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INTRODUCTION 

Feeding adequate quantities of high-quality forages is the basis of profitable milk and livestock 
production. Forage production, harvest, storage, and feed practices have changed greatly over the 
past 50 years in Pennsylvania. Silage has grown in popularity because it increases the potential 
yield of nutrients from available land, decreases feed costs, lowers harvest losses, and often 
increases forage quality. Silage also offers the possibility of greater mechanization of harvesting 
and feeding with reduced labor requirements. However, high-level management and sizeable 
financial outlays are necessary to efficiently produce, harvest, store, and feed silage.  
 
A trend toward greater silage use is likely to continue as more dairy and livestock producers go 
to year-round feeding of stored forages and as livestock enterprises increase in size. Many 
considerations regarding crop selection, harvest and feed equipment, and storage facilities are 
important in developing efficient and economical forage systems. The following information 
should enable more effective decisions in the planning, managing, and feeding of silage.  
 
Feeding adequate quantities of high-quality forages is the basis of profitable milk and livestock 
production. Forage production, harvest, storage, and feed practices have changed greatly over the 
past 50 years in Pennsylvania. Silage has grown in popularity because it increases the potential 
yield of nutrients from available land, decreases feed costs, lowers harvest losses, and often 
increases forage quality. Silage also offers the possibility of greater mechanization of harvesting 
and feeding with reduced labor requirements. However, high-level management and sizeable 
financial outlays are necessary to efficiently produce, harvest, store, and feed silage.  
 
A trend toward greater silage use is likely to continue as more dairy and livestock producers go 
to year-round feeding of stored forages and as livestock enterprises increase in size. Many 
considerations regarding crop selection, harvest and feed equipment, and storage facilities are 
important in developing efficient and economical forage systems. The following information 
should enable more effective decisions in the planning, managing, and feeding of silage.  
 
MANAGEMENT CONSIDERATIONS  

Advantages of silage 

Relative nutrient yield. Of the feed crops adapted to Pennsylvania, corn harvested as silage 
yields greater quantities of energy per acre, and alfalfa produces greater quantities of protein per 
acre. Alfalfa and grass usually provide more energy and protein when harvested as silages than 
as hay.  

Few field losses. Both hay and corn crops harvested as silage avoid many of the losses due to 
weather. Hay-crop silages that are either direct-cut or wilted have lower field losses when 
compared to hays, no matter what the weather conditions. Direct-cutting of hay-crop silages 
avoids extended exposure to weather damage and leaf shattering, even wilting hay-crop silages 
may result in reduced losses when compared to hay. Losses from ear dropping, which occur 
during corn silage harvest, and grain shattering are lower than those occurring during grain 
harvest.  
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Flexible harvest dates. Since row crops and broadcast crops can be ensiled, they offer flexibility 
in providing adequate livestock forage if supplies of hay-crop forages fall below normal. 
Producers can also decide late in the growing season how much corn to harvest as silage and as 
grain to fit their particular feeding programs. Similarly, small grains and other annuals such as 
sorghum-sudan hybrids may be harvested as silage.  

Efficient use of labor. Timing of harvest and scheduling of labor can be extended by planting 
corn varieties of differing maturities. Corn silage harvest also occurs when less management and 
labor are demanded for other cropping enterprises. The many possibilities for mechanization of 
silage harvesting and feeding permit increased labor productivity.  

Disadvantages of silage 

High storage losses. Silage storage losses can be high if crops are not harvested at the proper 
moisture content, if facilities are inadequate, or if the crop is not chopped fine enough (or too 
fine), not packed well, and not sealed properly.  

Potential spoilage. Silage must be fed soon after removal from storage to avoid spoilage. 
Storage facilities with an exposed silage surface must be matched to the feeding rate to prevent 
spoilage; also, when silage feeding is discontinued for a long period of time, resealing is required 
to avoid greater storage losses and spoilage problems.  

High handling and storage costs. Silage is bulky to store and handle; therefore, storage costs 
can be high relative to its feed value. Storage facilities are specialized and have limited 
alternative uses. Silage is costly to transport relative to its bulk and low density of energy and 
protein. Therefore, it is usually more economical to store and feed silage relatively near the fields 
where the crop is produced.  

High investment costs. The machinery and equipment investment per ton of silage harvested, 
stored, and fed can be high unless a large quantity is handled annually. Custom harvesting can 
reduce or eliminate this disadvantage.  

High initial capital outlays. The total cost of machinery, equipment, storage, and feeding 
facilities is considerable. Where large amounts of money are needed to finance the investment, 
inadequate cash flow during the financing period may cause difficulties in carrying out what 
appears to be a profitable investment.  

Few market outlets. There are few ready off-farm markets for silage, except for close neighbors 
in most areas. It is difficult to establish a selling price that is fair to both buyer and seller. 
Moving silage from one silo to another is risky, especially for haylage. Therefore, when a crop is 
harvested as silage, the farmer is usually committed to feeding it to livestock.  
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MANAGEMENT DECISIONS TO PLAN THE FORAGE SYSTEM 

Decisions for producing, harvesting, storing, handling, and feeding of crops are neither simple 
nor short-run processes. Frequently, farmers look only at one segment of the system in deciding 
to change production practices, equipment, or facilities. This approach often has adverse 
operational and economical effects on other parts of the system. Also, a change may require 
additional system redesigning for increased volume of business at considerably more expense 
than would have been necessary had better planning considered future expansion.  

Decisions for producing, harvesting, storing, handling, and feeding of crops are neither simple 
nor short-run processes. Frequently, farmers look only at one segment of the system in deciding 
to change production practices, equipment, or facilities. This approach often has adverse 
operational and economical effects on other parts of the system. Also, a change may require 
additional system redesigning for increased volume of business at considerably more expense 
than would have been necessary had better planning considered future expansion.  

Planning considerations 

Most farmers strive to maximize long-run returns. Therefore, they must consider management 
decisions for the entire forage system. Planning consideration must be given to the following 
aspects.  

A crop rotation matched to land resources, livestock, and feeding requirements of the 
livestock. Soils, topography, and climatic conditions place general restrictions on the kinds of 
crops that can be grown profitably. For most Pennsylvania farmers, a combination of crop and 
livestock enterprises maximizes net returns to their land, 
labor, and investment. The most profitable cropping 
program generally is one adapted to the feeding 
requirements of the livestock and the potential of the 
cropland to produce the required feed. This requires 
determination of what crops will be grown and the 
acreage of each. Table 1 contains typical silage yields 
for various crops.  

This information can be used to plan the cropping strategy that best matches animal needs. A 
large deviation from these values could indicate problems in soil fertility and/or planting, weed 
control, and/or harvest practices (assuming normal weather conditions).  

Two basic feed nutrients for animals are energy and protein. These are needed in varying 
amounts by different classes of livestock for the production of milk and meat. For example, a 
cow producing 18,000 pounds of milk in one year would need approximately 9,800 pounds of 
total digestible nutrients (TDN) and 2,300 pounds of total protein (TP). To raise a beef steer from 
a calf to 1,100 pounds would require 7,300 pounds TDN and 750 pounds TP. To put 700 pounds 
of gain on a 400 pound steer would take 3,900 pounds TDN and 540 pounds TP. While the cost 
per pound of TP may be four to five times that of TDN, the amount of TDN required makes the 
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total cost of energy about 55 to 65 percent of the total feed cost. In planning a feeding program, 
the unit cost of the feed nutrient should not overshadow the total cost of supplying the nutrients. 
A major emphasis in the cropping program must be placed on economically supplying the total 
energy and protein needs.  

Feed crops adapted to Pennsylvania, such as corn silage and corn grain, have the potential for 
producing the greatest amounts of energy per acre. Alfalfa and soybeans produce greater 
quantities of protein per acre. But which crops produce the highest feed value per acre over the 
costs to produce them? The "profit margin" formula ("profit margin" = unit feed value x yield - 
cost to produce) will indicate which crops produce the highest net over costs. This will also 
indicate the priority for land use among the various feed crops. However, the amount of land for 
each crop on a specific farm will need to be modified by the land capability restrictions and the 
amount of forage required by the number and kind of livestock kept. For livestock farmers who 
produce most of their feed, forages are generally the lowest cost source of feed, with corn silage 
the cheapest energy source and alfalfa-grass forages the cheapest protein source. Under the usual 
price relationships between the costs of energy and protein feeds, lower feed costs generally 
result from feeding both corn silage and hay-crop forages. Furthermore, restricting the forage 
feeding program to principally hay-crop forages where a high percentage of corn could be grown 
in the rotation, may result in higher-cost feeding programs.  

Before a decision is made on the types of crops to be grown, it is necessary to look at the 
proportions of energy, protein, and fiber that occur among crops (table 2). Composition of hays 
and silages should be similar if harvested properly. Yields and losses in harvesting, handling, and 
storage can affect the quality of hays and silages. Losses are affected by weather and 
management techniques, along with harvesting equipment, storage facilities, and feeding 
practices.  
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The operational feasibility of harvesting, storing, and handling the crops under prevailing 
weather conditions and available labor. This phase of putting the system together considers 
the operational feasibility of handling the kinds and quantities of feed needed by the livestock 
and produced by the cropping rotation. No one method of harvesting, storing, and handling is 
best for all farms. For example, a small dairy farm of 30 cows with limited hay acreage will have 
a different operational problem than the large dairy farm with 100 or more acres of hay-crop 
forage. The small dairy operator may readily handle the hay crop as field cured hay, while the 
dairy farmer with a large herd will probably need to ensile a considerable portion of the hay-crop 
forage to ensure timely harvest under prevailing weather conditions.  

Another consideration will be competition for the use of labor, not only among crops, but 
between crops and livestock. The daily amount of labor required by livestock chores usually 
competes with getting crop work done as timely as would be desirable–especially the planting 
and harvesting operations.  

The physical equipment and facilities to harvest, store, and feed the crop. This phase of 
planning the system ties in closely with the aforementioned. There are many combinations of 
systems and different kinds of equipment and facilities. The selection of individual pieces of 
equipment and facilities must be a balancing of advantages and limitations in their effect on the 
overall efficiency and eventual cost to the operation. The high productivity of the modern 
commercial farm results from the effective use of well-selected equipment and well-arranged 
facilities.  

The costs and net returns of alternative systems. Which forage system with its harvesting 
equipment, storage facilities, and labor requirements will contribute to the lowest costs and 
ultimately to the highest net farm returns? Budgeting is a management tool which can bring this 
phase into focus. This phase of planning must consider the initial investment cost, the annual 
operating and overhead costs, and losses in harvesting, storing, and handling before the net costs 
and maximum returns are determined. The annual cost for storage facilities will total 10 to 15 
percent of the initial investment, for silage-making equipment it will be 15 to 20 percent.  

