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Forage Needs and Silos 

            Insuring the availability of quality forage throughout the year is key to
high levels of milk production.  The objective of this fact sheet is to discuss
how management factors can affect the quality of corn silage for dairy cows.  

Forage inventory is crucial to any dairy farm.  Producers should
determine the amount of corn silage needed for replacement stock, dry cows
and lactating cows.  If possible plan for at least 10 to 15% more to account
for storage losses.  Choosing the appropriate hybrid(s) to plant will depend on
growing conditions, soil type, and feed requirements.  These topics are
discussed in a related fact sheet. 

Several factors must be taken into account when deciding what type
of silo(s) to use.  Cement stave tower, bunk, or bag silos are common in most
locations of the US, except in the Southwest where silage piles are prevalent. 
There is no one correct type of silo for every farm.  For example, bag silos
offer flexibility in location of the silo and quantity of material ensiled but
waste at the bag and plastic are potential problems.  Upright silos provide
flexibility in large operations but initial capital outlay can be large.  Producers
should work with extension specialists and nutritionists to choose the proper
type of silo(s) for a specific farm.  In certain instances, bag silos or drive-over
piles  are  good  alternatives  when  extra  silage  for  short-term  needs  are
required.   Proper sizing of silos to optimize removal of forage to prevent
aerobic spoilage in the bunk is crucial to good forage management.  A list of
some of the major pros and cons of different silo types in shown in Table 1. 

Before  harvesting,  the  condition  of  equipment  to  be  used  during
harvest and silo filling should be optimized.  Knives on the chopper should be
sharpened and set to cut a 3/8 inch theoretical length.  This is a good time to
measure actual particle size.  In diets where corn silage makes up the majority
of the forage, 15 to 20% of the particles should be greater than 1.5 inches
long.  If using a Pennsylvania State Forage Separator, 5 to 10 % of the corn
silage  should  be  retained  on  the  top  screen  to  ensure  optimum levels  of
effective fiber in the diet.  If corn silage is not the major forage in the diet, 2
to 4% of the top screen may be sufficient. 
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Table 1.  Some pros and cons of different silo types. 

Silo Type Pros Cons
Cement stave tower silo ·         Utilizes minimum area

·         Ability to fill and pack
quickly  with  minimal
labor

·          Low  feeding  and
storage losses  if  silage is
harvested at optimum DM

·         Low labor required for
feeding

 

·         Moderately high capital
output for silo

·         Fixed location for silage

Bunk silo ·         Large storage capacity

·         Moderately low capital
output

·         High storage losses

·         Moderately high labor
requirement for filling
and packing

·         Potential for high
feeding losses

 
Bag silos ·         Storage and feeding site

flexibility

·         Able to ensile small
amounts of forage

·         Minimum capital
investment

 

·         Requires specialized
bagging equipment

·         Can have moderate
storage and feeding
losses

·         Waste plastic disposal
problem

 

Optimum Harvest Maturity  

Quality forage drives intake and milk production for high producing
cows in early lactation. As the corn plant matures, the milky sugars in the
kernel are transformed to starch a source of stored energy.  In order to
determine the maturity of the corn plant, select several ears of corn from a
representative part of the field (do not sample from a border row).  Break an
ear of corn in half and look at the tip side of break.  When the kernel is
immature it appears completely whitish-yellow.  As it matures, the solid
starch portion that appears to move from the tip of the kernel toward the cob
turns yellow.  The interface between the yellow and still white and milky
endosperm is called the milk line. This occurs as after the kernels are in the
early dent stage of maturity.   Unlike alfalfa that matures very rapidly, whole
plant corn may take 10 to 14 d to advance from the early dent stage to 1/2
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milk line. In normal years, harvest corn silage for optimum nutritive value
when the kernels show 1/3 to 1/2 milk line.  Plan to complete all harvesting by
2/3 milkline.  In conjunction with monitoring the milk line, the moisture
content of the whole plant should be determined.  Moisture content may be
determined with a Koster moisture tester or microwave.  In normal years, the
whole plant will range from 30 to 37% DM  (63 – 70% moisture) at 1/2 to 2/3

milk line.  During the time of kernel development, there is little change in
protein, fiber and lignin.  As with grasses and legumes, harvesting whole
plant corn when it is too immature or too mature is not recommended (Table
2).  For example, harvesting in the extreme black layer stage of maturity
causes the starch in the kernel to become extremely crystalline in nature and
is poorly digested by rumen bacteria and the cow. 

Table 2.  Negative aspects of harvesting corn silage too early or too late. 

