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Preface

. The feeding of adequate quantities of high-quality forage is the basis of profitable milk and
livestock production. Forage production, harvest, storage, and feeding practices have changed greatly
ln the past 20 years in Minnesota. The trend has been away from hay as a primary forage to some form
of silage. Silage has gained in importance as livestock enterprises have become larger and more for-
age has been needed on individual farms.

. Silage has gained in use because 1) it can increase the yield of nutrients from available land,
') it can decrease feed costs, 3) it can lower harvest losses and increase forage quality, and 4) it
°f.fers greater mechanization of harvesting and feeding with reduced labor requirements. However,
41gh-level management and sizeable financial investments are necessary for efficient production, har-
vest, storage, and feeding.

Advanta es of Silage

The advantages of harvesting crops for silage compared to field cured hay are:

41 More nutrients are preserved per acre
11 Less hindrance results from unfavorable weather conditions
41 Less need for supplemental feed exists
41 Silage fits better into mechanized feeding programs
11 Field losses are reduced with improved harvest and handling equipment
11 Costs and storage losses are reduced with the use of larger silo structures
41 Silage can be preserved for long periods with little loss of nutrients

advanta es of Silage

The disadvantages of crops harvested for silage compared to crops for grain or field cured
hay are:

II Storage losses are high under poor management
41 After silage removal begins, a minimum removal rate is required to avoid spoilage
II Storage costs are high relative to feed value. Storage facilities are often specialized and

have limited uses

I/ Machinery and equipment investment costs are high under low annual tonnages
I/ Total cost of machinery, equipment, storage, and feeding facilities is high. Large monetary

investments result in inadequate cash flow during financing

I/ 0-f arm market for silage is limited
41 Silage is costly to transport relative to its bulk

The t
go to year= to greater use of silage is likely to continue as more dairymen and livestock
erati _ nd feeding of stored forages, and livestock enterprises increase in size.  
in d'ers regarding crop selection, harvesting and feed equipment, and storage facilities are 

important

c°nsidel°Ping efficient and profitable forage systems. This publication will address aspects of 
these

relate:TiozsontmoniTvide a better understanding of silage preservation, feeding, and 
storage as each

economics.



Silage Preservation—How and Why?
Neal P. Martin

Extension Forage Agronomist and Associate Professor of Agronomy

Agricultural Extension Service
University of Minnesota, St. Paul

More than 50 percent of the annual flage

crop tonnage harvested in Minnesota for ruminant

livestock is harvested for silage. Silage is a

product of a controlled anaerobic fermentation of

green forage or fermentation without air. This

process is called "ensiling," which is the stor-

ing of a greenNforage crop to preserve the mate-

rial with minimal nutrient loss.

Principles of Preservation 

The ensiling process depends mainly on the

interactions of three factors:

•The chemical composition of forage placed in

the Silo
*The amount of air in the silage mass

',The bacteria on the forage

These three factors are interrelated and

govern the outcome of ensiling. Moisture con-

centration at the time of storage has important

effects on losses and changes during storage and

ultimate nutritive value. During the discussion

of the ensiling process, silage will be referred

to as direct-cut silage (70% moisture or great-

er), wilted silage (60-70% moisture), low-mois-

ture silage (40-60% moisture), or whole-plant

corn silage (62-68% moisture).

The Ensiling Process 

Before studying the use and effectiveness of

preservatives, a basic knowledge of ensiling is

needed. The schematic presented in Figure 1

helps categorize the process involved in a nor-

mal fermentation process in a silo. During fer-

mentation there are chemical changes and some

loss of nutrients. Various species and moisture

contents of silages will produce variations in

chemical changes during fermentation.

When a forage is harvested, the plant is

alive and actively respiring. The plant cells

continue to respire for some time after the

plant is cut. At the same time, aerobic bacteria

are present on the plant surface and increase in

number asflong as oxygen is available. Thus,

during this initial phase (phase 1, Figure 1),

plant enzymes and aerobic bacteria use readily

available carbohydrate to produce heat and car-

bon dioxide, thus decreasing the oxygen supplY.

Mechanical compression of the forage takes

place as the cells diet and as plant material

accumulates in the silo. In some cases, depend .

ing on the kind of material and its moisture

concentration, this leads to a flow of water

from the silo.

Plant respiration causes initial temperature

rise in silage. A desirable silage temperature.,

of 80 to 100°F provides a proper environment

growth of lactic-acid-producing organisms. E%-

cessive entrapment of oxygen during filling

causes initial temperatures over 100°F. This

reduces the chances of-desirable fermentation .5

and results in heat-damaged-protein. Phase 2 150

the initiation of acetic acid production; it

occurs under aerobic conditions.

After several hours, depending on the amounta

of entrapped air that is in the mass, the oxYge

is depleted and anaerobic conditions prevail.

This permits lactic acid bacteria, found ini-

tially in small numbers on the plant, to in- ,

crease; three to four days after completion 0'

filling (phase 3).

1

Lactic acid-bacteria act on readily available

carbohydrates in the forage to produce lactic

acid and some other organic acids (acetic, Pr'''. - 
4

pionic, formic, and succinic). The objectived

the ensiling process is to produce enough ac1,0

to "pickle" the plant material. Low pH inhibl

further bacterial growth, and enzyme acid Pr -C

serves the silage. The concentration of lactl

acid in silage may reach 8 to 9 percent of the

dry matter under favorable conditions. 
Under,

these conditions, silage is preserved within 4

to 3 weeks.

results in a

served mass of dry matter, but this 

Pre7The fermentation process

converted

process.lss

not without losses. Theoretically, the Pr"es.13

begins with soluble sugar (glucose) and 
ends lc,

production of acid (lactic acid). When 1 m°1:y

ular weight in grams of glucose is 

th

ab
lo

a
a

z

2



Figure 1. A schematic representation of a normal ensiling process.

PHASE 1. Plant material is put in silo. i
Plant cells continue to respire 1 .
Oxygen is consumed
Carbon dioxide and heat are produced 1 •
Temperature of silage increases 1.

1

PHASE 2. Acetic acid is produced. j •
pH changes from 6.0 to about 4.2 1.

PHASE 3. Lactic acid formation 1
begins on third day. 1
Acetic acid formation declines

PHASE 4. Lactic acid formation
continues about 2 more weeks.
Temperature gradually declines.
Bacterial action stops as pH lowers
to about 4.0.

69° F.
90° F. TEMPERATURE CHANGE 84° F.

/
▪ pH CHANGE V 

—
6.0 4.2 4

3.8

PHASE 5. If everything has gone
properly, silage remains constant.
If insufficient lactic acid was formed,
butyric acid production begins. Pro-
tein may be broken down and spoil-
age may occur.

z

1 2 3 4 7

AGE OF SILAGE (days)

12

SOURCE: Pm-417 (Rev.) 1970. Iowa State University.

tl e bacteria to 2 moles of lactic acid, only
°ut 3.1 percent of the energy is lost as fol-,ows:

Glucose Lactic Acid

C6H12
0
6  > 2(CH

6
0
3
)

673 (kilocalories) Kcal  > 652 Kcal

loss = 21 Kcal or 3.1%

falc,),wever, this loss should be categorized as un-
14:0idable. Goals in management should be to
d rnize losses to below 5 percent of the total
'Y matter, not to eliminate all dry matter loss.

Undesirable Fermentation

a f. If lactic acid production does not result in
ab;inal pH of the mass of 4.2 or lower, undesir-
pr4-e bacteria such as Clostridia can grow and
du°c.luce butyric acid. These butyric acid-pro-
sjIng bacteria will attack both the remaining

acid carbohydrate materials and the lactic
that has already formed. Production of bu:

a-ciri.sic acid by the conversion of 2 moles of lactic
an-d-,t° 1 mole of butyric acid and carbon dioxide

nYdrogen follows:

20

Lactic acid

2 (C
3
H
6
0
3
)  

652 Kcal  

Butyric acid

> C
4 
H
8 
0
2 
+ CO

2 
+ 2 H

2

> 524 Kcal

loss = 128 Kcal or 19.6%

Loss of energy in converting the plant glucose

to butyric acid is 22.1 percent of the original

energy, besides the accompanying breakdown of

proteins with the formation of ammonia, carbon

dioxide, and other compounds, which results in

production of a sour-smelling silage.

The insufficient production of lactic acid

can result from plant materials high in moisture,

above 70 percent, and/or plant material contain-

ing low concentrations of soluble carbohydrates.

PROBLEMS IN SILAGE PRODUCTION •

The problems of silage production from green

material are often due to the following:

Too High Moisture 

Moisture concentrations greater than 72 per-

cent are common in crops harvested at immature

stages of growth. Figure 2 indicates that the

corn plant contains 27 percent dry matter (73

percent moisture) at late milk to early dough

stage in the kernels. Living plant cells have

the ability to retain water against leakage from

individual cells. When a plant cell is harvested

and ensiled, it is no longer able to retain

3
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Figure 2. Effect of stage of maturity of corn silage on total dry matter accumulation.

SOURCE: Iowa State University Special Report No. 48

water in the silo due to the death of the cells
and cell- membranes. Most non-living plant ma-
terials can hold about 2.3 pounds of water per
pound of dry matter at a pressure of 15 pounds
per square inch (psi). This represents a mois-
ture concentration of about 70 percent.

The amount of water that various plant ma-
terials can retain when stored in silos is shown
in Table 1. Water contents greater than those
that non-living plant materials can hold are
lost from the silo as seepage. As silo diameter
and height increase, pressures exerted on plant
materials in the silo increase well above 15 psi.
USDA research has shown that the maximum mois-
ture percentage to prevent seepage of whole plant
corn silage in tower silos ranges from 72 to 63
percent moisture (Table 2). Although this in-
vestigation was with whole-plant corn silage, it
is expected to apply to other materials stored in
tower silos. Therefore, a maximum moisture con-
tent to prevent seepage from ground shelled corn
or ground ear corn in a silo larger than 30' X
90' would be 41 and 46 percent, respectively
(Tables 1 and 2).

A general "rule of thumb" says that whole-
plant corn silage with 70 percent moisture can be
ensiled in silos of 40 feet, and the moisture
percent will drop one percentage point for each
additional 10-foot increase in height. Mate-
rials stored in small horizontal silos or stacks
do not have as much pressure exerted on the plant
materials and, therefore, can be stored at higher
moisture levels--at least 75 percent moisture--
before seepage occurs.

Table 1. Maximum water-holding capacities of
various silage materials. 

Silage materials
and additives

Moisture
concentration

(%)

Shelled corn (ground)
Ear corn (ground)
Corn cobs (ground)
Oats (ground)
Sugarbeet pulp
Hay or straw
Alfalfa silage
Smooth bromegrass (mature)
Corn silage

32-41
38-46
61-68

44
73
70-74
68-72
69
72

SOURCE: Adapted from Smith et al., 1966.

Seepage from silos carries with it many °f

the water-soluble plant nutrients, such as sog-of
ars, simple proteins, and organic acids. Loss s

these materials results in a 5 to 7 percent 105. 11

in dry weight of the forage and could run as hlg

as 10 to 15 percent.

ial
Water squeezed from non-living plant mater4

by pressures exerted within a silo carries var'-

ous dissolved minerals with it. These minerals

react chemically with other organic acids pr°-

duced by bacteria active during fermentation. r,

Such reactions "salt out" the acids produced "5

ing fermentation; the acidity of the forage mas

is lowered and production of additional acid bY

the bacteria is required to lower the pH t° 
the

point where bacterial action is stopped.

the production production of organic acids by bacteria ill
a

Ta

HE

4



Table 2. Recommended maximum moisture levels
for prevention of seepage from
ensiled corn.

Height Silo diameter, feet
(feet) 12 14 16 18 20 24 30

40 72 70
50 72 70 70 68
60 - 70 68
70 68 68
80 _ _ _ _

90 _ _ _ _

100 _ _ _ _

120

68
68
65 65
65 65

65
65
65
63
63

SOURCE: Adapted from Waldo. 1977.

Silo requires carbohydrate materials, the "salt-
ing out" of acids tends to increase greatly the
?Inount ntof carbohydrate required for proper si-
-tnge production.

1°0 Low Carbohydrate

For the silage to "work," bacteria must pro-duce organic acids that "pickle" the forage as
silage. These organic acids are produced through
: fermentation process from nutrients (primarily

l!gars and other carbohydrates) present in en-
sled plant material. Simple sugars present in
Plant 

materials are used most easily by lactic
acid- and acetic acid-producing bacteria. Thus,
high level of easily fermentable carbohydrates,

such as simple sugars, is essential to the pr
17 

o-
d1.1ction of high quality silage. Table 3 pro-
lici_es a guide to the relative amounts of fermen-table 

carbohydrates that various forage crops
c°11tain.

Table

Cr op

3. Relative levels of fermentable carbo-
hydrate and protein present in various
forage crolDs.

Corn

OatS

Grass

GraSS-
legUMe

LegUnle-graSS
LegUlne

Fermentable Crude
carbohydrate protein

very high
high
good
medium
fair
poor

poor
fair
medium
good
high
very high

100 Much Air

so The fermentation of carbohydrates and other
le compounds to organic acids by bacteria
take 'place in a silo only when no air is

present. Thus, the establishment of anaerobic
conditions within the forage mass is essential
for the preservation of the forage as silage.
This depends largely on the type and structural
condition of the silo and the degree of compac-
tion of the ensiled forage.

Exposure of excess air to the silage mass
also causes heat-damaged silages. A reduction
of protein digestibility from heat damage in
forages has been recognized for many years as a
problem in making low-moisture silage. Reduc-
tion in protein digestibility results as protein
fractions become bound to carbohydrates in plant
material during excessive heating.

Researchers have discovered that the maximum
temperature reached in a silage is a function of
the wet density attained within three days after
filling. These results establish a minimum wet
density of 30 pounds per cubic foot which is
needed to minimize heat damage. Therefore, time
or rate of filling is an important factor in
heat damage. Filling rate not only affects maxi-
mum temperature at a specific moisture level,
but also as moisture level decreases the tonnage
of dry matter needed to attain a wet density of
30 pounds per cubic foot increases dramatically.
Data have been developed which include rainy and
weekend days to estimate the fill rate required
to minimize heat damage of low-moisture silage
in various silo diameters (Table 4).

Table 4. Average daily fill of silage required
to obtain 25 lb/ft3 density in 3 days.

Diameter
of silo

Percent moisture
70 60 50

Feet   tons of silage

16
20
24

7
10
13

10
15
22

18
28
42

SOURCE: Adapted from Waldo. 1977.

Removal rates of silage influence the amount

of spoilage. General recommendations are to re-

move daily 2 inches of silage in winter and 3
inches in the summer, Figure 3. These recommen-

dations assume silo linings are adequate for
prevention of lateral air movement through the

walls.

5



Figure 2. Daily removal rates suggested to
prevent spoilage.
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SOURCE: Jorgensen and Crowley. 1972.

SILAGE ADDITIVES

Grasses and legumes often present difficul-

ties in ensiling. Corn silage is low in protein

and calcium in relation to other forage crops.

Hence, research has been conducted to investi-

gate the effectiveness of various compounds in
improving fermentation and/or adding nutrients.

An additive is defined as a material which adds

nutrients to silage. Preservatives are those

materials which stimulate fermentation, or ma-
terials which inhibit fermentation. A condi-
tioner is a material which absorbs moisture.

Function of Additives 

In considering additives, preservatives, or
conditioners, one should understand how these
materials influence fermentation. Various ad-

ditives function as follows:

1. Add dry matter to reduce moisture con-

centration. The objectives of adding dry matter

are to reduce seepage losses and to provide a

more suitable medium for fermentation. Moisture
concentration can also be regulated by wilting

grasses and legumes and by harvesting corn, sun-

flowers or sorghum at proper stages of maturity.

When it is possible to use them, these methods

are preferred over addition of conditioners.

2. Add water to increase moisture concen-
tration. When materials become too dry for
storage as silage, packing and exclusion of air

are difficult. Under such conditions, water is

the most appropriate additive. Other materials

to consider are liquid whey or molasses; how-

ever, molasses is too low in moisture content to

be of much value unless diluted with water. Ad-

dition of water to silage requires 5 gallons per

ton of ensiled material to raise the moisture

concentration 1 percentage point. One must cal-

culate the rate water is delivered through a

garden hose and the rate silage is unloaded.

Under many conditions, more than 1 garden hose

is required to obtain enough water per ton.

3. Alter the rate, kind and amount of acid

produced. Acid production is essential in the

keeping quality of silage. The rate, amount, alld
kind of acid production is influenced by the
moisture and soluble carbohydrate concentrations

of the crop at ensiling. Moisture can be regu-
lated as already discussed. Some preservatives

serve to add dry matter and carbohydrates (sugar
and starches) which are useful in acid produc-

tion.

4. Acidifying the silage. Acidifying sil e

at the time of silo filling has been used to p0'

duce an immediate acid condition rather than
waiting for the silage to produce its own acid.

This is accomplished by adding a mineral or
strong acid. Such preservatives have been effec-

tive in preserving high moisture materials or 101

carbohydrate materials such as legumes or grasses'

5. Inhibiting bacterial and mold growth.

While acid formation and the exclusion of oxygen

stop bacterial growth, several chemicals used as

silage preservatives are capable of doing this.

The primary limitation to such compounds is one

of insufficient concentration to do an effective

job. Further, some of these compounds are un- d

stable under the conditions found in silage, all

their effects are of limited duration.

6. "Culturing" silage. Because silage is ad
product resulting from the action of bacteria all

enzymes on the material stored, attempts have

been made to alter or regulate the silage fervell

tation through addition of materials containing

bacteria, yeasts or molds. Silage fermentatiO r

can be regulated more effectively by using prae
moisture concentrations and storage condition?

than by innoculating the silage to provide acld

producing bacteria or adding yeasts or adding

molds as enzyme sources. The need for these

preparations for making quality silage has not

been documented under good silage making managere

ment conditions. At the rate these materials

suggested, it is unlikely any effect on silage

occurs consistently.

7. Increasing the nutrients of the 
Some materials added to silage increase its nu-ly

tritive value because thesematerials contain

trients themselves. Examples are grain, grain

by-products, beet pulp, dried whey, molasses c)rc,

non-protein-nitrogen (NPN) compounds. This pra

tice adds to the cost of the final product and,„

its economy is questionable except where the a re

ditive improves fermentation by reducing moist°

or increasing carbohydrate concentrations or 

where the resulting mixture fits into the feedl

operation.

Examples of selected additives will be di s-0

cussed. This section presents selected reseal-

data on some materials and suggested rates of

application.
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Conditioners

The use of various dry materials to absorb
excess water to reduce the water concentration
of the mass below the maximum concentration that
will prevent seepage in various silos has been
tried. Chopped old hay or straw, ground corn
cobs, and chopped corn stover are examples of
types of materials used. These materials are
referred to as conditioners.

Cereal grains such as shelled corn, corn and
cob meal, barley, wheat, oats, and sugarbeet
Pulp are carbohydrate-rich feedstuffs or pre-
servatives that can supply carbohydrate and ab-
sorb moisture of materials they are mixed with.
Grains absorb moisture best when they are
coarsely ground (1/2 inch screen). Table 5 con-
tains estimates of the amount of water various
conditioners and preservatives will absorb.

Table
5.

Material

Water holding capacity of various si-
la e materials and additives.

Pounds of water per
100 lb of material)"

Ground corn grain
Ground oats
Ground wheat
Corn cob
coarse grind (1/2
medium fine grind
fine grind (1/16 inch)

Sugarbeet pulp
Alfalfa hay
Mixed grass hay
Oat straw
1/

inch)

58*
69*
61*

143*
163*
192*
248*
194**
195**
218**

Materials are air dry basis: the materials
with * contain 10% moisture and those with

contain 12% moisture.

SOURCE: Adapted from Smith et al., 1966.

d The following calculation illustrates how to
aedtiermine the amount of additive that must be

ued to arrive at a given moisture concentra-Lion:

III One ton of corn silage contains 75 percent
20c-sture. The corn silage will be stored in a
b_ X 70' silo. Therefore, the corn silage must

b elow
Prev 65 percent moisture, see Table 2, to

ent seepage. Wheat is available to use as aPres
ervative.

2,000 lb. of silage X
1500 lb. water

2,000 lb. of silage X
1300 lb. water

.75 (percent moisture) =

.65 (percent moisture)

be Subtracting, we find 200 lb.. of water must
absorbed. 100 lb. of ground wheat will ab-

7

sorb 61 lb. of water (Table 3).

200 lb. water need absorbed

61 lb. water hold
X 100 = 328 lb. of

ground wheat
needed per
ton of 75% '
moisture si-
lage to make
it 65% mois-
ture silage

or 92 lb. of oat straw would be required:

200 
X 100 = 92

218

The major objective is to reduce the mois-
ture concentration, but adding these feedstuffs
also will influence the feeding value of the ori-
ginal silage. Corn silage is high in energy and
low in crude protein. Sunflower silage contains
slightly more protein but less energy than corn
silage. Because corn silage is the major energy
source of many livestock rations, it is important
to add a feedstuff with a comparable or higher
energy value than corn silage.