Financing of equipment and facilities, and cash flow management during the financing 
period. Any time money must be borrowed to finance new investments, consideration must be 
given to cash flow during the repayment period. The annual cash flow necessary to carry interest 
payments and repay principal will vary with the interest rate and the number of years for 
repayment. Inadequate cash flow during the debt repayment period may cause difficulty in 
carrying out what appears to be a profitable adjustment. Frequently, the repayment period is 
somewhat shorter than the useful life of the asset and the cost-recovery period for depreciation. 
Investment credit allowances on equipment and storage facilities reduce costs as well as help the 
initial cash flow requirements. Leasing or renting equipment, and custom planting and harvesting 
may be used to spread capital expenditures over a longer time span. 

Adequate forages for the dairy herd 

Profitable milk production depends on feeding sufficient quantities of high quality forages. 
Adequate and reasonable amounts of forage dry matter intakes should be attained for the quality 
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of forages used and the relationships of milk price, forage cost, and grain cost. This usually is 
close to 1.8 to 2.0 pounds of forage dry matter per 100 pounds of body weight when grain is 
cheap and milk price is not depressed. Intake may rise to 2.25 to 2.40 when forage quality is 
good and concentrate is high priced in respect to forage and milk prices.  

If higher forage feeding rates are to be attained, adequate amounts of high-quality forages need 
to be available. In Pennsylvania, this usually means producing forages on the farm where they 
are fed. While adverse weather conditions may reduce the quantity anticipated, inadequate 
supplies, in many cases, are the result of insufficient production planning.  

In planning the production of forages, consideration 
should be given to the quantity needed for the herd 
(table 3), land capabilities or limitations, profitability of 
different crops, available and additional storage 
facilities required, and feasible operational practices. 
Consider the following example. A dairy producer 
wants to calculate the feed inventory for a 70 cow herd 
plus 60 replacement heifers (figure 1). In this example, 
it is assumed that the cows’ average body weights are 
1,300 pounds and that the herd is experiencing a feeding 
loss of about 10 percent. The dairy farmer would also 
like to feed 26.8 pounds of forage dry matter per cow 
equivalent per day (table 4).  
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The example farm has one bottom-unloading and one top-unloading silo (figure 2). The bottom-
unloading silo is 20' x 60' with 38 feet of haylage remaining. From table 5, the 20' x 60' silo 
capacity is 159 tons dry matter and has 82 tons of dry matter remaining ( 20' x 38' = 82 tons dry 
matter remaining, table 5). Since 22 feet of silage was removed, 77 tons of haylage has been fed 
(159 tons - 82 tons = 77 tons).  

The top-unloading silo is 20' x 70' with 60 feet of corn silage remaining. Table 5 indicates a 
capacity of 198 tons of dry matter. Fourteen tons dry matter has been fed and 184 tons dry matter 
remain (20' x 10' = 14 tons dry matter then 198 - 14 = 184 tons dry matter). These values should 
be entered on the worksheet shown in figure 1. When using table 5, calculate how much has been 
removed from a top-unloading silo, and how much remains in a bottom-unloading silo.  

An inventory of dry forages requires an accurate count or estimate of the number of bales or 
stacks, as well as a good estimate of their weight. If possible, several bales or stacks should be 
weighed to get a reliable average weight (figure 3).  
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The tons of forage dry matter, number of cow equivalents to receive each forage, and the length 
of the feeding period for each forage are entered in figure 4. The pounds dry matter available per 
cow-equivalent for each forage source and the total amounts of forage available per cow has 
been calculated. The total forage available is 25.7 pounds of dry matter per cow per day. As 
stated earlier, the dairy producer would like to feed 26.8 pounds of forage dry matter per cow 
equivalent per day. This leaves a deficit of 1.1 pounds dry matter per cow per day or 12.4 tons 
for 225 days. The additional forage needed until next harvest should be calculated (figure 5). In 
this farm example, it is assumed that 225 days remain until the next hay crop harvest and 340 
days until the next corn harvest. Reducing the feeding losses by half would give the farmer a 
surplus of 3.4 tons of forage dry matter (from the 10 percent loss the herd is experiencing to 5 
percent loss).  

The dairy farmer must consider some options:  

1. Reduce the herd size to match the forage supply; in this case, reduce the number of cow 
equivalents by 4.1.  
2. Feed less forage and more grain.  
3. Reduce feeding losses.  
4. Purchase additional forage.  
 

Storage costs 

The overall silage storage costs depend on the type of silo selected: the conventional tower, the 
oxygen-limiting tower, and the horizontal bunker. There is no one best type for all farm 
situations. They differ in costs, convenience, and storage losses. With proper management, there 
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is little difference in silage quality from the various types. However, in practice, silage quality 
can vary greatly because of moisture level and stage of maturity at which a crop is stored.  

Before a realistic economic decision can be made on what type of silo to use, and eventually 
which specific make, consideration should be given to the following factors on a specific farm.  

1. What forages will be stored? (corn, hay-crop, or both)  
2. What will be the moisture level when stored? (low, medium, or high)  
3. How much of each crop will be stored?  
4. How much will be used daily?  
5. How will the ensiled crops be moved from storage to the feed bunk?  

Corn can be stored satisfactorily in a variety of facilities with few critical management or 
operational problems. However, ensiled hay-crops, especially low-moisture ones, require silos in 
good condition and more precise attention to harvesting and storage. The following factors are 
important economic considerations in the selection of a silo.  

1. Capital investment. Table 6 shows the approximate initial investment for various sizes of the 
conventional, oxygen-limiting, and horizontal silos in Pennsylvania in 1991. Silo prices vary 
among dealers and the total price depends on accessories and installation costs. Generally, the 
quoted price of a dealer includes the cost of erection after a suitable base has been provided for 
construction. The size of the investment will have a bearing on the ability to repay a silo loan. 
Careful consideration must be given to cash flow during repayment. Tax accounting depreciation 
represents the cost recovery of an investment over its useful life, which may be somewhat longer 
than the repayment period. In many cases, the repayment period will be approximately one-half 
the depreciable life. Silos qualify for investment credit, which helps reduce the initial investment 
as well as the cash flow during the financing period. Farmers contemplating an investment in a 
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silo structure will want to calculate the economic variables. Although the useful silo life may be 
longer than that given in table 6, using a longer life is not recommended because of possible 
obsolescence. A shorter useful life may be more reasonable in some cases.  

2. Interest on the investment. This may be a direct out-of-pocket expense as interest payments 
on a loan. If the silo investment is made from funds already accumulated, the cost is represented 
by returns foregone by not investing in some alternative project or interest-bearing investment 
(opportunity cost).  

3. Annual operating costs. Outlays for repairs, plastic covers, energy, and insurance must be 
considered not only in respect to their amount among various silos, but also as limiting the 
money available for other enterprises. In Pennsylvania, silos are excluded as a basis for real 
estate taxes; this is not so in all states.  

4. Multiple use of storage and unloaders. Refilling the silo during the year will not vary the 
total cost much, but it will reduce the cost per ton of feed stored. The multiple use of an unloader 
and/or its use in more than one silo will affect the unloader costs. Under the usual forage 
production and feeding practices, it is difficult to utilize the total storage space more than 1.33 to 
1.5 times; this would require a fairly even distribution of the total forage fed among hay crop, 
corn, and/or annual crop silages. In addition, such a system would reduce the amount of total 
time during which both hay-crop and corn silages would be available simultaneously for feeding. 
There would be digestive transition periods from one type of forage to another and the need to 
adjust protein supplement, which may not be conducive to the most economical feeding strategy. 
Where both a hay and corn silage forage program is used, the overall operational and economical 
consequences of using two or more silos should be analyzed, even if one large silo would result 
in a lower total investment.  

5. Harvest and storage losses. Losses will vary from farm to farm and year to year, and will 
depend upon such factors as weather conditions, crops stored, moisture content of crops stored, 
fineness of chop, kind of silo used, and the level of management in handling the crops and 
facilities. Losses in forage-making can be classified in two broad categories: harvest and storage. 
Harvesting losses include plant respiration, leaching, and leaf shattering due to rain and machine-
induced losses. Plant respiration refers to utilization of nutrients by the plant before it completely 
dies or is placed in storage. Storage losses include those 
from spoilage, seepage, and fermentation or respiration. 
Forages exposed to the elements during storage also are 
subject to weathering losses. Losses from fermentation and 
respiration are invisible.  

A major factor influencing harvest and storage losses is the 
moisture content of the crop as it is removed from the 
field. Losses expected with various methods of forage 
making are shown in figure 6. Note that field or harvest 
losses are highest for hays and lowest for high moisture or 
direct-cut hay-crop silage. However, storage losses are 
lowest for hays and greatest for high-moisture silages.  
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Whole-plant corn silage has relatively low total losses 
of dry matter due primarily to low storage losses. It is a 
natural silage crop due to its high content of soluble 
carbohydrates and low protein content. The moisture 
level in corn silage, however, may influence losses of 
dry matter during storage.  
 
The storage dry matter losses indicated in table 7 
represent those expected when crops are ensiled in 
conventional, oxygen-limiting, and horizontal silos, 
and are compared to conventional hay bales. Storage of 
large hay packages under cover may decrease losses by 
5 to 10 percent. Losses for annual silages other than 
corn are similar to those given for hay-crop silages.  
 
Moisture content of the crop at ensiling also influences 
the amount of dry-matter loss which occurs in various 
types of silo structures. Oxygen-limiting silos have 
their greatest advantage in dry matter loss with low-
moisture silages. Storage losses for high-moisture 
silages tend to be less in horizontal bunker or trench 
silos. This results from lower seepage losses. Storage 
losses in horizontal silos, however, are heavier with 
wilted and low-moisture forage. Inadequate packing is 
responsible for losses at lower moisture level in 
horizontal silos. Thus, it is difficult to justify wilting 
below 55 to 65 percent moisture when forages are to be 
ensiled in horizontal structures.  
 
Protein and energy losses when harvesting forage 
generally run somewhat higher than dry matter losses, 
when expressed on a percentage basis. This stems from 
preferential leaf loss and removal of the more soluble 
constituents through weathering. Heat damage can be a 
problem in all types of silo structures when susceptible 
crops are ensiled.  
 
Forage utilization losses go beyond those encountered 
in harvesting and storage; feeding losses also occur. 
These vary according to feeding practices, types of 
material, and handling systems. They include losses 
from handling as well as wastage and refusal by the animals. At least one forage should be fed to 
the point of some refusal, once an economic grain feeding level is established. Forages left in 
mangers or bunks by milking cows may be fed to heifers or dry cows.  
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Expected losses obtained when feeding to the point of slight refusal are presented in table 8. 
These may be adjusted to individual farm experience. Greater feeding losses may be encountered 
with hay-crop silage than with comparable quality hay. This may stem in part from quality or 
chemical differences that occur during the ensiling period detailed later, as well as a tendency for 
more waste of material at the beginning and ending of silage feeding periods.  
 

