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SILAGE INVESTIGATION.

INTRODUCTION.

More then one hundred years ago people began
the practice of preserving green feed in silos. In
this country the first silo above ground was built in
1875, in Michigan. From this beginning the use of
the silo has spread rapidly until todsy it may be con-
sidered a well-established feature in American ferm
economy, not only in dairy sections, but in genersl,
where any kind of live-stock ferming is practiced.

While silos and silage have been in genersl
use for a number of years there are seversl important
questions thet do not seem to be fully and satisfactor-
ily enswered. For example:

1. What is the importance of tempersture in
silage? 1Is it uniform thruout? Does the materisl
used in the construction of the silo exert any influence

on the temperature in the silo?
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2. What is the relation of the percent of acidity
and moisture to the keeping qualities of silage? What
are the factors Opefative in the production of a desirable
quantity of acid?

3. What is the percentage of loss in the silo?
How much is unavoidable?

4. I8 there & possibility of making silage from
shock corn fodder and legumes?

5. What does silage weigh per cubic foot at
‘different depths in the silo?

6. What is the effect of the kind of material
used in the construction of different kinds of silos
upon the coﬁposition of silage, especially near the
wall?

7. Of what significance are moulds in silage?

8. With a need of experimental work in silage
there arises the question of the reliability of small
silos for experimental purposes.

With these gquestions in mind a series of exper-
iments were carried on by the Dairy Department of the
Missouri Agriocultural College during the winters of
1913-1914 and 1914-1915. The work for 1913-1914 was
carried on by D. G. Magruder and the results may be
found in his thesis for that year. The work for this
thesis is a continuation of that started by Magruder,

but includes other problems which were not taken up
in his experiments.






LITERATURE.

About 1880 Fry advenced the view that the

heating of silage was due to the respiration of the

cut vegeteble tissues, but his ideas did not meet

with acceptance and have since that time, until quite

recently, been entirely neglected in the preveiling

tendency to explain all fermentative effects as due

to microbic action.

At present there are two views held as to

silage fermentation; one that it is due to bacterial

action, the other that the cellular sctivities are

the causative agents. Pernot of the Oregan Experi-

1
ment Station, and Esten and Mason of the Storrs Ex-

reriment Station® support the former view; while Hart,5

Babcock and Fussell of the Wiscorsin Experiment Ste-

5
tion,4 end E. J. Russell of the Rothamstead Experi-

ment Station in Englend hold that the changes are due

to the intromolecular respiration of the plant cells.

The larger mass of evidence seems to be in favor of

the intromolecular theory.

1.
2.
3.
4.
5.

Annusl Rpt. 1902, pp. 68-69.

Bul. No. 70, pp. 12-14, 1912.

Jour. Amer. Chem. Soc., 34 (1912), FNo. 11, pp. 1619-1625.
Annual Rpt. 1900, pp. 123-141. :

Jour. Agr. Sei., (1908) 2, No. 4, pp. 395-410.






Temperature.

/

Short of the Wisconsin Experiment Station1
in the fall of 1888, using experimental silos and
taking the tempereture with meximum thermometers in
pires pleced in the silos at filling time; reports
that on the second day of filling, August 31, the
temperature registeied 123 degrees F, And it ocon-
tinued to rise for & week when the maximum wes reech-
ed at 163 degrees F. then slowly fell to 105 degrees
F. on November 13. Good silage wes produced with an
acid content of 1.26 per cent calculated as scetic
ascid.

A temperature of 80 degrees F. is reported
by Cooke of Vermont Experiment Station,z on the second
day after filling, August 30, then & grsdusl decline
to 60 degrees F. on September 21 when the silo was

opened; as is shown in the following table:

: Date : Temperature &
: : a .
t Aug. 29 : 78" F. s
s " 30 808 F. :
I 31 80o B, s
s Sept. 1 7T, g
: o 4 : 72° F, :
: 10 : 710 P, :
s n 17 703 ¥, z
g w 21 60 », :

1. Bul. No. 19.
2. Annuel Rpt. 1889, p. 96.






The silos used were circuler wooden tanks, three

feet high and two feet in diameter.

Lamson of the New Hempshire Experiment

1

Station™ took temperstures with en electrical ap-

paratus,- based on the same principle ss the apparat-
us used by the Missouri Experiment Station at the
present time. The electrode was a narrow glass tube
filled with a salt solution. The silos whiech he used
in this experiment were made of double matched boards,
snd were 13 x 14 x 30 feet deep. The silos were in
the barn. Two electrodes (1 & 2) were placed in one
silo, and three electrodes ( 3, 4 & 5) in the other.
The silage was made of nearly meture corn, and the
8ilos were filled as rapidly as possible and received
very little packing - one or two men to keep the sur-
face level. A silage of good quality was produced,
being barely moist, olive brown in color, end slight-
ly acid with a pleasant aromatic odor.

klectrode No. 1 was placed between eight and
nine feet from the bottom of the silo. The first
reading two days afterwards was 118 degrees ¥, which
was the maximum; The temperature fell rapidly during
the first ten days to 108 degrees F., then very gradu-
.glly end uniformly until uncovered if'ebruery 17, - when

it registered 71 degrees .

1. Bul. No. 79, pp. 29-33, 1900.






Electrode No. 2 was placed about ten
feet above No. 1 and deeply covered. Within two
days the temperature rose to 84 degrees . then
graduelly rose to the maximum, 105 degrees r.
twenty-six days after filling, then gradusally de-
clined to 85 degrees . January 14, when it was un-
covered.

Eleetrode nNo. 3 was placed about three snd
- one-half feet from the bottom of silo No. 2. The
maximum temperature, 100 degrees r. was reasched three
days after filling. From this it fell very slowly
until Febrﬁary 17, when it was 70 degrees v,

Electrode no. 4 was placed about thirteen
feet from the bottom of the silo. There was &
greduel rise from 77 degrees r. the next day after
filling, to the meximum of 103 degrees . forty-three
days after filling, then & very slow fsll to 98 de-
grees r,, February 17.

Electrode No. 5 was placed in the silo
gbout four and one-half feet sbove io. 4 and one and
one-haif teet below the surface of the silage. The
surface remaired uncovered for several days then wss
covered with about one foot of litter. There was =
rapid rise to & meximum of 127 degrees five days

after filling. Then & gradueal but irregular decline






to 97 degrees r. January 14. This electrode was
probably influenced by external factors, being so

close to the surface.

According to Babcock and kussell of the
Wisconsin #xperiment Station1 the large amount of
hest developed in silage may, under normal conditions,
be attributed to the intromolecular respiration of
the ensiled material. They also demonstrated; by
~using vessels ranging in size from a pint to several
gallons, and controlling the temperature; that when
other conditions are natural Jjust as good silage
can be made in small containers at room temperature
(60 degrees - 70 degrees) as in large silos where
the heat is: much higher. "Showing that the sc-
cumulation of heat which naturally occurs in a silo
when large masses of fodder are ensiled, is not at
21l essential for the production of good silegé".

The work on temperature changes in the
silo was continued by Babcock and Russell2 during
the next year with much the same results. Galvan-
ized iron receptecles one and one-half feet in diam-
eter and four feet high were used &s silos. rhese

'eans were filled with field corn of an average state

2. Annual Rpt. 1901, pp. 177-184.






of maturity =nd hermetically sealed. The temper-
ature was tsken by thermometers in large glass tubes
sealed at the lower end and inserted thru the cover.
The initisl meximum temperature was recorded on the
first day. There was & gradual decline to the tem-
perature of the room on about the twelfth day, then
the temperature of the cans fluctuated with the tem-
perature of the room. The cans wé;e opened on the
twenty-fifth day. There was no spoiled silege and
it eppeared normal in every way. The silos were
then left uncovered to note the effect of the bacter-
ial and mould development on the temperature. There
was no striking rise until about the third day (the
thermometer was placed about four inches below the
surface); then the rise was rapid and continued for
gbout ten days, reaching a maximum of 122 degrees F.
After this period the temperature again declined but
not as low as the room temperature.

Pernot of the Oregen Experiment Station1

reports temperatures in three experimental silos,

12 x 5 feet, as follows:

1. Annual Report 1902, pp. 68-69.






: :Meximum : Days :30 days :
. : temper- : after : after .
s : ature : filling : filling

: Silo No. 1: 76%¢. : 13 . 64%r.
: Silo no. 2:  80°F. : 7 . 62°F.

: Silo No. B: 66 &. : 5 . 62%¢,

These temperatures were taken at the center of the
silo.

| Temperature observations covering & period
of five yeers were reported by Esten and Mason of the
Storrs Experiment Stationl. The highest temperature
of 126 degrees ¥. was found at the surface of the sil-
age where the silage was exposed to the air. ‘the
highest temperature found within the silage mass did
not exceed 86 degrees F,. During the filling of the
silo in 1910 five meximum thermometers were buried in
the silage. All were placed about half way between
the center and the wall of the silo; with about twenty
tons of silage between each thermometer, and about
forty tons above.the first thermometer. At the time
this work was reported only two thermometers had been
recovered and they registered 80.6 degrees and 80.4

degrees F., respectively. The authors report the best

1. Bul. No. 70, pp. 22-30, 1912,
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temperature for silage formation to be 75 degrees

to 85 degrees F. They state that & temperature
above 100 degrees F. means silege destruction, &nd
below 65 degrees F. during fermentation & poor qual-

ity of silaege is produced.

Neidig of the Iowa Experiment Station1
reports temperatures in o wogzpstave, & hollow tile,
and a conerete silo for & period from the middle of
September to the second week in October. Temperas-
fures were taken at the center, two feet from the
center, two feet from the wall, snd at the wall in
each silo. ‘They were taken with an electrical ap-
paratus of & type similar to the one used at this
Station, that is resistance bulbs were placed in pipes
in the silo end the wires carried to the top of the
silage, where the temperature was reed directly by
meens of an indicator box. A1l three silos showed
sbout the same charscteristics where the thermometers
were not affected by outside influences. The time
during which the temperatures were tsken was very short

and the data just. shows that when silage is put up
right no high temperatures are obtained during the per-

iod of silage formation. The maximum in this case

1. RGS. Bul. NO. 16. pp. 8 - 15, 1914.
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being 91 degrees F. in both the conerete (18 days
after filling) and the hollow tile silo ( 9 days

after filling) and 86 degrees F. in the stave silo

( 21 days after filling).

1 Work
Msgruder in his thesis/took temperatures

with electrical thermometers in pipes in the silos.
The highest temperature, 130 degrees F., was report-
ed near the surface of the silage. Within the mass

to
of silage the temperature rose slightly/asbout 100 de-

grees F. in the iron and concrete silos. Higher tem-
peratures were reported in the Gurler and stave silos,
but they are thought to be due to the fact that the
silage was drier and not packed so well. There was
very little difference at different depths in the
silo. In 811 cases there was & sharp rise to the

maximum temperature in sbout two weeks after filling,

then & slow and quite uniform decline.

Moisture and Acidity.

Short of the Wisconsin Experiment Station®
" presents data to show that the per cent of acid varies

with the percent of moisture in silage.

1. Thesis for A.M. degree, university of Missouri, 1914.
2., Bul. No. 19, p. 22.
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:Percent . Percent
: of : of
:Moisture :  Acid

: 54043 p< l.34
: 38.13 . 0.43
: 80.00

(X}

l.64
: 74.60 : 1.30

o se w0

The following table taken from Michigan

Bulletin No. 68 (1890), shows the relation of acid-

ity to the percent of moisture in silage.

Date

: Percent dry: Percent acid : Percent dry 5
of : matter in : in silage as : matter in cornm:
Cutting: Silage : acetic acid : at cutting.

August 10 : 10.00 : 1.26 3 13.90 :
August 16 : 12.70 2 .84 1 15.13 s
August 22 : 15.60 4 .76 : 17.46
August 28 ; 18.00  : .72 19.50
September 3: 21.40 = : 72 22.56
September 9: 24.27 ¢ 72 25.39 :
Septemberl4: 29,90 : .70 s 30.80

s
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The Massschusetts Experiment Station®
reports the percent of moisture and acidity in six

samples of silage as follows:

: Percent : Percent

Sample : of : of
: moisture : scid
1 76.38 4 3.68
2 70.01 : 2.12
3 82.87 : 1.98
4 76.36 : 2.69
b 78.84 : 1.26
.6 71.65 3 1.13

It is thought by king of the Wisconsin Ex-
reriment Station2 that too much water tends to in-
crease the acidity of the product. Where the corn
is put in the silo in too immature condition, an over
sour and lower quality of silage will be obtained.

In sn experiment to determine the factors operative in
the formetion of sweet and sour silage, Griffeths5
found thaf silage broduced below a temperature of 90

degrees ¥, had 1.66 percent of acid (methods not given);

1. Butletin No. 36, 1890.
2. Annual Report 1893, pp. 201-287.
%. Chem. News, 70 (1894), pp. 273-275.
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between 90 degrees . and 120 degrees F. the silége
hed 1.50 percent acid; and between 133 degrees and
158 degrees . a sweet silage was produced with only
0.08 percent of acid, which was mostly valeric with

e trace of lactic acid. This silage also contained
four percent of sugar.

