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GRASSES AND LEGUMES"
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Investigations, Bureau of Dairy Industry?
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INTRODUCTION

In the last decade the importance of high-quality roughage for the
dairy herd has come to be more generally recognized. High-quality
roughage is charscterized by & high degree of palatability and by
generous quantities of essential food constituents.

The hays, especially, have been subjected to much careful investi-
gation with the result that now good and poor hays are not only
readily distinguishable but the reesons for the high or low quelity are
at least feirly well understood. Investigations in the making of
silage from grasses and legumes have lagged, probably because there
appeared to be little advantage in making these crops into silage
when they could be made into good hay. After extensive work on
hays showed that it was impossible to overcome the disastrous effects

of unfavorable weather conditions at harvesting time on the nutritive
qualities of field-cured hay, many investigators seriously turned to
silage as the best means for saving forage crops. The fact, too, that
properly made silage has been found superior to the best hay in eontent
of carotene has stimulated interest in the making of silage.

Silage has been made successfully from hay crops in a variety of
ways for many years. In the Netherlands and New Zealand stacks
are used; in Finland and some of the other north-European countries
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the crops are stored in pits, sometimes with the additicn of dilute
acids; in the United States they have been stored to a limited extent
in diri-covered trenches and in stacks and to a grester extent in the
ordinary tower silo. Efforts to make good silage from the hay crops
have often been attended by failure. Undoubtedly there are certain
fundamental prineiples which must be observed in order to make
silage from such erops successfully. Just what each of these prin-
ciples is has never been definitely stated in the literature.

Experiments in making silage from hay crops by vartous methods
have been conducted recently by the Bureau of Dairy Industry at the
dairy experimental farm of the National Agricultural Kesearch
Center at Beltsville, Md. Varions modifications of the methods were
tried in order to defermine their relative cfficiency in helping to pre-
serve such crops in the silo. The experiments are deseribed and the
results presented in this bulletin, together with recommendations
based on the information gained.

REVIEW OF OTHER INYESTIGATIONS

The siloing of grass and cereal crops either alone or in combination
with legumes has been praeticed rather extensively In some countries,
and apparently is accomplished with a greater assurance of success
than the siloing of legun:ss alone.

Legumes siloed alone have often produced ill-smelling silage, which
in some cases was considered eniirely unfit {or feeding. The fact that
legumes give the most $rouble may be one reason why most of the
literature on the poking of silage from hay crops deals with the
legumes rather then wirh the grasses or cereals.

A method of storing parily dried hay in silos that is said to be used

P

considerably in Italy is described by Samarani (255.° 1t consists in
packing hay thit contains 55 to G5 percent of dry matter tightly in a
silo ang then weighting the fop. The explanation advanced for the
keeping of this silage Is that the oxygen within the material is replaced
with carbon diomde in the course of I to 8 hours throuvgh the respira-
tion of the living plant cells. Thereafter, if the air is effectually
prevented from entering, there will he no heating and spoiling.

In & test of the Ttalian method of siloing hay, by ¥red and Peterson,
as reported by Russell and Morrison (24}, a% the Wisconsin Agricul-
tural Experiment Station, alfalfa was dried to 60- or 70-percent dry
matter, then tightly packed in a silo and heavily weighted. The
silage produced was brownish green in color, had a pleasant odor, and
was readily enten by cattle. The loss of dry matter was about 5
percent.

At the Missourl station Eckles (7) found that partial drying of the
crop before putting it in the silo was advantageous. Fess and oats
with a dry-matter content of 19 percent or less made strong-smelling
silage, but with dry-matier contents of 32 o 41 percent the silage was
of excellent quality and readily consumed by dairy cows. Soybeans
containing about 25 percent of dry matter made n bitter, uupalatable
silage; those containing 30 to 40 percent made silages that were
palatable and had a good odor. Cowpeas containing 12 percent of
dry matter made 2 silage with a disagreeable odor and teste; when
dried to 23-percent dry matter the odor and taste were good, Alfalfe

3 Italic numbers in parentheses refer to Literaiure Cltsd, p. 31.
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with a dry-matter content of 21 percent made o silage that was refused
by dairy cows, but with dry-matter contents ranging from 42 to 63
percent it made an excellent quality of silage,

Graves and coworkers (11, p. 12, 12, pp. 6-7) report that 1 year
two cuttings of pasture grass were placed in a silo at the Huntley,
Mont., station of the Bureau of Dairy Industry. The first cutting
was rather dry and mature, and for these reasons water was added at
the time of filling. The resulting silage was unpalatable and appar-
ently had undergone fermentation of an undesirable nature. The
less-mature and unwatered sccond cutting made excellent silage.
The following year (12, p. 2/) pasture grass at different stages of
maturity was successfully siloed without the addition of wafer or
any other material.

Pasture grass as well as oats and pess have been preserved suceess-
fully in both tower silos and dirt-covered stacks by Hodgson and
Knott (15} at the Western Washington Experiment Station.

In an experiment at the New Jersey station by Bender and others
(3) -%o:!v-moisture gilage reached o high temperature and much of it
spailed,

The A, I. V. method of making silage from hay crops was developed
in Finland by Virtanen (26). The method takes its name from the
initials of its sponsor. It is based on the theory that, if the acidity
of the material placed in the silo is increased so that the pIl value
falls below 4.0, there will be no destruetion of the protein or vitamins.
A mixture of concentrated hydrechlorie acid and sulphuric acid diluted
with five times as much water by volume is usnally used to reduce the
pH value, This method of siloing unchopped grasses and legumes is
used successfully aud to a considerable extent in some of the north-
European countries.

In o test of the A. I. V. method, carried out by Peterson and others
(22) at the Wisconsin station, silage was made from alfalfa and soy-
beans. The cost of acid per ton of silage ranged [rom 62.5 to 92.7
cents. There was no apparent loss of carotene.  No unusual changes
were noted in milk production due to the feeding of A. 1. V. silage.
Spectroscopic analyses of the butterfat for carotene and vitamin A
indicated n definite incrense in these components with silage feeding,

Peterson (21) also found that alfalfa silage made by the A. 1. V.
method had considerably more amino, soluble, and ammenis nitrogen
than the original material. The increase, however, was less than in
alfalfa siloed with nothing added. Furthermore, it had less of the
volatile acids in the form of butyric acid than the untreated silage.

At the Ohio station Krauss and Washburn (27) and Monroe and
Hayden (8) have done some work with A. I, V. silage. The results
may be summarized as follows: First-cutting alfalfe, containing some
clover and timothy, was treated with a 2 normal mixture of hydro-
chloric acid and sulphuric acid 2t the rate of 8 or 9 percent. The pld
value of the silage when removed averaged 3.67. It was said to be
of excellent quality and guite palatable. A comparative feeding trial
indicated that A. I. V. silage might be substituted for dry hay. It
was ulso found that the carotene content at time of slorage was 130
parts per million ofsir-dry material, and when taken out was 219
parts per million. Hay made from the same field but wet by several
rains (_:;)lntained about 22 parts of carotene per million parts of gir-dry
material.
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The results of recent investigations of A. I. V. silage in England,
reported by Watson and Ferguson (28), may be briefiy stated as
follows: This silage was made from grasses with an admixture of
clovers, The grass a$ filling had o dry-matier content of 18 percent.
Tilling was continuous until a depth of 24 feet was reached in the silo.
Filteen gallons of & 2 normal mixture of hydrochloric acid and sulphuric
acid was used per tou of grass. Filling lasted 8 days, and while this
was in progress the material was weighed down at night. The silags
had & pleasant odor and was eaten readily by the stock. The average
pii value was 3.73.  The carotene was 57.1 mg percent of dry matter.

In recent years the practice of adding molasses to the material as it
is placed In the silo has inereased to » marked extent in the United
States. This practice is based on the theory that the production of
considerable acid is necessary in the making of silage and that certain
crops, notably the legumes and immature grasses, are deficient in the
carbohydrates {rom which the acids are formed.

Probably the first attemnpt to make silage with the addition of molas-
ses was reported by Reed and TFiteh (23, pp. 8-12) at the Kansas
station.  Molnsses was added to alfalfo at the rate of 5 to 10 percent
by weight. It was said to improve both the palatability and the keep-
ing quality of thesilage. That to whiech 5 percent was added was more
palatable than that to which 10 percent was added. The silages with
molasses added had a higher acidity than those without molasses.
The moisture contents for the most part were between 6¢ and 79
percent.

Silage of good keeping quality and possessing a characteristic but
inoffensive odor was produced by this Bureau at the Huntldy station
(11, p. 12; 18, p. 46) by sprinkling diluted molasses over freshly cut
alfalfa at the rate of 5 percent of the chopped alfaifa.

Bender and coworkers (2) in work at the New Jersey station, report
excellent results on the use of molasses. Green grasses and legumes
of high moisture content, with 2 percent molasses added, made s good
palatable silage. The carotene in the high-moisture silage was effec-
tively preserved. Recently, that station has been advocating as much
as 3.75 percent molasses fur legume silage.

In work at the South Carolina station Elting (9) has used molasses
suceessfully. Soybeans in early-bloom stage with a dry-matter con-
tent of 21,25 percent were put in the silo with 1 percent of molasses and
1 percent of water. The silage kept perfectly without the develop-
ment of objectionable odors. It was palatable and was consumed with
little waste. A loss of 15 percent of the protein was indicated. When
the silage was fed as the sole roughage to heavy milking cows, positive
calcinm and phospliorus balances were obtained. No objectionable
flavors or odors were imparted to the milk even when the silage was fed
immediately before milking,.

At the Upper Peninsuls substation in Michigan, Horwood and Wells
{I6) made good alfalfa silage with the addition of 3 percent of molasses.
The dry-matter content of the silage was 25 percent, and the carotene
content was 22 to 24 parts per million of air-dry material. A feeding
experiment indicated that the silage was fully as effective s alfalfa
hay for the production of milk, but less effective than the hay for in-
creasing the body weights.

