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DAIRYING IN ARIZONA

BY W. S. CUNNINGHAM

The raising of dairy cattle in Arizona is confined very largely
to the irrigated sections of the state where feed is abundant. Dairy
cattle are not adapted to the Arizona ranges where feed is sparse
and where cattle have to travel long distances for their feed. Few
dry farming sections have succeeded in growing sufficient feed
regularly to make dairying profitable.

Dairy cattle are kept for market milk purposes, however, in the
vicinity of every town. Where sufficient feed cannot be raised in
the community the cattle are kept in dry lots and are fed pur-
chased feeds. This practice can be justified only by the necessity
of providing fresh milk for the people of the vicinity and by the
fact that the price of milk in these isolated sections is usually high
enough to pay for the increased cost of feeding.

EXTENT OF THE INDUSTRY

According to a survey conducted by the University of Arizona
in the summer of 1935, there were about 46,267 dairy cows in Ari-
zona on January 1, 1935. The number of cows was estimated on
the basis of the number of total dairy cattle tested for tuberculosis
by the state and federal veterinarians in the winter of 1934 -35 and
in the spring and summer of 1935. The total number of dairy
animals tested was 84,119, and it was estimated that 55 per cent of
these were milk cows.

A study was made also of the dairy products produced in the
state in 1934. In that year 231,500,000 pounds of milk were pro-
duced on Arizona farms, and 2,354,000 pounds of butter were man-
ufactured in Arizona creameries. The amount of cheese made was
704,000 pounds. This indicates that cheese making in Arizona is
relatively unimportant. In the condenseries there were manu-
factured 4,873,000 pounds of evaporated milk and 375,000 pounds
of buttermilk powder. The amount of ice cream made in Arizona
in 1934 was 783,500 gallons.

The consumption of dairy products in 1934 greatly exceeded the
production. There was consumed that year 3,878,825 pounds of
butter, 1,678,501 pounds of cheese, 7,171,563 pounds of evaporated
milk, 848,500 gallons of ice cream and 500,000 pounds of skim -milk
powder.

The main dairy section in Arizona lies in Maricopa County,
which contains nearly half the cows of the state. Other sections
where dairying is prominent are the Yuma Valley, the Casa
Grande Valley, Gila Valley, Santa Cruz Valley, and Sulphur
Springs Valley.

29
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CONDITIONS FAVORABLE TO DAIRYING

In the warmer valleys of Arizona the climate and feed supply
are especially suited for dairying. The mild temperatures in
winter eliminate any need for expensive buildings or shelters for
the cattle. In the southern part of the state, cattle stay in the
open night and day throughout the year and are in the stable only
at milking time.

Alfalfa, which is a favorite roughage for dairy cattle, is a leading
crop. It grows well in all irrigated sections of the state. Green
irrigated pastures are available to dairy cows every month of the
year in southern Arizona. Silage crops do well in all parts of the
state excepting at the highest altitudes.

ADVANTAGES OF DAIRYING

The profits of farming depend to a very large extent upon the
yield of crops per acre, and the yield of crops depends very largely
on the fertility of the soil. Dairy farming not only can maintain
soil fertility, but in many cases it has increased the fertility year
after year as long as dairying has been practiced. This is due to
the fact that where the crop is used as feed for the cow and only
butterfat is sold, not much fertility leaves the farm. On most
dairy farms concentrated feeds are purchased and the fertilizing
constituents in the resulting manure together with those obtained
from home -grown feeds are more than sufficient to maintain the
soil fertility. As proof, we might cite the case of a dairy farm in
the vicinity of Tucson on which more than 20 tons of silage corn
per acre have been grown.

The selling of crops grown on a farm removes fertility. This
fertility will have to be replaced in some manner or else the soil
will become less and less fertile and therefore less productive. Most
soils in Arizona are deficient in humus and where cotton and grain
crops are grown and sold year after year, it does not take long to
deplete a soil of its humus. Manure, in addition to providing
humus and plant food, has been shown to improve moisture -hold-
ing properties of the soil, to improve moisture penetration, retard
the evil effects of alkali and root rot, and to make the residual
plant food more available.

Dairying furnishes some of the most important foods, and when
the cost of food nutrients is considered, milk, cheese, and butter
are among the cheapest foods obtainable.

Dairying provides sure, immediate, and constant returns. A man
with a small amount of capital can get started in the dairy business
with a few cows and receive an income from them throughout
the year rather than waiting for an annual marketing as is the case
with most farm enterprises. This provides a living during the
year without the accumulation of burdensome debts for living
expenses. The prices of dairy products are more stable and are
not subject to as great variations as the prices of many other com-
modities.
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AIRYf.G IN ARIZONA

BREEDS OF DAIRY CATTLE

There are six .breeds in Arizona classified as dairy cattle--
namely, Jersey, Guernsey, Holstein, Ayrshire, Brown Swiss; and
Dutch Belted. All of the breeds have proved satisfactory in this
climate. There are good and poor . cows in every breed, and the
profits to be made fr.:om dairy cattle depend more on the kind of
individuals that are selected rather, than on the breed.

The choice òf a breed should be governed to some extent by the
following points: (1) the breed most common in the community,
(2) probable market for surplus cattle, (3) personal preference,
and : (4) the kind of market for dairy products.. :( ) for

ey.

The-Jersey breed originated on the Isle of Jersey which belongs
to the group of Channel Islands `situated in the channel between
England and France:- 'The jersey is the ` smallest of the dairy
breeds, the mature cows usually weighing from 850 to 1,050 pounds,
although `sotie., large type Jerseys reach 1,100 to .1,150 when in good
flesh.: The :color of Jerseys ranges 'from black t6 yellow fawn, with
quite a. few grays and reddish or brown fawns. All Jerseys have
a black nose -.and the majority of them have à black tongue and
switch. In recent years many Jerseys have white spots and occa
sionally the tongue and switch will be white.

,:rereentative Jersey bull: :;(Courtesy American Jersey:':
Cattle Club.)-

Jersey .mi is rich in butterfat `. the:'avera e te t::.bein g about
5.25 per cent The Milk is yellowish in color.arid Churns easily.
Jersey-cows are probably the most economical producers of butter -
fat. They are the most popular of all breeds for use as family cows.
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PIate.

Guernsey
The native home of this breed is the Island of Guernsey. Gúerrit :

,sey cows are larger than Jerseys, rax.ng : from 90Q ::guids : to 2.

.Idéal type Jersey': cow. , (Courtesy American
Jersey Club.)

Plate IIL -Ideal type Guernsey bull. (Courtesy American Gué nsey
Cattle Club.)
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Plate IV. Ideal type Guernsey cow. (Courtesy American Guernsey
Cattle Club.)

,100 pounds in weight. Guernseys are very similar to Jerseys in
size, temperament, and in quantity and quality of milk produced.
The color : of the Guernsey is usually fawn and white. The nose
is buff colored and the switch and tongue are usually white. The
cows of this breed produce a little more milk than Jerseys, but it
is not quite so rich. : The milk averages: about 5 per cent butterfat
and is the Most highly colored. On account of this high color in
Guernsey milk, the American Guernsey Cattle Club is fostering
a trade mark for "Golden Guernsey Milk."

notstein- Friesian

This breed was developed .in Holland. In that country Holsteins
are mostly black and white although there are many red and white
cattle. In this country,, however, red and white. Holsteins are dis
'criminated against and they cannot be registered in the Holstein-
Friesian. herd book. Occasionally, a red and white calf will be
born' in a purebred herd. This is considered a -throwback to some
red and white 'ancestor, and it does not indicate any impurity of
breeding::.

The Holsteins are the largest of the dairy breeds. The cows
average 'about 1,250'; pounds in weight but individual cows often
weigh 1,600 .pounds or more when in good flesh. The Holstein
ranks high among the dairy breeds as a meat producer. The calves
are large at birth and grow rapidly and are highly favored for veal
production.
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plate v.-True type Holstein-Friesian bu 1T: " (Courtesy
Holstein -Friesian:'Assáciatian.

The Ilolsteins produce more milk per animal than- do the cows
of any other breed. It is fairly low in fat content, averaging About
3.4 per cent butterfat. The Holstein cow is very popular as a
market milk producer on account of the high yield of milk. Hol-
stein milk is produced cheaper per 100, pounds ` than the milk of .
any other breed.'

Plate -True type Holstein-Friesian co oixrtesÿ
Holstein-Friesian Association.)
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VIL-A representative Ayrshire bull.:
Ayrshire Breeders' Association.)

.... . .... ..

The native onne. of the Ayrshire is Seotland This breed ; is
characterized by its red and. White or brown and white color and

horns. average ábnut 1;000 pounds in
vereight. They are strong . and vigorous and àre especlalTy nated
fàr their forging clualities. .. They do well okpastures where other
cláiry breeds ould suffer. frem Tack of feed: `

In build ,the Ayrshire is a: little smoother than the other daity
breds. Té body is usually quite symmetrical and the udder well
attàcTiéd and beTánced: ' Ayrshi`res, . rank .atve ``the other dairy

.
Plate .,VIII. -A representative A.yrshare cow. .. (Courtesy.

