pl of fl'l'dillg to 
-l,i Pl'I'c'pnt \\'i11'11 :W ]101111<1,; of hay al'p ('()""1 IIIl('cI IH'I' ('0'" IlPl' day at 
til(' IO\\,l'"t 11'\'(,1 of fl'pdillg' (tabll' 2i), and tIl(' IIl1tr'iPllts of tIll' ('0111­

p"t('d l';ltiollh al'p l'('dll<'C,d hO as to 1'('II('d titis ('hallgC'. tlwll tlIP ('Olll­

plI h'd II \'PI'ag-t's ('0 I'I'(':'POI II I l'losl'iy to tll(\ f('!'d iII puts adllnII." fOlllld 
ill tIl(' input-olltput l'X]lpl'i II 11'11 ts, Th(,I'pl'ol'(,. till' SlllOotitptl tln'l'­
:ll.!:i''; "ho\\'illg- f('pd illPllts \\'('1'(, :l!ljll:-.tl'd Sf) :IS to bl'ing thl'1l\ ill line 
witlt titt' I'P,,"lt~ of till' illjJlltolltPllt ('x 1>(' I'i 1111'11 ts, 

~ !O,\:lX,' 

a '" z 
:: 
.J. '" 

.. 
t, 
~ 

~ 
~ 7'.1,'1:1 

><: /"
j-1. .. ,',HA ,f II J"I( ,, i,G,OOt' 

~6,O~O L 6,sbo 7)OJ· 7,500 B,OOO 
TOTAL DIGESTIBLE NUTRIENTS (POUNDS I 

BAF. -'1''39 
FIGURE 20. CHART. BA~r:D ON THE SM001HED DATA OF EXPERIMENT SERIES I 

AND II COMBINED ANt) ROUGHAGE ALONE OF SCRIES II. NONPASTURE STATIONS 
(TASkF 27', AI" I ER ADJlJSTMC'lr OF SERIIo;S II DATA FOR DIFFERENCE IN BASIC 
PRODllCING ASILI T Y OF rHE COWS. 

I:.! II 
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ApPLICATIOX OF H.ESULTS TO PHACTICAL DAIRY FEEOIXG •The smoothed an:!l'ages arl'iycc1 at in the wa y desC'l'ibed for 'feed 
inputs in terms of gntill and hay equimlent and inilk output in terms 
of 4-p(>rcent fut-corrected milk, were used as the basis for making a 
general feeding chart ·which ...vould show the most profitable lewl of 
ff'(~(ling under conditions of varying prices TO!' roughag(', grain. and 
IIIille 

Along the 11Orizontal :lxis :11'("' plotted wille-ning mtios of tl\l' price­
of roughage- (hay l'q u i ntient) to till' priel' of III ilk and a long tlH' 
n'l'tical axis arc wit1ening ratios of grain PI']Ce-S to lllilk pl'it'(>"', 
"1H'1l the-se- ~.W() rntios are COl1lput(,([ from Im'al prices the most pI'ofil­
abIP rate of feeding grain can be- locat('(l on the chnrt. The intel'­
:-l'etion of! n. y('dical lim' through the prcntlling roughage-milk price 
ratio and a horizontal linl' through tIll' grain-milk price- ratio will 
locate It point on the chart. The cune passing throngh or nearest to 
this poi n t "'i II inc1 icah' t he- most pl'Ofitabh' le\'p I of gra i n f('etl ing, 

Till' returns over ('ost of f(\('(1 wen' ealeulntN1 for various gmin-milk 
:tlld hay-milk price ratios at eaeh 1e\'el of fel'din~ shown in table 27. 
Then the ratio of g-min to milk that sho\\'e-d the greatest returns 0\'('1' 

co,.;t of feed was plotted in figure 21. 
In using- this table it should h(' borne in mi.nd that the- tahle has 

bepn based UpO·.l tllt' eXlwrimental e-vide-nce obtailll'cl from herds that 
w('r(' ft'd roughag(' fre?ly and. in addition, 1'e-('('i\'('d grain at certain 
rates in proportion to milk produetion. It is trne that fom of tIl(' 
herds were. adually fed ac('onling to the feeding standard and that 
this nwthod of feeding l'l'quiI'Pc1 son1(' restrietioll of rOllghage fe{'<ling 
dUl'ill~ ee1'tain parts of the laetation period. But re('o1'(1s obtained 
in this \vay were adjusted ",ll('n the ('ombined input-output cun'p 
;-.ho\\,11 in figure 20 was prepared to se-rn> as a basis for the ehart 
presented in fig-nre 21. so as to bring 1111 records to a uniform basis 
which would correspond to the feeding llH'thod Ilsl'(l in ;;erie-;; n 
expprill1l'nts where roughage was 1'('(1 fn'ply. 

