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HISTORY OF BULLETIN 218 

Extension Bulletin 218 is a handbook which, in one 
form or another, the University of Minnesota's D~part
ment of Agriculture has been furnishing dairymen ever 
since 1894. Twenty-six separate editions have been 
printed, and over 400,000 copies have been distributed 
to Minnesota farmers during this time. 

The first edition of the bulletin was published in 
1894 when Professor T. L. Haecker gave results and 
suggestions from his feeding experiments with the Uni
versity Farm Dairy Herd in both Bulletin 35 and the 
Station Report for the year. Several other Station Bulle
tins by Professor Haecker on this subject appeared be
tween 1900 and 1910. 

In 1910 "Feeding Dairy Cows" appeared in popular 
form as Minnesota Farmers' Library No. 12. This bulletin 
formed the basis for Professor Haecker's now-famous 
dairy feeding standards published in a handbook known 
as Station Bulletin 130, "Feeding Dairy Cows." As a 
handbook Bulletin 130 was reprinted eight times. 

In December 1924, the handbook was revised ex
tensively by C. H. Eckles and 0. G. Schaefer and was 
issued as Minnesota Agricultural Experiment Station 
Bulletin 218, "Feeding the Dairy Herd." In April 1932, 
the bulletin was revised and reprinted, this time under 
a single author, C. H. Eckles. Again in January 1938, it 
was extensively revised with much new material added 
by the new authors, T. W. Gullickson and J. B. Fitch. 

The Minnesota Agricultural Extension Service has 
now taken over the distribution of the bulletin. By mere 
coincidence the bulletin retains its old number, 218, 
although it is now published in a different series. 
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Feeding the Dairy Herd 

MILK C?WS are the largest outlet for home-grown 
feeds and labor in Minnesota. How good a mar

ket they provide depends on feeding, management, 1 and 
breeding as well as on the price of dairy products. Natur
allY the farmer cannot control prices but he can help 
himself to larger profits through better care and feeding 
of his cattle. 

It costs more to feed a high-producing cow, but this 
additional cost is more than covered by returns from 
increased milk production. The average cow in Minne
sota in 1942 produced 200 pounds of butterfat. Data from 
D.H.I.A. records show that she returned $52 above feed 
cost, while the 300-pound producer returned $91 above 
feed cost. This latter high-producing cow, moreover, 
furnished a market for $50 worth of feed, while the 
lower-producer furnished a market for only $44 worth 
of feed. (See figure 1.) . 

No amount of feed and care, however, can make a 
poor cow a good producer. Good breeding is essential 
because a cow's ability to produce milk is inherited 
from her sire and dam. Bulls should be chosen with 
care, and only high-producing dams should be used for 
breeding. Since it is difficult to tell a cow's producing 
ability from her appearance, a record of her production 
is necessary for best results. 

Many Minnesota dairymen are finding it profitable 
to belong to the local Dairy Herd Improvement Associa
tion in order to secure regular production records on 
each cow in the herd. This allows them to feed each 
cow according to production and keep their feed costs 
as low as possible. The records guide them in their 
breeding operations and allow them to cull out the low
producing, unprofitable cows. 
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Production 
Lbs. of Butterfat Feed Cost Per Cow Return Over Feed Cost Per Cow 

125-174 $41 00004 $33 0,00( 

175-224 $44 0000( $52 00000( 

225-214 $46 0000€ $72 0000000( 

215-324 $50 00000 $91 0000000004 

325-374 $56 00000€ $108 0000000000€ 

375-424 $61 0000004 $126 o o o 'o o o o o o o o o e: 

425-475 $65 000000( $145 00000000000000( 

From Minnesota D.H.I.A. Summary, 1942. 
Butterfat at 47 cents per pound. 

FIG. 1. Return above feed cost goes up faster than feed costs 



IT IS IMPOSSIBLE to suggest exact rations that will 
fit every farm and every season. The farmer himself 

is the only person who is well enough acquainted with 
his own conditions to work out a satisfactory feeding 
program. To do this, however, he must know what nutri
ents a cow needs; what these nutrients are used for; and 
the value of various feeds in terms of these nutrients. 

How a Cow Uses Feed 
To maintain :the body.-A cow must continually re

build worn tissues, keep the vital organs functioning, 
maintain body temperature, and provide energy for mus
cular activity. 

To develop :the fe:tus.-A cow carries a calf during 
a large portion of her lactation period and must have 
feed to support this calf. 

To provide for grow.th.-A heifer comes into pro
duction shortly after two years of age and she continues 
to grow, or should, for another two years or more. Some 
feed is required for this additional growth. A dry cow 
is also expected to gain weight. 

To stimulate milk produc:tion.-Only feed left over 
after .all these other needs have been met can be used 
for milk production. Of course, a cow can rob her body 
of food materials for milk production, and she does so 
when fresh if she is a heavy milking cow and is being 
underfed. In general, these other things have to be pro
vided for before milk production can take place in quan
tity. It pays, then, to feed the dairy cow well because 
she will produce most economically when she is worked 
somewhere near capacity. One half or more of the feed 
should be used for milk production. 

Figure 2 illustrates that one third more feed doubles 
milk production at certain levels of production. 
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SEE HOW MUCH 
MORE. MILK 

FIG. 2. Only feed left over after other needs are met 
can be used for milk production 

Cows Need Nutrients 

Feeds are made up of nutrients which include pro
teins, carbohydrates, fats, water, minerals, and vitamins. 
Each of these nutrients performs specific functions in the 
body. Cows vary in their requirements for them accord
ing to their production, and the feeds vary greatly in the 
amounts of the various nutrients that they contain. The 
same feeds, especially roughages, may vary tremendously 
in the amount of nutrients, depending upon how they 
have been handled. For instance, good quality, early cut 
hay may be 50 per cent higher in protein and vitamins 
than hay that is cut more mature or hay that has been 
poorly cured. 

Profeins.-Proteins a:re the nutrients that contain 
nitrogen. Proteins, which are used in the formation of 
skin, hair, horns, hoof, blood, muscular tissues, as well 
as in the curd of the milk, are absolutely necessary in 
the diet of all animals. No other nutrients can take their 
place. 
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FIG. 3. Nutrients to make milk must come from the cow's feed 

Feeds vary tremendously in their percentage of pro
tein. Moreover, the proteins in the various feeds vary in 
their combination and amounts of the 25 or more differ
ent amino acids that make up the protein. At least 9 or 
10 of these amino acids are needed by animals. But ap
parently cows are able to make these essential amino 
acids, and unlike single stomached. animals they do not 
have special requirements for specific proteins. 

Most farm feeds, except legume hays, are low in 
protein. It follows that most home-grown rations which 
do not include a legume hay are low in protein. This is 
the cause of low milk production and high cost on many 
farms. Protein starvation is common in Minnesota milk
ing herds. 

Carbohydrates.-Carbohydrates constitute the larg
est part of the nutrient material in most feeds. They in
clude all the starches and sugars, together with the 
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woody, fibrous portion of the feeds. Hay, straw, corn 
fodder, and other roughages contain rather large amounts 
of crude fiber. Only a small. portion of this fiber is di
gestible. Grains contain less fiber, and more of their 
carbohydrate content is made up of starch and sugar. 

Carbohydrates are used to maintain body tempera
ture, to provide energy for muscular activity, and to 
support milk production. When a surplus is supplied, it 
is converted and stored in the body as fat. 

Fats.-As nutrients, fats are largely interchangeable 
with carbohydrates, but they are worth 2¥4 times as 
much in heat and energy. Fats are necessary in the 
ration but are automatically provided because they are 
present in all feeds in sufficient quantity to maintain 
health. 

Because of their relatively greater abundance, feeds 
rich in carbohydrates and fats are usually cheaper than 
those high in protein. It must be remembered, too, that 
fats and carbohydrates can be used generally for the 
same purposes, but neither of them can replace the pro
tein although the protein can be used to make body fat 
or replace the fats and carbohydrates by wasting the 
nitrogen. 

Total digestible nutrients.-This term is used to in
dicate the total nutrient value of a feed by adding di
gestible protein, carbohydrates (nitrogen-free extract), 
and fats (the fats x 2%) together. 

Water.-More than half the weight of a dairy cow 
is water, and in young animals the percentage is even 
higher. Water in feed serves the same purpose as drink· 
ing water. In the body it carries the various nutrients 
to all parts of the body. Waste materials are dissolved in 
water and carried out through the urine, feces, and res· 
piration. Water makes blood and lymph fluid so that they 
can circulate. Water assists in the control of body tern· 
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peratures. Large quantities of water are needed in the 
manufacture of milk because the milk itself is about 87 
per cent water. It is the cheapest nutrient fed to dairy 
cows, but it is often lacking during the winter months. 
Animals will die of thirst much quicker than they will 
of starvation. 

Minerals.-Approximately 5 per cent of the weight 
of a dairy cow consists of minerals, mostly calcium and 
phosphorus. Most of these minerals are in the skeleton. 
Milk also contains a high percentage of calcium. 

Besides building bones, minerals play an important 
part in all the soft tissues of the body; directly or in
directly, they influence the activity and work of each 
cell and organ. Further, they aid in the digestion and 
assimilation of food, and they supply the minerals in 
milk and in the development of the unborn calf. 

Cattle need a dozen or more different mineral ele
ments, but normal rations usually provide enough o.E all 
these minerals except sodium and chlorine. These are 
both supplied in common salt. Crops grown on soils that 
are normal in their mineral content usually contain 
enough minerals, except salt, to supply the needs of the 
body. In the phosphorus-short area of northwestern and 
western Minnesota, phosphorus is usually lacking in the 
feeds. Minerals fed beyond body needs are wasted; they 
cannot be stored as extra nutrients or in the form of 
body fat. 

Vitamins.-The vitamins are essential to the life 
and well-being of all animals. However, they are not 
actually used in the building of tissue, but for some 
reason their presence is necessary for vital body func
tions. They are more like the electric spark in the gas 
engine. They are small but very important. Some of the 
vitamins are not needed in the ration of cows. Of the 
different vitamins so far discovered, only A and D ap
pear likely to ever be deficient in normal dairy rations. 
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Vitamin A, the anti-infection vitamin, is essential 
for the maintenance of mature cows, and still more nec
essary during growth, pregnancy, and lactation. Studies 
made at the Minnesota Experiment Station indicate that 
deficiency of vitamin A results in the breakdown of the 
nervous system or lack of muscular control. Reproduc
tion is impaired, and abortions may occur. Calves may 
be born weak, blind, or dead. 

Cattle get their vitamin A largely from feeds that 
contain yellow coloring known as carotene: All green 
plants are especially rich in carotene, but hay making 
may destroy much .of it, especially when hay is ripe, 
bleached, or overcured. With the exception of yellow 
corn, grains and concentrates have little or no vitamin 
A value. Good quality roughage is a rich so.urce, and 

· even fairly good roughage usually provides enough. 
Vitamin D is the antirachitic vitamin which regu

lates the use of minerals in the body, especially of cal
cium and phosphorus. It helps control the growth and 
development of the bones and teeth. All cattle need 
vitamin D, especially during growth and reproduction. 
Vitamin D deficiency in both young and old cattle causes 
stiffness, arched back, bent knees, swollen hocks, and 
lack of appetite for concentrates. Dairy cattle secure 
their vitamin D from exposure to the sunlight during 
the summer. During the winter, when inside, most of 
their vitamin D is secured from good quality, sun-cured 
hay. The importance of high quality, sun-cured hay in 
the dairy ration needs to be emphasized, for not only 
does it contain more digestible nutrients but it also has 
greater vitamin A and D value than poor hay. Milk from 
cows fed high quality hay will also be richer in these 
vitamins. 

Vitamin E is known as the antisterility or reproduc· 
tion vitamin because rats need it in their diet to repro
duce successfully. It has, however, been shown that cat
tle and goats do not need it in their feed. 
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Other Requirements of a Good Ration 

A satisfactory ration must do more than merely ful
fill the nutrient requirements listed above. Some of the 
other requirements are: 

Palatability.-A good ration must be palatable; the 
cow must like it. It doesn't make any difference what 
the nutrients are in the feed if the cow will not eat the 
feed in sufficient quantities. 

A cow has the same reactions to feed that we do, 
and individual cows vary somewhat in their likes as do 
people although, in general, such feeds as good quality 
hay, corn silage, corn, oats, wheat bran, molasses, and 
linseed meal are esp.ecially palatable to all cattle. Cows 
also develop a liking for feeds that they are used to, and 
when a new feed is introduced into the ration, it some
times takes them several days to learn to like it. Un
palatable feeds, like rye, distiller's grain, tankage, corn 
gluten meal, and moldy or damaged grain or badly 
weathered or overripe hay may be fed successfully by 
introducing them gradually into the ration in small quan
tities. Early cut hay is much more palatable than late 
cut hay; therefor~ it has value in addition tq its extra 
nutrient content because the cows can be induced to eat 
more of it with the consequent saving in the smaller 
amount of grain needed. 

Variety.-Providing variety in the ration is another 
important factor in securing the best results from a cow. 
Including as many feeds as possible without increasing 
cost will help provide the needed minerals and vitamins. 

Two kinds of roughages in the ration are usually 
desirable and are usually fed. If one can be a legume 
hay such as alfalfa, that is ideal. The same thing is true 
of the grain ration. It is desirable to have the grain ra
tion made up of two or more grains. Corn seems to be 
an especially good grain with alfalfa hay. Usually, under 
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practical farm conditions, the cow's ration consists of 
either roughage or grain from four or five different 
plants. 

Bulk.-A satisfactory ration for dairy cows must 
include a proper amount of bulk. This is very easily 
secured because cows are given all the roughage they 
will consume and grain used only to supplement the 
roughage. In fact, cows that are given excellent quality, 
high-protein hay usually get little or no grain when 
producing at a low level, and the ration is then very 
bulky. As grain is added to the ration, the cow reduces 
the quantity of roughage which she eats; this ratio in
creases as more grain is fed until the cow cuts down a 
pound on roughage for each extra pound of grain fed. 

Cost of the raiion.-Cost is of vital concern in mak
ing up a ration. On the average, the cost of feed is about 
one half of the total cost of milk production. Choice and 
combination of feeds is a big factor in holding this cost 
down. Feeding each individual cow carefully according 
to production is a big factor also. Price per ton here is 
not the important thing, but rather price per unit of 
digestible nutrients. It is well to remember that low cost 
of production does not result from stingy feeding. Enough 
feed must be provided to maintain a fairly high level of 
production to get low cost. Refer back to figure 1. The 
higher producing herds ate more feed, but they also paid 
a higher return for it. 
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PRACTICAL dairy cow feeding involves more· than 
merely preparing a ~uitable ration for dairy cows. 

Cost must be considered, and home-grown feeds and 
summer pastures should form the basis of the feeding 
program. The farmer must also adjust the ration to fit 
his particular conditions. For southern Minnesota, for 
instance, cheapest production comes from a ration built 
around alfalfa, silage, and corn; for northwestern Min
nesota, from alfalfa or sweet clover, silage, barley, oats, 
and corn; for northeastern Minnesota, from alfalfa, 
clover, barley, and oats. 

Use Home-Grown Feeds 

Dairy cows are kept, first of all, to market home
grown crops. Purchased feeds are added to the cow's 
ration only when they will increase the income from 
the home-grown feeds that are used with them. 

Naturally the home-grown feeds that the cow will 
produce the largest returns on are those that yield the 
highest amount of needed nutrients per acre and those 
that are low in labor cost. Because roughages, both hay 
and pasture, are cheaper sources of nutrients than grain, 
they should furnish the foundation of the ration. Grains 
should be fed when the roughage does not supply enough 
nutrients for profitable milk production. 

Grow High-Protein Roughages 

Dairy cows need about one pound of digestible pro-
tein to every 6 or 7 pounds of total digestible nutrients. 
roteins can be used to replace carbohydrates and fats, 
ut other nutrients cannot replace protein. Thus pro
ein often becomes a limiting factor in rations. 
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Table 1. Feeds Classified as to Diqestible Protein Content 

Roughages Concentrates 

High Protein Low Protein High Protein Low Protein 

Alfalfa Timothy Linseed meal Corn 
Soybeans Wild hay Soybean meal Barley 
Clover Fodder Corn gluten meal Oats 
Sweet clover Stover Cottonseed meal Wheat 

Com silage Ground soybeans Rye 
Reed car~ary Middlings 
Millet Bran 
Sudan 

Pasture grasses and legume hays are high in pro
tein; other roughages and most farm grains are low. It 
follows that the kinds, quality, and quantities of rough
ages determine the amount and kind of supplementary 
feeds needed. With legume hay, only farm grains are 
needed for good results. With the low-protein roughages 
about one fourth of the grain ration must be from the 
high-protein concentrates. 

Table 2 shows that alfalfa hay produces approxi
mately three times as much protein per acre as our other 
common roughages or grains. Only corn fodder and corn 
silage approach alfalfa in ·the yield per acre of total 
nutrients. However, they are not only more costly to 
produce but also yield much less protein than alfalfa. 
For this reason a profitable dairy enterprise must be 
built around a good legume roughage-growing program. 
Feeding large quantities of high quality roughage will 
hold down the amount of grain needed and consequently 
keep the cost of production as low as possible. Nutrients 
from grains cost over twice as much to produce as nutri
ents furnished in good roughage. 

Table 2 gives the approximate yields of feed crops 
in southeastern Minnesota. However, to obtain the larg
est benefits from home-grown feeds the farmer must de
termine what crops his farm can produce most effici-
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DIGESTIBLE NUTRIENTS IN COMMON FEEDS 

ROUGHAGE 

Corn Silage 

Corn Fodder 

Timothy Hoy 

Clover Hay 

Soybean Hoy 

Alfalfa Hoy Uote) 

Alfalfa Hay (medium) 

Alfalfa Hay (early) 

CONCENTRATES 

Corn 

Barley 

Oots 

Bron 

Linseed Meal 

Ground Soybeans 

Soybean Meal 

Corn Gluten Feed 

Corn Gluten Meal 

- ·16.8 (Total Digestible Nutrients,%) 
~ 1.2 (Digestible Protein,%) 

48.1 
~ 3.7 

' 2.9 

48.0 

49.6 

50.0 

48.7 

51.5 

51.4 

FIG. 4. The total nutrient value of comparable feeds 
varies much Jess than the protein value 
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Table 2. Feed Yielded per Acre by Feed Crops on Southeastern 
Minnesota Farms 1928-42* 

Yield of Crop Digestible Total Digestible 
Crop Per Acre Protein Nutrients 

Tons or Bu. 
Hay 

Alfalfa ......................................................... 2.4 
Red clover ............................................. 1.8 
Soybean ................................................... 1.7 
Timothy ...................................................... 1.5 

Corn silage ................................................ 8 .3 
Corn fodder ................................................ 2.4 
Corn ..................................................................... 52.0 
Barley ............................................................... 30.0 
Oats ..................................................................... 43.0 
Soybeans ...................................................... 15.0 

Lbs. 

