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ARTIFICIALLY CURED ROUGHAGES FOR DAIRY CATTLE

INTRODUCTION

Artifieially cured roughages may be divided into two classes,
namely, silages and hays. All roughages cured or preserved artifi-
oially will fall into this grouping, either as machine dried hays or
preserved silages. In the past few years there has been a tremendous
inorease in crops grown for roughages The Agricultural Adjustment
Administration has estimated that one acre out of every six formerly
producing row crops of a depleting nature have been put back into perma-
nent pasture land or sown to legume crops for seil improvement, This
increasing interest in soil conservation and improvement has resulted
in an inereasing volume of legumincus orops available for hay or silage.
The problem of preserving these erops without losing their nutritive
value is faced by the majority of the farmers of our nation,

The artificial curing and preserving of roughages is not a new
discovery, but has been practiced sinece the changing of man from the pas-
toral stage to the farming stage of history. However, probably more exe
perimental and improvement work has been done in regard to the curing of
such roughages in the last fifty years than in any other peried., In
fact, the artificial curing of hay on a commercial scale is a rather
modern practice of soientific agriculture, The improvement of machinery
used in drying and preserving roughages, the need for such feeds, and ad-
verse weather conditions which hinder nature in her method of curing
roughages have all entered into the development of the curing of roughe
ages artifiecially,

As roughages are a primary consideration in dairy cattle
feeding, the object of this report is to give information regarding the
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ouring and preserving of roughages artificially, their feeding value
for dairy cattle, and experimental results with such feeds as obtained

by the author in research work,
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ARTIFICIALLY CURED ROUGHAGES IN DAIRY CATTLE FEEDING

THE DIGESTIVE SYSTHM OF THE COW.

The digestive system of the cow makes her, by nature, a
roughage consuming animal, In fact, in the evolution of cattle and
for a long time after their domestication, the rations of cattle were
made up entirely of roughages, The digestive system of the cow has
endowed her with the power %o change large quantities of cheap rough-
ages into milk and meat for human consumption. The seoret of this
power lies in the fact that the cow is a ruminant, or an animal with
four stomachs, The first and largest of these stomachs is the paunch
or store house where a cow may store large quantities of roughages
which she will later digest by a rather unique method., A roughage is

defined by Henry and Morrison (1)

as "A feed being high in fiber and
low in nutritive value,"

A ruminant, or cud chewing animal, is unique in its digestion
in that such an animal may eat or swallow large quantities of roughages
in a short time and belch them back up into the mouth later for the
proper chewing and mastication before complete digestion will take
place. This accounts for the fact that a dairy cow may eat grass or
some other type of roughage in the morning and then lie down in the
afterncon and chew her cud. She has stored the food up in the morning
and prepares it in the afternoon for the digestive process which really
talkes place in her second and third stomachs. According to Henry and
uorrisem ‘1) the paumch of & god aise cow mey have & capaoity of
sixty to seventy-five pounds of silage or grass. This physical chare
acteristic of the cow makes roughages not only the economical part of
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her ration but an essential part., The economical part of her ratien
is or should be made of large quantities of cheap roughages such as
silage, hays, fodders, and byproduots of other feeds which other
animals on the farm may be unable to utilize, The deer, the elk, and
the goat are alse ruminant animals and are able to utilize large
quantities of roughages in the same manner as the cow,.

GREEN OR SUCCULENT FREDS PROVIDED TIE YEAR ROUND,

It is a rather commonly known fact that green feeds will
stimulate milk production in dairy cattle, especially is this true
where the cows de not have access to water at all times, As pasture
grass serves as a source of green feeds and roughage, its importance
in the dairy ration should not be overlooked, However, in most parts
of the temperate sone where cattle are kept for milk production, year
round pasture is almost impossible., Much experimental work has been
done in regard to pasture improvement such as mowing, growing & varie-
ety of grasses, fertilising, and pasture rotation, but at the best
there are generally two seasons of the year when succulent or green
feeds should be added to the farmer's dairy ration. These two seasons
are in the hottest and driest part of the summer and the extreme cold
months in the winter, Such a condition would exist where the dairy-
man had sufficient improved pasture land, but many dairymen do not
have their pastures improved and in many cases where milk is produced
near the larger cities no pasture is available for the animals, In
this case green feeds and roughages would have 4o be provided the
year round if economical milk production and growth of younger animals
was expected. The two short seasons mentioned above would be only a
minimum time that the dairymen would need a green or succulent feed,
for in reality many dairy farmers feed silage and hays the year round
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and cut down on these feeds only when pasture is available, Many dairye
men figure the averapge dairy cow will need about three pounds of sucou=
lent feed and one pound of dry roughage per 100 pounds of live weight
per day, Such high figures should indicate to the dairyman with the
unprofitable herd that some provision should be made to meet these
requirements, as nature has clearly demonstrated that she is unable to
provide such large amounts of feeds day in and day ocut in the form of
pasbure and growing crops. The answer to the problem lies in providing
silage and cured roughages at all seasons of the year and especially

in those seasons when nature is a poor provider,

COMPLETE CROP UTILIZED.

The secret of dairy cattle feeding is found in the amount
and kind of feed she consumes and her utilization of the mutrients
within these feeds, Possibly the greatest advantage that silage has
as a feed is that the complete growing plant with all its nutrients
mey be utilized for feed, This may be more clearly illustrated by
Table 1, taken from the First Ammual Report of the Fennsylvania State

College.

Table 1, Yield of Digestible Matter in Corn.

feld per aere

Constituent Ears Stover Total Crop
Protein, 1bs, 244 83 327
Carbohydrates, 1bs., 2,301 1,473 3,774
Fet, Ibs, 125 22 147
Total 1bs. 2,670 1,578 4,248

According to the data in this table, 63 per cent of the
digestible food materials present in the corn plant are found in the
ear and 37 per cent in the stover, If only the corn ears are gathered
and the stalks left in the field,as is generally the case, the 37 per
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of the possible nutrients of the corn erop is lost,

Large ylelds may be obtained from crops grown for silage;
in fact, a yield of as high as 20 tons may sometimes be obtained from
an acre of corn. A fifty-bushel erop of ocorn yields from 8 to 12 tons
of silage, depending on the amount of stalks that accompany the ears
and the stage of maturity at which it is siloed. The quantity of silage
that may be expected per acre is often roughly estimated at one ton for
each five or six bushels of ear corn, Southern varieties of corn as a
rule have larger proportion of stalk and leavee than northern growm
miotiel.(z) Someé legume crops and woody forage orops may be fed
with less waste when made inbto silage because stook» will leave some of
the dry stover uneaten. Furthermore, weather has little, if any, chance
to cause deterioration in the quality of forage when harvested for
silage or if dried artificially for hay, while great losses in feeding
value often results when forage orops are allowed to lie out in the
field and oure for hay., The effect of allowing forage plants to lie

3)

out in the weather in the curing process is shown by Headden ( in

Table 2 as related to alfalfa.

Table 2, Composition of Alfalfa Hay Before and After
Exposed to 1.8 Inches of Rain,

A 0 2 Pl O AP S O Y B P PP S e et e A S e g RO 4 St PO

C. Protein Fiber VEOEEN FESE b

" Extract

1 % pi A
nﬁy not rained on 1847 26,56 38.7 3.9
Hay demaged by rain 11,0 38.8 33.6 3.8

It will be noted that the damaged hay contained much less
ocrude protein, considerable less nitrogen free extract, and much more
fiber, Of the original, 41% of the crude protein and 13% of the

nitrogen free extract was lost, due to the rain. The actual damage
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was even greater for the nutrients lost were those most soluble and
hence most eaeily digested., Woodward (2) on the other hand founu that
when crops were rade into silage the losses of dry matter for various
erops were as follows: corn, 4.01%; grass orops, 18,08%; peas and oats,
6.90%, and legume orops, 2,12%. As hay ocured artificially is taken
from the fisld immediately after cutting, no such loss from weathering
as found by Headden would occur, In a further study Headden (%) also
found that when legumes were allowed to field cure, large smounts of
food nutrients were lost in the leaves due to shattering while hande
ling., When cured in swaths or windrows, the leaves became dry and
brittle long before the stems were dry emough for storage, lHe found
that 40 to 60 per ocent of the weight of the alfalfa plant was in the
leaves, which carry four-fifths of the orude protein and over half of
the nitrogen~free extract, For each ton of alfalfa hay taken off
the field, he estimates that as much as 350 1lbs, of leaves may be
lost, and with unfavorable conditions and careless handling, there may
be a greater loss, The economic value of saving these food nutrients
through the process of silaging and ocuring hays artificially is very
important to the dairy farmer,

CROPS GROWN UNDER ADVERSE WEATHER CONDITIONS.

The widely varying character of grass and legume crops, the
dryness and temperature of the soil of the meadow, the humidity of the
atmosphere, and the intensity and continuity of sunshine and heat, are
all modifying factors that combine to make the field curing of hay a
very difficult problem, In fact, in many localities it is almost an
impossibility. In the last few years much work has been done on the
drying of hays artificially either by hot or cold air blast, This

method is proving its worth in many sections of the country, especially
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where weather conditions are unfavorable for field curing. In many

sections of the United States where rainfall is excessive, this method

of hay making is beooming more important and several agriculture exper-

iment stations, which will be referred to later, are testing the

machine cured hay as to economy and feeding value with the sun cured,
Al ECONCMICAL FEED FOR GROWTH AND MILE PRODUCTION.