The l'Oughage used in the l'xpel'iments was of ~ood quality 1mt it was 
not any bE'tter than the- qllnlity fonnd on mallY dniry farllls. ~ro;;t of 
the hay used was alfalfa hay which graded U. S. No.:2. The silnge, 
mostly corn silage, was of a,yernge qlUllity or slightly better. 

l'rotllletivity of the cows at most of tlH' sIal iOllS ('orrpspontl;; to •that of cows found in the 11e1'(ls of farmers who belong to dalry-herd­
imj>l'Oypl11l'llt a;;;;o('iations, .A few ;;\atio11s had eOW8 of eV('1l hi!!her 
produd iyity. . 

Thu:;, ill gellPl'al. til(' ('xIH'l'inIPlltal ('on(litions e01Tespond to C011­

ditiolls Oil fal'ms wh('I'P tlwl'l' :11'(' good ('OWS. wilen' the roughage is of • 
awragl' quality or slightly lwttl'l' and is fe-<1 fn\l'ly. :lilt! wh(\1'e grain 
j;; feel at certain rates in proportion to milk protludion, fOI' eX:lmple. 
1::3 or 1: 4, etc. It mu;;t b(' atlde(l that tIll' tauk assumes that tIl(' 
:-tl111e· rate of grain feeding is maintained throughout th(' lactation 
p('rind, that is, that the ('ows 111'(' not feel 1: 2 during tIl(' early part 
and 1: 3 during the lat(' part of the Ineiation Iwrioc1 but at one !'lItl' 

or the other throu~hollt tll(' whole la(,:ltion period. 
In order to us(' the table to find out ",hut tIll' most profitable lewl 

of fp(·ding will be for 11 partieular herd, it is nel'('Hsary to know 
till' lotal l)l'it'ps of milk, grain, and roughage. The local farm price 
for gL'llin dh'ic1ed by the milk price obtained giyes the grain-milk 

• 
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• GRAIN-MILK 
PRICE RATIO A 

1.4 

1.3 IT
1.2 	 i I 

1.1 

1.0 

0.9 

0.8 

• 0.7 

0.6 

0.5 

• cows FED I POUND OF DRAIH TO EVERY ~ POUNDS OF MILK DURING THE LAtTA Tl0H PER/ODARE SAID 
TO BE. FED AT THE LEVEL OF 1:2: BTC. 

A PRICE OF 100 POUNDS OF GRAtH DIVIDED BY PRICE OF 100 POUNDS OF 4·PERCENT FAT· CORRECTED MILK. 
t PRICE OF , TON OF HA Y OR HA Y EQUIVALENT DIV/DBD BY PRICE OF 100 POUNDS OF 4-PERCENT 

FAT-CORRI!DTED MILK. 

BAE 39617 
FIGURE 21. 	 CHART SHOWING THE MOST PROFITABLE LEVEL OF GRAIN FEEDING. 

WHEN COWS HAVE FREE ACCESS TO GOOD ROUGHAGE. 

• 
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price mtioo A good approximation to the ratio between the price 
of roughage and the price of milk may be obtained by dividing the 
local price per ton of hny by the local milk priceo • 

All the prices used in these computations ;;l1ould be prices at the 
fmomo The price of pnrclulsl'd grain should be the price for grain 
delivered at the farmo If the flnom uses mostly home-grown grain, 
the price should not be the price obtained at the local elevator, but 
the slightly lower price at the farm, taking into consi(}pratiol1 t]w 
fact that feed grain used on the :farm often is of a sl ightly lower 
quality than grain prepan'd for sale and that it costs I;ometh illg to 
transport the gra.in from the farm to tL loeal market. 

It may be a difficult thing to estimate accllrately the h'ue valne of 
the supplies of roughageo It may be assumed that Illltrients in silage 
cost the same as llUtrients in hay /Jut in mallY al"t'HS e,O('11 hay is bought 
and sold so rarely that it is c1ifIicult to estillHtte what is really the true 
yalue of a tOIl o:f hay on tlw fanDo Howevel", ill reality it makes very 
little c1ifi'en'l1ce whether the price of hay is estimated at'curatel~ro 
E,'ell if very lar<re enol'S are made in estimating the price of hay, tll(' 
feeding level imlicated by the table will not be changed very mucho 

\"itll respect to the priC'P of gntin, it is a different mattero AllY 
change in tIlt' g'L"ain l)l"ice is I"l'flected fully in the fpeding level indi­
cated by the tnblpo 