499.0 
266.0 
306.0 

87.0 
213.0 
177.6 
213.0 
141.0 
141.0 
303.0 

Lbs. 

2472 
1785 
1724 
1440 
2789 
2308 
2373 
1117 
956 
831 

• Based on reports of Southeast Minnesota Farm Management 
Service. 

ently. For instance, excellent qua_lity clover hay might, 
in some cases, approach alfalfa in yield, digestible pro
tein, and nutrients per acre and fit into the crop program 
better than alfalfa. 

Cut Hay Early 

Even more important than yield per acre is the 
quality of roughages produced. High quality in rough
age requires cutting the crop early when the stems are 
free from woodiness and curing it with little loss of 
,leaves and color. 

Early cutting of either legumes or grasses results in 
higher protein content and greater palatability. This is 
especially important with alfalfa because it immediately 
starts to grow after cutting, and the ·practice may not 
materially reduce the yearly yield. Alfalfa should or· 
dinarily be cut when about one tenth in bloom. When 
used in rotation where long life is not necessary, it can 
be cut in the bud stage. Making new seedings yearly and 
keeping the field in alfalfa only two or three years is 
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sound soil management practice because the alfalfa has 
added all the nitrogen to the soil in three years that it is, 
going to add. Good management calls for moving the 
crop to another field and harvesting the added nitrogen 
with some other crop. 

Clover hay will be much higher in feed value if cut 
when the first heads begin to ripen rather than later. 
All the other grass hays, such as prairie hay, wild hay, 
reed canary grass, timothy, and brome grass, are much 
richer in protein when cut early. As the plant comes into 
bloom the protein content goes down rapidly. 

Handling and Curing Hay 

Proper handling and curing are tremendous factors 
affecting hay quality. They affect not only the per
centage of protein but also the vitamin and mineral 
content. Detailed instructions on making hay cannot be 
given here, but in general it should be' cut at the early 
bloom stage, and the period from the time of cutting 
until it is dry enough to store must be as short as pos-

i sible. Every effort must also be made to save the leaves 

Table 3. Influence of Time of Cutting, Rain, and Amount of 
Leaves and Stems on Percentage of Protein in Alfalfa 

Time of Cutting 

Crude 
Protein 

Per Cent 

Alfalfa before bloom ................................................ 22.0 
Alfalfa in bloom ....................................... , ..... ,.............. 15.0 
Alfalfa in seed .................................................................. 12.2 

Influence of Rain 
No rain .......................................................................................... 18.7 
Damaged by rain ............................................................ 11.0 

Leaves and Stems 
Alfalfa hay ........................................................................... 14.9 
Alfalfa leaves ..................................................................... 22.5 
Alfalfa stems ........................................................................ 6.3 

Digestible 
Protein 

Per Cent 

16.5 
10.5 
9.1 

13.3 
7.5 

10.7 
17.3 

3.2 

b 
Michigan State College of Agriculture Quarterly Bulletin, Novem

er, 1929. 

17 



and their green color by proper handling because most 
of the nutrient value is in the leaves (see table 3). Hay 
should not be stored when too damp or it will heat and 
much of its nutrient content will be destroyed. 

It is reasonable to assume that the factors indicated 
in table 3 cause similar changes in other hay crops. Not 
only is there a loss of nutrients by weathering, by rain, 
or by cutting late, but also the palatability and the per
centage of digestibility are lowered. 

Pasture Supplies Low-cost Feed 
Acre for acre a good pasture yields more nutrients 

than most other crops, and in addition the· cow harvests 
the pasture crop. Wind, rain, or hail may ruin grain, hay, 
or corn crops but not so with pasture. 

Pasture investigations at University Farm show that 
an acre of good Kentucky bluegrass yields as many 
pounds of total digestible nutrients as an acre of oats 
yielding 75 bushels or an acre of corn yielding 37 
bushels. At the Branch Experiment Station, Crookston, 
Minnesota, sweet clover pasture yielded nutrients equal 
to 70 bushels of oats or 34 bushels of corn per acre. The 
total feed secured from good pasture during a season is 
far greater than most dairymen realize. 

Pasture management.-An otherwise good pasture, 
however, can be ruined for the season by turning the 
cows on it before the grass is well started. The grass 
should be 4 to 6 inches high before the herd is turned 
out. Avoid overgrazing. Overgrazing is the cause of most 
low-yielding, weedy pastures in Minnesota. Top dressing 
pastures with barnyard manure in early spring or late 
fall will increase the yield of grass. 

Because young grass is low in dry matter and very 
high in moisture, it is wise to continue feeding some hay 
or grain for several weeks after turning the cows to pas· 
ture. A sudden change to grass alone may also impart 
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undesirable flavors to the milk. Making the change 
gradually and removing the cows from pasture several 
hours before milking will avoid this difficulty. 

Rotational grazing.-Improved quality, increased 
grass yield, and a longer grazing period may be secured 
by cross fencing pastures into two or more fields. By 
this plan, one area can be pastured while another re
covers grass growth. In many native pastures, there are 
areas of coarse and unpalatable grass. By fencing, the 
cattle can be forced to graze these less desirable areas. 

It is also a good idea to have a variety of pasture so 
that good grazing will be assured throughout the season. 
The length of grazing period and quantity of grass avail
able from- various pasture crops is shown in figure 5. All 
but sweet clover, reed canary grass, Sudan grass, and 
second-growth alfalfa are very light during July and 
August. For details as to mixtures to seed and cultural 
practices secure Extension Bulletin 197, "Pasture Plants 
and Combinations"' and Extensio~ Bulletin 241, "Well
Managed Pastures." 

A specific application of this plan for supplying sup
plementary pastures is shown in table 4. It should be 
noted in this table that Sudan grass furnished more cow 
days of grazing in July and August than did bluegrass in 

Table 4. Cow Days of Grazing from Kentuclt;y Bluegrass 
and Sudan Grass. 4-year Average, University Farm. 

St. Paul, Minnesota• 

Month Kentucky 
Bluegrass 

I acre 
May ......................................................... 32 
June ......................................................... 39 
July ........................................................... 10 
August ................................................ 17 
September .......................................... 8 

Sudan 

lf2 acre 

7 
38 
23 
12 

No. Cows 
Total Cow Supported 

Days Per Acre 

1lf2 acres 
32 .7 
46 1.0 
48 1.0 
40 .9 
20 .4 

d P
• Unpublished data provided by A. C. Arnx. Division of Agronomy 

an lant Genetics, Minnesota Experiment Stahon. 
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Pasture calendar 

Permanent 

Mixture-Alfalfa, brome, 
timothy, sweet clover 

Sweet clover 

Rye 

1Sudan grass 

Second growth alfalfa 

Reed canary (low ground) 

Fig. 5. Good grazing should be assured throughout the season 

May and June. Note how one-half acre of Sudan with an 
acre of bluegrass levels out the grass supply through the 
summer. The advantage <,>f providing a supplementary 
pasture during July and August when bluegrass lies 
dormant is clearly evident. 

Succulence in the Dairy Ration 

Feeds are said to be succulent when they contain a 
high percentage of water. Such feeds are green grass, 
silage, roots, wet beet pulp, and others. 

Succulence has long been considered one of the re· 
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quirements of a good dairy ration. Cows invariably in
crease their production when turned on pasture. This 
fact has been attributed to the succulence of the grass. 
Early experiment station reports showed that cows in
creased production when silage was added to winter 
rations. Experiments during the last few years, however, 
have indicated_ that where cows have free access to water, 
silage did not give. an increased milk production. Ex
periments with feeding on grass and analysis of the 
grass have shown that the high milk production on grass 
was due to the high nutrient value of the, grass rather 
than to succulence. Grass is higher in nutrient value 
during the season when it is highly succulent, in other 
words, when it is young and growing rapidly. 

It is evident that some of the advantages attributed 
to succulence in earlier experiments were due to the ad
ditional amount of water supplied by these feeds. With 
facilities for watering dairy cows by means of water 
cups, the need of succulent feed in the ration appear~ to 
have become less important. 

Providing Silage 

A factor affecting the use of silage in the ration is 
the cost of the nutrients. Records from southern Min
nesota dairy farms reveal that the cost of 100 pounds 
of total digestible nutrients in silage , was 79¢ as com
pared with 43¢ in alfalfa hay. 

There are many reasons, however, for using silage 
in spite of its cost. The silo makes possible, with the 
lowest amount of waste, the utilization of such crops as 
immature corn that would otherwise be largely wasted. 
It is a convenient method of storing and preserving 
certain crops during seasons of surplus for ~se during 
periods of drouth or feed shortages. 

Now grass and legume silages are beginning to be 
used on many dairy farms. Grass and legume silages are 
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no cheaper to produce than corn or sorghum silage, prob
ably not as cheap, because ordinarily they would yield 
somewhat less in total digestible nutrients per acre. 
However, the legume silages will be higher in protein 
than corn silage. Sweet clover silage may become very 
important in western Minnesota. It offers a means of 
using a crop that is hard to utilize as hay. The use of 
legume silage also makes it possible, under Minnesota 
conditions, to put the first cutting of alfalfa into the silo 
if the weather is rainy and poor for haying. Grass or 
legume silage put up in early summer is an excellent 
supplement to short pasture in midsummer. It furnishes 
a feed that is palatable and comparable to pasture grass 
in its high protein content. 

Methods of Making Grass and Legume Silage 

If the moisture content is right (68 to 70 per cent) 
grass and legume silage can be made successfully with
out any preservative. However, to insure preservation 
it is a good practice to use either dilute phosphoric acid, 
molasses, or other material such as ground corn, wheat, 
barley, or dried beet pulp, straw, and corn stover. Sixty 
or 70 pounds of molasses per ton of green legumes will 
furnish enough sugar to ferment and form acids for the 
proper preservation of the material. 
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USING HOME-GROWN feeds of the proper kind is 
not the only step in developing an economical feed

ing program. To be successful, the dairyman must adopt 
proper methods of feeding and must pay special atten
tion to herd management. 

Grinding Grain 
Cows do not chew their feed thoroughly at the time 

it is eaten but chew it later when it is regurgitated and 
rechewed in the cud. All roughage is rechewed but only 
a part of the grain that gets caught in the roughage is 
brought up and chewed. Unless hogs are following the 
cows, a considerable loss of this grain passing through 
the intestinal tract results. Experiments have shown a 
loss of 12 to 20 per cent occurs in feeding unground grain 
to cows. With animals less than a year old the loss is 
small; with young calves it is as low as 2 per cent. There
fore, all grain fed to dairy cows should be ground. Coarse 
grinding is better than fine grinding. 

Cutting or Grinding Roughage 
Cutting a roughage does not make it more digesti

ble. On the other hand, ihe amount of coarse hay and 
roughages wasted by the cows can be reduced by cut
ting, and in the case of high values for roughage the 
operation may be profitable. Cutting has an advantage 
in storing because over three times as much can be put 
in the same mow. . 

The cow still possesses one of the most efficient 
grinders in existence. Furthermore, ground roughages 
are no more valuable to the cow than unground, and 
they are usually less palatable. Grinding of roughages is 
rarely justified because of the cost. 
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Order of Feeding 

As a rule, cows are fed as often as they are milked 
although roughage is often fed at midday. Grain is usu
ally fed just before milking, but whatever the cows are 
used to is usually all right. Silage and hay should always 
be fed after milking because of odors and dust. Cows are 
creatures of habit, and it is important to follow regularly 
the same order of feeding and milking at the same hours 
each day. Petersen and co-workers at Minnesota have 
demonstrated that the letting down of milk is caused 
by a nerve stimulus and a discharge of a hormone into 
the blood stream which causes the milk to be released. 
A change or an upset in the routine affects the letting 
down of the milk and production. 

Feeding and Management of the Dry Cow 

The good dairyman allows his cow a rest of six 
weeks to two months before calving, and the standard 
lactation is about 10 months or 305 days. It is a good plan 
to have cows dry right after 10 months and calve again 
12 months after the previous freshening. Cows freshen
ing in the fall and winter produce more than those 
freshening in the spring and summer. This also is ad
vantageous because the cows are dry during the hottest 
part of the summer, the busy season with farm work 
While feed costs are lower in summer, the price is also 
somewhat lower. The market milk producer, however, 
has to freshen cows all through the year to keep an even 
supply of milk for his market. 

The dry period gives the feeder an opportunity to 
bring the thin cow up to normal flesh before freshening. 
Ordinarily with a good roughage, 3 to 5 pounds of grain 
a day will be sufficient. It is well known that cows calv· 
ing in good flesh will produce more than thin cows during 
the early weeks of the milking period. During this period 
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it is impossible to feed the cows enough grain to prevent 
a loss in weight. Under abnormal conditions where cows 
are fed very poor roughages for long periods of time, the 
cows may need a longer dry period to restore their body 
reserves. In these cases the ration should be adjusted so 
that the long rest is unnecessary. 

Feeding the Fresh Cow 

For the last week or ten days before freshening, the 
cow should receive only a small amount of grain, never 
more than 2 pounds daily. The grain ration could be oats 
and bran. A mixture of equal parts of bran, oats, and 
linseed meal is excellent. After calving, the same ration 
should be used. During this period, too, the cow should 
have warmed water and should be in a comfortable, well
bedded stall by herself. After calving, she should not be 
milked dry; only a small amount of milk should be 
drawn from each quarter every few hours during the 
first three days. Attention to this detail will avoid many 
cases of milk fever in the high-producing cow. When her 
udder becomes normal, the regular grain ration can be 
started in small amounts, 3 or 4 pounds a day, and in
creased gradually at the rate of a quarter of a pound a 
day until she is on full feed. (See page 33.) High
producing cows lose weight during the first weeks after 
freshening, but thereafter they should maintain their 
normal weight and gain toward the end of the lactation. 

The Amount of Grain to Feed 

Grain should be fed in proportion to the amount_ of 
milk produced. A fresh cow will milk rather heavily 
for a time, even if she is underfed, by robbing her body 
of the nutrients needed for milk production. However, 
by following the rule as indicated in the previous para
graph this loss in weight can be checked rather rapidly. 

How high to go with the amount of grain is a prob-
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THE DAIRYMAN'S job of feeding during the summer 
. is easy compared with that of winter feeding: How

ever, it is often advisable to supplement summer pasture 
with some additional feed. 

While pasture grass of any variety is an excellent 
feed for dairy cows, its high water content makes it too 
bulky to be fed alone to high producing cows. Heavy pro
ducing cows are unable to eat enough grass to furnish 
the nutrients required for maintenance and production. 
A cow on good pasture can gather and digest from 100 
to 160 pounds of grass daily. As the season advances, 
grass grows more slowly, maturity sets in, and the cows 
will get less grass-grass having lower feeding value 
than the younger growth available during May and June. 
The following may help explain the reasons for rapid 
loss of flesh and lowered production from good cows 
when pasture is the only source of feed. 

Fresh green grass during the lush growing season 
contains from 85 to 90 per cent water and only 10 to 15 
per cent dry matter. A 1,100-pound cow producing 25 
pounds of 4 per cent milk daily requires about 1.85 
pounds of digestible protein and 16.1 pounds of total 
digestible nutrients. To supply these neE)ds she would 
have to consume from 100 to 160 pounds of grass de
pending on the variety and stage of growth. Whether or 
not a cow can gather this large volume of grass daily 
depends upon the growth and quality of the grass, the 
cow's digestive capacity, and her grazing· ability. A cow 
can graze about 6 per cent of an acre, or nearly 10 square 
rods,· daily; thus to get 120 pounds of grass the pasture 
must have 2,000 pounds of grass per acre. 

According to Huffman, Journal of Dairy Science, 
Vol. XXII, No. 11, cows grazing in good pastures hav
ing an abundance of palatable grass will consume up 
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to 155 pounds per day. Such pasture .will furnish feed 
enough for the cows to produce slightly over one pound 
of butterfat daily. 

Supplementary Feeding with Good Pasture 

The economy of feeding 'grain or hay to a cow on 
pasture depends upon her production and the quality and 
quantity of grass available. A low producer will not pay 
for extra feed while on pasture. Unless the pasture is 
excellent, it is a mistake not to feed grain or good hay -
to the cow producing a pound of butterfat or more a day. 
The need for supplementary feeds along with pasture 
increases as the season advances. Unless the native pas-

i tures are supplemented with Sudan, second-crop alfalfa, 
or some other supplemental pasture, during July and 
August, grain or hay must be fed to prevent serious and 
rapid decline in production. 

The value and economy of grain or hay feeding in 
addition to pasture is indicated by the following data 
from D.H.I.A. herds: 

Pas_ture only 
Number of cows .......................................... 5,028 
Average fat yield, lbs. ........................ 242 
Average feed cost, year ..................... $38.82 

Pasture with 
Grain or Hay 

3,141 
287 

$45.74 

In these herds $6 .. 92 worth of additional feed during 
the pasture season gave a return of 45 pounds of fat 
worth $13.50 at 30 cents per pound. Experiments show 
that cows receiving grain or hay in summer will not 
only produce more milk at a greater profit while on 
pasture but also will yield more the following winter 
because the cows will be in better condition of flesh 
when they go into winter production. 