Ayrshire Breeders' Association.)
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breeds for beef production. The dry cows fatten readily and pro-
duce a good grade of beef.

Ayrshire milk contains a little less than 4 per cent fat. The fat
globules are small and said to be easily digested. The milk and
fat are low in color. Ayrshires yield a large amount of milk, rank-
ing next to the Holsteins in that respect.

Brown Swiss

These cattle, as the name indicates, originated in Switzerland.
It is a very old breed, cattle of this type having been in existence
for over 5,000 years. Brown Swiss cattle are large- framed with
the body well covered with flesh.

The color of the Brown Swiss varies from dark to light brown.
In some seasons the color approaches a gray and there is usually a
light stripe along the back. The nose, tongue, switch, and horn
tips are black.

In productive ability, the Brown Swiss is very good, yielding
less milk than the Holstein but more than the Jersey or Guernsey.
The milk tests about 4 per cent fat.

Dutch Belted

This breed was developed in Holland. It gets its name from the
country where it originated and from the band of white hair which
extends around the center of the body.

In being bred for the proper belt, the production of milk by the
Dutch Belted cattle has suffered somewhat. They yield about the
same amount of milk as the Ayrshire, but the per cent of fat in the
milk is lower, averaging about 3.8 per cent.

SELECTION OF THE DAIRY COW

There are two methods of selecting dairy cows. The method
most generally used is selection by type or conformation of the
cow. The second method is selection by records of production.
The latter is more reliable but cannot be followed extensively, be-
cause only a small percentage of the cows have production records.
It is well known that large milk production is associated with a
certain type or form of body. The good dairy cow is angular or
wedge- shaped and thin in flesh as contrasted with the square,
blocky form of the beef animal.

SELECTION BY TYPE

In selecting by type, five general factors should be considered.
They are as follows:

1. Dairy conformation.
2. Capacity for feed.
3. Constitution and vigor.
4. Mammary development.
5. General appearance and style.
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Plate IX.-The parts of a dairy cow:
1. Poil: `' -` 15. Floor of chest 28. Rear udder
2. Forehead 16. Forearm 29. Teat
3. Face 17. Knee 30. Rump

= 4. Nostril 18. Shank 31. Thurl
5. Jaw , 19. Dew claw 32. Thigh
6. Muzzle 20. Back 33. Stifle
7. Neck 21. Ribs 34. Tail setting
8. Throat 22. Milk veins 35. Pin bone
9. ` Shoulder 23. Milk well 36. Tail

10. Brisktt 24. Loin 37. Escutcheon
11. Withers 25. Hip or hook 38. Rear-udder
12. Craps bone attachment
13. Heart girth 26. Flank 39. Switch
14. ; Elbow 27. Fore udder 40. Hock

Dairy `conformation

There is not much difference between the skeletons of the beef
cow and dairy cow. The beef cow gets its blocky, rectangular
shape as a result of heavy fleshing. The dairy cow has a wedge
shape because of the spare flesh she carries.

A dairy cow is said to have dairy temperament if her body form
indicates that she uses her feed for milk production instead of fat-
tening her body. Such a cow has a rather long, thin neck, sharp
withers, prominent vertebrae, and a light covering of flesh over
the ribs, hips, and pin bones. She should be rather fine through-
out and clean -cut about the face, throat, legs, and joints.
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A cow with a good dairy temperament has inherited a strong
stimulation to produce milk. At the peak of production, she draws
materials from her body to supplement the nutrients from the
feed to make milk and thus grows thin in flesh even though well -
fed.
Capacity for feed

A cow must eat large quantities of feed in order to produce a
liberal milk supply. In fact, a heavy -producing cow requires
more feed than any other domestic animal. To consume and
digest the necessary feed, such a cow must have a large barrel.
Size of barrel is usually associated with a long and deep body with
long, roundly sprung ribs spaced far apart. The back should be
well supported.

Other indications of a good feeder are large, well- muscled mouth
and jaws and a large, keen eye. A mellow, loose skin of medium
thickness with soft, oily hair indicates a good digestion and thus a
good feeder.
Constitution and vigor

Heavy milk production is quite a strain on the health of a cow.
Oftentimes cows of delicate constitution start off with a large flow
of milk at the beginning of the lactation period and continue to
produce well for a few weeks or months and then suddenly "go off
feed," sicken, decrease in production, and from that time until
the end of the milking period they do not do well. On the other
hand, cows of strong constitution usually remain well and hearty
right through the lactation period providing they are given reason-
able care and are fed intelligently.

Good constitution in a cow is indicated by a deep chest, well
sprung ribs, large, open nostrils, and by the appearance of good
health and vigor. An animal that appears frail and delicate cer-
tainly will not stand up to the strain of high milk production. The
alertness of an animal indicates good health and nerve force.
Mammary development

Too much attention cannot be given to the mammary system
because it is here that the milk is actually secreted or manufac-
tured. The efficient udder should be large, extend well forward
and high up behind and be firmly attached to the body. The bot-
tom of the udder should be level and all of the quarters equal in
size with no noticeable divisions between the quarters. The tex-
ture of the udder should be soft and pliable with no hard lumps.
When a cow is fresh the udder is naturally hard for a few weeks,
but it should soften in a month or two so that when it is milked out
it reduces in size and hangs more or less in folds. A hard, meaty
udder that retains its shape after milking is not desirable. Also
an udder that hangs low or pendulous is objectionable, because
it is more subject to injury than one attached more closely to the
body.

The teats should be uniform in size, be placed far apart, and
should hang vertical and on the same level. They should be of
medium size, extra large or small teats being objectionable.
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Plate X. -A desirable udder, ell attached.

Plate XI.-Tbe rear udder should be attached
high and wide.
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The mammary or milk veins located on the under side of the
abdomen carry the blood from the udder back to the heart. They
should be long and tortuous. The size depends somewhat on the
age of the animal, older cows having larger milk veins than
younger ones. Also, the veins are larger when the cow is in full
milk flow than when she is dry. These veins indicate in a general
way the amount of blood that passes through the udder, but since
there are other veins not visible to the eye which carry udder
blood back to the heart, too much emphasis should not be placed
on the character of the milk veins.

The milk wells are holes in the body wall through which the
milk veins pass. These should be large and numerous.
General appearance and style

Under general appearance, the animal as a whole is considered.
It is not enough to have good type in the detailed parts of the body
but different parts must blend together well. The body must be
symmetrical and harmonize in all of its parts.

An animal is called stylish if it has good carriage, holds its head
high, has the correct breed type, and has an attractiveness which
is commonly called flash. Several factors combine to make an
animal attractive among which we may mention, in addition to
the above, refinement, masculinity or femininity, spirit, and alert-
ness.

SELECTION OF THE HERD SIRE

The improvement of the herd depends more on the kind of sire
used than on any other factor. The bull is considered to be "half
the herd" because he is the sire of all the calves and shares equally
with the dams in responsibility for productive ability of the
daughters.

The dairy sire should be purebred. His close ancestors should
have good records of production. If his sire has daughters with
good records an ability to transmit high production is indicated.

Oftentimes one can buy an old bull which has proved to be a
good breeder.' Such a bull is almost certain to continue to sire good
offspring. An objection to buying old bulls is that they are often
unruly, sometimes vicious. Good proven bulls are usually high
priced and hard to find.

If one cannot buy a proven sire, the next safest thing to do is to
buy a son of a good proven sire. There is a good chance that the son
has inherited his sire's ability to transmit high production.

The herd sire should be a good individual. The value of the herd
is increased if the cows improve in type. The easiest and cheapest
way to improve type in a herd is to use bulls that will transmit
good type.

The bull should show a strong masculine character, and have
strong constitution, a large barrel, a straight top line, level rump,
good quality, and must conform quite closely to the approved breed
type.



Plate XII. - University of Arizona Matador Josephine Rose, a purebred
Holstein- Friesian cow owned by the University of Arizona. Record for

one year 25,179 pounds of milk and 879 pounds of butterfat.

COMPOSITION OF FEEDS
Feeds are made up of a number of constituents. These constitu

ents which support animal life are called nutrients. These are
classed as proteins, carbohydrates, fats, minerals, vitamins, and
water.
Protein

Proteins are used for growth, for replacing worn out tissues, for
the protein of milk, and in many body processes. Almost all of the
body tissues such as hide, hair, muscles, nerves, glands, and liga-
ments are composed chiefly of protein. Milk contains about 3 to
32 per cent protein. A cow of average size giving 30 pounds of
milk per day needs about 3 to 3.5 pounds of protein in her feed.