At the Ohio station Perkins (7) compared alfalfa silages made by
partial drying and by the addition of molasses. He states that one of
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the simplest, most promising, and least expensive methods consists
merely in allowing the material to dry after harvesting until it has a
dry-matter content of around 35 to 40 percent before 1t is put in the
silo, The addition of molasses to such material made little or no
noticeable difference in the guality of the resulting silage.

Work by Nevens and Kullman (£0) at the Illinois station indicated
that the addition of molasses had little or no effect on the acidity
developed, but the molasses did improve the palatability of the silage.
The alialfa siloge was found to be a very palatable feed for dairy cows,
and when fed in limited amounts had o feeding value comparable with
corn silage, but was more laxative.

The results of an experiment in England, described by Watson and
Ferguson (28), in which molasses was used, may be summarized as
follows: Herbage consisting of grasses with an admixture of clovers
and containing 18 percent of dry matter was placed whole to a depth
of 16 feet in & metal silo. Molasses 2t the rate of 0.75 percent was
added after dilution with twice its volume of water., A 4lM-foot layer
of material was put in and allowed to heat for a day before filling was
resumed. Thé process was repeated untid 16 feet of materizl was put
in. Temperatures rose to between 80° and 100° F. The silage was
extremely good as the grass had undergone a rapid and extensive
lactic fermentation—the chief point in making good silage. The
average pH value of the silage was 3.95. The carotene content was
49.8 mg percent of dry matter. Another investigation by these
workers in England {29} lead them to conclude that with grass silage
no addition is necessary if the crop is cut 2t a fairly advanced stage of
growth, butif cut while relatively immature it is better to add molasses
1 order to insure thini the fermentation follows a sulteble course.
They also state that the best quality of silage is made and the losses
are the lowest if acids are added according to the A. I, V. method.

TWison and Webb (30) of Cornell Universiiy studied the relalion of
the water soluble carbobydrates in forage crops to the quality of the
silage made from those crops. They showed that the crops which
normally are made info good silage without trouble are crops that bave
a. high content of wrter soluble carbohydrates, and suggested that
sugars be added to those crops that have low quantities of water soluble
carbohydrates. It appears, however, that the addition of sugar
jowers the pH value by only about 0.3. A study of their data indicates
that partial drving was fully as effective in improving the silage as the
addition of sugar.

As a result of silage investigations conducted at the University of
Wisconsin, Bohstedt (4) states that the system of siloing legumes with
the addition of acids is mors dependable and more efficient than the
system involving the addition of molasses and this, In turn, is more
dependable and efficient than the method of siloing without the addi-
tion of envthing.

Fagan and Ashton (70) compared several methods of making silage
from unchopped grasses in pits. Ther state that when the chemical
composition, loss of dry matter, and palatability of the silage are
taken into consideration, the molasses treatment or method appears
better than the A. 1. V. method or the ordinary method where nothing
is added. Thay conclude that the ordinary method is unsuitsble.
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~Henberger (8) has done much careful work on the sileing of the hay
crops. He states:

Qur trials thus far indicate that for besk results grasses and legumes should go
into the silo containing approximately 65 percent water or 33 percent dry matter.
Fither grasses or legumes will make good silage without the addition of molasses
or acids if the meisture conditinng are just right, but under ordinary farm condi-
tions it is probahly 2 geod insurance policy fo add two or thrae percent of molasses
to the green material as it goes through the coutter. This will aid in preserving
the nutrients should the rasisture content be a little low or a little high. Thus
far we are not vory favorably Impressed with the acid treatment,

At the New Jersey station, Bender and coworkers (2} found that
molasses-treated grass silnge fed with hay gave slightly better results
in feeding experiments than the molasses-treated grass silage alone.
The ﬁ)rincipal difference appeared to be in the maintenance of body
weighis.

At the Wisconsin Agricultural Experiment Station, Hegsted and
Bohstedt (14) showed that molasses-treated silage and A, I. V. silage
were about the same value for maintaining weight and producing milk.
Check rations containing alfalfs hay and adjusted to the same nutri-
tive ratio and energy intake gave equally good results.

At the Ardmore, S, Dak., field station of this Buresu (5, p. 220;
11, p.13), sweetclover cut when it was just coming into bloom was
put in the silo with the addition of 1 ton of corn silage (made the
previous vear) to 20 tons of sweetclover. The resulting silage was
dark green in color and had a pungent odor which lessened as the
silage aged. There was practically no spoilage, and apparently the
bitter taste of the sweetelover had disappeared.

The literature is replete with reports of cxperiments on making
grass or legume silage in Europe and South Africa. Most of these
lnvestigations have to do with the effects of acids or sugar, or mixtures
of both acids and sugar, on the composition and apparent quality of
the silage. A considerable number of them were conducted entirely
within a laboratory. It also seems likely that the material used in
most cases was not chopped, because the matter of chopping is seldom
mentioned. Apparently few, if any, of these investigations were
conducted with silos such as are commonly used in this country.
As it appeared that the results of the investigations in other countries
might not be entively applicable here, no attempt has been made to
review in detail the great mass of literature available.

EXPERIMENTS WITH METHODS OF MAKING GRASS OR
LEGUME SILAGE

MAKING GRASS SILAGE

An experiment in methods of making silage from hay crops was
started in 1933. The principal problems in making grass silage that
appeared to be in need of solution at that time were as follows: Should
the grass be chopped before it is placed in the sile? What is the 1n-
fluence of the moisture content and of the maturity of the crop on the
quelity of the silage? Can grasses that ordinarily make a_poor
quality of hay be utilized better by placing them in the silo? What
is the advantage, if any, of adding dilute acids or molasses to the
material as it is placed in the silo?
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The efficacy of the different methods tried in this experiment was
determined by the quantity of material that could be put in a silo of
given size, the extent of spoilage, the loss of nutrients, the temper-
atures attained, the acidity developed, and the appearance, odor,
and palatability of the silage.

Wooden stave silos approximately 4 feet in diameter and 8 feet
high were used for this work. In all the trisls the grass to be chopped
was run through e silage cutter set to cub the material in lengths
one-half inch or less. The chopped grass in all cases was blown on a
floor and weighed in baskets before putting it in the silo. Unchopped
grass was used only in the first trial. Promptly after the silos were
filled, & wooden folﬁ)wer was placed on top end weight applied at the
rate of 40 to 45 pounds per square foot of surface. This was for the
purpose of more nearly simulating the conditions in a deeper silo.

FIRST TRIAL

Orchard grass beginning to head out was used in the first trial. One

silo was filled with fresh, green, unchopped grass; another with similar

rass chopped ; and the third with similar grass that was chopped after
%eing partially dried.

The grass for the first two silos was cut at 10 a. m., May 11, 1933,
and put in the silos at 11 a. m., May 12. After this grass was mowed
there was some rain and no sunshine, so that the material as put in
the two silos contained an abnormally high quantity of moisture.
The third silo wes filled on May 15 with grass that had been mowed
3 days earlier.

The leakage of juices from the first two silos was considerable. The
unchopped silage settled over 5 {eet, leaving less than 3 feet in the silo.
The chopped silage scttled 3)7 feet and that which was partly dried
less than 3 feet. %‘eeding started July 12, 1933, using the same two
Holstein-Friesian and two grade Holstein cows for each lot of silage.
The silage was fed as the sole ration. The results of this first triel
are shown in table 1.

The results shewed that chopping was advantageous in that more
grass could be put in a given space, the quantity of spoiled silage
was reduced, the edible silage huad & better appearance and odor, and
the cows ate greater guantities than when similar grass was stored
without chopping. Partial drying increased the guantity of dry
matter that coulg be put in a silo of given size in this experiment,
increased the losses from surface spoilage, and did not lower the
quality of the edible silage in appearance or palatability.

BECOXD TRIAL

In the second trial, July 25-26, 1933, the herbage put in two silos
was mostly second-growth orchard grass, which was 8 to 10 inches
high and mixed with some white clover and lespedeza. It was allowed
to dry in the field for about 4 hours after being mowed. It was then
chopped and placed in the two silos. The third silo was filled with
chopped Reed canary grass, which was dried to about the same extent
after mowing, but was a little more mature than the orchard grass
put in the other two silos. The silage was fed to four cows, of which
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three were from the group used in the first trinl. Feeding began
August 28, 1633.

The results of this second trinl (3able 1) confirmm those of the first
trial in that more dry master can be put in & given space if the material
has a low moisture content than if it has a high moisture content; also,
that low-moisture silage sustains a greater surface loss. The mixture
of orchard grass and legumes made & silage that was quite pealatable,
in this respect excelling both the Reed canary grass of this triel and
the more mature orchard grass of the first trial. This trial shows
that grass with a dry-matter conient ol above 60 percent can be siloed
successfully. All the silages in the second trial appeared to have kept
in perfect condition, cxcept for the spoilage on top.

THIRD TRIAL

A spring seeding of elfalfa at Beltsville had resulted in & rather
heavy growth of crabgrass and pigeon grass and only a small amount
of elfalfn. Ordinarily, such herbage makes hay of poor quality because
the crabgrass is difficult to cure and the pigeon grass 1s unpalatable.
The object of this trial was o determine whether the mixture of these
grasses would make a satisfactory silage. Boti: the crabgrass and
pigeon grass had matured seeds. .

The grass for two of the silos was mowed on the morning of Sep-
tember 11 and chopped iato the silos on the afternoon of the same day.
The grass for the third silo was cut on the morning of September 9
and left in the swath until the morning of September 11, when it was
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raked and chopped into the silo. Feeding started October 3, 1933.
Three of the four cows used were the same as were used in the seeond
trial,

The results of the third trial are given in table 1. The silage in all
three silos had a good appearance and odor, although it was not so
palatable as that made in the second trinl. More spoilage occurred
with the drier silage, as was the case in the previous trizls. In the
two silos filled with grass that had a dry-matter content of sbout 38
percent when stored, the spoilage was limited to the top, but in the
silo filled with grass that had a dry-matter content of 68 percent there
was some spoilage around the sides also. The average daily consump-
tion of silage from: the first silo was smaller than of that {rom the second
silo because one of the cows for some unknown renson did not eat the
silage from the first silo readily, Although no hay made from similar
material was fed in comparison with the silage, observations made in
previous years indicate that the material was consumed fully as well
in the form of silage as it would have been in the form of hay.

