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INTRODUCTION

Inputs are the factors used in production. They are niso called the
fuctors of production. They may be men with all the different
degrees of skill; they may be buildings, machines, raw materials gand
supplies, land or livestock. Output is the result of the productive
processes.

Farm production nsnally consists in bringing the factors together
so that the physical processes of nalure eaw bring about the things

‘Che work ropresented by this publication wus supporiod
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needed. For example, wheat kernels placed in a properly prepared
szedbed in & normal season will develop into a wheat crop; dairy
cows properly housed. fed, and cared for will I‘Jroduce millc; beef
cattle nnd hogs will produce beef and pork. These physical pro-
cesses are the fundamental processes. The people of the world arve
fed and clothed with things, not with money.

But as modern economic life is organized on a specinlized and
commercialized basis, theve is also a maonetary side to all production
amd it is the deciding force. The material elemenis used are owned
by someone. Before production can begin, the input elements must
be hought or their services must be hived.

Most things are produced to be sold for money. To sell they
must be marketable. Ouly producers of marketable conunodities or
services can stay in business. Suvccess in production depends upon
the ability so to organize productive processes that the money
return—that is. the difference between the cash outlays for inputs
and the receipts for outputs—becomes the largest possible.

Inrur-Ourrur ReLATIONSHIPS 1N GENERAL

‘The production process mmy be organized in several ways. By
using more machinery, requirements for human Jubor may be
reduced. Tractor power my be substituted for horse power, wholl
ur in part. To a certain extent, grain and roughage muy be substi-
tuted for cach other in feeding livestock. The producer must select
from the many different alternatives that organization which pays
best.  What pays best at any given time depends upon the response

i physical output to the changes in the nroduaction process, and
upon the changing prices of the varions inputs and outputs. There-
fore, in actual production he is confrumted constantly with the
problem: How nuch does it pay to use! How many men or ma-
chines? How much fertilizer? How much feed?
Many everyd: IY problems of managemeat can be decided without
¢

research.  The development of 2 new mevhod of production often
represents not just a snmll step, but a greaf stride forward. Tor
example. in harvesting small grain, a grain binder—in itself a result
of much input-outpul engineering research—saves so much humun
labor that its use has paid exceedingly well. not only in the Americas
and in Australia, where the cost of labor is high. but nlso in north-
western Europe where wages of agricultural laborers are consider-
ably lower. The cost of gnarding against certain livestock diseases
constitutes so low an nsurance premyinm against serious losses that
its profitableness is never in doubt. Many technical innovations are
of similar nature. Careful observition and experience suffice to
show whether the new method will pay.

But numerous vitally important production problems on farms
as well as in Factories cannot be solved by ordinary observation and
experience.  Input-output research is requived. From the appeur-
ance of the stand of a crop of corn or cotton it is not possible to know
whether with normal prices it would pay to use not only 200 pounds
of superphosphate per acre but even 400 pounds. A farmer moy
easily nse twice as much, or only half as much. as is profitable. He
may yeur after yesr spend money for fertilizer thnt does not pay its
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way; or, as is more often the case, he may miss the incrensed returny
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
degree, Tor example, should practices be changed when prices change
and certain factors become searce and expensive in relation to others?
Systematic experimentation is needed to obtain an answer to these
problems quickly, accurately, and at small cost.

Both technical and econcmic analyses are needed, but the technical
research must be of a special kind. It must furnish physical data
that will show how soon will be encountered and how serious will be
the effects of the law of diminishing returns. Thesa effects may show
up as a decline in output per man due to excessive overtime: or they
may show up in poorer utilization of feed at heavy feeding levels, or
in smaller increases in yields from additiona] units of fertilizer.

With such technical information, together with prices for cost
factors and produets, the most cconomical method of produetion under
varying circumstances can be learned and how far it pays to go as
conditions change. As a rule. it is fairly easy to obtain large crop
yields by the lavish use of fertilizers, but a fariner must ask: Does it
pay?  Input-outpur information will enable producers to select the
maost econoniie practices under chunging price conditions, end thus to
increase their net returns. :

‘The object of input-outptt research in farming then is to furnish
mare accurate and complete basic knowledpe of how vield per ncre.
production per animal. or quality of product, is affected by changes
in methads of production and rates of application of the innut elements
and to ascertain by economic analysis how the relationships affect
organization and adjustment of production.

Experience has shown that the kind of technical information needed
can best be provided if controlled experiments ave planned from the
begmning. by economists and technologists working together.

That was the way the pian for this present study of milk production
was worked out. The input-output experiments reported in this bul-
letin were undertaken jointly by the Burean of Agricultural Eco-
nomics and the Burean of Duiry Indnstry. They were designed ta
measure the response of dairy cows to o whole series of rates of feeding,
Knowing these responses. it ean he ascertained how the economic limit
will shift under changing conditions of price.

INpeT-0Ouriet RELATIONSHIPS 1IN MILK PROPUCTION

In milk production, feed secounts for about 40 (o 50 percent of all
the costs: Inbar amounts to about 30 percent: and use of buildings and
equipment. purchase of breeding stock, veterinary fees. and other costs
make up tie rest. It is natural, therefore, that input-osutput studies
m milk production shonld be concerned first with the relationship
between feed tmputs and milk ontput.

How can the mast important cost factor, the feed, hest be econo-
mized? How much docs it pay to change the established feeding prac-
Bices if the relationship hetween prices of feed and prices of milk
should be substuntially ultered? To answer these questions we must
know with sufficient accurncy what basic physical relationships are
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involved, that is, how dairy cows react to increases and decreases in
the level of feeding,

On this particular problem very few data were available when
work or this project began, and these datn were restricted mainly to
a comparison of production when nothing but roughage was fed with
production when roughage was supplemented by grain. 'The basic
data thevrefore had to be developed.

THE NATURAL PRODUGTION CYCLE

To learn how dairy cows reanct (0 increased feeding, a certain
period of time must be comsidered.  In milic prodeetion, as in other
types of biologieal production, the volume of production and the
requirements for imput elemenis go through certain characteristic
changes from time to time (fiz. 1). Milk production normally pro-
ceeds nceording to a typical curve, the lactation curve, which at first
rises sharply, reaches a maximunt in a few weels, and then falls off
grachlly to zevo in abont 10 months, when the cow s said to be
dry.  Preferably, the dry period should not last for more than about
8 weeks. The cow should then freshen agwin and repeat the pro-

100 43.4
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50 p—————-— FRESHENING \—\—-\

MILKE PRODUCTION PER DAY
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FIGURE 1. TYPICAL CHANGES |MN MILK PRODUCTION AMND FEER CONSUMPTION

THROUGH THE PROCUCTION CYCLE.

The graph shows 2 years' milk prodhinetion aod feed comsumption of o Holslein
cow on input-outpni experiment. The feed-consumption seale has bean so
arranged that the Haecker standnwd requirements Cor the milk production are
shown ou the feed-consumption seale; so whenever the feed-evnsumption line
is nhove the milk-production e it indicales {he cow has eaten more thow
standam] reguirements, These nreas are shiaded. Shwilarly, wheon the aren
between the liges is nol shded iU indieates the vow has eaten less than
slandard 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 esch lnetation period in-
creases until the cow is about 7 years old. Afier that it decreases,
Feed consumption rises and falls corresponding to milk production
althoigh not in exact proportion.

By cutting off suitable periods of time—sny one Inctation period or
1 year—and by totaling all the inputs and outpnts for the period, the
analysis can be greatty simplified. The problem then becomes one
of learning whether the whole lactation carve can be changed, whether
it can be pressed to higher levels. The aim is to ascertain how much
feed it takes to do that and whether additional increases create pro-
gressively smaller responses. The input-output experiments were
designed to measure these relationships,

Drrrerext Views Reaaunize ene Posstrinry or INCREASING
Proovucriow Tunoven More Intunsive FERM NG

The present mput-outpnt investigations have started ont with the
observation that in actnal practice the inleusity of feeding of dairy
cows varies considersbly from one dairy avea to another in this
country.  Among practical dairy farmers’it is u well-known fact that
heavy feeding of dairy cows will vesult in greater milk production
thun light feeding.

Dairy technologists also hold the view that milk production can
he increased by raising the level of feeding, But many believe that
for most economical production and for maintenance of the health
of the hord, cows should not regularly be fed much beyond the
standard level,  The majority would hold that dairy cows shonid
rarely, if ever, be fod substantinlly less than the requirements of the
aceepted feeding standards.

In the absence of experimental evidence. theve is naturally sone
diversity of opinion regnrding the effect on production of dropping
helow the stamdard and of raising the feeding level substantially
nbove the standard,  Some wonld probably hold that milk production
increases in proportion to increased feed until the level set by the
feeding standards is reached. and that bevond this point there is
only a shight further increase.  Other technologists, verhaps, would
be inclined to the view that the changes in milk production are not
only more gradual but also extend farther bevond the level of the
feeding standard. Graphieally, these two views are presented. in
figruzre 2.

It is of considerable practical importance whether the first or the
secondd poiut of view is the correet one.  If the principle of diminish-
ing returns® daes not apply to the range covered in practical dairy
feeding, it appears that 1t would pay to feed always at a rate that
would insure maximum production.  If prices were such that it was
profitable to feed grain, it would pay to feed nll the grain they would
tnke beeause if it were profitable to feed the frst unit of grain 1t would
be equally profitable to feed the second, the third. and ns many more
units as the animals would consume.

2he dimiedsbing rofuras coneopt referg to the geneval principte of diminishing physieal
outputs, I this cnse ounlfpat of wmilk.  The deerease i phivsienl return {ontput} por added
unit of input {intnke} gives rise to dlindntahing economle retorns,
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FIGURE 2.—Two CONCEPTS OF PRODUCTION RESFONSE TO INCREASED FEEDING.

According to this view, maximum production, presumably would
be reached by feeding according to an accepted stamdard.  Regurd-
less of changes in prices of milk and feeds, this practice then should
be adhered to us long as any profits remained in feeding for milk pro-
duction. If then a contraction of production were called for. jt
should be brought about by inereased culling of cows, not by feed-
ing at a lower rate per cows and an expansion of production should
be aceomplished by raising more dairy heifers. thus increasing the
size of the herd-—a slow method if in an cmergency an increase in
milk production were called for.

1f, on the other hapnd, the response of dairy cows in the form of
additional milk yield for each exten unit of feed declines as the
feeding lovel is raised step by step, it will be seen that the intensity
of fw»(‘l‘ing should change as prices change.  Although an extra unit
of feed added to a ration alrendy heavy may bring only a sinall in-
erease in milk yield, this increase may be more than encugh to pay
for the feeit if the price of milk is very high in relation to the
price of feed. But in periods of comparatively low milk prices and
n arvens where milk prices normally are low, the value of {he extra
vield would not suffice to pay for the extra feed.

PREVIOUS INVESTIGATIONS AND THEIR LIMITATIONS
Tt Stansrical. APPROACH

Several attempis have been made to establish sueh economieally
important relationships as those between feed npnts and mitk ont-
puts in order to use them for evonomic anulysis of the dairy enter-




INPUT-QUTPUT RELATIONSHIPS IN MILK PRODUCTION 7

prise. 8o fur the attempts mostly have taken the form of the well-
known “statisticn]” studies. Usually they have tried to establish
the relationship by statistical treatment of data obtained from farm.
survey records, dniry-herd improvement records, and supervised-
accounting records {2,7,10,14).2 In the farm-surveyed and cost-route
records only herd averages have been available and the findings must
be discounted to some extent hecause it was not possible to measure
differences in basic producing ability of the herds. In all three types
of records. data on feed inputs are likely to be inaccurate.

There lhave been some inconsistencies in the results of different
studies of this type. This has not been due to the methods employed
but to the difficulties of estimating with sufficient aceuracy how great
were the average feed inputs and other inputs per cow in the different
herds of varying average milk production. In some studies, the
differences in feed inputs and milk eutputs did not cover & sufficient
range to permit acenrate measurement of the relationships.

Nevertheless, these investigations have produced valuable infor-
mation in spite of the shortcomings (7, 6). In some cases, the results
have approximated fairly closely the results obtained in the present
study but the inconsistencies between the different stucies have not
been fully explained.

However, had it not been for the interest stimulated and the possi-
bilities incheated by these carly studies, the present investigations
would hardly have been undertaken. When some of the most im-
portant inpui-output relationships have been established by studies
combining experimental and statistical work, valuable additional
information to complete such production studies may be obtained
by more studies of the statistical type.

In the present investigation the experimental method has been em-
ployed in an endeavor to obtain more reliable original datat The
datnhave been- obtained by conducting experiments designed
specifically with regard to the problem at hand.

THE ExprrIMENTAL APPROACH

Technical research in milk production has been carried on for more
than half a contury. Most of the investigations have dealt with
such matters as: (1) The extent to which proteins, fats, carbo-
hydrates, and other constituents of feeds, conld be utilized by dairy
cows for conversion into milk; (2) how well difterent kinds of feeds
were suited for use as dairy feeds mensured by their influence on
praduction and quality of the milk and henlth of the cows; (38) de-
termination of the relative nutritive value of various feeds for milk
production; and {4} how much of the different kinds of feed con-
stitnents are needed for milk production and for the maintenance of
body weight. Bxperiments of this type have served as a basis for
computing feeding standards.

* Numberg In italies vofor to Llterature CHed, ? SN, A pumber of ather reporta nvallable
only a2 nppublished thesva have been mwade, neillzlng the same tochnique which waes fndi-
eated In the early Lulletln by 1L IL ‘Coiley, I, D, Rneck, and A, J. B Fuekicl, Input ny
IIt‘eIatmi ta Quiput in Parm Organization and Cost-of-Production Stmten. T S, 1. A, Bul

275, 194,

HIn restlty, the sxperimoental spetiiod ts also statistiesl.  The obzervatlons obtained
from the expechnoni mnst be sabfected to statistiond ahalyses In order to determine what
the dats imean und how relisble the results are,
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Although profit-and-loss statements have sometimes been included
in the reporis, only a few investigations have been designed
S{)eciﬁcally to learn the most economical quantity of feed to use, and
these investigations have been umcurno& mostly with ascertaining
the effect on production of feeding grain in addition to roughage
as compared with feeding roughage alone in the alfalfa-growing
regions of the West (4,3, 7.8, 11, 12).

The Bureau of Duiry Industry at its Huntley, Mont,, Field Station
(8) found that 82 percent as much milk was produced by cows fed
roughnge alone as by cows fed ronghage and a fimited amount of
gram. o returns over cost of foed at the actual prices prevailing
at the time the experiment was conducted the feeding of roughage
and a limited amount of grain (1 pound to 6 pounds of 3.5 percent
milk} proved a little more profitalie than the feeding of roughage
alone.

The Oregon Agricultural Experiment Station in work-at the
Tmatilla Field Station (72} found that cows when fed alfalfa hay
alone produced 79 percent as mueh milk as when fed aifalfi hay and
grain {4.6 pounds for each 1 pound of butterfat). A table is pre-
sented showing the prire above which butterfat must seil to muke
that rate of grain feeding pay at different sets of assigned prices for
the hay and grain. Whether it would pay better to feed more or
less grain was not determined.

The Nevadn Agriculturn] Experiment Station (8) over a period
of 8 years fod cows on alfalfa alone in comparison with alfalfa and
grain, The amount of grain averaged 1,745 pounds per cow per
year or at the approximate rate of I pound for each 54 pounds of
milk produced. The profitableness of grain feeding depended upon
the inherent productivity of the cows as well as upon the prices of
feed und product. High-producing cows responded to grain feeding
more than low-producing cows, : -

Cooperative work of the Burean of Dairy Industry and the Utah
Agricultural Experiment Station {4) in which cows were fed alfalfa
hay acd pastare in comparison with alfalfa hay, pasture, and barley
showed that the production on roughage nlone was 79 percent of that
on roughage and barley: 1818 pounds of barley fed at the rate of 1
pound to 6.1 pounds vt 3.1 percent milk snved 863 pounds of hay and
iedd to the produetion of 2048 pounds more milk.

The results of ~ome of these investigalions have been summarized
in a paper presented al the 1940 meeting of the American Soviety of
Animal Production ¢ 73) n which i is stated that “when milk testing
up to 4 percent is worth as much as an equal weight or more of grain,
it pays to feed grain in at least moderate amounts, say, 1 pound to
cach 5 or § pounds of milk.”

Although these investigations, perhaps, provide adequate data on
the effect of moderate grain Fvw}ing along with liberal feeding of
high-quulity alfalfa hay. they do not give enough information on
either the higher or the lower levels of gwram feeding which, under
certain price conditions, might be more profitable: nor have they
been conducted elsewhere than in the aifalfa-growing regions qf the
West.

The feeding-standuards investigations have been aimed at establish-
ing how much feed, on the average, it is desirable to give to cows
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of different sizes, yielding different guantities of milk, It was not
ascerfained how the average cow wounld react if the ration were
cut down below normal, nor how far production could be forced by
feeding far heavier than normul, nov to what extent the law of
diminishing returns would be met if the feeding level were increased
more and maore, These problems have remained unsolved.

There are reasons why, wfter some rough approximations were
made as to the average quantity normally vequired, these related
problems of an economic nature have "een neglected. The subject of
dairy feeding is very broad, extending into the felds of animal
phystology and nutrition, plant physiology, and agronomy. In it
are involved considerations of the conservation of crops, the con-
gtruction of dairy barns, and the organization of the work of feeding
and caring for the dniry herds,

The quantity of feed needed to maintain cows has been learned,
and the average requirements for milk production have been estab-
tished by numerons experiments with cows fed such quantities of
balanced rations uas would keep them at uniform body weight. Thus,
when all feed abuve maintenance was converted into milk, and none
inte increased body weight, technically the most efficient production
was obtained. It has been assumed that this rate of feeding would
alse be the most cconomical, as a rule. and feeding standarvds have
been worked out on the basis of these figures. Total milk production
has bLeen divided by total feed consumed above maintenance, and
thus the avernge requirements for feed input per unit of milk output
has been computed and the basis provided for accepted feeding
standards,

The type of experiments that come nearest to providing input-
cutput data of the kind needed are experiments in which many cows
of known productivity are fed at different levels of intensity. A
good example is a series of experiments in Denmark conducted in
the years 1922 to 1928 by the State Research Laboratory of Copen-
hagen (4). These experbments employed a considerable number of
cows in large balanced proups fed at three different levels, but the
experiments were of the short-term type, running only for about 215
to 5 months. In this type of experument there is uot time enough
for fluctuntions in body weight to become stabilized. Losses 1n
weight, with a corresponding saving in feed, and gains in weights,
which mean use of feed for beet production instead of mitk produc-
tion, prove to be a seriously disturbing influence. Some additional
long-term experimenis were so badly disturbed by losses of animals
on experinfent that the investigntions were stopped. The results
of the short-term experiments were used for computing average feed
requirements per pound of milk produeed and for revising ?ecding
standards, not {or determining input-output curves.

PLAN AND PROCEDURE OF PRESENT INPUT-OUTPUT
INVESTIGATIONS

Two SErIES or EXPERIMENTS
Two series of experiments were conducted.  In tlie so-called series
Lexperiments, cows were fed rations computed in what might be called
the scientific way-—strictly necording to an aceepted feeding standard,

3




10  TECHXICAL BULLETIN S15, U. S. DEPT. OF AGRICULIURE

either the Huecker standard or the Morrison standard. All animals
were fed mainterance rations according to their weight, hut produc-
tion rations varied from 80 percent below to 30 percent above the
standard level. The differences in rates of feeding were designed to
represent conditions where some herds continuously were fod more
than the requirements called for per pound of milk in contrast to
other herds that continuocusly were fed less than requirements.
Therefore, if cows on the experiment in the heavy-fed groups responded
to the feeding above standavd requirements with increasegl production
of milk, the production ration was increased.

For example, if cows in a group fed 20 percent above the
Huecker standard responded with an inerease in milk production, the
production ration was at once incrensed so as to supply 20 percent ovey
and above standard requirements at the new and higher level of produe-
tion. In the same way, if cows fed at a rate which supplied only 80
percent of the requirements reduced their milk production the produc-
tion ration, for the next week, would be reduced sufficiently to supply
only 80 percent of standard requirements at the new and lower level.
Thus. the total ration wus continuously adjusted to milk production
in the same way that practical duirymen adjust the grain ration when
they feed grain at the rate of 1:2, 1: 8, ote.

The differences in rates of feeding were accomplished mainly by
rarying the allowance of concentrates. but when the cows were dry
or nearly so, roughage consumption sometimes had to be restrieted
also.  To obtain complete feeding control, cows were fed in the barms
the year round. They were allowed to exercise in the open in small
enclosures near the barn, but they did not have any pasture,

In another series, the so-cnlled series IT experiments, the feading
s practiced by practical dairymen was approached more closely.
Only one check group was fod necording to the Haecker standnrd ; the
other groups were fed roughage at liberty. but the grain ration was
varied in propertion to milk produced, so as to feed different groups
1to2,1t03,1to4 and 1to8 (1 pound of grain for every 2 pounds
of 4-percent milk, ete.). At two stations the cows in one group were
fed only roughage.  Except for some of the groups fed at standard the
allowance of roughage was in ne case eartailed, even if this meant that
when cows were dry or giving only & small quantity of milk, they re-
ceived more feed than was called for by the requirements of the feeding
standard used.  In this series some of the herds were barn-fod through-
out the year: others were on pasture during the summer.

Altogether. 157 yearly records were obtnined of cows fed according
to the series I method. and 210 according to the series TI method.
Each station, except the one in Virginia, fed groups of cows at not less
than five levels. One group at each station was fed according to the
Haecker or the Morrison standard,

Toward the end of the second yenr, it appeared that even the
highest levels of feeding wore still not high enough to yield a suffi-
cient numher of abiservations on which to buse the very uppermost
part of the curve of diminishing returns.  Yet that range of observa-
tions seemed to he what was needed to ascertain the economic limit to
intensive feeding under practical conditions where milk prices were
very high in relution to grain prices. Therefore. at five experiment
stations—Delaware, Indiane, Maryland, Mississippi, and Pennsyl-
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vania—the work was continued for a third year dwring which 87 cows
were fed all the grain they would eat for most of the lactation period.

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

Prax~ or THE EXPERIMENTS ,

It was planned to use the best available experimental technique
to obtain close control of feeding and accurate measucement of milk
outprt and of quantities of all feeds consumed. At the same time the
cows were to be housed in wverage dairy barns where they would be
tied up in stanchions, miiked two or three times daily, and given aver-
age care. Thus environmental conditions would correspond to good
dairy practice mud the results could be applied divectly to dairy farm-
ing as now practiced,

These regnirements could he fulfilled at reasonable expense only at
the State agricultural vxperiment siations. At the cooperating experi-
ment stations, the production of each cow during previous lactation
periods was known from the records kept.  Assuming that all animals
had had an equat chanee o demonstrate their ability to preduce under
similur eonditions of good dairy practice, the productivity of each of
the cows used in the experiments could be estimated. The basic pro-
duciing ability duving each experimental year was estimated from the
previous records by applying Dairy Herd Improvement Association
correction factors for age, length of lactation ‘lperiod. and number of
times a day milked. On the basis of this information, together with
the data on breed, age; and weight of the animals, the cows were
seleeted for experimental work and allocated to different experiment
groups in such a way that these proups. so far as possible. were
homageneous with rvespect to breed, yield, percentage of butterfat in
the milk, age, and weight,

The plan then required these balanced groups to be fed at different
levels of intensity for a period of time long enongh to cover at least two
full Tactation periods.  Liberal feeding may result partly in increased
milk vieldg and partly in increased bedy weight, and a cow may draw
on butlt-np bedy veserves at later periods. By continuing the ex-
periments for two full lactation perieds it was expected that the full
cunutlated elleets of henvy and scant feeding could be tearned.

But the very long period of experimentation also meant vastly
grenter difficulties on account of loss of animals on experiment. Some
eows would have to be taken off the experiment when records were only
partly completed ; groups wonld hecome unbalanced when satisfactory
substilntes eould not be found, Becanse of disease, injury, or death
of =ome of fhe cows. altogether 41 percent of the original cows were
climinated hefore the experiment had run through two [actation pe-
riods: 17 percent were lost during the first year and 24 pereent during
the svcnn({ vear. These percentages are high but no higher than culling
percentages in many commereinl herds.