Protein feeds such as alfalfa, cottonseed meal, and wheat bran
are plentiful in ' Arizona and usually no higher in price than low -
protein feeds. It has been observed that the tendency among
dairymen in this region is to overfeed with protein rather than to
underfeed. Overfeeding with protein stimulates milk production
but it may be harmful, especially in hot weather. The surplus pro-
tein is heating to the body, and the cow may have difficulty in
maintaining the proper body temperature.
Carbohydrates

The carbohydrates include the starches, sugars, and fiber. They
are used by the dairy cow to supply energy to the body and to form
the sugar and fat of the milk. The surplus is converted into body
fat.
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The fiber of a feed has a low digestibility, while the starches and
sugars are highly digestible. Grains such as corn, wheat, hegari,
and barley are rich in starch and low in fiber, while the roughages
such as hay, silage, hulls, and straw contain a relatively high per
cent of fiber and are rather low comparatively in starch content.
The grains, therefore, have a higher feeding value than the rough -
ages. A grain mixture containing more than 9 or 10 per cent fiber
evidently has feeds high in fiber such as alfalfa meal, hulls, or
straw mixed with the grains. Many dairymen add alfalfa meal or
other feed high in fiber to grains to lighten the grain mixture. But
if one is buying a mixed feed, he should pay less for a mixture high
in fiber on account of the low feeding value of the fiber.
Fats

Such feeds as corn, cottonseed, and soybeans are relatively rich
in fats and oils. Fats serve the same purpose in the body as the
carbohydrates, and in addition the fat of yellow corn and green,
well -cured hay carries certain vitamins which the cow imparts to
the butterfat.

Mineral matter

Mineral matter is very important in the feed of a dairy cow.
Calcium and phosphorus make up the major portion of the mineral
matter of the skeleton. These, together with other minerals, are
essential in regulat,_.g the vital processes of the body. Milk pro-
duction requires many minerals, the most important of which are
calcium and phosphorus. Alfalfa and other legumes supply the
cow with relatively large quantities of calcium, while the protein
concentrates, such as cottonseed meal and wheat bran, are good
sources of phosphorus. A shortage of iodine will cause the calves
to be born with goiters. There is no serious shortage of iodine in
feeds grown in Arizona.

Vitamins

Vitamins are essential for the growth and health of animals. For
cattle, vitamins A and D are most important. They are found in
well -cured hay and to a minor extent in yellow grains. Vitamin
E is essential for reproduction and is found in the germ of grains.

Water

All feeds contain some water. Grains and hay that have been in
storage for several months contain about 8 to 10 per cent water,
while silage, roots, freshly cut green feed, and succulent pasture
may contain from 70 to 90 per cent water.

Water acts as a carrier of food and waste in the animal body and
is a constituent of the body fluids, tissues, and milk. It is essential
to the vital processes of the animal and has many important func-
tions. The amount of water a cow will drink varies with the milk
production. Ordinarily, she will consume about 3 pounds of water
for each pound of milk produced.
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Plate :XIII.- Arizona Farm's Mildred, a purebred Guernsey cow owned ..

by the University of Arizona Record for one year at two years old:
14199 pounds of milk and 616 pounds of butterfat.

CHARACTERISTICS OF , FEEDS

Feeds; are divided into two general classe-- roughages and ,con-
centrates. The roughages are the more bulky feeds containing
much fiber, such as hay, silage, and fodder. Concentrates are feeds
wh ch contain very little crude fiber, such-ás the grains and the by-
products of 'factories and mills. The concentrates are more digest-
ible than the roughages on account of having less fiber.

ROUGI3AGES

Roùghages are of major. importance in feeding dairy cattle in the .

western ,states... Because .of the _high quality of alfalfa hay pro-
duced;. Caws eat about double the amount commonly fed , in the
easterk and northern states. The dairy cow is adapted to eating
large:amounts `of roughage. Good :quality roughages contain min-
:éraiSandi vitamins than: :are essential : to the health of cattle. In
Arizona roughages are usually a great deal cheaper than the con
centrates..,`The:dairyman should see that his cows have plenty of
:roughage of good quality.

.............................D: rouges ::
Al f zit f a y Good quality alfalfa hay is the best of all hays for

dart' Cattle. is a good source of protein and calcium and has a
desirable physiological action on the digestive system. Early cut,
well -cured alfalfa hay also imparts a yellow color and a goodly
amount of Vitamin A to the butterfat. It is the most palatable hay
grown in the West. There is very little waste to good- quality
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alfalfa hay. It should be harvested in such a manner as to save
the leaves as they are especially high in protein and mineral con-
tent.

Soybean Hay: There is very little soybean hay used in Arizona.
It ranks close to alfalfa in protein and calcium content. The stems
of soybeans are coarser than the stems of alfalfa, therefore there
is a larger waste in feeding.

Sweet Clover Hay: If the stand of sweet clover is thick and its
stems small, it may be used as hay. When the stems are coarse,
sweet clover is hard to cure. Moldy sweet clover hay is dangerous
to feed. Under certain conditions sweet clover hay will cause the
blood of cattle to lose its ability to clot, and in case of injury an
animal might bleed to death from a superficial wound.

Sudan Grass Hay: This hay, if well cured, is palatable if not
kept too long before it is fed. It is low in protein and fairly low
in mineral but is a good source of energy. It is not satisfactory as
a roughage for dairy cows but does very well for dry stock and
heifers if fed along with some feed richer in protein.

Oat Hay: The quality of oat hay varies greatly but if cut just as
the oat kernels are entering the dough stage, it will make a
palatable, fairly nutritious hay. Being low in protein, it ought to
be fed along with legume hay or a high -protein concentrate.

Barley Hay: This hay is very similar to oat hay except for the
barley beards and the greater coarseness of the stems. Barley
should be cut for hay when the grain is in the milk stage. At that
time the beards will not be stiff enough to make sore mouths.
Barley hay is not a satisfactory roughage for milking cows but
may be fed to dry cows and young stock.

Mixed Hay: Sometimes a cereal, such as barley, wheat, or oats,
is sown in an alfalfa field if the stand of alfalfa is thin in order to
hold down the growth of weeds and undesirable grasses. If cut
for hay before the cereal ismature this mixture makes a very good
feed, especially if the proportion of alfalfa is large. This type of
hay is distinctly superior to a mixture of alfalfa and Johnson grass
or alfalfa and water grass. Mixed hay requires that the grain
mixture be richer in protein than a good grade of alfalfa hay.
Succulent roughages

Pasture: Pasture is the ideal roughage for dairy cattle. On an
irrigated farm in southern Arizona it is possible to have a succulent
pasture throughout the year. Alfalfa is a favorite crop for sum-
mer pasture. There is less danger from bloat on alfalfa pasture if
the cattle are turned on after it is in bloom. The pasture should
be divided into five or six fields so the cattle can be rotated from
one field to another. In this way, the cattle may be changed to a
fresh field of mature alfalfa about every ten days. Before being
turned onto a new field of alfalfa, the cows should be given a good
fill of dry hay to lessen danger of bloat. If the stand of alfalfa is
thin, barley, oats, or wheat may be drilled in the field in the fall.
This mixture makes a splendid pasture and tends to hold down
weeds and inferior grasses.
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Sudan grass is used quite extensively for pasture on account of
its high yield and good feeding qualities. It is quite palatable and
does not taint the milk as badly as most pasture crops. It is a
warm -weather crop and may be planted in the spring after danger
of frost is past. It may be planted as late as July and makes a good
summer and early fall pasture that will last until October.

For fall, winter, and early spring pastures barley, wheat, and
oats are used. Barley pasture provides more feed than wheat and
oats, but it taints the milk more. The feed flavor in milk caused
by pasture can be avoided by taking the cows off pasture at least
two hours before milking.

Planting dates vary in different parts of the state. In the lower
altitudes in the southern part of the state, wheat and barley should
be planted in late August or early September to get a good yield
in fall or winter. If planted in October or November, the pasture
will be ready for late winter or early spring grazing. Oats planted
in the winter months will make a good spring pasture lasting
through May.

Silage: Corn or grain sorghum silage is a valuable and econom-
ical feed for dairy cattle. Silage ranks next to alfalfa in amount of
nutrients yielded per acre. It is succulent, laxative, palatable, and
bulky and has a good physiological effect on the animal body. It
takes the place of pasture in winter or in any season when good
pasture is not available. Being low in protein and mineral matter,
it is best fed with alfalfa hay. Good results cannot be obtained
from feeding silage as the only roughage.

The best corn silage is produced when the corn is cut just as
kernels are beginning to dent or while there is still sufficient
moisture in the stalks and leaves to insure good packing. If cut
too soon the yield of nutrients will be low, and the silage will be
sour. If the crop is too ripe, the silage will not pack sufficiently
to exclude the air, and mold will develop. If there is not sufficient
moisture to pack well, enough water should be added when filling
the silo to insure good packing. Sorghum silage is best cut when
the grain is fairly mature but while there is still enough sap in
the stalk to insure good packing.

If one is producing market milk, the silage should be fed after
milking to avoid a silage taint in the milk. Moldy silage should
be discarded as sometimes it causes severe sickness or perhaps the
death of the cattle eating it.

Other crops that may be used for silage include sunflowers, al-
falfa, sweet clover, Russian thistles, oats, and barley. None of
these make a very good silage, and they are not recommended
except as an emergency feed when corn or sorghum is not avail-
able or when due to weather conditions the crop cannot be saved
in any other way.