The l)l"ice of milk to be llsed also is the farm price, or what might 
perhaps bettl'l' be called the bam-door Inoiceo In other words, not 
only the cost, of transporting the milk from the farm to a local dairy 
plant, but also the cost of cooling the milk proyiding callS for trans­
port of the milk, tlnd, if ('ream is sold, of sep~uoati\1g mllst 1w dedi1cted 
from the milk price to obtain the bam-door priceo On tilt' other ham!. 
jf butterfat is sold the value of the skim milk fol' ust' 011 till' farl11 
shoul<l be added to the Y:lhl(, oJ the butterfat soldo 

\YI1('11 the actual fal"l11 ploiees have been c1ete1'l11inpd as act'llnltehoas 
possible, it only remaills to cOlllPute the grain-milk price ratio by 
dividillg the grain price hy the milk price and the hay-milk ploice ratio 
by dividing the hay price by the milk price IWcl locate 011 the chart 
the nearest heavy line that indicates thl:' most profitable f('eding level 
lIndp!" t-he prevailing price conditionso ' 

If the chart were to be lIs('d in the most accurate manner the per­
eentage of :fut o:f the milk should also be taken into accollnto:n Actu­
ally, the error involved in omitting these computations is so small that 
it may be disl"<:'gardl'Cl. The chart mny, therefore, be uSl'd as if it 
appli('d not only to the prodlletioll of 4-percent fat-corrected milk 
but to milk of other fat percentages as "well. 

All importn Ilt limitation in tl1(' uSP of figure 21 to find tlip most 
profitable levl:'l of grain feedillg RhOltld be pointed Ollt. This fignre 

31 'l'he prle(, of 100 pouwis of ololw/O('el1t" flll"-eluOI'ecl.N1 Il1il1, Hhnuld bp COlllllul",'<1 hy llIulti­
Jll~'lnl( til<' pricto or I he file pcr(Opntllgo apl uIIIl~' pro(\I1('{'(l h~o n fll('(or, ('oll\°C'rtil1l( ft to till' 
('Ol-rC'spollllilll( ploie!' for -Ioparcellt: flltoco/"opctM milko 'l'hiH wire per 100 nOlllHiH of 40 pprcent
fllt-correctt'd mill, Hhould Ihen 1J<\ uHed ill cOlllpl1tilll( Ill<' glo"inomill, IlI'ice rntio and the 
:/Ily-mill, price rntio, ~'h<' I"('('(lillg l'hart then Illdklltc" Whllt rllt"e of f('('rIil1g iH the most 
l'conoJl1icnl when 4-]lI!locent ffltocol'l°ecl:ed mill< is prOdlll'(,(1. In Olod,,!" to find out what rat" 
01' f(,<-'Iling Is most economical for It certain h('rd "'hieh pel"hapH ]lI'Odlll'l'S milk with olll~' 
305 percent: fllt, til<' ratio which itHlI(,lltcR thl' rl1l(' of r('('<1ing ~h"llh1 al(nin h" eorrertp<l
by Ilpplylnl( th(' sunil' (Oon\"(,l"Rioll fll,otOlo aH h('forpo III l'hiH way annlhl'l' nnd dilT('/opnt rnte 
of (c('<lIt'1( IH u(,(pl"mln('<1 wldeh, unller pn'\"niling price conditiuns, applies to the herus 
which [ll"oduco milk of :J,u l1crceut fnto 
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INPUT-OUTPU'l' RElLA'l'lONSHIPS IN MILK PRODUC'l'ION 85 

. was' prepared on the basis of results obtained by liberal feecling of 
good roughage, in such quantities us the cows would ell.;. A large 
proportion of the cows in the United States are not feel roughage of 
as good quality nor as libera'!ly as were the cows in this investigation. 
In some areas the quantity of roughage fed is limited because of the 
high cost of roughage in relation (0 grain but shortcomings with re­
spect to quality of the roughage iH the main ren.'ion for the low con­
sumption of roughage by mOHt cows. It. iH a well-known fact that the 
palatability of pOOl' roughage is less than that of good roughage. 
COllsequPlllly, cows will eat smaller qualltitips of the poor roughage. 

Table 28 has bren prepared to show the most profitable level of 
g:·;tin feetiing wlll'n a lirnih'd amOllllt of good roughage is :fed. 