One of the chief advantages given by those who advocate
silage as a feed for dairy animals is its economy., As none of the
silage is wasted and very little of the food nutrients lost in the
ouring process (2) the total cost is charpged against the growing of
the crop and the ensilaging cost. Such cost per ton may vary from
one dollar to several dollars per ton, depending on the type of equipe
ment used in making it,the yield per acre, extra labor, and meny other
variable factors, The general fact is conceded by Ansen (@) that the
use of silage and hay as a feed for milk and meat production can not
be exceeded in economy by any other type feed, except pasture,

A PALATABLE FEED,

Silage being a sucoulent feed is very palatable to most
classes of livesteck, The cow being a ruminant will consume large
quantities of such feed without injury to herself or her appetite,

The general practice of most silage feeding for deiry animals is to
feed three pounds of silage for each hundred pounds of liveweight.
This would be about 30 pounds a day for an average dairy cow, bub

gshe will consume much larger quantities if allowed access to good
silage, Thile silage is an excellent feed and dairy animals will cone
sume large amounts, it is not a complete feed, It is too bulky and
watery and contains insuffiecient protein and mineral matter to meet

fully the requirements of'the dairy cow, It should be fed with some
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legume hay such as elover, cowpeas, or alfalfe and also some grain,
whioch will tend to balance the silapge in dry matter, protein, and mine
eral constituents. A ration of silage and hay alone is satisfactory
for cows which are dry or those glving only & small amount of milk, and
for heifers and bulls, Cows in full milk should have some concentrate
feed in addition %o hay and silage, as they cannot consume enough of
these feeds to keep up a large flow of milk and maintain body weight,
Woodward (2) has the following to say in regard %o the
palatability and the amount of silage to feed to dairy cabtle:
"Phe amount of silage to feed a cow will depend
upon the capacity of the animal to consume feed., Shs should
be fed as much as she will clean up without waste when con-
sumed along with her hay and grain, Raise or lower the
amount until the proper quantity is found. Generally speak-
ing, & good cow should be fed just short of the limit of her
appetite, If she should refuse any of her feed it should be
reduced at once, The small breeds will eat 25 to 30 pounds
per day; the large breeds 40 or more; and the medium ones
amount varying between,"
The palatability of air dried hay is a much discussed btopic.
This is probably due to so many factors that enter into the curing
6
and feeding of such a feed, Newland (&) found that artificially
cured hay could be substituted for repgular sun cured hays and that
dairy animals would consume like amounts of both kinds, The pala-
tability of either the sun oured or the machine cured would of course
depend upon the kind of hay or green material to start with and the
suring proocess,
STORAGE SPACE.

One of the big problems of any type of livestoek farming

is the storage of feed. This is indeed a problem for the dairy
farmer a8 a large amount of roughages must be kept on hand ab all
times to supply the milking herd, bulls, and young growing stocks
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Hay lofts and hay sheds are rather common buildings on most dairy farms
and silos m.boccntng standard dairy farm equipment. BSilos have the
advantage, however, in as far as storage capacity is concerned.
Horrison (1) estimates that a cubie foot of hay in & mow will weigh
about five pounds and oconbain approximately 4.8 pounds of dry matbter,
while an average cubic foot of corn silage in a 30 foot silo will weigh
about 39 pounds and conbain 10.2 pounds of dry matter, From these
figures it can be seen that nearly two and one~half times as much foede
ing stuff ealoulated in dry matter can be stored in a given space

when stored as silage as when stored as hay. The cost of providing a
cubic foot of storage space in a sile and in a hay mow would, of course,
enter into the total cost of storage, A cubic foot of sborage space
could be provided cheaper in a hay mow than in an above ground sile,
but whether it could be provided two and one-half times cheaper would
depend upon the type of construction and the material used in both
cases, However, the inereasing use of the trench silo is a marked
advantage in favor of such feed, especially in the cost of storage.

The practice of chopping hay will decrease the storage cost, bub
whether such & practice is economical when all factors are considered,

is a debated question,



ARTIFICIALLY CURED ROUGHAGES
Baye

PRINCIPLES OF HAY DRYING.

Whether hays are machine dried or sun oured, the objectives
sought are the same, that is, the securing of a bright green color,
good aroma, retention of leaves and other finer parts, and freedom
from dust and molds, Under ordinary hay curing conditions, according
w Pipw, ) shees diotiies yrosnsncs Skt slees. (1) 4 redustion ia
water content to about 16 per cent (ranging from 7 to 25 per cent).
(2) Poermentation of the hay produced by enzymes, which usually develop
a8 characteristic aroma, (3) lMore or less bleaching, due to the dese
truction of the green chlorophyll by sunlight, the bleaching being ine
creased by the aotion of the dew. In the artificial curing of hay by
machinery or either in ventilated mows the third process as given by
Piper is omitted,

By eliminating the bleaching effect of the sun, machine oured
hays are at a distinet advanbage, other factors being equal, The
machine euring of hays is not a wide practioce, but its importance is
growing rapidly, especially in regions where excessive rainfall interw
feres with hay making, Probably the artificial ouring of hays will
never be developed on: a small scale but will be limited to large
commereial growers who have capital to invest in machinery, however,
the increasing interest in barn curing and ventilated mows may change
the situation quite a bit, An understanding of the three prinocipal
nethods of curing roughages artificially as given below may be helpful
in analyzing the above problem,

“Qw
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HOT AIR DRIED HAYS,

Gordon and Hurst (m) have the following to say in regard
to the prineiples of drying hays with hot air driers.

"The principles involved in these machines are not
new, but the direct exposure of material to be dried %o
the furnace gasses is a practice that has been closely
associated with the hay driers of various types in the
United States, Previously steam was commonly used, the
material to be dried being brought into direct contact with
or exposed to air heated by steam radiators. Higher
efficiency in the utilization of heat and elimination of
the expense and trouble commonly associated with steam
boilers are factors frequently cited in favor of direct
application of furnace gasses,”

Many types of hot air driers of one kind or another have
been tried, but it seems that only two of them have ever reached any
commercial importance, In the apron-conveyor type of drier the green
forage is loaded on an endless screen wire apron and conveyed through
the drying chamber, where hot air or furnace gasses are circulated
through the layers of forage on the apron by means of one or more fans,
Driers of this type may have a single endless conveyor or several cone
veyors, one above the other, The moisture is anmd to escape from
the machine into the outside atmosphere, The forage may be fed into
the drier whole, orushed, or chopped.

Bary (8) working with the louisiana Station found that the
drying was most effective in single apron machines when the plant was
lef't whole. The apron driers are usually much larger machines than
drum driers, which is necessary because of the longer period of ex=
posure in the apron machines,

Drum hay driers are very similar to the ones used in drye
ing granular substances such as salt, One end of the drum is slightly
elevated and as the drum revolves the material is picked up by baffles

fasbened inside of the shell and then allowed to fall, ZFach time
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some of thﬁ material is picked up it falls closer to the discharge
end due to the sloping position of the drum, In hay drying the drum
is placed in a horiszontal position, and a current of heated air oy
furnace gasses relied upon to dry the hay and move the forage through
the nmachine, In some driers of this type the dry material is drawm
into a chamber at the discharge end from which it is conveyed mechan-
ically to a storage structure., In most cases, however, the dry hay
passes through the exhaust fan and is blown to a dust collector from
which it is collected,.

The apron-conveyor drier is a relatively low temperature
drier in which the material remains for a oonsiderable period of time,
The temperature of the air or furnace gasses entering the machine is
usually held at from 250 degrees to 360 degrees F., and the period of
exposure may vary from 16 %o 45 minutes, depending,of course, upon the
initial moisture content of the forage. The temperature of the forage
remaing much lower than the surrounding gasses, due to the cooling
effect of evaporation, The drum driers differ from the apron drier
in one respect, in that it is classed as a high temperature machine
necessibating a short period of exposure to prevent charring and burne
ing of the hay., The temperature of the furnace gasses entering the
maching is usually held at from 1000 to 1600 degrees F. by means of
air inlets from the furnace and quantity of fuel supplied to the burner,
The material remains in a drier of the drum type for one to three
minutes, or even less, depending somewhat upon the initial moisture
content of the forage, and also upon the size of the stems of the
curing forage, the larger stem forages requiring longer, The temp~
erature of the hay in this type of drier is also lower than the drying

gasses,
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The nutritive value of the hot air dried hay compared with
regular field cured hay is fortunately a problem on which much experie
mental work has been done, and at the same time, not much conflicting y
data appears., Hodgsen, Enott, and ﬂmr,(e) of the Bureau of Dairy
Industry, in six trials, conducted to determine the digeatibility of
eir dried hay, found that a mixture of 40% English rye grass, 40% Italian
rye grass, and 20% white clover dried at a temperature as high as
350 degrees ', showed no significant differences., Their work also
showsd that such a temperature did not affect the caloium and phose
phorus balance when the hay was fed to sheep., However, they also found
that when the hay was dried at a temperature of 400 degrees F, and
above that not only the digestibility was impaired but the caleium
balance in such a feed was low and that the percentage of natural
color in the herbage was only 76.3% of that dried at a temperature of
260 degrees F, Hart, Kline, and Humphrey (10) in a similer experiment
with dairy cows found very similar results. They did find, however,
that no detrimental effect was noticed when the hay was dried in a
temperature up to 500 degrees F,, while Hodgsen, Knott, and Murer found
that the mutritive value of the hay was affected when exposed to & 1
heat of 400 degrees F. It is possible that the type of hay drier and
length of time that the forage was exposed to the two temperatures
nay account for the difference, Hodgsen and Knotﬁ,(n) in another
experiment using dairy heifers, found that when put on a strict air
cured hay ration that the protein digestibility coefficient was 74.92%,
the nitrogen free extract 74.56%, and the ether extract 21.90%, This

would be considered rather good for all except the fat or ether extraoct.

The animale also showed a favorable balance of calcium end phosphorus

12
when fed on the strict air ocured hay ration. eanlmrn,( ) at the
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Vermont Agriculbural Experiment Station, found that when artifieially
dried young grass hay was fed to a group of milking cows, together
with twoe-thirds of the usual allowanoe of hay and silage, in comparie
son with grain and the usual allowance of hay and silage %o another
group, that the production of milk, fat, and solids-not~fat from the
two groups were essentially the same. It appears from these experi-
ments that the digestibility and feeding value of air dried roughages
is not impaired by the drying process with the exception of the slight
difference in the fat or ether extract. There is known to be a dif-
ference in the vitamin content of the two kinds of hay,.

