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COMPARISON OP STRAW, SHAVINGS, PEANUT HULLS,
AND SHREDDED BARK FOR BEDDING FOR DAIRY CATTLE

Howard T. Nicholson, Vernon A. Neuhardt, and L. 0. Gilmore
Department of Dairy Science

Ohio Agricultural Research and Development Center

The object of this experiment was to compare shredded bark,^
peanut hulls, wood shavings, and wheat straw for use as bedding for
dairy cattle.

A variety of materials is available for bedding dairy cattle.
However, the different materials are unlike in ease of handling, water-
absorbing capacity, cost, availability,•and appearance.

According to Morrison (5)* straw is the most common bedding*
From various sources he obtained measures of its characteristics and
concluded that it absorbed water equal to two to three times its
weight and that l± to 8 Ib. of straw per head daily were adequate for
dairy cows in stanchions. He also listed cut corn, stover, fodder,
shavings, sawdust, peat moss, cocoa hulls, peanut hulls, buckwheat
hulls, and oat hulls as alternate materials to be used for bedding.
Peat moss is credited with the highest water-absorbing capacity, with
values four to five times the original weight.

Doane (2) ranked bedding materials from Maryland experiments as
follows: corn stover, wheat straw, shavings, and sawdust. In general,
the desirability of bedding material can be ranked according to its
capacity to absorb water.

From the data compiled by the Department of Horticulture (1),
the ranking of various bedding materials according to their water-
holding capacity was: wood shavings, straw, peanut hulls, and ground
corn cobs.

Hobbs and Sanders (Ij.), found that a mixture of wood bark and wood
shavings made a neater appearance for steers than either straw, pasture
clippings, shavings, or wood bark used alone. The bark used was a by-
product of paper manufacture. It was bark which had been chipped and
ground from logs consisting of approximately 80/o hardwood. The wood
shavings were mostly from pine boards.

Chopped wood from tree branches has also been tried at the barns
of the Dairy Science Department, OARDC. The material came from green
as well as dry branches and a low absorbing capacity was experienced.
Retted flax straw is highly absorbent and bedding with it is desirable
except for its scarcity.

Present address is Howard T. Nicholson, Route 3, Grass Lake,
Mich.

PFurnished by Mead Co. through the cooperation of R. Dale Glass,
Wayne County Extension Agent, Wooster, Ohio, to both of whom grateful
appreciation is hereby expressed.
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In this experiment, shredded bark, wheat straw, wood shavings,
and peanut hulls were compared. Cattle were divided into five pens,
with each pen requiring the same amount of wheat straw per square foot
to keep cattle clean and dry when bedding had been routinely added
three times a week. A standard pen contained approximately 81̂ 0 sq.
ft. under roof and 520 sq. ft. outside the roofed area.

Shavings were placed under the covered area of pen I, which con-
tained .20 yearlings 10 to llj. months old and weighing approximately
750 Ib. each.

Peanut hulls were placed under the covered area of pen II, which
contained 22 bred heifers li!-"2l| months old and weighing approximately
1100 Ib. each.

Shredded bark was placed under the covered portion o-f pen III,
which contained nine mature animals, four yearlings, and seven calves.

Wheat straw was used as bedding in pen IV, which contained 18
cows weighing approximately llj.00 Ib. and four bred heifers weighing
approximately 1000 Ib. This pen was $-Q%> larger than any of the first
three pens.

Pen V, which contained four cows, was half as large as any of the
first three pens and was bedded with straw under the covered portion.

Straw was placed in the uncovered portion of pens I to IV and
shredded bark was used in the uncovered portion of pen V during the
first period. During the second period, wheat straw was used in both
areas of pen V. Because the supply of certain materials was limited,
a particular bedding material was used in only one pen. The pens were
bedded three times per week.

The experiment began March 23, 1966, and extended through April 9,
1966. During this period, the temperature range was 20°-I|.00 P. when
measured at 7*00 a.m. daily. The range in tempe-rature measured at
Irregular intervals at 9-00 p.m. was 2i|°-i|.00 P. The weather was humid,
with frequent precipitation in the form of either rain or snow.

Observations were made by two persons three times on most days.
The numbers of cows lying under the roof or outside the roofed area
were recorded. •

OBSERVATIONS

The average moisture content and the water absorbing capacity of
the bedding materials are recorded in Table 1. With respect to the
effects on the cattle, it was found that more animals laid down in
morning and evening than at noon. In general, more animals lay down
inside than outside the pen. The important exception was at noontime
in pen III, which was bedded under the roofed area with shredded bark.
With further respect to pen III, more cattle were found lying outside
on straw during morning and evening than was true in the other pens
where straw was used outside regardless, except for shredded bark, of
the bedding inside. When the three different periods of observation
were considered, it is suggested that cattle preferred straw or shavings
to peanut hulls as a bedding on which to lie (Table 1).





TABLE 1,--Average Moisture Content and Water Absorbing Capacity
of Various Bedding Materials.

Moisture Content1 Absorbent Capacity^*
Material (%) (D

Shavings

Peanut Hulls

Straw

Shredded Bark

8.75

13.5

13.5

3̂ .0

(2)

(2)

(2)

(2)

129

86

89

95

.k

.5

.1

.6

(2)2

(2)

(2)

(10

Moisture content was determined in a forced air oven at 172° P.
for 22 hours. The material used was dry at the prevailing atmospheric
condition.

^Figures in parentheses refer to number of samples in average.

3Absorbent Capacity = Weight of water absorbed x 100
Weight of Sample

4-Water absorbed was determined by soaking the weighed sample in
water for 1 hour, removing, and weighing when the water stopped
running from the sample.

The ratings of the various beddings according to the cleanliness
of the cattle are recorded in Tables 2 and 3- For the first two
periods, the cattle on straw seemed to be cleaner than those on shav-
ings, although the difference was slight. Beginning with the third
period, however, the advantage of the shavings over the straw was
apparent and increased as the experiment progressed. During the last
l\. days of the 17-day period, the cattle on shavings were considerably
cleaner than the other groups. This was thought to be due to the
fluffy nature of the shavings which allowed the manure droppings to
be partially covered by shavings. Until there was some building up
of shavings, they were less desirable than straw which was at its
best in the early part of the period.

The shredded bark formed a mat which quickly became wet and
covered with manure in about.2l\. hours. Varying the amount of shredded
bark at the beginning of each period did not alter this situation.

The peanut hulls were definitely better than the shredded bark
at each observation but less desirable than either shavings or straw.
The peanut hulls tended to grind up under the impact of the cows1
hooves. The cattle tended to eat the hulls when they were first
spread out, although it is not thought that they ate very much.

Shavings were the lowest in moisture content and highest in water
absorbing capacity of the four bedding materials. Peanut hulls and





TABLE 3.---Effects of Bedding Materials on Tendency of Cows to
Lie Down (%}.

First Period

Inside Outside
Sh. Bark Sh. Bark

Second Period

Inside Outside
Wheat Straw Wheat Straw

T i m e ( s )

6:00-8:

11:00-1:

9:00-11

Observed

00

00

:00

A.M.

P.M.

P.M.

( 9 )

(3)

(17)

(%} (%} (£)

(5)
( i )

( 9 )

65.

50.

55-

0

0

6

0

25

0

(10
( 2 )

( 7 )

68

37

6k

.75

.50

.57 -

(£)
0

0

0

•'-During period I, shredded bark was used both inside and outside
the covered area* During period II, straw was added to the inside area,

straw were about equal in moisture content and water absorbing capacity.
Shredded bark was higher in moisture content (Table 1) and heated during
storage *

Shavings tend to blow about considerably when handled during
windy weather conditions* Shredded bark is difficult to fork and
spread manually* Straw and peanut hulls are easily handled because
they come either in bales or in I|_0 Ib* bags.