The author states that the two varieties

of silage, acid or sweet, which are produced in sil-
age formation are determined by the temperature at
which the fermentation tekes place within the mess

of silage; "and the silage is acid or sweet accord-
ing to the presence or sbsence of certain acids belong-
ing to the fatty series. A temperature of 140 de-
grees to 158 degrees K. favors the vroduction of sweet
silage.” |

Babcock and Russell of the ¥Wisconsin Experi-

ment Stafion1 are of the opinion that the acidity of
silage is a product of the intromolecular respiration
of the plant tissues, and the amount of acid developed
is due to the length of the cellular sctivities.

The cellular activities teke plasce for a longer time
in the immsture and succulent plant than in the more
mature fodder, therefore the greater amount of acid.

Carbon dioxidé plays an importent part in the develop-
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ment of acid, as it kills the plant tissues end con-
sequently stops the development of acid.

In silage made from corn when the kernels
were in the dough stage, Withycombe of the Uregan
Experiment Station1 found 80 percent of moisture and
1.94 percent of acid as acetic acid. With clover
silage in three different silos there was quite a

variation, as is shown in the followirg tsble:

t:Percent : Percent
Silo . of ) of .
:Moisture : Acid s

1 : 74,7 0.80

2 § 7.2 1.16
3 s 7.3 1.06 s

Water was added to silo mno., 2 &nd silo wo. 3 at the
rate of one gallon of water to 100 pounds of materisl,
Morse of the New Hampshire Experiment Sta-
tion2 cqnducted & series of experiments covering two
years to determine the acidity in silage. There wsas
quite a veristion between the two yeears. In 1895 the
acidity veried from 0.67 percent to 1.33 percent. One
sample one year old had 1.54 percent. In 1896 it

varied frcm 1.47 percent to 1.95 percent. There was

1. Bul. No. 67, p. 104, 1901,
2. Bul; NO. 96’ ppo 115‘117’ 1902.
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no regularity in the amounts of scid occuring. ‘he
acidity at the surfece was always lower than six
inches below the surface.

Hart and Willaman of the Wisconsin Experi-
ment station1 express the belief that the acid pro-
duced in silage is formed within the tissues by
anaerobic respiration of the living cells, rather
than by meens of foreigh organisms; duéﬂféwfhe fact
that grinding the tissues very fine in a food grinder
liberates more acid than simply chopping with a knife.

For a period covering five years work, the
Storrs Experiment Station2 gives the average percent
of acid in corn silage &s 1.5 percent. However, it
varied from 1.0 percent to 2.0 percent.

Magruder in his thesis shows that the per-
cent of acid increases with the moisture. The per-
cent of acid and moisture varies with the maturity
of the corn. He reports a lower percent of acid at
the wall than at the center of the silo, while the
percent of dry matter is practically the same.

Dox and Neidig of the Iowa Experiment Sta-

tion® performed sn experiment to determine the amount

1. Jour. Amer. Chem. Soc., 34(1912), No. 11, pp. 1619-1625.
2. Bul. No. 70, 1912.

3. Res. Bul. No. 10, 1913.
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of lactic zcid in silage and its rate of development.
Samples were taken every day for the first fourteen
days. They were taken with & two inch soil auger
thru & hole in the door of the silo. They found
that the rate of formation of lactic and volatile
acids was greatest in the first three days. The form-
ation of the volatile acids was sbout twice as rapid

as the formation of the lactic. The average ratio of
the lactic to the volatile acids was 1.0 : 0.75.

Losses in Silags.

"The fermentation of an organic body is el-

ways accompanied by a loss of substance."1

In 1889 the Arkensas Experiment Stationz re-
ported & loss of 62 percent with corn, and 56 percent

with sorghum from ensiling these two crops. However,

the loss included the spoiled silage; and also this

was before the advent of the round silo,

Armsby3 reports a loss of 22.9 percent, 37.6

percent and 23.1 percent respectively in three experi-

mental silos. No. 1 was filled with corn shredded,

l. Wis. Bul. No. 19,
2. Annual Report 1889, p. 4.
3. Penn. Report, 1890, pp. 69-79.
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well packed, and covered and weighted. For No. 2
the corn was cut one inch long; the sides and corners

were tramped but the middle was left go. After sett-

ling the silage wes covered. For No. 3 the corn was

cut in two inech lengths,‘otherwise it was treated the

same as No. 2. He thinks thet some of the losses

were due to fermentation; but & large percent wae due

to the moulding and spoiling which took place at the
gides.

v 1
Smith of the Michigan Experiment Stetion
reports & loss of 8.32 percent as an average of four

tests from putting corn in the silo. Some other

tests varied from 14.57 percent to 20.36 percent.
Woll of the Wisconsin tuxperiment stationz

weighed the corn into the silo and weizhed the silage

out., He reports & loss of 10.3 percent in dry matter

from putting 65 tons into the silo. 3012 pounds of

spoiled silage was counted in the loss.

An experiment was carried on by Collier of

the New York Experiment_stat:lon5 in which bags contain-

ing 50 pounds each- of the green material were buried

in the silo at filling time. This materisl was snelyz-

ed at the time of filling and then at the time the bags

1. Bul. No. 1S¢1, 1901.
2. Annual Report 1891, pp. 227-23l.
3. Annual Report 1892, pp. 162-173.
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were taken from the silo. There wes & loss of

12.6 percent of dry matter, 18.5 percent of slbumin-
oids, snd 26.6 percent of sugers and starches. An
inerease of 3.7 percent of amide nitrogen, and an
aspparent increasse of 45.4 percent in crude fat, - due

to the increased solubility of the ether extract thru
the fermentation in the silo.

In 1894, for & period covering six years,

the kensas Experiment Station1 reported an average

of 77.2 percent of good silage, 10.5 percent of rot-

ten silage, and 12.3 percent of loss. Of several

plans tried for the saving of silere, they obtained
the best results when the surface of the silage was

covered with & layer of green grass thst would be six

inches thick after it had settled, srd then covered

this with earth. Very little silage spoiled.

As a result of a series of experiments in
2
1893 - 1894, King of the Wiscornsin Experiment Station

found the losses in silege to be considerable less

than 10 percent; a8 low as 5 percent to 6 percent.

According to Babeotk and Russell of the same Station3

the unavoidable losses in silage are due to the forma-

10 Bula NO. 48, PP. 53-4‘00

2. Annusal Rpt 1895, pp. 273-278.
3. Annual Rpt. 1900, pp. 123-141.
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tion of water, cerbon dioxide gas, and volatile or-

ganic acids, as a8 result of the intromolecular res-

piratory processes of the ensiled tissues.

King1

elso performed an experiment to determine the influence

of close packing of corn in the silo upon the unavoid-

able losses in silage.

same weilght and composition were taken.

Two samples of silage of the

One sample

was packed in & pint milk bottle, the other was put

into a quart milk bottle.
ed.

Both bottles were then sesl-

The covering contained & mercury valve which per-

mitted the escape of gases but did not let sir in.

The amount of loss in each is shown in the following

table:
1st pair : 24 pair s
:1 pt. : 1 qt. :1L pt.: 1 qt.:
. .  £ms s gms., : gms, : gms .
Weight of corn at start :323.7 : B18.7 :299.6: 299.7-
Loss of silage after 33 da. : 1.0 : 7.6 : 3.8: 8.5

Percent of loss after 33 dsa.

Loss of silage after 303 ds. : 2.40; 10.4 : 5.6 :

Percent of loss after 303 da.:

.3l:  2.38: 1.27: 2.91-

12.0
.74:  3.26: 1.80: 4.11-

1. Annual Report 1901, pp. 200-209.
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The loosely packed sustained & loss near-
ly three times as greet as that which was closely
pecked; 3.68 percent for the loose, &nd 1.27 percent

for the close packed one (the aversge of two bottles

in each case).

A comparison of green fodder with the sil-
ege made from thet fodder is given by Morse of the

Yew Hampshire Experiment Stationl. The greatest and

most important changes were in the carbohydrates;
mainly sugers and fiber. A loss of sugar end &n in-
crease of fiber. He states thet the losses in sil-

age'are confined almost exclusively to the sugars.

Teble showing the loss of suger in silage:

T 1898-1899 . 1899-1900 : 1900-1901
:Todder:silage:Todder:silage:fodder:silage
o % . Y% . % . % . .
Dry matter ©19.50 :18.25 :18.86 :16.38 :20.05 :19.52

Suger in dry metter : 7.75 : 0.20 :20.89

: 0.51 : 8.24 : 0.55

Apparently the starch wes not affected. The

suger content of the corn plant is most sbundant during

the easrly stages of ear development. As the pleant me-

tures the sugar changes to starch. The least loss of
carbohydrates will therefore take place the nearer the

corn is to mgturity and yet make good silage; since the

1. Bul. No. 92, 1902.
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suger is almost all destroyed in the silo.

Cooke of the Colorsdo Experiment Stationl
reports the following losses in an experimental
8ilo ten feet square: 9997 pounds of fodder corn
put in end 8997 pounds teken out, - a loss of 10
percent. 9721 pounds put in and 9409 pounds teken
out, meking a loss of 3 percent.

\

WEIGHTS IN SILAGE,

King of the Wisconsin kxperiment Station2
reports the weight of a cubie foot of silage at fill-

ing time, from several Stations, to be as follows:

:Wt. per :Depth of :

Station cubic :silage in :
foot : 8ilo.
Lbs., Tt.
Viisconsin : 24,75 s 13
Wisconsin . 27.90 2 12
North Carolina : 26.00 . 14
North Cerolina : 34.00 p 31l.5
New York : 25.90 . 14
New York : 25.70 : 14
Missouri : 30.00 . 16
Kansas : 34.00 b 20

c. Eo King. * Whi te"
water, Wis : 44,60 3 27

These weights are based upon the weights of the green

l.5ul. no. 57, 1900.
2. Annual Rpt. 1891, pp. 241-244.
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material put into the silo, end are an average for
the whole silo.

In Mr. king's work the weight per cubic
foot was calculated from the weight of the silage
put into the silo. He assumes the wmean weight of
e cubic foot of silage made from well glazed corn
to be 42 pounds in & silo twenty-seven feet deep and
slowly filled; the upper thirteen feet to average
26 pounds; and 45 pouﬁds as the weight of a cubie
foot thirteen feet below the surface. Also assume
that beiow this thirteen foot level there is & uni-
form inerease until 63 pounds is reached. From
this he computes the weight of a cubic foot at dif-
ferent depths in the silo (no methods given). In
his table he obtairs the maximum weight (63 pounds)
at a depth of twenty-threé feet in the silage, ard
below this depth he considers the weight uniform for
succeeding depths. King1 hes since gotten out a
table in which he has calculated the weight of a
cubic foot of silage from & depth of one to thirty-
six feet. ~ He shows a fairly uniform increease from
18.7 pounds to 61.0 pounds.

2

King“ also reports the results of an ex-

1. Annuel Rpt. 1893, p. 207.
2. Annusl Rpt. 1891, pp.249-254.
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periment to determine the latteral pressure in the
silo; by meens of pressure plates. In general, it
was found that below a depth of three feet the pre-
sure incressed at a rate of nearly 11 pounds for
each foot of depth. Kingl reports two incidents
where the silo had burned, and in both cases the
silage maintained the form of the space in which it
hed been stored; showing that after silage has once
settled there is very little latteral pressure (A. D.
Rice's silo burned October 20. C. L. king's silo
burned four days after filling).

Cooke of the Colorado Experiment station®
divided an experimental silo ten feet square into
three layers with bosrds to separste the layers, and
rods extending from the boards to the surface so that
the amount of settling could be recorded. The final

weight for each layer is given in the following table:

. Lbs. of :Thickness: Lbs. :Da. of:Lbs.

. of :Press-:settl-: per :

Silage : %gggzs : ure : ing :cu.ft.:

Botton layer : 6588 : 15.5 : 323 : 90 : 50.7 :
Middle layer : 9721 : 47.0 244 77 33.3
Top layer . : 9997 : 39,0 : 1456 : 8 : 31.5 :

1. Annual kpt. 1894, p. 289.
2. Bul. NO. 57, 19000
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When the cover and the top were removed down to the
first leyer, the top of thies layer rose two &snd one-
half inches. This includes the expansion for the
whole mass. Yhe first and third layers expanded

one inch each and the middle layer oné-half inch.

SHOCK-CORN FODDER IN THE SILO.