The vitamin content of feeds for animals has been found to
be just o8 important as vitaming in foods for humans, Probsbly the
two most important in animal feeding are A and D, and it appears that
it is also these two that are affected most in the curing of hay artie-

ficially. Russell, (13)

at the New Jersey Agricultural Experiment
Station, found that machine cured alfalfa hay processed at a temperae
ture of 127-129 degrees C, for thirty minutes contained seven times as
much vitamin A as the same type of hay sun cured. In the experiment
white rats were used to determine the vitamin A content of the two
feeds, The suthor of the experiment also reported that the air cured
hay was of a dark green c¢olor while the sun cured hay was a brownish
color, which was probably due to the bleaching effect of the sun during
the curing process, BRussell also found in another experiment that the
air dried hay was low, however, in the antirachitic vitanin D, while
the sun dried hay was relatively high. The same results were obtained

by Bethke and Kioke (1%)

a8 they found that exposing alfalfa hay to
sun, rain, and dew over a period of several days resulted in & marked

loss of vitamin A, but that sunlight increased the vitamzin D content
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of the hay., It is an established fact that the direct rays of the
sun cause the inorease of wvitamin D in field cured hay, but no defi-
nite proof has been given that the destruection of vitamin A in sun
cured hay is due %o the effect of sunlight, In fact, Hauge and
Aitkenhead, (18) at Purdue University, indicated in an experiment
that the loss of the vitamin A in the field cured hay was due %o
engymatic action and not to the ultra-violet rays of the sun, Al-
though the two hays may be equal in nutritive value, as the majority
of experiments indicate, there is a big difference in their vitamin
content. In animal feeding, however, excepting poultry, vitamin A
ie much more important than vitemin D. As an animal is exposed to
the direct rays of the sun a great deal of the time, not much trouble
is had in securing a sufficient amount of vitamin D, The fact that
air dried hay is lower in vitamin D than sun cured hay would, there-
fore, not rake any material difference, but the fact that air dried
hay is high in vitamin A is a distinot advantage to it, because an
animal needs large amounts of vitamin A for proper growth and develop~
mont and can secure it only through feeds, However, one must not overe
look the fact that the quality of the forage to begin with, climate
conditions for sun curing, and the method of air curing might materiale
1y change the nubtritional value or vitamin content of either type hay.

BARN CURED HAY.

Commercial hay driers have been on the market for a number

of years and vary in price from $3,500 on up into meny thousands, As
gan easily be seen a farmer would have to be in the hay producing
business on a cnmmercial soale before such expensive egquipment ooculd
be afforded., Such a condition has given rise to some experimental
work in drying hay by the use of cold or slightly warmed air blast,
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or what is known as the barn ouring method, Such a method requires a
mch longer time to bring the moisture content down within a safe
keeping range, but the cost is more in line with the average farmer's
purchasing power and very satisfactory results have been obtained
under certain conditions with this inexpensive drying system.
meaver, ™) wurking in omfunetion with 4he Tennesee Yalley
Authority, has probably done more experimental work on this method of
hay curing than any other individual, His first work was with a one
h.p. @lectric motor which was belted to a centrifugal blower, The
air was forced through a duct conbtaining an air blast heater and then
on up through the hay frem a central slatted chamber 9 feet long, 3
feet high, and 4 feet across, The chamber was made of 2 x 4 members
standing on end and slatted down the side with wooden lath. In the
test partially oured alfalfa hay from the field, with 40 per cent
moisture, was placed on the platform., The heater was used only to
heat the air st might. After 22 hours of drying, the moisture con=
tent was reduced to 19 per cent, Another test was conducted using
partially oured hay of 80 per cent moisture in which 48 hours were
required t§ reduce the moisture content 4o 20 per cents The resulting
hey was reported to be of good uniform quality and green in coloer,
Another type of test was conducted by VWeaver in which a small
gasoline engine was used %o drive the blower which was connected by
a duct to the hollow center of a small hay stack, The stack was nade
up of hay containing 66 per cent moisture and the air was blown through
the stack for 4 to 6 hours, The results obtained were similar to

those obtained by Aitkenhead, 7)

at Purdue University., The method
of curing was very tedious and quite a bit of moldy and poorly cured

hay was obbained when the hay stack was not uniformly made, Weaver,
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however, considered the method a failure, bubt Aitkenhead in his work

stated that such a method may be used if hay prices are rather high,
Weaver, in his work, used hay of a higher moisture content and smaller
stacks than Aitkenhead, which may aoccount for his conclusion, It
appears, however, that such & method would be far to troublesone for
drying hay under ordinary conditions.

8till another experimental method was developed by Veaver
when it was thought that partially ocured hay from the field could be

loaded in the afternoon on wagons with special hay frames, hauled to

& blower, and by atbtaching air ducts and bLlowing warmed air through
the hay, finish the drying process by morning, It was hoped that by
the use of such a simple method that a good quality hay could be obe
tained rather cheaply, In fact, very good results seemed to be ob-
tained, but it was found that the time required %o dry the hay was
longer than expected, and too many wagons were required for the plan
to be practical,

The last work reported by Weaver was the building of &
main duct 16 x 16 and eight lateral ducts 10" x 12" on the floor of
& regular hay left., The sides of the air channels which were made
of ordinary lumber were open up one inch from the floor to allow the
air to escape up through the hay, A 16 inch centrifugal blower was
placed at one end of the main duct and belted to a 6 h., p. mobor,
The main duct enclosed a series of adjustable gates so that the air
could be blown intermittently into any combination of laterals desired.
Several different tests were run using this set-up in which the moise-
ture content ran as high as 50 per cent when placed in the barn and
the depths ranged from 6 to 12 feet, The air was blown through the

hay only in the day time and the heater was used only on occasions
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when the humidity was high,
A system of hay drying as given above was installed in the
University of Tennessee dairy barm at Knoxville in the summer of 1087.
Several tons of mixed hay with varying moisture contents were cured
and very satisfactory results were obtaineds It was found that the
hay, while curing, could easily be kept from heating by simply blows
ing cold air up through it. No heat was applied, but the top of the
barn near the metal roof was bearded up and the air for the blower was
sucked down along the metal roof which had warmed the air to som® ex~
tent, It was also found that the intermittent blowing of air up through
the hay would dry it out just as fast as the continuous blowing, It
was concluded that as outside moisture from the plants evaporated that
the inside moisture had to work to the outer cells before being evape |
orated, By blowing air up through the hay part of the time and then
sucking it back down, no moisture was allowed to accumlate in the
top of the barn. In general, the curing process might be considered
a sucgess although a few minor details still remain to be worked out.
In summing up his findings, Weaver (17) makes the following
observations in regard to this method of cuwring hay:

1, The kilowati-hour consunption of electricity per
dry ton varied greatly throughout tne entire group of tests,
dependent largely upon initial moisture content of hay, vari-
ety of hay used, air conditions, and the need for observa-
tions requiring power beyond that necessary to complete the
normal drying cycle, Further observations are necessary
before any definite average figure can be given, and then it
will vary with the variety of hay being dried.

2. ldttle difficulty was experienced in drying
clean hay of the small stem varieties, such as alfalfa
and lespedeza, The higher the grass content in the hay,
the more difficult it was to dry, The large stem varie
oties of hay, such as Mammoth Yellow soybeans, proved diffi-

eult in that the drying was slow and drawm oubt over a long
tinme,

3. Present indications are that drying is just




as rapid with intermittent blowing as with continuous blowe
ing, Further observations are needed to find the extent to
which this is true, in order that the most efficient oper-
ation of the system can be definitely determined,
4, Indications with this plan of drying are that
a barn with a hay mow of 20 to 40 ton capacity can be equipped
for drying the season's hay orop with an investment of aboub
$300.00 (1938 improved system $400.00).
8. Most of the tests conducted to date dealt with
hay of above the average grass and weed content, Weather
conditions were at times adverse; however, a period of three
or four days of rain and high humidity is yet to be enocoun=
tered during the eritical drying pericd of 8 to 10 tons of
hay. Further observations are believed necessary before this
system can be deolared entirely successful,
It appears from the small amount of work done on the subject that the
euring of hay by cold or only warrmed air is net as yet suoccessful,
but a barn curing system may have possibilities., With the inereasing
use of cheap electrical power to furnish an sbundance of air and small
heating units, this method may increase in use because of the low ine
itial cost of equipment needed, 4As far as the author can determine,
no experimental work has been done in determining the feeding wvalue of
hay eured by this method except that being done as research work for
this thesis, which is reported in Part II of this paper,

VENTILATED MOWS.

In addition to curing hay with hot air blast and cold or
only warmed eir, some work has been done on the curing of forage in
ventilated mows, The development of such a methed has not, as yet,
reached the experimental stage that the previously mentioned methods
have, but such a method, if developed, would probably meet the demand
of individual farmers much better than the other two methods discussed.
The use of ventilated buildings to reduce the moisture content of
forage is not only & hay curing process, but also involves storage,
Naturally one would not suppose that hay with an extremely high
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moisture content could be cured in such e way, but most workers who
have experimented with this process of hay curing have depended upon
natural curing to a great extent, and being able to store the hay only
after the larger part of the moisture has been removed in the field,
Witzel ’(18) reporting on chopped hay in ventilated mows from the
Wisconsin Agricultural Experiment Station, indicated that where hay is
chopped and stored in ventilated containers the length of cut or den-
sity is the major factor in determining the quality of hay secured
and not the ventilation factor as would be expected, In the investie
gation as reported by Witzel, six wooden bins varying from 3 to €
feot wide, 8 feet long on the inside, and 10 feet deep, were used,
The sides and end walls were double, with 1 x 2 inch slats spaced 10
inches apart meking up the ineide wall, except that some of the bins
were lined with poultry netting, while the outer wall was of floor
boards. An additional container which was a wooden stave silo 14 feet
in diameter, equipped with a floor about two feet above the barn floor,
was covered with wabker proof building paper so as to make it practi-
cally air-tight, and a ventilated flue three feet square was con-
structed in the center of the silo, This was constructed so as to have
a & x § oonnection at the bottom to one side of the doors, thus allow~
ing free movement of air through the chute, In the investigation with
this arrangement, Witzel makes the following conclusion in regard te
ventilated containers of this type for chopped hays:
"General conclusions which can be drawn at this

time indicate that the major faotor determining the temper-

ature and keeping qualities of hay in storage is the density

or length of cut. Whether the coarse length of cut affects

it only through density is a question. In any event the

longer ocut undoubtedly keeps better and does not heat as
mach as the shorter cuts.
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"Width of storage unit is not a very important face
tor. The difference in the keeping qualities and tempera«
ture between a 3-ft, box and a 9-ft, box is not extremely marked,
although definitely measurable, However, it will probably be
a controlling factor, along with density, in the elimination
of danger of spontaneous combustion in the storage of hay that
is too damp,"
Such conclusions would indicate that the chopping of hay
and placing in ventilated mows is not a satisfactory method of curing,

19
W) with unchopped hay in ventilated mows

but investigation by Rothe
has given more encouraging results, Rothe in his investigation found
that hay of fair quality could be cbtained if stored in a compartment
with one side of the hay exposed. This would apply only to hay that
contained not over 30% of moisture when placed in the mow and provided
that no hay was over six feet from the exposed side., In further study,
Rothe (19) also found that hay stored in such a manner did not go above
190 degrees F. in the curing process,which is far below the temperature
that spontaneous combustion will take place, lie indicates that the
division of large mows into smaller compartments, by means of alleyways
or open work partitions that are not over six feet across with one side
exposed or 12 feet with two sides exposed,will serve very satisfactorily
as ventilated mows,

Such an arrangement as outlined by Rothe would probably fit
in rather nicely with the average livestock farmer who already had a
large hay loft and was interested in removing his hay from the field
before complete curing took place. Such a procedure should at least
preserve part of the green color and aid materially in preventing the
loss of leaves by shattering, As far as the author can determine, no
investigation has ever been made as to the feeding or nutritional value
of hay that has been partially cured in ventilated mows, As the general
procedure of curing is very similar to the celd or warmed air system,
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one might conclude that its feeding value would also be similar, other

factors being equal,
COST OF ARTIFICIALLY CURED HAY.

