


·1 
L _ 

This Thesis Has Been 

MICROFILMED 

Negative No. T- 1134 

Form 26 







SILAGE INVESTIGATION 

by 

Orner Ivo Oshel, B. S. in Agr. ,, ' 

- ., ~ : -.-- .,-, .--. 

' .. .. - ' .. .' .. ' . 

SUBMITTED I N PARTIAL lWLFILLMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF 

MASTER OF ARTS 

in the 

GRADUATE SCHOOL 

of the 

UNIVERSITY OF MISSOURI. 

1915. 





3 7 ,,£,7 M7 ; 
,,,,\ ~ '\

J V -..l 

1. 

CONTENTS. 

Introduction • • ••• . . . . . . . . . Page 
1 

2. Review of Literature 

3. 

4. 

5. 

6. 

Temp erature 

Moisture and Acidity • 

Losses in Silage •••. 

Weights in Silage 

4 

· • • • 11 

· • 17 

• • • 22 

Shock Corn Fodder in the Silo ••••• 25 

Legumes for Silage • 

Description of Silos • . . 
Description of Methods Used. • 

Temperature Observations • 

. . . • • 27 

29 

· . . 

Moisture Determinations . . . . 

• 33 

· 33 

· • • 33 

Acidity Test •••••• . . 
Method of Taking Weights • 

Temperatures in Silage •• 

Experimental Cans •• 

Temperature Readings in Silos. 

• • • 34 

· . 

· 35 

• 36 

· 38 

44 

Temperatures in Experimental Silos •• 55 

MOisture. Acidity and Air in Silage · . • • 61 

The Large Silos • • • • • • • • • 62 

Air in the Silage ••• 

The Kind of Silage • 

13· 'l(j l . 
. . U ;j '* 59 ' 

. . . . . • 64 

· . . • 66 





-2-

Page 

Relation of Moisture to Acidity in 
Silage • . • . .• 67 

7. Losses in Silage ~ • • • 

8. Shock Corn Silage •• . . . . . . . . 
70 

75 

79 9. Legumes for Silage • • • • . 

10. Capacity of Silos • • • . • . • • • • • •• 84 

Weights per Cubic Foot at Different 
Depths • • • • •• •..•..•• 88 

11. Value of Different Kinds of Silos for Pre
serving Silage • • • • • • • • • • • • • • • 97 

12. Small Silos for Experimental Purposes. . . • 100 

13. Su~ary and Conclusions • 102 





SILAGE INVESTIGATION. 

INTRODUCTION. 

More than one hundred years ago people began 

the practice of preserTing green feed in silos. I. 

this oountry the first silo aboTe ground was built in 

1875, in Michigan. From this beginning the use of 

the silo haos spread rapidly until today it may be con

sidered a well-established feature in American farm 

economy, not only in dairy sections, but in general. 

where any kind of liTe-stock farming is practiced. 

While silos and silage haTe been in general 

use for a number of years there are several important 

questions th~t do not seem to be fully and satisfaotor

ily answered. For example: 

1. What is the importanoe of temperature in 

silage? Is it uniform thruout? Does the material 

used in the construotion of tae silo exert any influence 

on the temperature in the silo? 
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2. What is the relation of the peroent of acidity 

and moisture to the keeping qualities of silage? What 

are the factors operative in the production of a desirable 

quantity of acid? 

3. What is the percentage of loss in the silo? 

How much is unavoidable? 

4. Is there a possibility of making silage from 

shock corn fodder and legumes? 

5. ihat does silage weigh per oubic foot at 

different depths in the silo? 

6. What is the effect of the kind of material 

used in the oonstruction of different kinds of silos 

upon the composition of silage, especially near the 

wall? 

1. Of What signifioanoe are moulds in silage? 

8. Wi th a need of experimental work in silage 

there arises the question of the reliability of small 

sllos for experimental purposes. 

With these questions in mind a series of exper

iments were carried on by the Dairy Department of the 

Missouri Agrioultural College during the winters of 

1913-l9l4 ,and 19l4~19l5. The work for 19l3~l9l4 was 

oarried on by D. G. Magruder and the results may be 

found in his thesis for that year. ~e work for this 

thesis is & oontinuation of that started by Magruder, 

but includes other problems whioh were not taken up 

in his experiments. 
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LITERATURE. 

About 1880 Fry advanced the view that the 

neating of silage was due to the respiration of the 

cut vegetable tissues, but his ideas did not meet 

with acceptance and have sinoe that time, until quite 

recently, been entirely neglected in the prevailing 

tendenoy to explain all fermentative effects as due 

to microbio 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 activities are 

the causative agents. Pernot of the Oregan Experi-
1 

ment Station. and Esten and Mason of the Storrs Ex-

periment station2 support the former view; while Hart. 3 

Babcock and P.ussell of the Wisconsin Experiment Sta-
4 5 

tion, and E. J. Russell of tne Rothamstead Experi-

ment ~tation in England hold that tke changes are due 

to the intromoleoular respiration of the plant cells. 

The larger mass, of evidence seems to be in favor of 

the intromoleoular theory. 

1. Annual Rpt. 1902. pp. 68-69. 
2. Bul. No. 70. pp. 12-14, 1912. 
3. ·Jour. ·Amer. Chem. Soo., 34 (1912), No. It, pp. 1619-1625. 
4. Annual Rpt. 1900. pp. 123-141. 
5. Jour. ~. So1 •• (1908) 2, No.4, pp. 396-410. 
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Temperature. 

Short of the ~isconsin Experiment Stationl 

in the fall of 1888, using experimental silos and 

taking the tempereture with maximum thermometers in 

pipes plaoed in the silos at filling time; reports 

that on the second day of filling, August 31, the 

temperature registered 123 degrees F. And it oon-

tinued to rise for a week when the maximum was reaoh-

ed at 163 de~rees F. then slowly fell to 105 degrees 

F. .on NO'Temb er 13. Good silage was produced with an 

acid content of 1.26 per oent oalculated as acetio 

acid. 

A temperature of 80 degrees F. is reported 
2 

by Cooke of Vermont Experiment Station, on the second 

day after filling, August 30, then a gradual decline 

to 60 degrees F. on September 21 when the silo was 

opened; as is shown in the following table. 

· · · · Date : !temperature · · · · · · 
t Aug. 29 780 F. · · · " 30 800 F. · 80 0 

" 31 Jr. 

· Sept. 1 · 770 
ll' • · · '20 " • F • 

· " 10 710 F. · 700 
" 17 if. 

" 21 600 
b1

• 

1. Bul. ~o. 19. 
2. Annual Rpt. 1889, p. 96. 
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The silos used were circular wooden tanks. three 

feet high and two feet in diameter. 

Lamson of the .New Hampshire Experiment 

stationl took temperatures with an eleotrioal ap

paratus,- based on the same principle as the apparat

us used by the Missouri Experiment Station at the 

present time. The eleotrode was a narrow glass tube 

filled with a salt solution. The silos whioh he used 

in this experiment were made of double matched boards, 

and were 13 % 14 x 30 feet deep. The silos were in 

the . barn. Two electrodes (1 & 2) were plaoed in one 

silo, and three eleotrodes ( 3, 4 & 5) in the other. 

The silage was made of nearly mature corn, and the 

silos were filled as rapidly as possible and receiTed 

Tery little packing - one or two men to keep the sur-

faoe level. A silage of good quality was produoed, 

being barely mOist, oliTe brown in color, and slight

ly acid with a pleasant aromatio odor. 

Electrode No. 1 was placed between eight and 

nine feet from the bottom of the silo. The first 

reading two days afterwards was 118 degrees .I!'. which 

was the maximum. The temperature fell rapidly durin~ 

the first ten days to 108 degrees F., then Tery gradu

@!lly and uniformly until uncoTered .I!'ebruary 17, - when 

it registered 71 degrees ~. 

1. Bul. No. 79, pp. 29-33, 1900. 
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Eleotrode No. 2 was placed about ten 

feet above No. I and deeply covered. Within two 

days the temperature rose to 84 degrees J!'. then 

gradually rose to the maximum, 105 degrees J!' . 

twenty-six days after filling, then gradually de

olined to 85 degrees j!'. January 14, when it was un

OOTered. 

~leotrode ~o. 3 wes placed about three and 

one-half feet from the bottom of silo No.2. The 

ma.ximum temperature t 100 degrees J!' . was reached three 

days after filling. From this it fell very slowly 

until February 17, when it was 70 degrees .Jt. 

Eleotrode .!.'lo. 4 was placed about thirteen 

feet from the bottom of the silo. There was a 

gradual rise from 77 degrees .J!'. the next day after 

filling, to the maximum of 103 degrees ff. forty-three 

days after filling , then a Tery slow fall to 98 de

grees .J!'., February 17. 

Eleotrode ~o. 5 was plaoed in the silo 

about four and one-half feet above ~o. • and one and 

one-half feet below the surface of the silage. ~he 

surfaoe remai~ed uncovered for several days then was 

ooveredwith about one foot of litter. There was a 

rapid rise to a maximum of 127 degrees five days 

after filling. 1'hen a gradual but irregular deoline 





-7-

to 97 degrees .J!'. Januar,y 14. This eleotrode was 

probably influenoed by external faotors, being so 

olose to the surfaoe. 

Aooording to Baboook and Hussell of the 

Wisconsin ~eriment stationl the large amount o~ 

lleat developed in silage may, under normal conditions, 

be attributed to the intromoleoular respiration of 

the ensiled material. They also demonstrated; by 

using Tessels ranging in size from a pint to seTera1 

gallons, and oontrolling the temperature; tkat when 

otaer oonditions are natural Just as good silage 

oan be made in small oontainers at room temperature 

(GO degrees - 70 degrees} as in large silos wllere 

the heat is ; muoh higher. "SRowing that the ao-

oumulation of heat whioh naturally ooours in a silo 

when large masses of fodder are ensiled, is not at 

all essential for the produotion of good silage". 

The work on temperature changes in the 

silo was oontinued by Baboook and Russel12 during 

the next year with muoh the same results. GalTan-

ized iron reoeptaoles one and one-half feet in diam-

eter and four feet high were used as silos. 1'hese 

oans wer.e filled with field oorn of an average state 

1. Annual Rpt. 1900, pp. 123-141. 
2. Annual Rpt. 1901, pp. 177-184. 
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of maturity end hermetioally sealed. The temper-

ature was taken by thermometers in large glass tubes 

sealed at the lower end and inserted thru the OOTer. 

The initial maximum temperature was reoorded on the 

first day. 'rhere was a gradual deoline to the tem-

perature of the room on about the twelfth. day, then 

the temperature of the oans fluotuated with the tem
.~ 

perature of the room. - The oans were opened on the 

twenty-fifth day. There was no spoiled silage and 

it appeared normal in every way. The silos were 

then "left unooTered to note the effeot of the baoter-

ial and mould deTelopment on the temperature. 'l'here 

was no striking rise until about the third day (tke 

thermometer was placed about four inohes below the 

surfaoe); then the rise was rapid and oontinued for 

about ten days, reaohing a maximum of 122 degrees F. 

After this period the temperature again deolined but 

not as low as the room temperature. 

Pernot of the Oregan Experiment Stationl 

reports temperatures in three experimental silos, 

12 x 5 feet, as tollows: 

1. Annual .Report 1902, pp. 68-69. 
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: Msximull Days : 30 days 
· . temper- after · after · · . · · ature · fillins filling · 

Silo No. 1: 760 
Jf. 13 · 64°.l!'. · · · 

· Silo lIlO. 2: 800 F. ., 62
0

F. · 
0 

6 62°J!'. · Silo No. 3: 66 J!'. · .. · · · · · 

!bese temperatures were taken at the oenter of tae 

silo. 