FOURTH TRIAL

The main purpese of the fourth trial was to determine the effect of
additions of hydrochloric acid on the silage. Juice was expressed
from a sample of the green grass intended for silage, and from the
pH value of this juice it was estimated that the addition of 6 percent
of a normal solution of hydrochloric acid would bring the pH to 3.5.
The dilute acid was added to the chopped, green material being put
in one silo at the rate of 6 percent by weight, and to that being put
in another silo at the rate oPS percent, but no acid was added to the
material in the third silo. When the rate of 6 percent was desired
2.1 pounds of the dilute acid were andded after each basketful of 35
pounds of grass, and when the 3-percent rate was desired 2.1 pounds
of dilute acid were added efter each two basketfuls of grass. Infor-
mation obtained later showed that the 6-percent rate was only about
half that recommended by the sponsors of the A. I. V. method, al-
though the acidity of the silage to which 6 percent of normal acid
was added was brought to a point slightly be{]ow pH 4.00.

Orchard grass about 10 inches high with some white clover and a
still smaller proportion of lespedezs and erabgrass was mowed October
20, 1933, at 11:30 2. m., raked at once, and chopped into the three
silos In the afternoor. A pointed half-inch pipe was driven into the
top of the silage in each silo to a depth of about 30 inches. A ther-
mometer was lowered into these pipes to eobtain the temperatures. .
The meaximum temperatures recorded were 85°, 87°, and 82° F.,°
respectively, for the silage with 6-percent acid, 3-percent aeid, and
no acid added.

Only one cow, 2 Holstein, was used in the feeding period which
began December 11, 1933. This cow consumed over 30 pounds of
dry matter a day in each of the silages, which was not much less than
she probably would have consumed in the green crop from which the
silages were made.

he results are shown in table 1, fourth trial. ‘The quantity of
acid added appeared to have no cfiect one way or the other on the
palatability of the silage and it did not lessen the losses of dry matter.

36303 —3——2
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COMPARISON OF RESULTS FOR THE FIRST FOUR TRIALS WITH GRASS BILAGE

A few of the main facts developed in the first four trials have been
mentioned. ‘The results of these four trials, considered together, may
be summarized as follows:

Wet orchard grass put in the silo without first being chopped made a
silage with an offensive odor and a dark color. Much more chopped
grass could be stored in a given space. At the time of filling the silos
58 pounds of unchopped orchard grass occupied the same space as
100 pounds of similar grass chopped. The losses of dry matter in the
silo were three times as great for the unchopped grass as for chopped
grass. The silage from the chopped grass was considerably more
palatable than that from the unchopped grass, as judged by the quan-
tities consumed by dairy cows when fed all they would eat. Further-
more, there are other reasons why the material for tower silos should
be chopped. The easiest way to put & crop in the silo is to run 1t
through o cutter and blower; and the chopped material is easier to
remove from the silo than the unchopped.

Partial drying of the crop before placing it in the silo increased the
quantity of dry matter that could be stored in & given space, but
increased the surface spoilage. The cffect of partial drying on the
losses of dry matter in the silage beneath the top is discussed on
page 18. DPartial drying facilitoted handling. This is & matter of
considerable importance, in view of the unsuifability of much of the
present hay-loading machinery for handling freshly mown crops.
Partial drying also increased to a small extent the dry matter that
would be consumed in the silage.

The maturity of the crop afiects the palatability of the silage to a
marked extent, just as it affects the palatability of the huy. Immature
orass is more palatable than mature grass, whether it is in the green
state or in the form of silage or hay. This ks been well demonstrated
by the Bureau at its field stations at Huniley, Mont. (12}, and at
Woodward, Okla. (§). The more immature the grass when harvested,
however, the smaller the yield at each cutting. Experiments have
shown that if frequent clipping is practiced, the total yield for the year
may be reduced. It appears that there must be & compromise be-
tween the better quality of the immature crop and the larger yield
and cheaper handling of the more mature crop. Probably the harvest-
ing of grasses should never be deferred beyond the sarly-bloom stage.

The sverage quantity of dry matter consumed per cow per day when
fed the different lots of silage ranged from 15.9 to 33.4 pounds. Ex-
cluding some of the stlages which were not of the best quality because
of being siloed without chopping or becsuse of unpalatable grasses,
the results compare very well with these oktained at Woodward {6),
and Huntley (12). The dry-matter consumption of Sudan-grass
silage at Woodward ranged with the different E)ts from 24.9 to 28.6
pounds per cow per day. That of pasture-grass silage at Huntley
ranged from 20.8 to 84.4 pounds.

Grasses that make 8 poor quality of hay eannot be converted into
the best quality of silage, but apparently they can be made into silage
that will be eaten as readily as hay made from similar grasses. In
general, crops that are palatable in the green state are likewise pala~
table when made into hay or silage; the reverse is equally true.
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The losses in dry matter do not appear excessive in view of the
shallowness of the silos. The subsequent work was condueted in a
way that distinguished between the surface and other losses, and
thus made it possible to estimate the losses that could be expected
in a silo 30 or 40 feet deep.

FIFTH TRIAL

The fifth trial was not conducted until the {all of 1934, The plan
for this trial differed from that of the fourth in that the dilute acid
used was 2 normal instead of normal, and in that one of the silos was
filled with partially dried grass. In the fourth trial only hydrochloric
acid was used, but in the fifth trial sulphuric and hydrochloric acids
were used in the proportions of 1 to 5 by volume. This mixture was
diluted with water at the rate of 5 parts by volume of water to 1 part
by veolume of acid, thus making an approximats 2 normal solution.

1% was thought desirable to be able to consider the losses at the top
separately from those beneath the top. IFor this reason, a layer of
building paper was placed on top of the chopped material when the
silos were nearly full and then filling was completed in the usual maen-
ner. Usually the paper did not mark the exact line between the
spoiled top and the rest of the silage, for therc was in most cases
cither some silage spoiled below the psper or some unspoiled above
the paper. However, it is thought that the use of the paper Increased
the accuracy of the work materially, although certain adjustments
had to be made because of inability to plsce the paper ab & fevel that
would exactly separnte the spoiled and the good silage. These
adjustments were made on the basis that 70 pounds of spoiled silage
is equivalent to 100 pounds of {reshly sioed material. The average
adjustinent for the top portion amounted to only 2 pereent of that
placed above the paper. Analyses were made of the fresh material
and of the good silage for moisture, nitrogen, and carotene in order
that the losses of dry matter, protein, and carotens could be com-
puted. Temperatures within the siloed material were carefully teken,
and the pH value of the silages was determined.

The herbage used to fill the silos in the fifth irial was quite similar
to that used the previous fall. The grass was cut on Octoher 11, 1934,
for the silo to be filled with partially dried grass. That for the other
two silos was cut on October 12, All three silos were filled with the
chopped grass on October 12, Feeding started March 10, 1933.
A Jl;rsey cow and s grade Holstein cow were used and neither was a
very hearty cater,

The results are shown in tables 2 and 3, fifth trinl. Considerably
more dry matter was puf in the silo when the grass was partially dried,
but no doubt some of this increase was due to the extra packing at
time of filling. Including the top portion the quantity of spoiled
silage on & dry-matter basis was o littic greater for the partially dried
grass than for that in the other two silos. In this respeet, the results
check with those of the previous trials. The partially dried grass
spoiled more on the top, but excluding the top, the three silages appear
to have kept about equally well. There was no material difference
in the consumption of dry matter per cow per day for the three silages.




TaBre 2.—Material put-in and taken oul, dry maller lost, temperalure allained, nI value of the silage, guantities of silage and dry matler eaten,
and the apparent quality of the stlage, fifth to tenth {rials

4!

Material
put in silo

Dry matter of ma-

terial put in silo Dry matter lost

Trial, herbage, and treatment

attained
per day

exclusive of top
in a-silo 30 feet high

Exclusive of top

Acid or molasses added

Exclusive of top

Good silage taken out

Dry matter in good silage

Exelusive of top

Estimated loss of dry matter

Muoximum temperature

pH value of the silage

Silage eaten per cow per day

Dry matter eaten per cow

Apparent quality of the
silage

Percentoge
‘ Spoiled silage on top

Fifth trial:

Orchard grass rowen with a little
white clover-and lespedeza hur-
vested 1934: .| Lb. . . Lb. . . . . .

Nothing added 1, 664 L 474.2 3 73, 4 7. 8 3 3 3 3 i Good.

Partinlly dried, nothing added._. 1, 339 . i34.3 A . T N . . . 3 . 6 Do.
6 percent of 2 normal acid addad ! 1,730 .3 124903.0 .4 | 486, X . , X Do.
Sixth trial:
Second-cutting Kentucky bluegrass
harvested 1935:
Nothing added 1,585 52 A . 3 3 3 Do.
Partially dried, nothing added.. 1, 087 25 A .
10 percent of 2 normal acid
1,483
3 percent of molasses and 3 per-
cent of water added 1,583
Seventh trial:

First-cutting alfalfa harvested 1934:
Nothing added 1,084 . A . 420.0
Partially dried, nothing added.. 582 X X 580 5 346.8
10 percent of 2 normal acid

1,057 . 3 3 384.3

Made into field-cured hay 7703 . 3 [3483.6
Eighth trisl:

First-cutting alfalfa harvested 1935:
Nothing added 1,609 .3 5 422, ¢ 3 3 2.1

10 percent of 2 normal acid .

added 1,760 . 3 482.1 3 3.0

3 percent of molasses and 3 p 1,788 5 5 475.6 N 12.7

cent of water added.
Field-cured bay 12,170 X 1516.0 1015.8

HIALIADINOV d0 Iddd *S "N ‘119 NITATING TVOINHOILL




Ninth trial:
First-cutting alfalfa harvested 1936: d
Nothing z;ddtid . < 3 3 2 Strong odor.
9 rcent of 2 ‘normal aci
s alt)i%ed! - < 3 A 3 Good.
percent of molasses and 3 per-
cent of water added . 5. Strong odor.
Partially dried, nothing added.. 0 X 9 . . . . .4 | Good.
Partially dried, 14 percent of 2
normal acid added ! 2, . . Do.
Partinlly dried, 3 percent of .
molasses and 3 percent of
water added £ X N g , g X . 5 X X X Do,
U. 8. No. 2 alfalfa hay, fed for com-
P
Tenth trial:
Soybeans, harvested 1936:
Cut in Y-inch lengths, nothing Do

4 . A 5 5 3 Odor, strong-
480. 6 er than that
preceding.
Cutin J4-inch lengths, partially -
dried, nothing added 3 .8 1.024.0 A 5 . X X X . . Good
Cutin ¥-inch lengths, 3 percent
of molasses and 3 percent of
water added : ¢ 2 73.4 137182 22, . 5 . . . . . Do.