Soiling Crops: When pasture is not available soiling crops may
be used to provide the animals with fresh succulent feed. The
advantages of soiling crops over pasture are that fewer fences are
required, a larger yield is secured than from pasture, there is less
waste in feeding, more manure is saved, and it is easier to keep
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undesirable feed flavors out of the milk. The disadvantage of
soiling is that more labor is required.

It is fairly easy in southern Arizona to provide crops for soiling.
Alfalfa and Sudan grass furnish several cuttings a season and
these crops may be supplemented by oats, corn, or sorghum.

The choice between pasture, soiling, and feeding silage will de-
pend on conditions on the individual farm. More feed can be
produced and therefore more cattle kept if soiling is practiced, but
usually only the large farms have the facilities to soil economical-
ly. It is too much bother on the average small farm to cut and
haul the fresh feed to the cows every day. If one has a silo of small
diameter so that enough silage can be removed each day to pre-
vent spoilage, silage can be fed throughout the summer, and it
makes a very cheap feed. Pasture is fine for the livestock, and
saves labor but it produces less feed per acre than either soilage
or silage.

Roots: Root crops are not important in Arizona. They cost more
to raise than silage crops, and they yield less nutrients. However,
where cows are on test for advanced registry, it is advisable some-
times to raise some stock beets or sugar beets because of their
desirable effects on the cow's system. Because of the high water
content of roots, a cow cannot eat enough of them alone to support
milk production.

CONCENTRATES.

The concentrates are not so important in dairy cattle rations in
the Southwest as in the northern and eastern states. Cows here
eat more hay and other roughage and consequently eat less grain.
Many a dairy cow lives a long useful life in Arizona without having
tasted grain. Whether it pays to feed concentrates or not depends
on the relative prices of dairy products and of feed. When butter-
fat is selling at a relatively high price it usually pays to feed grain.
Barley

Barley is a common feed in Arizona. It grows well in the South-
west and usually it provides nutrients somewhat cheaper than
other concentrates. It should be rolled instead of ground as bar-
ley meal sometimes causes indigestion. Being low in protein, it
should be supplemented with protein feeds such as wheat bran,
cottonseed meal, and alfalfa.
Oats

When ground, oats make an excellent feed for dairy cattle but
usually they are too high in price to feed regularly. Besides their
nutritive value, they add palatability and lightness to the grain ra-
tion. For high -producing cows or for cows on advanced registry
test, oats should compose a part of the grain ration.
Wheat bran

Wheat bran is a favorite feed among the dairymen. It has a low
content of digestible nutrients as compared with the farm grains,
having about 23 per cent less than barley, but herdsmen value
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wheat bran for its other qualities. It is bulky, palatable, relatively
rich in phosphorus, laxative, and has a beneficial cooling effect on
the animals. It is also fairly rich in protein. Dairymen can afford
to feed wheat bran to milk cows if its price is not higher than 90
per cent of that of the other cereal concentrates. It should be fed
regardless of price to cows just before and after calving, and it
should form about one fourth of the grain ration of cows on test
or on the show circuit.
Beet pulp

The residue from the manufacture of beet sugar is dried and
sold as feed for livestock. It can be fed dry or soaked with water
before feeding. It will take up three times its weight in water if
soaked for twelve hours. Most Arizona dairymen prefer to feed
it dry with the grain ration and in so doing derive the same bene-
ficial results as if it had been soaked. It has a cooling effect on
digestion and is a good substitute for silage, pasture, and roots.
When mixed with the grain ration, it serves to lighten the mixture
and to make it more palatable. Beet pulp is low in protein and
relatively high in energy value.
Cottonseed meal

This is one of the richest of the protein concentrates. Cottonseed
meal also contains a relatively large amount of phosphorus and
fat, both of which add to its value. There are many grades of cot-
tonseed meal, and one should determine the grade before buying.
Sometimes the grades are stated in terms of percentage of protein.
The highest grade contains 43 or 44 per cent protein. Formerly,
it was believed that cottonseed meal was dangerous to feed espe-
cially in large amounts (more than 3 pounds per day to milking
cows), but it has been found that the harmful effects can be
avoided if the animals are given a good quality of hay and fresh,
succulent pasture (2, 5) . No one need fear poisoning from fresh
cottonseed meal if fed along with a good quality vitamin- contain-
ing roughage. Not much of the meal should be fed during the sum-
mer as it is too heating. Cottonseed meal tends to make a hard,
crumbly butter and gives best results in that respect when fed with
feeds which tend to make a soft butter such as washy pasture or
corn silage. It may make up as much as 20 per cent of the grain
mixture in ordinary herd feeding. Cottonseed meal stimulates
milk production but care should be taken not to have the ration too
high in protein. In Arizona where alfalfa is the main roughage
and cottonseed meal and wheat bran the leading by- products there
is a tendency to overfeed on protein.
Linseed meal

There are two kinds of linseed meal, old process and new pro-
cess. The old- process meal is the better feed for dairy cattle as it
has a better effect on the system. Linseed meal is usually too ex-
pensive to feed in Arizona, except for show stock or in special
cases for cows on advanced registry test. It is really a very fine
feed for dairy cattle, being laxative, palatable, high in protein,
and having a cooling effect upon the system.
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Cold- pressed cottonseed cake

This feed is similar to cottonseed meal but contains more fiber
due to a larger percentage of hulls. It is sometimes ground and
sold as meal. In buying cottonseed products, one should deter-
mine their value on the basis of the protein content as compared
with the highest grade of cottonseed meal.
Cottonseed

When the price of cottonseed is low at the oil factories, the seed
is fed to livestock. It may be fed up to 7 pounds per cow daily
without bad results if the animals are grazing on fresh pasture or
eating a high quality hay. Usually about 3 to 5 pounds is the
maximum amount fed. The milk from cows fed on cottonseed
without green feed produces butter which is hard, tallowy, and
mealy. Cottonseed for feed is worth a little less than half as much
as cottonseed meal. In other words, if one can trade 2 tons of cot-
tonseed for 1 ton of cottonseed meal it would be a good bargain.

Brewers' grains

Dry: This is a bulky by- product of breweries. These grains con-
tain more protein and a little less total nutrients than wheat bran.
Mixed with other concentrates, they make a valuable addition to
a daily ration although they are not so palatable and do not have
the laxative and cooling effects of wheat bran.

Wet: Dairymen whose farms are near breweries often can obtain
wet brewers' grains at a cheap price. The feed has about the same
amount of total nutrients as corn silage but about four times as
much protein. Dairy cows can be fed 20 to 30 pounds of wet
brewers' grains daily. This feed is highly perishable and should
be fed fresh. If it has started to decompose, there is danger of
digestive disturbances among the cattle.
Distillers' dried grains

Distillers' grains made from corn have a high nutrient value dis-
tinctly superior to brewers' grains, and because of their high pro-
tein content they may be substituted for cottonseed meal. They
add bulk to a grain mixture and are highly valued for cows on ad-
vanced registry test.
Ready -mixed feeds

There are many proprietary feeds on the market, and no doubt
some of these are very fine feeds. In buying ready -mixed feeds a
dairyman should try to learn the formula to determine if the feed
is economical to use. At least he should find the minimum protein
and the maximum fiber. In this way he can compare its composi-
tion with that of well -known feeds and judge from that whether
the feed is reasonably priced. Quite often these ready -mixed
feeds are priced too high, and a dairyman cannot afford to use
them. Ready -mixed feeds save the time of mixing and they us-
ually provide a greater variety of ingredients than would be found
in a representative grain ration mixed on the farm.
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- molasses feeds

Alfalfa mills grind or chop alfalfa hay and mix it with molasses.
The molasses settles the dust, adds palatability, and provides
nutrients high in energy value. Sometimes concentrates such as
barley and ground hegari are added to the alfalfa -molasses mix-
ture to make a complete ration. When good materials are used
and are priced in accordance with the content of digestible nutri-
ents, there is no objection to these feeds. However, it is very easy
for the manufacturer to adulterate these mixtures with fillers and
to use a poor quality of alfalfa and damaged grains, and it is very
difficult for the dairymen to detect this fact.

Plate XIV. Tucsona Sybil's Sue, a purebred Jersey cow owned by the
University of Arizona. Record for one year 15,355 pounds of milk and

806 pounds of butterfat.

FEEDING EXPERIMENTS WITH ALFALFA HAY
HAIRY PERUVIAN VERSUS COMMON ALFALFA HAY

Two varieties of alfalfa are grown extensively in Arizona, Hairy
Peruvian and common. Common alfalfa is finer stemmed and
usually carries a higher percentage of leaves than Hairy Peruvian.
Many dairymen think that common alfalfa hay makes a much
better feed for dairy cows. To test the value of these two varieties
of hay for milk production the Dairy Department ran a series of
three feeding tests. Except for the difference in the hay, the cows
were fed the same rations and all feed refused by the cows was
weighed and `deducted from the totals. The cows were divided
into two groups and fed by the reversal system. Table 1 shows the
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TABLE 1. -HAIRY PERUVIAN VERSUS COMMON ALFALFA
FOR MILK PRODUCTION.

