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WINTER RATIOlm FOR DAIRY HEIFERS. 

-INTRODUCTION-

According to the January 1917 Crop Report of 

the Department of Agriculture the dairy cows in the 

United States number 22,768,000. This is an in

crease of 8.9 per cent during the past ten years • 
• There is every reason to believe that the number 

will continue to increase, perhaps with greater ra-

pidity in the future on account of the fact that 

dairy products seem an indispensable part of the 
' .. 

human diet, and moreover because the cow is con-
.~ . 
~ 

ceded to be the most economical producer of human 

food among domestic animals. 

On the average it is probably safe to assume 

that dairy cows are milked not more than five years, 

after which they are replaced by younger animals. 

This being true it is necessary to raise approximate

ly 4,500,000 cows each year in order to keep up the 

present numbers. Since the heifers do not come into 

milk until they are at least two years old, it is 



necessary then that approximately 9,000,000 heifers 

be fed in the United States each year. 

Furthermore, it is found by experience and ob

servations of practical men, as well as by agricult

ural experiment stations, that at least one out of 

every four heifers which are raised to maturity are 

unprofitable. This tends to fUrther increase the 

demand for cows to replace those discarded. 

Several experiment stations have found that the 

cost of raising a dairy heifer to the age of two 

years is about $76.00, and that nearly 70 per cent 

of this cost is for feed. Of the feed cost the great

er part represents that required during the winter 

months when the animals are receiving dry feed, since 

pasture is still the cheapest feed in most parts of 

the United States. This makes the problem of winter 

rations the most important item of cost in the rais

ing of the dairy heifer to maturity. 

However, the problem of raising heifers not only 

involves the economic question of expense for feed, 

but also the equally important question of the effect 

of different planes of nutrition during the winter 

months on subsequent growth and usefulness. 



Numerous experiments have been conducted with 

respect to the proper feed and care which calves and 

mature cows should receive, but on the other hand, 

very little has been done concerning the proper win

ter rations for dairy heifers between the period of 

skim milk feeding and the time of first calving. 

It is a portion of this large problem of deter

mining the best and most economical methods of win

tering growing dairy heifers that forms the basis of 

this thesis. 

The special object of these experiments is to 

compare the efficiency and economy of rations which 

are conducive to rapid growth with rations of such 

character as to admit of but limited growth. 



11- REVIEW AND DISCUSSION OF LITERATURE. 

The literature on raising dairy heifers past the age 

of skim milk feeding is indeed limited. It seems to have 

been generally assumed that if a heifer is given a gO,od 

start as a oalf that she requires little more attention 

until ready to calve. As a result we find very little 

experimental data oonoerning rations for growing dairy 

heifers after the time of weaning. Some experimental work 

has been conduoted with beef cattle but these results have 

only a limited bearing on rations for dairy heifers inas

much as their requirements for growth are different as was 

recognized by Armsby in preparing his feeding standard for 

growing animals which is reproduoed in Table 1. The prin

Ciples involved in feeding the growing steer must. however. 

be applicable to the feeding of the growing da1ry he1fer. 

Feed1ng Standards for Growth of Da1ry He1fers.- Wh1le 
~---------------~-~~-------~----------------"-

no s1ngle feed1ng standard for growing animals 1s un1ver-

sally accepted there are three standards especially well 
I 2 

known. These are the Armsby. the Wolff-Lehmann and the 
3 • 

Kellner. wh1ch are g1ven in Tables 1. 2. and 3. 
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Table 1. 

Armsby's Standard For Growing Cattle. 

Estimated Requirements Inoluding Maintenanoe Per Head 

Per Day. 

----------------------------------------------------------
Beef Breeds. Dairy Breeds. 

Age :----------------~---------~----------------------~ :Live Wt:Dig.Pro:Net Energy~Live wt:Dig.Pro:Net · • 
: . · · :Energy: . · · 
:------~-------~-------~----------~-------~-------~------: :·Months :Pounds :Pounds . Therms :pounds :Pounds :Therms : . 
L · · · • 

3 · 200 : 0.80 4.2 166 · 0.65 · 3.6 • · • · · 6 360 : 1.10 5.0 275 0.85 4.1 
9 460 : 1.26 5.7 326 · 0.90 · 4.4 · · 12 560 : 1.40 6.6 400 1.00 · 6.1 · 18 750 1.60 8.2 550 · 1.10 • 6.4 • • • • 

24 · 900 : 1.60 9.3 700 • 1.20 · 7.6 · • • 
30 · 1000 : 1.60 9.9 800 ·1.20 .. 8.2 · • .. • 

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

Table 2 .. 

Wolff-Lehmann Standard ' For Growing Dairy Cattle. 

-------------------------~---------------------~--------: : : Per Day per 1000 pounds live weight. : 
. ~-----------~~--------------------------. :Age :Live wt.: ; Digestible Nutrients. ; 
• • • Dry Matter .~----------- ____________ .... __ . 

: : : ;Protein parbohydrates: Fat ~ 
~------~-------~~-----------~--------~------------~----;. :Months :Pounda : Pounds :Pounds: Pounds : Pounds: : : .: :. 

· : 2-3 160 : 23 4.0 13.0 2.0· 
: 3-6 300 : 24 3.0 12.8. 1.0 • 
: 6-12 • 500 • 27 2.0 1 6 • "6 . 
:12-18 . 700 : 26 1.8 1~:5 0:4 
:18-24 . 900 . 26 : 1.5: 12.0 . 0.3 : 

~------~--------~--------------------~----.-------~-------
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Table 3. 

Kellner's Standard for Growing Dairy Cattle. 

· ._----------------------------------------- ---------------
Per Da~T ~cr 1000 1 bs. Ii ve weight. 

----------------------------------------
:Ag~ :Live :Dry llatter Digestible Nutrients 
: :wt.: --------------------------------

Pro. : Starch Equ1 v. : Crude Pro.: Fat. · .. e _______ ••• ____ 4 ____________________________________________ _ 

: 1'::0 nths . 'lbs. lbs • l1os.: 1bs. l'bs. :lbs. 

:2-3 :150 23 3.4 . 18.5 3.7 :2.0 • 
:3-6 :300 24 2.8 14.7 : . 3.1 :1.0 
:6-12 :500 · 26 2.3 12.5 2.6 :0.6 
:12-18 :700 26 1.8 10.5 2.2 :0.4 
:18-24 :900 26 1.3 ' 9'.2 1.6 :0.3 · a _____________________________________________________ __ ~ ___ _ 

Armsby's ori ginal standard w~s apl)arently based upon 

data obtained from growing stee~s and it was not until 1916 

t~at he published a standard designed especially for dairy 

enima1s. On account of animals " of the SE.me age varyine con

siderably in weiBht Armsby states that the weight rather than 

the ege should be the controlling faotor in using a feeding 

standard. 

When studying these standa.rds the wide variations in 

the various standards for animals Qf· the same weight attracts 

attention at once. This is exp1eined in pa.rt by the fact tha1:t 

Armsby calculates the protein requirement on the baaia of 

"true" protein, l.e. digestible amid-free protein, while 

the others base their calculations on dIgestible crude pro-
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tein. The staroh values used by Kellner are based on the to-

tal digestible starch content of feeds. Armsby repre

sents the total nutrients in terms of net energy, using 

the word "therm" 1io represent 1000 ·calories. Nutrients in 

the Wolff-Lehmann standard are shown only by the total 

dry matter. The requirement for fat and total dry 

matter are practically the same for the Wolff-Lehmann and 

the Kellner standards. It is noticed that as the animal 

grows older, the more nearly constant becomes the 

protein requirement. It is also interesting to note 

that in .Armsby's recent bulletins he gives . the oomposi

tion of feeds in terms of digestible crude protein 

as well as "true" protein. Possibly the recent in

vestigations by the Wisconsin Experiment Station have , 
I 

caueed him to question ~s earlier position that the so 

called amide are not used by the animal. 
, . 

Many exreriments have been conduoted to determine 

.the aoouraoy of the veri,ous feeding sta.ndards for mature 

animals and as a result we have many modifioations. How

ever, very little has been done'in finding whether or 

not the various standards apply with respect to dairy 

he ifers. 

Jor4an4 ,oonducted an experiment relative to the pro

tein requirements of growing steBrs. .His results bear 

out the figures in the various standards to the extent 
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that the protein requirement is greatest'with the young 

animal iD proportion to its weight and becomes more near

ly constant as the animal approaches maturity. His 

work neither proved nor disproved the accuracy of any 

of the stendards, but his results do show the general 

tendency of the protein requirement as set by the stand

ards to be correct. 

Flint5 , in an attempt to determine the protein re

quirement for growing dairy'heifers under one year of 

age. fed one lot twenty-five per cent less protein than 

is prescribed by the Wolff-Lehmann standard, a second two 

the prescribed amount, and a third twenty-five per cent 

more. His rations, however, were all found to be be-

low standard in fat and oarbohydrate oontent, and as a 

result nothing.definite could be determined. He con

:~uded, however, that the capaoity for growth depends 

primarily upon the individual and so long as thE protein 

supply is adequate to supply material for growth a larg

er qus.ntity doe~- not oause a greater rate of s:-rowth ex

cept only to a minor degree, w}~ile on the other hand, a 

deficient protein supply limits growth. He further show

eri that individuals vary in their requirement for pro

tein. A normal ration for one 'animal is notneoessarily 

a normal supply for another. 
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I 

¥~!~~~~~~~~_g~g~~!:·~IE~!!~_2f~!!!!1E~!::!. - In the pro-

CCS :3 of nutrition the first function to 7Thich food is 

put is that of maintenance. Since the animal machine 

cannot be stopped when it is not iil active use it re

quires a continual '· supply of food. This amount of 

feed which is required simply to support the animal 

is commonly designated as the "maintenance requirement", 

that is the amount required to maintain the animal when 

it is doing no ~ork and producing nothing. In other 

words it is the least amount on which life c~n be per-

manently maintained. 

The maintenance require~ent is naturally greater 
J .' 

" 
for 0. larger .than for a .smalleranimal. Experiments 

. , 

have shown, however, that this increase is not propor-

tional tothe weight of the 9.nimal, but approximately 

to the amount of surface which it exposes, so thatthe 

la.rge animal requires less food for LB intenanoe in pro

portion to its 'weight than does the smaller one. Table 

four , gives the maintenance requirements according to 

Armsby. 
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Table 4. 

~.!aintenance Requirements of Cattle per ~ead and day. 

---------------------------------------------------------
Li ve \'Jeight Digesti~le ?rotein net Energy 

---------------------------------------------------~-----pounds pounds therms 

150 0.15 1.70 
250 0.20 2.40 
500 0.30 3.80 

775- 0.40 4.95 
1000 0.50 6.00 
1250 0.60 7.00 
1500 0.65 7.90 ' 

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

The activity of the animal is also a factor influ

encing maintenance, the greater the activity the high-

er the maintenance requirement. The third factor re

lates to the season of the year. Uaintenance require':' 