The report of the utah Experiment Station
for 1892 (pp. 40-49), gives & short reference to the
placing of fodder in the silo, comparing the keeping
qualities in the silo as against the mow. the fodder
was put thru the silage cutter before being plasced in
the silo. The fodder contained 58 percent moisture.
‘No water was added. As far as could be determined
there was no loss. The fodder seemed to be softer,
and Quoting from the author, "It was eaten better
than I have ever known corn fodder to be eaten, fully
as well as hay is usually eaten.”

the Delgwere Experiment Station1 reports
some trials with shock corn fodder as silage. Rect-
anguler silos 7 x 8 x 28 feet were used. February

26 and 27, 1903, about 9,000 pounds of dry fodder were

1. snnusl Report 1903, pp. 38-41.
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placed in & silo; rebruary 27, 2025 pounds or well
water, at a temperature of 52 degrees were put on
the silage. On mMerch 2, 3070 pounds of water ad-
ditional were gdded; this mass then had 27.5 per-
cent of dry matter. On this same date iron pipes
tive teet long were driven down into the silage; al-
so pipes were driven thru the side walls of the silo
into the center of the silage. Temperatures were
teken by means of chemical thermometers. I'he fol-

lowing temperatures were reported:

rt.below : : s s

surfasce : March 2 : march 3 : march 4 :
5 : 149°¢., : 122°%. : 140°r.
12 : 126%. : 140%¢. : 140%,
18 : 7°e. ¢ 122°F. : 131°k.

Beach of the Vermont Experiment Station1

shredded sbout 8 tons of dry corn fodder with 60
pefcent of dry mattér, into a stave silo; and at the
same time added 3 tons of water. #ithin the next
two weeks enough water was added to reduce the dry

matter to approximately 25 percent. A sweet silage

1. Bul. No. 70.
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was produced. It seems thet not enough water was
added at the time of filling as portions "fire fanged"”.
Magruder in his thesis found that when water
is added to corn fodder at the rate of one pound of
water to one pound of fodder at time of filling a

good silage is produced with & moisture content about

typical of normal silage.

LEGUMES FOR SILAGE.

. The Maryland Experiment Station1 reports a
trial of soybeaps and corn for silege (proportionms
not given). The silaege wes in good condition at
the time the silo was opened. However, upon ex-
posure to the air the soy beans quickly changed, dev-
eloping an undesireble odor and were refused by the
cattle.

The Wisconsin Experiment Stationz reports
good success with clover &s a silage crop. The
points they emphasize are:- use fairly mature clover;
and cut it when the dew is off. By following these
suggestions & bright; sweet, and palatable silage

can be produced, and it will have an aromatic odor.

l. Annual Rpt. 1891, p. 349.
2. Bulletin No. 19, p. 27.
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A1falfs was made into silage on a small
scale by Cooke of the Colorado Experiment Stationl.
Al1fslfas both whole and cut was tried in the silo,
but better success was secured with cut alfslfs.
With the cut alfalfa there was 7.3 percent of spoil-
ed silage, and sbout 10 percent loss in dry matter.
However, excellent silage was produced.

It is generally believed by farmers
that the legumes, alfalfa, clover, cowpeas, etec.,
may be made into silage; but that corn is a better

silage crop, and where possible the silo should

be filled with'corn, end the legumes made into hay.

1. Bul. no. 57, 1900.
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DESCRIPTION OF SILOS.

The silos used are situated in and about

Columbia. They are as follows:

South Concrete Silo.

North Concrete Silo.

Iron Silo.

iMillier's Stave Silo.

Reid's East Stave Silo.

Reid's West Stave Silo.

Gurler Silo.

‘Tile Silo.

Estes' Concrete Silo.

Lorsey's Concrete Silo.

Six Experimental Silos.

Six Experimental Cans.

The South and North Concrete Silos are
situated at the dairy barn on the University Farm,
They are of the monolithic type, 33 feet high and
16 feet in diameter with concrete floors and set

5 feet in the ground.
The South Conerete Silo was filled Sep-

tember 2 - 6. The corn was somewhat greener than

.that which is ususally used for silage purposes,
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most of it had not yet passed the glazed stage,
so no water was added. The corn was cut quite
fine, and the silage was well tramped, especisally
the surface after the silo had been filled; and
one-half barrel of common salt was spresd over
the south half.

1'he North Concrete Silo was filled Sep-
temper 22 and 23. The silage was well tramped
and after filling operations had ceased the north
half of.the surface was covered with tarred paper,
the edges overlapping about two inches, then a
load of cowpeaé was run thru the silage cutter and
put on top of this paper.

The Iron Silo is situated at the Univer-
sity cattle feeding sheds, end is 26 feet high, 12
feet in diameter, and sets about 4 £ feet in the
grouhd. The part above ground is made of iron
bands two and one-half feet in width and rivited
together. This silo was filled August 29 - 3l.
The silage was well tramped and no water was added.
About 18 da}s after filling the surface was leveled
and tramped down, and a quentity of common salt

Sprinkled all over the surface.
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The Tile Silo is situated on a farm
southeast of Columbia, and is 42 feet high and 14
feet in diameter. It is made of glazed hollow
tile cemented together, and sets 2 feet in the
ground. It was filled September 2 to 4. The
corn was cut rather coarse &and was not tramped
very much.

A1l of the stave silos are typieal.
They are situated on farms east of Columbia.
Miller's Stave Silo is 37 feet high, 16 feet in
diemeter, and sets 5 feet in the ground. It was
filled September 12 to 15.

Reid's East Stave Silo is 32 feet high,
16 feet in diameter and sets 4 feet in the ground. .
Reid's West Stave Silo is 36 feet high, 14 feet
in diameter, and sets 4 feet in the ground. They
were filled August 29 to September 1.

The Gurler Silo is located on a farm
northesst of Columbia, and is 30 feet high and 14
feet in diameter. It has been used several years
and the plaétering hes cracked in places. It was

filled August 25 ard 26.

Estes' Concrete Silo and Dorsey's Concrete

Silo are located on farms southeest of Columbia, and
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are of the monolithie type. The former is 52
feet high and 16 feet in diameter. The latter
is 52 feet high and 14 feet in diemeter.

5ix circular water tanks six feet high
and three feet in diameter, and made of two-inch
eypress were used as experimental silos. They
contained & bottom, and tops were made that would
settle down in the silo as the silage settled.
They were placed in the loft of the dairy barn for
protection from the cold. they are designated
as experimental silos wo. 1, No. 2, No. 3, etec.,

Each time an experimental silo was fill-
ed &8 wire screen which would fit loosely in the
silo wes placed so that about one foot of silage
was above the screen when the filling was complet-
ed. The weights of the amount of silage both be-
low and sbove this screen were tsken when put in
and sgain when removed. 1"he object in using this
screen weas to mske it possible to distinguish be-
tween the loss of nutrients due to the fermentation
of the silage and the loss on top that occurs from
exposure to tke air,

The Experimental Cans were 20 inches
high and 12% inches in diameter, end held about ten

gallons,
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DESCRIPTION OF METHODS USED.

Temperature Observations -- Temperature

readings were obtained by means of Leeds and North-
rup Resistance Thermometers with balance type In-
dicator.(The Leeds and Northrup Compeny). This
apparatus consisted of & porteble indicator and
resistance thermometers. These thermometers were
placed in half inch gas pipes, and the wires car-
ried from the thermometers thru the pipe to the sur-
fece of the silsage. The pipe was placed against
the wall, extending from the top of the silo to

the desired depfh and from the lower end of this
ripe & similar pipe extended to the center of the
silo. One thermometer was placed at the lower end
of the perpendiculg;ng give the temperature at the
well, and one at the inside end of the horizontal
pipe to cive the temperature at the center of the
silo. When readings were desired the thermometers
was connected with the indicator box and on passing
and electrigal current thru the apparatus, the tem-
peratures were read.directly in degrees iahrenheit
on the indicator scale.

Moisture Determinations -- A sample of the

silage was taken when desired and weighed. The
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silage was then spread in & mouse tight case and
thoroly dried at room tempersature, Ythe dried sil-
age was then weighed and the percent of air dry

matter in the fresh silage calculated.

Acidity Test -- Samples for the scidity

test were taken in two-quart fruit jars. About

one cubic centimeter of chloroform was added to
preserve the sample until the ecidity could be de-
termined. The seample for acidity was a part of
the.sample teken for moisture. The sample was

run thru & smell feed cutter to chop the silage up
fine, and then thoroly mixed and two 100 gram por-
tions taken for the acidity test. 'hese portions
were washed with distilled water and the washings
titrated ageinst a standard alkali until the last
washing titrated the same as the blank which had
been run on the distilled water. Four washings

were usualy required; about 1000 c.c. for the first
one and 500 e¢.c. each for the succeeding ones.
twenty-four hours or longer intervened between wash-
ings. Each washing. was decented into a suction fil-
ter, and the filtrate made up to 500 c.c. and 100 c.c
portions titrated immediately. Where the washings

were unusuelly cloudy they were washed over animal
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charcosl to remove the color. An asverage mole-
cular weight of 80 was used for the mixture of
acids, this being the molecular weight used by the

Storrs Experiment Station.
Method of Taking Weights -- The weight

of silage per cubic foot at different depths in

the silo was teken by means of an apperatus devised
by Reed of the Kansas Experiment Station. This

is sn iron frame which can be driven into the sil-
age to enclose & cubic foot. This freme is a
foot squa}e on the outside and eighteen inches high.
vhe upper six inches of the frame are braced for
strength and to this upper part sherp pointed rods
ere welded, one on each corner and one in the mid-
dle of each side. (See Plate 1.) The silage was
cut arourd the outside of the frame with & hay knife,
and the silage taken out of the frsme to a depth of
one foot and weighed for the weight of & cubic foot
gt that depth. These weights were taken as the

silage was fed out.






2
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PLATE I.

"Kansas Apparatus"
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TEMPERATURES IN SILAGE.

Object.

The object of this experiment is to ob-

tain definite knowledge as to:-
1. The importance of temperature in its

relation to the fermentation of silage.
2. %he factors affecting temperatures.
(a) Materisl used in the construc-
tion of the silo.
' (b) The effect of air in silage.

Plan of Experiment.

High Temperature as Compared with Low --The

six experimental cans were filled with silage from
the South Concrete Silo at the time it was being fill-
ed, and & sample was taken for analyses. The silage
was thoroly packed in the cans &nd the tops put on,

then the cans were placed in the cheese press and

heavy pressure applied. rhe tops were fastened on

with wire, and melted paraffin was poured around the

edges to seal the cens air tight.  The weight of

the silage in each can was taken both at the time of
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filling and when the cans were opened.

iwo cans were placed in the refrigerator

at 50 degrees I,

Two cans were placed in a room at 68 de-
grees ',

Two cens were placed in & special box ar-
ranged in the bassement and heated by an electrical
oven, set to maintain the temperature at about 100
degrees r.

One cen from each place was opened three
weeks aftér filling, and the remaining three were
opened sbout two months after filling. Samples
were taken for ecidity and chemical ansalyses.

Temperature in the Large Silos -- Temper-

atures were taken at the wall and center of the two
conerete Silos, the lrom Silo, the Tile Silo, the
Gurler silo, end the two Stave Silos; to gather

deta on the reletion of the material used in the con-
struction of the silo to the temperasture of the sil-

age.
pir in Silsge -- Two experimental silos

were filled with nommal silage teken from the South
Conecrete Silo .2t the time it was being filled. The

8ilage was thrown loose into one of these silos and






-38-

no weight applied, while it was well tramped in-
to the other and 1500 pounds of weight applied.

9wo experimental silos were also filled

with shock corn fodder in the same way as the two

preceeding silos.

A resistance thermometer was placed in
each silo so that the tempersture could be teken
at the center of the silo. Samples for analyses

were teken from all silos.

DISCUSSION OF DATA.

Experimentgal Cans -- Temperature readings

were teken daily (Sundeys excepted) thruout this
experiment. The temperature of the refrigerator
was the most difficult to controll; the range of
temperature was from 44 degrees r. to 57 degrees F.
with four exceptions the range of temperature was
within four degrees ot 50. the temperature of the
cheese curing room was the most constant, the ex-
tremes were 64 degrees F, and 71 degrees r. There
were only three exceptions to & range of two degrees
esch side of 68. With the exception of eleven days

(September 23 to October 2, when the electricity






-39~

wes turned off) the temperature of the special
box was also quite uniform. The range of temper-
ature was from 92 degrees ¥. to 103 degrees r.,

and with but four exceptions the range was within

three degrees of 99.

When the cans were opened the silage was
compared as to appearance, odor, taste; and samples
were taken for acidity and moisture. Small amounts
of mold were found in some of the cans, indicating
thaet some air had gained entrance.

.Twenty-three days after filling, one can
from each lot was opened.