SILAGE STORAGE SYSTEMS 

Selecting silage storage facilities involves the system 
concept because the silo itself must be a planned 
component within the feeding system. Crop types, 
harvesting machinery, silo unloading, kind of livestock, 
type of housing, and feeding equipment must all be 
considered. When determining how to feed your 
livestock, many options exist, and selections become 
difficult. Perhaps the most useful planning method is to 
visit other farms to see the many ideas and options 
available. As a facility is being planned, answer the 
following questions.  

1. What are your likes and dislikes?  
2. Does it fit in with your present facilities?  
3. Can you get service on the equipment?  
4. Will the new system allow for future expansion? Is 
there room for another silo in the same system?  
5. Will the investment save labor or make your 
production more efficient?  
6. Can you meet future regulations as to zoning, manure 
management, and milk sanitation requirements?  
 

Upright silos 

Tower silos have been a symbol of dairy and livestock farming for many years, as these 
enterprises have grown in size. The two types of upright silos are the oxygen-limiting silo and 
the conventional tower silo (figure 7).  
 
Sealed or oxygen-limiting silos, may be an excellent choice where low-moisture forage is used 
and where the cropping system requires refilling throughout the season. Oxygen-limiting silos 
use bottom unloaders, which allow filling at the top while removing silage from the bottom. 
Oxygen-limiting silos work best when hay-crops are ensiled at 40 to 55 percent moisture and 
com silage at 55 to 60 percent moisture. Moisture levels below 40 percent can result in severe 
heat damage of the forage.  
 
When corn is the main silage crop, the conventional tower silo is an excellent choice because 
corn crops mature over a short period of time and the silo can be filled quickly, with less need of 
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refilling. For upright conventional silos, the ideal moisture level for ensiling hay-crops is at 55 to 
65 percent. If the silage is chopped too dry (less than 50 percent moisture), a good pack can not 
be obtained. Corn silage should average about 63 to 68 percent moisture when plants are 
harvested at the full dent to one-half milk line (50 to 55 days after silking).  
 
Length of chop for silage affects compaction in the silo for proper fermentation and affects 
roughage value for proper rumen function. The recommended length of chop for corn silage is 
3/8- to 3/4-inch with 15 percent of the particles 1.0 to 1.5 inches long. Chopping too long makes 
compactior difficult, entrapping air in the silage and resulting in heating and spoiling. The 
theoretical cut for haylage is 3/8-inch and 15 to 20 percent of the particles greater than 1.0 to 1.5 
inche long. Chopping haylage finer than 3/8-inch theoretical length of cut reduces partide length 
greatly and reduces roughage value of the forage. Haylage chopped at 3/8-inch should enhance 
both the compaction in the silo and the fermentation of the silage.  
 
Prospective buyers should budget out the long-term costs and benefits of both types before 
making a decision. Tables 9 and 10 list the average capacities for upright silos.  
 
Silo location. The site chosen for the silo should be convenient to the area where the silage will 
be fed and easy to fill. Silo placement should also allow for easy access from the crop-producing 
fields and enable wagons to be driven past the blower without the need for backing or steering 
into tight corners. If several silos are used, they should be close together and in a line, if possible, 
to make filling and unloading more efficient. However, do not place silos where they limit 
expansion of the barn area.  
 
For dairy operations consisting of stanchion barns, the silos should be surrounded by a feed 
room. This allows for housing of the silage cart, the inclusion of a grain bin, and mixing 
equipment for total mixed rations. This keeps most of the feeding equipment together and 
reduces labor requirements. The silage feed room should be ventilated separately from the dairy 
barn since silo gases are sometimes formed and are dangerous to animals confined in the barn 
and to people.  
 
When silage is fed in long bunks with an automated feeding system (e.g., in free stall barns or 
beef feedlots), the silos should be placed strategically to minimize the complexity of the feed 
conveying system. A feed room and a feed mixer are beneficial for bunk feeding of total mixed 
rations. Silos should be located near the bunks when feed carts will be used to transport the feed 
from the silo to the feed bunk, yet there should be ample space for maneuvering the tractor and 
feed cart.  
 
Silo size. Year-round feeding of silage is possible when the silo size has been properly planned 
for a particular farming operation. This can allow for more uniform forage quality and for better 
control of amounts and kinds of ration ingredients.  
 
The type of silo structure influences spoilage during warm weather. At least three inches of 
silage should be removed from conventional tower silos and it may be necessary to remove up to 
six inches. Feeding rate is not as critical with oxygen-limiting silos as with conventional upright 
silos. Feeding can be stopped for a time with less concern about spoilage. The silo diameter 
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should be selected to match the rate of removal and the amount of silage needed. Tables 9, 10, 
and 11. can be used to size the silo for the required daily volume of silage and for the amount 
needed to be fed to avoid spoilage problems.  
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Silo maintenance. The inside surfaces of tower silos should be tight and smooth, and the silo 
doors should be air tight. Silage acids can erode concrete or unprotected metal and can cause 
severe silo deterioration when seepage occurs. Seepage can be reduced or eliminated by 
harvesting forages at the correct moisture content.  
 
Old silos can be smoothed by trowelling a concrete plaster mix on the inside. This low-cost 
coating will last for several years. High priced coatings are not often recommended since no 
material will adhere for a long time on badly eroded walls.  
 
Raw linseed oil can be brushed or sprayed on silo walls to form a water-repellent coating. It 
works best on walls in good condition, as it does not fill in rough spots. Boiled linseed oil should 
not be used as it may contain toxic additives.  
 
Coatings of plastic or epoxy can be used to extend the life of concrete silos. The National Silo 
Association indicates that coatings are not used on most concrete stave silos, but are being used 
by the builders of monolithic concrete silos.  
 
Older silos can be a hazard when they are not maintalned properly. In many cases the silos look 
fine, but in actuality they are ready to collapse. All silos over 10 to 15 years old should be 
checked periodically by a professional. A quick inspection may save lives and thousands of 
dollars.  
 
Automated feeding systems. Getting silage from the silo to the feeder can be accomplished by a 
transfer conveyor. Single and double chain or belt conveyors are most common because of their 
durability and low power requirements, however auger conveyors are sometimes used.  
 
Most feeding systems need some weather protection to reduce mechanical problems of water and 
ice, to prevent wetting of the silage in the bunks, and to keep rain and snow off animals as they 
are eating. Feed conveyers that drop the silage should be sheltered against wind to prevent feed 
loss. This does not significantly affect the bunk cost.  
 
Safety must be considered for people and animals. All exposed chains, belts, and especially 
augers should be covered by sturdy guards and all electrically driven equipment should be 
properly grounded. Guards can reduce the number and severity of accidents to both humans and 
animals.  
 
All mechanical feeding systems require routine maintenance and occasional emergency repairs. 
The person operating the system should know how it works and should be able to stop trouble 
before it happens. "Machinery sense" is important. Troubles are often spotted when the 
machinery does not "sound right." Spare parts should be on hand for quick repairs to the silo 
unloader, transfer conveyor, and the bunk feeder. Spare chain links, shear pins, and V-belts 
should be on hand. Also, buy the brand of equipment that will have good service on parts and 
repairs in your locality. When shopping for feeding equipment and an associated dealer, realize 
the consequences of downtime. Feeding time is important and downtime must be of short 
duration when it occurs. In general, keep the system as simple as possible. In large operations, 
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mechanical feeders may become too long for practical use. Descriptions of the most common 
bunk feeders are listed below.  
 
Shuttle/traveling feeder. The most common versions of this feeder type use chains or a 
dumping trough to empty the feeder. Feed is loaded in the center of the feeder, and the feeder 
travels back and forth from one end of the bunk to the other. These feeders are simple, need only 
be one-half the length of the bunk, and can place feed uniformly over the length of the bunk. 
Two different pens and different rations can be easily fed with a two-sided bunk.  
Dumping belt or auger feeders. Feed is placed into these simple feeders at one end and is 
dumped uniformly into the bunk (some belt feeders have moving scrapers rather than a dump 
mechanism). Two different pens can easily be fed different rations with a two-sided bunk. Some 
belt feeders offer options which allow for more than two pens.  
Open auger feeders. These inexpensive feeders fill the bunk unevenly as the dropped silage 
becomes the bottom of the feeder. The bunk fills from one end toward the other. Multiple pens 
cannot be easily fed varying rations.  
Wagon feeding. In contrast to mechanical bunk feeding, or continuous flow handling systems, 
wagon feeding can be classified as a large-batch handling system. Batch handling is not well 
suited to small operations because it requires labor to load and distribute the feed to the cattle. 
For large operations it can be excellent because large amounts can be fed to many animals in a 
short time. A wagon can put feed into a bunk 300 feet long in three to four minutes. The side-
unloading wagon plus a tractor scoop-loader is an efficient system for feeding silage from a 
horizontal silo and where silage is used at more than one location. A side-unloading box 
mounted on a truck can reduce travel time for widely separated feeding locations. Wagon 
feeding offers high flexibility as to kinds of material fed to animals; and if the feed wagon breaks 
down, a pick-up truck or forage wagon could be used.  

 

Horizontal silos 

Trench silos or above-ground bunker silos can reduce the 
investment in storage facilities that are needed with large 
animal enterprises (figure 8). These silos are quite 
flexible; extra capacity can usually be created by piling 
the silage higher or by adding length to an existing silo. 
Very large quantities can be stored at minimum cost.  

Horizontal silos work best for large herds where 400 tons 
or more will be stored. Where silage is to be handled in 
large quantities and fed from a truck or wagon, the silage can be loaded with a tractor scoop 
loader or a special horizontal-silo unloader. The trench or bunker is best suited to corn silage or 
any crop that allows rapid filling.  

The horizontal silo does have some limitations. It is less desirable for small herds, stanchion 
barns, and where push button feeding is desired. Spoilage will be higher compared to tower silos, 
especially when filling with small amounts of forage over long periods of time. This will leave 
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much of the surface exposed and will result in spoilage. In 
addition, bad weather can make silage removal unpleasant, 
and there must be an all-weather road from the silo to the 
point where silage will be fed. The labor requirement to 
remove silage from a trench or bunker silo can be high if 
high-capacity loading is not available, and it can be difficult 
to remove only a thin layer from the silo without a good 
unloader.  

Removal rate. Horizontal silos should be constructed with a 
cross-sectional area that will provide for the removal of at 
least three inches of silage daily to reduce spoilage in cool 
weather. More than three inches probably should be 
removed when a tractor-mounted bucket loader is used, 
because it tends to leave the silage face rather ragged. Thus, 
the silo should be long rather than too wide. Also, plan to 
feed at least four inches of corn silage and six inches of 
haylage a day in warm weather to reduce spoilage. When 
temperatures fall below freezing, feeding smaller amounts 
from the exposed face daily will keep the silage fresh. Select 
the proper length for horizontal silos to match the rate of 
removal to the amount of silage needed. It is recommended 
to keep silo depth greater than 6 feet to minimize spoilage. 
See table 12 for capacities and examples of determining 
removal rate.  