ments are found to be lowest in the spring, highest in 

win~er, and intermediate at the other seasons. The pre-

vious plane of nutrition like','lise has an effect upon the 

maintenance requirement in that t;'e higher the previous 

plane of nutrition the ' 8'rea~er is the maintenance re-

quirement. A fifth factor is time the animal has been 

on maintenance. After a longer period on maintenance 

the animal seems to be able to sustain. itself on ~;ome-

what less fe~d. Here, hO','lever, the age and previous 

treatment are strong contributing factors. 
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Character of the Ration for Growth. ----------------------------------

~~~~~~~_~!_E~~~!~~_2~~~~~~~~~~~_Q~~l.- It is a 

matter of general knowledge that animals can live and 

make growth on a ration of roughage alone. It is a 

recognized practice among many feeders to supply noth

ing but roughage the entire year round. While the 

ruminant's stomach is well suited to the handling of 

roughage it is found. however. that the feeding of 
as 

roughage alone is not/economical as when a portion 

of the nutrients are in the form of concentrates. 
7 

Burnett and Smith fed two groups of steer calves 

for ninety-one days. one half receiving roughage only. 

and the other half receiving four pounds daily of 

grain in addition to the roughage. The grain fed 

group gained sixty pounds a month as compared with 

thirty-three pounds by the group receiving roughage 

alone. In summarizing their results they say. "The 

experiment shows that it is ordinarily more econom

ical to feed a small grain ration even when good gains 

can be secured on hay alone." 
8 

Vernon and Scott conducted a similar experiment 

concerning which they have the following to say. "If 

we take an average of the three years feeding tests 

we find that the lots receiving a grain ration made a 
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slightly larger daily gain per 1000 pounds live 

weight than did the lot receiving alfalfa alone. 

It required nearly one pound more food for a pound 

of gain for those reoeiving only alfalfa hay than 

for the gra.in lot." 
9 . 

Eckles has shown that a heifer fed exclusively 

on roughage is slower in reaching maturity than one 

receiving some grain. 

While the common practice has been to supply 

feed largely or entirely in the form of roughage, 

yet there is some data available with respect to the 

exclusive feeding of concentrates to ruminants • . 
10 

Davenport attempted to raise calves to maturity 

on a ration entirely normal in variety and amount, 

but without any roughage whatever. Four calves were 

used and in each case it was found that the animal 

without roughage showed serious disturbances in health 

when from four to six months of age which resulted in 

their death. 
. 11 

Sanborn maintained a calf for six wask8 in winter 

on grain and milk when, through its craving for 'rough

age, it ate the sawdust used for bedding, which result

ed in its death. 
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~hese and other experiments show that a young animal 

apparently cannot continue to grow normally on concen

trates alone, in spite of the fact that large and even 

excessive amounts of concentrates are consumed in the 

desire to get the material that is apparently lacking. 
10 One calf used by Davenport consumed as much as fifty 

pounds of skim milk per day while another consumed more 

than one-half bushel of oats. 

~here is some evidence that with mature animals the 

necessity for roughage is not so marked. 

Miller12 successfully maintained mature cows eight 

weeks of each year on a ration of corn meal i7i th no 

roughage Whatever. 

Proportion of Concentrates to Roughage.- In order ---------------------------------------
to meet the . r~quirements for dry matter as set forth by 

the various standards for ~rowing dairy heifers it is usu

ally found nec.essary to feed both concentrates and rough

ages. HO';'lQVer, the proportion of each is not stated as 

it depends largely upon the particular feeds at hand. 
. 13 

Burnett and Smith fed one lot of calves of the 

beef type t vlice as much grain as "'las fed to a second lot. 

Considering the gains made when turned out to grass the 
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following summer, there was little difference in the 

groi"lth of the two lots. They say. "For the entire year, 

with no grain while on grass. the results would go to 

sho,; that a moderate grai·n ration in winter. not more 

than one third of a full feed. along with hay is most 

economical. Calves which have been full grain fed dur-

ing the winter are certain to loose a part of their 

flesh when placed on green grass without grain. On 

the other hand, wintering vlithout -grain of any kind and 

allowing calv,es to run down in flesh and loose weight 

and vitality is not economical." In addition to grain 

each group received alfalfa and prairie bay. 
14 

The Iovla Station reports. that when light grain 

rations are fed to growing beef cattle more roughage 

is consumed than when a medium or heavy grain ration 

is fed. ' 
. 14 

. Kennedy. ;. and othere .concluded that by Judging 

from tlle gaine made by ,the hogs which followed · the 

varioue lote o~ aattle . it would appear that cattle fed 

on light or medium rations made better use of their feed 

than did those fed on heavy grain ratione. 

Skinner and eoch'e· 115 report that the alaee of ,dry 

roughage fed makes little difference due to the faat that . 
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any form of dry roughage satisfies the desire of cat-

tle for variety but the quantity consumed furnishes only 

a small proportion of food nutrients eaten. In proof of 

this they showed that oat straw was as efficient as clover 

for fattening cattle when fed in a ration of shelled corn, 

cottonseed, meal and corn sil~e. 
16 Allison found that when corn silage was the only 

roughage consumed steers failed to do well for longer 

periods than ninety days. His results showed that in 

comparison with clover, silage was equal to one half its 

own weight of clover. 
15 

Skinner and Cochel found that by adding silage 

to a ration for fattening cattle the consumption of shell-

ed corn was decreased in amounts approximately equal to 

the amount of grain found in the silage. 
. 15 

They further found that morQ rapid and cheaper 

gains were secured by feeding a light grain ration than 

by feeding a heave one; namely, two and five-tenths of 

cottonseed meal rather than fouur pounds per one thousand 

pounds live weight. 
17 

In a later experiment it was found .that gains 

were made more economically both from the standpoint of 

feed consumed and cost when clover hay· rather than alfal-
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fa hay .,.,as fed. 
18 

The Georgia Station in speaking of a normal ra-

tion for steers, refer to one in which seventy per cent 

of the net energy is supplied in the form of silage and 

thirty per cent in the form of concentrates. This, how

ever, cannot be said of all rations as the per cent 

of nutrients in both concentrates and roughages vary 

with the nature and kind of each. 
2 Henry and Morrison say, "In the rations for grov/-

ing and fattening animals and those at work or in milk 

a considerable part of the ration should consist of 

concentrates." 

In dairy animals we find that the higher the pro

duction of milk the ~reater should be the per cent of 

concentrates.in the ration. 

Day 19 of the Ontario Agricultural College, as a 

resul t of four years of work, shovlS the light or med.

ium grain rations produce more economical gains than 

roughage alone. 

\':ide against Narrov'l Rations for Growth.- It 1s an 
------------------------------------~--

accepted principle of nutrition that when a ration has 

too ",',ide a nutri ti ve ratio the digestibility of the feed 

is decreased. The effects upon growth, however, of 
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rations varying in their nutritive ratio seem to change 

,\7i th the age and size of the animal. 

Jordan4 compared two rations, the first with a nu-

tritive ratio of 1:5.2 and the second with 1:9.7. One 

steer in each lot was slaughtered at the age of 17 months, 

after the animals ha.d been on trial for practically ten 

months, .while the remaining two a.nimals were continued 

until twenty-seven months old. 

The results of the first lot of steers showed that 

those receivi~g a narrow ration gained 737 pounds while 

those with a wide ration gained only 552 pounds. - The 

advantages of a narrO"7T ration for the young growing -animal 

is also sho~n by noting that steers on a na~row ration 

requir~d but 495 pounds of digestible matter for 100 

pounds of gain -7lhile t:;lQ onES receiving a '.7ide ration 

required 686 pounds of practically 40 per cent more. 

However, when the remaining animals were slaughter

ed ten months later when at the age of 27 months the 

results were entirely reversed, in that those on the 

narrow ration slov/e'd up in gains until they were sur

passed in weight by those on the wideration. Likewise, 

the requirements of dIgestible matter per 100 pounds 

were reversed, the group on the wide ration requiri?8 
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much less per 100 pounds gain. 
20 

Caine, who fed rations high and low in protein, 

but with the same energy values, says, ",An excessive 

supply of protein does not cause marked grow'th. A 

comparatively low amount of protein retards growth 

but does not check it permanently." 
21 22 

Both Talbot and Wylie showed that when heifers 

received enough protein for normal growth the gains 

were not materially increased by further increasing 

the protein. 
23 

Dietrich found 'in working with pigs that "the 

factor of prote.in waste when once ' introduced apparent

lybecomes such a fixed tendency or habit that it is 

eliminated or even materially reduced with great diff-

iculty. " 

These data show that a ration having a narrow 

nutritive ratio is condUcive to t~e rapid growth of 

the young animal, while on the other hand, when the 

animal is nearly mature the largest gains, which are 

then mostly fat, come from liberal feeding wi~h rat

ions high in carbohydrates and fat and rather limit-

ed in protein. That this principal is generally recog

nized is shown by the feeding standards which prescribe 
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the most protein in proportion to the weight in young 

animals. 

Within recent years sufficient evidence has accum

ulated to indicate that the feeding problem during grow

th is not merely one of supplying the proper amounts of 

protein, fat, carbohydrate, and inorganic salts. but is 

a problem more far-reaching and one which demands that 

certain other indispensable subst~ces be present. 

Other Factors Influencing Growth.- Recent investig---------------------------------
ations have shown that several factors operate to make a 

diet a good or a poor one other than a ,liberal supply of 

protein and energy. 

These new factors which must be given consideration 

are (1) the quality of the protein, (2) the vitamines, 

(3) the proper amount and proportion of the mineral con

stituents, and (4) the presence or absence of toxic sub-

stances. 

(1) By the quality of the protein is meant the pres

ence or absence of the essential amino acids. It appears 

that these amino acids must be present, for without them 

growth or even maintenance is impossible. Up to the present 

time twenty amino acids have been recognized in proteins. 

Our knowledge regarding the composition of the prot~ 

eins comes principally from the findings of Osborn and 
24.25.26.27.28' 29.30.31,32. 

Mendel. and 1~Collum and his co-workers. 
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The former named investigators show that the economy 

of the different proteins as nutrients in growth appear 

to be closely bound up with their amino acid content. 
33 

Nollau says, "It .is probable that in the future 

protein feeding will be based on the amino acid Qontent." 
34 

Grindley and others show that the nutritive value 

of mixed proteins of food stuffs depends ultimately on 

the amino acids they contain. 
35 

Osborn and Mendel, together with Hopkins, found that 

young rats would grow and develop normally when certain 

proteins as casein, edestin, or serum albumen were in the -ration. provided butter fat, lard, some carbohydrate, and 

such salts as are found in milk were also present. while 

if such proteins as zein or gelatine were present with 

the s~e basal ratiGn the animals would not continue to 

grow or indeed to live long. As a result of repeated and 

careful investigations it was found that zein failed to 

produce growth because it lacked certain amino acids, nam

ely lysine an~try.ptophane. ~ikewise, gelatine failed 

also because it lacked certain amino aoids. On the oth

er hand it was found that growth resulted when casein, 

edestin, or serum albumen were fed beoause these proteins 

were oomplete in that they oontained all the essential 

amino acids. 
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It was found also in the course of the experiment 

that the amount' of protein which it was necessary to 

supply in the diet for the purpose of maintenance or 

growth varied with different proteins. The minimum am

ount necessary appeared to be determined by the amount 
28 

of some amino acid which was present in small amounts. 

In some proteins it was cystine, in others it was some 

other amino acid. However, it became necessary to add 

enough protein to supply the proper amount of the limit

ing amino acid in the ration in order to promote growth. 

Some protein foods are especially high in certain 

amino acids, and when such a protein is taken as the 

sole source df amino ~cids for growth it is obvious that 
36 

a considerable part will be wasted. Mathews shows that 

the principal protein of wheat, namely gliadin. contains 

42.8 per cent of a single amino aCid. glutaminic acid, 

which, according to McCollum forms only 14 per cent of 

the body protein. 

At present it appears that all the amino acids must 

be supplied to the animal direct in its ration since none 

can be synthesized except glycine as pointed out by 
36 

Mathews. 

(2) The vitamines are unidentified dietary factors 
37 

of which our knowledge is as yet very limited. McCollum 
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32,38 
and his co-workers prefer to clas!3ify the vitamines 

into two ;groups, ,namely fat-soluble A and water,,:,soluble B 

until more is knO\vn concerning them, while other invest

igators designate them as the growth accessories. 

However, it is generally agreed that these substan

ces must be present in the diet of young animals in order 

to promote growth. 
32 

McCollum and Davis showed that when a ration was 

made up of purified proteins, carbohydrates and a salt 

mixture of appropriate composition it would not produce 

growth in animals. But if to each pound of the ration 

an ounce of egg yolk was added growth would proceed, and 

would again stop when the egg yolk was taken away.and 

start when put back. They further showed that it was 

not alone the fats of the egg yolk that were needed but 

also other material in the egg yolk which was soluble in 

water and to which they gave the name water-soluble B. 

It was found widely distributed in the vegetable food 

stuffs as well as in meats, eggs and milk while it was 

absent from the starches, sugars, fats, and polished 

rice. To the substance in the fat of the egg, which 

seemed necessary and which is also found abundantly in 

butter fat and in alfalfa leaves they gave the name fat

soluble A~ 

(3) The mineral content of our feeds must also re-
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ceive serious consideration as is shown by Forbes, and 
42 

Hart and others. Forbes claims that the subject of min-

eral matter is our most important problem in nutrition 

today. The mineral elements most apt to be lacking are 

phosphorus and magnesium and especially calcium, which 
40 

is supplied abundantly by all legumes. Forbes shows 

that an insufficient supply of mineral matter, which is 

not uncommon after seasons of drought and overstocking of 

pastures which are poorly fertilized, causes malnutrition 
41 

of the bones. He further shows that it is a common fail-

ure in cows not to breed after a season of forced milk 

production which might be accounted for by a mineral short

age. In fact, his recent investigations show that pract

ically all cows at the time of highest produotion show a 

negative balanoe of mineral matter. The questions then 

naturally arise, When does the oow make good the mineral 

lo~ses sustained during lactation?, and,To what extent 

should the growing heifer be supplied with mineral matter? 

Neither of these questions oan be answered as yet, but it 

would appear that the young growing animal should be supp

lied with an abundance of mineral matter in order to make 

as oomplete a storage as possible for subsequent useflll-

ness. 

Another question yet to be solved relates to the 
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proper proportion in which the mineral nutrients should 

be supplied. 

(4) The presence of possible poisonous constituents 
to 

in the several feeds needs also/receive serious consider-
31 

etion, as is pointed out by McCollum and others. In a 

comparison of balanced rations from the wheat plant with 

similar rations from the oat plant and corn plant it was 
29 

found by McCollum and others that the wheat ration was 

strikingly deficient and when the animals fed such a rat

ion underwent the strain of reproduction the calves were 

either born dead or weak and materially undersized. ~ater 

investigation showed this defici~ncy to be due largely to 

the presence of a toxic substance in the wheat germ. 

neither the exact nature nor the source of the toxic sub

stance is at present understood. 

!~!!!!l~_~~~~~~!~£!~-~!!!~~~!!!~l~_~~_~!~!~~~~·-

From the preceeding discussion it is apparent that a var-

iety of feeds in the ration would be of advantage in the 

way of increasing the probability that the growth factors 

missing in one feed would be supplied by another. 

That variety is advantageous in the ration is shown 

by the following table which gives per~entages of dlff-
2 

erent proteins retained when fed alone and when mixed. 
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----------------------------------------------~---Source of Protein Number of Proportion of N 
Trials in food retained 

-------------------------~------------------------per cent · 

Skim milk 1 66.2 
Casein 1 50.8 
Corn 4 23.7 
Wheat 3 26.7 
Oats 2 28.3 
Linseed meal 1 17.0 
'''/heat embryo 1 39.0 
Corn 1/3,oats 1/3,wheat 1/3 1 32.0 
Corn 3!5.1inseed meal 2/6 1 32.0 
Corn 3/4.linseed meal 1/4 1 37.0 
~eat 1/2,wheat embryo 1/2 1 30.0 
--------------------------------------------------

The above table shows that in some cases nothing is 

gained by a combination, as is the case of corn, wheat, 

and oats. On the other hand when corn was combined with 

linseed meal the retention of nitrogen was greatly in

creased over the figures secured for these food substances 

fed alone. From this we may assume that linseed meal 

and corn are not deficient in the same amino acids. and 

that when combined one tends to correct the deficiencies 

of the other. 
43 

Armsby. in referring to a proper ration, says. "From 

recent investigations it would seem well that care should 

be taken to see that grains of distinctly different spe

cies of plants should be used." 

Anothe~ advant~ge ,from feeding a variety of feeds is 

the stimulating effect of such feeds upon the appetite of 
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the animal. 

Not only do we ·need variety from the standpoint of 

proteins but also do we need var1ety in order to supply 