Summary of milk and butterfat produced
Common alfalfa Hairy Peruvian alfalfa

Milk yield
(pounds)

Fat yield
(pounds)

Milk yield
(pounds)

Fat yield
(pounds)

First test
Second test
Third test

4,495
5,005
4,930

174
211
160

4,520
4,878
5,182

172
207
165

Totals 14,430 545 14,580 544

Difference in milk production in favor of Hairy Peruvian hay____150 pounds
Difference in fat production in favor of common hay 1 pound

amounts of milk and butterfat produced by the cows when fed the
different kinds of hay. In two of the tests more milk was produced
when Hairy Peruvian alfalfa hay was fed, and in the other test
more milk was produced when common alfalfa was fed. There
was no great difference in yield in any case and the total for the
three tests shows a difference of only 150 pounds of milk or 1 per
cent in favor of Hairy Peruvian. This is not enough difference to
be significant, and it might have been caused from chance varia-
tion in the physical condition of the cows. Table 2 shows the

TABLE 2. -TOTAL AMOUNT OF FEED FED.

Grain mixture
(pounds)

Silage
(pounds)

Common Hairy
Feed hay Peruvian 0

q
` 0 co

(pounds) hay(pounds)
o o >8

D,' 8 ÿ' >
ßxá.2 ,9 áxá,2

First test
Ration I 3,716 828.8 2,810
Ration II 3,677 912.8 2,876

Second test
Ration I
Ration II

3,761
3,652

996.8
994.0

2,644 ,
2,715

Third test
Ration I 4,529. 1,278.0
Ration II 4,416.0 1,184.9

Totals 12,006.2 11,745.0 3,103.6 3,091.7 5,454 5,501

amounts of feed eaten by the cows. They ate slightly more hay
when fed the common variety. This was due to their leaving in
the manger a little more of the Hairy Peruvian stems than the
common alfalfa stems. It was noted the Hairy Peruvian hay had
the larger stems but common alfalfa had the more brittle, wiry
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stems. One can conclude from these feeding tests that the variety
of alfalfa hay makes little difference in the feeding value for milk
production. Alfalfa should be grown and cured so the stems are
not brittle and so the leaves are retained. Since the yields of Hairy
Peruvian hay are larger, the dairyman raising his own alfalfa
might do better to grow that variety of hay.

BUD STAGE VERSUS ONE -THIRD BLOOM ALFALFA HAY

Dairymen demand a fine -stemmed, heavy- leafed alfalfa hay.
Alfalfa cut in bud stage is more likely to produce this kind of hay
than that cut at the later stages of maturity. Bud stage alfalfa
hay is higher in protein content (3) than hay cut at full bloom,
three- fourths bloom, or one -fourth bloom (10) ; however, cutting
too frequently or at immature stages results in decreased yield.
Salmon et al. (9) found cutting in the bud stage caused a marked
decrease in the vigor of growth, the stand, and the yield of alfalfa
hay. They also found that the feeding value of the hay for steer
feeding decreased with maturity, the hay having the lowest feed-
ing value in the seed stage. Various investigators (1, 4, 6, 7, 8)
found that cutting alfalfa in the premature stages depleted the
root reserves which causes slow recovery, low rate of growth after
cutting, and low yields of hay. There was increased weed infesta-
tion when alfalfa was cut regularly at bud stage.

To test the feeding value for milk production of alfalfa cut at
bud stage in comparison with alfalfa grown on the same field but
cut at one -third bloom stage, three feeding tests were conducted
at the University Farm. In the feeding tests the cows were divided
into two lots and fed by the double -reversal system. They were
given grain in proportion to the amount of milk produced.

Table 3 shows the yields of milk and butterfat for each of the

TABLE 3.- EFFECT OF STAGES OF MATURITY OF ALFALFA HAY
ON MILK PRODUCTION.

Bud stage One -half bloom stage

Milk yield
(pounds)

Fat yield
(pounds)

Milk yield
(pounds)

Fat yield
(pounds)

First test 4,661 175 4,721 172
Second test 2,986 124 2,920 121
Third test 5,413 247 5,343 244

Totals 13,060 546 12,984 537

Difference in milk production in favor of bud -stage hay 76 pounds
Difference in fat production in favor of bud -stage hay 9 pounds

three tests. In the first test the one -third bloom hay produced
slightly more milk but in the second and third tests the bud stage
hay produced more milk. The difference is not large in any case.

Table 4 shows the amount of feed eaten in the three feeding
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tests. Records were also kept of the amount of feed refused by the
cows. It was noted that the cows usually liked the bud stage hay
better than the one -third bloom. However, there would be periods
of several days' duration when the cows fed one -third bloom hay
would eat it with more relish and would not leave as much hay in
the mangers as the cows fed bud stage hay. Some weeks the cows
would leave more stems and sometimes more leaves. This varia-
tion in the way the cows ate the hay would indicate that some
other factor, possibly the way the crop is irrigated or cured or
thickness of stand makes more difference in the quality of the hay
than stage of cutting if we consider only the bud and one -third
bloom stages. If the dairyman is buying alfalfa hay, he would
likely get a little better quality hay if he bought bud stage hay, but
if he is growing his own alfalfa hay he would get much more hay
with only slightly lower feeding value if he cut the alfalfa in the
one -third bloom stage.

CHARACTERISTICS OF A GOOD DAIRY RATION

Correct feeding is probably the most important factor in profit-
able dairying. To feed a cow properly it is necessary to consider
the following characteristics of the ration:
Correct amount of feed

The feed required by an animal depends on its size, its rate of
growth, and (if a milk cow) the yield of milk. A certain amount
of nutrients is used for maintenance depending on the size of the
animal. It is used to keep up the life processes and in maintaining
the energy of the body. If normal growth or production is to occur,

Maintenance Ration

Three -Fourths Ration

Full Ration

Excessive Ration

Body Maintenance

Body Maintenance Milk
Production

Body Maintenance Milk
Production

Body Maintenance Milk
Production

Gain in
Weight

Figure 1. -The dairy cow uses her feed more efficiently if she is fed a full
ration.
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the amount of feed must be above maintenance requirements. It
is usually most economical to give an animal just enough feed to
maintain maximum growth or milk production. If a cow is over-
fed she uses the excess nutrients for body fat. She may later use
this fat to support milk production in case of feed shortage. It is
natural for a cow to fatten as she approaches another freshening.
This is nature's way of preparing her for the ordeal of calving and
the strain of another lactation period.
Correct balance of nutrients

The cow makes better use of her feed if the nutrients balance the
requirements for maintenance and milk production. If there is a
shortage of protein, the milk production and other body functions
have to slow down accordingly. It requires too much time for the
average dairyman to compute a balanced ration for his cows.
However, he can balance rations roughly by feeding some of each
class of feeds, that is, low -protein, medium- protein, and high -
protein feeds.

SIMPLE CLASSIFICATION OF FEEDS
LOW -PROTEIN FEEDS

Roughages Concentrates
Corn and sorghum Barley
Prairie hay Dried beet pulp
Corn and sorghum stover Hegari
Cereal hay and straw Corn
Roots Oats
Sudan grass
Cereal pasture

MEDIUM -PROTEIN FEEDS
Roughages Concentrates

Alfalfa hay
Alfalfa pasture
Sweet clover pasture
Cowpea hay

Wheat bran
Wheat middlings

HIGH -PROTEIN FEEDS
Roughages Concentrates

None Cottonseed meal
Gluten feed
Linseed meal
Coconut meal
Soybean oil meal
Peanut meal

If the roughage fed is from the low -protein group of feeds, it is
well to select a concentrate from each of the three groups (equal
amounts), while if the roughage is entirely from the medium -
protein group, the high -protein concentrate may be omitted. This
procedure will give only a rough approximation of a balanced
ration.
Palatability

A feed is said to be palatable if the animals like it. Cattle do
better on palatable feeds due probably to an increased consump-
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tion and greater digestibility. Feeds vary greatly in palatability
and cattle vary in their likes and dislikes for feeds. Among the
most palatable feeds produced in Arizona are alfalfa (both hay
and pasture) , wheat bran, oats, corn, rolled barley, silage, Sudan
grass pasture, oat pasture, wheat pasture, and barley pasture.
Dried beet pulp and molasses are among the most palatable feeds
that are imported into the state.

Methods of growing, harvesting, and storing some feeds affect
their palatability. Alfalfa hay, which is usually very palatable,
becomes unpalatable if it is grown so as to produce hard, brittle
stems. Exposure to rain, molding, and injury of crops by disease
and insects lower palatability.