Chopped soybean hay, fed for com-
parison, B

-

ISSYED INOUL UNVIIS DNIMVI

1 A 2 normal solution of hydrochloric and sulphuric acid. 7 Represents hay whea stored in mow.

1 Does not include any dry matter the acid may have added. § Represents hay when taken out of mow.
3 4 pounds of grain a cow & day was fed also. %1 of 3 cows fed 6 pounds of grain a day.

4 Gain instead of loss. 10 Includes losses in both field and mow.

¢ Includes the dry matter of the added molasses. uDry hay.

¢ § pounds of grain a cow a day was fed also:

SHIADAT ANV S
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TanLE 3-—Dry maller, prolein, and ecorolene put in and taken oul wilh percentage
Ioases, exclusive of spoiled layer on the surface

\ Protoin (Nx ;
‘Ec?’é?}lt Dry matter | 6.25) in the dry | Carotena in the

V'tial, melerinl, and treatiment d o
matur ry matier

Firth trinl:

Orehard gross rowen with n lite while Parts | Weight

clovnr and lespedoza, harvesied 1954 per | in Hoo

Nothing added: Pounds | Percend | Pownds  Fereent | Pounds | milfion
Materkul putinsila 1, tid 28,87 474,200 107 | G71Y 432

Silap. takow ot 1, 650 . d73.4 L1455 | 68 B

Lo - anmmmn C2 || RS
]’nrtmﬂy dried, nolhivg added:
MnlLrlul]:utln siin 1,480 . G333 | 114, B 31
SBilkpe tuken gt - ;U . G T 1, 94,14
Luss. .. Cees .pereent.. N =5, 4
6 peceend of 1 peliled:
Alntertal pot in silo 7 5.5 12493.0 . 690, 80
Silape Laken onl___ . I 7. 4803 A 8. 39
L . +12. 2

Rixth Lrinl:
Second-gutting Kentueky Mue grass, line-
vested 18367
Notlhing agded:
Material put in sila 5 3 . 4. 85,10
‘Sﬂilm Laken out. o1, naEn 1.6 t. 3 57. U8
pL-rLcni N . +3.4
J‘urt:uily drigd, nothing adtded:
Material ‘Dllt.lﬂ‘\ll{]. . 1, 087 1. 100, 48
Silage token out PoLL L ) 7.6 , 1, 6a
linss.._. T nt 3. +. 2
ll]pvrt.entuf"nn)rmnl neid addml:
Alaterial put in silo 1,48 3 3 L5 79. 62
Silage taken aud__, 1, 3 I 3 o8 B4, 62
Loss_.... _.prrcont.. ———. . +& 0
a3 pereent ol molusses and & pereeni of
water added:;
Materinl putinsile. . ... ......] 1,7 36, L3 | 114,58 | 500,49
Silage takon put._. Hi 39 o, B7. 45
|.UE'~!__.__-_.__._,_..,-..IlL'TL"‘lIL . L4 54
Hevenlh Lrinl:
Lirst-eutiing alfali, hinrvesied 19314
Nothing added:
Muterlad put in siia. 3 35,
Silppe (alen out. . i 3 20, 114,62
T8 _]H_‘I'Ccllt_. . . G
TPartinlly dried, uul.tnm. elehi:
Material putinstle, ..
Silape Laken oul
Yoss. . . ___pereend -
10 poreent of 2 nortaal acid added:
MuterTal pul insilo.
Rilage tnken out
Lioss .
Alade tnwn tedd-e
Hay put in Ll mow_ o __L__
Moy taken ant of the weaw o
3 o lams oo pereent .
Fighth trinl:
First-cutling allalfn, harvested 1915
Nothing added:
Aluteria) putin silo s 3 480. 0
Siluge tuken put___ . 3 4320
Losd.. ... - perc:.ul. . 12,1
1 prreent | ot 2 normn] acid added:
Mauterial putin sile. . - 7 SRR
Silnge tnken out . 1,5l L8| d¥R T
L. o nvrevnt._ . a0
¥ pereent of poereent of
waler mlded:
Material put in sil - ik 8, S15.1
Sllnw inken out. . , 3 476, 6
-...I}t-ru-ul.- . 12.7
\In{ie 1|1I.(: ‘flel-eummd bay:
Iroshly mown by 7 5, G13.0
Curib by, L - . : . 5164
Foss ..o . . _.___.pireeni__ 14,8

Seo foodnotes ot end of Lable,
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Tasrn 8.—Dry mailer, proiein, and carolene put in and taken out with percentage
loszes, exclusive of spoiled layer on the surfece—Continued

Total Protein (N

: : Carotene in the
Y - g
Trial, material, and trestinent weight Dry tatter lj,...:)nilgllllés dry dry matter

Ninth trial: Partx | Weight
First-cutting alfalfa, barvested 1EG: per | in Moo
Nothing ndded: Founds | Percent | Pounds | Percent | Pownds | willion | pounds
Muterial put insilo_ .. 1, &35 250 | #E B 11955 | wlLas| 1742 817
Silnpo taken out. 1,783 34,4 48,3 132180 | YA0| 2077 8. 92

Toss . ______ Loapervent. ) ooooooo. dmmmuman B . +.8 . +9.2

0SS
8 pereent of 2 tort il nddded:
Alaterinl put imsi
Silage tuken oul...

1,848 25,0 (3473,2 111 3 154.2 8.1
1, 80 4.1 433.24{219.11 | da78| 2182 0.45

PR 110) <1012 | R [ -0 I iy . +14.8
3 percent of tiolusses und 3 perecnt of
wyler arlded:
Materinl pnt insido_._ ... 1,007 256 | 52T (11985 [F10886 | 172 9.21
Silage taken obee. oo . . . L] WIS B 47RT (22000 ] US4 152.9 7.
O8RS . e POFERNEL || wo | .. B4 |- 211
Pariially dried, noblitg sded;
Materiglput insibo ... ____._..] LI FA.L | 820071750 { 1A 07 | 100.9 8,36
Silage takenonb_. ..o 1L T4.0 | 804.7 | %1087 { 128 54 40,5 4.00
Y 112 ] |1 A (RO FE AL DY I T P, 53 2
Farlindly dried, 14 percent of 2 normal
acid pdded:
Materinl pbinsilo___. ... .. .] 1,007 TG | BT |IIT.50 | 145.02 | 140.9 B. 40
Silage takenowt_ . _._....] I,22 G5 | 77LT 118,81 | 14591 635 4.93
1o C RS (1 /T A PR B, Sl .. L o T 4L 3
Partinlly dricd, @ pereont of molasses
and # pereent of wuter added:
Muaterlal putinsilo. ... ... 1,129 THE | 45T A IR0 (F153.83 | 1009 8. 85
Eilnge taken out__. N LT T2.3 | 857.4 |310.87 | 14 G4 50. 5 4.1
Lo LosE el S e 4 AU U (R, bR I T L1+ B at 1
Tenth trial:
Soybenns, harvested 1996:
Cut in M-ingh lengths, nothing
added:
Material put in silo B3.62 | 100.9 591
Silape tuken ool Bl 62 870 3.7
L S Lpereent. | B L U IR 36.9
Cut in M-pmeh Ienpths, nothing

added: o
Materind putinsila. .
Silape taKen oul

1, 708 27,7 ] 4BO.G|3)3.80 4 GS5.05 | 1101 b 30
7| 435|315 87 | 6540 2.9 U, 42

TASE . am R T | A RN S RN PR, Y |.a.oaa| 365
Cut_in K-ineh lengths, partiolly
dried, nothing added:
AMaterial putinsilo.. . oL GM.0 1112683 | 116,70 4.21
Silee tnken out e e 3.5 130025 | 1214 145
Tams . oo TRFCeTL Lb | ] 47 U]
Cut in M-ineh lengths, 3 peteent, of
molusses and 4 pereent of waler
added:
Aaterial put insilo. ..o 1, i 3.8 117182 | 514,60 | 105.82 . 59
Silnpe taken gul. P 1,57 qr ] mIkg M, 19 +. H
Lusy _mwreenl. oo e L g .. 1.4 387

L Annlyses for nitrogen made of vie-dry matericl.

1 e ot Include any dry mnbter the aeld oy have sdded,
3 Analyses for nltragen made of moist materisl.

+ Includes dry matter of the added molnsses,

¢ Inelades protein of the added! molwsses.

SIXTH 'I'RIAL

The silos for the sixth trin]l were filled in the fall of 1935. EKentucky
bluegrass which had grown up after the removal of a crop of hay in
the summer was used. Three silos were filled in the afternoon of
October 8 with grass that was mowed and loaded on trucks in the
morning of the same day. Another silo was filled with stmilar grass
on October 11.  The grass for this silo was mowed on October 10 and
lay ir:l the swath for about 26 hours when it was raked and hauled to
the silg. .