the proper mineral matter, and also the vitamines or 

growth accessories. 

That succulence 'is of great. value in a ration, 

whether supplied as pasturage, silage, soilage, or roots, 

is quite well understood by farmers a.s well as eXperiment-

ors. 
44 

Eckles says, "Such feed has a value outside of the 

actual nutrients it contains, on account of the favorable 

effect upon the digestion of the animal."· 
45 

Sanborn Found that the flesh of root-fed animals 

was in general more sappy or watery than the ·flesh of 

farm animals with no succulent food. 

It is found that succulent feed tends toward rapid 

sturdy growth of the young of all animals, and when sup

. plied throughout the year the best results follow. 
46 

Henry pOints out that palatability is greatly in-

fluenced and controlled by familiarity and habit or cus

tom. When corn silage is first placed before animals they 

care very little for it, but gradually become accustomed 
. 46 

and their liking for. it becomes very pronounced. Henry 

fed shelled corn and wheat bran to one lot of steers, 

while another lot received exactly the aame ration except 
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the. shelled corn was ground 'to a meal. After some weeks 

of successfUl feeding the rations for the two lots were 

reversed and immediately both lots showed a strong dis

like for the new ration, eating so little at first that 

they shrank materially in weight. This shows that custom 

and habit, something entirely extraneous to the food, 'are 

possible factors in palatability. 

Palatability may cause greater rations to be con

sumed and hence greater growth and 'production. 
21 

Talbot says that palatability may be the limiting 

factor which controls the amount consumed by the dairy 

heifer of some of the common feeds. For instance, it is 

a well known fact that an animal will consume more alfal

fa hay than timothy hay and this is one reason why animals 

having free access to alfalfa make such rapid gains. 
43 

According to Armsby there is some proof that the 

amount of digestive juices excreted depends upon the pal

atability of the feed. 
. 47 

Jordan emphasizes the fact that a successfUl ration 

must be palatable. "An agreeable flavor is not a source 

of energy or of building material," he says. "but it tends 

to stimulate the digestive and assimilative fUnctions of 

the animal to their highest efficiency, &s is a requisite 

for the consumption of the necessary quantity of food." 

When the roughage is unpalatable naturally the an-
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imal tends to eat less of it even to the point of limit

ing the nutrients available for growth. 

An animal seems to do better on a palatable ration 

than on one not so palatable even though both may supply 

the same amount of protein and net energy. Probably there 

is some connection between the specific make-up of the 

nutrients and palatability. 

The bulkiness of the ration likewise has its effeot 

on the growth of the animal, in that it is often the 

limiting factor in the amount consumed. Waters, Coche1. 
41 . 

and Vestal say. however. that a certain amount of bulk-

iness must exist in the ration in order to distend the 

digestive tract and force out the ribs and hips when the 

animal is yet plastic, otherwise the body of the animal 

will never attain the desired conformation. 
48 

On the other hand, Eckles has shown that mature 

dairy animals which have been raised largely on roughage 

do not have a greater capacity for handling feed than 

those which received less roughage and more concentrates 

during their growing period. 

It is also important from the standpoint of digestion 

that a ration shOUld be light so as to allow the digest~ve 

juices to act more readily and more completely on the in

gested food. 

Growth Under Adverse Conditions.- That immature an--------------------------------
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imals continue to grow in skeleton even though they are 
49 

underfed is shown by the results of Waters, who kept 

three yearling steers at constant weight for twelve months 

and found that the, all continued to grow as shown by an 

increase in height at withers, No. 1 gaining 9.9 per cent, 

No. 2.;0.8 per cent, and No. ~ 5.8 per cent. Correspond

ing to the increase in height at withers there was, how

ever, a decrease in width of chest, the percentages being 

12.1 per cent, 10.6 per cent, and 9.4 per cent respect

ively. ~he length of head increased and likewise did the 

depth of the body. 
60 

In other trials by Waters and Trowbridge, steers in 

a thrifty growing condition weighing 673 to 740 pounds 

were fed rations just sufficient to maintain their weight 

for various periods of time and were then slaughtered and 

the carcasses analyzed. Others were fed submaintenance 

on which they lost 0.5 pounds per day per head. Even the 

steers lOSing weight made steady growth in skeleton. A 

steer weighing 664 pounds when placed on the experiment 

lost 199 pounds in 12 months but nevertheless gained 3.6 
. 

inches in height at withers and 4.5 inches in length of 

body. Vfuile the carcass of the steer slaughtered and 

analyzed as a check animal at the beginning of the exp

eriment conta.ined 56.5 pounds of fatty tissue, that of 

an animal which had been given a ration just sufficient 
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to maintain its weight for 12 months contained only 

24.3 pounds of fatty tissue. much of it having been re

placed by water. An animal which had lost 0.5 pounds 

daily for a year had used up practically all of its fatty 

tissue for body fuel. Indeed only 0.4 pounds of fatty 

tissue could be separated from the entire carcass of the 

animal. Even the fat from the marrow of the bones had 

been largely replaced by a watery, ill-smelling liquid. 

It is seen that the skeleton is not affected by 

poor nutrition until practically all the fat has been re-
49 

moved from the fatty tissues and the muscles. :Vaters 

mentions that fat is withdrawn from the body in the re

verse order from which it is laid on, that first deposit

ed being the last to be absorbed. 
49 

Waters further made a comparison bet'ween two eight-

month-old steers, one on full feed and the other on main

tenance, and found for the entire eight months that the 

steer on full feed increased in height more rapidly than 

the one on maintenance, but for a considerable time the 

poorly fed steer grew as rapidly as the other. Waters 

concludes that poorly fed animals will grow as rapidly 

as those on full feed for the first 70 to 120 days, de

pending upon the vigor of the individual and the previous 

condition of the animal. After this period he shows that 

the increase in height becomes less rapid ceasing altogeth

er in from six months to one and one-half years. He had 
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one steer which grew for five months as rapidly as one on 

full feed and this steer was lOSing weight each day. 
49 

Waters concludes that the young animal may advance 

to normal size by any or all of the following ways: 

1/ By growing steadily from birth to maturity. 

2. By storing fat in a period of abundant feed supply 

to assist in tiding over a limited period of sparse food 

supply without serious interruption of growth. 

3. By prolonging the growth period. 

4. By an increase in the rate of growth during a 

period of li~eral feeding following a period of low gain. 

6. By conserving the cost. 

Apparently the animal when kept for a long period on 

scanty food adjusts 'itself to a more economical basis 

than when more liberally fed. A ration which is at first 

insufficient to maintain the animal may be capable later 

of keeping the animal at a constant body weight and still 

later of causing gain. 

While Waters experiments were all with beef animals 

they are nevertheless strikingly applicable to dairy an-

imals. 
61 

Waters and others show that while a steer whose 

growth has been checked for a year or more may grow, near

ly as tall as one fed well all along. it is almost sure 

to have a smaller digestive, capacity. narrower hips. 

flatter ribs. heavier shoulders and lighter hind quarters. 
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even when finished for market. However, a breeder who seeks 

to develop h.s animals toward an ideal type must supply am

ple feed during the entire growing period. 
9 

Eckles, however, concludes that the dairy character-

istics of a dairy animal are a matter of inheritance and 

do not seem to be influenced to any great extent by over 

or under feeding. 
48 

Eckles found in comparing the growth of light fed and 

heavy fed dairy heifers that the animals on a light ration 

were retarded somewhat in growth in height but they con

tinued to grow for a longer time, so that at the age of 

six or seven years for Holsteins and five or six years for 

Jerseys, they come very close to equaling those receiving 

the heavy ration in height, but not entirely. The great

est difference found was 1.5 inches in height. 

Growth Under Favorable Conditions.- Aside from the ---------------------------------
post natal retardation of the rate of growth lasting from 

64 
two to five days as mentioned by Burlingham and Gillette, 

fa 
Brandt , has shown that the average gain in weight of dairy 

heifers per day is greater the first six months of their 

lives and gradually decreases thereafter. This is also 
63 

shown in the results of Skinner and Cochel who show the 

amount of feed consumed and cost of gain per steer increas

es with the age of the animal. 
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The following table shows the average amount of feed 

consumed per pound gain by calves. yearlings and two-year-
63 

olds during the winter of 1908-09. 

Calves 

Yearlings 

Two-Year!Olds 

Shelled Corn Cottonseed meal Clover hay 
Pounds Pounds Pounds 
6.03 .83 2.92 

6.21 

7.63 

1.07 

1.32 

3.20 

4.12 

This shows that it required 118 pounds more of 

shelled corn, 28 pounds more of olover hay, and 24 pounds 

more of cottonseed meal to produce 100 pounds gain on the 

yearlings than it did on the calves, or in terms of per

centage, 23, 9, and 28 per cent respectively, with an av

erage of 20 per cent more feed for a pound of gain on 

yearlings for a pound of gain. 

A comparison between yearlings and two-year-olds 

showed that the two-year-olds required 24 per cent more 

than t~e yearlings for a pound of gain. 
62 . 

Hunziker, in speaking of gains in weight,says that 

in order for a ration to be oonsidered an unqualified 

success for dairy calves it should produoe at least one 

pound of gain per day as an average for the first six 

months of the life of the calf. An averege daily gain 

of one and one-half pounds is not uncommon although 

slightly above what the average dairyman may expect. 
63 

Regarding gaine in height, Hunziker says that the 
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rate of growth in height of dairy calves is' rather uni

form during the first six months of their life, the av

erage monthly growth being 1.5 to 2 inches. As dairy an

imals advance in age the relation between height and 

weight gradually changes, as is shown by a calf at 30 

days of age which should weight approximately three pounds 

for each inch in height, while a calf six months old 

weighs approximately 6.5 pounds for each inch in height 

and those .24 months old will even more than double this 

figure. 
54 

Burlingham and Gillette collected data concerning 

the normal growth of heifers of all the leading dairy 

breeds from birth until two years of age. This work 

seems to be the first of its kind which covers such a 

prolonged period. Table 34 shows their results, to 

which later reference will be made. 
55 

The Wolff-Lehmann Standard prescribes, for dairy 

cattle six to twelve months old and weighing 500 pounds, 

1.6 pound digestible crude protein, 6.2 pounds digest

ible carbohydrates, and 0.25 pounds digestible fat. 
1 

From the recent table adopted by Armsby we observe 

that the figures for a heifer weighing 550 pounds are 

1.10 pounds digestible true protein and 6.4 therms energy. 
9 

Eckles, in speaking of rations which are conducive 

to favorable growth for summer feeding of dairy heifers. 
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sars that grass is sufficient as~long as there is plenty 

of it. The winter ration should consist of a good quality 

of roughage with a small amount of grain. He says that 

a good ration is corn silage, clover or alfalfa, and a 

grain allowance of about two or three pounds daily per 

animal. Kore liberal rations, he says, will cause more 

rapid growth and earlier maturity but are too expensive. 
56 

Fitch, in outlining ideal feeds for calves more than 

six months old, also says that corn silage and alfalfa 

hay, together with some little grain, make an excellent 

ration. He advocates a grain mixture consisting of four 

parts of corn chop, two of bran, and one of oil meal. 
57 

Hill says,"The second winter ca.lves should be fed 

liberally on alfalfa or clover hay, corn silage, and a 

moderate grain ration but without anything tending to 

fatten." 
2 

Henry and Morrison say that in winter there is no 

better ration for dairy heifers than legume hay. silage, 

and sufficient grain to keep them thrifty and growing 

without becommingfat. 
48 

Eckles, however, shows that the laying on of flesh 

or fat is not objectionable, in that a dairy heifer as 

soon as she freshens will loose the surplus body fat within 

a short time and show no more tendency to fatten later on 

in the lactation period than those raised on less abundant 
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allowance of concentrates. 

58 
Utilization of Rations by Different Breeds.- Brandt ------------------------------------------

found that animals of different breeds require practically 

the same nutrients for a pound of growth an~ the amount 

required per pound increase in weight increases with the 

age of the animal. 
21 

Talbot found that Holstein heifers used in his exp-

eriment made greater gains per day than the Jerseys due 

to the fact they ate more. The gain in weight was found 

to follow the energy content of the ration more closely 

than the protein content, the animals making the largest 

gains . receiving the most energy in their ration. He fur

ther showed that the Holsteins utilized their ration, 

when composed largely of roughage, to better advantage 

than the Jerseys. 
22 

Wylie found that the Ayrshires consumed slightly 

more nutrients for their size than did the Holsteins or 

Jerseys on the same ration. .He further shows that the 

Eolsteins oonsumed less protein and net energy per 1000 

pounds live weight than the Jerseys, but made better 

gains, "thus apparently using their nutrients to better 

advantage than the Jerseys." 
59 

Severson found no difference between the Shorthorn 

breed and the Aberdeen Angus breed in the utilization of 
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of feeds or cost of maintenance. 

While there is an apparent slight individual diff

erence between heifers of different breeds yet in ·gen

eral there is no difference in the utilization of feed 

by the different breeds. 
3 

Kellner shows that different breeds of the same 

species of animals possess a power of equal utilisation 

of feed. 
62 

Eckles also shows that the various dairy breeds all 

utilize their food practically the same. He found that 

the actual digestion coefficient on maintenance was slight

ly higher than when on full feed. 

£~~~_~!_~!!~!~~_~~!~l_~!!!!~~.- To figure the cost of 

raising dairy heifers is rather difficult on account of 

wide variation in prices of feed. 

However, a general idea can be received from some of 

the following reports. 
60 

The cost of raising dairy heifers on a Wisconsin farm 

that raised about twenty per year was kept for five years. 

The feed costs to raise a heifer to two years of age varied 

from $39.00 to $42.00. The total costs varied from $60.00 

to $65.00 in different years. 

The Office of Farm lmoagement of the Bureau of Plant 
61 

Industry kept records concerning the cost of raising 117 
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heifers in a Wisconsin Jersey Herd. The results are 

tabulated in the following table: 

Table 5. 

Cost of Raising 117 Jersey Heifers in Wisc. 

-----~------------------------------------------------For 1 Year. For 2 Years. 
------------------------------------------------------
Value of Calf at Birth 
Cost of Feed 
Cost of Labor 
Other Costs 

$ 7.04 
24.67 
4.45 
6.36 

$ 7.04 
40.83 

7.81 
13.73 

------------------------------------------------------
Total Cost 
Credit by Manure 

l~et Cost 

42.52 
3.00 

39.62 

69.41 
8.00 -----

61.41 
------------------------------------------------------

This table shows a net cost of $61.41 at two years 

of age in Wisconsin, 12.6 per cent of which was for lab

or, 22 per cent for other costs, and 65.5 per cent for 

feed. This cost was up to two years of age, and since 

heifers as a rule should not calve until 26 to 28 months 

of age, there would be a material addition to the above 

figure. 
65 

The Storrs Station found the total cost to two 

years of age to be $66.00. The cost of feed for the two 

years was $55.00. 
64 

Hayden shows the net total cost for Jerseys and 

Holsteins to be for the first year $43.32, for the ,seoond 

year $37.23, for the first and second years $80.00, and 
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from birth to calving at 26·~ months to be ~9l.39. Of 

this amount the feed cost alone, up to two years of age 

for the two breeds, was found to be $56.32. and from 

birth to 26t months $65.30. In this cuse the feed cost 

was about 70 per cent of the entire cost. 

That the cost of feeding animals is not only affect

ed by prices but also by the kind of a ration that is fed 
53 

is shown by Skinner and Cochel, who found a ration con-

taining silage was more economical than one without sil

age, and also that a ration giving a variety of feeds 

seemed to be more economical than a ration consisting of 

only one or two or possibly three different feeds. 

The prevailing prices of the feed used would also 

be a strong contributing factor. 
53 

Skinner and Cochel show that corn silage is not 

only an economical feed but it is desirable in that it 

has a beneficial effect in causing cattle to shed their 

winter coat earlier than those receiving the same ration 

without corn silage. 
21 

Talbot, found in comparing corn and alfulfa, silage 

and timothy. and alfalfa and silage, that the most eoon

omic~l gains were made on corn and alfalfa due to the 

fact the heifers were able to eat more of this ration. 
22 

Wylie found that the cost of gains were reduced by 

adding silage to a corn and alfalfa ration. 



-37-

63 
Likewise, Tomhave and Hickman showed that there 

was .a decided advantage in using corn silage for at 

least a portion of the ration if cattle are to be fed 

in an economical way. 

Another factor, namely the one pertaining to the 

season of the year when the calf is dropped, plays an 

important part in the cost of 'raising dairy heifers, as 
21 

is shown by Talbot who points out the str1king differen-

ce in favor of fall calving as is shown in Table 6. 

Table 6. 

--------------------------------------------------
Feed Spring 

Calving 
Fall 
Calving 

---------------~----------------------------------
Whole Milk 
Skim Milk 
Corn 
Alfalfa Hay 
Pasture 

90 Pounds 
3001 " 

847 " 
.6099 " 

6 Months 

90 Pounds 
3001 " 

487 " 
2718. " 
. 12 Months 

--------------------------------------------------

------
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Review of Parts I, II, and 111 of this Experiment. ---------------------------------------------------
Experiments on Winter Rations For Dairy Heifers 

were begun at the M~issouri Experiment Station in 1913 
20 