Cows under 8 years of age were not used because a cow had to have
at least one lactation record to serve as n base for an estimate of the
expected production during the period when being fed experimentally.
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Because only cows that had at least one lactation record and were
normal in all respects could be used for experimentation, only a
limited number of cows (as a rule 10 to 80) could be used from ench
herd. It became necessary, therefove, to enlist the cooperation of 10
State agricultural experiment stations. At these stations, altogether
454 annual records of milk production and feed consumption were
obtained,

ProCcEbURE

As a matter of convenience in conducting the work at different
stations all the cows were started on the experiment at the same time,
regardless of the stage of Inctation.  For each cow the first year ended
and the second year began when she again reached the stage of Jacta-
tion at which the experiment started. By combining parts of the two
experimental years it was also possible to obtain a separate set of data
on unbroken lactation periods for most of the cows.  The cows varied
greatly with vespect to the interval between calvings and the length
of the lactation periods. The records were therefore standardized us
nearly ns possible to n common basis by eliminating those parts of the
records which were in excess of a dry period of 60 days and « lactation
period of 302 days. Records of milk and feed for the 3 days immedi-
ately after the calving were disregarded. These omissions cause a re-
duction in overhead feed costs and this must not be overlooked in
certain types of economic computations.

It was intended to Hmit the investigations to the econoinic problem
of how much to feed under different price conditions. Theretore, all
rations were preparecdk in a way to gnard against any deficiency of
protein, minerals, or vitamins. At all stations all groups were fed
enough protein to meet fully the requirements of the Haccker standnrd
nnd the rations all contained what would be considered a suituble vari-
ety of ingredients.  Legume hay and either wheat bran or one of the
otlmesls made up part of the rations, and the use of these feeds no
doubt prevented any shortage of caleim or phosphorouns.  The quality
of hay and silage was high enocugh to prevent symptoras of vitamin A
deficiency. At one station the grade of the hay averaged midway be-
tween UL S, No. 1 and U. 8. No. 2 in quality; at two others it averaged
11 5. Na. 8: and at all other stations it averaged U. 8. No. 2. It
was believed. therefore, that any differences observed in the response
of the cows fed at different levels could be stiributed to the quantity
of feed enten and not to shortcomings of the rutions in other respects,

The feeds varted somewhat in nutvient content from one station
to another so that in averaging results from several stations certain
adjustments had to be made. The grain was adjusted to n tetal
digestible nutrient content of 75 percent.  The silage at two stations
was g0 much shove the average in dry matier that it was adjusted
to u total digestible nutrient content of 187 percent.  The figures for
grain and silege in all the tables represent adjusted values.

Only a very small part of the nufrient intake was obtained from
pasture. At half the stations the cows on experiment had no pasture.
All cows, whether they were fed heavily or lightly. consumed some
hay and silage in the barn during the days on pasture, and grain
feeding was continued at the usual rates. Tt was assumed that the
cows would consume as many hutrients in pasturage and in the
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roughage fed as supplements to pasture as they consumed in rough-
age during the nonpasture scason. The nutrient intake from pas-
ture, then, was estimated from the quantity of barn feed saved in
the following way. From the nutrients consumed by the cows in
the form of roughage before they went on pasture were deducted
rhe nutvients in hay and silage fed as supplements to pasture. The
remainder was considered to represent roughly the nutrients obtained
from pastore.

At one stution cows received a considerable quantity of nutrients
during a day’s grazing; at other stations they received very little.
In order to express the pasture-nutrient intake in terms of pasture
days of equal value, the total quantity of nutrients replaced by pas-
furnge was divided by 15. One cow-duay of grazing was considered

! o :
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FlaurRE 3.- SPECIAL MANGER PARTITIONS USED FOR THESE EXPERIMENTS BY

THE PENMNSYLVANIA EXPERIMENT STATION. THE PARTITIONS WERE FLACED

IN FROMT GF EVERY OTHER COW, THUS PREVENTING EACH COW FROM STEAL-
ING FEED FROM HER NEIGHBORS,

o be equal to 15 pounds of total digestible nufrients in pasturage.
"Thix quantity Is wbout what cows would ordinarily get from first-class
pastures,

It is recognized that these estimates are burdened with a sizable
erear. However, on an average the number of days on pasture was
very small und ranged within rather narrow limits for the different
evoups. Therefore, even sizable ervors in the method of evaluating
pasturage could have no material effect on the final averages derived
from the total number of cow records.

Al milk produced and all feed consumed were weighed every day.
The feeds were fed (o each anima] separately {fig. 3). Manger
partitions prevented cows from stealing either concentrate feed or
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roughage from each other. What was not eaten was weighed back.
Samples of all the feeds used except pusture grass were analyzed by
the stations. Digestion triuls were not run. Instead, the coeflicients
of digestibility published in Morrison’s Feeds and Feeding, 20th
edition, were applied to the chemical analyses in estimating the di-
gestible nutrients. Each lot of hay was carefully gmdeﬁ) by the
Grain and Seed Division of the Agricultural Marvketing Service.
Samples of milk were tested for butterfat. In general, the experi-
mentul work was handled in accordance with the best available
techinique which it was possible o employ and still have experimental
conditions correspond to ordinary good farm practice,

The quantities of the vavious, feeds were adjusted every week ac-
cording to the plan of the experiment so that any change in produc-
tion during any one week was veflected in the vutions computed for
the following week.

Reports on the experimental work were made every week, The
data received were checked against the origival barn records, appuar-
ent inconsistencies were investigated and  so-called deviation report
was returned immediately to each station. In this report it was
stated to what degree the feeding of each animal had deviated from
the plan for the experimients and how much correction in feed woulldl
be required the next week to muke up the difference. A dairy
technologist visited the stations from (ime to time and tallked witf]
the persons who actually fed and cared for the cows on experiment

PREPARATION OF EXPERIMENTAL DATA FOR ANALYSIS

AVERAGING OF FIRST, SECOND, AND-THIRD VEARS® RECORDS

As the weekly records of feed consumpfion, milk production,
weights, health, and chemical analysis of the feeds, etc., were received
from the cooperating stations, the data were accumulated into an-
nual rvecords for each cow in the experimnent, But before tabulating
the resulfs it wuas necessury to learn whether the first, second. and
third years' records could be averaged together and whether all
these records or only those obtamed in the second and third year
were to be used.

In setting up the experiments it was expected that the full effect
of the different rations wounld not become manifest until the second
year. But at the end of the second year no consistent pattern was
found in the response of the cows the second year as compared with
that of the first year, except that the definitely underfed cows pro-
duced less the second year., Of the cows that had two consecutive
yvearly records the percentage that produced more the second year
than the first at five different levels of feeding from the lowest to
the highest was 44, 69, 65, 40, and 62, vespectively; similarly, in the
five groups the second year’s production in percent of the first year’s
production was as follows: 92, 106, 106, 99, and 101, vespectively.
Because production the second year faited to show any definite tread,
group by group, compared with that of the first year, it wns con-
sidered best to work up all the data together rather than separately
by years,
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Coamumving Parts oF T'wo Lacrarion Recorns

Another problem was whether results would be binsed when parts of
two lactation records were combined in order to make up one complete
Inctution instead of measuring results in terms of unbroken lactation
records.  The cows were sturted on experiment at various stages of
lactation and ended the year at the same stage of Iactation at which
they started. The question is whether a year’s record made in this
way is comparable with @ record that starts during the dry period
or immediately afler ealving. If only unbreken lactation records
could be used. the number of observafions would be reduced by 24
percent. A sepurate analysis was muude, therefore, to ascertain
whether any significant difference would result from using the one
kind of production records instead of the other.

A total of 36T original yearly records made by 25% cows yielded
280 unbroken lactations; (80 cows mude records of sufficient length
to make it possible to compule production records by both methods.
In many cuses cows were started on experiment so close to the drying-
off date that the perieds covered by their broken and unbroken
records were practicaily identieal, but in 88 cases there were sub-
stantial differences in the dates on which the cows started their
broken and unbroken records. That is to say, some of the cows
had been fresh for several months before they were put on experiment.
at which date their broken record began,

The comparison of the broken and unbroken records made by these
88 cows showed an avernge difference of only 60 pounds of milk per
cow per yenr. This indicates that very little bias will result from
nsing the method of compositing broken records instead of using
unbroken inelation records. It was found that in 42 percent of the
eages the deviation of the broken from the unbroken record was less
than, plas or wimis, 560 pounds, and in 69 percent of the cases it
wis less than 1,000 pounds,

This indicates a standard error of about 1,000 pounds and this
error s no greafer than the usual unexpinined variation found in
analyzing records of cows of the same size, productivity, and feed
mtake. It was therefore concluded that no significant difference
would result from using one method of computation instead of the
other.  Naturally, therefore, the method of combining parts of two
lactation records into one annual production record was selected
because one-thivd more records could be obtained from the available
nuulerinl,

Cuanaes iN Booy Weicnr

Aw feed can be used for making body substance as well as for
matking milk, grains or losses in weight should be evalusted in terms
of milk or feed provided the animal is to be so fed that she will at
some time revert to the same weight as at the beginning of the
experinient,  In short-time experiments a given gain or loss exerts
2 greater influence than in long-time experiments because the nutri-
ents associated with gains and losses make up a greater proportion
of the totul

After n cow is put in better condition through heavier feeding she
will tend to maintain this condition so long as the hegvier feeding
contimies; after she becomnes thin through rightet' feeding the tend-
ency will be to remain thin until the feeding is more liberal. The
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nutrients associated with gains and losses therefore should be taken
into account only once for the entire period.

The intent of the input-onfput investigations was to ascertain
the most profitable level of feeding for a period that might extend
over geveral years but in no case would be less than 1 year. Ewven
then. the value of the incrensed body weight produced by liberal
feeding will finally be realized some yeurs Iater when the cow is
culled and sold for beef. But this increased value is probably more
than counterbulanced by the eost of the extra feed required year
after year to maintain the heavier animal. Thercfare, if the guins
or losses in body weight are not very greaf they may well be ignored
in_the analysis of long-term input-cutput experiments.

In these experiments a continuous record of hody weights was
obtained from weckiy or biweekly I-day weighings or from monthly
weighings for 8 consecutive days. Tn addition. & system of grading
for condition was adopted and at intervals throughout the experinent
the cows were graded by the sume men at the various stations. The
grades ran from 1 to 4, 1 representing excellent condition, 2 gand,
3 fuir. and 4 poor.

A compurison of the weights taken at the berinning and at the
end of edeh of the cow’s year on experiment for 2 consecutive years
showed that the six groups (table 7) from the lowest to the highest level
of feeding gnined or lost the following number of pounds per cow:
First year: —26, +11. —21, +52, +28, +66: second year: —35, +7,
=2, -0, +26, +9,

The lowest fed group lost the most, and the highest fed gronp
gained the most.  The data for the intermediate groups are not very
consistent, especially if considered separately by years, but if the
results from the first and sceond years are added together. then only
groups 2 and 3 need to exchange places to nmke the gains conform
to the different levels of feeding, as will be seen from the following
2-year totuis: — 3L, +18 —23. +43. 455, 175 The ratiugs for
condition of flesh varied in the sume way as the weights, The aver-
age ratings of all cows from low to high levels of feeding were as
follgws:

Group 1. 2.79: group 2, 254 group 8. 2.51: group 4, 2.33: group 5,
228 and group 6, 2.03.

It will be observed that the weights the second year tend to become
stabilized, the largest loss the second year being 9 pounds and the
largest gain being 26 pounds, ax against u 26-pound loss and a 66-
pound gain the first veur, The anthors did not think that these losses
and giins. especinlly after the first year, were large enough to be
faken into acconnt when woalyzing the resnits. 1§ the value of
output obtained in the form of increased body weight is to be con-
sidered. the cost of the extra feed nputs required to maintain the
added weight must slse be taken into account, Tf this = done, it i
found that the vidue of the gain is more than counterbalanced by the
added cost of maintenance m one and one-halt yemrs®  Therefore,
in this study no eredit cun properly be miven to ening in weight.

I OAAR pounily of digestibbe nutrientx are regulred b prosier o powmd of galn
takeg 353 pounds of wulrients to produce a gale of 100 pounds. O the basis of the
Morrivon standurd for the muintenghee of ditry cows, it s estbmntod that to maliiein O
gl of 00 pasmds Wil regulee N8 pomsds of sotelents o vear, Thos, I for the snke of
gimplieity it is assemed thnt the value of the eddod welsht carresponds to the valne of

foed i fook to prodice It (he cummlntive eost o of melnteloing the wdided weight will
eounterbalunce the valuy of the gain In less then 135 youry,
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RESULTS OF PRESENT INPUT-OUTPUT EXPERIMENTS
Sentes | EXPERIMENTS

The resulis of these experiments can bhe deseribed most briefly
by figure 4, which presents an example of how the plan was actually
carried out at gne stution for 1 year awdd how balanced groups of
cows responded to the changes in feeding fevel at the stations that
conducted the series I experiments. At this particular station the
mroup fed at 120 pereent of standard had the highest production but
on an aversge for all these experiments production increased con-
statentiy with heavier feeding and the heaviest fed group produced
the most.

io

e ey Tofa{ Hanckur requiremana for marnivcnanca and mitk

Nutriones availanlo for milk preduciron
Hageker marnanancn ragtiremanls

7
%_

FECT INTARE ( 1,000 POUNQS OF T.OH }

100 no
LEYELS OF FEERING ¢ PERCENT |
BAE MO
FIGURE A.—~COMPARISOM OF HAECKER STANDARD REQUIREMENTS WITH TOTAL
FEED CONSUMPTION OF GROUPS OF COWS FED AT DIFFERENT LEVELS AT 5TA-
TION A

The plan required that the cows he fed strietly according to the
ITaccker standarl with some groups fed more than the standard, and
other groups below the standard, Figure 4 shows that the purpose
was accomplished.  The cows on the seantiest vations received less
than the standard called for. and those on the high feeding levels
received a surplus. The figure also shows that these differences were
brought about by changing the grain ration. The ronghage part
of the ration was practically constant from group to group. Only
a limited amount of roughage was fed—1.8 pounds of hay equivalent
per 100 pounds of live weight, Therefore, in these experiments in-
creased grain feeding was not aceompanicd by # redaction in rough-
age consnmpiion as was fhe vase in the series IT experiments where
there wis no Jimitation on the amount of roughage fed to the different
ErOIS,

That milk yvields generally increase with increased feed is brought
out. more clearly in fables 1 and 2 and figures 5 and 6, which deal
only with the relationship between fowl inputs and milk outputs. and
show what differences in yearly [eed conswnption over a whole year

$22074°. 432




TasLe 1---Milk output and feed inpuls, yearly uverages of cows fed at specified percentages of the Haecker standdrd; series No, 1 experiment at
station A1

FIRST-YEAR RECORDS

Total feed consumption

Basie pro- Milk pro- ¢ Total digestible nutri- : (total digestible nutri-
ducing Average © duced, 4 ents consurned i en's)related toHaecker
Level of feeding fpercent of Haecker Yearly rees  ability, 4- lii’e \L\'ciﬁht (nfcoi:fhb {irain con-° Hay con-  Silage con- standard
standard> ords  percent fag- YR WEEDL PECORL eq sumed sumed sumed S

corrected ory i o . v Lo ;
milk . , Over main- . ver main-

Total tenance ? ~Total tenanee

Number Pounds Pounds Pounds Pounds *  Pounds Polinds Pounds Poundd Percent Percent
%) i 8,982 1,173 7, 081 5,627 2,032 1, 958 3,004 12,217 91 79
106 H 9,332 1,208 8,203 6, 215 2,620 2,405 4,006 12,753 97 93
110 S 9,875 1,203 8, 457 6,722 3, 127 3,302 4,000 - 12,072 in2 104
120 . 5 9, 306 1,308 11,487 8,371 4,77 5,012 4,248 13, 664 12 122
134 > 5 9, 285 ,269 10, 913 8,378 4,783 5,282 4,178 12,814 115 132

SECOND-YEAR RECORDS
9 5 9,325 ) 1,193 8,328 5,088 2,343 2,455 3,252 15, 604 94 86
wmy 5 9,510 1, 205 {, 844 7,052 3,487 3,412 3,446 16, 702 102 103
1in B 4 10, 47 1,226 10,778 7,520 3,025 4, 358 3,447 15,333 104 167
120 e 4 9,512 1,312 12, 342 8,746 5, 15l 5,778 3. 505 18,020 112 12
130 B 9,214 1,260 10, H60 8,317 4,722 5,_%8 3,356 15, 100 115 130
ADDITIONAL RECORDR
R e e ot e . ) } . | S g ! e N [

Unlimited 1 . 8 8,745 1,304 11,224 8, 965 5,370 t 6,972 ¢ 3,511 12,162 11 141

t At this'station the cows were all large Holstein cows milked twice a day.

2 The average maintenance requirements of 57 eows, 3,595 total digestible nutrients was used for all groups.

* These records supplemented the regular plan of the experiment by providing more information at the heaviest levels of feeding. They were marde in the third year of the
- experiment partly by cows on experiment before, but mostly by new cows ndded to the experiment,

* In this group the cows were fed all the grain they would consume In addition to a roughage Intake of 1.3 pounds of hay equivaleny daily per 1% pounds of Hive weight.
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Tapry 2= Mk outpul and fred inputs, yearly averages of cows fed al speeified pereentages of the Haceker stundard: series No. 1 experiment al
station B1

FIRSTYEAR RECORDS

i
: l i l Total feed consumption
Basie pro- Mtk pro- | Tatul digestible uutri- i l ftotal digestible nutri-
) Qucing Avernge . duced, 4- ents ennsumed ) : ' ¢ ents)relatedto Haecker
Level of feeding « percent of Haecker Yeurly ree-  abilty, 4- liv (" ig]  percent 1 tirain con-  Hay con- -« Silage con- standard
standard} ards  pereent fat- [y VERIL PNt sumed sumed sumed

correctest  OLYE e ' )

mitk . Toul (Over main- Potal Over main-

2

tenance ? . tenance

9,333 1,250 ¢ 7,903 5,006 1,536 1,516 3,185 17,538 86
1, 287 9,717 B, 452 2, 082 2 17,139 91
1,169 9,933 i, 448 2,670 3 16,024 00
11,385 7,965 4,195 ¢ 1 7 18, 285 104 ¢
11,707 8, 086 4,318 i 18, 223 104 ¢
1,317 11,831 X411 4,641 6, 241 15,415

Number Pounds Pounds ° Pounds @ Pounds | Pounds Pounds Pounds Pounds Pereent Percent "
p o - . 6

SECOND-YEAR RECORDS

7,015 5,928 , 156 5 16,820 :
10, 653 6, 708 3 k 15,850
i1, 8,053 4, 18,685
10, 051 7076 | . 4,008 15,326 .
12,508 . §, 900 ‘ 5,130 6,260 7 13,044

H

ADDITIONAL RECORDS
Unlimited 22 4,844 1,334 12,756 | a6 ! 5,346 | ! 3,645

1"At this station the cows were large Holstein and Brown Swiss cows milked 3 times n day,
1 The average maintenance of 66 cows, 3,770 total digestible nutrients was used for al} groups.
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resulted from the feeding of diffevent groups at various feeding levels,
The data are trom two experiment stalions each of whicl for 3 years
conducted one of the series I experiments,

The duta obtained through these 3 years of experiments show clearly
that it is possible to increase the milk production of dairy cows sub-
stantinlly by feeding more than the feeding stunduard ealls for, At
the two stations A and B, for example, the production of the groups
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FEED AUOVE MAMNTENANCE L1000 POUNDBS GF T 0 N3
BAE 3927
FIGURE 5.—RESPONSE IN MILK PROGUCTION TO INCREASED FEEDING. DIFFER-
EMCES 1IN PRODUCTION OF SALANCED GROUPS OF COWS FED AT DIFFERENT
LEVELS FOR THREE YEARS AT EXPERIMENT STATION A,

that were fod the Inrgest vations averaged as much us 15 to 20 percont
above the prodnction of the groups fed af standared, and about 45
percent more than the lowest fed group, which received only 70 to 80
percent of what the standard requirements called for. This is truly
a remarkable difference.

DETERMINATION OF PRODUCTION RESPONSE TO MORE INTENSIVE
FEEDRING

The experiments aimed also to mensure these differences with enough
aceuracy to permit them to serve as the busis for economie analysis.
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In other words, the purpose was to learn how much extra milk would be
obtained for cach additional unit of feed, and how soon and how
seriously the principle of diminishing returns would apply. When
the feeding Jevel wus chunged from the standsrd level to a level 10, 20,
and 80 percent above the standard production ration, how much of
an incrense in mitk production would follow fromu each increase in
feed intake? Would increases in milk production be proportionately

m" T T [

Totaf outpunt

e

MILK PROGUCTION
{1,000 POUNDS OF 4 PERCENTF. C M)

:
! 1 !
: e
facremental output

MAINTENARCE { 3.770 POUNDS OF 7T O N ¥

2 PERCENTF.C M
HETURN PER POUND

FEED ARQVE MAINTENANCE( 1000 POUNDS OF T.D N}
BAE 312
FIGURE 6 —RESPONSE IN MILK PRODUCTION TO INCREASED FEEDING. DHFFER-
ENCES IN PRODUCTION OF BALANCED GROUPS OF COWS FED AT DIFFERENT
LEVELS FOR THREE YEARS AT EXPERIMENT STATION B.

lnrge. or would the second and third incrense show declines in the
return?

The typical picture of the resuits from the series I experiments
is revealed in fignres 5, 6. and 7, which show the response of the cows
at individual stations, and table 3 and figure 8, which represent the
average response at ail the series T stations.  In figures 5 and 6 the
upper eurve shows to what degree total milk production has been in-
¢reased by heavier foeding of two herds at two State experiment sta-
tions which for 3 years fod (he herds according to the plan of the
series I experiments, ‘The lower curves show incremental output—the
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Increase in milk production obtained for an extra pound of digestible
nutrients—at the different levels of feeding. In figure 8 the average
output per unit of feed is ulso shown. ‘The three kinds of curves aré
merely different ways of expressing the relationship between feed
input and milk output at various levels of feeding.

The observations in figures 5 and 6 covered a period of 8 years. Each
observation represents one year's production of o balaneed Zroup usi-
ally consisting of five cows fod individually at a cortain level of feeding
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FEER ABOVE MAINTENANCE { 1,000 POUNDS OF T.D_N.}
BAE 10531
FIGURE 7. COMPARISON OF INPUT-OUTPLT CURVES SHOWING RESPOMSE 1
PRODUCTION T} INCREASED FEEDING AT TWO STATIONS COMDUCTING SERIES
I EXPERIMENTS.

according to plan.  Actually, feed consumption for the whole year
did not_come out exactty as planned but s aversge was close 1o the
assigmed level  For exaniple, i might be 83 percens of the feeding-
standurd requirements nstend of 80 percent. With the method of
analysis used, small errors in foeding are not earried into the results
as crrors. All this method requires is 2 nomber of carelul observations
cuvering n suitable range.

fReciwune m gror kvt of i (il ey e experiiments which ren

for wmare than 3 rears, e arighinl dutn for ench pobnal on experimomt witl be issucd
Acparatiely. gl nob Inebwdid in 4 Bullecn,
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The data from these two individual stations are presented separately
because (he data from only one herd bring out the principle of dimin-
ishing physical outpul more clearly than similay data arrived at by
computing averuges of larger balanced groups of records obtained
from different stations and presented in tuble 11 and figure 13. At
station A, for exnmple, the herd consisted of large Holstein cows all
of the same strain, of uniform type and rather wnitorm productive
capacity. The envivonmental conditions were the same.  All the cows
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FIGURE 8.~-RESPONSE IN MILK PRODUCTION TO INCREASED FEERING. ONFFER-

EMCES [N PRUDUCTION OF 514 BALANCED GROUPS AT ALL OF THE FOUR STA-
TIONS CONDUCTING SERIES | EXPERIMENTS.

were Ted ford years in the sune harn. they were supplied the sume feeds
and reeeived the same care, The balaneed groups of cows which were
made up at the beginning of the experiment were carried through to
the completion of the investigation and the observations which are
plotted on figure 5 and 1o which the input-out put curve has been fitted
represent the average production per cow in these balanced groups.
There has been ne regrouping of records and no adjustments of the
ariginal data,

Al statton B the original balanced groups were likewise mointzined.
These gronps were made up from Holstein wiud Brown Swiss cows
likewise fod for 3 years in the same buen and subject to the same
enviromien(al conditivns throughout.
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It seems important that the input-ouiput relationships exhibited by
these two individual herds were practically the same as the relation-
ships arrived at by nveraging large halanced groups of produetion
records obtained ot nine different experiment siations.  Any process of
grouping records and arriving at weighted averages Tor all the groups
at the nine different stutions may be open to criticism at some points,
but in the case of the two individual station herds no such gronping
was made. The results from these two herds thus serve s ¢ check on
the results from ail nine stations. Based mpon these two stations
alone a briefer report could have been prepared without uny material
change in the generad conclusions.