Grain and hay feeding with pasiure.-When cows 
are on good pasture, the daily amounts of grain or hay 
equired in addition to pasture is shown in the follow-
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Table 6. Amount of Feed or Alfalfa Needed to 
Supplement Pastures During the Summer 

Guernsey or Jersey 
producing lbs. milk daily 

Feed pounds 
grain daily 

25 ........................................................................ 2 
30 ................................................................... :.... 4 

35 ....................................................................... : 6 
40 ........................................................................ 8 

Holstein, Brown Swiss, 
Ayrshire, Shorthorn 

producing lbs. milk daily 
30 ........................................................................ 2 
35 ........................................................................ 4 
40 ........................................................................ 6 

so ....................................................................... : 10 

or· 
Alfalfa 

hay 

3 
6 
9 

12 

3 
6 

15 

ing table. High quality alfalfa hay may be substituted 
for grain, as indicated in the right-hand column of the 
table. With abundant pasture any farm grain .such as 
corn, oats, or barley will serve the purpose. Green grass 
is rich in protein; hence common farm grains supply 
the additional needed food material. 

If the cows refuse to consume the 'indicated pounds 
of hay as a substitute for grain, a somewhat smaller 
grain allowance than indicated can be fed along with 
such hay as will be taken. Many good· dairymen provide 
alfalfa hay all through the pasture season. 

Supplementary Feeding with Poor Pastures 

The main difference in feeding cows on poor pas
tures as compared to good pasture is in quantity and 
quality of the extra feed provided. Unfortunately the 
season of abundant pasture is often short. If the usual 
sharp drop in milk flow during July and August is to be 
avoided on permanent pasture, cows must be supplied 
with a supplementary pasture or grain and h~y at the 
barn. Once the milk flow has taken a drop, it is impos
sible to bring it back, even with the best of feeding. 
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Roughage.-Alfalfa hay is one of the best feeds for 
milking cows during periods of pasture shortage. Its high 
feeding value, high yield per acre, and greater conven
ience and economy of storage and handling as compared 
with silage or other green cut crops are factors greatly in 
favor of alfalfa. In comparison with silage, alfalfa hay is 
higher in protein, costs less, and can be fed with less 
waste. Cows will make their own adjustment on the 
quantity needed; as the pasture gets short they will eat 
more. 

The summer silo.-Silage is used by s0me dairymen 
as a pasture supplement. Silage usually insures a de
pendable supply of feed and is easily handled and fed. 
But balanced against this are the facts that a fairly deep 
layer of silage must be removed daily to prevent spoiling 
and that it is higher in cost than hay, especially if an 
additional silo is required. 

Grain feed with pasture.-When good hay is not 
available, it will pay to feed some grain with poor pas
ture. When the amount of grain that needs to be fed with 
pasture is small, any of the farm grains such as corn, 
oats, or barley will serve the purpose. Corn and cob meal 
alone is excellent. A high-producing cow on poor pasture 
should be fed the regular winter grain mixture indi~ 
cated for low-protein roughages, page 35, at the rate of 
one pound of grain to 3 to 5 pounds of milk . 
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WINTER FEEDING tries the skill of every dairy
man. In summer on good pasture the cow is able 

to adjust her own ration and to help herself to a high 
quality feed. During the winter she is shut in the 
stanchion and has to eat only what is carried to her. 
The caretaker is fully responsible, and production will 
depend largely on the feed he gives her. The good 
winter ration is the one that supplies sufficient protein, 
total digestible nutrients, water, minerals, and vitamins 
to maintain the cow and supply the material necessary 
for milk production. It must be a ration that the cow 
likes so that she will eat plenty of it. It must also be 
low in cost. Here the skill of the feeder and his knowl
edge of feeds and the requirements of the cows hold full 
sway. 

If the roughage is an early-cut, high-quality, well
cured legume hay, the feeding problem is tremendously 
simplified. If, however, the roughage is of poor quality, 
overripe, weathered, poorly cured, and unpalatable, this 
problem, especially of keeping costs low, is a rather 
difficult one. (See page 64 for amounts of roughage.) 

General Winter Feeding Rules 

Feed all the roughage a cow will eat. If a legume 
hay is fed, many of the better dairymen are now reduc· 
ing the quantity of corn silage to induce the cow to eat 
a larger quantity of hay. The hay contains at least three 
to five times as much digestible protein as the corn silage 
on a dry basis. The advantage of heavy alfalfa hay feed· 
ing is that the cows can be carried higher in production 
with ordinary farm grains than they can where they are 
allowed to eat a larger quantity of silage. This plan of 
feeding gives the lowest possible costs. (See page 67.) 

32 



Grain Feeding with Legume Hay 

Cows receiving a good quality legume hay will pro
duce considerable milk without any grain at all. Hol
steins should produce up to about 20 pounds of milk 
daily on alfalfa hay alone; Brown Swiss, Shorthorn, and 
Ayrshire about 18; Guernseys about 12; and Jerseys, 10 
pounds of milk a day. 

Above that minimum amount, feed Holsteins, Brown 
Swiss, Shorthorns, and Ayrshires at the rate of about 
one-half pound of grain for each pound of milk produced 
daily over the amounts indicated above. For Guernseys 
and Jerseys the rate of grain feeding must be slightly 
higher-about 6/10 of a pound of grain for each pound of 
milk produced daily over the amount as indicated above. 
This rule is rather general, of course, as individual cows 
vary considerably in their butterfat tests. Higher testing 
cows will require that grain feeding be started at a little 

1 lower quantity of milk and fed a little larger quantity 
of grain per pound of milk. 

The grain mixture fed under these conditions should 
contain at least 8 to 9 per cent of digestible protein. A 
mixture of home-grown grains or grain and wheat mill 
feeds will come very close to this. A common Minnesota 
grain ration might be one half corn and cob meal, one 
half oats and barley. 

Grain Feeding with Low-Protein Roughages 

With a low-protein roughage such as timothy hay 
and corn fodder, or poor quality legume hay with or 
without silage, no specific rules for feeding can be given 
that will apply in all cases. However, the general rule 
of one pound of grain to each 2 to 3 pounds of milk for 
the high testing breeds, Jerseys and Guernseys, and one 
pound of grain to 3 to 5 pounds of milk for the medium 
testing breeds, Holstein, Brown Swiss, Shorthorn, or 
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Ayrshire, will serve as a guide. Not only will more grain 
be needed but the concentrate mixture must be consid
erably higher in protein-a 16 per cent digestible protein 
mixture-which means that about one fourth to one fifth 
of the grain mix will have to be made up of one of the 
high-protein concentrates, such as linseed, cottonseed, 
soybean, or corn gluten meals. 

Grain Mixtures to Feed with Roughages 

As previously noted, the kind and quality of the 
roughage determines the character and the quantity of 
the grain ration. 

Wifh good legume roughages. Without silage or with 
silage in medium amounts, the grain mixture can be 
rather simple and entirely of home-grown feeds in what
ever proportions they are available. 

(1) lbs. (3) lbs. 
Corn and cob meal ......... 500 Ground corn ........................... 400 
Ground oats ........................... ·200 Ground oats ........................... 200 
Ground barley 100 Ground rye .............................. 100 

(2) (4) 

Ground barley 200 Ground barley ..................... 200 
Ground oats ........................... 200 Ground oats ........................... 200 

Wheat bran ......................... 100 

For cows producing more than one pound of fat 
daily, add 10 per cent of one of the high-protein concen
trates, such as linseed meal, to the above suggested mix
tures. If silage is fed in large amounts more high-protein 
feed will be needed. Wheat bran and middlings can be 
used in place of any of the farm grains and will raise the 
protein content somewhat and the phosphorus content a 
great deal. 

When medium-protein roughage, such as timothy 
and clover, or one feed of legume hay and one feed of 
a low-protein hay with or without silage is fed, the grain 
mixture should contain about 12 per cent digestible crude 
protein, or 16 per cent total crude protein. The following 
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mixtures are suitable. They have more variety than the 
previous ones which is desirable because of the poorer 
roughage. 

(1) lbs. (4) lbs. 
Corn and cob meal ......... 300 Ground barley ..................... 300 
Ground oats ........................... 100 Ground oats ........................... 200 
Ground barley ..................... 100 Linseed meal ........................... 100 
Linseed meal ........................... 100 

(2) 
Ground barley ..................... 200 
Ground oats ........................... 300 
Wheat bran .............................. 100 
Linseed meal ........................ 100 

(5). 
Ground corn ........................... 400 
Ground oats .............................. 100 
Wheat bran .............................. 100 
Soybean meal ........................ 100 

(3) (6) 
Ground corn and cob Ground barley ..................... 200 

meal .......................................... 200 Ground oats .............................. 100 
Ground oats ........................... ZOO Wheat middlings ............... 100 
Wheat bran .............................. 100 Wheat bran .............................. 100 
Linseed meal ........................ 100 Corn gluten meal ............... 100 

These mixtures can also. be varied in a number of 
' ways, but for about every 500 to 600 pounds of medium

to low-protein grains, 100 pounds of high-protein con
centrate is required in the mixture. 

When the roughage consists of low-protein rough
age-timothy hay, wild hay, corn stover, with or with
out silage-a grain mixture containing 16 per cent di
gestible protein or 20 per cent total cr1.1de protein is 
required. The following mixtures would be suitable: 

(I) lbs. (4) lbs. 
Ground barley ..................... 100 
Ground oats ........................... 100 

Ground barley ..................... ZOO 
Wheat bran .............................. 100 

Wheat bran .............................. 100 
Linseed meal ........................ 100 

Wheat middlings .................. 100 
Linseed meal ........................... 100 

(2) 
Ground barley ..................... 100 
Ground oats ........................... 300 
Wheat bran .............................. 300 
Soybean meal ........................ ZOO 

(5) 
Ground corn or corn 

and cob meal .................. 100 
Ground barley ..................... 200 
Ground oats ........................... 300 

(3) Linseed meal ........................... 200 
Ground corn or corn 

and cob meal .................. ZOO 
Wheat bran ........................... 100 
Cottonseed meal .................. 100 

(6) 
Ground oats ........................... 300 
Ground barley ..................... 300 
Linseed meal ........................... ZOO 
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Note: Linseed meal, cottonseed meal, soybean meal, 
and corn gluten meal are largely interchangeable; so 
purchase the one which is the cheapest on your market. 
Ground soybeans could also be used in place of these 
high-protein concentrates although they are somewhat 
lower in protein. 

The Water Supply 

When one realizes that milk is about 87 per cent 
water and that the higher producing cows need a large 
amount of water to handle the feed they eat, to assist in 
carrying on the body functions, providing enough water 
becomes extremely important. A cow needs at least 3 
pounds of water for each pound of milk produced. Cows 
should be allowed access to water at least twice daily 
at a regular time. If they must drink from an outside 
tank, a tank heater will keep the tank free of ice so that 
water will be readily available. It is not desirable to get 
the water warm. On cold days cows should be turned 
out a few at a time. Drinking cups pay and should be 
added to the dairy barn equipment where running water 
is available. They are laborsavers as they will save the 
chore of turning the cows out to water. Under most con
ditions, cows do not get water regularly and do not get 
enough water outdoors during cold weather so the use 
of drinking cups usually increases milk production. 
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WHEN IT becomes necessary to purchase feed of any 
kind to supplement home-grown supplies, careful 

attention should be given to the kind of feed required. 
Proper feeding with economical production requires 
close attention to the selection and cost of the feeds 
purchased. 

Before any feed is purchased, the nature and feeding 
value of available home-grown feed should be consid
ered. The dairyman who has corn and oats or barley and 
oats, with good legume hay, may need some high-protein 
concentrate to balance his grain mixture when his cows 
are producing heavily. With moderate production such 
as one pound of butterfat daily per cow, it is doubtful 
if the use of high-protein feed will increase production 
enough to warrant the added cost of feed. On the other 
hand, when the roughage is of poor quality, the purchase 
of protein concentrates becomes necessary for low cost 
production. 

Because most purchased feed stuffs vary greatly in 
price and feeding value, select the feed that will supply 
the needed feed material, either protein or total digesti
ble nutrients, at the lowest cost per pound. Tables VII 
and VIII in the appendix give comparative costs for 
most of the common feeds at different market prices. 
These tables compare costs of feed wholly upon protein 
or total digestible nutrient content. · 

The Petersen method of evaluating feeds.-The pre
ceding method (tables VII and VIII) of comparing cost 
·of different feeds, however, is not entirely satisfactory 
because it bases the value of a feed wholly upon its 
protein or upon its total digestible nutrient content. A 
correct evaluation should consider both. This is done 
in a formula developed by Dr. W. E. Petersen of the 
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Minnesota Agricultural Experiment Station. This form
ula utilizes a table of constants which have been worked 
out for most common feeds. (See table VI, page 76.) The 
constants listed may also be used to determine the ap
proximate value of commercial feeds that are similar in 
composition to any of the feeds listed in the table. 

Ready-Mixed Commercial Feed. 
Minnesota dairymen, especially those in the north 

central and northeastern section, purchase large amounts 
of ready-mixed dairy feed. According to the State De
partment of Agriculture, Minnesota farmers i~ 1942 spent 
$28,722,206 for 535,340 tons of mixed and mill feeds for 
all classes of livestock. Of this amount, approximately 
148,118 tons was dairy feed of various kinds valued at 
$7,012,902. Wheat bran made up 49,999 tons of the 
148,118 tons. 

When very little or no home-grown feed is available, 
ready-mixed feed offers some advantages, especially to 
the small herd owner. It supplies variety and saves mix
ing at home. The cost of these mixed feeds should be 
checked against the cost of purchasing the several in
gredients separately and having them mixed at the mill 
or at home. (See sample feed mixtures on page 42.) 

The typical dairyman of central and :>outhern Min
nesota, who grows most of his concentrates such as corn, 
oats, and barley, needs a high-protein concentrate to 
balance his grain mixture when he does not have alfalfa 
hay. 

When protein is needed, the buyer should carefully 
compare the cost of a pound of digestible protein in 
ready-mixed dairy feeds with that in common high: 
protein feeds such as soybean meal, linseed meal, cot
tonseed meal, and corn gluten meal. Usually the cheapest 
protein is to be had in the high-protein feeds listed. The 
careful bu¥er will select the feed that provides a pound 
of protein at the least cost. (See Table VII in appendix.) 
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Buying by guaranteed analysis.-The Minnesota 
Feed Stuffs Control Law offers the buyer of mixed feeds 
protection against inferior feeds of unknown composi
tion. The law does not guarantee quality, but it does re
quire that each sack carry a tag or label showing the 
manufacturer's guaranteed analysis and ingredients of 
the mixture. One of the specimen tags reproduced is 
from a sack of 16 per cent crude-protein mixed feed, 
the other from a sack of linseed meal. (See figure 6.) 

The figures given for each kind of feed material, 
protein, fat, fiber, and nitrogen-free extract, are stated 
in terms of total crude material as found by chemical 
analysis. Somewhat less than these stated amounts are 

0 

100 POUNDS NET 
______ FEED 

GUARANTEED ANALYSIS 
CRUDE PROTEIN, 

NOT LESS THAN 16.0 PER CENT 

CRUDE FAT, 
NOT LESS THAN 3.5 PER CENT 

CRUDE FIBER, 
NOT OVER 12.0 PER CENT 

NITROGEN-FREE EXTRACT, 
NOT ~ESS THAN 48.0 PER CENT 

INGREDIENTS 
LINSEED MEAL, COTTON-

SEED MEAL, SOYBEAN MEAL, 
PURE WHEAT BRAN, GROUND 
SCREENINGS FROM FLAX, 
WHEAT, OATS, BARLEY. MO
LASSES, CALCIUM CARBON
ATE, BONEMEAL, SALT. 

0 

100 POUNDS NET 

LINSEED MEAL OLD PROCESS 

GUARANTEED ANALYSIS 

CRUDE PROTEIN, 
NOT LESS THAN 37 PER CENT 

CRUDE FAT, 
NOT LESS THAN 4.5 PER CfNT 

CRUDE FIBER, 
NOT OVER 9 PER CENT 

NITROGEN-FREE EXTRACT, 
NOT LESS THAN 34 PER CENT 

FIG. 6. Typical tags from purchased feeds 
Left: Tag from sack of commercial mixed feed. 
Right: Tag from sack of linseed meal. 
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actually digestible. How much digestible protein or total 
digestible nutrients a mixed feed contains can only be 
approximated because the proportions of different feeds 
in the mixture are not given and the nutrients from dif
ferent grains vary in digestibility. It would not be far 
wrong to figure that 78 per cent of the protein in any 
ready-mixed feed is digestible. For example, a· feed tag 
shows 16 per cent crude protein. This feed would contain 
78 per. cent of 16, or 12.48 per cent, digestible protein. 
Such feed would be comparable to wheat bran in per
centage of digestible protein. 

Crude fiber is the woody part of the plant. Corn
stalks, oat hulls, straw, and coarse low-grade hay are 
high in fiber. Crude fiber not only is low in digestibility 
but as its percentage increases the percentage of digesti
bility goes down. It is desirable to purchase feed having 
not over 8 to 12 per cent crude fiber. 

To furnish a basis for judging the feeding value of 
mixed feeds, the chemical analyses of a few common 
feeds are given in table 7, in terms used on feed sack 
labels. By comparing these figures with those on the feed 
sack label, it will be possible to learn which of the com
mon feeds compares to the mixed feed offered for sale. 

A mixed dairy feed may contain a large variety of 
feeds. This is an advantage provided the proportions of 
feed in the mixture having high feeding value are rela· 

Table 7. Chemical Analysis of Common Feeds 

Crude 
Protein 

Per Cent 

Corn ................................... ............................. 9.6 
Barley ............................................................ 12.3 
Oats .................................................................. 13.1 
Linseed meal .......................................... 37.0 
Wheat bran ............................................. 15.5 
Wheat middlings .............................. 17.0 
A low-protein mixed feed ...... 16.0 
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Crude 
Fat 

Per Cent 

3.9 
2.1 
3.8 
4.5 
4.9 
4.9 
3.5 

Crude Nitrogen 
Fiber Free Extract 

Per Cent Per Cent 

2.4 69.0 
6.4 65.3 

10.8 59.0 
9.0 34.0 
9.7 51.4 
4.4 59.9 

12.0 48.0 



tively large. Wheat screenings and alfalfa meal often 
comprise considerable of the bulk of low-protein feed 
mixtures. Note that the fiber, as shown on the tag, of 
the mixed feed is higher than the grains or mill feeds; 
thus its percentage of digestibility is probably somewhat 
below them. 

Complete and detailed information may be had on 
any commercial feed offered for sale in Minnesota by 
writing to the State Department of Agriculture, Division 
of Feed and Fertilizer, State Office Building, St. Paui. 