when Caine compared the value of grain and clover with 

grain and silage as rations for dairy heifers during 

the winter months. His experiments covered 158 days 

and were begun in November. 

He concluded that the silage fed heifers seeming-

ly needed some dry roughage because their nutrients 

were practically the same as the clover group and 

were nearly sufficient for normal gains but the heif

ers appeared thin. 
21 

Talbot, the following year (1914-l5) , following 

up Caine's trials fed silage and grain and added timo-

thy at the rate of two pounds per day. His results 

showed that the dry roughage improved , the ration in 

that greater gains were produced with the same or 

slightly less nutrients. 

Talbot also, in an attempt to show the relative 

value of alfalfa and clover when fed in a ration with 

corn, fed a group of heifers a ration consisting Qf 

two pounds of corn daily ~d all the alfalfa they would 

eat. The results were compared with those by Caine 

who, the previous year, fed corn and clover. Little 

if any difference was observed in the relative value 
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of alfalfa and clover when fed with grain. although 

the corn-alfalfa group made a slightly greater gain 

on less energy than did the corn-clover group. 

Talbot's third ration consisted entirely of rough

age. Alfalfa and silage were fed in the ratio of one 

to three to four anima1s for 160 days. In discussing 

the results Talbot st~tes that the heifers with no grain 

used a greater amount of protein and energy for a pound 

of gain. Further. all animals in this lot showed a loss 

in weight during one or more of the thirty day periods. 

This lot averaged 669 pounds in weight and consumed an 

average of 6.55 pounds of alfalfa and 19.20 pounds of 

silage per day. The amount of digestible protein con

sumed each day was 0.623 pounds ~nd the energy amounted 

to 6.436 therms. while the gains per day were 0.04 

pounds. The protein consumed for a pound of gain was 

1.41 pounds and the therms for a pound of gain were 

12.36. 

In comparing the three rations Talbot says. "The 

lot receiving corn and u1fa1fa m~de the greatest gains 

&nd this ration would be considered the best if pref

erence could be made. The main factor in the effioien

cy of this ration was the f~ct that the animals con

sumed more nutrients per day." He shows that while 

Lot 1 (corn and alfalfa) produced the largest gains the 
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cost was higher. Lot 2 was not far behind Lot 1 in the 

gains made. Both lots showed better gains and the an

imals were in better condition at the end of the exp

eriment than Lot 3, which received alfalfa and silage 

only. 

His results show that in order to get the best and 

most economical results the growing heifer should re

ceive some concentrates in her ration during the winter 

months. 
22 

Wylie the following year (1915-16), on the basis 

of Talbot's conclusions that the ration should contain 

some cQncentrates, fed a group of four heifers the same 

kind of roughage in ~he same proportion, namely alfalfa 

and silage one to three and in addi tOion two pounds of 

corn. 

He found that with the addition of corn very much 

greater gains in weight were made. In tact the addit

ion of corn more than doubled the gains, and the amount 

of protein and energy used for a pound of gain was re

duced one-half. 

Evidently a ration containing concentrates is 

superior to a ration consisting exclusively of roughage. 

Wylie further tested the effect of feeding three 

pounds of corn, rather than two pounds as had been fed 

the previous year, in a ra.tion of corn, alfalfa and sil-
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age, and also compared a ration of grain and alfalfa 

with and without silage. 

Concerning the results Wylie says, "On the whole 

it may be said that the gains in weight for the two 

rations were approximately the same, and the cost per 

pound of gain was almost equal for the two rations." 

His comparison of grain and alfalfa, with and 

without silage, resulted in a gain of 1.18 pounds per 

day for the group with- silage, and of 0.90 pounds 

for the group ~ithout silage. This shows the pronounced 

value of silag~ in a ration, a value aside from the 

nutrients it contains. Undoubtedly silage should be a 

part of the ration for dairy heifers. 
22 

Wylie fed another ration in which the object was 

to determine the efficiency of alfalfa and grain com

pared with silage and timothy and grain. Concerning 

the results Wylie says, "In oomparing the. results of 

the two groups receiving nutrients in approximately 

the same amounts the corn and alfalfa group received 

slightly more nutrients e.ndmade greater gains in 

weight but more animals should be used before definite 

conclusions can be made on this point." 

In comparing the three rations fed, Wylie con

cludes that the ration of alfa.lfa, silage, and corn 

was the most efficient in gains produced in proport-
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ion to the protein and energy consumed. The corn and 

alfalfa ration was the leLst efficient in this respect, 

while the timothy, silage und grain ration w~s inter

mediate to the others. 

In proportion to live weight the group receiving 

corn and alfalfa consumed the most dry matter while 

those fed the timothy hay, silege, and grain consumed 

the le~st. The former was eaten in larger quantities 

probably on account of its greater palatability, while 

the small consumption of the latter was due in part 

to its being less palatable and to its greater bulk. 

The experiments so far carried out do not furnish 

the data to justify a conclusion as to the amount of 

grain which it is economical to include in a winter 

ration. 
22 

~ylie also studied the records of growth of the 
20 21 

heifers used by Caine und Talbot for the summers 

following the experimental periods. He found that the 

animals making the least growth during the winter made 

the most the following s~~er und as a result the effects 

of different rations as observed at the close of the 

experiment had entirely disappeared after the animuls 

had been on pasture for the summer. 

-----------
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111. EXPERD1ENTAL METHOD. 

-------------------------

Plan of Experiment. 
-----------------~-

The experiment oonduoted by the writer is the fourth 

of a series of experiments pertaining to the wintering of 

dairy heifers begun in 1913 by the Missouri Experiment 

Station. 

It was planned for the winter of 1916-17 to oompare 

the effioienoy and eoonomy of light with heavy grain rat

ions when fed with alfalfa and silage, and also to deter

mine the results of using a ration of timothy hay and sil

age limited to the ~xtent of produoing one-fourth pound 

of gain daily. 

It was further planned to oontinue the reoords of 

weight and growth in height during the summer months, 

when the animals would be on pasture, in order to deter

mine to what extent the results of the different planes 

of nutrition during the winter would be overoome. 

The results of the Bummer observations oan not be 

ino1osed in the present thesis. 

The animals were to be p1aoed on experiment Nov. 1, 

1916 and oontinued for 150 days. 
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Rations Used.- The rations used in this experiment 
------------

were as follows: 

Group I (medium Ration) 
Corn, two pounds. 
Alfalfa, one pound per hundred weight of 

animal. 
Silage, all they would eat. 

Group 11 (heavy ration) 
Corn, one pound per hundred weight of animal. 
Alfalfa" n " n " "" 
Silage, all they would eat. 

Group lll(light ration) 
Timothy, all they would eat. 
Silage, all they would eat. 
Corn, if necessary in order to make one-fourth 

pound gain per day. 

It is noticed that for Groups 1 and 11 the amount 

of alfalfa is constant, while the amount of silage given 

is regulated to provide all the animals would consume. 

Group 111 was fed a ration very low in nutrients, and 

likewise very inexpensive. There is no definite ratio 

between the timothy and silage, each animal receiving as 

much as desired. This made it more typical of farm con

ditions. In an attempt to restrict the gains per heifer 

to 0.25 pounds per day it was found that some of the 

heifers required corn ,in addition to the roughage while 

others could gain this amount without corn. However, all 

the animals in this group were started on one pound of 

corn per day. 

All of the feed used was of good quality. The an

imals were fed twice daily at regular intervals. The 
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feed for each animal was carefully weighed and recorded 

on a sheet kept for that purpose at the dairy barn. Any 

feed not eaten was weighed back and subtracted from the 

original weight. At the end of each 30 day period these 

sheets were taken to the dairy office and carefully cop

ied into permanent record books where the original sheets 

were also preserved. 

Water and salt were available at all times throughout 

the day in the yard where the animals were turned regular

ly for exercise. 

Animals Used.- Twelve pure bred heifers were.us~d in 

this experiment consisting of Holsteins, Jerseys, and Ayr

shires from the University Dairy Herd. They were divided 

into three groups, each containing tWQ Holsteins, one Jer

sey and ·one Ayrshire. All were practically in the same 

condition of flesh when the experiment began as they had 

all been on the same kind of feed during the previous six 

months. 

Tables 7 and 8 give details for each individual con-
• 

cerning the age, weight at birth, normal weight at birth, 

of heifers of the same breed, their Sire, weight at beginn

ing of experiment, normal weight, height at withers, and 

normal height at withers. 
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The animals were brought from the pasture October 

24th and a preliminary feeding period begun. The weights 

were taken October 25th and they were observed to find if 

each took to its new ration. This they all did except No. 

322, an Ayrshire in Group 111, which showed somewhat of a 

dislike for silage but it was found she did not refuse it 

entirely, and gradually increased the amount consumed and 

it was not necessary to replace her by another. 

On November 1st the experiment was begun. 

It was found almost impossible to get animals of the 

same age and weight notwithstanding there were many anim

als from which to choose, and as a result the average age 

of the groups were 12 months (367 days). 11 months (332 

days), and lot months (314 days) respectively, and their 

total weights were 1867, 1756, and 1561 pounds respective

ly, with an average of 467 pounds, 439 pounds, and 390 

pounds per heifer. 

stabling.- All animals were provided with good shelt-

er throughout the winter. It W&s not found feaSible to 

keep the Jerseys in the stanchions in the main dairy barn 

on acoount of their size and for this reason the Jerseys 

of Groups 1 and 11 were kept with all the animals of Group 

111 in the experimental barn while the remaining ani~als 

of Groups 1 and 11 were kept in the main dairy barn. 
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Each heifer had an individual stall which was clecned 

and bedded eaoh day. All twelve animals were fed and cered 

for as nearly alike as possible. 

~eights.- The heifers were weighed on three success-

ive days at the beginning of the experiment. This was re

peated ench 30 dnys. At intervals of 10 days one weigh

ing was made during the first . three months, while during 

the last two months three weights were taken eaoh 10 days 

on three successive days, a total of nine weights each 30 

days. 

Measurements.- Measurements of the height at withers 
------------

were taken the first of each 30 day period. The animal 

was made to stand squarely on all four feet on a level 

platform and the measurement taken as quickly as possible 

so as to avoid any relaxation of the muscles whioh has 

been found to result in a lower reading. The reading was 

taken three times in suooession after moving the animal 

about and the figure used is the average of the three 

measurements. 

Other experiments at the Missouri Experiment Station 

have shown that there is a direct correlation between meas

urements of height at withers and the other measurements 

and for this reason the measurements taken were limited 

to the height at withers. 



Feeding Standard.- All calculations throughout the 
~---------------experiment relating to composition of feeds and requirements 

for maintenance and growth were based on the tables given 

by Armsby. 

His standards for maintenance and growth give protein 

in terms of digestible true protein only. while his tables 

of feed analyses gives protein both as digestible crude 

protein and digestible true protein. 

The figures for digestible crude protein were used 

in preference to those for the true protein • 

......... -----

Data concerning the heifers used in the experiment 

is given in Tables 7 and 8, which follow. 

-----------
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Table 7. 

Dl.TA CONCERNIUG HEIFERS USED 

IN THE EXPERIMENT. 

----------------------------------------------------------
Heifer Av. Birth 
No. Breed Age at Weight wt. of Sire 

Beginning At Females of 
of Exp. Birth same breed 

--------------------------------------*-------------------

Group 1 
318 Ayrshire 
263 Holstein 
262 Holstein 
113 Jersey 

Group 11 
320 Ayrshire 
264 Holstein 
258 Holstein 
117 Jersey 

Group 111 
322 Ayrshire 
260 Holstein 
265 Holstein 
116 Jersey 

Mo. Da. Pounds 

13---28 
10---21 
11---24 
10 .. --10 

12---12 
10---0 
14---26 

6---21 

9-19 
12---18 
9---16 

7---30 

75 
107 

95 
55 

60 
100 

95 
30 

40 
90 

97 
65 

Pounds 

74 
85 
85 
49 

74 
85 
85 
49 

74 
85 
85 
49 

capt. Moonstone 
Sir Xorndyke 
Sir Xorndyke 
Sultanas Va. Lad 

capt. Moonstone 
Sir Xorndyke 
Sir Xorndyke 
Sultanas Va. Lad 

capt. Moonstone 
Sir Xorndyke 
Sir Korndyke 
Bessie Bates Lad 

-----------------------------------------------------------
* Henry and Morrison, "Feeds and Feeding." 16th Edition, 

page 424. 
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Table 8. 

DATA CONCERNING HEIFERS USED 

IN THE EXPERIMENT. 

(continued) 

------------~----------------------------------------Weight at Height at Normal 
Heifer Beginning Normal Withers at Height 
No. of Exper- Weight Beginning at 

iment. * of Exp. Withers 
* ----------------------------------------------------

Pounds Pounds centimeters centimeters 

Group 1 
318 501 525 108.8 109.5 
263 473 513 111.5 112.3 
262 487 548 111.5 114.0 
113 406 405 105.3 105.0 

Group 11 
320 450 470 105.2 106.5 
264 505 480 108.0 110.5 
258 556 620 113.3 118.5 
117 245 297 92.08 97.8 

Group 111 
322 294 409 92.66 102.5 
260 526 513 115.5 112.3 
265 479 462 108.2 109.4 
116 262 334 92.91 101.0 

-----------------------------------------------------
* Burlingham and Gillette, "The Normal Growth of 

Dairy Heifers." (See Table 34) 
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IV--EXPERI~lTAL DATA 
-------------------~-and 

DISCUSSION OF RESULTS. 

The data in detail by 10 day periods for each of 

the .twelve animals used will be found in Tables 9 to 

20. 

The data includes the feed consumed, the calculat

ed digestible crude protein and net energy, and increase 

in height at withers and weight. 

~able 21 gives the oomposition of timothy, alf

alfa, silage, and corn according to Armsby's analyses. 

A summary of the data in Tables 9 to 20 is given 

in ~ab1e 22. This table shows that Group 1, receiving 

the medium ration, consumed daily an average of 2 pounds 

of corn, 5.27 pounds of alfalfa, and 17.80 pounds of 

silage. The average gains in weight were 1.09 pounds 

a day. 

Group 11, re,ceiving a heavy ration, consumed 5.29 

pounds of corn, 5.12 pounds of alfalfa, and 13.54 pounds 

of silage and made an average gain of 1.43 pounds a day. 

Qroup 111, fed the light ration, received 0.61 

pounds of corn, 3.20 pounds of .timothy,.and 13.81 pounds 

of silage, and gained 0~3.6 pounds . per day. 
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Table 9. 

FEED COUSUMED, HEIGHT, Ala; WEIGHT. 

Ayrshire Heifer 318. 

Group 1.* 

--------------------------------------------------------
Ten Day Dig. Net 
Periods Corn Alfalfa Silage Crude Energy Height Weight 

Pro. 
-----------------~--------------------------------------1bs. 1bs. 1bs. 1bs. therms cm. Ibs. 

501** 
1 20 49 119 8.00 53.52 108.8 522 
2 20 50 161 8.57 60.53 530 
3 20 50 180 8.78 63.56 541*** 

4 20 55 180 9.31 65.27 108.6 547 
5 20 55 190 9.42 66.86 570 
6 20 55 200 9.53 68.45 563*** 

7 20 60 162 9.64 64.11 111.5 590 
8 20 60 180 9.84 66.98 606 
9 20 60 180 9.84 66.98 608*** 

10 20 60 185 9.89 67.78 113.5 623*** 
11 20 60 245 10.55 77.32 639*** 
12 20 60 271 10.84 81.45 649*** 

13 20 63.8 180 10.24 68.29 115.6 659*** 
14 20 65 235 10.97 '77.44 672*** 
15 20 65 225 10.86 75.85 673*** 

116.6 
-----------------------------------------------~-----~--Total 300 867.8 2893. 146.28 1024.39 

Av. per 2 
Day 

5.78 19.2 .97 6.82 

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

* Ration.- Corn, 2 pounds; Alfalfa, 1 pound per hundred 
weight of animal; Silage, all they would oleen ,up 

** Average of 3 weights on 3 successive days at beginning 
of experiment. 

*** Average of 3 weights on 3 successive deyset end of 
indicated ten day period. 
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Table 10. 

FEED CONSUMED, HEIGHT, AND ·h"EIGHT. 

Holstein Heifer 263. 
______________________ Irgyp_l~~ ______________________ ~=--
Ten Day Dig. Net Energy 
Periods Corn Alfalfa Silage Crude Height Weight 

Pro. 
----------------------.----------------------------------

1bs. 1bs. 1bs. 1bs. therms cm. 1bs. 
473** 

1 20 42.5 117. 7.29 50.97 111.5 483 
2 20 45 161 8.04 68.82 495 
3 20 45 180 8.26 61.85 607*** 

4 20 50 180 8.78 63.56 112.4 523 
5 20 48 190 8.67 64.47 537 
6 20 50 200 9.00 66.74 550*** 

7 20 55 160 9.09 62.09 115.8 562 
8 20 53.5 180 . 9.15 64.76 576 
9 20 55 180 9.31 65.27 587*** 

10 20 60 185 9.89 67.78 118.1 606*** 
11 20 60 245 10.55 77.32 622*** 
12 20 60 318 11.36 88.93 652*** 

13 20 64 269 11.13 80.92 119.6 669*** 
14 20 65 270 11.36 83.01 692*** 
16 20 65 254 11.18 80.46 700*** 

121.3 
---------------------------------------------------------
Total 300 8i8.0 3079. 143.04 1036.95 

AV.per 2 5.45 20.5 .95 6.91 
Day. 
---------------------------------------------------------
* Ration.- Corn, 2 pounds; Alfalfa, 1 pound per hundred 

weight of animal; Silage, all they would eat. 

** Average of 3 weights on :3 successive days at beginning 
of experiment. 

*** Average of 3 weights on :3 sucoessive daysat end of 
indic~ted ten day period. 
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Table 11. 

1EED CONSUMED, HEIGHT, Alm WEIGHT. 

Holstein Heifer 262. 

Group 1.· 

~~-~-----------------------------~--~--------------~---Dig. Net Ten D~ 
Periods Corn Alfalfa Silage Crude Energy Height Weight 

Pro. 
---------------------------------------------------~---1bs. 1bs. 1bs. 1bs. therms om. 1bs. 

487·· 
1 20 60 117 8.08 63.64 111.6 494 
2 20 60 163 8.69 60.86 616 
3 20 60 180 8.78 63.66 622··· 

4 20 60 170 8.67 61.97 111.9 632 
6 20 60 170 8.67 61.97 660 
6 20 60 190 8.67 66.16 66'7··· 

7 20 66 160 9.09 62.09 114.8 ·569 
8 20 66 180 9.31 66.27 696 
9 20 66 180 9.31 66.27 690··· 

10 20 60 186 9.89 67.'78 116.3 610··· 
11 20 60 238 10.47 76.21 621··· 
12 20 60 196 10.00 69.37 627··· 

13 20 62 210 10.38 '72.44 117.6 646··· 
14 20 61 200 10.16 70.61 66'7··· 
16 20 66 196 10.53 71.08 666··· 

118.2 
-----------------------------------------------~-------Total 300 833. 2733. 140 -"0 98'7.06 

Av. per 2. 6.66 18.2 .93 6.68 
Day. 
-------------------------------------------------------
• Ration.-Corn, 2 pounds; Alfalfa, 1 pound per hundred 

weight of animal; Silage, all they would eat. 

•• Average ot 3 weights on 3 suocessive days at beginning 
ot experiment • 