This trial differed from the fifth in that molasses was added to the
contents of one silo, 10 percent of acid instead of 6 percent was added
to another silo, and that which was partially dried was dry enough so
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that it could have been put in the mow or stack. The silage was fed
to three cows beginning January 1, 1936. The results are given in
tables 2 and 3, sixth trial.

The quantity of spoiled silage on top was greatest in the silo to
which acid was added and least in the one filled with partially dried
grass. The percentage loss of dry matter, including that in the
spoiled top, was least for the dry silage and about the same for the
other three, #f allowance is made for the dry matter in the adde!
molasses and none iz made for any dry matter the acid may have
added. All of the silages appeared to be good, but that to which
acid was added was distinetly less palatable than the others. There
was no material difference in the palatability of the other three.

MARKING LEGUME SILAGE

It appeared that the principal problems in the making of legume
silage concerned the matter of partially drying the mowed crop before
placing it in the silo, and either the use of dilute acids or the addition
of molasses. Several series of experiments were plaitned for the
purpose of determining the practicability of these different treatments.
In every series onesilo wasused as a.control. Thematertal was always
chopped fine, one-half inch orless; it was weighed into the silos accu-
rately in baskets and weighed out in a similar manner; the top was
always covered and weighted with a Joad of 40 to 50 pounds per square
foot, the same day thesilo wasfilled. In applying the acid or molasses
the uniform practice was to sprinkle a measured quantity of the acid
or molasses over the chopped material after every two basketfuls
(30 to 47 pounds to the basket) were placed in the silo.

SEVENTH TRIAL

There were two main objecis of the seventh trial; one was to deter-
mine the best methods of making silage from legumes, and the second
to learn whether a crop is better utilized when made into hay than
when made into silage.

First-cutting alfalfa was mowed June 13, 1034, and raked at once
with a side-delivery rake. Each windrow was then divided into suc-
cessive {engths of 20, 10, and 10 feet, with the expectation that there
would be twice as much in the 20-foot lengths as in either of the 10-
foot lengths and that there would be the same guantity in each of
the 10-foot fengths. The sections 20 feet long were hauled in at once,
run through a cutter, and the total amount equally divided between
two silos.  Nothing was added to the contents of one silo; 10 percent
of 2 normal acid wns added to the contents of the other.

The following day, June 14, one series of 10-foot sections was chopped
and run into a small silo. The dry matter of thislot was 60.2 percent
as compared with 40.2 percent in that put in the previous day. After
this silo was filled, and on the same day, the remaining series of 10-
foot sections was placed in the hayloft. The percentage of dry matter
of this lot was 62.8. If any considerable quantity of hay as moist as
this Js stored i will heat. The reason this did not heat is explained
by the small quantity.and by the fact that it was left as loose as pos-
sible to facilitate drving. Feeding of the silage started July 14, three
cows being used. The results of this trial are shown in tables 2 and 3,
seventh tzial.
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EIGHTH THIAL

The objects of the eighth trial were much the same as those of the
previous trisl, but the procedure with the silage was different in that
one silo was filled with alfalfa to which molasses was added, whereas
it had heen Alled with purtially dried alfalfa in the previous tral. A
further difference was that the windrows in the seventh trial were
divided into successive measured lengths in order to get the same
guantity in each of thesilos ag was made into hay, whereas in the eighth
trial the green material was colieeted as soon as possible after heing
mowed and that intended for silage was chopped and thué intended
for hay was weighed and spread in a windrow In the field to dry.

Tirst-cutting alfalla was mowed in the morning of June 5, 1935, and
loaded on three trucks at once. Loading was finished at 11:15 2. m.
The three loads amounted to over 8,000 pounds, of which 6,090 pounds
was chopped and putin threesilos. Chopping was finished ab1p.m.,
and filling at 3:45 p. m. The remainder wus used for hay and was
spread from the truck in windrows 2t 3:30 p. m. There was o rain on
the night of June 5. The windrows were opened up ab noon June 6,
turned at noon June 7, loaded on & wagon at 4 p. m. June 7, and put
in the hayloft at 8 a. m. on June 8. The weight of the green alfalfa
before it was spread outb in windrows was 2,170 pounds.  When it was
placed in the loft the weight was 1,030 pounds, {rom which 1t is esti-
mated that the dry-matter content was about 80 percent. Feeding of
the silages started July 31, using three cows. The results ol feeding
the silages and the hay are shown in tables 2 and 3, eighth trial.

It will he noted in the results for the seventh trinl that the loss of
drv matter in the hay from the time it was putin the loft until fed was
only 2.9 percent, which was somewhat less than the logs in any of the
silages. In the eighth trial the dry-matter loss in the hay, from the
green state to the dry state at time of feeding, was 15.8 peveent, which
was o little more than the loss from any of the silos. No doubt the
rain on the hay that was used in the cighth trial had much to do with
the large dry-matter loss of this hay as compared with that of the
seveatl trial, but it should also he observed that theioss in the eighth
trial is the total from the time of mowing, while that in the seventh
trial is only that occurring in the loft.

WINTIE TRIAL

In the ninth trial six small silos were filled with first-cutting al{alfa.
Fresh green alfalfa containing 25.6 percent of dry matter was pub in
three of them, and dried alfalfa contzining 75 or 76 percent of dry
matter was put in the other three. To one silo of each group, acid
was added: to another, molasses was added; and to the third, which
was used gs & check, nothing was added.

The alfalia for three of the silos was mowed on thenorning of May
26, 1936, and hauled in at once. Filling was completed at 1:30 p. m.
on May 26, The olfal{a {or the other three silos was mowed May 23,
raked on the morning of May 25, chopped at 9:30 a. m., and blling
was completed at 2:30 p. m. of the same day.

Palatability tests of the silages were conducted with four cows
beginning August 2, 1936. At the conclusion of these silage tests
the same four cows were fed all they would eat of U. 8. No. 2 alfalfa
hay. The average daily consumption of hay was 24.9 pounds, con-

25893°-—38—3
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taining 22.4 pounds of dry matter. This was somewhat less dry
matter than was consumeﬁym the silage from partially dried alfaifa
that was not treated with molasses or in that treated with molasses,
but more than was consumed in the silage from the fresh green alfalfa.
The results of this work are shown in tables 2 and 3, ninth trial.

TENTH TRIAL

Soybeans were placed in four silos as follows: (1) Material used for
check, chopped with cutter set for 4-inch lengths; (2) similar material,
except that cutter was set for ¥-inch lengths; (3) partially dried ma-
terial, with the cutter set for %-inch lengths: and (4) same as check
except molasses was added. Freshly-cut soybeans were used for
three of the silos, and some that had been cocked for haymaking were
used for the one filled with partially dried materiel. Filling was
done on September 17, 1936, and feeding began on November 6.
The results are given in tables 2 and 3, tenth trial.

The silage cut in ¥%-inch lengths sustained a marked loss in dry mat-
ter and was not as palatable as the other silages. Whether further
investigations would confirm this result remains to be determined.
The other silages behaved much as would have been expected from
the previous trials. In comparative feeding tests, a good grade of
chopped soybean hay was not eaten in as large quantities (on a dry-
matter basis) as the silages chopped into Y-inch lengths.

INFLUENCE OF METHODS ON RESULTS OBTAINED WITH THE
SMALL SILOS

The results of the first to fourth trials have been discussed on pages
7 to 11.

The more important results obtained with grass crops in the fifth
and sixth trials, and with legumes in thesixth to tenth trials, inclusive,
shown in tables 2 and 3, are brought together in tabhle 4. This com-
parison illustrates the average results obtained by partially drying
the green material belore placing in the silo, or by adding acid or
molasses, as compared with using fresh green material with nothing
added.

PARTIAL LRYING

In the trials given in table 4 the silages made from grass or legumes
partially dried to & low moisture content sustained a greater surface
loss than those high in moisture if the spoilage on top is included. 1f
the spoilage on top is not included, the loss of dry matter was lower
in the low-moisture silage than in the high-moisture silage. The low-
moisture materials not only contained less carotene than the high-
moisture materials at the time they were placed in the silo, but the
percentage loss of carotene in the silo was also greater. The low-
moisture silages became 3° or 4° warmer on an average than the
high-moisture silages, but none of the silages at any time reached a
temperature above 97° . The pIl value of the untreated silages as
arule ran above 5. If the grass or legume silage was low in moisture
content, the quality of theTilage, as judged from the appearance and
odor, was invariably good hutil the silage was a legume with & high
moisture content and was not treated with acid 1t might have a
strong odor. In cvery instance the average dry-matter consumption
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by the cows was greater when fed low-moisture silage than when fed
high-moisture silage. When alfalfa hay was fed for comparison with
aifalfa silage, in one out of thres instances they ate more dry matter
in hay than in low-moisture silage, and in two out of three instances
they ate more dry matter in hay than in high-moisture silage.

TaBLe 4.—Average losses susiained, palalability, lemperatures and pH volue of
stlages partially dried or treaied wilh cither acid or molasses, trials 5 to 10
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EFFECT OF ADDING ACID

The addition of acid reduced slightly the loss of dry matter, when
any dry matter the acid itself may have added is disregarded, and it
reduced slightly the loss of carotene. The temperatures of the acid-
treated silage were 2° or 3° lower on the average than those of the
untrented silage, a difference explainable wholly or in part by the
higher moisture content of the acid-treated silage. The pH value
-V 11 below 4 except in one instance when it was 4.02.  The nacid-
trer“ed silage was distinetly less palatable than the untreated silage,
except for silage with a pH value of 4.02. Two hundred grams of
finely ground limestone were sprinkled over the daily ration of each
cow led acid-treated silage.