The silage held at 50 degrees r. hed 1,94
percent of acid, and sustained a2 loss in weight of
1.26 percent. 1'he silage in this can had not chang-
ed much in color from that of green corn. However,
it had & disagreesble taste and odor. The odor re-
sembled that of alcoholic fermentation, with some
putrefaction. ThLere were & few spots ot mold in
this silege, next to the seams of the can, but not

enough to affect the-general results.

the silage held &t 68 degrees F. had an

scidity of 2.20 percent, and showed & loss in weight

of only 0.27 percent. this silage wes darker then

that which hed been held at 50 degrees r. 1t was

——
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very sour to taste and had a pleasant acid osﬁr. %
¥

P
It also had an odor somewhat characteristiec Q_“

freshlty cut corn.
The silage held at 99 degrees r. had

1.45 percent of ascid, and susteined & loss in
weight of 2.74 percent. This silege was the dark-
est in color of the three samples and was very
similar to that of normal silage. the odor was
also very much like that of normal silage, with

the bossibility of a greater amount of alcoholiec
fermentation. This silage did not teste as strong-
ly acid as that which had been held at 68 degrees w»,
There wes some mold present, but not enough to af-
fect the general results.

The three remaining cans were opened 58
days after filling.

The silage held at 50 degrees . had 1.56
percent of acid. It had & much greener color
than the silage in the other two cans. Also it
was greener than the silage which was taken from
the South Concrete Silo at this time. The silage
hed a sharp acid taste, and not an unpleasant odor;
altho it was not as-pleasing as that in the other

two cans, however, it would pass for good silage.
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The evidence of alcoholic fermentation, or putre-
faction which was present in the other silage held
at 50 degrees r. was lacking in this silage.

The silage held at 68 degrees F. had en
acidity of 2.19 percent, and showed & loss in weight
of 1.72 percent, however there was no evidence of

spoiled silage. fhe silage was darker in color

than that in the preceeding can, but not &s dark
as that which was taken from the South Concrete
Silo at this time. It had a sharp scid taste a-
bout like that in the preceeding can, but & more
pleasant odor. When this can was first opened it
hed an odor resembling that of swill, but it soon
disappeared, and this silage would pass for good
normal silage.

the silage held at 99 degrees F. hed 1,82

percent of scid. It was very nearly of the same

color as that which was teken from the South Con-
crete Silo; and more like it in odor and taste than
the silage in either of the other &ans. Ihis sil-
- age did not taste as sour as that in the other two

cans, and appeared to be the best lot of silage.
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TABLE 1.

Comparing the Effect of High and Low

Tempersture Upon the Formation of Silage.

: ~Percent:Percent of: Percent of: Days
Can : Temperature: of :dry matter: loss in : after
No. : . scid : (sir dry) weight : filling :

L: 50°F. : 1.94 : 30.40 1.26 23
2 : 50%F. : 1.56 : B2.27 :  —===F 58
3 : 688, : ©2.20 : 30.49 : 0.27 23
4 : s, : 2.19 : B0.11 :  1L.72 58
5 : 99°#, .45 : 29.18 @  2.74 : 23
6 : 99%#, : 1.82 : 3Bl.66 ——-* 58

*
There waes sn spperent gain in Nos. 2 and 6; probably due

to an error.

The percent of gcid in the different lots

Show no uniformity with the gppeareance, odor, and taste.

At the end of three weeks the geidity of the silage

held at a low temperature Wes greater then that of

the silege held at & high temperature, while &t the end

of two months this conditimn was reversed. There weas

& loss of acidity in No: o as compared with No. 1,

while No. 6 showed an -incresse OVeT No. 5.

The silasge which hed been held st 50 degrees

F. for twenty-three days W&s the poorest of all the

——
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lots snd wes considered to be very poor silage,
while all remaining lots, including the one held

at 50 degrees for 58 days would have passed for

normal silege.
These date indicate that the tempera-

tures ordinarily obtained in the silo (70 degrees

F. to 100 degrees F.) play &n unimportant part

in silage formation. It is probable that 70 de-

grees . is not the lower 1imit of temperature at

which good silage can be mede.

This conclusion is in gccord with the re-

sults obtained by Bebcock and Russell of the Wis-

- consin Experiment Stationl, and Esten and Mason of

the Storrs Experiment Stationz.

Bebcock and Russell report that when other

conditions are natursl just &8 good silage can be

made in small containers at @ temperature of 60 to

70 degrees F. as in large silos where higher temper-

atures are obtained. nshowing that the sccumulation

of hest which naturally occurs in a silo when large
masses of silége are eneiled, 18 not at all essential
for the production of good silage."”

Esten and Mason state that a temperature

————

1. Annual Report 1900, pp. 125-14L.
2. Bul. No. 70, pp. l2-14, 1912.
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of 70 degrees i'. favors the production of lactic
and scetiec scids, while 50 degrees F. favors the

production of the stronger aromatic acids - pro-

pionic arnd butyric. The silage held at 70 degrees

¥, did not heve so strong an odor &s that held at
50 degrees r., but it hed more of & silage odor.

They hold that a temperature of 100 degrees F. or

over means silage destruction, and & temperature

below 65 degrees F. during fermentation results

in the production of silage of poor quality.
411 the deta available show that no

very low temperatﬁres, 60 to 70 degrees F. or low-

er, are attained in the silage thruout this region

during silage formation.

We mey conclude that if silege is proper-

1y put up the temperature factor will not enter in,

&8s the range of veristion at filling time is with-

in the 1imits considered to be essentigl for the

Production of good silage.

Temperature Resdings in Silos -- The tem-

Perature readings taken in the large silos ere

given in the following tables:-
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TABLE 2.

TEMPFRATURE READINGS® - SOUTH CONCRETE SILO.

#41led September 2 - 5, 1914.

s ~Reading of Thermometers Placed : Mean :
: : “Two Tt.:lhree 1t: :Temperature
Date of :Time of . At : from : from : At : of Atmos-:
Reading :Reading . Well : Well : Center :Center : phere
- Degrees I.

-

Sept. 7 . .45 oM. . 89 : 9 : 96 : 93 T
" 8 : 4:00 p.M. : 80 : 91 93 : 93 66  :
" 9 : 4:15 r.M. : 78 gg : 93 : 92 64 .

95 : 92 : 78

" 14 : 5:00 P.M. : 82 : 90

" 15 3.30 p.M. : 80 : 9L : 94 @ 94 = 72
" 18 : 4:45 P.M. : 81 : 89 94 : 94 7o
" 19 : 3:45 p.M, : 84 : 90 94 : 94 75 "

" 23 : 4:30 P.M, : 76 : 89 94 : 93 57 .
Octe 2 : .45 P.M. : 76 : 86 : 92 : 94 : 66 .
" 9 : 3:00 P M, : 73 : 84 91 : 93 : 67 :
" 23 : 4:00 r.M. : 81 : 79 gg : 91 : 65

73 s 84 : 88
84 5 26

.

Nov. 14 : 9:45 a.M. : 67 59 :

Dec. 12 : 2:15 P,M. : 37 : 628 77
' . 5O @ 52 : 79 36

Jan, 1 : 2:30 r.l. : Bl
52 : 74 50

15 : 3:00 P.M. : 39 : 49

* A
Resistance thermometers were pleced 17 ft. from top of silage.
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TABLE 3.

Filled September 22 - 23, 1914.

T Reeding of lhermometers:

Mean

-
-

.

Date of : Time of : Placed : Temperature :
Reading : Reading :A% ¥all At Center  :of Atmosphere:
: . Degrees F.: Degrees r.: JDegrees i.:
Sept. 24: 2:30 .M. 68 65 6o
"  26: 3:45 P.M. 72 72 60
" 28:10:156 A. M. 72 74 64
" 29: 1;45 r.l. 76 76 64
Oct. 1: 4:30 P.M. 78 78 68
" 2: 3:45 I'.it. (&4 77 66
" 5: 2:45 r.M, 77 78 71
" 9: 3:15 r.M. 73 78 67
" 23: 1:45 r.M. 71 79 65
Nov. 14:10:00 4.M. 61 79 59
De¥. 12: 3:15 r.M, 39 78 26
Jen, 1: 2:156 P.M. 34 74 36
" 15: 2:30 P.M. 65 71 50
" 29: 2:45 P.M. -- 69 16
FeB. 2: 2:00 r.M. 47 67 28
" 23: 2:45 E.M. 67 63 40
Meh. 13: 3:15 P.M. 50 60 40
" 26: 9:00 AL 55 58 34
Apr. 10: 1:30 r.M. 58 58 60
~_ 19:10:45 A.M. 73 61 70

*
Resistance thermometers were

top of silage.

placed 7 ft. 6 in, from
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TABLE 4.

*

TEMPERATURE READINGS -

IRON SILO.

#41led August 29-31, 1914.
: :Resding of Thermometers: Mesan
Date of : Time of : Placed :Temperature

Reading : Reading

At Wall :4t Center
:Degrees_t. :Degrees I. : Degrees H,

:of Atmosphere:

Sept. 4 : 3:45 P.M. : 98
" 5 : 2:30 P.M. : 98
" 7 : 4:45 P . 78
" 8 : 4:15 P.l. : 85
"9 : 4:30 P.M. : 71
" 15 : 3:15 P.M. @ 84
" 18 : 4:30 P.id. : 95
" 19 : %:15 r.M. : 98
" 23 : 4:45 P.u. 86
Vet, 2 : 4:00 rui. : 94
" O : 2:45 r.M. ne
" 23 : 1:30 r.M. : 70
Nov. 14 : 9:30 A.M. : 61
Dec. 12 : 1:45 p.M. : 32
Jan, 1 : 2:00 Posie : 53
" 15 : 3:15 r.M. : 74
" 29 : 2:30 r.M. : --
Peb, 2 : 1:45 P.M. : 42
! 23 : 2:45 r.m. : 44
Meh. 13 : 3:00 r.um. @ 60
" 26 : 9:15 A M. --

Apr. 10 : 1:15 P.M. : --
" 19 :10.45 A.M4. : 95

97 : 71
99 : 79
99 s 74
100 s 66
102 H 64
101 72
100 72
101 75
100 57
101 66
97 67
93 65
86 59
76 26
68 36
61 50
59 16
58 28
52 40
50 40
48 34
48 60
48 70

LX)

*
Resistance thermometers were place

from top of silage.

d approximately 16 feet
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TABLE 5.

*
TEMPERATURE READINGS - MILLER'S STAVE SILO.

Filled September 12 -15, 1914.

TResdaing of Thermometers Placed: Mean :
: : :Two It.: 2% 7t = : Temperature

Date of : Time of . At : from : from ¢ At :0f Atmos- :
well : Wall : Center: Center: phere

Resding ; Reading ; Degrees F.
Sept. 29: 4:30 D.M. g6 : 95 : 96 : 96 : 64 :
Oct. 24:10:30 A.M. : 71 : 82 91 ¢ 91 : 54 :
Dec. 12:10:30 A.M. : 43 : 63 g0 :90%5 26
Jen. 16:11:00 A.M. : 52 : 60 : 71 :72& : 40
" 26:10:30 A.M. : 34 : 56 g4 : 7R6¥F 21 :
Feb. 5 : 1:00 P.M. : 42 55 : 68 :Ufex : 30
" 18 :10:20 A.M, : BO : 60 69 : 656 45 5
" 25 :10:45 4.M. : 45 : 55 : 67 ¢ 6568 34
Mch. 9 :11:30 A.M. : 41 : 60 : 64 1p6® 32 :
" 18 :11:15 A.M. : 43 : 57 @ 64 668 36 :
" 25 :11:30 A.M. : 37 : 56 63 045 : 41
Apr. 6 : 9:45 s.M. : 58 : 59 62 : 6257 : 64

ve

" 15 : 9:45 A, M., : 57 : 62 62 :J5§¥%% : 64

29 H:F0#M. : 73 : 70 : &% . 87
d approximately 20 feet

Resistance thermométers were place

from top of silage.

X When Shis buth was Hiken Trom 1€ silo s#

WS Found 15 read S€ver JcgreES oo /low
betweer  70% g}j"f’ gnd Tive a@j;’ees ~oo

/Q7VV’ belween 45(75,‘;229€Zf7






-49-
TABLE 6.

*
TEMPERATURE READINGS - TILE SILO.

Filled September 2 - 4, 1914.

:Reading of Thermometers: Mean .
Placed : Temperature :

Date of ; Time of s
Reading : Reading . A% Wall : At Center :0f Atmosphere:
$ :Degrees F. :Degrees F. : Degrees F. :
Sept. 15 :11:00 4 .M. 79 : 92 : 72 :
Qct. 20 : 3:00 P. M.: 64 89 4 64 .
Dec. 8 : 3:15 P.M. : 49 ) S 38 :
Jan. 9 :10:45 A.M. : 39 77 : 36
" 23 :11:00 A.. M.: 33 74 s 3
Feb, 8 :11:30 A.M, 24 : 73 : 28
" 16 :10:45 A.M. : 30 : 71 : 37 :
Meh. 2 :11:15 &.M. : 44 68 : 35 :
" 16 :10:45 A.M. : 47 70 : 39 :
" 30 :11:15 A.M. : 50 65 ! 37 :
Apr. 13 :10:45 A.M. : 71 65 50

——

Resistance thermometers were placed approximately 22 feet

from top of ‘silage. -
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Due to accidents only a few temperature

readings were obtained in Reid's Stave Silo, and

in the Gurler Silo. However, they substantiate

the readings obtained in the other silos.