CONCLUSIONS

Straw and pine wood shavings were considered to be of approximately
equal value in bedding non-lactating dairy cattle in pens* Peanut
hulls were less desirable than either straw or shavings but more de-
sirable than shredded bark* Shredded bark was considered the least
desirable for bedding for non-lactating dairy cattle housed in pens*

Considering the present.work along with the literature cited, it
is concluded that the bedding materials studied for water absorbing
and holding capacity can be ranked with uncut wheat straw, uncut oat
straw, and peanut hulls approximately equal. With these considered
as 1.0, peat moss, spent tanbark, and dry sawdust from soft wood rate
at approximately 2*7* 2*5, 2*5, respectively* Rye straw and ground
corn cobs rate approximately .0*8, Shavings vary markedly, depending
on the source, fineness, and dryness, with values ranging from 0*6 to
1*2* Sawdust varies the greatest of any material for which a report
was found—from the above value down to O.l\. (from green logs), with
several factors undoubtedly influencing its absorbing and retaining
capacity*

Prom the standpoint of attractiveness and cleanliness of the
cattle, the observations made during this study support the conclusions
of the Maryland and Tennessee investigators that shavings and sawdust
are more satisfactory than straw* In this Ohio study, wheat straw is
more satisfactory than peanut hulls or shredded bark.



TABLE Ij.

Date of
Observation

3-251

3-291

3-311

k-k

1+-82

Rank According to the Appearance of the Cattle

1st

Straw

Straw

Shavings

Shavings

Shavings

2nd

Shavings

Shavings

Straw

Straw

Straw

3rd

P* Hulls

P* Hulls

P. Hulls

P. Hulls

P* Hulls

l4.th

Shredded Bark

Shredded Bark

Shredded Bark

Shredded Bark

Shredded Bark

differences between straw and shavings were very slight on
these dates.

^Shavings were considerably ahead of other materials for keeping
cattle clean and dry*
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THE I1TTERRELATIOHSHIP OP SCIENTIFIC AID
PRACTICAL PRINCIPLES OP MILKING COWS

K. L. Smith
Department of Dairy Science

Ohio Agricultural Research and Development Center

The routine of twice daily milking is a chore which is only too
familiar to dairymen. Procedures become automated to the point that
little thought is given to the scientific basis for washing udders
and time of machine application and removal.

Dairymen should constantly be aware of their objectives when
milking* These objectives are to remove a maximum amount,of milk in
the least time possible while subjecting the udder tissue to a minimum
amount of trauma or injury. For economic reasons, dairymen want to
obtain all milk possible to keep gross income at a maximum and to do
the job as fast as possible to keep labor cost at a minimum. Injury
to udder tissue can lead to mastitis and all dairymen are aware of the
large amounts of money lost annually because of mastitis.

The objective of this article is to review the scientific basis
behind the practical procedures used in milking cows.

Removal of milk from the udder demands complete cooperation
between the milker and the cow. The milker !s job is to stimulate the
cow, apply the machine at the proper time, and remove it when all milk
has been obtained. The cow, on the other hand, must make available
for removal the milk stored in the gland. To understand how the cow
makes her milk available, one must have a basic understanding of the
anatomy and physiology of the mammary gland.

A cowfs udder consists of four separate quarters. The right and
left halves are separated by a distinct membrane and the main support-
ing ligaments. The front and rear quarters are also separated but
the division is less pronounced. The teat is hollow and more or less
closed at both top and bottom. The bottom of the teat is closed by
a circular sphincter muscle. The tighter the sphincter muscle, the
harder it is to milk the cow; the looser the sphincter muscle, the
easier the entrance of mastitis organisms.

The udder consists of a network of blood vessels surrounding the
milk-producing cells and a system of ducts from the cells to the teats.
It also consists of the nerve and lymph systems and tissue which
supports and connects the basic parts.

The basic milk-producing unit in the udder is a very small bulb-
like structure called an alveolus. There are billions of these basic
units in the udder. Each alveolus is lined by a single layer of cells,
each capable of synthesizing all of the normal constituents of milk.
Milk is stored in the alveoli until it is forced out by hormones
reacting on small muscle cells around the alveoli. Contraction of
these muscle cells forces the milk into the duct system, which even-
tually empties into the milk cistern just above the teat.



Dairymen should be aware that milk synthesis is a completely
different process from milk ejection or "let down/1 The cells lining
the alveoli take the milk-forming constituents from the blood and
transform them into milk* This process of milk synthesis takes place
more or less continuously until stopped by the mounting pressure within
the alveoli. Removal of the milk from the gland allows milk synthesis
to resume immediately.

In addition to carrying the major ingredients of milk to the
udder, the network of fine blood vessels which reach every cell also
carries the hormone, oxytocin, necessary for milk ejection. The skin
of the udder, especially the teats, is richly supplied with nerves.
When the nerves are stimulated by a milker, impulses are directed
through the cowrs brain to a small gland at the base of the brain
called the posterior pituitary gland. This gland releases the hormone
oxytocin into the blood stream. When the hormone reaches'the mammary
gland, it causes the small muscle cells around the alveoli to contract
and the milk in the lumen of the alveoli is forced into the duct
system. When the pituitary gland has released oxytocin into the blood
stream, the cow has no control over the resulting milk ejection. If
the milk is not ejected, it is because of an over-riding hormone action,
When a cow is frightened or in pain, another hormone, adrenaline, is
released into the blood stream. Adrenaline counteracts the effects of
oxytocin and therefore prevents milk ejection.

All hormones produced by the cow affect the mammary gland and/or
milk production in one way or another. Some hormones are responsible
for glandular development, others for conversion of food to energy,
and still others control the specific metabolic pathways within each
of the secretory cells. Dairymen should realize that they are working
with an animal which is in a delicate condition of hormonal balance and
that all hormones are important for maximum production, but at milking
time no hormone is more important than oxytocin*



MAGNESIUM DEFICIENCY (GRASS TETANY) IN CATTLE

Larry A* Muir
Department of Dairy Science

Ohio Agricultural Research and Development Center

The clinical conditions of "grass tetany" in cattle were unknown
in the Netherlands for many years before Sjollema and Seekles in 1929
first associated "grass tetany" with low blood magnesium values
(hypomagnesemia)* Today it is known that "grass tetany,11 "grass
staggers," or more properly hypomagnesemia is a neuromuscular disorder
characterized by hyperirritability, tetany (muscular spasms), and
convulsions and is associated with a low level of blood magnesium.

Surveys indicate that hypomagnesemia occurs primarily during the
wet, cool growing season and is associated with pasture improvement
by means of nitrogen and potassium fertilization. In the United
States, the incidence of magnesium deficiency seems to be on the in-
crease, especially in dairy cattle* This increase may be related to
both increased pasture fertilization and changes in feeding practices
for dairy cows* Since there are no readily available stores of mag-
nesium in the body, the blood magnesium level must be maintained by a
continuous supply of magnesium in the ration. Thus, changes in feed-
ing practices which reduce magnesium intake can mal^e the animal more
susceptible to hypomagnesemia.

Hypomagnesemia sometimes develops rapidly and the animal may die
in tetanic convulsions unless the condition is diagnosed and treated
quickly. Therefore, it is important to be able to identify the prob-
lem immediately. Hyperirritability is the most common characteristic
of magnesium deficiency. The other symptoms may vary considerably,
depending on the severity of the condition. In the mild form, dull-
ness, lack of appetite, refusal to graze with other animals, and
uncoordinated walk are usually observed* In more severe cases, the
initial symptoms are nervousness, restlessness, muscle twitching,
unsteady walking, spreading of the hind limbs, grinding of teeth, and
excessive salivation. Violent tetanic contractions of the limbs and
tail usually follow.