Selecting Commercial Feeds 
The mixed feeds most common on the market in 

Minnesota have a guaranteed composition ranging from 
16 to 32 per cent crude protein. In selecting a mixed 
feed, it is important to provide enough protein, but feed
ing more than specified by the feeding standards usually 
makes the feed cost higher than necessary. Following are 
suggestions regarding the correct proteit:J. content of the 
grain ration to accompany available types of roughage; 
suitable mixtures combining home-grown grains with a 
commercial mixed feed are also presented. 

When :the roughage consists of alfalfa or o:ther leg
ume hay alone or with medium amounts of silage, the 
grain mixture should contain about 12 per cent total 
crude protein or about 9 per cent digestible protein. 

(a) The grain ration may be entirely home-grown 
grains (at least two, preferably three, are de-· 
sirable in the mixture) for Holsteins milking up 
to 45 pounds daily and up to 30 pounds for 
Guernseys or Jerseys. For higher production 
add a high-protein concentrate. 

(b) If commercial feeds are purchased, select one 
containing at least 12 per cent total crude pro
tein. (The only objection to a higher protein 
figure may be greater cost.) 
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(c) When home-grown grains (corn, oats, barley) 
are to be used in part, suitable combinations are: 

500 lbs. home-grown grains 
150 lbs. mixed feed, 16 per cent total crude protein 

or 
500 lbs. home-grown grains 

75 Jbs. mixed feed, 20 per cent total crude protein 
or 

500 lbs. home-grown grains 
50 lbs. mixed feed, 24 per cent total crude protein 

When the roughage consists of mixed hay (clover 
one-half and timothy one-half with or without silage), 
the grain mixture should contain at least 16 per cent 
total crude protein or about 12.5 per cent digestible 
protein. 

(a) When the entire ration is to be purchased in the 
form of a mixed feed, select one with at least 16 
per cent guaranteed total crude protein. 

(b) When home-grown grains (corn, oats, barley) 
are to be used in part, suitable combinations are: 

500 lbs. home-grown grains 
700 lbs. mixed feed, 20 per cent total crude protein 

or 
500 lbs. home-grown grains 
350 lbs. mixed feed, 24 per cent total crude protein 

or 
500 lbs. home-grown grains 
175 lbs. mixed feed, 32 per cent total crude protein 

When the roughage consists of timothy. wild hay, 
or corn fodder, with or without silage, the grain mix
ture should contain at least 18 per cent total crude pro
tein or about 15.6 per cent digestible protein. 

(a) When the entire grain ration is to be purchased 
in the form of a mixed feed, select one carrying 
a guarantee of 18 per cent total crude protein. 

(b) When home-grown feeds are on hand (corn, oats, 
barley) and other feed is to be bought, suitable 
combinations are: 

42 



500 lbs. home-grown grains 
1,400 lbs. commercial mixed feed, 24 per cent total crude 

protein 
or 

500 lbs. home-grown grains 
400 lbs. mixed feed, 32 per cent total crude protein 

Mineral Requirements and Mineral Feeds 

Reports of the Minnesota Department of Agriculture 
indicate more than 46 million pounds or 23,678 tons of 
mineral feeds were sold to livestock farmers in Minne
sota during 1942 at an estimated wholesale cost of about 
$1,672,140. 

The importance of minerals for cattle has been dis
cussed on page 9. Whenever the ration of a dairy herd 
is deficient in certain minerals, it is important that these 
minerals should be provided. Extensive experimental 
studies indicate, however, that it is not often that a 
mineral deficiency, except salt, occurs under ordinary 
conditions of feeding and management practiced on 
most Minnesota dairy farms. Too frequently the owner 
of a herd that is not producing well is led to believe his 
cattle need some special form of mineral feed. Usually, 
however, the :real cause of trouble is just plain poor 
feeding; that is, the ration is short of protein or of total 
feed or both. Before giving any form of mineral sup
plement, make sure the ration is complete in all other 
respects. Extra minerals should be provided only after 
other nutrition needs have been supplied. 

Mineral feeds of various forms are frequently sold 
as a cure-all for various breeding and other troubles in 
cattle. There is little evidence to support the use of min
erals for this purpose. 

Common salt.-Common salt is the only mineral 
compound needed by cattle that is certain to be lacking 
in ordinary dairy rations. Livestock crave salt not merely 
for its taste, but also because their bodies have a real 
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need for the sodium and chlorine that salt contains. A 
dairy cow without access to salt will gradually lose 
vitality, her hair will become harsh and rough, she will 
lose weight, and finally she will suffer a complete break
down. 

The amount of salt needed varies with the individual 
cow, her milk flow, and the kind of ration fed. A 1,000-
pound cow requires about % ounce of salt daily for 
maintenance, plus ¥4 ounce more for each 10 pounds of 
milk produced. 

Supplying salt in the grain ration is an excellent 
plan, mixing from 1 to 2 pounds of salt with every 100 
pounds of grain .. In addition, keep 11 supply of clean salt 
before the cows at all times. Granulated salt is better 

-than rock salt for this purpose because it is easier for 
the cows to eat. Cows do not get enough salt from blocks. 
Giving cattle salt once or twice a week is not often 
enough. 

Other minerals that may be deficient.-Of the ten 
or more mineral elements, besides sodium and chlorine, 
required by cattle, only phosphorus, calcium, and iodine 
are ever likely to be deficient in the rations of dairy 
cattle in Minnesota. A deficiency of phosphorus is the 
most common; a calcium .deficiency seldom occurs; and 
iodine deficiency occurs only occasionally. Not only do 
cattle require large amounts of phosphorus, but all 
roughages are rather poor in this element. The phos
phorus content of some feeds, especially roughages, is 
greatly affected by the method of curing, the amount of 
rainfall during growth, and to a marked degree by the 
mineral content of the soil. Hay produced on phos
phorus-rich soil during a season of abundant rainfall 
will be considerably richer in phosphorus than hay pro· 
duced during a dry season. 

Minerals in the- soil and the rainfall affect the min
eral content of roughage crops. The phosphorus content 
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of the soil is low in many sections of western and north
western Minnesota. In this region all forms of roughage, 
even the legumes, are below average in phosphorus. On 
such farms it is desirable to supply added phosphorus 
in the form of bone meal throughout the entire year. 
The effect of the calcium and phosphorus content of the 
soil and of rainfall on the mineral .. content of hays is 
well illustrated in tables 8 and 9. 

Table 8. Phosphorus and Calcium Content of Hays as Affected 
by Mineral Content of Soil on Which It Was Produced 

Per 100 lbs. of Hay 
Kind of Hay and Source 

Phosphorus 

grams• 
Prairie hay 

From low-phosphorus soil .......................................... 32 
From other sources ............................................................ 45 

Timothy hay 
From low-phosphorus soil .......................................... 51 
From low-calcium soil ...................................................... 66 
From Minnesota market ................................................ 65 

Alfalfa hay 
From !ow-phosphorus soil ............................................. 69 
From Minnesota market ....................... 103 

• One ounce = 28.35 gr.ams. 

Calcium 

grams 

213 
222 

179 
116 
162 

673 
617 

Table 9. Mineral Content of Hays from Low-Phosphorus Soil 
as Affected by Rainfall During Period of Growth 

Variety Annual 
Rairifall ------------------
inches. 

Alfalfa hay ................................................... 17.49 
Alfalfa hay ................................................... 21.98 

Timothy hay .......................................... ..... 17.49 
Timothy hay ............................................. . 21.98 

Prairie hay 
Prairie hay 

17.49 
21.98 
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Per 100 1bs. of Hay 

Phosphorus Calcium 

grams grams 

60 863 
96 858 

43 211 
54 146 

30 172 
55 19~ 



When are more minerals needed?-In general, no 
mineral supplement need be provided except when there 
are definite signs of a deficiency. Certainly this is true on 
farms not located in the phosphorus-poor soil regions and 
where good-quality legume roughage is fed along with 
enough grain to balance the ration. If cattle, especially 
the cows in milk, show a lack of appetite for good
quality hay or show a desire to chew on old bones, pieces 
of wood, leather, or clothing, then there is likely a de
ficiency of phosphorus in the ration. Stiffness in the ani
mal may develop after a long-continued deficiency of 
either phosphorus or calcium. 

How to provide enough minerals in the ration.-The 
information regarding the mineral requirements of cattle 
is still incomplete. However, it is believed that the cal
cium and phosphorus requirements of cows as presented 
in tables I and II, appendix, when used in connection 
with the information relating to the mineral content of 
feeds, included in table V, appendix, will prove helpful 
in determining whether cattle are receiving enough cal
cium and phosphorus. 

The range of values rather than the average of the 
calcium and phosphorus content of the most commonly 
fed roughages is given in table V. This plan was followed 
because, as has been shown, the mineral content of all 
roughages varies widely according to the conditions 
under which the roughages were produced, and conse
quently an average figure cannot be used in determining 
the mineral content of the ration. It is probable that 
these differences also occur in the other roughages. The 
mineral content of concentrates is affected much less by 
these factors. From this it is evident that, in planning 
rations, the possible inf).uence of soil, rainfall, and other 
factors on the calcium and phosphorus content of the 
roughage fed must be considered. For example, on farms 
where the soil is poor in phosphorus, as is true chiefly 
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in the northwestern and western prairie sections of the 
state, a value near the lower figure indicated for the 
roughage fed might properly be used. Under such con
ditions it will usually be necessary to feed some phos
phorus-rich feed such as wheat bran or bone meal to 
supply the needed phosphorus. On the other hand, a 
similar ration fed on farms in regions of phosphorus
rich soil is usually adequate without supplying any phos
phorus-rich product because of the higher phosphorus 
content of the roughage. 

Table V shows that all roughages, especially the leg
umes such as alfalfa and clover hay, are rich in calcium 
but rather low in phosphorus. On the other hand, most 
concentrates are low in calcium but medium to high in 
phosphorus. Wheat bran, cottonseed meal, and linseed 
meal are especially rich sources of phosphorus. It is easy 
to see from this why a calcium deficiency seldom, if ever, 
occurs when the ration contains plenty of legume rough
age. 

Feeding bone meal.-If and when additional amounts 
of either phosphorus or calcium or both are required, a 
supplement or feed rich in the desired element or ele
ments should be provided. Experimental studies have 
shown that bone meal of the kind made especially for 
feeding to cattle is one of the richest and most satis
factory sources of phosphorus, as well as the cheapest. 
As shown in table V, bone meal is also very rich in 
calcium. 

The bone meal fed should be finely ground and pre
ferably should be mixed with the grain. Mixing 1 to 3 
pounds with every 100 pounds of grain fed is usually 
enough. An additional supply in a clean box should be 
kept before the cattle. Salt may be mixed with it at 
the rate of one part salt to four parts of bone meal if 
desired. On farms where a mineral supplement is needed, 
bone meal· should be available to the cattle throughout 

47 



the· entire year. Farmers in northwestern Minnesota 
should feed bone meal as a regular practice. 

Commercial mineral mixtures.-Deflorinated rock 
phosphate especially prepared for livestock can be 
used in place of bone meal. Many prepared mixtures are 
on the market, and many exaggerated claims are made 
regarding the value of some of them. The facts are, 
however, that they seldom give better results than when 
bone meal is used alone and sometimes not as good. 
Some of these mixtures contain many ingredients, most 
of which have little or no value and some of which may 
actually be harmful. 

The cost of a mineral feed should not be figured on 
its price per ton but upon the cost per pound of the 
needed mineral elements, such as the phosphorus which 
it provided. Steamed bone meal averaging about 40 per 
cent CaO, or about 28 per cent pure calcium and 30 per 
cent P.o., or about 13 per cent pure phosphorus, will 
almost always be found the richest as well as the cheap
est source of phosphorus on the market. There is no rea
son for paying a high price for a mixture which contains 
a large amount of common salt, ground limestone or 
marl, and other less useful products. 

Iodine.-Cattle in Minnesota and surrounding states 
occasionally suffer from a deficiency of iodine. The iodine 
content of feeds and drinking water is generally quite 
low throughout the region. Calves born with goiter or 
"big neck" indicate a shortage of iodine. When such signs 
appear, iodine should be added to the ration. 

Iodine can usually be provided most easily and 
cheaply in iodized salt. If ready-mixed iodized salt is 
purchased, it should have a guaranteed analysis of at 
least 0.015 per cent iodine. To prepare this product at 
home, the Division of Veterinary Medicine of the Univer
sity of Minnesota recommends that one ounce of either 
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pulverized potassium iodide or sodium iodide be mixed 
thoroughly with every 150 to 300 pounds of salt fed. 
These forms of iodine can be purchased at drug stores 
for about 35¢ per ounce. This product should always be 
kept in a tightly stoppered bottle, properly labeled to 
avoid accidental consumption by human beings. A con
venient way to feed iodized salt is to mix about one 
pound with every 100 pounds of the grain ration. Cows 
should also be allowed free access to the iodized salt. 
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e~,P~,anJ 
Nubueni Value o/ dJ.eeci 

ROUGHAGES 

Legume Hays 
Just how well do various feeds meet the require

ments that have been discussed in this bulletin? Which 
ones provide carbohydrates but are low in proteins? 
Which ones work in best with the dairy farm plan? 
These and other questions are answered in the following 
discussion. 

Alfalfa.-Properly cured alfalfa easily ranks first 
among hays for dairy cattle. It is very palatable and is 
laxative in character. It is high in protein, containing 
three to five times as much as timothy, and is the high
est of all common feeds in calcium. Any dairy ration not 
containing alfalfa will be improved by iis addition. High
quality alfalfa hay is practically equal to wheat bran as 
a feed for dairy cows. Alfalfa ranks at the top among 
farm crops in the amount of protein and digestible nu
trients produced per acre at an average yield of about 2 
tons per acre. 

Clover.-Clover hay, either red or alsike, has the 
same advantage as alfalfa. However, it is a little lower 
in protein. Alsike has practically the same composition 
as red clover, but is finer stemmed, making it especially 
well adapted for feeding calves. 

Sweet clover.-Properly cured hay from this legume 
has a feeding value about the same as that of alfalfa 
although the cows usually refuse a considerably larger 
proportion on account of coarse stems. Sweet clover 
should be thickly sown so that the stems will not grow 
too coarse. The crop should be cut before the first blos-
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soms appear because the stems rapidly grow woody after 
this stage is reached. Care must be taken in curing or 
the leaves will become brittle and shatter badly. Well
fed cows usually reject from 15 to 30 per cent of the 
stems and coarse parts. At times, as a result of condi
tions not yet fully understood, sweet clover hay may 
cause serious illness. Surgical operations such as dehorn
ing or castrating should not be performed upon animals 
receiving only sweet clover hay. There is danger of the 
animals bleeding to death as the blood fails to clot. It is 
advisable to limit sweet clover hay to not more than half 
the total roughage. 

Soybean hay.-This hay ranks slightly below alfalfa 
as a feed for dairy cows. It is quite important to use a 
variety suitable for hay because as high as 30 per cent of 
the hay from coarse, heavy-stemmed varieties is refused 
while less than 10 per cent is refused from others. Cut
ting at the proper stage (seed half formed) is also an 
important factor in obtaining high' yields of palatable 
hay. 

Nonlegume Hays 

Timothy hay.-Timothy is widely grown because it 
does well everywhere and is easy to start. It is a poor 
feed for dairy cows. It is low in protein and is not palat
able except when cut early. It does have a place in a 
mixture with clover and alfalfa. When grown with al
falfa and cut early it has a higher protein content than 
normal and makes the first cutting of alfalfa easier to 
cure. When timothy is used as roughage, it is almost 
impossible to avoid the use of large quantities of expen
sive protein feeds. It is among the lowest of all common 
roughages in calcium. 

Brome grass (Bromus inermis).-This grass is gain
ing popularity in Minnesota for both hay and pasture. 
It yields well on lowland that is not subject to prolonged 
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flooding. It is equal to or better than timothy in feed
ing value. Its greatest value as a hay is in a mixture with 
alfalfa. It is one of the most palatable of pasture grasses 
and growth starts early and being drouth resistant lasts 
well throughout the season. 

Oat hay.-When harvested in the dough stage, oats 
make a palatable hay. It should be considered strictly 
for emergency use when stands of legume hay have 
failed. In feeding value, oat hay is similar to good mixed 
clover and timothy. 

Sudan grass hay.-Sudan grass is a rapidly growing 
crop, yielding a large amount of forage which is quite 
palatable to cattle, and it is often used as a supplemen
tary pasture crop. Hay from this grass has a feeding 
value similar to that of early-cut timothy. Like sorghum 
there appears to be some danger from pasturing Sudan 
following frost or during severe drouth. This danger is 
reduced by pasturing at a foot or more in height. 

Reed canary grass (Phalarais).-This grass is 
adapted to lowland soils in Minnesota. The yield is 
usually large. The hay is only fairly palatable and the 
feeding value, when cut early, is about halfway between 
timothy and red clover. It shows wide variation in pro
tein content, depending on the stage of maturity when 
cut for hay. 

Prairie hay.-Wild or prairie hay is used exten· 
sively in Minnesota. In feeding value, the better grades 
rank a little above timothy, but a poor, coarse quality 
ranks below it. Like timothy, it is very low in protein 
and only the better grades can be termed palatable. Its 
feeding value can be greatly improved by early cutting. 
It is frequently very low in phosphorus. 

Millet hay.-This roughage also ranks with timothy 
in feeding value .but is less palatable. It is not a desirable 
hay for dairy cows. It should be cut when in blossom in 
order to produce the most palatable hay. 



Fodders 

Corn fodder.-The term "corn fodder," as commonly 
used, means corn cut just bef~re maturity and shocked 
in the field and includes the ears. Corn fodder is often 
used for wintering beef cattle, but it is not very satisfac
tory for dairy co'ws as there are difficulties in feeding it 
in the manger, and when it is used it is generally fed 
outdoors. It is low in protein and relatively unpalatable 
especially when left in the field and hauled to the feed 
lot as needed. Aside from the grain included, it is about 
equal to timothy hay in total feeding value. 

Corn stover.-Corn stover is corn fodder from which 
the ears have been removed. It is very low in protein 
and is unpalatable. It may be used to a limited extent 
as a rou,ghage for dairy cows. Its feeding value is not 
far from that of timothy hay and is not increased by 
shredding. Shredding makes storage and handling of 
the stover easier and what is refused can be used for 
bedding. 