The additives discussed can be grouped into
two general categories: 1) fermentable carbohy-
drate materials (ground grains, whey, and mo-
lasses) and 2) NPN sources (urea and ammonia-
containing materials).

Molasses 

Adding molasses as a sugar source may improve
acid production; improving quality and preserva-
tion. Molasses improved dry matter recovery in
direct-cut legume-grass silage, but wilting the
forage increases recovery most (Table 6). In a
recent review of silage additive research, Owen
concluded:

0 In legume and legume-grass silages, molasses
is most beneficial for forages between 75
and 85 percent moisture.

• At moisture concentrations of 65 percent or

less, molasses will be of little or no
benefit.

IA level of 1 percent (20 pounds molasses per

ton of silage) is usually sufficient for

average maturity grass forages up to 80

percent moisture, but for immature grass
or legume crops high in protein, 2 per-
cent or more is desirable.

•Thorough dispersion of the molasses into the

forage is required to obtain optimal bene-

fits.



• Molasses treated forages generally have a
higher lactic acid concentration, lower
pH and a very low concentration of bu-
tyric acid.

Table 6. A comparison of dry matter recoveries
from legume-grass forages as influenced
by method of preservation. 

Percent dry matter
Forage recovered

Direct-cut silage

Direct-cut with molasses

Wilted silage

81.0

82.5

85.7

SOURCE: Adapted from Owen. 1976.

Whey 

Whey contains a readily fermentable carbohy-
drate, lactose, as well as high concentrations
of minerals and a moderate concentration of pro-
tein. The minerals are possibly helpful in
preservation by serving_as buffering-agents as
well as contributing required nutrients.

Owen's review provided the following con-
clusions about whey:

• Adding_d_r_ied__whey_ increases dry matter-di-
gestibility by 4 to 15 percent over un-
treated forage, even after adjusting the
results for the effect of added whey
itself.

40 Dried whey (1.4 percent) was equal to a
comparable concentration of lactose and
to molasses (2 percent) in improving dry
matter digestibility.

40 Crude fiber and various fiber fractions
were 7 to 14 percent more digestible in
whey-treated silages, whereas cellulose
digestibility was reduced by lactose
alone.

40 The optimal level for adding whey to silage
is 1 to 2 percent (20 to 40 lbs/T). Al-
though 10 percent whey increased adjusted
dry matter digestibility above that at-
tained with lower concentrations, addi-
tional whey is generally not economical.

Table 7 illustrates the influence whey had
on low-moisture alfalfa silage in South Dakota.
Whey provides a good source of readily fermen-
table carbohydrate and its addition results in a
rapid, more complete fermentation and better
quality silages are evidenced by lower pH, higher
lactic acid, reduced ammonial nitrogen and buty-
ric acid, p:us improved digestibility.

Table 7. Fermentation characteristics, chemical
composition, and animal performance 0

low-moisture alfalfa silage, South
Dakota.

Level of whey_lciclf2i- a<
Item 101°0 1%

pH 5.3

%

Dry matter
Crude protein
Acid detergent fiber
Neutral detergent fiber
Lactic acid
Acetic acid
Digestible DM
Cell wall digestibility

40.9
19.5
37.4
50.8
6.2
1.3
53.7
53.7

4.7

of dry weight

44.9
19.7
35.9
49.8
11.6
1.3

58.9
57.1

4 . 3

50.9

19.2
31.1'
43.2
13,0

o 8
65.8
62.2

SOURCE: Voelker et al. 1976.

Cereal grains 

Cereal grain meals are sometimes added CO

legume or legume-grass silage to promote preselr-

vation. However, starch is not fermented by

lactic acid bacteria. Therefore, the benefit

from added grain is derived from its sugar con-

centration and its effect in increasing dry oat;

ter. Recommended levels of ground cereal grairl
range from 75 to 300 pounds per ton; however,. 0g

100 to 150 pounds is commonly suggested. Addlil
150 pounds of ground grain to green forage wi' e

increase the moisture concentration 5 percentag

units.

Non-protein Nitro  en Additions for Corn Si10

Corn silage is usually low in protein and re:g

quires protein supplementation in cattle feed
 111)e

rations and milking cow rations. Rations maY d

fortified at feeding time, but JUN  may be adde

to chopped corn plants at the time of ens -

The primary reason for adding NPN is to suPPlYr

nitrogen to ruminants consuming silage; bowevea:

NPN-treated corn silages have modified ferment

tions in such a way as to influence nutritive

values.

Ammonia-containing materials used to enrichr

nitrogen in corn silage include: ammonia-wate

solutions, ammonia-mineral solutions, ammonla

mineral-molasses solution (Pro Sil), anhydr°°

ammonia gas, and cold-flow ammonia. Several

sources of NPN compounds are available commer

cially; Table 8 lists sources of NPN available.

For dairy cattle, 5 pounds of actual nitrogen

per ton of wet silage is suggested.

Minnesota research has provided extensive3v.

performance data on cattle fed corn silage tre

ed with NPN-sources compared to soybean meal

supplementation. At comparable protein CO
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Table 8. Various NPN sources available for
ol addition to corn silage with suggested

levels of application. 

10%

4.3

50.9
L9.2
31.4

0.2
.3.0

o.8
6.8
i2.2

LOS

.1

ge

be

Application
Nitrogen level in

(%) lb/wet ton
lSource Form 
i

Urea. dry 45 10
11°110ammonium
Phosphate dry 11 20---/

Pre-mixed
ammonia-water liquid 20-30 17-25

1:1.0 Sil liquid 13,6 37
411hYdrOUS

ammonia gas 81 6
Ammonia, cold-
flow gas-liquid 81 6

Y
Assumes 65% moisture silage.

Add 5 lb dry urea to provide total of 5 lb.
of N.

rations in the ration, cattle performed simi-
arlY regardless of the source of protein.

Michigan research indicates that ammonia-tre
ated corn silage resulted in excellent per-

&o1111ance of lactating dairy cows except when Pro
till was added to corn silage too low in moisture.
lrea should not be added to corn silage with
i!ss than 58 percent moisture, and the lower
mit for ammonia additions is 55 percent mois-Lure.

Corn silage treated with ammonia contains
a '-reased concentrations of lactic and acetic
-tVds, high pH values, and greater amounts of
m e Protein. Also, ammonia-treated silage is
t re stable than untreated silage when exposedo air.

. Selection of various NPN sources should be

4111flarily on the cost per treated ton of corn
e;'age (Table 9). Minnesota research provides
c(-

'

)imates of nitrogen loss during harvesting.
ti t guidelines provided are based on consump-
ce°11 of cattle consuming 28.6 pounds of 68 per-
rezt moisture corn silage. Pounds of product
illquired is based on adding enough nitrogen to
t
e-
rease the silage 4 percentage points in pro-

tom)it1 quivalent (or 4 pounds of nitrogen per,, considering nitrogen loss estimates. The
trot °f treatment considers only the cost of ni-
forgen and not minerals in each product. There-

the cost per treated ton of silage ranges
The14' .60 to 4.60 for NPN-containing products.
111,alee costs are lower than the 5.09 for soybean

Table 9.

Source

Cost estimates for treating corn si-
lage with various NPN sources.21 

Estimated
loss of N

(%) $/ton

Values/ton of
treated silage/
product

$/lb N lb

Urea 7.5 185 .20 9.8 .89
Ammonia 25.0 178 .11 6.6 .60
Mono ammo-
nium
phosphate 5.0 280 1.27 21

Pre-mixed
ammonia-
water 12.5 80 .20 23 4.60

Pro Sil 5.0 185 .68 32 2.93
Soybean
meal 0.0 175 1.35 58 5.09

3.35

11 
Price only includes cost of N not cost of
minerals.

2 Losses have been considered to obtain a net
addition of 4 pounds N/ton of 68% moisture

silage.
2/ 

4.4 lb of urea included.

Limestone 

Corn silage is low in both calcium and phos-
phorus. Thus, to make corn silage a more nearly
complete feed, calcium has been added as calcium
carbonate or limestone at ensiling. Limestone
neutralizes the organic acids produced during
fermentation, and fermentation is extended. Ex-
tending fermentation may increase dry matter

loss, but it is beneficial in reducing nitrate

in high nitrate silages. Thus, silages treated

with limestone result in higher pH values, more

organic acids, particularly lactic acid (Table

10) than in regular corn silage. Increased lac-

tic acid levels and calcium-treated silages have

been associated with improved feed efficiencies

often observed when silages are fed.

Table 10. Effects of limestone and urea addi-

tions to corn silage averaged over

field and laboratory silos, Ohio. 

Comparison

1/ 1/
Mois- Acetic- Lactic-

pH ture,% acid, % acid, %

Control
1% limestone
.5% limestone,

.5% urea

3.8 68.7 1.35 6.87

4.3 67.8 1.81 9.12

4.4 66.3 1.84 10.20

Dry matter basis
1

SOURCE: Adapted from Burghardi et al. 1977.
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Bacterial Inoculation 

The chemical changes that occur during ensi-
ling are largely the result of fermentation by
lactobacilli or other lactic acid-producing bac-
teria. Three conditions must be met for these
organisms to thrive. First, there must be ade-
quate fermentable material present to allow bac-
terial growth. Second, an oxygen supply must be
low enough in the mass to favor growth of anaer-
obic lactobacilli over that of oxygen-loving
bacteria. Third, sufficient numbers of lacto-
bacilli must be present so that they quickly be-
come dominant over other organisms.

Research indicates sufficient numbers of
lactobacilli are not always provided on all spe-
cies of green plants. This suggests that inocu-
lation of forages with lactobacilli at ensiling
may benefit ensiling by promoting a rapid and
predominantly lactic acid type fermentation of
the mass. The theory benefits ensiling by mini-
mizing spoilage and loss of nutrients.

Legumes such as alfalfa are lower in soluble
carbohydrates than corn silage. Therefore,
inoculations should have more potential on al-
falfa than corn silage. Nebraska workers showed
an improvement in dry matter (67.5 vs. 71.8 per-
cent and protein recoveries (62.6 vs. 68.7 per-
cent with direct-cut alfalfa treated with a bac-
tdrial inoculant (Table 11). The treatment did
not influence milk production. However, in a
later unpublished study using the same inocu-
lant, these researchers reported no effect of
inoculation treatment. The first trial was
third cutting alfalfa harvested during a dry
year, while the second trial was conducted with
first cutting alfalfa at a high moisture con-
centration. The soluble carbohydrate content
probably would have been lowest in the third
cutting (Table 11). Thus, the variations in
moisture and carbohydrate concentrations were
associated with the variable results.

Table 11. Effects of silogen treatment on direct
cut alfalfa for nutrient recovery and
performance of dairy cows, Nebraska.

Item

Silage treatment

Control Si1ogen11

Recovery of nutrients, %
Dry matter
Crude protein

Performance of dairy cows
Dry matter intake, lb/day
Milk, lb FCM/day
Milk fat

67.5
62.6

38.7
42.2
3.6

71.8
68.7

36.7
42.9
4.0

Silogen contains A. oryzae, lactic culture
1

and yeast.

SOURCE: Burghardi et al. 1977.

Microbial inoculants produce variable re-
sults with little benefit in livestock perform-
ance. Higher moisture forages, above 72 percent,
with low amounts of carbohydrates are difficult
enough to ensile that positive results are pos-
sible, but remain unpredictable.

Formic Acid and Formaldehyde 

Lactic acid-producing bacteria are rela-
tively tolerant of acidic conditions. Thus, a
reduction in pH of an ensiled forage could allow
the growth of these organisms while limiting tb!
growth of other bacteria, particularly Clostrid13
bacteria, less desirable and less tolerant of
acid. Formic acid has been used as an acidifier'

Formaldehyde limits fermentation, particu-
larly during the first few hours of ensiling,
because of its bactericidal actions. Thus, it
may reduce the loss of solublecarbohydrates dur,
ing fermentation as well as retard the growth 01
oxygen-loving butyric acid-producing bacteria.

USDA researchers have reviewed most researci,

available on formic acid and formaldehyde. Thes
-studies showed these preservatives improved fer

mentation of direct-cut and wilted hay crop si-
lages, Table 12. These improvements in preserrio
vation did not influence milk production, but u
improve liveweight gain of heifers. Although 0
these acids have demonstrated nutrient savings
direct-cut and wilted_hay,crop silage, U.S.

-growers have not used them because they are e
pensive, very corrosive on equipment, and not
cleared for use by the Environmental Protection

Agency.

Weak Acids, Antibiotics, and Sterilants 

Salts of weak acids form equilibrium salt-t
acid mixtures in solution. These acids may ac
to acidify the silage mass or to influence theok
microbial population directly. A number of Pr,
ucts that contain acid salts (sodium diacetatei

and weak acids (propionic acid, acetic acid, h37,

droxy propionic acid) are presently marketed 011

der that hypothesis.

Antibiotics theoretically could improve
forage preservation through specific antibac-

terial action. Antibiotics act to purify the
mass, rather than acting on lactic acid-pr°u—t
bacteria. This action can biologically direc_
fermentation toward a successful result. Fer
mentation also can be reduced by limiting
microbial activity.

10
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Table 12. Chemical composition of hay-crop silages as affected by chemical treatment of ensiled
forage, USDA.

Criterion

Direct-cut
Formic Formic acid Formal-

Untreated acid formaldehyde dehyde

Wilted
Formic

Untreated acid

No. of
studies
used

PH

Total acids (% DM)
Sugar (% DM)
Insoluble N (% N)
Ammonia N (% N)

4.7
10.0
.9

41
13.2

4.1 4.4
7.3 7.6
3.5 3.9
46 63
6.3 7.0

5.0 4.8 4.4
6.7 7.2 5.3
1.2 2.1 4.6
59 33 40
11.3 13.4 8.0

20
17
16
12
16

SOURCE: . Waldo, 1977.

Sterilants act to limit fermentation by
suppressing all microbial growth in the forage
mass. This is thought to reduce the soluble
carbohydrate losses associated with fermenta-
tion.

Propionic acid, a weak acid treatment of
iclw moisture haylage, has reduced top spoilage
in Michigan studies (Table 13). The propionic
acid acts as a bactericide, reducing fungal
counts and excessive heat build-up in silages
harvested too dry for proper ensiling.

Table 13. Effect of prioionic acid treatment
on haylage dry matter losses,
Michigan.

Item

Control 
% moisture
32 50

Propionic acid 
.4% .8%

  % of dry matter lost  

1°P spoilage 6.8 4.1 6.3 0
?tiler spoilage 4.8 2.8 2.9 2.6
uilage fed out 87.1 70.0 85.6 100.64 G

-aSeOUS loss 1.3 23.1 5.2 -3.2

SOURCE: Burghardi et al. 1977.

A number of commercial silage additives
e:Iltain low levels of fumaric, citric, lactic,
i; etic. or formic acids that are often in com-
nation with citrate, formate, sulphate, pro-

111R1°Ilate, nitrate, and various mineral elements.
iesearch indicating improved animal performance
ps inconclusive. Antibiotics have shown im-
pt°vements in color, aroma, and crude protein
it"ervation in one study, but subsequent stud-

havees  shown inconsistent results.

a.i 
Sterilants such as sodium_chloride, carbon

si.(,)xide, and sulfer dioxide have been used as
s-C-age additives with limited success. Another
efeftilant, sodium benzoate, was shown to be more
tipective against Clostridia bacteria than lac-
- acid bacteria, but rates were uneconomical.

Another study showed that sodium bisulfite
partially limited fermentation and decreased
protein degradation. However, these studies also
discovered that sodium bisulfite suffered low
palatability and intake reductions in animals.

RECOMMENDATIONS

Certain materials added to silage will in-

crease the concentration of nutrients it con-

tains. These are 1) NPN sources increase crude

protein; 2) cereal grains increase TDN, dry mat-

ter and may improve fermentation in legumes and

grasses; 3) molasses increases TDN and may im-

prove fermentation in legumes and grasses;

4) whey increases dry matter digestibility and

improves fermentation in legumes and grasses;

5) limestone increases calcium concentration.

None of these materials are essential to good

silage formation when moisture concentration and

storage conditions are proper. However, under

special circumstances they, can be recommended.

When conditions do not permit wilting of

high quality (immature)-legumes or grasses

add cereal grains, molasses or dried whey.

_ -
,NPN addition to corn silage for lactating

dairy cattle is suggested. Select the

most economical NPN-source.

Limestone addition is not suggested unless

high nitrate silage is ensiled. High ni-

trate silage will have more nitrate broken

down during fermentation.

When forages are stored at the proper mois-

ture concentration and air is excluded, nutrient

losses are low and a good quality silage forms.

Preservatives such as lactic acid bacteria, so-

dium metabisulfite, mold inhibitors, antibiotics,

salt, mold cultures (enzymes), yeast cultures,

mineral acids and sodium formate will influence

fermentation less than improved management. When

high moisture forages are ensiled these 
preser-

vatives will not improve the silage as much 
as

nutritive additions. When air is not excluded

11



from the silage mass none of these preservatives
will correct large fermentation and spoilage
losses.

Propionic acid and other organic acids
when used at proper rates of similar activity
will prevent spoilage and heating of silage too
dry for proper fermentation.

There is no substitute for good management
of forage crops for silage. Good management
includes:

0 Harvest at proper maturity of the crop

0 Harvest at proper moisture concentration

40 Chop fine, 1/4-3/8 inch-theoretical cut

0 Distribute the material evenly

0 Fill rapidly and pack to exclude air
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Economic Comparison of Silage Structures
Fred J. Benson

Department of Agricultural & Applied Economics,
St. Paul, Minnesota

. If a livestock producer has decided to use
sllages in his feeding program, he must decide
which system is best for his situation and
resources. The final decision should be deter-

by what crop production, handling and
eeding programs are feasible with his resources
and which have the greatest probability of
41ghest profits from the livestock enterprise.

Silage systems vary from highly mechanized to
iv,!rY labor intensive systems. Generally, the

h capital systems require less labor than the
1c3w capital- high labor systems. Systems that
substitute capital for labor will make work
easier for the operator but may result in less
Pj°fit to his operation if the labor freed by
_ne capital is not productively employed else-
where in the farm business.

Proper storage of the silage crop plays an
ItIll,P°rtant role in the resulting net returns to
iue farm business. The profitability of invest-

ha  d1? different types and sizes of silos and
arldling equipment depends largely on the (1) time
;vallable and the ease of handling silage, (2)
affectiveness of preserving needed feed nutrients,
and (3) cost of the investment and annual costs
sssociated with the increased revenues from the
ale of milk and meat.

a The time available and ease of handling sil-

J'e 14ill vary greatly by type of crop grown,
s3.-4e and type of supporting equipment, type of
t110, distance from fields, and the distance
tr°m storage to feeding. Basically, there are
twil° types of permanent silage storage structures;

The 
tower silo and the bunker (horizontal) silo.

vue tower silo offers a choice between the con-

top  concrete or concrete stave silos with
uop. unloaders and the sealed oxygen limiting
Oil s with either bottom or top unloaders. The
est:fl'er silo, typically a precast tilt-up con-
th!te slab, is used quite extensively. However,
oris type can be made of wood or other material

can be simply a trench in the ground. Tower
sirs require more time to fill, but horizontal

"t°s require more time for packing and less

University of Minnesota

time for unloading. Total hours to fill, pack,
unload and feed are about three-fourths as much
for horizontal silos.*

The effectiveness of preserving needed feed

nutrients is vitally important to the farm busi-
ness. The quality and quantity of forage avail-

able for feeding affects the amount of concentrate

required for proper nutrition. Losses which
increase costs in the forage-making process can

be classified into harvest and storage losses.
Harvest losses include plant respiration as well
as the mechanical losses of leaf shattering and
that small percentage that never seems to get
into the wagon or truck. Storage losses include
spoilage, seepage and fermentation.

The major factor influencing losses from har-

vest and storage is the moisture content of the

crop as it is removed from the field. Expected

losses for hay crop forage at various moisture

levels are shown in figure 1.

Harvest losses are highest for dry hays and
lowest for direct-cut hay silage. However,
storage losses are highest for high moisture

silages and lowest for dry hays. Losses in
whole plant corn silage have lower total losses

of dry matter than hay crop silage at all com-

parable moisture ranges. Tabled shows the

expected dry matter losses in forage harvesting,

storing and feeding with various treatments and

moisture ranges. No consideration is given to

the quality level of the forage which may be

considerable given different methods of

harvesting.

The moisture content of silage also influences

the dry matter loss occurring with various types

of storage structures (see table 2).