Taure 330tk oulpui and feed inpuls, arerage per year per eow, fed af specified
rates of Huaveker standurd, serieg No, T erperipieats; arorage of § stations

- Laved . hevel  Levet | Level - Level | Level
I bodp b [

Lo : Uit P .
Yearly rovords. , Wummber 314 WL e g 1 £
RBusie proguving aidlity, d-gwresnt fi- | Pounds, RE - Ra 0 ssmlossh % v 9, 3G
correttes] mik. : ; i ;
Live weigiit of cows (ivernse) - Tounds LI E LU LONS G LIRG . ), 182 1,217
Oulputs: : ) ! i
AHIE prslueed CPoumds ] TSR L S0 wner Togpev ) 8,508 i, &b
Hoatterlil b Percent L - F - IR 207 PR .80
ba Pognids, KT AR 7L 15, 4
H-pereent nt-correcied milk Poumis ¢ 5855 o, 497 I
Fnpuars: ;
Genin eonsumtd In yeur Powads . 4., did o, TRY
tiny O LTHTT Y 3.07%
Silape, corn for sorplinm} - Porimds, 4, B0
Silape, nifpifa otpds 207
Muligels 'mnmis 12
Total digestible nutricnls consted Peniewds &, S 8,716
Total digestible iolrients constimed | Pounds L 1+ U 5, 448
OVOF Binhitenamee. ! '
Feedd consmpption relited o Hnecker
sianddagd- . .
‘I'otnt ¢ Toereean ' 0y . i 12 i) 114 13
ver wnbienanee 1 Perpent o L] ) W 164 - s 14y i3

 Produetiol records for experimentad gronps of tows a) diferent stations Bove been arernged in an ascend-
g weder with ceference iy the Hueeker suenddied god the groups balaneed with respoet to beste producing
sbility. “The pronping is explaltied e more dotail in prigos 35-35 ateed 18 shown for Dedaware, Mlsslssippi,
Now York, aud Pétmsyisurtin in tabte 7,

t The svernge mnbiteoniee reguireorent o 175 cows, 3,50 toia ) digestible nutrients, was esed for all proy ps.

Several inathemation] enurves have been fitted to the observations.
None of these curves gave any appreciably better fit than the curve
of dinnnishing returns—an exponential curve—used by W. J. Spitl-
man {45} in Feehnical Bulletin No. 348 to deseribe the Inw of dimin-
ishing returns as it applies to the use of fertilizer on crops. The
equation of (his curve is =/ — A/ It was found that the same
curve also fits very closely the data oblained on the relationship be-
tween feed input wnd milk ontput. N deseribes satisfactorily how
the principle of diminishing returnx applies o milk prodeetion
{fig, 9).

In applying # o the results of the input-outpul experiment it was
even possible to introduce a simplification. It was found that AL, the
maximum output, appuarently was equal to A, the range between maxi-
mum and minbnum, when feed consumption, p—the independent vari-
able—was expressed in {erms of total feed nuinng Haecker maintenance
requirements, in other words when feed consumption is expressed in
terms of the production ration. It is assumed then that the cow
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produces no milk when fed only the Haccker nmintennnce ration.’
The equation then reduces to F=A4 (1—£7). This curve passes
through the origin and it fits the data about as well as the original
equation Y=M— 1 R~

The value of 7, output, increases at 4 diminishing rate and as 2, the
feed consumption. becomes very Jarge the 1 value of the curve de-
seribing total milk production approaches A, .« being the maximumn

g . !

UNITS OF

QUTPUT e{
(MILK}

40

2 3 4 &
X=UNITS OF THE (N PUYT FACTOR (FEED])
[LE =)
FIGURE 9.-EXPONENTIAL INFUT-CUTPUT CURVE FOR A SINGLE VARIABLE INPUT
FACTOR.

Exeept for o few chameos in Inbeling, ihis figure ix 3 roproduetion of the vt
wsedd by WL Spiliman in explaining his exponentind yicld curve, ¥ is the
production whea none of the varhtde factor is applicd, bl incrense in pro-
duetion due to one untt of the Metor, ¥ the inerease for twoe units, amnd =o on,
¥ s the netual production for o anits of the factor. X is the maximum pro-
thietion., Theoretically, this maxiunm produetion wonld only bo fortheonring
wlhen @ is inlinitely lurge.  However, in practive. the curve will approach this
maximun within the it of ihe obsorvatious. o is the range hetween the 1,
the minimum prodoction, sud 3 (e maxmn production.  'The vertical Mues
b d, ete, are the increments in production due 1o the fivsr, second. thivd,
fourtl, ete, inpuis applicd. £ is the wmtio hotween these increments: that is,

3

i
= =§ oo, ur el e—BR, ete,

¢

T Sinea the group: were 23 hadaoeed also with respeet o welizht sl the sinrt of the
eXfurhinent, the avernge welght per cow of il proups (pken fomether was tsed in com-
puting (e omimiennnes raffon,  For economle computations this procedure s proferaide
Ieenase Ipevensed milk produciton through ineveased feoding can only be olniied alunyg
with an lnerense dg welght il therefore 1o nimlotennnes sation.  This increase in min-
fennnen rathen must be considersd purt of the additional feed iuput necessury to obtnin
the miilk ouiput,
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production possible at the very heaviest feeding. It may not, of
course, be possible to feed the cow enough to reach this maximum pro-
dnction expressed by 4. Nevertheless, the 4 might be taken as a
measure of the productivity of the cow—in these experiments as a
messure of the average productivity in the balanced groups.

The B in the equation determines the path of the curve between
the origin and A. It measures how much milk would be fortheoming
from an_ additional 1,000 pounds of total digestible nutrients as
compnared with the production that resulted from the previous 1,000
peunds. If, for example, n particniar cow vetnrns 3.500 pounds of
4-pereent fat-corrected milk on a production ration of 1,000 pounds of
total digestible nutrients and 5,700 pounds of 4-percent fat-corrected
milk on a production ration of 2.000 pounds, then the return for the
second 1,000 ponnds of production vation wonld be 2200 pounds of
millk. and for this cow the & in the equation fitted to the production
2200 _
3500
tion ration resulted only in 63 percent as much milk as was obtained
from the first 1,000 pounds. Tf a third 1,000 pounds of total digestible
mutrients were added to the ration, the additional milk obtained
would be 0.63X2200=1,400 pounds. The total milk production of
the cow would then be 7,100 pounds and she would be receiving 2 pro-
cluction ration of 3,000 pounds of total digestible nutrients.

It will be noticed that as more feed 15 supplied. more milk is ob-
tair;od, but the additional production for an additional unit of feed
declines.

The curve is a curve of fotal output that increases with increasing
input but at a diminishing rate. It was chosen not only because it
fits the data but also begause experimental experience was in accord
with the logic behind the equation. -

The comparison is made, not between individual eows but between
balanced groups of cows. In this way the error is avoided of attrib-
uting fo increased feeding the higher yields that really are due to
superior praductivity.  In balancing the experimenta] groups, high
producers as well as low producers were allocated to each group in a
way that tended to average out the differences. As far as can be ascer-
tained from previous production records, all groups were as nearly
alike as possible with respect to produetivity, breed, size, and age
of the animals,

The curves show to what degree incressed quantities of feed sup-
plied to these balanced gronps of cows have resulted in increased
niille yields, They constitute the basic input-cutput curves. They
show how “the average cow? ax vepresented by the group responds
to incveased feeding. These curves show themselves to be diminishing-
output. curves, .

it is possible to increase milk yields considerably by supplying
increasett quantities of feed, but the increase in yield is not the same
for each a({l_ld('d quantity of feed. The increase falls off as the limit
of the animal’s productive capacity is approached.

It should also be pessible to analyze the datn by comparing in-
dividual cows while taking full acconnt uf the differences in
productivity, as measured by “expected” yield bused on previous

figures would be 0. 63, The second 1.008 pounds of prodic-
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production records. However, in experimental work it is difficult to
get cows for which there are enough records on file to reflect truly
their inborn productive ability. The group eomparisons therefore
are probably more reliable than individual comparisons; animals
with serious bias in their records of basic producing ability have
chance of being allocated to each of the different groups and thus
should be found throughout the range of feeding. Bias is most
likely to be found among high producers and, if individual records
are used, the bias mny be concentrated at the upper end of the curve,
thus influencing its entire slope,

MARGINAL RETURNS USUALLY LESS THAN AVERAGE RETURNS

The most important fact expressed in figures 5, 6, and 8 is that
wlthough more milk output can be obtained by henvier feeding, on
the average only 1.0-15 pounds of milk is obtained for an-addi-
tional pound of total digestible nutrients. This is less than half the
average return of 3 pounds of milk which is obtained per pound of
total digestible nutrients in the production ration. So far, this has
been the ceniral figure in the computation of rations for dairy cows.
It 1s the equivalent of 2.2 pounds of milk per ponnd of grain.  {This
applies when the grain ration containg 75 percent total digestible
nuirients and the substitution values of other feeds correspond to the
nceepted average feed values.) Tt is based on wide experience gajned
from the feeding experiments on which feeding standards have been
based.

The present experiments substantiate this figure, but st the same
time they show that at normal feeding levels the marginal or in-
cremental rafe of return is not of the same magnitude as the average
rate, but much lower.® If, in an effort to find the most economical leval
of feeding, present feeding practices nve changed step by step, so as
gradually to raise the feeding level to about 25 percent above the
Huecker stundard, or if the feeding level is decreased to 25 percent
below the standard level, it is the incremental rate of return that
should be considered. Within this important range of feeding
levels, most changes made by farmers actuaily take place. This
meremental rate, which measures the increase in milk return for
each additional unit of feed, is only about hulf the average return,
or about 15 pounds of 4-percent fat-corrected nilk for each addi-
tionul pound of totul digestible nutrients.

‘The so-culled requirement for milk productivn—1 pound of total
digestible nutrient per 3 pounds of 4-percent tat-corrected milli—
represents averige inputs and vutputs for the total production ration
and does not indicate what additions] or incremental returns can be
obtained and what losses in ontput must be expected by moderate
increases or decrenses in foeding above and below the feeding stand-
ard level. The murginal rate of output, alse ealled the additional
or incremental rate, answers most directly the problem of how much
more milk ean be obtained by heavier feeding, _

The response seems to be modified by other forces at work. For

e terms Maddlional,” Ywmacginad” end Yineremoental” return are naed BY BORYMously,
All dengle tha saine thing—ihe Inereass In totsl ontput resglting feoim ihe use of ohe
mare unit of Input In the production procesy, or the losa o output sustrined by withdrawing
che unit of Input Mrom Lhe proces,




28  TECHNICAL BULLETIN 815, U, § DEPP, OF AGRICULIURE

example, it appears to be greater—as much as 2 pounds of milk for
an extra pound of total digestible nutrient—if the increase in feed-
ing starts from n low level of feed intake; and the response is
i;ma}ler—uabout 0.75—if the animals are already on o liberal feeding
evel, )

Although the principle of diminishing returns does apply to dairy
feeding, incremental returns decline slowly within a considerable
range above and below the Jevel indicated by the feeding standard.

SERIES [ EXPERIMENTS

The series of experiments discussed in this section was designed
to disclose the relation between 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 ronghuge was made svail-
able to the cows at all 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 some degree as more
grain was fed, thus changing still more the composition of the ration
toward more grain and less roughage.

The variation 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 relation to milk production in the
same way as most dairy farmers do; that is, granin was fed at the
rate of 1:3 or 1:4, ete. (1 pound of grain for ecach 3 pounds of milk,
etc.). For a more detailed description. see the section on Plan and
Procedure, page 11. At two stations, Maryland and South Dakota,
the range of grain feeding varied all the way from no grain 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 Maryland and South Dakota sta-
tions they did net. Thus, at these last two stations all feeds were
weighed 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
differences in feeding between groups consisted not only in a differ-
ence in quantity of nutrients consumed but also in the distribution
of feed througl the Iactation period.

It is ensily seen thnt the method of feeding may inflnence milk
output because one method may be more effective than another in
supplying a greater part of the nutrients at periods during lactation
when they can be utilized most effectively. All modern feeding
standards are based upon the principle that most economical feeding
is obtnined when the production ration of milking cows is varied,
week by week, in exact proportion to milk production. This does
not apply to the very first part of the lactation period, when cows
cannot consume the full ration,

Those groups which were fed grain at the rate of only 1 pound
of grain to 8 pounds of milk, us well as the groap which received only
roughape, differed from groups fed move grain in that they could not
possibly consume the feed needed to cover the requirements during
the early part of the lactation period. At this time they were
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seriously underfed. Later in the lactation period when milk pro-
duction had declined they got envugh or more than enough feed
te meet requirements, but then the greatest need for liberal feeding
had puassed.

When cows are left free to consume as much roughage as they
want in addition fo grain and the roughage is of good quality,
they will eat {arge quantitiex of feed over and ahove the requirements
of the feeding standurd (fig. 10) as the lactation period progresses
and the requirements for production fall off. As a result the dis-
tribution of feed through the Inctation does not follow milk produc-
tion as closely as when cows are fed according to a feeding standard.

o
e Toral Haucker raquiremanis for marptcaance and melk
Nutrfanta xvailanle Yar milk produclion
Haegher maldtenznce requiremente

FOED INTAEL 4 1D} POUNDS OF T.DLK.2

HAECKER ROUGHAGE i
STANDARD A'ONE 16

LEVELS OF FEEDING
EAE 18935
FIGURE 10.—COMPARISON OF HAECKER STANDARD REQUIREMENTS WITH ToTaL
FEED CONSUMPTION OF COWS FED AT DHFFERENT LEVELS AT TWO STATIONS
THAT CONDUCTED SERIES | | EXPERIMENTS—MNONPASTURE.

Furthermore, when feed inputs are averaged for the whole year
und compared to milk output it was found that the method of feeding
good roughage freely in addition to grain caused the cows to consume
considerably more than requirements as measured by commanly used
feeding stundards. That was true for practically 211 cows, whether
they were fed heavily on geain or received only a moderate grain
ration, or no grain at all. They so balanced their milk output
ngainst feed ntrke that when the yenr was over they had consumed
feed at the rate of 120 ta 123 percent of the Haecker standard for
milk production, in addition to their maintenance ration.

The cows fed only ronghage were nnderfed during the early part
uf the lactation period, but milk production soon declined and during
the latter part of the lactation period u sizable surplus of feed wuas
consumed ; and even these cows ended the year with the same 20 o
25 percent nutrients consumed above the requirements of the feeding
standard formilk, Asmost of the overfeeding takes place in the latter
part of the lactation period when the production is likely to be low,
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it is not possible for cows to respond in milk production to any con-
siderable degree «uring that lactation but the surplus feed will tend
to put the cow in condition to produce more milk after the next
freshening. .
Some aspects common to all the series IT experiments have been
presented. It remains to mention the results obtained by aualyzing
separately the pasture stations and the nonpasture stations.

NONPASTURE STATIONS

The practice of harm-feeding cows the year ronnd at the Maryland
and South Dakota stations made possible compiete feed control. The
quality of the roughage—alfulfa hay and corn silage—used in the
experinent was above average; the hay graded 17, S, No. 1 or No. 2.
One station had exeeptionally good hay nnd siiage of average quality.
The other had anusunlly high-quality silage and hay of about sverage
quality,

Tanty 4. Berieg [T experintents withont pasture: Milk ontput and feed inpats
and pearly aeerage por cone for 2 stalions

Cirain fed nt specified mtes in
uddition 1o all the ronghage the
“Hogh-  ecows would consumne
Init npe .

only H
'

- .
. i o 1125 ar
134 1 [EE AR

Yeurly reconds - Number 15 ; 1 5
anSiI(i‘menvi"': ahility, $-pereenl fut-corrected  Poituls TN nanT 7. 2580 L]
ik,
Live weighl of cows (nverape) Puunels 1108 L LT 1,214
Gutpnt. i . i
Milk produced .. B - Pounds 5, {41 7.0 N, 128 RATR B I8N
Bulierfal . . P Pereemt 1M . i .05 4.4
Do | . Pounds 240 20 329 31
4-yreretnt fal-corrected milk. Pulnels G128 | T B 1]
Inpity: !
Crain eonsumed in your 1inamls - BTH 7 2, e
Hay. . I"vtnds B, 537 . T 1 5,352
Corn sllnge . . Ponmds. | B9 2 7 11,507 3
Taln] digastihle nutrients consumed Pannds. | 5807 0 6,455 | IS [ I
Townh digestible nutrients eonsnmed gver - Pounds, | 2531 dop o 3FRE . RB2A .
Iaintennmee.? . :

LA ane ol The siations the henviest ferd grown wis fed ceninoar the rate of L5 AL the other station the
correspnnding gromgy wis fed ot Lhe rale of 139, 3
T he nverape muaintananee of 08 tows, 3,060 tolal digestible antrients, was dsed for skl groups.

At one station, 41 normal yearly production records were nsed and
at the other 27 records.  In computing weighted averages for bath
stutions the results frons cach station were weighted by these num-
bers so as to give most weight to the stations with the most records,

The results measured in ferms of feeds consumed, and milk pro-
duced per cow per year, are shown in table 4 and figure 11 They
show how the cows responded to the different rates of feeding grain
in addition to roughage at tiberty. Roughage consumption is meas-
ured in pounds of hay and silage and in terms of hay equivalent and
grain in pounds of standard grain.®

*One peund of hey equivalent in this study 3k eonsidered ogqual te 060 poamed of total
digestible nuetrlents In the foem of roughage and 1 poand of genin equnl to 0.75% pound
of totul digestible nutrients in the form of cweence les,
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The group fed ronghage alone produced 74 percent as much milk
as the group fed roughage ancl grain when the grain was fed at the
rate of 1 pound for each 3 powinds of milk praduced. This ngrees faivly
well with the results obtained by feeding grain at a similar rats to cows
in a Bureau of Dairy Industry herd at Huntley, Mont. (&), where the
cows fed roughage slone produced 76.5 percent as much as cows fed
roughage and grain.  Similav comparisons of roughage alone with
gruin Teeding at the 1:6 rate show §1.5 percent as much production in
this work and at other stations 79 to 82 percent as much.  (See p. 8.)

A comparison of figure 11 with ficure 8 shows that the addicionnl
output of milk for increased nutrients consumexd in these experinents
verify the results obtuined from the herds in the series I experiments,
The whole level of production is lower in the two herds on series TT
experiments. nonpasture, but the slope of the input-output curve is
practically the sane.

12

Probable apror of a [6-cow ferd

Total cutput

x

u

I‘c —

-

= F3

Wl

w =1

o -

[T}

a o

: wi
o

< -

) 3

=] =]

z n

put J

o 3

a ™

=3 =

=3 =

L+]

- Lt

- U

z Z

o z

[l w

o =

2 z

o <

& H

o

4

-

3

! | 1 |
2 3 4 5 6
FEED AHOVE MAINTENANCE {1000 POUNDS OF T.D.N.)

BAE 342

FIGURE 11, —~RESPONSE IN MILK PRODUCTION TO INCREASED FEEDING, DIFFER-
ENCES IN PRODUCTION OF BALANGED GROUPS OF COWS FED AT FIVE DNFFERENT
LEVELS AT TWO STATIONS THAT CONDUCTEDR SERIES || EXPERIMENTS—NON-
PASTLIRE,

PASTURE STATIONS

Inpuf-outpui date obtained frow the stations where cows had some
pusture showed much the same genernl Gends as the data from the
nonpasture stations.  Production was consistently higher at all inten-
sities of grain feeding, however, becuuse the cows at the pasture
stations were higher in average inherent productivity.

The pasturnge obtained by the cows at the three pasture stations
ammounted only to about the equivalent of 2.5 months grazing on first-
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class pasture® However, the cows actually were on pasture almost
twice that length of time. In these three experiments there is not
much variation in roughage consumption from group to group. On
an average, the consumption per cow wias about 434 tons of hay
equivalent including pastwre. This uniformity is in sharp contrast to
what wus found at the nonpasture stations. There the average
roughage consumption in the group fed ronghage alone was about 6
tons of hay equivalent, In the grain-fed groups the consumption
declined as more grain was fed, and in the heaviest fed gronp the
consumption was 4.3 tons per cow, The reason for these ditferences
probably lies in the fact that the voughage used at the pasture sfa-
tions was of only fair quality, except for one of the stations which
hadl relatively fow cows nud hal roughage of unusually high quality.

TALE The--Reries I1 oerperiments witie pastiere: Nitk ontput and feed inpufs
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inerensing Jovel of grain feeding und then Balaneed with respeet to basic peodoeing ability of the cows.
The preaping is expdained tn more dewdl o papes 3535 sl s shown Tor the siations represenied he
vindinne, Michiran, nmd New Jersey? In whie 70

TThe averaee mnlnteoanee of HE enws, 535 wial dygestille noteionts, was wsed forall groups.

As mentionyd above, mitk production pee eow at the pasture sta-
tions avernged higher in all groups than at the nonpasture stations
{table 3). In the groups of cows fal at comparable levels the dif-
ference ampunted 1o about 1,600 pounds of milk per cow. In the
pasture-station herds the cows were of higher inherent productivity.
They consumed more feed and produced more milk.  Tn the heaviest
fed pasture group the eows ate, on an average, about 500 pounds more
grain and produced about 1800 pounds wmore milk than in the heaviest
fed nonpasture group, However, the fact that the cows had pasture
does not seem to be responsible for the difference in milk production,
for two stationy in the series No. T experiments without pasture gave
considerably more milk per cow than fhose in the series No. II
experiment with pasture.

The range in the levels of grain foeding was not so great in series IT
experimenis, pasture, as in sories T experiments. nonpasture.  The

W atmdnrdbaed pesture dny ong owseid bere B adanned v pleld prstarage egunivalent Lo
385 pouds of lernl dlgestibde nutrients,
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lowest fed group sveraged for the year 1 pound of grain to 414 pounds
of milk; the highest fed. yroup consumed for the year 1 pound of
grain to 2.3 pounds of mitk. - This gives six group averagzes all within
the range in which much of the commercial milk of the United States
is produced. Thus the input-ontput curve (Fig. 12} showing the
sverage relationship between digestible nutrients amd milk produic-
tion per cow could only be based on observations fairly close together.
The more limited range in total digestible nutrients eomsumed as well
as the uncertainty of pasture estimates madkes it more dificult to
determine aceurately the slope of the curve,
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FIGURE 12. -RESPONSE IN MILK PRODUCTION TG [NCREASED FEEDING [MFFER-
ENCES IN PRODUCTION OF BALANCED GROUPSE OF COWS FED AT SIX DIFFERENT
LEVELS AT THREE STATIONS THAT CONDUCTED SERIES || EXPERIMENTS -PAS-
TURE

This slope seems to indieate a more rapid decline in ineremental out-
putat the very highest feeding levels than was found at the nonpasture
stations. It suggests the possibility that (he cows that were fod most
heavily on grain wonld graze less Intensively and consume less nutri-
ents than were arvived at by the method empioyed to estimate pasturage
intake.

Rovanace FEemxe, IncLrmse Exceriest P ASTURES, COoMPARED
Wit RovauaGi axn A MODERATE AMOUNT 01 GRALN AT rne Vin-
GINIA AGRICILTURAL EXUERIMENT STATION

The possibilities in the Kast of dairy farming without grain are
Mustrated by results of the experiment at the Virginia station, It
was not practicable, however, to combine the results of this experi-

4220717 42— .3
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ment with results from the other stations because the cows were fed
at only two levels.