Temperature obserTations cOTering a period 

of fiTe years we.re reported by Esten and Mason of the 
1 

storrs Experiment Station. The hi~hest temperature 

of 126 degrees J!'. was found at the surfaoe of the sil

age where the silage was exposed to the air. 'l'Ae 

highest temperature found within the silage mass did 

not exoeed 86 degrees F. Durin~ · the filling of the 

silo in 1910 five maximum thermometers were buried in 

the silage. All were placed about half way between 

the oenter and the wall of the silo; with about twenty 

tons of silage between eac. thermometer, and about 

forty tons above. the first thermometer. At the time 

this work was reported only two thermometers Aad been 

reoovered and they registered 80.6 degrees and 80.4 

degrees F. respeotively. The autbors report tae best 

1. Bul. No • .,0, pp. 22-30, 1912. 
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temperature for silage formation to be 75 degrees 

to 85 degrees H. They state that a temperature 

above 100 degrees F. means silage destruction, and 

below 65 degrees F. during fermentation a poor qual

ity of silage is produced. 
1 Neidig of the Iowa Experiment Station 

en 
reports temperatures in a wo~stave, a hollow tile, 

and a concrete silo for a period from the middle of 

September to the second week in October. Tempera-

tures were taken at the center, two feet from the 

center, two feet from the wall, and at the wall in 

each silo. -They were taken with an electrioal ap-

paratus of a type similar to the one used at this 

Station, that is resistance bulbs were placed in pipes 

in the silo and the wires carried to the top of the 

silage, where the temperature was read directly by 

means of an indioator box. All three silos showed 

about the same characteristios where the thermometers 

were not affeoted by outside influenoes. The time 

during whioh the temperatures were taken was Tery 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. 'l'he maximum in this oase 

1. Res. Bul. No. 16, pp. 8 - 13, 1914. 
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being 91 degrees F. in both the concrete (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 

Magruder in his thesis/took temperatures 

with eleotrical 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/about 100 de-

grees F. in the iron and concrete silos. Rigaer tem-

peratures were reported in the Gurler and stave s110e, 

but they are -thought to be due to the faot that the 

silage was drier and not packed so well. There was 

very little difference at different depths in the 

silo. In all cases there was a sharp rise to the 

maximum temperature in about two weeks after filling, 

then a slow and quite uniform decline. 

Moisture and Acidity. 

Short of the Wisconsin Experiment Stat1on2 

presents data to show that the per oent of acid varies 

with the percent of moisture in silage. 

1. Thesis for A.M. degree, university of Missouri, 1914. 
2. But. No. 19, p. 22. 
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:Peroent Peroent . . 
· o~ of · :MOisture · Acid · 
· 54.4.3 · 1.34 · · 

38.13 0.43 

· 80.00 · 1.64 · · · · 
74.60 1.30 · · 

The following table taken ~rom lUohigan 

Bulletin Bo. 68 (1890). shows the relation of aoid-

ity to the peroent of moisture in silage. 

Date ~ Peroent dr7: Peroent aoid • Peroent d17 · · • · of · satter in : in silage as matter in oorn: · Cutting: Silage aoetio aoid · at outting. · · · 
August 10 10.00 · 1.26 13.90 · 
Augo.st 16 12.70 .84 15.13 

Augu.st 22 15.60 .76 17.46 

August 28 18.00 · .72 19.50 · 
September 3: 21.40 .72 22.56 

September 9: 24.27 .72 25.39 

September14: 29.90 .70 30.80 
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The Massaohusetts Experiment Stationl 

reports the peroent of moisture and aoidity in six 

samples of silage as follows: 

Peroent Peroent 
Sample of of 

moisture aoid 

1 76.38 3.68 

2 70.01 2.12 

3 82.87 1.98 

4 75.36 2.69 

5 78.84 1.26 

. 6 71.65 1.13 

It is thought by King of the Wisoonsin Ex

periment Station2 that too muoh water tends to in-

orease the aoidity of the produot. Where the corn 

is put in the silo in too immature condition, an oyer 

sour and lower quality of silage will be obtained. 

In an experiment to determine the faotors operatiye in 

the formation of sweet and sour Silage, Griffeths 3 

found that silage produoed below a temperature of 90 

degrees l!'. had 1.66 peroent of acid (methods not giTen); 

1. Butletin No. 36, 1890. 
2. _~ual Report 1893, pp. 201-227. 
3. Chem. News, 70 (1894), pp. 273-275. 
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between 90 degrees ~'. and 120 degrees F. the silage 

had 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 Taleric with 

a trace of laotio acid. This silage also contained 

four percent of sugar. 

The author states that the two Tarieties 

of silage, acid or sweet, which are produoed in sil

age formation are determined by the temperature at 

whioh the fermentation takes place within the mass 

of silage; "and the silage is acid or sweet accord-

ing to the presenoe or absence of certain acids belong-

ing to the fatty series. A temperature of 140 de-

grees to 158 degrees ~. faTors the r-roduotion of sweet 

silage." 

Babcock and Russell of the Wisconsin Experi

ment stationl 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 activities. 

The cellular activities take place for a longer time 

in the immature and succulent plant than in the more 

mature fodder, therefore the greater amount of acid. 

Carbon dioxide plays an important part in the develop-

1. Chem. News. 70 (1894), pp. 273-275. 
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ment of acid, as it kills the plant tissues and con-

sequently stops the development of acid. 

In silage made from corn when the kernels 

were in the dough stage, Withycombe of the uregan 
1 

Experiment Station 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 followircg table: 

:Percent Percent 
Silo of of 

::Moisture Acid 

1 74.7 0.80 

2 77.2 1.16 

3 77.3 1.06 

Water was added to silo ~o. 2 and silo ~o. 3 at the 

rate of one gallon of water to 100 pounds of material. 

Morse of the New Hampshire Experiment Sta

tion2 conducted a series of experiments covering two 

years to determine the acidity in silage. There was 

quite a variation between the two years. In 1896 the 

acidity varied 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. Bu1. No. 67, p. 104, 1901 • . 
2. Bul. No. 96, PP. 115-117, 1902. 
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no regularity in the amounts of acid occuring. ~he 

acidity at the surface was always lower than six 

inches below the surface. 

Hart and Willaman ot 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 liTing cells, rather 

than by means of foreign organisms; due to the fact 

that grinding the tissues TerT fine in a food grinder 

liberates more acid than simply chopping with a knife. 

For a period cOTering five years work, the 
2 

storrs Experi~ent Station giTes the average percent 

of acid in corn silage as 1.6 percent. 

Taried from 1.0 percent to 2.0 percent. 

HoweTer, it 

Magruder in his thesis shows that the per-

cent of acid increases with the moisture. The per-

cent of acid and moisture Tariee with the maturity 

of the corn. He reports a lower percent of acid at 

the wall than at the center of the e110, while the 

percent of dry matter is practically the same • 

. Dox and Neidig of the Iowa Experiment Sta

tion3 performed an experiment to determine the amount 

1. Jour. Amer. Chem. Soc., 34(1912}, No. 11, pp. "1619-1626. 
2. Bul. ~o. ~O, 1912. 
3. Res. Bul. No. 10, 1913. 
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of laotio aoid in silage and its rate of development. 

Samples were taken every day for the first fourteen 

days. They were taken with a two inch soil auger 

thru a hole in the door of the silo. They found 

that the rate of formation of lactic and Tolatile 

acids was greatest in the first three days. The form-

ation of the volatile acids was about twice as rapid 

as the formation of the lactic. The average ratio of 

the lactic to the volatile acids was 1.0 : 0.75. 

L08ses in Silage. 

~The fermentation of an organic body is al

ways accompanied by a loss of sUbstance."l 
2 In 1889 the Arkansas Experiment Station re-

ported a 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 respeotively in three exper1-

mental sitos. Ne'. 1 was filled with corn shredded, 

1. Wis. Bul. ~o. 19. 
2. Annual Report 1889, p. 4. 
3. Penn. Report, 1890, pp. 69-79. 
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well packed, and COTered 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 was cOTered. For No. 3 the corn was 

cut in two inch lengths, otherwise it was treated the 

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

were due to fermentation; but a large ~ercent was due 

to the moulding and spoiling which took place at the 

sides. 
1 

Smith of the Michigan Experiment Stetion 

reports a loss of 8.32 percent as an average of four 

tests from putting corn in the silo. Some other 

tests Taried from 14.57 percent to 20.36 percent. 

Woll of the ',Vi sconsin t!Xperiment Station2 

weighed the corn into the silo and weighed the silage 

out. He reports s 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 ex~eriment was carried on by Collier of 

the ~ew York Experiment station3 in whioh bags oontain

ing 50 pounds each-of the green material were buried 

in the silo at filling time. This material was analyz-

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

1. Bul. No. 191, 1901. 
2. Annual Report 1891, pp. 227-231. 
3. Annual Report 1892, pp • . 162-173. 
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were taken from the silo. There was a loss of 

12.6 percent of dry matter, 18.5 percent of albumin

oids, and 26.6 percent of sugars and starches. An 

inorease of 3.7 percent of amide nitrogen, and an 

apparent inorease of 45.4 percent in crude fat, - due 

to the increased solubility of the ether extract thru 

the fermentation in the ~110. 

In 1894, for a period covering six years, 

the Kansas ~er1ment Station1 reported an average 

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

ten silage, and 12.3 percent of loss. Of several 

plans tried for the saving of silage, they obtained 

the best results when the surface of the silage was 

oovered with a layer of green grass that would be six 

inches thick after it had settled, a~d then cOTered 

this with earth. Very little silage spoiled. 

As a result of a series of experiments in 
2 

1893 - 1894, King of the Wisconsin Experiment Station 

found the lossee in silage to be considerable less 

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

Aooording'to Baboobk and Russell of the same Station3 

the unavoidable losses in silage are due to the forma-

1. Bul. No. 48, pp. 33-40. 
2. Annual Rpt 1895, pp. 273-278. 
3. Annual Rpt. 1900, pp. 123-141. 
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t10n of water. carbon dioxide gas. and Tolatile or

ganic acids. as a result of the intromoleoular res-

piratory prooesses of the ensiled tissues. 

also performed an experiment to determine the influenoe 

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

able losses in silage. Two samples of silage of the 

same weight and oomposition were taken. One sample 

was packed in a pint milk bottle. the other was put 

into a quart milk bottle. Both bottles were then seal-

ed. The covering contained a mercury TalTe which per

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

The amount of loss in each is shown in the following 

table: 

1st pair : 2d pair : 
: 1 pt. 1 q t . : t pt.: 1 q t. : 
: sms gms • : gms.: e;ms • : 

Weight of corn at start : 323.7 318.7 :299.6: 299.7: 
: 

Loss of silage after 33 da. 1.0 7.6 3.8: 8.5: 
: 

Percent of loss after 33 da. .31 : 2.38: 1.27: 2.91: 
: : 

Loss of silage after 303 da. 2.40: 10.4 : 5.6 : 12.0 : 
: : . . 

Percent of loss after 303 da. : .74: 3.26: 1.80: 4.11: 

1. Annual Report 1901. pp. 200-209. 
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The loosely ~acked sustained a loss near

ly three times as great as that which was closely 

~acked; 3.68 ~ercent for the loose, and 1. 27 percent 

for the close ~acked one (the average of two bottles 

in each cas e) • 

A com~ari son of green fodder with the sil-

age made from thet fodder is given by Morse of the 

New Hampshire Experiment Stationl • The greatest and 

most im~ortant changes were in the carbohydrates; 

mainly sugars and fiber. A loss of sugar and an in-

crease of fiber. He states that the losses in sil-

age ' are confined almost exclusiTely to the sugars. 

Table showing the loss of sugar in silage: 

Dry matter 

Sugar in dry matter 

: 1898-1899 : 1899-1900 : 1900-1901 
:fodder:silage:fodder:silage:fodder:si1age 
: % : to : %: % : % : % . . 
:19.50 :18.25 :18.86 :16.38 :20.05 :19.52 

7.75 : 0.20 :20.89 : 0.51 8.24 : 0.55 

Apparently the starch was not affected. The 

sugar content of t~e corn plant 1s most abundant during 

the early stages of ear deTelopment. As the plant ma

tures the sugar changes to starch. The least loss of 

carbohydrates will therefore tak e ~lace the nearer the 

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

1. Bul. ~o. 92, 1902. 
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sugar is almost all destroyed in the silo. 

Cooke of the Colorado Experiment Stationl 

reports the following losses in an experimental 

silo ten feet square: 9997 pounds of fodder corn 

put in and 8997 pounds taken out, - a loss of 10 

percent. 9721 pounds put in and 9409 pounds taken 

out, making a loss of 3 percent. 