Sometimes a feed is unpalatable to cows at first, and later, after
the cows become accustomed to it, it becomes very palatable. This
is true of .silage with some cows. Cottonseed meal, sweet clover,
and brewers' grains are unpalatable to many cows.
Succulence

A succulent feed is one that contains the natural juices of green
forage. It is well known that fresh pasture has a healthful, stimu-
lating effect on cattle and when pasture is not available, some
other succulent feed should be provided to take its place. Silage,
roots, and soilage are main substitutes for pasture. Cattle breed
better and do better if they have succulent feed.
Bulk

A bulky feed is one that is light in weight in proportion to
volume. A bulky grain ration is more porous and it is thought to
be more easily acted upon by the digestive fluids. Cows eating
heavy, compact rations are more subject to digestive disorders.
Wheat bran, crushed oats, and dried beet pulp are feeds commonly
used to lighten a grain ration. The dairy cow is especially adapted
to handle roughages. She rechews her feed and thus prepares it
for digestion. Without roughage cattle do not thrive. In addition
to providing nutrients cheaply, good -quality hay furnishes neces-
sary protective factors lacking in grain. Roughage in Arizona
ought to provide about three fourths and grain one fourth of the
nutrients in ordinary dairy herd feeding.
Variety

A good cow produces milk at least ten months of every year
through her productive life. That means she must be on fairly
heavy feed for the greater part of each year. As a result of heavy
feeding for so long a period, her appetite sometimes fails her. This
is true especially when the cow is being fed a restricted diet of
only one or two feeds. If the grain mixture consists of three or
more ingredients from different sources, the cow will not be so
likely to tire of it. Also, if the roughage can be varied with alfalfa
hay, pasture, silage, or any of the other good roughages, the cow
will retain her appetite better. In varying the ration there should
be no sudden, radical changes as such changes will throw the cow
off her feed and cause indigestion. Sometimes only slight changes
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in the ration will cause the cows to relish their feed more and do
correspondingly better in milk production. When cows tire of
their feed, it is a good plan to give them a bran mash instead of
the regular grain ration once or twice a week. The mash can be
fed in the form of a thick slop. This will act as a cooling agent
and a laxative.
Laxativeness

In feeding dairy cows best results are obtained if the feeds are
slightly laxative. Silage, alfalfa hay, roots, fresh green feed, wheat
bran, linseed meal, and molasses are examples of laxative feeds.
If the cattle can be on fresh pasture even for only an hour or two
a day, the laxative effect of the pasture will help to get more bene-
fit out of the other feeds. All of the dry nonlegume roughages
such as sorghum fodder, barley hay, corn stover, and straw have
a constipating effect and if fed at all to milk cows, other feeds of
laxative nature should be fed at the same time to offset the costive
effect.
Effect on health of animals

Cattle grazing on luxuriant pasture have the best possible condi-
tions to maintain perfect health. Here we have, usually, a suffi-
ciency of protein, vitamins, and a laxative, succulent, palatable
feed. Cattle on good pasture generally have a sleek, oily coat in-
dicating health. If cattle cannot be on pasture they should be
given feeds that will have a similar effect so far as possible. The
feeds that are known to have good effect on health when fed
properly are legume hay, silage, soilage, roots, wheat bran, beet
pulp, linseed meal, soybeans, and oats.

Feeds that are moldy are liable to cause digestive troubles, or
they may have a poisonous effect on cattle. Moldy or smutty feeds
should not be fed.
Economy

Home -grown feeds are cheapest. Many Arizona dairymen raise
no grain crops but buy what concentrates they need for feed. Al-
falfa hay is the major roughage crop and is usually the most
economical part of the ration. Corn silage, Sudan grass pasture,
cereal grain pasture, and sweet clover pasture are economical
supplements of alfalfa. In Arizona, unlike the northern and east-
ern states, there is generally no problem in providing sufficient
protein in the ration cheaply because alfalfa is medium high in
protein, and cottonseed meal, which usually compares favorably
in price with such grains as barley and oats, is the highest in crude
protein of any concentrate commonly fed to dairy cattle. In
general, that ration is cheapest which provides the cows with all
the good -quality roughage they care to eat and just enough grain
mixture to supplement the roughage. When prices of dairy pro-
ducts are low it is not economical to feed much if any grain.
Mineral content

The minerals most likely to be deficient in dairy cattle feeds are
calcium, phosphorus, and common salt. In some sections of the
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country iodine and iron are not present in sufficient quantities to
maintain the health of cattle, but we know of no such shortage in
Arizona. If alfalfa or other legume is fed as roughage there is not
likely to be a shortage of calcium in any except extra- high -pro-
ducing cows. Wheat bran, cottonseed meal, linseed meal, wheat
middlings, and milk products are excellent sources of phosphorus.

The following lists show how some common feeds rank in cal-
cium and phosphorus.

Calcium -poor
Cereal grains
Roots
Grass hay

feeds

Phosphorus -poor

Beet pulp
Straw
Grass hay

Calcium- medium feeds
Beet pulp
Silage (corn or sorghum)
Stover (corn or sorghum)

feeds Phosphorus- medium
feeds

Cereal grains
Alfalfa hay
Stover (corn or sorghum)
Silage (corn or sorghum)
Sweet clover

Calcium -rich feeds
Legume hay
Legume pasture
Milk products

Phosphorus -rich feeds

Wheat bran
Wheat middlings
Cottonseed meal
Linseed meal
Milk products

Vitamin content
Cattle are dependent on the feed they eat for Vitamin A, which

is necessary for their health, growth, and well being. The amount
of Vitamin A in dairy products is dependent on the amount of that
vitamin in the feed. Arizona is especially fortunate in being able
to have green feed rich in Vitamin A the year around in the main
irrigated valleys. Carefully cured hay which retains the green
color is also a good source of Vitamin A.

Cattle, apparently, are not dependent on feed for vitamins B and
C. There is no evidence of a deficiency of Vitamin D in rations
commonly fed to dairy cattle in this state. The reproductive
Vitamin E is found in the germ of grains. It is not certain whether
cattle of Arizona suffer from a deficiency of this vitamin.

FEEDING DAIRY ANIMALS
THE CALF

It is the usual practice to leave the calf with its mother two or
three days, then remove it, and teach it to drink from a pail, al-
though it may be weaned any time after birth. The sooner the
calf is taken from its mother the easier it is to teach it to drink
milk. In any case it should have the first milk (colostrum) which
is laxative and which contains certain ingredients which help the
calf to resist disease until it can build up an immunity of its own.

The amount of milk a calf needs depends on its size and age.
Jersey and Guernsey calves should be started on about 6 to 8
pounds of milk daily, fed in two or three feedings, while Holstein
and Ayrshire calves can be fed 7 to 10 pounds, gradually increasing
the amount of whole milk fed until at one month of age they are
getting 10 to 14 pounds daily. When the calf is from two to four
weeks old skim milk can be substituted for whole milk a little at
a time, so that at the end of about two weeks the calf is getting
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skim milk entirely. If the calf is a valuable purebred animal it
is well to feed it whole milk until it is two months or more old to
give it a good start. After it is eating some good -quality hay or
pasturage and grain it can get along very nicely on skim milk. For
best results, up to five or six months old, it should have some sort
of milk either whole milk, skim milk, or milk powder. At the
age of five or six months a good -sized calf can be fed 16 pounds
of skim milk daily. It is better to underfeed than to overfeed. It
is well to keep the young calf a little hungry to avoid digestive
difficulties.

The milk should be fed fresh and sweet and at about the same
temperature every day. For the very young calf, the milk should
be fed warm (about 100 degrees F.). Older calves will thrive on
sour milk if it is clean and not decomposed and is fed regularly.
Some calves cannot stand to be changed about from sweet milk to
sour and vice versa.

Each calf should be fed separately so that he does not get more
than his share. Keeping the calves fastened for an hour or two
after feeding them milk will prevent to some extent the bad habit
of sucking ears or udders. The calf pails should be washed after
each feeding and the calf pens should be cleaned regularly. Calves
are very sensitive to contamination and frequently contract disease
from dirty pails or pens.

Calves should be taught to eat grain as soon as possible. Most
calves will begin to eat a little grain at two or three weeks of age.
A good grain mixture for calves is as follows: two parts rolled
barley, two parts wheat bran, one part crushed oats, and one part
dried beet pulp. Grain need not be finely ground for calves. They
usually like it better coarsely ground or whole.

After the calf is two or three weeks old, it should be given a
small amount of hay. Alfalfa hay early cut and cured to retain
the green color is the best roughage for young calves as it supplies
essential vitamins and calcium in addition to protein and energy
nutrients. The hay should be fed fresh each day as hay left in the
manger becomes unpalatable. Sometimes the calf will eat too
much leafy alfalfa hay and scouring will occur. In this case the
amount of hay fed should be limited.

If at all possible, calves should have access to good pasture after
two or three months of age. In order to avoid indigestion care
should be taken not to turn calves on to frosted pasture. Good -
quality pasture is considered the best of all roughages and can
replace the hay entirely for calves over three months old.

THE HEIFER

By the time the calf is weaned from milk, it should be eating
hay and grain in sufficient quantities to maintain normal growth.
Young animals use feed more efficiently than when older. It is
more economical to have heifers grow as much as possible before
having their first calf as milk production checks growth of body,
and what growth takes place after two or three years requires
more feed per unit of growth.
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Plate XV.-Heifers grazirig on barley pasture, December 19, an the
University of Arizona Farm.