Sorghum fodder.-Sorghum fodder is more palatable 
than corn fodder and has about the same feeding value. 
Sorghum fodder should be thoroughly dried in shocks. 
If stacked before dry, it may mold. 

Sweet corn forage.-The stalks and leaves remain
ing after the ears are removed for sale to the canning 
factory have about the same feed value as ordinary green 
corn, even though the latter carries a fair amount of ears. 
The sweet corn forage is somewhat superior to the same 
weight of common field corn forage with the ears re
moved. Cured sweet corn stover is likewise somewhat 
more valuable than common corn stover. 

Straws 

Dairy cows will eat a limited amount of oat straw 
from grain cut before it is dead ripe. Cows turned out-
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doors during the winter will eat some straw when fed 
in the open. It is very low in protein and in total nutri
ents and is unpalatable. Barley straw is similarly low in 
palatability and feed value, and its beards may injure 
the mouths of cattle. Wheat and rye straws are practi
cally useless as dairy feeds. 

Silage 

Corn silage.-Corn silage offers the best means of 
supplying succulence during the winter. Silage is not in 
itself a complete ration for a cow in milk as it is low in 
protein. It has a high moisture content, averaging only 
30 pounds of dry matter in 100 pounds. It is not advisable 
to feed silage as the only roughage. Some hay should be 
given in addition, and for this purpose a legume hay lo 

best because of its high protein and calcium content. 

Sorghum silage.-Common sorghum yields heavily 
and makes satisfactory silage, ranking somewhat below 
corn. Sorghum should be cut for silage when the grain 
is mature, otherwise the silage will be too sour. 

Pea and oat silage.-These crops grown together 
make good silage if cut when the oats are beginning to 
turn yellow. The protein content is a little higher than 
that of corn, and the total nutrients are about the same. 

Sunflower silage.-Sunflowers grow in regions where 
the temperature is too low to develop corn to advantage. 
The yield is large and the silage of fair quality, ranking 
in feeding value somewhat below silage made from corn 
cut at the proper stage of maturity. It is less palatable 
than corn silage although cows soon learn to eat it. 

Grass silage.-Fairly satisfactory silage can be made 
from grasses and legumes. Whenever a good quality hay 
can be produced, it is doubtful practice from a cost stand· 
point to make silage from grasses or legumes. The pro-
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tein content of legume silage is higher than corn silage, 
and total feeding value about the same. Legume silage is 
generally less palatable than corn silage. Adding molasses 
or ground grain will improve its palatability. 

Corn cannery silage.-Where sweet corn is canned 
for human food, the producer delivers the ears as snap
ped from the stalks. The husks and cobs from which the 
kernels have been cut are the source of the by-product 
known as corn cannery silage. The material is generally 
piled in stacks and ferments as in a silo. A rotten layer 
forms on the outside, but the remainder is suitable for 
feed. This type of silage has about 12 pounds of <;ligesti
ble feed to 100 pounds, compared with 17 for field corn. 
The value, therefore, is about two thirds that of ordinary 
corn silage. It may be fed in the same way as corn 
silage. 

Pea cannery ,silage.-The pea grower delivers his 
peas, vines and all, to the shelling station. The vines 
with the empty pods are piled in stacks and form silage 
the same as sweet corn. The total digestible feed is about 
15 pounds to the 100, compared with 17 for corn silage. 
The protein, however, is nearly three times as high as in 
corn silage. The total feeding value is practically the 
same as that of corn silage. 

Roots, Beet Tops, and Potatoes 

Mangels.-The mangel is the most widely used root 
crop. Like all other root crops, it contains a large amount 
of water, averaging less than 10 pounds of dry matter to 
100 pounds. The mangel is very palatable and an excel
lent source of succulence. Forty to 60 pounds a day is a 
fair allowance for a mature animal. The labor of growing 
prohibits its general use. Always shred or cut up roan
gels before feeding to cattle. 
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Ruiabagas.-These have the same advantage as 
mangels and practically the same feeding value. As with 
turnips, there is some danger of the milk being tainted 
when fed in large quantities a short time before milking. 
Rutabagas do not yield as high as mangels, and the 
labor of growing them is greater. 

Beet iops.-In sections where sugar beets are exten
sively grown, beet tops furnish considerable feed for 
cattle. They have about one half the feeding value of 
corn silage. There are two fairly satisfactory methods 
of handling and feeding beet tops: (1) Gathering them 
into small piles in the field and hauling the tops to the 
barn as needed; (2) Making one large pile of alternate 
layers of straw and tops near the feed lot or barn. The 
straw prevents spoiling and makes the mixture easier to 
handle. Not over 20 to 30 pounds of tops should be fed 
daily. 

Poiafoes.-Cull potatoes are available at times in 
sufficient quantities to justify considering their use as 
feed. Potatoes contain about two times the dry matter of 
roots but they are not as palatable a feed for cattle. The 
feeding value of potatoes is close to that of silage, pound 
for pound. Potatoes may be fed up to 25 pounds daily. 
Larger amounts have a bad effect upon the quality of 
the butter and are also likely to cause indigestion in 
the animals. It is desirable that potatoes, like root crops, 
be free from dirt and cut up before being fed. 

CONCENTRATES 

Corn.-Corn is especially palatable and is a splendid 
feed for the cow in milk. The protein content and the 
mineral matter, especially calcium, are low. If fed with 
timothy hay, corn stover, or corn silage, the protein con
tent is entirely too low. Corn makes an especially good 
supplement to alfalfa hay. 
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Corn-and-cob meal.-When ear corn is ground, the 
product is known as corn-and-cob meal. Unless the cob 
is ground rather fine the animal will usually leave a 
considerable part uneaten. The only advantage of corn
and-cob meal over corn meal for dairy cows is that if 
the grain ration is lacking in bulk, the ground cob helps 
to supply it. The cob in itself is practically indigestible, 
but it may be more economical to grind ear corn without 
shelling. 

Oats and oaf by-products.-Oats are excellent feed 
for dairy cows and growing animals, having a feed value 
equal to bran. Oats contain a fair amount of protein but 
not enough to be effective in making up a deficiency of 
this constituent in the ration. The by-products from oats 
are mostly from oatmeal factories and consist of oat 
shorts, fine parts of the grain, and hulls, now called oat 
feed. The hulls are largely crude fiber and are about 
equal to oat straw in feed value. Sometimes oat hulls 
are used in cheap mixed feeds that are put on the market. 

Barley.-Barley is a valuable feed for dairy cows. 
Barley is practically equal to corn pound for pound. It 
contains considerably more protein than corn. Its use as 
a feed for dairy cows is increasing. 

Succotash.-A term often used for a mixture of 
wheat and oats or barley and oats that is a common 
feed crop in some sections of Minnesota. Either mixture 
makes an excellent dairy feed when fed with a high
protein roughage. Succotash is also an excellent pasture 
supplement feed. 

Wheat.-While wheat is not a common feed for dairy 
cattle, it is a satisfactory cow feed. In feeding value, 
wheat alone compares favorably with shelled corn or 
barley and is somewhat higher in protein. 

Rye.-Rye has a composition not greatly different 
from wheat, but ranks somewhat below it in feeding 
value. It is unpalatable and if fed in large quantities it 
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tends to produce butter with a ·hard body. If mixed with 
other feeds it may be fed in amounts up to 3 pounds a 
day. 

Linseed meal.-This valuable liigh-protein concen
trate feed is the residue after linseed oil is extracted 
from flaxseed. Linseed meal appears to have an espe
cially favorable effect upon all kinds of animals to which 
it is fed. It is of special value as a means of supplying 
protein lacking in a farm-grown ration, and it is also a 
rich source of calcium and phosphorus. 

Cottonseed meal.-In amount of protein, this feed 
ranks with the highest among feeds ordinarily fed to 
cattle. Hence it is especially valuable as a means of 
balancing a ration. Cottonseed meal can be used inter
changeably with any of the other sources of protein such 
as linseed meal, soybean meal, and gluten meaL It is 
also one of the richest sources of phosphorus. 

Corn gluten meal.-This feed is a by-product of 
starch and glucose manufacture. It ranks high in digesti
ble protein but is rather heavy and somewhat unpalat
able and should always be fed in a mixture with other 
feeds of a more bulky nature. The protein content is 
about the same or slightly higher than that of cotton
seed meal. 

Corn gluten feed.-Gluten feed is gluten meal with 
corn bran added. It should not be confused with gluten 
meal as it has only about half as much protein. As with 
gluten meal, it is always well to buy it on the basis of a 
guaranteed analysis. 

Ground soybeans.-Ground soybeans are practically 
equal to linseed meal as a source of protein for dairy 
cows. Freshly ground soybeans are very palatable. 

Soybean meal.-This is the residue remaining after 
the oil is extracted from soybeans. It is a high-protein 
concentrate in the same class with cottonseed and lin-
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seed meals, and it serves essentially the same purpose 
when used to increase the protein content of a ration 
otherwise deficient in that constituent. 

Wheat bran.-Wheat bran is one of the most impor
tant by-product feeds used by the dairyman. Its value 
lies not alone in its protein content, which is only me
dium, but also in its bulky character and laxative effect 
upon the animal. It is also a very rich source of phos
phorus. 

Wheat middlings.-Wheat middlings or shorts are 
useful feeds, but as a rule it is wiser to use bran rather 
than middlings for the cow in milk. If middlings can 
be purchased at the same price, pound for pound, as bran, 
it may be used as a substitute for bran in the mixture. 

Wheat screenings.-This product consists mainly of 
broken and shrunken wheat kernels and a variety of 
weed seeds. More or less worthless trash may be in
cluded. High-grade screenings have a feeding value 
about 10 per cent below that of oats. The quality varies 
widely; consequently this product should be purchased 
only after inspection or by guaranteed analysis. Screen
ings may have a rather bitter taste due to unpalatable 
weed seeds present. Cattle take them readily, however, 
when mixed with other ground feed. Farmers usually 
hesitate, and properly, in using screenings for fear of 
bringing noxious weeds on the farm. Thorough grinding 
of the screenings removes this danger. The main channel 
for the disposal of screenings is in commercial mixed 
feeds, usually with a variety of other ground concen
trates and often with some molasses. 

Malt sprouts.-This feed possesses some of the de
sirable characteristics of wheat bran, being bulky and 
having a laxative effect. It lacks palatability, having a 
distinct, bitter taste. When fed mixed with other feeds, 
cows soon become accustomed to its taste and do not 
object to it in the ration. Feeding over 3.5 pounds per 
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cow daily may also impart a bitter taste to the milk. 
This may be largely avoided by feeding the grain imme
diately after milking. 

Dried brewers' grains.-This is a bulky palatable 
feed greatly relished by dairy cows and may safely be 
fed in almost any amounts desired. In composition, it 
shows a digestible protein content nearly twice that of 
bran, with a total digestible nutrient content about the 
same as oats. It is quite rich in phosphorus. 

Wet. brewers' grains.-Wet brewers' grains are simi
lar to the dried product except for the high content of 
water. If fed in moderate amounts under proper sanitary 
conditions, their use is not objectionable. They should 
not be fed in excess of 20 pounds per day per cow and 
should be supplemented with hay and some grain such 
as corn or oats. 

Dried beet pulp.-Beet pulp is the residue after the 
sugar has been extracted from sugar beets. Dried beet 
pulp is a very bulky feed slightly lower than corn in 
nutrient value. It has a slightly laxative effect when fed. 
It swells when moistened and cannot be pressed into a 
compact mass. Because of this characteristic, beet pulp 
is generally used as part of the ration of cows receiving 
a very liberal grain ration. The pulp is moistened with 
about three times its weight of water several hours be
fore feeding. The grain mixture is either mixed with it 
or spread over it in the feed box. It may be fed dry as a 
part of the grain mixture if desired. It usually is an ex
pensive .feed for commercial milk production. Before 
purchasing beet pulp for general feeding, the relative 
cost of total digestible nutrients should be compared with 
that of corn and of common cereals, using Table VIII. 

Molasses.-Blackstrap molasses has about 70 per cent 
of the feeding value of corn. From the standpoint of total 
digestible nutrients, molasses is not, as a rule, an eco
nomical feed in Minnesota. It serves a useful purpose as 
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a means of,making unpalatable feed more readily con
sumed. Because of its palatability, it is sometimes used 
to cover up inferior quality in a feed in order to disguise 
materials of little feeding value. Molasses is also useful 
as an appetizer for animals receiving a heavy ration. 
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MOST DAIRYMEN using this bulletin as a guide to 
feeding will, for convenience, use the rations sug

gested in pages 34-35. Progressive dairymen, Dairy Herd 
Improvement testers, and other students of dairy feed
ing who desire and need more accurate and detailed 
methods for calculating rations will find in the follow
ing pages complete directions for balancing rations and 
useful tables of information for the dairy feeder. 

Feeding siandards.-A most important and far
reaching contribution to the knowledge of feed require
ments of the dairy cow was a feeding standard based 
on extensive research work by Prof. Theophilus Levi 
Haecker, which was first published in 1903 in Minnesota 
Agricultural Experiment Station Bulletin 79. His stand
ard was the first to take into account the percentage of 
butterfat in milk as well as the amount of milk produced. 
The feeding standard given in this bulletin is a modifica
tion of the original Haecker standard by C. H. Eckles 
and 0. G. Schaefer with all nutrient values expressed 
in two terms-digestible crude protein and total digesti
ble nutrients. The calcium and phosphorus requirements 
in tables I and II, appendix, were introduced by Gullick
son and Fitch in Experiment Station Buletin 218, "Feed
ing the Dairy Herd," revised 1938. The mineral require
ments are based on information obtained from various 
sources. 

Calculating rations by using the feeding siandard.
A balanced ration supplies the correct amount of each 
of the nutrients required by an animal during 24 hours. 
To calculate a ration for a dairy cow, it is first necessary 
to know the amounts of digestible crude protein and 
total digestible. nutrients required. These requirements 
vary with the weight of the cow and the amount and 
richness of the milk produced. The first step is to refer 
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to table I, appendix, to determine the maintenance re
quirements of the animal. To the nutrients needed for 
body maintenance, add the amounts needed according to 
the quantity and quality of milk produced, as indicated 
in table III. As an illustration, assume that a cow weighs 
1,200 pounds and is producing 40 pounds of milk daily 
testing 3.5 per cent fat. Table I shows that this cow needs 
for maintenance 0.76 pound digestible crude protein and 
8.40 pounds total digestible nutrients. Table III shows 
the additional amounts of digestible crude protein and 
total digestible nutrients that she will need for produc
ing milk. The requirement listed for 40 pounds of 3.5 per 
cent milk is 1.69 pounds of digestible crude protein and 
12.24 pounds total digestible nutrients. For convenience, 
write the figures for maintenance and for milk produc
tion in the following table form and add them to find the 
total daily requirements of the cow. 

Digestible crude 
protein, pounds 

For maintenance of 1.200-lb. cow 0.76 
For 40 lbs. 3.5 per cent milk ............ 1.69 

Total and required ........................ 2.45 

Total digestible 
nutrients, pounds 

8.40 
12.24 

20.64 

The totals show that the daily ration of a cow weigh
ing 1,200 pounds and yielding 40 pounds of 3.5 per cent 
milk should contain approximately 2.45 pounds of digesti
ble crude protein and 20.64 pounds of total digestible 
nutrients. 

Selecting the ration.-The nutrient requirements of 
the cow having been found, the next step is to select a 
ration which will meet the requirements practically and 
economically. Table IV, appendix, is used as a guide to 
find feeding values of feed on hand or purchased. 

Assume that the feeds on hand are timothy hay or 
any other low-protein nonlegume hay and corn silage, 
ear corn, and oats. Under average feeding conditions a 
cow should be fed all the roughage she will clean up and 
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only enough grain to make up the remainder of her re
quirements. When both hay and silage are fed, a cow 
will usually take from 1.0 to 1.5 pounds of hay and 3 
pounds of silage for each 100 pounds of live weight. Fif
teen pounds of hay and 36 pounds of silage are fed in the 
first trial ration. According to the rules for feeding, page 
33, with a low-protein roughage, a Holstein cow should 
be fed one pound of grain for each 3 to 5 pounds of milk 
produced. On this basis 10 pounds of a mixture of equal 

·parts of corn-and-cob meal and ground oats will be used. 

First Ration 

Amount and kind of feed · 
36 lbs. corn silage ...................... . 

Digestible crude 
protein, pounds 

.43 
IS lbs. timothy hay .................... ::. ........... . 
5 lbs. corn-and-cob meal 
5 lbs. ground oats 

Nutrients supplied ..... 
Nutrients required 

.43 

.30 

.51 
-,-
1.67 
2.45 

Second Ration 

Total digestible 
n.utrients, pounds 

6.05 
7.20 
3.90 
3.47 

20.62 
20.64 

(A high-protein concentrate is added to the first ration) 

Amount and kind of feed 
Digestible crude Total digestible 
protein, pounds nutrients, pound1 

36 lbs. corn silage ......... .. .43 6.05 
15 !bs. timothy hay ................................ . .43 7.20 
4 lbs. ground oats ............................... .. .41 238 
4 lbs. corn-and-cob meal ................. . .24 3.12 
2Vz lbs. soybean meal ...................... .. .95 2.06 

Nutrients supplied ........................... 2.46 
Nutrients required ........................... 2.45 

Third Ration 
Digestible crude 

Amount and kind of feed protein, pounds 
25 lbs. corn silage .................................... .30 
20 lbs. alfalfa hay .................................... 2.08 

8 lbs. corn-and-cob meal .................. .49 

Nutrients supplied 
Nutrients required 
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2.87 
2.45 

21.21 
20.64 

Total digestible 
fi.Utrients, pounds 

4.20 
10.30 
6.25 

20.75 
20.64 



The figures shown are the amounts of digestible pro
tein and total digestible nutrients supplied by each feed 
and the total for the ration. (See table IV.) 

The first ration is short in protein, but it does contain 
enough total digestible nutrients. There is enough pro
tein for only about 21 pounds of milk per day. The pro
tein shortage can either be corrected by adding a high 
protein concentrate such as soybean meal, linseed meal, 
or by substituting alfalfa hay for timothy. 