* Chore .Reduction For Confinement Stall Dairy 

Systems, Hoard's Dairyman, Fort Atkinson,

Wisconsin, 1978, p. 23.
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It is very difficult to establish or estimate
'the losses indicated. However, research has
shown a relationship between the types of silos
and moisture percentages at the time of ensiling.
Losses will vary from year to year and from farm
to farm. Losses are affected by weather condi-
tions, type of crop, percent of moisture, type of
silo, fineness of chop, amount of packing and,
most importantly, the level of management in
handling the crop and facilities.

There are specific questions that must be
answered before a decision can be made on what
type of silo to use. Special consideration
should be given to what forages are to be stored
and the moisture content when stored. Also, the
total tonnage to be stored and how much will be
removed daily should influence your choice of
silo and silo size.

Figure

The overall economic considerations should be

studied before selecting a forage system. The
amount of capital investment per ton of capacity

ranges from high for the oxygen limiting, moder-

ate for the conventional tower, and lowest for
the horizontal bunker silo. The oxygen limiting
silos offer the advantage of utilizing the silo

more than once during the year. This does not
reduce total costs, but does reduce the cost Per
ton. However, with the usual forage production,

storing and feeding program it is difficult to.

use the total storage space more than half agaln.

This requires a distribution of the types of
forages fed between corn silage and the hay crop

silages. However, two types of silages would 110t

be available at the same time to allow a blending

of both in the ration. Table 3 shows the tons °f

capacity for various sizes by types of silo and

an estimate of the investment costs for each.

This gives an idea of the amount of investment

required on a per ton basis for specific silo

capacity by type of silo.

Estimated total harvest and storage loss when legume-grass forages are harvested at varyillg j

moisture levels and by alternative methods 1/
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Table 1. Expected dry matter losses in forage harvesting, storing and feeding
lj

Method

Dry Matter Losses-' Field Tonnage To
Harvest Storage Feeding Total Obtain 1 Ton

Effectively Fed-1/

Conventional Bale

Rained On
Average
No Rain
Barn Dried

Lar e Packa es

Field Cured
Acid Treated

Cro Silage Moisture % 

70+
60 - 69

Under 60

COrn Silage Moisture %

70+
60 - 69
Under 60

1

32.6
25.0
17.4
13.4

25.0
15.0

.2.0
5.0
11.5

4.0
5.0
16.2

4.0
3.8
3.6
1.8

14.2
10.7

21.2
10.1
8.2

13.7
6.3
6.3

5.2
5.2
5.2
5.2

15.3
5.5

11.0
11.0
11.0

4.0
4.0
4.0

41.8
34.0
26.2
20.4

54.5
31.2

34.2
26.1
30.7

21.7
15.3
26.5

1.63
1.46
1.32
1.24

1.83
1.39

1.45
1.32
1.38

1.26
1.17
1.33

2 Considers dry matter losses only. Loss of quality disregarded but may vary considerably.

Chore Reduction For Confinement Stall Dairy qystems, Hoard's Dairyman, Fort Atkinson, Wisconsin,

1978, pp. 12-13.3
Indicates tonnage needed to grow in order to get 1 ton of material fed effectively. Also indicates
additional acreage or yield required. Calculated by the formula:

H =
(1- HL) x (1- SL) x (1- FL)

where: H = tons to grow
N = tons needed after losses

HL = harvest loss - %

SL = storage loss - %

FL = feeding loss - %

Tabi

4. Dry matter losses in hay crop forages at various moisture levels as 
stored in three types of

silosi/

Moisture Level Percent
Oxygen Conventional

Limiting Tower Horizontal 

71+
61 - 70
Under 60

19.1
8.8
5.5

21.2
10.1
8.2

13.4
14.0
16.7

1

Silos and Sila es, Special Circular 223, Extension Service, College of 
Agriculture, Pennsylvania

State ,
university, University Park, Pennsylvania, p. 12.
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1/
Table 3. Silo capacities by size and moisture level of crop and representative investment costs-

Silo Type And Size
Dry

Matter

Silo Capacity In Tons
Moisture Level

70% 60% 50%

Investment 

Silo Unloader
Total Per 

Ton

Of Dry Matter

Oxygen Limiting 

20 x 55
20 x 74
25 x 60
25 x 84

Concrete Tower

16 x 50
16 x 60
18 x 50
18 x 60
20 x 60
20 x 70
22 x 60
22 x 70
24 x 60
24 x 70
30 x 60
30 x 80

Bunker Concrete Tilt-Up 

12 x 40 x 112
12 x 50 x 130
12 x 60 x 150
12 x 60 x 180

129 430
185 615

228 760
324 1,080

75 250
93 310
96 320
116 385
141 470
171 570
171 570
206 685
210 700
248 825
324 1,080
444 1,480

300 1,000
450 1,500
600 2,000
750 2,500

,

322 258 28,900 9,350

462 370 34,300 '9,350

570 456 46,400 10,230

810 648 56,700 10,230

188 150 8,460 3,410

232 186 10,220 3,410

240 192 9,780 3,520

290 232 11,320 3,520

352 282 13,520 3,630

428 342 15,940 3,630

428 342 15,170 4,070

515 412 18,680 4;070

525 420 17,480 4,510

620 496 20,880 4,510

810 648 24,620 5,500

1,110 888 33,520 5,500

750 14,070
1,125 17,690

1,500 20,880

1,875 23,960

5,500 21
6,050 21
6,600 2.1.
7,150 2:1

297
236
248
207

158
147
139
128
122
114
113
110
105
102
93
88

65
53
46
41

1
Chore Reduction For Confinement Stall Dairy Systems, Hoard's Dairyman, Fort Atkinson, Wisconsin,

1978, p. 24 (based on 1978 prices which are indexed to represent 1979 prices).

2
Based on used tractor and front-end loader.

Individuals who are interested in investing in

silo storage must weigh their credit needs

against the credit availability and alternative

uses. Then they should compare the annual costs

on a per ton basis in order to estimate the

additional per ton forage costs associated with

the method of storage. Table 4 shows the annual

ownership costs as a percentage of new cost for

the various silos and unloaders.

The percentage figures can then be used to

estimate the annual costs of the silo and unloader
for the various types and sizes of silos on a per
ton basis. Table 5 estimates the annual costs of

the storage system on a per ton basis using the

figures and percentages shown in tables 3 and 4.

The annual costs per ton of silages varies bY

size and type of silo. The costs per ton are

highest with the oxygen limiting silos but the

cost is reduced by one-third if the silo can

effectively be used at one and one-half of its

capacity (see table 5 figures in parentheses).f

Oxygen limiting storage, without a doubt, is °

high quality. It can be utilized more effec-

tively with multiple filling, which makes it

more effective the longer the growing 
season:

These silos are typically used with lower mols

ture level silages than other types of si
los.

Conventional concrete tower silos combine

maintenance of high quality feed with lower

costs but require higher levels of management

than the oxygen limiting silos. Loss differ-

ences between the oxygen limiting and the

conventional silos can be very small. 
However,

high losses in concrete silos can occur if

repair and management are neglected.
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The horizontal concrete tilt-up silo offers
the lowest cost storage system. However, the
management requirements with these units are
higher than with the tower silos. Where large
,t_°11nage5 are required, the horizontal silo can
L.'e the most economical. It becomes most econom-
ical when 1,200 tons or more of corn silage are
tored. The moisture content of silages going
Into the horizontal silo should be higher than
the other tower type silos, so this adapts quite
well to storing corn silage. Higher moisture
ontent for horizontal silos allows better pack-
ing and preservation of the silage. If improperly
°r loosely packed or not covered with a plastic

cover, the losses can be extremely high. There-
fore, a high level of management is necessary.
with the horizontal silos to keep losses at a
reasonable level.

It is important to realize that the best that

can be hoped for in a silo is that it will main-

tain the same quality of feed that was put into

it. Silos and the silage-making process do not

improve feed quality but are only expected to

maintain it. How effective the unit is at main-

taining quality is a function of silo type, condi-

tion of the silo and, most importantly, the level

of management associated with filling and using

the silo.

Table 4. Annual ownership costs expressed as a percentage of new cost for three types of silos and

silo unloaders

1
Depreciation-

/
Interest-' Repairs Insurance

percent

Operating
Cost/ Total

NYgen Limiting
Concrete Stave
Horizontal Concrete
tnloaders

1

6.0
7.5
9.0
12.9

7.0 1.0 0.5 14.5

7.0 1.0 0.5 16.0

7.0 1.0 0.5 17.5

7.0 5.0 0.5 3-10 28.4-35.4

Depreciation determined with 15 years life for oxygen limiting, 12 years for concrete tower, 10

Years for horizontal, and 7 years for unloaders. Investment credit considered at 10% reduces

2 investment cost for depreciation calculation only.

Interest assumed, 14%.3
Operating cost assumes 3% for oxygen limiting, 5% for concrete tower, and 10% for tractor and
unloader.
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Table 5. Annual cost per ton of silage for various sizes and types of silos-
1/

Annual Costs Per Ton Annual Costs Per Ton
Capacity 

Dry Matter  With Moisture Level
Tons Of

Silo Type And Size Dry Matter Silo Unloader Total 70% 60% 50%

Oxygen Limiting .
c.

20 x 55 129 $32.48 $20.58 $53.06 $15.92 0, $21.22 $26.53

(10.6W-/ (14.15) (17.69)

(8.45) (11.27) (14.

25 x 84 324 25.38 8.97 34.35 10.31 13.74 

2
20 x 74 185 26.88 14.35 41.23 12.37 16.49 

02(8.25) (10.99) (13.74)

11.11371145)

08)

8(6.87) (9.16) (

25 x 60 228 29.51 12.74 42.25 12.68 16.90 

2

Concrete Stave 

16 x 50 75 18.05 13.82 31.87 9.56 12.75

16 x 60 93 17.58 11.15 28.73 8.62 11.49

18 x 50 96 16.30 11.15 27.45 8.24 , 10.98

18 x 60 116 15.61 9.22 24.83 7.45 9.93

20 x 60 141 15.34 7.83 23.17 6.95 9.27

20 x 70 171 14.91 6.45 21.36 6.41 8.54

22 x 60 171 14.19 7.24 21.43 6.43 8.57

22 x 70 206 14.51 6.01 20.52 6.16 8.21

24 x 60 210 13.32 6.53 19.85 5.96 7.94

24 x 70 248 13.47 5.53 19.00 5.70 7.60

30 x 60 324 12.16 5.16 17.32 5.20 6.93

30 x 80 444 12.08 3.77 15.85 4.76 6.34

Horizontal Concrete Tilt-Up 

12 x 40 x 112 300 8.21 6.49 14.70 4.41 5.88

12 x 50 x 130 450 6.88 4.76 11.64 3.49 4.66

12 x 60 x 150 600 6.09 3.89 9.98 2.99 3.99

12 x 60 x 180 750 5.59 3.37 8.96 2.69 3.58

1

2

15.94
14.37
13.73
12.42
11.59
10.68

10.72
10.26

9.93
9.50
8.66

7.93

7.35
5.82
4.99
4.48

Estimated from rfigures presented in tables 3 and 4. The costs shown are estimated for tons Put

into storage and does not consider the cost of losses. The greater the losses in storage the

higher the costs on a per ton of silage removed basis.

Figures in parentheses indicate costs when silo is filled 1.5 times per year.

:4
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Feeding Silage to Dairy Cattle
James G..Linn and Donald E. Otterby

Extension Dairy Specialist and Professor, Animal Science, respectively

Department of Animal Science
University of Minnesota, St. Paul, Minnesota

Top quality forages are required by dairy
cows for optimum milk production. Also, for-
ages are usually the most economical source
°f nutrients required by dairy cattle for
Inaintenance, growth, and milk production. Cur-
rently in Minnesota, about two-thirds of the
tYPical dairy ration is forage dry matter, An
increasing trend is to feed the forage as si-
lage or haylage rather than dry hay. Minnesota
dairY producers now feed about 50 percent of
,t,heir forage dry matter in some form other than
'Iried hay. As the trend increases for more si-

ages, dairy producers will be faced with many
6ilage-related questions:

- Can all silage rations be fed?
- What forages should be raised and fed for

Optimum milk production?
- Bow much forage should be fed in the

ration?
- Which minerals are right?
- Do buffers need to be fed?
- At what length should silage be chopped?
- How much and what type of grains or grain

mixtures best complement the silage
Program? •

NUTRIENT REQUIREMENTS

1. The goal in feeding dairy cattle is to de-
the correct amounts of needed nutrients

tat 
individual cows at the right stage of lac-

l ic'n for maximum milk production. Table 1

jsts the recommended nutrient content of ra-
1°ns for dairy cattle.

FORAGE NUTRITIONAL CONSIDERATIONS

The feeding value of forages is primarilyde
Pendent on four characteristics: (1) nutrient

composition, (2) nutrient availability or digest-

ibility, (3) level of intake, and (4) non-nutri-

tive constituents. Dairy cattle require protein,

energy, mineral, vitamins, and water. If forages

do not contain adequate amounts to meet the ani-

mal's requirements, then either animal perfor-

mance will be limited or a supplement containing

the appropriate amount of nutrients must be fed.

The nutrients in forages must also be easily di-

gested and absorbed by the animal. Finally, suf-

ficient quantities of the forage must be consumed

if the forage is to be efficiently utilized as a

low-cost source of nutrients for animals.

Nutrient composition 

Forage nutrient contents should be determined

by chemical tests. All forages should be tested

for dry matter and crude protein. Calcium,

phosphorus, and crude or acid detergent fiber

tests will also be helpful in determining over-

all forage quality.

Nutrient availability 

The best determinant of nutrient availability

is the animal to which it is fed. However, chem-

ical tests can give good estimates. Crude fiber

or acid detergent fiber (ADF) can be used to pre-

dict TDN (total digestible nutrients). The pro-

tein unavailable to animals because of heat dam-

age can be determined by ADF-nitrogen or pepsin-

insoluble nitrogen tests.

Forage intake 

Maximum amounts of forage intake at various

levels of concentrate intake are shown in Figure

1. When no concentrate is fed, a high-producing
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Table 1. Recommended nutrient content of rations of dairy cattle (source: 1978 Nutrient
Requirements of Dairy Cattle).

Lactating Cow Rations Nonlactating Cattle Rations

Maxi-
mum

Cow Wt (lb) Daily Milk Yields (lb)
Calf

5- 900 <18 18-29 29-40 >40Nutrients Growing Starter Concen-
(Concentration 1,100 <24 24-37 37-51 >51 Dry Heifers Concen- Calf trations
in the Feed 1,300 <31 31-46 46-64 >64 Pregnant Mature and trate Milk (All
Dry Matter) 1,550 <40 40-57 57-78 >78 Cows Bulls Bulls Mix Replacer Classes)

Ration No. I II III IV V VI VII VIII IX Max.

Crude Protein, %
Energy

13 14 15 16 11 8.5 12.0 16.0 22.0 -

NE,, Mcal/lb 0.64 0.69 0.73 0.78 0.61 - - - - -

NE„„ Meal/lb - - - - - 0.54 0.57 0.86 1.09 -
NE,, Meal/lb - - - - - - 0.27 0.54 0.70 -
ME, Meal/lb 1.07 1.15 1.23 1.31 1.01 0.93 1.01 1.42 1.71
DE, Meal/lb 1.26 1.34 1.42 1.50 1.20 1.12 1.20 1.60 1.90 -
TDN, % 63 67 71 75 60 56 60 80 95 -

Crude Fiber, % 17 17 17 17° 17 15 15 - - -
Acid Detergent Fiber 21 21 21 21 21 19 19 - - -
Ether Extract, % 2 2 2 2 2 2 2 2 10 -

Minerals' ,

Calcium, % 0.43 0.48 0.54 0.60 0.37 0.24 0.40 0.60 0.70
Phosphorus, % 0.31 0.34 0.38 0.40 0.26 0.18 0.26 0.42 0.50
Magnesium, %c 0.20 0.20 0.20 0.20 0.16 0.16 0.16 0.07 0.07 -
Potassium, % 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 -
Sodium, % 0.18 0.18 0.18 0.18 0.10 0.10 0.10 0.10 0.10 -
Sodium chloride, %d 0.46 0.46 0.46 0.46 0.25 0.25 0.25 0.25 0.25 5
Sulfur, %d 0.20 0.20 0.20 0.20 0.17 0.11 0.16 0.21 0.29 0.35
Iron, ppmd' 50 50 50 50 50 50 50 ' 100 -100 ' 1,000
Cobalt, ppm 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 ' 0.10 10
Copper, ppm" 10 10 10 10 10 10 10 10 10 80
Manganese, ppmd 40 40 40 40 40 40 40 40 40 .1,000
Zinc, ppm" 40 40 40 40 40 40 40 40 40 500
Iodine, ppm" 0.50 0.50 0.50 0.50 0.50 0.25 0.25 0.25 0.25 50
Molybdenum, ppm' - - - - - - - - - 6
Selenium, ppm 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 , 5
Fluorine, ppm - - - - - - - - - 30

Vitaminsk
Vit A, IU/lb 1,450 1,450 1,450 1,450 1,450 1,450 1,000 1,000 1,720 -
Vit D, IU/lb 140 140 140 140 140 140 140 140 270 -
Vit E, ppm - - - - - - - - 300 -

'It is difficult to formulate high-energy rations with a minimum of 17 percent crude fiber. However, fat percentage depression may occur when rations
with less than 17 percent crude fiber or 21 percent ADF are fed to lactating cows.
°The mineral values presented in this table are intended as guidelines for use of professionals in ration formulation. Because of many factors affecting

such values, they are not intended and should not be used as a legal or regulatory base.
'Under conditions conducive to grass tetany (see text), should be increased to 0.25 or higher.
'The maximum safe levels for many of the mineral elements are not well defined; estimates given here, especially for sulfur, sodium chloride, iron,

copper, zinc, and manganese, are based on very limited data; safe levels may be substantially affected by specific feeding conditions.
'The maximum safe level of supplemental iron in some forms is materially lower than 1,000 ppm. As little as 400 ppm added iron as ferrous sulfate

has reduced weight gains (Standish et al., 1969).
'High copper may increase the susceptibility of milk to oxidized flavor (see text).
'Maximum safe level of zinc for mature dairy cattle is 1,000 ppm.
'If diet contains as much as 25 percent strongly goitrogeniF feed on dry basis, iodine provided should be increased two times or more.
If diet contains sufficient copper, dairy cattle tolerate substantially more than 6 ppm molybdenum (see text).
Maximum safe level of fluorine for growing heifers and bulls is lower than for other dairy cattle. Somewhat .higher levels are tolerated when the

fluorine is from less-available sources, such as phosphates (see text). Minimum requirement for molybdenum and fluorine not yet established.

'The following minimum quantities of B-complex vitamins are suggested per unit of milk replacer: niacin, 2.6 ppm; pantothenic acid, 13 ppm;
riboflavin, 6.5 ppm; pyridoxine, 6.5 ppm; thiamine, 6.5 ppm; folic acid, 0.5 ppm; biotin, 0.1 ppm; vitamin 1311, 0.07 ppm; choline, 0.26 percent. It

appears that adequate amounts Of these vitamins are furnished when calves have functional rumens (usually at 6 weeks of age) by a combination

of rumen synthesis and natural feedstuffs.

a
1

a

0

f

Ii
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cmq can consume about 3,15 percent of her body
Weight in the form of excellent quality hay dry
matter. As concentrate feeding increases, the
total feed intake increases; but the amount of
hay a cow can eat decreases. The starting
Point for good quality hay with 24 percent
crude fiber is about 2.7 percent of her body
Weight, and for silage and fair-quality hays (28
Percent or more crude fiber) about 2.25 percent.
A minimum forage intake of 1.35 percent of body
Weight is required to insure adequate fiber for
normal rumen function and fat tests.

% of body weight
1 4.0

3.15

2.70

c=i 2.25

1.35

0

Total feed

1-Excellent alfalfa hay
Good alfalfa hay

Corn silage and fair
quality hays

..•••••••••••••••••••••••••1181111111. ........... •••••••••••

'"Minimum roughage
NM. 1.111114.114•0•111141•••• OOOOO 1114••••••••

Concentrate (lb/day)

Figure 1. Maximum voluntary intake of roughages
at varying concentrate intakes.

The body size and level of milk production
-"31-Ig with the quality, type and dry matter con-
tent of the forage can all affect dry matter in-
take of dairy cows. The rate of passage of
teedstuffs through the digestive tract also
affects intakes. Forages remaining in the rumen
,?nger will reduce total intake. Grasses are
'ilgested more slowly by rumen microbes than
alfalfa, and amounts should be limited when fedt 

high-producing cows.

N°n-nutritive constituents
1

Certain compounds such as terpenoids, fla-
s phenols, alkaloids, and others can

of 
forages

the animal's intake and digestibility
dt forages and subsequent performance. Consi-
eration should be given to these antiquality
factors when certain plant species are fed and/
. when animal responses indicate such. Mosthr
gh-quality, well-preserved silages containivery 

few non-nutritive constituents.