Treatment with acid had very little influence on the loss of nitrogen
when the analyses were made of the meoist silages. But when the
analyses were made of the silnges wfter they had been dried the acid-
treated silages showed less loss.  For example, the average protein
(N'X06.25) content of several of the moist, ¢heck silages was 18.24
percent when caleulated to a dry basis, and the protein content of
these same silages when dried and then noalyzed for nitrogen was
15.45 percent. Similar figures for comparable acid-treated silages
were 18.58 and 18.26, respectively.  In other words the check stlage
lost considerable nitrogen in drying; the acid-treated silage lost but
very little. The molasses-treated siluge had 17.40 percent protein
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(dry basis) when analyzed in a moist condiftion and 15.87 percent
when analyzed in a dry condition. The analyses also point to the
conclusion that the drier the untreated silage is the smaller is the
loss of nitrogen through drying. This may be a matter of some
significance o anyone who is attempting to determine the nutritive
value of the nitrogen compounds in silage, It is highly probable
that the protein (N<6.25) of the acid-treated silage is superior in
quality to that of the untreated silage, especially if the latler has a
Ligh content of moisture. Peterson (21) found that untreated silage
with a high water content had a larger amount of amine, water-
soluble, and ammonia nitrogen than A. I. V. silage.

No attempt was nade in this investigation to determine the rela-
tive nutritive values of the protein in the various silages, bhut some
comparative hiological values of the proteins in silage made from
summer pasture grass at the Hannah Dairy Research Institute (19)
at Kirkhill, Ayr, Scotland, are informative. With the biological
value of the protein in blood meal set at 75, the following relative
values were assigned to the proteins of different silages: A. I. Y.
silage, 75.5; molasses silage, 75.0; and ordinary silage, 77.0. The
moisture content of the silages was not stated. It would appear
from the results in table 4 that in some cases more protein was con-
tained in the silage than was present in the original material. It is
unlikely that the actual quaotity of protein increased, Any seem-
ing increase can hest be explained by the method of making the
pitrogen determination or by errors in sampling.

EFFECT OF ADDING MOLASSES

The addition of 3 percent of molasses diluted with an equal weight
of water was not advantageous so far as lessening the losses of dry
matter, protein, and carotene was concerned. In making these
calculntions the dry matler and protein of the added molasses were
ineluded, using the average analysis of 74.1 percent dry matter and
2.8 pereent protein.  The temperature of the molasses-treated silages
was only slightly less than that of those not treated. Perhaps the
difference is no meore than could reasonably be explained by the
higher moisture content of the molasses-treated silage caused by the
addition of diluted molasses. The pH value of the molasses-treated
silage was consistently lower than that of the untreated, although the
average dificrence was only 0.27. Possibly this small differc -
sullicient to afleet noticeably the appearance and odor of the silages,
although no such conclusion can be drawn from the results of this
investigation. It has been apparent, however, in certain Iaboratory
specimens that the addition of molasses did improve the odor of
high-moisture silages. Molasses makes the silages slightly more
palatable. So far as the results of this work are concerned, this is
the only advantage that can be claimed for the molasses treatment.

LOSSES OF DRY MATTER

The losses of dry matter for the most part were quite moderate.
The unavoidable surface losses of dry matter for the last 23 silos filled,
as shown in table 2, ranged fron 27 to 169 pounds, the greater losses
occurring with the drier material. If it is assumed that the extent of
surface spoilage is directly proportional to the surface exposed, then
the loss of dry matter on the top of a silo 14 feet in diameter would be
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12.25 times that on top of a silo 4 feet in diameter and would range
from 331 to 2,070 pounds. The higher figure would compare very
well with the losses normally occurring in silos filled with corn, but
the lower figure would be much below that which could be attained
with any kind of crop, silo, or treatment without employing some
special means to protect the top. In this connec tion 1t must be borne
in mind that the silage in these experiments was always covered with o
layer of building paper upon which was placed a wooden follower and
the material for weighting the silage. Weighting appears to be
desirable for all kinds of grass or legume silage, especially if the crop
does not have a high content of moisture.

The dry-matter losses of the silage beneath the spoiled top ranged
from practically nothing to 156.7 percent. The greater losses occurred
in the watter silages, but the greatest loss was with soybeans which not
only had a high content of moisture but were also cut in long lengths.
The avernge percentage of dry matter lost in the edible silage of the
last 23 silos was 5.6.

If the losses of dry matter both in the spoiled surface and in the
unspoiled silage underneath are taken into consideration, and if it is
assumed that the surface losses are directly proportional to the surface
area and also that the percentage losses of the unspoiled silage would be
the same for deeper silos, one can estimate the losses In silos of greater
diameter and having a column of silage say five times the depth of the
silages nsed in these experiments. Estimations made on this basis
show that the losses of dry matter ranged Irom 3 to 18 percent, with
an average loss of 8.6 percent. As a rule, the high-moisture silages
were estimated to sustain greater losses than the low-moisture silages.
The larger surface losses of the drier silages were more than counter-
bi?la,nced by the losses of dry matter in the edible portion of the wetter
silage.

Watson (27) has reported dry matter losses of 18.2, 16.1, and 17.7
percent in ordinary silage, molasses-treated silage, and A, I V.
silage, respectively. Probably the reason these losses arc higher
than those reported in this investigation is that Watson’s material
was not chopped. More air is enclosed with unchopped material and
a greater oxidation is possible.

Hodgson and Knott (15) estimated the loss of dry matter {exclusive
of that in the spoiled silage) to be 24.8 percent in a tower silo they
were comparing with a dirt-covered stack. The high loss in the tower
silo can be attributed to the absence of weighting material on top and
to the admission of air through the silo walls.

The comparative losses of dry matter in silage, shown in tables 2
and 3 and summarized in table 4, as compared with the losses in hay
cannot be considered conclusive for making such crops into stlage as
compared with making them into hay. They indicate, however, that
properly made silage may sustain less loss of dry matter than hay that
has been damaged by the weather, but possibly notless than hay cured
quickly and without weather damage.

CAROTENE CONTENT

An outstanding characteristic of the silnges as compared with the
hays is their superior content of carotene. When & fresh, green, un-
treated crop was put in the silo the carotene content was high at the
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time of filling and was preserved to a highly satisfactory degree. The
addition of the acid improved the preservation of carotene; the addi-
tion of molasses did not.  Botl: the carotene content of o crop at the
time of placing it in a silo and the efficacy of carotene preservation
varied inversely with the extent of drying, but even so the material
dried to a low moisture content contained as much carotene aswell-
cured hay after a period of storage.,

EXPERIMENTS WITH UNCHOPPED ALFALFA SILAGE

A few small tests were made to gain some information on whether it
would be practicable for a farmer with & small number of cows and
possessing neither a silage cutter nor a silo to put unchopped, green
alfalfa in stacks or pits for winter use,

First-cutting allfalfa was used. It was cut in the full-bloom stage,
raked immediately and all leaded on the wagons within 2 hours after
being eut. At the time the alfalla was placed in the stack and pits,
the dry-matter content was 38 percent and the carotene content of
the dry matier 160 parts per million,

The alfalfa was tramped firmly into a pit 4 feet deep and 8 feet in
dinmeter and the filling continued until the alfalfa was 3% feet above
the ground level. A thin layer ol straw was then placed on top and
this was followed by about 1 foot of soil.  Similar alfala was putina
pit 4 feet deep and 4 feetin dinmeter.  Filling was continued until the
alfalla was 2 feet ahove the ground level, then about 1 foot of soil
placed on top.  The purpase of using this second pit was to determine
the extent to which surlace water draining into the pit would damage
siloed materinl.  Two wecks alter the pit was filled 40 gallons of water
were Jun into it, then 2 weeks later, 40 gallons, and 4 weeks later, 60
gallons.

Some of the same lat of first-eutting alialfa was packed in a stack 7Y%
feet high and 8 feet in diameter surrounded by two circles of 4-foot
snow fence,  This snow fence was not lined with paper or other ma-
terial to exclude the air.  Ahout 1 foot of soil was placed on top as
scon as the filling was completed.

The alfalfa was put in the pits and stacks on June 8, 1936.  Half-
inch pipes were driven into the tops of the silages and temperatures
taken, beginning the next day after filling.

About 4 weeks later a small amount of partially cured, second-cut-
ting alfalfa was pressed into a tight baie and then buried on end so that
the top was about § or § inches below the surface of the ground.

The first or largest pit was opened September 3. The silage in this
pit had settled to 18 inches bolow the surface of the ground. The
silage was spoiled about 3 inches deep on top and 15 inches thiclk
around the outer edge. Near the top the silage had the color and odor
of normal alfalfa silage. As removal progressed, the moisture content
‘nerensed and the silage beeame stronger in odor. The last foot of
silage was waterlogged and had an offensive, clinging odor. The higher
content of water and the greater weight of the silage as compared with
the original materind shows that some surface water drained into the
pit. The silage was fed to six cows.

Similar conditions were found in the smaller Pit, except that more of
the silage was waterlogged and for that reason had an offensive odor
that soap and water would not remove from the hands. This was
fed to two cows.
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Only 80 pounds suitable for feeding were found in the stack, and this
was near the center. The remainder was quite moldy.

The top third of the bale was mostly spoiled, but the bottom haif
from which the air had been more effectually excluded was in good
condition.

The more important observations made on these four lots of silage
are given in table 5.

TanLE 5.—Material nsed and results oblatned for fresh, green alfelfe buried in pils
below the ground, and in a stack above ground
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The general conclusion to be drawn from this work is that any
method of siloing allfalla whether in pits, stacks, or silos, which does
not force out the air promptly from the material intended for silage
and does not thereafter effectually exclude the air, as well as the
drainage or seepage waier, will fazl.  On the other hand, this work
shows the possibility of making silage from unchopped alfalfa that
will grade at least fair in quality. No doubt if greater attention is
given to the matter of packing fightly or applying pressure, if the air
15 excluded by a thicker or more impervious coating of soil, if water
is kept out, and if the moisture content of the crop is not too high, a
good grade of silage can be made from unchopped, untrented alfalfa.