The ocst of curing hay artificially will depend to a great
extent upen the type of machinery used in the curing precess, The
initial cost of dehydration equipment and the depreciation of this equipe
ment is very highs This must be spread over a large tonnage of material
to keep these costs from being prohibitive. The New Jersey Experiment

Station reports (38)

that approximately 50 gallons of fuel oil are ree
quired to dry one ton of hay, and $16,00 per ton as & total cost of
dehydrated hay, This figure included all cost of labor, fuel, power,
fertilizer, transportation, repair, rent, interest and depreciation,
Other investigators report a range in total cost of from $8.,00 to $16.,00
per ton for hay dried in either the drum or conveyor type dehydrators,
In these large commercial driers the labor and fuel costs are the two
nost important items of expense, These two factors are notaffected to
any great extent by the tomnage, but of course the investment cost per
ton will depend upon the voluwne of hay dried, Greens, ®®) ay Brook
Hills Farms in Wisoconsin, reports a cost of from $2,50 to $3.,00 per ton
for fuel and power in dehydrating hay. BSuch a cost is very much in line
with legume silage cost per ton on a dry basis,

Very little data are available on the cost of barn cured hay,
In fact, the resulte of the Tennessee Valley Authority experiments are
the only data obtainable at this time, Veaver (40) reports that a loft
capable of curing 20 to 30 tons of hay may be equipped for $450., This
ineludes all labor, blowers, motor, and building material, Such a cost
would be the initial investment, but there would be very little depre-

eiation cost on this type of drying equipment,



He also reports that the average electrieiby cost for dry-
ing a ton of hay at the University of Temnessece dairy barn in 1937 was
86 cents, Two cents per kilowatt hour was the rate used in fipguring
this cost, The investment cost per ton would depend upen the tons of
hay dried, but the power cost would remain unchanged., Of course, the
extra labor required to get the green material into the loft must be
considered in the total cost,

No data is available on the cost of drying partially cured
hay in ventilated mows, It seems, however, that the only expense ine
volved would be the construction of the ventilators and alleyways for
proper air ciroulation. Such an expense, however small, might be too
much for the benefits derived from such & system.

The ouring of hay in large dehydrating plants will probably
never be practiced except where hay is produced on a commercial scale
and & high grade of hay for sales purpose is desired, The barn curing
system and the ventilated mow may however increase in popularity be-
ocause of their low cost, Additional experimental data and improve-
ments will be needed, however, before the individual farmer should cone

sider installing such systems.



SILAGES

PRINCIPLES OF PRESERVING SILAGE.

Wihen green forage is packed firmly into an airetight chame
ber, such as a sile, fermentation takes place, This fermentation is
caused by the enzymes contained in the plant cells and by bacteria and
yeast carried into the silo on the forage. During these fermentations
much of the sugar in the ensilaged forage is broken down into organio
acids, chiefly lactic acid, (the acid in sour milk) with some acetic
(the acid in vinegar), and also traces of other acids., In these
changes oxygen is taken up and carbon dioxide given off, Ab first
the oxygen in the air whioh has been entrapped in the ensilaged mass
is used up, but if the mass has been well compacted, this is soon exe
hausted, The enzymes and bacteria then obtain the additional oxygen
needed for these decompositions from the oxygen containing compounds in
the forage=echiefly the sugar., Uhen the sugar in the forage has been
changed into acid the fermentation is checked for the other carbohy-
drates are attacked to only a small extent, It is due to this that well
matured corn or sorghum makes less acid silage than immature plants which
contain more sugar, BEven though an excess of sugar is present, the
fermentation comes to an end at length, for sufficient acid is finally
produced to prevent both the further growth of bacteria and yeast and
the action of the plant ensymes, During the fermentation process, the
temporature rises somewhat, but if the mass has been well compacted
so that little air is present, the temperature of the interior of the
silo should rarely reach 100 degrees F.

The accumulation of acid not only eutomatically checks the
further action of the acid forming enzymes and bacteria, but it alse
prevents the growth of undesirable bacteria that cause putrefication

23w



and spoiling. After a few days the silage maeking process ceases, and

no appreciable changes will take place so long as the air is kept out.
- In fact, instances are on record where silage twelve to fourteen years
old has been found to be of excellent quality., Some types of forage,
especially the legumes, require additional treatment to bring aboub
the proper preservation action, but the prineiples invelved in the en~
siling process are the same,

ORDINARY SILAGE,

By ordinary silage is meant silage that has been made from
carbonacecus green forages without any special treatment used to pre~
gserve it, Such silages as corn and cane are in this group. This is
by far the most important type of silage that is used, in fact, the
special treatmont of legumes and grasses for silage is only in the
experimental stage, Such a classification would include a great nume
ber of forage plants, but no detailed discussion will be made here of
each plant, All crops used for silage must be cut while green or if
allowed to dry cut to any extent water must be added at the time the
forage is placed in the silo., The orop may either be cut by hand or
with binders, but hand cutbting is rather slow and laborious and is used
only to & small extent. A binder, as reported ‘by Woodward, Rommel,
Ward, and Shaw, e with three horses will cut on the average of six
acres a day, The green forage is then loaded on wagons and hauled bo
the cutbter, or in some cases the forage is cut in the field by a come
bination binder and cutter and then hauled to the sile. There the
forage is cut inte one~half to one inch lengths by the cubtter and is
blown directly imto the sile. If the forage is rather dry and shows
many dead leaves, water is usually added either as the forage is being

cut or on the material in the sile, As much air should be exeluded
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from the cut material as possible in order for the proper chemiecal and
bacterial action to take place, To get the desired or most successful
results (according to the United States Department of Asrioultm)(zo)
some packing should be done as the material is added to the silo, or at
least when the complete sile is filled in a few hours time and no
settling is allowed until filled., Several years ago it was a common
practice to cover the silage with some material such as dirt or cub
straw in order to prevent the top layer from spoiling., Now, however,
the general practice is to omit the dirt and place some of the coarser
naterial of the forage that is being used to fill the silo rather than
the chopped straw and dirts There will always be a layer of spoiled
silage no matter which system is followed and the use of dirt and straw
is rather troublesome, After covering, the whole mass is wet down and
sometimes oate are sown on top of the silage as the fermenting silage
will generate enough heat to sprout the oats which, in turn, form a
dense sod that serves to shut out all air, This is especially true of
trench silos that are covered with dirt, Hunber (1) indicates that
any green forage crop of the carbonaceous type may be ensiled success-
fully if it containe the proper amount of moisture and the air exe
cluded from the fermenting silage, lore silage is made from corn then
from any cther forage, According to the Agricultural Statistics of

1037, (22)

the number of acres of corn harvested for silage in the
United States was 4,721,000, and about three-fourths of this total was
harvested in the North Central Biates, The grain sorghums and sweet
sorghuns are other carbonaceous plants that are used for silage.
LEGWME SILAGE.

As stated before most investigations show that a legume crop

cannot be ensiled in the ordinary way and good results secured, Howe

Gaa CEENM diaamdmae.
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ever, a few experiments have disproved this rule. One of the prinecipal
reasons for the mumerous failures in the making of silage from legumes,
as observed by mxm,(zs) is that leguminous materials require more
organie or mineral acid to reduce their pH one unit than is required
by a similar quantity of a non-lepume material, He also emphasized
the fact that legume forage crops may be deficient in acid producing
carbohydrates, If the latter is true, then these two characteristics
of the legumes may explain the numercus failures in efforts to produce
silage from highly nitrogenous crops, Wilson and Webb, (24) at Cornell
University, in experimental work on legume and nonelegume silage, found
that there was three times as much fermentable sugar in the non-legures
that produced acceptable silage as there was in the legumes that proe
duced inferior silages. Their conclusion is also strengthened by the
fact that veteh and possibly red clover, whioh proved to be the most
reliable silage leguwe in their investigation, had the highest per-
centage of water soluble carbohydrates of all the lepgures analyzed,
Conclusions thus far indicate that legumes, when ensiled by themselves,
will not usually be satisfactory, therefore, they must be given addi-
tional treatment to take care of their low carbohydrate content.

Two different methods have been used to take care of this
deficiencys. As the main objective is to get enough acid to get proper
preservation one method has been the addition of a carbohydrate mae-
terial from which acid may be formed, and the other the direct addition
of acid itself to the material as it is being put in the silo,

MOLASSES SILAGE.

lolasses has been one of the most widely used carbohydrate
materials to be used in preserving legume and grass silage. Holasses
may serve a twofold purpose in such & capacity by furnishing material
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from which acid may be formed and at the same time serve as & feed it-
self in case all of it is not used up in producing acid. Probably
this is the reason that such varying amounts of molasses are added to
a ton of green mabterial, In case molasses is a rather cheap feed, then
a larger amount may be put on the silage than is actually require\d to
preserve it, and at the same time it is not wasted, Investipgators at
the New Jersey Experiment Station (26) found that with & varying amount
of from T2 to 120 pounds of molasses to & ton of dry matter that the
percentage of moisture was the most important factor %o be taken care
ofs They found that 40 pounds of molasses on a ton of grass containe
ing 66 per cent moisture made satisfactory silage, while a like amount
on grass containing 44 per cent moisture proved to be unsatisfactory
for feeding.