FORAGE: GRAIN RATIOS

As milk production increases, more grain is
substituted for, forage in the ration to meet the
energy requireMents of the cow. However, cows,
will only consume to a fixed level of energy
intake.The point of maximum energy intake is
between 55 and 65 percent in the ration dry
matter. Cornell and Wisconsin research indicates
that forage-to-grain ratios of 40:60 in the to-
tal ration dry matter are about maximum. Higher
grain ratios may result in acidosis and fat
test problems along with decreased energy
digestibility (Figure 3). Practically a 50:50
ration may result in optimum energy intake and
utilization.

55-65% CONCENTRATE.

Figure

DIETARY ENERGY 

2. Relationship of dietary
energy content to dry

matter intake.

3.09

3.00 02.12

2.91 •

2.82
Sp

2.73 s

2.64 15: 25

2.55

1

4),74,..to

_

2 3 4 5

Level of intake (times maintenance)

Figure 3. Relative depression of DE of rations

of five ratios of hay to concentrate

fed at five levels of intake to dairy

cattle.

21



Particle
length (inches)

CONSIDERATIONS IN FEEDING SILAGES

Moisture level 

Moisture content of silages directly influ-

ence silage preservation and may influence ani-

mal intake. Silage problems resulting from

ensiling too wet or too dry of material will be

discussed under abnormal silages.

Silages high in moisture content fed alone

or with other high-moisture feeds may limit

total dry matter intake of an animal. Since the
nutrients of feeds are contained in the dry

matter, limiting dry matter intake will result

in reduced milk production. Table 2 compares

hay crop silage of different moisture content
to barn-dried hay. Dry matter intakes of the

wet silages were lower than barn dried; however,

when concentrate was added no differences in

milk production occurred. Theoretically, total

rations (forage plus grain) containing about 40

percent moisture should result in highest in-

takes and possibly highest nutrient utilization.

Length of chop 

Dairy cows require adequate fiber in their

diet for rumination, digestion, and saliva flow.

The length of chop or particle size can have an

effect on fiber. Wisconsin research suggests

cows receiving 1/4" theoretical length of cut

(TLC) forage need seven 'pounds of fiber and

those fed 3/16" TLC forage nine pounds of fiber

per day to maintain normal fat tests. Dry cows

need either dry forages or silages chopped 3/8"
TLC or longer to maintain normal rumen function

and to help prevent displaced abomasums. How-

ever, TLC's above 1/2" are not recommended

because of packing difficulty, molding problems,

and the overall production of poor quality

silages.

Abnormal silage 

Abnormal or undesirable silage results from

too high or too low moisture at harvest, mold of,

undesirable overtreatment with non-protein nitt° ,

gen (NPN), or adding NPN when material is too

Table 2. Intakes and milk roduction of sila e-based diets com ared to barn-dried h

Dry matter intake 
Forags Forage + b

Forage alone concentrate

Milk
Productpn
per day

Hay, barn dried
Silage; A 70% moisture
Silage; 60 to 70% moisture
Silage; 55% moisturec

100
71
81

100
83
86
102

100
100
100
104

a
Demarquilly and Jarrige.

b
Merrill and Slack.
c
Moistures ranged from 35 to 60 percent.

Table 3. Relationship between length of cut and particle sizea

Length of theoretical cut

1 4"

75
15
10

1/2"

(% of weight)

48
30
14

b
8

3/4"

34
34
14
18c

a
Sudweeks et. al. 1978.

b
Average length 3".

verage length 4",
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Material ensiled too wet results in exces-
sive acidity (below 3.8 pH), and protein degre-
dation indicated by butyric acid odors. Mix
this silage with other material and add buffers
to encourage cows to consume adequate amounts.

Ensiling material too dry does not provide
adequate packing to remove entrapped air. A
brown, carmelized colored material with a burnt
or tobacco odor results. The excessive heating
makes the protein indigestible, reduces energy
concentration, and destroys vitamin A potency
of the forage. Heat damaged forages are quite
Palatable, but animal performance will be
limited because of insufficient nutrients. Pro-
Per amounts of protein, energy, and vitamins
will need t6 be supplemented.

Moldy silages are a result of too much air
remaining in the ensiled mass. Certain molds
can cause off-feed, diarrhea, swollen vulva,
liver damage, and respiratory difficulties.
Mix moldy forages with other feeds to reduce
mold 

concentration and encourage consumption.

. Slimy, smelly silages are usually associated
1:71th silages of low fermentable sugars. Mater-
ial has a slimy texture, drab green color, and
a strong odor. Dilute with other forages to
1°w producers or dry cows.

Overtreatment or adding NPN's to dry silages
sually results in an excessive ammonia smell.
Ihe silages are quite high in pH and unstable.

SILAGES IN THE DAIRY RATION

Several example dairy rations using differ-
ent 

silages and silage mixtures are listed in
Table, 4. Rations are balanced for energy,
vrotein, and minerals according to forage type,

2ualitY, and quantity. Compositions of some
°1111non1y fed silages are listed in Table 5. A
rlef discussion on the use of silages in the
dairy 

ration follows:

Le
rass silages

ar Alfalfa, clover, grass, or mixtures of these
sie excellent feeds for dairy cattle. Proces-
t,ng these crops into haylage or silage offers
"ese advantages:

- less -leaf loss, more nutrient preserved;
- reduced risk of weather damage;
- easier mechanization of feeding; and
- more uniformity in year's feeding program.

11111e-

High-protein forages should not be ensiled
as direct cut material. Plant carbohydrate con-
tent is too low, and the fermentation resulting
will yield material high in pH and butyric acid.
Animal acceptability will be poor. Most alfalfa
and alfalfa-grass mixtures should be wilted to
between 40 and 60 percent dry matter before en-
siling. These dry matter levels result in pre-
servation of a high-quality feed and optimum
intake by animals. Material ensiled drier than
60 percent may be subject to heating and sub-
sequent loss of protein and other nutrients.

Composition of alfalfa, red clover, and
grasses is listed in Table 5. Legumes are ex-
cellent sources of crude protein and minerals,
and, when cut early, are competitive with corn
silage in energy content. Legumes and grasses
contain similar energy contents when cut at the
same maturity. Grasses will contain more cell
walls than legumes, which results in slower di-

gestion rates. This promotes lower intakes and

results in a lower energy utilization efficiency
for grasses than alfalfa of the same TDN content.

No dried hay is required in lactating cow

rations if the length of chop in silage is ade-

quate. Research at Wisconsin and South Dakota

has shown equal or better performances for cows

fed haylage as compared to equal quality dried
hay (Table 6). Dry cows should be fed 5 to 10

pounds of dried forage, preferrably grass for-

ages, to promote rumen fill and minimize twisted

stomach problems.

Table 6. Dried hay versus hay crop and silage

for lactating dairy cows. 

Wisconsin
Hay + b
haylage
Haylage .

South Dakota
Hay
Haylage

Forage DMa  4%

Intake milk

68 27.1

51 27.4

88 21.4

62 23.2

lb/day - - - -

52.6
56.7

41.2
41.2

a
Average Forage: Grain ratio of 60:40 dry

matter basis.

b
Fed 1 to 1 dry matter basis.
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Table 4. Sample rations for cows in different stages of lactation and fed various types
and combinations of forage. 

Production period
1

Feedstuff 1 2 3 4

(lb)

Alfalfa haylage - No. 1 35 47 47 35
Grain mix 37 24 15 4

Shelled corn 1225 1376 1375 1315
Oats 525 590 589 563
44% Supplement 212 0 0 0
Dicalcium phosphate 13 0 0 0
Mono-phosphate 10 11 97
Trace mineral salt 20 20 20 20
Vitamin premix 5 5 5 5

2/3 Alfalfa haylage - No. 2 24 32 32 24
1/3 Corn silage 18 24 24 18
Grain mix 37 24 16 4

Shelled corn 1124 1231 1377 1349
Oats 482 528 590 578
44% Supplement 351 206 0 0
Dicalcium phosphate 13 0 0 0
Limestone 5 0 0 0
Mono-phosphate 0 10 8 ,48
Trace mineral salt 20 20 20 20
Vitamin premix 5 5 5 5

1/3 Alfalfa haylage - No. 2 12 15 15 12
2/3 Corn silage 37 50 ' 50 37
Grain mix 35 21 13 

. 
2

Shelled corn 1025 990 1060 1358
Oats 439 424 454 582
44% Supplement 482 535 437 0
Dicalcium phosphate 16 22 24 0
Limestone 13 4 20 0
Mono-phosphate - 0 0 0 35
Trace mineral salt 20 20 20 ' 20
Vitamin premix 5 5 5 '5

Oat silage 12 12 12 12
Grass hay 17 26 25 17
Grain mix 38 26 17 5

Shelled corn 1122 1248 1372 1358
Oats 481 535 588 582
44% Supplement 343 170 0 0
Dicalcium phosphate 9 5 1 0
Limestone 20 16 14 35
Trace mineral salt 20 20 20 20
Vitamin premix 5 5 5 5

Clover silage 43 58 58 43
Grain mix 38 25 17 6
Shelled corn 864 966 985 948
Barley 864 966 985 948
44% Supplement 239 35 0 0
Mono-phosphate 8 8 6 79
Trace mineral salt 20 20 20 20
Vitamin p-emix 5 5 5 5



Table 4. Continued

Feedstuff

Production period'

1 2  3 3

Alfalfa hay - No. 2
Corn silage
Grain mix
Shelled corn
Oats
44% Supplement
Dicalcium phosphate
Limestone
Mono-phosphate
Trace mineral salt
Vitamin premix

Corn silage with NPN
Grass hay
Grain mix
Corn and cob meal
Oats
44% Supplement
Dicalcium phosphate
Limestone
Trace mineral salt
Vitamin premix

1

1/2 Corn silage with NPN
1/2 Alfalfa haylage - No.
Crain mix
Shelled corn
Oats
44% Supplement
nicalcium phosphate
L
imestone

M°110-phosphate
Trace mineral salt
Vitamin premix

10
29
36

1059
454
436
16
10
0
20
5

56
0
35

1038
445
451
20
20
20
5

28
2 18

35
1108
475
367
16
9
0
20
5

10
49
21

1012
434
507
21
2
0
20
5

74
0
20

1010
433
484
28
20
20
5

37
24
22

1213
520
223
19
20
0
20
5

lb)

10
49
12

1033
443
470
29
0
0
20
5

74
0
11

1048
449
419
38
21
20
5

37
24
13

1371
588
0
0
0
16
20
5

10
29
2

1352
579
0
0
0
44
20
5

35
8
2

1320
575
0
80
0
20
5

28
18
2

1345
577
0
0
0
53
20
5

Period 
per. 1 =85 lb 3.8% milk/day; period 2 = 65 lb 3.8% milk/day; period 3 = 45 lb 3.8% 

milk/day;

1°d 4 = dry period. Cow weight = 1300 lb.

Com osition (dr basis)

Alfalfa haylage - No. 1
Alfalfa haylage - No. 2
Alfalfa hay - No. 2Clover silageCorn 

silage
Corn silage with NPNOat 

silage
Grass hay

Dry
matter
(%)

55 18

55 16
90 16

45 15
35 8
35 12
40 12
86 13

Crude
protein

(%)

Crude
fiber

(%)

Est. net
energy
(Meal)

Calcium

(%)

30
36
32
35
26
26
35
34

50
42
48
44
65
65
44
45

1.20
1.20
1.20
1.42
.28
.28
.37
.45

Phosphorus

(%)

.22

.22

.22

.22

.20

.20

.30

.25
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Table 5

Forage Composition Tables (1978 Dairy NRC)

 100% Dry Matter Basis 
Net Energy* TDN Crude Protein Crude Fiber ADF Calcium Phosphorus Magnesium Potassium Sulfur
(M-cal/lb) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Alfalfa
Early vegetative .67 65 22 24 31 2.1 .30 .26 2.3 .63
Late vegetative .64 62 20 27 34 2.4 .30 .25 2.7 .29
Early bloom .59 58 17 31 38 1.3 .23 .30 2.1 .30
Full bloom .54 54 15 35 42 1.3 .20 .31 1.9 .26

Bromegrass
Late vegetative .63 62 10 33 40 .30 .35 .09 2.3 .20
Late bloom .54 54 7 40 44 .30 .35 .09 2.3 .20

Red Clover
Early bloom .70 68 21 19 NA 2.3 .38 .51 2.5 .20
Late bloom .66 64 15 30 NA 1.0 .27 .51 2.0 .20

Corn Silage .72 70 8 24 31 .27 .20 .28 1.1 .08

Corn Stover .59 58 7 32 40 .38 .42 .31 1.6 NA

Oat Silage
Boot .63 62 13 30 NA NA .10 NA 2.4 .24

NJ Dough .60 59 10 34 NA ..47 .33 NA NA NAco
Straw .48 48 4 41 47 .26 .07 .18 2.4 .23

r
Sorghum-Sudangrass
(mid-bloom) .64 63 9 36 NA .43 .41 .35 2.1 .11

Timothy 
J

- Late vegetative .70 68 11 31 33 .66 .34 .14 NA NA
Mid-bloom .59 58 9 32 40 .41 .19 .16 1.6 .13
Seed .51 51 6 35 45 .28 .18 .12 1.0 NA

Sunflower silage
Oilseed 67 12 31 39
Non-oilseed 61 11 33 42

•••••• • /I / 41, ng", o a, o
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Corn sila e

The use of corn silage in Minnesota dairy
cattle rations continues to increase. Many
dairy producers are interested in the use of
corn silage as the sole forage because of:

- high nutrient yield per acre;
- mechanization of harvesting, storing,

and feeding;
- highly palatable feed;
- single forage program; and
- easier harvesting of a consistently

high quality feed.
Good-quality corn silage contains 40 to 50 per-
cent corn on a dry matter basis, is an excel-
lent source of energy, and can stimulate ap-
Petite and enhance total ration intake. Rations
high in corn silage must be supplemented with
Protein, calcium, phosphorus, and possibly
sulfur, and vitamins. If chopped too fine, fi-
ber problems may occur. Mixtures of corn silage
and legume haylages or silages balance out the
nutrient limitations that occur when each are
fed alone and thus reduce the amounts of pro-
tein and mineral supplements needed. A Tennes-
see study has indicated supplementary corn si-
lage with alfalfa results in higher milk pro-
duction than corn silage alone (Table 7).

Table 7.
Corn silage versus corn silage-alfalfa
rations for lactatin  dairy cows.

Forage

Corn Corn
silage silage &

hay

Corn
silage &
haylage

Rolsteins
D.M. intake
(%BW) 2.74 3.04 2.68
lorage 1.79 2.09 1.74
Milk (lb/day) 46.5 51.6 42.5
Milk fat % 3.6 3.7 3.7

Jerseys
D.M. intake
(%BW)
Forage (70BW)
Milk (lb/day)
Milk fat (%)

a

3.27 3.43 3.47
2.31 2.47 2.51

29.1 31.1 30.4
5.7 5.5 5.7

Tennessee - 2-year study.

Corn silage can be fed as the only forage
dairy rations. Research at Purdue indicates

11 0 negative effects on milk production or herd
dealth, even when cows were fed only corn silage
,1,1ring the dry period. Keys to successful use
'I- all corn silage include:

- balancing the ration protein, minerals,

and vitamins;
- feeding as a complete feed;

- using forage-to-grain ratios of 50:50

or 60:40 (80:20 as fed) on a dry basis; and

- limit feeding silage rations to dry cows

(30-35 lb/day).

Studies at other universities (Cornell,

Iowa, and Nebraska) have indicated some health

problems and culling concerns. When feeding

high corn silage diets, be aware of:

- high energy density resulting in over-

conditioning of low producers and dry cows;

- mineral imbalances or shortages (calcium,

phosphorus, magnesium, sulfur, and trace

minerals);
- reduced dry matter intake of high mois-

ture silages; and
- milkfat depression if particle size is

too fine.

While regular corn silage is the predominant

type fed, other types such as sweet corn, high

lysine, high sugar, and others have been fed.

Most research trials comparing regular and other

types of corn silage have shown no difference

in production responses. The reason probably is

that modification in the new corn silage var-

ieties are small and the alteration and dilution

of feeds in the rumen negate any potential bene-

fit.

Small grain silage 

Small grain silages such as wheat, barley,

rye,and oats are good feeds for dairy cattle.

These silages should be cut between the boot

and dough stage for optimum utilization. Dry

matter content of small grain silages should

be near 50 percent for maximum intake and best

preservation. Since small grain silages are

usually produced in small quantities and,there-

fore, only supply part of the cow's yearly for-

age requirement, careful consideration must

be given to balancing the ration when changes

in forages pccur.

Sunflowers are increasing in popularity in

the Northern Great Plains. Since most sun-

flowers are grown for oil, the ensiling of

sunflower crops will be an alternative to total

crop losses from insect or weather damage. Re-

search at South Dakota indicates sunflower si-

lage can be fed to dairy cattle. However, pro-

blems with acceptability have occurred be-

cause of high oil or fat contents. Mixing with

another forage should overcome the problem some-

what. Also, sunflower stalks hold a lot of water
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and wilting may be necessary before ensiling at
a desired 30 to 40 percent dry matter.

BUFFERS

Buffers may be beneficial in preventing milk
fat depression, off feed, and acidosis problems
when high silage or grain diets are fed. How-
ever, buffers are treatments only; the cause of
the problems should be determined.

Sodium bicarbonate buffers and neutralizes
rumen acidity and favors formation of acetate
production in the rumen. Response to it is
greatest in the first 120 days of lactation.
Preventative level is 1 to 2 percent in the
grain mix or feeding 2 to 4 ounces/cow/day.

Bentonite adds bulk to rations and slows
the rate of feed passage. Adding 5 percent in
the grain mixture (2 to 3 percent for preven-
tative) is a correction measure for milk fat
depression from high grain feeding.

Magnesium oxide increases blood fat uptake
by the mammary gland but has limited buffering
effect in the rumen. Magnesium oxide is un-
palatable, and levels should not exceed 40
pounds per ton of grain mix. A combination
of three parts sodium bicarbonate with one
part of magnesium oxide (1.5% sodium bicarb-
onate, .5% magnesium oxide per ton of grain
mix) is more effective than magnesium oxide
alone.

Limestone has been used to buffer live-
stock rations. Its role as a buffer is in the
small intestine maintaining an optimum pH for
starch digestion. The exact levels and signi-
ficance of adding levels above those needed to
supply required amounts of calcium for dairy
cows is unknown.
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Feeding Silage to Beef Cattle
R. L. Arthaud, J. C. Meiske and R. D. Goodrich

Animal Science Department
University of Minnesota

Corn silage has been a traditional feed in
Minnesota for feedlot cattle, and is frequently
fed to breeding beef cattle. Silage or haylage
made from legumes, grasses or grass-legume mix-
tures has not been used extensively for any
class of beef cattle.

. When and how to use corn silage in growing-
finishing rations depends on many factors. The
Price relationship between corn silage,corn,other
grains, and non-feed cost considerations influ-

rece decisions. The length of time cattle will
, in the feedlot also enters in and in turn re-
lates to such things as number of groups of
cattle to be fed in a year (turn-over time) and
time of marketing (price and grade).

Using other types of silage, or haylage,
requires similar considerations, some of which
are accentuated because legume and grass silages,

haylages, are lower in energy than corn silage
ut higher in protein.

When corn silage is fed to growing-finish-
ing steers a system in which high silage rations
are fed during the first part of the feeding
P!riod followed by a high grain-low silage ra-
tiOn during the latter stages has been common

ilmong Minnesota cattle feeders. Research at the
niversity of Minnesota showed this system to be
Preferable to such systems as feeding a constant

Tilount of corn silage throughout the growing-
sil-nishing period, or starting on high levels of
( age then gradually increasing the grain

rence decreasing the silage) throughout the
arding period. Similar conclusions can be made
an t legume or grass silages if additional

Per (grain) is supplied at the various
. iods to make them similar to corn silage. Of
a'r)urse the higher protein content of legume or
ba'ss silages should be taken into account in

-Lancing the rations.

Goodrich and Meiske (1967 Minnesota Cattle

Feeders' Report B-86) reported results of com-

parisons of alfalfa-brome haylage and corn silage
for finishing steers weighing about 740 pounds

initially and about 1050 pounds at slaughter.

Supplements were provided to each group to equal-

ize ration protein, calcium, salt and vitamin A.

Cracked corn was fed ad libitum. When crude
fiber consumption from corn silage or haylage
were equalized gains, protein consumption, energy
consumption and total feed required per 100 pounds
of gain were similar for groups fed either corn
silage or alfalfa-brome haylage.

Corn silage, properly supplemented with
protein and energy (if needed) is an excellent

feed for growing and developing breeding cattle.