Heifers, in-. order to grow well, should be kept in good thrifty
'condition. at all times. Pasture is the ideal, feed for growing
heifers. If pasture is unavailable, feed the young stock some other
roughage,: preferably alfalfa hay,. Bulky feeds are very essential tc
develop capacity . of the digestive system. A heifer that lack
capacity._of barrel when she freshens is handicapped at the start
of her .productive life. If the roughage is cereal hay or silage
without legume hay, the growing animals must have a grain mix-
ture- fairly rich in protein

The amount of grain to feed, if any, will depend on the condl
tion of the heifer, the quality and kind of roughage, and the rela-
tive. prices of grain and roughage. A good rule: to follow is to :feed
a l eifer,about * pound .of grain to each lßo pounds of live weight.
As she approaches calving time-she should be fed enough grain to
be in good flesh when she freshens. Heifers that calve in " thin

,:flesh cannot support high milk production.
Age to breed

The age to . breed a heifer depends on its growth and develop-
ment. A heifer that is underdeveloped for its age should be given
time to make. up its growth before breeding. Heifers that are well
grown can be bred earlier and come into production at a younger
age than those that develop more slowly.

.holstein heifers should be bred at about twenty months of age,
Jerseys at about sixteen months, Guernseys at about eighteen
months, and Ayrshires at nineteen months. The gestation period
of cattle is about 280 days. During this period the heifer should
be well fed and treated kindly. She not only is growing her own
body but has to nourish the unborn calf. She should be gentled
and handled so she will not be nervous after calving.

A study was made of the reasons for discarding young cows 'at
the University Farm over a period of years, and it was found that
a great majority of those cows, sold because of low production,
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calved younger than the average age, and those cows kept in the
herd because of satisfactory production had their first calf when
more mature than the average. This indicates that cows produce
more milk per year if well matured when they freshen the first
time. Of course, one has to consider the expense of keeping the
heifers to an older age before they yield an income. This factor
offsets some of the advantage of having the heifer freshen at an
older age

THE COW

Feeding the cow for milk production begins with the dry cow or
heifer. Every cow needs a rest between lactation periods in order
to build up reserve energy and to restore the mineral content of
the body. A high- producing cow sometimes withdraws mineral
from the skeleton and fat, and protein from other parts of the body
in order to maintain a heavy milk flow. If she does not have about
six weeks' or two months' rest between milking periods, she will
start the new lactation in depleted condition and the milk flow
will be much lower than it would have been if she had been given
a rest. At the University Farm a Jersey cow in one lactation pro-
duced 641 pounds of butterfat in 355 days. She did not go dry be-
fore freshening again and as a result in the next lactation she pro-
duced only 334 pounds of butterfat in 305 days.

The cows and heifers should be fed so that they are in good flesh
at calving time. If the animals are thin in flesh it may be necessary
to feed grain during the dry period. Pasture is especially good for
cows about to freshen. Legume hay provides calcium and protein
needed at this time. It is important to have the animals in the
best of health when they freshen so that they start off well at the
beginning of the milking period. If this is done, the cows will
respond to good feed and care better than if they calved in thin
flesh. If the cows have to build up their own bodies after they
freshen, there is not much hope of producing economically a high
yield of milk.
The cow just before calving

For a week or ten days before a cow calves, the feed should be
of a laxative, cooling nature. All heavy grains should be dis-
continued and a lighter ration substitutd. Fresh pasture will
usually give the desired results. Leafy alfalfa hay, silage, and
beet pulp are good roughages for a cow just before calving. If
necessary to feed grain due to faulty roughage, wheat bran alone
or equal parts of wheat bran and ground oats make a good laxative
grain ration. This method of feeding will tend to prevent udder
troubles, milk fever, retained afterbirth, and other difficulties.
The cow just after freshening

The cow needs but little feed the first day after calving. A
little wheat bran and leafy alfalfa hay is sufficient. After about
the third or fourth day, the ration may be made richer by adding
ground oats or a 1- ' `.le rolled barley to the wheat bran. Silage may
supplement alfalfa as roughage. The feeder should be cautious
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XVI. -The V -type feed manger prevents hay wastage.

in bringing a fresh cow to full feed. About thirty days are re-
quired to do this safely. The grain should be increased gradually
not more than 1/2 pound per day as the cow responds with an in-
creased milk flow. Usually it is best to follow increased produc-
tion with increased feed rather than to try to force production in
a fresh cow. After a cow has reached maximum production, there
should be no further increase in feed. It is not good to feed a cow
to the limit of her capacity.
Rules for 'Bing the milking cow

There are no definite rules of feeding that can be followed in
every case. Ordinarily, dairy cows are fed all the roughage they
will clean up. Cows in the Southwest will eat more roughage
than do those in the North and East. It is not unusual for a large
Holstein cow to eat as much as 40 pounds of alfalfa hay daily in
addition to some grain. Usually cows eat 25 to 35 pounds of hay
daily, or about 21/2 to 3 pounds of hay per 100 pounds of live weight.
If silage is fed, the cows are given all they will clean up, but the
feeder must avoid feeding silage as the only roughage if he wants
to get good production. Silage contains a large amount of water,
is low in protein and minerals, and it must be supplemented with
other feeds. If good pasture is available, the cows do not need
silage, but they may need some hay and grain to supplement the
pasture. In order to avoid bloat cattle should be fed hay before
turning onto young alfalfa. Pasture, like silage, does not supply
the necessary nutrients required by extra- high -producing cows,
which must have some grain and also some hay in order to con -
tinue to produce to the best of their ability.

Sudden changes in feed should be avoided. At the University
Farm cows have been made ill with digestive troubles by a sudden
change in quality of the alfalfa hay fed. Likewise, they have
suffered with digestive disturbances when turned onto green feed
when they had been used to dry feed. These changes in feed
should be made gradu, 'y. A high- producing cow is very delicate
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and any sudden change throws her out of adjustment. It is very
important that the roughage be of good quality. Moldy hay or
silage will cause digestive disturbances. There is a very big waste
in stemmy hay. Cows do better if the alfalfa hay has soft stems,
not too coarse, and is cured so the leaves retain their green color.
Alfalfa cut either in bud stage or one -third bloom makes good hay
provided it has been grown and cured properly.

Grain should be fed individually and in proportion to the amount
of milk yield. Jerseys and Guernseys need more grain per pound
of milk than do Ayrshires and Holsteins. The ratio of grain to
milk varies under different conditions such as age and condition
of the cow and the relative price of grain to that of roughage, but
usually a Jersey or Guernsey cow should have 1 pound of grain to
about 4 or 5 pounds of milk and a Holstein or Ayrshire cow, 1
pound of grain to 5 or 6 pounds of milk. If the quality of the
roughage is low or the cow is growing or she is too thin in flesh,
the proportion of grain should be increased. On the other hand if
the animal is inclined to fatten or grain is too high priced in com-
parison with the price of roughage, the proportion of grain to milk
should be decreased.

The milk weights together with the body weight of the cow are
good indexes of whether she is being properly fed. A cow should
not be allowed to decrease in milk yield due to faulty feed or lack
of care, for it is practically impossible to get her back again once
she is down in milk flow. If a cow is in good flesh at calving, she
will naturally decrease in body weight for about eight to twelve
weeks without much loss of milk flow. This is to be expected if
the cow is of good dairy temperament. After this initial loss in
weight, the cow normally may remain practically constant in
weight for several weeks, or she may increase slowly. Too much
increase in weight indicates that the cow is being overfed or is
being fed too wide a ration (not enough protein) .

THE BULL

The bull calf should be separated from the heifers at about six
months of age. The young bull needs more feed than heifers be-
cause he grows faster and to a greater size. It is important that
the herd sire reach the maximum development of body as he will
be the father of all the calves, and an underdeveloped sire always
creates doubts in the minds of visitors and prospective buyers as
to the quality of his offspring.

The young bull should be kept in good condition and growing
rapidly until he is practically mature. After that he should be
kept in good flesh without becoming fat. Alfalfa hay and corn
silage make a good feed for a bull if not more than 10 to 15 pounds
of silage is fed. Too much silage makes a bull paunchy and a slow
breeder. It is well `7 let the bull get a little thin in flesh in sum-
mer and then increase in flesh in the fall for the heavy breeding
season. If grain is fed, the grain mixture fed to the milk cows can
be used for the bull. If silage is not available, the bull should be
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given other succulent feed such as pasturage, soilage crops, or
roots.

TABLE 5.- NUTRIENTS IN VARIOUS DAIRY FEEDS.