Magnesium is an essential cofactor for some of the enzymes which
regulate the metabolic processes of the body and is involved in the
neuromuscular process of muscle relaxation. Thus the presence of
magnesium in body fluids is essential to life,. Researchers have shown
that most of the magnesium found in the body is stored in bone (87/0) •
However, this magnesium is unavailable to the animal and is of little
value in preventing a fall in blood magnesium. Therefore, the animal
can maintain a proper blood magnesium level only by absorbing a suf-
ficient amount of the element from its daily ration.

While the cow can obtain magnesium only from the diet, it loses
this element in milk, feces, and urine. Milk contains a constant
amount of magnesium (0.11$), regardless of the cowfs magnesium intake.
Eighty percent of the dietary magnesium is unabsorbed and, along with
the magnesium which is secreted into the gut in digestive juices, is



TABLE 1.—Calculated Dietary Magnesium Requirements for a
Lb. Cow Milking 60 Lb. Per Day.

Magnesium (ounces)

Milk 60 Ib.
Maintenance lij.00 Ib

Availability (%}
Safety Factor (ounces)
Dietary Requirement (ounces

x .002 ounce s/lb.
. x .005 ounces/100 Ib.

20
.0?

per day)

TABLE 2. --Magnesium Content of Some Roughages

.12
,07
.19

.95

T702

and Concentrates.

% Mg

Green Roughages
Alfalfa
Red Clover
Timothy
Orchardgrass
Brome grass
Sudangrass
Pasture grasses

Hay
Alfalfa
Red Clover
Timothy

Silage
Corn

Concentrates
Shelled Corn
Oats
Wheat Bran
Soybean Meal
Linseed Meal
Beet Pulp, Dried

Magnesium Content of Various Feeds

(wet basis) % Dry Matter % Mg (dry basis)

.08 2l̂ .Ii.

.09 2k. $

.06 23.9

.08 23.9

.08 25.0

.08 21.6

.03 30.2

.31 90.5

.37 88.3

.17 89.0

'.05 27.6

.10 85.0

.16 92.2
..59 90.1
.25 91.0
.60 91.0
.27 91.2

.33

.37

.25

.33

.32

.37

.10

-3lj.
.1*2
.19

.18

.12

.17

.65

.27

.66

.30

Supplement
Magnesium Oxide 100.00 51+.8

-11-



excreted in the feces. When too much magnesium is present in the
blood, the excess is excreted in the urine* Thus, in calculating a
cow's daily magnesium requirement, one must take into consideration
the amount of the element lost in milk, the amount needed for main-
tenance (lost via digestive juices and urine), the percent absorbed
from the diet (percent availability), and a safety factor to allow
for differences between animals* Table 1 illustrates the calculated
dietary magnesium requirements for a llj.00 lb. cow milking 60 lb. per
day.

Table 2 shows that pasture grasses, timothy hay and grass, corn
silage, shelled corn, and oats are low in magnesium while legumes,
wheat bran, and oilmeals are high. However, many factors other than
the magnesium content of the foodstuff may influence the amount of
magnesium which is available for absorption by the animal. Among
these factors are palatability, digestibility, and environmental
conditions which affect dry matter intake; sudden changes to a low
magnesium ration without time for adaptation; and the presence of sub-
stances in the ration which interfere with magnesium absorption*
Substances which may depress magnesium availability are non-protein
nitrogen, phosphorus, fat, and potassium.

Recent work at California suggests that both calcium and magnesium
may be bound and made unavailable for absorption by organic acids
which are present in large quantities in young growing grasses. These
researchers suggest that high trans-asconitic acid arid high potassium
levels are responsible for the low availability of magnesium in young
growing grasses.

It is concluded, therefore, that the magnesium content of forages
is not a reliable indicator for assessing the likelihood of the
occurrence of hypomagnesemia.

Several preventive methods have been used with varying success
to increase the magnesium intake of grazing cattle during outbreaks of
hypomagnesemia. These methods include: (1) modification of management
to provide a constant supply of feed high in magnesium regardless of
environmental conditions; (2) oral supplementation of magnesium salts;
and (3) application of magnesium compounds to pastures as fertilizer
or as a dust or spray on the plants to be grazed.

Providing a constant supply of high magnesium feeds is most de-
sirable. However, this will not prevent hypomagnesemia in all cases.
The application of magnesium compounds to pasture can be effective but
usually is quite expensive and under many circumstances provides only
short-terra protection* Oral supplementation is usually the most effec-
tive, inexpensive, and easiest method of supplying additional magnesium.
Magnesium oxide and dolomitic limestone are two compounds often sug-
gested for use as a magnesium supplement* However, British workers have
found that doloraitic limestone is a poor source of magnesium and may
even further reduce the availability of magnesium from other feed
sources. On the other hand, magnesium oxide appears to be an excellent
supplement and contains $\\.% magnesium.

Magnesium oxide can be added to the grain at a level of 0.5$ so that
the lactating cow on tetany-prone pasture would receive approximately



2 ounces per day* This level of magnesium supplementation has no
adverse effects on the animals* Magnesium oxide can also be mixed
with molasses to form licks or the animals can be drenched with a
suspension of magnesium oxide so that each animal receives 2 to i|_
ounces per day*

However, 2 ounces of magnesium oxide per day at 15̂  per Ib* would
cost 2̂  per day per cow or $7*0^- P©^ cow per year* Thus it would cost
$352 a year to supplement a ^O-cow herd* For this reason it is rec-
coraended that magnesium oxide supplementation be used only when the
danger of magnesium deficiency is known to exist or to treat cattle
suffering from hypomagnesemia*



THE RELATIONSHIP BETWEEN RUMEN FERMENTATION AND DIET

D. L. Palmquist
Department of Dairy Science

Ohio Agricultural Research and Development Center-

In the 1965 Dairy Day Research Summary, John Staubus pointed out
that "what ma^es a cow a cow" is her rumen. It provides an environ-
ment for a large population of rumen "bacteria and protozoa to digest
feed. Otherwise, "dairy rations would need to be much like swine
rations." As in non-ruminant animals, the cow herself is unable to
digest the fibrous portion of her feed. The bacteria, numbering up
to 20 billion per gram of rumen contents (about 1 quadrillion in a
HolsteinTs rumen), have the unique enzyme systems required to break
down the fibrous portion of forages and use it as a source of energy.
Additionally, larger single-celled organisms, the protozoa, total
about 5-10 billion in the rumen and provide a cellular mass approxi-
mately equal to that of the bacteria.

The rumen micro-organisms digest the feed the cow eats in order
to provide substances for their own cell growth and reproduction.
Because they are anaerobic (live without air), they are unable to
ferment the feed completely to carbon dioxide and water, as can aerobic
(oxygen-using) organisms. The main products formed from the fermenta-
tion by the rumen micro-organisms are volatile fatty acids (acetic,
propionic, butyric) and gases (carbon dioxide, ammonia, methane). All
of these substances, except carbon dioxide and methane, can be absorbed
and used as nutrients by the cow. The other product, often overlooked,
is the microbial cells themselves. They increase 2 to 3 fold in 2l\.
hours and provide a total mass of about 2 Ib. of protein. This is an
excellent source of protein, with a fairly high and constant biological
value.

The type, physical form, and amount of feed consumed by the cow
and the manner in which it is fed influence the type of fermentation
occurring in the rumen. The fermentation products, in turn, greatly
influence the productive response of the animal, not only quantitatively
but also qualitatively. Thus, by understanding how the diet affects
rumen fermentation, the productive response of the cow can be predicted
more accurately.

Generally speaking, feeding roughages tends to promote production
of a large amount of acetic acid in the rumen. The relative ratios of
aceticrpropionictbutyric acids in the rumen of a cow fed a high-
roughage ration will be approximately 65-20:15* sometimes referred to
as a "normal" ratio. Rations which contain large amounts of grain or
ground, pelleted roughages cause the ratio to change to 55:35^10, or
50:35:15.