Too immature (e.g. milk) Too mature (e.g. black layer)

·        Low dry matter yield

·        High moisture content, large
nutrient losses due to seepage
from the silo

·        Poor fermentability

·        Potential for clostridial
fermentation

·        Lower digestibility

·        Starch becomes crystalline and
lower in digestibility

·        Too dry, becomes difficult to
pack in silo that can lead to heat
damage protein and(or) molding

  

Mechanical Processing  

Mechanical  processing  of  whole  plant  corn  is  a  new  method  to
improve the quality of corn silage.  Whole plant processing crushes the entire
plant through rollers and can be accomplished in the field during harvesting,
at the silo but prior to storage, or after ensiling and just prior to feeding. 
Processing corn in this manner improves starch and fiber digestion.  Recent
data from the University of Wisconsin suggests that the theoretical cut length
can be increased to ¾ of an inch when corn silage is mechanically processed
to improve effective fiber.  Improvements in milk production appear to be
about 1.5 to 2.0 lb./d with larger improvements when more mature corn silage
(e.g.,  black layer)  is  processed.   With the information we have today,  we
would still recommend to harvest at the ½ to 2/3 milk line stage of maturity. 
If,  however,  there  are  reasons  out  of  your  control  (inclement  weather,
equipment problems, scheduling problems with a contractor) that results in
corn  being  harvested  at  later  stages  of  maturity,  processing  should  be
considered.  There  is  insufficient  data  to  support  the  use  of  whole  plant
processing in immature whole plant corn if a premium is to be paid for the
processing.   More information on whole plant processing is needed. 
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The Ensiling Process 

The process of silage fermentation can be briefly divided into four
phases.  The first phase is characterized by the presence of oxygen after
forage is chopped and packed in the silo.  Plant respiration continues for
several hours (and perhaps days if silage is poorly packed) and plant enzymes
(e.g., proteases) are active until oxygen is used up.  During this phase, excess
oxygen can lead to unwanted protein breakdown and excessive heating and
growth of yeasts and molds that are undesirable.  Oxygen can be eliminated
by quick packing, even distribution of forage in the storage structure,
chopping to a correct length and ensiling at recommended dry matters (DM)
for specific storage structures. 

            Under anaerobic conditions (lack of oxygen) the second phase of
silage  fermentation  is  dominated  by  microbial  activity.    Fermentation  is
controlled  primarily  by:  a)  type  of  microorganisms  that  dominate  the
fermentation,  b)  available  substrate  (waster  soluble  carbohydrates)  for
microbial growth, and c) moisture content of the crop.  During this phase,
lactic acid-producing bacteria should utilize water soluble carbohydrates to
produce lactic acid; the primary acid responsible for decreasing the pH in
silage.  Undesirable  fermentations  from  microorganisms  such  as
Enterobacteria  and Clostridia  can occur  if  the  pH does not  drop rapidly. 
Clostridia  can be eliminated by harvesting forage at  less  than 68 to  70%
moisture (more than 30 to 32% dry matter). 

            Lack of oxygen prevents the growth of yeast and molds and low pH
prevents the growth of most bacteria during the third phase of fermentation. 
Silage can be kept for prolonged periods of time if these conditions prevail.
The  last,  and  fourth,  stage  of  silage  fermentation  is  during  feed  out  and
exposure  to  air.   Good  silage  will  remain  stable  and  not  change  in
composition or  heat  during the  third  and fourth  stages  of  fermentation.   
Airtight silos and removal of sufficient silage during feed-out can prevent
aerobic spoilage.  

Research  suggests  that  microbial  inoculants  can  be  useful  by
improving silage fermentation and resulting in more dry matter and nutrient
recovery and improved animal performance.  When treating forage that is less
than 60% moisture (greater than 40% DM) a microbial inoculant applied in a
liquid form works more efficiently than if applied in a dry form.  If forage is
harvested in close proximity to the silo,  the point of inoculant application
probably does not matter.  However, if harvest occurs at a location such that it
takes several hours between chopping and the silo, then application of the
inoculant at the point of harvest may be more beneficial.     

When compared to legume silage, corn silage tends to spoil rapidly
when  exposed  to  air.   When  exposed  to  air,  yeasts  in  silage  metabolize
nutrients and cause the forage to heat quickly.  This can cause reductions in
dry  matter  intake  and  poor  animal  performance.   A  propionic  acid-based
preservative  can  be  used  if  inadequate  amounts  of  silage  are  removed to
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prevent heating.  Consider treating the entire silo if heating silage is always a
problem.  Treat only the last few loads if heating is not a consistent problem. 
Anhydrous  ammonia  can  also  be  another  option  to  improve  the  aerobic
stability of  corn silage and is  an inexpensive source of  rumen degradable
nitrogen.  Producers should work with their nutritionist to make the best use
of this option.  

Rapid filling and adequate packing are crucial regardless of silo type. 
Exclusion of air limits heating and encourages the ensiling process.  Forage
should be filled as a progressive wedge in a bunk.  Adequate packing is also
necessary to remove oxygen from the mass.  Bunks should be covered with 4
to 6 mil plastic tarp and weighted with old tires (tires should be touching) to
exclude air.  Conventional cement stave silos should be leveled and sealed
with a silo cap immediately after filling.  