••• Average ot 3 weights on 3 successive daysat end of 
indicated ten da;y period. 
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Table 12. 

FEED CONSUMED, HEIGHT, AND VJEIGHT. 

4ersey Reifer 113. 

Group 1. * 

-------------~--~-------------------------------------~ Ten Day Dig. Net 
Periods Corn Alfalfa Silage Crude Energy Height V.'eight 

Pro. 
-------------------------------------------------------

1bs. 1bs. 1bs. 1bs. therms om. 1bs. 
406** 

1 20 40 82. 6.64 44.55 105.3 408 
2 20 40 121.9 7.08 50.90 413 
3 20 40 120 7.06 50.60 425*** 

4 20 45 120 7.59 62.31 106.8 426 
5 20 46 120 7.59 62.31 447 
6 20 44.3 126 7.68 63.02 440*** 

7 ~O 39.7 139 7.03 63.51 107.7 447 
8 ~O 46 140 7.81 66.49 462 
9 20 46 87.6 7.25 47.14 464*** 

10 20 44.6 137 7.72 64.84 109.9 462*** 
11 20 41.6 160 7.69 67.68 466*** 
12 20 42.6 160 7.79 67.92 464*** 

13 20 46 168.5 6.01 58.43 110.9 478*** 
14 20 43 166.7 7.78 67.46 473*** 
16 20 46 177.0 8.21 61.37 483*** 

112.4 
------ ------------------------------------------------
Total 300. '646.1 2005.6 112.83 807.43 

Av. per 2. 4.30 13.3 .75 5.38 
Da~ 

----------------------~-------------------------------~ 
* Ration.-Corn, 2 pounds; Alfalfa, 1 pound per hundred 

weight of animal; Silage, all they would eat. 

** Average of 3 weights on 3 suooessive days at beg1nning 
of exper~ment • 

. *. Average of 3 weights on 3 suooessive days.at end of 
indicated ten day period. 
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Table 13. 

FEED COUSUMED. HEIGHT. AND WEIGliT. 

Ayrshire Heifer 320. 

Group 11.* 

-------------------------------------------------------
Net Ten Day Dig. 

Periods Corn Alfalfa Silage Crude Energy Height' Weight 
Pro. 

-------------------------------------------------------
1bs. 1bs. 1bs. 1bs. therms cm. 1bs. 

450** 
1 45 45 119 9.45 74.44 105.2 456 
2 46 46 161 9.80 79.52 483 
3 45 45 166 9.97 81.91 502*** 

4 50 60 164 10.86 87.76 106.5 520 
5 46.6 42 160.6 9.62 80.44 636 
6 49.6 49.6 196 11.11 92.23 555*** 

7 66 64.6 93.6 10.93 82.56 108.8 665 
8 66 64 169.5 11.71 94.46 587 
9 55 55 146.3 11.56 90.95 596*** 

10 60 58.8 171 12.61 100.81 111.4 614*** 
11 60 60 190 12.95 104.24 636*~* 
12 60 60 203 13.09 106.31 651*** 

13 65 60.8 155 13.02 103.41 112.9 656*** 
14 65 62.6 150 13.18 103.19 695*** 
15 65 62.0 110 12.65 , 96.66 699*** 

114.1 
------------------------------------------------------
~ota1 820. 804.1 2343.8 172.49 1378.89 

Av. per 5.46 5.36 16.62 1.15 9.19 
Day 
------------------~--------------~--------------------
* Ration.- corn! 1 pound per hundred we'ight of animal; 

Alfa fa. 1"" " w w w 
Silage, all they would eat. 

** Average of 3 weights on 3 successive dals at beginning 
of experiment. ' ' 

*** 

, 

Average of 3 weights on 3 successive daysbt end of 
indicated ten day period.' 
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Table 14. 

FEED CONSm~D, HEIGHT, AND WEIGHT. 

Holstein Heifer 264. 

Group 11.* 

---------------------------~--------------------------Dig. Net Ten Day 
Periods Corn Alfalfa Silage Crude Energy Height Weight 

Pro. 
------------------------------------------------------

1bs. 1bs. 1bs. 1bs. therms cm. 1bs. 
606** 

1 50 48.5 96 9.94 76.44 108.0 614 
2 60 60 99 10.13 77.43 630 
3 60 48.6 100 10.00 77.11 642*** 

4 56 63 104 10.88 83.70 110.6 566 
5 65 56 130 11.38 88.62 685 
6 66 66 160 11.60 91.70 606*** 

7 60 62.6 163.6 11.76 96.66 112.3 626 
6 60 66.6 142 12.26 96.06 660 
9 60 60 166 12.57 98.82 660*** 

10 65 63.6 165 13.65 109.13 116.4 682*** 
11 66 65 236 14.36 116.04 713*** 
12 65 65 235 14.35 117.56 727*** 

13 75 73.5 172 16 .• 30 119.37 118.6 734*** 
14 75 67.8 140 14.35 112.33 761*** 
15 76 73 95 14.40 106.96 762*** 

119.4 
----------------------------------------------------~--Total 916. 669. 2196.6 186.94 1469.06 

Av. per 6.10 5.92 14.63 1.24 9.79 
Day 

----------------------------------------------------~--
* Ration.- Corn, 1 pound per hundred weight of animal; 

Alfalfa, 1"" " """ 
Silage, all they would eat. 

** Average of 3 weights on 3 successive days at beginning 
of experiment. 

*.* Average of 3 weights on 3 sucoessive days.at end of 
indioated ten day period. . 
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Table 15. 

FEED CONSUMED, HEIGHT, AND ·.VEIGHT. 

Holstein Heifer 258. 

Group 11.* 

------~---------------------------~-------------------Ten Day Dig. ,let 
Periods Corn Alfalfa Silage Crude Energy Height Weight 

Pro. 
---------------------~--------------------------------1bs. 1bs. Ibs. 1bs. therms om. Ibs. 

656** 
1 55 55 119 11.26 86.'1'1 113.3 566 
2 66 54 161 11.62 93.10 605 
3 56 65 144 11.63 90.74 601*** 

4 60 60 140 12.40 96.28 115.9 617 
6 60 60 160 12.61 97.8'1 648 
6 60 60 1'10 12.'13 101.05 6'11**· 

7 65 61.6 160 13.15 104.44 116.0 688 
8 65 60.5 160 13.04 104.04 711 
9 65 56.5 160 12.51 102.38 '113·** 

10 70 69.6 186 14.65 115.61 118.5 '147**· 
11 '10 '10 238 15.28 124.21 '162··· 
12 70 70 176 14.60 114.35 777·*· 

.13 80 '17 140 16.70 119.94 120.6 '177··· 
14 80 77 160 16.81 121.63 811··· 
15 80 80 110 15.69 116.20 809**· 

121.5 
-----------------------------------------------------
~ota1 990. 965. 2363. 202.48 1588.51 

Av. per 6.60 6.43 15.'10 1.36 10.69 
Day 
---------------~------------------~------------------
• Ration.- corni 1 pound per hundred weight of animal; 

A1fa fa, 1"" " """ 
Silage, all they would eat. 

** Average of 3 weights on 3 suocessive dS¥s at beginning 
of experiment. 

*** Average of 3 weights on 3 successive dS¥s.at end of 
indioated ten day period. 
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Table 16. 

FEED CONSU1iiED, HEIGHT, AIm ','iEIGliT. 

Jersey Heifer 117. 

Group 11.* 

---.-.. --... -.......•.. -........ -.. ------------------~ 
Ten Day Dig. Net 
Periods Corn Al~e.li'a. Silage Crude EnerS¥ Height weight 

Pro. 
------------------------------------------------------

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

lbs. 

25 
25 
25 

30 
30 
30 

30 
30 
30 

30 
30 
30 

35 
35 
35 

1bs. 

25 
23.4 
25 

27.1 
29.1 
29.1 

22.9 
27 
30 

27.8 
28.6 
25 

31.6 
33.4 
34.5 

1bs. 

70 
104 
101.9 

100 
99.6 

100 

88 
67.3 
76 

86 
102.5 

90.5 

66 
40 
40 

1bs. 

5.29 
5.49 
5.64 

6.22 
6.42 
6.43 

6.64 
6.85 
6.26 

therms cm. 

41.97 92.08 
46.~2 
47.04 

51.91 93.9 
52.53 
62.60 

48.56 97.3 
46.68 
49.08 

6.14 49.93 98.8 
6.40 52.83 
5.89 49.69 

6.70 52.61 101.8 
6.60 48.99 
'6.72 49.37 

103.2 

1bs. 
245·* 
254 
267 
276*** 

280 
293 
299·** 

302 
300 
310*** 

314*·* 
326*** 
329*** 

334*** 
340*** 
346*·* 

------------------------------------------------------
Total 450. 419.6 1231.8 91.69 740.51 

Av. per 
Day 3. 2.79 8.21 .61 4.93 
------------------------------------------------------
* Ration.- Corn, 1 pound per hundred weight of nni~al; 

Alfalfa, 1"" " " " " 
Silage, all they would eat. *. Averege of 3 weights on 3 successive days at beginning 
of experiment • 

• ** Aver&ge of 3 weights on 3 successive days.at end of 
indicated ten day periOd. 
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Table 17. 

FEED CONSUMED, HEIGHT, AIm WEIGHT. 

Ayrshire Heifer 322. 

Group 111.* 

-----------~------------------------------------------Dig. Net Ten Day 
Periods Corn Timothy Silage Crude Energy Height Weight 

Pro. 
-----------------------~----------------------------~-1bs. 1bs. lbs. Ibs. therms om. Ibs. 

294** 
1 10 15.5 14.3 1.37 17.85 92.66 291 
2 10 24 1i.3 1.68 22.29 298 
3 10 25 66.3 2.22 30.20 290*** 

4 10 27 90.1 2.55 34.84 92.5 290 
5 10 28.4 95 2.64 36.22 294 
6 10 28 85.7 2.53 33.57 299*** 

7 10 23.5 68 2.09 28.33 92.6 295 
8 10 29.6 82 2.54 34.6'1 292 
9 10 30 96 ' 2.70 37.07 292*** 

10 20 28 99.1 3.43 45.63 96.0 299*** 
11 20 18.8 10'.2 3.24 42.96 304.*** 
12 20 17.9 106. 3.20 42.38 305*** 

13 10 19 120 2.64. 36.16 97.8 310*** 
14 0 20 131.9 2.04 29.57 316*** 
15 10 19.4 139 2.86 39.36 319*** 

98.9 
-------~-------------~--------------------------------

Av. per 1.13 2.36 8.73 
Day 

.25 3.40 

~----------------~------------------------------------* Rat1on.- ~imotby~ all they would eat; Silage, all they 
would eat, Corn, amount neoessary to promote 
one-fourth pound gain per day. 

** Average of 3 weights on 3 suooessive days at beginning 
of experiment. 

*** Average of 3 weights on 3 suooessi ve . days.at end of 
in4icated ten day period. 
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TAble 18. 

FEED CONSUlIED, hEIGHT, AND WEIGHT. 

Holstein Heifer 260. 

Group 111.* 

------------------------------------------------------
Ten Day Dig. Net 

Corn Timothy Silage Crude Energy Height Weight Periods 
Pro. 

------------------------------------------------------
Ibs. Ibs. 1bs. 1bs. therms cm. 1bs. 

526** 
1 10 29.5 111 2.85 39.24 115.3 548 
2 10 39 167 3.75 52.23 568 
3 10 45 180 4.08 56.88 573*** 

4 1 47 182 3.48 50.03 116.4 565 . 
5 0 50 200 3.70 53.31 584 
6 0 50 200 3.70 53.31 584*** 

7 0 49 200 3.67 52.87 118.6 582 
8 0 50 200 3.70 53.31 588 
9 0 52.5 200 3.77 54.38 597*** 

10 0 56.5 208 3.98 57.37 118.9 596*** 
11 0 50.9 230 4.05 58.46 617*** 
12 0 37.1 244 3.79 54.75 612*** 

13 0 37.7 259 3.98 57.39 120.3 632*** 
14 0 37 260 3.97 57.25 626*** 
15 0 40 274 4.21 60.77 638*** 

121.3 
-------------------------------------------------------
Total 31. 671.2 3115. 56.68 811.55 

Av. per 
Day 

.20 4.47 20.76 .37 5.41 

-------------------------------------------------------
* 

** 

Ration.- Timothy, all they would eati Silage, all they 
would eati Corn, amount necessary to promote 
one-fourth pound gain per day. 

Average of 3 weights on 3 successive days at beginning 
of experiment. 

*** Average of 3 weights on 3 successive days.at end of 
indicated ten day period. 
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Table 19. 

FEED CONSUMED, HEIGHT, AND WEIGHT. 

Holstein Heifer 265. 

Group 111. * 

------------------------------------------------------
Ten Day Dig. Net 

Corn Timoth) Silage Energy Height Weight Periods Crude 
Pro. 

------------------------------------------------------
1bs. 1bs. 1bs. 1bs. therms em. 1bs. 

479** 
1 10 29.5 113 2.87 39.56 108.2 490 
2 10 39 163 3.71 51.59 500 
3 10 40 160 3.71 51.55 498*** 

4 1 40 141.6 2.83 40.60 108.5 505 
5 0 38.1 150 2.79 40.24 505 
6 0 39 153 2.85 41.09 507*** 

7 0 37.4 160 2.88 41.52 110.0 505 
8 0 40 160 2.96 42.64 495 
9 0 40 160 2.96 42.64 488*** 

10 20 36 156.1 4.29 58.13 112.5 486*** 
11 20 39 141.9 4.23 57.17 491*** 
12 20 38.4 123.8 4.01 53.03 497*** 

13 10 36.8 147.7 3.47 48.23 115.0 504*** 
14 0 38.8 172.0 3.05 44.03 512*** 
15 0 40 192.9 3.32 47.87 513*** 

114.7 
------------------------------------------------------
Total 101. 572 • 2295.0 49.93 699.89 

Av. per 
Day. 

• 67 3.81 15.30 .33 4.66 

------------------------------------------------------
• Ration.- Timothy, all they would eat; Silage, all they 

would eat; Corn, amount neoessary to promote 
one-fourth pound gain per day. 

•• Average of 3 weights on 3 successive daJB at beginning 
of experiment • 

••• Average of 3 weights on 3 sucoessive days.~t end of 
indic~ted ten d~y period. 



Table 20. 

FEED CONSUMED. HEIGHT. AND WEIGHT. 

Jersey Heifer 116. 

Group 111.* 

-----------------------------------~--------------~----Ten Day Dig. Net 
Periods Corn Timothy Silage Crude Energy Height Weight 

Pro. 
---~------.--------------------------------------------Ibs. 1bs. Ibs. 1bs. therma om. 1bs. 

262** 
1 10 15.5 67.8 1.96 26.36 92.91 274 
2 10 22.2 100 2.61 34.36 278 
3 10 24 100 2.67 36.13 280*** 

4 1 26.4 98.6 1.92 27.47 94.0 278 
5 0 24.9 100 1.84 26.61 286 
6 0 21.2 99.2 1.72 24.89 283*** 

7 0 19.2 77.2 1.42 20.52 96.2 286 
8 0 22.6 99.6 1.77 26.66 286 
9 0 26.6 94.8 1.81 26.08 284*** 

10 10 24.1 108 2.66 36.46 98.6 292*** 
11 10 17.2 111.6 2.49- 34.04 300*** 
12 10 15.1 120 2.62 34.49 300*** 

13 10 20 119 2.66 36.44 99.0 304*** 
14 0 18.7 134.6 2.04 29.42 308*** 
15 0 17.8 136.9 2.02 29.26 310*** 

100.0 -------------------------------------------------------
Total 71. 313.6 1666.0 31.90 447.06 • 
Av. per .47 2.09 10.44 .21 2.98 
Day. 
-------------------------------------------------------
* Ration.- Timothy, all they would eat; Silage, all they 

would eat; Corn, amount neoessary to promote 
oae-fourth pound gain per day. 

** Average of 3 weights on 3 suooessive days at beginning 
of experiment. 

*** Average of 3 weights on 3 suooess1 ve days at end of 
indio~ted ten day period. 
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Table 21. 

COMPOSITION OF FEED.USED.· 

Average Figures for Dry Matter, Digestible Crude 

Protein, Digestible True Protein, and Net Energy Values 

Per 100 Pounds for Ruminants • 

. -----------------------.--~----~-------------~~------Digestible Bet 
Feed Dry ---------------- Energy 

Matter Crude True Value 
Protein Protein 

------- --------~----------------------------------~-
Timothy, all analyses 88.4 3.0 2.2 43.02 

Alfalfa, all analyses 91.4 10.6 7.1 34.23 

Silage (oorn), well 26.3 1.1 0.6 16.90 
matured 

Corn, dent 89.6 7.6 7.0 89.16 

-------------------------~--------------------------43 
• Bal. 143, Pennsylvania Station, 1916. 
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Table 22. 

TOTAL FEED CONSUl,lED BY HEIFERS 
and 

GAIN IN WEIGHT. 

160 Days. 

------------------------------------------------------
Reifer Corn Alfalfa Silage Timothy Av.Gains Total 
No. per day. Gains 
-------------~-~----------------~---------------~----1bs" 1bs. 1bs. 1bs. 1bs. 1bs. 

318 300 867.8 2893.0 1.14 172 
263 300 818.0 3079.0 1.51 227 
262 300 833.0 2733.0 1.19 179 
113 300 646.1 2006.6 0.61 77 
Total 1200 3164.9 10710.6 655 
Average 300 791.0 2677.1 164 
Av. per 

Day 2. 5.27 17.80 1.09 

320 820 804.1 2343.8 1.66 249 
264 915 889.0 2195.6 1.71 257 
258 990 966.0 2363.0 1.68 253 
117 460 419.5 1231.8 0.67 101 
Total 3176 3077.6 8134.1 860 
Average 794 769.4 2043.0 215 
Av. per 

Day 5.29 p.12 13.54 1.43 

322 170 1309.9 354.1 0.16 25 
260 31 3115.0 671.2 0.74 112 
265 101 2295.0 672.0 0.22 34 
116 71 1566.0 313.5 0.32 48 
Total 373 8285.9 · 1910.8 216 
Average 93 2071.1 477.0 55 
Av. per 

Day 0.61 13.81 3.20 0.36 

-----------------------------------~-.---------------
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~~_~~~!~_~~~~~!~.- The dry matter oonsumed by the 

three groups, together with the average weight and gain 

and dry matter per pound live weight and dry matter per 

pound gain are shown in Table 23. It is shown that the 

group whioh reoeived the largest amount of grain oonsumed 

the most dry matter, while the group reoeiving the least 

grain oonsumed the least dry matter. The oonsumption of 

dry matter varied at large with the amount of grain oon-

awned. 

In general the gains in weight are closely associat

ed with the oonsumption of dry matter both within and be

tween the various groups. 

The figures in Table m show that in proportion to 

the dry matter consumed by Groups 1 and 11 the Holsteins 

and Ayrshires made the most gains per 1000 pounds live 

weight and the Jerseys least.- The Holsteina used their 

ration, when composed largely of roughage, to better ad

vantage than the Jerseys. This seems to be born out by 

the results of the preoeeding two years. 

In Group 111 it appears that no suoh oomparison oan 

be made between the heifers beoause the underfeeding was 

so muoh below normal that individuality rather than breed 

was the controlling faotor. This is strikingly brought 

forth in a oomparison of No. 260 and No. 265 both of the 

same breed. 

However, no definite oono1usions oan be drawn until 

more animals are used in the experiment. 
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Table 23. 

DRY 1L.~TTER IU RllTION 

BY GROUPS. 

---------------------------------------------------------
Group 1 Group 11 Group 111. 

Ration Medium Heavy Light 

Average Dry Matter 
reoeived per day 11.6 lbs. 12.9 1bs. 7.0 1ba. 

Average weight 548. 646. 41'1. 

Average daily gains 1.09 1.43 0.36 

Dry Matter For a 
Pound live weight 3.2 3.6 2.5 

Dry Matter for a 
Pound gain 2.9 2.5 6.9 

--------------------------------------------------------

Table 23 a. 

DRY MATTER PER POUND LIVE WEIGHT. 

-------------------------------------------------------
Group 1 Group 11 Group III 

-------------------------------------------------------
Ayrshire 
Holstein 
Holstein 
Jersey 

-------------------------------------------------------
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Protein Consumed.~ Tables 9 to 20 give the total 
----~~----------

digestible protein for eaoh animal by ten day periods and 

the total for the groups appears in ~able;J 22. .. 
The total amount of digestible orude, protein oon-

sumed was found to be 642 paunds, 653 pounds, and 176 

pounds respeotively. and the daily oonsumption per 1000 

pounds live weight 1.64, 1.98, and 0.72 pounds respeot

ively. 

In order to properly oompare their growth with their 

protein intake tt is neoessary to deduot the proteinre

quirement for maintenanoe whioh is given in Table 4. ' 

This is oaloulated on the basis of digestible true pro

tein only. so it beoomes necessar¥ to oaloulate the en-

tire intake on the same basis. This is done by multiply

ing the total separate teeds oonsumed by t~e figure for 

digestible true protein as given in Table 21, whioh shows 

Group Ito have oonsumed 372.9 pounds, Group 11 489.6 

pounds, and Qroup 111 107.8 pounds of digestible true pro

tein throughout the experiment. 

It is found that group 1 whioh weighed 648 pounde 

used 0.32 pounds true protein per d~ tor maintenanoe or 

48 pounds for the 150 days, Qroup 11 with an averege weight 

of 546 pounds used also. 0,32 pounds per day or 48 pounds 

per 150 ,days, and Group 111 with an average weight of 417 • 

p.ounds used 0.27 pounds per day or 40 pound. per 160 days 

tor maintenance. 
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Deducting maintenance from the total consumption we 

find Group 1 r.ad 324.9 pounds, Group 11 441.5 pounds, 

and Group 111 67.8 pounds digestible true protein for 

growth. 

Using these figures as tr.e basis of our calculation 

we find that Group 1 consumed 0.49 pounds digestible true 

protein per pound gain while Group 11 consumed 0.51 and 

Group III consumed 0.31 pounds digestible true protein 

per pound gain. 

This shows that the group on the low ration consumed 

the least protein per pound gain with Groups 1 and 11 re

ceiving very much more. 

~~!_~!~6l_22~!~~!~.- Tables 9 to 20 show the net 

energy in therms consumed. 

It is shown by the tables that the energy oonsumed 

by the various groups was 3855 therms, 5176, and 2469 

therms respectively. 

Deducting maintenance according to the standard a

dopted by Armsby and reproduced in Table 4 it is found 

that the amount of energy available for growth was 3252 

therms for Group 1, 4574 therms for Group 11 and 1968 

therrns for ;roup 111. 

A comparison of the available energy with the total 

gains ahows Group 1 to have consumed 4.96 therma, Qroup 

11 5.31 therma, and Qr.oup 11 8.98 therma per pound gain. 
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wni1e the total amount of energy consumed by Group 

111 was materially less than was consumed by either of 

the other groups. yet per pound gain their energy intake 

was far in advance of the others. 

Undoubtedly they used the small amount of protein 

received to better advantage. Whether it is due to the 

fact that a higher per cent of the protein was digested 

due to a small amount or whether the greater proportion 

of net en.rgy present was conduoive to better utilizat

ion of the feid is a question to which we cannot give & 
52 

definite answer. However. Eokles ~ound that the coeffio-

ient of digestibility was higher when oows were on main

tenance than when on full feed. Probably this would like

wise apply to young growing heifers. 
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Table 24. 

PROTEIN AND ENERGY RECEIVED. 

By 30 Day Periods. 

Heifer No. 318 GROUP 1.. 
---------------~--------------------------------------Total Dig. Energy Dig .Pro. Energy per 
Period Dig. Total Pro. per per 1000 1000 pounds 

Protein Energy per 
Day 

Day pounds per day 
per day 

-------------------------------------------------------