STORING GRASS AND ALFALFA IN LARGER SILOS

A monolithic conercte silo 14 feet in diameter was filled to a depth
of 20 feet with chopped Kentucky blueerass in May 1934. The dry-
matter content of the grass when put in the silo was 60 percent for
that at the hotiom of the silo, 30 pereent for that at the middle, and
40 to 45 percent for that at the top. The grass was raked with dump
rakes and then taken from the windrow with a hay loader. It was
neither tall enough nor thick enough on the ground for picking up
cleanly with the loader from either the swath or windrow. No one
was kept in the silo regularly, but the chopped grass was leveled oft
two or three times during the filling and once when filling was com-
pleted. Vhen the silo was opened in November the spoilage around
the outside at the top and down the sides was found to be excessive.

In 1934 another similar silo was Jilled to about the same height with
a weedy growih ol first-cuiting alfalfa. The alfalfa was taken from
the swath with a hay loader, chopped, and put in the silo, The dry-
matter content ranged from 28 to 56 percent, the material with the
lgwest percentage being at the tep.  Aside from this layer on top,
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the dry-matter content graduslly decreased from top to bottom, the
highest being immediately below the top and tiie lowest (32 percent)
bemg near the bottom. As one of the objects of the experiment was
to determine the practicability of putting alfalfa in the silo at various
stages of dryness, no attempt was made to keep the dry-matter content
near any certain point, although some of the heaviest material was put
on top to act as a weight and seal. No one was kept in the silo regu-
larly during filling, thie material being partially leveled at intervals
when the cutter was not running. The silo was opened the latter
part of November, and, as in the silo containing grass, the spoilage on
top and down the sides was excessive. The spoiled silage on top in
the center was 2 or 2} fect deep. Around the sides at the top it was
much thicker. The silage near the top was brown in color, which
indicated the presence of air and lack of sufficient packing. As
removal of the silage progressed, the color improved until near the
bottom 1t was dark green. The odor of the silage at the top was
slightly penetrating, though inoffensive. The odor improved as the
silnge was removed.

In the spring of 1936 the same silo was filled to a depth of about 26 or
28 feet with the growth from an alfalfa field which had been taken
almost completely by various grosses mixed with considerable weeds,
From this field, 15,000 pounds of alfalfa hay containing only a small
guantily of grasses or weeds was selectrd, chopped finely, and run
in the bottom of the silo. This material had 81.5 percent of dry
matter and was as dry as hay generally is when put in the mow or
stack. The material placed on top of this alfalfs was mostly grass
and for the most part contained 50 to 55 percent of dry matter.
Filling was done on May 26 to 29, and the silo was opened on July 10,

The spoiled silage removed from the top and from around the sides
weighed 4,070 pounds, an amount which seemed high in view of the
short period since the silo had been filled. The spoilage was much
greater on one side than on the other. This can be explained by the
[act that the chopped grass falling at one side caused the material to
he packed more soludly on that side than the other; the silage in settling
leaned toward the side packed the least, thus opening up spaces that
admitted air.  No doubt with a longer period of storage the ioss would
have been much greater.

FEEDING VALUE OF THE GRASS AND LEGUME SILAGES

Feeding the grass and legume silages produced in the various trials
with the small silos showed that good grass and legume silage is
readily eaten by dairy cows. AIthou%h the small quantities fed did

not permit significant observations of the effect on milk flow and body
weight in comparison with hay, consumption compared favorably
with hay in amounts eaten and dry matter consumed.

All of the edible silage in the large silos was quite balatable. It was
observed that the grass silage made in the upper part of the silo in
1936 was consumed in preference to good alfalfa hay when the cattle
had a free choice of either in a feed bunk. The low-moisture silage
in the Lottom of the silo reached a maximum temperature of 104° F.,
and kept perfectly without any speilage whatever; f urthermore, it had
& carotene content of 38 parts per million of dry matter, or more than
would be expected if the alfalfa had been stored in the barn or stack
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instead of in the silo. The pH value of this material was 5.16, which
is evidence that the quantity of acid formed was quite small. No
detailed feeding trials were made with the contents of this silo, but the
rass and legumes silages made in the large silos in 1934 were used in
eeding trials lasting 14 weeks to determine their feeding velues.
The grass silage made in 1034 (p. 23} was in a silo a6 the abortion-
positive farm. Suitable cows were no longer available for g feeding
triel, however, because the number of positive cows had been greatly
reduced preparatory to discontin ‘ng this isclation unit. Conse-
quently, the silage was fed, as the sole ration, to six Jersey cows, four
of which were dry or nearly so, for § weeks. The average consump-
tion of dry matter by the six cows by weekly periods ranged from 15
to 23 pounds per cow per day. The feeding of grass silage was fol-
lowed by « sole ration of good alfalfa hay for 4 weeks. The consump-
tion of dry matter before and after the change was practically the
same, which indicates that the grass silage was as palatable as good
alfalfa hay. The loss in body weight for the 8 weeks on grass silage
averaged 5 pounds per cow; for the 4 weeks on alfalfa hay the average
loss was 11 pounds. Only two cows went through the feeding trial
without either going dry or calving. These two cows declined 13
percent in milk preduction for the 8-week period on %’I‘{lSS silage and
increased 2 percent during the 4-week period on alfalfa hay. These

observations are in line with the feeding experiments on silage and
hay from pasture grass at Huntley (12, p. 45) and silage and hay from
Budan grass at Woodward (6, pp. 27-£8).

For the alfalfa-silage feeding experiment, 12 cows were divided into
3 groups of 4 cows each. Each group consisted of threc Holsteins
and one Jersey. One group was fed the usual ration of alfalfa hay,

corn silage, and grain; another group was fed alfalla silage, corn
silnge, and grain; the third group was fed a sole ration of alfalfa
silnge. This made it possible to compare alfalfa silage with alfalfa
hay in a ration with corn silage and grain as well as to determine the
effect of alfalfa silage as a sole ration,

All three groups were fed the alfalfn silage and alfallfa hay in as
large amounts as the cows would cat. The first two groups were fed
corn silage ab the rate of 3 pounds & day for each 106 pounds of body
welght and grain enough to bring the total digestible nutrients up to
the Haecker standard. Adjustments were made weekly. After 10
weeks (fg. 1) alfalfa bay wassubstituted for the alfalfa silage for a period
of 4 weeks, in the rations of the two groups that had been receiving
alfalfa silage, The group receiving no alfulfa silage in the fast 10
weeks was continued on tiie same ration for another 4 weeks.

The average daily milk production at the start was about 30 pounds
per cow, but because all the cows had been fed a ration of alfalfa
silage alone for a preliminary period of several days, the milk produc-
tion declined sharply. This decline acconnts for the relatively small
quantity of milk preduced in this experiment. The average milk
production of the different groups by weeks is shown in figure 1,
also the average consumption of dry matter for the alfaifa hay and
alfulfa silage, and the average body weights.

These curves show that the milk flow was as well maintained on &
mixed ration including alfaifa silage es on one including alfalfa hay;
elso, that the milk flow on a ration of aifalfa siiage alone was better
maintained then on a mixed ration, although possibly the lower level
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of produection at the beginning may have had much to do with this
result. 1t can be said in favor of the alfalfa hay that changes from
alfalfa silage to alfalfa hay retarded the declines in milk production
for the last 4 weeks. In the meantime the group being fed alfalfa
hay, corn silage, and grain without change continued to decline at a
uniform rate through the last 4 weeks.
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Figurz 1.—Averags milk produeiion (A}, dry-malter consumption in alfalfa silape or hay (3, and hody
weighs of eows (C) fed nifnlfa silage alone folipwed Ly bay wlong, or alfalfs silaze or hay in the mixed
ration.

INFLUENCE OF ALFALFA SILAGE ON THE FLAYOR AND ODOR OF MILK

A short experiment was planned to determine whether alfalfa silage
affects the favor and odor of millt and, if so, whether these Havors
are transmitted through the cow, or whether they are absorbed by
the milk after it is drawn.

The cows were fed enough alfalfs silage so there was some in their
mangers nearly all the time. They continued to eat small quantities
from time to time in the interval between milkings. The air in the
mangers was always heavily laden with silage odors so that the cows
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were compelled to breathe these cdors. It has been found that
certgin odors can be transmitted to the milk by way of the lungs as
well as through the digestive tract. Xor these reasons, it is thought
that the effect, if any, on the milk would be similar to that of feeding
the silage shortly before milking.

Milk from cows in another barn where no salislfs silage was being
fed was used as & check. In order to deterniine whether the milk
would sbsorb the silage odors from the air, 2 portion of the milk
from these same cows was poured back and forth through an atmos-
phere heavily charged with the odors of alfalfa silage.

The silage used for this work was made in 1936 from high-moisture
alfaifa. Some of it had as strong odor as any that had been made
recently from chopped material. Further information regarding this
silage is given in table 2, ninth trial, and the discussion of that trial.
The results of this work are presented in table 6.

TaABLE 6.—Opintons of 4 ebservers on milk from cows fed silage, on mill: exposcd to
silage odors, and on milk which had ne opportunily fo aequire stluge flavers or
odors 1

SILAGE WITH NO'UIING ADDED
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t F=feed, H=highly neid, W =norinal, 31=slighl, Slr=slrong, ¥=very, Tr=lraco.

The daie show that the observers found many ofi-flavors in the
unexposed milk from the check group of cows, although this milk
was intended to be as free from off-flavors as it could be obtained
practically.

‘When the experimental cows were fed the alfalfa silage that was
made with nothing added, the off-flavors in the milk were more pro-
nounced than in the unexposed milk of the check group, but perhaps
not more so than in the exposed milk of the cheele group.

When the cows were fed the silage made with acid edded, theirmilk
had & better flavor than that {rom the check group, whether such
milk was exposed or unexposed to silage odors. The unexposed milk
appesred to be slightly better than the exposed.
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When the cows were fed the silage made with molasses added, their
milk had somewhat more pronounced ofi-flavors than the unexposed
mills from the check group; it also appeared to have slightly more
off-flavors than the exposed milk from the check group.