WEIGHTS IN ~ILAGE. 

King of the Wisconsin kxperiment station2 

reports the weight of a cubio foot of silage at fill

ing time, from seTeral Stations, to be as fOllows: 

:Wt. per :Depth of 
Station cubic :silage in 

foot silo. 
Lbs. ft. 

Wisconsin 24.75 13 
Wisconsin 27.90 12 
North lJarolina 26.00 14 
North Carolina 34.00 31.5 
New York 25.90 14 
New tork 25.70 14 
Missouri 30.00 16 
Kansas 34.00 20 
C.E.King, . Whi te-

water, \'i is 44.60 27 
: 

These weights are based upon the weights of the green 

1.HU1. ~o. 57, 1900. 
2. Annual Rpt. 1891, pp. 241-244. 
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material put into the eilo, and are an aTerage 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 .ean weight of 

a cubic foot of silage made from well glazed corn 

to be 42 pounds in a s1lo twenty-seven feet deep and 

slowly filled; the upper thirteen feet to average 

26 pounds; and 45 pounds as the weight of a cubic 

foot thirteen feet below the surface. Also assume 

that below this t hirteen foot leTel there is a un1-

form increase until 63 pounds is reached. ~'rom 

this he computes the weight of a cubic foot at dif

ferent depths in the silo (no methods given). In 

his table he obtains the maximum weight 163 pounds) 

at a depth of twenty-three feet in the Eilage, and 

below this depth he considers the weight uniform for 
1 succeeding depths. K1n~' has Since gotten out a . 

table in which he has calculated the weight of a 

CUbic foot of silage from a depth of one to thirty-

Six feet. He sho~ a fairly uniform increase from 

18.7 pounds to 61.0 pounds. 

King2 also reports the results of an ex-

1. Annual Rpt. 1893, p. 207. 
2. Annual Rpt. 1891,pp.249-254. 
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periment to determine the latteral pressure in the 

silo; by means of pressure plates. In general, it 

was found that below a depth of three feet the pre

sure increased at a rate of nearly 11 pounds for 

each foot of, depth. K1ngl reports two incidents 

where the silo had burned, and in both cases the 

silage maintained the form of the space in which it 

had been stored; showing that after silage has once 

settled there is very little latteral pressure CA. D. 

Rice's silo burned October 20. 

burned four days after filling). 

Cooke of the Uolorado Experiment Station2 

divided an experimental silo ten feet square into 

three layers with boards to separate the layers, and 

rods extendin~ 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 

Silage laler 
inches 

Botton laye'r 6588 15.5 

Middle layer 9721 47.0 

Top · layer 9997 39.0 

1. AmlUai Hpt. 1894,p. 289. 
2. Bul. ~o. 57, 1900. 

:Preas-:se.ttl-: per 
ure ing : cu. ft. : 

323 90 50.7 

244 77 33.3 

145 8 31.5 
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When the COTer and the top were removed down to the 

first layer, the top of thi~ layer rose two and one

half inches. This includes the expansion for the 

whole mass. 'l'he first and third layers expanded 

one inch eaoh and the middle layer one-half inch. 

SHOCK-CORN FODDER IN THE SILO. 

The report of the utah Experiment Station 

for 1892 (pp. 40-49), gives a short referenoe to the 

placing of fodder in the s110, comparing the keep1ng 

qualities in the silo as against the mow. 'l'he fodder 

was put thru the silage cutter be~ore be1ng plaoed in 

the s110. 'I'he fodder oonta1ned 58 peroent moisture. 

No water was added. As far as oould 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 ~odder to be eaten. fully 

as well as hay is usually eaten." 
1 

'l'he Delaware Experiment station reports 
. 

some trials with shock corn fodder as silage. Reot-

angular silos 7 x 8 x 28 feet were used. February 

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

1. Annual Report 1903, pp. 38-41. 
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placed in a silo; j!'ebruary 27. 2025 pounds o:t well 

water, at a temperature of 52 degrees were put on 

the silage. On March 2, 3070 pounds of water ad-

d1tional were added; this mass then had 27.5 per-

cent of dry matter. On this same date iron pjpes 

~ive feet long were driven down into the 2- i1age; al

so pipes were driven thru the side walls of the silo 

into the center OI the silage. Temperatures were 

taken by means of chemical thermometers. 

lowing temperatures were reported: 

'l'he f01-

Ji't. below 
surt"ace March 2 March 3 March 4 

5 l490
b' • 

0 
122 .l!'. 

0 
140 b'. 

12 l2~0 j!'. 140
0 

b'. 1400 
j!'. 

0 
1220F. 0 

18 77 j!'. 131 j!' . 

Beach of the Vermont Experiment Station1 

shredded about 8 tons of dry corn fodder with 60 

percent of dry matter, into a staTe silo; and at the 

same time ~dded 3 tons of water. Within the next 

two weeks enough water was added to reduce the dry 

matter to approximately 25 peroent. A sweet silage 

1. But. · No. 70. 
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was produced. It seems that 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 a moisture content about 

typical of normal silage. 

LEGUMES FOR SILAGE. 

1 . The Maryland Experiment Station reports a 

trial of soybeans and corn for silage (proportions 

not given). The silage was in good condition at 

the time the silo was opened. tlowever, upon ex-

posure to the air the soy beans quickly changed, dev

eloping an undesirable odor and were refused by the 

cattle. 

The Wisconsin Experiment stat10n2 reports 

good success with clover as a silage orop. The 

pOints they emphasize are:- use fairly mature clover; 

and cut it when the dew is off. By following these 

suggestions a bright, sweet, and palatable silage 

oan be produced, and it will have an aromatio odor. 

1. Annual Rpt. l89l,p. 349. 
2. Bulletin ~o. 19, p~ 27. 
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Alfalfa was made into silage on a small 

scale by Cooke of the Colorado Experiment Stationl • 

Alfalfa both whole and cut was tried in the silo, 

but better success was secured with cut alfalfa. 

With the cut alfalfa there was 7.3 percent of spoil

ed silage, and about 10 peroent loss in dry matter. 

However, excellent silage was produced. 

It is generally believed by farmers 

that the legumes, alfalfa, clover, oowpeas, eto •• 

may be made into silage; but that corn is a better 

silage crop, and where possible the silo should 

be filled with corn, and the legumes made into hay. 

1. Bul. No. 57, 1900. 





Columbia. 

-29-

DESCRIPTION OF SILOS. 

The silos used are situated in and about 

They are as follows: 

South Concrete Silo. 

~orth Concrete Silo. 

Iron Silo. 

Miller's Stave Silo. 

Reid's East Stave Silo. 

Reid's west Stave Silo. 

Gurler Silo. 

'Tile Silo. 

Estes' Concrete Silo. 

~orseyfs Concrete Silo. 

Six ~erimental Silos. 

Six Experimental Cans. 

The South and ~orth Concrete Silos are 

situated at the dairy barn on the Oniversity 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 concrete Silo was filled Sep

tember 2 - 6. The corn was somewhat greener than 

.that which is usually 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, especially 

the sur~aae after the silo had been filled; and 

one-half barrel of common salt was spread over 

the south half. 

~he North Conorete S1lo was filled Sep-

temper 22 and 23. The silage was well tramped 

and after filling operations had oeased the north 

half of the surface was covered with tarred paper, 

the edges overlapping about two inches, then a 

load of oowpeas 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, and 1s 26 feet high, 12 

feet in diameter, and sets about 4 t feet in the 

ground. The part above ground is made of iron 

bands two and one-half feet in width and r1vited 

together. This silo was filled August 29 - 31. 

The silage was well tramped and no water was added. 
, 

About 18 days aftei'filling the surfaoe was leveled 

and tramped down, .. 9.nd a quantity of oommon salt 

sprinkled allover the surfaoe. 
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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 Septe.mber 2 to 4. The 

corn was cut rather coarse and was not tramped 

very much. 

All of the stave silos are typical. 

They are situated on farms east of Columbia. 

Miller's stave Silo is 37 feet high, 16 feet in 

diameter, and sets 5 feet in the ground. 

filled September 12 to 15. 

It was 

Heidls East Stave Silo is 32 feet high, 

16 feet in diameter and sets 4 feet in the ground. 

Reidls 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 ~urler Silo is located on a farm 

northeast of Columbia, and is 30 feet high and 14 

feet in diameter. It has been used several years 

and the plastering has cracked in places. It was 

filled August 25 a~d 26. 

Estes' Concrete Silo and Dorsey's Concrete 

Silo are located on farms southeast of Columbia, and 
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are of the monolithic type. The former is 52 

feet high and 16 feet in diameter. The latter 

is 52 feet high and 14 feet in diameter. 

Six circular water tanks six feet high 

and three feet in diameter, and made of two-inch 

cypress were used as experimental s110s. ~hey 

contained a 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 t he cold. They are designated 

as experimental silos ~o. 1, No. 2, ~o. 3, etc., 

Each time an experimental silo was fill

ed a wire screen which would fit loosely in the 

silo was 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 above this screen were taken when put in 

and again when removed. 1'he object in using this 

screen was to make it possible to distinguish be

tween the loss of nu~rients due to the fermentation 

of the Silage and the loss on top that occurs from 

exposure to the air. 

The Experimental Cans were 20 inches 

high and 12i inches in diameter, and 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 Company). This 

apparatus consisted of a portable 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-

face of the silage. The pipe was placed against 

the wall. extending from the top of the silo to 

the &esired depth and from the lower end of this 

pipe a similar pipe extended to the center of the 

silo. One thermometer was placed at the lower end 
pip. 

of the perpendicular~to give the temperature at the 

wall. and one at the inside end of the horizontal 

pipe to give the temperature at the center of the 

silo. When readings were desired the thermometers 

was conneoted with the indicator box and on passing 

and eleotrical current thru the apparatus. the tem-

peratures were read direotly in degrees i!'ahrenhei t 

on the indioator s-cale. 

Moisture Determinations -- A sample of the 

silage was taken when desired and weighed. The 
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silage was then spread in a mouse tight case and 

thoroly dri ed at room temperature. 'l'he dried si 1-

age was then weighed and the percent of air dry 

matter in the fresh silage calculated. 

Aoidity Test -- Samples for the acidity 

test were taken in two-quart fruit Jars. About 

one oubic centimeter of ohloroform was added to 

preserve the sample until the acidity oould be de-

termined. The sample for acidity was a part of 

the sample taken for moisture. The sample was 

run thru 'a small feed cutter to chop the silage up 

fine, and then thoroly mixed and two 100 gram por

tions taken for the acidity test. 'l'hese portions 

were washed with distilled water and the washings 

titrated against a standard alkali until the last 

washing titrated the same as the blank whioh had 

been run on the distilled water. .l!'our washings 

were usualy required; about 1000 c.c. for the first 

one and 500 o.c. eaoh for the succeeding ones. 

1~enty-four hours or longer intervened between wash

ings. Each washing,was decanted into a suotion fil

ter, and the filtrate made up to 500 0.0. and 100 c.c 

portions titrated immediately. Where the washings 

Were unusually cloudy they were washed over animal 
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charcoal to remove the color. An average 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 taken by means of an apparatus devised 

by Reed of the Kansas Experiment Station. This 

is an iron frame which can be driven into the sil

age to enclose a cubic foot. This frame is a 

foot square on the outside and eighteen inches high. 

'l'he upper six inches of the frame are braoed for 

strength and to this upper part sharp pointed rods 

are welded. one on each corner and one in the mid

dle of each side. (See Plate 1.) The silage was 

cut 8Tound the outside of the frame with a hay knife. 

and the silage taken out of the frame to a depth of 

one foot and weighed for the weight of a cubic foot 

,t that depth. These weights were taken as the 

silage was fed out. 