Pounds Therms 1bs. Therms Pounds Therms 

1 25.35 177.61 .84 5.92 1.61 11.34 
2 28.26 200.58 .94 6.68 1.67 11.90 
3 29.32 198.07 .97 6.60 1.64 11.11 
4 31.28 226.55 1.04 7.55 1.66 12.03 
6 32.07 221.58 1.06 7.38 1.61 11.18 

Total 146.28 1024.39 4.85 34.13 8.19 57.56 
Average .97 6.82 1.64 11.51 

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

Heifer No. 263 
-------------------------------------------------------

1 23.58 
2· 26.45 
3 27.55 
4 31.79 
5 33.67 

Total 143.04 
Average 

171.64 
194.77 
192.12 
234.03 
244.39 

1036.95 

.18 6.72 

.88 6.49 

.91 6.40 
·1.05 7.80 
1.12 8.14 
4.74 34.55 

.95 6.91 

. )1.69 
1.68 
1.60 

1.69 
1.65 
8 .• 21 
1.63 

11.67 
12.29 
11.26 
12.60 
12.04 
59.86 
11.97 

------------------------------------------------------
Heifer No. 262 
------------------------------------------~-----------

1 25.46 
2 26.01 
3' 27.71 
4 30.36 
5 31.07 

Total 140.60 
Average 

177.96 
189.09 
192.63 
213.36 
214.03 
987.06 

.85 6.93 

.86 6.30 

.92 6.42 
1.01 7.11 
1.03 7.13 
4.67 32.89 

.93 6.68 

1.68 
1.59 
1.60 
1.68 
1.69 
8.14 
1.62 

11.76 
11.68 
11.20 
11.69 
11.03 
57.36 
11.47 

------------------------------------------------------
Heifer No. 113 
-----------------------------------------------------

1 20.78 
2 22.76 
3 22.09 
4 23.20 
6 24.00 

Total 112.83 

146.05 
157.64 
156.14 
170.34 
177.26 
807.43 

.69 4.86 

.76 6.26 

.73 5.20 

.77 5.67 

.80 6.90 
3.76 26.88 

.75 5.38 

1.66 
1.76 
1.63 
1.69 
1.69 
8.42 
1.68 

11.72 
12.13 
11.64 
12.36 
12.48 
60.34 
12.07 Average -----------------------------------------------------
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Table 25. 

PROTEIN AND ENERGY RECEIVED. 

By 30 Day Periods. 

Heifer No. 320 GROUP 11. 
----------------------------------------------------

Total Dig. Dig. Energy Dig.Pro. Energy 
Period Protein Total Pro. per per 1000 per 1000 

Energy per day pounds pounds 
day per day per day 

---------------------~----------~------.------------Pounds Therms 1bs. Therms Pounde Tberms 

1 29.22 235.87 .97 7.86 2.03 16.50 
2 31.58 260.43-1.05 8.68 1.98 16.43 
3 34.19 267.97 1.13 8.93 1.96 15.53 
4 38.65 311.36 1.28 10.37 2.05 16.63 
5 38.85 303.26 1.29 10.10 1.91 14.95 

Total 172.49 1378.89 5.72 45~94 9.93 80.04 
Average 1.14 9.19 1.99 16.01 

----------------------------------------------------
Heifer No. 264 

---------~------------------------------------------1 30.07 
2 . 33.86 
3 36.58 
4 42.38 
5 ' 44.05 

Total 186.94 
Average 

230.98 1.00 7.69 
263.92 1.12 8.79 
290.76 . 1.21 9.69 
344.73 1.41 11.49 
338.66 1.46 11.28 

1469.05 6.20 48.94 
1.24 9.79 

1.91 
1.95 
1.91 
2.03 
1.96 
9.76 
1.95 

14.71 
15.35 
15.34 
16.59 
15.17 
77.16 
15.43 

----------------------------------------------------
Heifer No. 258 

---~------------------------------------------------1 34.41 
2 37.64 
3 38.70 
4 44.53 
5 47.20 

Total 202.48 
Average 

270.61 1~14 9.02 
295.20 1.25 9.84 
310.86 1.29 10.36 
354.17 1.48 11.80 
357.67 1.57 11.92 

1588.51 6.73 52.94 
1.34 10.59 

1.98 
·1.96 
1.86 
1.98 
1.97 
9.75 
1.95 

15.61 
15.48 
14.98 
15.84 
15.04 
76.95 
15.40 

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

Heifer N<>. 117 
----------------------------------------------------

1 16.42 
2 19.07 
3 17.75 
4 18.43 
5 20.02· 

Total 91.69 
Average 

135.83 
157.04 
144.32 
152.45 
150,87 
740.51 

.54 4.52 

.63 5.23 

.59 4.81 

.61 5.08 

.66 5.02 
3.03 24.66 . 

.61 4.93 

2.08 
2.20 
1.95 
1.92 
1.96 

10.11 
2.02 

17.42 
18.24 
15.84 
15.94 
14.93 
82.37 
16.48 

----------------------------------------------------
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Table 26. 

PROTEIN AND ENERGY RECEIVED. 

By 30 Day Periods. 

Heifer No. 322 GROUP Ill. 
-------------------------------------------------------

Total Dig. Energy Dig .Pro. Energy 
Period Dig. Total Pro. per per 1000 per 1000 

Protein Energy per Day. pounds pounds 
Day per Day. per Day. 

---------------------------------------~----~---------Pounds Therms Pounds Therms Pounds Therms 

1 5.27 70.34 .17 2.34 .60 8.01 
2 7.72 104.63 .25 3.48 .87 11.80 
3 7.33 100.07 .24 3.33 .82 11.21 
4 9.87 130.97 .32 4.36 1..10 14.60 
5 · 7.54 105.09 .25 3.50 .80 11.21 

Total 37.73 511.10 1.23 17.01 4.19 56.83 
Average .25 3.40 .83 11.37 

Heifer No. 260 

----------------------------------------------------~-1 10.68 
2 10.88 
3 11.14 
4 11.82 
5 12.16 

Total 66.68 
Average 

148.35 
156.65 
160.56 
170.58 . 
175.41 
811.55 

.35 

.36 

.37 

.39 

.4Q 
1.87 

.37 

4.94 
5.22 
5.35 
5.68 
6.84 

27.03 
5.41 

.64 

.62 

.62 

.65 

.64 
3.17 

.63 

9.01 
9.04 
9.08 
9.42 
9.36 

45.91 
9.18 

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

Heifer No. 265 
------------------------------------------------------

1 10.29 142.70 .34 4.75 .70 9.73 
2 8.47 121.93 .28 4.06 . • 56 8.17 
3 8.80 .126.80 .29 4.22 .59 8.60 
4 12.53 168.33 .41 5.61 .84 11.40 
5 9.84 140.13 .32 4.67 .66 9.26 

Total 49.93 699.89 1.64 23.31 3.34 . 47.06 
Average .33 4.66 .67 9.41 

----~---~---~------------~-------~-------------------
Heifer No. 116 
-----------------------------------------------------~ 

1 7.04 95.84 .23 3.19 .86 11.78 
2 5.48 78.97 .18 2.63 .64 9.36 
3 5.00 72.15 .16 2.40 .58 8.49 
4 7.67 104.98 .25 3.49 .87 11.96 
5 6.71 95.12 .22 3.17 .73 10.41 

Total 31.90 447.06 1.04 14.88 3.68 52.00 
Average .21 2.98 .73 10.40 

-------------------------------~----------------------
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Table 27. 

PROTEIN AND ENERGY CONSUMED. 

During 150 Days. 

-------------------------------------------------~-Total Dig.Pro. Energy 
Group Dig. Tote1 Dig. Energy per Day per Day 

Crude Energy Pro. per per 1000 per 1000 
Pro. per da Dey pounds pounds 

live wt. live wt. 
-~-------------------------------------------------Pounds Therms Pounds Therms Pounds Therms 

1 
318 146.28 1024.39 .97 6.82 1.64 11.51 
263 143.04 1036.95 .95 6.91 1.63 11.97 
262 140.60 987.06 .93 6.58 1.62 11.47 
113 112.83 807.43 .75 5.38 1.68 12.07 

Tote1 542.75 3855.83 
. Average .90 6.42 1.64 11.75 

11 
320 172.49 1378.89 1.14 9.19 1.99 16.01 
264 186.94 1469.05 1.24 9.79 1.95 15.43 
258 202.48 1588.51 1.34 10.59 1.95 15.40 
117 91.69 740.51 .61 4.93 2.02 16.48 

Tote1 653.60 5176.96 
Average 1.08 8.62 1.98 15.83 

111 
322 37.73 511.10 .25 3.40 .83 11.37 
260 56.68 811.55 .37 5.41 .63 9.18 
265 49.93 699.89 .33 4.66 .67 9.41 
116 31.90 447.06 .21 2.98 .73 10.40 

Tote1 176.24 2469.60 
Average .29 4.11 .72 10.09 

-------------------------------------------------~-
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_~~~~~~l_~~~!~~.- Whether or not sufficient mineral 

matter was supplied to all the animals is an uncertainty 

but it appears that the groups receiving the legume in 

their ration should have been well supplied with mineral 

matter, especially calcium. With the group which rec

eived no legume it is doubtful if they received sufficient 

mineral nutrients. 

While no conclusive work has been done relating to 

the amount of mineral matter required by growing anim

als, we do know that it is of prime importance that a 

liberal amount be supplied. 

'Table 28 shows a comparison of ·the amount of min

eral nutrients consumed by the various groups, showing 

that Groups 1 and 11 reoeived praotioa1ly the same a

mount while Group 111 reoeived little more than one~ 

fourth as muoh as either of the others. The extremely 

small amount in 'the ration of Group 111 is aooounted 

for principally by the absenoe of a legume in the rat

ion. 

While the small amount of mineral matter oould have 

been possibly one of the limiting factors in the growth 

of the animals in this group. it is hardly probable that 

the defioiency would be marked in suoh a · brief time. 

However, oontinued feeding on a similar ration would, 

i .n all probabi11 ty, show marked effects from mineral de

ticiencies. 
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Table 28 A. 

CALCIUM, PHOSPHORUS, AND MAGNESIUM 

CONS~~D BY THE THREE GROUPS. - _____ 
(150 Days) 

--------------------------------------------------
CaO P205 MgO --------------------------------------------------

Pounds Pounds Pounds 

Group 1 
Corn .312 -7.476 2.628 
Alfalfa 136.407 19.305 16.457 
Silage 29.989 11.781 23.563 ------- ------ ------ ... ~-----

Total 166.708 38.562 42.648 
Total of the 3 247.918 

Group 11 
Corn .825 19.780 6.953 
Alfalfa 132.644 18.773 16.003 
Silage 22.775 8.947 17.895 

------- ------- ------ .. ------
Total 166.244 47.600 40.851 

Total of the 3 244.595 

Group 111 
Corn .096 2.323 .816 
Timothy 6.687 6.305 2.675 
Silage 23.200 9.114 18.228 

------ ------ ------ -------
Total 29.983 17.742 21.719 69.444 

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

Table 28 B. 

MINERAL COMPOSITIOl~ OF FEEDS. * 

-------------------------------------------------
Feed CaO P205 . MgO -------------------------------------------------

per cent per oent per cent 

Corn 0.026 0.623 0.219 
Alfalfa 4.310 0.610 0.520 
Silage 0.280 0.110 0.220 
Timothy 0.360 _ 0.330 0.140 
-------------------------------------~---------~-*Ana1yses taken from Wise. Ag. Exp. Sta. Res. Bul. 

30. 1914. (See Bibliography 42.) -
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Quality of Protein Supplied.- While our knowledge 
~-----~--------------------

regarding the quality of protein in our common feeding 

stuffs is as yet very limited. yet some few generally 

accepted statements can be g1 ven concer"n1ng the protein 

supplied ~he three groupe under study. 

Although certain parte of the oorn kernel are de

fioient in some of the essential protein oonstituents. 

yet when the entire kernel is consumed it is found to 

furnish all the essential amino acids. However. their 

proportion is at present considered not to be the most 

ideal. 

Of the quality of the prot~ins in alfalfa. tim

othy. and silage. nothing can as yet be said conclus~ 

ively. However, much work is being done on these par

ticular feeds at the present time by Grindley and oth~ 
00, 

ers. 

Y!~!m!n§§.- Likewise but little definite knowledge 

is available on the subjectofvitamines relating to 

our oommon feeds. However. considering the feeds used 

in this experiment it has been shown by McCollum and 
32,38 " 

Davis " that alfalfa contains both fat-soluble A 

and water-soluble B, being espeoially well supplied 

with the former. 

Nothing oan as yet be said of the presence or ab

sence of these desirable faotors in the other feeds 
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used, namely corn, timothy, and silage. 

!2!!g!~i.- While the results at the Wisconsin 
30,31,32 . 

Ezperiment Station showed the presence of a toxic 

substance in the wheat germ, no similar findings have 

been recorded by these or other investigators relat

ing to the toxic effects of any of the feeds used in 

this experiment, or in fact, of any other feeds other 

than wheat germ and cotton seed meal. 

Gains in Weight.- Table 22 shows the total gains 
-~--------------

for the three groups from November 1st to March 31st 

to be 655 pounds, 860 pounds, and 219 pounds respect

ively. 

It is seen that Group 11 on the heavy ration, with 

one pound each of corn and alfalfa per hundred weight 

and all the silage the. heifers would e,at, made the great

est gains, while Group 1 on the same ration, except that 

the corn was reduced to two pounds per heifer regardless 

·of their size, made the next greatest gains, with Group 

lll,on timothy and silage and some little corn, making 

the least gains. 

Figures 4, 5, and 6 show, in a graphic form, the 

gains made by the various heifers in a comparison with 

normal gains as set forth in Table 34. It is shown that 
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Groups 1 and 11 made gains somewhat better than normal, 

having gained an average of 34 pounds and 66 pounds re

spectively more than normal. Group 111 failed to make 

normal growth, in fact at the end of the experiment the 

heifers were, on an average, 91 pounds below normal. 

Table 32 shows a comparison of the various animals 

and groups. It is therein shown that the Jerseys in 

each group failed to make normal growth. 

However, No. 117 in the group receiving the heavy 

ration seemed to be suffering from a dislocated hip and, 

.in all probability, this interferred somewhat with her 

proper growth. Table 32 shows that she made 70 pounds 

less than normal gains. In fact she should have gained 

more than this, as all the. other heifers in the same 

group gained from 85 to 129 pounds more than normal • . 

Had her results been discarded, Group 11 would then have 

averaged much higher ,than is indicated. 

Similar results, however, are found in Group 1 which 

also show the Jersey to have failed to make normal growth. 

Heifer No. 113 of this group was 74 pounds below normal 

in weight, slightly lower than No. 117. She appeared to 

be in perfect health, and consumed even more feed per 

1000 pounds live weight than any of the other heifers in 

the group as is shown in Table 27, while her gains were 

less than one-half any of the others, as shown in Table 
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22. It is apparent that she failed to utilize her feed 

to as good advantage as the other members of the group. 

Whether this difference is due to individuality or 

breed is still a question. However. the experiments 

during the previous three years along this same line at 

the Missouri Station seem to indicate that it is a breed 

difference. especially noticeable when the ration is 

largely roughage. 

Tables 22 and 32 show that in all cases the Holsteins 

made the best gains, with the Ayrshires second, and the 

Jersey~ last. 

The average gains .. per da.y for each group for the 

150 days were 1.09- p0Ull:ds. 1.43 pounds • .. and 0.36 pounds, 

or on the basis of 1000 pounds live weight 1.98, 2.61, 

and 0.86 pounds respectively. 

Figure 8 shows the relative gains in weight . by the 

three groups in a graphic form. 

--------_ ... 
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" Table 29. 

COMPARISON OF WEIGHTS AND lIIEASURE1'lEHTS 

WITH NORMAL GRO'{{TH. ** 

Heifer No. 318 GROUP 1. 

--~-------------------------------------------------Nov.l Dec.l Jan.l Feb.l Mar.l.Apr.l 
Age Age Age Age Age Age 

---------------------------------------------------
14 mo. 15 mo. 16 mo. 17 mo. 18 mo. 19 mo. 

Actual Weight*50l 541 583 608 649 673 
Normal Weight 525 560 570 690 610 632 

Actual Height*108.8 108.6 111.5 113.5 115.6 116.6 
Normal Height 109.5 111.0 112.0 113.0 114.0 115.0 

Heifer Ho. 263 
--------------~~--------------------------------------11 mo. 12 mo. 13 mo. 14 mo. 15 mo. 16 mo. 

Actual Weight 473 
Normal 'Neight 513 

507 
548 

550 
574 

587 
596 

652 
620 

700 
648 

Actual Height 111.5 112.4 115.8 118.1 119.6 121.3 
Normal Height 112.3 114.0 115.8 117.2 118.5 119.8 
------------------------------------------------------
Heifer No. 262 

------------------------------------------------------12 mo. 13 mo. 14 mo. 15 mo. 16 mo. 17 mo. 

Actual Weight 487 
Normal Weight 548 

522 
574 

557 
596 

590 
620 

627 
648 

666 
675 

Actual Height 111.5 111.9 114.8 115.3 117.6 118.2 
Normal Height 114.0 115.8 117.2 118.5 119.8 121.0 
---------------------------------------.--------------
Heifer ~!o. 113 
--------~---------------------------------------------10 mo. 11 mo. 12 mo. 13 mo. 14 mo. 15 mo. 

Actual Weight 406 425 440 454 464 483 
Normal Weight 405 439 468 498 527 556 

Actual Height 105.3 105.8 107.7 109.9 110.9 112.4 
llorma1 Height 105.0 106.9 108.5 110.0 111.5 113.0 
----------------------.-------------------------------
Av. wt. of Group 467 499 532 559 598 630 
Av. Height" 109.3 109.7 112.4 114.2 115.9 117.1 
------------------------------------------------------* Weight given in pounds and height in centimeters. 
** See Table 34. 
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Table 30. 

CO:rvIPARISOU OF WEIGHTS AND MRASUREMENTS 

WITH NOP.MAL GROWTH. ** 

Heifer No. 320 GROUP 11. 
------------------------------------------------------

Nov.l Dec.l Jan. 1 Feb.l Mar.l Apr.l 
Age Age Age Age Age Age 

------------------------------------------------------
12 mo. 13 mo. 14 mo. 15 mo. 16 mo. 17 mo. 

Actual Weight*450 502 555 596 651 699 
Normal Weight 470 500 525 550 570 590 

Actual Height*105.2 106.5 108.8 111.4 112.9 114.1 
Normal Height 106.5 108.0 109.5 111.0 112.0 113.0 
------------------------------------------------------
Heifer Uo. 264 
------------------------------------------------------

10 mo. 11 mo. 12 mo. 13 mo. 14 mo. 15 mo. 
Actual Weight 505 642 606 660 727 762 
Normal Weight 480 513 548 574 596 620 

Actual Height 108.0 110.6 112.3 116.4 118.6 119.4 
Norma1 .Height 110.5 112.3 114.0 115.8 117.2 118.5 
-----------------------------------------------.----_. 
Heifer No. 258 
------------------------------------------------------

15 mo. 16 mo. 17 mo. 18 mo. 19 mo • 20 mo. . 
Actual Weight 666 601 671 713 777 809 
Normal Weight 620 648 676 710 746 788 

Actual Height 113.3 115.9 116.0 118.5 120.5 121.5 
Normal Height 118.5 119.8 121.0 122.0 122.5 123.0 
--------------------.---------------------------------
Heifer No. 117 
------------------------------------------------------

7 mo. S mo. 9 mo. 10 mo. 11 mo. 12 mo. 

Actual neight 245 276 299 310 329 346 
Iormal Weight 297 334 378 405 439 468 

Actual Height 92.08 93.9 97.3 98.8 101.8 103.2 
Normal Height 97.8 101.0 103.0 105.0 106.9 108.5 
------------------------------------------------------
Av.wt.of Group 439 480 532 569 621 664 
Av.Height " 104.6 106.7 108.6 111.3 113.4 114.5 
------------------------------------------------------
* Weight given in pounds and height in centimeters. 
** See Table 34. 
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Table 31. 

COMPARISON OF VlEIGH'l:S AI:iD 1iE .. ~SURE:.IElIT3 

WITli NOR1J..'~L GROWTH.·* 

Heifer No. 322 

Nov.1 Deo.1 
Age age 

GROUP 111. 

Jan.1 Fab.l Mar.l Apr.1 
Age ' Age Age Age 

------------------------------------------------------
10 mo. 11 mo. 12 mo. 13 mo. 14 mo. 15 mo. 

Actual Weight*294 290 299 292 305 319 
Normal Weight 409 440 470 500 525 550 

Aotual Height* 92.66 92.5 92.6 95.0 97.8 98.9 
Uormal Helght 102.6 104.6 106.6 108.0 109.6 111.0 
------------------------------------------------------Heifer No. 260 

---_ .... ----------------------------------------------
11 mo. 12 mo. 13 mo. 14 mo. 15 mo. 16 mo. 

Aotual Weight 526 573 584 597 612 638 
Uorrnal Weight 613 648 674 695 520 548 

Aotual Height 1l.5.3 116.4 1l.8.6 1l.8.9 120.3 121.3 
Normal Height 112.3 114.0 115.8 117.2 118.6 119.8 
--~---------------------------------------------------Helfer No. 265 
------------------------------------------------------

9t mo. lot mo.lll mo.12l mo.l3t mo.14l mo. 

Actual Weight 479 498 507 495 497 513 
Normal Weight 462 496 530 561 585 608 

Actual Height 108.2 108.5 110.0 112.5 115.0 114.7 
Uormal Height 109.4 111.4 113.1 114.9 116.5 117.8 
------------------------------------------------------
Heifer No. 116 
------------------------------------------------------

8 mo. 9 mo. 10 mo. 11 mo. 12 mo. 13 mo. 

Actual Weight 262 280 283 284 300 310 
Normal Weight 334 378 405 439 468 498 

Actual Height 92.91 94.0 95.2 98.5 99.0 100.0 
Normal Height 101.0 103.0 105.0 106.9 108.5 110.0 
------------------------------------------------------
Av. Wt. of Group 390 410 418 415 428 445 
Av.Height" 102.2 102.8 104.1 106.2 108.0 108.7 
------------------------------------------------------* Weight given in pounds and height in centimeters. 
** See Table 34. 
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Table 32. 

AVERAGE GAINS BY GROUPS CO~ARED 

WITH NORMAL GROWTH. 
QBQy.f.'l, ___________________________________ , ______________ _ 

Gain in Normal Increase Gain in Normal In
Helfer welght galn 1n above he1ght ga1n orease 
No. 160 days weight normal 160 days in height above 

160 days 160 days normal 
----------------------------------------------------------

Pounds Pounds Pounds em. em. em. 

318 172 107 66 7.8 6.5 1.3 
263 227 136 92 9.8 7.6 2.3 
262 179 127 62 6.7 7.0 -0.3 
113 77 161 -74 7.1 8.0 -0.9 