Feed
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Dry roughages
Alfalfa hay- average 90.4 14.7 10.6 50.3
Alfalfa hay -leafy 90.4 16.0 12.0 51.1
Alfalfa hay -stemmy 90.4 12.1 8.2 47.5
Barley hay 91.9 7.5 4.9 54.1
Sweet clover hay 92.0 14.0 10.5 49.9
Corn stover 90.6 5.9 2.2 52.2
Cottonseed hulls 90.6 3.9 .8 43.7
Cowpea hay 90.4 18.6 12.6 49.4
Hegari stover 72.1 3.3 1.1 39.1
Oat hay 88.0 8.3 4.5 a 36.3
Sorghum fodder, sweet 89.2 6.4 3.6 52.7
Soybean hay -in bloom 91.5 17.4 13.1 51.0
Sudan grass hay -in bloom 89.2 8.4 4.7 51.7

Succulent roughages
Alfalfa, green -in bloom 25.9 4.4 3.3 14.7
Alfalfa, green- before bloom 19.9 4.3 3.2 11.5
Stock beets, mangels 9.4 1.4 1.0 7.3
Sugar beets 16.4 1.6 1.2 13.8
Sweet clover, green -

before bloom 24.3 4.4 3.4 15.6
Corn stover, green -

ears removed 22.7 1.3 .5 13.0
Oat pasture -8 in. high 13.0 4.9 3.9 9.2
Barley hay, green 22.6 3.3 2.3 14.4
Sudan grass, green -in bloom 23.2 2.2 1.6 16.0
Wheat pasture -5 in. high 24.2 6.5 5.1 16.9
Corn silage -well matured 28.3 2.3 1.3 18.7
Hegari silage

concentrates
34.7 1.8 0.9 19.5

Barley,Barley, common 90.4 11.8 9.3 78.7
Beet pulp, dried 92.0 9.0 4.8 71.8
Brewers' grains, dried 92.8 25.6 20.7 65.3
Coconut oil meal, old process 90.7 20.8 18.7 80.8
Corn, dent 88.5 9.7 7.4 83.7
Corn gluten, meal 91.5 42.9 36.5 81.8
Cottonseed, whole 92.7 23.0 17.0 91.0
Cottonseed meal, 45 per cent 93.0 45.5 37.8 80.9
Cottonseed meal, 43 per cent 93.5 43.2 35.0 75.5
Distillers' corn grains, dried 93.6 30.6 22.3 85.0
Hegari grain 90.0 9.7 7.9 81.2
Linseed meal, old process 91.3 35.2 30.6 78.2
Manamar 93.8 40.9 31.9 51.9
Milo grain 89.4 11.2 8.7 79.9
Molasses, cane 74.1 2.8 .9 56.6
Oats 91.1 9.6 7.5 75.4
Soybean oil meal 91.7 44.3 37.7 82.2
Wheat bran 90.6 15.8 13.1 70.2
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BALANCING RATIONS FOR THE HERD BY THE PROTEIN
METHOD

This is an easy, simple method of compounding a grain mixture
to be fed with a certain kind of roughage. The method gets its
name from the fact that the protein content of the grain mixture
is varied to fit a particular kind of roughage. In calculating a grain
mixture the amount of digestible protein to be included is deter-
mined as follows:

1. When the roughage is alfalfa, sweet clover, cowpeas, or any
other legume, the amount of digestible protein required in the
grain mixture is 12 to 15 per cent.

2. When the roughage consists of mixed hay, or alfalfa hay
with silage, the proportion of digestible protein required in the
grain mixture is 15 to 18 per cent.

3. When the roughage contains no legume hay but consists
entirely of silage, fodder, Sudan grass, oat, or barley hay, 18 to 21
per cent of digestible protein in the grain mixture is required.

For Arizona conditions, it is recommended that the maximum
figures for protein be followed in calculating a grain mixture when
the prices of cottonseed meal and wheat bran compare favorably
with those of the low- protein concentrates.

Example: Let us assume that we have good -quality alfalfa hay
and corn silage for roughage, and there is available wheat bran,
rolled barley, cottonseed meal, ground hegari, and dried beet pulp.
With that kind of roughage (see 2 above) a grain mixture con-
taining 15 to 18 per cent digestible protein is required. By refer-
ring to Table 5 we can compute the proportion of each concentrate
used. The following grain mixture will meet the requirements:

Feed used in grain
mixture

Amount of digestible protein

In 100 lbs. of feed In amount of feed
used in mixture

300 lbs. wheat bran 13.1 39.3
200 lbs. rolled barley 9.7 19.4
250 lbs. cottonseed meal 37.8 94.5
150 lbs. ground hegari 7.9 11.8
100 lbs. dried beet pulp 4.8 4.8

1,000 lbs. grain mixture 169.8

169.8 divided by 1,000 equals .1698 or 16.98 per cent digestible protein in
the grain mixture.

Example: Now let us assume that the cows are getting alfalfa
hay alone as a roughage. They would then require 12 to 15 per
cent of digestible protein in the grain mixture (see 1 above) . The
following will meet the requirements:
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Feed used in grain
mixture

Amount of digestible protein

In 100 lbs. of feed In amount of feed
used in mixture

200 lbs. wheat bran 13.1 26.2
200 lbs. rolled barley 9.7 19.4
100 lbs. cottonseed meal 37.8 37.8
150 lbs. ground hegari 7.9 11.8
100 lbs. dried beet pulp 4.8 4.8

750 lbs. grain mixture 100.0

100.0 divided by 750 equals .133 or 13.3 per cent of digestible protein.

GRAIN MIXTURES

In compounding grain mixtures, the sort of roughage fed and
the comparative market prices of feeds should be considered. If
no legume hay or pasturage is provided more protein will be re-
quired in the grain ration. Any shortage of protein in the total
ration must certainly reduce the production of milk. Therefore,
it is important to have enough protein in the grain mixture to
make up for any lack of it in the roughage.

Grain mixtures of about 12 to 15 per cent digestible crude protein
to be fed with alfalfa hay or young pasturage:

No. 1
200 lbs. cornmeal
200 lbs. rolled barley
200 lbs. wheat bran
200 lbs. ground oats
150 lbs. cottonseed meal
50 lbs. linseed meal

No. 3
350 lbs. wheat bran
300 lbs. cornmeal
200 lbs. ground oats
150 lbs. cottonseed meal

200 lbs.
200 lbs.
200 lbs.
200 lbs.
100 lbs.
100 lbs.

No. 2
wheat bran
crushed oats
dried beet pulp
cottonseed meal
ground hegari
rolled barley

No. 4
350 lbs. ground hegari
350 lbs. wheat bran
300 lbs. 24 per cent commercial

mixed feed

No. 5
400 lbs. rolled barley
300 lbs. crushed oats
100 lbs. dried beet pulp
200 lbs. cottonseed meal

Grain mixtures containing 15 to 18 per cent digestible crude
protein to be fed with mixed hay or with alfalfa hay and silage:

No. 6
300 lbs. cracked corn
200 lbs. ground oats
200 lbs. cottonseed meal ( % )
200 lbs. rolled barley
100 lbs. soybean oil meal

No. 7
200 lbs. ground hegari
300 lbs. wheat bran
200 lbs. crushed oats
100 lbs. brewers' dried grains
100 lbs. cottonseed meal
100 lbs. 20 per cent commercial

mixed feed
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No. 8
300 lbs. ground hegari
200 lbs. dried beet pulp
200 lbs. cottonseed meal
200 lbs. wheat bran
50 lbs. crushed oats
50 lbs. linseed meal

No. 9
300 lbs. rolled barley
300 lbs. wheat bran
200 lbs. cottonseed meal
100 lbs. coconut meal (old process)
100 lbs. crushed oats

Grain mixtures containing 18 to 21 per cent digestible protein
to be fed with nonlegume roughage such as barley hay, corn
stover, or silage:

300 lbs.
200 lbs.
100 lbs.
200 lbs.
100 lbs.
100 lbs.

No. 10
wheat bran 200 lbs.
ground oats 200 lbs.
brewers' dried grains 200 lbs.
cottonseed meal 200 lbs.
coconut meal (old process) 200 lbs.
rolled barley

No. 11
ground hegari
wheat bran
rolled barley
cottonseed meal
ground alfalfa hay

GENERAL RULES FOR FEEDING

1. If roughage is plentiful and comparatively cheap, feed all
that the cows will clean up. If the cows are getting alfalfa hay
without any grain, they will eat 21/2 to 3 pounds of hay per 100
pounds of live weight. If in addition they are fed silage, they will
eat only about 11/2 to 2 pounds of hay per 100 pounds of live weight.

2. The grain mixture should be fed in proportion to the amount
of milk yield. For a Jersey or Guernsey feed about 1 pound of
grain for each 4 or 5 pounds of milk; for a Holstein or Ayrshire,
about 1 pound of grain for each 5 or 6 pounds of milk.

3. Give the cows some succulent feed, either silage, pasturage,
or beets. Cows will eat from 20 to 45 pounds of silage, average
about 30 pounds.

4. Feed the cows about three times as much weight of soiling
crops as of dry roughage.

5. Watch the condition of the cows. If they tend to fatten, cut
down on the grain ration. If they become unduly thin in flesh,
increase the amount of grain.

6. Fresh water should be accessible to the cattle at all times.
Salt should be available daily.

7. Feed regularly and make changes gradually. A radical
change in amount or kind of feed if made suddenly will likely
produce indigestion and cause a shock to the nervous system.
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