These temperature readings are given in

the following table:-

TABLE 7.
RFID'S EAST STAVE SILO.

“Reading of Thermometers: Mean

Date of ‘; Placed : Temperature :

R8ading : gi:gigg ; At wall . At Center :of Atmosphere:
: : .Degrees F. :Degrees F. Degrees F,
Sept. 9 :11:45 A.M. -- 71 64
Jen. 16 :12:15 P.M. : --- 68 40
" 26 :11:15 A. M.: -- 67 21l
Feb. 5 : 2:30 PuM._:_ _ "= _ -~ — 66 _ _i_ _ _ 30 _ __
GURLER SILO.
Sept. 16 : 3:00 P.M. 94 114 77
B 27 :12:00 N. 87 108 64
Oct. 18 : 3:00 P.M. 79 ™™ g 60
Nov. 22 : 3:00 P.l. 70 —==¥* 38

*Short Circuit.
**One thermometer pulled out end the other pulled to

the wall.

The.silage in the Gurler Silo was Very dry and

more or less moldy thruout.
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It is well known that high temperatur-
es sre obtained at the surface of the silage
where oxygen geins sccess and partial decomposi-
tion takes place, snd it is popularily believed
that the temperatures which are attained in the

mass of silage‘during silage formation are as

high or higher.
The silage in all of the silos was in

excellent condition, with the exception of that

in the Tile snd Gurler silos. The Tile Silo con-

tained a quantity of red mold thruout, and there

was a large amount of white mold in the Gurler

silo. Therefore, the temperatures in the differ-

ent silos should be comparable.
L study of the preceeding tables and

charts shows that the temperatures at the center

of the silos were fairly uniform.  And in only

two silos, the Iron and Gurler Silos, did the temp-

erature exceed 100 degrees F., the meximum being

102 in the Iron Silo ten 4ays efter filling, &end

114 in the case of the Gurler 3ilo.
was obtained in the

A meximum

temperature of 94-degrees F.

South Concrete Silo, eleven days after filling;

While the meximum tempersture of 7§ degrees F. in
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the North Concrete Silo was not obtained until
thirty deys after filling.

Exceedingly high temperatures, 120 to
145 degrees F., were obtained only at tke surface
where air geined access; and these high tempera-

tures were obtained in sll of the silos.

The date show that there was a rather
sherp rise in the temperature for the first two or
three weeks, and then a gradual end quite uniform

decline during the entire winter.

The temperature at the walls of the dif-

ferent silos fiuctua%ed, following closely that of

the atmosphers. The Iron Silo showed the greatest

varisbility.
Cherts No. VIII and No. IX show that for

the first few weeks & small smount of heat may be

developed by fermentation in the silage, but after

this there is a gradusl cooling of the mass of sil-
age from the wall to the center of the silo; and

thet in time the temperature of the gsilage will be-

come the same as that of the atmosphere.

Magruderl reports & meximum temperature

of 110 and 120 degrees F. with two thermometers in

——

1. Magruder's Thesis, 1914.
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Conley's Stave Silo, one and two days respective-
ly after filling; and 112 and 111 degrees F. with
two thermometers in the Gurler Silo, three and
five days respectively after filling. A tempera-

ture of 114 degrees F. was also obtained during

the past winter in the Gurler Silo. Some mold was

present thruout the silage in these silos.
All these facts indicate the presence of

eir in silage; and the conclusion that these high
temperatures sre due to the dry condition of the
silage and insqfficiept packing is supported by the
dats obtsined in Experimental Silos Nos. 1 and 2,

and Nos. 7 end 8, which shows that free air in the

silage resulted in high temperatures. These data

are discussed on page 59 .
In the fall of 1913 Magruder reports a

meximum temperature slightly above 100 degrees F.

in the two concrete silos, which is higher than

the temperatures obtained in these two silos dur-

ing the fall of 1914. These higher temperatures

are accounted for by the higher temperature.of the
etmosphere in the fall of 1913 during the t

@ilos were béing filled, then the temperatures at

ime the
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the time the silos were filled in the fall of 1914.
As & possible explanation of the differ-
ence in the temperstures in the different silos dur-
ing the first few weeks, we offer the suggestion
that it may be due to the temperature of the atmos-

phere during the time the silo was being filled.
The results on all of the silos indicate

that the temperature in the silege is influenced to

a very slight degree, if at all, by the material

used in the comnstruction of the silo. The only ap-

parent exception to this conclusion is the Iron
Silo. However, thefe are three possible explena-

tions of why the temperature declined the fastest

in the Iron Silo:-
1. The thin walls of the silo would per-

mit faster radistion of heat from the sile.
o, The silo is only 12 feet in diameter,

therefore there is a greater area& per given mass

of silage exposed to the walls of the silo.
3. The temperature of the atmosphere was

much higher st the time this silo was filled than
at the time of filling the other gsilos. The temp-

erature in all of the silos at filling time was

higher than the average mean temperature of the at-
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mosphere at that time. The difference between
the temperature in the Iron Silo and the average
mean temperature of the etmosphere was greater
then in the case of the other silos, therefore,

the tempersture would have a tendency to decline

faster.
Temperatures in Experimental Silos -- As

outlined in the plan of the experiment two Experi-
mental Silos were filled with corn from the South
Concrete Silo at the time it was being filled.

The corn was thrown loose into No. 1 and
no weight was applied, while thet of No. 2 was well

tramped and 1500 pounds of weight applied.
Both silos were opened January 15, 1915.

The silage below the screen in No. 2 was

normel in every way.

No. 1 contained & large amount of spoiled

silage below the screen. However, the silage in

the bottom of the silo was normel. This was prob-

ably due to the fact that the silage contained such

& high peréent of moisture that it packed itself to

some extent snd forced the eir out.
Temperature observations on these two silos

are given in Table 8.
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The Effect of Air Upon Temperatures In

Shoek Corn Silage -- January 2 Experimental Silos

No. 7 and No. 8 were filled with shoek corn fodder.

The fodder was brought directly from the field and

run thru the silage cutter. Water was added to

this fodder in the ratio of one pound of water to

one pound of fodder, by sprinkling as the fodder

was put in the silo.
The fodder was thoroly tramped in Silo

No. 7 and 1500 pounds of weight applied. The temp-

erature of the water used was 37 degrees F.

The foddér was thrown loose into silo

No. 8 snd no weight was zpplied. The water had a

temperature of 33 degrees F.

Both silos were opened February 12, 41
days after filling. There was no evidence that

any fermentation had taken place; the silage had

the appearance of wet corn fodder.

There was no mold below the screen in

silo No. 7, while there was & large quantity of

white mold thruout the silage in silo No. 8.

Temperature readings in these two silos

are given in Teble 9.
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TABLE 8.

PEMPERATURE READINGS - EXPERIMENTAL SILOS.

Filled September 3, 1914.

Experimental Silos

0 89 ¢

Date of : Time of :
Reading : Reading 3 No. 1 : No. 2
: Degrees F. Degrees F,
Sept. 4 3:156 P.M. : 95 : 79 .
" 5 2:30 P.M. : 110 : 87 .
i 7 . 4:30 P.M, : 102 $ 83 .
" 8 A 5:45 P. M. 96 . 84 .
" 9 . 4:00 P.M. 92 : 87 .
" 10 : 3:00 P.M. 89 H 87 .
" 14 4:45 P.M. 79 . 74 .
» 15 3:15 P.M. 81 75 .
" 17 4:45 P.M. 83 75 .
" 18 4:30 P.M. 84 s 76 :
"oo19 3:30 P.M. 85 : 76 .
n 22 3:16 P.M. : 86 : 77 .
L 25 4: 15 P.M. . 83 . 76 2
" 24 + 2:156 P.M. : 80 : 74 .
" 28 : 10:00 A.M. : 77 : 68 .
Oct. 2 : 3:30 P.M. : 78 3 68 .
" 8 : 4:15 P.M. : 80 : 70 .
" 13 3:45 P M. : 73 - 67 .
" 23 2:15 P.M. : 73 : 63 :
Nov. 14 .+ 10:00 A.M, : 63 3 58 s
Dec. b5 : 10:45 A.M. : 56 : 48 :
Jan., 1 . 2:45 P.N. : 32 31 :
" 15 8:30 A.M. 42 39 .







-58-
TABLE 9.

TEMPFRATURE READINGS - SHOCK CORN SILAGE.

Filled Januery 2, 1915.

Date of : Time of iggﬁggimental Silos ?z§?§e§i-§
Reading : Reading :~ No. 7 :  No. 8 :barn loft
: :Degrees F, :Degrees F. :Degrees F.

Jan, 4 9:45 A. M.: 36 : 48 : ——

" 5 2:45 P M. : 38 : 76 : p— .

"6 9:45 A.M. : 39 84  : -

" 7 1:30 P.M, : 40 3 "4 R

v 8 1:15 P«M. : 40 3 65 & 42

n 9 2:45 P.M. : 41 : 59 < 48

" % : 4:30 P.M. ¢ 42 $ 54 3 43

" 12 s 1:15 P.M. ¢ 41 - 51 g 42

v 15 : 4:15 P.M. : 42 : 51 t 50

" 15 : 2:30 P.M. 43 § 53 : 66

" 18 : 2:30 P.M. : 45 : 52 : 35

m gl : 2:45 P.M. : 38 46 : 30

T 23 : 2:30 P.M. : 36 - 43 : 26

" 26 ¢ 2:16 P.M. : 33 H 39 $ 30

" o29 i 2:45 P.M. : 31 : 37 : 29
Feb. 2 : 2:00 P.M. : 32 50 : 39
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Due to the small size of the Experimentsl
Silos the temperature was influenced to some ex-
tent by the temperature of the atmosphere.

The temperature of the silage in Silo Né.
7, Teble 9, showed a gradual and quite uniform rise
from 36 degrees F. on January 4 to 45 degrees F.
on January 18.

The temperature in the other lots of sil-
age showed a sharp rise to the maximum within three
or four days, then a gradual but irregular decline

’

being influenced somewhat by the temperature of the
etmosphere. | )

Higher temperatures were obtained at all
times in the silage that had not been packed, and
therefore contained en excess of air, as compared
with the silage that had been packed. Undoubtedly
some oxidation must have taken place to maintain
these higher temperatures.

The high temperatures which are sometimes
obtained %n g silo indicate that the silage contain-
ed an excess of eir, This may be due to a low
moisture content; or insufficient packing. & cer-

tein percent of moisture is necessary to fill the
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air spaces in the silage. Just what percent is
essential to produce silage of the highest quality
has not beer determined.

The object of adding water to the silage
is to a2id in foreing the air out and thus increase
the keeping qualities of the silage. Also silage
with & high percent of moisture will keep better with
the seme amount of tramping than silage with a lower
percent of moisture. |

The fact that higher temperatures were ob;
tained thruout this_experiment in the silage which
contzined & large amount of entangled 2ir as com-
pered with that which was well packed end weighted
to exclude the asir indicates that free air must be
considered ss a factor affecting the tempersture in

silage.
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MOISTURE, ACIDITY AND AIR IN SILAGE.

Object.

The object of this experiment is to de-
termine:
1. The factors affecting the percent of
moisture and acid in silege.
(a) Materisl used in the construction
of the silo.
(b) Air in the silage.
() The kind of silage.
2. The relation of the percent of moisture

to the percent of acid in silage.

Plan of Experiment,

Large Silos -- Moisture and acidity tests

were made of samples tsken at the wall and near the
center of the South Concrete Silo, the Iron Silo,
the Tile Silo, Miller's Stave Silo, and Reid's East
Stave Silo.

Air in the Silage -- Moisture and acid-
ity tests were made of the silage in Experimental
Silos Nos. 1, 2, 7, and 8.
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The Kind of Silasge -- Moisture and scid-

ity tests were made of corn silage, cowpes silage,
soybean silege, alfalfa silage, silage made of osats

end field peas, and shoek corn silsge.

Discussion of Data.

The Large Silos -- Samples for moisture

and scidity determinations were taken within the
four inches directly in contact with the east wall,
snd near the center of each silo. These samples
were taken at'a depﬁp from the surface of the sil-
age sufficient to exclude the possibility of obtein-
ing any spoiled silage.

Table 10 gives the percent of air dry
metter and acidity &t the well and center of the
different silos.
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TABLE 10.

MOISTURE AND ACIDITY IN THE LARGE SILOS.

:Percent of Acid :Percent of Air
. s Dry Mastter

Name of Silo

: Wall : Center : Wall : Centor—.
South Concrete Silo ¢ 2.02 : 2.73 : 32.27 : 28.85 :
Iron Silo : 1l.16 : 1.88 : 28.37 : 28.24 :
Tile silo : 1.456: 2.20 : 37.08 : 38.21
Miller's Stave Silo : 2.32 : 2.34 : 38.10 : 39,93 :

Reid's East Stave Silo : 2.22 : 2.37 : 31.47 : 31,93 :

The percent of scid at the wall was uniform-
ly lower than that at the center of the silo, however,
there was very little difference in the case of the
two stave silos. In all cases the difference was
not sufficient to interfere with the keeping or feed-
ing qualities of the silage.