The general conclusion from this worlk is that al?a.lfa, silage having a
clean acid odor will not injuriously affect the finvor and odor of the
milk. Alfalfasilages having strong odors, as of butyrie acid, will injure
the flavor and odoer of the milk either when the silage is fed or when the
milk is exposed to the silage odors. In this experiment, however, the
off-flavors in most of the sampies were not pronounced. For this
Teason, it is thought that if the precautions advised for the feeding of
other kinds of silnge are exercised in the feeding of alfalfa silage, there
is not likely to be any trouble from off-flavors,

DISCUSSION

Tt is apparent that the exclusion of air is the only condition required
to prevent molding or rotting of silage. The extent and character of
the fermentation, however, is profoundly affected by the moisture con-
tent of the material. The higher the moisture content the more
extensive the fermentation and the greater the likelihood that objec-
tionable odors will develop.

The presence of acids, whether they are developed through fermen-
tation or added as such, also influences the character of fermentation,
but acids apparently are not required to protect the silage sgainst
loss through molding or rotting. High-moisture silages with a low
acidity are likely to have objectionable odors; low-moisture silages
with @ low acidity will not develop bad odors. If crops with a high
molsturs content, especially the legumes, are to be siloed, then steps
should be taken to bring about quick acidification of the silage, but if
crops with a moisture content below 70 percent are to be siloed, then
there is no apparent advantage in acidification.

'This investigation has demonstrated that hay crops dry enough to
be placed in the mow or stack can be preserved successfully in the silo.
It is evident that with proper attention to forcing out the air from the
silo contents and thereafter keeping it out, hay may be kept effectively
in the silo whether the moisture content is 10 or 70 or any mmtermediate
percentage. However, because of the practical difficuities of excluding
the air from low molsture material in most silos, it is recommended that
the moisture should not fall below 50 percent. If silos with walls and
doors more necarly airtight come into use and if a practicable method of
weighting and sealing the top is devised, it appears that material with
less than 50-percent moisture may be siloed with every assurance of
sucCess.

Grasses can be siloed alone or along with legumes almost as readily
2s corn. The addition of acid to such silage does more harm than
good, and the addition of molasses is not necessary, though it may help
if the moisture content of the crop to be siloed is very high. The
material must be chopped and pacleed in & way to exclude the air, and,
if feeding of the silage does not begin within o few weeks the applice-
tion of weight, especially near the wall, appears advisable. pr the

material is low in moisture content, the weight should be applied no
matter how short the interval is between filling and feeding.
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Legume silages present a harder problem. If the moisture content
is high, say above 70 percent, the legumes may make ill-smelling
silages. Apparently these odors are more objectionable to the persons
handling the silage than they are to the cows. Nevertheless, no one
would dispute the desirsbility of eliminsating these odors if it can be
done without expense and without introducing other objectionable
features. There is 2 progressive increase in the strength of the silage
odors with an increase in the moisture content, but it is not until the
moisture approaches 70 percent that the odors are likely to be objec-
tionable. Anocther way to avoid the development of bad odors besides
partial drying is to add dilute acids. Evidence secured in other
1nvestigations indicates that melasses slso is useful in this respect.

The acids are destructive to any sort of concrete or masonrr con-
struction, they are expensive to buy, inconvenient to appiy, and they
lower the palatability ot the silage. To offset these disadvantages
the silage possesses a clean acid taste and the carotene, as commoniy
determined at present, is more effectively preserved. The use of acid
may be practiceble for the datry farmer using a wooden or trench
silo, provided he must have a high-carotene feed regardless of expense.
On sccount of the greater palatability of the untreated silage it would
be casy to bring about as great or grester ingestion of earotene by
feeding untreated silage as by feeding acid-treated silage. Tt might
be possible, therefore, to put more carotene into the milk by feeding
untreated silage than by feeding silage treated with acid.

The use of molasses 1s based on the premise that acids are essential
for the development of desirable fermentations, and that the sugars
of molasses will be converted into acids. Moiasses increases the
acidity only slightly but apparently enough to improve more or Jess
the odor of high-moisture silages, particularly legume silages. Its
use does not lessen the loss of feed coustituents, but it does slightly
improve the pulatability of sileges. Molasses is inconvenient to apply
and difficult to distribute evenly. However, it is not destructive in
any way and it does have nutritive value. In case one Is intent upon
making silage with a high content of carotene, particularly from
legumes, it is suggested that the crop be put in the silo immediately
after it 1s mowed and that molasses be used to improve the odor of
the silage.

PRACTICAL CONSTDERATIONS

The ersiest and most practicable method of malgng silage from hay
cropsis to allow the crop to dry enough so that the content of moisture
is between 50 and 70 percent. DMost crops at the stage of maturity
2t which they are nsually harvested contain 75 to 80 percent of mois-
ture if there is plenty of moisture in the soil. Wilting for 2 to 4 hours
on a good drying day will be suflicient. If the crop is harvested during
& dry spell of weather and especially if it is rather mature, the moisture
will be low enough so that the crop can be put in the silo directly
without wilting. Chop it fine, one-fourth inch if possible. Use &
jointed pipe distributor inside the silo and pack the material unjformly.
Because of the tendency for silage made from hay crops fo draw away
from the walls and admit sir, 1t is suggested that keeping the center
higher then the sides and especially well packed during the process of
filling may help to slide the silage toward the wall as it settles. Com-
plete the filling with & few loads of the heaviest material available and
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weight the top, especially around the walls. There is some evidencs
that hay with 40- or 50-percent moisture is more difficult to chop
than that which is either greener or difer.

1{ one considers carotene preservation to be of primary importance,
as may be the case with certain dairies supplying special milk, then the
crop should he harvested at an immature stage and placed in the silo
immediately. Acid should be added. If one is willing to sacrifice
some of the carotene and at the same time run the risk of impairing
the odor of the silage in order to have & more palatable silage, then
molasses may be used instead of the acid, I one is willing to sacrifice
stil more of the carotene in order to have a still more palatable
silage and at the same time be better assured of o silage with a good
odor, then partial drying should be practiced instead of adding
molasses.  Ease of handling the crop, the cash outlay for materials to
be wdded, and the palatahility of the silage are of more imporfance
usually than the preservation of a somewhat higher proportion of
carotene.  The pereentage of carotene in the ration that cows can
utilize and transmit to the milk is very small, and the percentage
utilized decrcases as the ameunt in the ration increases. For this
reason, securing a slightly higher pereentage of carotene in o ration
that carries adequate amounts, does not appear essentinl if the
mereased amount mvolves considerable inereases in labor or expense,

SUMMARY

Data regarding silage made from grass alone or lrom grass and
legumes are based on 19 {illings ol small silos—4 feet in digmeter by
8 Teet high—and 2 fillings of stlos 14 feet in dismeter,

Allfeeding and palatability tests weve made with dairy eattle.

Chopping the material before putting it in the silo permitted much
more to be stored in the same mmount of space than nonchopping.
ft reduced the losses of dry matier.  The chopped silage was superior
to the Tong silage in palatability and general appearance., Further-
more, the easiest wny fo put material in o tower silo is to run it
through a chonper and blower.

Fresh, green grass, cither alone or mived with legumes, when
chopped and placed in the silo with no other treatment, made a silage
that was highly palatable and possessed an agreeable odor. Further-
more, the losses of dry matter and earotene were low.

Partial drying hefore chopping facilitated bandling, increased the
quantity of dry matter that could be stored in a given space, increased
the surface spoilage, increased the temperature of fermentation as
much as 12° I, and 1n most cases improved the palatability as judged
by the quantities of dry matter that cows would consume.

Inunature grasses made a more palatable silage than mature grasses,
just as immature grasses make more palatable hays,

Mixtures of unpalatuble grasses with lequmes were made into silage
which was considered equal in palatability to thet of hay made from
similar mixtures.

Good grass siluge was quite palatable. Cows ate it in about the
same quantities that they would graze the grass from which the silage
was made,

The addition of acids fo grasses or fo mixtures of grasses and
legumes in which the grasses predominated lowered the palatability
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of the resulting silages. This was compensated for in part by a
slightly more eflective preservation of the dry matter and carotene.
The addition of molasses improved the palatability slightly, but in
other respects it did not prove advantageous. 1t should be noted,
however, that molasses was not added to any grasses with a high
content of moisture.

The spoilage of grass silage in large silos filled with Jittle distributing
or packing was excessive. This was caused by the silage shrinking or
sebtling away from the walls, thus sdmitting air.

The experimental results with legume silage are based on 16 fillings
of small silos and 1 filling of a large silo.

Fresh, green alialia placed in the silo with no treatment other than
chopping kept without molding or rotting. The dry matter, protein,
and carotenc were satisfactonly preserved, but the silage though
usually eaten readily appeared less palatable than grass silage made
in & sunilar manner. The odor of the silnge was not objectionable
when the dry matter of the crop was as much as 30 percent, but when
it was less than 30 percent the silage usually developed offensive odors.

Partial drying of legumes before chopping for the silo increased the
surface spoilage, increased the tempernture of fermentation as much
as 9° I, and unproved the palatability of the silage.

It was found that the odor of the silage could be improved by partial
drying helore chopping or by the addition of dilute acids.  The odor of
Inboratory specimens with a high moisture content in another investi-
gation was also improved by {he addition of molasses,

Dilute acids lowered the palatability of the silage to a marked
extent. They appeared to faver the preservation of curotene and
nitrogen but had little effect on the losses ol dry matter. They de-
pressed the tempernture of fermentation clightly,

Molasses had a slight eflect in inereasing the losses of diy matter,
protein, and earotene, and I improving the palatability, It lowered
the pll value an avernge ol 0.27 for ol silages,

Experiments with makeshift pits showed that unchopped, green
allalfa conld be made into aceeptable silage provided thut the moisture
content was not too high. Silage saiurated with drainage water was
patticularly offensive.

Alfalfa silage on the basis of dry-matter content, when fed either
alone or with corn silage and grain, appeared to be fully equal to
alfalfn hay for the production of milk but inferior to the hay for the
maintenance of body weights,
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