-----------------~---------~----------------------------Average 164 130 34 7.8 7.2 0.6 . 

---------------------------------------------------------

GROUP 11. ---------------------------------------------------------
320 249 120 129 8.9 6.5 2.4 
264 257 140 117 11.4 8.0 3.4 
258 263 168 85 8.2 4.5 3.7 
117 101 171 -70 11.12 10.7 0.42 
---------------------------------------------------------A.verage 215 149 66 9.90 2.5 

---------------------------------------------------------

GROUP 111. 

---------------------------------------------------------322 25 141 -116 6.24 8.5 -2.26 
260 112 13fi -23 6.0 7.5 -1.5 
265 34 146 -112 6.5 8.4 -1.9 
116 48 I64 -116 7.09 9.0 -1.91 

-----------------------~---------------------------------Average 66 146 - 91 6.45 8.35 -1.8 
----------------------------------------------------.----
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Table 33. 

COMPARISON OF INDIVIDUAL GAINS IN 

HEIGHT WITH NORMAL GAINS 

FOR GROUP 111--EACH MONTH 

FOR 180 DAYS. 

------------------------------------------------~ 322 260 265 116 
-------------------------------------------------Average 
1st Month 

Gain* -0.16 1.1 0.3 1.09 0.58 
Normal Gain 2.0 1.7 2.0 2.0 1.9 

2nd Month 
Gain 0.1 2.2 1.5 1.2 1.26 
Normal Gain 2.0 1.8 1.7 2.0 1.87 

3rd Month 
Gain 2.4 0.3 1.5 3.3 1.87 
Normal Gain 1.6 1.4 1.8 1.9 1.66 

4th Month 
Gain 2.8 1.4 2.6 0.5 1.8 
Normal Gain 1.6 1.3 1.4 1.6 1.45 

5th Month 
Gain 1.1 1.0 -0.3 1.0 0.7 
Normal Gain 1.6 1.3 1.3 1.5 1.4 

6th Month 
Gain 0.4 2.0 0.8 2.3 1.35 
Normal (!ain 1.0 1.0 1.3 1.6 1.20 

-------------------------------------------------
* Height given in terms of centimeters. 
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Table 34. 

---------------------------------------------------
Age Ayrshires Jerseys Holsteins 
in ---------------------------------------------
Months Withers Weight Withers i'Veight Withers Weight 
---------------------------------------------------

em. Pounds em. Pounds em. Pounds 

1 68.0 90 70.0 80 76.5 123 
2 73.5 130 75.2 116 62.* 155 
3 79.0 173 80.6 156 87.3 203 
4 84.5 210 86.2 195 92.3 250 

5 88.5 248 90.3 235 97.3 298 
5 92.5 287 94.5 255 102.0 350 
7 96.0 318 97.8 297 104.8 380 
8 98.3 348 101.0 334 105.5 415 

9 100.5 378 103.0 378 108.6 444 
10 102.5 409 105.0 405 110.5 480 
11 104.5 440 10&.9 439 112.3 513 
12 106.5 470 108.5 468 114.0 548 

13 108.0 500 110.0 498 115.8 574 
14 109.5 525 111.5 527 117.2 596 
15 111.0 550 113.0 556 118.5 620 
15 112.0 570 114.8 570 119.8 648 

17 113.0 590 116.1 584 121.0 675 
18 114.0 610 117.4 598 122.0 710 
19 115.0 632 118.2 615 122.5 746 
20 116.0 654 119.0 632 123.0 788 

21 117.0 680 119.5 650 123.5 820 
22 118.0 702 120.0 675 124.0 845 
23 119.0 725 120.5 700 124.5 870 
24 120.0 750 121.0 730 125.0 900 

--------------------------------------------------
* Table from "The Horma1 Growth of Dairy Heifers" 

by Burlingham and Gillette. See 54. 
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Influence of Ration on Height.- Tables 9 to 20 in-
----~---~--~-.---~~----.----

c1usive give the height of the experimental heifers at 

30 day intervals throughout the experiment, and Tables 

29 to 33 show a comparison of these measurements with 

the normal for animals of the same age and breed. 

Figures 1 to 3 show graphically a comparison of 

the gains made with normal gains in height. It is not

ed that nearly sll the animals were below normal accord-

ing to the standard .when the experiment was begun. In 

fact all. but Uo. 113 in Group 1 and No. 260 in Group 111 

were below normal as given in Table 34. However, as the 

experiment proceeded it .was evident that most of them 

were gaining on the standard and in some cases surpassing 

it. And at the close of the experiment, as shown in Fig-

ures 1 to 3, it was found that two of Group 1, two of 

Group 11 and one of Group 111 were above normal. In gen

eral, however, it may be said that they followed the nor

mal growth fairly accurately. 

While it was 'not expected that . the rations fed Groups 

1 and 11 would particularly affect their growth .in height, 

yet it was a serious question as to Group 111. Table 32 

shows that Group 1 gained 0.6 'centimeters while Group 11 

gained 2.5 centimeters more than normal, while Group 111 

failed by 1.8 centimeters per animal to make normal gains. 

While No. 260 was slightly above normal at the end of the 

experiment yet she failed to make norma.l gains, but on 
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account of starting considerably above normal she could 

loose and still come out above normal as wes the case. 

Table 33 shows in detuil the growth of the group 

receiving the light retion by months, and was made in 

order to see at what point the heifers in this group 
49 

began to show retarded growth. Waters pOinted out 

that steers would make normal growth in height at with

ers for 70 to 120 days even on submaintenance. 

It is noticed from . a study of this table that the 

least average gains were made during the first month of 

·the experiment, probably being due to the sudden change 

from a normal ration to one only slightly above mainten

ance. The second thirty-day period showed better gains 

than the first, while the third and the fourth months 

each showed gains above normal. However, the fifth 

month showed only one-half normal growth. 

In an attempt to determine whether or not the re

sults of this last month were a positive index to their 

retardation or that the results were only a slight var

iation within the possible limits of error in readings. 

it was decided to keep them on experiment thirty days 

longer, or until April 29th. Thereupon five or more 

careful measurements were taken and the average of the 

results showed that the gains were slightly above nor

mal. However, No. 322 seemed to show a retardation, 
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gaining less than one-ha1£ normal. 

At the end o£ the six months it is £ound £rom 

Tables 32 and 33 that No. 322 vias 35 per cent below 

normal. No. 260 6 per cent. lJo. 265 32 per cent. and 

Ho. 116 11 per cent below normal. with an average of 

21 per cent. By comparing these results with the 

daily individual gains in weight as shown in Table 

22 it is seen that the loss in height or retardation 

was proportional to the retardation in gains in weight. 

On the whole it a~pears t~at by limiting gains 

to one-fourth pound per day for six months only very 

slightly retards growth in height. Just how long this 

could be continued is yet undetermined. 

Q2~E~E!~2~_!!~h_~~~_§~~~~E~_~~2E~~~_~l_~~~~~l!-

Table 35 shows a comparison of the nutrients consumed 

by the various heifers individually and by groups with 

Armsby's standard for growing dairy heifers. It is to 

be noted that the Standard adopted by Armsby gives pro

tein in terms of digestible true protein while the pro

tein int~~e of the experimental heifers is calculated 

in terms of di&estib1e crude protein. 

However. it is seen that Group 1 consumed the same 

a~ount of energy ~s prescribed but received less dig

estible crude protein than is called for in terms of 

true protein. 
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Group 11. on a heavy ration and making exceptional 

gains for dairy heifers, received more energy than call

ed for, but they, likewise, received less protein than 

prescribed by the standard. 

The heifers in Group 111 were underfed and hence 

failed to make normal gains, so it is difficult to com

pare them as the standard is for heifers receiving a 

normal ration. However, it may be said that the heif

ers in this group received much less than prescribed. 

It is seen that the experimental heifers in Groups 

1 and 11, although receiving less protein than is call

ed for by Armsby's Standard, made excellent gains. 
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Table 35 • . 

COMPARISON OF NUTRIENTS RECEIVED 

WITH ARMSBY'S STAlIDARD. 

--------------------------------------------~-----Av. Dig. Energy Armsby's Standard 
No. of Age Av. Crude per --------------------
Heifer thru- Wt. Pro. day Age wt. Dig. Energy 

out per True per 
exp. Day Pro. day. 

daily 
--------------------------------------------------

Mo. Lbs. Lbs. Therms Mo. Lbs. Lbs. Therms 

Group 1 
318 16 587 ,97 6.82 18 550 1.10 6.4 
263 13 586 .95 6.91 12 400 1.00 5.1 
262 14 576 .93 6.58 12 400 1.00 5.1 
113 13 444 .75 5.38 12 400 1.00 5.1 

Average 14 548 .90 9,.42 13.5 437 1.02 5.4 

Group 11 
320 15 574 1.14 9.19 12 400 1.00 5.1 
264 12c~ 

"-
633 1.24 9.79 12 400 1.00 5.1 

258 17 682 1.34 10.59 18 550 1.10 6.4 
117 9 295 .61 4.93 9 325 0.90 4.4 

Average -- --- ---- -----
13 546 1.08 8.62 13 419 1.00 5.2 

Group 111 
322 12 306 .25 3.40 12 400 1.00 5.1 
260 15 582 .37 5.41 12 400 1.00 5.1 
265 12 496 .33 4.66 12 400 1.00 5.1 
116 lot 286 .21 2.98 9 325 0.90 4.4 

----
Average 12 417 .29 4.11 11 381 0.97 4.9 

--------------------------------------------------
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~~!!~~~:~_~~_~~:!~~_~~_~~~~~~!_!~~~~~~:~.- The 

most outstanding fact regarding the general appearance 

of the three groups was the extreme thinness and low 

vitality of the group receiving ,the light ration. 

They were noticeably less playtul than the other groups 

and when weights and ,measurements were taken this 

group would continually object to being lead and seem

ed dull and stubborn, while the other animals always 

responded readily. All animals had been taught to 

lead when young so the difference was not due to train

ing. On a rether cool day in March it was noticeable 

that they were suffering more from the cold as evidenc-

ed by shivering and humping their b~oks. while the oth-

er groups receiving the more liberal rations showed no 

discomfort from the weather. 

The heiters in Group 111 tailed to make normal 

growth by 1.8 centimete~s in height and 91 pounds in 

weight. While ,the measurement at withers was the only 

measurement taken, ' it was apparent that all the anim

als in this group were also below normal i ,n width of 

chest and development of the hind quarters. contrary 
60 

to the results o~ Waters and Trowbridge the hei~ers 

showed no tendency toward an abno~al narrowness of 

the hips. 

All the animals in this group showed a very rough 
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and. thick coat. On a careful examination, the texture 

of the skin was fou.~d to be thick and tight and rather 

tough and leathery in all cs.sesbut one, that being a 

Jersey, which showed a thin skin yet tight and dry. 

This variation is pro~~bly to be ascribed to individ

uality. There was no evidence of &ly fat under the 

. skin wha.tever. 

On the other hand, Group 11, receiving the heavy 

ration including more than five pounds of corn a day 

for each animal, were extremely fat for 'dairy heifers 

and resembled beef animals in good, or extra good, con

dition. They gained 2.5 centimeters in height and 66 

pounds in weight more than normal. Their skin was of 

fair quality, being slightly thick, however, and some

what tight due to the excessive acount of fat under-

neath. 

Group 1, receiving the medium ration which in

cluded two pounds of corn per day, can be considered 

as being in fully as good condition as desired by the 
• 

practical dairyman after a season of indoor feeding 

when feeds were high in price. In fact they can be 

considered as being even slightly above the average 

heifer owned by successful dairymen. 

The heifers in this group made perfectly normal 

gains, in fact, they gained 0.6 centimeters in height 
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and 34 pounds in weight more th~ normal. The con

dition of the skin was the bast, being fine in tex

ture, velvety, mellow and elastic. It wa.sslightly 

thinner th~n that of the group receiving the heavy 

ration, and more plia.ble dLle to the absence of any 

excess fat. 

Figures 7 and 8 show in graphic form the growth 

in height and weight of the three groups. 

Plates 7, 8, and 9 are photographs showing a com

parison of animals of the same breed at the end of the 

e~~eriment under different planes of nutrition. 

Plates 1 to 6 show the &~imals by groups at the 

beginning a.l"l.d at the end of the experiment • 

gQ@~~rl~Q~_Qi_B~§gl~2_~rQm_~~§_~~~t1m~n~~1_B~~1gua. 

Table 36 shows a comparison of the results of the exp

erimental ra.tions. It is noticed tho.t while Group 1 

received but twice &s much digestible crude protein 

per 1000 pounds live weight as Group 111, yet the heif

ers in this group g~ined three times as much in weight. 

When we consider the energy consumed we see th~t Group 

I, while gaining three times as much in weight, consum

ed only about 50 par cent more energy. 

Evidently most of the nutrients consumed by Group 

111 were used for m~intenance. 
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Group 11 consumed about two and one-h~lf times 

as much protein and about twice as much energy us 

Group III per 1000 pounds live weight and gained 

four times as much in weight. 

Table 35. 

COMPARISON OF THE E.X.PERIME..NTAL RATIONS. * 
-1917-

-----------------------------------------~--------~ Group 1 

Corn 
Ration Alfalfa 

Silage 

Corn Consumed 2.0 
Alfalfa "5.27 
Timothy " 
Silage" 17.80 

Average Weight 548. 

Dig. Protein per Day 0.90 
Dig. Protein per 1000 

pounds live weight 1.54 

Energy therms per Da. 6.42 
Energy therms per 

1000 pounds live wt.11.75 

Gains per day 

Protein per' pound gain 
including maintenan-

1.09 

ce. 0.82 
Protein per pound gain 

above maintenance 0.49 

Therms energy per lb. 
gain, incl. main. 5.89 

Thermsenergy per lb. 
gain.above m~in. 4.96 

Group 11 Group III 

Corn 
Alfalfa 
Silage 

5.29 
5.12 

13.54 

545 

1.08 

1.98 

8.62 

15.83 

1.43 

0.75 

0.51 

5.31 

Corn 
Timothy 
Silage 

0.51 

3.20 
13.81 

417 

0.29 

0.72 

4.11 

10.09 

0.35 

0.31 

11.41 

8.98 
------------------------------~-------------------*Height given in terms of centimeters. other figares 
in terms of pounds. 
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To What Extent Can Grain Be Fed With Profit?- It 

is shown in the foregoing discussion on protein and 

energy that the group recaiving the heavy ration con-

sumed 35 per cent more protein and 40 per cent more 

energy above mainten~~ce than the group fed a medium 

ration and, according to Table 22, gained 51 po~ds, 

or 31 per cent, more in weight. 

Evidently tho foed was not used to as good ad

vantage by the group receiving the heavy ration. 

In order to make this extra gain of 51 pounds 

they consumed 3.29 pounds more corn rer day or near

ly 500 pounds more in the 150 days. However, the 

daily consum~tion of silage was decreas~d by 4.26 

pounds or 639 pounds for the experimental period, 

while the consumption of alfcllfa rewained about the 

same for the two groups throughout the experiment. 

Allowing $1.00 per' bushel for corn and $6.00 a 

ton ~or silage, which were the current prices during 

this experimental period, it is seen that the ~ddit

ional gain was made at an added cost of $7.00 or near

ly 14 cents for each pound. . 

Such gains are found to be altogether too expen

sive when we see that a pound of gain above muinten

ance was made by the group receiving a medium ration 

at just one-half this amount. 
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Rowever, there is another problom, one of even 

more serious consideration, namely, the problem of de

termining to .what extent these gains will be affected 

when the heife.rs are turned out on pasture. It is high

ly probable, if not certain, that they will loose in 

weight, ~d this fat put on by expensive grain feeding 

will be used in place of cheap gr&ss to purtly main

tain the animal. Their condition at the end of the 

experiment is one that ca.n be maintained only by con

tinued high grain feeding. 

The writer estimates that each animal. when turn

ed out on pasture and given no additional feed, will 

lose at least 50 poUnds before there is a change in 

the direction of gains. 

It is also pOinted out in the foregoing discuss

ion on protein and energy that the group receiving 

the heavy ration req-Ilired 0.51 pounds protein for .6-

pound of gain against 0.49 pounds by the group receiv

ing the medium ration, .and 5.31 therms energy compared 

with only 4.96 therms for the medium group. This fur

ther shows the greater economy in the mediu.m ration. 

On the basis of the foregoing it can be definit

ely said that the feeding of corn at the rate of one 

pound per hundred pounds live weightalong with alfalfa • 
and silage to dairy heifers is entirely impraoticeble. 
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A ration consisting of alfalfa, about one pound 

per hundred pounds ' live weight, and all the silage the 

heifers ,wi1l,'eat. supp1ementad with some little grain, 

probable two ,or three pounds depending on current prices. 

will prove far superior from the standpoint of economy 

~d, in all probability, equally as , efficient ~s a rat

ion high in grain. 

That some little grain along with alfalfa and sil

age is advantageous and more economical and efficient 

than a1f~lfa ~d silage alone w&s shown by Wylie in 

1915-16. ' A comp~rison of his results with those obtain

e,d by the author is found in !lable 37, which shows' th~t 

the addition of two pounds of grain to a ration of alf

alfa and silage more than doubled the gains in weight 

per day, and produced a pound of gain with 5 therms of 

energy against 10 therms without corn, and 0.8 pounds 

protein compared with 1'.6 pounds with alfalfa tl.."ld sil-

age alone. 
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Table 37. 

SHOWnm THE VALUE OF ADDIim GRAIN 

TO A RATIOU OF 

ALFALFA Alf.D SILAGE. 

. 1916 1916 1917 
------------------------------------------------

Corn Corn 
Ration Alfalfa Alfalfa. Alfalfa 

,Silage Silage Silage 

Corn Consumed** ------ 2.0 2.0 

Alfa.lfa " 6.54 5.70 5.27 

Silage " 19.21 17.02 17.80 
.. 

Avera.ge wt. of Group 569 634 548 

Dig. Protei~*per Day . 0.90 0.94 0.90 

Dig. Protein per 1000 
Pounds live weight 1.58 1.48 1.64 

Energy therms per day 5.43 6.55 6.42 

Egergy therms per 1000 
Pounds live weight ~.55 10.33 11.76 

Gains per day 0.64 1.18 1.09 

Protein per pourid 
Gain 1.66 0.80 0.82 

Therms Energy per 
Pound Gain 10.06 5.54 5.89 

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

* Protein always spoken of in terms of digestible 
orude protein in this thesis unless otherwise speo
ified. When oomparisons are ma.de with results of 
previous investigators a.long this line, their re-
sults are ohanged to terms of crude protein. 

** Figures are given in terms of pounds, "mless other
.wise speoified. 
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/-.> 
Effect.s of Underfeeding.- The data given lsh~ws ;1 
----------------------- ~~ . ,~ 

that Group 111 did 1i ttle more than eat enough to " ~ttp~ 

ply the maintenance requirements. While the heifers 

in this group consumed about one-third as much protein 

and two-thirds as much energy as the group receiving 

the medium ration, yet this feed produced very little 

gain in ~eight. However. it did maintain life and 

carry the animals over a period when prices' were ex-

tremely high on a very small relative cost, which is 

a great advantage if the animals are not materially 

Ho\vever • it remains to be determined whether or 

not at the end of the pasture season these animals 

will have caught up with the others in weight and 

height. The gain in height made by these heifers 

was 1.8 centimeters which would not appear to be a 

serious retardat~on. If they succeed in regaining 

their normal condition when placed on pasture nothing 

has been lost but much gained in that the gain will 

be made on cheaper feed than used by the others. If 

they come very near to reaching the heifers in the 

other groups when fUll grown probably nothing has been 

lost if their hereditary combination for milk and fat 

produotion does not necessitate as large an animal as 

these would otherwise have beoome. It seems to be the 