One group of cows at the Virginia station had all the pasture, slfalfa
hay. and corn silage it could ext, but no grain: the other group had
all' the pasturage, hay, and silage it could eat, with enough grain when
necessary to bring the total nutrients up to the Haecker standard.

The cows were on pasture a full 6 months, and the pastures were
good virtually all the time, From the saving in barn feed, it was esti-
mated that an average of nearly 19 pounds of digestible nutrients
per cow per day was obtained from the pusturage.  This was enough
for maintenance. and for the production of about 1 pound of buttertat
per day. which is equivalent to around 300 pounds a year.

Although it is not desirable to give too much consideration to the
exact results of these comparisons, the indications are that the grain.
fed cows consnmed 2,100 pounds of grain per year; and they consuymed
approximately 1,100 pounds less roughage expressed in terms of lhay
equivalent than the cows fed roughage only (iable 6).

Tanry G—Rasic producing ability, actual production, and feeds consumed by
coits fed on roughage and grain compired efth similar coirs fed roughoge
onty ot the Vieginia Agricidinres! Bepevivient Stafios

©OFirsE ennparison 1o Seeandd comparisan !
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ferring one methad of ludanelng over twe other, the date from botl groapdngs see presentod

Incidentally, the Virginia experiments illustraie the difficulty of
carrying on experiments with daivy cows for a 2-year period. At
the beginning. there were four cows in the roughage-fod group and
four in the grain-fed group but before the end of the 2 yvears one
of the ronghage-fed cows was removed, beenuse of sterility, another
died frony eancer, and w third cow was killed beeanse fumors and
incurable abscesses had developed. In view of the fact that other
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experiments have shown that cows ean be fed on roughage alone for
2 years or more without any bad effect on their health, it was con-
sidered unlikely that the character of the ration was in any way
responsible for the death or removnl of the roughage-fod cows.” Two
uther cows, us nearly comparable as possible with the three removed
from the roughage-fed group. were substituted in the experiments
amdd every efforl was made to make the data as compurable as Pos-
sible, although the small groups and the substitutions obviously
increase. the chance for error in these camparisons.

The grain-fed cows consumod somewhat less pasturage; and they
produced from 1200 to 1450 more pounds of milk in a vear, on the
average. than the cows fed ronghage only, The resnlts of this
comparison were in general agreement with those obtained in other
experiments.  {(See p. 8)

It shonld be noted that anly threee of the seven records made on
ronghage in the Virginia experiment were with cows that ealved in
the late sunimer or fall. while seven of the eight records made on
grain feeding were with cows that ealved in the late summer or falt,
It is logical that a dairy farmer depending principally on pasture
for feed wonld get a greater production from the cows if they
freshened in the spring than if they freshened in the fall.  The chief
value of the Virgmin experiments lies in the fuct that they indicate
a high rate of production amounting to 1 pound of butterfat a day
or more than 300 pounds a year that can he obtained, in the East,
from roughage alone when the pastures are of the first eluss. the
cows are good, and most of them calve in the spring.  This is borne
out by the data showing that when cows on pasture were fed in
additionr an average of only 275 pounds of hay daily, they produced
186 ponuds of butterfar in 184 days,

Resryrs or SEries [ EXPERIMENTS axp SERIES [[ EXPERIMENTS
CoMuBINED

It was found that in the twa series of experiments, the response
in produetion to more intensive feeding was substantindly the same.
Therefore, it was decided to combine the data obtained in both series,
il by computing weighted averages of larger groups obtain greater
consistency in the result.  n this way, differences in the performanco
between stations could be eliminated. At some stations the average
productivity of the herd was greater than at other stations, the quai-
ity of the feed was somewhat better at some stations than at others,
and there were also some differences with respect to housing and
care, At two stations the cows were milked three times o day, while
they were milked only twice a day at the other stations.  Although
the input-output curves obtained from the different experiments wern
of the same shape, these differences between stations would yield
curves al different levels, as shown in fipure 7.

Al some staliong The Toss among the cows on experiment caused
several groups (o he unbalanced and the proup observations were
reduced to so small a number that reliable inpnt-output curves could
ot be fitted to them.' To ulilize the information still left at such

Lo -eutpat enevey woers ol flited 10 whservations represenilng the productinn of
Indlsiduni cows beennse 1t was a1t that the mensrement of basle prodieing ability was
Anbjert ta foo muell bins wwl error to oliabn eelinble foaults Trom Ut procedure,
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stations it became necessary to combine the observations from the
severn! stations. The method chusen was (o huild up new balanced
groups from the total number of completed normal records left at all
stations. The new groups, balanced with respect to expected yield,
were built to represent six different levels of feeding. This preced-
ure was repeated at one station after another so as to work over the
entire number of completed normal records obtained at nine experi-
ment stations. At the tenth stution only two levels of feeding were
tested and the results from this stution were treated separately.

At the nine stations the new groups were so arranged ns to represent
six ditferent levels of feeding, vanging from a low level of grain
feeding {1 pound of grain for every 44 pounds of milk) to a very
Bigh level of grain feeding {1 pound of grain for every 1.9 ponnds
of millk}. Group by group these different levels of feeding would
correspond, on the average, to increasing quantities of feed con-
sunied. but there would be some overlapping by groups from
individual stations in the sumne way as there was overlapping by
individual cows between balanced groups al any one station.  (See
tuble 703

In the formation of the six new budunced groups at one station
after another there arose the problem of what to do al three of the
stations which fed only af five levels. In these three cases interpola-
tion was resorted to not only to provide observations for the missing
groups and thus complete the table and facilitate computations but
also to appronch more closely the true differences between the groups
fed at different levels. The whole level of productivity was higher
in some experimental herds than in others. If a certain feeding-level
group were averaged without any contribution from the hevd of
highest productivity, a serious bias would be introduced through the
method of averaging. This bias is avoided if all stations contribure
their share to eaeh feeding-level group. The interpolutions should
neither add nor subtract from the experimental evidence, and in
compuling margins of error the true number of ohservations—without
the interpolated groups—nust he horne in mind.

Tuble 7 shows the make-up of the groups in the six levels of feed-
ing, and tuble § shows the number of cows in each group by stations.
At twao stations the quantity of feed given to the standard group was
between the 1:3 and 1:4 levels or the 1:4 und 1:6 Ievels; at other
stations it was below the 1:6 tevel. At the Mississippt and Peansyl-
vania stations, which fed at seven differeat feeding levels, the two
levels most nearly shnilar were combined,

The next question was to deetde whelher, in compufing averusges
for all stations, the results of individual stations were to be weighted
by cows or by stations. Should the results be freated ag if all the
cows in any one level of feeding were in one herd and each cow
contributed equally vegurdless of the difference in the number of
cows at the various stations, or should they be treated as if there
were Lhe same number of cows at each stalion and each station
contributed equally?

There are vahd arguments for both methods, It would appear
that the contribution of 8 or 10 cows from one siation to a feeding-
level group should he given mare weight than 4 or § cows at another
station. But when this is done the environmental conditions under
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Taune T.---Clagsificalion of the experimental groups inle & diffrient levels of
feeding ;' combined date from ¥ stulions
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which the different groups were kept cannot be considered to be
identical beenuse the conditions as well as the number of cows
differed between stations. The data were therefore assembled in
both ways and it was found that there was no inaterial difference in
the results. The simpler method of weighting by cows was then
followed.

THE BALANCING OF EXPHCTED YIELDS MEASURING SBASIC PRODCING
ABILITY

Lo making up the balaneed groups it was decided that the devia-
tion n avernge expected yield from group to group should not
exceed 100 pounds of 4-percent fat-corrected wilk. A separate analy-

Tawen 8 Suutber of pearly records made by oows [ e specifiod qreeps by
stations combined daty from 8 stalivne
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sis of varinnce of expected yields had shown that with the namber
of cows available, larger devintions fron group to group are likely
to be real deviations not caused by c¢hance variations and error in
mensurements of expected yietds. 'The expected production of all
cows which contributed records for this analysis averaged 8917
pounds of 4-percent fat-corvected nitk, and the groups representing
different feeding levels in all nine stations were thevefore buitt up
in such a way as to average between 8,817 and D017 pounds.

Some records could not be ited into the groups where they be-
fonged without unbalancing the gronp. FThese records were ethin-
inated from the analysis. Such eliminations were miade entirely
on the basis of expected produeiion without vegurd to the quantity
of milk protaced during the time of experiment,  Afler they were
made, it was thought that the groups fed at the six different levels
could be considered equal in ali essential respects.

The basic produeing ability of each group, as estimated from
previous records afier adjusting (o the age at which exch cow entered
the experiment, and adjusting 1o a 10-menth lactation period. is
shown in table 9. Dairy-hevd improvement factors were used in
making these mljustients,

Tante 9 - -Ruxic producing abitity of cows n the 6 feeding-Tevel grovps : eonhined
data from I slations
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The relationship of the different feeding levels to the Maecker
standard is shown in table 100 If maintenance is caleulnted at che
Hiecker standard and any nutrients above maintenance are compared
with the Haecker standard for milk it is found that the lowest fed
group consumed about 9 percent less than the standard and the
highest fed group 36 percent more than the Havcker standavd.  Uf
both nintenance and production requirerents at the Haocker stand-
ard are combined and compared with total nuteient Jutalke, the Jevel
of feeding at the lowest fed group is 4 pereent below the stawdard
amed that of the highest fed group is 18 percent abuve the standard.

THE RELATION OF MILK 0UTPUT TO FEED INI'UTS

Table 10 shows the production of the cows and the feed consump-
tion during (he course of 1he expermnent. There 15 8 consistent
stepping-up of production with every inerease in the quantity of feed,
ranging from 7,626 pounds of 4-percent mille Tor the group fued
grain during the factation period at the rate of L ponnd for each
4.4 pounds of milk produced o 9965 pounds for the group fed grain
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at the rate of  pound for cach 1.9 pounds of milk produeed. There
was no great vartion in the quantity of roughage consumed, but
the grain ranged from L1770 pounds for the lowest fod group to
5416 pounds for the highest fed group. The hay equivalent per 100
pounds Iive weight per day ranged from 1.7 pounds for the highest
fed group to 2.1 for the lowest fed group, 'This rate of roughage
constmption is about what can be expected when the hay is of medium
to rood quality,

Tawe 10 Feed inputs and mitk owiput of cots fed ut the § levols; eownbined
dala from & siutions
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UPhe avenge nintensnes of 302 oows, 3,245 tolnieds of teinl digesuble nutricnts, was used for all Eratps,

Figure 13 shows the hasic relationship between foed inputs and
milk output. The respomse 10 heavier feeding inereases at o pro-
gressively slower rate as the level of feeding increases and is properly
represented by o curve instead of a straight line. The output for
idded feed is more than tfice ns mmeh at the fowest level as at the
highest Jevel. At the lowest level 1 pound of added nutrients pro-
duced LT pounds of d-pereent milk: st the highest level 1 pound
produced 0.6 pound of 4-percent milik. Even these highest and lowest
levels are within the levels found in practice.

The average results expressed by this input-owt put curve obtained
from all the records verify the resuits obtuained in the analysis of
the data from the stations in the {wo series of experiments,  {See
figs. 5, 6. 7.8, 11, and 12))  The agreement is not perfect throughout
the rnge. At the highest level the response in output to inereased
feecing is slightly wreater at the twu individual stations of series L
But this ix o be expeeted because these twoe stations had the two
highest producing herds.

T Other minor diserepneies aee to e oxpeered 1t the ower levels, T'he compoxition
of the ration was sosnewhnt diferont nt ibe two stations than it nil stations avernged
together. Uhe average ratlons for il statbens cotininml moere toupiugte.  Beenuse e
dicest e nnirfenty system overvalues the rouphage, it is nut o e expected that the
avernEes for Tow levels ot alt slations shoull show alite su large an oulpul for 1,000
Poutids of nutrients ag was obtuined sl (he Lwve seried [ sinifons,
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ENT LEVELS OF FEEDING AT NINE STATIONS CONDUCTING EXPERIMENTS N
SERES | AMD i,

Derrsriexers ex Besronse Berwees Goon axn Poon Cows

One of the most difficult probiems encountered in this investigation
trps (o aseertain how moch difference in produclion response there
1o between goad cows and poor cows at varions levels of feeding.
In other words, to what extent Jdoeg the nherent productive ca-
pacity of the cow determine what level of feeding is the most
ceonanienl ?

The direns<ion so far has dealt with cows (hat would produce on
the average about 350 pounds of botterfat in 302 davs under the
conditions of feeding and management prevailing at the different
experiment stations. To learn the difference between the response
of god and poor cows, all the records were first divided inlo {wo
groups un the basis of inherent producing abiliiy—one below average
and one above average.  But \\'ﬂwn this was done i was found that
most of {he low-producing cows were at certain stations and most
of the hirh-producing cows were af olher stations. Any com-
parison, thevefore, of fow- and high-producing cows would be dis-
torted by the effect of differences in environmental conditions at
the varvious stations.




INPUT-QUTPUT RELATIONSHIPS X MILK PRODUCTION 41

To overcome this difficulty a further classification was made.
Within each group of stations the average expected yield of all cows
was caleulated and the records weve then divided into two groups;
one composed of records of more than average expected yield and
the other of records below the average of the group. For the pur-
pose of simple identification the subgroups were called “poor” and
“agood.” The cows were poor and good in relation to the general
level of productivity of all the cows, but this level was fuirly high
so that there was hardly a really poor cow ameng them.

The classification of 11l the vecords then resulted in the following
grouping:

{1) “Low” stations, with an expected production below the
average of all cows.
(@) “Poor’~below average of group L
(3) “Good”—above average of gronp i
(2) “High” ‘stalions, with an expected production above the
average of all cows,
{z) “Poor—helow avernge of group 2.
{b) “Good™—ubove average of group 2.

Phis division permitted comparison between the good und poor cows
within each group of stations with little bias due to the differences
in environment between stations. However, any comparisons made
between the “high” and “low?” stations will be influenced by this bias.

Handling the data in this way was not as satisfactory as when
all records were combined since too few records were available at
some levels of feeding to avernge out individual cow differences.

As n result the response shown to different rates of feeding was less
consistent when the records were classified this way (fig. 14) than
when the records of all cows were unalyzed together (fig. 13).

It will be noted in table 11, which shows the data of these four
g:-nu}m that the subgroups fed at each of the six levels were balunced

closely with reference to basic producing ability. The body weights
of the groups making up the six feeding levels were not very weli
balanced because the nambers of cows were not sufficient to permit
elimination of thoge that were too light or too heavy and still Jeave
enough in each of the groups.

The standard errors of estimate ave a measure of the variations of
the groups abeut the curves shown in figure 14. The curves are
fitted to the data given in table 11. Tt is found that these standard
errors of estimate nre a little lnrger than those met with in other
analyses of results obtained in these experiments. It is believed that
this larger variztion is caused by a lack of balance in the groups due
to the limited number of cows, aithough in computing the standard
errors the number of cows in the groups are faken into account
However, even with these larger ervors there is little possibility that
the curves shown in figure 14 vary mach from the “true” curves and
the odds are extremely small that there is in reality only one curve
for ench of the two groups, “high” stations and “low” stations.

The yield of the poor cows at the low stations increased with
inereasing quantities of feed wp fo the next to highest feeding level,
At this level ihe cows were fed an average of 1 pound of grain to
23 pounds of milk, This represented on the basis of the Haecker
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standard about 15 percent above total requivements. At the heaviest
level, 1 pound of grain to 1.8 pounds of milk resulted in a considerable
drop in production. 'The “good” cows at the low stations dropped off
slightly in milkk at the heaviest level of feeding while both “good”
and “poor” cows at the “high” stations increased their milk produc-
tion at the heaviest level of feeding.’®
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FIGURE 14 —INPUT-OUTPUT CURVES OF COWS OF DIFFERENT INHERENT
PRODUCTIVITY AT THE NINE EXPERIMENT STATIONS.

Whether the feed of cows that are naturally low producers can
actualiy be increased to a point at which there 18 no further incrense
i milk production or whether the results observed can be ascribed
to chance variations or to sume couditions peculiar to the “Tow® sti-

A ghmilar drop in production wis observed by Peirit In Dmdand (4],

waora olitained fram o duiry-lacm survey of 41 heeds gver S-year pociods.,
freding levels frown S0 poreend of the Boghsh standasl o 115 percent resulted o an
“Inercase I produgtion from nboul 6,200 pounds to aboul 7,500 pounds of mllk per cow
por yoear, Bot o huether inerouse in feed o more Lian 140 peceont of sipndard resulbed o
a drop In production to abont G.800 ponnds per cow per gear. The eows seemal to be
camparatle in produeetive ability (o the lowest produeing edws in the input-output experl-
ments, but Petrlt’s veport daes net tell whetler the cows ot the dilferent levels were of
tho simie inhwerend produstivity, noe is il elear (o wihnt dogree the dgures are bassd on
netunl fleld dare nmdd to what extent ot Ueorelival coushiceations,
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tions is something that cannot he answered from the data at hand.
It 1s evident that something operated to prevent any significant in-
crease either in consumption of nutrients or in milk production of
the “poor” cows at the low stations when grain feeding was continued
upward beyond the 1:34 level of grain feeding. It is not clear
whether the seeming inability of the poor cows ut the low stations to
consume more than an average of 6.8326 pounds of total digestible
nutrients acted us a brake on production or whether the low produc-
tion acted us a brake on consumption.

Incremental output was next considered. Inspection of the curves
reveuls that, if gnod cows ave fed the same amount of nutrients above
mainfenance as poor cows and all cows then are given a small addi-
tional amonnt of feed, say 100 pounds of grain, the good cows will
respond with s larger incrense in output than will the poor cows.
However, it was found that when we do not compure incremental
ontput of ecows fed the same absolule nmonnt of feed above mainte-
nance, but instend compare response when both groups ave fed at the
sume intensity, if, for example. both gronps arve fed 100 percent of
the Haecker standard requirements. then the two groups showed little
difference in incremenial returns. The good cows fed at Haecker
standard produce more milk and receive movefeed. Similarly if the
input-output curves for both groups are inspected and if on both
curves points are selected at which the incremental outpat for bath
groups 1s the same. it is then found that these two points correspond
to practically the same percentage of the production standard feeding
level for hoth groups.  The figures ave shown in table 12

Tasre 12o=Feeding loveis gssociated 1weith different fnerenrontal oufputs

Fead rongunption tn perernt of Harcker produse-
Lion Stalerd regairements

Iperemental antpud delditinnnl @ilk for nnadditionai

] et SRR e 1
ponnd of tetnd dleestilde nutrienty Gratnds) Low™ sintlons ; Tiigh stubipns
“tinm)® et ST "*{*opr'
oW caws fows % raws

Fereend Fercent  Precent Fereent
AN Ry

240 A S - L. 0 a ) ;
174 o W ay 4 Y
1A ) o it ! s ¥ w
1.5 . . iia 1 I ™
T 1 ) 16 115
a.75 . . 1 [RE 120 2
[ . l 6 1.11i mi 144

At any given incremental ontput of milk the high stations “geod?
aned “poor” cows were fed at nearly the same percentage of production
standard, At the low stations it appears that the “good” cows had
Lo be fed a higher pereentage of standard requirements than the “poor™
before their incremental ontput dropped to the level of the “poor”
cows, but even here the differences were not very large at the more
maderate fecding levels, and if the heaviest fed subgroup of the “poor”
cows at the “low” wtations is omitted then the figuves for the “pom”
cows would change and show about 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 wrranged in relation
to each other. The curves wonld all start from the oriein, rise and
fan out as they do in fignre 14. It appears that they would be so related
to one another that they ail would huve approximately the same incre-
mental output at the same pereentage of Huecker standard.t Tt
would seem that one of the criterin for a perfect feeding standard
might be that it aseigned such amounts of feed to cows of different
basie producing ability that the incremental output would be the same
for ul} COWS, ulﬁumgh they gave different amennts of milk. Tt appears
that the present feeding standards come fairly close to fulfilling such
a requirement.  As mentioned in another section, that does not mean
that the Haecker standard requires enough feed to keep cows in good
condiition year in aud vear out or that the standards prescribe the
quantitics which are most cconomical to feed,

EXPERIMENTAL LEVELS COMPARED WITH THE
HAECKER STANDARD

One of the mest notable contributions to the seience of feeding dairy
cows was made by 'T. L. Huecker of Minnesota. His stundard. pro-
mulgated over 80 years ago, has stood the test of time, for mn all these
vears only minor modifications have been made. In the input-output
study the Huccker standavd was used as the basis of feeding becuuse
it appeared to be practically ax aecurate as any other and becnuse it
was not subject to change. s

In the input-ontput series I experiments the varying levels at which
the cows were fed were based on definite percentage deviations from
the Haccker standard. These devintions ranged from 30 percent below
stundard to 3¢ pereent above.  In the series IT experiments the cows
were fed necording to o different systom, but a record of the nutrients
they received wax available for comparison with the requirements of
the Haeeker standard.

In both series of experiments every station fed one group of cows
according to the standard. but at three series IT stations the standuard
was madified to some degree. When the roughage fed, at liberty, at
these three stutions provided the quantities of nutrients prescribed by
the standard, grein was withheld. But at no time was any limitation
placed on the quantity of roughage fed. Cows that consistently re-
cewved all the good roughage they would eat, plus ?ust enongh grain
to bring the nutrients up to standard, maintained a good state of
flesh and produced well. But cows that get all the good roughage
they want in the course of 1 year. cousume nutrients in excess of the
standard. This is 1rue whether they are fed much or little grain
or none at ali.

Cows fed roughage aniy, or very small quantities of grain, not only
fail to reach the peak production of more liberally fed cows bat the
milk flow soon declines ro the level at which the feed consumed sup-
plies the quantity of nutrients required.  From: then on, unti the next

W Any stealeht e pmsstoy throusgh the ozt represents g constant poreontnge of
Tnocker stamdapd.
AL ong station the Morelson soondond was gsed,
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lactation, cows will consume more nutrients than specified by the
standard, The result is that at the end of the year they will have
consumed nutrients in excess of the standard.

The cows that were fed thronghout the entire year according to the
Haecker standard sometimes became thin in flesh und failed to produce
milk in satisfactory quantities. This tendency was particularly strik-
ing at four stations. By the second year a casual visitor af any of
these stations could pick out at a glance the cows fed aceording (o
the Haecker standard. In the most extreme instance, cows fed strictly
according to this standard beeame so thin that the foeding plan was
modified before the end of the first year to permit roughage at liberty.
at all times, with supplementary grain whenever necessaiy o bring
the intake to standard,

Figures 15 and 16 show the typical appearance of cows fod for more
than a year at 100 percent of the Huocker standard as compaved with
the appearance of cows fod at a level corresponding to 130 percent of
the production standard,

Cows fed nccording to the standard the vear round do not have
the opportunity to make up for the deficiencies that oecur eatly in
the lactation period. ‘The main trouble seems to be that they du not
accumulate enongh reserve flesh, either during lactation or while
dry. to enalle them to produce heavily after calving.

When the nutrients ave all or mostly in the form of ronghage. the
Haecker stundard assigns amounts of nutrients thai are d(-ﬁnit'éi_\'
too low for the vear-round feeding of duivy cows. No donbt
the fact that Haecker fed vations containing a rather high propor-
tion of grain when he was preparing his standard is partiyv respon-
sible for the wmoderate quantities of nutrients provided. "The fact
that the Huecker standard is expressed in terms of digestible nutrients
and that a given weight of digestible nutrients in the roughages
commonly used probably is not warth so much nutritionally as the
same weight in the form of voncentrates hags considerable to do with
the excess of ealenlated nutrients consumed by cows fed largely on
roughage.

But even if there is some limitation on the quantity of roughage
fed. the standnrd specifies sufficient nutrients for most ceonomics!
production only when the vidue of milk is low in relation to the
brice of feed, and light feeding is called for. The Haecker feding-
stundard Tevel must be clussed, therefore, as 1 low rather than as an
average level of feeding.