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) Material used in the construc

tion of the silo. 

(b) The effect of air in silage. 

Plan £! Experiment. 

High ~.'emperature as Oompared wi th Low --The 

six experimental cans were filled with silage from 

the South Concrete Silo at the time it was being fill-

ed, and a sample was taken for analyses. ~'he silage 

was thoroly packed in the cans and the tops put on, 

then the cans were placed in the cheese press and 

heavy presBure appli-ed. ~he tops were fastened on 

With wire, and mel~ed paraffin was poured around the 

edges to seal . the cans air tight. ~lhe weight of 

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

i 'wo cans were placed in the refrigerator 

at 50 degrees J!'. 

Two cans were plaoed in a room at 68 de-

grees ~'. 

Two cans were placed in a special box ar

ranged in the basement and heated by an eleotrical 

oven, set to maintain the temperature at about 100 

degrees Jf. 

One can from eaoh plaoe was opened three 

weeks after filling, and the remaining three were 

opened about two ' months after filling. Samples 

were taken for acidity and chemioal analyses. 

Temperature in the Large Silos Temper-

atures were taken at the wall and oenter of the two 

uonorete Silos, the Iron Silo, the Tile Silo, the 

Gurler ~ilo, and the two Stave Silos; to gather 

data on the relation of the material used in the con

struotion of the silo to the temperature of the sil

age. 

Air in Si1~ge -- ~wo experimental Silos 

were filled with nommal silage taken from the South 

UOhor~te Silo .at the time it was being filled. The 

8ilage was thrown loose into one of these sil08 and 
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no weight applied, while it was well tramped in

to the other and 1600 pounds of weight applied. 

i~o experimental silos were also filled 

with shook oorn fodder in the same way as the two 

preoeeding silos. 

A resistanoe thermometer was plaoed in 

eaoh silo so that the temperature oould be taken 

at the oenter of the silo. Samples for analyses 

were taken from all silos. 

DISCUSSION OF DATA. 

Experimental Cans -- Temperature readings 

were taken daily (Sundays exoepted) thruout this 

experiment. The temperature of the refrigerator 

was the most diffioult to oontroll; the range of 

temperature was from 44 degrees J!'. to 67 degrees F. 

With four exoeptions the range of temperature was 

wi thin four degrees of 50. 'l'he temperature of the 

oheese ouring room was the most oonstant, the ex

tremes were '64 degrees F. and 71 degrees J!'. There 

were only three ex~eptions to a range of two degrees 

eaoh side of .68. Wi th the exoeption of eleven days 

(September 23 to Ootober 2, when the eleotrioity 
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was turned off) the temperature of the special 

box was also quite uniform. The range of temper

ature was from 92 degrees jj'. to 103 degrees jj ' •• 

and with but four exceptions the range was *ithin 

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 

that some air had gained entrance. 

Twenty-three days after filling. one can 

from each lot wa's opened. 

The silage held at 50 degrees 6. had 1.94 

percent of acid. and sustained a loss in weight of 

1. 26 percent. ~.'he si lage in this can had not chang

ed much in color from that of green corn. However. 

it had a disagreeable taste ana odor. 1'he odor re

sembled that of alcoholio fermentation, with some 

putrefaction. There were a few spots or mold in 

this silege. next to the seams of the can. but not 

enough to affect th&'general results. 

1'he si la~e held at 68 degrees F. had an 

aCidity of 2.20 percent. and showed a loss in weight 

of only 0.2'7 peroent. ~:his silage was darker than 

that whi ah had ' been held at 50 degrees ~'. it was 





-40-

very sour to taste and had a 

It also had an odor somewhat 

freshly cut corn. 

~ t 
pleasant acid of or. <!a .. . 
characteristic ~ ~ 

The silage held at 99 degrees .J:i' . had 

1.45 percent of acid, and sustained a loss in 

weight of 2.74 percent. This silage was the dark-

est in color of the three samples and was very 

simi la,r to that of normal silage. ~he odor was 

a1sc very much like that of normal silage, with 

the possibility of a greater amount of alcoholic 

~ermentat1on. This silage did not taste as strong-

1y acid as that which had been held at 68 degrees 1!' . 

There was 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 ~1. had 1. 56 

percent of acid. It had a muoh greener color 

than the silage in the other two cans. Also it 

was greener than the silage which was taken from 

the South Conorete Si lo at this time. The silage 

had a sharp acid taste, and not an unpleasant odor; 

a1 tho, 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 ~'. was lacking in this silage. 

The silage held at 68 degrees F. had an 

acidity of 2.19 peroent, and showed a loss in weight 

of 1.72 peroent, however there was no evidence of 

spoiled silage. The silage was darker in color 

than that in the preoeeding oan, but not as dark 

as that whioh was taken from the South Conorete 

Silo at this time. It had a sharp acid taste a-

bout like ' that in the preoeeding oan, but a more 

pleasant odor • . When this oan was first opened it 

had an odor resembling that of swill, but it soon 

disappeared, and this silage would pass for good 

normal silage. 

1'he si lage held at 99 degrees ~'. had 1. 82 

peroent of acid. It was very nearly of the same 

oolor as that whioh was taken from the South Con

orete Silo; and more like it in odor and taste than 

the silage in either of the other aans. This sil

age did not taste as "sour as that in the other two 

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

Comparing the Effect of High and Low 

Temperature Upon the Formation of Silage. 

:Percent:Percent of: Percent of: 
Can: Temperature: of :dry matter: loss in 
No.: acid : (air dry) weight 

1 50 0 F. 1. 94 30.40 1.26 

2 50 0
b'. 1.56 32.27 * 

3 68°]!' • 2.20 30.49 0.27 

4 0 
68 1! ' . 2.19 30.11 1. 72 

5 ° 99 . l!\ 1.45 29.18 2.74 

6 990 ~.,. 1.82 31.66 * 

Days 
after 

filling 

23 

58 

23 

58 

23 

58 

* There was an apperent gain in ~os. 2 and 6; probably due 

to an error. 

The percent of acid in the different lots 

show no uniformity with the appearance, odor, and taste. 

At the end of three weeks the acidity of the silage 

held at a low temperature was greater than that of 

the silage held at a high temperature, while at the end 

of two months this cond:1tiDll was reversed. There was ' 

a loss of acidity in NO: 2 as compared with 10. 1, 

wh1le NO.6 showed an -increase over No.5. 

The silage which had been held at 50 degrees 

F. for twenty-three days was the poorest of all the 
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lots and was 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 silage. 

These data indicate that the tempera

tures ordinarily obtained in the silo (70 degrees 

F. to 100 degrees F.) play an unimportant part 

in silage formation. It is probable that 70 de-

grees JP. is not the lower limi t of temperature at 

whioh good silage can be made. 

This conclusion is in accord with the re

Sults obtained by Babcook and Russell of the Wis

consin Experiment Stationl , and Esten and Mason of 

the Storrs Experiment Station2 • 

Babcock and Russell report that when other 

conditions are natural just as good silage oan be 

made in small containers at a temperature of 60 to 

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

atures are obtained. "Showing that the acoumulation 

of heat which naturally oocurs in a silo when large 

masses of silag~ are ensiled, is not at all essential 

for the production of good silage." 

Esten and Mason state that a temperature 

1. Annual Report 1900, pp. 123-141. 
2. But. No. 70. pp. 12-14, 1912. 
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of 70 degrees b'. favors the production of lactic 

and acetic acids, while 50 degrees F. favors the 

production of the stronger aromatic acids - pro-

pionic and butyric. The silage held at 70 degrees 

~I. did not have so strong an odor as that held at 

50 degrees ~ I ., but it had more of a silage odor. 

They hold that a temperature of 100 degrees F. or 

OVer means silage destruction, and a temperature 

below 65 degrees F. during fermentation results 

in the production of silage of poor quality. 

All the data available show that no 

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

er, are attained in the silage thruout this region 

during silage formation. 

We may conclude that if silage is proper

ly put up the temperature faotor will not enter in, 

as the range of variation at filling time is with

in the limits considered to be essential for the 

production of good silage. 

Temperature Readings in Silos -- The tem-
, 

perature readings taken in the large silos are 

given in the following tables:-
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~ABLE 2. 

rEMPFRATURE REft~INGS* - SOUTH CONCRETE SILO. 

~illed September 2 - 5, 1914. 

:~eadlng or Thermometers Plaoed : Me8ll . 
: Two rt. :~lhree it: 

. 
Date of 

: : Temperature 
: rime of At from · from . . At of Atmos-: · . 

Heading :Reading Wall Wall · Center : Center 12here 
])et!rees J1'. 

Sept. 
: 

'1 9:45 A.M. 89 90 96 93 74 . . 
" 8 91 93 93 4:00 .t'.M. 80 66 

" 9 4:1f .f.M. 89 93 92 78 64 . . 
" 14 90 95 92 5: 00 P.M. 82 78 : 

" 15 91 94 94 3:30 P.M. . 80 : 72 . . . 
" 18 94 9( 4:45 P ••• 81 89 : 72 

" 19 3:45 .P.M. 84 90 94 94 75 

" 23 4: 30 P. M. 76 89 94 93 57 

Ootg 2 3:45 P.M. 76 86 92 94 . 66 . 
" 9 91 93 3:00 .P.M. 73 84 : 67 

" 23 89 91 4:00 .t'.M. 81 79 65 

Nov. 14 9:45 A.M. 57 73 84 88 · 59 · 
Deo. 12 2:15 P~M. 37 62 77 . 84 · 26 . · 

Jan. 1 2: 30 .1:'. Mo. 31 50 52 '19 36 

" 15 49 52 . 74 50 3:00 P.M. 39 . --
• ReSistanoe thermometers were plaoed 17 ft. from top of silage. 
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TABLE 3. 

TEMPERATURE READINGS· - NORTH CONCRETE SILO. 

Filled September 22 - 23, 1914. 

Date of 
Reading 

Time of 
Reading 

Sept. 24: 2:30 P.M. 

" 
II 

" 
Oct. 

" 
" 

" 
" 

Nov. 

Del!. 

Jan. 

" 
" 

FeB. 

" 
MOh. 

" 
Apr. 

26: 3:45 P.M. 

28:10:15 A.M. 

29: 1;45 P.M. 

1: 4:30 P.M. 

2: 3: 45 }'. lYf. 

5: 2:45 P.M. 

9: 3:15 l-'.M. 

23: 1: 45 1'. M. 

14: 10: 00 A. M. 

12: 3:15 P .M. 

1· 2:15 .P .M. 

15: 2:30 P.M. 

29: 2:45 P.M. 

2: 2:00~ .f'.M. 

23: 2:45 P. M. 

13: 3: 15 P.M. 

26: 9:~OA.M. 

10: 1:30 J:J.M. 

19:10:45 A.M. 

: Reading of 'l'hermometers: Mean • 
: Placed : Temperature : 
:At Wall :At Center :of Atmosphere: 

Degrees F.: Degrees.l1'. : Degrees ~'.: 

68 

72 

'12 

76 

78 

77 

77 

73 

71 

61 

39 

34 

65 

47 

67 

50 

55 

58 

73 

65 

72 

74 

76 

78 

77 

78 

78 

79 

79 

78 

74 

71 

69 

67 

63 

60 

58 

58 

61 

62 

60 

64 

64 

68 

66 

71 

67 

65 

59 

26 

36 

50 

16 

28 

40 

40 

34 

60 

70 

*ReSistanoe thermometers were plaoed 7 ft. 6 in. from 

top of s Hage. 
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T~..BLE 4. 

... 
TEMPERATURE READINGS - IRON SILO. 

J!'111ed August 29-31, 1914. 

Date 
:Reading of Thermometers: Mean 

of Time of : Placed : Temperature 
Reading 

, 
:At cent~r :of Atmosphere; Reading . At Wall . 