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case on many dairy ~arms that the cows are larger than 

is necessary to meet the requirements for ~he small am

oant of milk and fat they produce. However, many of 

ou.r dairy animals are slightly limited in their product

ion by underfeeding, but heredity seems to be the great

est factor entering into the capacity of the animal to 

produce milk and fat. 

It may be tound that these heifers will be much 

slower in reeching maturity and hence their feeding 

period will be prolonged. 

While these a..""limals may be permanently retarded 

in growth we know from our present study of genetics 

that acquired cha.racteristios are not t 'ransmi tted, 

therefore the offspring from these animals, even should 

they remain slightly under size, will be normal in size 

and growth possibilities. 

However, the definite and exa.ct ' effects of under

feeding to the eXtent of allowing but one-fourth pound 

gain per day remains to be determined. 

Tables 22 and ' 23 show that while the under fed 

group gained on an average 0.36 pounds per day there 

was a rather wide variation in individual gains, as 

shown by noting that the Ayrshire N6. 322 gained but 

0.16 pounds per day for the 150 days, while the 'Hol

stein No. 260 gained 0.74 pounds per day. No. 322 -fail-
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ed to gain, or in fact even to maintain herself, on 

timothy and silage and as a result had to be fed more 

than a pound of grain per day in order to make any 

gains whatsoever, while No. 260, on the other hand, 

gained 0.74 pounds per day in spite of the fact that 

grain was completely removed from her ration after the 

first month of the experiment. 

As previously stated, Group III was underfed to 

the extent that individual differences were very not

iceable. The greatest contrast is probably shown in 

the case of No·s. 260 and 265, in that they were both 

of the same breed and began at practically the same 

weight. No. 260 persisted in consuming ' large quantit

ies of feed even when no grain was available, while No. 

266 failed to consume enough timothy and silage even 

for maintenanoe and it became necessary to add an av-

erage of two-thirds of a pound of corn per day to her 

ration in order to make even the small gain of 0.22 

pounds a day. 

However, in spite of the fact that No. 265 gained 

less than one-third as much as 260 in weight, yet in 

height she gained practically the same. 

Cost of Wintering the Experimental Animals.- It is ------------------------------------------
extremely difficult to find a satisfactory basis for 
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calculating the cost of rations in t~ms of money val

ue since prices fluctuate within wide ranges from year 

to year and in different localities. It may be worth 

while, however, to calculate the actual cost of winter

ing the experimental animals at the current prices for 

feed. Silage has no definite market value but is assum

ed on the basis of the other feed prices to be worth 

$6.00 a ton. The following prices represent the aver

age current prices for the term covered by the exper

iment. 

Corn ••••••••••• $ 1.00 a bushel. 

Alfalfa • • • • • • • • 18.00 a ton. 

Timothy •••••••• 14.00' a ton. 

Silage ••••••••• 6.00 a ton. 

On the basis of these prices, it is shown by the 

following table that the average cost of the feed for 

each heifer during the experiment which continued for 

150 days, from Nov. 1, 1916 to Mar. 30,1917, was 

$20.00 for the heifers receiving the medium ration, 

$27.00 for the heifers on a heavy grain ration, and 

$11.00 for each heifer of the group receiving the light 

ration. In terms of percentage, we find that Group 1 

cost 75 per cent as much as Group 11, while Group 111 

cost only 41 per cent as much as Group 11. 
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Table 38. 

COST OF RATION AND 

COST OF A POUND GAIN. 

Value of Corn 

Value of Alfalfa 

Value of Timothy 

Value of Silage 

Total Cost 

Cost of one pound 

Gain including 

Maintenance 

Group 1 Group 11 Group III 

$ 5.35 $14.21 $ 1.66 

7.11 6.91 

3.33 

8.01 6.12 6.21 

-------------------------
20.47 27.24 11.20 

i2.4 cents 12.6 cents 20.3 
cents. 

--------------------------------------------------
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Application to Practical Conditions.- It is not 
---------------------------~-------

to be overlooked that the cost of wintering the exper

imental animals for 1916-17 was abnormally high, due to 

the fact that a shortage of feed caused prices to range 

all the way from 50 to 100 per cent above normal. 

Under ordinary conditions, heifers receiving a rat

ion as Group 1 received, consisting of two pounds of 

corn and liberal amounts of alfalfa and silage, should 

cost about $13.50 for five months feeding in the winter 

time. while heifers receiving the same ration, but with 

the corn increased to one pound per hundred pounds live 

weight. or about 5 to 7 pounds per day, would cost a

bout $18.00. and a heifer receiving timothy and silage 

and about one-half pound of corn per day in order to 

secure a daily gain of one-fourth pound, will cost a

bout $7.50. 

A practical dairyman should secure a daily gain 

of approximately one pound in order to keep heifers in 

good condition. 

A satisfactory and economical ration for dairy 

heifers would be one conSisting of all the alfalfa 

and silage they will eat and about two pounds of corn 

a day. 

Increasing the amount of corn to 5 or 7 pounds 

a day will cause slightly more rapid gains, but such 
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gains will be made at a material increased price over 

ordinary gains. 

A heifer weighing about 500 or 600 pounds, in 

order to make one pound of gain daily, should receive -
about 0.8 to 0.9 pounds digestible crude protein and 

about 5.5 to 6.0 therms of energy a day. 

Limiting the daily gains to one-fourth pound for 

the winter months causes the heifers to be thin and 

slightly undersize which, it is thought, will be over-

come when placed on pasture. This, however, remains 

to be determined. 

~----------
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V--SUMMARY AND CONCLUSIONS. ---------------------------

§~~~~~.- This experiment is the fourth in a 

series of experiments the purpose of which is to 

compare the efficiency of various rations for winter-

ing dairy heifers. 

The object of this experiment was to determine 

the relative efficiency and economy of high as com

pared with low grain rations and also to determine 

the after effects of under-feeding. 

Three groups of four heifers each were used. 

Each group consisted of one Ayrshire, tw·o Holsteins, 

and one Jersey, all being pure breds. 

Each animal in Group 1 received two pounds of 

corn, one pound of alfalfa per hundred pounds live 

weight, and all the silage she would eat. 

Each heifer in Group 11 was fed one pound of 

corn per hundred pounds live weight, one pound of 

alfalfa per hundred pounds live weight, and all the 

silage she would eat. 

The animals in Group III each received all the 

timothy and silage they would eat, and in case they 
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failed to make 'one-fourth pound gain each per day. 

corn was added in such amounts as was required. 

The heifers were on experiment 150 days, beginn

ing November 1, 1916. 

On the average for the entire period each animal 

in Group 1 consumed 2 pounds of corn, 6.27 pounds of 

alfalfa, and 17.80 pounds of silage; Group 11 con

sumed 5.29 pounds of corn, 5.12 pounds of alfalfa, 

and 13.54 pounds of silage; while Group 111 consumed 

0.61 pounds of corn, 3.20 pounds timothy, and 13.81 

pounds . silage. 

In proportion to their live weight the consumpt

ion of dry matter varied in general with the grain 

consumed. Per pound live weight Group 1 consumed 

3.2 pounds , Group 11 3.6 pounds, and Group 111 2.5 

pounds dry matter. 

Increased amounts of concentrates caused decreas

ed amounts of roughage to be consumed. The reverse 

of this is not true, however. 

The average gains per day were 1.09 pounds, 1.43 

pounds, and 0.36 pounds respectively, or on the basis 

of 1000 pounds live weightthey gained 1.98, 2.61, and 

0.86 pounds per day. 

The total gains by groups were 655 pounds, 860 
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pounds, and 219 pounds and the average weight was 

548 pounds, 546 pounds, and 417 pounds respectively. 

The average consumption of digestible true pro

tein above maintenance per pound gain was 0.49 pounds 

for Gr~up 1, 0.51 pounds for Group 11, and 0.31 pounds 

for Group 111. 

The average consumption of energy over and above 

maintenance per pound gain was 4.96 therms, 5.31 and 

8.98 therms respectively. 

It is apparent that Group III was limited by a 

lack of protein. In an attempt to secure protein 

the heifers had to eat unusually large amounts of 

energy. Groups 1 and 11 show that their gains foll

ow more closely the energy intake than the protein 

intake above maintenance. 

There was little difference in the amount of 

protein received per pound of gain.by Groups 1 and 11. 

By comparing the nutrients received with Armsby's 

recent table we find that the heifers in Groups 1 and 

11 followed the energy requirement fairly closely, 

but were below in the protein requirement. In fact, 

not even the high fed group received as much digest

ible crude protein as is called for by the Armsby 

Standard in terms of digestible true protein. The 

data at hand shows the heifers made perfectly normal gains 
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on less protein than is called for by this standard, 

but the energy used followed the standard very close

ly. 

Groups 1 and 11 received practically the same 

amount~f mineral matter while Group III reoeived 

slightly more than 25 per cent as much as Group 1 or . 

11. Possibly this small amount of mineral matter 

had some· bearing on the results obtained regarding 

this group, ' but in all probability, it is not noticed 

in so brief a period. 

The various groups showed some difference in 

growth in height at withers, ~articu1arly in Groups 

11 and 111. Group 1 gained but 0.6 centimeters more 

than normal, while Group 11 gained 2.5 centimeters 

more than normal, and Group 111,which were underfed, 

averaged 1.8 oentimeters below normal. 

Underfeeding to the extent of limiting gains to 

but one-fourth pound per day should not be practiced 

for periods more than the winter months apparently. 

However. definite data on this is not available. 
49 22 

Judging from the results by Waters and Wylie 

it would seem safe to assume that when these heifers 

are placed on good pasture during the summer, the 

slight retardation in growth which they ~Te suffered 

will be successfUlly overcome. 
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To what extent underfeeding of the growing an

imal during the winter may be practiced without ser

ious affect is yet to be determined. 

Group 111 failed to consume large quantities of 

roughag-e apparently because of the lack of palatabil

ity of the ration, the bulk seemed to have little or 

no effect. 

In comparing heavy with light grain rations when 
e 

fed with alfalfa and silage. it seems that the heavy 

feeding is altogether too expensive. Other than ex

pense, however, there is no objection, but an advant

age in that the animals grow somewhat faster in weight 

and height and hence reach maturity at a·· slightly earl-

ier age. 

However. this advantage is more than offset by 

the difference in costs. It would seem, therefore. 

that heavy grain rations for growing dairy heifers 

has no particular advantage and is associated with un-

necessary expense. 

All things considered,a ration consisting of 

two pounds of corn and one pound of alfalfa per hundred 

pounds live weight and liberal amounts of silage will 

give better results than a ration with more grain. 
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Conclusions. 

A_ration consisting of alfalfa and silage, sup

plemented with two pounds of corn daily, produced 

gains fUlly normal in height and weight and kept the 

animal in a thrifty condition. 

Heavy grain rations caused the animals to become 

exceptionally fat for dairy heifers, but the cost of 

the additional gains was abnormally high. 

Although there is considerable variation with 

individuals, ordinarily heifers will make little or 
-

no gains in weight on a ration of timothy hay and 

silage. The limiting factors seem to be palatability 

and low protein supply. 

Limiting the daily · gains to one-fourth pound a 

day for six months causes a marked retardation in growth 

in weight but only a slight retardation in growth in 

height. 

It remains to be determined if this retardation 

will be overcome by a liberal pasture ration. 

The results of the four years work go to show 

that for conditions in the corn belt states a ration 
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consisting of alfalfa, or some other legume, ana 
silage for roughage, with about two pounds of corn 

make an excellent and satisfactory ration both from 

-the standpoint of efficiency and economy. 

The efficiency of this ration is to be attrib

uted to the fact that it supplies sufficient prot

ein of good quality, the necessary vitamines and 

mineral matter, especially calcium, and in addition 

is succulent and highly palatable. 

Its economy is due to the use of silage and 

corn which are usually our cheapest sources of en-

ergy. 
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The figure sho,s that the heifers in this group OL & medium 
ration followed the curve of normal growth rather elogely. ( ee 
r::able 29) 
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lHGURE 3. Actual Gain. 
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GRO 7TH AS REPRESENTED BY P..EIGHT AT vV"ITHERS 
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(continued next p~ge.) 

GROUP 111. 



FIGUHE 3 (cont) 

GRO'.VTH AS REPRESE .. ;TE.0 BY HEIGHT AT '\i I'~1iERS 

Actual Gain. 
Normc..l " 

Height in COMPARED '.vITH NORMAL. 
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100 

98 

96 

94 
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90 

88 

The figure shows that underfeeding to the extent of restrict
ing gains to one-fourth pound per day caused only a slight re-
tardation, which, however, becomes rather marked after four 
months. See Table 31. 



.. eight in 
Po, ..l • 

700 

650 

600 

550 

500 

.150 

700 

650 

coo 

550 

50( 

450 

600 

550 

500 

450 

400 

~ IGU .u 4. 

J 0 .. ':. .· ... 0 ~ 
l. ...... 

______ . ctuul Gain. 
rmul II 

1£ 

~he figure shov,s thct a1' the heifers i~ this group , excent 
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(See Table 29) 
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'lte figure showo tl.ut all the heifers in tr .. is group . except 
the Jersey f made much greater g&.i1lS in ',7oigL.t tt..w .. norrr.al. 

(See ~£..ble 30 ) 
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The fi~~re s~o~s thtt ~ll the heifers i~ this grouD fLilcd 
to make normal gro...-.th . It is seen tt~t tLe;T suffered gre t-
er loss in vie ight than in height . (Jee Figure 3 end ':'Lble 31 ) 
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gained most rapidly. while Gr up Ill, ur. ligLt rLtiuD8, were 
slightly retarded. (See Tables 29 to 33.) 
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gains mude i l v.eig1. t b;y tl.e three 
groups for six months . It lu hown t .at Gro p 11 u~ reev rat 
ions , ~ained ~cst rapidly while Group 111 Luffered rrono~nced 
ret rdation in growth i ~eight . Grour 1 g&ined 1 . 09 , Group 11 
1 .40 , and Group ll~ , O .35 po~rd per dE~ for the 180 days . 
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This figure shows ~roup 11 to have received slightly more 
protein in its ration than Groul) 1 , Vlr..ile Group III received. 
very much less thar either . ee Tables 24 to 27. 
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__ Group 1 
r.;:herms REL l.TlVE M.i:crUN~S o~' EI E .GY cors .LE • Group 11 
Enerp:;} • - Group III 
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7te figure shows that the difference in the energy intake 
by the various groups is not so pronounced as is the protein 
intake as shown in Figure 9 . A comparison with Figures 8 and 9 
shows the gains in weight to be more de endent on the amount of 
protein consumed than the energy consumed . 



PLATE 1 a. no. 318 and :No . 263 of Group 1. 

At beginning of experiment. 

November 1, 1916. 

(cont inned) 



PLATE 1 b . :No . 262 and 113 of Group 1 . AT Beginning of Experiment . Nov. 1 , 1916 . 

hlliDlm~ RATION . Corn , two pounds eaoh. 
Alfalfa, one "pound per hundred pounds live weig"bt. 
Silage, alI they would eat . 

Average weight of Group at beginning of exneriment-- +67. pounds 
n height Tl IT II n II 11 1()9.~ centimeters . 
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PLATE 11 a. No. 320 and No. 264 of Grou~ 11. 

At beginning of experiment. 

,November 1, 1916. 

(continued) 



., .-,-.; \111. -..... I' 

- )" 
1 1 :' 

PLATE 11 b. No. 258 and 117. At beginning of experiment. nov. 1, 1916. 

HEAVY HATION. Corn, one pound per hundred pounds live weight. 
lfalfa one 11" rr IT " It ·-, 

Silage, all they would eat • 

. verage weight of group a t beginning of ex periment -- 439. :?ounds. 
n height 11 n II IT It 11 7()Jf.b centimeters . 
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PLATE 111 a . No . 322 and No . 26 0 of Group 111. 

t beginning of Experiment . 

November 1 , 1916. 

(nontinued) 

,-



PLATE 111 b. No. 265 and 116. t beginning of ex-periment. Nov. 1, 1916. 

LIGHT RATION. Timothy, all they would eat. 
Silage, all they would eat. 
Corn, if necessary in order to mAke one-fourth pound gain per d ay. 

verage weight at beginning of experiment.-- 3So. pounds 
" height n 11 "n 1 o2. ~ centimeters. 



PLATE IV. Group 1. At end of experiment. March 30, 1917. 
Av. Consumntion. 

Corn, two pounds each. 
Alfalfa, one pound per hundred pounds live weight . 
Silage, all they would eat. 

Corn, 2..0 Pou,,/s. 
Alfalfa, .s: 27 " 
Silage, I 7 , 0 " 

MEDIUM RATION . 

Average weight at end of experiment. -- (,.30. pounds. 
" height"""" 117. 1 centimeters. 

verage gains per day for 150 days.-- 1.09 pounds . 



PLATE i . Group 11 . t end of experiment . March 30 , 1917 . 

HEAVY RATION . Corn, one pound ner hundred pounds live weight . 
Alfalfa , one IT Tl IT IT n IT 

Silage, all they would eat . 

average weight at end of experiment . - - bS¥-. pounds . 

" height" n n " /;,~ • .s- cf':lntimeters . 

Avera~e gain per day. -- 1 . 43 pOlmds . 

verage Consumption.
Corn, .f: 29 Pou..n/s. 
Alfalfa. ,s: 12-
Silage , 13. $4 
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PLATE VI. Group Ill. At end of experiment. March 30. 1917. 

LIGHT RA~ION. ~imothy, all they would eat. 
Silage, all they would eat. 
Corn. if necessary in order to make one-fourth 

.Average weight at end of eXl)eriment.--
T! he ight 11 TI TT " 

d~ s: pounds • 
/0 8'7 centimeters. 

Average gain per day.-- 0.36 pounds. 

Average Consumption.
Timothy ,..;J. p...o h ..... " d's. 
Silage. /3. % / 
Corn t c. t, / 

pound gain per day. 



PLATg VII. 

An Ayrshire from each group, at end of exneriment. 

No. 318--Groun l~-Medium Ration. 
No . 320--Group 11--Heavy Ration. 
No. 322--Group 111--Light Ration . 

March 30, 1917. 



1?LAT.E VIII. March 30, 1917. 

A lio1stein from each group, at end of experiment. 

No. 263--Groun I---MedillID Ration. 
No. 264--Group ll--TIeavy .2ution. 
No. 265--Groun Ill-Light Ration. 

" 
~-

-- ' \."l 

.... 
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PLATE IX . 

A Jersey from each Group . at end of experiment. 

l~o . 113--Group I---Medium. Ration . 
l~o . 117--Group ll --lieHvy Ltation • 
. No . 116--Group Ill - Light Ration . 

------.JW----. 

l~arch 30, 1917. 
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