Lactic acid, which may constitute as high as 12% of silage dry
matter, causes some unpredictable responses in rumen fermentation. In
most cases, the bacteria convert lactic acid mainly to acetic and
butyric acids. Occasionally, however, large amounts of propionic acid
are formed from lactate. Some lactate may escape rumen fermentation
completely and be absorbed directly from the gut.

-Ill-



If the cow is increased to a full feed of grain too rapidly,
bacteria which can utilize the starch in the grain multiply much more
rapidly^ than ^ other types of bacteria. Their main fermentation product
is lactic acid, which, in large amounts, is toxic to the cow. Acid-
osis, founder, and death can result.

On the other hand, if the grain is increased slowly, the starch-
utilizing bacteria will increase slowly, producing less lactic acid.
More importantly, those bacteria which convert lactic acid to acetic,
propionic, and butyric acids will increase rapidly enough to prevent
accumulation of lactate.

Thus, the importance of care in bringing cattle to full feed is
seen. Silage which contains a large amount of lactic acid also should
be increased in the ration with caution. Switching to a diet high in
hay is accomplished with little difficulty, since it is fermented more
slowly, and also because large numbers of cellulolytic (cellulose-
digesting) bacteria are present in the rumen, even on a high-grain diet,

Acetic and butyric acids are used by the cow to synthesize fat
and are burned as a major source of energy. Propionic and lactic
acids are utilized primarily as a source of glucose in the cow, since
she absorbs very little of this important sugar directly from her
intestine.

Assuming that adequate energy and protein requirements are pro-
vided by the diet, a rumen fermentation which narrows the acetate:
propionate ratio (less acetate, more propionate) will tend to cause
the dairy cow to secrete less fat in the milk and to deposit more fat
in her body stores. This relationship has been observed frequently
and extensive research is being carried out to learn the control
mechanism( s ) involved*

Peed protein which escapes degradation in the rumen, and microbial
cells synthesized in the rumen, are digested in the small intestine
and absorbed to provide a source of protein for milk production, body
maintenance, production of a fetus, and for gluconeogenesis (conversion
to glucose). Additionally, some protein can be synthesized by the cow
directly from an energy source and ammonia absorbed from the rumen.

Pat constitutes 1̂ 0-50% of the energy in milk but only about
of the energy in the cowfs diet. The difference is largely made up
by synthesis of fat from acetate by the cow. One long-range study
at the Research Center is designed to better understand the role of
fat in the cow's diet and to determine the levels of fat which may be
properly fed for maximal milk production.
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CORN SILAGE AS THE ONLY FORAGE FOR DAIRY COWS

Roger W. Wallenius
Department of Dairy Science

Ohio Agricultural Research and Development Center

In 1933* C. C. Hayden. of this Research Center (then the Ohio
Agricultural Experiment Station) made one of the first scientific
reports in which lactating cows received corn silage as their only
forage during a winter feeding experiment. When such a ration was
compared to a conventional ration of hay, corn silage, and grain con-
centrate, no differences in milk production, butterfat yield, or
weight gains were evident.

At Beltsville, Converse and Wiseman fed calves and cows for
varying lengths of time up to several lactations, using corn silage
as the only forage, and could show no detrimental effects of corn
silage on production. When calves were to "be started on corn silage,
it was dried previous to feeding to increase acceptability. The first
lactation averages of \$> FCM (fat-corrected milk) for Holsteins and
Jerseys were 12,ll).9 lb. and 10,316 lb. respectively. For control first
lactation groups, the averages were 11,i|06 and 9,585'lb.

Similar results showing the ability of corn silage to meet lacta-
tion requirements have been found in Michigan, Maryland, and New York.
Two of these studies included hay at different levels with ad libitum
corn silage. Dry matter intakes were improved when hay was included
but milk production was equal. Some of the difference in intake can
be attributed to the quality of forage used. The corn plant has rather
constant available energy characteristics over an extended period, as
compared to a rapid depression in protein and energy in maturing grass
and legume crops (see Table l).

Corn silage can be used in the formulation of rations for high
producing cows as shown in Table 2 for a li^OO lb. cow producing 100 lb.
milk each day.

Because of the high energy of corn silage, relatively small
amounts will meet the energy requirements for maintenance and produc-
tion in late lactation and the dry period. -The advantage gained by
feeding a single roughage to a whole herd can become a problem if dry
cows are consuming a considerable amount of corn silage under certain
housing systems. In such cases, the excess energy fed, while not
necessarily being economically unsound, may divert late production
capability to body fat, depress intake in a following lactation, or
make the animals more susceptible to ketosis. The occurrence of
ketosis was also observed in the Beltsville study.

The low protein content of corn silage often means that supple-
mentation of protein or non-protein nitrogen will be required. Urea
treatment of corn silage (10 lb. per ton) is one alternative. In-
creasing the protein equivalent of the concentrate is a second,
although for maximum efficiency this may involve several levels of
protein supplementation. The level of NPN which can be added to silage



TABLE 1.—-The 'Effect of Maturity on Protein, and Net Energy of
Alfalfa and Corn Silage.1

Peed
Cutting
Date

Digestible
Protein

Estimated
Net Energy

Non-Protein
Net Energy

Alfalfa

Alfalfa-brome

5/18
6/3
6/15

6/17

l<31
6/7
6/llt
6/21

Corn Silage
Milk
Dough
Late Dent

20.0
16.9
13.2

16.9
ll+.l
11.3
9.5
8.6
5.8

3.7

(thertns/ton) (therms/ton)

121+0
980
900

121+0
1120
10i;0

960
900
760

1360
1300
121̂ 0

650
1+82
1+70

71+2
701+
706
680
61+6
586

1216
1138
1130

^•Reprinted in part from Ohio .Report, 53(6):90. Nov.-Dec. 1968*

has been studied to some degree and it is known that acceptability
and efficiency of utilization of NPN is limited.

The average mineral concentration of corn silage and alfalfa hay
is shown in Table 3* It can be seen from this data that mineral
fortification of rations using corn silage is very important* In the
sample ration of Table 2, bone meal was used as a calcium-phosphorus
supplement. Sulfur may also be required but little is known about
such a requirement, other than the fact that rumen microbes are capable
of using sulfur in the biosynthesis of certain amino acids required
by the cow*

In a recent study by Cornell workers/ 9 of 10 cows receiving corn
silage as the only forage were lost from the experiment over three
lactations. The causes for removal were: one because of reproductive
failure, three from acute mastitis, one from paralysis due to a spinal
tumor, _one from Salmonella infection, and three from unknown .causes .
There were three other groups in the experiment, all of which received
both corn silage and alfalfa hay along with grain. After three lac-
tations, the cows remaining in those groups were ll̂ /lj?, 8/10, and
12/15, respectively. This data may indicate that cows receiving only
corn silage are more susceptible to infectious diseases than animals
receiving a hay-silage ration.

In summary, it can be stated that corn silage will support high
levels of milk production if properly supplemented with nitrogen and
minerals , particularly calcium, phosphorus, and iodine.



TABLE 2.—A Corn Silage Ration Which Will
Provide the Nutrient for 100 Lb. Milk Production
Per Day.1

Ingredient Lb. D.M. Intake/Day

Corn silage 20.00
Shelled corn 25.20
Soybean meal 2.00
Dehydrated alfalfa 1.60
Molasses 1.60
Urea 0.61).
Bone meal 0.61).
Salt 0.32

Reprinted from Research Summary 30: 1968,

TABLE 3.--Mineral Composition of Alfalfa Hay and
Corn Silage.

Alfalfa Hay Corn Silage
Mineral % D.M. % D.M.