Packing. Thorough mechanical packing is required to store silage in horizontal silos. Earth-
walled horizontal silos should be reshaped before each filling. Each load of silage should be 
leveled as it comes into the silo. The packing tractor should be operating continually during 
filling. An efficient team to fill a horizontal silo usually includes an extra person to operate a 
tractor with a blade for distribution and compaction. A wheel-type tractor packs silage better 
than crawler tractors because the wheels concentrate the tractor's weight over a smaller area; this 
applies more pressure to the silage. It is best to continue packing about one-half hour after the 
last load for the day has been put in the silo and to start packing again the next filling day about 
one-half hour before the first load is added. To complete the silo filling, crown the last one or 
two feet of silage in the center and put somewhat higher moisture silage on the top layer; this 
helps give a tighter pack.  

To pack silage safely, a respectable distance should be kept from unsupported edges. A tractor 
should be backed onto the pile and driven forward off the pile. A tractor should never be backed 
off the pile because it could roll over. Safety factors limit the height of silo walls to less than 20 
feet. Generally a minimum width of 16 feet is needed for maneuvering equipment.  

Properly packing silage to limit excess air infiltration in horizontal silos helps ensure a high 
quality forage. The sidewalls of wooden bunker silos should be lined with plastic to minimize air 
leakage. Trench or bunker silo walls should slope outward about 1.5 inches for each foot of 
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depth so the silage will stay tight against the walls as it settles. Generally, finer, wetter materials 
pack tighter than coarser, drier particles. Corn silage stored in trench or bunker silos should be 
chopped about a week earlier than corn stored in upright silos.  

Density. Greater silage density limits excess air penetration, but nutrients will be squeezed out if 
density is too high. Silage density is the weight of a 
specific volume and depends on several factors which 
include plant species, crop maturity, moisture content, 
length of cut, silo filling method, distribution, and 
compaction. In vertical silos bulk density runs close to 
20 pounds per cubic foot (pcf) at the top surface and 
60 per cubic foot (pcf) near the base. In horizontal 
silos the average bulk density can range from 53 pcf 
for finely chopped high moisture crops packed with 
heavy tractors in deeper silos, to 35 pcf for drier and 
longer-chopped hay crops in more shallow silos with 
moderate packing.  

Bulk density and the dry matter density of silages are linked to the percentage of forage dry 
matter. The relationships shown in table 13 indicate the expected range in density and dry matter 
from grass-legume haylage and corn silage. Seepage from silos will occur if dry matter is less 
than 25 to 30 percent, and heat damage is probable with 50-percent dry matter forage. Seepage 
occurs as bulk density approaches that of water (62.4 pcf). Oxidation, molds, and spoilage tend 
to increase as the density approaches 10 pounds of dry matter per cubic foot.  

Coverings. When silo filling is complete, cover the surface immediately to minimize undesirable 
fermentation and spoilage due to excess water or air at the surface (table 14). Black plastic 
(polyethylene or polyvinyl) is a practical cover which 
should be secured along all edges and the entire surface 
weighed down. An unweighted plastic cover will flap 
in the wind, and can pump air from small leaks or 
punctures over the entire silage surface and cause 
spoilage. Plastic covers should be protected from 
punctures by rodents, livestock, dogs, cats, and small 
wild animals. Mowing around the silo tends to 
discourage rodents.  

 

Stack silos 

Stack silos are another alternative for silage storage and are useful for emergency storage. Stacks 
have been used fairly successfully when filled with corn silage in late fall and fed out before 
warm weather in spring, however, they have not been very successfully adapted for permanent 
use.  
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The stack should be considered only as a short-term storage system. This may be convenient if 
an upright silo is full and the remaining silage needs stored. Silage from a stack is sometimes 
moved to an upright silo so it can be fed with the silo unloader and mechanical feeder system. 
Such work should be done only in cold weather.  

When a silage stack is needed, choose a site with good drainage. Spread the silage from the 
middle toward both ends to produce a stack that is best suited for driving over while packing. 
The stack usually is wide and low because it is dangerous to run a tractor close to a steep edge.  

Silage can be piled without packing, but losses will be very high. To eliminate further losses, the 
stack should be covered immediately with black plastic, the edges weighed down, and the plastic 
covered with heavy objects.  

Bag silos 

Plastic bags can be used as temporary storage for silage 
(figure 9). The storage site should have a firm base for 
ease in filling and unloading. Costs of filling the bag 
include purchase of the bag plus custom machine filling.  

The most practical use of this type of storage system is 
that a fairly valuable crop can be stored for five months 
or less during cold weather; or it can be used for 
temporary storage of excess forage for eventual refilling 
in a conventional storage unit with the use of mechanical feeders.  

In any storage unit, silage quality is related to the airtightness of the unit. Dry matter losses in 
bags can run close to 12 to 13 percent, but mechanical and rodent damage can cause heavy losses 
because oxygen enters the bag. A few small leaks are not serious during cold weather, but heavy 
losses will result if storage goes into the spring and summer with air leaks present.  

Silage removal may be difficult if the right equipment is not available. However, this type of 
temporary storage system may fit in well if forage is added to a mixing unit for a total mixed 
ration. The decision to invest in this type of system depends on the crop value and the losses in 
an alternative storage system.  

 

Balage 

Balage is an alternative to a facility for storing silage. It 
consists of taking grass or legume forage wilted to 40 to 
60 percent moisture, baling it in a round baler, and either 
wrapping it with a plastic cover or placing it into a bag 
(figure 10). Forage containing less than 40 percent 
moisture should not be handled by this method. Round 
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bale silage allows the producer to make silage when weather conditions do not permit the 
making of field-cured hay. Balage can be made with haying equipment: a round baler and 
transport fork or lifting probe.  

Other advantages are that making round-bale silage takes about a third less fuel compared to 
silage chopping, and the bales often can be self-fed to eliminate the everyday feeding chore 
usually required with chopped silage. Another convenience is that silage can be placed in 
favorable locations around the farm to provide small feeding units. A good alternative to bagging 
is wrapping. This method of sealing and storage requires a special machine, but generally results 
in better feed with less labor input.  

Management. Bales should be made when moisture levels are 40 to 60 percent. Higher moisture 
bagging may result in seepage and lower-moisture bagging may allow improper fermentation. 
Bags should fit bales snugly, but should be big enough to slip over the bales without difficulty. 
Also, at 60 percent moisture the bales can not be the six-foot size because they would weigh 
3,500 pounds. Bales four to five feet in diameter and containing 50 percent dry matter should 
weigh close to 2,000 pounds. Size and weight of bales depend upon moisture content, type of 
baler, and type of forage.  

Bagged bales should be stored in a well-drained site that is free of vegetation and trash. A clean 
site reduces the potential for rodent damage to the bags. When the bags are tied off and well 
sealed, the bag will swell with gases for a few days during the ensiling process. This is the sign 
of a good seal and means the bags have no leaks. All bagged bales should be inspected for holes 
in the plastic and patched immediately regardless of size.  

Round bale silage should not spoil as long as the plastic remains intact. However, the quality of 
round bale silage is best if fed within a few months. The risk of damaging the plastic is 
proportional to the length of time round bale silage is stored. Bag quality also affects the storage 
life. High quality bags are designed to prevent oxygen infiltration for long periods of time, 
whereas low quality bags allow more oxygen to infiltrate.  

Bags come in a variety of sizes and thicknesses. Black bags tend to weather better than white 
bags, but silage may become hot in high temperatures. White bags have been improved with 
ultra-violet inhibitors which stop light from breaking down the plastic. Reusing bags is not 
normally recommended. The cost of bags can range from $5 to $10 each (1991 price).  
 

Disadvantages. All silage production systems have their weaknesses, including balage. Since the 
bales are going to be heavier, machinery that can handle the extra weight will be needed. Plastic 
bags or sheet plastic will need to be purchased. Additional problems include wind whipping the 
plastic and breaking the seal, cattle having difficulty pulling forage out of the bag, rodents 
causing damage to the bags, and the chance of damaging the seal if silage bags need to be 
moved. Another disadvantage is that storage costs more per ton of forage dry matter compared to 
silage stored in a concrete silo. It takes at least one extra person to put the bales in the bags. 
There is also the potential for pollution. Wrapping or bagging individual bales requires large 
amounts of plastic. Certain types of bags will not burn, and some communities have laws 
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restricting outside burning. As society becomes more concerned about environmental issues, 
burning and other disposal methods may have a strong impact on the large-scale use of round 
bale silage.  

Round bale silage is not ideal for every livestock 
operation, but it can help manage feed rations, 
especially by part-time farmers and during wet times of 
the year. Researchers are developing and testing new 
plastic formulations that limit air exchange through the 
bag covering.  

Table 15 lists a summary of practices that will 
minimize respiration losses in common silage storage 
systems.  

 

SILAGE FERMENTATION 

The ensiling process involves the fermentation of plant sugars into organic acids. The acidity 
produced effectively 'pickles' the crop into a stable state. Silage fermentation is controlled by 
four primary factors.  

1. Moisture content  

2. Fineness of chop  

3. Exclusion of air  

4. Carbohydrate (sugar) content  

Fermentation phases 

The ensiling process may be described as taking place in phases (figure 11). Normal silage 
fermentation is complete in about 21 days and occurs in four phases. A fifth phase may occur if 
improper silage production practices cause undesirable or abnormal silage fermentation.  
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The respiration phase, or phase 1, begins as soon as the chopped forage is placed in the silo. 
Green plants, when chopped and placed in the silo, continue to live and respire for a short period 
of time. The plant cells within the chopped forage mass continue to take in oxygen because many 
cell walls are still intact. At the same time, aerobic bacteria naturally present on the stems and 
leaves of plants begin to grow. These processes consume the more readily available 
carbohydrates and produce carbon dioxide, water, and heat.  

Sugar + oxygen --> carbon dioxide + water + heat  

Too much oxygen in the forage mass increases the use of carbohydrates which are essential in 
the production of lactic acid and cause high dry matter losses in the silo. Excessive heating of the 
forage also encourages the growth of undesirable fermentation organisms and lowers protein 
digestibility. Respiration results in a loss of available nutrients and energy and therefore the 
tendency for neutral detergent fiber (NDF) and acid detergent fiber (ADF) to increase, and net 
energy of lactation (NEL) to decrease. These changes result in lower quality forage. 

Phase 1 or plant respiration causes an initial rise in temperature of the silage. An ideal 
environment for acid-producing bacteria is a forage mass temperature of about 800°F to 100°F. 
Excessive oxygen trapped in the forage mass will cause initial temperatures well above 100°F. 
The respiration phase will usually last from three to five hours, but this time depends on the 
supply of oxygen present. This phase should be kept as short as possible to avoid improper 
fermentation. Practices to exclude air from forages are (1) finely chop forage to about 3/8- to 
3/4-inch lengths, (2) harvest at proper moisture to get greater density, and (3) distribute 
uniformly to improve packing.  
 