It appears that the prevalent idens about foeding need o be revised.
For many vears it has been sustimied that the standnrd rafe of feeding
is near the most profitable rate and the aim has heen (o foed cows
at stundard uniess they were being run on a fest of some kind. in
which the economy of production wax a matter of secondiry con-
stderation—then they were fod more heavily, It ix now pvident that
the most profitable Tevel of feeding. exchisive of maintenance. Ny
range from standard to as much as 30 pereent shave stundard and
that the relation between price of feed and price of produet is the
major consideration in deciding how heavily it payx tu foed cows.
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FEEDING GRAIN AT CERTAIN RATES IN PROPORTION TO
MILK PRODUCED IN COMPARISON WITH FEEDING FROM
WEEK TO WEEK ACCORDING TO REQUIREMENTS OF
AN ACCEPTED FEEDING STANDARD

One rveason for feeding cows according to different grain-milk
ratios at some stations and according to a given pereentage of stand-
ard at other stations. was to disclose whether there is any ad ntage
of one method over (he other in ceonomy of production. This was
also the reason for including o check group fed at the standard rate
at all stations. A true comparison cannot be made bet ween feeding
with reference to n standuard at some stations and feeding at varying
sratn-milk ratios at other stations beeause rhe environmoental com.
dittons wnd guality of feed were not the same at all stations. Tt was
necessary. therefore, to make the comparisens within, rather than
Between, stations.  Three different compurisons were made between
graups of cows fed acvording to a standard and groups of cows fed
a1 a definite grain-milk ratio,

The first was 2 comparison bel ween standard-fed eows and cows
fed al the nearest comparable rate. Data from five stafions were
tsect in this comparison. At three of the fve stations. the 1:6 rtio
between grain fed and millk produced was closest to the Huecker
standard. At the other two stations. the 1:4 ratic was closest to
standard,

Drata from the same five stations were used in the second compari-
son but in this instance feeding at the Haecker standard was com-
pared with feeding at the 1:6 ratio in all stations. In both the
frst and the seeand compurison resuits were computed by uveraging
logether the data from all five stations. Thus in each instance the
cows were divided into only two groups,

A shmilar comparison was made by seleeting two of the five
~tations, dividing the cows inta one group fed accortding to a standard
and another group fed at the 1:6 level and comparing the average
data for the two groups®

‘Fable 13 summarizes the vosulis of these three comparizons, indicat-
g I averwges the Hve weight, expeetod yield, actual yield, and
the feed and nutrients consumed hy the cows in ench group.

In exch of the three comparisons, the cows fed according to the
Haccker standard produced o smaller fotal quantity of milk. but
more mitk per ant of nutrients consumed than the cows fed at the
grain-milk ratios nsed in these compurisons. The standard-fed cows
ate more grain and less forage, consuming less total digestible nutri-
ents than the averages for the cows in the other groups.

Feading according to a standard tends to permit the conversion
of feed into mille direetly insteand of it into bedy substance and
then into milk ax when cows are overfed and underfed at different
periods of Jactation,  Theovetically it would appear that feeding

M Bvent thoush daln from thess twa statlons were Ineluded In Hie avecage ditn foar the
entlre mronp of fve, (hoy were selectml for 8 sopaente rompirison.  This wiy done because
the method of sinnderd Tesding ot these iwo statlons (feed from Lhe nwethond Toilowed
af the other stutions, AL these two statioas, Hhe cows od ne pargtare, nnd roughaee was

Hmited 1o thie Kijter part of the inetntlen fu order to Keeps the nutrients nore nearly at
Hig stamdund feve) during that period.

AE20757 42 g
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according to a standard would be more economical because it is a
well-established fact that the conversion of nutrients to milk is more
efficient than the conversion first into body tissue and then nto milk.
The above computations bear out the theory. But the advantage
in feeding cows from week to week according to their estimated ve-
ﬁnirements over the common method of underfeeding during the

ush of lactation and overfeeding during the latter part of lactation
and while they are dry is not sufficiently pronounced to be of any
great practical importance.

Tancg IR, - Compurison of efivieney of production of eows fod weekly uecording
ty requirements ith that of cows fod af approgineadcly the sanae inlensity
for the whole gese bul aecording 16 o wmethad welich resulls in femporarily
feeding wmore and foss Hhan roguirements
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VAL 3of these statlons thw cows were resirfeltd 1o the Haocker staxdend only when the naiehagee onn-
suiption was nal saffteient te cover reqesrerments. The eows were forl ronghege freely ai ol 1imes and
mwufut ilhe ol of the netntion atsl during the dry pertod ey consasoed sore than the standneg
rannined,

Flted e of feocling that appeared] niost cotaparable 1o the suitderd rate,

Many investigntors hold that roughages are overevaiuated by the
total digestible nutrients method. T so. the smnll advuntage of
standard feeding with reference to milk produced per pound of tota]
digestible nutrients consitned would be lessened. Thix study indi-
cutes {table 13, mensurement of efficieney) that from a given quantity
of total digestible nutrieuts, cows like those used in this esperi-
ment, will produce not over 300 pounds more £-pereent willt n a
vear if they are fed ut a given pereentage of standard from week
to week dnring the lactation period instead of ai the rate of 116 or
1:4; and if no limitation s put upon the ronghuge consunption the
inerense will be much lose than 300 ponnds.  In spite of the more
efficient use of nutrients when the cows were fed al stundard they
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actually produced less milk per year. This is more important than
efliciency of conversion. Furthermore, the cows fed at standard
failed to carry as much Hesh as those fed at the rate of 1:6 or 1:4.

That the fornges as a rule are cheaper sources of nutrients than
the concentrates must not be overlooked. Therefore, the meost
cconomical feeding practice usunlly is {o make the fullest possible
use vt forages. Appurently, in most dairy areas and under normal
price conditions there should be ne Hmitation in the gquantity of
forage cows are allowed to eat.  And If cows are allowed to et all
the hay. silage. and pasturage of good quality that they want, they
will be overfed when the milk production has declined to a low level
and when they are dey, according torany accepted feeding standard.

But this extra feed is nol wasted becuuse liberal feeding before
culving results in more milk for about 3 or 4 months after calving
{15}, 'Phe greater use of cheap feed before calving may largely
counterbalance any less eflicient conversion of feed to millt because
of the nutrients first being eonverted to body substance instead of
directly into mill.  Appareatly the chief reason the standard-fed
cows produced less than the other groups was that they were in
thinner condition at ealving time in spite of the fact that during the
dry period they had received 100 pounds of total digestible nutrients
in addition to waintenance as the plan called for.

The farmers’ rule of feeding grain with reference to the milk
produced as 1 pound of grain to 3. 4. 6, ete., pounds of milk appeurs
priactically ax ceibeient as feeding continuousty with reference to a
stunddard and s much simpler to put into practice.

THE INFLUENCE OF LEVELS OF FEEDING

InFLoENCE UPoN Piak Propvorion ann PERSISTENCY OF
Proprorion

Adl the records beginning when the cows were fresh and rumning
uninferraptediy through 4 wecks were assembled in six groups
with reference to the level of feeding, The levels of feeding and the
groupings are shown in table H, Frgnre 1T gives similar informa-
tion by weeke—the six levels bave been combined so0 as to make three
curves instead of six. Thix was done by averaging topether the
data from the lowest (wo levels, the intermedinie two levels, and the
highest two fevels. and smoothing the data by using un adjusted
-week moving average. This process eliminated numerous very
minor devigtions. It was planned 1o show also the unsmoothed data
but the widih of the smoothed line practically obscured the
deviations, '

The lowest fed groups reached peak production in the fourth
weel, the next lowest in the fifth week, and a1l the rest of the sixth
week, The peak production varied uniformly with the level of
feeding—the cows fod the heaviest reached the highest peak and
thoxe fed the least il the lowest peak production. The vange was
from 392 pounds of 4-pereent mitk a day to $5.6 pounds a day,
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TasLe 14 —Persistency of production: Average production of -all cows that had unbroken lactation records and were fed al 6 levels similar lo
those presented in (able 7

Level | {63 cows) Level 2:(55 cows) Lovel 3 (56 cows) Level 4 (62 cows) Level 5 (46 cows) Level 6 (89] cows)
B § ]
‘Produce-| Produc-} Produc- Produc- Produc-, Produc-
Weeks of lactation tion of - R tion of | ! tion of tion of tion of : tion of
i 4-per- < Change in pro- | 4-per- | Change in pro- | 4-per- { Charnge in pro- | 4-per- Change in pro- { 4-per- ; Change in'pro- | {-per- | Change in pro-
centfat-, duction from loentfat-! duction from centfat-] ductionfrom jcentfat-{ duction from jcentfat- ductionfrom. {centfat-] duction from

cor- {previous period ' cor- . previous period | cor- { previous period | cor- | previous period| cor- previous period | cor- | previous period
rected ; rected i rected rected rected rected
milk! milk t | i+ milk ! milk ! milk 1 milk !
B P ! H

§

¥

: : t i : i ! ¢ . | H
P{oimgs? Pounds Percml‘l’oundx;_l’ounda‘Percenl Pounds' Pounds | Percent Pou{;xda Pournidys Percent Pg%ué.v‘Pounll& Percent| Pounds | Poundas! Percent
ii92) N08.4 ¢ o [ IS NS S 1t oL o 1 1030.0 . L. 10245
525 1315 414,28 - 10874 +189.0 42104 11%5.8 '+221.5 +22.97 | 1226.0 +2066.8 +27.81 | 1252.5 /14222, 5 421,60 1264.8 [4-240.3 | +23.46
P=111.8 11062 10126 © —74.8 § ~6.88  1003.0  ~02.8 | —7.83  1144.4 ; —81.6 | —6.66 | 1175.7 | ~—76.8 =613 | 1203.4{ —61.4 | —4.85
1213 |—12.80 ; 0088 :—103.8 1—10.25 = U87.7 '—105.3 { —0.63 f 1044.1 {~~100.3 | —8.76 1 1080, 0 | —86,7 ' —7.37 | 1119.4 | —B4.0 | —6.98
—892.6 ‘=140 - 8029 —105.9 i—~11.65 - 4424 —105.3 {—10.66 y 060.5 0 —83.6 | ~8.01 11020.2) —68.8 —6.32! 1027.1 | —92.3 | —8.25
—60.0 . —8.26 - 7215 —8L4 ~—10.14° 8O8.5 ~73.0, —8.37 ! 880.2 ~R(.3 836 011.7 ' 108.5 '—10.64 956.7 | —70.4 | —6.85
=7L7 —10.75 - GO6.6: —54.0 | —7.61 | T2 7 —82.8 ;—10.24 1 800.1 - —$0.1 | —0.10 | 850.4 ' —~61,3 « —6.72 889.5 | —67.2 1 ~7.02
—5L8 0 —8,70  -582.3 . —843 —I2.65 . 650.2 —66.5: —0.16 ' 726.9 ' —73.2 | —9.15 | 760.5 . —86%9 —10.57 821,21 —68.3 | —7.68
—62.3 =11 47 404,86 - —R7.7 ~1506 + 559.6 . —-08.6 '—15,1] 618.4 '—108.5 —14.93 047.2 (—113.3 —14.90 728.4 | —-92.8 | —11,30
=96, 7 ==20. 10 304.3 11003 —20.25 ¢ 450.2 —100.4 "—-17.04 " 4831 135.3 1—21.88 508.5 —138,7 i—21.43 603,2 |—125.2 | ~17.19
~93.0 ;—‘.H. 200 2812 ~113.1 —28.68 ' 3530 —105.3 —22,03 335.8 —127.3 1-26.35 3846 {—123.0 —24,37 460,6 [—142.6 | —23,64

965303 | ; -{10,008.8 N
% BS7T [ . . ... 7.37

| 7850.6 !

Total.... . - R
Measure of persisteney ?{.. . . N, 10.69' R 4 10.25

0.87 l R T Y

t Average produétion per cow for.the 4-week period. N
2 Average percentage decline from fifth to thirty-sixth week computed by dividing total of declines fromn 9-12 period through 33-36 period by total production in 5-8 period through
20-32 period, ~ The smalier the figure is, the greater the persisteney.
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The trend downward from the penk was much the same and very
uniform for all groups {fig. 17). A common method of express-
ing declines is the percentage decrease per month. For exa:n[l)le, if
2 cow gives 1,200 pounds one month and 1,100 the next month, the
decline is 100 pounds or 833 percent of 1200 pounds. The yields
of milk by 4-week periods and the declines are given in table 14
After the thirty-sixth week the declines were accelerated because of
pregnancy.  Perhups from this time on, pregnancy rather than feed
is the dominant factor in contrelling milk production. To see how
the six levels of feeding influenced the monthly decline, an average

? T

Heavy-fed groups
116 cows ) I

Lu
[w]

Medium- fed groups
{38 cows)

L
=]

)
o2

1 !
Light- fed groups _/

129 cows

&

MILK PRODUCTION PER DAY ( FOUNDS OF 4 PERCENTF C M)

i) 5 20 25 30 35 40 45
WEEKS AFTER FRESHENING

BAL 3372

FIGURE 17.—AVERAGE LACTATION CURVES SHOWING PEAK OF PRODUCTION AND

PERSISTENCY FOR COWS DIVIDED IMNTO THREE GROUPS ACCORDING TG LEVEL

OF FEERING 360 UNBROMEN L ACTATION RECORDS AT NINE STATIONS CONDUCT-
ING SERIES | AND 1| EXPERIMENTS,

was taken of the declines for seven 4-week periods from the peak
production through the thirty-sixth week.

The pereentage declines deereased as the level of feeding increased,
and these gradations downward are sufficiently reguiar to be con-
clusive,  Inercases in feed lead to the production of more milk, first
by nereasing the peak production and, second. by lessening the sub-
secent declines.  In other words. the whole lactation curve has
been pushed (o a higher level.

InrreeNce UpoN THE PERCENTAGE OF FAT IN THE MLk
The percentage of fal in the milk of the cows fed af the different

levels during the experiment 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 averages at the bottom of the table show that the milk at each
of the six feodmu levels declined in percentnge of fat, ranging from
0.04 percent to 0.18 per cent, and there was no conmc;t{,m,\' of change
with reference to t]h(' level of teeding. Some slight significance
might be attached to the fact that the lowest fed group declined the
most, but the general conchusion is that the percentage of fat is not
changed by hmvv or light feeding. The general decline observed in
all groups muay have been the result maml\ of advancing age. as it is
not hl\eh tiiaf such consistent declives would occur purel_) by chance.
Another of the possible contributing factors s that the length of
the lactation period used to deter mine the basic producing ability may
have been (mwo: than the 802 days allowed in this investigation. The
difference in the declines found at the varions stations can best he
explained by the varietion i the factors moentioned nbove.

TanLy 15.-Change in hufterfal test of wiih prodwced durivg the ceperimen!
compured with That of the mith prodaced previowsiy s coonbined dotn from 8
ghatons

H 3

. ! : !
P By B PTIT B P avel L bewel T fave
Static [Ji\{‘i i 1"wl | 1_‘“! i l‘i“ b l!‘ [ A(': el

Pereent Pervent Precent Pereend Pereent - Prreent
1] i I

Lrnigwange - =ik 1l -, —i ! —. 05 —i —il 13
Indinng 1 —. &3 - - i1 - - N -
Marvinnd - - an +.18 - PR —
Michiyau | — L 1) o4y B (] R L - 2
Misgissipni - 1l - B P [ TH .
Now Jorgey L (]| B 1y : I -1 1l
wew York ‘ - 4 -5 -0 B £ v —u
Penpsylvania L [0 - - 05 it | —. 0
Routh Nakotn L S o B B .o - 1 -
Total — 1K B 47 T - hk —i.60
Simple averaer 1.4 14 - - 1 - 07 - 12

Ubaterpahtedd; G inter podieion was mnde i e o way e deseribit in oabies 7 ol A

THE INFLUENCE ON TRE Breenixg anp Canving EFFICIENCY ARD
oN ruE Hesvry or Daaey Cows

There is a somewhat general feeling among dairy farmers that the
heavy feeding of grain is Imtmhii in a2 mnmher of ways.  Some speak
of cows being ‘huent ont” by excessive grain feeding: most of th{'m
think that it enuses digestive disorders, wsinlly called “off feed”
others have a fecling that it induces mastitis, nnpairs breeding efﬁ-
ciency, and shortens the useful life of datry cows.

This nvestigntion gave an opportunity to observe the effects of
feeding different qtmnt:iwa of grain upon the health of dairy cows
for 2 years. This was })mlmh!_\ tong enough for the full effect of
the ratinns ta bevome wanifest tn sote respeets but uot I{mg erough
to permit a determination of the relation of heavy grain feeding to
the mefu) life spun.

Along with and somewhat incidentad to the recumunlation of data
relative to feed inputs and wilk output, detailed information was
obtained an the health, breeding records, deaths. nnd removals from
the experinient of cows after the effects of different levels of feeding
had a chanee o exert themsolves,  Pregnaney and breedings were
not included uanless the enlving oeear rod mare than 10 months after
the cow started on the exper lment likewise, any cow that died or
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was removed within 6 months after sturting on the experiment was
not included.

Information was obtained on 298 cows for the first year of feeding
and on 188 for the second year. The cows were divided into six
groups. from low to high, according to the level of grain feeding.
Most of the cows fed at the highest level were on experiment for
only 1 year and this year was the third instead of the fi-st, as might
be inferred from table 316 which shows the number of cows under
observation at ench level of feeding und at each station. The data
for Virginia are not included becanse the cows there were fed at
only two levels. ‘Table 17 shows the number of cows removed from
the experinient becnuse of discase, death, or other reason. There
were Far more removals the second year than the first but there was
no definite relationship between the level of feeding and the number
removed,  Although more were removed from the Towest fed groups
than from any of the other groups, 8 of the removals were because of
poor condition rather rhan because of disease, These cows_ might.
liave been velained.

Talie 18 gives detailed information regarding breeding, removals
from the experiment. and deaths, The causes for the removal of
cows from the experiment are of interest. Exclusive of 18 percent
removed heennse of Bang’s disease, 16 percent died. The caunses of
the deaths are listed as follows: Foreign bodies, 40 percent; mastitis,
20 percent; abseesses and infections, 20 percent; and parturition and
nephritis, each 10 pereent.  Of those removed for causes other than
death, sterility accounted for 42 percent; mastitis, 24 percent; abor-
tion (noncontagious). 24 percent; poor condition and unprofitable,
8 pereent, and old age, 2 percent,

Tane 0. -Number of cows from rarious stations wsed to defermine effects of
foeding ferel ppon heallh and breeding efficiency

Dutn for feeding levels indicated-—
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TaBLe 17.—Number 6f cows from each group by stations that died or twere
removed fron the experiment

Datr for foeding lavels Indicated—

Year snd station -
1 Z 3 4 [ ] Totsl

FIRIT YEZAR Ahember | Number | Number Number
DIoWars. ..ol vivemeemeneena- [ R, I
[adisna_ ... oooiie oo
Marytend. . __ oo
Michigal. oo aaaam s

Mississippi...
Naw Jersey. .
Nuw York .
Pennsylvudia, .
South Dakota.. ...

Towsb, ... ...

SECOND YEAR
DPeipwnara
[edirna. .
Murvlan
‘r tomy

Mississippt . L. -
New Jersey. . ococcceeanan -
New York. . ... -
Penosylvunia. ... -
South Dakoetn . .

Totsl, .o

O 1T e 0D O O e D L

o
o

Total, 2 yoars. . ___.._. 15 0

0w
o
=

10 | &1

It cannot be said that either light or heavy feeding was superior
. In its effect wpon the staying power of the dairy cows during the 2
years that they were on this experiment continucusly.

There was a definite trend upward in the number of cases of “off
feed” as the level of feeding increased. This finding is in accordance
with the general belief., Few 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 quantity 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 cow-years. Thus 100 cows kept for one year
would have 11 eases 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 concepfion are not dependent in any way upon the level
of feeding. One of the two medium-fed groups had the best record
so far as pregnancies were concerned, while the other medinm-fed
group had the worst record.

From the study of these data covering 2 years it appears that the
only ailment or trouble that ecan be definitely attributed to the level
of feeding is the frequency 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 ascertain the long-time
effect upon the henlth and staying power of dairy herds of contin-
uous feeding at different levels.




TABLE 18.— Breeding and health data of cows fed at 6 different levels !
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P The classifieations under health data are not mutually exclusive, "The same cow may have been off feed, have had mastitis and died from o foreign body.
1 Caleulated on the basis of 1K cow-years.
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ECONOMIC SIGNIFICANCE OF PHYSICAL INPUT-OUTPUT
RELATIONSIIPS

Agriculture in this country long ago passed the stage where pas-
ture and roughage crops for <dairy cows were produced mostly on
Innds that could not very well be used for other purposes. A large
part of the best lands i the countey are now used for production
of feed crops. Inm the dairy regions most of the cultivated aren is
devoted to the prowing of feed crops which are used directly—or
indirectly throngh feeding (o young stock and workstock—to provide
for the dairy herds.  Thus. at present the greater part of the dair{xfl
feed crops—grain erops and roughage crops—is produced throug
an expensive combination of hard work, wood land, and saluable
machinery.  These crops must be used economieally,

That purchased feeds, usually representing a heavy eash outlay,
must he economized is self-cvident. To gain this economy, many
dairymen weigh the duily grain ration to each individual cow.

1f both grain aud roughages are o be used most effectively the
must be fed in such gquantities that their conversion into millk wiil
result in the largest net cash return to the dairy farmer. He must
feed at the most econouieal level,

The input-output eneves supply in condensed  form some data
which so far have been lacking for ascertuining definitely the most
economical feeding level. With these data it becomes possible to
learn how much in the quantity of feed shonld be varied upward or
downward in accordance with changes in the relationship between
the prices of feeds and of millc

The feeding standards indicate the physical needs of dairy cows.
They tell how mucl feed must be given to cows of different size and
different inherent productivity in order to keep them producing with-
out losing or gaining in body weight.  Tn many localities the feeding
level arrived at by wupplying the quantity of prain and roughage
needed to bring nutrients np to the Haecker standard will not be far
from the most economice level of feeding hut only by chance does the
rate of feeding indicatied by the ferding standard coincide with the
most economical rate of feeding.  In areas where the price of 100
pounds of milk is much lower than the price of 100 pounds of grain,
rood cows will be fed mueh less than the feeding standards eall for
during the carly part of the lactation perind. As a rule they are
unuble to consume ronghage enough to produce as much as they would
if they were also fed sore grain, but it does not pay to supplenient
the roughage by feeding grain.

In the very beginning of the lactation period such cows may produce
at a high rate. For a while they may maintain this rate fairly wolt
by milking off their flesh. But when the nutrients intake is entirely
insafictent for the outpat of milk the time is soon reached when
nature profects herself by a continvons decline in milk production,
a decline that comes earlier than noemal and continnes until a lovel
is reached which ean he sustained on the quantity of autrients received.
Still Jater. in the lactation period when the natural decline in milk
production has further reduced the mitk yield. the intake of nutrients
will he far in excess of the quantities required for maintenance and
production, Thus, for the year as a whole the cow will balance ac-
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counts in such as way as to comne out with a feed consumption well in
excess of the rvequirements corresponding to the reduced milk
production.

The health of the cow daes not seem to suffer beeause she is fed in
this way. Cows go throngh such « period of deficiency regularly year
ufrer year in those areas where griin is 50 expensive in relation to milk
that it cost considerably more per pound than milk does. The reason
why dairy farming conlinues in such areas is that there is no better
way of using av ailable roughage supplies.

01} the other hand, if lIiI“\ prices are very favorabie in relation to
grain prices il pays {o o considerably beyond the feeding standard
levef and to feemd pm(tiv:ti yoas mneh grain as the cows will'eat. Such
practices ny nrean that the production ration is increased 1o more
than 30 percent above the production ration preseribed by the
standard.