Calcium 1.61). 0.33
Phosphorus 0.26 0.23
Potassium 1*77 1.15
Magnesium 0.32 0.21).
Iron 0.02 0.02
Sulfur 0.36 0.11



ADAPTATION TO UREA RATIONS

H* R. Conrad and J. W. Hibbs
Department of Dairy Science

Ohio Agricultural Research and Development Center

Cows may need time to adapt to rations containing urea and other
sources of non-protein nitrogen (NPN). During the course of several
metabolism trials with purified type diets containing urea and other
NPN sources, adaptation occurred over a period of 50 days or more.
Adaptation was apparently prolonged in these animals. In practice,
less time usually is required for adaptation»

Diminished response may be expected if dairy cows are started
abruptly on high-urea rations during periods of negative nitrogen
balance, particularly during the first 21 days of the lactation when
feed intake may be low.

A 2-week changeover period was found to be satisfactory in an
experiment, the results of which are shown in the table below:

Treatment and Source of Supplement Milk Production (l\.% PCM)

Ib./day
1* Cows changed gradually to urea

diets over a 2-wk* period

Soybean meal
Dehy-100 (2 parts alfalfa,

1 part urea)

2* Cows changed abruptly to urea diets

Soybean meal
Dehy-100 i.2.7



ALFALFA AS AN EXTENDER OF UREA

H* R* Conrad, J. W. Hibbs, and V. A. Neuhardt
Department of Dairy Science

Ohio Agricultural Research and Development Center

Cows will eat a concentrate mixture containing 1% urea without
much hesitance. Similarly, most concentrate mixtures fed to dairy
cows will cover up the urea taste sufficiently so that 2% urea may be
used. It was found in preliminary research that by pelleting the uiea
with alfalfa meal or other sources of fiber, the depression in feed
intake commonly occurring in cows fed high-urea rations could be over-
come sufficiently to allow maximum milk yields.

The pelleted combination of alfalfa meal and urea has provided
a highly effective mea.ns of extending the quantity of urea which may
be included in the rations of high-producing cows to Lj-0% of the total
dietary nitrogen* Alfalfa was chosen as the fiber diluent because in
previous studies diets containing alfalfa yielded the greatest synthesis
of amino acids in the rumen.

In these studies, a pelleted combination of 66% dehydrated
alfalfa, 31-6/f urea, 2% dicalcium phosphate, 0.6% sodium sulfate, and
Q*l\.f sodium propionate (a preservative) was used as the protein con-
centrate in the rations of high-producing cows. This nitrogen supple-
ment contained 16% total nitrogen. It was called Dehy-100 because its
crude protein equivalent was approximately 100%* When added to corn
meal and ground oats at the 10% level, it resulted in a concentrate
ration containing 18 to 19% protein equivalent and 3% urea. The con-
centrate fed in the control periods contained soybean meal on an
isonitrogenous basis* The concentrates were fed at the level of 32 Ib.
per day*

The results presented in Table 1 are those obtained with 11
Holstein cows in a switchover experiment. The experimental periods
were for full lactation periods or 305 days.

All of the cows fed Dehy-100 as the only supplemental nitrogen
produced exceedingly well.

The results show that a nitrogen supplement composed of 2 parts
of alfalfa meal and 1 part urea improved the edibility of urea-containing
concentrates while sustaining maximum feed intake. Milk yields of
cows fed Dehy-100 were equal to those receiving soybean meal as the
protein supplement. It is pointed out that 35 to 45% of the total
nitrogen eaten by these cows was urea nitrogen. The cows consumed a
maximum of 1 Ib* of urea and 2 Ib. of dehydrated alfalfa daily in the
form of Dehy-100. The maintenance of high production in cows fed
Dehy-100 demonstrates the usefulness of this product as a substitute
for more costly forms of protein supplement.
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Two kinds of high density bales were used in this experiment*
In the first supply, 26% by weight of corn and cob meal had been added
to the alfalfa just previous to delivery into a stationery paper baler.
In this way a complete feed was contained in the high density bale.
The dehydrated alfalfa contained approximately 21% crude protein and
after dilution with ground ear corn, the crude protein content of the
complete feed was about iQfo. In the second supply obtained in 196J+,
the portable upright paper baler was installed at the dehydrating plant
as an "in-line!f operation* It was not feasible to add grain in this
prototype system* Thus, when these bales were fed, a grain concen-
trate mixture of ground shelled corn and oats, 8 to 12 Ib. daily per
cow, was fed separately* An additional 30 Ib* of corn silage (contain-
ing 28 to 32$ dry matter) were also fed each day* Bone meal and salt
which could have been mixed with the grain were fed separately in this
experiment* The high-protein forage ration as eaten was composed of
3 parts of field chopped dehydrated alfalfa, 1 part corn silage (dry
basis), and 1 part ground ear corn or ground shelled corn and oats
with added bone meal and salt*

The cows fed this ration, in which most of the protein was sup-
plied by the alfalfa, were compared with cows fed free choice grain
concentrate and corn silage*

The grain concentrate fed to the control cows contained approx-
imately IQ% crude protein which was supplied chiefly as soybean meal.
Other concentrate ingredients were corn and cob meal, molasses, salt,
bone meal, and a small amount of urea. The concentrate and corn silage
were both fed twice daily in excess of the amount the cows would eat.
On the dry basis the cows consumed between 66 and J2fo grain concentrate
and 28 to $4.% corn silage. Maximum daily amounts of grain eaten were
36 Ib* by a Jersey and 1|2 Ib* by a Holstein. Six cows were started on
this ration late in 1963 and two cows in late 1961+*

The 305-day milk yields are noteworthy. Among the cows fed the
high-protein alfalfa plus grain concentrate in high density bales with
limited corn silage, the highest producing Holstein yielded 22,777 l"b.
of milk and 720 Ib. of fat. The highest producing Jersey yielded 9800
Ib. of milk and £03 Ib. of fat. Among the cows fed grain concentrate
free choice with corn silage free choice, the highest producing Holstein
cow yielded 21,090 Ib. of milk and 665 !*>• of fat and the highest pro-
ducing Jersey yielded 11,552 Ib* of milk and 639 Ib* of fat.

The average lactation milk production, feed intake, and weight
gains over 305-day lactations are shown in Table 1. It may be seen
that cows fed the high-protein forage produced and ate similarly to
cows eating the grain concentrate free choice. Higher feed intakes
and no body weight losses were observed during the early part of lac-
tation in the cows fed free choice grain concentrate and corn silage.
When net weight gains for the entire lactation were considered, the
difference between the groups was only 1L|. Ib.

Both protein sources were used efficiently during early lactation.
At the end of the second month of lactation, it was found that 32*1$
of the crude protein consumed was being converted to milk protein in
cows fed high-protein forage compared to 33*14$ in the cows receiving
free choice grain concentrate and corn silage. The cows were receiving
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TABLE 1,—Milk Yields, Feed Intake, and Gains in Weight Were Similar in Cows Fed Either
High-Protein Forage or Grain Concentrates Free Choice (305-day Lactations).

Milk Production

Breed and
Number of Cows

Holsteins (k-}^
Jerseys (2)
Average^/

i
ro
tr*t—

Holsteins (4)

Jerseys (4)

Average

Actual
Milk
Yield

Alfalfa

1 17,624
8,952
13,288

17,669

10,365

14,034

4$ FCM

Mb

in High

16,773
10,661
13,717

14,351

12,051

13,201

Fat

\

Dry
Protein Matter

i ~~

Density Bale

540
473
507

Free

496

526

5ii

548
359
454

Choice

524

400

462

Feed
Digested

Dry
Matter

Intake
Estimated

Net , Digested
Energy—/ Protein

Gains in
Body
Weight

(Ib.) (Ib.) (mega cal.)-/ (Ib.) (Ib.)