This is also true of other silages.

Feeding too much corn silage is a common

mistake in feeding beef cows. A full-feed of

corn silage provides more energy than beef cows

need with the possible exception of lactating,

high producing cows. Good quality legume and

grass silage should also be limited to the amount

needed to meet the energy requirements of cows. •

GROWING FINISHING RATIONS FOR STEERS

Examples of rations for steers at various

weights, for specific rates of gains and at sel-

ected portions of the growing-finishing period

are given in Table 3. Rations using either corn

silage or No. 2 alfalfa silage along with corn

grain and protein supplement, where needed, are

given. There is one example of a ration contain-

ing a combination of corn silage and alfalfa

silage.

In developing the growing-finishing rations

for steers, energy content of the feedstuffs and

energy requirements of the steers at various
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'weights and rates of gain were considered.
Feeds have value for maintenance (NEm or net
energy for maintenance); this is the energy in
the feed that is available for supporting main-
tenance functions such as beating of the heart
and functioning of other organs. The maintenance
requirements of cattle vary with weight, temper-
ature and other factors. Feeds also have energy
value for growth (NEg or net energy for growth).
This is the energy available for growth of body
tissues, primarily muscle and fat. The require-
ments of cattle for energy for growth vary with
many factors including their stage of develop-
ment (such as weight) sex, fatness, and eventual
mature size as well as rate of gain.

Table 1. Some Examples of Energy and Protein
Requirements of Steers.

Average
Live Daily NEm,
Wt. Gain M cal/

Lbs. Lb. Day 

400 1.0 3.81

400 1.5 3.81

400 2.0 3.81

800 2.0 6.40

800 2.5 6.40

1000 2.5 7.57

1000 3.0 7.57

Total
NEg Protein
M cal/ Lb./Head/
Day Day

1.25

1.93

2.64

4.84

5.70

6.74

8.30

1.00

1.28

1.28

1.86

1.85

2.10

3.15

Adapted from NRC Pub. 4. Nutrient Require-
ments of Beef Cattle, 1976

Table 2. Some Examples of Energy Content of
Feeds on a Dry Basis (moisture
free) M cal/lb.

NEm NEg

Alfalfa haylage, #2, 50%D.M. 0.57 0.27

Alfalfa bay, #4 0.45 0.15

Brome hay, 11,8% protein 0.50 0.16

Corn, shelled, #2 1.03 0.67

Corn, ground ear 0.90 0.63

Corn silage, good 0.71 0.45

Oats silage 0.58 0.29

Adapted from NRC Pub. 4. Nutrient Require-
ments of Beef Cattle, 1976

Table 3 shows rations for growing steers and
for finishing steers. Some explanations of the
table contents are by column as follows:

1. Live weight: Four representative weights are
used with 1000 pounds being the heaviest. Most
steers will be fed to heavier weights but the
rations shown for 1000 pound steers will come
close to meeting the needs of steers from 1000 to

1250 pounds. One can extrapolate for weights
between those used.

2. Estimated average daily gain: The rations
are designed to provide gains close to those
shown for typical British breed steers. Early
maturing or extremely fast growing cattle or
cattle that mature at heavy weights may gain
more slowly or more rapidly than estimated. Feed

consumption and energy requirements are also
based on "typical" steers. ,

3. Corn silage: only one "quality" shown; made

from the whole plant, ears quite mature, well-
eared, 65 percent moisture, or conversely 35
percent dry matter (D.M.). The first figures
in Column 3 are the amounts of corn silage to be
fed per day on a moisture-free basis, i.e. 100
percent D.M. The figures in parentheses (- -)
are the equivalent amounts of corn silage on an
as-fed basis, i.e. with 65 percent moisture.

9.5 Lb.
100% D.M.

(27 Lb.)
As-fed, 65% moisture

Steers, such as those at 400 pound live weight,

with 1.5 pound per day gain, fed all or high
corn silage rations (plus supplement, of course)

often cannot consume the amount of corn silage

shown. If so their gains will be less than
estimated.

4. Alfalfa haylage: haylage with 55% moisture
(45% D.M.) made from alfalfa cut early to mid

bloom, No. 2 grade, 17 to 19 percent protein.
The first amount of silage is on a 100 percent

moisture-free basis; the second figures (- -) are
on an as-fed basis (45% D.M.).

The same principle of consumption applies

as for corn silage; i.e. a 400 pound steer might
not be able to eat 16.5 pounds of-alfalfa silage

plus 3.5 pounds of corn.

5. Corn grain: No. 2 grade corn with 15 percent

moisture, as fed. On a moisture-free basis:

10.0 percent crude protein.

Grinding or rolling dry shelled corn is not

likely to be advantageous with the young cattle

and conditions considered here. If high moisture

corn were used then grinding or rolling would be

advised. Dry, corn should probably be ground or

rolled for heavy, yearling steers.
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Table 3. Daily Rations: Growing and Finishing Steers*

1

Live

Weight,
Lb.

400

2 3 4 5 6

Estimated '
Average Daily Corn Alfalfa Corn

Gain, Silage, Silage, Grain Supplement.

Lb. Lb. Lb. Lb. 50% prot. 

1.5 9.5 (27) 1.0

7.5 (16.5) 3.0 (3.5) 0

2.0 8.0 (23)

4.0 (8.9)

2.0 (2.4) 1.4

6.5 (7.6) 0.4

2.5 4.5 (13)

600 1.5 13.5 (38)

2.0 10.0 (29)

7.0 (15.5)

6.0 (17) 4.0 (8.9)

5.0 (5.9)

7.5 (8.9)

5.0 (5.9)

3.5 (4.1)

7.5 (8.9)

4.5 (5.3)

1.9

1 . 0

0.7

0

1.0

0

0

2.5 7.0 (20)

5.0 (11.1)

800 2.0 15.0 (43)

10.0 (22.2)

7.0 (8.3)

9.5 (11.2)

3.0 (3.5)

8.0 (9.4)

1.4

0.3

1.3

0

2.5 10.5 (30)

6.0 (13.3)

7.5 (8.9)

12.0 (14.2)

1.0

0

3.0 4.5 (13)

3.0 (6.7)

13.5 (15.9) 1.4

15.0 (17.7) 0.75

1000 2.5 11.0 (32)

8.0 (18)

11.0 (13.0) 0.6

14.0 (16.5) 0

2.75

3.0

7.5 (21)

3.0 (9)

6.0 (13)

14.5 (17.1) 0.7

16.0 (18.9) 0

2.0 (4.4)

19.0 (22.4) 0.8

20.0 (23.6) 0.25

*Developed by R. L. Arthaud, December 1978.
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Other grains may be substituted for corn.
Wneat is similar to corn in energy, but higher
in protein. Barley is slightly lower than corn
in energy, but higher in fiber and protein. Oats
has less energy than corn grain but more fiber
and protein. Ground ear corn contains less
energy and protein, but more fiber, of course,
than shelled corn.

Some adjustments, often slight, should be
made when these alternatives to shelled corn are
used.

6. Supplement: The supplement should, and
would, contain a source of protein or protein
"forming" ingredient(s). The protein might be
all natural (soybean meal), or non-protein ni-
trogen (urea) or a combination of these.

A supplement containing 50 percent protein
is used in the example. Equivalent amounts of
supplements with other protein analyses could be
used, i.e. 40 percent or 64 percent. Appropri-
ate adjustments should then be made in the
amount of supplement fed.

If a commercial supplement is used, other
nutrients will likely be included, such as
vitamin A; calcium, phosphorus, and trace miner-
als. These should be included in home mixed
supplements.

7. Other considerations:

a. Minerals: a mineral mixture should be
available for free-choice consumption if not
supplied adequately by the supplement. High
corn silage rations will require more phosphorus
than those with alfalfa haylage. As the ingre-
dients vary, the mineral supplements should be
adjusted to suit. More detailed recommendations,
including examples, may be obtained from the
University of Minnesota Extension Folder, F 405,
Meeting the Mineral Requirements of Cattle and
Sheep.

When no supplement is fed, or when the sup-
plement does not contain adequate minerals or
salt a mineral mixture with•salt, usually with
trace minerals added, should be available at
all times.

b. Monensin (Rumensin): this should be
included in the above rations, if possible.

c. Growth stimulators: the steers should
be implanted with Ralgro or Synovex-S about
every 90 days. Observe the withdrawal period
prior to slaughter.

GROWING-FINISHING HEIFERS (FOR SLAUGHTER)

Rations for heifers are not given. They
would be similar to those for steers at some-

what comparable weights and phases of feeding.

Heifers mature and/or finish more rapidly
and at lighter weights than steers of similar
breeding. At a given weight they require more
energy than steers gaining at the same rate.
For example:

M cal/day/head
Steer Heifer

400 pounds, 1.5 pound gain/day 1.93 2.18

600 pounds, 2.0 pound gain/day 2.63 3.01

Rumensin should be included in the rations
for heifers, if possible. Feedlot-slaughter
heifers should be implanted with Ralgro or
Synovex-H or should be fed MGA for faster, more

efficient growth:,

REPLACEMENT HEIFER CALVES:

WEANING TO ABOUT ONE YEAR

Replacement heifers should be well grown,
not fattened. They should gain about 1.25 to
1.5 pounds per day--perhaps slightly more for
large breeds--November through May. They should

be large enough to conceive at 14 to 15 months
of age.

The rations in Table 3 for growing steer
calves to gain 1.5 pounds per day will be satis-
factory for replacement heifers. There are other

satisfactory rations as well.

DRY, PREGNANT, MATURE BEEF COWS

Some of the nutrient requirements for beef

cows are given in Table 4. In'addition to the

requirements for pregnant cows the requirements

for lactating cows are also shown. Rations for
the latter will be covered in the next section.

Table 4, which is shown on the next page,

was adapted from the Nutrient Requirements of
Beef Cattle, 1976, National Research Council,
Pub. No. 0-309-02419-6.
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Table 4. Daily Nutrient Requirements of Beef
Heifers and Cows.

Daily Dry
Body Daily Matter Total Digestible
Weight Gain Intake  Protein Protein TDNa

lb

Pregnant yearling heifers, last 3 to 4 months
of pregnancy.

700 1.3 18.7 " 1.65 0.93 9.9

800 1.3 19.6 1.75 1.00 10.6

Dry, pregnant, mature cows, middle third of
pregnancy.

1000 14.8 0.86 0.42 7.9

1200 17.0 1.00 0.49 9.2

Dry, pregnant, mature cows, last third of
pregnancy.

1000 0.9 14.8 1.06 0.51 9.4

1200 0.9 17.0 1.19 0.55 10.7

Cows nursing calves, first 3 to 4 months post-
partum, average milking ability.

1000

1200

20.5 1.90 1.10 11.0

22.7 2.14 1.26 12.3
aTDN = Total Digestible Nutrients.

Here, shown on Table 5, are some rations for
.7, pregnant, mature cows:

Table 5. Some Rations for Dry, Pregnant,
Mature Beef Cows.

Amount Fed Daily, Pounds 

Feed Moisture Free As Fed 

1. Alfalfa silagell,
1i2 grade 17 38

2. Corn silage
Legume-grass hay

12

3. Corn stalk silage11

Alfalfa hay12
4. Oats silage
11

11 30
4 5

16 40
4 5

17 50

Could be replaced with the equivalent amount
12°f hay or dry corn stalks, respectively.

Could be replaced with an equivalent amount
alfalfa or legume-grass silage or haylage.

. Feeds such as corn silage, good quality hay,
good quality silage or haylage from grasses or
legumes should be fed at less than full-feed
(limited). Beef cows eating these feeds to
capacity will gain more weight than necessary or
desirable. This would be costly.

Some producers claim that cows will "freeze"
in cold weather if silage(s) make up the entire
ration. If beef cows do seem to be adversely
affected by cold it is likely not because of more
water intake with the wet feeds or that the wet
feeds are "colder". Heat is produced during the
digestion of feed by ruminants; in warm weather
this is a liability. In cold weather the heat
of metabolism helps warm the cattle. When feed
intake is restricted there may be several hours
out of a 24 hour day when little digestion is
occurring, hence little heat of metabolism is
produced. Likewise ground or chopped feeds
(such as silages) may pass through the digestive
system quite rapidly. Again there may be ex-

tended periods of low production of heat of

metabolism. When silages or limited amounts of

other good quality feeds are used beef cows may

benefit from additional poor feeds, such as corn

stalks, mature grass hay, straw, or other such

materials. These will "fill" the cows and pro-

duce considerable heat of metabolism.

LACTATING BEEF COWS

Adequate energy intake after calving is
essential if beef cows are to come into heat
soon after calving and to conceive at a high rate.
Excellent pasture usually is sufficient; however,

cows may be fed stored feed for several weeks
between calving and the pasture season.

There are many rations that will meet the

energy-protein needs of the lactating beef cow
such as:

1. Full feed of corn silage
10 pounds per head per day of legume-
grass hay or equivalent amounts of

legume-grass haylage or silage.

2. Full feed of legume-grass hay, haylage

or silage
5 pounds per head per day of shelled

corn or equivalent of other grains

OTHER CONSIDERATIONS

FOR THE BEEF BREEDING HERD

In addition to the rations given in the pre-

ceeding sections beef heifers and cows should have

free access to a mixture of minerals and salt when

adequate minerals are not available in a supple-

of
ment. Details of mineral supplementation are a-

vailable in the University of Minnesota Extension

Folder F 405, Meeting the Mineral Requirements of

Cattle and Sheep.
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Managing Forage Crops for Quality Silage
Neal P. Martin

Extension Forage Agronomist and Associate Professor of Agronomy
Agricultural Extension Service

University of Minnesota, St. Paul

Managing forage crops to preserve high qual-

ity forage as silage or hay is a tremendous

challenge to Minnesota livestock producers. Ex-

cellent quality silage is a forage harvested at

the proper stage of maturity. Additional char-

acteristics of quality are:

40 A pH of 4.2 or less for whole plant corn
silage and 4.5 or less for wilted hay-crop

silages (normally pH is not a quality
character of low-moisture hay crop silage)

40A lactic acid concentration of 5-9 percent
on dry matter basis

40 Freedom from molds and objectionable odors
such as ammonia, butyric acid, and musti-
ness

40 Absence of carmelized and tobacco odors,
particularly in low-moisture silages

40 A green color, not brown or black

40 A firm texture with no sliminess

Quality of silage varies from year to year

and farm to farm. Factors that influence the
quality of silage preserved for feeding are:

"'Weather conditions during harvest

40 Crops selected for storage

41 Moisture

"' Fineness

40 Kind and

concentration of the crop stored

of chop

condition of silo used

• Crop fertilization

Most important--the level of management in
handling the crop and facilities

Major losses in forage handling occur as harvest
and storage losses. Harvesting losses include
plant respiration as well as mechanical losses
from weathering, leaf shattering, and other
wastage. Plant respiration refers to nutrient
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use induced by plant enzymes during field drying.

Rain during field curing increases respiration

loss. Storage losses include those from spoilage,

seepage, and fermentation. Respiration and fer-

mentation losses are not readily detectable.

A major factor influencing harvest and stor-

age loss is the moisture concentration of the

crop as it is handled and removed from the field*,

Expected losses, using various harvest methods 01.

forage, are given in Table 1. Although these es-

timates were collected using experimental data

under Pennsylvania conditions, experience indi-

cates similar conditions exist in Minnesota.

Harvest losses are highest for hays and lowest

for high-moisture or direct-cut hay-crop silages.
Storage losses are lowest for hay and highest f°r

high-moisture silages. Maximum feed nutrients

are usually preserved in the form of hay-crop 51

lage (wilted to 60 to 69 percent moisture) or

barn-cured hay (hay, heat dried). The difference

in dry matter preserved between field-cured hay,

and hay-crop silage is expected to be even great.,
er in Minnesota during June, especially when har

vesting high quality legumes and grasses, due t°

hindrance of rain.

Whole-plant corn silage has the highest
to

amount of dry matter preserved for feeding due

low storage losses (Table 1). These losses are

low due to its high concentration of soluble car-

bohydrates and low protein. However, moisture

concentration in corn silage also influences the

losses during storage (Table 1). The stored

losses indicated in Table I represent those eN-

pected when crops are ensiled in conventional A
eo

tower silos, conventional hay packages are st°r

under cover, and large hay packages are stored

outside. Storage of large hay packages under

cover may decrease losses by about 5 to 10 per-5

cent. Losses for annual crop silages other tha

corn are similar to those given for hay-crop

silage.



Table 1. Expected dry matter losses in forage
harvesting and storing from a compila-
tion of research data; resulting dry
matter preserved for feeding. 

Dry matter
losses  Dry matter

Method Harvest Storage preserved

Hay
Conventional bale
field cured
rained on
no rain

Large packaged'
/

field cured
acid treated

Conventional bale
heat dried

Hay crop silage
Moisture %
70 or more
60-69
Under 60

- 32.6
17.4

4.0 63.4
3.6 79.0

25.0 14.2 60.8
15.0 10.7 74.3

13.4 1.8 84.8

2.0
5.0
11.5

Corn silage
Moisture %
70 or more 4.0
60-69 5.0
Under 60 16.2

21.2
10.1
8.2

13.4
6.3
6.321

76.8
84.9
80.3

82.6
88.7
77.5

1/
Based on outside storage. Might be reduced

5 to 10% with covered storage. Field cured

Packaged at 15 to 17% moisture and acid
treated at 24 to 28%.

2/
- Estimated.

SOURCE: Dum et al.

CROP SELECTION

Soils, topography, and climatic conditions
Place general restrictions on the kinds of crops
that can be profitably grown. For many Minne-
sota farms, a combination of crop and livestock
enterprises maximizes net returns to their land,
lab°r, and investment. On these farms the most
Profitable cropping program is one adapted to
I:le feed requirements of the livestock balanced

14t1th the potential of the cropland to produce
he required quantity and quality of feed.

Energy conservation and soil and water con-
sjrvation are important considerations for fu-
_ure cropping programs. Using legumes in crop
rot 

cropping
improves the energy balance of crop

,P,r°duction, minimizes soil erosion loss, and

rintains high corn yields with lower nitrogen
ertilizer needs.

The drainage class of a soil is an important
factor in yield performance of various crops.
The poorly drained soil classification encom-
passes imperfect drainage to wet soils. Alfalfa
should not be grown on the wet soils, but on the
imperfectly drained soils, phytopthora root rot
resistant varieties of alfalfa can be grown. On
the wet soils a cool-season grass would probably
perform best. An alfalfa-grass mixture or red
clover are other alternatives. Regardless, pro-
ducers should be concerned about crop choice on
poorly drained soils.

Two basic feed nutrients for livestock are
protein and energy. These are needed in varying
amounts by different classes of livestock for the
production of milk and meat. For example, a cow
producing 14,000 pounds of milk a year would need
about 9,100 pounds of total digestible nutrients
(TDN) and 1,742 pounds of crude protein (CP); to
raise a dairy beef steer from a calf to 1,100
pounds would require 7,300 pounds TDN and 1,136
pounds CP; to put 700 pounds of gain on a 400-
pound steer would take 3,900 pounds TDN and 818
pounds CP. While cost of protein may be four
times the cost of energy, the amount of energy,
TDN, required makes the total cost of energy
about 55 to 65 percent of the- total feed cost.
A major emphasis in the cropping program must be
placed on supplying the total energy needs as
economically as possible.

Energy and protein occur in different pro-
portions of the different silage crops (Table 2).
All the crops listed in Table 2, except grain
sorghum, are adapted over most of Minnesota.
Grain sorghum growers must select early maturity
hybrids for adequate pollination for grain in
Minnesota. August and early September tempera-

tures are often too cool for adequate pollination

of grain sorghum in northern Minnesota. There-

fore, grain sorghum is adapted south of a line

connecting Morris and Pine City, Minnesota.

Corn, sweet corn, and grain sorghum produce

highest dry matter yields and the most energy

(Table 2). Alfalfa yields the most protein.

Small grains produce respectable yields but less

digestible energy per unit area than corn. Sun-

flowers are primarily grown for cash grain and

oil seed but have been used as a double crop for

silage following canning peas in southern Minne-

sota. The yield estimate in Table 2 is repre-

sentative of full-season production of sunflowers.

Sweet corn production estimates were collected in

biomass studies-and probably overestimate yield,

particularly when farmers are harvesting the crop

to salvage unacceptable sweet corn for canning.

Almost any crop can be used as a silage crop.