Phase 2 or the acetic acid production phase, begins as the supply of oxygen is depleted in phase 
1. Bacteria that grow without oxygen begin to multiply. The acetic acid bacteria begin the silage 
'pickling' process. They acidify the forage mass, lowering the pH from about 6.0 in green forage 
to a pH of about 5.0. The lower pH causes the acetic acid bacteria to decline in numbers. This 
phase of the fermentation process continues for one to two days and merges into phase 3.  
 
Phase 3 of the fermentation process begins as the acetic acid-producing bacteria begin to decline 
in numbers. The increased acidity of the forage mass enhances the growth and development of 
another group of anaerobic bacteria, the lactic acid-producing bacteria. Bacterial strains within 
this group are capable of growing with or without oxygen. The production of acid, especially 
lactic acid, is the most important change in the fermentation process.  
 
Phase 4 of the fermentation process is a continuation of phase 3 when the lactic acid production 
reaches its peak. It is the longest phase of the fermentation process. This phase will continue for 
a period of about two weeks, or until the acidity of the forage mass is low enough to restrict the 
growth of all bacteria. The silage mass is stable within about 21 days and fermentation ceases if 
outside air is excluded from the silage. However, improper practices will result in an undesirable 
continuation of the process discussed below.  
 
Phase 5 of the overall fermentation process involves the production of butyric acid and other 
undesirable products such as ammonia. This phase of silage fermentation will not occur when 
proper silage production practices are followed, provided the forage contains an adequate supply 
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of readily available carbohydrates. Butyric acid production is undesirable in silage fermentation. 
Its production increases dry matter losses during fermentation. Butyric acid-producing bacteria 
consume plant proteins and any remaining carbohydrates or sugars as well as acetic, lactic, and 
other organic acids already formed. These bacteria produce a sour-smelling silage that has a low 
nutritional value.  
 
Legume crops such as alfalfa possess relatively low carbohydrate levels compared to com silage 
and require field wilting. The wilted moisture level should average 65 percent or less, depending 
on the type of storage structure. Wilting to reduce the forage moisture content increases the 
concentration of carbohydrates in the forage mass. But moisture content greater than about 70 to 
72 percent favor the growth and development of undesirable fermentation bacteria. These 
conditions, low carbohydrate levels and forages that are too wet, set the stage for phase 5 of the 
fermentation process which is the production of butyric acid.  
 
Note: The various phases of the normal fermentation process tend to overlap one another due to 
the variety of fermentation bacteria present and their tolerance to the presence of oxygen and 
different forage acidity levels. Lactic acid-producing bacteria begin to grow and multiply shortly 
after the chopped forage is placed in the silo. They reach near peak populations during phase 3 of 
the fermentation process, which is complete within three to four days. Silage that has undergone 
proper fermentation will have a pH of 3.8 to 4.5 for corn silage and a pH of 4.0 to 5.0 for 
haylage. The actual range depends on moisture content.  
 
Bacterial spoilage 

Numerous species of bacteria cause undesirable fermentation in silage. Two which can cause 
some major problems are the different species of clostridial bacteria and listeria monocytogenes.  

Clostridia are spore-forming bacteria that normally live in 
manure and soil and which can grow in silage when it is 
anaerobic. Low dry matter levels in forage promotes their 
action following that of lactic acid bacteria during 
fermentation. Different species of clostridia have varying 
affects on fermentation (Table 16). Some species ferment 
lactic acid and sugars to produce butyric acid, gaseous 
carbon dioxide, and hydrogen while others can ferment 
free amino acids to acetic acid and ammonia.  

Sugar --> butyric acid + carbon dioxide + hydrogen gas  

Lactic acid --> butyric acid + carbon dioxide + hydrogen gas  

Amino acids (alanine + glycine) + water --> acetic acid + ammonia  

Clostridial characteristics include silage with a pH above 5, a high ammonia-nitrogen level, more 
butyric acid than lactic acid, and a strong unpleasant odor. Clostridial spoilage represents a loss 
of digestible dry matter and energy along with depressed dry matter intake by livestock. The best 
preventative action to avoid clostridial spoilage is to dry forage to at least 30 percent dry matter, 
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or use some type of additive if forage dry matter is below 30 percent. Some clostridia may 
produce toxins, including those that cause enterotoxemia. 
 
Listeria is a species of bacteria that may proliferate in poorly fermented silage. Listeria requires 
oxygen and a pH above 5.5 to grow in silage. Listeria may be present where there is slow 
diffusion of oxygen into the silage mass, such as a poorly sealed silo, or near the closed end of a 
silage bag, or a puncture in the bag. Listeria can grow over a wide range of temperatures (40°F to 
100°F) and dry matter contents (20 to 75 percent). Listeria causes a disease called listeriosis, 
which afflicts both animals and humans. In animals, it causes encephalitis or inflammation of the 
brain tissue. This nervous disorder is often characterized by animals going around in circles. 
Listeriosis can also cause abortion and death in animals and people. Some preventative measures 
to avoid listeria in silage are maintaining an anaerobic environment by ensuring good 
compaction and sealing, allowing forage to ferment for two weeks, ensiling forage at the proper 
moisture range (50 to 70 percent), keeping a clean environment in the barn around the silo, and 
discarding silage that appears spoiled through contact with oxygen.  
 

SILAGE CROPS 

The predominant forage crops utilized on dairy operations are corn silage, perennial hay crops 
such as legumes and grasses, and small grains. Each of these crops has advantages and 
disadvantages, depending upon the particular farm operation, that need to be considered when 
planning the forage program. This includes the quality and quantity of the forage, and how well 
these forages meet the management practices of the operation and the nutrient requirements of 
the animal.  

Corn 

The digestible nutrient content of corn harvested as silage is generally higher than that of other 
silage crops. If harvested at the proper time, and otherwise properly managed, the yield of total 
digestible nutrients (TDN) may exceed 9,000 pounds per acre. The management involved when 
harvesting corn for silage is usually less critical than with other silage crops. Corn silage 
generally keeps well in properly made stacks and in trench or bunker silos.  

Studies at Penn State and elsewhere indicate that no appreciable improvement in digestibility can 
be expected by extra processing of silage corn that is harvested at the recommended stage of 
maturity. Rolling, crushing, grinding, or recutting at ensiling time does not appreciably alter 
digestibility. Other research has demonstrated the importance of ensiling the entire corn plant. 
Ensiling only the center portions of the plant, for example, may slightly raise the energy content 
of the ensiled mass, but it considerably reduces TDN yield per acre. 

Some farmers make silage of the stalks after the ears are picked or the grain is harvested. This 
material is a satisfactory feed for beef cattle when properly supplemented. Its greatest use is for 
wintering beef cows. To ensure satisfactory ensiling and preserving with this material, it may be 
necessary to add water at time of ensiling.  
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Maturity stage and moisture level. Harvesting corn for silage at the right stage of maturity is 
important for at least three reasons: (1) to get maximum yield of TDN per acre, (2) to ensure 
minimum field and storage losses by ensiling at the appropriate moisture content, and (3) to 
ensure high palatability and maximum intake by animals.  

Moisture content can be estimated by the stage of kernel development. Kernel development can 
be characterized by the position of the kernel milk line. 
The kernel milk line appears as a whitish line separating 
the kernel starch and milk. It appears near early dent and 
moves down the kernel as the grain matures. Data from 
Penn State indicate silage moisture contents at full dent, 
half milk, and black layer stages average 68, 61, and 53 
percent, respectively (table 17). These are only 
estimates, however, and may vary by about plus or minus four percentage points depending on 
the year and the hybrid. Consequently, to ensure accuracy, the moisture content should be 
monitored if possible.  

As a general rule, harvest should begin at the full dent to one-third milk line stage for upright 
silos. Harvest slightly earlier for trench silos and slightly later for sealed upright silos. This will 
usually maximize digestible dry matter yields and help to avoid harvesting fields that are 
overmature. Avoid moisture levels of less than 62 percent because they may increase the risk of 
abnormal fermentation, higher dry matter losses, lower energy content from hard grain, and silo 
fires. When corn silage provides over 65 percent of the forage dry matter in dairy and livestock 
rations, harvesting at the early dent stage should be considered to provide more fiber and fat 
soluble vitamins.  

Corn allowed to stand in the field until winter can be harvested for silage if water is added and 
silage is stored properly. However this practice results in a reduction of both dry matter yield per 
acre and digestibility; several studies indicate field losses in excess of 20 percent. Penn State 
researchers also measured a 7 percent reduction in digestibility when feeding this mature 
material as compared with corn silage harvested at the dent stage. Such dry material has been the 
cause of numerous silo fires and explosions.  

Weather related problems. Crops stressed by unfavorable weather conditions are a possibility 
in any farming operation and require special management considerations. Corn that has been 
planted for silage can be frost-damaged whether it is immature or mature. When frost occurs on 
immature plants, it will appear drier than unfrosted corn of the same moisture content. Even 
though leaves may brown off along the edges and dry rapidly after a few sunny days, the green 
stalk and ears do not. The crop will continue to accumulate dry matter and should be left in the 
field until it reaches the appropriate moisture content. Plants that are killed and still immature 
will likely contain too much moisture for immediate ensiling. These plants will dry slowly and 
dry matter losses will increase as the dead plants drop their leaves. The best option is to leave the 
crop in the field to dry to an acceptable level, unless dry matter losses appear too high or 
harvesting losses will increase dramatically.  
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Killing frost that occurs when the plant has reached maturity causes the whole-plant moisture 
content to fall rapidly. The corn should be ensiled before the moisture drops below 60 percent.  

Corn that has been stressed all summer due to drought may have few if any ears, and usually will 
have an energy value 85 to 100 percent of normal corn silage. Droughty corn silage typically has 
a higher protein content than normal silage. However, most of this protein is found in the plant 
rather than in the grain, making it more easily degradable in the rumen. As a result, NPN or 
nonprotein nitrogen supplementation does not work as well as compared to normal silage. It 
becomes especially important to supplement drought corn with a natural protein source for 
heifers up to 600 to 700 pounds and high-producing dairy cows in early- to mid-lactation.  

The dry matter content of droughty silage must be in the normal range to make good silage 
because normal silage packing and removal of oxygen must always occur. If the corn did not set 
ears and is green, or if the ears are all brown and the stalk is green, the moisture content will be 
too high; but hot, dry weather can cause rapid moisture drops. Carefully observe changes in 
moisture content to determine when to harvest.  

Nitrate toxicity. Although nitrate levels in drought-
stricken corn may be high, ensiling will reduce more 
than half the nitrates to ammonia, which can be utilized 
by the rumen bacteria. For this reason, nitrate toxicity 
rarely occurs when feeding ensiled drought corn. 
However, if the drought damage was extreme, and high 
levels of nitrogen were applied to the soil, a nitrate test 
on the silage should be conducted (table 18).  

The following precautions will reduce nitrate levels in 
plants and reduce feeding problems in rations.  