Excepting the South Concrete Silo there was
no very great difference in the percent of air dry
matter at the wall as compared with the center of the
silo. In"the South Concrete Silo it was percepfably
higher at the well than at the center of the silo,
but the difference was not enough to be considered.

We may conclude that a small amount of acig
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is lost at the wall, but that there is presctically
no change in the percent of moisture.
Teble 11 taken from magruder's thesis

supports this conclusion.
TABLE 11,

MOISTURE AND ACIDITY AT WALL AND IN CENTER OF SILOS.

:Percent of :Percent of a1
Name of Silo i Acid . dry mattera :
' : Wall : Center :Well :Center

.

)
.

South Concrete Silo : - : . .
Near top of silage : 1.64 : 1.83 : 30.7: 30.60 :
13 ft. from top of silo : 2.20 : 2.62 : 31.3: 30.90 -
18 ft. from top of silo : 1.52 : 2.20 : 31.56 32.11 :
23 ft. from top of silo : 1.86 : 2.01 :34.04: 27,90 :
Stave Silo : 1.49 ¢ 2.27 :34.38: 35,40 :

Air in the Silesge -- Experimental Silos os.

1 and 2 were filled with corn taken from the South Concrete
Silo at the time it was being filled.

The corn was thrown loose into No. 1, and no
weight was applied, while it was thoroly packed in io,
2 and 1500 pounds of weight were applied, as has pre-
viously been described under "Temperatures in Experi-
mental silos® (Page 55

Experimental Silos Nos. 7 and 8 were filled
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with shock corn fodder as described under "Temp-
eratures in Shock Corn Silage" (page 56 ).
Teble 12 gives the percent of acid and

air dry matter in these silos.

TABLE 12.

: Percent : Percent

No. of Exp. : of : of air dry 5
Silos :  Acid p matter :

1 ‘ : 1.89 23.80
2 2 2.58 5 25.59 5

7 . 0.89 :  39.91

8 ¥ 0.46 44.28

LXJ
(X}

e

Gurler Silo* 1.03* 40.48*

(X

*Magruder's thesis, 1914,

The percent of acid in the two silos which
contained a large amount of entangled air (Nosl and
8) wes lower than that of the two silos in which the
silage was thoroly packed.

“The silage was very dry in the Gurler Silo,
and the faet that high temperatures were obtained
(110 degrees F. to 114 degrees F.), end mold develop-
ed in spots in the silage indiceates that a consider-

able smount of air was present.






The fact that there was uniformly a lower
percent of scid in the silage containing an excess-
ive amount of sir indicates that air must be consig-
ered as a factor affecting the acidity iIn silage.

The Kind of Silage -- Moisture and acid-

ity tests were made of different kinds of silage.
Teble 13 shows that the nature of the sil-

age crop affects the percent of acid in the silage;

eand the one which contains the greatest amount of

solublq carbohydrates has the highest percent of

acid.
TABLE 13.
: :Percent :Percent : Days :
No. of EXp.: Kind of Silage : of :of air : after:
silo : : Acid  :dry mat.:filling
2 : Corn : 2.58 : 25.859 : 134 :
3 : Boy Beans : 0.68 : 26.60 : 57 -
4 : Soy Beans : 1.00 : 26.75 : 158 :
5 : Dry Corn* : 1.74 : 42.08 : 70 :
6 : Cow Pesas : 0.40 : 15,562 : 69 -
7 : Corn Fodder : 0.89 : 39.91 : 41 .
A : Oats and Peas : 1.82 : 33.05 : 4> .
B : Alfslfas : 2,06 : 47.77 : 53

*111owed to dry in the field until badly in need of

water.to meke normal silage.

The development of acid in the legume silage

must be due chenges other than the changes which take






plece in the sugar content, since it is well
known that the legumes contein a very small a-

mount of suger.

relation of Moisture To Acidity in

Silege -- Teble 14 gives a comparison of the per-

cent of acid to the percent of moisture in silage.

TABLE 14,
Percent of moisture : Percent of =2cid com-:
compared with percent: pasred with percent
of scid : of moisture
Percent : Percent of:Percent of :Percent
of : moisture :moisture : of
Acid :(2ir Dry) :(air Dry) : Acid
2.73 : 71.15 : 72,10 : 2.01* :

2.62 69.10 % 71.76 - 1.88
2.37 68.07 71.15 5 2.75 :

2.27 64. 60 . 69.10 : 2.62 :

e

2.20* : 67.89 . 68.07 : 2.37
2.20 : 61.79 67.89 2.20%

2.01* : 72.10 : 64.60 : 2.27

1.88 : 71.76 - 61.79 : 2.20

*water Added.

The data given in this table show very

little relation between the rercent of acid and
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the percent of moisture in silage.

There is & variation of 32.9 percent
between the extremes in the percent of sacid, and
only 16.6 percent between the extremes in the
percent of moisture. Moreover the extremes in
the percent of acid do not follow the extremes in
the percent of moisture. The difference in the
percent of moisture with the highest and lowest
percent of ecid is only 2.4 percent.

The highest percent of acid, 2.73 per-
cent, wes obtained with a high percent of moisture;
however, the éilage. with the highest percent of
moisture, 72.10 percent snd to which water had
been sdded, contained only 2.01 percent of acid.

The question arises:-- Is the acidity
of silage influenced by the moisture in the silage,
or is the acidity affected more by the maturity
of the plant at the time of ensiling?.

It is & recopnized fact that the percent
of moisturg and sugar is influenced by the matur-
ity of the plent. The higher percent of moisture
and sugar being found in the more immature plant.
And the suger of the plant is considered to be the

main source of acid in silage. As the plant ms-






=50

tures the suger changes to starch; therefore
there is less sugar available to be converted into
acid.

Therefore it appears to us that the ma-
turity of the plant should be & greater factor in
the formetion of scid in silage thsn the percent
of moisture; as weter is quite frequently sdded
to silage; and it is difficult to conceive that
the addition of wster should increase the acidity
of silgge.

But if the acidity is affected by the
maturity of tﬁe plant at the time of ensiling there
should be & direct relation between the percent of
moisture in the plant end the percent of acid in
the silage. However, the date given in Table 14
does not bear out this statement, and the facts
evaileble indicate that there is very little rela-
tion, if any at all, between the percent of mois-

ture and the percent of acid in the silage.






LOSSES IN SILAGE.

Object.

It is generally believed that there iwm
e considerable loss in weight of silage in the silo.
But some work which was done at the Wisconsin Ex-
periment Station1 indicates that the losses may be
less than 10 percent.
| The object of this experiment is to ob-
tein additional data on this point.

-

Plen of Experiment.

Fach time an experimental silo was fill-
ed & record was kept of the amount of the silage
put into the silo. A wire screen wes placed so
that there would be about one foot of silage sbove
it when the silo was filled. The objeet in using
this screen was to make & clear division between
the loss qf nutrients due to the fermentation of
the silage and the loss at the surface that occurs
from exposure to - air. The silage both below-znd

ebove the screen was cerefully weighed, and samples

for analyées were taken both at the time of filling

1. Annusl Rpt. 1895, pp. 273-278.






the silo, and again when the silo was emptied.
A moisture test was made of the silage crop;
and moisture and acidity tests were made of the
silage when the silos were emptied. A1l cal-
culations are based upon the amount of silsge

below the screen.

Discussion of Data,

It wes hoped that the chemical enalyses
of some of these samples would be available so
that the loss of nytrients in silage could be
teken up. As it is only the losses in weight
will be discussed.

A record of the Experimentel Silos for
the winter 1914 - 1916 is given in Table 15.

The data in this table are based upon
the weights and analyses of the silage below the

screen.
The table shows that there is uniformly
a slight decrease in the percent of eir dry matter
in all of the silos. There was no great loss in
weight. The co}n fodder silage showed an actual
gain of 1,25 percent; this is accounted for by the

settling of water from the silage above the screen;
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however, there was & loss of 1.14 percent in sir
dry metter.

The silege made from corn which was gl-
lowed to dry (Silo No. 5) in smell shocks in the
field until it was considered to be badly in need
of weter to meke normal silage showed the grest-
est loss in weight, not-with-standing the fact
that it was extrsordinarily well traemped into the
silo and 1500 pounds of weight applied. The fact
that there was & small amount of mold around the
edge of the bottom of this silo indicates that all
of the zir was not excluded, consequently the loss-
es would be greater.

All of the silos showed & greater percent
of loss in air dry matter than in weight, the great-
est loss being in silo No. b.

The first five silos in Table 156 show en
average loss of 3.92 percent. While Magruder
reports a loss in weight of 3.93 percent, as an av-
erage of five lots during the winter 1913 - 1914,

Losses at the Surface of the Silage -- Af-

ter filling operations had ceased one-half barrel
of common salt was spread over half of the surface

of the silage in the South Concrete Silo.






One-half of the surfece of the silage
in the North Concrete Silo was covered with tarred
peper, the edges overlepping about two inches,
then a load of cowpeas wes run thru the silage
cutter and put on top oi this peaper.

The object in both cases wes to deter-
mine whether there is any special treatment which
will decrease the losses at the surface of the
Silage.

The South Concrete Silo was opened Octo-
ber 15,. So fer .as could be noted there was no
difference in the amount of spoiled silage between
the selted end unsalted portions of the surfece.
However, on the half that hed been salted, about
three inches of the surfece was much wetter than
where no salt had been applied.

The MNorth Concrete Silo was opened March
26, 1¢165. There was only about six inches of
spoiled silage on the part covered with tarred paper
and cowpees, and about 16 to 18 inches of spoiled
silage on the part untreated. The layer of silage

in contact with the under side of the tarred paper

was gquite wet.
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It is interesting to note that the
good silage under the tarred paper was colad,
while the good silage under the surface that hagd
not been treated was warm to the touch, indicat-

ing that oxidation was still taking place.
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SHOCK CORN SILAGE.

Object.

The dete availeble indicates that fair-
ly good silage can be made from shoeck corn fodder
by edding water as the fodder is put into the silo.
However, since shock corn fodder is not usually
put into the silo before cold weather, end likewise
the water is cold; the question naturelly arose
és to the effect of the temperasture of the weter
upon the quality of the sileage.

Therefore, the object of this experiment
wes to determine the effect of the tempersture of
the water added upon the quality of the silage pro-

duced.

Plen of Experiment.

On January 2, Experimental Silo No. 7,
and two experimental cans were filled with shock
corn fodder. "ater was sprinkled on the fodder
in the réfio of 1 : 1 as it was put into the silb.
The fodder was well packed into Silo No.
7 gnd 1500 pounds of weight applied. the tempers-

ture of the water used was 37 degrees . A resis-
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tance thermometer wes plesced in the center of
the silo.

The fodder wes well tramped into the
cans, the tops put on, then heavy pressure was
applied with & cheese-press. The tops were wired
on and the cans sealed with paraffin, The weter
used had a tempersture of 55 degrees 7. These
cens were first placed in the refrigerator, but
fhe temperature became too cold so they were chang-
ed January 23, to 2 room with a temperature of
54 degrees i -

The silo and cans were opened Ffebruary

12, 41 deys efter filling.

Discussion of Data.

In the experimental silo the tempersture
rose from 36 degrees K., on January 4 to 45 degrees
F. on January 18, then declined to 32 on tebruary 2,
When opened on februaery 12 the silege had a temp-

" erature 8f_55 degrees I,

The temperature of the room in which the
cens were kept varied from 38 to 67 degrees F., the
average being 53. With six exceptions the range

was within five degrees of 53.






So far as could be noted there was no
evidence that any fermentation hed taken place;
the silage had the appearance of wet corn fodder.

There was no mold below the screen in
the exyerimentel silo. About four inches of sil-
age in the bottom of the silo wes very wet, due
to the settling of some water. This silege was
not very sour to teaste.

There wss some mold sround the bottom
of the carns, and thruout the surface of the sil-
age, due to the cens edmitting sir.

4 summery of the results is given in

Taeble 16.

TABLE 16.

:Percent of:Percent of:Percent:Temperature: Days :
Silo: loss in :loss in air of . :of water : after .
No., : weight :dry matter: &cid™ : degrees F.:filling:

" : <4+1.25 1.14 : 0.87 : 37 - 41
1 ¢ 7.45 11.12 : 1,20 : 55 : 41
o 11.11 14.68 : 1.20 : 55 : 41

*Phe dry fodder contained 0.66 percent of scid at
time of siloing. :

Both cans showed a greater loss than the

silo. However, they both lesked some water, ang
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the faet that some mold was present indicates
thet some destructive processes were teking
rlace.