The second ration is satisfactory in so far as required 
nutrients are concerned and should now support the 40 
pounds of 3lfz per cent milk the cow is producing. It 
would be more economical on most farms if alfalfa hay 
could be used instead of soybean meal, but on farms 
where legume hay is not available the high-protein feeds 
must be added to supply the protein if production is to 
be maintained. 

In the third ration, alfalfa hay is used, and the 
corn silage is reduced to permit increased hay consump
tion. Corn-and-cob meal alone will supply the necessary 
food material, but a mixture of home grains in place of 
corn-and-cob meal would be more desirable if available. 

The liberal amount of alfalfa supplies some excess 
protein which is not objectionable. Production in many 
cases is stimulated by an excess of protein. Any excess 
of protein over the required amount should, however, 
be avoided whenever such excess protein is not secured 
from home-grown feeds, because of cost. 

There is no simple method for figuring the mineral 
content of rations such as is possible for digestible pro
tein and total digestible nutrients, because of the wide 
variation in mineral content of feeds. For this reason, 
the inclusion of specific amounts of calcium and phos
phorus in the calculated rations were omitted. A ration 
that contains liberal amounts of good quality legume 
hay will always supply all the calcium (lime) required. 
Farm-grown roughages are not especially rich in phos-
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phorus, and if they are grown on phosphorus-deficient 
soil. they may be very low in phosphorus. Phosphorus 
may run short in home-grown rations fed to high-pro
ducing cows. When additional amounts of phosphorus 
are required, it can easily be supplied in bone meal, 
cottonseed meal, linseed meal, or wheat bran. 

All three rations may be slightly short in phosphorus 
on most farms and quite short in western and north
western Minnesota. To insure a sufficient amount of 
phosphorus in the grain mixture fed to cows producing 
more than one pound of butterfat a day add about 2 per 
cent bone meal to the ration. For additional informa
tion on the subject of mineral feed requirements, see 
pages 43-49. 

Relation of Feeding to Economical Production 

Volume of production, feed costs, and price received 
for the product determine to a large extent the dairy
man's income. In table 10 is shown how the first, second, 
and third rations shown on page 64 affect production, 
income, daily feed cost, income over feed cost, and feed 
cost to produce one pound of butterfat. 

The first ration is very short of protein and would 
not support over 20 to 25 pounds of milk daily. This 
cow's production, as shown in the left column of table 
10, is calculated on that basis. She has the ability to 
produce 40 pounds of 3.5 per cent milk daily, but she 
fails to produce at this level because of a shortage in 
protein. The second and third rations will support 40 
pounds of milk. 

The figures in table 10 indicate that it is wise to feed 
liberally of the feeds that will support the cow's in· 
herited ability to produce milk. Ration I, page 64, re· 
suited in low daily income over feed cost and high feed 
cost to produce a pound of butterfat. The third ration, 
rich in milk-producing food materials secured from al· 
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Table 10. Comparison of Costs and Returns of the Three Rations 

Trial Rations 

First Second Third 

Butterfat produced daily-lb. ........................ .8 1.4 1.4 
Value of fat at 55¢ a lb. .................................... 44 cents 77 cents 77 cents 
Daily feed cost ............................................................... 31 cents 35 cents 28 cents 
Daily income over feed cost ........................ 13 cents 42 cents 49 cents 
Feed cost per lb. fat ................................................ 39 cents 25 cents 20 cents 

Feed prices: corn silage $5.00, alfalfa $10.00, timothy hay $6.00 
per ton, ear corn $1.00, oats 70¢ per. bu., soybean 
meal $3.00 per cwt. 

falfa hay, produced butterfat at about one half the feed 
cost per pound of fat and returned nearly five times the 
daily income over feed cost of the first ration. On a ten
cow herd this is nearly two dollars a day. 

, Heavy Alfalfa Feeding Profitable 

I It has been demonstrated in hundreds of Minnesota 
IDairy Herd Improvement Association herds that heavy 
feeding of high quality alfalfa is profitable. In many of 
these herds, cows are producing 400 pounds and over of 
butterfat a year with less than a hundred pounds of high
protein concentrates consumed with farm grains. To 
induce heavy alfalfa hay consumption, these men are 
limiting the silage to 20 to 25 pounds per cow daily. 
Large amounts of high quality alfalfa fed daily make 
it possible to take care of the needs of the cow (all but 
the highest producers) with home-grown grains. With 
excellent quality alfalfa hay, smaller amounts of grain 
are needed. 

The advantages of more alfalfa feeding programs 
are: 

1. Home-grown low cost protein. 
2. Less grain need be fed. 
3. Lower cost grain may be used. 
4. More production from low cost roughage. 
5. Lower cost of butterfat production. 
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Table I. Daily Mainl!lnance Requirements of Dairy Cows 
See page 62 

Weight 
of cow 

lbs. 

800 ............................................. .. 
850 .............................................. . 
900 ............................................. .. 
950 ............................................. .. 

1,000 ............................................. .. 
1,050 .............................................. .. 
1,100 .............................................. .. 
1,150 ............................................ ... 
1,200 ........................................... .. 
1,250 ............................................. .. 
1,300 .............................................. . 
1,350 ............................................ .. 
1,400 ............................. .. 
1.450 ............................................. .. 
1,500 ........ , .................................... .. 

Digestible 
crude 

protein 

lbs. 

0.504 
0.536 
0.567 
0.599 
0.630 
0.662 
0.693 
0.725 
0.756 
0.788 
0.819 
0.851 
0.882 
0.914 
0.945 

Total 
digestible 
nutrients 

lbs. 

5.60 
5.95 
6.30 
6.65 
7.00 
7.35 
7.70 
8.05 
8.40 
8.75 
9.lli' 
9.45 
9.80 

10.15 
10.50 

• 28.35 grams equal one ounce. 

Calcium Phosphorus 

grams* grams" 
16.0 8.oo 
17.0 8.50 
18.0 9.00 
19.0 9.50 
20.0 10.00 
21.0 10.50 
22.0 11.00 
23.0 11.50 
24.0 12.00 
25.0 12.50 
26.0 13.00 
27.0 13.50 
28.0 14.00 
29.0 14.50 
30.0 15.00 

Table II. Approximate Amounts of Calcium and Phosphorus that 
Should Be Provided for Milk Production 

Amount of 
Milk calcium Phosphorus 

lbs. grams* ·grams• 

1 .............................................................................................................. .. 0.85 0.70 
5 ............................................................................................................... . 4.25 3.50 

10 .............................................................................................................. .. 8.50 7.00 
15 .............................................................................................................. .. 12.75 10.50 
20 .............................................................................................................. .. 17.00 14.00 
25 ................................................................................................................. . 21.25 17.50 
30 ................................................................................................................. , 25.50 21.00 
35 ................................................................................................................ . 29.75 24.50 
40 .............................................................................................................. ... 34.00 28.00 
45 .......... , .................................................................................................... .. 38.25 31.50 
50 .. , ............................................................................................................. . 42.50 35.00 
60 .............................................................................................................. .. 51.00 42.00 

• 28.35 grams equal one ounce. 
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Table III. Diqeslible Nutrients Required for Producing Milk in 
Addition to Amount Required for Maintenance 
See page 63 (Use the nearest fat percentage given) 

Amount Digest- Total 
of ible digestible 

milk protein nutrients 

Per cent of fat in milk 
3.0 

lbs. lbs. lbs. 
L ... 0.0402 0.2773 
5 . 0.201 1.387 

10 ........ 0.402 2.773 
20 .......... 0.804 5.546 
30 ... 1.206 8.319 
40 .......... 1.608 11.092 
50 ............ 2.010 13.865 
60 .... 2.412 16.638 

Per cent of fat in milk 
4.0 

0.0462 0.3353 
5 ... 0.231 1.677 

10 ....... 0.462 3.353 
20 ........ 0.924 6.706 
30 1.386 10.059 
40 ..... 1.848 13.412 
50 2.310 16.765 
60 2.772 20.118 

Per cent of fat in milk 
5.0 

0.0518 0.3904 
5 0.259 1.952 

10 0.518 3.904 
15 0.777 5.856 
20 1.036 7.808 
25 1.295 9.760 
30 1.554 11.712 
40 ......... 2.072 15.616 

Per cent of fat in milk 
6.0 

0.0573 0.4415 
0.287 2.208 

10 0.573 4.415 
15 0.860 6.623 
20 1.146 8.830 
25 1.433 11.038 
30 1.719 13.245 
40 2.292 17.660 
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Amount 
of 

milk 

Digest
ible 

protein 

Total 
digestible 
nutrients 

Per cent of fat in milk 
3.5 

lbs. 
1 ......................... .. 
5 ......................... . 

10 .......................... . 
20 ......................... . 
30 ......................... .. 
40 ........................ .. 
50 ........................ .. 
60 ........................ .. 

lbs. 
0.0422 
0.211 
0.422 
0.844 
1.266 
1.688 
2.110 
2.532 

1bs. 
0.3059 
1.530 
3.059 
6.118 
9.177 

12.236 
15.295 
18.354 

Per cent of fat in milk 
4.5 

1 ......................... .. 
5 ......................... .. 

10 ........................ .. 
15 ........................ .. 
20 ................. : ........ . 
30 ......................... . 
40 ......................... . 
50 

0.0491 
0.246 
0.491 
0.737 
0.982 
1.473 
1.964 
2.455 

0.3638 
1.819 
3.638 
5.457 
7.276 

10.914 
14.552 
18.190 

Per cent of fat in milk 
5.5 

1.......................... 0.0548 
5 .......................... 0.274 

10........................... 0.548 
15........................... 0.822 
20........................... 1.096 
25........................... 1.370 
30........................... 1.644 
40........................... 2.192 

0.4159 
2.080 
4.159 
6.239 
8.318 

10.398 
12.477 
16.636 

Per cent of fat in milk 
6.5 

!........................... 0.0618 
5 .......................... 0.309 

10 .......................... 0.618 
15.......................... 0.927 
20 .......................... 1.236 
25 .......................... 1.545 
30 .......................... 1.854 
40.......................... 2.472 

0.4697 
2.349 
4.697 
7.046 
9.394 

11.743 
14.091 
18.788 



Table IV. Digestible Nutrients Contained in Common Feeds 

See page 63 to 65 for convenient use in making up individual 
cow rations 

Amount 
Digest- Total 

ible .. digestible 
protein nutrients 

Amount 
Digest

ible 
protein 

Total 
digestible 
nutrients 

Dry Roughages 

Alfalfa hay (medium early cut) Red clover hay 

lbs. lbs. 

5 """""""""'""" 0.52 
8 ''"'"""'"""'"''" 0.83 

10 '""""""""""""' 1.04 
12 """"""""""""' 1.25 
15 '"""""""""'""' 1.56 

Soybean hay 

lbs. 
2.57 
4.11 
5.14 
6.17 
7.72 

5 '"""""""""""" 0.45 2.50 
8 """"""""""""' 0.72 4.00 

10 '"""'""""""""" 0.90 5.00 
12 """"""""""'"" 1.08 6.00 
15 "'"""""""""""' 1.35 7.50 

Sweet clover hay 

5 .......................... 0.54 
8 ......................... 0.87 

10 ""'"""""""""" 1.09 
12 "'"""'"""""""' 1.31 
15 """"""""""""' 1.63 

Timothy hay 

5 """""""""""" 0.14 
8 ........................ 0.23 

10 '""""'""""'""" 0.29 
12 0.35 
15 0.43 

2.53 
4.06 
5.07 
6.08 
7.60 

2.40 
3.84 
4.80 
5.76 
7.20 

Reed canary hay 

5 0.22 2.61 
8 ........................ 0.36 4.18 

10 ........................ 0.45 5.23 
12 ........................ 0.54 6.28 
IS ......................... 0.67 7.84 

Corn fodder 

5 ......................... 0.18 2.40 
8 ........................ 0.30 3.85 

10 ························· 0.37 4.81 
12 ........................ 0.44 5.77 
15 ......................... 0.55 7.21 
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lbs. 
5 ......................... . 
8 ....................... .. 

10 ......................... . 

12 """"""""""""' 
15 .......................... . 

lbs. 
0.37 
0.59 
0.74 
0.89 
1.11 

lbs. 
2.48 
3.97 
4.96 
5.95 
7.44 

Mixed hay <V2 clover, 
V2 timothy) 

5 """"""""""""" 0.25 2.46 
8 ......................... 0.41 3.94 

10 """"""""""""' 0.51 4.93 
12 """"""""""""' 0.61 5.92 
15 ......................... 0.76 7.39 

Oat hay 

5 .......................... 0.23 
8 ......................... 0.38 

10 ......................... 0.4 7 
12 ......................... 0.56 
15.......................... 0.70 

Prairie hay 

5 .......................... 0.14 
8 ......................... 0.22 

10 """"""""""""' 0.28 
12 ......................... 0.34 
15 ......................... 0.42 

2.27 
3.64 
4.55 
5.46 
6.82 

2.41 
3.86 
4.83 
5.80 
7.24 

Brome grass hay 

5 ......................... 0.25 2.44 
8 ......................... 0.40 3.91 

10 ....................... 0.50 4.89 
12 ......................... 0.60 5.87 
15 .......................... 0. 75 7.33 

Com stover 

5 """"'""""""""' 0.10 1.82 
8 ......................... 0.16 2.91 

10 ""'""""""""""' 0.20 3.64 
12 """"""""""""' 0.24 4.37 
15 ........................ 0.30 5.46 



Table IV-Continued 

Amount 
Digest

ible 
protein 

Total 
digestible 
nutrients 

Amount 
Digest

ible 
protein 

'Total 
digestible 
nutrients 

Succulent Feeds 

Corn silage Corn cannery silage 

lbs. lbs. lbs. lbs. lbs. lbs. 

5 ... 0.06' 0.84 5 ........................... .055 0.89 

10 ... 0.12 1.68 10 ........................... .110 1.78 

20 ... 0.24 3.36 20 .......................... .220 3.56 

30 0.36 5.04 30 .......................... .330 5.34 

Pea cannery silage Sorghum silage 

5 .... 0.140 0.765 5 .......................... 0.055 0.89 

10 0.280 1.530 10 ......................... 0.110 1.78 

20. 0.560 3.060 20 ......................... 0.220 3.56 

30 ... 0.840 4.590 30 .......................... 0.330 5.34 

Alfalfa silage Sweet clover silage 

0.158 0.71 5 ........................... 0.154 0.75 
10 0.316 1.42 10 ................ : .......... 0.308 1.50 
20 0.632 2.84 20 ........................... 0.616 3.00 
30 .... 0.948 4.26 30 .......................... 0.924 4.50 

Grass silage (non1egume) Sugar beet tops 

5 ... 0.011 0.165 5 .......................... 0.095 0.37 
10 0.110 1.650 . 10 ........................... 0.180 0.74 
20 0.220 3.330 20 ........................... 0.360 1.48 
30 0.330 4.950 30 ........................... 0.540 2.22 

Mangels Rutabagas 

0.05 0.32 5 ........................... 0.050 0.47 
10 .... 0.10 0.65 10 ........................... 0.100 0.95 
20 0.20 1.30 20 .......................... 0.200 1.90 
30 0.30 1.95 30 ......................... 0.300 2.85 

Brewers' grains (wet) Potatoes 

5 .......................... 0.23 0.83 5 ........................... 0.055 0.87 
10 ....................... 0.46 1.66 10 .......................... 0.110 1.73 
20 0.92 3.32 20 .......................... 0.220 3.46 
30 1.38 4.98 30 ......................... 0.330 5.20 
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Amount 

Corn 

lbs. 
1 ......................... : 
2 
3 
4 
5 
6 
7 
8 
9 

10 ......................... 

1 .......................... 
2 .......................... 
3 ......................... 
4 ......................... 
5 ........................ 
6 ......................... 
7 
8 ......................... 
9 ......................... 

10 ......................... 

Succotash 

1 ......................... 
2 ........................ 
3 ........................ 
4 .......................... 
5 
6 ........................ 
7 ""'"""'"'""'""' 

8 ......................... 
9 ......................... 

10 ......................... 

1 .......................... 
2 ......................... 
3 ......................... 
4 ......................... 
5 ......................... 