:Degrees .t. :DeB!ees J!' • De~ees F. 

Sept. 4 3:45 P.M. 98 97 71 
" 5 2:30 P. M. 98 99 79 
" 7 4:45 1:I.1Vl. 78 99 74 
" 8 4:15.P. M. 85 100 66 
" 9 4:30 P.M. 71 102 64 
" 15 3:15.P.M. 84 101 72 
" 18 4:30 P. iVI . 95 100 72 
" 19 ~: 15 .P.M. 98 101 75 
" 23 4: 45 P. l;~ . 86 100 57 

Oct. 2 4: 00 .L> •. M. 94 101 66 
" 9 2:45 .t.M. 72 97 67 
TI 23 1: 30 1:1. M. 70 93 65 

Nov. 14 9:30 A.M. 61 85 59 
Dec. 12 1: 45 .P .M. 32 76 26 
Jan. 1 2: 00 1' . lYl . 53 68 36 

" 15 3: 15 .1:'.1\1. 74 61 50 

" 29 2: 30 .P . M. 59 16 
Feb. 2 1: 45 P.M. 42 58 28 

" 23 2:45 J:' .M. 44 52 40 
Mch. 13 3:00 .t' • .lllL. 60 50 40 

" 26 9:15 A. M. 48 34 
Apr. 10 1:15.P.M. 48 60 

" 19 :10.45 A.M • 95 48 70 

... 
Resistance thermometers were placed approximately 16 feet 

from top of silage. 
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!ABLE 5. 

* TEMPERATURE READINGS - MILLER'S STAVE SILO. 

Filled September 12 -15, 1914. 

:~eading 01 Thermometers Placed: Mean . . 
: Two ft.: ~i· ft ~:!: 

Date of 
: Temperature 

Time of from from At · : At :of Atmos-
Reading Reading : Wall Wall · Center: Center: :Ehere · . Des:rees J • . 
Sept. 29: 4:30 ? M. 86 95 96 96 64 

Oct. 24:10:30 A.M. 71 82 91 91 54 

Dec. 
...r 

12:10:30 A.M. 43 63 80 : ~o ~ 26 

Jan. 16:11:00 A • .M. 52 60 71 : 7:t~ 40 

" 26:10:30 EM 7/l~ A.M. · : 34 56 21 

Feb. 5 : 1:00 P.M. 42 55 68 tt:ll_ 30 

" 18 :10:30 69 : 6~-A.M. 60 60 46 

" 25 : 10: 45 67 : 6~· A.X. 43 65 34 

MCh. 9 :11:30 A.M. 41 60 64 : ,,6D 32 

" 18 :11:16 A.M. 64 : l166t 36 43 57 

" 25 :11:30 A.M. 37 56 65 :b#R 41 

Apr. 6 . 9:45 A.M. 58 59 62 : (P;dJi!l . 64 . . 
" 15 62 : ;:ff- 64 9:45 A.M. 57 62 

, , 
:L'l: tJ.,: 30?,.t1. Z3 Zo 611- : 6-f, -

* Resistance thermometers were placed approximately 20 feet 

from top of silage. 

-+ W6e" -j/,/~ bv/f, w'(tS --liken FrDm ~ e s"/o /1-

W1s -fo 1I11t:! ~ re"t/ seve,., dt!jJrees -roo low 

bel-wee!? 7()~ ~(}(Jr d/l/ -h've c/EYI'~c='s-70o 

low 6erYVeen l:;{)~ 7t?()E 

· · 
· · 

· · 
· · 

: 

: 

: 

: 
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~ABLE 6. 

TEMPERATURE READINGS - ~ SILO. 

Filled September 2 - 4, 1914. 

:Reading of Thermometers: Mean 
Date of 
Reading 

Time of 
Reading 

: Pl ac ed : Temperature : 
. At Wall :At Center :of Atmosphere: 
:Degrees F. :Degrees F. Degrees F. 

Sept. 15 :11:00 A.M. 

Oct. 20 3:00 P. M.: 

3: 15 P.M. Dec. 

Jan. 

" 
Feb. 

" 
MCh. 

" 
" 

8 

9 :10:45 A.M. 

23 : 11: 00 A • . M. : 

8 : 11 : 30 A. M. 

16 :10:45 A.M. 

2 :11:15 A.M. 

16 :10:45 A.M. 

30 :11:15 A.M. 

Apr. 13 :10:45 A.M. 

79 

64 

49 

39 

33 

24 

30 

44 

47 

50 

71 

92 

89 

81 

77 

74 

73 

71 

68 

70 

65 

65 

. . 

: 

72 

64 

38 

36 

3 

28 

37 

35 

39 

37 

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. 

REID'S EAST STAVE SILO. 

Date of 
R!ad1ng 

. 
, . 

Time of 
Reading 

:Reading of Thermometers: Mean 
Temperature : 

:of Atmosphere: 
: Placed 
~ At Wall : At Center 
:Degrees F. :Degrees F. DeP:'rees F. 

Sept. 

Jan. 

" 

9 :11:45 A.M. 

16 :12:15 P.M. 

26 :11:15A. M.: 

* 

* 
* 

71 

68 

67 

64 

40 

21 

Feb. 5: 2: 30 P. M. : *: 66 : 30 
-----------------------------

GUBLER SILO. 

Sept. 16 . 3:00 P.M • 94 114 77 . 
" 27 :12:00 N. 87 108 64 

Oct. 18 3:00 79 ** 60 P.M. ---
Nov. 22 3:00 P.M. 70 ** . 38 . -
* Short Cirouit. 

**0 . t 11 
ne ~hermometer pulled out and the 0 her pu ed 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 are obtained at the surfaoe of the silage 

where oxygen gains aooess and partial deoomposi

tion takes plaoe, and it is popularily believed 

that the temperatures whioh are attained in the 

mass of silsge ·during silage formation are as 

high or higher. 

The silage in all of the silos was in 

exoellent oondition, with the exoeption of that 

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

tained a quantity of red mold thruout. and there 

was a large amount or white mold in the Gurler 

silo. Therefore, the temperatures in the differ-

ent silos should be oomparable. 

A study of the preoeeding tables and 

oharts shows that the temperatures at the oenter 

of the silos were fairly uniform. And in only 

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

erature exoeed 100 degrees F •• the maximum being 

102 in the Iron Silo ten days after filling. and 

114 in the o,ase of the Gurler Si 10. A maximum 

temperature of 94. degrees F. was obtained in the 

South Conorete Silo, eleven days after filling; 

while the maximum temperature of 7f degrees F. in 
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the North Concrete Silo was not obtained until 

thirty days after filling. 

Exceedingly high temperatures. 120 to 

145 degrees F •• were obtained only at the surface 

where air gained access; and these high tempera

tures were obtained in all of the silos. 

The data show that there was a rather 

sharp rise in the temperature for the first two or 

three weeks, and then a gradual and quite uniform 

decline ,during the entire winter. 

The temperature at the walls of the dif

ferent silos fluctuated4 following closely that of 

the atmosphere. 

variability. 

The Iron Silo showed the greatest 

Charts No. VIII and No. IX show that for 

the first few weeks a small amount of heat may be 

developed by fermentation in the eilage. but after 

this there is a gradual cooling of the mass of sil

age from the wall to the center of the silo; and 

that in time the temperature of the silage will be

oome the same as that of the atmosphere. 

Magruder l reports a maximum 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 respeotive

ly after filling; and 112 and 111 degrees F. with 

two thermometers in the Gurler Silo, three and 

five days respeotively after filling. A tempera-

ture of 114 degrees §. was also obtained during 

the past winter in the Gurler S1lo. Some mold was 

present thruout the silage in these silos. 

All these faots indioate the presenoe of 

air in silage; and the conclusion that these high 

temperatures ere due to the dry condition of the 

silage and insuffioient packing is supported by the 

data obtained in Experimental Silos Nos. 1 and 2, 

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

silage resulted in high temperatures. 

are discussed on page 59. 

These data 

In the fall of 1913 Magruder reports a 

maximum temperature slightly above 100 degrees F. 

in the two conorete silos, whioh is higher than 

the temperatures obtained in these two silos dur-

lng the fall of 1914. These higher temperatures 

are acoounted for by the higher temperature . of the 

atmQsphere in the ~a11 of 1913 during the time the 

lilos were being filled, than the temperatures at 
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the time the silos were filled in the fall of 1914. 

As a possible explanation of the differ

ence in the temperatures 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 silage is influenced to 

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

used in ,the construction of the silo. The only ap-

parent exception to this conclusion is the Iron 

S1lo. However, there are three possible explana-

tiona of why the temperature declined the fastest 

1n the Iron 8ilo:-

1. The thin walls of the silo would per

mit faster radiation of heat from the sile. 

2. The silo 1s only 12 feet in diameter, 

therefore there is a greater area per given mass 

of silage exposed to the walls of the silo. 

~. The temperature of the atmosphere was 

much higher at the time this silo was filled than 

at the time of fifling the other silos. fhe temp-

srature in ail 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 atmosphere was greater 

than in the case of the other silos, therefore, 

the temper&ture 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 ~ilo at the time it was being filled. 

The corn was thrown loose into No. 1 and 

no weight was applied, while that of No. 2 was well 

tramped and 1500 pounds of weight applied. 

B.oth silos were opened January 16, 1916. 

The silage below the screen in No.2 was 

normal in every way. 

No.1 contajned a large amount of spoiled 

silage below the screen. However, the silage in 

the bot.tom of the si 10 was normal. This was prob

ably due to the fact that the silage contained such 

a high percent of moisture that it packed itself to 

some extent and forced the air out. 

Temperature observations on these two silos 

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

Shook Corn Silage -- January 2 Experimental Silos 

NO.7 and No.8 were filled with shook corn fodder. 

The fodder was brought direotly 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 ~nd 1500 pounds of weight applied. The temp-

srature of the water used was 37 degrees F • 
. , 

The fodder was thrown loose into silo 

~o. 8 and no weight was applied. 

temperature of 33 degrees F. 

The water had a 

Both silos were opened February 12, 41 

days after filling. There was no evidence that 

any fermentation had taken plaoe; the silage had 

the appearanoe of wet corn fodder. 

There was no mold below the screen in 

silo No. ~t while there was a large quantity of 

white mold thruout the silage in silo No.8. 

Temperature readings in these two silos 

are gIven in Table 9. 
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TABLE 8. 

TEMPERATURE READINGS - EXPERIMENTAL SILOS. 

Filled September 3, 1914. 

Date of Time of EJEerimenta1 Silos : 
Reading Reading o. 1 : No. 2 

Degrees ]j' • Degrees F. 

Sept. 4 3:15 P.M. 96 79 
" 5 2:30 P.M. 110 87 · · " 7 4:30 P.M. 102 83 
" 8 3: 45 P ••• 96 84 · · " 9 4:00 P.M. 92 87 
" 10 3:00 P.M. 89 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 76 · · " 19 ~:30 P~·M. 85 76 
~ 22 3:15 P.M. 86 77 
" 23 4:15 P.M. 83 76 
" 24 2:15 P.M. 80 74 · · " 28 10:00 A.M. 77 68 

Oot. 2 3:30 P.M. 78 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 68 · · Deo. 5 10:46 A.M. 56 48 

Jan. 1 2:45 P.M. 32 31 
" 15 8:30 A.M. 42 39 · · 
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TABLE 9. 

TEMPERATURE READINGS - SHOCK QQ!!! SILAGE. 

Filled January 2, 1915. 

. . : Tempera.-: . . 
Date of Time of : Ex,erimenta1 Silos :ture in : 
Reading Reading : o. '1 : 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 : 

" 6 9:45 A.M. 39 84 

" 7' 1: 30 P.M. 40 74 

" 8 1:15 P .. M. 40 65 42 

" 9 2:45 P.M. 41 59 48 

" 11 4:30 P. M. 42 54 43 

" 12 1:15 P. M. 41 51 42 

" 13 4:15 P.M. 42 . 51 50 . 
" 15 2:30 P.M. 43 53 56 

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

" 21 2:45 P.M. 38 46 30 

" 23 2:30 P.M. 35 43 26 

" 25 -. 2:15 P. M. 33 39 30 

" 29 2:45 P.M. 31 37 29 

Feb. 2 2:00 P.M. 32 50 39 

" 12 1:45 P.M. 55 43 64 " 
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Due to the small size of the Experimental 

Silos the temperature was influenced to some ex

tent by the temperature of the atmosphere. 