53 with Limited Grain Concentrates and Corn Silage

13,824

8,583
11,204

9,452
5,876
7,664

Grain Concentrates

12,569

9,224

10,847

9,006

6,594
7,800

9
6
7

and

9
6

8

,81*4
,136
,990

Corn

,364
,868

,116

1,

1,

Silage

1,

1,

1,

569
974
271

504
108

306

81
56
69

94

74

84

i/ Estimated net energy calculated as 1816 x pounds of digested dry matter x 0*83 x 0*70,
where I8l6 is the average caloric value of a pound of digested dry matter, 0,83 is the propor-
tion of metabolizable energy and 0*70 is the proportion of metabolizable energy converted to
net energy* Coefficients obtained from Energy Metabolism in Ruminants by K* L. Blaxter.

— / Equals 1 million calories or 1 therm*

3»/ Two cows in this group were fed long cut alfalfa containing 19$ crude protein during
the last ^ months of lactation when the supply of high density bales was completely used.

it/ Average weighted for differences in breed numbers.



crude protein In excess of the amounts required during the latter part
of lactation* Thus, the overall lactation efficiency for protein was
less than would be expected if a diminishing scale for protein feeding
had been used*

In practice, more difficulty was experienced with cyclic feed
consumption in cows fed the free choice grain concentrate and diarrhea
occurred in three of the eight cows used* The two cows maintained on
free choice grain concentrate and corn silage during 1961̂ ~*6i> ate a
higher proportion of grain concentrate—12% of the total ration dry
matter compared to 61$ in the cows fed similarly the previous year.
The monthly milk fat tests of the two cows in 1961̂ -65 appeared to be
reduced 0*2 to 1*2$, with an average for the entire lactations of 2«

The results obtained in this experiment provide further evidence
for the high nutritive value of immature high-protein alfalfa for
lactating dairy cows* More specifically, they show that the total
protein requirement of cows producing more than 100 Ib* of milk daily
may be met with alfalfa as the only source of protein concentrate and
with a minimum level of grain feeding* Thus, feeding excellent quality
alfalfa is a practical means of obtaining high production with limited
grain feeding* Feeding cows free choice grain and corn silage offers
an alternative when such feeds are economical managerial choices*

The results likewise demonstrate the feasibility of using high
density bales for packaging coarsely chopped dehydrated alfalfa and
grain concentrates as a complete ration for lactating dairy cows*



RESPONSE OF DAIRY COWS TO CORN AND GRAIN SORGHUM
FED AS SOILAGE AND SILAGE

S* S. Gill, H* R. Conrad, ¥* H. Newland,
and ¥* J. Brakel

Departments of Dairy Science and Agronomy
Ohio Agricultural Research and Development Center

and The Ohio State University

A number of varieties of corn and sorghum have been developed
in recent years* Generally, where equal tonnages of corn and forage
sorghum silage can be produced, the preference is to use corn silage
because of its slightly greater nutritional value. Forage sorghums
have more heat and drought tolerance than corn, making them adaptable
to the warm semi-arid sections of the United States. Consequently,
where moisture is a limiting factor, forage sorghums have yielded
much more than corn*

Hybrid forage sorghum varieties and bird-resistant grain-type
sorghums capable of producing high yields of both grain and forage
have been developed. Such varieties have been shown to approach the
feeding value of corn and could possibly provide a greater yield of
total digestible nutrients per acre than the common varieties of
sorghum or even some varieties of corn* The Department of Agronomy
has recently reported high grain yields for several sorghums grown in
northeast and north central Ohio.

In general, conclusions have been drawn that forage-type grain
sorghums do not support a level of milk production as high as that
obtained with corn silages, that combine-type sorghum is apparently
equal to corn silage in supporting average levels of milk production
(12,980 to llj-,080 Ib. per 305-day lactation), that the digestibility
of sorghums is lower than the digestibility of well-eared corn silage,
and that with the maturation of sorghum and corn plants, the digestion
co-efficient decreased*

With further research it will be possible to determine whether
the new forage sorghum hybrids available in Ohio are as productive and
nutritious as corn varieties.

To get information on the value of sorghum as a forage for green
chop and silage feeding, studies were undertaken at the North Central
Branch, Castalia, using lactating Holstein-Friesian cows*

Combine-type grain sorghum RS-610, protected corn, and unprotected
corn were all used as silage and soilage* Sorghum and corn were
direct-cut when the whole plant contained about 32% dry matter. A
silo was half-filled with protected corn and the remaining half with
bird-damaged corn* The sorghum was ensiled between October 7 and
October 10, bird-damaged corn between September ll| and September 19,
and corn protected with various exploding devices between September 19
and September 25. Once daily cuttings also were made of corn and
sorghum and fed as green chop in a single switchback trial* The cows
were switched on September 16 and the experiment was terminated on
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October 10, 196?* In addition to soilage, the cows were fed concen-
trate at the rate of 1 lb. per 3 lb, of l\% PCM per day*

In general, the digestibility of sorghum was less than that of
the corn* The results of the 13-day digestion trial are presented in
Table 1.

The mean values of corn with respect to percent digestibility,
total dry matter intake, and digestible dry matter intake were ?0»2^,
19-8 lb., and ll|.*3 lb. and values of sorghum were 61.6$, 21*3 lb., and
13*2 lb., respectively* When 18*0 lb* of grain was fed with sorghum
silage, the effect of low digestibility seemed to be overcome* The
average results for milk production for soilage-fed cows are given in
Table 2.

The protected corn silage resulted in more actual milk than
sorghum silage (Table 3) but the differences were less for ]\% PCM,
Likewise, with unprotected corn silage versus sorghum silage, the
difference between the actual milk production of cows fed corn or
sorghum silage was significant but l\.% PCM was not,,

TABLE l,~~Corn Silage Was More Digestible Than Sorghum, Silage
When Fed With and Without Grain in Digestion Trials*

Amount of grain
per day (lb.)

Percent digested

Total DM intake (lb.)

Dig. DM intake per 1000
lb. body wt. (lb.)

0

66.9

104

8.8

Corn

6.0

71.3

21.3

15.9

Sorghum

18.0

72.6

28.0

20.5

0

59.7

13.8

9.7

6.0

61.2

20.2

11.1

18.0

63.8

29.9

22.0

TABLE 2.—Average Milk Production (l\.% Pat-Corrected Milk) of
Cows Fed Green Chopped Corn or Sorghum in a Switchback Trial.

Group

Stanchion

Parlor

Crop

Corn
Sorghum

Corn
Sorghum

Period

1
2

2
1

Means

(lb.)

Itf. 8
38.9

36.2
38.6
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Results of the double reversal trial are presented in Table Ij..
It was concluded that the difference in response of \$> PGM and actual
milk production resulted from the change in fat yield lagging total
milk yield in the short period of observation.

These results suggest that at low levels of milk production,
sorghum is as good as corn* In high-producing cows, however, sorghum
is not as good as corn roughage in meeting their nutritional require-
ments* Extra grain feeding would help overcome the effect of the
relatively low digestibility of sorghum*

TABLE 3*—Milk Production Was Highest in Cows Fed Corn Silage
Compared With Cows Fed Sorghum Silage.

Group Crop Actual Milk l\$ FCM

Stanchion

Parlor

Corn

Sorghum

(lb./d.)

57.8

14-9.5

(lb./d.)

53.2

14-9.14-

TABLE 1+.--Unprotected Corn Silage Resulted in Slightly Better
Milk Production Than Sorghum Silage,

Actual
Group Period Silage Milk L$ FCM

(lb./d.) (lb./d*;

Stanchion 1 Sorghum 50*8 1+9-3
2 Corn $0.2 1+7*8
3 Sorghum 1+5*6 1+3*2

Parlor 1 Corn 1+6*7 U-l*l+
2 Sorghum 1+3.1+ 1+0.8
3 Corn li5*0 1+2.7
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FORAGE PROTEIN FOR DAIRY COWS

R* ¥* Van Keuren and J* ¥* Hibbs
Departments of Agronomy and Dairy Science

Ohio Agricultural Research and Development Center

Forages are being studied at the Ohio Agricultural Research and
Development Center as a protein source for dairy cattle. High-protein
forage Is obtained by harvesting early, when the crude protein ranges
from 18-25$ or more, and preserving it to retain the high quality.