1. Do not harvest suspected crops for three to five days 
after an appreciable rain or long cloudy spell.  

2. Harvest as close to usual maturities as possible.  

3. Cut the crop somewhat higher above the ground than usual because nitrates often accumulate 
in stalks.  

4. Utilize suspected material for silage rather than greenchop because ensiling breaks down some 
of the nitrates.  

5. Test suspected forages for nitrate content, preferably before feeding them.  

6. Feed another forage prior to feeding suspected or high nitrate forage to help limit meal size.  

7. Gradually introduce suspected forage into the ration over a period of one to two weeks to 
allow for adaptation and to reduce risks.  
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8. Feed forages and total mixed rations more frequently to reduce meal size when suspected or 
high nitrate forage is used or silo gas is present.  

9. Feed at least three to five pounds of concentrate per head daily to cattle to reduce possible 
toxic effects when suspected forages are fed.  

10. Limit dry matter intake per single meal if stored forage contains 1,000 ppm N03-N or more 
on a dry matter basis. Allow a delay of two to three hours after completion of a meal before 
feeding a high nitrate forage again.  

11. Retest suspected and high nitrate forage periodically, due to large variations which often 
occur in forage.  

12.Test all forage and water for nitrates if one stored forage contains over 1,000 ppm N03-N.  

13. Consider blending high nitrate silage or haylage with those containing lower amounts before 
feeding to provide less than 1,000 ppm N03-N in the blend dry matter and thus enable free-
choice feeding.  

14. Restrict the N03-N content of the total ration dry matter, including contribution from water to 
not over 400 ppm to 900 ppm when using stored forage in addition to meeting any maximum 
forage dry matter intake for a single meal. Rate of nitrate intake is the most critical factor 
influencing possible toxicity. This is affected by rate of forage dry matter intake in a given 
period of time and its nitrate content. Forages containing under 1,000 ppm nitrate nitrogen (N03-
N) on a dry matter basis may be fed free-choice or with no restriction on meal size, provided the 
total level of N03-N in the total ration dry matter, including that from water, is kept at a safe or 
low-risk level. Stored forages containing higher levels generally require limiting meal size to 
avoid elevated methemoglobin levels in the blood and other toxic effects.  

A single meal refers to the amount of stored forage dry matter consumed during one episode of 
eating which may range from a few minutes to two hours. This interval is dependent upon the 
maximum forage dry matter intake per hundred pounds of body weight as indicated for forages 
containing various levels of N03-N. High nitrate forage should not be fed again for two to three 
hours after completion of the previous feeding. Recommended maximum forage dry matter 
intakes per hundred pounds of body weight in a single meal for forages containing various levels 
of N03-N on a dry matter basis are as follows:  

1,100 ppm N03-N - 1.15 lbs. / cwt of body weight  

1,700 ppm N03-N - O.67 lbs. / cwt of body weight  

2,300 ppm N03-N - 0.41 lbs. / cwt of body weight  

2,800 ppm N03-N - 0.31 lbs. / cwt of body weight  

3,400 ppm N03-N - 0.24 lbs. / cwt of body weight  
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In addition, observe animals closely for symptoms of toxicity two hours following the start of a 
meal consisting of a suspected or high nitrate forage (over 1,000 to 1,300 ppm N03-N). The color 
of mucous membranes in the vagina, mouth, or eyes will turn from pink to a grayish-brown at a 
methemoglobin content of 20 percent or higher. This is the earliest sign of a possible toxicity 
occurring with slight to acute symptoms. Acute symptoms will include rapid breathing, 
incoordination or staggering, and signs of suffocation.  
 

Perennial hay crops 

Any perennial which can be used 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. When properly harvested and stored, 
ensiled hay crops make nutritious, easy-to-handle feeds.  

Stage of maturity at the time of harvest is the single most 
important factor influencing the feeding value of hay-
crop silage. This is especially true for the first cutting of 
both legume and grass forages. As indicated in table 19, 
perennial legumes cut in the early stages contain 66 
percent TDN. Left until they reach full bloom, these 
same legumes contain only 46 percent TDN. The same 
general relationship is true for perennial grasses. Table 
19 also shows the nutritive values that result from 
different stages of maturity.  

Next to stage of maturity at harvest, excessive moisture is the second most serious factor 
affecting the quality of hay crops harvested as silage. Both research and the experience of 
farmers indicate it is difficult to make good quality direct-cut, hay-crop silage consistently 
unless: (1) a good feed additive is used at recommended levels, or (2) a recommended chemical 
preservative such as those containing acetic and/or propionic acid is added to minimize 
formation of undesirable acids such as butyric acid. The undesirable acids, or something 
associated with their development, apparently limit forage intake and may adversely affect 
thyroid function of animals that consume improperly fermented forages. Also, high butyric acid 
silage has been shown to make dairy cows more susceptible to ketosis or acetonemia.  

High quality silage made from either alfalfa, clover, or cool-season grasses requires field wilting 
to the appropriate moisture content, that moisture level depends on the type of storage unit. 
Making a good, tight pack assures an oxygen-free environment, and the pack density depends on 
fineness of chop, moisture content, and rate of fill.  

Most studies indicate that milk production from high-moisture silage is similar to that from 
wilted or low-moisture silage, assuming the silage quality is similar. This is true despite the 
greater intake of forage dry matter with lower-moisture silage. However, too often, direct-cut 
silage is inferior in quality and limits intake severely, thus animals are adversely affected.  
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The moisture content of perennial hay-crops at the time of ensiling also has a pronounced effect 
on both harvest and storage losses of dry matter. Storage losses are highest with direct-cut 
forage, and harvest losses normally increase with increased field wilting.  

 
Small grains 

Small grains will normally produce up to twice as much TDN per acre when harvested for silage 
as they will when harvested for grain. But it is more difficult to make good quality silage from 
small grain forage than from other commonly used silage crops. Thus, it is often best to utilize 
small grain forage in the form of pasture or green chop.  

Oat crops are the best small grain for silage. In addition 
to a higher yield of TDN per acre, another advantage 
for harvesting oats as silage is that early removal of the 
crop results in more vigorous growth of any legume or 
grass seeded with the oats. Any oat variety proven for a 
certain area will make satisfactory silage yields. 
However, studies indicate that later-maturing, taller 
varieties produce more tonnage, especially when 
harvested later than the boot stage (table 20).  

When growing oats specifically for silage, plant early and seed for a thick stand–at least three 
bushels per acre. If lodging is not a problem, fertilize with up to 90 pounds nitrogen per acre, and 
phosphorus and potassium as indicated by a recent soil test for the legume-grass seeding as well 
as the oats. If lodging is a problem, use no more than 30 to 40 pounds of nitrogen per acre.  

Studies conducted at Penn State, reveal that oats ensiled at the head stage made the best feed. In 
terms of both yield and quality, oats, wheat, or barley should not be harvested before heading or 
later than milk stage. Rye, for reasons of palatability, should be ensiled when in the late-boot to 
heading-stage of growth or earlier.  

For milking cows, the highest quality small grain silage comes from the boot stage. A second 
cutting is possible if it is harvested in the boot stage and if the soil moisture levels are favorable 
for good regrowth. Since small grain forage in the boot stage contains more than 85 percent 
moisture, it must be wilted and conditioned just like a legume or legume-grass silage. Ensiled 
small grains can serve as the sole forage for late lactation cows, low producing cows, and dry 
cows because the crops contain less calcium, energy, and protein than alfalfa. If the forage is 
intended for growing heifers or dry cows, small grains may be harvested just before or at the 
dough stage for more tonnage per acre. Early-cut small grain forage may be lower in magnesium 
and higher in phosphorus than other forages.  
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Small grains make the best silage when ensiled at 65 to 70 percent moisture. Thus, conditioning 
and wilting of early-cut small grain forage prior to ensiling is desirable. Additional practices to 
help assure good quality feed are chopping the forage at the recommended length of cut, the 
addition of a chemical preservative such as those containing acetic and/or propionic acid at the 
recommended rates, and thorough packing in the silo.  

Sorghum, sudan grass, and sorghum-sudangrass 
hybrids are similar to corn in their adaptability for 
silage. They preserve well when harvested at the 
appropriate moisture content and make an acceptable 
feed. However, silages made from these annuals 
normally will not equal corn silage in either yield or 
quality (table 21).  

Grain sorghums, the one-cut forage sorghums, and sudangrass are best suited for silage. 
Sudangrass and sorghum-sudangrass hybrids can be ensiled, but their yields are lower, and at 
least two cuttings are necessary for best production. Sudangrass and the sorghum-sudangrass 
hybrids are better suited for pasture or green chop than for silage. The sorghum-sudangrass 
hybrids usually out-yield sudangrass for silage.  

Grain sorghums for silage should be selected on the basis of the time needed for maturity and 
their ability to produce grain. The hybrid selected should reach maturity before the first frost.  

Forage sorghum hybrids should be selected for their ability to produce forage dry matter rather 
than grain. Grain yields are low and some hybrids produce no grain. Silage yields of forage 
sorghum are usually quite similar to those for corn. However, their nutritive value is lower and 
total feed energy produced per acre is usually less.  

Grain and forage sorghums for silage should be harvested when the grain is at the medium- to 
hard-dough stage. Material going into the silo at this state will carry 70 to 75 percent moisture. 
The digestibility of sorghum silage, especially from grain sorghums, may be increased 
considerably by recutting at the time of ensiling.  

In a one-cut system, sudangrass and the sorghum 
sudangrass hybrids are best harvested between the time 
heads emerge from the boot and early bloom. If 
harvested more than once, they may be cut whenever 
the plants reach an average height of 30 inches or more 
(table 22). However, when cut at this stage, it is 
important to wilt the crop to remove excessive moisture and to use a preservative at 
recommended rates. Occasionally sudangrass is grown with soybeans for silage. When ensiling 
this mixture, harvest when the sudangrass is at early head to early bloom stages. Millets, when 
grown for silage in Pennsylvania, should be cut between early heading and early bloom.  

Sorghum, sudangrass, and their crosses may accumulate nitrates when stressed. Risk of nitrate 
poisoning can be reduced with the same precautions recommended earlier for corn silage. 
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Another problem that is restricted to sorghum, 
sudangrass, and their crosses is prussic acid 
poisoning. It may result when these crops are used at a 
too immature stage or are severely stressed by 
weather such as drought and frost.  

Risk of prussic acid poisoning may be reduced if 
sorghum-sudangrass is at least 30 inches high before 
harvesting and piper sudangrass is at least 18 inches 
high. Frosted material should not be used unless it is 
completely killed or dried and should be cut no earlier 
than four to seven days after a killing frost. If material is stunted by frost, delay using it until 
after a killing frost or ensile the material. Ensiling does not always alleviate the danger of prussic 
acid poisoning. It generally does, however, after about four weeks of ensiling. This is especially 
true if harvest is delayed until after a second or killing frost occurs. The same precautions used to 
reduce nitrate poisoning in corn silage can be followed for prussic acid poisoning.  