This table is based 011 series r exppriments which are summarized 
in table a (p. 24) and figlll'l' 8 (p. 23). The com.; were ft'd approxi­
mately J.85 pOllnds of hay 01' its t'<llliYalt'nt daily fOI' each 100 pounds of 
lin'. weight except at the lliglwst level offN'ding. In theseclllculations 
the hay equivalt'llt was Iwld constant al: 1.85 pounds per 100 pounds 
of live weight and the dig('stible JIlltJ'i('nts 1'('d above these amounts 
w('re cOllwrted to a gl'ain-pqllivalent basis by dividing by 0.75. Thus, 
ill lIsing table 28, the ratio IJPtwe('.11 tilt' price of grain aud the price of 
milk sll(nni appJ'oximat"ely how many pounds of milk it takes to pay 
fOi' 100 pounds of gmin under the condit ionH specified. 

1.'AllLE 2J:).-J)a/u for tlel('/'Illillillfl 111(' w()sl profilOli/c /e"l'e/ ()f f('c!lillg (chen a 
lill/iter! (/11/.011111 Of flood-I[II(1lity rOllflhll!I(' 111 fed' 

---------------------- ----- 1---------­

InCrt'mpntal
In t,'rms of OlltPIII (mldi-

IIneckef lionllimilk 
Hllrio of grnln or grnin c(luiml,'nP fed Lo milk produced slanclurd produced when 

(~.,"'usive Iln ",ldiLionnl
ofmuin· 100 P(II11Hls of 
tNlIlllce) grnin or grain 

C'IlIivlllcnt' is f,'d) 
- -.~.~J- ----~-

U~;::::::"-:_ ___ ____________ ._.____ - :::::::::: pcrecn~~ I lW. . Pounds 

U~;==:=_-_-.____-_~~ __________ _::::::: ::::::::_::::_::::::~_::::::=::= 18~ l~~ 
l;L_~_--===_~~__-- "' _ ___.:.~~:--:..--- .-- ---------------__ 128 i 55 

1'!'Iw hu\' WitH nll'alfa Hud g"l'lulefl :tbollt U. S. No.2. 
"UigN:tible nUil'il'lIls (Iiviul'cI by O.iil nfl"" Itllowing for the ("',ling- of 1.85 pounds of 

bllY or its CI]uil'llll'llt for "Itch 100 pnun<Js of live weight. 

Nrxt. in tablE' ~8, in the column calkd "Incremental OU(put," that 
figlll'e \\"hich is nearest to the grain-milk prict' ratio is located. For 
t'xample, if the gl'ain-milk price ratio is 0.90, whieh means that 90 
pounds of milk is su/ficipnt to pay :fOI' 100 pounds of grain. then the 
incremental value in table 28 which is nearest to this figlll'e is 87. The 
tablt' shows that this ,'ate ofincl'C'I11('nial output is ['eaehed ",1I<.'n grain 
is ft'd at the ratE' of 1 : 21h. 'I'hiH rate thE'1I is the limit to which grain 
-ft'P<1ing ean 1)(' eHlTird without loss \\"11('11 prices al'e such that 87 pounds 
o:f milk ",.ill pay for 100 pounds of grain. 
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SUMMAHY 

METI-IOD S 

A total of 346 individual cows were used over a period of 3 years 
to obtain 469 yeady records of production and fecd. 

Daily records were kl'pt of feed and prodnetion; bimonthly records 
of body weight; also re(,ords on quality of feeds~ on breeding, and 
on calving aud hettlth. • 

At each station, groups wpre balanced as nearly as possible with 
reference to age, body weight, breed as well as the quantity of 
production that might be expected during the experiment (bask 
produeillg ability). . 

Expectpd prodllction was tll'l'iYl'd at from past performance and 
by the applieation of Dairy Herd Improvpment Association factors 
for nge, length of lactation period, !lnd times a day milked. The 
expected production for all cows a vl'l':lged about :350 pounds of 
butterfat. 

At four of the stations, the level of feeding was based on the Haecker 
standard; at the other six, on the ratio of grain to milk during 
la('ration. 

At seyen stations, these groups of cows were fed at six or more levels; 
at two stations, five levels; and at one station, two levels. The results 
from this last station wpre analyzed separately. 

HESULTS AND ApPLICATIONS 

On tIl(> basis of input-output experinwnts, it was determined 
to ",hat llegree milk output can be raised by more intensive 
feeding. It was found that in the herds used for experiments, 15 to 20 
percent more milk was obtained from the cows at high levels of feeding 
than from ('ows fpd nt standard, and 45 pereent more than from cows 
fed atiO-SO percent of standard. 

The law of diminishillg' physica.l outpnt applies to milk produetion. 
There was a consistent stepping up of production with every increase 
in grain al]ownnce, but the additional milk produced for each additional 
lIIl1t of f('ed decreased. The average response is represented by a curve 
instead of a straight line. (See fig. 1.) 