Similar investigations by Nevens and Kuhlman (26) at the
University of Illinois showed that alfalfa silage put up with less than
66 per cent moisture did not prove satisfactory even though molasses
and several other carbohydrate materials were added., Such results
would, therefore, indicate that legume silage might be made rather
successful with molasses if the green material contained the correct

(27) at the Kansas

amount of moisture, however, Swanson and Tague
Agricultural Experiment Station found that satisfactory legume silage
may be made with either fresh cut alfalfa, wilted alfalfa, or wilted and
watered. In all the cases listed, the molasses was diluted with water
for ease in handling and for proper distribution., In most instances
the mixture was one part molasses to two parts of water, howeve., ¢..®
commercial enterprises and unofficial reports indicate that molasses

may be added direct to the green feed as it is being rum into the eilage

cutter and that from three to seven gallons per ton of green material
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may be used with good results, A rather common method of regulating
the flow of molasses onto the green material as it is being put in the
silage cutter is:

(1) Time required for a load of hay to go through the cutter.

(2) Time it required to fill a quart jar with molasses.

{3) Multiply the number of mimites it takes to run a ton
through the cutter by 180 and divide by the number of seconds it takes
to £ill the bottle.

(4) The results will give the number of pounds of molasses
used per ton.

Other methods, especially the use of acids, have been used
for logumv, grass, and cereal plant silage, but it appears that mo~
lasses is rather easy to put on and also gives satisfactory results.
The use of molasses in making ailage will probably be greater than the
use of acids because the average farmer is not acquainted with the
chenistry 1n§olnd in the aoid preparation and application, while the
use of molasses is rather a simple procedure, The results obbained
will always be the main factor, however, with the cost second in ime
portance.

ACID SILAGE.

Instead of adding material from which organic acid may be
formed to preserve legumes and grasses for silage, some investigators
have added mineral aecid directly to the silage to bring about the correct
acidity, Among the first to develop such a method was A. I, Virtanen
of Finland, This method is now known as the A.I1,V, system of silage
making, the initials being taken from his name, 1% consists of the
use of & mixture of hydrochlorie and sulphuric acid., A great deal of

variation as to the proper mixture and amount of application is en-
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countered, The object, of course, is to obtain a pH of between three
and four of the ensiling matter, which is considered the best acidity
for silage preservation. The amount of soluble carbolydrates in the

legume or grass should govern the amount of acid required,

An example of this is shown by Wilson and Webb (24)

who found
that vetch and red clover were extra high in soluble carbohydrates come
pared with other legure plants, and required a amaller amount of acid
or molasses to preserve properly. T!e general accepted method is to
use four parts of hydrochlorio acid to one part of sulphuriec, This
mixbure is made into a ZNermal solution before being added to the silage.
A relatively easy but satisfactory method for making a 2N solution of
the acids as given by Wilson (28) is to obtain the commercial form

of acid in earboys holding 12 gallons and mixing the contents with 60
gallons of water, This would give a 2N solution of acid without ine-
volving much chemieal caleulation,

The idea generally associated with maldng acid silage is that
the chemicals are rather difficult to apply. Several different methods
of application have been used but Wilson (28) and associates, who have
put up many hundred tons of silage in the United States have the followe
ing to say in regard to this problem,

"The amount of acid required varies with the kind
of crop, the stage of maturity, and the type of soil on
which it is growm, Therefore, it is necessary to assay the
crop to determine how much acid to use, This assay requires a
very limited amount of chemical equipment and can be carried
out with anyone who is somewhat familiar with chemical methods.

"The silo to be used may be of the pit or tower type.
The inside surface should be wood or else painted with asphalt
peints The equipment usually used for mixing and applying the
2N acid should consist of:

(1) A mixing tank of about 300 gallon capaocity.

2) Measuring barrel for measuring the acid.

3) An acid resisting pump.
4) A hose to convey the acid into the sile.
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"fhe mixing tank should be of wood or else metal
thickly coated with asphalt, It should be set up on a
platform so it will drain inte the measuring barrel.

"0il drums holding 58 gallons nmake satisfactory
measuring barrels, They are set on end, the tops kmocked out,
and the bobttoms fitted with comneoting drains. The drains
should be coated with asphalt paint, A ocalibrated wooden
sbick is used to measure the amount of aeid in the barrels,

It is advisable to have two barrels so that one can be filled
while the acid is being used out of the other. The pump
should be bronge or some other acid resisting materiasl, A
gear type marine pump has been found very satisfactory, All
fittings should be of brass or rubber to prevent reactions
with the acid., Each load of fodder is weighed and the valves
are regulated so that the amount of 2N acid indicated by the
assay is applied. It is best to run the fodder through the
cutter and spray the acid on in the sile."
4As will be noted, Wilson gives no definite amount of acid
to be used, but explains that different factors will cause the amount
to vary. His investigation is also supported by Peterson, Bohstedt,

Bird, and Beeson, (29)

at the Wisconsin College of Agriculture, who
used amounts of acid varying from 90 liters to 120 liters per ton of
groen nmaterial with satisfactory results,

From the data available it appears that satisfactory silage
mnay be made from legumes and young grasses by the use of hydrochlorie
and sulphuric acid or the A.I.V, method, although a little knowledge
of chemistry and some special equipment is required, It is still
doubtful if this method will become popular with the small farmer be-
cause of these two factors, but larger stock farms may use this method
if it conbtinues to prove successful,

Other kinds of acid have been used besides hydrochloric and
sulphuric but none of them have proven quite so effective as these two.
Recent investigation with phosphoric acid, however, has proven intereste
ings The general concession by Rommel (43) is that this acid will
bring down the pH encugh to prevent undesirable enzymatic and bacterial
action and at the same bime furnish phosphorus in the rabion of the
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animal, If such concessions are true it would have one advantage over
the A,1,V. method in that no limestone would have to be added to the
animal's ration to take care of the excess acid which is usually done
when feeding A.I.V. silage. The amount of phosphoric acid to use for
(20) in a popular report,
indicates that he has had very good results with one and one«fourth

a ton of green material will vary, but Baboock,

gallons of 68 per cent phosphoric acid which would be abgut 74 liters
of 2N acid. UWork at the Cornell (New York) Experiment Station as given
by Badseok (¥%) g1a 1ndteates that sreund 3T powsds of 90 par eead
phosphoriec acid will be sufficient for a ton of green material, Such
figures are slightly lower than the smounts used for the A,I.V. method
anG would, therefore, suggest that phosphoric acid has a slight ade
vantage over the hydrochlorie and sulphuric acid in bringing down the
pH content of legume silages other factors being equal, Other investi-
gators have used as high as 20 %o 25 pounds of 90 per cent phosphorie
acid with satisfactory results; however, if 17 pounds should prove sate
isfactory there would be no need for the extra amount which would ine
volve extra expense.

OTHFR TREATMENTS FOR ENSILING LEGULES AND GRASSES.

No other methods of ensiling legumes and young grasses have
met with as much success as the molasses and acid treatments, however,
many more have been tried, Nevens and Kuh'lmn (26) used whey powder
to serve in an scid inoreasing capacity and found that it proved rather
satisfactory but was expensive. They also used lactie acid culture and
mzpi-m culture by incorporating the material with the alfalfa ai
the time of ensiling. Although they stated that such materials would
increase the acid content of the silage, they also indicated that the

procedure was not practical for the average farmer.
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Swanson and Tague 27) also found that sush products as corn
meal, dried milk, and sugar would increase the acid content of legume
and grass silage but were either too expensive or not practical, The
mixing of a legume or grass roughage with a roughage high in carboe
hydrates has long been in use for ensiling these low carbohydrate
plants and in many mixtures very good results have been secured,

From the limited amount of data available on the subject, one
night assume that any carbohydrate material that contained a high water
soluble starch content might be used to raise the acid content of
legume or grass silage, however, such factors as cost and practicabile
ity would limit their use,

COST OF SILAGE.

The ¢ost of silage is a much discussed topie. Because the
cost of silage is given as so much per ton, most farmers consider sile
age as their most economical feed, Such a belief may or may not be
true, The total amount of digestible matter in & feed should be cone
gidered in arriving at its cost, The fact that silage nay contain as
high as 70 per cent of water is very significant in determining the
cost of production, The yield per acre, labor, and the type of machine
ery used are all factors that will enter into the cost of producing a
ton of digestible mutrients in the form of silage,

Fitoh ‘42) reports thet cost studies made in Minnesots indie
cated that 100 pounds of nutrients in the form of alfalfa hay cost
about 43 cents as compared with 79 cents for silage, Some of the proj=
ects studied showed a still wider variation between the two types of
feeds, Other investigators report, however, that silage can be pro-
duced with less expense than hay, It seems that local conditions
would determine the cheapest feed, Fitch also stated that legume sile

ages put up with molasses or acids will involve an extra expense of
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from 65 cents to 86 cents per ton of green material. Such extra exe
pense includes only the ocost of the preserving materials, but some
extra equipment and labor would also be needed to apply the preserva~
tives,

So many variable factors enter into the cost of producing or
ensiling & crop that no definite figure can be given as the cost of a
bton of silage, Some of the factors affecting the cost and the rela-
tive importance of the different classes of cost are: (1) Quantity of
silage made, (2) Yield per acre, (3) Amount of regular labor. available
on the farm, (4) Cost of hired labor, and (5) Alternative uneq‘«'.t.‘;é; l.abor,
power, and oapital, ;

syers, (#2) 1n a study of the cost of £i1ling silos in the
North Central States, found that the average ocost of filling & silo
with a stationary cutter was §1,41 per ton when the equipment was
owed by the farm operator and $1.,49 per ton when a custom machine was
hired. It cost $1.,30 per ton to £ill with a field harvester, either
& power take-off or & motoremounted,type. These average costs included
all items such as direot cash cost, allowance for depreciation, and
interest on investment, the assigned value of the operater's labor and
that of his family, cost of housing the equipment, and the cost of
horse work.

Such figures appear to be rather low for the cost of a ton of
feed stuff, but it must be kept in mind that this does not include the
cost of growing the orop, and the fact that the silage is approximately
65 to 76 per cent water, An additional expense of from 66 to 86 cents
per ton should be expected for legume silages to cover the cost of the
molasses or acid needed, From the data surveyed, it appears that the
total cost of preducing and placing silage in a silo may range from
$2,00 to $6.,00 per ton of green material,




SUMMARY OF SURVEY OF LITERATURE

1, The cow is by nabure a roughage consuming animal, and
requires large amounts of such feeds for economical milk production,

2, BSucoculent feeds such as silage should form & part of the
dairy cow's ration whenever possible because of its econony and palatae
bilitys

8+ Forages cured in the field frequently lose part of their
nmutrients due to the action of rain and the bleaching effect of the sun.
Shatbering of the leaves also accounts for part of the nubrients lost
in field cured hay.

4, Hot air drying plants for curing hay are very expensive,
but & good quality hay with all the kmown original nutrients preserved
can be nmade by this artificial drying process.