Therefore, the livestock enterprise provides a

good alternative use for crops under types of

stress where full yields are not possible.
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Table 2. A comparison of yield and quality of
crops grown for silage on Minnesota
Agricultural Experiment Stations ./

Silage
crop

Dry Crude
matter protein
T/A (%)

TDN Nutrients/A

(%) CP TDN

Corn
Grain sor-
ghum

Forage
sorghum
Alfalfa
Cool-season
grasses

Red clover
Barley
Oats
HR spring
wheat 3.3
Sunflowers

2/ 
2.5

Sweet corn- 6.7

7.1 10.0

6.9 10.2

7.6 7.0
4.8 18.4

4.6 16.0
4.3 18.0
3.8 12.6
3.6 11.6

12.0
9.3
9.5

69 1420 9798

61 1408 8418

53 1064 8056
58 1766 5568

57 1472 5244
59 1548 5074
56 958 4256
51 835 3672

50 792 3300
54 465 2700
65 1273 8710

1/ 
Above average level management assumed.

Unpublished biomass data collected 1978.

YIELD AND QUALITY OF SILAGE CROPS

The quality of any crop harvested for si-
lage is highest before it is harvested. Quality
changes as crops mature. This section will dis-
cuss changes in quality of corn, perennial leg-
umes, and grasses, oats, warm season annuals,
and sunflower silages during maturation. Yield
of nutrients will be discussed to assess how
yield and quality can be weighed in making man-
agement decisions.

Corn

One of the most important keys to success-
fully growing and feeding corn silage is to har-
vest at the proper stage of maturity. Corn
should be harvested for silage at physiological
maturity of the grain (maximum dry matter accu-
mulation in the plant). Harvesting at physio-
logical maturity of the grain enables attainment
of the following factors:

40 Maximum yield of digestible nutrients/A

40 Minimum field and storage losses

40 Maximum intake per animal/day

40 Maximum dry matter saved/A

Physiological maturity of the grain can be
determined by the black layer. When the grain
reaches physiological maturity, several layers
of cells near the cob tip of the kernel turn
black. To look for the "black layer," remove
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a kernel from the middle of an ear, split it
lengthwise or cut off the tip.

At physiological maturity the corn kernels
contain about 30 to 32 percent moisture, corn
ear 40 to 45 percent moisture, and the whole
plant about 62 to 68 percent moisture. The
quality and intake potential of corn silage har-
vested at various stages of development is il-
lustrated in Table 3.

Table 3.

Stage
of
develop-
ment

Influence of stage of development on
composition and digestibility of corn
sila e.

Mois- Crude Digestible
ture protein DM

(%) (%) (%)

Voluntary
intake
lbs DM/
1300 lb BW

Blister 78.9
E. milk 79.0
Milk-
E. dough 76.6

Dough
dent 72.1

Glaze 66.3
Flint 58.1
Postfrost 51.9

11.7
12.0

68.2
67.3

11.6 71.0

10.9
10.2
10.0,
9.6

71.9
68.1
68.8
69.0

12.4
12.1

14.1

15.2
15.9
14.9
14.0

SOURCE: Goodrich and Meiske. 1973.

Field losses must be minimized to obtain
maximum yields of corn silage. The optimum
moisture content for minimizing harvest loss is

62 to 68 percent, which is the moisture concen-
tration coinciding with physiologic maturity.
During uniform good dry weather, corn plants maY
dry from 68 to 62 percent moisture in 8 days.
Thus, when acreage of corn for silage is large,
hybrids of differing maturity should be used to

enable timely harvest of all corn for silage.

The "harvest season" can be planned by
planting corn hybrids of different maturities.
Total yield/A/farm can be maximized by planting

full-season hybrids early; short-season hybrids
later. However, planting in this manner may
cause all hybrids to be ready for harvest at the
same time (Figure 1). Thus, when large acreages

of corn silage will be harvested, plant both
full- and short-season hybrids early to enable

well-spaced harvest schedule.

Corn management studies conducted by D. R.

Hicks, et al. at Waseca, Lamberton, and Morris

have indicated 110-115 day relative hybrids
yielded highest where adapted. These hybrids

did not reach 30 percent moisture in the kernel

before November 1 unless planted before May 15',
When using 30-inch rows, the optimum plant PoP11
lation was 24,000 plants/acre. Yields were als°

increased when up to 150 pounds per acre of ni-
trogen (N) was added, except at Morris where n°



711

a

Figure 1. Effective date of planting and hy-
brid maturity on date when ear mois-
ture content is 30 percent.

Nov. 5

30

24

•Y2 18

12

e Oct. 6a)
ca.
0,10 30

24
a

18

Sept. 12

4/24 5/4 5/16
Planting date

SOURCE: Hicks and Peterson. FS 23.

6/1

difference was observed beyond 50 pounds of N/A.
h owever, phosphorus (P) and potassium (K) are
also needed for maximum yield experession of N
fertilizer application. More of these elements
are removed when corn silage is harvested as
°PPosed to removing only grain.

PERENNIAL CROPS

Any perennial harvested for hay can also
be made into silage. These crops may be put in
the silo when weather does not permit curing
them as hay. May and June are the two wettest
months in Minnesota. When perennials are prop-
erlY harvested and stored, ensiled forage crops
make nutritious, easy-to-handle feeds.

Stage of maturity at the time of harvest is
the most important single factor influencing the
feed value of legume and grass silage. New mar-
ket standards for hay have been proposed for
legumes, grasses and legume-grass mixtures by
the American Forage and Grassland Council (AFGC).
These standards propose five grades based on
three quality measures; crude protein, acid de-
tergent fiber (ADF), and neutral detergent fi-
ber (NDF), all of which are used to predict per-
centage digestible dry matter and dry matter in-
take. These grades will be used in this publi-
cation to assess quality of alfalfa and cool-
season grasses. The standards for legumes and
grasses are given in Table 4. The example grades
used for rations developed in this publication
are given in Tables A-1 and A-2 of the appendix.

Grasses have a higher concentration of cell
walls (NDF) than do legumes. NDF concentration
influences animal intake; intake predictions are
given in Table 5. Note that grasses are one
grade lower than legumes. Recent data suggests
more than 25 percent grass added to a legume will
lower the grade one level below that established
by the legume.

Grade 1 alfalfa has enough energy intake po-
tential to supply energy and protein to a dairy
cow milking 80 pounds per day with supplementa-
tion of high moisture grain. Therefore, an
examination of the cutting management required
to obtain grade 1 alfalfa merits consideration.

Table 4. Hay market grades usilig chemical tests to assess grades of
legumes and grasses.11

Grade
Crude

protein

Legume
Acid

detergent
fiber

Neutral
detergent
fiber

Grass

Crude
protein

Acid
detergent
fiber

Neutral
detergent
fiber

1
2
3
4
5

>19
17-19
13-16
<13

<31
31-35
36-41
>41

% of dry weight

<40
40-46
47-51
>51

>18 <33
13-18 "33-38
8-12 39-41
<8 >41

<55
55-60
61-65
>65

SOURCE: Marten. 1977.
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Table 5. Hay market grades with predicted animal performance parameters.

Grade

Legume
Digestible

dry
matter, %

Dry
matter

1/
intake, lb-

Grass
Digestible Dry

dry matter
1/

matter, % intake, lb-

1
2
3
4
5

>70
66-70
58-65
<58

>37
33-37
31-33
<31

>72
62-72
55-61
<55

>33
30-33
22-30
<22 -

1/ 
lbs of dry matter per 1300 pound cow.

SOURCE: Rohweder and Jorgenson, 1979. Unpublished

Alfalfa

A cutting management study at Rosemount

(Table 6) indicates 3 or 4 cuttings per season

obtained grade 1, but only in one of two years.

To obtain grade 1, ADF percent must be less 31

and crude protein greater than 21. (Grade is

also influenced by NDF, but samples were not

analyzed for NDF.)

Another Minnesota study designed to investi-

gate cutting sequence of first and second cut

alfalfa can be used to estimate crude protein and

energy yields as well as hay grades from various

cutting sequences (Table 7). Current recommenda-

tions for harvesting alfalfa in Minnesota have

been to harvest three cuts; the first two har-

vests taken at 1/10 bloom (bl) and the th5,-d by

September 1. This practice, shown in the second

sequence (Table 7) yields maximum protein of all

three cutting sequences, but less energy than

the fourth sequence (5541 vs. 5726 Mcal NEL/A).

The later sequence almost pibduces grade 1 alfal-

fa for all cuts, while the sequential cutting

by stage has grade 3 for the first harvest fol-

lowed by grade 1 for the second and third har-

vests. These data indicate that to obtain grade

1 alfalfa for all harvests under a three cut sys-

tem, the first harvest' must be taken at bud stage

(May 24 to June 5), the second cut 30 to 35 daYs,

(not later than 1/10 bl or 35 days) and the thiru

by September 1-7.

Table 6. Dry matter yields and quality of alfalfa harvested under different

cutting managements, Rosemount.

No. of Dry Matter

cuts Yield,T/A
j

CP -- ADF2/ NE
3

Mcal/lb.
Potassi

u
m 
2
I AFGC

GRADE 4/

2
3
4

4.42
4.36
5.35

2
3
4

2.88
3.58
3.22

18.6
23.0
23.1

18.2
21.0
22.4

1963

45.0
34.2
33.2

5/
1964 --

39.4
31.8
27.6

.490

.623

.636

2.20
2.55
2.39

4
2
2

.559

.653

.705

1.94
2.22
1.98

3
1
1

Source: Smith, Dale, et.al. 1968.

2
I 

Source: Matches, A.G., et.al. 1970.

j 
Predicted from crude fiber using formulas of Adams: 1978.

4/ Grades estimated from only CP and AM' values.
.5/ Yield reduction a result of winter injury and low potassium leyels,
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Table 7. Yield, quality and grades of 'Vernal' alfalfa harvested under different
cutting sequences at Rosemount. 

Cutting Stage of DM Mcal/lb. Yield,lbs/A
Dates Maturity T/A % CP % CF % ADF 21 NEL CP NEL

1/

AFGC
Grade 4/

6/3
7/29
9/1

6/17
7/15
9/1

7/1
7/29
9/1

Pre-bud
1/2-bl
succl

1.24 25.3 26.0
1.90 18.4 34.0
0.69 27.8 20.7
3.83

2.05 20.3 32.4
0.71 .26.9 23.9
1.70 20.8 25.6
4.46

Full bl 2.83 19.8 34.0
succl 1.08 19.0 31.1
succl 0.50 29.0 18.7

4.41

6/3 Pre-bud 1.24 25.3 26.0
7/9 1/2 bl 1.17 21.5 26.7
9/1 succl 1.92 20.6 25.6

4.33

6/3
7/9
8/25

10/10

Pre-bud
1/2 bl
succl
succl

1.24 25.3 26.0
1.17 21.5 26.7
1.70 20,8 25.6
0.63 22.8 25.5
4.21

31.1
41.7
24.0

39.6
28.3
30.6

41.7
37.9
21.4

31.1
32.0
30.6

31.1
32.0
30.6
30.4

.661

.531

.749

.557

.696

.668

.531

.578

.781

.661

.650

.668

.661

.650

.668

.670

627
699
384

1710

832
382
707

1921

1121
410
290

1821

627
503
791 

1921

627
503

707
287 

2124

1639 1
2018 3
1033 1
4690

2283 3
988 1
2270 1
5541

3006 3
1248 3
781 1

5035

1639
1522 2
2565 1
5726

1639 1
1522 2

2271 - 1
844 1

6276

1/
-- SOURCE: Adapted from Moline and Wedin. 1963.

--1 ADF% = (CF 1 .75) - 3.56, Adams. 1978
2

3/
NEL = 1.044 - (0.0123 x ADF%), Adams. 1978.

4/ Grades estimated from only CP AND ADF values.

The four cutting managements studied here
were three cuts before September 1 and the
f°urth cut October 10. This sequence (Table 7)
Produced an additional harvest of grade alfalfa
and the most protein and energy yield per acre
°ver all systems. However, dry matter yields
ere reduced using four cuts per season (Table
6). Yields were reduced because of winter in-
jury following the 1963 season. Winter injury
could have been minimized with higher potassium

fertilizer rates because K concentrations
In alfalfa were below minimum sufficiency lev-
els in 1964. Wisconsin research indicates
P°tash (K20) fertilization improves stand per-
si
stence.

h The data in Table 8 indicate that a winter-
ardY alfalfa required an annual K application
°f 100 and 400 lbs/A, K (120 and 480 lbsK n/

to maintain a 79 and 81 percent stand in
'le 4th year under a 3 and 4 cutting management,
tf,esPectively. This Wisconsin study was con-
uucted on a soil testing low-medium in potassium

A similar soil at the Southern Experiment Sta-
tion, Waseca (Table 9) increased hay yield 0.9
T/A with 'Agate' and 'Saranac,' newer varieties
than the Wisconsin study. Therefore, producers
stressing alfalfa by frequent cutting must main-
tain an exchangeable K test of 400 (Table 10) to
maintain thick stands longer than two production
years. Above presently recommended levels of
sulfur and boron are also needed to maintain
higher yields of grade 1 and 2 alfalfa.

Irrigated alfalfa will tolerate frequency
cutting, but high fertility levels and use of

disease-resistant varieties are required to

maintain persistent stands.

Yield and quality estimates of legume-grass

mixtures in three northern Minnesota locations

are presented in Table 11. On dates similar to

Rosemount (Table 7) protein concentrations are

lower in northern Minnesota. Fiber concentra-

tions, ADF, on similar dates are generally higher

in northern Minnesota than Rosemount, resulting
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Table 8. Average dry matter yields and final
stands of 'Ranger' alfalfa, 1970-72,
Arlington, WI.11 

Annual
2/

K rate-

Average
hay yields 

3 cuts 4 cuts

Remaining stand
the spring of
4th year 

3 cuts 4 cuts

(1b/A) (Tons/A)

0 3.0 2.8
50 3.6 3.5
100 3.8 3.7
200 4.0 4.0
400 4.3 4.2
600 4.5 4.3
800 4.4 4.2
1000 4.2 4.2
LSD 0.2 0.2

47 24
64 35
79 55
85 66
93 81
95 84
92 89
93 86
12 18

SOURCE: Smith and Rohweder, 1978.
1

j 
The initial soil tegt was 127 lbs/A of
exchangeable K. The Plano silt loam soil
supplied annually 57 lbs/A of K.

in lower energy digestibility estimates. How-
ever, these quality differences could be due to
the grass contribution in the mixture rather
than stage of maturity. Nevertheless, following
the cutting sequence that produces all grade 1
or 2 forage in northeastern Minnesota may re-
sult in a loss of 0.5 ton dry matter per acre
per year. The environmental conditions in
northeastern Minnesota make it almost impossible
to harvest grade 1 alfalfa on the first harvest
without significant yield reductions. Perhaps
a cool-season grass fertilized with nitrogen
will provide more yield of protein and energy
than alfalfa under a three-cut sequence in
northeastern Minnesota.

Table 9. Alfalfa response to potash, southern
Minnesota. LeSueur clay loam, iouth-

ern Expt. Sta., 1974-1975.1J' 1 

Annual rates Hay yield, T/A 
since 1969
(lbs/acre)
P
2
0
5 

K
2
0

150 0
150 60
150 300

Soil tests-
/

Alfalfa variety 1975 
Agate Saranac Vernal P

4.2 4.1 3.9 58 145
4.5 4.5 4.3 55 150
5.1 5.0 4.6 69 235

1/ 
SOURCE: Overdahl. 1978.

2/
Crop productivity rating-4.5 T hay/A.

3/
Phosphorus and potassium, lbs/A.

Are yield reductions going to occur in other
parts of the state if producers strive to har-
vest grade 1 alfalfa? The data reported here
indicate a "yes" or "no" answer. In general,

the data in Tables 7 and 11 indicate significant

yield reductions on the first harvest, but not
significant yield reductions over the entire
season due to yield compensations in either the

second or third harvest. However, four-cut man-

agement will stress alfalfa and consequently re-

duce stand longevity unless the following manage-

ment factors are practiced:

4, Maintain high fertility levels, particularlY
potash

40 Use disease resistant varieties

4, Use timely fall harvest management

41 Control insects, particularly after the 1st
and 2nd harvest, and

10 Minimize traffic during each harvest

Table 10. Desirable soil fertility levels for I/

high yields of high quality alfalfa.--

Lbs/A

Soil pH
Available phosphorus
Exchangeable potassium
Boron
Sulfur

6.8
50
400

3.0
40

1/ 
SOURCE: Smith and Rohweder, 1978.

Therefore, alfalfa can be harvested four

times annually in southern Minnesota, (area 1,

Figure 2) most years; sometimes in area 2 (more
often under irrigation); but not in area 3.
Area three in the northwest can get 3 cuts, but

three cuts every year are unrealistic in the

northeast. However, four-time harvest manage-

ment can only maintain or improve yields over

three system if disease resistant /alfalfa va- ve
rieties are used, soil tests are maintained ab°

400 lbs/A of exchangeable K, insects are con-

trolled, and traffic over the first and second t,

crops are minimized. Harvesting alfalfa as w11

ed silage or haylage certainly helps make this

practice successful.

Cool-season grasses 

Cool-season grasses such as smooth brome-

grass, orchardgrass, reed canatygrass, timothY

and tall fescue decline in nutritive value as

maturity advances. Quality and yield of smootn,

bromegrass is presented in Table 12. Under the

AFGC proposed grading scheme, grade 2 is the

highest grade for cool-season grasses. 
There-

fore, the first harvest sequence (cutting dates

5/31, 7/12 .1-1c1 9/6) obtained the most high

quality forage, grades 2 and 3. However,
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Table 11. Yield and quality grades of grass-legume mixtures, harvested at different
stages of maturity in the northern Minnesota locations.1/

Cut

Dates

Northwestern MN

DM CP ADF NEL

T/A % Mcal/lb

AFG-6---17D
Northeastern MN 3/ 

CF ADF NE AFGt

. Grade 4/ T/A % Mcal/lb.GRADE 4/

6/2 1.08 20.2 26.4 .698
7/17 1.37 16.7 41.8 .496
8/30 - 0.96 ' 25.1 29.2 .661

3.41

6/15
7/28
8/30

6/26
8/12

7/8
8/30

1.70
.94
.89 
3.53

1.90
1.13 
3.03

18.0
16.6
23.4

17.0
16.2

2.01 13.6
1.06 21.6
3.07

38.7
39.1
35.8

37.6
42.6

44.7
35.9

.537

.532

.706

.551

.486

.458

.574

1 0.84 24.0 24.8
3 0.97 18.6 33.9
1 0.46 21.9 27.9

2.27

3 1.69 16.5
3 0.78 20.6
2 0.36 21.8

2.83

3 2.11 14.5
4 0.75 15.6

2.86

33.1
31.0
28.8

40.0
33.6

4 2.61 10.4 41.0
3 0.54 17.1 33.5

3.15

.719 1

.600 2

.680 1

.610 2

.638 1

.667 1

.520 3

.604 2

.507 4

.605 2

1/ SOURCE: ,Hueg, 1961.

2/ Average of data collected in E. Ottertail County

3/ Data collected in Carlton County

4/ Grades estimated from only CP and ADF values.

11-Tximum yield of protein during the season was
Obtained when the first cut was taken at full
:',1oom, grade 5. Maximum energy yield, Mcal NEL,
'as obtained when only two cuts were harvested
"der grades 5 and 4, respectively.

Harvesting for quality, grades 2 or 3, on all
elluts severely reduces dry matter yield (2.5 vs.
.1 T/A) in smooth bromegrass. However, grades2 
Or 3 could be obtained with other cool-season
'asses such as orchardgrass or tall fescue un-der a four cutting management with the least re-ductiont of other cool-season grasses in dry mat-
er Yield compared to three cuts. Smooth brome-

V'ass, reed canarygrass, and timothy yield best
onder less frequent cutting management, while
frehardgrass and tall fescue do better under
'requent cutting.

ceNitrogen fertilization influences protein con-
t ntration and yield of cool-season grasses.
a:tween 150 and 200 pounds per acre of nitrogen
e required to obtain high yields of quality

and NW Expt. Sta.

forages in cool-season grasses (approximately

50 lbs of N/A before each cut).

Small grains 

Small grains will normally produce up to

twice as much TDN per acre when harvested for

silage as compared to the same crop harvested for

grain. Oats harvested for forage can have a wide

variation in forage quality due to stage of ma-

turity (Table 13). Maximum dry matter yield of

the oat plant occurs at dough stage of maturity;

but the percent crude protein is low at dough

stage.

Oats harvested at dough stage provides 3.0

ton per acre of low quality forage, while oats

harvested at boot or head stage produces high

quality forage. A second cutting of oats (when

oats are removed at boot stage) will depend on

available moisture and cool temperatures after

the first cutting. Because the second cut yield

of oats is often low, cut at the proper stage of
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'Figure 2. General suggestions for cutting man-

agement of alfalfa grown under ex-

cellent management.

Rainfall
(May-September)

1800 Growing
Degree Days

2200 Growing
Degree Days

Annual cuts of
alfalfa possible

El Area 1 4

El Area 2 3-4*

Area 3 2-3

*Under irrigation

SOURCE: Special Report 1, 1976.

maturity of alfalfa. If moisture is adequate,
one or two cuttings of alfalfa are possible in

southern and central Minnesota after oats have

been removed at boot stage. This represents 1.5

to 3.0 additional tons of high-quality forage.