The temperature of the silage in Silo No. 

7. Table 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 fou~ days, then a gradual but irregular decline, 

being influenced somewhat by the temperature of the 

atmosphere. 

Higher temperatures were obtained at all 

times in the si lage that had not be'en packed, and 

therefore contained an 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 in a silo indicate that the silage contain

ed an exceas of air. This may be due to a low 

moisture content; or insufficient packing. A oer

tainperoenOt of moisture is neoessary 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 been determined. 

The object of adding water to the silage 

is to aid in forcing the air out and thus increase 

the keeping qualities of the silage. Also silage 

with a high percent of moisture will keep better with 

the same 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 

cont ~ined a large amount of entangled air as com

pered with that which was well packed and weighted 

to exclude the air indicates that free air must be 

considered as a factor affecting the temperature in 

silage. 
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MOISTURE, ACIDITY ~ AIR IN SILAGE. 

Object. 

The object of this experiment is to de-

termine: 

1. The factors affecting the percent of 

moisture and acid in silage. 

(a) Material used in the construction 

of the silo. 

(b) Air in the silage. 

(c) The kind of silage. 

2. The relation of the peroent of moisture 

to the percent of acid in silage. 

Plan ~ Experiment. 

Large Silos -- Moisture and acidity tests 

were made of samples taken at the wall and near the 

center of the South Concrete S1lo. the Iron S110. 

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 

S 11 0 s No s • 1.. 2 • 7. and 8. 
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The Kind of Silage -- Moisture and acjd

ity tests were made of corn silage, cowpea silage, 

soybean silage, alfalfa silage, silage made of oats 

and field peas, and shook corn silage. 

Disoussion of Data. 

The Large Silos -- Samples for moisture 

and acidity determinations were taken within the 

four inohes direotly in contaot with the east wall , 

and near the center of each silo. These samples 

were taken at a depth from the surface of the sil

age suffioient to exclude the possibility of obtain

ing any spoiled silage. 

Table 10 gives the peroent of air dry 

matter and aoidity at the wall and center of the 

different silos. 
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TABLE 10. 

MOISTURE AND ACIDITY TIt _THE_" L ~AF.;...;....;;...G~E SILOS. 

:Peroent o? Acid :Peroent of Air 
Name of Silo Drz Matter 

Wall Center . Wall : Center . 
South Conorete Silo 2.02 2.73 32.27 28.85 

Iron Silo 1.16 1.88 28.37 28.24 

Tile 8ilo 1.45 2.20 37.08 38.21 

Millerls stave Silo 2.32 2.34 38.10 39.93 

Reidls East stave Silo 2.22 2.37 31.47 31.93 

The 'percent of aoid at the wall was uniform

ly lower than that at the center 'of the silo, howev~r, 

there was very little differenoe in the oase of the 

two stave silos. In all oases the differenoe was 

not suffioient to interfere with the keeping or feed

ing qualities of the silage. 

Exoepting the South Conorete Silo there was 

no very great difference in the percent of air dry 

matter at the wall as compared with the oenter of the 

silo. In the South Conorete Silo it was peroeptably 

higher at the wall than at the oenter of the s~lo. 

but the differenoe was not enough to be oonsidered. 

We may conclude that a small amount of acid 
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is lost at the wall, but that there is practically 

no change in the percent of moisture. 

Table 11 taken from roagruder1s thesis 

supports this conclusion. 

;;;;;M~OI~S;..:T:..:UR=E }.1H> ACIDITY AT WALL AND _IN_CENTER OF SILOS. 

: Percent of :Percent of air 
Name of Silo Acid : dr.! matter 

Wal l Center : Wall :Center 

South Con~rete 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 Silage -- Experimental Silos jose 

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 ~o. 1, and no 

weight was .. applied, while it was thoroly packed in ~o. 

2 and 1600 pounds of weight were applied, as has pre

viously been desoribed 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 ). 

Table 12 gives the percent of aoid and 

air dry matter in these silos. 

!rABLE 12. 

Percent Percent 
No. of Exp. of · of air dry · Silos Acid matter 

1 1. 89 · 23.80 · 
2 2.58 25.59 

7 · 0.89 39.91 · 
8 0.46 44.28 

Gurler Silo· · 1.03* 40.48* • · . 

*Magruder's thesis, 1914. 

The peroent of aoid in the two silos which 

contained a large amount of entangled air (Hos~ and 

e) was' lower than that of the two silos in which the 

silage was thoroly packed. 

The silage was Tery dry in the Gurler Silo , 

and the faot that high temperatures were obtained 

(110 degree's ,HI. to 114 degrees F.), and mold develop

ed in spots in the silage indioates that 8 oonsider

able amount of air was present. 
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The faot that there was uniformly a lower 

peroent of acid in the silage containing an excess

ive amount of air indicates that air must be consid

ered as a factor affecting the acidity in silage. 

The Kind of Silage -- Moisture and acid

ity tests were made of different kinds of silage. 

Table 13 shows that the nature of the sil

age crop affects the percent of acid in the silage; 

and the one which contains the greatest amount of 

soluble oarbohydrates has the highest percent of 

acid. 

nBLE 13. 

:Fercent :Percent : Days : 
Bo. of ~.: Kind of Silage of :of air : after: 

s110 : Acid :drl mat. :fi11ing 

2 
3 
4 
5 
6 
7 

.j. 

B 

· · 

· · 

Corn 
Soy Beans 
Soy Beans 
Dry Corn· 
Cow Peas 
Corn b'odder 
Oats and Peas 
Alfalfa 

· · 
· · 

2.58 25.59 134 
0.68 26.60 57 
1.00 25.75 158 
1.74 42.08 70 
0.40 15.52 69 
0.89 39.91 41 
1. 82 33.05 42 
2.05 47.77 . 53 . 

·Allowed to. dry in the field until badly in need of 

water.to make normal silage. 

The development of acid in the legume silage 

mU8t be due changes other than the changes which take 
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place in the sugar content, since it is well 

known that the legumes contain a very small a-

mount of sugar. 

Relation of Moisture To Acidity in 

Silage -- Table 14 gives a comparison of the per

cent of acid to the percent of moisture in silage. 

TABLE 14. 

Percent of moisture : Percent of acid com-: 
compared with percent: pared with percent 

of acid . of moisture 
Percent : Percent of:Percent of :Percent 

of . moisture : moisture of 
Acid :t~ir Dry) : (Air Dry) Acid 

2.73 

2.62 

2.37 

2.27 

2.20* 

2.20 

2.01* 

1.8.S 

*\rater A.dded. 

71.15 

69.10 

68.07 

64.60 

67.89 

61. 79 

72.10 

71. 76 

: 

: 

72.10 

71.76 

71.15 

69.10 

68.07 

67.89 

64.60 

61.79 

2.01* 

1.88 

2.73 

2.62 

2.37 

2.20* : 

2.27 

2.20 

The data given in this table show very 

little relation between the percent of acid and 

• 
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the percent of moisture in silage. 

There is a variation of 32.9 percent 

between the extremes in the percent of acid, 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 acid is only 2.4 percent. 

1'he highest percent of acid, 2.73 per

cent, was obtained with a high percent of mOisture; 

however, the silage with the highest percent of 

mOisture, 72.10 percent and to which water had 

been added, 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 a recosnized fact that the percent 

of moisture and sugar is influenced by the matur

ity of the plant. The higher percent of moisture 

and sugar being ~ound in the more immature plant. 

And the sugar of the plant is considered to be the 

main source of acid in silage. As the plant ma-
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tures the sugar 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 a greater factor in 

the formation of acid in silage than the percent 

of moisture; as water is quite frequently added 

to silage; and it is difficult to conceive that 

the addition of water should increase the acidity 

of sil~ge. 

But if the acidity is affected by the 

maturity of the plant at the time of ensiling there 

should be a direct relation between the percent of 

moisture in the plant and the percent of acid in 

the silage. However, the data given in fable 14 

does not bear out this statement, and the facts 

available indicate that there is very little rela

tion, if any at all, between the percent of mois

ture ahd the percent of acid in the silage. 
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LOSSES IN SILAGE. 

Objeat. 

It is generally believed that there i. 

a aonsiderable loss in weight of silage in the silo. 

But some work which was done at the Wisconsin Ex-
1 

periment Station indiaates that the losses may be 

less than 10 percent. 

The object of this experiment is to ob-

te1n additional data on this pOint. 

Plan of Experiment. 

Eaah time an experimental silo was fill

ed a reaord was kept of the amount of the silage 

put into the silo. A wire sareen was plaaed so 

that there would be about one foot of silage above 

it when the silo was filled. The objeat in using 

this soreen was to make a alear division between 

the loss of nutrients due to the fermentation of 

the silage and the loss at the surfaae that ocaurs 

from exposure to 'air. The silage both below . and 

above the soreen was aarefully weighed, and samples 

for analyses were taken both at the time of filling 

1. Annual Rpt. 1895, pp. 273-278. 
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the silo, and again when the silo was emptied. 

A moisture test was made of the silage orop; 

and moisture and aoidity tests were made of the 

silage when the silos were emptied. All oal-

cUlations are based upon the amount of silage 

below the screen. 

Discussion of Data. 

It was hoped that the chemical analyses 

of som'e of these samples would be available so 

that the loss of n~trients in silage could be 

taken up. As it is only the losses in weight 

will be disoussed. 

A reoord of the Experimental Silos for 

the winter 1914 - 1915 is given in fable 15. 

The data in this table are based upon 

the weights and analyses of the silage below the 

soreen. 

The table shows that there is uniformly 

a slight rlecrease in the percent of air dry matter 

in all of the silos. There was no great loss in 

weight. The corn fodder silage showed an aotual 

gain of 1.25 peroent; this is acoounted for by the 

settling of ,water from the silage above the soreen; 
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however. there was a loss of 1.14 percent in air 

dry matter. 

The silage made from corn which was al

lowed to dry (Silo No.5) in small shocks in the 

field until it was considered to be badly in need 

of water to make normal silage showed the great

est loss in weight, not-with-standing the fact 

that it was extraordinarily well tramped into the 

silo and 1500 pounds of weight applied. The fact 

that there was a small amount of mold around the 

edge of the bottom of this silo indicates that all 
. ' ~ 

of the air was not excluded, consequently the loss

es would be greater. 

All of the silos showed a greater percent 

of loss in air dry matter than in weight, the great

est loss being in silo No.5. 

The first five silos in Table 15 show an 

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. 

L-osses at the Surface of the Si lage -- 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. 
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One-half of the surface of the silage 

in the North Concrete Silo was covered with tarred 

paper, the edges overlapping about two inches, 

then a load of cowpeas W8 S run thru the ailage 

cutter and put on top of this paper. 

The object in both cases was to deter

mine whether there is any special treatment which 

will decrease the losses at the surface of the 

silage. 

ber 15,. 

The South Concrete Silo was opened Octo

So fer ~s could be noted there was no 

difference in the amount of spoiled silage between 

the salted and unsalted portions of the surface. 

However, on the half that had been salted, about 

three inches of the surface was much wetter than 

where no salt had been applied. 

The North Concrete Silo was opened March 

26, 1 ~ 15. There was only about six inches of 

spoiled silage on the part covered with tarred paper 

and cowpeas, 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 quit~ wet. 
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It is interesting to note that the 

good silage under the tarred paper was cold, 

while the good silage under the surface that had 

not been treated was warm to the touch, indicat

ing that oxidation was still taking place. 
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SHOCK CORN S rr~AGE. -------

Object. 