6. Artificially dried hay cured by hot air or the barn cure
ing system is higher in vitamin A than the ordinary field cured hay.

It is lower, however, in vitamin D,

6+ The drying of hays by the barn curing method nay be the
answor to the problem of a low cost hay drier for the average farmer,

7. The ocuring of partially cured hay in ventilated mows
involves sowe extra trouble and expense and the quality of the hay may
not be improved to any great extent,

8+ The artificial curing of hay apparently has no detrimental
effect on its feeding value, and more of the original nutrients in the
plant are preserved,

9. BSome expense is involved in the artificial curing of
hay. The extent of such an expense will depend upon the type of equipe

ment or the curing method used,
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10, The preservation of silage involves a chemical and
bacterial action. The results is an acidity of from 3 to 4 pH which
really is the preserving agent,

11, Ordinary silages made from carbenaceous plants need no
special treatment because they contain sufficient carbohydrates from
which the muMng acids may be formed.

12, legume plants and grasses require a supplement to ine
crease the carbohydrates from which the preserving acids are formed,
The direct addition of certain mineral acids will bring about the
same results,

13, lolasses is the most widely used supplement for preserve
ing legume silage, It is easy to apply, inexpensive, and is very
effective in its preservation actions

14, Many other carbohydrate materials have been used in
legame silage experiments, but thus far, none of them have reached any
commercial importence, This does not mean, however, that some of them
have not proven successfuls Among those tested have boen sweet potaw
toes, apples, sugar, earrots, milk powder, corn meal, and sugar beets.

164 The use of mineral acids, such as hydrochleric, sule
phuric, and phosphoric has given very good results in preserving leg-
une silage, but some knowledge of chemistry and special equipment is
needed in its appliocation.

16, Good legume silage is a more valuable feed than carbone
aceous silage because of its high protein content.

17. 1In feeding value, three pounds of silage has been
found to be equal to about one pound of hay,

18, The cost of silage is somewhat variable because of the
many factors involved, but it is considered one of the most economical
feeds for dairy cattle feeding,
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PART II

EXPERDMENTAL INVESTIGATION
SECTION A

"AIR DRIED HAY VERSUS FIELD CURED HAY FOR DAIRY HEIFERS

PURPOSE,

The purpose of this experiment wasto determine the difference
in the feeding value of air cured hay (barn cured) and similar hay,
field cured,for dairy heifers. Such information was needed in further-
ing the investigation being conducted here at the University of
Tennessee with the barn curing system of hay dryings The air dried
hay was cured in & cooperative project by the Tennessee Valley Authore
ity and the University of Tennessee by the barn curing method as oute
lined on page 17.

PLAN OF EXPERIMENT,

This experiment was conducted at the University of Tennocssee
Farm, at Knoxville, during the five and one-half month peried from
October 20, 1937, to April 3, 1938, Two groups of heifers, each con-
sisting of three Holsteins and two Jerseys ranging in age from thirteen
to seventeen months, were used in the experiments The groups were
divided as equally as possible in regard to age, weight, height at
withers, heart girth measurement, and condition of the animals.

The following rations were fed to the two groups of heifers:
Group I. Artifieially dried (barn cured) mixed alfalfa and clover

hay ad 1libitum,.

Concentrates, 2 pounds per animal per day--equal parte

ground corn and cotton seed meal, (First month, 4 pounds

per animal per day).
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Corn silage, 10 pounds per animal per day.
Minerals, steamed bone meal and salt equal parts--3% grain
nixture.
Group II. Field oured hay ad libitum.
Concentrates, 2 pounds per animal per day--equal parts
ground corn and cotton seed meal, (First month, 4 pounds
per animal per day).
Corn silage, 10 pounds per animal per day.
Minerals, steamed bone meal and salt equal parts-«3% of
grain mixture,
The heifers were kept in two large stalls in the dairy barn,
there being plenty of room for them to move about as they desired,
Water was available at all times at drinking fountains, and the heifers

were never allowed out of the barn exoept for exercise in an adjacent
lots Wood shavings were used for bedding, the stalls being kept as
dry and clean as possible,
The heifers were fastened in stenchions when silage and grain
was fed, The grain and silage was fed as the first feed in the morning, |
After they had cleaned up this feed a generous amount of their respece
tive hay was placed before them in open troughs, A second feeding of
hay was given in the late afternoon. The hay was weighed when fed and
any that was left over was weighed back the next morning. All the hay
was ground to prevent waste and for ease of handling.
The heifers were kept under close observation in order to |
note any change in their condition or correct any irregularity that
might have any influence on the experiment. The grain feed was cut
from 4 pounds per animal per day to 2 pounds per animal per day after

the first month, because the heifers were becoming too fat,




RECORDING DATA.

The heifers were weighed three days in suocession at the
begimning of the experiment, and also measured for height at withers,
and heart girth at the same time, This was repeated at thirty day
intervals end at the end of the experiment, Daily feed records of the
amount of hay fed, amount refused, and amount consumed were kept of
the two groups. None of the silage or grain was refused so monthly
records of consumption were adequate for these feeds, A breeding
record of eash heifer was also kept, Any abnormal condition was re-
corded in a "Remarks" column on the daily feed record,

RESULTS OBTAINED.

Group I. (Air Cured lay)

At the beginning of the experiment this group of heifers
averaged 44.,8 inches in height, 67.8 inches in heart girth, and 667.2
pounds in weight, A% the end of the experiment, five and one«half
months later, they averaged 47.9 inches in height, 64.6 inches in heart
girth, end 816 pounds in weight. This was an average gain of 3,1
inches in height, 6.8 inches in heart girth, and 247.8 pounds in
woight during the five and one~half months.

The five heifers in this group consumed a total of 19850 lbs,
of grain, 8250 pounds of corn silage, and 10,927 pounds of the air
cured hay during the experiment, This was an average, per animal, of
390 pounds of grain, 1680 pounds of corn silape, and 2185 pounds (or
slightly over a ton) of hay. The daily feed of grain was reduced
from 4 pounds per animal per day to 2 pounds per animal per day after
the first month, because the heifers were fattening too rapidly.

Some diffioulty was encountered in getting the two Jersey
heifers in this group bred. It was thought, however, that the trouble




Seales VWhere Heifers Were Weighed

Tigure I. =« Scenes where experiment was condusted
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was due to the bull as some difficulty was also encountered in getting
older cows in the herd bred to the same bull.

The following pages show the photographie growth records
of the heifers fed the air cured hay., The lower picture on each page
appears to be slightly out of proportion, but this is due to the fact
that the aninmals were farther away from the camera as compared with the
upper pictures,

The graphs after each picture show the growth of that partieus
lar animal mpirod with the normal growth of heifers the same apge and
breed, The normal growth standards for heart girth were taken from
Ragsdale, A, C,, Growth Standards for Dairy Cattle, Missouri Agrioultural

Experiment Station Bulletin No, 336, The normal height at withers and
weight standards were taken from Eckles, Dairy Cattle and Milk Produe~

son.
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Group 11, (Field Cured Hay)
This group of heifers averaged 44,2 inches in height,

5647 inches in heart girth, and 562.6 pounds in weight at the begimning
of the experiment, At the end of the experiment, five and one~half months
later, they averaged 47,75 inches in height, 63,6 inches in heart girth,
snd 793 poundse in weight, This was an average gain of 3,66 inches in
height, 6.8 inches in heart girth, and 230.,4 pounds in weight during
the five and one-half months,

The five heifers in the group also consuned 1950 pounds of
grain, 8250 pounds of corn silage, and 9691 pounds of the field cured
hay during the experiment., This was an average per animal of 390 lbs.
of grain, 1650 pounds of corn silage, and 1938 pounds, or slightly less
than a ton, of hay. The daily feed of grain to this group was also
reduced from 4 pounds per animal per day to 2 pounds per animal per day
after the first month.‘

Diffioulty was also encountered in breeding one of the Jersey
heifers in this group. The other Jersey in the group, No, 766, was
unknowingly with ealf at the begimning of the experiment, She calved
soon after the experiment was over,

The following pages show the photographiec growth records of
the heifers fed field cured hay. The graphs after each pioture show
the growth of that particular animal compared with the normal growth
of heifers the same breed and age., The normal growth standards were
taken from the same sources as those used in Group I,
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GROUP II

Beginaing of Experiment
Age 14 Months and 19 Days

Figure 8% - Photographie Growth Record of Heifer No. TGS
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Figure 26 « Photographic Growth Record of Heifer Nos T57
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Figure 30 -« Photographic CGrowth Record of Heifer No. 310
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GROUP II

Beginning of “xperiment

Age 11 Months and 5 Days
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Age 16 Months and 20 Days

Figure 34 - Photographic Crowth Record of Heifer No. 315
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DISCUSSION OF RESULTS

The data indicates that there was no significant difference
in the feeding value of the field cured hey and the air cured hay
(barn cured) for dairy heifers, As may be seen in Table 8, there was
very little difference in the total feed consumption and growth of
the two groups,

Table 3. Feed Consumption and Growth Chart.
b Heifers in Bach Group-~165 De

) PYT: otal | A
4 cured cured | differ«) ference
group group ence per ani-
mal
| Total hay consumed, 1bs, 10,927 | 9,691 | 1,236 247
Total concentrates consuned, lbl, 1,950 J.Jaso 0 0
Total corn silage consumed, 1bs, 8,260 8,260 0. 0
Gain in height, inches 16,80 | 17.76 | 2,26 | .48
Gain in weight, 1bs, _ 1,240 1,153 87 17.4
Gain in heart girth, inches 34 34 0 0

Although the heifers fed the air cured hay gained a total of
87 pounds more than the heifers fed field cured hay, this was to be
expected because they consumed 1236 pounds more hay. The air cured
hay did, however, appear to be more palatable, which accounts for the
extra consumption. There was no difference whatsoever in the total
gain at heart girth of the two groups, and the 2.25 inches difference
in the height at withers growth was easily in the range of experimental
error,

It may be noted by the growth graphs for the individuals and
for the groups that all of the animals made about normal growth, it

was found, however, that four o;i' the heifers in each group or a btotal
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of eight animals were slightly over the weight standards as set up
by Eekles in Dairy Cattle and Milk Production.
As the field ocured hay used in this feeding trial was cured

under ideal hay curing conditions, not so much difference was to be
expected between it and the air cured hay, Plans are now being made,
however, here at the University of Temnessee to conduct a similar exe
periment using field ocured hay, part of which has been exposed to une
favorable weather conditions which will really be the average kind of
hay produced in this section of the country. The air dried hay will
again be cured by the barn curing system through the cooperation of
the Tennessee Valley Authoritys The drying system has been revised
and better hay is expected for the next feeding trial,
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Table 4.
165 Days

Summary Growth Chart.