Silage should be allowed to ferment for about 2 to 3 weeks before
feeding.  Unfermented feed is  the equivalent  of  feeding green-chop that  is
high in fermentable sugars and can cause cows to go off feed and have loose
manure.  If forage supplies are low, a gradual transition over a week to ten
days from old silage to new silage is recommended. 

Silage Feedout 

Proper management for removal of silage from silos and management
at the feed bunk can help producers to maximize profits  and production. 
Removal of about 3 to 4 inches of silage from conventional cement stave
silos will help to prevent silage from heating in the silo.  Because the density
of pack is usually less in bunk and bag silos, it is recommended that 4 to 6
inches  be  removed  form  the  face  of  silo  during  warm  weather.   Lesser
amounts  (3  to  4  inches)  may  be  removed  in  areas  of  the  country  where
ambient temperatures never rise about 40 to 45 F during the winter months. 
Removal of silage should be such to minimize loose silage on the ground
between feedings.  Cows respond best when offered fresh feed 3 to 4 times
per day.  Heating, moldy feeds should not be fed.  Feed bunks should be kept
full but clean of decaying feed.   

Summary 

            Corn silage is an excellent crop for dairy cows.  Proper management
that  includes  hybrid  selection,  harvesting  at  the  optimum  maturity,
considering using the use of mechanical processing, and silo management can
maximize returns for the producer.  A summary of key management factors is
listed in Table 3.
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Table 3.  Managing corn silage. 

Action Steps Management Items
1.  Determine forage needs ·         Add 10% to account for storage losses

 
2.  Choose appropriate hybrids and
plant

·         Base decision on growing conditions,
number of silos to fill, feed
requirements

 
3.  Choose appropriate type of silo ·         If using bunks, bags or pits, plan for

removal of at least 4-6 inches of
silage/day during summer months to
prevent aerobic deterioration of silage

 
4.  Check harvest equipment ·         Sharpen knives

·         Set theoretical cut length to 3/8 inch

·         Check cut length using a particle
separator

 
5.  Consider mechanical processing at

harvest (especially in more mature
material)

·         Set theoretical cut length to ¾ inch if
using mechanical processor

·         Set rollers to 1 mm

 
6.  Consider using a microbial inoculant ·         Microbial inoculants (dry or liquid

application) can improve silage
fermentation and nutrient retention

·         If silage is > 40% DM, consider using
an inoculant that is applied in a liquid
form

 
7.  Consider using a buffered propionic

acid-based preservative if silos are
sized too large for rapid feedout or if
silages historically heat in the silo or
feed bunk

·         Buffered propionic acid-based
preservatives can reduce heating and
improve bunk life of silages

·         Consider use on top several loads of a
bunk or tower silo

 
5.  Harvest at optimum maturity ·         Check milkline and whole plant DM

·         Begin harvest at about 1/3 milkline
and complete harvest by about 2/3
milkline
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·         Whole plant DM should be about 32 to
37% DM

 
6.  Fill and pack silos quickly ·         More rapid filling and good packing

results in more dry matter and nutrient
preservation

 
7.  Obtain a representative sample of

forage for nutrient analysis
·         Nutrient analysis can help to

7.  Cover silos ·         In cement stave silos, level off forage
and use cap if not immediately feeding

·         Cover bunker silos with a tarp weighed
down by tires.  Be sure tires are
touching.

·         Vent bag silos for the first 3-5 days,
then seal holes.

·         Beware of toxic silo gasses

 
8.  Allow forage to ferment for 2-3 weeks

before feeding
·         Avoid abrupt changes in feeding new

forages

·         Feeding large amounts of uncured
silage can result in production losses

·         Adapt cows to new forage by gradual
changeover

 
9.  Consider mechanical processing if not

done at ensiling
·         Mechanical processing appears to be

most beneficial when applied to
black-layer corn silage

 
10.  Manage removal of silage ·         Remove spoiled or moldy silage

·         Remove 4 to 6 inches of silage from
cement stave, bag and bunker silos
each day to prevent spoilage

·         Keep faces of bags and bunks clean

·         Feed cows ad libitum fresh feed, often

·         Remove uneaten feed after 24 and
keep feed bunks clean

·         Obtain representative sample of silage
and submit for nutrient analysis
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·         Determine DM content and adjust
feeding as needed

11.  If silage is hot upon removal from silo
or if it heats rapidly in the feed bunk,
consider a buffered propionic
acid-based product that can be added
to the TMR

·         If feed and silo planning was done
correctly, this should not be a problem

·         If this is a historic problem that occurs
over most of the year, consider using a
propionic acid based preservative to
the forage at ensiling, next year
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