The data available indicates that fair-

ly good silage can be made from shock corn fodder 

by adding water as the fodder is put into the silo. 

However, since shock corn fodder is not usually 

put into the silo before cold weather, and likewise 

the water is cold; the question naturally arose 

as to the effect of the temperature of the water 

upon the quality of the silage. 

ThBrefore, the object of this experiment 

was to determine the effect of the temperature of 

the water added upon the quality of the silage pro

duced. 

Plan of ~xperiment. 

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 ratio of 1 : 1 as it was put into the silo. 

The fodder was well packed into Silo No. 

7 and 1500 pounds of weight applied. 1'he tempera-

ture of fhe water used was 37 degrees ~'. A resis-
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tance thermometer was plaoed in the center of 

the silo. 

The fodder wes well tramped into the 

cans, the tops put on, then heavy pressure was 

applied with a cheese-press. The tops were wired 

on and the cans sealed with paraffin. The water 

used had a temperature of 55 degrees F. These 

cans were first placed in the refrigerator, but 

the temperature became too cold so they were chang

ed January 23, to a room with a temperature of 

54 degrees j!' .• 

The silo and cans were opened February 

12, 41 days after filling. 

Discussion of Data. 

In the experimental silo the temperature 

rose from 36 degrees .il'. on January 4 to 45 degrees 

F. on· January ~8, then declined to 32 on ~ebruary 2. 

When opened on .J!'ebruary 12 the si lage had a temp

erature o~ 55 degrees ~. 

The temperature of the room in which the 

oans. were kept varied from 38 to 67 degrees F., the 

average be.fng 53. With six exceptions the range 

was within five degrees of 53. 
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So far as could be noted 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 

the experimental silo. About four inches of 8il-

age in the bottom of the s110 was very wet, due 

to the settling of some water. 

not very sour to taste. 

This silage was 

There was some mold around the bottom 

of th~ cans, and thruout the surface of the sil

age ~ due to .the ce;.ns admi tting ai r. 

! summary of the results is given in 

Table 16. 

:Percent of:Percent of:Percent:Temperature: Days 
Silo: loss in :loss in air of :of water : after: 
No. weight :dry matter: acid· degrees F.:filljng: 

7 +1.25 1.14 0.87 37 41 

1 

2 

7.45 

i1.11 

11.12 

14.68 

1. 20 

1. 20 

55 

55 

*The dry fodder. contained 0.66 percent of acid at 
ti me of si 10ing. 

silo. 

. Both cans showed a greater loss than the 

However, they both leaked some water, and 

41 

41 
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the fact that ~ome mold was present indicates 

that some destructive processes were taking 

place. 

The silage at the higher temperature 

developed more acid than that in the silo at a 

lower temperature. 

As far as could be determjned by appear

ance, the silage in the cans was identical with 

that in the silo. 

I f temperature is a factor in the pro

duction of silage -from shock corn fodder, it is 

evident that we must have a t~mperature 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. 

lows:~ 

Plan of Experiment. 

Experimental silos were filled as fol-

One was jilled with peas and oats, 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 were taken for analyses, both at the time 

of filling the silo. and again when the silo was 

emptied. 
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Discussion of Data. 

All of the crops were put into the silo 

as soon after cutting as possible. 

Peas and oats -- The oats were somewhat 

immature, but the peas were beginning to dry out; 

however, the crop shows a normal percent of air 

dry matter. 

There was a loss of only 3.37 percent in 

the weight and 5.09 percent in air dry matter, and 

the silage contained 1.82 percent of acid. The 

silage was in good condition when taken out of the 

s110. It had a pleasant odor -and taste, and there 

was no mold visible. 

The bottom three or four inches of silage 

were very much wetter and had a very bad rotten 

odor. This condition was possibly due to a small 

amount of water left in the silo at the time of 

filling. This water was used for wetting the sides 

of the silo. 

The cows did not eat the silage as readily 

at first as corn silage, but they ate the third feed 

greedily. 

Alfalfa -- The second cutting of alfalfa 
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was used and most of it was in bloom. , On ac-

count of the dry weather the dry matter was pro

bably considerably higher than normal for alfalfa 

of this stage. 

The silage had 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 account of not having 

enough alfalfa above it. There was a very little 

dry m~ld around the edge of the bottom. 

ate the silage readily. 

'l'he cows 

Soy Beans -- Two experimental silos were 

filled with soy beans that were well seeded and at 

about the proper stage for making hay. 

~ifty-seven days after filling, the silage 

was taken out of the first silo. It sustained a 

loss of only 1.44 percent in weight and 6.78 percent 

in air dry matter, and had only 0.68 percent of 

acid. The silage had a very disagreeable odor and 

a bitter taste. No acid could be detected by taste. 

Some moisture had settled in the silo, and water 

could be wrung out of the bottom two or thre~ inches 

of silage. 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 

after f'illing. This silage 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. 

cent of acid. 

~he sil age had 0.99 per-

.None of the silage above the screen ap-

pearea to have spoiled. In a few places next to 

the wall and justyelow the screen there was a 

very small amount of white mold. Also around the 

e-dge of the bottom there was a small amount of rot-

ten silage. Otherwise, the silage seemed to have 

kept perfectly. It was very dark thruout, and 

had a disagreeable odor; but it did not have a bit

ter taste, however, it was not very palatable. 

~o acid 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 had only 13.14 per-

cent of air dry matter. However due to the pro-

bability of a killing frost they had to be cut. 
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This silo leaked so much water that the 

data collected on this silage is of little value. 

Only 0.40 percent of acid developed. 

The silage was very wet. and had a some

what disagreeable odor and taste. No acid could 

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 readily. 

A comparison of the losses in the differ

ent kinds of silage is given in Table 17. 

From th~s experiment we may conclude that 

it is quite pr~ctical to ensile peas and oats. and 

alfalf"a. 

We also believe that if the soy beans and 

cowpeas had been allowed to dry out somewhat before 

being ensiled, that a fair quality of silage could 

have been produced. 

However. corn is a better silage crop. 

and where possible the silo should be filled with 

corn. and the legumes made into hay. 
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CAPACITY O~ SILOS. 

Objeot. 

We oould find no information oonoerning 

the oapaoity of silos, other than that based upon 

the results of Prof. King's work at the Wisoonsin 

~~er1ment Station in 1892. His figures were 

based upon the weights of the green material 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 ordinary figures are too 

high. 

This experiment was planned to obtain de

finite knowledge as to the oapaoity of s110s, and 

to obtain the weight per oubio foot at different 

depthS in the silage. 

Plan of Experiment. 

All of the oorn was weighed into the con

orete silos at the dairy barn on the University 

Farm. Three markers of burlap saoks were put in 

the South Conorete Silo at different depths in the 

i th time of filling. silage, dur ng e 
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Weights Per Cubic ~oot at Different 

Depths in the Silo -- The weight per cubic foot 

at different depths in the silage was taken with 

the "Kansas Apparatus" in the following silos: 

South <':oncrete 

North Concrete 

Iron 

Tile 

Dorsey's Concrete 

Estes' Concrete 

Mi11er's~ Stave 

Reidts East stave 

Reid's ~est Stave. 

Discussion of Data. 

A total 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 a 

layer of silage twelve feet, seven inches thick, 

six months after filling. 

A tot~l of 124.7 tons of corn was put in 

the South Concrete Si 10, and three m"arkers were put 

in at different depths as the silo was filled. This 
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silo was opened 42 days after filling and the 

silage had 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 layers of silage as follows:-

The first one was 15 feet, 2 inches thick. 

The sec 'Jnd 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 considere~ 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 based upon 

the weights of the green corn weighed into the silo. 

The weight for each section, the average 

weight per foot of depth, and the average weight 

per cubi~ foot is given in Table 18. 





Silo 

North 
Concrete 

South 

Concrete 
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TABLE 18. 

: No. of: Feet : Tons Av. Wt.: 
:Section:and inches: in: per ft.: 

from in :Section:of depth: 
top Seotion Tons 

12'-7" 47.88 3.80 
- - - - - - - - - - - - - - - -
1 15'-2" 57.60 3.79 

2 2'-9" 10.50 3.81 

3 4'-0" 24.60 6.15 

4 5'-4" 26.90 5.04 

-

Av. wt. 
per cubic 

foot 
Pounds 

37.85 
- - - -

37.78 

38.28 

61. 28 

50.26 

-

- - - -
Total for: 

Silo 4.57 : 43.71 

The weight per foot of depth, and the aver

age weight per cubic foot in the North Concrete 

Silo were identioal with those of the first layer 

in the ~outh Conorete Silo. 

~here is very little difference in the 

weight per foot of depth between the first and seoond 

layers of silage in the South Uonorete Silo. But 

there is an inorease in the third layer over the 

second ot 61.9 peroent. ~'he fourth 1 ayer was one 

ton lighter per foot of depth than the third layer. 

The total depth' of silage in the South Concrete Silo 

averaged 4.57 tons per foot of depth. 

The table shows an average of 3.8 tons 

-
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per foot for the upper 18 feet, and an average 

of 5.59 tons for the lower 9 feet. 

Weights Per Cubio 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 as taken with the "Kan-

sas Apparatus" would not be aoourate. 

In the fall of 1913 when the experimental 

silos were filled a sorew press was arranged to 

oompress the silage. After compressing the silage 

as tight as .. possib~e, it was then allowed to remain 

for two or three hours, and at .that time the sorew 

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 foroed 

out, and not to the elastioity of the material put 

in the silo. 

There were 1500 pounds of weight applied 

to the surfaoe of the silage in an experimental 

silo at filling time. It'our and one-half months 

later when the silo was opened, the distance from 
. 

the top of the silo to the lid just before removing 

the weig~t was the same as that after the weight 

had Qeen removed. 
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There were 103.151 pounds of green corn 

weighed into the two lower sections of the South 

Concrete Silo, and it was estimated from the aver

age of the weights of a cubic foot as taken 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. ~o allowanoe was made for the 

losses that naturally ocour in the silo. 'r hese 

weights do not support the supposition thst silage 

expands when the weight is removed, because from 

these figures there was more silage taken out than 

was weighed in. 

If the silage in the lower part of the 

silo expanded when the weight above was removed, 

it would be expected that the silage would pull 

away from the wall. 

the case. 

This was not observed to be 

From these observations we believe that 

the sila.~e does not expand when the weight above 

is removed; therefore the weight of a cubic foot 

of si lB.ge as taken wi th the "Kansas ApparatuB" is 

considered to be quite acourate. 
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All 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 all of the silos are given in 

Tables 19 to 26 inclusive. 

The distance, from the top of the silage 

before opening, to the surface of the silage at 

which the cubic foot was taken, was used as the 

depth from the surface of the silage at which the 

weigh~ of the cubic foot was taken. 

there is very little uniformity between 

the weights at the same depth in the different 

silos. 

All of the tables show that there is an 

increase 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 fai~ly oonstant for 

succeedlng depths. The weights for the air dry 

silage do not show this same variation in all of 

the sllos. 
" 

Held's two stave sllos show very little 

if any increase in weight at the succeeding depths. 

The South Concrete Silo showed an 'increase 

of 50 peroent in the air dry matter between the 

first and last weights, while there was an increase 
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of only 30 percent in the weights of the fresh 

si lage. 'l'his difference may be accounted for by 

the difference in the maturity of the corn. The 

last of the filling was entirely too green to make 

the best of silage. However, there was no un1-

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 ~ile Silo shows about the same weight per cubic 

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 silage in Dorsey's Concrete Silo was packed very 

much better, forcing out more of the air; therefore 

it has a greater weight of air dry matter. 

At the beginning of the experiment it was 

thought that by reducing the wei ghts to the air dry 

basis w~ would eliminate most of the variations; 

but such was not the case • 
. 

The question then arose:- How are ' we to 

account for these wide variations in the different 

silos? 
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If we choose the weight of a cubic foot 

of silage in one silo and compare it with the weight 

of a cubic foot at a corresponding depth in any 

other silo, we find a wide variation, even if the 

amo unt of air dry matter weighs the same. 