The silage at the higher temperature
developed more &gcid than that in the silo at =
lower temperature.

As far as could be determined by sppear-
ance, the silage in the cans was identicel with
‘thet in the silo.

If temperature is & factor in the pro-
duction of silage-from shock corn fodder, it is
evident that we must have & temperature higher

than those used in this experiment.
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LEGUMES FOR SILAGE.

Object.

The object of this experiment was to
determine the character of the silage produced

from legumes.

Plan of Experiment.

Experimental silos were filled as fol-
lows: ~

One wes filled with peas and osats, June

24, 1914.

One was filled with alfalfa, July 9, 1914.

Two were filled with soy beans, September

21, 1914.

One was filled with cowpeas, October 3,

1914.

A record was kept of the amount put into
each silo, and of the amount of silage weighed out.
Samples %ere teken for analyses, both at the time

of filling the silo, and again when the silo was

emptied.
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Discussion of Dsatse.

All of the crops were put into the silo
as soon efter cutting as possible.

Peas and Oats -- The oats were somewhet

immeture, but the peas were beginning to dry out;
however, the crop shows & normal percent of air
dry metter.

There was a loss of only 3.37 percent in
the wgight and 5.09 percent in eir dry metter, and
the silege contained 1.82 percent of acig. The
silage was in goodﬂcondition when teken out of the
silo. It had & pleasant odor and taste, and there
was no mold visible.

The bottom three or four inches of silage
were very much wetter and had & very bad rotten
odor. This condition was possibly due to & small
emount of water left in the silo at the time of
filling. This water was used for wetting the sides
of the silo.

A The cows did not eat the silage ss readily
at first as corn silage, but they ate the third feeq

greedily.
Alfalfes -- The second cutting of alfalfs






wag used, and most of it waes in bloom. On sc-
ecount of the dry weather the dry matter was pro-
bably considerasbly higher then normel for alfalfa
of this stage.

The silage hed 2.05 percent of acid and
was in excellent condition when taken out of the
silo, altho it seemed quite dry. There was some
mold below the screen on eccount of not having
enough alfalfa zbove it. There was a very little
dry mold around the edge of the bottom. The cows
ate the silage readily.

Soi Bean; -- Two experimental silos were
filled with soy besns that were well seeded and at
gbout the proper stage for masking hay.

Fifty-seven days after filling, the silage
wes taken out of the first silo. It susteined =a
loss of only 1.44 percent in weight and 6.78 percent
in air dry matter, and hed only 0.68 percent of
ecid. The silage had a very disagreeable odor and
g bitter taste. No acid could be detected by taste.
- Some moiéture had settled in the silo, and water
could be wrung out of the bottom two or three inches
of silege. Most of the cows refused the silage,

and those that did eat it, ate very sparingly.
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The second silo was opened 158 days
efter filling. This eilage sustained a loss of
7.53 percent in weight and 11.28 percent in air
dry matter.as compared with 1.44 percent and 5.09
percent respectively in the first silo. However,
this silo leaked moisture for some little time
before being opened. 1he silage had 0.99 per-
cent of acid.

None of the silage sbove the screen ap-
peered to have spoiled. In a few places next to
the wall and just below the screen there was &
very smell amount of white mold. Also around the
edge of the bottom there was & small amount of rot-
ten silage. Otherwise, the silage seemed to have
kept perfectly. It was very dark thruout, and
hed a disagreeable odor; but it did not have a bit-
ter taste, however, it was not very palatsble.

No scid could be detected by taste.

Cowpeas -- The cowpeas had not yet begun
to bloom, and were not mature enough for hay, as
is shown by the fact that they hed only 13.14 per-
cent of air dry matter. However due to the pro-

pebility of & killing frost they had to be cut.
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This silo lesked so much water that the
data collected on this silage is of 1little value.
Only 0.40 percent of acid developed.

The silage was very wet, and had & some-
what disagreeable odor snd taste. No acid coulad
be detected by taste. The silage in the bottom
of the silo was slightly wetter than that at the
top. The cows ate this silage resdily.

A comparison of the losses in the differ-
ent kinds of silage is given in Tseble 17.

From this experiment we may conclude that
it is quite prectical to ensile peas and oats, and
alfalfa,.

We also believe that if the soy beans and
cowpeas had been allowed to dry out somewhaet before
being ensiled, that a fair quality of silage could
have been produced.

However, corn is & better silage crop,
and where possible the silo should be filled with

corn, and the legumes made into hay.
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CAPACITY OF SILOS.

Object.

We could find no informetion concerning
the cepacity of silos, other than that based upon
the results of Prof. King's work at the Wisconsin
Experiment Station in 1892. His figures were
based upon the weights of the green msterial put
‘into the silo, and are averages for the whole silo.
According to his own statement his work was not
sufficiently extensive to furnish a safe basis.

It is certain that the ordinery figures are too
high.

This experiment was planned to obtein de-
finite knowledge as to the capacity of silos, and
to obtain the weight per cubiec foot at different

depths in the silage.

Plen of Experiment.

All of the corn was weighed into the con-
crete silos at the dairy barn on the University
ferm. Three merkers of burlep sacks were put in
the South'Concrete Silo at different depths in the

silage, during the time of filling.
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Weights Per Cubic oot at Different

Depths in the Silo -- The weight per cubiec foot

et different depths in the silage was taken with
the "Kanses spparatus" in the following silos:

south Concrete

North Concrete

Iron

Tile

Dorsey's Concrete

Estes' Concrete

Miller's_ Stave

Reid's East Stave

Reid's Test Stave.

Discussion of Datse.

A totel of 47.8 tons of corn were put in
the North Concrete Silo, with no markers. The sil-
age settled four and one-half feet, which made s
layer of silage twelve feet, seven inches thick,
six montﬁs after filling.

A totel of 124.7 tons of corn was put in
the South Concrete Silo, end three merkers were put

in at different depths &s the silo was filled. This
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silo was opened 42 days after filling and the
silage hed settled five feet, and the markers
were recovered at the following depths from the
surface as the silage was fed out:-
15 feet, 2 inches; 17 feet, 11 inches;
and 21 feet, 11 inches respectively. Thus we
had four leyers of silage as follows:-
The first one was 15 feet, 2 inches thick,
The second one was 2 feet, 9 inches thick.
The third one was 4 feet thick.

The fourth one was 5 feet, 4 inches thick.

It was not considered practical to weigh
the silage as it was fed out, for undoubtedly some
one would forget to weigh a cart load occasionally;
which would seriously interfere with the results.
Therefore, all of the calculations are besed upon
the weights of the green corn weighed into the silo,

The weight for each section, the avereage
weight per foot of depth, and the average weight
per cubit foot is given in Table 18,
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TABLE 18,
: No., of: Feet : Tons : Av., Wt.: Av. wt.
Silo :Section:and inches: in : per ft.: per cubie
: from : in :Section:of depth: foot
: top : Section Tons : Pounds
North
Concrete : -==: 12'-7T" : 47.88 : 3.80 : 37.85
South 1 15'-2" 57.60 : 3.79 57:78 .
Concrete 2 2'-9" 10.50 3.81 38.28
3 4'-0" 24.60 6.15 61.28
4 5'=-4" 26.90 5.04 50.26
Total for: ST
Silo : . 27'-3" :124.70 : 4.57 : 43,71

The weight per foot of depth, and the aver-
age weight per cubie foot in the North Conecrete
Silo were identical with those of the first layer
in the South Conerete Silo.

There is very little difference in the
weight per foot of depth between the first and second
layers of silage in the South Concrete Silo. But
there is an increaée in the third layer over the
second of 61.9 percent. Ihe fourth layer wss one
ton lighter per foot of depth then the third layer.
The total depth of silage in the South Concrete Silo
averaged 4.57 tons per foot of depth,

7he table shows &an average of 3.8 tons






per foot for the upper 18 feet, and an aversage
of 5.59 tons for the lower 9 feet.
Weights Per Cubic Foot at Different

Depths in the Silo -- It has been suggested that

silage expands as the weight is removed from above,
and therefore the weights &s teken with the "Kan-
sas Apperatus"™ would not be accursate.

In the fall of 1913 when the experimental
silos were filled & screw press was arranged to
compress the silage. After compressing the silage
es tight as possible, it was then allowed to remain
for two or three hours, and at that time the screw
could be turned with ease; showing that the upward
pressure had disappeared. It appears that the
settling of silage is due to the air being forced
out, and not to the elasticity of the materisl put
in the silo.

There were 1500 pounds of weight applied
to the surface of the silage in an experimental
silo et filling time. tour and one-half months
later when the silo was opened, the distance from
the top of the éilo to the 1id Jjust before rémoving
the weight was the same as that after the weight

had been removed.






There were 103,151 pounds of green corn
weighed into the two lower sections of the South
Concrete Silo, and it was estimeted from the aver-
age of the weights of a cubic foot as teken by the

"Kansas Apparatus" in these sections that 110,150
pounds were taken out, which is a difference of
only 6.78 percent and could easily be made by the
methods used. No allowance was mede for the
‘losses that naturally occur in the silo. These
weights do not support the supposition thet silage
expends when the ﬁeight is removed, because from
these figurés there was more silage teken out then
was weighed in.

If the siiage in the lower part of the
gilo expanded when the weight above was removed,
it would be expected that the silage would pull
away from the wall. This was not observed to be
the case.

FProm these observations we believe that
the silage does not expand when the weight above
ig removed; therefore the weight of a cubiec foot
of silage as taken with the "Kansas Apparatus" is

considered to be quite accurate.
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A1l of the weights taken were reduced
to the air dry basis for the purpose of comparison.

The weights per cubic foot of silage at
different depths in &ll of the silos are given in
Tebles 19 to 26 inclusive.

The distance, from the top of the silage
before opening, to the surface of the silage at
which the cubie foot was teken, was used as the
‘depth from the surface of the silage at which the
weight of the cubic foot was taken.

There is very little uniformity between
the weights at the same depth in the different
silos. |

A1l of the tables show that there is an
incresse in the weight per cubic foot of the fresh
silage, for the first nine to twelve feet of depth,
and below this the weights are fairly constant for
succeeding depths. The weights for the air dry
silage do not show this same variation in all of
the silos. heid's two sfave silos show very little
' if sny inerease in weight &t the succeeding depths.

The South Concrete Silo showed an “incresse
of 50 percent in the air dry matter between the

first and last weights, while there was an increase






of only 30 percent in the weights of the fresh
silage. This difference may be accounted for by
the difference in the maturity of the corn. The
lest of the filling was entirely too green to meke
the best of silage. However, there was no uni-
formity between the increase of the fresh and the
air dry silage in each silo, and in the different
silos.

Dorsey's Concrete Silo when compared with
the Tile Silo shows asbout the same weight per cubie
foot for the fresh silage, but it has a much higher
percent of air dry matter, therefore the weight of
the air dry silage per cubic foot is much greater,
This difference is accounted for by the fact that
the silege in Dorsey's Concrete Silo was packed very
much better, forcing out more of the air; therefore
it has & greater weight of air dry matter.

At the beginning of the experiment it was
thought that by reducing the weights to the air dary
basis we would eliminate most of the variations;
but such was not the cese. |

The duestion then &arose:- How are we to

account fbr these wide variations in the different

gilos?






-9o_

If we choose the weight of & cubie foot
of silage in one silo end compere it with the weight
of a cubic foot at a corresponding depth in any
other silo, we find a wide vaeristion, even if the
amount of &ir dry matter weighs the same,.

If we assume that a cubic foot of silage
free from eir weighs the seme as & cubic foot of
water, we cen explain this difference in weight by
the difference in the amount of eir in the silage,
This is cleerly shown in the following diegrams:

The weights used in these disgrams are
checked in Tables 19 and 25.

It appears that silage resches & limit
of compressibility at about 9 to 12 feet, and be-
low this point the increased pressure will not force
out any more sair. The only means of foreing out
the rest of the &ir is to add water.

from the diagrams we may conclude that
the addition of water to silage 2ids in foreing out
the eir gnd increases the weight of the fresh sil-
ege per cubic foot, but does not meterially incresse
the weight of the air dry matter.

'In addition to the amount of water added

it is prbbable that there are severel other factors






Diagrams showing the reletive amounts

of eir dry matter, water, and air in a cubiec

foot of silage.

South Concrete Silo

___s&ir - 6.56% _ __ __

water - 68.64%
‘42,9 lbs.

air dry matter-24.8%

15.5 1bs.

The cubic foot in the South

Concrete Silo was taken 23'-

4" from the surface and
weighed 58.4 pounds, and
contained 26.55 percent of

eair dry matter.

Dorsey's Concrete Silo.

eir - 50.08 %
Water - 24.32%
15.2 lbs.

eir dry metter - 25.6%
16.0 1bs.

The cubie foot in Dorsey’'s
Concrete Silo was taken
23'ft. from the surface ang
weighed 31.2 pounds, and
contained 51.25 percent of

gir dry matter.
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which affect the weight of silage per cubic foot,

emong which are the following:-

The maturity of the corn plant.