The response to increased fpt'dwas less at the high levels than at 
the low levels-O.6 pound of 4-percent fat-corrected milk for each 
additional pouncl of digestible nutrients at the highest level and 1.7 
pounds at the lowest level. 

At normal feecling h'vels the additional output for an additional 
unit of fe(~d was l11ueh smaller than tIl(' a\'erage output pel' unit 
of feed consumed above maintenance. On an average, cows re­
turned about 3 pounds of milk per pound of digestible nutrients con­
sumed above maintenanee; but for each tulditiona1 pound of total 
digestible nutrient a.dded to a normal ration, an increase of only about 
1.0-1.5 pounds of 4-percl'nt milk was ob/-uinec1. At low feeding levels 
this additional retu1'l1 was greater. At higher feeding levels it 
was even smaller. 

At two stations a group of cows feel roughage alone produced SO 
percent fiS much as a compnruLle group fed grain at the rate of 1 pound 
for each 6 pounds of milk in addition to all the roughage they would 
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INPUT-OUTPUT RELATIO~SilIPS IX l\llLK PRODUCTION" 

If cows are fed all the good roughage they wm eat, the average 
decrease in hay consumpl ion for each lOO pounds increase in gralll 
appears to lie somewhet'e between 50 and 70 pounds, 

Cows fed at the Haeeket, standard tor the whole year h1 some cases 
became thin in flesh and failed to produce slltisfactorily, It was 
especially evident that the cows were too thin at calving time, 

n co'\'s at all times had all the good roughage they wanted so that 
they were ill a good state of flesh at calying time, they produced well 
if fed grain enough dUl'ing the lactatioll period to bring the intake 
of nutl'ients up to tile Haeeker standard, , .. 

It is llot possible by increas('d f('('(ling to stimulate the milk produc­
tion of ('ows of low inIlCl't'nt pl'odutliyity as much as the production 
of cows of high inhel'('nt productivity. But it was found that at the 
;\ame pt'l'centag('s of the standard production l'equirenwnts, the low 
and high pl'odu('ing cows gaw about the SaJ1lt' additional amounts of 
milk fOl' 1 additional pound ot feed. 

1Yith an increase in fl'edillg level, cows reached a higher peak of 
Pl'o(!U('tiOll and mHint:tined consistently higher prodnetion during 
lilt' laetation period, The entire lactation curve was raised to a higher 
level. 

'1'hel'(' was a faidy consistent increase in body weight as the feeding 
level inc'l'eased, 1'11(' clifFel'rnce in weight between cows fed at the 
lowl's! anrI higlwst Ipvels was over 100 pounds. Careful grading for 
('ondition at sOI11('\\'hat regular intt'ITal" also showed a consistent 
i111])I'OVl'111r111" with inc'l'pasillg amounts of tPl'c1. 

Feeding at clifferent levels had no influence on th0 fat percentage 
of the mille 

There was 110 significant d iff(,l't'nee b('tween heavy anc1l1ght fed cows 
with l'espeei" to servic('s required for conC'eption, number of abortions, 
and suscpptibility to ailmpnts 01' c1ist'ases that necessitated their re­
moval from til(' ('xperinwnt except that thp incic1(,llce of "off-feed" was 
greater at the higher 1(,\"p1s, 

The input-outpul rt'lationships dptermin('d~ if applied on a national 
s(,ale, show that large additional quantities of fpecl grains can be 
('OII\'('l't('(1 into milk with only n small loss in pfficiency, 

1Vhen the input-output relationships are known, it can b(' determined 
how much ('xtTa f('p(\ it will tak(' to bring about a certain expansion in 
milk output from the same number of cows by more intensive feeding. 
B~' ilpplying local pl'i('cs to teed inputs and milk output, it can be de­
termint'd to what ('xtent it pays-or clo('s IIat- pay-to expanll produc­
tion und('J' pl'cYai ling pl'ice c()nd itions, Likl'wise, it can be learned 
what priee l'l'lationships must prevail to permit farmers to bring about 
till' adjustnwnt in production which is wanted. 

'I'll(' most pl'ofitabl(' 11'"el of feeding is not fixed, It I'ang(,s all the 
way ft'om no grain at all to more than 5,000 pounds of concentrates 
pel: yenl' fo\' cows capablp of high pl'oduction, d('pending upon prices 
of f('Pcl and milk. This means that the feeding stu1Hlards may be 
profitably eX(,(,Nle«1 whpn the relationship bebYeen prices of feed and 
milk is faYOl'able. 

A chal't and a table are prpsented which will facilitate tlw determina­
tion of the most profitable level of feeding when prices of grain, hay, 
anclmilk are known. 
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