Another disadvantage to harvesting oats for si-

lage at dough stage is the plant material can be

too dry for proper fermentation. One Minnesota

study reported oat forage at dough stage analyzed

47.6 percent moisture. When oats reached dough

stage, the plant began changing in color, ma-

turing faster than it could be harvested. Be

sure oat silage in the boot stage is wilted down

similar to alfalfa silage (40 to 60 percent dry

matter, depending on your storage unit, to avoid

sour, strong-smelling silage.

Maximum silage yields are obtained with

late-maturing oat varieties. However, early-
maturing shorter varieties are preferred as com-

panion crops for legume or grass seedings. Re-

moval of the companion crop early in maturity as

silage also ensures establishment of thick
stands (Table 13).

Table 12. Yield, quality, and grades of smooth bromegrass harvested at various stages, Rosemount..

Cutting
dates

5/31
7/12
9/6

Stage of DM
maturity T/A % CP % CF % AD

3/
4/

NE
Yield lbs/A 
CP NE

L

5/
AFGC grade-

1/2 hd 1.3 18.1 28.2 34.0
veg 0.4 15.0 28.4 34.3
veg 0.8 18.2 27.2 32.7

2.5

6/14 full bl 2.2 13.2 37.1 45.9

8/9 veg 0.7 12.6 29.1 35.2

9/6 veg 0.6 20.5 24.4 28.9

3.5

6/21 full bl 3.0 9.4 39.5 49.1

8/16 veg 0.7 12.6 29.1 35.2

9/6 veg 0.4 25.6 23.6 27.9

4.1

6/28 seed 3.0 8.5 34.7 42.7
9/6 veg 0.7 10.5 29.0 35.1

3.7

.575

.570

.594

.396

.557

.652

.348

.557

.666

.444

.558

471
120
291

1495
456
950

882 2901

581 1742
176 780,
246 782

1003

564
176
205

3304

2088
780
533

945 3401

510 2664
147 781

657 3445

2
3
2

5
3
2

SOURCE: Martin and Marten. 1975.
1

100 lbs. N/A applied early April and again mid-July.

ADF% = (CF .75) - 3.56. Adams. 1978.

NE = 1.085 - (0.0150 x ADF). Adams. 1978.

Grades estimated from only CP and ADF values.
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Table 13. Yield and chemical composition of oat
forage at various stages of maturity,
Minnesota.

Dry
Stage matter 

1/
of yield/ Moisture Protein-

maturity acre (%) (%)

Legumel
plants/
sq. ft.

Boot 1.4
_V

85.6 17.4 16
Head 1.8 84.8 14.0 14
Plower 2.2 78.9 11.6 12
Milk 2.4 70.9 11.6 8
Dough 3.0 57.6 9.3 8
Seed 2.8 46.0 8.8 4

100% dry matter basis.
2/

Plants counted September of seeding year.
3/

Harvests of 1.1 and 0.3 T/A, respectively.

Warm Season Annual Forages 

Sudangrass, sorghum-sudangrass, and fox-
tail millets are examples of warm season annual
grasses used for forage in Minnesota.

In general, these crops are similar to corn
in their adaptability for silage. They preserve
well when harvested at 55 to 65 percent moisture
and make acceptable feed. In general, however,
sllages made from these annuals normally will
not equal corn silage for yield or quality.

Quality forage is influenced by nitrogen
fertilization and stage of maturity. Sudangrass
harvested dt approximately an 18-inch plant
analyzes as high as alfalfa in protein and al-
most as high as corn silage in energy (Table
14)- (Corn silage often analyzes 75 percent
,1711)DM - an estimate of digestible energy.)
nowever, delaying harvest for seed maturation,
cl°ugh stage, produces maximum digestible energy
Yields. Nitrogen fertilization influences crude
Protein concentration and yield. Under frequent
dritting management, at least 50 pounds per acre
c)t nitrogen should be applied per cutting.

da,
-grass have prussic acid potential. Foxtail

11:illets do not contain a large prussic acid po-
caential. Plants of the sorghum species contain
r.eYanogenetic glucoside compound called dhur-

jm, which is converted to toxic prussic acid
"rough a process called cyanogenesis.

Large amounts of prussic acid may be re-
leased by cyanogenesis in a relatively short
Period 

cyanogenesis
time when plant tissue is injured by

Wilting, freezing, cutting, trampling, or other
forms of mechanical injury. Healthy, actively
growing plants contain very little prussic acid.

Forage sorghums, sorghum hybrids, and su-

Table 14. Yield and quality averaged over five
varieties sudangrass and sorghum-
sudangrass crosses managed under a
various number of cuts, Iowa.21

Harvest mgt. 
Plant No. DM CP IVDDM Yield lbs/A 
height cut(s)

2/ 
T/A (%) (%) CP IVDDM

18 5
36 3
54 2
Dough 1

2.2 18.4 70.1
2.8 15.2 67.7
3.4 11.6 65.4
6.0 5.8 57.0

810
851
789
696

3084
3791
4447
6840

SOURCE: Wedin. 1970.
1

2I Nitrogen applications in lbs N/A: 5 & 3 cuts,
150; 2 cuts,, 100; I cut, 52.

Ruminants are susceptible to prussic acid poison-
ing because rumen microflora are also capable of

enzymatic breakdown of dhurrin.

The amount of dhurrin in plants depends on
factors such as genetics, plant parts, plant age,
climate, moisture supply and soil fertility. In
general, forage sorghums tend to be highest in
prussic acid potential, followed in descending
order by sweet sorghums, sorghum-sudangrass hy-
brids, and "piper" sudangrass.

Field curing or drying will liberate between
50 and 70 percent of HCN. Field conditioning
sudangrass or sorghum-sudan hybrids will help in-
crease liberation of HCN. The conditioning
causes enzymatic breakdown of dhurrin, and HCN is
liberated as gas during drying.

Ensiling may provide some liberation of HCN.
The release of HCN during ensiling is controver-
sial. The compound, dhurrin, is converted to

HCN during ensiling; however, HCN is soluble in

water. Research has not shown that HCN is de-
toxified. Thus, to be safe, don't expect en-

siling to liberate HCN unless plants are con-

ditioned and allowed some wilting before ensiling.

However, ensiling should be done before the ma-

terial reaches 50 percent moisture.

Sunflowers

Sunflowers are grown primarily for oil and

confectionary products, but some interest has

occurred in sunflower whole-plant silage. Little

information is available on sunflower silage.

South Dakota has a study in progress. Sunflowers

analyze higher than corn in moisture concentra-

tion. Some years in Minnesota it will be diffi-

cult to have whole plant samples dry below 30

percent moisture in the field.

One year's data from South Dakota indicates

sunflower silage is lower in energy than corn

silage (Table 15). A lower energy value results
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from more fiber (ADF) in sunflower, much of
which is lignin. Milk production was higher
for corn silage, but a higher fat test for cows
on sunflower silage resulted in no difference
between silages for four percent fat-corrected
milk. Although protein and fat (ether extract)
concentrations are higher for sunflower than
corn silage, corn silage appears best for high
animal performance.

Table 15. Chemical composition and milk pro-
duction from sunflower and corn
silages, South Dakota.

Chemical Silages
composition Sunflower Corn

% of dry

Dry matter 30.0
Crude protein 12.5
Acid detergent fiber 39.0
Lignin 12.3
Ether extract 10.7

Milk production   lbs/day

Milk
4% fat corrected

45.0
44.2

matter -

43.0
8.3
21.0
4.6
2.4

49.3
45.7

SOURCE: McGuf fey and Schingoethe. 1978.
Unpublished data..
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Table A-1. Quality characteristics of alfalfa hay, haylage or silage (100% dry matter).
1/

Proposed Stage
Market of CP CF-

1/ 
ADF NDF DDM-

3/
DMIA/

75
DDMI 

75
NE,

Grade Maturity g/w kg
.

g/w kg
. 

Mca1/100 lb

Chemical Tests Estimated Feeding Parameters

1 Bud 24 25 29 37 69 141 97 68.7

2 1/10 Bl 18 28 33 43 67 128 86 63.8

3 1/2 Bl 15 33 39 49 61 117 71 56.4

4 Full B1 12 37 45 56 52 98 51 49.0 .

1/
Source: Adapted from Gordon C. Marten. 1977. Proc. 2nd Annual Symposium MFGC. pp 1-8.

CF = (ADF% x .75) + 3.56: R. S. Adams. 1978. Penn State Forage Testing Service.

%DDM = 34.108 + 2.643 ADF% - 0.0499 ADF%2: Rohweder and Jorgenson. 1978. In Press.

-111 DMI = -52.755 + 2.52 CP% + 6.384 NDF% - 0.075 NDF%2: Rohweder and Jorgenson. 1978. In Press.

DDMI = DDM x DMI/100.
6/

NE = 1.044 - (0.0123 x ADF): R. S. Adams. 1978. Penn State Forage Testing Service.

Table A-2. Quality characteristics of cool-season grasses as hay, haylage, or silage (100% dry matter).-'

Chemical Tests Estimated Feeding Parameters

Proposed Stage 3/
Market of CP CF

-2 
ADF NDF DDM- DMI

/2./
DDMI-

V
NE 

_§../

Grade Maturity % • % % % % g/w kg-75 g/w kg - 75 Mca1/100 lb

2 Pre Hd 22 28 33 51 66 124 82 59.0

3 E. Ed 15 31 36 56 64 116 75 54.5

4 Ed 10 33 39 62 61 108 66 50.0

5 Seed 6 37 45 69 52 96 50 41.0

Source: Adapted from Gordon C. Marten. 1977. Proc. 2nd Annual Symposium MFGC. pp 1-8.

CF = (ADF x .75) + 3.56: R. S. Adams. 1978. Penn. State Forage Testing Service.

%DDM = 6.107 + 3.996 ADF% - 0.066 ADF%2: Rohweder and Jorgenson. 1978. In Press.

DMI = 6.598 + .731 CP% + 4.141 NDF% - 0.0422 NDF%
2
: Rohweder and Jorgenson. 1978. In4/

5/
DDMI = DDM% x DMI/100.

6/
NE = 1.085 - (0.0150 x ADF): R. S. Adams. 1978. Penn. State Forage Testing Service.

Press.



The Economics of Producing and Feeding Quality Silage
Fred J. Benson

Department of Agricultural & Applied Economics,
St. Paul, Minnesota

INTRODUCTION

The selection of a silage system must involve

an analysis of the production, harvesting, stor-

ing and feeding systems since they are all

interrelated.

The process where a change in the forage pro-

duction plan is actually implemented and used

educates the operator to its good points and its

poor points. No one method is best. Producers

with limited acreages and high animal numbers

per acre would be interested in high tonnages per

acre. Low herd labor requirements of another

producer may allow him to harvest his hay crop

as.dry hay instead of silage.

The type of livestock enterprise makes a

difference in the amount of labor available for

the cropping enterprises. The labor requirements

for a dairy enterprise are higher than a beef

enterprise. Therefore, the dairyman will value

labor saving crops, equipment and facilities

higher than the beef producer.

Producers with limited capital may want to

use a more labor intensive system with lower cost

equipment and storage facilities. The equipment

and facilities chosen for a specific operation

must weigh the advantages and disadvantages of

their effect upon the overall operation. Effec-

tive management must put all the pieces together

in a meaningful manner and make them work to

attain the highest net returns possible consis-

tently year after year.

A long-run decision involving a major change

in the forage program should never be made

entirely on short-run results. Not all years

are drought years. Not all years does hail wipe

out the corn crop or a disease or insect take the

alfalfa crop. The producer should weigh these

possible adverse effects against the outcome of

livestock and meat production and determine the

impact upon costs and net returns for the system.

University of Minnesota

Money has time value; therefore, a dollar is

worth more today than a dollar received a year

from now. Investments in new equipment and

facilities should start earning positive cash

flows as early as possible. It may be that in

the long run, or over the time an investment ls

evaluated, the investment may be profftable but

there may be large negative cash flows occurring'

These negative cash flows require payment from

another part of the business in order to be

covered. Therefore, although an investment may

be profitable this does not automatically make

it feasible. If the business has no means of

covering the possible negative cash flows, the

investment should be considered infeasible.

Negative cash flows can occur for several

reasons. For example, the new silo wasn't com-

pleted until November 20. Payments are due

immediately but use of the structure won't

occur until next year. Also, a problem comes

from the fact that the repayment period of a

loan is shorter than the useful life of the

asset. Then the payments of principal and

interest will be greater than the depreciation

and interest on investment value. Profitabill"

and cash flow planning are very important when

studying alternative investments.

PRODUCTION AND STORAGE COSTS

The cost of forage in a livestock ration can r5

reduced by (1) reducing unit costs (higher Yiel

with same inputs-management), (2) increasing f

quality which may result in higher production °

milk or meat or reduced concentrate needs, or 5

(3) switching to lower cost forage crops. C°st

of producing a ton of forage dry matter can ,ng

usually be reduced by increasing yields, reduc
ler

harvest and storage losses, or changing to 
high

yielding forage crops.
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. Production prospects of the silage crop are

important when trying to analyze your resource
capabilities. Land, labor, capital and manage-
Slant have to be geared to production of a crop

that is adaptable to climatic conditions, soil

Productivity, topography and a high probability
of attaining high yields of good quality silage.
Generally, the most profitable cropping program
Is one adapted to both the feed requirements of
the livestock enterprise and the potential of
the cropland to produce the required feed and
additional salable crops. Tables 1 and 2 provide

,,r013 budget estimates for northern and southern
'Ilnnesota for several selected silages on a per
acre basis. Tables 3 and 4 show the combined
budgets of establishment and production and pro-
vide estimates of per acre and per ton costs of
various silages, including storage costs and
l
osses.*

It should be noted that the total costs in south-
ern Minnesota are higher because of the higher
land charge. However with the higher yield
P.otential, the cost per ton of silage produced
ls less in southern Minnesota than it is in
northern Minnesota. This is not true for grass

Silage because the yields are assumed to be the
Same, but the costs vary.

4 The production of high quality alfalfa silage
las a cost per ton approximately that of the
(3wer quality alfalfa silage. If a farmer is
Pr°ducing silages of the second and third alfalfa

grade, he will probably have higher costs for
Producing number 1 grade alfalfa silage because
clef greater fertilization and reduced yield.
dareful economic analysis should be used to
etermine whether the value of the increased

qualitY is obtained at a lower cost through

gcirlade 1 alfalfa silage or through direct pur-

t.ase of the increased nutrients through addi-
il°nal concentrate feeds, assuming that the
ncreased nutrients can be economically utilized.

FORAGE FEEDING VALUE

a Both the quality and quantity of feed required
,re important in determining the best investment

r a silage system. Quality is measured by the

vaiu
amount of protein and energy in the silage. The

e of quality is determined by the value of

c"ernative sources providing the same nutrients.
wc1)1r.n silage is considered a good source of energy
c lch can alternatively be supplied by shelled
sc)orn. Alfalfa silage is considered as a good

suurce of protein which can alternatively be
thPPlied
e 

by soybean meal. In many situations
malcdifferences in overall costs between silage-

ing systems will be small, indicating that

Storage costs and losses used are those shown

the previous article "Economic Comparison
apz Silage Structures."
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for any given situation there may be several

systems that would be of equal cost. Given this

situation, the efficiency with which the system

is operated and managed will be as important as

the system itself.

Table 3 and_4 indicate that corn silage is the

least expensive forage to produce on a per ton

basis in both northern and southern Minnesota.

The "as fed" cost of silage produced and stored

in a conventional silo (20 x 60) totals about

$20 to $21 per ton for corn silage and $30 to

$34 for average alfalfa hay crop silage after

production, harvesting and storage costs.

Table 5 shows the feeding value of corn silage

and alfalfa and grass haylage when compared

to number 2 dry corn at $2.25 and $2.50 per

bushel and when 44% soybean meal is valued at

$10 and $12 per cwt. These values, on a per

acre basis, use the yield levels from the

previous budgets. These columns of equivalent

nutritional values of corn and soybean meal

indicate the feeding value (expressed in value

of crude protein and TDN) for an acre of these

forages if additional forage and supplemental

concentrate must be purchased. In other words,

the farmer who needs additional protein and

energy can acquire it through the purchase of

corn and soybean meal or acquire an equivalent

value from an additional acre of forage.

LEAST-COST RATIONS

Of course, "the proof of the pudding is in the

eating", so the utilization of various forages

and quality levels were "fed" using a linear

programming least-cost ration balancer. The

rations were developed for the annual nutrient

needs of a cow producing 15,000 pounds of milk

and one producing 18,000 pounds of milk. The

forages included in the rations were corn silage

with and without non-protein nitrogen, the four

grades of alfalfa haylage and grass haylage

grades 3 and 4. See table 5 for nutrient

analysis of forages. The costs of the forages

were those shown in tables 3 and 4, which reflect

all costs associated with production, storage

and the losses associated with harvesting, stor-,

ing and feeding. In addition, the least-cost

program had access to corn, soybean meal, oats

and other ingredients available for balancing the

ration. All ingredients were priced at 1979

prices.

Rations were developed as basic corn silage

with and without non-protein nitrogen added.

The basic corn silage rations allowed up to 4

pounds per day of dry alfalfa hay, grade 2, to be

included in the ration. Rations were also devel-

oped where the least cost ration could choose

both corn silage and an alfalfa haylage as the

roughage component for the ration. Rations were

also developed where only an alfalfa haylage 
or

a grass haylage was available as the 
roughage



component. All rations provided the required
nutrients to maintain the cow and the specified
milk production level by supplementing the for-
age being considered with a grain and protein
mixture of needed nutrient values. All rations
provided the nutrient requirements on a least-
cost basis.

RESULTS

The least cost rations were summarized on an
annual basis to simulate the total costs and
requirements for the two production levels, for
northern and southern Minnesota, and for the
various forages under study (see tables 6 and 7).
The results indicate:

1. It is more costly to feed a dairy cow in
northern Minnesota, except for a grass hay-
lage ration and feeding number 1 alfalfa
to the 18,000 pound producer.

2. It is more costly to feed the 18,000 pound
dairy cow, about $75, but the 18,000 pound
cow provides an additional $330 in milk--
providing about $250 per cow greater net
returns.

3. The rations containing both corn silage and
alfalfa haylage were lower cost rations than
using only one type of forage of similar
quality.

4. The use of non-protein nitrogen with corn
silage always reduced the annual ration cost.
The annual ration cost was reduced about $70
for the 15,000 pound producer and about $60
for the 18,000 pound producer using a basic
corn silage ration. The difference in cost
was similar for the combination corn silage-
alfalfa grade 4 rations because the rations
were basically corn silage. However, as
alfalfa quality increased the differences
in costs with rising NPN corn silage were
reduced to about a $10 advantage of using NPN
corn silage with alfalfa grade 1.

5. Grass haylage had an advantage in northern
Minnesota and the total ration cost for grass
haylage, grade 3, ranked in between grade 2
and 3 for alfalfa haylage and the same as

grade 3 alfalfa haylage in southern Minnesota.
The grass haylage grade 3 rations required
more tons of roughage than did the alfalfa
grade 3 rations.

6. The lower grades (3 and 4) of alfalfa and
grass haylage had a relationship that indi-
cated less haylage used with the lower grade.
Grade 4 always had less tonnage than the
grade 3 ration. And, as both the grade 3
and 4 rations were used for the higher pro-
duction cow, the tonnages were reduced.
Although not shown in the tables, it was
interesting to note that as a grade 4 haylage
was being used in a ration there were more
oats being used.

7. The lowest cost ration was always a combina-
tion of corn silage with non-protein nitrogen
and alfalfa haylage grade 1.

8. The costs of the haylage rations were always
reduced as higher levels of quality were
available in the ration, except for one situa-
tion. The ration for the 15,000 pound pro-
ducer was reduced by using the alfalfa haylage,

grade 2 versus grade 1. However, this was not
the case when feeding the 18,000 pound
producer.

The impact of these cost reductions can more
fully be realized by multiplying the per cow
savings times the number of cows in the herd.

SUMMARY

The livestock producer should understand the

capabilities, the costs and the possible returns

with his forage system. It costs about the same

per ton to produce high quality alfalfa as com-
pared to low quality alfalfa, and both cost more

to produce than average quality alfalfa. The

high quality alfalfa requires less grain supple-
ments to properly balance a ration. -Therefore,

the overall costs of producing a given level of

milk production are usually reduced by providing

high quality forage. The lower quality alfalfa

forage requires higher levels of grain concen-

trate and results in increased ration cost to

produce a given level of milk.

The costs of the corn silage in a ration are
always competitive with the other rations and

show large cost reductions with the addition of

non-protein nitrogen to corn silage. The corn

silage rations with NPN and grade 1 alfalfa hay-

lage were the lowest cost rations. Forage
quality will always have a greater value at

higher production levels as compared to lower

production levels.