Previous reports from this Research Center have shown that alfalfa
can provide adequate protein for high-producing dairy cows* High-
quality alfalfa hay (20̂  crude protein) together with corn silage and
ground shelled corn, or with ground shelled corn, along with the
necessary salt and minerals, will provide the nutrients needed for
100 lb* of milk per day, with no added protein supplement*

GRASSES BEING STUDIED AS PROTEIN SOURCE

Forage grasses are also being studied as a protein source for
dairy cattle* As with alfalfa, grasses are relatively high in percent
crude protein during immature stages*

Grasses are of interest because alfalfa Is commonly grown with a
grass» The grasses also persist better than alfalfa, are not subject
to heaving and winter-killing, nor are they subject to insect pests
to the extent that alfalfa is to the weevil* With good moisture and
nitrogen fertilization, good yields can be obtained with grasses and
they may therefore be a possible substitute for alfalfa*

Table 1 shows yields for 1968 from bromegrass, orchardgrass, and
timothy harvested three times* For the first cutting, these grasses
were harvested when the seed heads were emerged or had just emerged*
This would be considered an early cutting for grass hay. They were
fertilized with 200 Ib* of ammonium nitrate on April 3 and again on
May 20* The seedings were made in April 196? and 1968 was the first
harvest year. The yield of Saranac alfalfa, also seeded in April 196? >
is included for comparison* It was harvested on a four-cut system*

All three grasses gave excellent yields for the first cutting*
The percent crude protein, however, was relatively low compared with
alfalfa. At early heading, the percent crude protein is not adequate
as the major protein source for high-producing cows.

The second and third harvest of broraegrass and timothy are high
in percent crude protein but the yields are low. Orchardgrass produced
better second and third cutting yields but the protein level was
relatively lower than with bromegrass or timothy.

The protein level of the alfalfa was not determined but it would
be much higher than the grasses*

If the grasses are to be used as a protein source, they need to
be harvested at an earlier stage of maturity than was done here.
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EARLY CUT GRASSES HIGH IN PROTEIN

Table 2 gives the percent crude protein for several grasses and
Vernal alfalfa at several dates. In late April and early May, the
protein percent was high for all of the forages shown. There was a
rapid decline in percent crude protein as illustrated by reed canary-
grass. This grass was 30.3$ crude protein on April 23, 21.1 on May 6,
and 20.1 on May 10. Alfalfa also declined in percent crude protein
but was more than 30% on May 1?.

EARLY HARVEST REDUCES YIELD

Table 3 shows the percent dry matter, yield, and percent crude
protein for several grasses. These were the first harvests in 1969.

The orchardgrasses and reed canarygrass cut May 12 yielded
slightly more than a ton of dry matter per acre and ranged from 18.8
to 20.1̂ o crude protein. These were harvested at early jointing to
boot stage (seed head was in the sheath but not yet emerged).

TABLE 1.—Harvest Dates"'"", Yields, Percent Crude Protein, and Per-
cent Dry Matter for Three Grasses, and Yield for Alfalfa, Wooster, 1968

Species and Variety
Harvest
Date D.M. Yield

Crude
Protein D.M.

Bromegrass, Lincoln

Total

Orchardgrass, Potomac

Total

Timothy, common

Total

Alfalfa, Saranac

Total

7-30
8-30

7-22
8-30

6-17
7-30
8-30

5-22
6-26
8-2
9-5

(ton/acre)

3-0
0.3
0.3
3.6

2.2
1.0
1.0

3.9
0.2
0.6

1.7
1.7
1.3
0.9
5.6

n.5
18.5
22.6

11.8
9.8

15.9

8.2
17.1
17.9

21.14.
28.2
25.9

15.6
26.5
27.3

26.6
25.9

•5C-'Early emergence of seedheads of grasses.
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TABLE 2.—Percent Crude Protein of Several Forage Grasses and
Alfalfa on Several Dates, Wooster, 1968*

Sampling Date

ij.-23 1̂ -26 5-6 5-10 5-17 5-20

Bromegrass, Lincoln

Timothy, Essex (late)

Timothy, common (early)

Reed canarygrass, common

Alfalfa, Vernal

~ _ _ ^ _ _ (f0 Crude Protein)

30.2 2lj..8 23.9 21.6

28.0 -~ 22.6 21.8

29.8 27*1 20.0 19.6

30.3 22.9 21,1 20.1

31.1 26.9

TABLE 3.—Harvest Date, Percent Dry Matter, Yield, and,Percent
Crude Protein of Several Forage Grasses, Wooster, 1969.

Grass Species an'd Variety
Maturity Stage

Orchardgrass, Potomac
l8Tr , boot stage

Orchardgrass 5 Pennlate
18 t!, early jointing

Reed canarygrass, common
l8!T, very early boot

Timothy, common
l8 t f, very early boot

Timothy, Essex
16-18", early jointing

Bromegrass, Lincoln

Cutting
Date

5-12

5-12

5-12

5-15

5-20

5-20

D.M.

(%}

11.7

13.2

13.6

16.2

34. ll-

18.9

D.M. Yield

(ton/acre)

1.1
1.1

1.3

1.6

1.8

1.2

Crude
Protein

(%}

18.9

18.8

20.1

15.3

ilj-3

114-.̂
16-20T!, late boot
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Timothy and bromegrass cut a few days later were lower in percent
crude protein* ll+*3 to 1^*3^* The yields, however, were somewhat
higher except for the bromegrass*

It appears that to produce grass forage at about 20% crude protein,
the grasses should be cut about May 10-12* The percent crude protein
for grasses cut on May 10 in Table 2 was about 20% crude protein*

The percent dry matter of the grasses is also given. The high
moisture content indicates the problem of drying forages at this time
of the year when curing conditions are frequently not good.

GRASS QUALITY

Feeding trials generally show that grass does not give the milk
production which can be obtained with high quality legumes. However,
there has been little research done with high quality grass in the 20%
crude protein range*

In 1969i forage grasses described in Table 3 were wilted and
divided between two silos* The forage in one silo was mixed with
grain mixture on a dry matter basis* The grain mixture was ground
shelled corn and minerals» This complete silage will Tqe compared with
the other silage with the same grain mix added at feeding time to de-
termine its value for high-producing dairy cows* The grasses will
supply the major source of protein, since no other protein supplement
will be used*

The grasses in this study were fertilized annually with lj.00 Ib*
of ammonium nitrate per acre (133 Ib* nitrogen) in two applications.
The first application of 300 Ib* was put on in early spring and the
second application after the first harvest* There is experimental
evidence that increasing the nitrogen fertilizer rate increases the
crude protein content without necessarily increasing the nitrate level.

SUMMARY

Forage grasses are being studied as protein sources for dairy
cattle* With moisture and nitrogen fertilization, good yields can be
obtained with forage grasses with fewer problems than occur with
alfalfa. The grasses are generally more persistent than alfalfa, not
subject to heaving, and are generally free from serious insect pests*

High percentage of protein can be obtained from grasses* However,
they must be harvested early to obtain high-protein content and this
reduces yields* Harvesting by May 10, when the grass is about 20%
crude protein, gave yields of dry matter of a little more than a ton
per acre.