Digest
ible 

protein 

(shelled 

lbs. 
0.073 
0.15 
0.22 
0.29 
0.36 
0.44 
0.51 
0.58 
0.66 
0.73 

Oats 

0.102 
0.20 
0.31 
0.41 
0.51 
0.61 
0.71 
0.82 
0.92 
1.02 

Wz oats, 

0.099 
0.20 
0.30 
0.40 
0.49 
0.59 
0.69 
0.79 
0.89 
0.99 

Rye 

0.103 
0.20 
0.31 
0.41 
0.51 

Table IV-ConUnued 

Total 
digestible 
nutrients 

Amount 

Concentrates 

Digest
ible 

protein 

dent) Corn-and-cob 

lbs. lbs. lbs. 
0.815 1 ........................... 0.061 
1.63 2 .......................... 0.12 
2.44 3 .......................... 0.18 
3.26 4 .......................... 0.24 
4.07 5 ......................... 0.30 
4.89 6 .......................... 0.37 
5,70 7 ........................... 0.43 
6.52 8 ......................... 0.49 
7.33 9 ························· 0.55 
8.15 10 ............... ~ ........ 0.61 

Barley 

0.695 1 .......................... 0.097 
1.39 2 ......................... 0.19 
2.08 3 ......................... 0.29 
2.78 4 .. ....................... 0.39 
3.47 5 

'''"""~"'"'"''"'' 
0.48 

4.17 6 ......................... 0.58 
4.86 7 .......................... 0.68 
5.56 8 ......................... 0.78 
6.25 9 ......................... 0.87 
6.95 10 ......................... 0.97 

l/z barley) Succotash (Vz oats, 

0.733 1 .......................... 0.095 
1.47 2 ......................... 0.19 
2.20 3 ........................ 0.28 
2.93 4 .. ....................... 0.38 
3.66 5 ......................... 0.47 
4.40 6 .......................... 0.57 
5.13 7 .......................... 0.66 
5.86 8 .......................... 0.76 
6.60 9 ......................... 0.85 
7.33 10 .. ............. ~ ........ 0.95 

Wheat 

0.801 1.: ......................... 0.116 
1.60 2 .......................... 0.23 
2.40 3 ......................... 0.35 
3.20 4 ························• 0.46 
4.00 5 ......... ~ .............. 0.58 
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Total 
digestible 
nutrients 

meal 

lbs. 
0.781 
1.56 
2.34 
3.12 
3.90 
4.69 
5.47 
6.25 
7.03 
7.81 

0.771 
1.54 
2.31 
3.08 
3.85 
4.63 
5.40 
6.17 
6.94 
7.71 

1/z wheat) 

0.743 
1.47 
2.23 
2.97 
3.71 
4.46 
5.20 
5.94 
6.69 
7.43 

0.82 
1.64 
2.46 
3.28 
4.10 



Table IV-Conlinued 

Di£est- Total Digest- Total 
Amount · Ie digestible Amount ible digestible 

protein nutrients protein nutrients 

Buckwheat Beet pulp (dry) 

lbs. lbs. lbs. lbs. !bs. lbs. 
1 ... 0.09 0.64 ! .......................... 0.053 0.737 

2 ... 0.18 .1.29 2 .......................... 0.11 1.47 
3 ... 0.27 1.93 3 .......................... 0.16 2.21 

4 .. 0.36 2.58 4 .......................... 0.21 2.95 

5. 0.45 3.22 5 ........................... 0.26 3.68 

Wheat bran Wheat middlings standard 

lh.. 0.064 0.338 
I 0.129 0.676 1 ........................... 0.15 0.78 
2 ..... 0.26 1.35 2 .......................... 0.30 1.56 
3 ..... 0.39 2.03 3 .......................... 0.45 2.34 
L .. 0.52 2.70 4 .......................... 0.60 3.12 
5 .. 0.64 3.38 5 .......................... 0.75 3.90 

Corn gluten meal Linseed meal 

lf2 ..... 0.188 0.402 V2 .......................... 0.162 0.376 
I 0.377 0.805 1 .......................... 0.325 0.753 
2... 0.75 1.61 2 .......................... 0.65 !.51 
3 ... 1.13 2.41 3 .......................... 0.97 2.26 

......... 1.51 3.22 4 .......................... 1.30 3.01 
1.88 . 4.02 5 .......................... 1.62 3.76 

Cottonseed meal Ground soybeans 

V2 0.167 0.368 1/2 ......................... 0.168 0.461 
I 0.335 0.736 1 ......................... 0.337 0.923 

0.67 1.47 2 ......................... 0.67 1.85 
1.00 2.21 3 ......................... 1.01 2.77 

4 1.34 2.94 4 ........................ 1.35 3.69 
5 1.67 3.68 '5 ......................... 1.68 4.61 

Soybean meal Brewers' grains (dried) 

V2 0.189 0.411 V2 ......................... 0.120 0.334 
I 0.378 0.823 1 ......................... 0.240 0.668 

0.76 1.65 2 ........................ < 0.48 1.34 
1.13 2.47 3 ......................... 0.72 2.00 
1.51 3.29 4 ......................... 0.96 2.67 
1.89 4.11 5 ......................... 1.20 3.34 
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Table V. Average Amount of Digestible Nutrients and Calcium 
and Phosphorus in 100 Pounds of the Common Feeds 

Kind of feed 
Digest

ible 
protein 

lbs. 

Total 
digestible 
nutrients 

lbs. 

Calcium 

grams* 

Concentrates )ow in protein 
Corn, dent ......................................................... 7.3 81.5 4.5 
Corn-and-cob meal ................................. 6.1 78.1 
Barley ..................................................................... 9.7 77.1 21.8 

40.8 
23.4 
16.6 

Oats .......................................................................... 10.2 69.5 
Rye .............................................................................. 10.3 80.1 
Wheat ..................................................................... 11.6 82.0 
Dried beet pulp (plain) ..................... 5.3 73.7 328.0 

247.3 
23.0 

281-463 

Dried beet pulp (molasses) ............ 6.9 72.7 
Molasses (beet) ............................................. 2.9 58.7 
Molasses (cane) .......................................... 1.3 55.9 

Concentrates medium to 

Wheat bran .................................................... . 
Wheat middlings (standard) ........ . 
Malt sprouts ..................................................... . 
Flaxseed ............................................................. . 
Corn gluten feed ...................................... . 
Dried brewers' grains ....................... . 
Linseed meal .................................................. . 
Cottonseed meal ......................................... . 
Ground soybeans ...................................... . 
Corn gluten meal ...................................... . 
Soybean meal ............................................... . 
Dried skim milk ......................................... . 
Dried buttermilk 

12.9 
15.2 
20.9 
20.6 
22.5 
24.0 
32.5 
33;5 
33.7 
37.7 
37.8 
33.6 
36.8 

high in protein 

67.6 42.8 
78.4 39.9 
70.8 93.4 

102.8 115.2 
78.0 72.1 
66.8 128.4 
75.3 160.0 
73.6 86.5 
92.3 91.0 
80.5 39.0 
82.3 113.4 
89.1 563.4 
88.8 607.0 

Dry roughage low in protein 

Wheat straw 
Oat straw ........................................................... . 
Corn stover ........................................................ . 
Corn fodder ................................................... . 
Prairie hay ....................................................... . 
Timothy hay .................................................. . 
Sudan grass hay ...................................... . 
Oars hay ............................................................. . 
Reed canary grass hay .................... . 
Brome grass hay ......................................... . 

0.7 
).0 
2.0 
3.7 
2.8 
2.9 
3.7 
4.7 
4.5 
5.0 

• 28.35 grams equal one ounce. 
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36.9 
45.6 
36.4 
48.1 
48.3 
48.0 
51.4 
45.5 
52.3 
48.9 

106.6 
161.9 
165.4 
97.0 

118-310 
79-188 

Phos
phorus 

107.8 

144.2 
134.5 
194.6 
159.8 
42.2 
27.7 

9.5 
27-36 

571.0 
365.6 
266.7 
297.1 
268.3 
235.4 
348.8 
Sll.2 
271.0 
189.2 
284.4 
427.7 
432.0 

40.4 
64.9 
40.0 
65.U 

16-50 
42-109 



Kind of feed 

Table V-Continued 

Digest
ible 

protein 

Total 
digestible 
nutrients 

Calcium 

lbs. lbs. grams• 

Dry roughage medium to high in protein 

Mixed hay W2 clover, \12 timothy) 5.1 49.3 366.1 
Red clover hay ............................................. 7.4 49.6 541.6 
Alsike clover hay ...................................... 7.9 47.3 360.0 
AUalfa hay ..................................................... 390-839 

Early cut ............................... :................ 11.6 51.4 
Medium early cut ........................ 1.0.4 51.5 
Late cut ................................................... 9.6 48.7 

Soybean hay ................................................... 9.0 50.0 
Sweet clover hay ....................................... 10.9 50.7 

430.9 
548.9 

Succulent feeds and miscellaneous 

Com silage ......................................................... 1.2 
Sunflower silage ....................................... 1.0 
Com cannery silage .............................. 1.1 
Pea cannery silage ................................. 2.8 
Potatoes ................................................................. 1.1 
Sugar beets .......................... ,........................... 1.3 
Mangels ............................................................... 1.0 
Rutabagas ............................................................ 1.0 
Skim milk ............................................................ 3,5 
Whole milk ......................................................... 3.3 
Limestone (38 per cent calcium) 
Bone meal per 100 pounds ........ . 

par ounce ....................... . 

• 28.35 grams equal one ounce. 

16.8 
13.7 
17.8 
15.3 
17.3 
11.5 

6.5 
9.5 
8.7 

16.2 

27-48 
163.7 

32.5 
39.0 
61.5 
59.0 

17,237 
12,700.0 

8.00 

Phos
phorus 

grams* 

76.5 
81.6 
97.0 

50-160 

115.6 
93.0 

.20-44 
19.3 

17:8 
21.8 
47.3 
45.4 

5,896.0 
3.68 

Note: The nutrient, calcium, and phosphorus contents of feeds 
listed in table V are mainly from data at the Minnesota Agricultural 
Experiment Station. Considerable data relating to calcium and phos
phorus contents of feeds were also obtained from records of the Min
nesota State Department of Agriculture, Dairy, and Food. For the 
nutrient and mineral contents of feeds not listed in table V, the reader 

' is referred to "Feeds and Feeding" by Morrison. 
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Table VI. Constants for Evaluating Feeds by the Petersen Method 

Giving constants by which the prices of corn and cottonseed 
meal, respectively, mu'st be multiplied and the products added (or 
subtracted} to give comparative values of common feeds. 

Name of feed 

Corn-and-cob meal ......................................................................... .. 
Barley .............................................................................................................. . 
Oats ................................................................................................................. . 
Rye ................................................................................................................... . 
Molasses (cane) ......................................... , ........................................ .. 
Wheat bran ........................................................................................... .. 
Wheat middlings (standard) .............................................. .. 
Corn gluten feed .............................................................................. .. 
Corn gluten meal ............................................................................ .. 
Linseed meal .............. : .......................................................................... . 
Ground soybeans ............................................................................ . 
Soybean meal ....................................................... : .............................. . 
Flaxseed .................................................................................................... .. 
Brewers' grains (dried) ............................................................. .. 
Beet pulp (plain) ............................................................................... .. 
Beet pulp (molasses} ................................................................... .. 
Malt sprouts ............................................................................................ . 
Alfalfa hay 

Early cut ..................................................................................... .. 
Medium early cut ............................................................. .. 
Late cut ........................................................................................ .. 

Red clover hay ................................................................................. .. 
Alsike clover hay .......... , ................................................................. .. 
Soybean hay ....................................................................................... .. 
Sweet clover hay ............................................................................. . 
Timothy· hay ......................................................................................... . 
Prairie hay ............................................................................................... . 
Corn fodder (dry} ............................................................................. . 
Corn stover ............................................................................................ . 
Oat straw ................................................................................................. .. 
Wheat straw 
Corn silage ............................................................................................ . 
Com cannery silage ............................... : .......... , ......................... . 
Pea cannery silage ...................................................................... .. 
Sunflower silage ............................................................................... . 
Mangels ........................................................................................................ . 
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Constant 

For 
cottonseed 

meal 

-0.033 
0.103 
0.147 
0.065 

-0.138 
0.254 
0.303 
0.576 
1.133 
0.957 
0.945 
1.131 
0.423 
0.669 

-0.049 
0.014 
0.538 

0.260 
0.215 
0.194 
0.109 
0.136 
0.127 
0.236 

-0.053 
-0.057 
-0.023 
-0.047 
-0.115 
-0.098 
-0.011 
-0.018 

0.053 
-0.009 

0.015 

For 
corn 

0.989 
0.852 
0.719 
0.946 
0.811 
0.600 
0.688 
0.437 

-0.035 
0.060 
0.279 

-0.011 
0.879 
0.215 
0.948 
0.879 
0.380 

0.396 
0.438 
0.422 
0.510 
0.458 
0.499 
0.409 
0.636 
0.644 
0.61! 
0.489 
0.663 
0.545 
0.216 
0.235 
0.140 
0.176 
0.066 



Examples Illustrating M~~od for Evaluating Feeds 
(See table VI) 

Example I. Find the value of oats per ton when corn is $25 per 
ton and cottonseed meal is $50 per ton. The constant for oats under 
the column head "For cottonseed meal" is 0.147, and under the column 
head "For com" the constant is 0.719. The value of oats, then, !s-

($50 X 0.147) + ($25 X 0.719) or $25.32 per ton. 

Example 2. Find the value of cane molasses when com is $25 
and cottonseed meal is $50 per ton. The constant for cane molasses 
under "For cottonseed meal" is -0.138, and under "For corn" it is 
o.Sll. The constant under "For cottonseed meal" is preceded by a 
minus sign. The value of cane molasses, then, is-

($25 X 0.811) - ($50 X 0.138) or $13.37 per ton. 
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Table vn. Comparative Cost per Pound of Digestible Crude Protein in Feeds 

Nutrients in 
100 lbs. of feed 

Feed product 
When one ton of feed costs, dollars 

Total 
Digestible digestible 8 10 12 14 16 18 20 22 24 26 28 30 

protein nutrients 

lbs. lbs. The cost of one pound of digestible crude protein will be, cents 

Cottonseed meal ----- 33.5 73.6 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 
Linseed meal -·------- 32.5 75.3 1.2 1.5 1.8 2.2 2.5 2.8 3.1 3.4 3.7 4.0 4.3 4.6 
Com gluten meal --·-- _ 37.7 80.5 1.1 1.3 1.6 1.9 2.1 2.4 2.7 2.9 3.2 3.4 3.7 4.0 
Com gluten feed ___ 22.5 78.0 1.8 2.2 2.7 3.1 3.6 4.0 4.4 4.9 5.3 5.8 6.2 6.7 
Ground soybeans ___ 33.7 92.3 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 
Soybean meal ------ 37.8 82.3 1.1 1.3 1.6 1.9 2.1 2.4 2.6 2.9 3.2 3.4 3.7 4.0 
Wheat bran ---·--- 12.9 67.6 3.1 3.9 4.7 5.4 6.2 7.0 7.8 8.5 9.3 10.1 10.9 11.6 
Standard middlings ·----- 15.2 78.4 2.6 3.3 3.9 4.6 5.3 5.9 6.6 7.2 7.9 8.6 9.2 9.9 
Barley ----------- ___ 9.7 77.1 4.1 5.2 6.2 7.2 8.2 9.3 10.3 11.3 12.4 13.4 14.4 15.5 
Oats _ ----- _______ 10.2 69.5 3.9 4.9 5.9 6.9 7.8 8.8 9.8 10.8 11.8 12.7 13.7 14.7 
Com ________ -·----·-- 7.3 81.5 5.5 6.8 8.2 9.6 11.0 12.3 13.7 15.1 16.4 17.8 19.2 20.5 
Alfalfa hay (med. early) 10.4 51.5 3.8 4.8 5.8 6.7 7.7 8.7 9.6 10.6 11.5 12.5 13.5 14.4 
Red clover hay ____ 7.4 49.6 5.4 6.8 8.1 9.5 10.8 12.2 13.5 14.9 16.2 17.6 18.9 20.3 
Timothy hay ----- 2.9 48.0 13.8 17.2 20.7 24.1 27.6 31.0 34.5 37.9 41.4 44.8 48.3 51.7 



Table Vll-Continued 

Nutrients in 
100 lbs. of feed 

When one ton of feed costs, dollars 
Feed product Total 

Digestible digestible 32 34 36 38 40 42 44 46 48 52 56 so 
protein nutrients 

lbs. lbs. The cost of one pound of digestible crude protein will be, cents 

Cottonseed meal ----- 33.5 73.6 4.8 5.1 5.4 5.7 6.0 6.3 6.6 6.9 7.2 7.8 8.4 9.0 
Linseed meal ----- 32.5 75.3 4.9 5.2 5.5 5.8 6.2 6.5 6.8 7.1 7.4 8.0 8.6 9.2 
Com gluten meal -- 37.7 80.5 4.2 4.5 4.8 5.0 5.3 5.6 5.8 6.1 6.4 6.9 7.4 8.0 
Com gluten feed ___ 22.5 78.0 7.1 7.6 8.0 8.4 8.9 9.3 9.8 10.2 10.7 11.6 12.4 13.3 
Ground soybeans ___ 33.7 92.3 4.7 5.0 5.3 5.6 5.9 6.2 6.5 6.8 7.1 7.7 8.3 8.9 
Soybean meal 37.8 82.3 4.2 4.5 4.8 5.0 5.3 5.6 5.8 6.1 6.3 6.9 7.4 7.9 
Wheat bran ------· 12.9 67.6 12.4 13.2 14.0 14.7 15.5 16.3 17.1 17.8 18.6 20.2 21.7 23.3 
Standard nilddlings __ 15.2 78.4 10.5 11.2 11.8 12.5 13.2 13.8 14.5 15.1 15.8 17.1 18.4 19.7 
Barley -------- 9.7 77.1 16.5 17.5 18.6 19.6 20.6 21.6 22.7 23.7 24.7 26.8 28.9 30.9 
Oats -----·---- 10.2 69.5 15.7 16.7 17.6 18.6 19.6 20.6 21.6 22.5 23.5 25.5 27.5 29.4 

Com --------- 7.3 81.5 21.9 23.3 24.7 26.0 27.4 28.8 30.1 31.5 32.9 35.6 38.4 41.1 



Table VIII. Comparative Cost per Pound of Total Digestible Nutrients in Feeds 

Nutrients in 
100 lbs. of feed 

When one ton of feed costs, dollars 
Feed product Total 

Digestible digestible 5 6 7 8 10 12 14 16 18 20 22 
protein nutrients 

lbs. lbs. The cost of one pound of digestible nutrients will be, cents 

Com_ - -·-- --- --·------ 7.3 81.5 0.31 0.37 0.43 0.49 0.61 0.74 0.86 0.98 1.10 1.23 1.35 
Com-and-cob meal ___ ---- 6.1 78.1 0.32 0.38 0.45 0.51 0.64 0.77 0.90 1.02 1.15 1.28 1.41 

Barley -------·-------- 9.7 77.1 0.32 0.39 0.45 0.52 0.65 0.78 0.91 1.04 1.17 1.30 1.43 
Oats - ----- ----------- 10.2 69.5 0.36 0.43 0.50 0.58 0.72 0.86 1.01 1.15 1.29 1.44 !.58 
Rye------------·-- 9.1 81.9 0.31 0.37 0.43 0.49 0.61 0.73 0.85 0.98 1.10 1.22 1.34 
Beet pulp (plain) ------- 5.3 73.7 0.34 0.41 0.47 0.54 0.68 0.81 0.95 1.09 1.22 1.36 1.49 
Molasses (cane) ·--------·--· 1.3 55.9 0.45 0.54 0.63 0.72 0.89 1.07 1.25 1.43 1.61 1.79 1.97 
Wheat bran --- -------· 12.9 67.6 0.37 0.44 0.52 0.59 0.74 0.89 1.04. 1.18 1.33 1.48 1.63 
Wheat middlings . ------· ---- 15.2 78.4 0.32 0.38 0.45 0.51 0.64 0.77 0.89 1.02 1.15 1.28 1.40 
Alfalfa hay (medium early) _ 10.4 51.5 0.49 0.58 0.68 0.78 0.97 1.17 1.36 !.55 1.75 1.94 2.14 
Red clover hay __ ------ _- ---· 7.4 49.6 0.50 0.60 0.71 0.81 1.01 1.21 1.41 1.61 1.81 2.02 2.22 
Timothy hay ________ --··----- _ 2.9 48.0 0.52 0.62 0.73 0.83 1.04 1.25 1.46 1.67 1.87 2.08 2.29 
Prairie hay ____ ·-- ___ ----- 2.8 48.3 0.52 0.62 0.72 0.83 1.04 1.24 1.45 1.66 1.86 2.07 2.28 
Mixed hay !V2 clover. V2 

timothy) ---------- 5.1 49.3 0.51 0.61 0.71 0.81 1.01 1.22 1.42 1.62 1.83 2.03 2.23 
Corn silage _ ------. _______ 1.2 16.8 1.49 1.79 2.08 2.38 2.98 3.57 4.17 4.76 