In other words. the quantities that are economical to supply depend
upon prices of feed and nilk.™ Thix price relationship determines to
what extent it is economical to ntilize the cow’s ability to produce,
whether this alility 18 to be atifized only partly, and production re-
stricted to the quuntity whicl can be produced by feeding only rough-
age. or whethoer the inherent produetivity is to be used to its very limit,
alimit which i the ease of good cowsomay be reached when the cow
refuses o eut more. At this pnmi the ;nmhu tion response might still
be sufficient to pay for still more grain if the cows would eat it,

When the input-outpnt relationship is learned, the economic limit

an be loeated wder varying conditions of prices by relating the
input-output data (o the prices which prevail in different areas and
at i fferent per l{}(!H af time. The datae obtained fram the input-output
experiments i series No. 1 tell how mieh milk ean be expected from
extr inputs of grain in addition to a constant intake of roughage and
to what extent the rate of output falls off if geain feeding is foreed
to higher levels. Beeanso the rate diminishes; o point is reached where
extrn mitk output will not pay for additional feed. How far 1§ pays to
go then depends upon prices: that is.upon the cost of the extra grain
aud the vitlue of e inerease in il yield,

The economic limit may be locatad by several different kinds of
computations. A stuple way s to consider the bakunce between the
wdded cost of another inerement of feed nnd the increase in receipts
due to the corresponding increase in mitk viekl.  Ax long as each
step resnbts i oan addition to receipts greater than the inerease in feed

TWilhin cortnin itz sdditioant foed mny e supplicd o the Torm of rowthigs or In
rhee Toem of sreabn The eigmaeity ol (e eaws o eottsimse conlchnes 1imits the choler bes
tween (hoge twoe types af feed,  Beyomd o oeoetndn poini, depondiog upon the size of the
cow nird Lhe quality of the rou 'ialu..i- Iis nnt passible fo peovide more foed exeept in the
coneeptrrdel Torm @ tha fs exeopt do the Peror of weain, Uathl (e Timit is cenched, the
furper s n chodee aaud wil) atteanpt fo supply e fosd in the chenpest form,  That may
by I gl form of hoteegrewn reugliage, home-grown grlin, o i the form of purehased
wenin,  Whether 3 pnys boest for farmeers o sut‘!ll! mtey an fertilizors and seods for
fortilizntion amd reseeding of pasires aid hay lemds amd for Dhensised production of
stluge cropd, or 01 i more prattiabie fo poarehase some seddificm coneentente foeds dopends
wpon fhe gerenges of gpond el poor bind availabie, what other cvobs con be grown oh
thess Bonds, wid 4o what extont the viells of the conghoge ceops ean e Inerciased by
feribiltord gal mproved calinrd practic 1t tlso depends opos how henviiy the oy
s wtocked, how profitnily hone grown wenin can be used for other bypes of lvestoek
aned at whnt prices coneenbeates gre avablabis, ok, These and other factors widoeh de-
torttlue (he redrtbve prafilaileness of femlinge ronghnges os compnred to feeding gruin will
vary frow aren to gt agel sven fesen G Do S smd 3t is oniside the scope of thig

=hidy o diseuss these prelilepis g oaleiall, o clmplify the diseasgion, it hog therefore been
restrieted se as to deal matindy with grakn prices aml mik prices,
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cost due to another increnient of fecd—other receipts and expenses
remaining the same—it pays to take that step.

As outputs grow smaller, a point is finally reached where the incre-
mental millk output s no more than suflicient to cover in value the
cost of the corresponding increment of feed. Here the economic limit
has been reached. How soon the iimit is reached depends upon the
price of milk us related to the price of grain. How small an incre.
mental milk output will suflice to pay for another pound of grain can
be found immediately by vomputing the grain milk price ratio,

In other words. the namber of pounds of milk it takes to pay for
an extra pound of grain is found by dividing the milk price into 1he
price of grain. [F milk costs $3 per hundredseight and grain $1.50
per humdrvedweight, the grain-millk price ratio is 0.5, An added
output of only 50 pounds of mitk will still puy for an inerease in ration
of 100 pounds of grain, Coiumn ¢ in table 20 thus shows how nny
pounds of milk in added ontput will be sufficient to puy for an extra
pound of grain at prices prevailing in different aveas. Evidently, in
the areas with the highest milk prices in relation to grn prices it
will pay to incrense grain foeding to n tevel where ouly an increase in
output of about 70 pounds of milk is obtained for esch extra 100
pounds of grain fed.

The input-out put experiments show that so low an incremental out-
put is reached only al the henviest levels of feeding. This means that
for fairly high-producing cows within the nreas with a favorable price
relationship there is no practieal Hwit to grain feeding, except per-
haps, the lhnits dictated by concern for the health of the cows. Most
cows which produce 9,000 pounds or more of 4-percent milk, if fod
grain in addition to a constant ronghage intake as in series I experi-
ments, are unable to consume feed cnough to hring the production
ration above 130 percent of the Haeckor stundard feodingr tevel, and
at this level the incremental owtpot is still 70 to 80 pounds per 100
pounds of grain added to the ration.

Panee WL -Besponse of daivy cows to Dtereased feeding
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These facts may now be related to the input-output curves to de-
termine more aceurately how far it pays o increase feeding in differ-
ent localities with varying prices. When it is known how small an
additionz] output is necded to pay for an extra pound of grain, the
feeding levels which correspond to a certain udditional (incremental)
output can be located on ('}10 input-ontpart curve or in a table of the
type presented as tuble 19 which is derived tfrom the input-output
curves.  The feeding levels are expressed in percent of the standard
feeding lovel.

The determination is simplified i the ronghage consumption remains
constant at the different levels of grain feeding as it will if roughage
of not too poor quality is fod sparingly.  The value of the roughage
then becomes a kind of overhead cost and las no influence in deter-
mining where the economic lmit is reached. It depends entirely
upon the relationship between geain prices and milk prices. The
loenl price of grain divided by the price of millc at the barn door
wives us the ratio which indicate how many pounds of milk we must
obtain for an extra pound of grain al the ceconomic limit; that is,
when feeding at the most profitable level.

In the input-output experiment serics I. roughage consumption
was limited to some degree and did remain practically constant at
all feeding levels. The results from these experiments may serve
ns a basis for making recommendations for practice in dairy areas
where cows are fed approxtimately the same way as in this series
of experiments.  In actual practice, we find that on many eastern
dmiry farms the roughage ration is limited and increased grain feed-
ing does not lead to any decrease in roughage consumption.

Table 19 wus devived from input-oniput curves oblained in the
series T experiments. It presents the results obtained with good
Holstein cows weighing 1200 ponneds and producing 8,000 to 9.000
pounds of 4-percent fat-corrected milk when fed at the Haecker
standard level. But it has mueh wider application.  As was shown
in fthe seetion discussing the response of pood and poor cows the
incremental output for cows fed the same percentage of standard
requiremients would be approximately the same for cows of different
hasic praducing ability,  But cows weighing more or less than these
cows will require o different maintenance ration and to that extent
total feed eomsumption will he changed.

This discussion has been in terms of adjustiments made by the indi-
vidual deiry farmer and how the input-output relationships apply
to sueh adjustments. However, when (he same problems are viewed
on {he national seale and it ix realized that the same problems are
met. with on a million farms the knowledge of these relationships
takes on added importanee,

Buch knowledge will make it possible to plan uational programs
af adjustments on u more secure basis than before.  Tor exnmple, a
program for repuisting milk production by controlling the number of
dairy cows is not likely fo sueeved 1F the road is left open to take
advantage of the greal possibilities of inerensing production per
cow by mare heavy feeding.  IF suddenly o great expansion of milk
production is needed. 1t is important to know that the average re-
quirement of feed per pourngd of mille is not applicable when it comes
to eblnming more mill from the number of cows now on hand,  The
feed requirements for such an increase in production from the same
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nmber of eows are twice as large as the average feed requirement,
If about 11 billion pounds additional milke is needed. it does not take
itbout 100 million bushels of grain, but aboul 200 million bushels.

REGIONAL DIFFERENCES IN INTENSITY OF FEEDING

Dairy furming is practiced in all the 48 States, buf fhe areuas with
a substantial amount of commercial dairy production make up only
n small proportion of the land in the ‘South. and a siill smatier
proportion of the agriculiural area in the Grent Plains and i the
Mountain States (fig, 18),

The principal daivy regions are found in the Novth Allantie, North
Centeal, and Pacific Coust States. Between the different parts of thig
vast aren. ruther pronounced differences are found in the prevailing
practices with respeel to muanagement g feeding of dairy herds.
The determination of input-ouipnt curves throw sone Leht on the
extent to which these differenees are economically justified,

It hus been shown that the guantities which miay be fed economienlly
in different areas depend mainly upon the relationship between gritin
prices aml milk prices. This rela 1onship also varies to o great extont
between different parts of the datry region, but it was found that the
variations of this rtio belween aroas were considerably smaller 1han
the variations of either milk or grain Prices.

Throughont this discussion the term “grain™ means that concent rate
ation which is most commonly fod in the various regions.  Farmoers
and feed dealers constantly aitewpt to malke up this ration from such
proportions of the commonly used feeds {such as corn, small graing,
wheat brang and oflseed meals) ns will Furnish » sufficient quantity of
nutrients and proteins most cheaply. Generally speadcing, this grain
mixture ean be provided at lowest cost in he great surplus prain-
producing region of the North Central States from which grain s
exporfed to other regions,  Although these other regions produce
hoth graine and oilseeds they ship in more feed than they ship out.
Therefore, the farther away n dairy avea is located from i he surplis
gran-producing region. the higher'is the price of grain.  The South
and the Pavific const have higher prices than the Middle West. and
the very highest prices are found along the Atlantic seabonid,

Bat these price differences. which in turn fend to rive r1ise to

e I wrnin unlk price o les o widel 1he Mk . (38 15 bused were aonpat s hy
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bowus assamed that the crewm inekotod weanild cont e (o Lest 25 pereent butlorfnt, wng
that sk ik wis wortly 30 congs o udeed pounds,  Twlbvidonal lees of (e items
rtering inte the pomposion prbee wore wolghdsd b tlue nmounts soh! durlonge 1939, ‘I'he
priees ot il sold of retail and of frm Itter sold, have hoen fenored, 11 WaE REsined
thot prlees of rotadl mille lows distribuflon cosls wanlil approximade prives fos whnle ik
and that farp Anieer peiees lisg disorbii fon it s wanld mpproxing e Gut et nrices,

Feives eolleened ManihIy by ot Aprienlinral Marketing Sorviee, and A, M. & datan
showlng (ho types of eoneenifnies (o to Wik eows I enel aron, were tsod as the basiy
for alb extmaies,

Aoadlgtinetion was made, on on county busis (10 rensus dnia), between nrens whers
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butterfnt wees mpertunt, aid arens whern nefier of tise wis lmportaat.

Arvaw whern miik snlos did nod reach o, whnitim of G500 pourds of nilk equlvalent per
squire mile, were lolt blanls,
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FIGURE 18.—MAP OF GRAIN-MILK PRICE RATIOS, 1939. fAE
The farm price of 100 pounds of the concentrates most commonly fed in an areq, divided hy the wholesitle price of ¢ither 100 pounds of
milk containing J-percent butrerfat, or its milk equivalent in terms of butterfar and skim milk, whichever wuas moere common, was
used for computing the rafios,
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differences in the grain-milk price ratio are counteracted, to some
degree, by corresponding differences in milk prices.  In general, mitk
prices follow the grain prices, being lowest in the central part of
the country, mcreasing with distance both to the west and to the cust,
nnd reaching the highest point alonge the Atlantie seabond.

Although the general paltern of regional prices is the same for
both grain and milk, the relative differences between the prices within
the different regions are not the same. Therefore, the grain-milk
price rutio varies from one dairy area to another and that ratio
determines to a large extent how inteasively it pays fo fowl.

Fignre 18 shows what areas huve a uniform price ratio wnd how
great are the differences between the matios found in vioious areas.
The most Tavornble price velationship prevails in some stall wreus
along the Atlantic seabonrd and the Golf coast, for example, jn eastern
Massachusetts, on Long Island. wronnd the eittes of the Southeast. and
along the Gulf couast.

A favorable relationship, aithough not quite so faverable as the
ene mentioned. is found v a vast aren taking in nat only the densely
populated industrialized parts of the Tastern States, but moest of the
Corn Belt, and stretehing te the eastern edge of Kansas. Nebraska,
and South Dakola. It is rather surprising that the price ratio
throughent the greater part of the Middle West is as favorable as in
Connecticut. the lower part of Now York State. New Jersey, Mary-
land, and Pennsylvania. Some aveax in the Great Plains, the Rocley
Mountain States, and in southern California. have the same favorahle
ratic.

A legs favorable vutin is found in w hrowd belt to the nerth, as well as
10 the south and west, nearly sirrounding the avea just ontlived. This
zone also takes in gond-sized areas in the Rocky Mountain States and
the Pacifie Coast States.

The least favorable price relationships are fonnd in a fow northern
areas near thie Canadian border, in n helt extending voughly from cen-
tral ‘Tennessee throngh the Texas Panhandle, and 1 the northern part
of the Pacific Canst States,

Before considering more elosely the influence of these price relation-
ships it is well to reeall that the most economiceal level of feeding i
determined in the wmain by the relationship hetween feed prices and
milk prices,

This reasoning applies to the level of feeding as determined by
nitrients intake i rebition to pradecetion,  TTow mneh milk is obtained
for an extra 100 pownds of grain or its equivalent in other feeds depends
upon how farwe have gone along the cnrve of diminishing returns amd
this In tuen depends upon the toherent productivity of the cow—
which, «o to speale, determines the level and shape of the eurve—and
the quantity of tota} nuirienis ennsumed,

The total ration iz made ap of roughages and grain.  Therefare,
heavy grain feeding is not necessarily the same as intensive feoding.
The grain ration may be large becanse the rouglhage ration is small,
and heavy grain feeding may be o stgn indieating that roughagoe is
searee or not of 1he best aquality, That is the ease (o somie extent iy the
Ieastern Statos and in the Bonth,

In the Middle West, ronghage supplies are usually plentiful and
of fairly good quality, althongh ufavarable weather during the huy-
curing period may still play lwvoe with the quality of the hay.
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In the irvigated valleys of the West the pasture vields can be kept
at w high level ull through the summer and hay can be harvesied under
tdeal conditions.  Therefore the roughage is of high quality and great
quantities of roughage are consumed.  The low rate of grain feeding
practiced in these urens may still coineide with a high level of total
putvients fod. Similar conditions are found in the interior parts of
the Pacific Coast States.

Therefore, although price relationzhips constitute a major influ-
enee in determiving feeding intensity, these price rvelationships give
rise to proportional dilferences in gram feeding only it the quality and
quantity of the roughage supply is approximately the sume between
regiots,

To simplify discussion of the influence of the grain-milk price ratio
upon the intensity of leeding, it i« convenient to consider first only the
mudpeint value of the incremental ontputs. It hag been found that
variations in ineremental ontputs center avound 1 extra pound of milk
per pound of grain added to the ration.  Later the decrease in this rote
as higher levels of teeding ave veached must also be taken into account.

Thix simplified fnput-ouiput relationship =L for 1.7 can be related
to prices as they wre found in different parts of the country in the
wiy presented in tabile 20,

Tanir 2, Refationshiy iehween prices of grain rations and milk in different
LS
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Tuble 20, colimns 1 and 2, shones how the average price of the dairy
ration (grain) amd the prevailing farm price of milk vary from one
duiry ared to anothei. Bearing I mind that w veturn of 100 pounds
of millk may reasonably he expeeted for eacl 100 pounds of grain added
to the vatiom at a rather Tow level of feeding. the table shows the
changes in menelary returns that will vesult from the use of an oxtra
100 pounds of grain ration fed to dairy cows,

These fipures fealumin 3) show the wide difference in the gnins to
Fe mde by feeding peain to dairy cows in one region campared with
avother.  In some arens no gain ix shown,  The added receipts for

q22071 48 a
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milk barely cover the outlay for the extra feed.  Indeed. if grain feed-
Ing were not necessary in somie of these areas, to provide more pratein
for an unbalanced ration. or to supplement an insufficient roughage
ration, grain feeding might not pay af a1l As will be =een. however
(figs. 5 and 6). when feeding is searce the incremental output—the out-
put for an additional 100 pounds of grain—incereases to 150 pounds of
milk, and may even approaoh 200 pounds. This explaing why 2 mod-
erate quantity of grain may prove profitable even under these price
conditions.

However, in the areas where the price ratio is 1 or even more—and
thus less fuvorable—grain will have to be used very eautiously.  Here
it is easy to mo beyond the econoniie limit. especially it the roughage
is of high quality. '

An entively different pictare is presented under the conditions that
prevail near the metropolitun centers of the North Atlantic const.
‘The prices here ave the highest found n any of the large milk markets
in the world.  Yet grain prices, although higher than in the Middie
West, are not nearly su high relative to millkk prices.  Near the big
citivs they ave no higher than in nerthern New England where farmers
ju'o move than 200 miles away from their market and milk prices are
ow,

A the ratio of the price of grain to the price of milk drops below 1—
and thus becomes more favorable—it pays to feed mure heavily. If a
daivy farmer were to move from western Wushingtan to northern New
Jersey and udjust his practices to the new price relationship. table 20
shows that he might reasonably expect to gain from 75 cents to close
to a dollar on every 100 pounds of arain added to the ration of his
cows ag compared to the way he fed his herd hefore,

Thus. in the castern area, the dairy farmer, by feeding a ton more
arain to exch of his cows per vear than do his fellow farmoers in butter-
producing regions far away from the metropolitan milk markets. gain
close to $15 to $20 per cow. For a herd of 20 cows. thix mnounts to
approximately $300 to $400 per year. The basic input-output rela-
tionships, together with prevailing prices. largely explain why heavy
feeding even of purchased grain prevails in these Atlantie seaboard
arens.

In certain northern aveas on the Pacific coast and in purts of the
Scuth. prices of grain are fairly high while the prices of milk and
erenm sold for manufacturing purposes are rather low, In come
arens where cream ig sold for butter production the relationship be-
tween the value of milk and of grain is such that there is no margin at
all to encourage liberal feeding of grain,

In seuthern California, where milk prices are influenced by the
market for milk in the great wrban centers, price relationships are
about the same as in the Middle West.

In the Middle Wesi milk prices are fairly low but grain prices
wre sufliciently lower to allow for a margin in favor of grain feedimg,
As a matter of fact. the prain-mill price ratio is just as Tavorable
throughout most of the dairy arens of the Middle West as in the larger
part of the enstern daivy areas. Dairy farmwers in the Middle West
may carry grain feeding ast far as Tarmers in the East within the same
price ratio zone (fig, 18). .

When in 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 Fast, the expluna-
tion probably lies partly in the fact that more and, perhaps, somewhat
better roughage is availuble and partly in the smaller absolute margin
that prevails in the Corn Belt, Luke States, und the wheat-producing
arens.

Althongh the relationship between a grain price of 81 and a milk
price of $1.50 per hundred pounds in the Middle West is the same as
between oo grain price of $2 and a milk price of $3 per 100 pounds in
the Tast, the rewnrd for converting ancther 100 pounds of grain inloe
milk 18 50 cents 0 the first eage and $1 in the second.

The small additional cost of milking awd cooling and providing
ang for an additional 100 pounds of milk should alse be tuken into
consideration.  Ilowever, in many cases, the fertilizer value of ad-
ditional amounts of nitrogen, phosphorus, and potassium obtained
in the form of the additional purchased grain may lower the net cost
of the extra grain as much as the small additional costs lower the
net value of the additional milk.  Thevefore, for the sake of sim-
plicity. all of these additionad items have been left out of considera-
tion.  If that is done, the gain in the example just given comes to
5t cents in the Middle West as compared o $1 in the Fasi.

In addition. there is also the faclor of risk to consider. The prae-
tical dairy farmer has no means of knowing exncily the degree of
infensity at which he is feeding.  To play safe he will prefer to stop
before the limit is renched rather than go too far. When the reward
in the western aveas in dollars and cents is so pch lower for each
of the units of feed sapplied before the limit is reached. it is prudent
to «top at u slightly lower rate than in the esstern arveas,

This Is espectally the case if profitable returns can be obtained by
putting the feed to other uses, such as feeding the roughuge to beef
cattle o sheep and the grain to beef eattle, lunbs, hogs, and pouliry,

INPUT-QOUTPUT RELATTONSHIPS AND ORGANIZATION
OF THE DAIRY ENTERPRISE

Tt has been shown in what way the fundamental input-outpnt
relationships govern (eeding practices on dairy farms and compel
dairy farmers 1o follow different practices m different aveas depend-
ing mainly on prevailing prices of grain and milk, if farmers are
to venlize full veturns from their dairy herds,

When only 100 pounds of milk can be obtained tor an extra 100
pounds of grain—and ar liberat feeding levels even less of an increase
1 output 1s obtained—dairy favrmers must consider mille prices and
crain prices closely and adjust the quantities fed if the relationship
hetween the prices is alered.

It is now to be considered how this adjnsiment process works out
on individual farms under different circomsiances which correspond
1o conditions fonnd on farms in vavious areas of the dairy regions,

Ti i« not a quesiion of feeding intensity alone. It is a problem
of vhanging the quantities of feeds supplicd at the same time other
changes ure made,  Of these other changes the most important ones
are coneerned with the size of the herd and the cropping system
followed on the farm in order to produce more and better roughuge.
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IncrEAsED GRAIN FEEDING WITHOUT EXransion or Hewn

On a farm where the quality of the voughage and the productivity
of the cows* correspond to conditions at the series II nonpasture
stations, the advaniage of heavier grain feeding is reduced if the
number of cows cunnot be increased.  In the series IT experiments
cows were fed all the good-quality roughage they would eat.

Under these civenmstances the heavier grain feeding was not fully
veflected i an inerease in total feed consumed and in production
becruse the herd if fed more grain consimes less ronghage. Whelher
this saving in roughage can he connted at [ull value depends upon
what other use can be wade of i,

Ff the increase in milk production is measured against the increased
quantity of grain fed and nof aguinst the smaller inerense in total
feed consumed. the incremental output—that is. the inerease in milk
obtuined for an exten pound of grain—at different feeding levels
will be shown in the following tabulation.

Taniw 21, Changes In fuerementad output with increased grain Sreding when the
asiount af ronghage deereases
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When a small quantity of grain is added 6 a ration consisting only
of roughage, the response s 1.5 pounds of additional milk per 1
pound of additional grain.  When 500 pounds of grain iz fed the
response 1x 1.13 ponnds of additional milk per 1 pound of additional
gran ete. Phis tabulation brings out clearly the rapid decline in
ineremental ontput with inereased grain feeding, it this heavier feed-
Ing ig accompanied Dy a reduction in roughage consumption. These
incremental returns indieate that, it there are no alternative uses on
the farm tor the roughage saved—and this miglit well be the ease if
only a fairly short period of iime is considered within the same crop
vear iU wonkl not pay to go mueh beyond L0D0 pounds of grain per
cow. This applies to Farms that protduce high-grade roughage and
operate under the price conditions which prevailed in recent years®

However. the inereased gratn feeding may yet pay better than it
nppears to, jldeing from the ineremental ol put shown in the tabu-
Iation, provided profitable use ean be made of the roughage saved,
for exiomple, by adding more cows to the herd.
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INnTENSIFICATION OF MILK PropucTioN THROUGH INCREASED GHAIN
Feeming anp Herp ExpansioNn Wit No INCREASE N ROUGHAGE
PropucTion '

The discusston in the preceding section was limited to the possi-
bilities of increasing milk production economically by feeding more
rrain per cow, without expanding the size of the herd. But in netual
?m'm practice, there are a number of other possibilities for increasing
the total milk production. For example, by purchasing additional
grain it may be possible to feed more cows economically even on
furms where it is impossible to increase the quantity of roughage
grown,

Dairy farmers throughout the country can supplement their own
feed supplies with comparative ease, by purchasing grain.  But with
roughiages it is a different matter. As a rule, these feeds are bulky
and it is not profitable to transport them very far from the place
they are grown. Roughages are regularly bought only in a few
areas of exceptionally high prices for milk. Thus, on many farms,
the quantity of roughnge that can be produced is one factor that
limits the size of the dairy herd, )

As pointed out later, it may be possible to increase the produe-
tion of roughage on some farms with no increase in the total crop
acrenge by chunges in the farm organization. However. these
changes may take some tine; and on some farms the Himit of roungh-
age production may already have been reached. But an these farms
it grain feeding is stepped up, the cows will reduce their consump-
tion of roughage to a certain extent and it then becomes possible
to keep more cows with the sume Himited roughage supply.

The extent to which herd expansion is practical will partly depend
on the barn space available. the amount of labar required to take care
of the extra cows, and whether additional cows can bé raised in time
or bought at a satisfactory price, For the most part, these considera-
tions ave outside the scope of this study.