COMPARATIVE FEEDING VALUE OF FORAGES 

Forages vary considerably in feeding value. Their values depend upon such factors as species, 
maturity, harvesting methods, and weather. This is why forage testing is so important when 
farmers wish to do a good job of balancing rations and feeding livestock. A variety of other 
forages meet other needs. Some are better choices where conditions are not ideal for growing 
certain crops such as alfalfa. Others, like corn silage, meet different nutritional needs.  

Legumes versus grasses 

The crude protein content of legume and mixed legume-grass forage runs higher than that for 
grasses. This is also true for the energy content, although the differences are less pronounced 
than for protein. Grasses cut at comparable stages of maturity as legumes may contain about 5 
percent less crude protein, but approximately equal amounts of TDN or energy. Levels of major 
minerals, particularly calcium, magnesium, and sulfur also average higher for legume or largely 
legume forage than for grasses or annual forages. Animal intake often favors legumes over 
grasses of similar quality.  

Hay versus silage 

Theoretically, it might be expected that hay-crop forage made as silage would contain more 
available protein and TDN than similar material made into hay. This is not the case. Available 
protein usually runs appreciably higher for hays than silages. Generally, acid detergent fiber 
values average higher for silages than hays. This results largely from heat damage and loss of 
soluble carbohydrates during ensiling. As a result, estimated TDN or energy levels can run 
appreciably lower for silages than hays.  

Ensiling hay-crop forage may preserve more nutrients for feeding because of less dry matter loss. 
However, ensiling should not be expected to improve forage quality greatly over hay-making, for 
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various reasons which will be detailed later. Likewise, milk production per cow cannot be 
expected to vary appreciably on most farms, whether the forage is fed as hay, haylage, or silage 
at any moisture level. More cows may be carried on a given farm, however, and more milk 
production per acre may be obtained, when hay-crop forage is ensiled. This advantage in milk 
production per acre for ensiled forage results from lower dry matter losses and somewhat higher 
feed efficiencies for some silages.  

It is risky to list relative feed efficiencies for forages of varying moisture contents because some 
of the differences reported in the past may have been associated with inaccuracies in dry matter 
determinations. However, overall efficiencies based on dry matter losses, feed utilization, and 
milk production indicate a distinct advantage for silages over field-cured hays. Within the hay-
crop silages, overall efficiencies favor a moisture level of 60 to 69 percent. Next highest in 
efficiency is a level of 70 percent or higher. Silages containing 59 percent moisture or less rank 
lowest in overall efficiency from harvest through milk production. This results from higher 
harvest losses and greater dry matter intake with little or no increase in milk production. Barn-
dried hay ranks similar to the low-moisture silages or haylages. Forages may have to be ensiled 
at less than 60 percent moisture to avoid mechanical problems in some oxygen-limiting silos.  

General management considerations. Practical experience and research have indicated that 
cattle may be fed an all-hay, all-silage, or combination forage ration. However, the feeding of an 
all-silage ration increases the need for good management and ration balancing. A single forage 
system provides one with less of a safety factor in meeting nutritional needs. A high corn silage 
ration tends to lower rumen pH and may result in more digestive or metabolic upsets, especially 
when ensiled or acid-preserved grain is also fed. This rumen acidosis problem may be controlled 
by feeding buffers and making certain that cows are not overfed grain or concentrates. It is also 
important not to chop forages too fine for an all-silage ration. A theoretical cut of 3/8 to 3/4 inch 
is adequate. Forage particle-size may become too fine when recutters or screens are used on 
forages harvested at recommended moisture levels. Forage dry matter intake on an all-corn silage 
ration may not exceed 2.0 pounds per hundred pounds of body weight daily compared to 2.3 
pounds or more on a combination of forages. Somewhat greater total dry matter intake has been 
obtained in some research when limited amounts of hay are kept in the ration.  

Several factors may keep silages or haylages from equaling or exceeding hays in feeding value. 
Heat damage is much more prevalent in hay-crop silages than hays. This may reduce energy 
digestibility or TDN as well as protein digestibility. Acid detergent fiber levels frequently are 
increased in heat-damaged forages. It is important to obtain a test for heat damage when silages 
other than corn silage are submitted for analysis. The effects of heat damage may be offset by 
heavier feeding of supplemental protein and energy.  

NPN considerations. Nonprotein nitrogen (NPN) or soluble nitrogen and degradable protein 
levels also are higher in ensiled forages and grains. The higher NPN contents for ensiled 
materials result from the breakdown of true protein to simpler forms of nitrogen. When NPN is 
present beyond certain levels in the total ration dry matter (forage plus grain), it is not utilized as 
well as true protein and may reduce performance. Problems with excessive NPN or soluble 
nitrogen intake or lack of rumen undegradable protein may be avoided by proper feed 
programming.  
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Grain mixtures for livestock on all-silage rations may need to contain less NPN with little or 
none in the form of urea. Some ingredients such as dry corn, hominy, soybean oil meal, and 
brewer's grains are relatively low in NPN content. Others such as ensiled grains, wheat bran, 
wheat midds, distiller's grains, corn gluten feed, and NPN additives contain relatively high levels 
of NPN or soluble nitrogen. When soluble nitrogen levels are below optimum, such as on some 
all-hay rations, various ingredients including urea may be used in the grain mixture. 

The higher NPN or soluble nitrogen levels in sil ages should not keep farmers from using all-
silage or high-silage rations. However, they do necessitate more careful management and 
attention to feed programming. The effects of greater heat damage and higher NPN or soluble 
nitrogen levels in silage usually result in somewhat lower protein or nitrogen utilization on all-
silage rations. This may be offset by feeding grain to increase protein and energy as well as by 
balancing for undegradable protein.  

pH levels. Silage making is a biological process involving microorganisms. During fermentation 
certain acids may be produced at higher than usual levels. Excessive intake of these acids may 
depress feed intake. Silage intake may have to be reduced in such cases. Toxic amines 
sometimes are present in silage at abnormally high levels. These may also result in depressed 
feed intake as well as digestive and metabolic upsets. When silage pH fails to fall below 5.0, 
there is more risk of problems with botulism, listeriosis, and mycotoxins. These conditions are 
quite rare, but may become more widespread in certain growing seasons and may result in heavy 
losses on an affected farm. Generally, well-preserved corn silage will have a pH of 3.8 to 4.5, 
while hay- crop and other annual silages will range from a pH of 4.0 to 5.0. Silage pH tends to 
remain at a somewhat higher level in oxygen-limiting silos.  

Dry cows. The special forage needs of dry cows should be kept in ruind when planning a forage 
program for a dairy farm. To keep health and reproductive problems at a minimum, corn silage 
should not provide over 50 percent of the forage dry matter consumed by dry cows. Likewise 
high-protein, high-calcium forage (legume or mixed, mainly legume) should not furnish over 25 
to 40 percent of the forage dry matter for dry cows. All-hay or all-silage rations may be used for 
dry cows provided these guides are reasonably met and rations are properly balanced. When 
possible, providing all cows with some fresh forage or pasture may be beneficial in restoring 
body stores of fat soluble vitamins.  

Producing cows. All corn-silage rations may be fed to producing cows when close attention is 
paid to feed programming, including neutral detergent fiber. Some level of corn silage feeding 
often is needed to ensure a total ration with sufficient digestibility and rate of passage in the 
digestive tract to maintain good levels of milk production. When other forages are of average or 
good quality, corn silage probably should furnish at least 25 percent of the forage dry matter. If 
other forages are poor or considerably below average in quality, corn silage may need to provide 
at least 50 percent of the forage dry matter. This assumes that sufficient acreage suitable for corn 
is available and that it is an economical crop, as it usually is. Hay-crop forages cut at very 
immature stages could substitute for these levels of corn silage.  

Forage rations for herds averaging up to 50 pounds of milk per head daily should contain a 
minimum of 60 percent TDN on a dry matter basis whenever possible. The forage ration for 
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high-producing herds should contain at least 68 percent TDN. This often is attainable only with 
corn silage or other types of forage cut at considerably earlier maturities than generally 
recommended for economical yields of nutrients per acre.  

The points in this section are made not to discourage all silage or high-silage rations, but to alert 
farmers to the somewhat greater risks and the needs for better management on such rations. A 
switch from hay to silage is not a cure-all for improved nutrition and performance.  

SILAGE ADDITIVES 

Cutting forages at the proper stage of maturity is the most important factor in producing high 
quality feed. Forages grown for silage should be harvested at the proper moisture level, chopped 
fine (3/8- to 3/4-inch theoretical cut), and placed rapidly into a well-sealed silo.  

Preservatives are designed to inhibit undesirable bacterial and fungal (mold) activity, or promote 
the desired type of fermentation. The organic acid mixtures inhibit bacteria and mold. They work 
primarily as fungicides, or they make a mixture acid enough that undesirable bacteria do not 
grow. These preservatives work best when they come in contact with as much of the surface area 
of the silage as is possible.  

Preservatives can be applied to forages in the field or at the silage blower. Pumps driven by a 
tractor battery can be used to spray preservatives directly onto the forage as it enters the silage 
chopper or blower. Rates of application should be monitored by use of flow meters or pressure 
regulators and must be put on according to the dry 
matter content of the silage. Alternatively, preservatives 
can be applied at the blower using a container with a 
spout and a hose.  

During storage, forages undergo a heating period due to 
the presence of microorganisms. This heating results in a 
loss of energy and decreased dry matter and protein 
digestibilities. Preservatives designed to inhibit 
microbial activity lessen the effects of heat on forage 
quality (table 23).  

Fermentation inhibitors 

Several compounds work as fermentation inhibitors and most of them are not recommended. 
Formic acid is commonly recommended. It works best for direct-cut silages by decreasing pH, 
limiting fermentation, and causing direct acidification. Formic acid is applied at 0.3 percent per 
ton for direct-cut silage (20 percent dry matter) and it can be used at 0.6 percent per ton for 
wilted silage (35 percent dry matter).  

Propionic acid is an aerobic inhibitor and is one of the more popular additives used. Propionic 
acid is most effective when added at the level of 0.8 to 2.0 percent (16 to 40 pounds per ton) of 
the forage. Propionic acid treatment reduces dry matter loss (table 24), prevents increases in 
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temperature, and reduces yeast growth. It retards 
aerobic fermentation of the silage during feeding. It is 
corrosive to equipment and people, so care should be 
taken. Acetic propionic acid combinations can also be 
used on forages.  

Some of the compounds that should not be used for 
fermentation improvement are hydrochloric and sulfuric acid mixtures, antibiotics, and sodium 
chloride. Hydrochloric and sulfuric acids are corrosive and may cause problems to application 
handling equipment, silo walls, and people. Antibiotics are not recommended because they show 
inconsistent effects on silage and they have the potential for milk residue. Sodium chloride acts 
as a food preserver, it not inhibit growth of molds or improve forage quality.  