Group I (Air oured hay)

A A< - A A A A AP A~ B A 8 BN e A O S 2t GO <G 0N st

No. Height Heart Girth Weight
Inches Inches Pounds
756 2.76 8.25 197
768 2,75 4,26 164
309 2425 7450 ® 324
311 3.50 9450 301
312 4,26 6,50 264
TOTAL 16,60 34,00 1240
Average 8.10 6.80 248
Group 11 (Field cured hay)
768 3400 4,00 A3
757 3450 660 244
310 4450 _10,60 337
316 3,25 §.50 162
308 8.50 8450 289
TOTAL L 17,76 34,00 1158
Average 3,53 6.80 230.8




SECTION B
THE VITAIIN A GOITER’! OF FIELD CURED AMD AIR CURED HAY
(Rat Feeding Investigation)

PURPOSE.

The purpose of the experiment was to determine the differ-
ence in the vitamin A content of mixed alfalfa and clover air cured
hay (barn cured) and similar hay field cured. The hay was approxi-
mately 76 per cent alfalfa and 25 per cent red clover. The ternm
vitamin A stands for a substance present in certain foods and feeds
that is essential to normal growth in the youngs Evidence has also

been brought fomrd(“)

that supports the belief among some stockmen
that a lack of vitamin A will cause breeding difficulties. In the exe
perinent carried on at the University of Tennessee with dairy heifers,
as reported in Section A of this paper, no material difference was
found in these two hays, but seme difficulty was encountered in getiing
some of the heifers bred., Under average conditions artificially cured
hay will contain more vibtamin A than field cured, but it was decided

to determine the vitamin A content of these two hays in furthering

the investigation as to their mutritional value,

With the increasing interest in the air curing of hay it is
desirable to lnmow its nutritional walue as compared with the more
commonly field cured type. OFf course the mutritional value of hay will
depend upon several factors and will vary from year to year, bub it
has been found that the curing process plays an important part in its
actual feeding value, Since vitamin A is an essential in the ration

for optimum growth and reproduction, its importance must not be overe
looked.
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METHOD OF PROCEDURE.

The feeding experiments in this study were performed upon
young albino rats raised in the Nutritional Laboratory of the University
of Tennessee, It is essential to use animals of known nutritional hise
tory because vitamin A is stored in the body aceording to the amount
of vitamin A furnished in the diet, The breeding animals in this
laboratory are given a stock diet consisting of casein 18 per cent;
cornstarch 48 per cent; butter 8 per centj cod liver oil 2 per cent;
Osborne and Mendel salt mixture 4 per cent; and dried yeast 20 per cent.
Approximately 30 grems per week of lean beef is given to each adult
rat in order to promote reproduction, lactation, and to secure healthe
fer, sturdier animals,

A vitemin A~free diet, consisting of A-free casein 18 per cent;
cornstarch 67 per cent; Osborne and Meldel salt mixture 4 per cent; dried
yeast 10 per cent; salt 1 per sent; and irradiated ergesterol was used
for furnishing vitamin D, This basal diet lacks vitamin A but is adequate
in all other respects, according to present day information,

The protein in the diet was furnished by the use of purefied
casein, The casein was freed of vitamin A by extraction with hot 96
per cent alcohol, The extraction method was as follows: Five hundred
grams of fine grained high grade casein was placed in a three-liter
Pyrex flask with 1,250 ce, of 95 per cent alcchols, The casein was
boiled for one hour on & steam bath under a reflux condenser, and then
transferred rapidly without cooling to a heavy canvas bag and the alco-
hol thoroughly pressed out, The casein was reburned to the flask and
the process was repeated with the redistilled alcohol, The third time
1,250 ce, of fresh 96 per cent alcohol was used, After the third beile

ing the casein was dried at room temperature and sifted,




“«Gle

Vitamin D was furnished by washing irradiated ergostercl
direotly into the mixture with ether. The ether was then sllowed %o
escape by leaving the mixture in an open container,

The pure cornstarch was added to furnish energy.

Vitamins B and G were supplied by a tested yeast especislly
rich in these vitamins and manufactured by the Northwestern Yeast Co.

The mineral essential to normal growth was furnished in the
Osborne and Mendel salt nn-:sm-o.(“)

Sodium chloride was added in order to make the diet more
palatable,

Young rate, weighing 36 to 42 grams, whose mothers had been
fed the stock diet and raised in this laboratory, were weaned at aboubt
21 days of ages At the time of weening, each litber of rats was
placed in a large galvanized iron wire cage with raised screen bottom
to prevent access to exoreta, The vitamin A-free diet described above
and fresh distilled wabter were kept in the cage at all times, One
litter of rats was starbed on this diet at weaning, 21 days of age,
but the second litter was started when they were 28 days old, The
animals were kept on this A-free diet until they were depleted of
their bodily stores of vitamin A, The average depletion period for
the rats used in these experiments was 30,6 days. The younger rats
started at 21 days required 23 days, while the older rats required 33
days for depletion. The end of the depletion period was determined by
the time when the animals ceased to gain in weight. At the end of
the depletion period the animals were started on the five weeks ex-
perimental test, They were plaged in separate round galvanized iron
wire oagess One representative rat from each litter was loft on the
vitemin A-free diet as & "negative contrel." After death they were
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autopsied and the symptoms of vitamin A deficiency were recorded.

The other animals were fed, in addition to the basal vitae
nin A-free diet, graded portions of air cured and field cured hay in
an effort to find their vitamin A content. The supplement was fed
three times a week during the test period of five weeks, Animals from
each litter were placed on each level of feeding, For comparison of
the air cured end field cured hay for their vitamin A content, the
rate of each litter and sex were as equally divided as was possible
on the graded smounts of each kind of hay,

The air cured hay used in this experiment was grown on the
University of Tennessee farm and cured in the U. T. dairy barn accorde
ing to the method previouely described.

The sun or field cured hay used was similar hay, but cured
in the field, The hay was a mixture of alfalfa and clover with some
Johnson grass,

In these experiments, using the air cured and the field cured
hay, a total of ten rate were used on the four levels of feeding. Two
rats wore placed on each of the levels; ,0B gram air cured daily, .06
gram sun oured daily, .1 gram air oured daily, .1 gram sun cursd daily,

and two rats were left on the A-free diet as the "negative contrels.®

No two rats from the same litter were plased on the same level. The
eleventh rat depleted of vitamin A was not used in the experiment be-
cause it could not be fitted in wvery well on eny of the levels, These
graded smounts of hey were the only source from which the animals could
receive vitamin A,

Records of the weights of the animals, of the food eaten,
and of their physieal condition were kept each week, Newspapers were
used in the pens to catch the excreta and were changed daily. The
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cages were kept olean, The food cups, drinking fountains, and ptan
were changed once a week, and clean supplement dishes were used for
each feedings A record of each rat including nurber, sex, ear punch,
the ampunt of supplement given, and the amount of basal diet cone
sumed during each week was kept on a card attached to the eage, These
records were also recorded in the laboratory book.

The rats were carried through an experimental perioed of
five weeks and were then killed and autopsied, When rats died before
the experimental period was over they were autopsied and all symptoms
of vitanin A deficiency were recorded,



PRESENTATION OF DATA ON VITAMIN A

The two negative control snimals that were kept on the vitamin
A-free diet, without any supplement, showed a total average loss of
«42 grams, and survival average of 18 days after the test period began.
The results for these animals are swmarized in Table 6,

The results for the different levels of air cured and field
cured hay are also summarized in Table 5, All of the animals with
the exception of the negative controls and one on .06 gram of air
oured hay survived the experimental peried of five weeks,

The low level of feeding was .06 gram per rat per day, six
days & weeks The 2 rats reeceiving 06 gram of air ocured hay showed
an average loss of «18.6 grams, The average survival was 28 days as
one of the rats died at the end of the third week. The 2 rats re-
» coiving «06 gram of field cured hay showed an average loss of «12.0
grens, but both rats survived the experimental period of five weeks.

The two rabs receiving the higher level of air cured hay,
«1 gram per rat per day, made an average gain of 44,0 grams for the
five weeks, The two receiving .1 gram of field cured hay showed an
average gein of 12,5 grams for the same period,

Figare I shows the average gain curves of rats fed different
emounts of air cured and field cured hay as the sole source of vitamin
A, The kind and amount of hay fed per rat per day is shown at the

end of each ourve,
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cured and field cured hay

Figure 45. - Growth rate of rats receiving different amounts of air
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DISCUSSION OF RESULTS WITH RATS

The results obtained cannot be said to be a true biologibtl
best for the vitamin A content of the hays tested because not enough
animals were used on each level to determine the aoctual vitamin A units
in each kind of hay. However, the results obtained are accurate as
far as research procedure is concerned, and do give a good indication
of what the results might be with & larger number of animals,

The data indicate that the low level of .06 gram of hay per
day does not contain enough vitamin A for the normal growth of rats,
In fact, the four rats on this level lost weight and one died before
the experiment was ended. No material difference could be seen be-
tween the two hays at this low level because it was below normal and
no accurate measure could be obtained,

The higher level of hay fed, .1 gram per day, did contain
enough vitamin A for growth in the four rats on this level, The data
also indicate that the air cured hay is higher in vitamin A as it gave
an average gain of 44 grams for the five weeks while a similar amount
of sun ocured gave only a gain of 12,5 grams,

As the data obtained were from such a small number of rats,
no attempt will be made to deteormine the aotual unit value of vitamin
A in the two hays, The results might be given in general terms by
saying that beth hays were rather low in vitamin A or carctene, but
that the data indicatedthat the air ocured hay contained more vitamin
A than the field cured when fed on a level high enough to support
growth,

«OTw



SUMMARY AND CONCLUSION OF VITAMIN A INVESTIGATION

The results of the experiments reported in this study

indicate that there is a difference in the vitamin A content of hays,
Whether such differences will affect the reproduction of livestock or
whether the average hay will furnish enough vitamin A for reproduction
is still a disputed point,.