If we assume that a cubic foot of silage 

free from air weighs the same as a cubic foot of 

water, we cen explain this difference in weight by 

the difference in the amount of air in the silage. 

This js clearly shown in the following diagrams: 

The weights used in these diagrams are 

checked in Tables 19 and 25. 

It appears that silage reaches a limit 

of compressibility at about 9 to 12 feet, and be

low this point the increased pressure will not force 

out any more air. The only means of forcing out 

the rest of the air is to add water. 

~rom the diagrams we may conclude that 

the addition of water to silage aids in forCing out 

the air and increases the weight of the fresh sil

age per cu-bic foot, but does not materially increase 

the weight of the air dry matter. 

In addition to the amount of water added 

it is probable that there are several other factors 





Diagrams showing the relative amounts 

of air dry matter, water, and air in a cubic 

foot of silage. 

South Concrete Silo 

water - 6S.64% 

'42.9 lbs. 

air dry matter-24:S% 

15.5 lbs. 

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 

air dry matter. 

Dorsey's Concrete Silo. 

air - 50.0S % 

Water - 24.32% 

15.2 lbs. 

air dry matter - 25.6% 

16.0 lbs. 

The cubic foot in Dorsey's 

Concrete Silo was taken 

23'ft. from the surface and 

weighed 31.2 pounds, and 

contained 51.25 percent of 

air dry matter. 
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which affect the weight of silage per cUbic foot, 

among which are the following:-

The maturity of the corn plant. 

The fineness of cutting. 

The proportion of grain to fodder. 

The amount of packing at the time of filling . 

The amount of pressure. 

The depth of the silage. 

Possibly the diameter of the silo. 

Every silo is a complication of these 

factors. 

TABLE 19. -

WEll7HTS O~' SILAGE - SOUTH CONCRET E S I~ O. 

:Distance from: Pounds J? ercent Pounds per 
Date :toE of silage:per cubic: air dry cubic foot . : foot : Matter Air dry 

: J! 'eet : Inches fresh 

vct. 1'1 1 6 44.7 24.41 10.9 
" 23 2 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 
" 23 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 

Jan 4 14 . 2 60.5 28.12 17.0 
" 22 16 10 58.0 25.69 I 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. 

WEIGHTS OF SILAGE --- TILE SILO. 

:Distance from:Pounds per: Percent :Pounds per 
Date :toE of si1a~e: cubic ft.: air dry :cubic foot 

:Feet Inches: };'resh Matter air dry 

Dec. 1S 2 . 1 ~4.0 29.27 9.9 . 
Jan. 9 7 ~ ~6.9 ~9.12 14.4 
" 2~ 9 4 ~7.1 37.15 13.S 

Feb. S 12 1 ~9.2 ~S.21 14.9 
" 16 13 4 4~.0 ~4.21 14.7 

Mch. 2 15 4 40.0 ~5.00 14.0 
" 16 17 2 ~9.2 ~4.29 1~.5 
" ~O 19 6 36.7 ~4.1~ 12.5 

Apr. 14 20 9 39.2 34.S6 1~.6 

TABLE 21. 

WEIGHTS OF SIL AGE - MILLER'S STAVE SILO. 

:Dlstance from:Pounds per: Percent :Pounds per 
Date : tOE of s llage: cubic ft.: air dry :cubic foot 

: Feet : Inches ~'resh Matter air dry 

Feb. IS 2 4 26.5 41.5S 11.0 
If 25 4 2 27.5 4~.2~ 11. S 

Mch. 9 6 6 2S.7 ~9.~1 11.~ 

" lS 8 0 ~1.~ ~9.9~ 12.5 
" 25 9 5 ~~.6 ~8.95 13.1 

Apr. 6 ' 11 1 ~8.9 29.68 11. 5 
" 15 1~ 6 ~7.7 37.31 14.0 
" 29 15 2 41.4 40.1~ 16.61 
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i'ABLE 22.a.. 

WEIGHTS OF SILAGE - REID'S EAST STAYE SILO. 

:Distance from:Pounds per: Percent :Pounds per 
Date :toE of silage: cubic ft.: air dry :cubic foot 

Feet: Inches: fresh matter air dry 

Jan. 16 13 2 47.4 31.40 14.9 
" 26 15 8 42.5 32.79 13.9 

Feb. 5 17 9 49.1 31.93 15.6 
" 18 20 7 48.9 28.54 13.9 
" 25 22 4 : 51. 7 31.09 16.0 

TABLE 23. 

WEIGHTS OF SILAGE - REID'S WEST STAVE ' SILO. 

:Dietance from:Pounds per : Percent :Pounde per : 
Date :toE of silage: cubic ft: air dry cubic foot: 

Feet: Inches: fresh matter air drl 

Mch. 18 6 5 30.9 44.07 13.6 
" 25 9 10 31. 7 49.63 15.7 

Apr. 6 14 7 34.2 37.15 12.7 
" 15 18 1 32.5 47.29 13.7 

TABLE 24. 

WEIGHTS OF SILAGE - IRON SILO. 

:D1stance from:Pounds per: Percent :Pounde per 
Date :toE of silage: cubia ft.: air dry aubi c ft. 

F,eet: !nchee: fresh matter air drl 

Mch. 15 4 . 0 30.9 35.66 11.0 ' . 
Apr. 1 7 2 44.2 28.24 12.5 
" 14 8 6 39.1 34.07 13.3 
" 29 10 4 42.4 27.64 11. 7 
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TABLE 25 

WEIGHTS OF SILAGE - DORSEY'S CONCRETE SILO. 

:Distance from:Pounds per: Percent :Pounds per 
Date :toE of silage: cubic ft.: air dry cubic ft. 

Feet: Inches: fresh matter air dry 

Feb. 16 10 6 34.2 37.29 12.7 
Mch. 2 16 10 28.4 47.39 13.4 
" 16 23 0 31.2 51. 25 16.0* 
" 30 28 6 42.1 37.90 15.9 

Apr. 13 32 6 40.3 44.69 18.0 
" 27 34 9 39.3 42.08 16.5 

TABLE 26. 

WEIGHTS OF SILAGE -- ESTES' CONCRETE SILO. 

:D1stance from:Pounds per: Percent :PoundB per 
Date :toE of Silage: cubio ft.: air dry cubic ft. 

.h' eet: Inches: fresh matter air 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 35.37 14.5 
" 27 22 0 38.8 40.16 lf2.g 
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VALUE OF DIFFERENT KINDS OF SILOS FOR 

PRESERVING SILAGE. 

Object. 

Conflicting claims are made by silo agents 

concerning the value of different silos. Magruderl 

showed that the concrete and stave silos have about 

the same value for preserving silage. The object 

of this experiment is to obtain additional informa

tion on this paint. 

Plan of Experiment. 

Temperature readings were taken at the 

wall and center of the South Concrete Silo, the 

North Concrete Silo, the Iron Silo, the ~ile Silo, 

Reid's 1ast Stave Silo, and Miller's Stave Silo. 

Moisture and acidity tests were also made at the 

wall and center of eaoh silo, and the appearanoe of 

the silage at the wall and oenter was noted as the 

silage was fed out. Observations were taken of 

the amount of freezing in the different silos. 

Disoussion of Data. 

As has already be~n shown in the tables 

and ohar~son "Temperature Readings in Silos " , there 

1. ThesiS for A. M. degree, 1914. 
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was no great variation in the temperature at the 

wall in one silo as compared with another; more

over, the variations were within the limits be

tween which normal 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 

~reserve the silage. There was practically no 

difference in the percent of moisture at the wall 

as compared with the center. 

So" far 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 on'e kind of silo as compared wi th another. 

Since the period of silage formation 
.. 

only extends over three weeks to a month., and oc-

curs at that ti~e of year when the weather is never 

exceedingly COld, we may conclude that no one type 

of silo has any particular advantage over others as 
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affects the fermentation of silage. 

Therefore, the only factor to be con

sidered in erecting a silo ia to have the walla 

air tight, and strong enough to withstand the 

latteral pressure. 
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SMALL SILOS FOR EXPERIMENTAL PURPOSES. 

Objeot. 

The data taken during the winter 1913 -

1914 and reported in Magruderrs thesis, seems to 

show conclusively that the small silos are reliable 

for experimental purposes except in the case of 

temperatures. 

The object of this experiment was to ob

tain additional data on this point. 

~lan 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. When the 

silage was fed out to this marker the experimental 

silo was opened. Samples were taken for analyses 

from the experimental silo and from the South Con

orete Silo, both at time of filling and again when 

the small silo was emptied. 

Discussion of Data. 

The chemical analysis of these samples 

was not available, tkerefore only a comparison of 
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the acidity and the appearance of the silage 

will be taken up. 

The silage in the small silo contained 

2.58 percent of acid and 25.59 percent of air dry 

matter as compared with 2.31 percent or acid and 

21.01 percent or air 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 

way with that in the large silo. 

These data substantiate the conclusion 

given by Magruder; which is, that silos three feet 

in diameter and six feet high, and made of two inch 

material, are reliable for experimental purposes 

except in temperatures. 
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S~~RY AND CONCLUSIONS. 

At the beginning of this paper several 

leading questions were asked. 

'l'he 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 at this time will be 

within the limits considered to be essential for 

the production of good silage • . 

2. The results on all of the sil08 show 

that the temperature in the silage is influenced to 

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

used in the construction of the silo. 

3. 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 

a gradual_ cooling of the mass of silage from the 

wall to the oentor of the silo; and that in ~ime 

the temperature of the silage will become the same 

as 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 air as com

pared 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 silage are influenced in a large degree by 

the temperature of the atmosphere at the time of 

filling the silo. 

Moisture and Acidity. 

6. There was a smaller amount of acid at 

the wall as compared with the center of the silo. 

7. The fact 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 a factor affecting the acidity of 

silage. 

"8. The percent of acid is affected by the 

nature of the silage crop; the one which contains 
. 

the greatest amount of soluble sugar 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. 'l'he facts avai lable indicate that 

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. fhe si lage in five experimental 

silos showed an average loss in weight of 3.92 

percent. 

12. There was a loss of only six inches 

of silage at the surface which was covered with 

tarred paper end cowpeas, as compared with 16 to 

18 inches on the part untreated. 

13. So far as could be noted there was 

no difference in the amount of spoiled silage be

tween the salted and unsalted portions of the sur

face. 

Shock Corn Fodder as Silage. 

14. So far as could be determined from 

appearance· the silage made from shock corn fodder 
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at a temperature of 53 degrees .c' . was identioal 

with that at a temperature of 39 degrees F. How

ever, as judged from appearanoe there was no evidenoe 

that any fermentation had taken plaoe in either sil

age; sinoe it had the appearanoe of wet oorn fodder. 

Legumes for Silage. 

15. Good silage was made from peas and 

oats, and alfalfa. 

16. We believe that a fair quality of 

silage oan be made from soy beans and oowpeas, if 

they are allowed to dry out somewhat before being 

ensiled. 

Weight of Silage. 

17. Weights based upon the amount of 

green oorn weighed into two oonorete silos, 16 

feet in diameter, show an average weight of 3.8 

tons per foot of depth for the upper 18 feet, and 

an average" of 5.59 tons for the lower 9 feet. 

18. ~rom a study of the weights of a 

oubio foot of siiage as taken with the "Kansas 

Apparatus", it appears that silage reaohes a limit 





-106-

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 a great deal of variation 

in the weights of a cubic foot of silage in the 

different silos. Undoubtedly the weights are af-

fected by fact-ors ot-her than the amount of water 

added. 

Kind of Silo. 

21. Since the period of silage formation 

extends over three weeks to a month, and occurs at 

that time of year when the weather is never exceed

ingly cold, we may conclude that no one type of silo 

has any particular advantage over others as affects 

the fermentation of silage. 

Experimental Silos. 

22. Silos three feet in diameter and six 

feet high are reliable for experimental purposes, 

except in the case of temperatures. 
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