Changes from light to heavy grain feeding usually come about over
a period of years as the price of milk increases in a given locality.
As a vesuit of regional differences in the price of milk and grain,
together with a searcity of high-quality roughage, farmers in the
mirket-milk areas near fhe cities of the Novtheastern United States
are feeding more grain per cow than farmers in any other part of
the country. In these marlet-milk areas of the Northeast, the num-
ber of cows and other roughage-consuming animals is comparatively
high in relation to the acreage of forage crops. Milk production
per cow is also high in these arens, exceeded only in certain purts
of the West where a high quality of alfalfa Dhay and excellent
pastures are avuatlnble,

Table 22 shows to what extent the practice of heavy grain feeding
reduces roughnge consumption and makes possible an increase in the
gize of the herd. The rate of feeding in this table varies from no
grain to £000 pounds of grain per cow. The cows are given as much
roughage vs they will consume.®  Just how many more can be kept

=°rhe ronghuge fod por eow might he athitraelly ecut down below the amounts actually
consumed I this experiment by e cows that weree fo@ mnst henvily on geain,  But under
st clrenmstances 0 wonld uet pay to g0 much lower because the heavily fed vows In

the experiments were appronching-a ronpllage Intake so low that It provided vo more than
wad necded Lo insure aguinst minernl and vitamin defiviencies.
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may be estimated on the basis of data obtained in the fwo non-
pasture experiments in series IT. To begin with, it is assumed that
a certain farm produces enough good-quality alfalfa hay to feed
20 cows if they consume roughage alone.®® This same quantity of
roughage will be enongh to feed 26 cows, if they are given a heavy
gram ration at the rate of 1:2. :

Tantk 22—Applivation of the resufts of series IT ecperiments (nonpnsture) to
o deciry form with @ Hmdted supply of rowghage and o wlieh increases in
production mey be obfuined through feeding grain

VARYING INPUTS AND QUIDPUT FOR THE WHCOLE HERD

When amounts of grain fed per cow nre +—

{tean Uit N
N i, 000 2000 3,000 4,000
ERin ponnds | pounds | pounds | pouods

HMay equbvalent eaten por cow (tolul | Pounds. . . 11, 73 15,224 10, 74 2,028 8, 634
digestible nutrients X 2).
Muther of cows reepaiced tacutall tha | Number. . 20 21 a2 24 26

Ty,
AR (4-percent fmb-correeted milk) | Pounds . 6,132 T.971 7,9 8,204 8, 604
produced per cow.

Total witk produced Pounds ... .p 122,460 | 152,004 l 17,328 | 190,050 &2, 14
: !

RETURNS

A, When prices approximnle these of
Wiscansin, 1M1

Value of wilk al $1.75. . .| Dollprs. . © . 2,143 3, i72 3,483 3,800

“olug of prain led at $1.35 -t Dollars (] p I 072 1,404

Differcnce .. .. ..._._.________i Dallars 2,108 2988 250 2,405

B, When prives wpproximnte thoso of
Mussnchusells, 101E:

Volueof milk nb 3. ..o Dollars 3,674 4, 581 &, 240 &, ay: 6, 033

Value of gruinab $2 . o] Bollars .o i} 4520 ki) 1,440 2, 080

DITeTenee . o'eevemans i Dollurs 3, 67 4§61 4,360 | 4,582 4,553

C. When prices npyproximate Lhose of .
Wiseonsin, 1930: !
Vnliw of milk et $125 . ... Tollars . 5 1,409 . 2150 2, 488 2,764
Value of grain at $1.10. DPollaes. . q 231 A8 . 792 1,144

1
i
i

Difference oo . ] Dollars.. ... 1,618 1,005 P 1,6 1,620

1, When prices approximute those of
Mussachusetts, HE:

Value of milk nt $2.50_ .. . _____. | Dollars. ... . 3, 062 3,817 4,358 4,976 5, 5248

Valoeof grafont 3170 .. . _§ Tiodlars. . 0 ant 48 1.2 1, 768

Bifference . ...eeoeoeeeoen..| Dollars gz | sa00 [ 3,610 I 3,752 3, 760
! Of tha totn! roughuge suppiy on the furm it Is assumed that an anount equal 1o 117 tens of hay eqnuiva-
lent is nvailnble for the dairy cows.
! In seldition Lo e speciiled quantities of grafu the cows are fod all the good roughage thoy will eat,

Table 22 shows that ag the quantity of grain fed is increased the
tota! quantity of digestible nutrients in the ration also is increaszed
but not in the same proportion because there is a decrense in rough-
age eaten.® The inerensed grain feeding rvesults in a fairly rapid
inerease in milk production, an increase that is very pronounced at

A In theye eomputations, the cows were assumod to have nn average basic producing
albliily of 7200 pounds of 4-pereent fot-corcected milk gnd the altalfn way assuned to be
U. 5 Noo 1 amd U8 No.o 2 Inogqualily.

M Phe exent of the decrense bus been catlmated Ly EHeadley (7)) o 0.5 pound huy for
ench 1 pound of griin alded to & mrian of roughage ooly, Compuintions from data tiken
at olher pluces (f, 7. & {1, 12) econflrm eadley's obyervatlons,  In thege experiments it was
found thnt the decrease on the mverage vacled (vomr O3 o 6.7 pouml
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first and less marked as larger quantities of grain are eaten. In
figure 19 the digestible nutrients in grain, roughage, and total feed,
as well as the milk produced shown in table 4, are plotted with refer-
ence fo the verticul axis, against actual pounds of grain fed per cow
plotted along the horizontal axis. This gives a straight-line increase
for fotal digestible nutrients fed in grain. The decrease from group
to group in nutrients consumed in the form of roughage is better
represented by a curve®® The curve vepresenting the Dest £t for
the total digestible nutrients is the sum of the digestible nutrients
In the grain and roughage. The actual increase in milk production
from group to group closely approximates the diminishing returns
curve which was fitted to the mitk produetion data.?

The next step is to determine the feeding level at which the maxi-
mum eash return or difference between the value of milk and the
valne of grain can le obtained from the entire lerd at specified
prices for milk and grain.®

Table 22, section” A, shows that with supplies of silage and hay
correspoding to approximately 235.000 pounds (117 tons) of hay
equivalent, with milk at $1.75 and grain at $1.85 per 100 pounds, the
maximune ensh return is veached when 24 cows share the roughage
andd consunie 3,000 pounds of grain per head. However, the return
of $2.51 L in thix case s only $54 more than when 22 cows consume the
available roughage and receive 2.000 pounds of grain per head; and
1t is only $123 higher than the return when 21 cows share the rough-
rge and consmne grain at the 1,000-pound level. In turn, feeding
21 cows ut the L000-pound level would bring a return of $245 above
feeding 20 cows on roughage alone. Under these price conditions,
it is probable that few farmerg would feed much above 2,000 pounds
of grain per cow. The additional return of $54 above the cost of
the grain would not induce many farmers to leep two more cows.

In contrast, there is much more to be gained by feeding up to
2,000 pounds of grain per cow when milk is worth $3 2 hundred and
grain is worth $2 a hundred {the price situation in much of Massa-
chusetts n 1941). This is illustrated in table 22, section B. TWhen
3.000 pounds of grain is fed per cow, the herd is increased to 24
cows, to consume the roughage on hand. At this level of feeding,
the milk produced is worth $£582 more than the grain fed. This
return 1s $182 more than when grain is fed at the 2,000-pound level,
and $371 more than the return from grain feeding at the 1,000-pound
level. .

Lower prices for milk and grain, such s those which prevailed in
Wisconsin in 1939, decrease the advantage of heavy grain feeding.
Table 22, section C, indicates that in this situation Httle advantage

2Pl grve shown 15 based on the equation ¥=5862— 01520 —0.000402° In which ¥

iw rhe ponnds of tofal digestibie nutsbents o roughage, and g the actoxl pounds of grain,
1 3

M The curve is based on (Le eguation Y=5781 —2538 (0.;‘:57:)-&)“’““, in which ¥ repreosents
e pounds o d-pereenl fut-torrected milk produced per eow and g orepresonts the ponmds
of prnin witen per cow.

= Citsly veturn ps used here is not te be confused wlth net intome, B is merely thet
“SAiTerenee’” widel ot various levels of frodinge |5 wvnituble for paying other costs of pro-
ducing and mwarBeting milk, Any atiempt to itCmize those eogsts i doetnil is putside the
geope of 1lils dtudy, since they wonld ¥ from farm to fnrm oand from replon to region.
On tha other side of thp Iedger, Bowever, mors infensive eding menng tha b Biaré nuinare
will bu avnllable for mnintaining (he fertlity of the lind. This added value js suifcient
to Lo conghivred In any atteinpl re esthonte all fectors Lbewring on the economy of more
intensivie feeding.
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FIGURE 15.~~RESPONSE IN MILK PRODUCTION AND ROUGHAGE CONSUMPTION TO

INCREASED GRAIN FEEDING WHEN COWS ARE FED ROUGHAGE, FREELY AND

GHAIN [N PROPORTION TO MILK PRODUCTION. AVERAGES FOR TWO STATIONS
CONDUCTING SERIES || EXPERIMENTS—MNONPASTURE,
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1s to be gained from feeding above the 1.000-pound level. At the
1,000-pound grain level, the return from 21 cows is $1.678. To feed
22 cows at the 2,000-pound level would add only $17 to this return,
and to feed 24 cows at the 3.000-pound level would add but $1 more,
not considering the cost of providing replacements for the extra cows,

In the search for 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 leveE the size of the
herd, and the roughage supply must be adjusted together in order to
reach maximuom returns from the dairy enterprise.

It 3s an interesting fuct that in dairy areas where the margin
between the value of 100 pounds of milk and 100 pounds of grain is
small, the penulty for not keeping the right size of herd is not very
great. The furmer and his family may, year after year, needlessly
house, milk, feed, and enve for 24 cows nstead of 20 without being
paid for it.  But. although much labor has been wasted. there is no
additional penalty in dollars and cents.

INTENSIFICATION OF Dapying Thnaovrcu INCREASED ROUGHAGE
Pronrcrion

Earlier pages of this bulletin have shown to what extent milk pro-
duction per cow can be increased by heavier grain feeding. They
have also indieated to what degree an exnansion in the size of the
herd is macle possible by the reduction in the consumption of roughage

which ocenrs simultaneously with inereased grain feeding,

On most farms, however, it is possible to make an even greater
expansion in size of herd and in production of milk by increasing
the production of home-grown roughage in addition to feeding grain
more heavily. This increase in roughage production ean be accom-
slished, in time, without increasing the total crop acreage. 1In this
ashion, some daivy farmers have doubled and trebled the number of
cows in their herds, and have inereased milk production even more,
without inereasing the size of their farms.

'Ihis trend may be illustrated best by comparing various representa-
tive types of dairy-farm organization. For example, table 23 shows
a type of farm crganization that was fairly common in the Great
Lakes 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 grganization discussed later,

Similar changes have occurred in other areas with different prices.
Examples could be multiplied, but this illustration will serve to show
the application of the experimental vesults to dairy farming.

To simplify the work of estimating how much mill could be pro-
duced from this much feed, the grain was reduced to pounds; and
the roughage was reduced to hay equivalent, also expressed in pounds,

*fiuring 3 pounds of silnge equal to 1 pound of hay. Yn these terms,
the total feed-crop production of the farm in table 23 amounted to
36,000 pounds of grain and 118,333 pounds of hay equivalent.
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Tannyg 23—Less Inlensive Mype of organization an ¢ 120-uvee diivy farm in
. + y
Wiseonsin (form A}

ftam 1 nit Produrclion
Crops: ’ AAerex
Corn geain e e e . | hishels.
Cortr il . .o 10 | x50 tons,
Sl graving . f 20 1 G0 bashels.
Claver iy . R . i o) | Lons.
Tatal cropintud e : #iili,
Pusturp . . R e . .Iif.}-
Livestock: Flead
[AHIYS . e eeaae- - . L ri
Haifors e e e o : 4
Culves o - . . . . 3
1forses . I e i

After deducting the grain and hay required for the horses and young
stock, 27.800 pounds of grain and 83,000 pounds of hay cquivalent
were left for the cows or for other disposition.

The next step was {0 find how much of (his feed conld he uswd
profitably in milk production, assuming 1939 prices in the Great Lales
States.  Inspection of the experhmental data. discussed earlier, indi-
cated that (he most profitable level of feeding probably would be close
to LOOO pounds of grain per yvear for each cow,

Assuming that the cows were kept on pasture for 5 months of
the yenr, which was common practice for this type of farm. the 83.000
pounds of hay equivalent would be approximately the quantity con-
sumed by 13 cows during ¥ months of barn feeding.®

At this level of feeding. the 13 cows on furm A would consume 13.000
pounds of grain, leaving the remaining 14,600 pounds for sale or for
other uses. It wold, this surphs grain would be worth arcund $160
at a price of $1.10 per 100 pounds.

Average milk production at the 1,000-pound level of grifin feeding
is close to 7,300 pounds per cow, At 1939 prices in this area, amount-
ing to $1L.25 per 160 pounds of milk, the total production from 13 cows
would he worth approximately $1,185. Added together. the gross
value of the surplus grain and the milk from this farm would be worth
close to $1.345.

The rtio of grain feeding to milk production followed in this
plan was approximately 1:7, but with high-quality roughage the in-
cremental output at the 1,000-pound level of feeding is only 1 to 0.85.
{See p. 88.) At the prices assnmed above, the value of 85 pounds of
milk is §1.06 and the value of 100 pounds of grain is $1.10. This indi-
eates that the 1.000-pound level of grain fecding has already gone
slightly beyond the most profitable point at these prices.

Obviously, then, it would be unprofitable to attempt to increase
niillc production by heavier grain feeding so long as that particular
price relationship exists and so long ns EH}-’ ardd corn silnge of high

quality are available. It also would be obviously unprofitable to add

= Paxpeviments already oited Indientie fha! eows barn-foid nlt your nnd receiving 1,000
poninds of oain wiil consume appraximalely 11,0800 pounds of oy eqnlvabont, or an Rverige
of 84 pousdds per month, Al that rate, Pows on pasinre & mokils would conswne 6,800
pounds of by cgudvalend Qo ¥ omandhs of boen feeding ;) amd 13 eows woultl consume, In
rougel mnbers, gpproximaiely 85000 pounds of by equivalest,  TE b assutied the tolal
guanily of gealn fed would remain about the smne whether the cows woere out pasture part
of the tiwe, or bure-fed ali yerr,
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another cow to the herd uniess more roughage or a better quality of
rougthage could be obtained, since a decrease w the quantity of rough-
age fed per cow would necessitute heavier grain feeding.

What possibilities are there. then, for increasing the net return by
changing the type of farm organization without shtering the size
of the farm? Some dairy farmers in the Great Lakes States have
inereased their production of ronghage by changing their crop rota-
tiong, by utilizing n large share of the crops as roughage instead of as
grain, and by increasing their erop yields through the use of manure
supplemented in some cases by purchased fertilizers.

These changes fo a more intensive system of dairy farming are
Nustrated in the I20-acre farm o table 24 Tor convenience. this
farm will be referred to heveafier as furm B. - During the lust 10 to
30 voars many Tarms have changed so that they are now lke farm B

Panrg M—-Mare hutensive tppe of argenizelion on oo 120-ucre doiry form in
Wistausin { furo Y

Fien ' "nit o Troduceiion
Crops: Slerey
L'or silnpe . - a2k .
Sl prain . . 0 500 biashiels.
Alfalin W75 Lons.
Potal erojiland e
Pastatre . . i
Livestonk: el
Cows 24
Heifrrs . 5
Calves 6
Fiorses 3

Feed production on this frm mimeunts to 16,000 pounds of grain
and 283400 ponnds of hay ogivalent. OF this, 1,800 pounds of grain
ad 51400 ponnds of hay equivalent were allotted to the horses and
voung stock.  This left 5200 pounds of grain and 232.000 pounds of
huy equiviient for the cows or for other uses,

It was assumed (hat the 60 acres of pasture on farm B was about
equal in qualily to the pasture on farm A, Preliminary calenlutions
then indieated that i the number of cows were increased enough to
nse nll the ronghnge available, the pastare would provide feed for only
2 months,  Barn feeding with roughage would be required the vemain-
g 10 maonths, Il was also assnmed that the rate of grain feeding
remained at 1000 pounds per cow.  On this baxix, the 242,000 pounds
of roughage left after other stock had been caved for would be suffi-
ciend Lo tuke care of 24 cows®™

The 24 cows on farm 3 would then require 24.000 pounds of grain.
As only 3.200 pounds of grain was left after deducting the needs of
other Iivestoek Tram the total produced, it would be necessary to buy
18.800 pounds of grain. :

At the 1939 Wisconsin prices of $1.10 per 100 pounds, this purchased
erain would cost $207. And at $1.25 per 100 pounds for milk, and an
average of 7800 pounds per cow, the milk produced in a year by 24

= Batbnlod, as b (e case of frm A, an the basiz of 944 pounds of hay eqnivalent Der
cow for onch muonth of burn feeding or Y010 ponds (or 318 moniths,
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cows would be worth $2,190. Subtracting the value of the purchased
grilin from the value of the milk leaves about $1,980.

To recapitulate, the value of the millk from 24 cows on farm B would
be around $1,980 after dedncting the cost of grain purchased ; and the
value of the milk from 13 cows on farm A would be around $1,345
after adding the value of the surplus grain sold. This indicates that
a change in the type of farm organization increased the gross return
by approximately $635. It is to be assumed that additional sales of
about two cows and five cnlves from farm B would add another $125,
raising the total difference in gross return to about $760.

The net increase in cash returns resulting from the change in farm
organization would be less than §760, however, for there would be
some increase in expenses other than the grain which already has been
considered.

The increase in general expenses resulting froin more intensive dairy
farming varies greatly on different farms,  For example, surplus fam-
ily Inbor is available on some furms and ean be more fully utilized
as crop production beeomes more intensive and more livestock is kept.
Labor-saving machinery and equipment is widely used now, and with
improved barns and haymows enable a person to accomplish more
work in a given fime than can be done without them. Allowing for
these and other differences, table 25 contains a liberal estimate of
additional expenses involved in the increased production of feed and
incrensed number of cows on farm B as compared with farm A,

It has nlready been estimated that the change from a less intensive
type of duiry farming. as vepresented by farm A. to a more intensive
type as represented by farm B, inerensed the gross returns by around
K760, Subtracting the $313 added expenses, shown in table 25, leaves

- $4T added net income from {he more intensive type of farming with
no change in the total acreage of crops.

TaRL 25, —Additional propeeses due fo more intensivre furming—furm B

Labor—exitrs for hayiung and silo Gliing, 2 months_ . - oo BT
Kilo filling. machine dmd power hive.. . e e e 15
Grain {ulready sleshneres) Y o o .
Bolldings upkovp .. . o el i m e e a0
Muking-machine upkoeep ... . ... e ek e ————— e e 2
Sule-delivory ke, hay loader, power fork, Hme-sprender wpkeep_o - . _oo__ 30
Alfulfa sew] for 10 seres—T pounds. L. o o .. M
Limestone—10 fons-.. . ___ . ORISRV |
Fertlizer—3,000 pounds of 0-20-200 . o 60)
Yeterinnrian nnd moedicine—$005 pereow for MM eows_ oL . ___._. T
Taxes nnd nsaranee. ..o L ot e o i e ittt © 20
B 13 | o ——— 313

In ascertaining whether the less intensive or the more intensive
type of dairy frrming 18 most desirable, an important consideration is
the frequency or infrequency of drought. In ureas where unfavorable
years for crop production are fairly commen, the intensive dairy farm
rung the risk that the hay and silage erops may not furnish enough
roughage for the larger number of livestock. The only chance for
adding to the roughage on sueh a farm would be to cut the oats for
hay. Another alternative would be to feed more grain in place of
part of the roughage, since nutrients usually can be bought more
cheaply in the form of grain than in the form of hay. This is particu-
larly true in a year when the hay crop is short.
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The less intensive dairy farm, with fewer cows and with 20 acres
of corn, 20 acres of small grain, and 20 acres of clover, is much less
likely ever to be shoet of roughage. Corn from half the corn acreage
normally jroes into the silo, and i case of a poor yield all of the corn
crop may be used as roughage.

Pasture improvement gives an opportunity for even more intonsive
dairy farming. TFor example. the 232,000 pounds of hay equivalent
available for millt cows on farm B would carry 85 cows for 7 months,
provided the 60 acres of pasture could be improved sufliciently to
carry them the other 5 mouths.,  This, of course, would necessitate the
purchase of still more grain,

So far in this discussion, the 1939 prices of grain and milk in
Wisconsin have been assumed,  But if the price ratio became enongh
more favorable to justify feeding grain at a 3.000-pound level instend
of a LO0O-pound fevel, the process of intensification could be carried
still farther. Feeding 3000 pounds of grain per cow reduces the
required hay eqaivalent to 825 pounds per month.  This would make
1t possible to carry 40 cows instead of 33 for T months barn feeding, by
using all available roughage and buying approximately 115,000 pounds
of geain»

Muay dairy farmers who are near cities where prices of fluid milk
and feed are high buy all their cows. This would release the roughape
eonsumed by yonng stock, making it possible to incrcase turther the
gize of the herds on those particular farms.  Obviously, this cun be
done only se long as other farms produce a surplus of young dairy
stock for sale,  Dairy areas in which milk and feed prices are low
usially produee asarplus of young dairy stock for sale.

The use of tractors and trucks for {arm work instead of horses
would also release additional roughage, inereasing the total quantity
of feed available for milk cows, both on individoal lrms and through-
out the country as a whole,

Azsuming 7 months of barn feeding at the 3.000-pound arain level,
it would take 48 cows to consiame all the roughage produced on farm B
(283400 pounds of hay equivalent). This extiemely intensive type
of dairy farming is not unusual near the large eastern fluid-milk
markets. A fair proportion of these intensive farms are highly
profitable although they must draw on other farms for grain and
replacements.

INTERPRETATION OF EXPERIMENTAL RESULTS

Difterent ways of analyzing the records obtained from the input-
output experiments have heen presented. rogether with the informa-
tion extracted from these data, The purpose of the study was to
ascertuin some of the maost important of the input-output velationships
in milk production and to use this knowledge for making recommenda-
tions for use which would enable dairy farmers to approach move
closely those feeding praetices which are the most profitable under
varving price condifions,

In order to utilize the combined experience obtained from the
experiment and interpret it in a way that can be applied directly to
praciieat dairy feeding, it is necessury to make certain generalizations

B Thnt =, 827 ponnads of ey w}ni\':ll{'n!' fhews T monihs ehuds 5,780 pounds per eow,

IHvided oo e 231,932 nounds of hay equbvalent availnbio, §0 indjcaies srough rouginge
I evalinbie Lor 40 cows,
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and to smooth the data so they may be used as a basis for feeding
recommendafions.

In making recommendations for practical feeding, feed inputs may
be expressed in terms of many ditferent units. They may be stated in
pounds of silage, hav, and graing in hay equivalent and grain. or in
pounds of nutrients, net energy, starch values, feed units, or some other
unit that measures feeding value. Some snuch feed units are uged in all
feeding standards. To most daivy farmers, however, recommenda-
tions regurding the most economical feeding level will be most useful
it the recommendations indicate n certain rute of feeding grain in
addition to roughage. By itself, the rate of gimin feeding has no
meaning. The mtensity of feeding depends npon the nutrient intake
in the Torm of both roughage and grain.  Therefore, changes in the
rutes of grain feeding will result in corvesponding changes in the
rates of total feed consumption only 1f the roughage is held constant
or if raughayre consumption changes in a regular way together with
changes in grain feeding.

On many dairy farme in the Bastern States roughage is fed spar-
ingly. and roughage consumption will remain conslant with inereased
grain feeding beeause even at high fevels of grain feeding the cows
will conmume all the reughage effered to them.  Ilowever, on most
datry farms roughage is fod freely. and with incereased grain feeding
roughage consumption will decline.  But if the roughage is of lower
quality than that wsed in the experiments the decline in roughage
consumption may be smaller than in the expertments.  Ona given farm
the roughage consumption usually varies within a limiled range, e.g..
from 2.0-2.5 pounds per 100 pounds of boady weight,

In the experiments it was found that there was a very definite ton-
deney for the cows fo redned roughuge consumption as grain feeding
was pressed o higher levels, When no grain was fed. the cows con-
sttmed roughnge at the rate of 29 ponnds of hay cquivalent for each
100 pounds of live weight; but at the henviest level of miain feeding
this rate of roughage consnmption drapped to 1.7 pounds of hay
equivalent per 100 pounds of live weight.