Scientific data indicates varying degrees of successful use with preservatives. Some reports show 
positive effects from preservatives while others show no effect. The most important 
consideration is whether the improved quantity and quality of forage from the use of a 
preservative will offset the cost of the preservative and its application.  

Stimulants 

Another type of additive is stimulants. They enhance the growth of lactic acid bacteria and their 
production of organic acids which reduce pH. These ingredients can be used and are 
recommended when (1) wet forages are ensiled (corn silage with less than 30 percent dry matter 
and alfalfa with less than 50 percent dry matter), (2) where forages are stored in trench or bunker 
silos, and (3) where silage bunk life is important, for instance once-a-day feeding in hot weather.  

There are two types of stimulants: inoculants and substrate suppliers. Inoculants are inactive 
microorganisms which become active when added to forage. The level of inoculant (mixtures of 
lactobacillus, streptococcus, and/or pediococcus) to be applied should be a minimum of 100,000 
viable organisms per gram of fresh forage or 1 pound per ton. The cost can range from $1.50 to 
$3.00 per pound.  

Substrate suppliers include enzymes and sugars. Enzyme additives break down complex 
carbohydrates in the forage to simple sugars for use by the lactic acid bacteria. Sugars, like 
molasses, sucrose, or glucose can be added directly.  

Molasses (sugar-beet or sugar-cane) can be applied at ensiling time, especially to crops low in 
soluble sugars, such as legumes. It increases the dry matter and lactic acid concentrations while 
reducing the pH. To reap the maximum benefits, it is best to apply the molasses at 5 percent or 
100 pounds per ton of forage. There is a small savings in nutrients and at seven to eight cents per 
pound it usually does not justify the cost.  

Feedstuffs can also be used as fermentation stimulants. Grains, such as corn, barley, oats, and 
milo can add carbohydrates and enhance fermentation. They are added during ensiling at the 
level of 10 percent grain to alfalfa or grass silage. This is recommended for use with high 
moisture, high protein forage. The cost can run from four to six cents per pound.  
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Dried whey is the last of the major nutrient additives. It enhances the feeding value and 
preservation of silage. It is applied at ensiling at 1 to 2 percent. It is recommended for use on 
high moisture, high protein forages. It often is too high in price to warrant its use as a silage 
additive.  

Limestone can be added at ensiling to increase the calcium content of corn silage and prolong 
fermentation. It is applied at 1 percent or 20 pounds per ton of forage. It is rather inexpensive at 
about four cents a pound, but limestone treated silage has little value for dairy cattle.  

The following are suggested for additives on wilted and direct-cut silages, with the exception of 
whole-plant corn silage.  

Additives for wilted silage 

No additives are necessary when forage is wilted to recommended moisture levels. The purpose 
of wilting is to increase soluble carbohydrate content to a level which will enhance fermentation 
and preservation.  

Limited studies indicate that the use of organic acids, such as propionic or acetic-propionic 
mixtures, may reduce silage quality problems and storage losses when they are added at the rate 
of 10 to 20 pounds per ton to wilted forage in the top fourth or so of a silo. This may not be 
necessary if forage with slightly higher moisture is used in the top portion and it is properly 
sealed for two to four weeks after ensiling. Addition of bacterial inoculates should be considered 
when ensiling silage at relatively high dry matter content, when field curing time is long, and 
when average curing temperature is low.  

Additives for direct-cut silage 

When material with over 68 percent moisture is ensiled in an upright silo, 100 to 200 pounds of a 
suitable feed ingredient with relatively high carbohydrate content should be added per ton of 
forage. Ground grains, dried beet or citrus pulps, soy hulls, hominy, and dried brewer's grains 
may be used for this purpose. The use of a feed ingredient at these levels will help reduce 
seepage as well as fermentation losses. Storage dry matter losses may be held to 13 to 18 percent 
with the addition of feed ingredients to direct-cut forage.  

If high-moisture forage made from hay-crop or annuals other than corn is placed in a horizontal 
silo, recommended chemical preservatives may be considered as an alternative to the addition of 
a feed ingredient. Recommended chemical preservatives include sodium metabisulfite, formic 
acid, propionic acid, and mixtures of acetic, propionic, and other organic acids. These should be 
applied according to the directions of the manufacturer. It is necessary to use a weighted plastic 
cover to take full advantage of chemical preservatives in horizontal silos.  

Additives for corn silage 

No silage additives or preservatives are necessary when whole-plant corn silage is made at the 
recommended moisture levels. However, certain feed ingredients may be added to enhance 
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feeding value. These include ground limestone and various nonprotein nitrogen (NPN) additives 
with or without minerals.  

If whole-plant corn contains less than 63 percent moisture, water should be added generously or 
organic acids may be used at the rate of 10 to 20 pounds per ton to aid in preservation. When 
corn for silage contains more than 70 percent moisture, delay harvesting until frosting, freezing, 
or advancing maturity lowers its moisture content. An alternative would be to add 100 to 150 
pounds of a good feed ingredient per ton of forage ensiled, particularly if it is stored in an upright 
or tower silo.  

Additives containing NPN should be used only on corn silage which contains 63 to 68 percent 
moisture. Less favorable results may be expected when NPN is used on forage ensiled outside of 
this moisture range, or on forages other than corn.  

When economical, NPN additives may be used to increase the crude protein equivalent content 
of corn silage. It is a preferred method of providing cattle with NPN. If used, the NPN should be 
added at ensiling at a rate which can increase the crude protein content of the corn silage from 
about 8.5 to 13 percent on a dry matter basis. Using higher levels of added NPN may interfere 
with normal fermentation, raise pH, and adversely affect intake or performance.  

NPN compounds or additives should be added at a rate to provide 0.15 pound of actual nitrogen 
(N) for each percentage of silage dry matter content. For example, 10 pounds of urea containing 
45 percent N should be added per ton of corn silage ensiled with 30 percent dry matter or 70 
percent moisture. This is computed as follows:  

lbs. N / ton = .15 x % dry matter (.15 x 30 = 4.5)  

lbs. urea / ton = lbs. N / ton + % N as decimal (4.5 + .45 = 10)  

Urea and some commercial NPN-mineral additives may 
be used as silage additives (table 25).  

When the nitrogen content of an NPN ingredient or 
commercial additive is not listed, it may be computed 
from the crude protein guarantee by dividing this value by 
a constant of 6.25. Thus, the nitrogen content of an 
additive containing 85 percent crude protein is 13.6 
percent (85 ÷ 6.25) determinations, not on oven dried 
silage samples.  

Ammonia treatment of corn silage has proven to be an effective and usually an economical 
means of preserving corn silage while supplementing it's crude protein value. Anhydrous 
ammonia is by far the most economical source of ammonia or nonprotein nitrogen. The addition 
of ammonia to corn silage has these beneficial effects:  

1. Raises the crude protein level of corn silage on a dry matter basis from 8 to 9 percent up to 13 
to 14 percent, depending on the rate of application.  
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2. Reduces silage dry matter losses from 4 to 6 percent and reduces energy losses from 6 to 10 
percent when compared to untreated silage.  

3. Protects the natural corn plant from degradation during the ensiling process. In untreated corn 
silage, roughly half of the protein in the corn plant is degraded to nonprotein nitrogen 
compounds during fermentation. It has been estimated that ammonia decreases this protein 
degradation by 20 to 40 percent.  

4. Increases lactic acid content of treated silage 20 to 30 percent over untreated silage. During the 
ensiling process more soluble sugars in the plant are converted to lactic acid. In this case, the 
ammonia is acting as a buffer and is allowing more of the acids to build up in the silage.  

5. Increases feed-bunk life of treated silage because the ammonia inhibits mold and yeast growth, 
and also inhibits heating of silage after it has been exposed to the air. Ammonia is not corrosive 
to most metal equipment.  

Table 26 summarizes the costs and returns of treating 
one ton of corn silage at the normal seven-pound 
application rate. The protein value of ammonia is based 
on replacement of soybean meal in the ration. When 
replacing soybean meal with ammonia, the energy value 
of that soybean meal must also be replaced or considered 
an added cost; in this case the added cost is based on 
replacement with corn grain.  

Certain guidelines must be followed when feeding 
ammonia-treated corn silage to dairy cows. The first is 
to check the moisture level on the silage. Ammonia 
should only be applied to corn silage in the 63 to 68 percent moisture range. The rates of 
application should be adjusted according to the actual dry matter percent of the silage. This 
should be equal to the rate of seven pounds per ton on a 35 percent dry matter basis. To assure 
uniform application of the ammonia, the protein level should also be checked periodically.  

When changing cows over to ammonia-treated silages, gradually increase the amount fed per day 
over a two to three week period if possible. Avoiding abrupt changes decreases the chance of 
cows going off-feed. A properly balanced grain mixture for all-corn silage diets should make up 
no more than 40 to 50 percent of the total dry matter.  

When feeding ammonia-treated silages, the grains fed should contain only natural protein 
sources. Dry cows and heifers (more than four months of age) can also utilize ammonia-treated 
corn silage. The amount fed per head per day should be limited to avoid over-conditioning.  

Besides following guidelines for feeding dairy cows it also important to follow guidelines when 
handling anhydrous ammonia. Handle anhydrous ammonia safely. Goggles and rubber gloves 
are needed to provide eye and skin protection during the process of connecting ammonia hoses 
and fittings. A water supply should be readily available for immediate first aid treatment in case 
of ammonia burns. Noticeable ammonia odors occur with atmospheric concentration as low as 
five parts per million, which is well below the toxic level but often serves as a safety waming. 
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Storage of silage in zinc coated steel silos is not recommended due to the ammonia's highly 
corrosive action to zinc, copper, and brass. It is also important to delay entry into the silo during 
filling and for twenty-four hours after filling.  

The addition of ground limestone to corn silage at ensiling is recommended only for use with 
beef cattle, while NPN additives may be used for both beef and dairy cattle. Ground limestone 
may be applied at a rate of 20 pounds per ton of whole corn plant material ensiled. This helps to 
offset the low calcium content of corn silage and increase the lactic acid level in the silage. A 
high lactic acid content may improve feeding value for fattening animals, but not for milking 
animals. A combination of 10 pounds of urea and 10 pounds of ground limestone also has given 
satisfactory results in some research with beef cattle.  

When drought or excessive nitrogen fertilization increases the risk of the formation of dangerous 
silo gases, sodium metabisulfite may be added to corn silage at the rate of eight pounds per ton. 
This has been shown to reduce the conversion of nitrates to poisonous nitrogen oxide gases 
during the ensiling process, but may keep nitrate levels dissipating at usual rates.  

Preservatives and additives cannot be expected to replace good forage-making practices. Heat 
damage in silages may be kept at a minimum by avoiding moisture contents over 70 percent and 
under 40 percent, and by filling silos as rapidly as possible once harvesting begins. Part of the 
damage found in both hays and silages actually may occur before storage.  

Most farmers should avoid the use of forage additives when none is generally recommended. If 
conditions warrant the use of a preservative or additive, most farmers should procure one 
recommended by neutral parties.  
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