The fineness of cutting.

The proportion of greain to fodder.

The emount of packing at the time of filling,

The amount of pressure.

The depth of the silage.

Possibly the dismeter of the silo.

Lvery silo is a complication of these

-

factors.

TABLE 19.

WELGHTS OF SILAGE - SOUTH CONCRETE SILO.

:Distance from: Pounds Percent : Pounds per :
Date :top of silage:per cublec: eir dry cubic foot -
: : foot liatter Lir dry
: #eet :Inches : fresh
vet. 17 : 1 6 44.7 24.41 10.9
n 238 5 £ 7 45.0 24.57 11.0
Nov. 3 : 4 5 47.0 25.23 11.8
" 14 : 5 8 48.0 24.00 11.5
" 83 2 . 7 9 52.0 25.95 13.5
Dec. 5 : 9 2 53.0 24.56 13.0
" 15 : 10 11 54,0 25.41 13.7
Jen 4 : 14 . 2 60.5 28.12 17.0
" 22 : 16 10 58.0 25,69 14,9
Feb. 2 : 18 9 60.0 28.85 17.2
Mch. 1 : 21 8 58.5 27.78 16.2
" 15 : 23 4 58.4 26.55 15.5%
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TABLE 20.

--- TILE SILO.

.Distence from:Pounds per: Percent

:Pounds per

Dete :top of silege: cubic ft.: air dry :cubiec foot :
:Feet : Inches: Fresh : Matter gir dry
Dec. 18 : 2 : 1 34.0 29.27 9.9
Jamn, 9 : 7 3 36.9 39.12 14.4
" 23 : 9 4 37l 37.15 15.8
Feb. 8 : 12 1 39.2 38.21 14.9
w 16 : 13 4 43.0 34.21 14.7
Mch. 2 : 15 4 40.0 35.00 14.0
" 16 : 17 2 39,2 34.29 13.5
" 30 : 19 6 36.7 34.13 12.5
Apr., 14 : 20 9 39.2 34.86 13.6

TABLE Z21.
WEIGHTS OF SILAGE - MILLER'S STAVE SILO.

TDistence Ifrom:Pounds per: Percent :rPounds per :

Date -top of silage: cubic ft.: air dry :cubic foot :

: Feet :Inches : #resh : Matter air dry :
Feb. 18 : 2 4 26.5 41.58 11.0
u 25 : 4 2 27.5 43.23 11.8
Mch. 9 : 6 6 28.7 39.31 11.3
" 18 : 8 0] 31.3 39.93 12.5
n 26 : 9 5 33.6 38.95 13.1
apr. 6 : 11 1 38.9 29.68 11.5
" 15 : 13 6 37.7 37.31 14.0
" 29 : 2 41.4 40.13 16.61
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TABLE 22,

WEIGHTS OF SILAGE - REID'S EAST STAYE SILO.

*Distence from:Pounds per: Percent

:Pounds per

(X

Date :top of silage: cubic ft.: sir dry :cubic foot :

: Feet: Inches: fresh : matter : air dry :

Jan. 16 : 13 2 47.4 1 31.40 5 14.9 .

" 26 : 15 8 42,5 g 32.79 13.9 :

Feb., & : 17 9 49,1 : 31.93 15.6 .

" 25 : 22 4 2 51.7 > 31.09 16.0 .
TABLE 23.

WEIGHTS OF SILAGE - REID'S WEST STAVE SILO.

:Distance from:Pounds per: Percent

:Pounds per :

Date :top of silage: cubic ft: eir dry cubic foot:
: Feet: Inches: fresh : matter air dry :
Mch, 18 : 6 : 5 : 30.9 5 44,07 13.6
" 26: 9 : 10 $ 31.7 > 49,63 15.7
Apr. 6 : 14 : 7 g 34.2 : 37.156 12.7
" 15 : 18 : 1 z 32.56 2 47.29 13.7
TABLE 24.

WEIGHTS OF SILAGE - IRON SILO.

"Distance from:Pounds per: Percent

:Pounds ver :

Date .top of silage: cubic ft.: air dry cubic ft,
: " Feet: Inches: fresh : matter air dry
Mch, 15 : 4 ¢ o : 30.9 : 35.66 : 11.0
Apr. 1 : 7 : 2 : 44.2 : 28.24 125
" 14 : 8 : 6 39.1 : 34.07 13.3
» 29 : 10 : 4 42.4 s 27.64 11.7
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TABLE 25

WEIGHTS OF SILAGE - DORSEY'S CONCRETE SILO.

:Distance from:Pounds per: FPercent :Pounds per :

Date :top of silage: cubic ft.: s&air dry : cubic ft,
: Feet: Inches: <fresh : matter : air dry
Feb. 16 : 10 : 6 3 34.2 - 37.29 z 12.7
Mch. 2 : 16 : 10 - 28.4 : 47.39 o 13.4
" 16:2% : O : 3.2 : 5l.25 @ 16.0*
" 30 : 28 : 6 s 42.1 4 37.90 - 15.9
Apr. 13 : 32 : 6 3 40.3 3 44,69 g 18.0 .
" 27 : 34 9 s 39.3 % 42.08 : 16.5 .
TABLE 26.

WEIGHTS OF SILAGE -- ESTES' CONCRETE SILO.

:DIstance from:Pounds per: Percent :Pounds per .
Date stop of silage: cubic ft.: air dry : cubie ft.

: Feet: Inches: fresh : matter : egir dry

Mch. 2 : 6 0 28.0 - 40.48 : 11.3
" 16 : 9 8 37.2 : 33.53 12.4
" 30 : 14 0 36.4 40.53 - 14.7
Apr. 13 : 18 6 41.2 : 35.3"7 3 14.5
" 27 : 22 0 38.8 $ 40.16 : 15,6
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VALUE OF DIFFERENT KINDS OF SILOS FOR
PRESERVING SILAGE.

Object.

Conflicting claims are mede by silo agents
concerning the value of different silos. Magruder1
showed that the concrete and stave silos heve about
the same value for preserving silage. The object
of this experiment is to obtein sdditional informea-

tion on this point.

Plan of Experiment.

Temperature reedings were taken at the
well and center>of the South Concrete Silo, the
North Concrete Silo, the Iron Silo, the wrile Silo,
Reid's kast Stave Silo, and Miller's Stave Silo.
Moisture and ascidity tests were also made at the
well eand center of esch silo, and the appearance of
the silage at the wall and center was noted as the
silage was fed out. Observations were taken of

the amount of freezing in the different silos.

Discussion of Datsa,

" As has slready been shown in the tables

end chargs on "Temperature Reedings in Silos", there

1. Thesis for A.M. degree, 1914.






was no great variation in the temperature at the

wall in one silo as compared with another; more-

over, the veristions were within the limits be-
tween which normel silage is produced.
In every silo the percent of acid was

lower at the wall than at the center, and in some
of the silos this difference was quite marked;
however, there was sufficient acid in all cases to
preserve the silage. There was practically no
difference in the percent of moisture at the wall
as compared with the center.

80 fer as could be noted from appearance
the silage at the wall kept as well as that at the
center of the silo. There was considerable mold
thruout the silage in the Tile Silo, but it is
thought to be due to the fact that the silage was
quite dry and very poorly packed.

No difference was noted in the amount of
freezing in one kind of silo a&s compared with another.

Since the period of silage formation
-only exténds over three weeks to a monthg, and oe-
curs et thet time of year when the weather is never
exceedingly cold, we may conclude that no one type

of silo has eny particular adventage over others ss






affects the fermentation of silage.

Therefore, the only factor to be con-
sidered in erecting a silo is to have the walls
air tight, and strong enough to withstand the

letteral pressure.






-100-

SMALL SILOS FOR EXPERIMENTAL PURPOSES.

Object.

The data taken during the winter 1913 -
1914 and reported in ilagruder's thesis, seems to
show conclusively thet the small silos are relisble
for experimental purposes except in the case of

temperatures.

The objecet of this experiment was to ob-

tain additional date on this point.

Plan of Experiment.

During the time of filling the South Con-
crete Silo enough corn was taken out to fill an ex-
perimental silo, and the place marked. ¥hen the
silage was fed out to this marker the experimental
silo was opened. Samples were taken for snalyses
from the experimental silo and from the South Con-
crete Silo, both at time of filling and again when

the smell silo wes emptied.

Discussion of Dats.

The chemical anslysis of these samples

was not a#ailable, therefore only & comparison of
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the acidity and the appearance of the silage
will be taken up.

The silaege in the small silo contained
2.58 percent of acid and 25.59 percent of air dry
matter as compared with 2.3l percent ot acid and
27.01 percent ot sir dry matter in the South Con-
crete Silo.

So far as could be noted from appearance
the silage in the small silo was identical in every
wey with that in the large silo.

These data substentiate the conclusion
given by magrﬁder; &hich is, that silos three feet
in diemeter and six feet high, end made of two inch
material, are reliable for experimental purposes

except in temperatures.
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SUMMARY AND CONCLUSIONS.

At the beginning of this paper several
leading questions were asked.
The summary is given in the form of ans-

wers to these questions.

Temperature

1. The temperature in large silos is not
an important factor in silage fermentation, for if
the silage crop is properly ensiled, the range of
variation in the temperature et this time will be
within the limits considered to be essential for
the production of good silage.

2. The results on all of the silos show
that the temperature in the silage is influenced to
& very slight degree, if at all, by the material
used in the construction of the silo.

8. The data show that for the first few
weeks a small amount of heat may be developed by
fermentation in the silage, but after this there is
8 graduali: cooling of the mass of silage from the
well to the center of the silo; and that in time
the temperature of the silage will become the same

es that of the atmosphere.
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4, The fact that higher temperatures
were obtained at all times in the silage which
contained a large amount of entangled &ir as com-
pered with that which was well packed to exclude
the air indicates that free air must be consider-
ed as a factor affecting the temperature in silage.

5. The temperatures which are obtained
in the silege are influenced in a large degree by
the temperature of the atmosphere &t the time of

filling the silo.

Moisture snd Acidity.

6. There was & smaller amount of acid at
the wall &s compared with the center of the silo.

7. The fect that there was uniformly a
lower percent of acid in the silage containing an
excessive amount of air indicates that air must be
considered as & factor affecting the scidity of
silage.

8., The percent of ascid is affected by the
nature of the silage crop; the one which contains
the greatest amount of soluble suger has the highest
percent of acid.

9, The percent of moisture at the wall
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was practically the same as that at the center of

the silo.

10. The facts aveilable indicate thsat

there is very little relation, if any at all, be-

tween the percent of moisture &and the percent of

acid in silage.

Losses in Silage,

11. P2he silage in five experimental

silos showed an averaege loss in weight of 3.92

percent.

12. There was & loss of only six inches

of silage at the
tarred paper end
18 inches on the

13. So
no difference in
tween the salted

face.

surface which was covered with
cowpeas, &s compared with 16 to
part untreated.

far as could be noted there was
the amount of spoiled silage be-

end unsalted portions of the sur-

Shock Corn Fodder &s Silage,

14. So far &s could be determined from

appearance’the silage made from shock corn fodder
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at a temperature of 53 degrees r. was identical

with that at a temperature of 39 degrees F. How-
ever, as judged ffom appearance there was no evidence
that eny fermentation had teken place in either sil-

age; since it hed the appearance of wet corn fodder.

Legumes for Silage.

15. Good silage was made from peas and
oats, and alfalfa.

16. We believe that & fair quality of
silage can be meade f;om soy beans and cowpeas, if
they ere allowed to dry out somewhat before being

ensiled.

Weight of Silage.

17. Weights based upon the amount of
green corn weighed into two concrete silos, 16
feet in diemeter, show en average weight of 3.8
tons per foot of depth for the upper 18 feet, and
an everage of 5.59 tons for the lower 9 feet,
| 16. From & study of the weights of e
cubic foot of silage as taken with the "Kansas

Apparatus",'it appeers that silage reaches a limit
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of compressibility at about 9 to 12 feet, and
below this point the increased pressure will not
force out any more air.

19. The addition of water to silage simply
serves to force out the air and increases the weight
of the fresh silage per cubic foot, but does not
materially increase the weight of the air dry mat-
ter.

20. There was & great deal of variastion
inbthe weights of & cubic foot of silage in the
different silos. Undoubtedly the weights are af-
fected by factors other than the amount of water

added.

Kind of Silo.

21. Since the period of silage formation
extends over three weeks to a month, end occurs at
that time of year when the weather is never exceed-
ingly cold, we may conclude that no one type'of silo
has eny pa;ticular adventage over others as affects

the fermentetion of silage.

Experimental Silos.

22, Silos three feet in diameter and six
feet high are relisble for experimental purposes,

except in the case of temperatures.
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the'ﬁork'as I do not indw that you wish to havé me

do.this in a letter. If you wish more detail,






D

in re~rd to the various purts of the thesis;
I will be glad to fvrnish it.
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