It is an established fact that vitamin A is affected by
light and heat, and that hay will deorease in its vitamin A value in
storage, Such factors and knowledge lead one to question other possie
ble avenues of research in relation to the vitamin A value of all
livestock feeds,

In view of the faot that vitamin A is essential to normal
health and nutrition of humans it is reasonable to expect that it is
necessary for optimum growth in livestock, Since haye and forages
form a large part of an animal's ration, their vitamin A content should
not be overlooked, Of course, an animel is able to get plenty of
vitamin A if it has access to pasture,and is alsc able %o store the
vitamin in its body, bubt during the long winber months hay is about
the only source of vitamin A on most farms,




SECTION €
MIXED ALFALFA AND RED CLOVER SILAGE PILOT EXPERIMENT

PURPOSE.

Corn silage has been extensively used for dairy cattle
throughout the United States for many years, There have been many .
experiments with this kind of silage to determine its value, but very
little experimental work has been done with silage made from legume
grasses., ©Since legume crops fit into the Nabtional Soil Conservation
program it is important to obhuin information on their use as silage.
The objeet of this investigation was to determine the keeping qualities,
color, aroms, acidity, and palatability of mixed alfalfa and clover
silage preserved by various methods,

PROCEDURE,

8ix fifty-gallon lard barrels were used as silos for this
experizent, They were steamed and washed in order to remove all of
the lard, The barrels were very sturdy, being made of hardwood staves,
The alfalfa and clover was rather watery and had attained a height of
about six inches following a previous cubbting., It was mowed on the
morning of October 25, 1937, and placed in the barrels immediately,

It was cut with a regular silage cutber into one-half inch lengths and
packed firmly in the barrels up to about eight inches from the top.
This space was left for covering material to seal the barrel.

The following shows the treatment of the silage put in each
barrel:

No. I. Phosphorie acid (PROB) 80 per cent was sprinkled
over the alfalfa and clover as it was being put in the barrel, It
was sprinkled on at a rate of 24 pounds acid to a ton of green mater=
ial, the acid being dilubed with two ptrts of water by volume in order



=100«

to get it equally distributed and for ease of handling., At the above
rate 2 pounds of acid wus used for the barrel, The weight of the green
matorial was 1756 pounds.

No. II, Phosphoric acid “’a"a) 80 per cent was added to this
barrel in the same proportion as barrel No., I, but it was sprayed on
with a sprayer instead of being sprinkled, and was therefore given a
more equal distribution. Weight of green material, 175 pounds,

No., III, Blackstrap molasses (regular commercial feeding
type) was added to this barrel at the rate of five gallons to & ton
of green material, It was diluted one part of molasses to four parts
of water by volume and sprinkled on the silage as it was being put in
the barrel., One-half gallon of molasses was used for the barrel (175
pounds of green material) at the above ratio.

Ho. IV, Bame treatment as No, III. Weight of green material,
176 pounds,

No. Vo The A.I.V, method of silage making was used on this
barrel, The acid mixbure being one part of commercial sulphuric acid
(HyS0,) to four parts of hydrochloric (HOL) by weight was made into a
2N solution, The acid was sprayed on the green material as ib iu
added to the barrel at the rate of 100 liters to & ton of green mater-
ial., At the above ratio, 800 co. of HC1 was added to 200 cc. of I'BO‘
and the mixture added to 9 liters of water for the barrel, Weight of
green material, 176 pounds, |

No, Vi, This barrel was used as a check and was, therefore,
given no treatment, the green nmaterial being chopped and packed in it
in the regular mamner, Weight of green material, 1756 pounds,

The barrels were all covered alike, First a wet burlap

was placed over the top of the silage, and then about three inches of
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of wet straw was added., The remaining seven inches of the barrel

was filled with dirt (clay loam) and packed firmly, After being packed
firmly the soil was given a thorough soaking with all the water it
would take up and the barrels placed in the University barn.

The phosphoric acid was supplied for the exporiment by the
Tennessee Valley Authority through the cooperation of George W. Rommel.

Bach kind of the silage was packed in half gallon glass jars
and sealed for observation, The jars were kept in the dark at the
same temperature of the barrels,

Eaoh kind of the silage was also placed (not packed) in
quart jars and sealed, Some air was left in these jars to study meld
and bacterial growth on the different treated silages.

RECORDING DATA.

Changes that oocourred in the silage placed in the glass jars
were observed and the data recorded. One barrel each of the phosphoriec
acid, molasses, check, and A,I,V, treated silage was opened after three
and one<half months, The other two barrels, phosphoric acid treated
and molasses treated, were opened after five and one-half months,
Professor ¢; E, Wylie and Mr, S, A, Hinton of the Dairy Department,
Professor O, W, Dynes of the Agronomy Department, and the author examined
the silages as to color, keeping quality, odor, and acidity., The pala-
tability of the silages was determined by feeding to dairy cows in the
University herd,

RESULTS OBTAINED,

Loosely Packed Jars
Figure 46 shows the loosely packed jars of silage at the

beginning of the experiment. After one month's time the silage

treated with phosphoric acid showed mold growth., At the end of two
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months the A.I.V. treated and check samples also showed mold growths
In fact, at this sbage, these three three samples were almost covered
with mold growth, No mold growth ever appeared on the molasses
treated silage, however, which may be seen in the photograph in fig.
46, This photograph was taken four months after the beginning of the
experiment, The molasses treated sample was still molde-free after
seven months and had been preserved into a typical legume silage., The
phosphoric acid, check, and A,I,V. treated samples were all decayed
at this time.

The quick growth of mold on the phosphoric acid treated
silage was probably due to the presence of the acid itself, The phose
phoric acid being a weak acid, and in the presence of air, was cone

ducive to mold growbth, The A.I.V, silage being preserved with a stronge

er acid and the check being of & more neutral nature, were not so con-
ducive to mold growbth, and therefore did not show their development so
quickly as did the phosphoric acid silage., Such an explambtion was
given by Dr, W, H, MacIntire, Chemist, Agricultural Experiment Station,
Enoxville, Tennessee, and seems very logical.

The fact that no mold appeared on the molasses silage is
rather difficult to explain, There is a possibility that there was
not enough air space left in the jar and the 1id was btightened so
much thet it sealed the jar, The absence of sufficient oxygen in the
~ jar would, of course, prevent mold growth, This seems to be the only
satisfactory explanation that can be given for the results obtained on
this Jar,

Tightly Packed Jars
The jars of silage shown in figure 47 were treated in the

same nmanner as the loosely packed jars and the barrels, but the silage
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Same Jars after Four lonths |

Figurs 46, = loosely packed jars of mixed alfalfas and red clover

Bilage having various treatments for preserving
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Beginning of fxperiment

Seme Jars after Four Months

Figure 47. -~ Tightly packed jars of mixed alfalfa and red clover
silage having various treatments for preserving
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was packed very tightly and the jars sealed, Wibthin a very short time
(two hours) after sealing the silage treated with phosphoric acid and
the A.I,V. solution turned rather dark, while the check jar and mo-
lasses jar retained their green color, This sudden darkening of the
silage material was probably due to the immediate effect of the acids
on the green material, A% the end of four months, however, as shown
in figare 47 the molasses treated silage was much darker than the
other silages. All of the silages, inoluding the check, appeared to
be woll preserved even after eight months, As these jars were under

~ the same conditions as the barrels it is assumed that similar color
and preservation changes took place in the barrels.

Barrels

One barrel oa.eh of the phosphoriec Qoid, ﬁohsun, check, and
the A,1,V, treated silage was opened after three and one~half months.
All of the silage was in excellent condition and only %two or three
inches of spoilage was taken off of the top of each barrel, The phose
phorie acid treated appurodv to be slightly lighter and greener in
color, while the molasses treated was the darkest., All of the barrels
had a very good aroma, but the molasses treated seemed te have a sweeter
aroma, There was no material difference in the palatability of the
silages as the cows ate each kind readily, and appeared to make no
choice between the legume silage and the corn silage that they had been
accustomed to receiving, The two remaining barrels that were treated
with phosphoric acid and molasses respectively, which were opened
after five and one~half months had very similar characteristics to the
ones opened previously. |

DISCUSSION OF RESULTS.

The results obtained from this experiment indicate that
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lopunes may be satisfactorily ensilaged by the use of either phose
phoric acid, the A.l.V. treatment, nolasses, or even without any

' Mamnt. Such a statement, however, regarding leguve silage withe
sut any treatment conflicts with most of the data available on this
r_aubjoch. Although the barrel onntainfms the silage materitl wibhoue
any treatment was preserved into very satisfactory suugo » ib in possie
ble that the alfalfa and clover used in this experiment may have been
rather low in protein because it was cut labe in the season, A low
protein content may have been responsible for the absence of putre-
faction or spoilage which is usually essociated with early out legume
silage, The results obtained with the phosphoric acid, the 4.I.V.,
and the molasses treated supports the data obtained by other imvesti-
gators in that satisfactory legume silage may be made by either of
these three methods. The fact that the molasses silage was darker and
had a sweeter aroma was to be expected due to the pmmrwovottm
molasses, The phosphoric acid treatment seems to be more populer and
offers greater possibilities than the A.I1.V. treatment, especially in
this country.

In furthering this investigation two barrels of phosphoric
acid treated sericea and four barrels of molasses treated sericea
bave been put up for silage. The procedure of ensiling was very
similar to the procedure followed in the experiment above., These
barrels are now in storage and will be opened somebtize in the fall

of 1938.
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SIMMARY AND CONCLUSIONS

No material difference was found in the feeding value of air

cured (barn cured) hay and similar hay field cured when fed to
dairy heifers, Under averuge farm conditions, however, a poorer
grade of field ocured hay is produced than was used in this in-
vestigation, BSuch poor hay is in many cases the direct result

of the damage done by rain and the bleaching effect of the sun,
Further investigation should be conducted in order to determine
the feeding value of hay cured by the two methods, including some
hay which has been cured under average farm conditions,

A significant difference in the vitamin A content of the air cured
hay and field ocured hay was found when fed to young albine rats,
Although both hays contained vitamin A in measurable quantities,
the air cured hay contained approximately three times as many
vitamin A units per gram as did the field oured hay.

There are several satisfactory methods of making legume grass
silage. Either the direct addition of a mineral acid or the addition
of a oarbohydrate or sugar supplement from which acid may be formed
have given satisfasctory results. Pilot experiments proved very
promising for the direct application of phosphoric acid or the use
of molasses as a supplement in making legume silage.

Additional investigation as to the best methods of curing roughages
artificially and their feeding wvalue should be conducted in order
that such feeds may be more efficiently produced and used in livee
stock feeding.
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