The same tendeney was found in the intermediate groups but not
with pertect consistency,  This was not surprising because al some
of the stations which contributed to the six different feeding-lovel
groups (tubie 11) the cows were not given a chanee fo eal as much
roughage as they wanted.

At other stalions the cows were fed ronghage freely. but the
tota] number of observations from these stalions was not suflicient
to provide perfectly regular and consislent changes from one level
to another. It was thonght, Bowever, that the irregularities found
in the ohserved data were caused by disturbing fuctors, the influence
of which did not average out in the groups with the restricted num-
ber of observations oblained. If more and larger groups could have
heen fed under identical conditions at the different levels, the group
averages would prebably have shown much smaller variations from
the trend which showed up so clearly. Therefore, by the fitting of
trends to the observations and smoothing of averages the true average
relationship should be approached more closely than if the actual
unadjusted observations had been used.

For these reasons, it was decided that on the basis of the averages
obtained from ull records a generalized feeding charvt should be




INPUT-OUTTPUT RELATIONSILIPS 1IN MILK PRODUCTION 79

constructed.  This chart should express the experimental results in
the form of smoothed averages which related the typical changes in
raughage and grain consumption and in milk output to ratios of
feeding grain in addition_to reughage, as it was done in experiment
1L These changes should cover the full range of grain feeding from
the level at which no grain at all was fed to u rate of grnin feeding
of 1: 1.8, which resulted in o consumption of 5400 pounds ot grain
per cow per vear.

SXTENSION or INvrr-Overrr Crive 1o Low LEvELS or Feeoixe

The six fevels of feediug showing average input-ontpat relation-
ships tor all cows at nine stations ranged from 1 ponnd of grain
far each 44 pounds of milk produced, to 1 pound of grain for cuch
L8 ponnds of milk.  But in practice, under certain circmmstances, it
may pay to feed below this range.  Therefore in order to cover ulso
these lowest parts of the range the next considerntion whs how much
1s production reduced if cows ave fod at low lovels of teeding.

These low levels were represented in the input-output experiments
by the groups fed no geain at all and the groups fed only 1 pound
of grain to 6 pounds of milk,  Of the nine stutions that contribuled
to the general input-citput analysis only two, Maryland and South
Pakota, had groups that were fed roughage as the sole ration. In
vomparing the roughage-alone level with the 1 to 6 levels of these
two_stations, the problem of differences in environment between
stations was met again, Tt was believed that, to avoid altributing
to feeding some influences on production actually caused by these
differences in enviromment, comparisons should be made only between
groups ot cows at the same station.

AL each station a group of cows fui roughage only was balanced
with respeet to body weight and basic producing ability wgainst a
group fed 1:8, and the data from (he two stations were combined.
The combined roughage group praduced 5949 pounds of 4-percent
fat-corrected milk and the 1:6 group 7,684 pounds. The roughage
group ate more hay (517 pounds) and more silage (852 pounds} but
received no grain at all; while the group fed 1:6 consumed 1,369
pounds of grain per cow, The hay fed to both groups averaged
U. X No. 1, and the silage was made from well-caved corn. The
quantity of digestible nutvients consumed by cach group was 10
pereent shove the Haecker standurd for nmmintenance and milk
combined.  Results of this part of the stidy are shown in table 26,

Faniy 25 Wowghapge versus grain feeding al the rute of | ponnd far each 6
pounds of pperecal mitk at the Varglond aud Sauth Dabota stalions
15 gows z‘;;:!
t4 vows (el | EOHIOL The
tteim royghinge rate af |
ane Pttt for each
i pottiits af
ik
Poumds - Poyudy
Averspe live woirht . .. - LU 1, 188
itaie prostodag ability, d-pereoat, Gitoorreeted milk - Y il Y]
Pradietio, &poreent fy-correeied milk i, te1e T, 582
Chrmist 4 75-noregnt Lot dipestThile notrieats) . i, ihp
Alfnila hay- <17, 8, prade, high No. 2 . G, A8 5, 54
Cornstbwe .- .. 0 O . 12,015 12,413
Tatal buy cguivalent consimwd - LE, MG 1Q, 7
Yerely fntnke oot dflpest i e notrienta . i G, Bl
Hay euivniont por day for speh Wil ponaeds live welphit AT 2,48

LA VUTIRES ROF COW AT T,
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The roughage gronp produced 84 percent as much milk as Jid
the group fod 1:6. This resull is in rensonably elose agreement with
other work by the Bureau of Dairy Indusiry at ITuntIov, Mont. (8),
where the ronghage vation produced 82 percent as much milk as the
1:6 rate of grain feeding, It also checks well with results obtained
by Sherwood and Dean (};'3) but not so well with those of Headley
(-1}, The cows in Hendleys experiment performed relatively beller
on a rution of alfalfa hay alone,

In order to cover the full range of grain feeding it wus then neec-
cssary (o combine the nput- output information obtained from the
comparison of the twoe lowest levels of feeding, the roughage-only
level wnd the 1:6 level with the general m]mt output relationship
ascertained from the six different levels of feeding at nine stations,

The uvernges showing feed inputs at inter mediate Tevels were binsed
to some 1]011-1 ee becanse the stalions condueting series T exper 1mvnls
didl not Teed as muel roughape us the cows would constume. Lt w
thought that this bias could Lest be eliminated by assuming a ulra:iﬂfht-
line trend in (he change in rate of roughage consumption from “the
lowest (e the highest level of fevding. Tor some of the intermediate
groups the average consnmption arrived at by the application of thix
trend unuu«pmu!a closely with the consumption aetually found in
the experiments, ( olumn § in table 27 shows the fAgures for roughage
consumption arrived al by the outlined method. and by t.tkmrr into
acconnt the fact that the body weight of the cows inereased fram the
lowest (o the highest Ted groups and that large cows consumed more
rotghage than small cows,

Tanl g UT~-Noothed datu praosl 6 feeding tevely af 3 slations and 2 feeding Teeefs
b F wlabions, propared for HRe purpose of cstimating the moest profileble rote
ol which o feed grain

YT, Alilk
Taotal Girnin Adjustod "]t,‘ll':t‘lill:l'l [rduieed
haw riin feud total gi- . M =

fs hay AT UL S e
agmivalent  toobval- o i during  sestibile of milk ol penin

Ronpelae-

Lawwel of fivdine

frart lawesl ta Live

weirht 1hese frands

Intie~t per fi et axvenr  laelation  oelri- okl finl doir-
[matuls PR S Jweriol [UTEES : lll ‘H, i loeia-
Iy waielil oo liou

Frindx fny ml'k FROTIIINE] Fgends FAon vl Frairvrly oy Hawndx

1 1, el L] 11, 434 [ 14} 5 Iz [DRKI
° [ATLH dh 11,014 41 420 y 1 i v
k1 1. LT 1y, 70l LKL = bR
h! L1l 2t LERE by IRl 1, ¥t {198}
5 [y 20 I 146 1, w1 1, disth EX ]
h 1. [3u 2 Rt PRl Hap i} 4.1
T 1t N1 a2 2 T P 1} o
. 11 23 LI EN b H 1l
" IRl P LT b R LI LY
in I i w71 4, 1Y LI
i1 (LT 14 LT 1, 3 - a1
12 L] 18 T.T‘-I 4, "L L
i) 1. s Ly Tong 5, -IUHk S 0

Grain feeding inereased from no grain at all ac the Towest level to
G0 pounds per cow per year al tln‘ highest level, A steright-Tine
tremt was nlso applicd Lo Imcl the wiain consumprion {or the internie-
dinte gronps, thereby smoothing “the aver ages shawing grain con-
sumplion From group o group,

Changes i iotal feed consmuption Drom the lowest to the highest
fevel were arvived at by adding roughage consumption and grain
consumption.
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The resulting figures for total feed consumption were then checked
against the averge input-output relationship arrived at by the
atinlysis of all records elassified into six (ifferent levels of feeding
ttable 27, fig. 20}, This check agninst the experimental data showed
that at the highest levels of feeding there was a considerable degree
of conformity.  But at intermediate. and especially at lower levels.
smoolhed averages indicated largor feed inpuls than were getuaily
Tound in e experiments. Tt was thought that this diserepancy
probably arose beeanse the rations arvived at by assuning pertectly
regailae changes from one feeding level to another contained somewhat
mure ronghage and less geain than the average ration caten by sowe
of the wroups in the experiments, Lo s a well-recognized principle
that it roughage consumption + inereased greatly. the productive
alue of the nutrients i rougi .o is reduced to some extent, al-
though theee is hardly any expecimental data which would indicate
how wreat (his reduction should he.

I be assamed that the pednetion would enuse the productive
vatie of the hay equivalent to decreaze from 32 perernt when only
17 pounds per cow per day is eaten at the bighest Tevel of feeding 10
A5 pereent when 29 pounds of iy are consumed per cow per day at
the donwest level of foeding {table 27). and the nutrients of the com-
puted rations are reduced w0 ax (o rellect this change, then (he com-
puted avervages correspond closely (o the feed inputs actually found
- the input-ontput experiments,  Therefore, the smoothed aver-
ares showing feed inputs were adjusted =0 ns 1o bring them in line
with the resnlts of the inpot eutput experinents,

HLUNDS

MK

CTHEN T T Ny M

4 CUMRNET RESLLTS FALM T GTATIONY

A-PFEREENT FAT LUBRELTED

—
gooe 4 : ! : Lo P
* Bl 5. spog 5530 vt psoo 8,000
TOTAL DIGESTIOLE NUTRIENTS { POUKDS)
DAF, 41195
FIGURE 20. CHART, BASED ON THE SMOOITHER DATA OF EXPERIMENT SERIES |
AND || COMBINED AND ROUGHAGE ALONE OF SCRIES |]. NONPASTURE STATIONS
(TABLF 27, AF | CR ADJUSTMENT OF SERIES |1 DATA FOR DIFFERENCE IN BASIC
PRODGLICING ARILITY OF THE COWS,

teeny
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AppPLICATION oF Resturs 1o Pracricar Daky FEEMNG

The smoothed avernges arrived af in the way deseribed for feed
inputs in terms of grain and hay equivalent and wilk output in terms
of 4-percent fat-corrected milk, were used as the basis for making a
general feeding chart which would show the most profitable level of
feeding under conditions of vavying prices for roughage, grain. and
milk.

Along the horizontal axis are plotied widening ratios of the price
of roughage (hay ecquivalent) fo the price of milk and along the
vertien]l uxis are widening ratios of grain prices to milk prices
When these $wo ratios are computed from local prices the most profit-
able rate of feeding grain can be located on the chart. The inter-
section of a vertical hine through the prevailing ronghapge-mitk price
ratio and 2 horizontal line through the grain-miltk price ratio will
tocate & poiut on the chart.  The curve passing through or nearest to
this point will indicate the most prolitable level of grain feeding,

The returns over cost of food were ealculated for various grain-milk
and hay-milk price ratios at each level of feeding shown in table 27.
Then the ratio of grain to milk that showed the greatest relurns over
cost of feed was plotted in figure 21.

In using this table it should be borne in mind that the table has
heen hased upoa the experimental evidence obtained from herds that
were fed roughage frezly and. in addition, received grain at certain
rates in proporiion to milk production, It ig true that four of the
herds were actually fed zecording to the feeding standard and that
thiz methed of feeding required some restriction of ronghage feeding
during certain parts of the lactation period. But records obtained
in thix way were ndjusted when the combined input-output curve
shown in figure 20 was preparved to serve as o basis for the chart
presented in figure 21. so as to bring all records to a uniform basis
which would correspond to the feeding method used in eries TI
experiments where roughage was fed freely.

The roughage nsed in the experiments was of good quality but it was
not any bettor than the quality found on many dairy farms.  Most of
the hay used was alfulfa hay which graded U. 8. No. 2. The silage,
mostly corn silage. was of average quality or slightly better.

Productivity of the cows at most of the stations corresponds to
that of cows found in the herds of farmers whe belong (o dary-herd-
improvement associations, A few stations had cows of even higher
productivity.

Thus, in generad, the experimental conditions correspond to con-
ditions on farms whers there arve good cows, where the roughage is of
average quality or slightly better and is Ted freely. und where grain
is fed at certain rates in proportion to milk production, for example.
1:3 or 1:4, ete. It must be added that the table assumes that the
same rate of grain feeding is maintained throughout the lactation
pertod, that is, that the cows are not fed 1:2 during the early part
and 1:3 during the late part of the laclation period but at one rate
ot the other throughout the whole lacution period.

Tu order to use the table to find out what the most profitable Jevel
of feeding will be for o purticular herd, it is necessary to know
the loval prices of milk, prain, and roughage. The local farm price
for grain divided by the milk price obtained gives the grain-milk
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GRAIN-MILK
PRICE AATIOS

HAY-MILK PRICE RATIOT
*COWSE FED ) POUND OF QRAIN TO EVERY » FOUNDS OF MILK DURING THE LAGTATION FERIGDARE SAiD
TG BE FED AT THE LEVEL OF I:4:5TC.
B PRICE GF oD POUNDS OF CRAIN DEVIDED BY PRIGE OF 100 POUNDS OF 4-PERGCENT FAT-CORRECTED MILE,
TRRIGE OF | TOH OF HAY OR HAY ECGHHYALENT DIVIDED BY PRIGE OF 100 POUNDS OF $:PERCENT
FAT-CORRECTED MILX.

HAE 39517
FIGURE 21. CHART SHOWING THE MosT PROFITABLE LEVEL. OF GRAIN FEEDING.

WHEN COws HAVE FREE ACCESS TO GOOD ROUGHAGE.
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price tutio. A good approximation to the ratic between the price
of roughage and the price of milk may be obtained by dividing the
local price per ton of hay by the local milk price.

All the prices used in these computations should be prices at the
farm. ‘The price of purchased grain should be the price for grain
delivered at the farm. It the farmn uses mostly home-grown grain,
the price should not e the price obtained at the local elevator, but,
the slightly lower price at the favm, taking into consideration the
fact that feed grain used on the farm often is of a stightly lower
quality than grain prepared for sule and that it costs somcthing to
transport the grain from the farm to o local mavket.

It may be n difficnlt thing to estimate accurately the frue value of
the supplies of roughuge. It may be assnmed that nutrients in silage
cost the same as nutrients in hay but in many aveas even hay is bought
and sold so rarvely that it is difficult to estimate what is reaily the true
-alue of a ton of hay on the farm. However, in reality it makes very
little difference whether the price of hay is estimated acenrately.
Even if very lnrge errors are made in estimaling the price of hay, the
feeding level chiented by the {able will not be changed very much.

With respect to the price of grain, it s a different maiter. Any
change in the grain price is reflected tally in the feeding level indi-
eated by the fable.

The price of milk to be used also is the farm price, or what might
perhaps better be ealled the barn-door price. In other words, not
only (he cost of fransporting the milk from the farm to @ Joeal dairy
plant, but also the cost of cooling the milk, providing cans for trans-
port ot the milk, and. ¥ cream s sold. of separating must be deducted
from the milk price to obtain the barn-door price.  On the other hand.
if butterfat is sold the value of the skim milk for use on the farm
shoukl be ndded to the value of the butterfat sold.

When the actual farm prices have been determined as aceurately as
possible, it only remains to compute the grain-milk price ratio by
dividing the grain price by the milikc price and the hay-milk price ratio
by dividing the hay price by the nnlk price and Jocate on the chart
the nearest heavy line that indicates the most profitable feeding level
under the prevailing price conditions.

If the chart were to be used in the most accurate muimer the per-
centagre of fat of the milk showid also be taken into neconnt.®  Actu-
ally, the exvor involved in omitting these computations is so small that
it may be disvegarded. The ehart muy, theveforve, be used as if it
applicd not only lo the production of d-percent fat-corpected milk
but to milk of other fat percentages as well,

An important hmilation in the use of figure 21 to find the most
profitable level of grain feeding showid be pointed owt. This figure

A the prlee of 100 pounds of Bpereent Bel-eorrectod mill sbhonld be computed By walri-
|.ﬂ,‘:!ng Me prive of Lhe (et l}zur('l(-t_m_u:u ‘:?l'[ll!l“_\-' ;!?ml:i‘t'l:(! E:,\:' i fnv_!ur, m:n‘ert_ing iF to the
carreshonding price for d-peveent fal-corvoeted mifl,  This prico per 100 pounds of $-pereent
fat-corrected miltk should then e wsed in compuking the grait-milk price ratio nmd the
Lay-miik price ratio. The feeding charl then Indientes wimg rete of feeding is the most
eeonowical when 4-percent Mit-covrecled milic is producsd.  In onder In tind ot whut mte
of feeding i3 most ceonomicnl Cor o vertain herd which pevbaps produess mill with only
3.5 percent {at, the ratle which indieates the rate of femding should again e correctod
by applying the swme eanvorsion Dnejor as Belfers,  In Mits way another and diffecent rate

of Foodlng 15 delermined wilel, woder prevailing price conditions, applies to the herds
which produce ndik of 3.5 pereent int.
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" wag prepared on the basis of results obtained by liberal feeding of
zood roughage, in such quantities as the cows wonld ewi. A farge
proportion of the cows in the United States are not fod roughage of
as good quality nor as liberally as were the cows in this investigation.
In some areas the quantity of roughage fed is limited beenuss of the
high cost of rougliage in relation to grain but shortcomings with re-
speet o quality of the roughage is the main reason for the low con-
sumption of roughage by most cows. Tt is a well-known fact that the
palatability of poor roughage is less than that of good roughage.
Consequently, cows will eat smaller quantities of the poor roughage.

Table 28 has been prepaved to show the most profitable level of
grain feeding when a limited amount of good roughage is fed.

This table is based on series T experiments which, are sammarized
i table 3 (p. 24) and figure 8 (p. 23). ‘The cows were fod ’Rpprexi-
mately 185 ponnds of hay or its equivalent daily for each 100 pounds of
Tive weight except at the highest level of food ing. In these calcnlations
the hay equivalent wus held constant at 1.85 pounds per 100 pounds
of live werght and the digestible nutrients fed above these amounts
were converied fo a grain-equivalent hasis by dividing by 0.75. Thus,
n using table 28, the ratio between the price of grain and the price of
mille shows approximately how many pounds of milk it takes to ray
for 100 pounds of grain under the conditions specified.

TApLE 28~—Lhate for determining the most profifable leref of feeding when a
Hirited amount of good-quaiity roughage is fod?

Iperemental
In terms of | outpul (wldi-
linur.'rkorl ti?nnl tilk

: R A, i N slandar procrierd when
Ratie of grain or grain equivalont? fed to milk produced {exviusive e dditiamnl
ol wnin- PN potneds of
Lemnnoe) Briin Or grain
euivalent 2 s fed)

Perecnd Founds
52

PChe bay was alfalba and sended ahont U, 8 Np. 2.
# LHgestible anlrvicids divided by 075 alter allawing for the ferding of 185 poands of
hay or its equivaient for oneh 100 pounds of live welglig,

Next, in table 28, in the column calied “Incremental Ontput,”? that
figure which is nearest to the grain-milk price ratio is loeated, For
example. it the grain-milk price ratio is 0.90, which means that 90
pounds of milk is sulficient to pay for 100 pounds of grain, then the
meremental value in table 28 which is neavest to this figure is 87. The
table shows thut this rate of incremental output is reached when grain
is fed at the vate of 1:234. This rate then is the lmit to which grain
feeding can be carried without loss when prices ave such that 87 pounds
of millke will pay for 100 pounds of grain.
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SUMMARY

METHODS

A total of 346 mdividual cows were used over a period of 8 years
to ohtain 469 yearly records of production and feed.

Daily records were kept of feed and production ; bimonthly records
of body weight; also records on quality of feeds, on breeding, and
on calving and health. .

At each station, groups were balanced as nearly as possible with
reference to age, body weight, brecd as well as the quantity of
preduction that might be expected during the experiment (basie
producing ability). '

Expected production was arvived at from past performance and
by the applicution of Dairy Herd Improvement Association factors
for age, length of lactation period, and times a day milked. The
expectedd production for all cows averaged about 350 pounds of
hutterfat.

Ar four of the stations, the level of feediug was based on the Haecler
standard; at the other six, on the ratic of grain to milk during
lacration.

At seven 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 were analyzed separately,

RESULTS AND APPLICATIONS

On the basis of input-output experiments, it was determined
to what degree milk output can be raised by more intensive
feeding, It was found that in the herds used for experinents, 15 to 20
percent more milk was obtained from the cows at high levels of feeding
than from cows Ted ot standard, and 45 percent more than from cows
fed at T0-80 percent of standard.

The law of diminishing physieal outpmt applies to milk produetion,
There was a consistent stepping up of production with every increase
in grain allowance, but the additional mille produced for exch ndditional
unit of feed decreased.  The average response is vepresented by a curve
instead of a straight line. (See fig. 1.)

The response to increased feed was less at the high levels than at
the low levels—0.6 pound of 4-percent fat-corrected millk for each
additional pound of digestible nutrients at the highest level and 1.7
pounds at the lowest level.

At normal feeding levels the additional output for an additional
unit of feed was much smuller than the average output per unit
of feed consumed above mmintenance. On an average, cows re-
turned about 3 pounds of milk per pound of digestible nutrients con-
sumed above maintenance; but for each additional pound of total
digestible nutrient added to a normal ration, an increase of only about
1.0-1.5 poumnds of 4-percent milk was obtained, At low feeding levels
this adclitional veturn was greater. At higher feeding levels it
was even smaller,

At two stations n group of cows fed roughage alone produced 80
percent as much as a compurable group fed grain at the rate of 1 pound
for each G poumnds of milk in addition to all the roughage they would
eat.
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If cows are fed all the good roughnge they will eat, the average
decrease In huy consumption for each 100 pounds increase in grain
appears fo lie somewhere between 50 and 70 pounds.

(L_‘-uws fed at the Haecker standard for the whole vear in some cases
becume thin in flesh and failed to produce satisfactorily. It was
espectally evident that the cows were too thin at calving time.

If cows at all times had all the good roughage they wanted so that
they were in a good state of flesh at calving time, they produced well
if fed grain enough during the Iactation period to bring the intake
of nutrients up to the Iaecker standard. i

It is not possible by increased feeding to stimulate the milk produc-
tion of cows of low mberent productivity as much as the production
ot cows ot high inherent productivity. But it was found that at the
same pereentages of the standard production requirements, the low
and high producing cows gave aboul the sume additional amounts of
itk for 1 additional pound of feed,

With an inerease in feeding level, cows reached a higher peak of
production and nmintained consistently higher production during
the lactation periad. The entive Iactation curve was raised to a higher
level,

There was a fairly consistent increase in body weight as the feeding
level increased. The difference in weight between cows fed at the
lowest and highest levels was over 100 pounds.  Careful grading for
condition at somewhat regular intervals also showed n consistent
improvement with inercasing amounts of feed.

Feeding ut different levels had no influence on the fat percentage
of the milk,

There was no significant difference between heavy and light fed cows
with vespect to services required for conception, number of abortions,
and susceptibility to uilments or discuses that necessituted their re-
moval from the experiment except that the incidence of “off-feed” was
greater at the higher levels.

The input-outpul relationships determined, if applied on a national -
scale, show that larpe additional quantities of feed grains can be
vonverted into millk with only a small loss in efficiency.

When the input-output velntionships are known, it can be determined
how much extra feed it will take to bring about u certain expansion in
miik output from the same number of cows by morve intensive feeding.
By applying local prices to feed inputs and milk oufput, it can be de-
termined to what extent it pays—or does not pay—to expand produc-
tion under prevailing price eonditions, Likewise, it ean be learned
what price relationships must prevail to permit farmers to bring ubout
the adjustment in prnc{uctinn which is wanted.

The most profitable level of fecding is not fixed. Tt ranges all the
way from no grain at all to more than 5,000 pounds of concentrates
per year for cows capable of high production, depending upon prices
of feed and mitk. This means that the feeding standards may be
profitably exceeded when the relationship between prices of feed and
milk is favorable,

A chart and a table ave presented which will fucilitate the determing-
tion of the most profitable level of feeding when prices of grain, hay,
and milk are known, '
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