By using a combination of corn silage and

haylage, a producer can attain lowest ration

costs and also spread out the risk of weather,

forage crop failure, reduced yields, loss of

quality; and with a two crop system he can more

effectively manage the forage production progragl

in a timely manner.

No matter which type of forage production alld

storage system a producer chooses, he will do

well if he recognizes the value of quality. EaC

producer should evaluate his resources and con-__

sider which system is feasible for his situatl°10
and resources. Consideration should be given t
crop capability and reliability, cash crop

returns, land type and availability, herd pr°-

duction level and requirements, producer manage

ment ability, and availability to produce the

forage requirements for his herd. For a dairY-

man, the importance of the management of the

forage crop ranks right after business manage-

ment, herd management and raising the herd

replacements.
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Table 1. Northern Minnesota silage crop budgetsli

Establishment
Alfalfa Alfalfa Alfalfa Alfalfa

Corn Companion Crop Oats Clear Grade 1 Grade 2 & 3 Grade 4 Grass
Silage Alfalfa Grass Seeded 3 Cuttings 3 Cuttings 2 Cuttings 3 Cuttings

2/
Yields- 16.3 6.2 6.2 5.5

Cash Costs 

Seed $ 10.71 $ 20.46 $ 12.18

Lime -- 25.00 --

Nitrogen 10.65 2.85 5.70

Phosphorus 6.60 9.90 6.60

Potassium 12.75 20.40 5.10

Anhydrous Application 4.00 --

Herbicide ' 8.00

Insecticide 4.00 --

Fuel, Oil & Repairs 13.77 15.27 15.27

Total Cash Costs $ 70.48 $ 93.88 $ 44.85

Overhead Costs 

Machinery Labor Cost

Machinery Annual Overhead

Land Charge

Land Taxes

Crop Insurance

Interest on Cash Costs

Total Overhead Costs

Total Cost 

$ 15.36

37.30

30.10

4.90

5.63

4.93

$ 98.22

$ 14.39

25.89

30.10

4.90

3.45

6.57 

$ 85.30

$168.70 $179.18

$ 14.39

25.89

30.10

4.90

2.64

3.14

$ 81.06

$ 21.60

25.00

9.90

20.40

10.00

14.42

$101.32

$ 21.35

25.67

30.10

4.90

3.07

7.09 

$ 92.18

$125.91 $193.50

10.5 11.0

6.60

25.50

- -

20.56

$ 52.66

$ 23.40

20.65

30.10

4.90

12.65

3.69 

$ 95.39

$148.05

6.60

20.40

20.56 

$ 47.56

$ 23.40

20.65

30.10

4.90

13.27

3.33 

$ 95.65

$143.21

8.0 12.8

6.60

12.75

13.70 

$ 33.05

$ 17.37

20.65

30.10

4.90 -

9.65

2.31 

$ 84.98

33.25

9.90

3.40

- -

- -

21.15 

$ 67.70

$ 23.40

20.65

30.10

4.90

5.15

4.74 

$ 88.94

$118.03 $156.64

1
Does not include storage costs.

2
Yield is standing yield in tons before harvest losses.



Table 2. Southern Minnesota silage crop budgets-
1/

Establishment
Alfalfa Alfalfa Alfalfa Alfalfa

Corn Companion Crop Oats Clear Grade 1 Grade 2 & 3 Grade 4 Grass
Silage Alfalfa Grass Seeded 4 Cuttings 3 Cuttings 3 Cuttings 3 Cuttings

2/
Yields- 22.8 6.4 6.4 7.0 12.8 13.4 11.0 12.8

Cash Costs 

Seed •$ 13.50 $ 33.40 $ 15.38 $ 26.40 --

Lime -- 18.75 18.75 18.75 __ -- --

Nitrogen 19.14 3.09 6.18 -- 36.05

Phosphorus 9.90 14.85 9.90 14.85 9.90 9.90 9.90 9.90

Potassium 6.66 8.88 2.96 13.32 17.76 11.10 6.66 2.96

Anhydrous Application 4.00 _.... -- __ --

Herbicide 8.00 -- 10.00 _-

Insecticide 2.00 __ __ __ --

Fuel, Oil & Repairs 13.77 16.01 16.01 15.34 25.70 20.56 20.56 21.15 
ai
CD

Total Cash Costs $ 78.97 $ 94.98 $ 69.18 $ 98.66 $ 53.36 $ 41.56 $ 37.12 $ 70.06

Overhead Costs 

Machinery Labor Cost $ 15.36 $ 12.55 $ 12.55 $ 19.97 $ 29.25 $ 23.40 $ 23.40 $ 23.40

Machinery Annual Overhead 37.30 28.04 28.04 27.83 23.56 23.56 23.56 ' 23.56

Land Charge 55.90 55.90 55.90 55.90 55.90 55.90 55.90 55.90

Land Taxes 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10

Crop Insurance 7.50 3.57 2.72 3.91 7.72 8.09 6.64 6.01

Interest on Cash Costs 5.52 6.65 4.85 ,  6.92 3.74 2.90 2.60 4.90

Total Overhead Costs _ $130.68 - $115.81 $113.16 $123.62 $129.27 $122.95 $121.20 $122.87

Total Cost $209.65 $210.79 $182.34 $222.28 $182.63 $164.51 $158.32 $192.93

1
Does not include storage costs.

2
Yield is standing yield in tons before harvest losses.
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Table 3. Northern Minnesota silage crop budgets reduced to cost per ton

Companion Crop 0ats
1/
-

Corn Alfalfa 1 Alfalfa 2 S, 3 Alfalfa 4 Grass 3
Silage 3 Yr . Stand 4 Yr . Stand 5 Yr . Stand 5 Yr . Stand

Yield Per Acre (ton silage)

Total Cost Per Acre

cost
cost
cost
cost
cost
cost

1

2

3

Per
Per
Per
Per
Per
Per

Ton
Ton
Ton
Ton
Ton
Ton

85% Yield
70% Yield

2/
After Harvest Losses-
After Storage-/
After Feeding Loss

16.3 9.4

$168.70 $155.83

10.35 16.58
12.18 19.50
14.79 23.69
10.89 17.45
20.27 29.71
21.11 33.38

10.0

$150.40

15.04
17.69
21.49
15.83
27.91
31.36

7.64

$128.22

16.78
19.74
23.98
17.66
29.94
33.65

11.7

$151.52

12.95
15.24
18.50
13.63
25.46
28.61

Average for total establishment and production costs; does not include storage costs.

Assumes 5% harvest loss.

Includes storage cost ($23.17 per ton of dry matter stored) and storage losses in a conventional

concrete tower silo.

Table 4. Southern Minnesota silage crop budgets reduced to cost per ton

Companion Crop 0ats
1/
- 

Corn Alfalfa 1 Alfalfa 2 & 3 Alfalfa 4 Grass 3

Silage 3 Yr . Stand 4 Yr . Stand 5 Yr . Stand 5 yr . Stand

ield Per Acre

1°ta1 Cost Per

C°st per
C°st per
C°st per
C°st per
C°st per
C°st per

1

Ton
Ton
Ton
Ton
Ton
Ton

(ton silage)

Acre

85% Yield
70% Yield
After Harvest Losses/
After Storage-

3/

After Feeding Loss

22.8 11.2

$209.65 $189.67

9.20 16.93
10.82 19.92
13.14 24.19
9.68 17.82
18.98 30.12
19.77 33.85

12.0

$173.77

14.48
17.04
20.69
15.24

. 27.25
30.62

10.2

$167.06

16.38
19.27
23.40
17.24
29.48
33.12

11.7

$191.16

16.34
19.22
23.34
17.20
29.43
33.07

2 
Average for total establishment and production costs; does not include storage costs.

Assumes 5% harvest loss.
3
Includes storage cost ($23.17 per ton of dry matter stored) and storage losses in a conventional

concrete tower silo.
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Table 5. Estimated feed values of an acre of various silages based on their energy and crude protein
contributions when number 2 corn is $2.25 and $2.50 per bushel and 44% soybean meal is $10
and $12 per cwt.li

Laid-In-Manger Feed Value 
Dry Matter

Basis Soybean Meal At
$10 Per Cwt.

Soybean Meal At

$12 Per Cwt.
Dry Crude

Matter TDN Protein Corn Price Corn Price __.<
Feed Location % % % $2.25 $2.50 $2.25 $2.5u

 ----

Corn Silage North 35 70.0 8.1 $345 $382 $346
Corn Silage South 35 70.0 8.1 482 535 484

Corn Silage w/Urea North 35 70.0 12.0 414 447 437
Corn Silage w/Urea South 35 70.0 12.0 580 626 612

Alfalfa 1 Haylage North 40 60.0 21.0 316 326 361
Alfalfa 1 Haylage South 40 60.0 21.0 376 388 430

Alfalfa 2 Haylage North 40 58.0 18.4 300 312 339
Alfalfa 2 Haylage South 40 58.0 18.4 360 374 407

Alfalfa 3 Haylage North 40 53.0 14.0 248 260 275
Alfalfa 3 Haylage South 40 53.0 14.0 297 312 330

Alfalfa 4 Haylage North 40 44.0 10.0 144 -152 157
Alfalfa 4 Haylage South 40 44.0 10.0 192 203 210

Grass 3 Haylage North 40 58.0 15.0 313 329 347
Grass 3 Haylage South 40 58.0 15.0 313 329 347

Cable

Corn

Corn

Cs _

$384 CS (NI
537 Cs _

471 CS (Ni

658 CS _

CS (IT
371
444

,, Cs _

CS (N

351 Alf,
421 Alfa

Alfa
28/ Alfa
345 

ra

166 
Cra.

221

1
Based on yields in budgets given in tables 3 and 4.

363
363

1
11;

2

3

a

A
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Table 6. Northern Minnesota annual feed costs for a dairy cow producing 15,000 pounds and 18,000 pounds

of milk per year using various mixes and qualities of forages with each ration capable of

sustaining the given level of milk production-1J

Ration Type

15,000 Pounds Of Milk Per Year 18,000 Pounds Of Milk Per Year 

Tons Of Forage/Year Tons Of Forage/Year 

Annual Corn Annual Corn
Costa/ Silage Haylage Cosa/ Silage Haylage

CcTri Silage (CS)--1 $565 6.60 1.85 $631 7.63 1.85

Corn Silage with NPN CS(NPN)_3_/ 495 10.56 1.53 575 10.14 1.53

Alfalfa 1 Haylage 462 6.46 7.12 532 5.02 8.04

'S(NPN) - Alfalfa 1 Haylage 451 9.09 4.85 525 6.95 6.32

CS - Alfalfa 2 Haylage 476 4.45 8.63 553 3.81 8.85

's(NPN) - Alfalfa 2 Haylage 465 8.84 4.92 546 7.99 5.12

C,S - Alfalfa 3 Haylage 546 6.85 5.35 624 7.62 4.21

S(NPN) - Alfalfa 3 Haylage 500 9.96 3.49 582 9.67 3.29

er,S- Alfalfa 4 Haylage 603 7.78 .24 669 7.25 .38
's(NPN) - Alfalfa 4 Haylage 524 10.51 .01 600 10.09 .01

Alfalfa 1 Haylage 516 9.62 574 9.93
4falfa 2 Haylage 509 -- 9.63 582 9.80

4falfa 3 Haylage 571 __ 9.76 650 __ 9.40

Alfalfa 4 Haylage 638 3.58 712 3.08

crass Haylage 3 (15% CP) 521 9.96 602 __ 9.56

crass Haylage 4 (10% CP) 604 9.26 678 8.34

3

Rations determined by a linear programming least-cost ration balancer.

Forage costs include production costs, storage costs and associated losses. Tons are what was

actually consumed on an as is basis.

AR equivalent of up to 4,pounds per day of dry alfalfa, grade 2, hay was allowed in the ration.
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Table 7. Southern Minnesota annual feed costs for a dairy cow producing 15,000 pounds and 18,000 polo

of milk per year using various mixes and qualities of forages with each ration capable of

sustaining the given level of milk production.i/

Ration Type

15,000 Pounds Of Milk Per Year 18,000 Pounds Of Milk Per 10

Tons Of Forage/Year Tons Of Forage/Y 

Annual Corn Annual Corn

Cost-a/ Silage Haylage Cost?" Silage Haylf

Corn Silage (CS)--/ $551 9.44 1.85 $618 9.19

Corn Silage with NPN CS(NPN)-' 480 10.56 1.53 559 10.14

CS - Alfalfa 1 Haylage 457 6.46 7.12 529 5.02

CS(NPN) - Alfalfa 1 Haylage 441 9.86 4.30 518 7.90

CS - Alfalfa 2 Haylage 464 4.84 8.36 543 3.80

CS(NPN) - Alfalfa 2 Haylage 449 9.58 4.27 531 8.36

CS - Alfalfa 3 Haylage 534 6.85 5.35 610 7.63

CS(NPN) - Alfalfa 3 Haylage 484 9.96 3.49 566 9.67

CS - Alfalfa 4 Haylage 590 9.58 .24 657 9.20

CS(NPN) - Alfalfa 4 Haylage 511 10.51 .01 587 10.09

Alfalfa 1 Haylage 519 9.62 578

Alfalfa 2 Haylage 501 9.63 575

Alfalfa 3 Haylage 565 9.76 644

Alfalfa 4 Haylage 635 3.58 709

Grass Haylage 3 (15% CP) 566 9.96 644

Grass Haylage 4 (10% CP) 632 4.49 705

1.85
1.53

8.04
5.63

8.85

8.48

4.21
3.29

.38

.01

9.95
9.80

9.40

3.08

9.56

3.73

1

2

3

Rations determined by a linear programming least-cost ration balancer.

Forage costs include production costs, storage costs and associated losses. Tons are what was

actually consumed on an as is basis.

An equivalent of up to 4 pounds per day of dry alfalfa, grade 2, hay was allowed in the ration.
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Silo Hazards
Neal P. Martin and Robert A. Aherin

Extension Forage Agronomist and Extension Safety Specialist
Agricultural Extension Service

University of Minnesota, St. Paul

Tower silos injury.
Palls are a generally recognized hazard, but
there are others less evident that should be
considered.

Sil
Gases are Dangerous. Silo gases are formed

'Y microorganisms that grow during the ensiling
Process. These gases are complex forms of ni-
trogen and oxygen which .are extremely dangerous
t° man and 'animals. Even a short exposure to
silo gases will irritate throat and lungs. Silo
gases are heavier than air and will accumulate
ab°ve the silage in a silo, in the silo chute,
c4. in the silo room or barn and flow out in the
silo juice. They can cause permanent lung dam-
ge and death in young calves and in humans
Inhaling them.

The danger of this gas seepage can be re-du
eed by a tight door between the silo feed
°m and the barn. Also, a well-ventilated feed

tc)(31m is necessary. The following gases are
°rmed during the ensiling process on corn, sor-
autims, hay-crop silage, or cereal grain:

NITROGEN DIOXIDE - orange-yellow or
yellowish brown

NITROGEN TETROXIDE - yellow

NITRIC OXIDE - colorless

ABOVE THREE GASES ARE EXTREMELY DANGEROUS
kAUSING THROAT AND LUNG DAMAGE.

CARBON DIOXIDE - colorless, odorless,
heavier than air, and is not irritating.
Because carbon dioxide is heavier than
air, oxygen may be forced out of the silo
and cause death by suffocation; that is
by lack of oxygen.

, REMEMBER!!! BE AWARE!!!

0 All of these gases are formed during filling
of the silo and may be present up to two
weeks after filling.

can cause death or 40 The most dangerous time is the first 48
hours after filling.

40 Do not enter the silo during the first two
weeks after filling.

II If for any reason you must enter the silo,
run the silo blower for 15 minutes be-

fore entering the chute, then open the

door nearest the top of the silage, and

run the blower for an additional 15 mi-

nutes before entering the silo. Practice

the buddy system. Have_someone watch you

enter the area to help in the event you
encounter problems.

40 If you have even the slightest throat irri-
tation or coughing, get out into fresh
air as quickly as possible. It is im-
portant that you seek medical aid imme-
diately, regardless of the degree of
symptoms. If treatment is not rendered,
a relapse could occur, ultimately leading
to permenant lung damage.

40 Do not smoke while in or around the silo.

Moldy Silage Can be Dangerous. Mold that often
develops in the top layers of silage can cause
severe respiratory problems. This mold carries

various antigens, normally spores, that will
cause severe irritation and potential damage to

the respiratory tract and lungs. Damage occurs

when a farmer breathes dust generated by mold in

silage. If the moldy dust concentration is high

enough, death can occur. This is commonly called

Farmer's Lung disease. Farmer's Lung is one of

the most disabling diseases among dairy and beef

producers.

When a farmer breathes dust containing mold

on forage, an allergic reaction occurs in the

lungs. The lungs fill up with fluid and can be

severely damaged or in severe cases, can collapse.
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To prevent exposure to dust from moldy
forage, follow these precautions:

4, Wear a dust mask or respirator when working
around moldy forage material. Make sure

you buy a mask that fits snugly around

your nose and mouth to prevent breathing

any of the material.

IP Remove and burn moldy material when
feasible. This will destroy the spores.

Silo Fires. Silo fires can occur when ensiling

low-moisture feed materials - 45 percent mois-

ture or below. The fire hazard zone is between

30 to 40 percent moisture. Heat transfer occurs
when a load or two of drier material (30 percent
moisture) is next to some wetter material.
Somewhere in the middle, moisture concentration
will be exactly right for spontaneous ignition.
(NOTE: "Gumming" of haylage on blower or chop-

per blade begins at between 40 and 50 percent
moisture. Therefore, "gumming" indicates that
the spontaneous ignition moisture range is not
far away.) Spontaneous heating of this material
plus air leakage can allow a slow charring fire
to start in the silage mass at any level.

Extinguishing a silo fire is difficult.
Normally, inert compounds that can control or
reduce intensity of a silo fire are liquid ni-
trogen or carbon dioxide, which may be used in
the gas, liquid, or dry ice state.

A silo fire is most apt to start near a
leaky door. First indication usually is a hole
burned through the door. Eventually, the fire
will work upwards and break through the top.
Once this happens, it is extremely difficult to
bring the fire under control.

Hot silage can be removed by use of the
silo unloader, but it may have to be wetted down
with large amounts of water as it comes out. We
suggest the fire department be on hand during
removal of hot silage. Sometimes it will burst
into flame on exposure to the air. It may be
best to allow the fire to burn itself out. Si-

lage is usually not fit to feed cattle after a
fire.

Fire in a Conventional Tower Silo. A conven-
tional tower silo is an unsealed silo with an
open top, with or without a roof. There is

little danger of an explosion in this type of

silo - but watch for "cave ins" if a fire exists.
If you go to the top of burning silage, there is

a real danger of falling into a burned out pock-
et. Have extra help available, use safety rope
and planks over the silage, and remember that
gases given off in the combustion are dangerous.

Fire in an Oxygen-limiting Silo. Oxygen-limiting

silos are tightly closed tanks of steel or con-

crete, sealed to prevent air from entering. Si-

lage is preserved partially by holding carbon
dioxide over the silage. There are devices to

allow limited air entrance or exit to prevent

pressure differences inside and out.

The name 'oxygen-limiting' points out one

danger. No one should enter this kind of silo

without a self-contained breathing apparatus.

Silo fires are not common in oxygen-limit-

ing silos, but they can occur if the material ls

dry and there is air leakage into the silo.
Fires are extremely dangerous in the closed sil°

because the products of combustion have diffi- d
culty in getting out. Slow burning, with limit

air supply, causes the formation of large amounts

of carbon monoxide instead of carbon dioxide.

Carbon monoxide is extremely flammable; herein

lies a danger.

An 'oxygen-limiting' silo has a fire in-
side. What can you do?

1, Close all hatches and openings, then leave
it alone. Let the fire burn out. It

may be well to leave one roof hatch un-
latched to allow pressure to escape.

• Do not put water into the silo through 0

open hatch. If you decide to use water,

put it through a small opening the size

of the hose diameter to prevent pulling

air in with the stream of water.

ntlt40 Hot concrete may fracture. If water is r

into a burning concrete silo, the con-

crete can be heated to a point that corre

tact of water could cause fracture of the

silo. In addition, many silos may not b

structurally sound enough to withstand ,

the additional pressure large amounts 01

water can add, thus /causing structure

damage. Therefore, firefighters should ()

be encouraged to use a "cherry picker" t
prevent injury from falls resulting fr°
structural failure.
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Issued in furtherance of cooperative extension work in agriculture and home economics, acts of May 8 and June 30,1914, in 
cooperation v,,,_ 100, ro,

Department of Agriculture. Roland H. Abraham, Director of Agricultural Extension Service, University of Minnesota, St. Paul, 
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