Feed product 

Corn --•-OHo-.. ,,_,,_,MO _______________________ ~•-•• 

Corn-and-cob meal ··-·-····-··--········-·--·--
Barley --·-······--·-··-··-·-·-···-·-····------.. -··-···-· 
Oats --·---------------------···-------
.Rye ·------------·-·····-·-··-····-···-··-··-----······--·--·· 
Beet pulp (plain) -·---·-----_ .. ___ ... _ 
Molasses (cane) --············------.. -
Wheat bran ---------------------------------
Wheat middlings --------·-··--·-·-
Alfalfa hay (medium early) .. - ............. 
Red clover hay _ ..... ........:. ......... -·-·---......... 
Timothy hay ----------------------·· 
Prairie hay ------------
Mixed hay {~ clover, ~ timothy) 

Corn silage ----·-·-·---·-·-·-----

Table VIII-Continued 

Nutrients in 
100 lbs. of feed 

Total 
Digestible digestible 

protein nutrients 
24 26 

When one ton of feed costs, dollars 

28 30 34 38 42 46 50 

lbs. lbs. The cost of one pound of digestible nutrients will be, cents 

7.3 81.5 1.47 1.59 1.72 1.84 2.09 2.33 2.58 2.82 3.07 
6.1 78.1 1.54 1.66 1.79 1.92 2.18 2.43 2.69 2.94 3.20 
9.7 77.1 1.56 1.69 1.82 1.95 2.20 2.46 2.72 2.98 3.24 

10.2 69.5 1.73 1.87 2.01 2.16 2.45 2.73 3.02 3.31 3.60 
9.1 81.9 1.47 1.59 1.71 1.83 2.08 2.32 2.56 2.81 3.05 
5.3 73.7 1.63 1.76 1.90 2.04 2.31 2.58 2.85 3.12 3.39 
1.3 55.9 2.15 2.33 2.50 2.68 3.04 3.40 3.76 4.11 4.47 

12.9 67.6 1.78 1.92 2.07 2.22 2.51 2.81 3.11 3.40 3.70 
15.2 78.4 1.53 1.66 1.79 1.91 2.17 2.42 2.68 2.93 3.19 
10.4 51.5 2.33 2.52 2.72 2.91 3.30 3.69 4.08 4.47 4.85 
7.4 49.6 2.42 2.62 2.82 3.02 3.43 3.83 4.23 4.64 5.04 
2.9 48.0 2.50 2.71 2.92 3.12 3.54 3.96 4.37 4.79 5.21 
2.8 48.3 2.48 2.69 2.90 3.11 3.52 3.93 4.35 4.76 5.18 
5.1 49.3 2.43 2.64 2.84 3.04 3.45 3.85 4.26 4.67 5.07 
1.2 16.8 
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3.31 
3.46 
3.50 
3.88 
3.30 
3.66 
4.83 
3.99 
3.44 
5.24 
5.44 
5.62 
5.59 
5.48 



===T=a=b=l=e=IX=. =A=v=e=ra=q=e=W=ei=g=h=t=o=f=O=n=e=Q=u=a=rt=o=f=F=e=e=d==::::l 

Feed 
Weight 
in lbs. 

Alfalfa meal ................................. .6 
Barley (whole) ........... w.,,,,,,,,,,,,, 1.5 
Barley (ground) ........................... 1.1 
Beet pulp (dry) ........................... .7 
Corn (shelled) .............................. 1.7 
Corn (ground) ....................... w ..... 1.5 
Corn-and-cob meal '"'"""""'"' 1.4 
Cottonseed meal ........................ 1.5 
Flax (ground) ................................. 1.1 
Gluten feed UOUUU<UnMUU"""""'""' 1.3 
Gluten meal .................................... 1.7 
Linseed meal ................................. 1.3 

Feed 
Weight 
in lbs, 

Molasses (cane) ························ 3.0 
Oats (whole) 

·················~"'''''''"''' 1.0 
Oats (ground) .............................. .7 
Rye (whole) 

"""'""""""""~"""'''" 1.7 
Rye (ground) ................................. 1.5 
Soybeans (whole) ..... w ........... 1.8 
Soybeans (ground) ............... 1.4 
Soybean meal .............................. 1.3 
Wbeat (ground) 

'''''''''''""''''''''' 1.7 
Wheat bran .................................... .s 
Wbeat middlings ..................... 1.0 

Table IX may be used to determine approximately 
the weight of feed that any scoop, pan, or bucket may 
contain when the capacity of the vessel is known in 
quarts. When feed is not weighed but fed from the 
same bucket daily, fairly close weights can be followed 
by using table IX. For accuracy in measuring, the feed 
bucket should be of the same diameter from top to bot
tom. For example, an 8-quart straight-sided bucket is 
used for feeding. The feed mixture is equal parts of 
corn-and-cob meal and ground oats. One 8-quart bucket 
full would contain 8.4 pounds of feed. 

The weights of whole and ground grains per quart 
will vary depending on quality and fineness of grinding. 
It is advisable, therefor.e, to use the same feed bucket 
from day to day, and weigh a bucket full of your own 
feed mixture to assure the most accurate weight of feed 
being fed by measure. 
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Table X. Cost of One Pound of Feed at a Given Price per Ton 

Price Cost Price Cost Price Cost 
per of per of per of 
ton llb. ton llb. ton lib. 

dollars cents dollars cents dollars cents 

3.00 0.150 17.50 0.875 39.00 1.950 
3.25 0.162 18.00 0.900 39.50 1.975 
3.50 0.175 18.50 0.925 40.00 2.000 
3.75 0.187 19.00 0.950 40.50 2.025 
4.00 0.200 19.50 0.975 41.00 2.050 
4.25 0.212 20.00 1.000 41.50 '2.075 
4.50 0.225 20.50 1.025 42.00 2.100 
4.75 0.237 21.00 1.050 42.50 2.125 
5.00 0.250 21.50 1.075 43.00 2.150 
5.25 0.262 22.00 1.100 43.50 2.175 
5.50 0.275 22.50 1.125 44.00 2.200 
5.75 0.287 23.00 1.150 44.50 2.225 
6.00 0.300 23.50 1.175 45.00 2.250 
6.25 0.312 24.00 1.200 45.50 2.275 
6.50 0.325 24.50 1.225 46.00 2.300 
6.75 0.337 25.00 1.250 46.50 2.325 
7.00 0.350 25.50 1.275 47.00 2.350 
7.25 0.362 26.00 1.300 47.50 2.375 
7.50 0.375 26.50 1.325 48.00 2.400 
7.75 0.387 27.00 1.350 48.50 2.425 
8.00 0.400 27.50 1.375 49.00 2.450 
8.25 0.412 28.00 1.400 49.50 2.475 
8.50 0.425 28.50 1.425 50.00 2.500 
8.75 0.437 29.00 1.450 50.50 2.525 
9.00 0.450 29.50 1.475 51.00 2.550 
9.25 0.462 30.00 1.500 51.50 2.575 
9.50 0.475 30.50 1.525 52.00 2.600 
9.75 0.487 31.00 1.550 52.50 2.625 

10.00 0.500 31.50 1.575 53.00 2.650 
10.50 0.525 32.00 1.600 53.50 2.675 
11.00 0.550 32.50 1.625 54.00 2.700 
11.50 0.575 33.00 1.650 54.50 2.725 
12.00 0.600 33.50 1.675 55.00 2.750 
12.50 0.625 34.00 1.700 55.50 2.775 
13.00 0.650 34.50 1.725 56.00 2.800 
13.50 0.675 35.00 1.750 56.50 2.825 
14.00 0.700 35.50 1.775 57.00 2.850 
14.50 0.725 36.00 1.800 57.50 2.875 
15.00 0.750 36.50 1.825 58.00 2.900 
15.50 0.775 37.00 1.850 58.50 2.925 
16.00 0.800 37.50 1.875 59.00 2.950 
16.50 0.825 38.00 1.900 59.50 2.975 
17.00 0.850 38.50 1.925 60.00 3.000 

83 



Table XI. Cost of One Pound at a Given Price and Weight 
per Bushel 

When a bushel weighs 

When a 32 48 56 60 70 
bushel lbs. lbs. lbs. lbs. lhs. 
costs-

One pound costs--

cents cents cents cents cents cents 
20 ................................................ 0.625 0.417 0.357 0.333 0.286 
21 ................................................ 0.656 0.437 0.375 0.350 0.300 
22 ................................................ 0.687 0.458 0.393 0.367 0.314 
23 ................................................ 0.719 0.479 0.411 0.383 0.329 
24 ................................................ 0.750 0.500 0.429 0.400 0.343 
25 ................................................ 0.781 0.521 0.446 0.417 0.357 
26 ................................................ 0.812 0.542 0.464 0.433 0.371 
27 ................................................ 0.844 0.562 0.482 0.450 0.386 
28 ................................................ 0.875 0.583 0.500 0.467 0.400 
29 ............... : ................................ 0.906 0.604 0.518 0.483 0.414 
30 ................................................ 0.937 0.625 0.536 0.500 0.429 
31 ................................................ 0.969 0.646 0.554 0.517 0.443 
32 ................................................ 1.000 0.667 0.571 0.533 0.457 
33 ................................................ 1.031 0.687 0.589 0.550 0.471 
34 ................................................ 1.062 0.708 0.607 0.567 0.486 
35 ................................................ 1.094 0.729 0.625 0.583 0.500 
36 ................................................ 1.125 0.750 0.643 0.600 0.514 
37 ................................................ 1.156 0:771 0.661 0.617 0.529 
38 ................................................ 1.187 0.792 0.679 0.633 0.543 
39 ............................................... 1.219 0.812 0.696 0.650 0.557 
40 ................................................ 1.250 0.833 0.714 0.667 0.571 
41 ................................................ 1.281 0.854 0.732 0.683 0.586 
42 ................................................ 1.312 0.875 0.750 0.700 0.600 
43 ................................................ 1.344 0.896 0.768 0.717 0.614 
44 ................................................ 1.375 0.917 0.786 0.733 0.629 
45 ................................................ 1.406 0.937 0.804 0.750 0.643 
46 ................................................ 1.437 0.958 0.821 0.767 0.657 
47 ................................................ 1.469 0.979 0.839 0.783 0.671 
48 ................................................ 1.500 1.000 0.857 0.800 0.686 
49 ................................................ 1.531 1.021 0.875 0.817 0.700 
50 ................................................ 1.562 1.042 0.893 0.833 0.714 
51 ................................................ 1.594 1.062 0.911 0.850 0.729 
52 ............... , ............................... 1.625 1.083 0.929 0.867 0.743 
53 .......................................... , .... 1.656 1.104 0.946 0.883 0.757 
54 ..... , .......................................... 1.687 1.125 0.964 0.900 0.771 
55., .............................................. 1.719 1.146 0.982 0.917 0.786 
56 ............................................... , 1.750 1.167 1.000 0.933 0.800 
57 ............................................... , 1.781 1.187 1.018 0.950 0.814 
58 .. , ............................................. 1.812 1.208 1.036 0.967 0.829 
59 ................................................ 1.844 1.229 1.054 0.983 0.843 
60 ................................................ 1.875 1.250 1.071 1.000 0.857 
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Table XI-Continued 

One pound costs-

When a 32 48 56 60 70 
bushel lbs. lbs. lbs. lbs. lbs. 
costs-

Wb,en a bushel weighs 

cents canis cents cents cents cents 

61.. .................................. 1.906 1.271 1.089 1.017 0.871 
62 ....... ....................................... 1.937 1.292 1.107 1.033 0.886 
63 ......... ................................... 1.969 1.312 1.125 1.050 0.900 
64 ........ ..................................... 2.000 1.333 1.143 1.067 0.914 
65 ....... ....................................... 2.031 1.354 1.161 1.083 0.929 
66 ........... .................................. 2.062 1.375 1.179 1.100 0.943 
67 ............. ................................. 2.094 1.396 1.196 1.117 0.957 
68. ........... ·································· 2.125 1.417 1.214 1.133 0.971 
69 ....... ....................................... 2.156. 1.437 1.232 1.150 0.986 
70 ..... .................................. 2.187 1.458 1.250 1.167 1.000 
71.. ... ....................................... 2.219 1.479 1.268 1.183 1.014 
72 ...... ....................................... 2.250 1.500 1.286 1.200 1.029 
73 ..... . ............................ 2.281 1.521 1.304 1.217 1.043 
74 ..... ..................................... 2.312 1.542 1.321 1.233 1.057 
75: ........ 2.344 1.562 1.339 1.250 1.071 
76 ...... ···································· 2.375 1.583 1.357 1.267 1.086 
77 .... .......................................... 2.406 1.604 1.375 1.233 1.100 
78 ....... ............... ,,,,,,,,,,,,,,,,,,,,, 2.437 1.625 1.393 1.300 1.114 
79 ............................................. 2.469 1.646 1.411 1.317 1.129 
80 ..... ....................................... 2.500 1.667 1.429 1.333 1.143 
81 .............................................. 2.531 1.687 1.446 1.350 1.157 
82 .... .............................. 2.562 1.708' 1.464 1.367 1.171 
83. 2.594 1.729 1.482 1.383 1.186 
84 .............................................. 2.625 1.750 1.500 1.400 1.200 
85 .............................................. 2.656 1.771 1.518 1.417 1.214 
86 ......... , ... ,.,,,.,,,,,,,,,,,.,,,,,,,,,.,,,, 2.687 1.792 1.536 1.433 1.229 
87 ..... ......................................... 2.719 1.812 1.554 1.450 1.243 
88 .............................................. 2.750 1.833 1.571 1.467 1.257 
89 ............................ 2.781 1.854 1.589 1.483 1.271 
90 .............................................. 2.812 1.875 1.607 1.500 1.286 
91 .................................. 2.844 1.896 1.625 1.517 1.300 
92 .............................................. 2.875 1.917 1.643 1.533 1.314 
93. ............................................. 2.906 1.937 1.661 1.550 1.329 
94 ............................................. 2.937 1.958 1.679 1.567 1.343 
95 .............................................. 2.969 1.979 1.696 1.583 1.357 
96 ..................................... 3.000 2.000 1.714 1.600 1.371 
97 .............................................. 3.031 2.021 1.732 1.617 1.386 
98 .............................................. 3.062 2.042 1.750 1.633 1.400 
99 ............................................. 3.094 2.062 1.768 1.650 1.414 

100 ............................................. 3.125 2.083 1.786 1.667 1.429 
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Table XD. Gestation Table* 

Date of- Date of- Date of-

Service Birth Service Birth Service Birth 

Jan. 1 Oct. 8 May 6 Feb. 11 Sept. 8 June 16 

6 .. 13 .. 11 .. 16 .. 13 .. 21 .. 11 .. 18 .. 16 .. 21 .. 18 .. 26 .. 16 .. 23 .. 21 .. 26 .. 23 July .. 21 .. 28 .. 26 Mar • 3 .. 28 6 .. 26 Nov, 2 .. 31 8 Oct • 3 .. II .. 31 7 June 5 .. 13 8 .. 16 
Feb. 5 .. 12 .. 10 .. 18 .. 13 .. 21 .. 10 .. 17 .. 15 .. 23 .. 18 .. 26 .. 15 .. 22 .. 20 .. 28 .. 23 .. 31 .. 20 .. 27 .. 25 Apr. 2 .. 28 Aug. 5 .. 25 Dec • 2 .. 30 7 Nov . 2 .. 10 

Mar. 2 7 July 5 .. 12 7 .. 15 

7 .. 13 .. 10 .. 17 .. 12 .. 20 .. 12 .. 18 .. 15 .. 22 .. 17 .. 25 .. 17 .. 23 .. 20 .. 27 .. 22 .. 30 .. 22 .. 28 .. 25 May 2 .. 27 Sept. 4 .. 27 Jan • 2 .. 30 7 Dec • 2 9 

Apr; 7 Aug. 4 .. 12 7 .. 14 

6 .. 12 9 .. 17 .. 12 .. 19 .. 11 .. 17 .. 14 .. 22 .. 17 .. 24 .. 16 .. 22 .. 19 .. 27 .. 22 .. 29 .. 21 .. 27 .. 24 June 1 .. 27 Oct • 4 .. 26 Feb. 1 .. 29 6 

May 1 6 Sept. 3 .. 11 

*The gestation period of cattle is from 270 to 290 days. The 
table is gured on 282 days. 
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THE DAffiYMAN'S CREED 

I will keep individual cow records as lonq as I mUk cows 
for a llvinq. 

I wlll use only a qood bull, that my herd may improve. 

I wlll weed out the poor dauqhtera without favor, selling 
the poor ones to the butcher and not to friends and 
neighbors. 

I will grow a lequme hay and plenty of it, for by so doing 
I can reduce my coats. 

I w!ll grow all of my feeds if possible, but I will not stint 
the cows or my family when I am short; rather I will 
buy what I need to keep up profitable production. 

I will try to induce my friends and neighbors to do llke· 
wise because by so doing I will add to the happiness 
of my community. 

I will work with my neighbors on mutual problems. 

I will not put the product of an unprofitable cow on the 
market to reduce the income from my good cows or 
my neighbors' cows. , 

UNIVERSITY FARM, ST. PAUL 8, MJNirn>OTA 
Cooperative Extenlll.on Work In Aqrlculture and Home Economics, 

ver~ty of Minnesota, Agricultural Exlenlll.on Division and United 
"u"h apartment of Agriculture Cooperating, Paul E. Miller, Director. 
•
30

ed In furtherance of Agricultural Extension Acts of May 8 and 
0 , 1914. 35M·B-43 