In 1969 high-protein grass was wilted and ensiled with ground
shelled corn and minerals to make a complete ration consisting of £0%
forage and $Qfo grain mix on the dry matter basis* This material will
be fed to lactating cows, comparing it with the same wilted forage
ensiled, but the grain will be added at feeding time on a £0% of the
silage dry matter basis*
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EARLY CUT FORAGE IS WORTH MORE FOR DAIRY COWS

H. R. Conrad and J. ¥* Hibbs
Department of Dairy Science

Ohio Agricultural Research and Development Center

In evaluating feedstuffs to determine their monetary value In
dairy rations, their digestibility and nutrient composition are of the
utmost importance* This applies whether the feed in question is derived
primarily from forage plants, cereal grains, or by-product feedstuffs*
In this paper, primary concern is with forages fed to dairy cattle.
The specific nutrients considered are estimated net energy and digest-
ible protein*

The redaction in digestibility with advancing maturity of forages
Is the greatest single factor affecting the nutrient content and the
monetary value of roughages fed to dairy cattle* This reduced digest-
ibility involves a reduction both in digestible energy and digestible
protein and consequently a reduction In net energy* Net energy is the
caloric value of foods used for productive processes.

A corollary to this is that milk production Is reduced,when mature
forages are fed* In 196? experiments at OARDC, balanced groups of
Holstein and Jersey cows were fed legume-grass silage cut either on
May 18 or June 1. The cows were in the second through the fourth month
of lactation* In a 2-raonth period, average daily milk yields (i|_ percent
PCM) were 57*0 lb* from cows fed forage cut on May 18 and 52*5 rb*
from cows fed forage cut June 1*

In earlier studies, the estimated net energy in OAKDC-grown
legume-grass forages decreased at the average rate of 13*7 therms (one
million calories) per day per ton of dry feed** Calories are used In
place of therms as the unit of measurement of energy* The loss In
digestible protein was also marked, decreasing at the.rate of 6*3 lb»
per ton per day. In monetary terms, the decrease amounts to an average
loss in dollar value of $0.81 per ton per day as maturity advances.

The discussion thus far has centered around digestible nutrients
or the calorie and protein content of forage crops and their monetary
value *

The undigested portion of forage crops also has a bearing on the
quantity of feed a cow eats* This effect cannot be translated readily
into monetary terms* Cows producing heavily require rations of higher
digestibility if they are to approach their maximum inherited capacity.
Peed intake and milk production change with digestibility. One fact
to keep In mind is that the digestive tract is limited In size because
it is confined to the body cavity* Because eating capacity is limited,
a 1,200-pound cow requires a ration containing 70 percent digestible
dry matter to produce 70 pounds of Ij. percent PCM (fat-corrected milk)
per day. The same cow will require a ration containing only 6£ percent
digestible dry matter If she produces 33 pounds of Ij. percent PCM dally*

In effect, if cows are permitted to eat freely, they will fill
their digestive tracts to capacity* They will then be free to consume
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additional quantities of feed with the passing of time dependent upon
the rate of digestion in the rumen and the rate of passage of undigested
fee(3. residue through the digestive tract. If the rate of digestion is
slow and the proportion of digestible nutrients in the ration is small,
the amount of space for refilling is markedly restricted until the
undigested portion is broken down into small enough particles to be
eliminated from the digestive tract*

CALCULATION OF DATA

Table 1 presents values of several feeds in terms of protein and
net energy. These values were calculated using Petersen!s formulas
(J. Dairy Sci. 15*293. 1932) for evaluating feeds. The formulas are
modified to use estimated net energy rather than TDN as a measure of
energy and to the use of soybean meal as the protein base rather than
cottonseed meal. The calculation of digestible protein in the follow-
ing formulas has been based on Reid!s formula: percent digestible
protein = percent total protein x 0.93 - 3*5 (J. Dairy Sci., Ij2:£67*
1959).

One hundred pounds of l|ij. percent protein soybean meal contain
37.14. lb. of digestible protein and 79.6 therms of net energy. About
30 percent of the absorbed protein is converted to productive energy
(milk protein) in the cow. Of the remaining 70 percent, 38»6 percent
may be diverted to net energy other than milk protein.

Absorbed protein has a caloric value of 5*7 kilocalories per gram
(1 kcal = 15000 calories). One gram of digestible protein has a net
energy value of 3.25 kcal/gra. (30 percent x 5*7 kcal) + (70 percent
x 5.7' kcal x 38.6 percent). Therefore, 37-ij- l"b. of digestible protein

TABLE 1.—Protein and Net Energy (N.E.) Value of Feeds Based on Corn at $55/Ton and Soybean Meal at
$95/Ton.

Feed

Alfalfa

Alfalfa Brome

Corn Silage
Milk
Dough
Late dent

Corn and Cob Meal

Shelled Corn

Soybean Meal

Date
forage

cut

5/18

6/3

6/15

5/17

5/24

5/31
6/7

6/14
6/21

Digestible
protein

( % )
20 0
16,9
13 2

16.9
14.1
11,3
9.5

8.6

5.8

4.9
4.1
3.7

3.9

4.9

37.4

Estimated
N.E.

therms*/
ton

1240
980

900

1240
1120
1Q40
960

900

760

1360
1300
1240

1440

1620

1592

Non-protein
N.E.

therms*/
ton

650

482

470

742
704

706

680

646
586

1216
1138
1130

1324

1475

488

Value of
dig. prot.
in a ton

($}
42.93
36.27

28.33

36.27

30.26
24.25
20,39
18.46
12.45

10.52
8.80
7 94

8.37

10,52

80.28

Value of
non prot.
N.E. in
a ton

($)
19 59
14.53
14.17

22.36

21.22
21.28
20.50
19.47
17.66

36.65
34.30
34.06

39.91

44.46

14.71

Total value
of dig. prot.
and N.E. in

a ton

($)
62 52
50,80
42.50

58.63
51.48
45.53
40.89
37.93
30.11

47.17
43 10
42 00

4 8 2 8

54 98

94.99

*0ne million calories

-3k-



x 1*̂ 755 therms/lb* (3*25 kcal/gm. x lf£l| = 1475-5 kcal/lb. = 1.1+755
therms/lb*) = 55»l8 therms of net energy from the protein of 100 Ib.
of soybean meal* Thus, 100 Ib. of soybean meal contain 2l|.l|2 therms
of non-protein net energy (79.6 - 55*18 - Sl+.Î ). This amount of non-
protein net energy is contained in 33*112 Ib. of shelled corn, which
also contain 1*623 Ib* of digestible protein* Subtracting 1*623 Ib*
of digestible protein from the 37*4 Ib* contained in 100 Ib. of soybe;
meal, a value of 35*78 Ib* of digestible protein ascribable to the
difference in cost between 100 Ib* of soybean meal and 33.112 Ib* of
shelled corn is obtained*

The value of digestible protein can therefore be calculated with
Formula I (based on Petersen!s formula, converted to net energy rathei
than TDN as follows, using $95/ton ($0.475/lb*) for soybean meal and
$55/ton ($*0275/lb*) for shelled corn)*

The value of the therms of non*~protein net energy can then be
calculated using Formula II*

Example: If 100 Ib. of alfalfa hay cut on May 18 has 20 Ib.
digestible protein and 62 therms of net energy, consisting of 32*5
therms of non-protein net energy, its value would be $62*60 per ton
Q20 Ib* x $*10732) + (32*5 therms x $*03011j.) = $3*13 per 100 Ib.
x 20 = $62.60 per ton]* For additional explanation of Petersenrs
method, see Morrison!s Feeds and Feeding, 22nd ed*, p* 216, and
Table II; pp* 1072-1081.

**FORMULA i
(100 Ib. x $.0475) - (33.112 Ib. x $.0275) = $,10732

35.78 Ib. digestible protein per pound

**FORMULA I!
(33.112 Ib. x $.0275) - (1.623 Ib. x $.10732) = $.03014

24.42 therms per therm

**These values may be adjusted to fit any price change by inserting the desired dollar
values in the formulas.
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